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STEADY FLOW IN A STRAIGHT TUBE
SECTION—A HYPERBOLIC SECTOR

J P Agarwar
Agra College  1gra

AswsTRACT

In this paper steady flow of an mcompressible viscous fld 1 a long
uniform tube due to a constant pressure gradient has been considered  The
section of the tube 1s a hyperbohic sector bounded by the arc of a
hyperbola and two straight Ines passing through its centre A method
has been obtamed covering a large vanety of such hyperbolic sectors

INTRODUCTION AND FoORMULATION o Metion

The Hagen Poisenille theory of flow through a tube of circular section
has been found to be well founded as a result of experiments It was applied
to tubes with a crrcular annular section by Muller {3] and to rectangular
pipes by Allen and Grunberg [1]1  Here 1t 1s applied to tubes whose section
153 hyperbolic sector

Tet the z axis be taken along the axis of the tube and w be the veloaity
n thus direction, the other components of veloeity being assumed to be zero
Then by reference to the equation of contimuity g—mmt be zero so that %

15 a function of ¥ and y only

‘The equattons of motion reduce to

® (g\,: +B_v=>”

8,
where 22 152 constant
8z

Denoting this by —P, the velocity u has to satisfy the equation
a w, @ P
e s
Y 14
with 2 boundary condition
u =<0, on the surface of the tube

P
If we write Wwe=f— 4;( 4y >, [43]
then o has to satisfy the equation
@, Py
Frad g—ﬂ, ¢
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with a boundary condition

JUS .31;‘- {x*+5*) on the surface of the tube  Taking %:k ths

becomes
k() @

Let us assume

S=Afxt—61% 49 +Bay (x*—y*)+C 274 D(x—?) (3)
where each term 15 a plane harmonic,

Thus will sausfy the boundary condition on a curve whose equation 15
Al =622 1) 4B 39 (2 =)+ C 4Dl %) — k{2459 =0, ®
We shall determune the values of A, B, C and D so that the curve forms the
boundary of a hyperbolic sector

SoruTiov
‘The straight ine y=mx will form part of the curve (§) if (y—mx)1s
factor of the left hand side of equation (4)
For this 1t 1s necessary that
[AQ —6m3-+51%) - Bra(1 —m)Jet - [Cri-4 D{1 —r) —k(1 +m7)]e?
should vanuh for all values of x

Al ~6m*4mY) +Bm(l —m?) =0 (5)

and Cri+D(1 —rdf) — k(141 =0 5]
Sumlarly the straight ine y=nx will form part of the curve (4) of

A(l =623 418 £Br(1 —t) =0 )

and Cnd-D(1 —n?) — k(1 407)=0 (8)

Now cquations (5) and {7) can be gatisfied by non zero values of A and Baf
1—6m +m', m(l—m?

1—6n%4-nt, n(l—n*)| B

or (a=m)(14+m2)(l —nfmtmn)(1 4-n—m+tom)=0, 9
If n=r we can not form a sector for the two hines will comnade

If 1 4-mn=0, equation (8) becomes

Cri4+D{1 —m%) +-k(14m?) =0 (t0)

This 8 inconsstent with equation  (6), for if weadd (6) and (10)
we get

k(14 mY)e=0

which 15 tmposuble,

Hence from (9) i follows that the relation connecting m and n can be

esther 1—p4mi+mre=0 41)]
or T4n—mtmne=0 (12)

Thus chooung swtable straight Lnes so thatm and n satufy equations
(1) or {12) we can determine the ratio between A and Band the values
of G and D from equations (3) (6) and (8)

With these values we can determine the function 22 well a3 the bounding
curve from equations (3) and (4) respectinely  The procedure will be clear
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from the particular cases given below It would appear that by this procedure
solutions can be found for an finite number of hyperbolic sectors

Particutar Cascs

Case ] Suppose y=2x forms patt of the boundary of the hyperbolic
sector, so that
m=2
Then from equation (11},
=—3
so that y=—3v 15 another straight Ine bounding the sector

Substituting these values of mand 7 in equations (5), (6) and (8),
weget

7A+6B=0 (13)
20—~3D =51 (14)
and ~3C—8D=10f {15)
Here we have 4 arbitrary and 3 eq g them So
one constant 15 at our disposal
Let A=Ak,

7
then B Ak

Also from equations (14) and (15)
C—-g.
=5

and D==—-§-Ic

Substituting these values m equation (4), we get
k(¢ —B¥Ty2hy) — ~; May(x —3) + 35’3*] ~%k(r —y )=k(x 457
2
o =208 2Tt )=0
Thus the sectar is bounded by

=2 (16)
y=—3x (an
L 2
and —6-_-6}-’ -y 5 (18)

Now the hyperbola (18) 1s mtersected by the lnes (16) and (17) m real
pomts only if A 3s negative  So Jet A=—a? then the equation of the hyper
bola hecomes

Y ox 2
B ] (84

From equations (1) and (3) the corresponding value of velocity 1s given by
P 7 2 7
we g [mo{el—be s Y b fa vl <y ) b g — L =)
£

Ve
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Case 1T
With y=2r we can take another scctor 2lso

Takingm=2 from equation (12) we get n=3  Thus the secior 1
bounded by the Iines
r=2
and y=ix
With these values of m and n from equations (5) (6) and (8) we get
7A463=0
2C-3D=5k
C 8 10
FtyP=3
Now taking A=ls

and De 5
substituting these vilues m equanon (4) and simphifying, we get
x 7 3 6
(—x) (J '3‘)(_7"}- SothyE - 5)=0
so that the boundary consists of

F=2x ]
=T (29)

and the hyy erbola J’+—; x¥ +—2§x = S_(i
The strarght lines will cut the hyperbola in real points af 5 13 positive

Puttng s=§* the equation of the hyperbola becomes

7 3 6
I‘+? ﬂ+—._; x =5ﬁ~, {21)

the corresponding value of velocity s guen by

P 7 14 1
we _,—’;[5’(!'-&! Pt gBt =y )+ 5ot 5 () - (x‘+J’)]
(21 )
Cese 111
“To find out some characterstics of the flow we shall derive a simple case
et y={4/2-1) form part of the boundary

so that me=y/2~1
Then from equation 11)

ray/2+1
Proceeding as before we determme the boundan which consusts of
y =(y/2=1}r j)
R LT (22
and the hvperbols 432422 o ol
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‘The corresponding velocity 1s given by
Pril ”
w= 47[;? (x4=6x 3745") $202 — (2457 ] (23)

‘We shall now calculate the flux of the Liquud across a section of the
tube discussed 11 case (III) above

Flux —j'fw rd 8 dr over the area of the section

f dgfl+v2 T++/2sm 28
,}("‘—G'J ) 42Y2 oty ) T

f f l+\/2 sin 28
[ro-=2 L2 9n20) o2 s 201 Jrr

4
= 00033 }—’:— approx (24)

Sirce the transverse axis of the hyperbola 15 proportional 1o a 1t follows
that the flux 1s proportional to the 4th power of the transverse awsan the case
of the hyperbolic sectors of this particular type This 15 an analogue to
poseurlle s law n the case of circular tubes

To compare this flux with the flux across a section of a circular tube
of the same sectional area and with same pressure gradient

Area cI‘ the hypcrbohc sector

at dp
”*f rdd =3 f TEv2an 20 T’°g’

I p s the mdlus of a circle \v}mse area 15 equal to that of this hyperbolic
sector we have

ap =f;_ lo, 2 (25)
Now the flux through a section of a crrcular tube of radius g with pressure
gradient P 1s accordmg to Lamb [2]
P oapt . Pn ‘<log2)

- from (25)

Pat
= 0012—’;—3, prox

the flux through a tube with this type of hyperbolic sector as a section
bears to the flux through a circular tube of the same sectional area the rano"f

0 7 approximatelt P ot
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MORPHOLOGY OF THE HEAD CAPSULE AND MOUTH PARTS
OF ONITIS PHILEMON FABR (COLEOPTERA COPRINE)

P S Verua
Department of Qoology B R College, Bickpur, Agra

InTRODUCTION

‘The majonty of the dung feeding beetles are ncluded m the subfamily
Coprinac of the famly Scarabacid: The k ledge of this fammly 1s
accredited to Arrow (1931)  The bers of thus Iarge subfamuly have the
pecubiar habit of roling dung balls and are therefore commonly known as
dung rollers  They chefly live upon dung, which 1s made mto balls
commonly seen to roll onthe ground and stored 1n the sub-soil cells for
the use of young ones

Omuis philemon. Fabr 13 2 medium nized, dark brown beetle measuring
from 1 5102 Ocm  The msect feeds upon decaying organic matter (hence
saprophngous) for which Cow and Buffalo dung s preferred

There 15 not much information on Coprinac nd no attempt has so
far been made towards thestudy of the genus Omiis  Stickney ({1923) and
Cook (1943) have given an account of the heads of some Coleoptera  The
accounts dealing with the morphology of the head capsule i general
are from Crampton (1921 1932) Esans (1942) Ferrs (1942 1943) Duporte
{1946) and Snodgrass (1947 1960), while Crampton (1923 1928) have
dealt with various components of mouth parts of insects in general  Willams
gQ'SB) studied the comparative morphology of mouth parts of the order

ptera to establish ther phylog:

Smuth’s (1892) study of mouth parts of Copris Carolina 1s a proneer work
1n the famuly Scarabaeidae  Later Mathuretal , (1958) described the head
capsule and mouth parts of Heliocopris bucephalus while Xitdler (1961) has
gwen an account of mouth parts and digestive tract of adult dung beetles
In the present studies  the author has described in details the morphology of
the head capsule and mouth parts with their musculature 1n relation to 1ts
saprophagous hahit

MATERIAL AND MeTHOD

The bectles were collected from the dung heaps of B R College Farm
atBichpun (Agra) where they would be found in abundance from June to
September  The beetles were killed i potassium cyamide bottle and preser
ved in 70% alcohol  The head capsule and mouth parts were treated with
10% solution of potassium hydroxide for several days il they became trans
parent  The boing enhances the process After treating

7~ ’
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Potassem  hydroude the maternal was tramsferred to glamal acene
acd and kept for few minutes then transferred to Carbol hylol  The
material was subsequently stained 1 Carbol \ylol Tuchsin and finally
mounted 1n Canada balsam  For musculature the beetles were first fived
in Bown s flind then kept m 709 alcoho! for some tume  The studies were
made under the Bausch and Lomb Stercoscopic biocular mucroscope with
the help of 1 powerful electric lamp

OpsERY ATIONS
Head Capsul  (P1 Fags 1,2)

The head capsule of Ontis philemon Fabr . a structure strong ngd,
punctate and heawily sclerotized  without any visible suture  The fusion of
doral, lateral and ventral sclerotized walls form  the head capsule which
18 held in prognathus condition

Sules or sutures of th head—The term sulcus has been used by Saodgrass
(1960) for the suture, the syme has been followed mn the present studies  The
head of Omnis philemon exhibrts the following sules —

T'pustomal or Trontoelspeal saler. {eps)—The epistomnl sulcus {eps) 1 sery
dutinct and represented by a epistomal ndge It divsdes the elypeus from the
frons The anterior arms of the tentonium arise from the epistomal nidge and
their external pits, the anterior tentorinl puts (atp) are well marked Mathur
etal (1958) did mot observe the cpistomal sulcus in Heliocapris buecphalrs

Clypeogenal suleus {clp gs }—Thus sulcus 1s very peculiar an this insect, 1t
separates the clypeus from the g~na a condition not observed so far

Subacular suleus (sos }—The subocular suleus scparates the frons from
the gena

Postfrontal su'cus (pfs)—The postfrontal sulcus 13 repeesented by 1 ndge,
between the two eyes It demarcates the frons from the vertex  Suckney
(1923) while describing the heads of some Coleoptera and Mathur o al,
(1938) an [eltocopris bu ephalss did not mention the postfrontal suture Ferny
(1943} winle describing the insect cramum and Cook (1543) in the heads of
some Coleoptera d the postfrontal suture

Posteceipuial suleus (pos)—The postocaipital sulcus sety off the narrow
Post acciput that arches over the occipital foram*n (ocf)

Ocular sulews ocs) —=This suleus surrounds the compound eye on the
ventral side of the head  Snodgrass (1935) called 1t as ocular suture but later
on Snodgrasy (1960) renamed st as circumocular suleus

fntennd sateas (as;—This sulcus 13 a rounded structure i which the
anteana 13 lodged and 13 situsted on the veatral aspect of the head

The epicrinial suture 1s not suible in G phternn Before the mvests
e T A AT v e ¥ Y e Comndeonnze (IOLT ITHAOY 1t W2
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believed that the presence of the complete epicramal suture was a constant
feature of the msect head and due to the presence of this suture vartous sclerites
of the head capsule could be very casily identified  Snodgrass (1960) states
that the so called “epicranial suture  which 15 no suture at all and does
not form an internal idge It 13 merely a preform~d Iine of weakness where
the cuticle will sphit at the time of ecdysis and it has no morphological
significance

The areas of the head

Clypeus (clp}—Clypeus 15 the anterior sclerite and 13 heavily chitmised
1t completely covers the Iabrum which 1s hinged to it In the posterior
region of the clypeus there s a small ndge  This ridge mey be considered
as remnant of the suture, which divides the clypeus mto the ante and post
clypeus  The surface of the clypeus 1s granulated and the margins are
provided with the brstles

Frons (fr)~Frons 13 a roughly rectingular and the Jargest sclenite,
extending between the two eyes  The surface of the frons 13 granulated At
the distal margin of the frons just below the epistomal sulcus there 1sa
small frontal horn (fch) Thes 1s found 1n bath the sexes Mathur ez al  (1928)
m Helwcopris bucephalus observed that the frontal horn 13 found only i males
but in the msect under study there 1s no sesual dimorphism

Genas (ge)—Genae are the lateral triangular plates of the head extend
ing nfront of the eyes, which are separated from the eyes by the ocular suleus
The margins of the genae are provided with bristles or setae

Vertex  [v)—Vertex 1s an clongated smooth plate directed postentorly
1n the middle and 15 demarcated from the postgenae on lateral side by a ndge
and mn the middle from the p put by the p pital suleus

Postgenae (pge)}—On erther side of the vertex s a trmangular postgena
which contmues on the ventral side also  The surface of the postgenae 13 hairy
on the dorsal and ventral side

Postoceiput (poc)—TLhe postocciput 15 a narrow nm of the cramum
separated by the occipttal sulcus from the vertex and the postgenae Tt artt
culates with the cervix and the prothoracic muscles which move the head
capsule (Khatib 1946)

The candal end of the head eapsule 1s formed by the occipital foram=n
(ocf) surrounded by a distinct postocciput

On the ventral surface the broad area between the occipital foramen and
the post mentum forming the middle portion of the head, 15 known as gula (g)
On exther side 1t 15 separated from the postgena by a gular sulcus (gs)

Eyes (e)—The two large compound eyes situated posterolaterally on
cach nena, are widely separate  Its one fourth part projects dorsally through
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a shit and three fourth below and continues with the mudlateral edge  They
are black, oval and convex conuisting of large number of hevagonal ommatidia
No ocellus 19 foundin O fhilemon as observed by Stickney (1923) in other
members of the group Coleoptera

Antennae (ant) {Text Ty 1)—The pouition of the antennae is very
interesting n O philemon It s situated nesther on the gena nor on the frons
but on the clypeogenal suture  Stickney (1923) did not mention such a pon
tion of the antennac in any member of the group of Coleoptera studied by hum

‘The two antennac, each mecasuning 1bout 3 mm in length anse from
the antennal socket on the ventral surface of the head adjacent to the eyes
Each antenna 1s lamellate (&ssig 1942 nd consists of mine segments o, , an
elongated basal seape (sc), a globular pedicel (pdc) followed by a flagellum
(A) or funiculusof even segments of which four normal and threcapieal
ones are lamellate  The normal segments of the flagellum are successively
larger wath the nner margin thrown into process to appear serrate The
apical three lamellate scgments are many times broader than long profusely
prolonged inwards although the last two apical segments cqual s size are
shorter than their proimal counterpart  They are provided with very small
fine sensonial bristles very fong on the menal edge of the scape  Each segment
1s movably articulated to the other by antecona membrane

Tentorum—Fach antenor tentonal Arm s clutinised and  opens to the
extenor through n furrow, the antenior tentonal pits (atp) situated at the
coudal end of each clypeogenal sulcus  Ench antenior tentonial arm gives out
4 small tendon, the osteotendon from which the antennal musele anginates
The postenor tentorial arms  which are subchiunised and weaker than the
anterior ones, umte to form the carpotentorium  Irom the [ateral ends of
the carpotentorium are gnen out the two tentonal arms which extend out
wards and Difurcate at ther ciudilends to meet the dorsal wall of the head
capsule  The quthor agrees with Mathur ddal (1958) regarding the structure
of the tentorium

Meuth pertis—The mouth parts of O phlerton, 1 dung fecding beetle
are of the mandibulate type for gathering masticating 1nd imjesting sohid food
‘The mouth parts convist of an unpaired Ihbrum 2 pur of mandibles a pairof
maxillae and an unpaired Inbium These parts extend an 1 hotizontal plane on
the ventral surface of the head wluchis of the prognuthus type and arc
completely concealed from the bne by the expended shovel shaped

fronteclypews

Latre~ (Text Fagy 2 3)—The Itbrum forms the antenor or upper hp of
the preonal cavity Tt modentely chintiused plate somewhatovl an outline
and attached to the clypeus on Amedian hine sentrad leasvine antenor free
Iip, while tichly clatint ed margins of the posterice 1A provad~ attichment
1o well developed muscles on,mwing [rom the front It 15 separated fron the
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clypeus by a transverse clypeolabral suture (elp Is) which gives mobility ta the
labrum The anterior free edge 15 notched 1n the muddle but the po terior 15
drawn out nto lateral apodemes for the mnscrtion of the Jabral muscles  The
free edge of the labrum is fringed with a row of bristles longest in the middle
and decreasing m size Iaterilly Four other rows of bristles starting from the
anterior edge run postenorly desertbmg arcs over the dor al surface converging
towards the clypealibral suture {elp 1s) The size of the brstles dumnshes
gradually P yorly 'The p of a beak Iike structure, cunved to
the right in between the lateral apodemes, 15 + umque structure m thes beetle
Both the surfaces of the labrum arc provided with mnumerable large and
small bristles and spmes

The presence of numerous spmes and brstles on  the surfaces of the
labrum probably serve to conduct the food material towards the buccal
cwity  They are also tactile and gustatory and  assst m discrimenation of
the food materzal

1

The eprpharynx  rep a structure mn
between the highly sclerotized Jateral apodemes of the labrum

Mandibles  (Text Tigs 45 6)—The mandibles in O philemon  are
mechameally adapted for therr dual function of gathering and masticating
the food materal  Lach mandible consists of a proumal basal supporting
articular portion 71, basalis (bpd a dwstal ineisor lobe (in) viz terebra and
an inner basal lobe 12z the molar (ml)

The basalis (Smuth 1892 or the basal portion (bp) (Miller 1961) 1
narrowly tnangulic bearing a di tal sochet and a ventral condyle articulat
g with the corresponding structures on the head capsule

The terebra or piercer (Smuth 1892) the mcisor lobe (in) (Mxller 1961)
1s a thin feebly chitinous elongated blade which projects forward horizontally

beneath the Jabrum It bears a comb of haws proumally and branched
fimbriated bristles dsstally along its inner edge with numerous setac on 1ts
dorsal, ventral and lateral surfaces

On the ventral surface between the incisor lobe and the molar lobe
there 1s an oval full of 1 dinal ndges This structure has
been termed as conjuctivus or connecting p ecc by Smuth (1892) mn Copris
caroling but Mathur et o/ (1953) namet as outer part of the prostheca m
Heltocoprs bucephalus  On the other hand Muller (1961) describ.s 1t as ventral
ovl::'l ﬂl:nblc area consisting of a series of corrujated folds in adult dung

Cetles

The molar or grinder (Smith  1892) or the molar lobe (ml) (Maller 1961)
is massve projects masad 1na vertical plane and bears a molar area on
the medial surface which Les 1 apposition to the other mandible The
_nidml:molar areas of the two dibles are not al but convex
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2 sht and three fourth below and with the 4l ledge They
arc black oval and convex consisting of large number of hexagonal ommatidia
No ocellus 18 found in O philemon 13 obsenned by Stickney (1923) in other
members of the group Coleoptera

Antenrae (ant) (Text Fig 1)—The position of the antennac 13 very
nteresing 1in O philemon It 1s situated neither on the gena nor on the frons
but on the clypeogenal suture  Stickney (1923) did not mention such a post

tion of the antennace in any member of the group of Coleoptera studied by um

‘The two antennac, cach measuring about 3 mm 1n length anse from
the antennal socket on the ventral surface of the head adjacent to the eyes
Each antenna 1s lamellate (Esug 1942) 1nd consists of mine segments s1.  an
clongated basal scape (s¢), a globular pedicel (pde) followed by a flagellum
(f1) or funiculus of even segments of which four normnl and threcapical
oncs are lamellate  The normal segments of the flagellum are succesnively
larger with the inner margin thrown nto process to appear serrate The
apical three lamellate segments arc many tumes broader than long profusely
prolonged inwards although the last two apicil segments equal m size are
shorter than their proximal counterpart  They are provided with very small
fine senserial brstles very long on the mesinl edge of the scape  Each segment
1s movably articulated to the other by antecoria membrane

Tertonum—Each anterior tentoral arm 13 clutinised and  opens to the
exteror through 1 furrow, the anterior tentoral puts (atp) situated at the
caudal end of each clypeogenal sulcus  Lach anterior tentonal arm gives out
1 small tendon, the osteotendon from which the antennal muscle onginates
‘The posterior tentonal arms, which re subchitnised and weaker than the
anterior ones, unite to form the carpotentonum  From the lateral ends of
the carpotentorium arc given out the two tentonal arms which extend out
wards and bifurcate at thar caudil ends to meet the dorsal wall of the head
capsule  The author 1grees with Mathur etal  (1958) regarding the structure
of the tentorium

Meuth parts—The mouth parts of O phleron, 1 dung feeding beetle
are of the mandibulite type for gathe g masticating and myesting sohd food
The mouth parts consist of n unpawred labrum 1 par of mandibles 2 parof
maxillae and n unpared labim These parts extend 1n 1 horizontal planc on
the ventral surface of the head whichis of the proznathus type nd arc
completely concealed from the abae by the expeaded shovel shaped

fronteclypeus

Latrem (Text Fign 2 3)—The hbrum forms the anterior or upper hp of
the preoral cavity Tt moderatel, cntiused plate somenhatoval in outhing
and attached to the clyprus on vmedinn line ventrad lewane anterior free
Lip, while torhily chstiased margin of the posterine Lalf provude attachment
1o well dveloprd muscles onminaung from the frons It 13 reparated from the
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their vertices The longitudinal ridges are formed on both the Interal sides
of the basi and dististipes which separate the mediostipes 1n the mesial side
and the palpafer (pf) towards outerside

The Jacima (lc) more or less club like with a stout stem which
onginates fram the dorso mesial proximal margm  of the stipes and lodged
11 a long groove in the Iength of the medio ipe 15 vinible only from dorsal
side  The distal membranous free end projects beyond and can be seen from
the ventral ssde  The stem of the lacinia 18 beset with numerous long black
stiff hairs (h) potating towards the distal margm of the lcmia and a large
number of long and fine setae form 2 fringe on the distal margin of the
lacinia which are sensory in function

The galea (ga) arises from the distal margm of the stipes ventral to the
lacima It 19 drvided mto two parts by a transverse ndge  The proximal small
b ubtriangular part 1s basigalea (bg) and the distal large and semt
arcular s part 13 the d lea (dg) The distigalea 13 sparsely
clothed with small setac and provided with large number of long and fine
sctae fornung a fringe all round 1ts free margin The galen 1s separated from
the stipes by a well developed ndge

To the outer lateral margins of the basi and dististipes there 1s attached a
long palpifer (pf) fully visible from the dorsal stde  The pulpifer 15 granulated
on its dorsal and ventral surface Trom the cephahc end of the palpiferas
gwen out a four segmented mrullary palp (mx p) The firct segment of the
mawllary palp 15 short and narrow its caudal end fitting 1nto the cephalic
concavity of the palmfer The second and third segments are large and
conrcal while the fourth segment 1s more or less clavate and cylindrical

The entire surfice of the cardo stipes nd palpifer 15 clothed with black
and brown spme like brstes and bear varous lunds of sensila  The
maxillary palp Jacmia and galea probably function as olfactory and gustatory
organs

In the nsect under study the author has based his findings regarding

llary on Crampton's (1923) observations on the phylogene
tic comp of the 11 th h the orders of nsects, yet he feels
that a confirmation of lus views can be better arrnved at by means of
embryological evidences which are beyond the scope of the present work

Labum  (Text Fig 9)—The labwm 1n O phidemon consists of the free
distal prementum beanng labual palps paraglossae and glossae and a proumal
postmentum

The free distal prementum (pr mt) 15 highly chitnsed plate notched
anteriorly to recewve the higula (lg) Tt 15 nearly half as long as broad The
enture surface of the prementum s pronided wath large number of long and
small bustles  On s erther lateral side there 15 present a dustmet sclente

e
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the palpiger (p3) which bears a threc segmented labnl palp (Ip)  The
sccond segment of the palpus 1s the longest of alf but the first shightly smaller
than the second and the third very smalt appeanng as a protuberance of the
sccond segment  The first and second segments of the labial palp: bear
numerous Inrge and small brstles  The glossae of the ligula  (ig) fuse to
form a single compact lobe wlile the paraglossac (p~1) 1re directed down
wards and supported by the anterior prol of the Il endoskel:

Tts anterior and mesial margins are fnnged with setac or bn tles

The postmentum (p mt }1s a rectangular  thickly chitinsed plate which
though adnate to the gula (g), 1s demarcatdd from 1t by the presence of a
transverse row of bristles directed forwards  Its anterior lateral margins are
cxtended to accommodate the inner postenior margin. of the cardo of the
maxilla The postmentum 2t a single plate and docs not mantfest any
subdiv son 1ato the and sut The § 15 sepirated
from the prementum by the Ibial suture (ls)

The gula (g} s lughly developed and 1s separted from the postgena
bv the gular sulcus (gs) on both the lateral des  There are hurs on the
gula known avgular hurs (Lh )

Frdulcet 0 of Labiam—Itas intercsting to note that labum s suppor-
ted by means of endoskeleton of scleroticed  arms  Fram each lateral nde
of the prementum there ans~ two lateral  «clerotized arms dorsad  The
antenor  sclerotized  arms support the  pariglosae and  palpigers of
oth sides  wlile the po terior  sclerotized arms are rased  dorsally and
unite by 2 trapsverse bar an the muddle At this junction there arses a
Ionz process which runs a thort  distanee to the antenor and then cunves
to the dorsal ide  To tlus 13 antached the dorsal part of the hypopha
rvnx and s known as the super ona of the hypopharynx (Snodgrass 1935)

Mz ealoere

Mo ca'aare of t* A ter~. (Text Fi, 10) The antenna s moved by
a set of three extrinsic mascles anung from the tentorium.

Thectral frr rucde (1) 1s a stout muscle anung distally from
tt ¢ tentorzal arm and 1nserted o the 1aarr margin of the baw= of seape The
contraction of tha mmcle draws thr aatenna inwards and a sunultancous
3ctn of bo h driws 1wads

Tiecrence exesr el (2) ma mall muscle the antagonut of the
flexor ansir= porterinly 0a the tentontal arm and 1 aerted extemnally 01
e bas of thescape  Its contractin g moves the tao antennac apart

The cme L fpress readle (3) 1asenll thin muscle ar i, ventrally
o1 the teatonim ard noanserted outwardls 01 the base of scape when at
contracts th*an enna o Irverad
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Musculature of Labrum  (Text Fig  11)

Lateral Labral muscles (4)—These muscles take therr ongmn from the frons
and are mserted on the lateral apodemes of the labrum  The contraction
of these muscles brings about an upward movement of the labrum whle the
relaxation bring about the downward movement of the same  The lateral
movements can only take place when the muscles of one side contract and of
the other sde relax sunultancously The insertion of muscles does not

confirm Das s (1937) gencralization that the lateral muscles are always mserted
on the tormae

Labro epipharyngeal muscles (9)—The fibres of these muscles ongimte
from underneath the middle of the clypcolabrl suture and are inserted on the
epipharyne  The contraction and relaxation of these muscles bring about the
upward and downward movement of the epipharynx respectively  These
muscles have not been observed by Snodgrass (1935) Das (1937) Pradhan
(1938} and Verma (1964) in msects studied by them

Musculature of Mandibles (Text Tig 12)—Each mandible 15 provided
with the following extrinsic muscles only 21z —

Adductor muscle  (6}—The large stout powerful and fan shaped adductor
muscle onginates from the dorsal and p 1 1 wall of the and
15 mserted on a large apodeme at the inner angle of the mandibular base
The contraction of this muscle brings about the molar area of the two man
dibles together and serves to crush and grind the food

Abdu.tor muscle  (7)~—This 1s comparatively a thin muscle which takes
its origmn from a small area just below the tdductor and s sserted upon a
round convex apodeme at the outer angle of the base of the maundtble The
contraction of these muscles bring about the two mandibles apart

Musculature of the Maxitla (Text Figs 13, 14)

The extrinstc musculattire of the maxilla—There are five extrinsic muscles
which 1mpart movements to the maxala  Three of them are nserted on the
apodemes of the cardo and two on the stiputal portion

Dorsal flexor muscle of the mavilla  (8)~Tius muscle onginates partly
from the postertor arm of the fentorium and partly from the lateral margm
of the occipital foramen 1nd 15 mserted on the dorsal apodeme of the cardo
‘This muscle brings about 2 withdrawal of this component proximally

Ventral flevor muscle of the mavilla (9)—This muscle anses from the
postenior arm of the tentorum and 15 wserted on the ventral apodeme of
the cardo and also serves to pull the maxilla mwards

Lviensor mascle of the mavilla  (10)—This muscle takes ongin from the
lateral wall of the crinum and 1s mserted on the longest wpodeme of the cardo
and serves the function of awarding a lateral movement
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Cramal flxor muscle of the lacma  (11)—The fibres of this muscle
anse from the lateral nim of the ocapital forumen and are mnserted on the
nner angle of the base of lacia

Pradhan (1938) and Vermn (1964) in Coccinella septempinciata and Chilo
meres sexmaculala vespeetisely named this muscle as an extensor of the lacinsa
They alse mentioned that the insertion of this muscle takes placc on the outer
angle of the base of lacinia According to Pradhan (1938) the pomt of nser
tion of the lacimal muscle 15 not constant and that the muscle serves as a flexer
or an extensor with respect to the msertion being on the mner or outer angle of
the lacinta But Snodgrss (1935) and Das (1937) mentioned ths muscle as 2
cranal flexor of the lacimn with 1ts 1nsertion on the mner angle of the base of
Iierua The author howeser 15 inchined to agree with Spodgrass (1935) nd
Das (1937) regardmng the mscrtion and function of this muscle

Flevor muscle of th m drostipes (12)—This muscle onginates from the
posterior arm of the teatorium and 13 inserted on the proxumal mesal comer of
the mediostipes of the stipes

Pradhan (1938) obscrved A flexor muscle of the subgaler in Cocernella
septempunctata the same obsenved by Verma (196%) in Chilom nes sexmaculata
Lut no part of the stipes fit to be called as subgalea cxsts i the nsect under
study  Snodgrass (1935) nd Das (1937) also have not observed ny muscle of
this nature

m) Th Inrrsie pmssces of 1 maxidla—The intnnsic musculature
of the maullh consists of the four muscles riy —

Flexor ruscle of the galea (13)-—This muscle ongmates from  the
base of the stipe” and 1sanserted on the preyimal segment 1e basigalea of the
galea passing through 4 clutinous ning shaped apodeme of the baugalea

Dhs (1937) de enibed the ongin of this muscle from the mesinl side of the
stipes andats insertion on the base of the galea and named 1t 1s 1 crnal flexor
of thegater  Pradhan (1938) in Cocaanella sept mpintate olserved 1 sumiiar
muscle ansimg from the subgaler and tnserting on the bise of the distvl seg
ment of the gilea and called 11 15 ubgalear flexor of the galea  The same was
confirmed by Verma (1961) in Chtlom nes sexrtculata Both these quthors cont
dered subgalea s 1 dustinet part of the supes But tnthenseet under study no
part of the spes can be considered i subgalen hence the author agrees with
Snodgrus {1935) re,arding the function 1nd wime of this muscle

Supit 1 of th mrullary palp (18)—This mu cle takes sty
ongn from the bual part of the palpifer 1nd 1 inserted on the provmal nm
of the basal segment of the mavllary palp  Accordiug to Pra than (1938)
this musele acts v o levatnr and depresor amultancously because the
murc'e fibres of both the typey e mived upan 3t and there can b~ no clear
dutt netior between the fibres The varous masements of the maxllary palp
are Lroaght about by co utrictin of certan fibres and relacation of others
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Proximal segmertal flxor wusele of i mavllary  pa’pus  (15)—The
fibres of this musclt arise from  the second egment of the palpus and are
wmserted on the third segment of the same

Dustal segmental flexor muscle  of  bhe maxsllary palpus  (16)—The fibres
of this muscle take therr origin from the thurd segment of the palpus and are
nserted on the fourth or thelast egment of the same  Tlis muscle 1s a true
rephiea of the provimal segmental flexor of the palpus

Musculature of labium  (Text Fig 15)

Median  ruuscles of the prementums (1N—In myority  of nsects this
muscle ongmates from the posterior margin ¢f the ubmentum but smee a
plate of that designation does not exst in the insect under study 1t 1s remark
able to note that this muscle takes its ongn from 1 speaial phragma near the
proumal margin of the gula a condition not <o far recorded It 15 1nserted
ventrally on the muddle of the proxumal border of the prementum These
muscles serve as flexors of the prementum since the prementum has a defimite
hinge on the distal margm of the postmentum

Flexor muscle of the lgula (18)—Thts mu cle trises from the muiddle
of the prementum and 1 mserted on the distal nm of the higula

Flexor muscle of the labal palp { 9)—This muscle ongmates from
the curved anterior sclerotized wrm of the prementum and is mserted on the
proximal i of the first segment of labial palp  This muscle tmparts various
movements to the labial palp because there are no distinet levator and depressor
muscles i this nsect

Flexor muscle of the paraglossa  (20)—This muscle arises from the proximal
margtn of the prementum mesad and inserted on the base of the paraglosa
Such a muscle 15 very pecuhar in this tsect

SUMMARY

1 Epicranial and coronal suler in Onttis philemon are ab ent but episto
mal clypeogenal and postirontal sular are well developed

2  The antennae are situated on the ventral surfice of the clypeogenal
sulcus

3 Mouth parts are tdapted for saprophagous habit and are consequen
tly modufied accordingly

4 Food chiefly compnses of decaying orgame matter for wlich prefer
ence 1s given to Cow and Buffalo dung

5 The mandibles are provided with molar lobes which are convex on
the night and concave on the left 1o fit closcly to provide effictent
surface for grinding of the food material

6 The maxillary palp lactnia and galea probably functon as olfactory
and gustatory organs due to the presence of bristles with various kinds
of sensilia

4
g
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7 Thelabum 1 supported by means of an cndoskeleton of sclerotized
army dorsad  The postmentum 35 1 single plate not divided into
mentum and submentum  Gult 13 well devcloped
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A NOTE ON THE RINETICS OF SILVER CATALYSED OXIDATION
OF GLUCOSE BY POTASSIUM PERSULPHATE

C P Knurpe anD § P Srrvastava*
Chemical Laboratorr s Th D § B Gort College Nawm Tal, Inta

An earlier study! of this reaction 1n this laboratory by Purohut and
Srivastava has shown that unlike most of the redox reactions of persulphate
10n, the oxtdation of glucose by | $,5,0; catalysed by silver 10n 15 a bumolecu
lar process, however, the order of the reaction with respect to each of reac-
tants has not been precisely determined by these workers Further, they
have found that the reaction 15 greatly catalysed by Fet* 1on  the catalysed
reaction sh wing a zero order behaviour and betng greatly mhubited by GI=
1on  Inwview of the pecubar behaviour of this reaction for which no plausible
explanation can be gnen, the 1uthors have remvestigated this reaction kinetr-
cally It has been shown that the reaction when carried out in a buffered
medium  follows an unmmolecular behaviour like other Ag* catalysed owuda
ton reactions of SO, 1on The appirent deviation from umimolecular
behaviour has been attributed to the 1ncreasein H¥ ion concentration with
the progress of the reaction which has a retarding effect The energy of
activation, frequency factor and entropy of activation of this reaction have
also been calenlated

EXPERIMENTAL

G R, E Merehk KSO, after recrystallisation  glucose and silver
mtrateof A R B D H quality werc ued All the other chemicals used
were also of A R grade ‘The standard solutions of K,5,0, and glucose were
prepared by direct werghing of the salt and dissolving them in odium acetate
acetic acid buffer where buffered medium was used otherwise the solations
were made in redistilled water from a pyrex distilling stall

All reactions were carred out 1n 2 Pyrex Erlenmeyer flask coated with
black japan and wrapped in 2 blick cloth  Measured quanaty of glucose,
sther mitrate and buffer solution were kept i 1 thermostat maintained at the
temperature of the experiment with n accurary of 20 1 C  and the reaction
was started by runming 1n the required volum~ of persulphate solutionwith a
prpette  The progress of the reaction was followed by withdrawmg 5mi  of
the reaction muvture and estimatig the K S O, content by the procedure
of Galiba Csanyt and Szabo® modified by Rhulbe and Srivastava ¢

The odium acetate acetic 1cid bufferof pH 4 76 was us=d for preparing
the solutions and for dilutions

* Present address—Reader in Chemustey University of Roarkee
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REsurts oF MEASUREMENTS

The results of the kinencs of the reaction carried out m 2 non buffered
m~dium and 1n the presence of a lugh salt concentration are givenn table 1

Tanre 1
Glucose=K,5,0,==0 025\, 43N 0,=0 00I\{, Temperature~—35 C

Without Na,SO, N1 SO,~=0 25M
Time} Vol 1n ml kx10¢ | Vol m ml 1104
equnalent e INa,S,047 | equivalent e Na,S,0,mt
to K,$,0, min= to h.5,0, min-1
2 23 90 ! 24 54
10 2280 5 9014 2 5233
20 21 9 4 7339 2 0650 22 50 4 7595 2 0,23
30 20 95 1 7047 21091 2172 4 3674 1 8960
45 19 90 4 2,78 1 9560 20 9 3 679t 1 6239
60 19 04 3 9190 1 8103 20 20 3 3300 1 5015
90 16 85 3 9724 1 9901 19 11 2 9M9 1 3157
120 15 80 3 5071 1 8199 17 79 2 7265 1 3131
150 1125 3 1949 1 9155 16 69 2 GO76 1 2920
180 13 03 3 4092 1 9499 15 85 2 5156 1 2,59
195 12 55 3 1337 1 9619
mog 1200 ] 33008 | 1990} 150 1 2383

The above data show that the mite shyhtly decrew s with an ncrer e
1n the tomc strength of the medium and that the ununolecular and the bioe
malecu'ar rate constants Till off with nme cven in the precence of a hugh salt
concentration  These show that the decrease mthe ¢ te constant values with
ume ts ot due to the increass an the rome strength of the reaction muture
with the p o7res of the reaction



Jan , 1966] C P KHULBE etal on Kinstics of Stlver 29

The reaction was then carried out at 4 constant pH of 4 76 the results
obtamned are grven 1n table 2

TapLe 2

Glucose==K,S8 0g=20 025 M, AgNOy=0 001 A, Temperature—35°C

Vol mm! 002N NaSQ,

Time equv to S O, kXx10 um
2 23 70
5 22 90 1 1438
10 21 75 10709
15 20 05 1 2851
20 18 85 12723
25 17 80 1 2446
30 16 95 1 1967
35 16 00 1 1906
40 15 35 1 1430
50 14 10 1 0800
60 12 80 1 0621
70 1170 1 0380
a0 10 70 1 0195

‘The above data clearly show that the disappearaince of h 5,0, m a
buffered medium 1s first order wath respect to the persulphite concentration
and 13 not of second order as shown by Purohit and Srivastava (los cit)
The decrease 1n rate constant values with ttm= observed by them in unbuffe~
sed medium 13 therefore due to the retarding effect of the increasing amount
of acid formed with the progress of the reactton

Errecr oF PERSULPHATE (JONCENTRATION

The effect of mtial concentration of k,S,0; on 1ts rate of dusappear
ance was de d at a conc of glucose (301 M}
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The results obtuned are sepresented graplucally o fig 1 The first order
rate cons nt A1bies eviiuated from these curies are grien in table 3

Tasrz 3
Glucose==0 01 M, 4g\ 0,~0 00075 M, Temperature=~25"C

Cone of b 5,0, kx 108
0 0020 M 6 8897
0 0075 \{ 5 9397
0 0100 M 5 6881
0 0150 M 4 5190
0 0200 M 4 0761
0 0250 M 3 6215
00300 M 3 5504
0 0100 M 2 9001
0 0,00 Af 2 7204

Althnuph the e3¢ coastant 1 first arder i a gnen expenment as shown
by the haetr cumves mven w fig | oas salue decreases regularly with an
mere e m the uptad concentration of prrsuiphate A smidar b haviour has
bern reportrad by Lager and Wanbler® 1n the oudation of mrreaptans by
Stvastava and Ghosh® in the audytion of formate son and by Khulbe and
Sriwastasa? inthe Ag* catihsed oxsdatnn of so-propyd aleohol by KNS5O0,
An snereare i the rate ¢onstant yalue with aa wmerease 1in hS,0, concentra
1071 hat been sop ried by Levit and Mahinowski® an the uncanlysed oads
twm of srpropy] i oh 1 Sinee the rate d 2 oot fall appreciibly with an
wmereass f10e swesgth of w the presence of hayh sulphate cosrentration
(ad- Tatle I anl 31 e the reactiss has been samed  ut at cons wae pll,
the mat p ol able 3 fehe  bsened fafl imorate ¢ sant calue mu b
dit wihe o0 o antubi & effecs of R ons whch u beiny meesugated

Esreer o1 G oo & Covar vrrasioy

The 1 a ¢ rresp  diag o dufferent mmal conerntraunas of glucose are
sep eaeated graghu ally an 4, 2 and the walues of mte constant evaluated
froty 1* €3~ Curses a € given m tatte 4
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TasLe 4
K5 Og==0 01 M, AgNO,=0 00075 M Temperature=25"C

Cone of glucose kx10* (untmol)
0005 M 4 2035
0010 M 6 0738
0015 M 6 2809
0 020 M 7 2070
0 030 M 7 8324
0 040 M 8 9242
0100 M 9 7210
0200 M 10 9250

It 15 seen that the value of the rate constant increases with an increase
m glucose concentration and does not become mmdependent of glucose concent
ration ¢ven at 02 M glucose concentration (c f the effect of 10 propyl
alcohol concentration oa 1ts oxdation reported by Levitt and Malinowski®)

Errect orF AgNO; CONCENTRATION

The results obtamed 1 presence of different concentrations of AgNO, es
catalyst are represented mn fig 3 From these data 1t 1s seen that the rate
constant increases in a lincar manner with an ncrease in AgNO, concentration

Errect or TEMPERATURE

The reaction was carried out at equimolecular concentration of the
reactants and the values of the temperature coefficient the energy of activation,
frequency factor and entropy of activation calculated, are tabulated 1o table 5

Tasre 5
K,5,04==glucose=0 01 M, AgNO =0 00075 M

! E » AS
¥
Temp kX108 Temp Energy of E%?:?Cy Entropy of
Coeif activation | poeote actwvation
caly sec~1 ESU
298"K 5 9494 1 303x10% —48 85
. 157 8285
303°K 7 2580 1 293x 102 —48 89
308K 9 3681 1 301 x10 —48 93
156 8418
313 K 11 3378 1 287102 —48 98
Mean 1 565 8351 5 1 296x10 —48 91
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The results obtamned are represented graphically n fiy, 1 The first order
rate cons qnt values evaluated from these curves are given in table 3

TanLe 3
Glucose=0 01 M, AgNO,==0 00075 M, Temperature=25°C

Conc of k,8,0, kx10%
0 0050 M 6 8897
00075 M 5 9397
0 0100 M 5 6881
0 0150 M 4 5190
0 0200 M 4 0761
0 0250 M 3 6215
0 0300 M 3 598%
0 0100 M 2 9001
0 0500 M 2 7254

Although the rate constant 1s first order in a given experiment as shown
by the lnear curves given in fig 1, its value decreases regularly with an
ncrease m the mitial ation of persulpt A similar beh has
been reported by Lager and WinklerS in the ouidation of mercaptans, by
Snvastava and Ghosh® m  the oudation of formate 1on and by Khulbe and
Srivastava’ i the Ag* catalysed oxudation of 1so propyl alcohol by K §,0,
An increase 1n the rate constant value with an increase in K,S,0, concentra
tion has been reported by Levitt and Malmowsk? 1 the uncatalysed ouda
tion of 150 propyl alcohol Since the rate does not fall appreciably wath an
increase of tonic strength or in the presence of high sulphate concentration
(vide Table 1) and since the reaction has been carried out at constant pH ,
the mo t probable cause of the observed fall in rate constant value may b
due to the spectfic inhibrtory effect of K+ tons, which 1s being investigated

Errecr or Grucose CONCINTRATION

The data corresponding to different 1mtial concentrations of glucose are
represented graphically m fig 2 and the values of rate constant evaluated
from these curves are given in table 4
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I —, K 5,0,=0005M
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— K,;5,0,=0025 M,
— K S§,0,=00f M,



3%

AGRA UNIVERSITY JOURNAL OF RESEARCH

10

a9

08

)

g

[

0T

o5y

40 80 120 %0
—Tme i natersy
Fg 2

£K,5,0,=001 M, AgNO,=0005 M, Temp, —~25°C

I, —, Glucose=000> M 11, — Glucose=0010 M
11, —, Glucose=0 015 M IV, —, Glucose==0020 M,
V, —, Glucose=0030 M VI, —, Glucose=0040 M,

VII, —, Glucose==0 100 M, VIII, —, Glucose=0200 M,

Vel XV




C P RHULBE et o, o1 Kirepies of Sileer

Jan 1966}

g 40 80 La
—Thme m mn Fs__,
Fig 3
$48,04=Gl 001 M Temp 25,C
I — AgNO,;=000075 M, k=6 0738x10"*
I —, AgNQO,;==00008 M k=6 5635 x10-*
I — AgNO,=00009 M k=7 5612x107%

TV, — AgNO;=00010 M k=8 4440 10+°






THE ALIMENTARY CANAL OF HISTER MAINDRONII LEWIS
(COLEOPTERA—HISTERIDAE)

R D SansENa AND P § Veraa
Department of Zoology, B R College, Agra

IvrtroDUCTION

The studies of the 7lumentary canal of Histersd beetles have speaially
been undertaken 1 wview of the fact that the e beetles feed upon maggots
which Ine and subsist on the dung of Cows and Buffaloes Thus they eser
ase a definite control on the growing population of the developing maggots
and contribute to mutigate the housefly menace to some extent The alimen
tary canal of Coleaptera has been studied by various authors nz  Fietcher
(1930), Bigham (1931) Landis (1936) Pradhan (1936 1939) Saksena (1921}
and Smha (198) but the present authors mawly confined themselves to the
study of these organs in Hister maindronu Lewis chiefly for their special inte
rest m acting as predators on the maggots inhabitmg the cattle dung

MaTeRIAL AND TECINIQUE

The beetles were collected from the heaps of Cow and Buffalo dung m van
ous localities of Bichpun (Agra) and kept m a glass cage on a regular supply
of fresh dung every day Treshly killed specimens were dissected n normal
saline under Bausch and Lomb stereoscopic bmocular microscope  For the
histologieal studies the alimentary canal along with Malpighian tubules were
dissected out of the body fixed i Bowns flud for six to eight hours and
washed 1n water  After dehydration 1n varymng strengths of alcohol, they
were cleared in cedarwood o1l embedded 1n paraffin wax as usual Mic-
rofome sections of 5 6 mucrons thick were cut by a rotary microtome  Balsam
mounts of the slides were prepared after statning m Ehrhich s acid hacmatoxy
lin and eosin

OBSERVATIONS

The alimentary canal i Hester marndront (Fig 1) runs straight i the
thorax but 15 thrown nto a few convolutions s the abdomen It s about
fwice as long as the body and 1s manifest into three usual diisions nz
the fore gut (stomodacum) the mud gut (mesenteron or ventriculus) and the
hind gut {proctodacum) The fore gut measures about 4 to 6 mm  md gut
10t 15 mm and the hind gut 6 to 8 mm A fine network of tracheae
Surrounds the alimentary canal n addition to a thick Jayer of adipose tissues
The relanve abundance or otherwise of thus tissue varies with the tme of the
year It was found that at the close of the active penod when prepanng
to lubemnate, the fat i the body mncreases considerably to engulf completely
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all the mternal organs  The Fore gut (stomadacum) 15 comparatively a short
straight thin tube almost exclusively confined to the head capsule and proth
oracic region It consist of the buccal cawity, the Phapnt the ozsophagus
the crop and the proventriculus

The mouth 1s antenior and the buccal cavity 1s merely a short space for
the conduction of the food to the pharynt which follows it  The pharynx s
a thin walled tube provided with extrinsic and intrinsic muscles which
arise from the walls of the pharynx and are in erted on the head sclenites and
tentorium  The pharynx passes through the bram ring and can be consequ
ently divided into the pre cerebral and post cerebral pharyngeal regions

The oesophagus (OE) 15 a narrow thin walled tube which 15 followed by
crop The main function of the oesophagus 12 the conduction of food from
the pharynx to the crop

The crop (CR) 15 a pear shaped structure witha narrow antersor and
wide posterior end, lying partly in the posterior region of the head capsule
and partly in the region of the prothorax

The crop 15 followed a small round proventniculus {(PRVT) and open
g into the rmd gut by the ocsophageal valve It 1s tclescoped within the
anterior end of the mud gut

Salivary or otsophageal glands arc absent . this beetle
HistoLoey or TR FoRE cur

A transverse section of the fore gut shows two or three layers of the
outer circular muscles (CM) while longitudinal muscles (LM) hie immediate
ly below the arcular onesin scparate bundles ‘The epithehum (EPTH) 1
syncytial and the chitinous intima (INT) 1s well developed

In theregon of the pharynx (Tig 2) the chitinous intima (INT) s very
well developed It 1s thrown mnto longitudinal folds of varying sizes and 1
devoid of spines and bristles  The epithehum (EPTH) 1s syncytial wath dis
tinct nucler and finely g lar cytopl The 1 consists entire
Iy two layers of moderately developed eircular muscles (CM) T ongitudinal
muscles (LM) are not visible

In the sections passing through the oesopha,us (Fig 3) the chitinous
mtima (INT) 15 somewhat thin and weaker than pharynx But the chiti
nous wntima forms two longitudinal folds one dersally placed and another
ventrally, apparently dividing thelumen mto two unequal halves From the
chitmous mmtiypa arse a2 number of spmes which project ito the lumen
These spines appear to act as a sieve for the food to pass mto the mud gut
The epithelum (EPTH) 15 syncytial with distnct nucler and finely granular
cytoplasm  The crcular muscles (CM) consist of two layers comparatively
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thin than the pharyngeal region  The longttudinal muscles (LM) as usual are
arranged 1n the form of bundles just below the circular muscles 1n this region

In the regon of crop (Fig 4) the structure 1s swular to that of the
oesophagus except for a few differences The chitinous muma (INT) s
continued to be provided with bristles as in the oesophagus The Jumen en
larges to facthtate the storage of food material The longitudinal wmuscles
are altogether abseat 1 this reglon

Pradhan (1936) states that beside mixing and churnmg of food and
secretions 1t 1s  also possible that when the major folds of the chiunous
mtima project into the lumen and thewr bristles stand ercct these bristles
may form a good struming sieve  This statement holds good for the
present 1nsect too

The proventricular rezion (Fig 5) of the fore gut 15 most unportant wnd
hence has undergone a greater degree of specialization Its walls are
composed of thick arcular {(CM) and longitudmnal muscles (LM) apparen
tly for powerful penstalic movements The former are disposed off 1n
circular layers of which as many as three layers can be scen, while the
longutudinal muscles are arranged mn bundles  The epithelal layer (EPTH)
15 thm with indistinct cell walls and nucler The chitinous intuma s thrown
into eight longitudinal folds the four major and four munor These long
tudmal folds of chutinous imtima (INT) are not provided with brstles or
spines By the contraction and the relaxation of the cwcular muscles
the longitudinal folds of the sntima meet 1n the lumen and crush the food
particles fincly

The Oesophageal talte (Frg ) The fore gut epithebum as 1t decends
down 1mto the mud gut s all round thrown into a fold before continumng nto
the muid gut epithelium (MEPTH) Tlus fold projecting mto the lumen of md
gut 15 located as a guardian without exercismg any check to sts entrance Such
2 fold has been observed by vanous authors and named as oesophageal fold
by some and eesophageal valve by others The fold has an mner wall mto
which the thin layer of mtuna and epithehum of the fore gut are contr
nued Itis contnued into an outer wall which has specialized elongated
columnar glandular eprthelial cells (GLEPTH) with distinet cell walls but devoid
of chitinous intima  The mner wall of the fold 1s surrounded by three layers
of arcular muscles and 2 few bundles of longitudinal muscles while the
outer wall 13 surrounded by mner two layers of crrcular muscles and a few
longstudinal muscles The outer wall 15 later subsequently contrmued mto
the limng of the mud gut

The functton of this tructure 1s yet very controversial Pradhan (1936)
however s of opmton that stdoes not act as a valve because the sccre-
tory globules from the mid gut pass mto the fore gut

The Mid gut o (Mesenteron) (MG) 15 the longest portion of the alimen-
tary canal extending from the posterior region of the prothorax to the fourth
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abdomumnal segment It follows a straight course for some distance then coils
and unites with hind gut It 1s remarkable that in males, 1t hes above the
reproductive organs, while in females below them There runs a close net
work of tracheae and fat bodies on the walls of mid gut which has a
broad anterior portion and a narrow posterior portion The former 13
thin walled and sac Lihe and s very distensible The latter 15 narrow
and thick

All along the outer surface of the mud gut there anse a large number
of slender evaginations of the wall forming finger hke diverticula or crypts,
which give the mud gut a willous appearance These dwerticula are called
regenerative crypts (Snodgrass 1935) The number of regenerative crypts
{RGCT) 1increases in the posterior region but they are shorter in length
‘These regenerative crypts perform the function of regeneration and make good
the contmuous disintegration of cells occurring in the mud gut epathelum

Hutorocy oF THE M out

The structure of the mid gut 13 distinguished from the fore yut by the
size of epithelial cells the reversal of museular layers and the absence of
clitinous mtima  The outer longitudinal muscles are arranged 1n small
bundles The inner circular muscles are thin in the antertor  region and thick
nthe postertor region of the mud gut

The cells of the epithelium (EPTH) are large and columnar with dis
unct cell walls and conspicuous centrally placed nucles The cytoplasm s
granular The epithehum of the mmd gut 15 continued in the regenerative
crypts (Fi, 7) The cells of the regenerative crypts (Iigs 7, 8) are of the
same nature as that of the mud gut epithelum At the distal ends of the
regenerative crypts there 1s an aggregation of highly stamned cells the regenc
rative cells (RGC) The Sumlar regencrative crypts with distal iegenerative
cells have been observed by Sinha (1958) 1n Triboltum castaneum  The base
ment b 15 hroughout the length of the mid gut

The Hind gnt (Proctodacum (15 a much shorler tube than the mud gut
though 1t 15 about twice the length of the fore gut It consists of an sleum ({L)
the colon (COL) and the reclym (RECT)  Ileum unites with the mud gut
The junctton between the mid gut and hind gut 1 marked off by the pre
sence of pyloric valve

The tleum 11L) 13 a corled and thuck walled tube extending hetween the
fourth and fifth abdominal segements The diameter of the ileum 15 similar
throughout 1ts lenzth except at the posterior end where 1t gradually widens
mto the colon {COI) The colon 15 2 thin walled pear shaped structure
Ithas got 3 wrinkled appearance externally and narrows down posteriorly
leadng mto the rectum (RECT) which has very thick walls
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Historooy oF Tue Hinp cuT
The hind gut has the usual hntological details te  the two muscle
t L

layers are lned by the b hehum and finally by chit
nous intima

The tleumn (Fig 9) has got comparatively thuck walls  There s a single
mner layer of circular muscles (CM)  the outer longttudinsl mu cles (LM)
are arranged in bundles The epithehum (EPTH) forms six te scven
longitudinal folds The cells of the epithchum are columaar with  dis
tmct cell walls and centrally placed nuclar  The cytoplasm 1s finely granular
The chitinous mtima {INT) 1s thin beads sharply with the epithelum folds
provided with sharp spmes or setac

The wall of the colon (Fig 10} 15 comparauvely thin  The outer
longrtudinal muscles (LM) are arranged in bundles, while the nner cureular
muscles (CM) form a single Jayer The epthelium form ten longitudinal
folds The lumen of the colon 1s enlarged comparatwvely larger than that of
the leum  The epithelum cells (EPTH) are columnar with distumet cell wall
and centrally placed nucles The cytoplasm 1 finely granular The chity
nous intuna (INT}) 1s prosvided with densely placed spines or setae

The wall of the rectum (Fig 11) 1s thicker than ileum and colon The
arrangement of muscular layers 15 simular to that of the ileum and colon
The eprthel forms ) dwal folds  The cells of the epithelt
un areflat and columnar The epithchal folds are Iined by chitinous mt:
ma (INT) which 1s devord of spines or setae

Marriomany Tupures

Six Malpightan  tubules (MT) arve scparately at the junction of the
mud andhind gut Two of these tubules are very long and coil round the
mud gut as far forward as the proventriculus  They very smtimately adhere
to the walls of the mud gut and run through a number of trach ar and fat
bodies Two others he coled under the almentary canal and the rest two
fre with the reprod; organs In fieshly dissected spect
mens the Malpighian tubules extubit forward movements which may be due
to the excretory processes

The di poution of Malpsglian tubules 1w Hister maindront du'Ters markedly
from other Coleopterous msect 1 the fact that there 1s a total ab ence of
reassocsition of these tubules with the proctodaeum

A transverse section of the Mulpiglutn tubale (Iig 12) shows six to
eight cells arrged in a arcle surrounding a nairow central lumen The
nuclel of these cells are large round or oval take up a deep stamn with Ehr
hc}lshaema(otﬂm No strated border has been obsenned  Sinha (1938)
also did not pbserve striated border u?Frebols s casltotenms
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SuMMARY

1 The alimentary canal of Hister mamdronn Lewis 1s about twice as
long as the body
Salivary or ocsophageal glands are absentin the beetle

3 In oesophagus and crop, the chitinous intima s provided with
spines or bristles which project into the lumen and act as sieve
for the food to passinto the mid gut

4 The proventriculus 1s provided with four major and four munor
longitudinal folds of chitinous intima

5 The outer surface of the mud gut 13 provided with a large number of
slender evaginations the regenerative erypts

6 The chitinous sntima of ileum and colon 15 provided with sharp
spmnes

7 The Malpighian tubules aresix m number and do not reassociate
with the proctodacum
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ON A NEW SPLCIES OF THE GENUS CRAANOPYGI1 BURR
(DERMAPTERA PYGIDICRANIDAE) FROM SOUTH INDIA

V C h.roor
Research Scholar Mimstyy of Educatior Go ernm nt of India
Departm nt of Zooloy AgraCollege Agra

This paper 13 the description of a new species belongng to the genus
Cranepy1a Durr, from South India, based upon the collections made by
Dr David L , School of E logy St Johns College Agra I offer
my smeere thanks to hum for placing this interesting collection at my disposal

My thanks are due to Dr H N Bayal, Zoology Department Agra
College Agra, for guidance Dr M Ray, Prncipal and Dr C P Singh,
Head of the Zoology Department, Agra College Agra, for the factlities provided

Cranopygia lsptngstoms sp nov ([gs 1—1)

AMale—Body reddsh brown, head pronoturn legs and tegmuna pale
yellowish marked wath black and brown stripes

Head—Dorso laterally  setrceous  sutures  distinct  occiput  shghtly
clevated laterally blichk m dian suture black frons elevated 1n the centre

with black stripe and lateral markings  Eyes blach well developed  Antenna
broken

Pronotum—Almost as long as the head with two lateral stripes somewhat
anastomosing caudad prozona tumd senarated caudad from metazona by
strongly impressed crescentric sulcus medmn sulcus dstinct  metazona
laterally depressed anterior aind  lateral margms distinctly convex  caudal
margin truncate

Tegnina and Things—Pubescent pale yellowish with broad brown bands
at the costal and sutural margins anastomo ing at the po terior margin about
o and a half times longer than broad anterior margm oblique exposing
a promuent triangular whitish scutellum Wing exposed postertorly

. L .s—Femora compressed and longitudinally caniqulate, md and hind
emora with anterio laterally black oval spot, tars: sumple sccond tarsal
segment shortest a hittle less than one half the first

Abdimen—Reddish brown gradually widened to the ulumate tergite
Setaceous

Ultimate tor,ste—Transverse rugose with nbbreviated median sulcus
Forceps—A N

ep
curved, the inner basal margin with

guous, left branch with broad base
three promnent teeth, the outer basal
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margin with a small notch, mddle ianer margin smooth while the apical
nner margn with a prominent tooth crenulate and shghtly hooked, the
right branch with small base strawght shghtly hooked at the apex, ianer
margin homogeneously crenulate

Pygrdium—Indistinct

Penultimate stermte—Lateral margin rounded, very feebly sinuate mesad

Genitaha—Metaparameres te the iner processes mdistinguish
able from the outer angles of the metaparameres, the preputial sacs long, virga
very long much longer than the whole genital armature

Length—Body 29 0 mm
Forceps 60 mm
Female—Unknown

Holoppe—Qne male 1 spint, labelled “On light, Thekkady, (Kerala
State), South India, 27V 1965 Coll D Livingstonc At present in
author s collection

This species comss near to Cranopygia constricta Hincks (1955) from
Sikkim and Bhutan from which 1t can be eanly distinguished by more rugo ¢
ultimate tergite its abbreviated median sulcus, asymmetrical forceps, form of

penul sternite, duff 1 the 7 and gemital armature
REFERENCES
1 Burr M 1910 Fauna of Britisk India  Dermaptera
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ABSORPTION SPECTRA OF SOME NEW KETONES
PArT II-—ABSORPTION SPECTRA OF a BROMO a FORMYL P BROMO
ACETOPHENONE

D D Paxtr O N Perrt K P VERuA avp G € SincHAL
Physies and Chemical Laboratories D § B Go t Colleg , Namlal

ABSTRACT

(Absorption  spectra of &z bromo a formyl p bromo acetophenone has
been studied 1n n hexane The bathochromic shuift observed appears to be
due to the formyl group }

InTRODUCTION

Bokadia and Verma?s studied the UV absorption spectram of chloro
cthyl acetate, chloro formyl ethyl acetate, « bromo acetophenone e« ‘ormyl
a bromo acetophenone and « bromo a formyl p chloro  acetophenone 1
water n hexane, alcohol ether hydrochloric acid and caustic potash  In
this paper we are reporting the UV absorption spectra of a bromo a formyl
p b omo acetophenone n n hexane

LXPERDIENTAL

Para bromo acetophenone was prepared by the method already reported
1 hterature’

Starting from this conpound a bromo a formyl p bromo acetophenone
was prepared by the method described by earlier workers* ! M P 114 G

Absorption measurements were made with 1 Hilger Uvispek photo electric
spectrophotom ter with quartz optic  Soltent used was punfied n hexane
The strength of solutton was 0 5x10~* M Results are recorded m Fig 1
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A NOTE ON THE DISTRIBUTION OF INDIAN COLLEMBOLA

H N Bayar
Joology Defartment AgraColle,e 1ra

The Collembola which are popularly hpown as ° bristles tails or
‘sprang tails have been practically ignored in India  Apart from the
numerous remarkable characters of puely scientific interest 1 thew general
organisation and habits as compared with other imsects they form a group
of very great mmportance 1n various other ways They have attained a stage of
beng pests in Lurope and other countries the greatest damage s being
done to young, tender plants speenilly to seedlings by making srregular
holes m the leaves gradually piercing them through and through character:
stically leaving the eprdermus intact at the bottom of the punctures Many
species attack the stems of plants just below the groun level and often cut
through them On roots of bSugircane spring tails caue mjury by
gnawing pits and by de troymg rootlets  In North America 1 single spectes of
Collembela Bourletiella hortensis {T1tch) has earned sufficient importance to recewve
1ts popular name as the garden springtaul, 2 pest of great though local mmpor
tance on seedlings of flowers of dandelion Some forms are major pest of
edible mushroom i1 US A  Smuuthurus eandis (L) 15 the mo t important pest
of field crops  This  ‘lucerene flea as it 1s called, damages the fohage of
many winter fodder plants particularly alfaslfs and clovers besides  attacking
wheat, oats and barley

Collembola have a world wide distribution  About 2 000 speries have been
described and 137 of these have been recorded from India The first important
contribution on the distnbution of Collembola was made by Womersley(1939)
in hiy publication dealing with Apterygota of Austraha Salmon (1941)
ducussed the Zoogeography of New Zealand Collembola and subsequently
(1947) arcumseribed  their distribution to cool and moist emvironments
The author has heremn given @ complete analysis of these small soil 1nhabt
ting forms from India with a note on therr dutribution A discussion on
Zoogeography leads to very great interest beeowse of ther small sze
aptesous condition and difficulies of mugration as large tracts of water and
swift flowmng nivers form almost an impassable barrers to them  Presently
land amimals like reptiles bird and mammals wlich can eastly migrate over
long distances mainly form the basis of the world land mass into Zoogeo
graphical regions but the distribution of small organsms as Collembola

neglected 5o far would be likely to throw 2 flood of hght on the prelustonc
divisions of the World

The peculiarities of the composition of Collembolan fauna of India
exhilt ugh degree of endemism zi,  75% of the total species belonging
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to Indsia  Even some of the genera like Idomerus Dicranac ntymd s Gyphoderop
s1s Pseudogy phod rus Himalavire and Salmmomia are confined totally to Indman
hmits  The majonty of these endsmics occur parhculatly in Western and
North Westerp part of India Thus leads one to behiese that species represent
the Palaractic elements and along with non endemc Palaearctic species
constinte 479 of the total Collembola known sa far fram Inda  The
oniental elements mcluding endemics comprise about 39%, of the total fauna
The dominant onental genera nclude Hypogastrure, Serray, dpmysa and
Hendschingfiysa

*Joo cogrephrcal R lationship of I dian Collembola

Subfamyhes Total | Ende [Onen | Eiba | Palae | Near | Austr) Wide
me | tal {opion [arcuc] ctic | alian [spread
! Podundsc [ 1
2 Ovychwnnze 3 1 2
3 Hypogastrurnae 10 7 1 z
4 Brachy<tomellinac 2 2
5 Neanunne s o4l
6 Pscudachorytinae 2] 2
7 Provotomiae n o i
8 Tsotormeac 10 6 1 1 1 1
9 Tomocennae 2 1 1
10 Eatomobrymae 7 39 + | 2] 1
11 Paroncllmae 25 | 20 | 3 2
12 Cyphodenn.c FE R ' t
13 Sountbundiac s ] 2 1 !
14 Sumthunnze 8] 5 3
S S
Total 1 Js || 3} 3| 3} 212
Percentage out of total specses 759! B 09 | 2 0] 2 0% mlﬁ;m

*Subfymules Tolber,ine 1 undi 1 One p daidae Arzopho inge and  Lemdophrellive ase not
represented 1 India

The Ethuop Ho!l and A lisn groups are 29, 2° and § 5%
respectncly

L1 orian

) Rhodon Ma murss (Dems)
2 L pid privas ethiopr as ¢Denss)
3 Cyphadrus limboviphio s Borarr
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Houarcric
1 Entomobrya mulifasciata Tulb
Isstoma fentca Reuter
3 Smunthardies rolaceous (Reuter)

~

AUSTRALIAN

1 Psexdsparonellid 5 bulbose Salmon
2 Aphysa fissisetosa Handschin

In addition to the Oriental Palaearcuc Ethlopran and Australian
favnal elements followng 12 widely distnibuted species also occur 1n India,
of these Hypoasirura armata (Nicolet), Ownychwrus fimetanas (L Tulb),
Onychirus armatus Tulberg  Folsomia fimetarsa (L) Tulb, Bourletiella kortensts
(Fitch), and Smunthurus undis Lanne are of economic importance 1 India
for the reason that they attack various hinds of crops and vegetables

Wit Spreap

Hypogastrura armata (Nicolet)
Hypogastrura lurtellus (Borner)
Onychenrus fimetarsas (L. Tulb)
Onychurus armatns Tulberg
Folsomua fimetarta (L) Tulb
Isotomurns palustris Muller
Tomocerus tulgarss Tulberg
Cyphod rus assimilts Borner
Smuntharides aguatrcus (Bourlet)
Bourletiella hortensts (Fitch)
Bourletiella arvalts (Fatch)
Smuntkurus vinides Linne

Sooamu N =

felt=t

Discussiov

The above data mdicate that Indian Collembola exhibit tugh degree
of endemsm and onental elements Further Indian regions show most
remarkable and extensve affintties with [Ethiopian regions owing to the

of genus Riod and Cypfiodertts 1n both the regions  Since the
migration facihities are totally wanting 1t 15 DIikely that these must have
spread far and wide 1n prehistoric  times before the contmental drft  Next
1t shows affimties with Austrahian and Indo Malayan regions over the basis
of distubution of genus Entomobrya  Leprdocyrtus and Aplysa Tt 15 also
remarkable that the number of cosmopolitan spectes 18 very high in India
which gimul occur  through the world A detailed study of

Collerntnt, N .l ,
inter n t gh the Indian limits may reveal some
esting facts about their cosmopohtan distribution  The primitve form of

(éallembola with very low structural organisation may have caused therr wide
stnbution i very agaient time m very early geological periods The

P Vs
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comparatively lower grade of percentages of Ethiopian, Palaearctic, Nearctic
and Australian elements 15 due to the uncquality of the research done in
India

Concrusion

In this paper the author has stressed that Collembola are really very
important for studying the Zoogeographical relationship of world regions
because they are humted by their poor means of dispersal  More accurate
knowledge of distribution of Collembola from various parts of Indian Limts
1s required to armive at substantial conclusions but author feels that this
group furmshes a basis upon which real picture of Zoogeography may be
buult 1 future

ACKNOWLEDGMENTS

Tam mdebted o Dr R D Saxena, M Se, Ph D, T Z S I,
Professor and Head of Zoology Department, B R College, Agra for most
helpful discussions on various pomts that arose during the course of the
work I am alio grateful to Principal M Ray, D Sc FN I aad Dr
C P Smgh Head of Zoology Department, Agra College, Agra for facilities
for work and con tant encourarement

RrrERENCES

1 Salmon J T 194) The Collembolan Fauna of N w Zealand including a Duscusnion
on 1ts di tubution and Affinities  Trans Roy Soc N Z 70 202431
2 Salmon J T 1958 The Zoogeography of the Collembola Bt S News 2(19)
196 198
Uthida Hapme 1955 Hi torsical Reviews of the Study on the Apterygota of the Tar
East 1nd Remarks on the Geographical Distnbution of the Far ELastern
Coflembola  Bull Bio cog Sor Japin 16 19 197 203
4 Womenley H 1939 Prumtwve wsects of South Australia  Adelude  Government
Panter 322 pp

w



STEADY FLOW IN A UNIFORM STRAIGHT TUBE
OF A PARTICULAR TYPE OF SECTION

G C Suarma
Agra College, Agra

ApsTrRACT

In this paper the steady flow of an mcompressible viscous flud an a
long umiform straight tube due to a constant pressure gradient has been
considered  The section of the tubes a curvilinear quadrlateral bounded
by the arcs of two confocal cllipses and two confocal hyperbolas The
exact solution for the veloaity has been obtamed by the application of
fimite Fourter Transform  Three particular cases have also been dernved

InTRODUCTION

The steady flow of an incompressible tiscous fluid n a pipe of rectan
gular cross section has been considered cxperimentally and theoretically by

R J Cormish [2] J P Agrawal [1] has considered the Row through pipes
section—a hyperbolic segment

In the present paper the steady flow due to a constant pressure gradient
has becn considered when the section of the tube is the curvilinear quadnila
teral PQRS shown 1 the figure

FiG NO L
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Fouyriox or \forion

Using a rectangular cartesian coordmate system the equation of motion
for steadv flow 15

J(Aegde ap
ax aj p? O]

where 15 the veloaty e the direction of 2 other components of the veloaity
are assumed  to be zero v 15 the kinematic viscosity and g‘-;— 18 2 constant

For the present case put x-}-ty==c cosh (g 419) @
Then £=§, &=§,are two confocal ellipses and g=7, and 5=y arec two con
focal hyperbolas

If the cartesian equations of the confocal ellip es and confocal byper
bolas are

2,5 1)
raANT
AT A
7 TEoe!
2y
=ET

&5 TF-E”

respectively then the values of &; &, 5, 9, and¢ will be determuned from
the following eguations —

¢ cosh §, =2
¢ sinh §=6 1
¢ cosh §,—+ai—f2 i
¢ sinh g,= /b =k J
£cos gy==a
¢ sm 7=
ccosn = yal gt
cany =vE <F
Equation of motion with the help of (2; becomes
g; f‘aa;: %“;[cmh 2 g--cos 2 4 3
[
where —P 13 the value of %
‘The boundary condstions are
w=0when ¢=§, andg=¢, ) “

w=0when p=3, and =y
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SoruTion oF THE DouaTiov
Putting y=Ag+B where
A=1T and By (5

equation (3) becomes

2w L ?w P
e e T Y C 0 — B 6.
55 +(’73_‘?1)l % Em [ cosh 26 —cos 2 (Ag+- )] 6)

subject to the conditions —

w=0 when §=¢; and §=£, and 0 o< (7
w=0 when =0 and g=n and & <§<E {8)
Now we use a finte sme transform and write
-
'u_;(:)=f wansg dg where 515 a ponitive mnteger
0

Smee w vansshes at ¢=0 and g=-,
k:4
f 2o sm 5§ dg=—5 &
9q
0
Applying this fimite transform to equation (6}, we get

dw_ us

I
F‘m w=——2_:‘f" {cosh 2 f—cos 2 (Aq+B)}sm sq dg
0

_ P s

= 2F[casb 2 & (—cos s5q) ]0
4P [cus (@A—s ¢q+2B) cos (ZAFs ¢4-2B) 7
4n - 0

2 A—s 2A-ts

da : 2

dﬁ—ﬁl m=~2;(—igT:_?; {cox 2 (An-{-B)—cos 2 Bg when 5 15 even
- 9a)

Lo oo P Pes 2(Ar+B)+co }

TR T W= —— s 2B

I Ty 0T o 2y —;){m (Ar+B)+

~ when s 1s 0dd {9B)
with conditions w=0 when §=§ and £=4 (10}
For even values of s the solutton of equation (92) 15
E e L
w=ge\? M) g, (heem Pe (9,—n.)2 _
+ ~ g B {cos 2(Av4-B)—cos 2B

an
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where ¢; and r, are to be deternuned by the help of conditions (10)
o & ~& - 5 4
:,g(’r‘ M g M) T _fcos 2 (Aw4B)—cos 2B]
and

(2

ns f ~75 e
0 =) P e M) T grees 2 (ArB)~cos 2B)

where k= a1 =) (13

s (FAE—57)
From (12) the values of ¢, and ¢, can be obtamed and myerted 1 (1) to
determne w completely
Now we proceed to find the solution of (9b) for odd values of s
kidd s —75 5
e T 4o =) § k(o (A B)4-cos 2B)
Pc cosh 22 (14]
4—
eyl
where ¢; and ¢, are to be determined by the help of conditions (10)
w5 : —rs £
M=) T ) L eos2 (AmpB)4-cos 2B)
Pc cosh 2 &

%53
and "‘ [4 ‘”‘ i) J

kil

—ns
e Fovrad 4
z,,e("“_m) : +c.z("72—’/l) =~k{co 2(A1r+B)+cos 2B}

{15)

cmh25
;ﬂ [ e T a1 ]
()"

3 and ¢, can be determined from (15) and substituted m {14) to determine o
Now by the inversion of the transform

2 .
w—-—‘T o sin sg where 513 a positive integer

=w;+w where

w5 —Ts
e — ¢
w=2x [m(nz*m) L =m0 pios 2 (A By —con ZB)Jsm 7
m
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s —as
2 s e b
=2z [;xe T T L 1) preos 9 (AppB) s 28}
e
sin :T’ALB (16)
thn § 15 even pO!lthC mtcger
and

s ~ns
i ¢ 5

@ =—3{-—2’I [‘A’(ﬂs n +f¢=(m-m) +k{ cos 2(An+B)-+cos 2B}
Il’_ cosh 2§

T s
[+ tr —m)

sin g

s —s

oy ¢ Ty
=—§-§ [c,e(’“ M7 e T bcos 9(AmbB)beos 25}

Pe? cosh 28 7~B

ra _[4_*7‘ ] smst— (D)
(7a~m1)*

when s 13 odd positive integer

where A& B k ¢ & 6 ¢ & ¢ are gwen by (5) (13), (12) and (I5)
Tespectively

PARTICULAR Clases
CaseNo I 1f7,~=0 ,,,=—’2L, then A=1, B=0, g=29
The section of the tube 15 i the form of a quadrant of the 1nnular space
Between the elhpses &=§; and §=¢4, (Secfig 2)
=7

z

FI16 NO 2
w==aty-tw,, where

2 2, 2,
M‘ETZ,: [’l‘ o o ok Jsm 29, when 5 13 even pontive integer” ™
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and

-— 2
oy 25 ” JE+M & _ Pe*cosh 2¢
75

Hys (1 —s%)

sin 25y, when s1s odd posiive
mteger

@, ¢ and ¢5 ¢, can be determined from (12) and (15) by putting these values

ofq,,m,Aand B

Case Ao 2 Here we consider the section of the tube to be the portion of
the elliptical annulus symmetrical about the major axis so that =4, §=£y»
=17, and p=2r—x, according to Mire {3}

ThmAJ(";’h), iy g T (00 g 3y

2= —m1)

S
7
FIG 40 3 7
w=w,+ w, where
s £ _ s s
wA=é2 [w’("""" S T pcoua(AngB)—cos 2B)]x
r
s :%11(:_7:;):; when s 13 even,

and
L

s
o)t ~ iyt
w,=-,272:. [c,e r~m) o )" 4t cos 2(An+B)cos 2B}

P2 _ coh? hns S50 hen 11 0dd

ns (4 s x) 2{mr—mn1)
4(m—~m)

g, 1 €35 and ¢, can be dctcrmmcd from {12) and (15) by pottng the values of

S e A
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Case No 3 Puttmg p=

-—;'—m case No 2, the section of the tube
becomes JeR hall of the annulus between the ellipses §==§; §=¢§ and y—a%xs
{Sce fig 4)

FI6 N0 4

-
In ths case A==1, B-—% 7=n—"5"

Hence w=« 4w where

w‘=~i—2;‘ [:l!IE +:,e—’§]!m 5 (q —-;—) when s 15 even

— Pec2 co h 28
[:,eJE gt Je-?):-—-—':T(:—__F)« s § (77—— —;—~) when s 15 odd

and

2
g ]
T

¢ ¢ ¢ and¢, can be determimed as 1 case No 2 by punmgn,=—;—
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INFLUENCL OI' PRESOWING SLED TREATMENT WITH NAA
ON EARLY GROWTH OF MAIZL SLEDLINGS

*V S Ratmorc! anp S N B rarpwaj?
Botany Deparim nt sAgra College Agra

InrroDUCTION
Investigations on muze relating to the nfluence of presowing soaking
the sceds with NAA (continuous soaking for 24 hours m 5 ppm aqueous solu
tion) revealed that the treatment cnhanced the oxygen uptake and enzymatic
actwities during sproutmg, yet the carbon-diowade release was decreased the
values for respiratory quotient were lowered (Rathore and Bhardwaj 1963)
Tt was con idered of mterest to study the smpact of the abote metabolic
events on early seedling growth, especially of roots upto the emergence
of first leaf from the coleoptile The results obtained are embodied in this paper
MeTHoDs AND MATERIALS
Seeds of maize varsety T 41 were partially immersed in 5 ppm solution
of NAA and were hept there for 24 hours at 30 G m dark  These were trans
ferred to test tubes (150 x 18 mm) fitted \vnh rolls of Whatman No 1 filter paper
for subseq growth adopt the que described earhier (Bhardwaj
1960) Seedlings raised from the seeds soaked m  dsstilled water served as
control  Observations 1n respect of total root length (in mm) number of roots
average length (in mm) per root and coleoptile length (1n mmy) svere recorded
at 24 hour 1ntervals till 95 hours after sowmng  Twelve replicates were mamn
taned for each treatment and the data were analysed statistically following the
analysis of vanance on factorial basis Crntical differences at 5 per cent
probabulity were calculated wherever the treatment was sigmificant
ExpERIMENTAL FINDINGS AND DiscussioN
The data recorded on early seedling growth are presented i table I below —
Tanee [
Effcct of NAA on early growth of mai e seedlin,s (Mean p r s edling)

Age Treatment Total root Number of Average Coleoptile
(hrs) ngth {mm) roots root length | fength (mm)
48 Cont 128 13 weo 73

NAA 71 13 58 39
72 Gont 733 34 20 ¢ 170
NAA 533 31 94 155
% Cont 196 6 45 455 48 8
N 188 5 14 411 48 6
C b nsper cent probabality —
33 ¢ 09 107 105
Szed treatment NS NS 89 87
Tnteraction NS NS NS NS

* Presont address 1 Botany Deptrtment Chri t Church College Ranpur

Rotany Division Indiam Agr altural Research Inststute New Dell s 12
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From the above, 1it1ss en that retardation 1n the total length of roots
and of coleoptile due to the hormone treatment was the maumaim at
48 hours followed by a recovery later on and reached almo t to the level of
control by the end of 93 hour  Averaze length per root was also lowered but
the number of roots per seedlng was not affected These results are
1n close agreement with the observations of Bur trom (1953) and Aberg (1957)
that hormonal applications even down to the concentration of 10-3 to 10-8M
have often resulted 1n suppression of root growth It may be mentioned here,
the present study relates to the residual effect of hormone application at
2 7% 10-5M (5ppm solution) for 24 hours m contrast to the results of contt
nuous feeding of seedlings referred to by the above workers

Earlier work carried out by the authors (Rathore and Bhardway 1963)
mdicated the depletions 1n the amount of total available carbohydrates, non
reducing sugars and soluble mtrogen 1 NAA treated seeds during sprouting
It 15 plausible that the depletions 1n carbohydrates and mitrogenous contents
of the seedling might lead to slowing dova of growth as observed at 48
hours after sowmg In this connection, the differential response in respect
of 0, uptake and Co, output was iuteresting

The occurrence of oxidative anabolism was suggested in iormal maze
secedling owing to very low R Q values (057) The above response leads to
further lowering of R Q, to 045 This mught result 1 accentuated accumt
lation of the products of oxidative anabolism and consequently n 1mprove
ment of growth, as would be seen by the relative growth rates expressed as
log values between 24 48, 48 72 and 72 96 hours furmished 1n table 2

Tabre 2

Relatwe growth rates of NAA treated and “control seedlings of maze
(expressed per seedling basis)

Betwern hours after sowing

Observation 2448 l 48-72 72-96
Gont l NAA ‘ Gont NAA Cont NAA
Total root length 11072 | ossi3 | 17818 | 16646 | 2 0910 | 21306

Average length per Vo000 | o763+ ) 10170 | ©sssen | 1aser | sl
root

Coleoptife length 08633 | 05911 | 09.68 | 1oges | 1sozs | 1319
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It appears that the hormone uptake during soaking takes place in supra
optimal concentration resulting in suppressed seedling growth  This concentra
tion goes down reaching the optimal level with the passage of tume
and the relative growth ratc increases Another 1atercsting feature 13
the alteration 1n metabolic patterns durng the ontogeny differences in res
pect of chlorophyll synthesis (Rathore 1964) carbohydrate and mitrogen
metabolisms (Rathore and Bhardwa) 1963) have been observed Expeniments
to follow the variations m synthetic oxidative processes at different stages
of plant growth are 1n progress

Sumvary

The residual effect of soaking marze seeds n 5 ppm solution of NAA
on early seedling growth was studied  The total length of roots and of coleo
ptde was retarded initially but complete recovery was obtuned at 96 hours
after sowing  The number of roots per scedling was not nfluenced by the
treatment  The imphlications of the results have been discussed
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ROTATION OT FINITE DISC IN ROTATING FLUID BOUND\RY
LAYLR GROWTH MOTION STARTED IMPULSIVELY FROM REST

HaRr SWARUP SHARMA
Department of Mathemalies Agra College Agra

Suntary

The growth of motior of revolving flow in the earlier stages of ats
development caused by a fimte arcular pline lamma which at (=0 1s
suddenly made to rotate with constant angular spin 15 discussed Those
various cases also have been studied when the angular velocity of the dise 15
greater than or less than the angulir veloaty of the rotating fld  The
cases 1 which the disc rotates mn the opposite sense to that of the external
{low has also been considered

INTRODUCTION

T V Karmén?® (1921) has solved the problem of rotation of an infinmite
plane lamina i a viscous fliud  He assumed that the motion 1s steady ard
the Jammuna rotates with a constant angular sveloaty Q about the avs r=0
He has found exact solutsons of the equations of motton which satisfy all the
boundary conditions of the problem The awal velocity does not vamsh
atanfiuty but tends to a fimte lim:t which signifies a steady axial flow towards
the rotating lamuna T V Karmén wnferprets that 1t 15 necessary o preserve
continuity since the rotating lamna acts Iike centrifugal fan the flusd moving
radally outwards especially near the lanuna

‘The axisymmetric flow of a rotating incompressible viscous flurd over a
fixed nfinite plane has been studied by Bodewadt (1940) using 2 simdarity
solution which 13 a solutton both of the full Navier Stokes equations and of the
appropriate boundary layer equations of the problem Ata large distance
from the plane the radial pressure gradient balances the centrifugal accelera
ton butin the immediate vicimty of the plane the effect of viscosity 15 to
reduce the zonal velocity and accordmgly there 15 radial mflow of fud
accompanied by an outflow 1n the axial direction  Thus the boundary layer
18 losing flrd and on the aws of the symmstry both the radal and zonal
veloerties samsh

Batchelor! (1951) Stewartson® (1958) Rogers and Lance® (1960)
nvestigated the more general problem of a fluid 1n rigid body rotation over a
rotating disc A common feature of the above mentioned flows 1s that they
have sundarity solutions where the velocity components take the form

v=rG (2) u=rF (2) w=H ()
Ludwieg? (1951) and Squire® (1953) lincarized the boundary layer equations
for the case of small disturbances about a state of ngid rotation  In the
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lincarized form, the equations reduce to a set of ordmarv differential
equations which are inear  Ina recent paper the axisymmetrc boundary
layeron a fimte cireylar disc due to a rotating fluid has been examned
numerically by Rogers and Lance? (1964)

Nigam$ (1921} discussed the growth of motion an the earlier stages of
its development cau.ed bv an mfinite lamma which at ¢=0 15 suddenly made
to rotate with a constant angufar velocity & about the axis r=0

In the present problem we have discussed the case of revolving flow aver
arotating fimte arcular disc  We have considered the growth of mosion 1
the earlier stages of 1ts development caused by a finute circular planc lamma
which at #=0 13 suddenly made to rotate with a constant angularspm We
have also discussed the various cases when the angular velocity of the dsc
35 greater or less than the angular veloaity of the rotating flwd — The cases
when the disc rotates m the oproute direction to the flud have also beea
studied

EquaTions Govrrymig iz Motiow

Cylindneal polar coordinates (r ¢ z) are used with the disc 0<r< @
i the plane z=-0 with the ongin at the centre of the disc  If the Reynolds
number of the flow 11 large  wviscous effects become domsmant only in the
region at a small distance 2 from the plate  Hence we have a thin boundary
layer over the surface of the disc Denotng the radm), zonal, and axtl
components of the flid velocity by (s 0 w) respectively and takmg the
independent vanables such that ¢ denotes the time from the start of the moton
the apprapriate boundary layer equations of motion are (as m reference 7)

du oy du o 3%
ww tea +wa—‘-—7—'—:—1{)’--}-»5;2 U]
4 a7 do  uv a%
gttt o @
The equation of contimuty 15
8
% M)+ 5= (w)=0 &)
where v 13 the kinematc visconty and Q the angular velocty of the fludat 2
great distance from the dsc  The radual p grad has been puted
from the fnictionless flow at a large distance from the disc from the condition
tap
P T
or with V=rpn
o
ket

If the dusc 1s made to rotate with angular velocity ¢f2 the boundary conditions
to be satufied are

=u=0
A on z=0,0<r<a >0
u=0 r=a{) on r=d 2>0 (¢}
together with

!
u—+0 1> 0rla 20 10 J
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SIMPLIFICATION OF THE DIFFERENTIAL EQUATIONS

Let us assume

=0 r /()
re (m [©)]
- w=—tta £ (7)
where . (6)
260}
Substituting these values of # v w1n equations (1) {2) and (3) we
get
[ 42f —4f=t—dgr 4t (S*-24) Q)]
g +2ng =8t (fe—he) ®
f—h=0 ©)

During early stages of motion when ¢ 1s small (or in boundary layer
theory termunology when the thickness of the boundary layer 1s small) we
may neglect the terms 1 the equations of motion contamnmg higher orders of
¢t Therefore by omtting terms of order ¢ m the equations of motion and

contmuity we get a first order of appr the foll 1
f4onf —4f=t—ig (10)
&+42mg =0 (n
f=h (12)

where dashes denote the differentiations with respect to g

The boundary conditions now are

é‘:O:h when =0 (13)
f=0 g=1 when 5->00

SoruTions OF EQUATIONS

Integrating (11) we get
£=A of () +B a4
where erf () stands for

2 7 Y
;/Tf & Tdn
0
Applymg the boundary conditions (13) we get
o=B and 1=A+B
whence A=(1—0) and B=c
Thus equation (14) becomes
g=(1—c) af n 4o (19)
Substituting this value of g equation (10) becomes

T e e ve . e 76y
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3‘/Jrf(\/—fl) —int af g -3;;;{—71 afy t_",]

+2T(«1/;_—5) { 2-—~57(:!+2)}

(22)

GRAPHICAL RFPRESENTATION

Here we diceuss the functions f g £ graphically for various values of ¢
Function g () = (1—a) erf n+o
(*) When a=0

Thus case does not wrise as the disc does not start rotatmg mpulsively
However function g becomes only erf (n) and the table for the graph 15

n

0\05

T

2|25

3 e

4 ' 0 | 0 5205 ‘0 842701;0 966105{0 99532210 999593[0 999978' 1

(1) When o=0 25
2 (7)=0 2540 75erf 4

DR KR KN ENENE

g ‘ 025 50 3343470 417027\0 G40375l0 88202510 996191{0 999983. 1

(n) When 0=0 5
g()=%efp405

1

AR R RN EENE

g t’O 5 iO 5562315‘0 611351‘0 76025010 921350[0 9976610 999989

(v) Wheno=1
In this case
£ (n)=1

1 ¢, the function becomes a straight line parallel to the gy aus  In this cas¢
the disc 1s rotating with the angular veloaty of the hquid
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{r) Wheno=15

In this case the angular velocity of the dise 15 1 5 tmes the velocity of
the flmd (the disc s rotating faster than the fluid), hence we have

gn=—%eaf7+15

[} [ 01 02 05 H 2 3 ©
g | 15 |l 4437681 3886191 239750(1 078650(1 002339|1 000011} 1
(ti} When a=2
In this case
& () =—erf n+2
7 V] 01 02 05 1 ’ 2 3 @
g 2 ;l 887537(1 777297|1 479500(1 157299)1 004678|1 000022 1

(1) When o=—1 1 ¢ when the angular velocity of the disc 15 n the
opposite directson to that of the flmd that 1s to say the disc has been given a
spm 1m the opposite direction to that of the flud

In this case we have

g (n)=2erf 71

n| 0 01 02 05 1 2 ’ 3 ©

2| ~1 (-0 775074{-0 554594/0 0410000 6854020 990644[0 999956

(o) When o=-—2
In this case we have
g (=3 erfn—2
0 j 01 02 05 ‘ 1 l 2 3 ’ oo

~2 \—I 662611|-1 331891|-0 438500]0 528103\0 ) 999934' 2
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Grarus of THE FUnCTIO £ (3) FOR VARIOUS VALUES OF 6

Graphs of g (7)

0357
0 R-AXIS
05 17 15 2 25 Z
~,
5
4
05 y
2
é
-1
15
-2
INTERPRETATION Of THE RESULTSOF £
locity of

It 15 quite clear from the graphs of g (n) that when the angular ve
the dusc 13 less than that of the rotating flnd  zonal velocaty increases and 3t
decreases when the angular veloaity of the disc 1s greater than that of the Irquid

When the disc rotates 1n the oppo ite directron of the flud zonal velor1ty
for somesalues of % 1 ¢ of remans negatie but for great values of 71%
becomes positne  In case when o 15 equal to —1 the zonal velocity ben:omdl
positive when 7 15 shightly less than 0o Incase when o= —2 the zon¥
veloaty becomes positine wlen 7 1s nearly equal to 8 7

“Thus 1n the vicinsty of the disc some flwd  moves alos
the direction opposite to the mam stream

ng with the disc 19
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Grapas of f (n)
() When o=0

2 2 - —
PO I R T
1 -
+o e 2 +n af? 'l]

70] 01 02 05 1 l 2 3 'uo

/| 0 |-0 1016190 21584 |-0 SODEGOI—O 170438(-0 002485(+0 002074 O

{s#) When o=} . "
=102+ (g 3 Y02 e - mn 7]

—
+159-¢ [n'"fn—iﬂfn + Uﬂ— ]
-1 % f—"!n"f’7+ﬂl— il +n’"f"1]

"0101 02 05 1 2 3 ©

1 0|0 0689220 022275/-0 130649|-0 083685|-0 003492\-0 000066 O

() When o=1
In this case f (5)=0, hence f (y) 15 represented by the ¢ axis
(1) When ¢=2

f=2a+2p —(2—- %)[(1+2 o) efen — 7.":7_7, 7 ]
—Gn’+4[ﬁ’ ef 9—} af n4- Z;_

2 —nt 1 -2
*2[‘,771‘ Tefot — ¢ 4 "f’v]

7']0|“|02 05 xlzla @

f

0 ‘0 274]48‘0 322189[0 497538/0 23212]]0 009109'—0 005473} O

(©) When g=—1
fE=20+2t2 (&~ 1)[(1+2,,=) ﬂf:q—jaq e_”]

+4 [n’ afn—}afy -(l:/_;—ﬂ]
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-8 [\%‘7 Py + ;1'— T af ’J]

@20l 01 02'05[1 2 3 | o

=3

~0 016635/0 000949

S
(=]

-0 030732,—0 326681 1-0 405666]-0 277580

T he graphs of the function f (4) for various value of sigma are shown here

Graphs of )
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INTERPRETATION OF THE GRrAPHS OF f (1)

When =0, f () remams negitive between 7=0 and n=shghtly less
than 3 at n=:3 1t has become posiive  Thus the flurd moves radially mwards
Dbetween =0 and p=shightly less than 3 Atz=3 the flwd moves radially
outiards

When o=} flud moves radially outwards n the beginnmng and after
wards it begmns to flow radially inwards

When =1 t ¢, when the disc 18 rotating with the angulir veloaity of the
fld there 1s no rachal flow

When a==2, 1 ¢ when the disc rotates faster thin the rotating fluid the
fld moves radially outwards  The radual velocity increa.es upto n=05 and
then the veloaity Legins to decrease and at y=3 fluid moves radially mward

When o==—1 1¢ when the disc rotates in the opposite direction of the
fluid  there 13 radally inward flow and reaches the mixmum when n=0 5
The veloaty then begins to decrease and ultimately the fluid  moves radually
autwards at 5==3
Tonciov oF k& (n)
As & (n) 13 1 compheated function we find its limit when g0
We already know that h=0 when »=0

u@:-i%z"_){z—a —ﬁ}

Thus when g=0 k(o)== — 3‘/—2{ 2- %} ~—0 51271
=
when c=},lx(m)=——§‘/L:§l 5_‘;}=_o 92219
=
when =1, & (00)=0
when 6=9, k ()= ?#_{ 0+% g=o 239407
=
when o=—1, 4 (o) = — ﬁ—_{ 3 ;_§=_1 29795
=
When g=—2 F (co)=— .72;'_5 4 _f.}=..2 35752

INTERPRETATION OF THE REsurts of & (1)

From the above results we note that & (n)=0 when s=14¢ ¢ when the
disc rotates with the angular velocity of the fluid there 1s no axial fow In
e the angular velotaty of the disc 15 greater than that of the flmd the awal

ﬂﬂ:’w is directed outwards and 1n all other cases there 15 an aual flow towards
e disc
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Strean Fuscrion
A stream function may be defined by the equations
1A

Y=

r 9z

whence the stream function may be expressed

v=—2¥0r ¥ 24 ()

Ths gives stream surfaces which are surfaces of revolution
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THE HEART OF FRESH WATER EEL, AMACROGNATHUS
ACULETUS (BI)

V P AorawaL anp R C Darcra
Department of Svolegy, D 1V Cellege Muzaffarnagar

INTRODUCTION

The AMacrognath ! (farmly M belidae, order Mastac
embeliformes) a fresh water eel 1s of frequent occurence 1 the rnvers and
“ponds of Muzaffarnagar This fish 15 burrowing 1n habit for which 1t 1s
well adapted For a detailed account of the general structure of the heart
reference may be made to Danforth (1912) on the heart of Polyodon, Gegen
baur (189]), Smuth (1918) and Parson (1929) on the conus arteriosus of
fishes The latter author studied a few fishes wncluding an eel Symbranchus
with special refe to the lature and end diac nidges or valves
of the conus  Mott (1950) studied the heart of dngmila  and Singh (1960)
described the beart of 3 few fresh water teleosts  Recently Chaudhry and
Das (1963) have described the heart of Implipious cuchha However no

account 18 yet avaiable of the blood vascular system of the fish Macro nathss
aculeatus

MATERIAL AND METHODS

The structure of the heart was studied by injecting 4% formaline m
the heart of freshly dissected fish through hepatic sinuses so as to fix the
tssue of the heart  The specimens were then preserved 1 49 formahne for
afew days to ensure the hardening of the heart The hand cut sections of
the heart were prepared to study the internal structure  Seral transverse
and longitudmal sections of 10 mucrons thickness were also studied

OBSCRVATIONS

The heart of a fish 15 aspecialised part of the ventral aorts which has
become lar and modified for the propul of blood  In Macrognathus
aculeatts the heart 1s comparatively small and tubular It lies ventrally 1
the body cavity 1n front of the pectoral girdles It 1s surrounded by a mem
branous pencardral s1c which 15 filled with colourless pericardial flud  The
pericardwm 15 attached antenorly to the prowmal end of the bulbus aorta
while posteriorly 1t encloses the heart all round Tn a fish, meisuring 289
m an body length the heart was found to be only 09cm long and 06 cm

widein the middle  The heart consists of the sinus venosus the auncle the
ventricle and the bulbus aorta

The Sinis T enosus

o The sinus venosus ¢ v} 1s 1 small thin walled roughly trnangular
amber formung the hinder most part of the heart  The smus collects venous
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blood from the body of the fish through patred Iateral ductus cuvienn (de¢),
a pr of large and spacious hiepatic sinuses (h s ) and a singlestnferior jugulac
vem (1 3 v) Anteriorlv the sinus venosus empties tscll 1to the auncle
through sinu auricular ape ture which 1s guarded by a pair of well developed,
flap like sinu auricular valves (sa v) the distal ends of which project frecly
mto the auricle the other end of cach valve 15 joined with the wall of the sinut
venosus

The stinu auncular aperture 15 shghtly oblique in position o that the
dorsal sinu auricular valve hangs vertically from the wall of the aurcle while
the ventral valve forms the lower margin of the aperture  The lumen of the
sinus venosus 15 quite spacious with smooth nner surface

The Auricle

The auncle (au) 12 a relatwvely thick walled lobulated chamber lymg
antersor to the sinus venosus  Dorsally, 1t covers the ventricle and a part
of the bulbus aorta It extends laterally so as to embrace the dorso lateral
sides of the ventricle The internal cavity of the auncle 1s occupied by 2
numbes of contractile muscle fibres whuh cris cros with one another
such a way that the internal space of the auriele becomes spongy 1B
texture  'The auricle opens nto the vent 1cle through a median, auricufo
ventricular aperture which 1s guarded by two paws of valves The first
parr 1s situated along the antertor and posterior margins (a v, pv), while the
second pair (1 v) 1s located along the lateral margins of the aperture The
valves of the first pair are large and pocket shaped, and are mamly respon
sible for controlling the flo v of blood where as the valves of the second pait
are small and tniangular structures  These valves allow the flow of blood
from the auricle to the ventricle and not vice versa

The Ventncle

The ventncle (vn) 1 roughly trangular with hughly muscular wall
It 13 covered dorsally by the auricle and the simnus venosus and dorso Iaterally
with the aunicle  The muscles of the le are thrown lly mnto
ndges and folds which enclose a number of narrow pits  The small lumea
of the ventricle 1s restricted to the region where the bulbus aorta and auricle
open Anteriorly the veatricle opens 1nto the bulbus aorta through ventt
culobulbar aperture which 1s guarded by a par of semu lunar valves (v1v)
The valves which are placed uonght on the right and left sides of the aper
ture arc thin hemuspherical structures  projecting ato the lumen of bulbus
aorta The convexities of the valve Le towards the ventricle

The Bulbus Aorta

The bulbus aorta (b2 ) 1s a tubular structure with a swollen base
lies anterior to the ventricle and continues forwards as ventral aorta which 18
comparatively long wmthis fish  The outer surface of the hulbus aortd 1
smooth while its inner margin 18 raised into a number of muscular ndges of
trabeculae (trb) so that the lumen of the bulbus aorta hecomes very small

It
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The venous blood from the body 1s collected into the sinus venosus
through the hepatic sinuses and ductus cavier: From the sinus venosus the
venous blood passes through the auricle anl ventricle into the long ventral
aorta which gives out four parrs of afferent branchial arteries for the gills

Discussion *

The heart of scroonithus aculeatus as also of Anguillz (Mott 1950) and
AMastacembelus armatus (Singh  1960), 13 tubular with well developed aurtcle
Internally the auricle 15 spongy n texture whle Chaudhry and Das (1963)
reported that i 4mphipnous cu hig, 1t 1s smooth and without any muscle fibres
The ductus cuviers 1s reduced in An uilla and Mongpterus (\Wu and Lin 1943)
while 1t 15 quite large and spacious in the present case  The number of sinu
aunicular valves differs 1n different fishes  Mott {1950) descnibed three asym
metricallv placed smu auncular valves i JAn wlla while Chaudhry and
Das (1963) observed only one such valves in dAmphyprous cuchia  In Aacrog
rathus two distinct valves are present

In the presence of four aunculo ventricular valies (two big and two
small) the heart of Afacro,? athus closely resembles with the heart of Mastacem
belus armatus (Smgh  1960) but differs with that of Irgmfla (Mott, 1950) and
Ampliprous ¢s e (Chaudhry and Das 1963) where only two such valves have
been reported  The accessory valves as observed by Sen (1928) o Labeo are
not found 1n this fish

In the presence of a pair of ventriculo bulbar valves the heart of Afac
o nathus shows ssmilanty with the hearts of 4nguila (Mott, 1950) Aastacem
belus armatus (Singh  1960)  4mphiprous cuchia (Chaudhry and Das 1963) and
Chaudhunia caudata (Mitra and Ghosh, 1931)

The studies of Gegenbaur (1891), Smuth (1918) and others show that m
almost all the teleosts contractile conus arteriosus undergoes great reduction
Parson (1929) suggested the bulbus arteriosus m the telcost as a part
of the onginal conus arteriosus  Danforth (1912) noted the presence of a
well developed conus arteriosus 1n the Polyodon with three rows of transverse
valves Rharandshar and Thakur (1954) descnibed the absence of conus n
Sciaenordes brunnes  In Macro nathus acyleatus as also m du uilla (Mott 1950)
the conus 15 replaced byan elastic bulbus aorta  The mternal cavity of bulbus

contans the muscular trabeculae a condition sipular to that of Symbranchus
(Parson 1929)

The heart of Macrognathus aculeatus shows a great resemblance with that
of Mastacembelus armatus another fresh water spiny ecl of the same famuly

while 1t differs 1a many respects with the heart of Anguwllz angulla a marme
eelas well as with the amphipinud eel  Amphipnous cuchia

Suamrary
The heart of Macrognathus aculeatus 15 a small and tubular structure with
well developed sinus venosus aurcle, ventncle and bulbus aorta



86 AGRA UNIVERSITY JOURNAL OI' RESEARCH {Vol XV

The smus venosus 15 rather small and hasa pair of sinu auricular valves, 3t
15 smooth internally

The auricle 1s proportionately large, with four auricule ventricular valves
sone parr being larger than the other Its lumen s filled with contractile
muscle fibres

The ventncle 13 a thick walled structure with a narrow lumen and u
provided with a pair of ventriculo bulbar valves

The bulbus aorta 15 thick walled with swollen base  The lumen of the
bulbus 1s occupied by a large number of trabeculae
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PLATE 1

o

fige 1

fig Nl

Fig 1 Ventral view of heart x10

Fig 11 Dorsal view of heart 10
a ¢ v antenor cardinal vem au auricle ba  bulbus sortz de ductys cuvien
h's bepauc maw 15 v iafrajuglac vem £y v nght mirauglarven 3V,
snus venosus v a  ventral aorta vo  ventricle
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PLATE 1J

va

Fig 1v



Jan 1966) V P AGRAWAL et o on Heart of fresh water Ll 89
PraTe IT

Fig IIT  Sagtal section of sinus venosus auncle and ventricle x30

Fig I\ Honzontal section of ventnele and bulbus sorta

Fig 'V  Aunculo-ventnicular valves seen from ventescle
au auncle, au v, aunculoventneular valve av aatenor valve a v
aunculo-ventncular aperture b a2 bulbus aerta I v lateral valve 1 v
lumen of ventricle p v postertor valve 33 v sinw auncular valve s v siqus
veposus trb trabeculae va , ventralaorta vb v ventniculo-Lulbar vale o
venteicle

a






CIRCULATORY SY1STEM AND ASSOCIATED TISSUES OF
SIRPHUS BALTE{TUS DE GLER (SYRPHIDAL DIPTLRA)*

J L Navart
Senor Research Scholar, C § I R Mimnstry of Education,
School of Entomology St Fohn s Colle,e, Agra

INrroDUCTION

The crculatory system of the fltes has been scarcely attempted by
workers  Lowne (1890 95) described the tructure of heart m Calltphora erylhro
cephala L while Hewitt (1914) worked on house fly ~ Hase (1927) contributed
on the heart beat of Heppobosca  Miller (1900) gave a detailed account of

latory system i Drosophula mel, Megen  Jones (1922} dealt with
the aorhic smuses in Anoph les, Culex and Aedes while 1n (1954) he gave a
detailed structure of heart and associated tissues of imoph les quadnmaculatus
Say There 15 absolutely no work on the circulatory system of Syrphidac and
this paper deals with the detasled anatomy of heart and associated tissues
of the syrphuds

MATERIAL AND METHOD

The freshly chloroformed flies were fived 1 wax dish and  dissected
m Ringers solutton both from the dorsal and ventral sides For the
study of alary muscles the diaphragm and the chambers of the heart eosm
staned mounted shdes were studied under Ortholux built in Iummation
mucroscope with the Phase contrast attachment The dwagrams were drawn
with the help of camera lucida

Cmulatnr_y system and associated tissues—The circulatory system comprises
2 dorsal vessel the haemocoel and the blood The associated steuctures per
formmng speaific functions through the medum of blood are the pericardial
cells genocytes, corpus allatum and the fat tissue

Dorsal Vessel—Tt1s differentiated nto an antertor (g 1 AO) and the
posterior pulsatile organ the heart (HT) The Iatteris confined to the

abdominal cavity while the former extends from the posterior extremutv of the
thorax into the head

Th Heart—As mentioned above the heart lies m the abdomen and
extends from the anterior margin of the second abdominal segment (Fig 1,
ABDSLG) up to the anteror portion of the swth abdommal segment
(ABDSEG,) 1n oth the sees It occupics the pextcardial sius which s marked
off from the perivisceral cavity by a thun perforated dorsal diaphragm (Figs I

> Contnbution No 107 from the School of Entomology St John s College Agra
1 Presentaddress § G T B Rhalss College Dellu—5



92 AGRA UNIVERSITY JOURNAL OF RESEARCH [vol *

and 2, DDPH) The diaphragm and four pairs of rather 1fl developed al
muscles (Fig 1, ALMSC,—,) bkeep the heart suspended

The heart 1z divaded mto five chambers and measures 525 mm n leng
The posteriormost chamber or the fifth chamber (Figs 1 and 2, HTG) wk
ends blindly in the anterior part of the sixth abdommal segment (Fig
ABDSEG,) 1s relatively narrower than the others In the fifth abdomt
segment (ABDSEG;) 1t bulges shghtly before narrowing down antertorly 1
fourth chamber {Figs 1and 2 HTG,) 1s about one and a hall times as long
the fifth and stretches throughout the length of the fourth abdomnal segm
(Fig 1 ABDSEG,) The third chamber (Figs 1 and 2, HTG;) 15 as long
the fifth and occupies the posterior three fourths of the third abdomr
segment (Fig 1, ABDSEG,) The second chamber (Fig 1, HTC )isasl
as the fourth but widens out abruptly before 1ts anterior extremty to constitt
a part of theso called aorticbulb® (Figs !and 3, AOBLB) The remam
part of the ‘aortic bulb 15 formed by the first chamber (HTG,}along w
the posterior widened end of the aorta

Hewitt (1914) i house fly and Mller (1950) m Drosophila have report
the presence of only four chambered heart Lowne (1890 95) m Calliph
on the other hand believes that heart consists of five chambers The ex
tence of a pair of ostia m the “aortic bulb induced Lowne to consider
portion posterior to the ostia as an additional chamber which he named
the anterior chamber Apart from this anterior chamber, he recogni
four other chambers making the total five during his mvestigations on Callipho
Hewtt (1914) and Mller (1950) did not report the presence of ostia on t
aortic bulb It 15 interesting to note here that i Syrphus balteatus, there 2
present two pairs of ostia (Figs 1 and 3, OST, & OST,) on the dorso-later
walls of the aortic bulb  The portion of the aoruc bulb between the €
paws of the ostia 13 narrow and extremely thick walled It 13 suggested he
to name this narrow portion as the anterior chamber or the first chamb
{(HTC,) The anteror and posteror Iimts of this chamber are marked 1
transverse grooves (TGRV; and TGRV ) on the outer surface

The wall of the heart 13 formed by delicate cireular striated fibrilla
which are invested internally and externally by thin membrancs T
muscular lager m the anterior chamber (HTG,) and the swollen part of tt
second chamber (HTC ) 15 extremely well developed This strong musct
ture enables the ‘aortic bulb , to function as a powerful pulsating organ !
push the blood nght up to the head capsule The absence of any pulsat
organ 1n the th region the develop of a powerful puo
png apparatus that should be capable of dniving blood up to the hea
capsule  Accessory pulsatile organs have been reported mn the thorax ¢
Drosephila by Muller (1950}

Each chamber of the heart 13 marked by the presence of a pair of vt
tical slit like operungs the osta  ‘The first two paws (OST, and OSTy) ar
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situated on the aortic bulb the third (Fig 1, OST,) i the antenior one fourth
of the third abdonmnal segment (ABDST'G,) the fourth (Figs ! and 2, OST,}
occupies an mter segmental position between the third and fourth abdomnal
segments (Fig 1, ABDSEG, & ABDSEG,) while the fifth pair of osua (Figs
1 and 2, OSTy) are sutuated on the ter segmental position of the fourth and
fifth abdorminal segments (Fig I ABDSEG, and ABDSEG;) ELach ostium ss
Situated at the bottom of the ostsal pouch formed by the snflection of the
heart wall  The margia of the sht like ostsum projects mto the lumen of the
heart and serves as the ostal valve allowing the flow of the blood from the
haemocoel 1nto the heart and checking the reflux  The heart beats could
be observed for nearly ten munutes on dissecting Iiving Syphes fies i Runger's
solution The etlls (Fig 3, C) of the cardiac wall just posterior to the
p L coll

swollen portion of the second chamber have d a
shape and bulge into the lumen of the heart By the contraction of the
strongly developed cireular lature of the swollen antertor end of the

second chamber (F1g 3, HTC) these cells presumably are brought closer
fo occlude the fumen of the heart thereby functioning as & valve to prevent
the backward flow of the blood

The dorsal draphragm—The diaphragm {Figs 1 and 2 DDPH) or the
penicardial septium lyimg below the heart extends from the antenor part of
the second abdominal segment to the postenior border of the fifth sbdomal
segment It consists of delicate longitudinal apd transvesse fibrllae (LFB and
TFB) mterwoven mto fenestrated gauze like sheath Alopg its lateral mar
gins the diaphragm 1s attached to the dorso lateral tergal margin  The
diaphragm alo contams four pairs of alary muscles (Fig | ALMSC,~,)
which are inserted on the latero ventral wall of the heart Each alary muscle
consists of 7 8 delscate fibrillac at the place of its mnsertion and converge to a
stngle thick band at its origm on the lateral tergal margm lateral to the
attachment of the diaphragm The first parr of alary muscles (ALMSC/
take the origin form the antero lateral margm of third abdominal segment and
fan out medually to become mserted on the heart precuely 1n the region of
the third par of ostia the second parr (Figs 1 and 2 ALMSG,) origmates
from the anterp lateral margin of the fourth abdominal segment to become
inserted at the heart in the mtersegmental region between the third and
fourth abdomunal segments  thard par (ALMS(C;) anses from the posteros
lateral margn of the fourth abdomnal segment to become mserted on the
heart 1n the posterior region of the same segment and the last par (ALMSC,)
has 1ts orgin shghtly postertor to the latero antertor margin of the fifth abdom
oal scgment and 15 mserted almost at the same level in the same segment

The Aorta~Tt (Fig T AO) 15 & long thin walled tube about 4 50 mm

long extending from the postenor part of the first abdomunal segment to the
s of the antennae m the head At ats junchion with the heart the aorta
slightly swelly up to constitute the anteror portion of the aortic bulb (the other
Pottion 13 formed by the fust chamber of the heart and the antersor end
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of the second chamber)  After the aortic bulb the aorta proper dips ventr
lly and passes below the mesophragma to enter mto the thorax In ti
thorax, 1t runs above the alimentary canal lymg underneath the extreme
developed median longitudinal muscles and forms a small aortic funn
(AOTNL) dorsal to the oesophagus 1n the cervical region  The aortic funn
18 termed by Jones (1952) as the aortic sinus 1n the adults of Anobheles, Cul
and Adeds To this funnel 15 attached dorsally the corpus allatum (CA
Anteriorly, the aorta passes through the oesophageal canal of the bramn (BF
and terminates at the bases of the forming an 1 pulsatir
organ (ANTPO) Clements (1956) has reported the antennal pulsating orga
at the bases of antennae in mosquito and other Diptera but Day (195!
claums 1t o be a sense organ n nematocerous Diptera On mjecting the fin
with carmine, 1t was cbserved that this pulsating organ stans simlar to tf
dorsal vessel Tt 15, therefore, suggested that the structure should be consid
red as the pulsating argan

Course of blood in lat ‘The h 1 cavity m the abdome
15 divided 1nto 2 dorsal pencardial smus by the diaphragm (g I, DDPH
and the ventral perwisceral sinus whereas in the thorax and the head 1t 1t
mamns undiided  The ventral diaphragm 15 absent thereby elnmnabog th
further subdiviion of the pernisceral cavity mto a ventral smus  The bloo
from the perivisceral cavity reaches the dorsal smus through the fenestrac ¢
the diaphragm and also throueh the narrow opemuings at the antenor 28
postertor ends of the latter From the dorsal sinus through the pawe
ostrn the blood flows to the heart By the contractions of the cardiac wal
the blood 13 pushed into the head through the aorta where 1t bathes th
nternal structures of the head capsule From the head 1t follows 2 back
ward course through the thorax and locomotory appendages to reach aga:
mto the perivisceral cawity of the abdomen

The cclls assocrated wath the circulatory system include the penc:xrdlz
(Figs 1 2& 4 PCLS) cell the oenocytes (Figs 5 and 6, OEN) the corp!
allatum (Fig 1 CA) and the fat cells (Fig 6 ITQ)

Pencardial eells—These (Figs | 2 and 4, POLS) are large oval cosn®
philic  uninucleate or buucleate cells stiching to the dorsal diaphragm u
the dorsal sinus and in the surrounding region of the cardia (T'g 1, €D)
In the dorsal sminus they form a row of cells along the lateral wall of the
heart from the first abd 1 to the p border of the it
abdominal segment while 1 the thorax i the victty of the cardia fev ©
them are found widely scattered along the tracheac and the muscle fibres
The pencardial cells are structurally similar 1 both thorax and abdomer
except that the latter arc comparativcly larger i size than the former
These cells extubit a distinct affiaty towards the carmme stan They
carmne absorbing nature has been reported by howalevsky (1892) The
peneardal cell eytoplasm (Iig 4, CTM) 1s granular wath a well developed
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almost central sphencal single nucleus (N) or two subcentral small ovod
nucles Ty ba ophilic inclusions are present mn the cytoplasm of the pen
cardal cells the true nature of which 1s not yet properly understood  Leydis
(1866) referred by Wigglesworth (1930) showed theirr mesodermal onigin
and Hollande {1922) reported therr role m exerction  These observations
could not be confirmed under the present intvestigations

Oenogytes—The ocnocytes (Figs 5and 6 OEN) lie widely scattered m
the abdomen and muxed with the fat cells in the posterior abdominal
segment These have been observed metamernically placed i Drosophila
(Roch  1945) and 1rregularly scattered throughout the fat body in Muscids
(Perez 1910}  Snodgrass (1935), however 1s of the view that these are not
known to occur m adult Diptera whereas Zavrel (1938) termed these as
Synoenocytes 1 adult Diptera to distingussh them from the larval oenocytes

The oenocytes are small in size as compared to the large size of the
pertcardial cells and closely adhere to one another 'Theiwr small size has
been reported by Hosselet (1925) i adult Culer  Each oenocyte 1s almost
a munute oval eosmophilic structure wrth granular cytopla m (Fig 5 CTM)
and a distinct nucleus (N)  Nothimg 15 certawn about thew functions though
Hollande (1914) believes them to be the organs of intermediary metabolism
which discharge their secretion mto the blood  Zavrel (1938) duning his
studies on Chironomuds suggested their endocrinal acuvity

Corpus allatum—(Fig 1, CA) Ttis a single small compact oval mass
of tssue lymng upon the dorsal wall of the aorta mn the prothorax just near
the aortic funnel The component cell boundaries formmg this granular
mass of protoplasmic tisue are not distinct  Shghtly bigger granules (G)
acidophihic 1 nature lie at the periphery of this body and the rest of the
protoplasm 13 umformly granulated — Strindberg (1913) bhas observed its
endocnnal function  Brillant experiments conducted by Wiggleworth (1934)

have demonstrated that the corpora allata are the source of hormones that
tnduce moulting

Fat bodies—The fat tissue mamly hies among the viscera m the abdomen
and rather scarce 1n the thorax and the head The compact fat cell masses
are situated 1n the posterior region of the abdomen where same oenocytes
are also mtermmgled with this tissue  The fat cell (Fig 6, FTC) 15 small
distinetly uminucleated with granular inclustons in 1ts interor

Sunmary

The diaphragm and four paws of alary muscles support the heart
The heart 15 five chambered and five pawrs of distinct ostra are recognused
The leng thin walled aorta extends from the postertor part of the first abdom:
;‘3‘ segment to the bases of the antennae  The aorta forms a small aortic
unnel dorsal to the oesophagus and termunates at the base of the antennae
forming an antennal pulsating organ The pericardial cells oenocytes and
fat cells have been separately described
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ExprANATioN oF FIOURES

Fig 1 Circulatory system n sty

Fig 2 Posterior part of the areulatory system {Highly magmbicd)

Fig 3 Aortic bulb (Highly migmfied)

Fig 4 Pericardial cells

Fig & Oecnocytes

Fig 6 Fatcells

ABDSEGy—Sccond abdominal  segment  ABDSLC;—Third  abdommal segment
ABDESGy—Fourth  abdomunal segment  {BDSEG —Fifth  abdommnal  segment
ABDSLCe—Sixth abdommal segment  ALMSC g—Alary muscley ,  ALASCy—
Alary muscle, ALMSCy—Alary muscle; ALMSCy—Alary muscleg ALMSCy—Alary
muscle; ANTPO—Antenna! pulsating organ  AO0—Aorta AOBLE—%orhc bulb
AOQFNL—Aorue funmel BR—Bramm C—Cell CA—Corpus allatum CD—Gardia
CTV~Cytoplasm  DDPH—Dorsal diaphragm FTC—Fat cells G—Granules HT—
Heart HTG—Fust chamber of the heart H7TC;—Sccond chamber of the heart
HTC,—Third chamber of theheart HTGy—F urth chamber of the heart HTC;—
Fifth chamber of the heart LI'B—L d fibrillae N—Nucl OEN—Q-pocy
tes 0ST;—Qstum; OST —Ostumg  9STq—Qstam,  0STq—Ostum,  0STg—
Ostioms  PGLS—Pencardial cells  FFB—Transverse fibnllae  T7GRV;—Transverse
groove, TGR} —Transverse groove
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A CONTRIBUTION TO THL AQUATIC AND MARSHY PLANTS
OF RANPUR

S BHAMBIE
Chnist Church College hanpar

The hiterature on the data of the systematics of hydrophytes of different
localities of Indsa 1s meagre So far as the aathor 15 aware, the avatlable
accounts for particular localities are by Misra (1946) Lakshman {1950)
\ura ba (1954 57) Patnak & Patnaih (1926), Srnastava (1926), Purs & Maha
1an {1958), Sen (1959), Murty & Singh (1960), Chavan & Sabwns {1961) Vyas
(1964) etc  Recently Subramanyam (1962) has published a treatise entitled
Aquauc Angrosperros dealing with some common and important hydrophytes
of our country

There has been no record of the aquatic and marshy vegetation of
Kanpur—a ceatrally placed city of Uttar Pradesh The luxuriant growth of
hydrophytes in several prrmanent ponds and banks of the Ganges and Ganges
canal attracted the attentton of the author Therefore a study of these
plants was undertaken and several collections were made during 1961 1964 1n
different seasons  This paper places on record 2 1ist of aquatic and marshy
plants of this locality, yet 1t 1s not clumed to be a complete list as occasional
Roods 1n the Ganges every year change the vegetation to some extent

Torocraray Anp Crmvars

Ranpur has a subtropical location (26, 98 N latitude and 80 21 E
longitude) and 15 situated m Upper Gangetic Plan on the west bank of
Ganges Its herght above sea level 15 122 m having an average ramnfall
of 104 cm (199 62) The temperature of the air may reach a maumum
of46 Cand 2 ununum of 4 O and that of water 38 G to 8 G ‘There are
three marked seasons of the year t¢ ramny winicr and summer The surface
of this Jocality 1s more or less evenly plam with shght undulations There
are no hills

Several ponds, both temporary and permanent and marshes abound
round the ctty  Ganges canal which oniginates from Hardwar also termunates
here passing, through the heart of the aty Among the permanent ponds the
following were visited by the author on every alternate week ‘They are Allen
forest pond which 15 hnown as Allen forest lake as 1ts circumference 1s quite
large Ganges pond which is situated on hanpur Lucknow road just by the
sde of Ganges bridgs and Ralyanpar pond which 15 just opposite the Kalyan
pur Police Staton  Monthly collections were abo made from some of the
temporary ponds of Rawatpur and Pank: from the banks of Ganges and Ganges /_,
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canal and from such temporary ponds and ditches which come 1nto exstence
during ramny season A map of Kanpur has been given to show the locali
ties from where the plants have been collected manly

Taxovomic Data

Besides, a large number of algal forms such as species of Chara, Nitells,
Spirogyra, Nostoc etc  and a few ptendophytes such as Marsilea mimala (L}
Mant , Saleima aunculata (Aublet) Hist Azolla punata R Br, and Cersloptms
thalictrordes (1) A Brongn etc, which are found 1n association with angios
perms the aquatic and marshy vegetation of Kanpur consists of a vaned assem
blage On the bass of authors own coll the folt I3 data
have been presented adopting Hooker (1872 1897) —

RANUNCULACEAE

1 Ranunculus sceleratns Linn
An erect winter annual with yellow flowers Common m marshy and
wet places particularly on the banks of Ganges and near Allen forest lahe A
large vanation mn size a plant of an inch having flower was recorded FL
Dec—March  Bhambie 42

NYMPHAEACEAE

2 Nymphaea nouchali Burm
Mymphaea lotus non Linn
Leaves sharply toothed, flowers white or sometimes punk § 2% e
C 1 hal pond and Ganges pond Hind1 —

m
Chotz Kamal FlI July—Nov Bhamhie 1

3 Numphaea stellata Willd

Leaves entire with rose or purple floweres reaching upto 25 cm. 18
dumeter  Very common m Allen forest pond Hindi—hamal Fl July=
Feb  Bhambie 43

4 Nelumbo nucifera Gaertn
Nelumbium speciosum Walld
Leaves and rosy or pmksh flower- high above the water, common
i Ramla Retreat—a part of Allen forest pond Hindi—hamal FI Rawy
scason. Bhambie 71
PaPILION ACFAR

5 Aeschynomene indica Iinn

Tall annual with yellowsh white flowers  Frequent in Allen ford:
near the pond and 1n nce ficlds but common n marshy places ned
the ponds of Rawatpur Hindi—Sola  Fl Aug —Oct Bhambre 11
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Rosacear
6 Potentilla supma Linn
A small heth having compound leaves and yellow flowers Gommon
on the banks of Ganges and Ganges canal F! Feb —Apnl Bhambre 75

LyYTHRACTAE
7 Ammanma bacafera Linn
Ercct herb with usually apetalous flowers 1 dense spikes Common
m nee fields and on the banks of Ganges ¥l July—Jan Bhambre 3

ONAGRACEAE
8 Ludwigia adscendens (Linn ) Hara
Fusstena repens Lann
Plants creeping or floating petals five white with yellow vems

Quite common m  Allen forest pond halyanpur pond and Ganees pond
Fl Sept —March Bhambie 25

$ Ludwigia octavolvis (Jacq) Raven
Jussiena suffrabicosa Lann

Plants erect petals four, yellow  Frequent m wet places near Allen
forest pond Fl Sept—Jan Bhambie 26

10 Ludwigia perennss Linn
Ludwigia Parsfora Roxh

Plants erect stamens as many as calyx lobes petals yellow Very
common i the marshy localines near Ganges pond Rawatpur and
Panks Fl Sept—Nov Bhambie 27

"TRAPACTAE
! Trapa bispinesa Roxb

Fruit bony with two spmes Abundant m halyanpur pond and m
all the ponds of Rawatpur Panki etc Hmdi—Smghara F1 July—Nov
Bhambre 4

UMBELLIFERAE
12 Centella asiatica {Linn ) Urban

Hydrocople asatica Tann

Prostrate herb  leaves remdorm crenate Frequent 1n wet places
on the banks of Ganges canal Hindi—Brahm: Fl Nov —March Bhambie 41

ComPOSITAR
I3 Eclipta prostrata Linn
Eclipta erecta Tin
Edlipta alba (Linn ) Ha.sk
Prostrate or erect  perennal herb with awllary or  termunal heads
petals white Common 1n marshy and wet Ii;laces and collected from
.

e mrnicra] COTLEG
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the edges of all the ponds 7s well as from the banks of Ganges canal
and Ganges Fl ‘Throughout the year Bhambie 56
14 Caesulia axillaris Roxb

A glabrous sem: aquatic herb with axillary heads, {lowers white or
blush TFrequent i Typha belt of Panki and on the banks of Rawatpur
ponds Fl Oct—Jan Bhambie 52
15 Gotula anthemoides Linn

Small perennial herb with dissected leaves and solitary heads Common
on the banhs of Ganges canal and Ganges ponds Fl Feb March
Bhamhie 44

ASCLEPIADACEAE

16 Oxystelma esculentum R Dr
A glabrous twiner with deciduous leayes and pink flowers Tl Sept —
Oct Bhambie 74
GENTIANACF AL
17 Nymphoides eristatum (Rosb ) O Krnze
Limnanthemum ¢nistatum Griseb
Aquatic herb with alternate floating leaves and whute flowers Common
m Allen forest Ganges and Kalyanpur ponds Fl throughout the summer
but occasionally flowers were found i the beginning of summer
HyDROPHYLLACLAE
18 Hydrolea zeylancra (Linn) Vahl
Annual herb rooting at nodes flowers blue Common in wet G"”““d
of Ganges pond sometimes the major part of the plant 15 submerged
Tl Dec —Feb Bhambie 66
CoNyOLVULAGFAE
19 Ipomoea agmatica Torsk

An aquatic herb forming a net work of vegetation over the surface
of water with companulate corolla Very common m ponds of Allen
fotest Ganges Ralyanpur and Panki ctc Hindi—Nak ka Sag Tl Most
part of the year Bhambie 58

SCROPHULARIACEAE
20 Bonnaya verenicaefol:a Spreng

A creeping herb wath purple flowers Irequently seen near Typha belt
on the binks of Ganges and Allen forest FI Aug —Dec Bhambie 73
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21 Bacopia monmers {(Linn ) Pennell

Momtera cunesfolta Nlichx

A creeping herb with axilary flowers havuing blue or purple petals
Fauly common i wet places of Allen forest and on the edges of Ganges
pond Fl Sept —Dec Bhambie 28

22 Veronica anagalis Linn

An erect herb with white or pale purple flowers m lax awllary
racemes Very common i marshy localities of Allen forest Rawatpur
Panki et andon the banks of Ganges canal F1 Feb —Apnil Bhambie 45

LENTIBULAPIACEAE
23 Utricularia mflexa var stellaris (Linn f) Taylor
U stellanis Lann
A submerged aquatic herb with inflorescence projecting 1bove water
peduncle with a whorl of spongy floats flowers ycllow Common m
Ral pond and frequently found 1n ponds of Rawatpur and Panki
Fl Sept—Nov Bhambie 29

24 Utrscnlana flexuosa Vahl

Sumlar to U mflexa but the peduncle lacks spongy float at the base
Common i Kalyanpur pond only ¥! Oct —Dec Bhambie 67

ACANTHACEAE
25 Astercantha longifolia (Linn } Nees
Hy,rophsla spnosa T Anders
A stout herb with sessile awllary flowers surrounded by nigid spies with
purple wlite petals Common on the bank of Ganges canal and i ditches
of Panki Rawatpur etc Fl Sept —Dec Bhambre 30 68

26 Justrera quingueangularis hoen

A slender herb with flowers i termmal sprkes having rose coloured
bilipped flowers  T1 Sept Nov  Bhambue 31 69

VERBENAGEAE

27 Phyla nodiffora (Linn ) Greene

Lippa nodiffora A Rach

A creeping much branched hecb with pale pmk or witte flowers arran
ged i dense globose awllary heads Very common on the banks of Ganges
2nd Ganges canal and m wet soil near all the ponds 11 almost through
out the year  Bhambie 60

LABIATAE,

28 Mentha piperata Linn

A small aromatic herb with white flowers Occasionally met near the
ponds of Pank: and Rawatpur  Fl Aug Oct Bhambie 12
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AMARANTHACEAE,

29  Alternanthera sessilis (Lmn ) R Br exDC
Alternanthera triandra Lamk

A prostrate branched herb with shinming flowers arranged m axillary
sessile heads Very common on wet places near Ganges canal and other
ponds Tl Aug Feb Bhambie 13

POLYCGONACEAE
30 Polygonum orientale Linn

A tall silky willous annual with white red or pale green flowerss m
spikes and scartous stipules leaves upto8 i long  Found only Allen
forest pond i association with Eichhorma crassipes et Fl - Oct Feb
Bhambie 53
31  Polygonum glabrum Willd

An erect glabrous herb with pub flowers and ochcreate stipules
Frequently seen on wet ol near Allen forest pond and the ponds and
ditches of Rawatpur  F1 Sept Jan Bhambie 54
32  Polygonum serrulatum Lagasc

An annual herb with white  flowers and long brtsles over stipules
Commonly seen on the banks of the ponds of Rawatpur Allen forest and
Panki etc Fl Sept Feb Bhamhie 32

33 Rumex dentatas Linn

An annual herb with winte flowers 1 distant whorls Fl Feb Aprl
Bhambie 46

URTICACEAE

34 Pouzolzia pentandra (Roxb ) Benn
An erect herb without stiming haws and whate flowers axifary c““";'
ters Common on wet soil near Allen forest pond and Ganges pond F
Aug Dec Bhambie 14
SALICACEAE,
35 Salix tetrasperma Roxb

A medium sized tree or shrub with young parts silky and female ﬂOWl;‘:
i catkms  both male and female flowers lack perianth  Frequent on
bank of Allen forest pond Tl Aug Sept Bhambie 15

36 Salix babylonica Linn

A big tree with weepmg branches  Cultivated near an artificsal pond
1n Government Agriculture College Il Aug -Oct  Bhambic 16
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CERATOPHYLLACEAL

37 Ceratophyllum demersum Linn

A free submerged aquatic herb with sessile axdlary greenish leaves
and nut Ike fruit, male and female flowers in separate axi,  Abundant m
most of the ponds and ditches forming association along with Hydrilla zerts
allata and Polamogeton crispus, etc F1 July Oct  Bhambie 5

HYDROCHARITACEAE

38  Hydulla verticdlata (Lmnn f ) Royle

A <cubmerged fresh water herb with whorled leaves and dioccious
greenish flowers  Abundant 1 most of the ponds and ditches FI July
Sept Bhamhie 6
39 Nechemandra altermfolia (Roxb ) Thw

Lagrosiphon roxburghu Benth

A submerged fresh water herb with alternate or opposite leaves upto
4 cm and diotcious white flowers Common 1 Ganges pond Fl Sept
Oct  Bhambse 34
40 Vallisnera spiralis Linn

A submerged tufted herb with Linear strap shaped leaves and greenssh
white dioecious flowers, female flowers having long spiral stalk which brng
them to the surface of water Common in Allen fore t, Ganges and
Rawatpur ponds Fl Feb April Bhambre 47

PONTEDERIACEAE

41 Eichhorma crassipes (Mact ) Solms Laub

An erect free floating or marshy herb with blue flowers and spongy
petiole  Common m pond of Allen forest, Rawatpur halyanpur 3nd Panlk:
Hindi~Samunder Sokh  Fl Feb March Bhambre 48
42 Monochoria hastata (Lumn ) Solms Laub

An aquatic herb with creeping root stoch and whitish blue flowers
Frequent 1n Allen forest pond FI Aug Sept Bhambue 17
43 Monochoria vagialis (Burm {') hark

An aquanic herb with sub erect root stock and blue Howers  Frequent i
nce fields  Fl Aug Oct Bhimbie 18

ARACEAE

4 Pista stratiotes Lmn

A floating stemless herb with obovate cuneate sessile leaves 1a rosctie

flowers unusexual monoccions  Common 1n the ponds of kalyanpur  FI Late
winter  Ehambe 74
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COMMELINACTAT

45 Cyanotis axillaris Schult f

An annual subercct herb with wiolet blue flowers m aullay
scorpiod cymes having six stamens Common i wet places and on the
bank of Ganges and Ganges canal Fl Aug Nov Bhamlne 9

TYPHACCAL

46 Typha elephantmna Roxb

A tall bulrush 8 12 ft lugh with tngonous leaves above the sheath and
flowers m  cyhindrical  spikes  Trequent 1n  mamhy areas of Allen
forest and Pankt pond and common on the banks of Ganges Tl July Oct
Bhamhbe 7

47 Typha angustata Bory & Chaub
A tall bulrush 5 10 ft Iugh with semicylindrical lcaves above the sheath

Trequent 1n marshy areas of Allen forest pond Il Aug~Oct Bhambic 20

LrmNAcrAE
48  Spirodela polyrhiza (Lmn ) Schled

Plants red on the lower surface with each jomt having several roott
Common m ponds and ditches during the ramny season and winter Fi Not
observed Bhambie 62

19 Lemna paucicostata Hegelm

Plants green on the lower surface with each jomt having onc l‘o'm
Common 1n ponds and ditches during ramy season and winter T Not
observed Bhambie 63

50 Wolffia arrhiza (Linn) Wimm

Plants globular  Common 1 ponds and ditches duting ramny season
11 Not observed Bhambie 64

AvisMAaccAr

51 Sagittaria guayanesis H B K sub sp lappula (D Don) Bogin

Erect stemless aquatic herb with floatng  broadly ovate leave and
white flowers  Trequent in halyanpur pond Tl Aug -Oct Dhambre 21

52 Sagittania sagrttafolia Tin
2state
ds

Erect stemless herb with leaves i ing above  the surface of water h
or sagittate and white flowers having 2 purple ¢l Common the pon'
of pank: and halyanpur Il Apnl-\fay Phambue 51
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APONOGETONACEAE

53 Aponogeton natans (Linn ) Engl & krause
Perenmal aquatic herb with stoloruferous root stock and floating leaves

showng variations, flowers Iight blue i dense termmal spikes  FI Aug Nov
Bhambie 70

3¢  Aponogeton crispum Thunb
Perennual aquatic herb with submerged Imear lanceolate or oblong
leaves and flowersin lax spihes  FI Oct March  Bhambie 55
POTA\MOGETONACEAE
35 Potamogeton nodosus Poir
P natans Linn  Proparte

An aquatic herb with upper brown ovate multvermed foating alterna
tely arranged Jeaves basal Ieves Linear flawers 1 dense spike  Common in
Ganges pond and frequent in ponds of halyanpur FI  After ramy season
Bhambie 72

56 Potamogeton pectinatus Linn
An aquatic herb with much dichotomously branched stem and filiform
or thread like three nerved opaque, alternately arranged leaves having long

tapenng leaf tips bisexual flowers 1n lax and long spihes  Corzmmon 1n runn
ng water of Ganges canal and m Allen forest pon] Fl Sept —Dec Bhambre 35

57 Potamogeton crispus Linn

Anaquatic herb with submerged, Lnear or linear oblong, three nerved
translucent alternately arranged leaves having finely toothed margin bisexual
flowers n Tax spikes  FJ Feb—April Bhambie 49

58 Zannichelha palustris Linn  Subsp  Pedicellate Wahlenberg & Rosen

Aquatic Slender herb with submerged linear oppositely arranged leaves

and umsexval flowers Frequent m"ditches of Rawatpur F1 Feb —March
Bhambie 50

NAJADACEAE
59 Najas minor Allione

An aquatic herb wath narrowly lnear finely toothed alternately
aranged leaves flowers umisexual monoecious  Frequent 1n ditches of
Rawatpur and Ralyanpur Fl Sept —Oct Bhambre 36

ERIOCAULACEAE

80  Eriocanlon sieboldianum Sieb & Zuce

Marshy herb with Imear grass Iike leaves having sheathing leaf base
fowers mmute 1n globose heads Frequent m paddy fields of Pank: and
Ralyanpur  FI Oct —Nov Bhambre 40



108 AGRA UNIVERSITY JOURNAL OF RESEARCH Vol Xv
CYPERACEAE

61  Cyperus alopecuroides Rottle

Funcellus alopecurardes Clarke

A tall pale herbaceous plant with brown spikelets 1n globose heads
with flowenng glumes alternate, frmt a laterally compressed nut  Common
i Panki along with Typha and near Ganges pond ¥l “Most part of
the year Bhambie 57

62 Cyperus lacvigatus Linn

FJuneellus laevigatus Clarke

A small pale herbaceous plant sumilar to C alopecurosdes  Abundant
on muddy soil near Ganges canal ¥l Aug —Sept Bhambue 22

63 Cyperus distans Linn

Perenmal stolomferous herb with three angled solid stem, bracts
;n two rows fruit a trigonous nut Frequent in marshy places near
halyanpur pond and on wet marshy soil of Ganges canal Fl Juh—
Sept Bhambie 8

64 Cyperus alalatus henn

Sumilar to C distzns  Common on wet and muddy soil of Ganges and
Ganges canal Fl July—Sept Bhambie 9
65 Eleocharis plantaginea R Br

An annual herb with cylendrical leaves  Common on wet and muddy
soil near Ganges pond

66 Fimhristylis Iittoralis Gaud

Fumbristylis millacea non Vahl

An annual herb with  three angled stem having  scales all round the
spikelets clustered in corymbose inflorescence, flowcring glumes ,Pmﬂy
arranged  Frequent in marshy places near Ralyanpur pond and Rawatpur
ponds  F1 July—Sept Bhambic 10

67 F mbnistylis menestachya Hassk.

Caespitose marshy herbwith flat short leaves and hairy glumes OB
characters arc similar to F milacea  Fauly common on the banks ofczngﬂ
canal and Typha producing area of Allen forest F1 ramny season Bhamb ¢

GRAMDNEAE
68 Paspalum serohiculatum Linn
Ap 1 grass with 1, late leaves and laterally compressed spiky
basal glume absent  Common on wet soil particularly at wa(ereds’”‘;
the ponds of Allen forest Ralyanpur and on the banks of Ganges cand
Fl Sent —Oct Bhambee 37
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69 Paspalidium punctatum (Burm f) A camus
An annual erect grass with linear cihated leaves, spikelets awnless and

dorsally convex  Common on the edges of Allen forest lake and Ganges
canal Fl Sept -Nov Bhambte 38

70 Echmochloa crusgalli (Linn ) Beaus
Panteum erusgalfs Linn

An annual grass with flat leaves spikelets two flowered and glumes
withharrs  Common along with Typha plants i Allen forest and Panki
FlI Aug-Nov Bhambie 23

71  Oryza sativa Linn

A tall marshy or aquatic grass with flat long leaves, spikelets deciduous
always awaned apparently one flowered but have three flowers Cultnated
m Ralyanpur and Rawatpur area and growmg wild in many marshy lecalties
F1 Oct -Nov Bhambic 65

72 Vetwera z1zantoides(Linn ) Nash ex Small

A ngd perennial gras with frag roots p
m whorled raceme surrounded by silky haws Common 1in  open
plains near Ganges, Allen and halyanpur ponds m dense tufts ¥l Aug -Oct
Bhambie 24

73 Arundo donax Linn

A very tall grass with flat leaves n which ligules represented by hairs
only spikelets laterally compressed lemmas with silky hairs on the back
Frequently seen on the banks of Ganges canal and cultvated i Memonal
garden and Medical College garden near marshy habitat  F1 Oct-Dec
Bhambie 39

Ecoroorcar CLASSIFICATION

The hydrophytes of Ranpur can be classfied mto the followmng five
¢ategories on the basis of therr contact with soil water and arr A few 1mpor-
tant plants of each category are hsted below although the plants marked with
an asterisk show dffe bet 1o diff

Free flosting—The plants of this category remaimn floating on the surface

of water and are 1 contact with water and ar only  They may be with roots
or rootless

Sprrodela bobtheza Lemna mnor, Exchhorma crassipes® Pustia stratioles Aolla

bnata Wolfia arrheca Salonia aurculata

st Liee subm rged_The plants of this category are free but they remamn
y merged and are in contact with water only TIn Utricularia the inflorescence,
OREVEr COmMEs ont nfwwn baw
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Ceratophyllum demerum, Ulnieulana flexuosa Utnecularia inflexa var  stellons
Najas minor *

Attached submerged—These plants are fiemly attached to the bottom but
they are submerged and are 1n con'act with sotl and water only  The mflore
scence 1 some species of Potamogeton comes out of the water

Hydnlla lata Pot crispus, P ton I gel
natans Zannchellia palustrs Vallisnerta spiralis

Attached with floating leaves—In this category the leaves of the plants
completely come up on the surface of water although they are rooted i the soil
and are 1n contact wath the soil, water and ar

Nymphotdes cristatum, Nympharsa nouchals, Nymphaca stellala Nefumbo nucifera
Trapa bispinosa, Ludungia adscend ns*, Sagittaria gunyanesis

Ocourring on marshy soil or on moist sol—Plants of thus category are wsually
confined to shallow waters or marshy habitat The roots, the lower part of
the stem and 1n some cases even lower leaves are submerged  Some of them
may be referred to as amphibious plants as they can grow 1n water as well a8
on moist soil while others grow on the margins of the mast grounds near the
ponds on the banks of rivers and canals

T)phaclephantina Typha Ranuuculus scleratus*®, A horta hastafolia

sattifolia Aesch aspera Ipomo a aquatica®, Cyporus alopecruosdes,
Cp rus alulatus, Bacopa monment®, Veromea anagalis  Allernanth ra sessilts®, Phyla
nadiflora* Paspalum scrobronlatum Gyanolis axillarts

Samtl

Summary
The paper describes the aquatic and marshy vegetation of hanpur—2
centrally placed city of Uttar Pradesh  In total 73 species have been recorded
Out of these, 37 belong to families of Dicotyledons and 36 species belong ©0
o 2

families of A[ led Cyp G Poromog

Polygonaceae and Lythraceae are t d t fammlies Tep ted
by 7, 6 5 5 4 species respectively  Alternanthera  sesslis, Phyla nodyfrs,
Polygonim glabrum FEachhorma crassip s P T, J: ton exispus

and Paspalum scrobsculatum are the most dorminant plants occunng mn abundanct

Among the Pteridophytes only Marsilea minuta and Azolla pnnate 3¢
growmg wildely Salmmia aurculata and  Ceratoplenis thalicirordes are cults
vated m cducational imsututions A bref description of indnidual plant
and an ecological classification of some of the common plants are pmﬂ"‘d
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2 Coolng of the gel fortung solutions

Systematic study of the rate of cooling of gel formung salutions of seral
concentrations from the temperature at which they are prepared to soveral
lower temperatures has revealed that it s Jowered by the increase m concen
tration  In the earher part, the cookng curves for the solution comede wik
that for the hqud A cooling under the same conditions, but therr course
changes at gelation temperitures {tg) w a duwection which mdicates that heat
is evolved on gelaton The actual values of the heats (H) evolved and of
the ratic of molar heats of gelation {MH) to (tg+273}have been calulated
former increase with the anerease in the soap contents of the gel and decrense
with the ancrease of temperature of surroundings but the latter decrease wih
merease of both the concentration of the gels and the temperature of sur
roundings

The parts of the curves above and helow the gelation temperatures obey
Newton'’s law of cooling  thus behaviour has enabled the author to caleulatt
the specific heats of gef torming solations (S;) and of the set gels (§)m all
cases S, has been found to be greater than S, and both S, and S, increas”
with tnerease i 501p content

3 Opacity measurements durme and after the settng of gl forming solutions that 15,
dunng the syneresis of the seb gols

Xt has been found that opacity of these gels daring setting and dunng syne
resws, which commences soon after the gels have set, measured on hlett Summe
son Colonmeter ncreases for some tume and then reaches an almost constast
value after about six hours It increases when (1)} the concentrationt of the
soaps 13 ancreased, (2) substances mentioned belaw are added to the get form-
g solutions and (3) the imounts of the added substauces are sereased
The effectiveness of the addition agents 15 i the order potassum erucate>
potassium palmitate>  potissium > sodium pal sodium
stearate

t+  Turbidity dissymmetry and depolar sation measurements during the selhing and tht
Synerests of pels

The measuremeé # ‘gboen made on Brice ©*  ~ e Light Scattenng

Photometer at 20 C' 0 and 135°  Theva T{(G/G), s
to represent the tur e been found to dees wing the coolng o
the gel forming syst M0 020 C the the pectod duna8
which these syster gl and syncm:; at cxteat Thest
obscrvations le1d to ton that the parts ese systems prot
to ge! formation  are ¢ and reduce » ring thesiT
bably by dwn and  the di pasts
pose the sol whick =~ s synerctie i mereass
s of F((;G) o, the amour two 2
that the sice & o syste g l2 '

i formung sut ger wnd £th
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peniod of investigation but there 1s no simple relation between the two  The
addition of sadinm stearate, potassium stearate  and sodium palmutate to the
two gel forming  systems affects the size of the onginal partcles differently
Generally 1t increases 1n - sodium  oleate and  decreases n sodium erucate
systems the order of therr effectiveness being sodium stearate>>  potassium
stearate> sodum palmitate

The values of dissymmetry decreases slowly during the settng and rapidly
durtng the syneresis of both gels  They on g the of
the gel forming substances mn  the two systems and thus support the
conclusions drawn from the values of F(G/G)} The effect of the addiuion of
sodiwm and potasstum stearates and sodium palmutate on the dissymmetry
values of the two gel forming systems 1s spearfic 1n induvidual cases and hence
no general conclusions have been drawn regardig their effects

The depolanisation factors (fy Py and pn) of the transversely seattered Iight
have been mea ured at 45, 90 and 135 with light unpolanized and vertically
and horzontally polarised 1n the case of the gel forming systems contamnng
different amounts of the gel forming substances 1n the absence and presence
of sodum and potasuum stearates and sodrum palmutate The values of
Pn have shown that (1) imually the particles in the gel formng systems are
only shghtly amsotroptc (2) the anisotropy of the particles remamns practically
unaffected during the formation of gels, and (3) the anisotropy of the particles
m the set gels increases rapidly 1n the case of sodium oleate and slowly 1n the
case of sedium erucate gels due to the syneresss of the set gels  The values
of Py have shown that (1) munally the particles 1n the two gel forming systems
are small and therr stze 15 comparable with the wave length of Iight (2) the
size of the particles remamns practically unaltered until the gels set and (3)
the size of particles decreases on account of the syneresis of the set gels  This
conclusion has been confirmed from the study of the values of A pa  The
author has consequently classified the changes observed 1 the values of £y
Pv and pnanto two types (1) those which take place during the formation
and the setting of the gels and (2) those which take place sub equently on
account of syneresis thewr values are farrly small m the former and fairly
large 1n the latter stages The values of py Pv and Ph do not change m any
regular manner with either the change 1 the amount of the gel forming
substance or the angle at which the measurements are made The effects of
the addition agents are also very irregular but the values of A f, calculated for
these systems show that generally the size of the particles decreases with time
m the presence of these agents

5 Symerens of sodum oleate and sodium erucate gels

1t has been found that the rate of synerests decreases with merease 1n time,
but the graphs between the amount of syneresis and time are smooth rsmg
curves and not § shaped as found by Fergusson and Applebey with gels of silicie
acid  These graphs thus show that the rate of syneresis 1s large 1n themutial
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period and falls off continuously with time and the process of syneresis 1s not
autocatalytic m nature The process of syneresis does not follow the ummole
cular law of chemical reactions as found by Lipatov with geramin  gels as the
values of the umumolecular constant {hm) decrease with ncrease m  tume,
however, the plots of R[t(R=x or y) against hm show a hnear relation between
the two ‘The syneresis of these gels 15 not the exact reverse of the imbibiuon of
hquids by gels, 2 the plots of log x or logy, m the case of gels of sodum
oleate or sodum erucate, respectinely, agamst log # are not single straght
limes  The plotted pomts lic on a pair of mntersecting straight lines which
indicate that two dufferent processes are mvolved in the syneress of these gels

The ratc of synercais decreases with an increase of temperature 2t which
the gels synenise  This 13 shown by the fact that the values of unmolecular
constant (km) at a given 1nterval of time are large for low temperatures and
decrease as the temperature 1s increased, hoy ever, the plots of Rft (R=x ory)
agamst km for gels of the same 10n synerising at diffe tempera
tures lic on the same straight lines  Simularly the plots of  the values of log £
or log y agamst those of log ¢ appear to lte on the same pair of intersecting
straight lines, showing thereby that this characteristic behaviour of these gels
13 not affected by change 1n temperature

The amount of syneresis 1n any given mterval of time at a gwven tempera
ture has bern found to be greater for the dilute gels than for the concentrated
ones  Also the plots of Rft (R=x or 3) agawnst hm for all concentsation
of gels used 1n this investigation lie on the same straight Lines

The syneresis of these gels has been found to ncrease with increase of

diameter and length of the gel column 1t 18 retarded by the addition of sodum
stearate, sodium palmitate p and p Imutate to the
gel forming muxtures and the retardation 1s greater, larger 15 the amount
of the added substance  The rctarding effect of the ¢ agents 15 mthe © der
sodwm stearate >> sodium palmitate > potassium  stearate > potasaus
palmitate  The external pressure of the surroundings 1n which the gels ar®
placed has a pronounced effect on their synerests 1t ancreases with drereas®
m the external pressure

6 The effect of the size of the molecule of the gel forming substance on the severe!
properties of the gels
The increase 1n the length of the molecule of the gel forming substancs
on changing 1t from sodim oleate (CH,(CH,),CH CH (CHZ)7C00\‘)
to sodwm erucate (CH,(CH ),CH CH(CH,),,COONa) has been foun
to exert a pronounced mfluence on the several properties of g€l forming
systems studied n this 1nvestization

1

Under the same cond of the surrounding temperatures ‘h:m’ 5‘0
formng systems of .odium crucate take longer time to set than the syst
sodium oleate having the same concentration, expressed in grams 18 2
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volume of the duspersing liquid A, probably the increase i the length of the
chamn of the molecule of the gel forming substance hinders the process of
setting It therefore follons that the gelation temperitures for sodiwm
erucate gels of different concentrations are lower than those for sodium oleate
gels of the same concentrations, this has actually been found

The speaific heats of gel forming solutions of sodium oleate have been
found to be greater than those for sodrum erucate having the same concentra
tion reverse happens with the speaific heats of the set gel of these soaps
However 1 both cascs heat 15 evolved on gelaton It follows therefore, that
(1) the specific heats of the gel forming systems of both soaps in the sol state
are greater than those 1n the gel state and (2) the heat evolved on the gela
tion of sodrum erucate 13 less than the heat of gelation of sodum oleate gels
these conclustons have been actually found to be true

The higher specific heats of solutions of sodmum oleate than those of
sodium erucate are not in accordance with kopps law which requires that
reverse should happen on account of larger number of atoms in sodium erucate
However the results obtamned lead to the conclusion that in the pre gel formmng
stage the complexities of the particles m sodium oleate systems are greater
than those 1n  odium erucate systems and the reverse happens i the post-
g¢l formung stage  These nferences are supported by the lght scattrring
weasurements of these systems It has been found that the size of the
particles 1n gl forming systems of sodwm erucate 1s smaller than those 1n
sodum oleate systems of the same concentrations 1 the pre gel formng stage,
while the reverse happens 1 the post gel formung stage

The opacities of soluttons of sodum erucate throughout the process of
gelation have been found to be shightly higher than those of sodwum oleate
tolutions of the same concertration because the size of the molecules of
sodium erucate 1s Iarger than those of sodium oleate and sice the particles m
the pre gelation stage 1 the gel formung system of sodium erucate are smaller
than those 1n sodium oleate system the number of the particles i sodium
erucate gels 1s greater than in gels of sodium oleate

Another feature Lrought out from the study of opacity 1s that the
Pacittes of the two gel forming systems increases with increase m concentra
tion showing thereby that the comp or the of gels
with mcrease 1 the concentration of the gel formmg substance mn the gel
This goes to show that the speed of syneresis of these gels depends upon the
Compactness of the set gels more compact the gels are lower 13 ther speed
of syneresis this has actually been ob erved

The results ob {

m this ducted by the author are
interesting as they correlate the behaviour of gel formmg systems with the
constitution of the gel formng substances






STUDIES ON PATHOGENESIS OF CLOSTRIDIUM CH IUVOEI
INFEGTION IN HEALTHY, IMMUNISED AND TRAUMATISED
GUINEAPIGS*

$ N Disrrt
Department of Pathology Post graduate College of Ammal Sciences
Indian Veterinary Research Institute, Mukteshuar (humaon)

In the present study pathogenesis and progressive pathology of experimental
Clostridium chauvoes 1nfection 1n healthy and mmmunised guineapigs was stucied
by wnoculating G chaoes spores suspended m normal saline or culture filtrate
nto normal or traumatised area

For experimental work a total number of 55 gumeapigs including 7
controls for different groupsof artificral nfection were wed A group of 12
Bumeap:gs were moculated each with 08 ml of concentrated standardised

pore suspension m culture filtrate and destroyed in pairs at various intervals
post mfection  Another group of 8 healthy gumneapigs were moculated with
the same number of spores 1n normal salme and the gmneapigs were destroyed
in paus at varous ntervals  Six immumised gumeapigs were destroyed at each
of the six dufferent 1ntervals Twentytwo traumatised ammals were divided
mto two sub groups  Furst sub-group of 11 g prgs were lated with
spores of I chauvoer 1n culture filtrate 4 hours after mjection of traumatic
agent (Alumimum sulphate albumin muxture) to mitiate mild mnflammatory
reacticn  In the other group of 11 gwneaprgs Gl chauvoes spore suspenston
i culture filtrate was moculated 18 hours post trauma  In all the gumeapigs

Spore suspen.ion was lated always by lar route in thigh region

Traumatic agent was also given wntramuscularly n thugh region

For specific immunisation two myections of Blachquarter composite broth
vacane were moculated, first mjection 05 ml of vacane was followed by
another ayection of 1 m! of vaccine after a weeh.  Gumeapigs were challenged
with virulent spore suspension 3 weeks after the first injection

Blood from the heart was collected Just prior to sacrifice or immediately
after for h logical studies which included total erythrocyte count total
leukoeyte count h glot dif 1 leucocyhic count and for
cultural study Laver heart skeletal muscle from the site of oculation
adrenal  kidneys and spleen pieces were collected and processed for husto
pathological studies

. z\‘!gzssxsr;m of thesis approved for the award of MV Sc degree of Agra Unwersity
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Tt was found that in the mnal stages of infection there was progressine
ohigocytherma, a sharp leubopenia of neutrophilic type and a relative lymphocy
tosis  In later stages due to hacmoconcentration erythrocyte count tended to
return to mormal values The symp ibited by g prgs in healthy
and traumatised groups were abke By about 12 hours of infection symptoms
of distress rise of temperature and marked swelling at the site of 1noculation
were noticed By 24 hours and onwards the guineapigs were very dull and

lowed sticky purulent discharge 2t the-eyes and nervous symptoms  Immunis
ed groups of gwneapigs and those that recened spores 1n salme were apparently
healthy and did not mamifest any symptoms of sickness

Post mortem lesions i healthy gi pIg g spore usp m
saline 2nd mn 1mmunised gumneapigs receiving spores n culture filtrateycre
essentially immlar and had a localised disposition rather than of generalsed
nature as observed m other groups At the site of mnoculation animals of both
groups extubited only mild gelatinous o~dema without much blackening of
muscles  Other internal organs such as Iiner heart sheletal muscles, adrenals
spleen and kidneys did not show any abnormality The other groups of
healthy gumneapigs recesing spore suspension  of Closindium chaigoer 1 culture
filtrate and those recesving infective agent after variable mterval, post traumd
mamifested generalised lesions of toxaerie nature differing only n degree of

cventy  Lestons were more severe 1n traumatned group of animals

In the mitial stages of infection mu.cles a the site of noculation showed
shight black 74 her with lation of elatmous ocdematious flud
By 12 hours the lesion extended to the mu cles of abdomen shoulder and
back  They were dull black 1n colour swollen and contaned gas pockets 13
between the muscle bundles  The affected  muscles emutted a characteristé
ranctd butter odour  There was extenunve accumulation of haemorrhagc
exudate 1 muscles and subcutancous tissue of abdom=n The s velling crepitated
on pressure  In the terminal stages of mnfection there were splitting of muscle
bundles and extensive hacmorrhagic exudate m the subcutaneous tissues

In hiver and spleen the only changes perceptible to  the cyes were shght
darkening and ometime sv elling of the organ On sectionung of Ines pssa®
some grey fots were scen  Kadneys appeared to be shghtly congested

Microscopic changes were well marked and charactrruc  In healthy
traumatised animals recen ing spore suspension 1n culture filtrite i the izl
stages muscles at the site of moculation showed separation  of muscle bundles
and indnidual fibers due to congestion of blood vessels and accumulation of
haemorrhagic <xudate  In advance tages the changes were characterssed bY
myonecrosts  transverse spliting  frag tion and dissol of mus
fibers  Maemorrhazic exudate con isted of erythrocstes polymorphonuclea?
leucorytes and a few mononuclear cells

In liver there was congestion of blool vessels 1n the po tal area "ibuu;ﬁ,
sinusords and central vems  Muld degeneratne changes i the hepaue ¢
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1y T i with disory of hepatic cell column were seen
m most of the specmens Focal necrotic areas were seen only in a few
specimens

Spleen heart muscle and kidneys presented congestion of blood vessels
Kudneys showed hydropic degeneration of tubular cells  Some of the adrenal
specumens showed depletion of fat from the cells of zona fasciculata

In healthy ammals receiving spore swpenston :n saline and n the
unmunised groups of ammals the muscle at the site of oculation showed
congestion of blood vessels 1 the endo and epymysial connective tissue  areas
of haemorrhagic exudate separation of muscle bundles and polymorphonuclear
mfiltraton  Inflammatory reaction did not spread to other muscles as seen
the previous group  Other internal organs did not show any marked changes
from normal structure

These findings m the lght of available lterature have been bricfly
discussed and the literature on the history 1ncrdence pathogencaity in animals
mode of mfection, pathology of disease i animals together with :mmunization
agamst Gl chauvoes mfection has been briefly reviewed
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STUDY OF ALDOSTERONE AND ITS RELATIONSHIP WITH THE
CHANGES IN PLASMA VOLUME AND ELECTROLYTES IN
PATHOGENESIS OF HUMAN ASCITES DUE TO CIRRHOSIS
OF LIVER*

R R Bapauzt
Liver Duseases Research Unit § N Medical College Agra

The pathogenesis of ascites m human hiver arrho s 13 2 multifaceted
complex problem In spite of datdly addions to the already vast hterature
on this subject the exact cawse of this conditton still remains a challenge
to the mnvestigators n the field of liver disease From tme to time several
factors have crept up as playing sigmficant role 1 the process of ascites
formation though 1t has all along been difficult to wmcrimmate any one of
them playing the major role in all these cases It has also become apparent
that different patients with carthosis of hver vary greatly 1 both the number
and relative importance of causal agents mductag cirtho 15

Elevated unimary aldosterone  excretion 1n cases of cirrhoss with
ascites has been reported by some workers The factors responsible for an
imtial accumulation of ascrtes m these patients are not yet definrtely known,
but the 1solated results of various studie carred out so far suggest that
Id plays a Jary p tory role n ascites formation
The exact mechamsm of mcreased sccretion and excretion  of aldosterone
m this disease 13, however not fully understood The mechamsms con
trolhng aldosterone secretion m man under physiologic conditions are also
poorly known At the present state of knowledge 1t 15 supposed that
the production of aldosterone 1s controlled partly by changes in extracellular
flud volume partly by blood sodium and potassium concentration and to
some extent by h J; Ithough 1t 1s evident that the
vanous changes in aldosterone secretion can not be accounted for by these
known mechanisms No clear relationship 15 available between any one of
these factors and the ncreased excretion of aldo terone observed i1n patients
with cithouis and ascates

The present work was undertaken to obtamn a clearer picture of the
mechanism of the regul of ald output i decomp d hver

arthosss and to further extend our knowledze about the mechansm of

:Sutes formation in the light of the mcreased aldosterone secretion 1n this
1sease

. The work reported here was carried out on a total of sixty patients
of emvhosis of hver Of these fifty were cases of currhosts with ascttes, and
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ten without ascites Tuwenty normal subjects under moderate sodum re
tion (50 — 70 mEq/day) served as controls for these patients who wen
submitted to the same diet

The following estimations were carried out 1n these patients —

(1) Total (and also free and comjugated fractions in some (
urmary aldosterone excretion in 24 hour specumen

(2) Urnmnary 17 hydroxycorticolds in 24 hour urine specumen

(3) Plasma volume

{4) Plasma sodmm

(5) Unmnary sodium

(6) Serum potassium

{7) Unnary potassium

(8) Endogenous creatimne clearance, and

(9) Red blood cell water, sodium and potassium 1n some case

These estimations were carned out 1 view of the observed 1nfl
of volume and electrolyte concentration of ntravascular flud on the pl
logical regulation of aldosterone output in expenimental studies ]
patients of cirthosis with asctes these estimations were repeated dunr
periods ending 24 48 72 and 96 hours after abdominal paracentesis dunr
reaccumulation of flud 1nto pentoneal cavity The object was to stud
changes 1n aldosterone excretion and to correlate them with the plasma vc
and sodium and potassium concentration of blood and urine durng
formation of asctes

The methods used n this study were described 1 bref with ther
retical aspects and normal healthy individuals were first studied to 0
the normal values with these methods

The following were the observations and results obtamned in this s

Urmnary aldosterone excretion in patients of crrhosis with ascites
compared to the normal healthy subjects kepton a similar moderate
restriction as that of the patients has been found to be mncreased ¥
cases In the remamming cases, 1t was at the lgher side of the n¢
range In the pauents of curhosis without ascites, sic out of ten sh
an d aldosterone but this was much less tha
patients of curhosis with ascites

Uninary sodium excretion has been found to be low an 41 pauct
crrhosis with ascites  In the remaming it was at the lower side of
normal range In pauents of cirthosis without ascites urinary sodwm ©
tion was not so much decreased as that of the pauents with ascites

‘The concentration of plismt <odium was found to be Jower t

te al wirrhocie

eritne e enend on memten] cnhiects In
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us without ascites there was no significant change in plasma concentration
as compared to normal individuals

In patients of cirthosis with ascites seram  potassium was low in 36
cases and i the remainmg 1t was within the normal range In patents

of currhosis without ascites 1t does not show any difference from normal
mdividuals

Endogenous ereatinme clearance was found to be reduced m 31

cases of cuthosis with ascites and in the remammg cases 1t was within the
normal range

The changes observed 1n urmary aldosterone plasma volume plasma
sodium serum potassium uminaty sodwm and end cr 1

after abdominal paracentesis in patients of cirrhosis with ascites during the
reaccumulation of flmd nto peritoneal cavity were statistically analysed It
shows (1) urinary aldosterone which was already hugh in these patients
was further mcreased at the end of 48 72 and 96 hours after paracen

tesis with 2 ma<imum at 48 hours At the end of 24 hours urmary aldos

terone excretion was somewhat decreased than the preparacentesis levels

All these changes 1n the urinary aldo terone were statistically significant
(P<0001) (u) Plasmz volume showed a decrease after paracentesis At the
cnd of 48 hours and 72 hours this decrease was highly sigmficant (P<<0 001}

Atthe end of 24 hours and 96 hours 1t was less sigaificant P being <0 01
and <005 respecuvely (m) Plasma sodwm was decreased upto the end
of 48 hours after paracentesis It then started rising and reached to near
preparacentens levels However all these changes except at the end of 48
hours (P<<005) were statistically msgnificant  (1v) Serum potassum  was
found to be slightly d after p with a at 48
hours The changes observed m 1t were ako statisucally mugmficant (v)
Urnary sodum showed a decrease after paracentesis with 2 matmum  at
the end of 48 hours At the end of 96 hours it had nearly reached to
the preparacentesis levels All these changes however were statistically
wsigmificant  (vi) Changes observed tn the endogenous creatmine clearance
after were also 11 fi

The changes of unnary aldosterone level show 1nverse correlation
with that of plasma volume after 48 72 and 96 hours at which tune the
changes among both these factors were statstically sigificant Though there
was a general iverse correlation between the changes it plasma sodrum
and unnary aldosterone and direct correlation between the changes i serum
potassium and urinary ald 1t was Iy fi However
at 48 hours after paracentesis the correlation between plasma  sodum and
Uninary aldosterone was significant Urmary sodium changes also show a

gencral iqverse correlation with urinary aldosterone which was not sigm
ficant stat. tically
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Inan effort to study the impared destruction and conjugation of
aldosteronc by the functionally damaged lhwver as a cause of increased
aldosterone excretion m these patuats proportion of free and conpugated
fractions of excreted aldosterone has been studied and compared with
that of normal subjects It has been observed that urmary excretion of
free or readily hydrolysable aldosteronc constitute 356 to 72 8 per cent of
the total urinary aldosterone in the patients of cirrhons with asctes and
380 to 610 per cent of the total uniniry ildo terone n the patients of
cirrhosts without ascites as compared to 22 to 44 per cent m normal
subjects

The previous observations that prednisone therapy depresses urmary
aldosterone excretion and causes sodmm nd water duresis i subjects of
cirrhosis with nsaates  suggestinoe that the deficiency of cortisone ke sterods
winch has been shown to ocour i this diserse may lead to mereased aldos
terone secretion by some unknown mechansm In view of thus, 17 hydroq
corticoid excretion which represent the true mdex of cortisone hike steroids
(glucocorticords) has been estimated to find ous 1ts correltion 1f any, with
aldosterone excretion It has been found that 17 hydroxycorticosterods excre
tion was subnormal i these patients However 1t has not shown any
conastant correlation with urmary aldosterone m mdwidual cases durng
the period of study following paracentesis The changes observed m unnary
aldosterone after abdommal paracentesis could not be correlited wath the
changes n 17 hydroxycorticosteroid excretion

Changes tm red blood cell clectrolytes and water content, and sodium
potassium and protemn content of ascitic flued has been also studsedin 2
hmited number of patients

h lved 1n the rel hip betweer

The various possible
urinary aldosterone excretion and plasma volume Dblood and urmary electro-
Iytes and G F R have been discu sed From the data  collected 1 the
present study it has beer suggested that mtravascular volume scems fo
be the most d stumulus to ald secrction Plasma clectro~
lytes may also be of importance as 1 sumulus for aldosterone secretion
1 this disease but to a lesser extent Among pluma clectrolytes sodnﬂ;
13 of more mportance than potwssam It may be possible that smd
changes in plasma electrolytes might be bringing large reciprocal changes
i urinary aldosterone

It appears from the present work that hver damage alons 1s not of
much importance 1 causing creased unmary aldosterone  excretion as
campared to changes i the volume of ntravascular campartmen? Ths
cenclusion 13 supported by the following observations of this study (1) Urnna
aldosterone cxcretion has been found to be significantly increased only ::
patients of decompensated biver cirrhoys m whom e 18 pasing u'c,:\ o
pentoneal eavity and thus reducing th (2) m P2
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of compensated liver cirrhosis having no asates, though there was hver
damage, urmnary aldosterone excretton 18 normal or only slightly eclevated
as compared to control subjects, and (3) the patients of decompensated
crhous accumulating ascites, show the marked mcreases i ther aldosterone
excrenon after abdommal paracentesss, though the Iner damage 1s not much
enhanced by this process

In the light of the findings observed in the present study, an attempt was
made to explain the mechansm of ascites formation 1 this disease  These
studees of rapid production of ascites following abdommal paracentesis may
serve as a model outhming the retentton mechansm 1n  spontanecous
production of ascites, when patients with Iner arrhosis enter the stage
of decompensation






MORPHOLOGICAL STUDIES IN THCU YAMILY FLACOURTIAGEAE*t

G Gopar RRIsHNA
School of Plant Morphology Meerut College Mezrut

The present mvestigation s based on the results of 38 species of which
36 belong to the famuly Flacourtiaceae and one cach to the Bixaceae and
Cochlospermaceae

' The nodal anatomy of Flacourtia ramontch: var  oecdentalis F indica and

Casearia lomentosa has been worhed out Itisobserved that the node mn the
two species of Flacourtia s unilacunar with one broad are like leaf trace
leaving a smngle gap 1n the stele Caseans has  tnlacunar node with 3
distinct traces entering  the leaf The tnlacunar node 15 beheved to be
prumtive A correlatton between tnlacunar nodes and the presence of
stpules has been observed from the nodal_anatomy of Casearta and Flacoartiz

The sepals m the majonty of the genera m the Flacourtiaceac are
observed to be three trace organs The traces are either denved froma
single source or from different sources In some cases {female flowers of
Flacourie Lactta etc) 1t 15 interesting to note that the number of traces to
each sepal varies from 1 to 4 However the traces are reduced 10 two (Aylosma)
or even one in the male flowers of Fl the b belongng to
Secuon Euhydnocarpus and Buea erellana  In Cocklospermum gossypram  while
the outer sepals recewve one trace each the inner sepals are supplied by three
traces each The reductton m the number of maces 15 beheved to
be due to fusion of lateral trices In Flacourtia seprana  one of the sepals
recewves two traces instead of uual one Saunders (1934) suggested a
sular condition sn Veronica to be a case of Congenital concrescence  where
two organs are incorporated mto one

Some tribes of the famuly Flacourtiaceae (Flacourticae Casea-
fieac) are apetalows In others the petal are found to be usually one
traced  Three traced condition 1s scen 1 a few cases (Sco’opta buxiflora Bixa
Cochlospermum, etc) In Hemscolopra while the petals i the male flowers
Treeive one trace each they are three traced 1n the female flowers

The tribe Pangieac of this family 15 distingwshed by the presence of
fleshy and densely hairy scaly structures lying mnside at the base of the petals
Rendle (1938) described the scales as outgrowths of the foral aws and
Sleumer (1905} as stamnodal like structures nserted on the nner side of
mfpchls The present study ofsix species of dnocarpus and

* Abstract of tle theus approved for the degree of Dactor of Philosopty of the Agra
University
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Pangium edule, however reveals that the scales, which posess inversely onented
vascular bundles are mere enations from the mner faces of “double bladed
petals

The stamens show a great diversity in their number as well 131 ther
mode of vascular suoply  They are either few (Erpthrospermum, Hyduocarpus
Castanta and  Gossyfnospamum) or numerous i other members studied
Wherever they are numerous they arse either independently (Panum and
Flacourtia mermus), or m small groups (Male flowers of Flacourfiaand Yylosms
and Laetta and Bixa) or comointly with those of outer foral organs Formatiun
of sepni stamen  petal stamen, scpal petal stamen fascicle traces 15 observed
sn Lindact ena and Scolopra  Plewranthodendron, Prockia Hasseltia, Hemscolopua and
Cochlospermam  ‘The presence of the stamen fascicle traces seems to favour the
fusion hypothesis put forward by Wilson (1937)

The bifurcation of stamen bundle in the connective 18 seen m a number
of cases (Enythrost Pangum  Hydnocarf hel) etc) Wilson
{1942) regarded such a casc as evidence to support the telomuc nterpretation

of the stamen  But the present study dces not support such 2 conclusion

Nectanferous glands occupying various positions have been observed 18
the members of the famly except 1n the tmbes Oncobeae Pangicac and
Casearieae and in Bug nnd Cochlospermum  ‘They are met within the
male, female as well a3 in bisexual flowers In the male flowers of
Flacoartia  Aplosma  and Hemseolopta they are i the form of a lobed
extrastaminal disc  These glands are  found inner to exch sepal and aher
nating with the petals ;v the speaies of Homalwm  In the female flowess of
Flacourtie and Xjlosma the glandular disc  spreads around the bas
of the ovary and 15 lobed above On the basis of the vascular supply they
are mterpreted as staminodal

The placentation 13 partetal m all members (except n Hasseloa, and

Prochia)  1he placentae are borne on the margms of two adjacent €arpes
and the vascular supphy 15 recenved from cither ventral bundles or fused
products of placental strands  In Hasseltea and Prockia  the dorsals and ves
trals e on the same radu  The ovules are borne on the fused g
of the same carpel and recewve ther vascular supply from the ventsals
{or ventral strands of the same carpel) Hence 1n these specics the placentd
tion1s axile  However an the upper regions unilocular condition 13 prscn‘
and at this level the placentation appears to be panetal Thus mulh!oﬂ!‘
far condition with axle placentation at the base and umlocular with panc!ﬂd
placentation 1n the upper regions of the same gynoccium Ilwuzllwi:
Prockra, fits in very well with the classification of gynoccium put forward by
Troll (1928 sec Walson and Just 1939)

mum 1€ ¥E
hemselves

cate 3pe*

‘The pratrusions i the ovary i Hacouria and  Cochlosp
garded to be formed by the fusion of carpellary margins o
These protrusions do not bear any ovules on the sides of their trutt
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and they are borne more or less far removed from the apex The stenle
surface on either side of the placental apex 1s interpreted as representing the
thickness of the carpellary margin or rather 1ts lateral face (Puri 1961}
The placental strands in Flacourtia Casearia papauna anl Bixa are mversely
oriented  The bundles are concentric at the base (or become concentric i
Buxa) from which a number of branches are given off towards the periphery
As aresult of this branching the xylem in the ventral strands faces more
towards the persphery and ulumately the ventral strands become 1mversely
ortented In Lacha an 1nteresting case 15 secn where each ventral strand
consists of a number of bundles which are “rranzed 1 a ring appearing lke
a cyhndnical stele  The inner bundles which are mnverted with respect to the
centre of the flower are the first to supply the ovules Then the laterals
and even the outer bundles contnibute to owular supply For the present

e o b the d . Laetia and  that 1in  other
geaera s not clear Jt 1s believed that the nversion of placental strands
m parietal placentae may be brought about m a number of ways although
1ts morphologreal significance may still be the same

In the majonty of the genera ovary 15 supertor but in Homelwum 1t 15
ewther half mferior or completely nfertor (H n palense) No conclusive
Interpretation s given as 1t 15 difficult to prove the strands i the ‘floral
cup whether they are ‘traces or bundles

A correlation between the number of vascular bundles 1n the style and
the Jobes of stigma has been observed  In those members where each stigma
lobe 15 undiided {Homalium  Prockia Hasseltia etc) the number of bundles
is equal to the number of carpels In these cases each bundle represents the
fusion product of dorsal and ventrals and the stigma 1s carmal In others
(Flatourtia Hydnocarpus etc) each stigma lobe 1s hifid and the dorsal bundle
divades radially mnto two branches which before entering the stigma fuses with
the corresponding ventrals  Thus here the strigma 15 not typically carnal

The course and movement of the vascular bundles 1 the stylein
Scolopta are of some interest Each dorsal bifurcates 1nto two branches whiche
diverge towards the ventral of thewr respective side and fusewith it This
fusion product moves towards the centre and then take an outward course
reaching the inner side of the dorsal suture In the species of Scolopra an mter
mediate condition between carinal and commussural stigma 1s observed But
n Brxa the sigmns are commussural as they he on the ventral sutures

Further ewid for the sep and mdepend status of the
three allied famiies Bixaceas Cochlospermaceae and Flacourtaceae 1s
afforded by thewr anatomical studies From the matenal of Hennsiolopia
frmaa sent by two persons from the same place 1t 15 felt that 1t 13 not
onotypic but 1t may have two species From the anatomical differences
:‘:‘ﬁtdd further study on different aspects of the problem 1s necessary
o A€ out whether Fla curtia ramonteht and F sepransa should be mncluded in

tndica or should be treated separately







STUDIES ON ADSORPTION INDICATORS*

b N Tanvon
Lecturer wn Chemustry  Umwersity of Ruasthan, Jarpur

The applicability of a number of new adsorption indicators i the
argenometric tirations  of halides and thiocyanate has been described
These new mdicators are methyl orange resorcinol 3 6 endomethylene At

} phthalem e Tehinnt 9 3.dicarbogyl Iphoncft
cen drchol Tnl a dib Tohonefl: 1uodosuloh
T > P

hol sulnh hihalemn hol wviolet) py Tlo! sul

PY
phonephthalemn (pyrogallol red), ammonium purpurate (murexide) phthalen-
complexone, <ylenol orange, calcemn benzene azo 1 naphthylamme and ethyl
red  These dyes include besides acid alkalr indicators some ymportant metal

d used mn pl 16 the dyes of sulphonefluorescein
series—a series analogous to fluorescein series discovered by schools of Fajans
and Kolthoff as adsorption indicators, and the basic dyes such as benzene
azo-1 naphthylamine and ethyl red These also include the dyes recently
wolated iz, r I 3 G-end hylene A* tetrahydrophthalemn and resor
anol thiophene 2 3 dicarbovylein the applicability of which was tested mamly
to throw some light on the mechansm of colour change m this clwss of
ndicators

Further new applications of well known adsorption indicators have
been described  These ndicators have been applied to the systems i which
they were found unsuitable by the previous workers by altering the conditions
of those systems  Thus cosin has been described for the titration of chlonde
with sidver 10ns 1n the PH range (1 3) the crythrosin has been applied mn the
argentometnic ttrations of haldes and thiocyanate m  presence of IN 2N
mtnc acd  the p-ethoxychrysoidine has been applied for the titration of
siver with hahde apd thiocyanate 1ons i shghtly acdic medwm (pH 4 5)
and the phenosafranine has been applied in the argentometric titrations of
todide and thiocyanate m shghtly alkaline medium 1n presence of dilute sodium
hydroxide Besides these the new apphcations nclude the use of congo red
n fractional separations vz titration of 1odide 1n presence of chloride with
stlverions and the titration of silver with bromude or 1odide 10ns 1n presence
of lead after sequestermg the latter with EDTA  Congo red has also been
described s metal indicator 1n the determmation of mercury (II) with
EDTA and p v The use of duodosulphonefl and
crythrosin has been extended to the tutrations of chloride and bromide with
mercurous 1ons  Most of the new uses have been described in the process
°r‘m‘n§ certain conclusions arrived at i the prehminary wmvestgations to

* Arb;‘lgn:k of the thess submutted for the degree of Doctor of Philosophy of the Unmvernty
of Agra
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understand the mechamsm of this class of indicators For example astudy
of the changes in pH produced when 1odide and chloride 1ons respectively are
titrated agamst slver 1ons led to the conclusion that in the pH range5055
congo red should mark the equivalence pont for 10dide sons alone (n pre
sence of chloride 10ns), on putting to test this expectation was proved fully
correct

The theortes of the mechansm of adsorption indicators have been
reviewed and 1t has been observed that Mehrotra’s theory of chemucal
adsorption 1s 1n better agreement with the observed facts whereas the older
theories of Fajans and Kolthoff are unable to explain all the observed be
haviour of ad.orption indicators Mehrotra’s theory has been supported by
various hines of experimental evidence which have been obtamed i the preseat
studies The studies include (1) the actual solation of silver compounds of
adsorption ndicators and an mvestigation of therr properties (u) the pH
measurements durning the argentometric titrations wn dilute solutions using
a Dttle excess of the 1dsorption indicators () the hight absorption studes
of cosin  congo red and bromophenol blue adsorbed on silver rodide so! and
uv) the adsorption and coprecipitation studies

The silver compounds of congo red p ethoxvchrysoldine benzenc azo !
naphthylamine methyl oringe fluorescemn dichlorofluorescen  dik M
scen, eostn bromophenol blue and ethyl red have been isolated and 1t has
been observed that the properties of these compounds explam well the ndt
cator action of these dyes For instance the compounds have been found
to show tht same colour which are developed and observed on the preat
tate of silver halides 1n presence of excess silver 1ons when the dyes3re
adsorbed on the precipitate  the compounds are generally stable only 18 the
same pH range 1n which the titrations are possible—n more acidic solutrons
the undissociated and the less soluble dye molecules are formed and 1
more alkaline solutions silver oxide (or silver ammonia complex m presence
of ammonia) 1s formed  The silver dye compounds are 1n gencral less stable
than the siver halide or thiocyanate and are therefore not formed so lo2g
as the corresponding halide or thiocyanate 1ons arc mn excess, but as $008 a8
the silver 10ns are added in excess the silver dye compound 18 formed on the
surface of silver halide or thiocyanate precipitate

The studies on pH measurements during argentomctric 11tration of

dilute solutions using adsorption indicators have been carned out with
methyl  orange 13 6 end hylene A+ hydrophth fein
resorcinol thiophene 2 3 dicarboxylein sulphonefluorescern mureside
catechol violet pyrogallol red eongo red p ethoxychrysordine benzent az0-
T naphthylamne ethyl red phenosafranine rhodamine 6G phdmlem
complexone xylenol orange and calcen  No pH changes during the tatratzon?
or at the end point have been observed with purely antomc dyes Thee
dyes form antons under the conditons 1n which the titrations arc CarT

out and the colour change at the equivalence pomnt 15 caused bythe adsorp”
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tion of the dye amons i the form of the silver dye compound The pH
changes during titrations have been observed with congo red, the basic dyes
such as p-ethocychrysordine  benzene-azo-I naphthylamne  ethyl red, pheno
safranine and thodamine 6G as well as the metal mdicators—phthalencomp
fexone xylenol orange and calcern under the conditions in which these dyes
are applieable as adsorption indicators ‘These pH changes have been satis
factonly explamed and lend strong support ta the theory of surface compound
formation of the mechanism of adsorption mdicators

The hght absorption studes of dyes adsorbed on silver 10did sol have
been carried out with eosin  congo red and bromophenol blue These dyes
and the silver 1odide sol have been found particularly smtable for these
studies A comparison of the absorption curves of the dye solution the dye
adsorbed on silver 1odide sol 1n presence of a shght excess of
rodide 1ons  the dye adsorbed on siver odide sol 1 presence of 2 shght
excess of silver tons and the dye wn presence of a concentrated silver nitrate
solutton has been made The concentration of the dye and the silver rodide
sol 1n each case was the same It has been observed that the absorption
maximum of the dye adsorbed on silver sodide sol n presence of excess silver
10ns 15 nearly the same as the absorption maximum of the dye n presence ofa
concentrated solution of silver mitrate It supports the view that the colour
change at the equivalence pomt durning the argentometric titrations ustag adsor
Ption indicators s due to the formation of the silver dye compound

The adsorption and  coprecipitation studies have been carried out with
dichlorofluorescern  sulphonefl and dibr

Tthas been shown in these studies that the formation of silver dye compound
on the surface of the silver halide precipstate m presence of excess silver 1ons
1s manly a coprecipitation phenomenon  The silver dye compound has been
copreaiprtated along with siver halide or thiocyanate by slowly addmng halide
or thiocyanate solution to an excess of silver mitrate contmnng the dye
solution 50 that maxynum coprecipitation may occur The supernatant solu
tion has been analysed for excess silver ons and excess dye The
amounts of siver 1ons and the dye adsorbed on the precipitate have
been caleulated and 1t has been observed that they are adsorbed n
equivalent proportions The coprecipitation of silver dye compounds with
slver hahde or throcyanate preapitate supports the theory of chemcal
adsorption or surface compound formation of the mechanism of
adsorption ndicators Coprecipitation of more soluble compounds along
with Jess soluble compounds 1s 2 widespread phenomenon Even ghly
soluble substances are often coprecipitated  Thus 1t becomes quite under
standable that silver fluor 1s not pr d when a few drops of
sodium fluoresceinate are added to a dilute silver mitrate solution but the
same gets coprecipitated along wath silver halde 1n presence of justa shight
excess of silver sons  This 15 d by the t tric ratie (1 1) of
the silver 1ons and the dye 1n the coprecip d silver dye pound:
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The factors which determne the extent of adsorption or coprecipstation
have been ascertamed The main factors which govern the extent of adsorp
tion or coprecipitation are (1) the surface area of the preaipitate (u) the
pumanly adsorbed 1ons on th~ precipitate, {u1) the wsolubility of the adsorbed
or coprecipitated compound  The amount of the primarnly adsorbed 1ons on
the precipitate 1s, evidently directly proportional to 1ts surface area Thus
the greater would be the surface of the precipitate exposed to the solution
the more would be the concentration of the primanly adsorb d tons on the
precpite and the corresponding adsorption orcoprecipitation of the rons or
molecules which would form the next most soluble compound with the
primanly adsorbed 1ons would take place It clearly explams as to why the
adsorption mdicators are better appheable to systems which are more collodal

The vanous observed facts which are mexplicable on the theories
of Fajans and holthoff have thus been explamed in the hight of the new
theory The conditions under which a dye would be suttable as an adsorp
tion indieator i a particular titration have been laid down These are sum
marised below —

(1) The dye must form asparingly <oluble metal dye complex which
should be differently coloured than the dye 1ons

(1) The metal dye complex should be morc soluble than the mam
precipitate produced by the reaction of the metal 1on and precipitating
anon

(m) The mun preciptate should separate m 2 finely divided state

() The concentration of the dye used as mdicator m the titration
should be such that 1t should be almost completely copreciptated so that 8
sharp colour change may be observed at the equivalence pont



IMMUNE AND ANTIBODY RESPONSE IN RABBITS
AND DAIRY CATTLE AGAINST STAPHYLOCOGCAL VACCINES*

B S Maut
Department of Mrcrobtology
Unwerstty of New Hampshire, Durban N H (US 4}

Maximum yueld of alpha and beta toxins and coagulase was obtamed
when cultures of Staphylococcus aurcus were shaken on a rotary shaker with an
atmosphere of 50 per cent O, and 50 per cent CO, at 37 G The optimal
meubation period for alpha and beta town production was 48 hours and 72
hours respectively  With the exception of trypticase soy broth  other media
tested namely extract broth veal infusion broth heart mfusion broth and
N Z amme broth gave good yield of both alpha and beta towns  In general
optunum mncubation period for coagulase was 16 to 24 hours under statc
conditions 12 to 16 hours on the shaker and 8 to 12 hours on the shiker
under 50 per cent O, and 50 per cent CO,  Prolonged mcubation under the
latter conditions appeared to denature the coagulase previously produced m
the cultore medium  Extract broth and N Z amme broth gave maxumum
coagulase yreld Temperature ranges of 34 and 40 C had no effect on the
yield of coagulase

S aureus cells disrupted by various physical and biological means were
compared with formalin and beta propiolactone (BPL) treated cells for anti
gemc analyss  In rabbuts disrupted cell vaccmes gave higher antbody
response than whole cell vaccmes On the other hand when rabbits were
challenged with strains of § aureus best protection was produced with forma
hmzed whole cell vaccines BPL treated cell toxcids produced higher antibody
Tesponse 1n rabbuts than sumlar preparations mactivated with formalin  but

cows a hugher body resp was ob d with fc lin treated cell toxords

Five polyvalent cell toxoid vaccmes different from each other esther mn
the method of mactivation or m the potencies of different towuns were tested
mrabbits for immune and antibody response Rabbrts vaccmated with Vac
cae PV 12 a preparation contaming formal treated cells BPL mactvated
toxin and a iugh coagulase uitre developed higher antileucocidimn levels and
Were more resistant to challenge wath § aurezs than rabbits mjected with the
other vaccines tested

P Three polyvalent vaccines were used to immunize 15 cows equally divx
ed mto three groups  Vaccme PV G (formalmized N Z amne whole broth

* This 13 an abstcact of the dissertation submatt d fo the Unmiversity of New Hampshure
in partial fulfilment of the requircments for the degree of Ph D 1n Micrabiology
Present address—Department of Bacteriology U P College of Veterinary Science &

Ammal Husbandry Mathura INDIA
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culture) stimulated the highest levels of antibodies, although the difference
from the cows of other groups was statistically sigmificant only for antieucos
adm  The antisera from the cows vacemated with vaceme PV G also showed
higher mouse protection power Cows 1n this group also were more resistant
to challenge with § aures via the teat canal Tt 1s concluded that high ant
leucocidin titre and mouse protection power of antisera 18 perhaps the best
tn oitre critenia of « aganst staphy




STUDIES ON INDIAN ARALOPIDAE[=DELPHACGIDAE]
{HOMOPTLRA FULGOROIDLA )

A N T Josern
Lecturer 1n Joolo,y Lohia Colloge Churn Rajasthan

Aracoprdac 15 one of the most neglected famulies of Homoptera  From
tme to time the students of Tulgoroidea Distant (1906), Lefroy (1909)
Mue (1915) and Metealf (1943) have pomted out the necessity of a detailed
study of these msects Very httle 15 known regarding the morphology of
aracopuds save for the recent publications of Mathur and Joseph (1961) and
Joseph (1961)  The need for the study of of Indian A pidae 15
easily concewvable from the fact that many of our common speaies belonging
to this family are unrecorded  Hence the author has taken up the studies of
the morphology and systematics of these msects Some of the salent features
of these studtes are illustrated below

Aracopids are small delicate msects never measuring more than a
centumetre m length from the vertex to the tip of the tegmma ajthough some
forms measure even less than two mlhmetres They can be easily 1dentified
from other members of the superfamily Fulgoroidea by a large mobile spur
borne on the mner sde of the apex of the hind tiae  The most striking
feature of the farmly as a whole 15 its great homogeneity m general aspect
and appearence  They are polymorphic their tegmina are found to occur 1
three different forms 21z brachypterous—very short with reduced venation
coverng only the basal of the abd koelop d
length cavering most part of the abd with famly d ped venation

P longer than the abd with well developed venation
Ofthe many collections made durmng the course of tlus study the author has
8ot only one species of dimorphic aracoptd  Delphacodes propingua which eccurs
i boclopterous as well as macropterous forms

The head 1s generally simple  relatvely small but inafew generaat
3t d 1 =l

¥ P eg  Embaloph and  Pseudoembaloph and 18
psthognathous It 15 decorated with heels  the keels varymg in number ex-
tentand p The d eyes are derable

Py
area of head and syrround the posterior part of antennae  The antennae are
usually simple with a short basal segment 4 short sometumes elongate second
“egment and a termunal flagellum  Occasionally either the first or second or
both the segments arc greatly el d and derably d (¢ &

Pertnnta) or the basal segment 15 triangular m cross section with 1ts length

.
/l\,hurm of tle thews submitted for the degree of Doctor of Philssophy of Agra
) Dneverty
Present address—Asste Zoologist Zological Survey of Tadia 3+ Chittaranjan Avenue
Calcutta 12
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considerably excecdn,, the nextsegment (¢ g Paroktta) There are two ocell
each on either side between the compound cye and the lateral canna

Three  pectes of aricopids belonging to two trbes—Ltburma  pallescens,
Delphacades propingra (tnbe Delphacim) and Purchila cerrina (trbe Trop doce
phalim)—swere selected for detailed morphological studies  The head capsule
35 devoud of clypeolabral and epicramal sutures The cpistomal suture 1
well developed beaning a lughly developed epistomal ndge  The ocaptz]
suture 1s antercepted at the dorsolateral sides by the compound cyes The
mandibular plates are homol d to the pl t of g lised maect
cramum  The anterior  parr of arms of tentortum extubits varying degrees of
reduction, whereas the posterior as well as the dorsal pais are well developed.
‘The anterior arms are atroplued mm the tnbe Delphacim, the tribe
Tropidocephalim they are complete but are much reduced It 18 interestisg
to observe the fate of the anterior arms 1n these two tribes under study 2¢
they are either atrophied or reduced but at the same ume the dorsal anms
ate well developed  The normal funcuion of the anterior anms 1s the stresg
thening of the facial region in 1nsects which 1s secondanly taken up by the
hughly developed ep I ndge in p1ds and Iy this reduct
ghc musculature of the head capsule follows the general pattern of Fulgoro:

ea

The mouth parts are of typical hempterous type. There 13 no distn®
tion between the lever and the inneramm of the mandibular stylet The
maxillary stylet 1s devord of amaxllary lever The labwm 13 four segment
and extends beyond the forecoxae The apex of the fourth segment hss
undergone special modifications to form a  temporary ring around the shyles
when the intnnsic mu cles of the labum contract The chactotasy 2
apical clamp are sumilar in Delpt and Tropidocephall The lora ©
hypopharynx <how variation in size from species to species  The membrant
connecting the labium with the masillary plates designed here as the b

Hary b 15 homologused with the hyp 1 bridge of Heteropter®

Aracopids extubit great morphological modifications m the thorax &7
particularly marked in the metathorax. The pro and mesothorax very B
resemble those of other fulgorods except for a number of sutures n the later
The development of the sutures in the thorax of these msccts 15 mteresiog ®
follows a sumlar coursc n the aracopids suggesting sumtlar lines of evoluBo®
In pids 2 jumping h 1 developed m connection with the bind
legs although curously enowgh the metathorax Jacks furca In ordes!?
compensate this loss the horax has developed a phcated systern ©
ndges to form an internal skeletal frame work at the lateral sides to thbi‘”g
the extra stresses and strams shouldered by 1t The hind legs are remarks
for thar large size 1n comparron to the pro and mesothoracic legs and sl
for the development of the spur on the hind tbiae. From the ventral sid¢
of the h arises an apod mto the b throts

F 3
the coxa for the insertion of muscles coming from the thorax. This ¥
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new  development come across in with the jumping 1

The wing venation 15 comparatively well developed  Unlike that of certamn
Fulgorordea, such as the members of the famulies Flatidae and Ricanndae
etc, there 1s no precostal region 1n arteopids In the tegmen all along the

course of veins arc provided with macrotrichiae except second cubitus

The abdomen 1s composed of eleven segments the eighth and minth
m female and the ninth alone in the male repre ent the gemtal segments
The tenth and cleventh are fused togrther In male the tenth segment
bears a pair of anteriorly directed processes  the anal processe  which are
absent n Peregninus mardis  The females are devord of them

The alunentary canal 1s an  almost straight tube with tle crop
ansing from the stomodaeum as a sidewys diverticulum It 1s simular in
lustology to  that of other Homoptera The mesenteron 1s sumple and
without filter chamber The malpighian tubules are four in number the
two of each side join together before opemng into the alimentary tract

There 1s 2 pair of well developed salivary glands whose principal glands are
lobulated

The respiratory system consists of two prs of thoracic and exght pairs
ofabdomnal spiracles The thoracic spiracles and the first two pars of
abdomumnal spiracles have an external closing apparatu  the remamnng have
annternal closing type  There 1s ne transverse commssure 1n the abdomen
except for the eighth m female

The female reproductrve organs show some interesting modiiications
m the position of common oviduct and vagin:  The vagwma 1s deflected to
the left side and due to this deflect on the region imm-diately anterior to 1t
namely the common oviduct comes to occupy the leftside  The number of
ovarioles constituting the ovary vary not only from spectes to speues
but alo within  the species The egg tube 1s acrotropc type The
spermatheca and the accessory gland open almost at the same level to the
Yagma  The ovipo ttar 15 well developed and of typical homopterous type
The first Parr of tahulae themselves and these .nd the second patr of
valvulae are articulated by ridge and groove method

E The mternal m le reproductive organs are of gen rilised msect type
ach testss 13 composed of two sperm tubes in the two spectes under ovservatron
namely Delvhacodes propinqua and Liburria pall scons  The sperm tube has a
number of amcal cells The vas deferens 15 Cesuid of a distinct semmal
vesicle  The ejaculatory duct has one median ind two lateral parts Ths
sheath , chamber and part of the basal plate bridge are vartously modified
Tegions of the ejaculatory duct The pygofer or ninth segment in araeopids
= 1ing shaped and 15 without any distinction into tergam laterotergites or
Pleurosternyte, The length and breadth of the opening of pygofer the out
Browth of its ventral margn the anal angles and the develonment of the
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diaphragm ete, vary with the species  The parameres vary i shape and
size 1n different species  The aedeagus periandrum may be entire or may
be decorated with spines

During the course of the study of systematics, 1t has been observed
that the external male genitahia 1s the most relable specific character They
help not only for specific 1dentification but also afford geaeric entenia  The
characters of female gemtalia can be utilsed with advantage as has been
done by Hassan (1948) and 15 followed here In the present study, the
author has followed the general trend of notable aracopiwdan systemabists
for the suke of convemience However, e fecls that since the male and
female getalia form the chief bams of relable pecific  charicters
they would gain preference over other characters i, vertex cannation
spur and colouration ete Tt would therefore be advisable to arnve at speaific
sdentification on the basis of gemitalia and confirm the same by other substdiary
characters

Collections of aracopuds were made from various par s of Indi—Uttar
Pradesh Rajasthan Dellu Omssa, Maharashtra Madras and kerala Of
the twentyone specics collected  twelve—Troprdocephala signata (Distant) Purohita
¢oima Distant  Perfinsiells msigms (Distant)  Perbinselln sin ssis Karkaldy
Delphacodes propinqua Ticher Phyllodinus pulchellus (Distant)  Tiburma  pallescens
(Dustant) Liburma furcyfera (Horvath) Liburnta pusana (Distant) Poregrins mudis
(Ashmead) Sardia rostrala Mchchar and Nilaparvata lugens (Stal)—are already
reported  erght species—Sogata rhodes: Muir, Ghloriona paludam (harkaldy),
Coronacella Frikaldys (Mwir) Delphacotes albomtta (Matsmura) Delphacodes crawfords
Muic and Giffard I kyllodinus sauters Muse  Dicranolroprs murs harkaldy and

Drc pis cognala M reported here for the first ume from India and
the remainung,  one—SI nocranus aymerensts—1s a new spcaes A key to the
dentifi 15 gwven wh moare than one specics 18 described 1 2 single
genus
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MORPHOLOGICAL AND ANATOMICAL STUDIES
OF THE FLOWER OF HELOBIAL*}

ViReNDRA SiNGI
Sthool of Plant Morphology, Meerut College, Meerut

The present work embodies the results of nvestgation of 42 species
belonging to the seven faml, Py Najad; Ap

naceae, Scheuchzenaceae, Al B and Hydroch ac of
the order Helobuae

The vegetative anatomy of about 20 species has been attempted Vascu
lar eylinder of the stem <hows a Teduction series The awial position of the
cylinder 15 considered to have been attaned phylogenetically by a gradual
shifting of the perpheral bundles towards the centre of the aws where they
umte to form a single concentric ‘bundle

The basal sheath of the leaf 1s cither completely fused, adnate at the
base or completely free from the leaf base It 15 evident from the vascular
supply that the b sheath of ledonnus leaves 13 equiva
lent to the stipules of dicotyledons

A vamable number of small scale like structures—the squamulae mtra
vaginales are assoctated with the leaf bases  The squaraulae do not belong to
the leaf 1n who ¢ axil they appear to arise but they originate from the
surface of the internode separating this leaf from next leaf above The
tubers of P pectinatuas and rguitefohia have been studied
They develop at the tips of the stolons and are formed by the enlargement
of the cells of the ground tissue of the stolons

The vascular anatomy of the flower of three genera of Potamogetonaceae
has been studied While there are numerous biscxual flowers 1n a spike of
Potomogeton the number 15 reduced to two mn Ruppra  The umscxual flowers
of Janmchellia are described as axllary but vascular anatomy shows that they
termunate the main axis  The ¢ flower  of Potamogeton and Rupma which has
been considered by some authors as ‘reduced nflorescence 15 regarded here
2% 2 normal flower  Cx with our und ding of the flower we have
considered the ‘perianth as true pernanth and not as bracts or expansions
from the connective of the stamens The triangular outgrowth present in
between the two anther lobes of a stamen of Ruspia shows homology with the
perlanth part of Potama, eton

* Abstract of the thess approved for the degree of Doctor of Philosophy of the Agra
Uniersity

1 )I\{Immh contribution No 74 from the School of Plant Morphology Meerut College
eerut
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The vascular supply of a carpel of Polamageton and Ruppra consists of two
bundles—one dorsal and one placental strand Wile the dorsal bundie
extends up to the base of the stigma in Potamog ton, 1t only traverses for
about half the length of the carpel in Ruppra  The only bundle wa the carpel
of Zanmchell1a 13 used up 1n supplymng the solitary ovale

Three species of Najas have been studied  The male and female flowers
are represented by a single stamen and pistil respectively, aad are enclosed m
4 bottle-shaped spathe  In N grammea the stammnate flower 1s nacked  The
vascular supply of the gynoecium of Majas consists of a single bundle which
gwves off a very small dorsal trace i N fletiles before enterng the base of the
solitary ovule which 1s described as basal Tt appears that the so-called basal
ovule 1n Naas too as in many other cases, 15 a derived one  The presence of
two stigmas gives some mdication towards the pseudomonomerous and bicatpel
lary rature of the pynoccium

Three species of Ap of the 8! fauly A p
have been studied  Vascular supply of each carpel consists of a dorsal an
two ventral bundles  However in A distackson m addition to these secondary

margnals are also present

The three carpels of Aponogeton are basally and adaxally connate and
thus the gynoectum shows axile placentation 1 the basal region  But whed
the carpels become free they show marginal placentation Tlhe carpels 3t
open 1n young condition and thus they show some resemblance with the
prumitive ranalian carpels  The present study also substantiates the placig
of A close to Scheuct

The only member of the family Scheuchzenacea studied 18 Laloza suln
lata The flowers are polygamous Each perfect flower consists of Pemn"h{
segment 2 sessile stamen and a closely appresed carpel  The perfect Bower @
Lalaca has been considered by some authors as a secondary mﬁordccnci
consisting of one staminate and one pistilate flower FHowever the presen’
nvestigation shows that it 1s a normal bisexual fHower

The presence of three dorsal bundles m the carpel of Lilaea suggests “:
tricarpeliary nature and so called monocarpellary condition has been hw“i“
about by the suppression of two of the three carpels It appears logical
the ventral strand 1s the fuston product of the ventrals of the only lun‘l‘;’ﬁ
carpel  The apparently basal position of the ovule mn Lilaca 18 constdere!
denved one  The present investigation also gwes some suppott for re!
Ltlaca to a scparate famly

moving

The vascular supply of the perianth segments shows vanations lﬂ:’:
genera Alima Luromum Baldellia Limr ophyton and Sa,ttarsa of the A!umﬂtm"
investigated. {ftsma stands apart from other genera 1n that the mars! -
bundles of the inner penanth segments anse conjointly with thosc of the 0
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The numerous free carpels are arranged sprrally (Sa,ittarea) or 1 2
smgle whorl (4fsme and Lurouum) However 1 genera hike  Alsma
and Luronwum: the carpels are connate 4t the base Each carpel recewes 1ts
vascular supply from a single bundle which branches below the locule into
adorsal bundle and a ventral strand It 1s mteresting to pote i Alisms
that the dorsal bundle bifurcates at a Litle hugher up of 1ts orgin

Probably the achenes in the family the Ahsmaceae have been derived
from follicles ke those 1n the Aponogetonaceae and Scheuchzeriaceae  Thus
the basal posttion of the ovule 1n this family also appears to be a denived one

Only one species of the Butomaceae 1 ¢ Bufom ts umbellatus has been stud
ied  The penanthand the stamens remain fused with the gynoecium for some
distance and separate only at the Ievel of the appearance of Iocules of the
carpels  Thus the flowers of Butomus show a tendency towards epigyny  The
4% carpels remam coherent at the base for some distance but become free
higher up  Vascular supply of a carpel conssts of a doral bundle and

numerous branches of ventral bundles, the latter which are distributed on
walls of the carpe}

The placentation 1n Butomus has been described ar superficial  Since
the ovules are distributed almost throughout the inner carpel wall except
the dorsal suture Ty 45 considered thatin cases hike Bufomis where carpels
are free the superfiainl placentation might have ongmnated from margmal
Platentation by the unequal extension of the ventral surface of the carpellary
margins  The present study also brings out certam resemblances 1n between
But and Hydroch cae while on the other hand vasculature of

the flower of Butomaceae hardly shows any resemblance to that of
Alsmaceae

Ten genera (Ottelia Bootia, Hydrocharis Enhalus Nechamandra, Blyxa
Vallismena Hydnlls Elodea and Halopinla) of the family Hydrochantaceac
have been studied  'The flowers are generally uniexual with a few excep
tions fike Ottelig and Blyxa where they are bisexual  Scveral stammate or a
solitary pistillate flower 15 surrounded by a spathe

The perianth 15 generally 1 two whorls of three each but reduction in
therr s1z¢ number and vascular supply have been observed in different
8ICra mvestgated  In  certam genera hke Nechamandra Vallisnena and
idriliz though the perianth segmeats are present they do not show any
Vascular supply It therefore nteresting to note that during the course of
reduction the organ s not completely reduced but its vascular supply 1 lost,

Reduction 10 the number of carpels has been observed mn different
members of the famuly studied  While there are six carpels in Ottelia Hydro
charss and Enlalus, there are three m Blyxa Vallisneria and Hydnlla  In
Nechamandy, and Halophile apparently there are only two carpels The
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vascular supply of a carpel normally consists of a dorsal bundle and 2
ventral (placental) strand, which lie on differentradu  In some geatra
(Hydrocharis and Enhalus) secondary margmals are also present On the
other hand some reduction m normal vascular supply 1s also seen, while the
dorsals contmue only ‘or a very short distance in Vallusneria, they are totally
absent 1n Hydnlla

The placentation ss normal panietal 1n majonity of gencra but i some
cases such as Hydrochanis, Ottelia and Enkafus the condition becomes rather
nteresting since the ovary 1s incompletely divided 1nto six segments and most
of the internal surface of ovary wall except along the doreal suture, 13 covertd
with ovules

It appears that the bicarpellary condition 1 Halophila and Nechamandrs
has been brought about by the suppression of one of the carpels 1 the
ovary region  Smmuilarly tricarpellary condition mn the famly also appean
have been denved from hexacarpellary condition which stll prevails in several
genera of the fanmly  The present observation. reveal that the nectary i
Hydrochans 1s of “stylar type and represents the expanded bases of styles

The hydrochanitaceac 1 the only famuly of the Helobiae where the ovary
1s mferior  The internal region of the ovary wall 15 traly carpellary 1
nature Regarding the outer region of the avary wall whichhas been
centre of controversy the present observations give upport to append)cubf
view

An attempt has been made to trace the trends of specualzation®

pl m Helob The margmnal pl appears to be the bas!
d and specialization progressed from this condiwon along thee

different hines leading to axile superficsal and basal placentation Furtbe

pecial n axile pl has resulted 1n panctal placentation



STUDIES ON ANTHRACNOSE DISEASES OF MANGO (MANGIFERA
INDIC4 L) GUAVA (PSIDIUM GUAJ 4V A L) AND CITRUS
(CITRUS SPP )*

B B Sman
Govt Horlicultural Research Institute Saharanpur

The anthracnose diseases of mango, guava and citrus are world wide
m dustribution and produce varymg types of symptoms in different parts of
the world depending upon the humidity temperature and other environ
mental conditions In view of serous losses caused by these diseases i the
Saharanpur (India) region the present investigation was undertaken with
the object of studymng the symptoms caused by these diseases n this region
aswell as to find out, on the basis of detailed comparative morphological,
physiological and pathological characters of the various isolates whether
all these discases were caused by only one or several species  The physio-
logteal studies sclude the enzymatic and brochemmical studies of the metabo
lites which have not been studied sofar  Attempts have also been made to
find out control measures agamst some of the important phases of the dusease
on these frwt crops including the hitherto untackled phases namely the
frust spot of guava fru drop of sweet orange and the post harvest decay of
mange fruits i cold storage

In mango the disease attacks leates twigs flowers and fruts  When
cver the mflorescence 15 attacked and the temperature and humndity are
favourable for the development of the disease complete deblossoming may
ocqur  In humud places ke Florida Hawan and Cuba frust spots and fruit
drop are the most common symptoms of the disease which are rarely observ
edin Indsa  In this region  young and green frutts on the tree are ifec-
ted but the mfoction remamms latent and develops only 1n storage producing
brownto black, roundish spots varymng from 10 to 15 mm n diameter
which are scattered all over the fruit surface The spots are shghtly sunken
and several of them may coalesce to form bigger lesions The fungus also
attacks the stem of young il d | spots which

g;ad“““)’ enlarge and girdle the stem rcs:xltmg n the death of the entrre
Plant

. On guava the disease appears as brownssh spots on the ramy season
TUllS winter crop being free Both green and mpe fruts are attacked
Small spots of the size of pin head first appear on the unnpe fruits which
gradually enlarge and attan a size of 5 to 6 mm 1in divmeter They are
dark brown to black 1n colour sunkem crcular and bear minute black

* Abstract of the thews auboutted to the Agra University for the degree of Doctor of
Philosaphy
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<tromata 1n the centre of the lesions which produce creamy spore massesin
moist weather The diserse sometimes produces leaf spots and has been
reported to cause die back and dexth of the entire plant which has not been
observed 1n this region

Among citrus the disease 1s most serious on sweet orange and kaghz
hme causing wither tip of young as well as old twigs n both the cases asd
pre harvest fruit drop 1n sweet orange

Cross 1noculation studies showed that the 1solate from any one ofthe
hosts ¢an imfect all the four hosts mz, mango guava, sweet orange and lme

The cffect of temp and h dity on the develop of anthra
cnose spots on mango and guava fruits have been studied Onmango
the dsease developed from 10° 30°C , the spread being most rapid at 20° 27°C
On guava the mmmum temperatures for the spread of the disease on npe
as well as unnipe fruit were 10° and 15°C, respectively whereas the maxumum
and op es for the develop of the disease were 33 and

30 C, respectively in bath the cases

‘The maxumum <pread of the disease occurred 2t 96 1 per cent relative
humidity followed by 100 per cent At 75 6 per ceat and below, the duee
did not develop erther :n mango or 1n guava

All the available important varieties of mango and guava were tested for
thar resistance agunst the causal orgamisms Among the mango ranenes
tested Gopal Bhog and Taimuna were furly resistant, whereas Fazan White
was shghtly resistant and the rest were all susceptible ~ All the eight vincict
of guava and four species of Pisdium tested for remistance took the mfecton
but Apple Guav Red Fleshed was shightly resistant

All the four ssolates were capable of mnfecting Aegle marmelos, Coré
Ppapaya, Diospyros kak  Erwobolrya japonca Grewa asialica, Lintmt grandifiorart
Lupinus  hartwegn Malus slvestns  Matthwola sncana, Musa saprertirt Petams
Iybrida  Prunus perswa  Viols tricoloar mavima and Ziziphas uyiba wheseat
Ackras zapota  Ayerrhoa carambolla Carsssa  carandas, Phlox drummondity Fhyllat
thus emblica Ricunus commnuts and Tagetes erecta were not infected by any o
the 1solates

The growth of all the solates was best on potato dextrose 3gaf ::’d(
poorest on Czapeks agar except that of me 1solate which had the P""om
gronth on Richards agar  Sporulation 1n gencral was the beston®
meal gar followed by Richard s potato dextrose, Oats and Crapek s 2840

rese
The growth of all the four isolates increased shghtly with the ¢ "
lates contd

1n depth of the medium  The mycelial growth was profuse m p -
ing 60 ml of the medium whercas Sporulation was bestin plates cof
15 ml of the medium
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Tn Richard’s medium, sugar was the most important constituent of the
medium for all the four 1solates without which very little growth took place
Potassium nitrate was next to sugac in unpartance for all the 1solates, except the
hme ssolate for which magnesium sulphate was more important  The third

p € was Iph though 1t was least important for the

sweet orange 1solate  Potasium monobasic phosphate and ferre chlonde
were last i mportance though their presence was essential for thewr normal
growthin the Richard s medium  The sporulation 1n gemeral was scanty
but lme and guava wolates had profuse sporulation in the absence of

magnesium sulphate 1nd ferrie chloride tespectively

On modtfied Richard s medm contaming different sources of carbon
the mango 1solate grew best on media containing xylose whereas sweet orange
and hime 1solates showed their maximum  growth on maltose  All the 1solates
grew profusely on media contaming maltose dextrose sucrose  Yylose
fructose and sorbitol moderately on raffinose soluble starch  glucose
thamnose and imulin and poorly en manmtol dulet and lactosc The
sporulation 1n general, was profuse on sucrose fructose raffinose dulat
moderate on maltose glucose mannose xylose rhamnose stirch sorbitol and
scanty on lactose, dextrose wmulin mannitol as well as m media without carbon

All the four wolates of Colletotrichum sp were capable of derving thewr
mitrogen requirement from a variety of organic and mnorganic sources  All
the 1solates except the sweet orange had the best growth on the media con
taming potassum nitrate folloved by alamne The sweet orange isolate
grew best on alanine foll d by and p mtrate  The
growth of all the isolates on media contanng argine asparagine creatt
mne glycne kreatne valine ammomum mitrate and sodim nitrate was
moderate whereas on ammonum dihydrogen orthophosphte and ammonium
sulphate as well as on media with no source of mtrogen 1t was scanty

and mum p es for the growth

e
of the four ssolates was 10 ,25 and 35 C  There was no sporulation at 10
and 35 C, scanty at 15 G moderate at 20 C and abundant at 25 and 30 €

& The maximum growth of all the wsolates occurred at a relative hum
ty of 90 per cent followed by 80 70 100 and 50 per cent

They could grow at a pH range of 3 to 9 with an optmum of pH 6

5 The thermal death pomt of the culture of the four isolates lay between

0 58 C and all the 1solates died at 58 ¢ even when they were exposed
fr5 minutes The mango and sweet orange wolates were killed by 15
runutes exposure even at 54 C, whereas at 56 G all the solates were killed

by 15 munutes exposure

The pectinolytic enzy t e, protop polygal and
pectin hyl se were produced by all the solates mn culture as well
ason the hosts
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The coudia of all the four ssnlates did not germunate at and below 5°C
andat 40 C nd abore At 10 C the spores of all the isolates germmated
except that of mango The mimimum pe: ¢ for the g of
mango 1olates lay between 10 and 15 C  The optimum temperature for
grrmination of mango, sweet orange and hme wolates was 25 C, wherey
that for the guasa nolate 1t vas 30 C Tne comdia of all the wmolate
except the hme one germmated upto as high a temperature 2538 C. Tk
germination started after six hours m all the ssolate, the pereentage bag
highest i the guava wolate

The ogan: ms on all the four hosts can survive the varymng weather
conditions of Saharanpur for atleast a year and can prowide sufficient r.o-
culum for reinfection in the next year

On the basis of morphological physiological and cultural characters
1t was establshed that the causal organisms of anthracnose of mange gu™,
sweet orange 2nd lime in this region are the same thatas, Colletatn b
gloto toriordes Penz  who e perfect state 1s known to be Glom rellz angulet
(Stomem }S & v S

In order to check the anthracnose disease of mango 1n cold storage g
pre hanvest as well as post harvest treatments were tried  Expeniments have
been carrred out to control the anthracnose of mango by spraying the trees with
various fungpicides as 1 ell as by the application of various past harvest treat
ments mcluding the hot  water treatment, just after harvesting and befort
storing in cold storage The discase was reduced sigmificantly by spryed
the trees with 0-3% Fytolan Bordeaux muxture 4 4 50 or with 02 per oeat
Dukane Z 77 Trom the present studies 1t was found that two spraya”
should b~ given during ths flo ering period that 1s between February 254
March and thereafier prajing mas b started just b-fore the 01"t of m2

oon and continued till harvest A to al of about 8 sprayings were cemsarf
Asapost harvest treatment, a number of fungicides ke Flit 406, Funnt
copper Sodium orthopheny! phenate were tried as a dip with hitle su Lo
A2 percent oluton of Sodmm orthophenyl phenate checked the dueasty
but caused necrouc spots on the frmits thereby rendenng them useless 0
consumption  Exposure of mfected fruts to ammoma sulp‘xurdmudc carba2
dioxid~ gases or to hot air wasalsy unsuccessful in controlling the dlﬁ';"“‘
The most effectrve treatment was the hot water wheremn the friits Were kep!
at a temperature of w0 to 55 C for 15 munutes  The treatment did not ﬂfr“;
the appearance or the quality of th~ fruits and prolonged the hife of the {mfxcf
n cold storage at 910 C  to 8 weeks which could hardly be stored
about 3 wecks without thus treatment

The guava anthracno ¢ cau.es evere loss due to fruit spot on d;f ::::
eason crop It was considerably reduced by spraying the trees with ;c.;
03 per cent or Fungi copper 03 per cent at weckly ntervals mmmm;rr
from the Ist week of July and contmuing till hanest Bordeaux
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3 3 50was more effective 1n checking the diseasc, but this produced an
unwashable spot on the surface of the frutt whith reduced its market value

The wither tip and fruit drop oksweet orange was reduced by prumng
the diseased twigs in January and June The first pruning was followed by 2
sprayings of Bordeaux muxture 5 5 50 or 02 per cent Dithane Z-78 whereas
the second was followed by spraymings with the same fungicide at 14 days
interval till September

For the control of wither tip of Imme pruning of disease twigs was
carned out 1n June followed by spraying with 02 per cent Dithane Z 78 at
14 days interval till the last week of September Dithane Z 78 was the most
effectine fungicide, followed by Fytolan 0 3 per cent, Bordeaux mixture 5 5 50
Fung: copper 0 3 per cent and Ferbam 0 3 per cent






FACTORS AFFECTING ROUGHAGE UTILISATION IN RUMINANTS*

Niranyan Nata PanpiT
Assistant Professor of Ammal Husbandyy & Dauywmg,
Balwant Rajpat College, Agra

The mmportance of livestock to shoulder the burden of Indian Agrt
culture will remain of ever great significance To recondition and shape
the gemtal worth of some of our best ewusting stramns of livestock,
the provision for a balanced nutntion demands prionty Buffaloes—a
promusing  class of anmmals have excelled during recent years by virtue of
their square adaptabihity under the varable chmatic conditions as well as
high butter fat yield Among the many sided developments envisaged to
Uft this class of animals a study of the nutritional aspect 18 the immediate
need Tins study becomes all the more essential when the shortage of feed
supply and raprd multiplication of livestock are taken into consideration

The present day Indian economy does not permut the allocation of
more land to be put under fodders because there exists an 1cute competition
between man and animal for the same acre of land The Lvestock man
thus looks for guidance from the nutrinonist to  suggest means of wcreasing
the effictency of the coarse roughages which are the by products of gramn
industry and constitute the bulk of the raton The present study 15 an
endeavour 1n this direction wheresn 1t has been envisaged to study the Effect
of different factors on the utihsation of roughages m rummants

Pro,ramme of work
This 1nvestigation 1s spread over two parts —
Part I—Studies on the utibsation of nutrients m ntact ammals

Part II—An evaluation of the roughage utithsation i ruminants employ
ing fistula technique

Two levels of stipulated DCP—040 Ib and 080 Ib/1000 b body
weight o represent both the field and 1deal conditions were studied i the
tWo parts

ParT I

To begin with a prel y trial was conducted to assess the nutn
tonal statuy of the expersmental ammals at 040 1b/1000 Ib body werght
of DOP fntake The results showed that ammals were runmng
short of Ca 1o the ration and  therefore supplemeatation of mineral mixture

@35 gm /head/day was deemed necessary for the subs"quent experimentation
barnng phase VI

[ —
* Abssact of the thess approved for the degree of Doctor of Philosophy of the Agra
University
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The programme of study under this part was detasled 1nto six phases
as below —

Phase I 'The role of molisses as in energy supplement fed at two
levels o1, 2 and 41b /head/day n assoviation withlow D CP mtake (040
Ib DCP /1000 1b body weight)

Phase I ‘The role of molasses 2 an energy supplement fed at lavels
as m phase I 1n nssociation with lugh DGP  Intake (0801b D CP 1000
Ib body weght)

Phase I The effect of starch (sago) supplementation 4t isocalone
levels to molasses s n phase I 1n association with high DCT Totale
(0801b DCP/10001b body weight)

Phase IV The impact of urea substitution levels—25 and 50 per cent
replacements for cake proten in nssociation with molasses at gh DGP
mtake (0 80 Ib /1000 Ib body wieght)

Phase V' The impnct of uren substitution levels as part replacctments
for c~ke protemn asin phase IV mn association with mawze stuch at bagh
D CP intake

Phase VI The nfluence of mmeral supplements nz, Ca nd P
C1 and P with trace element mxture but devoid of cobalt and Caand P1n
addition to trace element micture with cobalt

Parr 11

The experimental variables remaimng the same as in Part1 under
this part of the investigation the extent of the dry matter and fibre utiht
sation—the latter measured 1n terms of crude fibre and  cellulose, 1 relatiod
to time, was studied 1n the rumen  In addition to these studes, tentat!
ohservations on rumunal pH and temperature were al o made

MATERIALS AND METHODS

conditiont

Antmals (male buffaloes) procured from the villages were o
d

for a reasonable period of ume on the college dairy farm and prepar
experimentation

Onc of the farm rused male buffaloes was fistulated for the €%

part of these investigations

Durning the whole course of these studies wheat bhusa constituted
sole source of roughage The protein need of the ammals was met (hmu;
rape cake The supplements for energy comprised molasses, starch (”‘C;L‘
and maize  The urea was tried at two different Jevels ag part replcem .
for comentional e1ke protein The ammals were gven free salt an‘:“;ﬁ
Asupplement  In phase VI Ca and P were supplemented throug! i P
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€aC0; and NaH,PO, 12 H20 Trace clement mixture was the one recom
mended from I VR T For the most part stindard AO A G techmiques were
followed However the fistula technique as sugzested by Van Keuren and
Hememann (1962) was employed  The cellulo ¢ 1nd the crude fibre 1 the
feed faecesand the rumen were foll g the method sugges
ted by Crampton and Maynard (1938) For the study of blood preture of the
ammals the techmque given by Napier ind Das Gupta (1935) was 1dopted

ResuLts
Part I The molasses as an energy suppl when ) d
with low DC P 1ntake did not alter the total dry mitter ntake of the animals
materially, although a ly lower p of dry matter through
wheat bhusa occurred  The apg g infl of the mol as suggested

by some earher workers was not visible at low level of D CP intake However,
the supplementation  of molasses with high DCP not only enhanced the
dry matter mtake but also affected a sigmficant improvement n ais
digestibility

Replacement of molasses by stirch (sago) on nocaloric levels resulted in
an msigmificant fall both 1n the dry matter int1le as well 15 1ty digestibility
suggesting thereby a parnity in between the two sources of energy  When cost
18 2 consideration molasses will score over stirch

With the replacement of cake protemn by uret 2t 25 1nd 50% levels m
association with 2 1b molasses an insigmficant elevation in dry matter mntake
occurred  This mcrease however was accompamed by 7 proportionate
decrease in ats digestibility  This status quo continued even when the energy
supplement was changed from molasses to maize

With both molasses and marze 259, urea substitution gave consistently
better results than the Tugher level (50% R )

Victually no moprovement with regard to the totil dry matter wintake
%33 noted when munerals were supplemented  although the digesttbility of dry
matter mdicted a positive response  which was more mrked with Ga and P

supplements alone rather than the additional fortification of the ration with
trace munerals

TheSE consumption of antmals was significantly more when molasses

‘;’E! the energy supplement A proportionate increase was noted n TDN
b Ob dthn the level of supulated DG P was rused to 080 Ib D CP /1000
Hu\\: yweght a positne response for increased energy consumption resulted
« ver when the source of energy was changed from molasses to starch
2g0) on nocalorre levels no supplementary effect could be noted This

2za
S4n sigmifies that  starch elamms no superionty over molasses as an energy
3upplement
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Substitution of cake protein by urea when associated with molasses did
not fluence any matenal Alteriton inthe energy intahe, although an g
ntficant incre1se with the two expersmental groups resulted I combuation
with maize the same substitution levels affected a slight 1mprovement notably
m case of lower one (25% Ry The toxiaty of hugh urca mtake was guessed

The supplementary intakes of € and P through CaCO, and NaH,
PO, 12 H20 nfuenced 1 marked posttive change i the energy consumphon
This improvement receded with the inclusion of trace element muxture with
ar w thout cobalt i the ration

Witk low level of DOP mtake {0401 D CP /1000 1b body weight)
sigmficint ymparment 1 the fibre unlsation occurred when high Il
of molsses (4 Ibfhead/day) was ncluded m the ration With lower
Ievel (2 1b fhead/day), h , an ficant mpr was noted
This mmpairing nfluence of high ) ppl ation 3 d
above could be cheched by ramsing the level of D G P 1n the raton

The Iugh level of D GP remamung the same, replacement of molastes
by starch on 1socalonic bams depressed the fibre unlization although the
men differences swere snsignificant

A wirtual improvement 1n the fibre  digestibility  occurred when ured at
Jower level (25% R) 1n association with malwsses, was meluded i the raton
The higher substitution fevel (509% R) was found to be refatively less efficient.
Tn association with maize however both the substitution levels resulted i

, though fi improvements

Mincral supplements  particularly Ca and P through CaCOy and
Nal,PO, 12 H20 matennlly improved the fibre digesbulity when assorsated
with molasses This improvement was considerably masked when trace
element muxture with or without cobalt was also mcluded i the e

At lower level of D G P intake consistent and positive respomse mibe
digestibahity of crude protien 1nd 1ts subsequent utihsition with the mcrcnsu‘;g
fevel of molases supplementition was noted  The digestibality of uu;
proter mncreased sigruficantly when the level of stipulited DCF sntake “m.
rassed from 0 40 10 0 80 1 /1000 1b  body weight The mcreise i digests
bty which wis an proportion to the level of encrgy supplement alo, 422
mvanably necompamied by lowered biological vatues

1s
As against molasses supplementation starch (sago) at seocilonic I“';y
mdicated decreased digestibility of crude protem which was accompant rop
an merewe 1noats ulilisation  thus  establshing the same logreal refation®
bet i hd !

hen
‘The substitution of urea at 25 and 509, levels for eake protewt

e
accompimied by molasses indicated A proportionate inerease i e d's"u
Iality of crude proten  The subsequent unlsation, however, C¥pres
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aregular trend  With the ingestion of muze starch  fed 1socalone to mola
seet levels the mncrease in the digestibulity of crude protem remarmed unarres
sted The subsequent biological values however, indicated a fall thus,
confirming again the mverse correlation b d bility and the brol 1
values

Significant impairment m the digesttbihity of crude protemn was noted
when trace element mixture with or without cobalt was included in the ration
Such 1ll effects were not visible when Ca and P together constituted the only
muneral supplement The imerse relation between digesibility and brologt
cal value was once more affirmed

As aganst control or the high level of molasses (4 Ib jhead/day) the
lowerlevel 1 ¢, 2 Ib fhead/day amproved the digestibility of crude fat when the
DCP level was loww  With an werease in the D QP level, however a fall
i crude fat digestibility was noticeable  Thus fall, whaich remamed unabated
even with the energy change over from molasses to starch (sago) was pro
portionate to the level of energy supplements

Irrespectve of the source of energy supplement when urea at  different
Tevels (25 and 509% substitution) was included n the ration, an apparent fall
w the digestibility of crude fat occurred This depression was nvariably
asociated with the lowered mtake of crude fat in the two experimental
groups as the cake—the prineipal supplier of fat—was replaced by urea  In

general the studies conclude  that higher fat intake accompantes higher
digestibility

Taclusion of munerals along with molasses did not put n any materal
advantage for crude fat d; \: 1t} h the suppl of cobalt
had a posive Tesponse

Irmaspective of the level of DCP  ntake sigmficant differences were
observed 1n the digestibility of both TCQ and NFE  whenmolasses at 2
2nd 4 1b fhead/day was included m the raton Sucha trend underwent
almest no dewiation when molasses was replaced by starch (sago) on 1soca
loric levels  The starch supplementation however did not indicate any
sigmficant difference 1n 1 means as d to control

A fall 1n the NFE digestubihity was witnessed when urea was substitu
ted partly for cake—the low level of molasses intake remamng the same
Th“POSIﬁon, however could be restored when molasses was replaced by

maze 509, substitution of urea was not of any benefit even when assoia
ted with maze

Marked 1mp: 1 the d bility of total carbohyd occured
with the supplementation of Ca and P in association with lower level of
molasses  This improvement underwent partial regression with addiional
supplementations of trace clement mixture with or without cobalt
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The mgestion of molas es was myrably accompanied by negative Ga
balances which continued to mount with the passage of time solong &
molasses was a component of the ration A chinge in  the source of energy
from molasses to stirch restored the situation appreciably  This suggests
with reasonable emphasts that there 15 something n molasses which mterferes
with Ca aborption The utihsation of these twe mneral constituents
usually showed 2n wmverse correlation

When urea was included 1n the ration, the posiion with regard to Ca
and P balances got reversed  The positive Ca and negative P balances were
characteristically marked in assocratton with molasses This indicates that
the nterfering effect of molasses on Ca utilisation can be obviated by inclusion
of urea particularly at the lower level of substitution This encouraging
effect of urea w1s mashed when molasses was replaced by matze, the ammals
going mto negative Ca balances agan and showing tendency to recover from
negative P balanee

The mincral supplementations t1z,, Ca and P, Ca, P and trace element
musture without cobalt and Ca P and trace element mixture with cobalt
i assomation with molasses 1mproved the Ca balances markedly wnd P
brlinces sparmgly  Muamum advantige was noted n cuse of CajP sup
plementation 1lone

No sigruficwnt variations in the haematological behaviour of the anumals
due to experimental viriables were ol erved

Part I At0401b  stipulated level of DOT sntake mrumum dy
matter 23 well 15 crude fibre digestibility was observed with 2 1b smolasses
supplementation  Higher level of molasses (4 Ib fhead/day) depressed the
digestibility of alt the ganificantly No ad could be et
even when thelevel of D CP was raised

‘The digestibality of both crude fibre and ecllulose was marhedly 1mproved
when 25°) of cake protein was replaced by urea and associated with 210
level of molasses  With 50%, replacement a regression mn digesubihity of these
constituents cnswed  Associiting muze 1n place of molasses 1ndicated C"l‘““y
beneficial results with regard to digestibility of dry matter and the fibre
50% replacement of protem by urea alon,, with marze was cqually effective

Fhe digestion of dry matter and cellulosc was matkedly improved when
molasses at 2 Ib  level was associnted with Cr and P supplcmcnmuﬂﬂ
Further supplements of trice elements depressed the fibre digestibility but (he‘
mclusion of cobalt improved 1t considerably The findings revealed tha!
cobaltasalso Caand P are mumately associated with the cellulolytic aenity
in the rumen
manmus

Dunng the course of these observations, 1t was scen that r
terval O

stufts in dry matter ind fibre digestibility occur within a  tme 30
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24 to 48 hours with a declming upward trend upto 72 hours after which
the values mvarably level off

The pH of the rumen ws noted to shift above the neutral pomnt with
the inclusion of molasses 1n the ration  The values reconciled when other
sources of energy nig , starch (sago) nd muze were broughtin  Minumum
pH was recorded 1 case of the control No conclusive variitions counld be
noted withregard to the rumen temperature

From the expenmental evidences githered during the course of this
study, 1t may be safely concluded that molasse s the cheapest yet efficient
energy supplement  However, one should get famlinr with  the implications
of1ts mcluston 1m the rations of rummants Tt mvolves a few very vital
considerations

A provision for high level of D CP intahe and supplementation of Ca
15 mevitable to get the optimum results from molisses supplementation Since
tuigh level of D G P may ivolve prolibitive cost 1t can be replwced by 25%
urea without undermuinmng the cfficiency of molwsses but tn such a case
both Ca and P wll have to be supplemented to prevent the ymmals from
ranmag mto negattve balances 2 1b of molisses as 1gamst 4 1b fheid/day
has proved more henefictal On the basis of totl dry matter intake molasses
can safely contribute about 12 09, to dry matter which for practical purposes
comes to 1 1b of molasses for every 8 31b of dry matter ingestion






CYTOLOGICAL CYTOCHEMICAL AND HISTOLOGICAL STUDIES
IN EXPERIMENTALLY INDUCED CANCER OF CERVIN IN MICE*
{Witit CorrerATIVE STUDIES ON HUMAN PATIENTS]

Dr {km) Usna Kemar
Departm nt of Pathology, Medical Colle e, A ra

Carcinoma cervix 1s the commonest malignant tumour 1t Indian women
Epidemiological studies have yrelded interesting findings ¢ ¢ the age incrdence
being a decade earlier than in the women n western countries, and majonity
of the cases when first seen m the hospital are n an advinced clinical stage
beyond any useful surgery or radiotherapy Tollow up studies have shown
that 1f these cases are detected at their earliest stage {or premmvasive stage)
when clintcally the disease 15 symptomless the prognosis 1s very encouraging

In order to save humanity from tlus scourage 1t 1s absolutely essential
to investigate the possibthty of early detection of this disease  Study of
vagmal smears for exfoliated cells affords such a techmque which 1 reason
ably relable comparatvely easy of performance and agreeable to the pitients

The ‘rological behaviour of cervical carcmoma 15 stil not clearly
understood  However there 1s umwersal agreement that it anses from an
atypical or dysplastic epithellum and not 1n a normal epithehum  To have
a real preventive approach against cervical one has to te
on these epitheltal atypias and prenvasive stage

Thestudy of the nature of these epithelial dysplasias has thus attracted
considerable attention of cancer biol in recent years LDach of the
cervical dyaplasia presents a different biological behwiour depending on
5 age of onset and seventy of the process Furthermore 1t 15 not clearly
understood at this stage that which of these would progress persnt or regress
when followed for sufficient length of tme For the better understanding
of various earher phases of cervical carcinogenesis and the resulting
morphological changes m the cervix 1t n e sential that the natural history
of the discase be studied in specially bred mice which show a striking bio
logic and pathologic resemblance to human cervieal carcinomn

A correlative study m human cases of cervical epithehal dysplosias and
cervical carcimoma ws also carried out

The work reported here consists of —

1 Experrmental studies

2 Studses on human cases
—_—

* Abstract of the thes s approved for the degree of Doctor of Ph losophy by the Agea
Unwersity
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Expennmental studres

Mice cervices were panted with 3 4 henzpyrene for varying length of
periods, after winch the punting was discontinued and animals followed ull
thair sacrifice or dewth  Smears from experimental and  control muce were
stained with Papameoliou s stauing techmique and various non enzymatc and
enzymatie cytochemical reactions carricd out  Fresh  cellular samples for
phase contrast microscopic studies were collected A total of 4,000 yaginal
smears were stucied each by Pap lau g and cytach 1 strntng reactions
Papanicolaou s stamed smers were subjected to detuled cytologic differenual
and cytodifferenual counts

(1) Cytologic studies revealed changes i the morphology of exfoliated
cells in the vagmnal smears duning various phases of experimental caromo
geness  On the basis of both cytelogic and lustologic changes the following
distinct fesions were recognized —

(2} acute nflimmanon of cervical and vagnal epithelium

(b} epithehal dysplastic changes—these were graded according fo the
seventy mnto mdd dysplasia or dysplasia grade I, moderate dysplasia of
dysplasia grade I, and marked dyspla 1a grade 111

{c) intracprthehal carcinoma

(4} 1nvauve carcinomn

All the mice pamted with 3 4 benzpyrene <howed dysplastic change
On following these anumals il therr sacrifice or death 17 of these e, o2
per cent belonging to group A developed nvasive carcmoma after 3 fatent
period of 8 to 33 weeks of the experimental study, 8 1 ¢, 10 per cent belonging
to group B developed pithelinl carcnoma followng 2 latent perod of 8

to 19 weeks of experimental study

Intracpithelial carcinoma showed 2 shorter mduction period as compared
to invanve carcmoma  Yield of both intracpithelial and 1nVanVE carcinoms
mnereased with the mcreise i the period of circinogenic treatment

7 mucere, 8 7 per cent belanging to group C, progressed (o hughergrde®
of dysplasia 421¢ 52 5 per cent of group D showed pcms\cntdysp!uucchans”
tll the time of their sacrifice or death and Jastly 6 ymee s ¢, 75 per €
group L showing moderate dysplastic changes regressed eytologically and husto
Jogically 1o norma}  Nont of the mice showing marked dysplastic chung;
regre.sed 10 normaliyy  On the contrary the ¢ avambly progresed
PrOINVASIVE OF INL3SIVE CATQINOm

(2) On carnang out detuled eytologic differentsnl nd ﬂ)“’d‘rmﬂﬂuI
counts some smportant differenres were discerned  between the couﬂ“‘nl
varous groups of dysplisins wiich showed varied biologieal Mm\|ourmP
follow up studies rie  group  A—~—Dysplusta—»Invasive carcinomd, B
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B—Djsplasia—»Intracpithelial carcinoma Group C—Dysplasia—sprogressing
group D—Djysylasia—»persisting and group E—Dysplasia—sregressing

There was a statistically significant difference in the number of malg
nant cells m group A and B Sumilarly, the number of spmdle shaped squa
moid cells differed statistically in these two groups

‘The mterrel Tup b various p of cytologic differential
counts between various groups showed that the abnormal cell counts were
helpful m differentiating the prognostic viewpomt of the cervieal dysplasias
Abnormal cell counts in the vaginal smears showed significant difference bet
ween groups A & D, B & D and C & D, whereas these counts were more or
less simdlar in groups A, B and C

Thus those animals which ultimately progressed to invasive or premvasive
carcinoma or to higher grades of dysplasias showed simular cytologic differental
counts, which were different when compared with the counts of those antmals

who revealed persistence of dysplastic lesions without sigmificant progression or
regression

Among the cytodifferential counts of the various abnormalities m the cells
macronucler hyperchromasia macro and multiple nucleol, number of spindle
shaped squamond cells and the chromatin pattern of the cells were found to be

most helpful m establishing the diagnoss of dyvplasiis or premasive or mvasive
carcinoma

(3) The significant cells encountered 1n ammals with mtraepithelal
carcmoma were the mahgnant basal cells atypical parabasal type of cells and
small basal type of cells showing atypical cytoplasmic keratinization  Along
with these the general cellular pattern of vaginal smears 1 these anmmls
helped to differentiate wtraepithelial from invastve carcinoma

Histologically the whole thickness of the epithelium showed neoplastic
change lmted by an 1ntact basement membrane 1 all the anunals except in
one 1z, Mouse No 11 with well differentiated intraepithehal carcmoma
where some degree of superficial surface keratization was recognized

(#) Amongst the non-enzymatic cytochemical reaction there was a
gradual mcrease of DNA and RNA and DNA (later more constantly) duning
Progressive experimental carcinogenesis  Amount of glycogen polysacchandes
and disulphide groups showed a gradual decrease durmg progressve eXpers
mental car: except that disulplude showed strongly positive reaction

when epithehal pearl formation wis present  Sulfhydryl groups gave irregular
reactions

Amongst the enzymatic reactions practically all of them showed a quan

t
Malive mcrease during progressive experimental carcinogenesss  being more
Pronounced with acid phospl Fosnk 1

d gl dase and esterase

Phosp
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(5) Phasc contrast mmcroscopie studies revealed similar stages of develop
ment during expermmental circinogenesss as seen with Papanicolaou s staimn,
techmgue  Ths method was found uscful m the rapid interpretation of fresh
cellular samples with practically the same accuracy as by the Papinicolaons
staning techmque  Houwever it way considered useful as a ramd screenin,
procedure rather than a repl for Pap: laou s staning

Studies on Human cases

33,095 women with or without gynaecological symptoms were examied
for detatled chunical lustory, sngle or muluple cervical smear examnation
by Papamcolaou s techntque and cervical biopsy studies whenever indicated
A total of 36,955 smears were studied

(1) Out ofthese 649 cases were detected to be of cervical carcpoms,
erther by cytology or by cytology nd biopsy both  The age peak wadence
of thesc patients was between 46 50 years Farly marnage carly age of
fist childbirth and multpanty scemed to be of ctiological sigmficance
Dleeding per vagina was thc commoncst svmptomatology  Majority of
the patients were first scen 1 the chincal stage 111 and IV 68 patientss ¢
(104 per cent) of the cases were not  suspected of malignancy on chin
grounds and were diagnosed s cases of cervical erosion Hstologucally majo df
of the cervical earcinoma cases were epidermord carcinomas, prcdommlm’)
grade Y11

(2) 693 cascs out of the total women screened revealed dysplastie
changes 1 thesr cervical smears 136 of these e, 195 per cent were as0
ciated with pregnancy at one or more occasions  Dysplastic changes B¢ ¢
dwided into three grades vz, mild dysplasia or dysplasin grade 1, moderz ¢
dysplasta or dysplasia grade I and marked dvsplasia or dysplisa grade HI{
depending on ther severity of cytomorphological and Tastomorphofogica
charactenstics

Gradual increase in age mcdence of patients with increasing grades of
dysplasias pithehial  and car was found EeflY
marnage, early age of first cluldlurth and multipanity scemed o be frequently
associated with cervical dy plastic lesions  Duscharge per vagma Wi e
commonest symptom present n these cases and next common being lecding pt
vagina  Mvyonty of the cases 12 53 9 per cent gase 1 chimeal mpression °
cenvical erosion  Interestingly 21 3 per cent showed healthy Jooking “mo;
and 6 were suspected of malignaney  Histologieally, dysplstie lesions ng“aﬂ
1T were seen most commonly ¢ 1 60 5 per cent of cases A close <:a'rt11“‘xc
was found 1n the cytologtcal and hnstologieal diagnoses of grading dypts
Tenions

(3) 10%ca es of cervical dysplasia were followed up for varyng l‘:$
of prriods  Corresponding 1o the groups . experimental study ?l}hgnw

A, B, G, D wdl, the human cases also shoned dullerent Iologica
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of these dysplastic lesions on follow up studies 5 cases each progressed to
wnvastve and ntraepithehal carcinomas 11 to higher grades of dysplasias, 68
showed persistence of dysplastic changes and 15 showed regression of dysplas
tic changes

(4) Varous cell types and cellular pattern corresponding closely to that
observed mn expenimental intraepithehal carcinoma were seen mn human cases
Histologieally the whole thickness of the epithelium showed neoplastic changes
within an intact basement membrane

(5) Cytologieal differential and cytodifferential counts showed smmlar
observations as scen mn the experimental studies
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FRACTIONAL INTEGRATION
AND CERTAIN INTEGRAL TRANSFORMS*

Jao Monan Gnanpra Josmrt
Head of Mathematics Department Govt Degree College, Pithoregark

In the thess on Fractional Integration and Certain Integral Trans
forms we have discussed the various properties of the transform
£{-+q+1)
CENY =——td T
O P& =amiern

Rl
X [ () Fy (B, ettt =) SO) b
0

®

whose nucleus has been obtamed (in the Introductory Chapter) by using
properties of hober s Operators of Fractional integration

We have also used fractional mtegration and differentiation to develop
the theory of generalized Hankel transform

@ 1= (T () o e
0
and

) F Q=60 e ro)d
]

In chapter one we have given 2 bref account of the three ntegral
transforms 21z , Laplace Steltyes and Hankel and ther generalizations with
which we have been concerned i the course of our mvestigations We have
also defined op of fractional and differentiation which have
been used to develop 1 Kernel for transform {1}

In chapter two the following theorems have been proved
Theorem 1 1f the mtegral
(6) F () =FEFat])

©) =Tt g+

X §® (PB4, atfntl —0) 24 0)
0

:{m\lﬂgcs for x=x, then 1t converges for cvery v provided that Re 80
¢ 7>0 with an addtional condition Re x>>Re x, m casc a=0 or Re #<0
* Abstract of the thens approved by the Agra Umiversity for the degree of Doctor of
Philosophy submatted 1 1063 0 "
1 Home address—Sjo Dr § M Josh: Ranikhet (India)
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In the latter case, we also have
[ (B+y+1)
T (a+B+n+1)
«© 8
% f % @) B Bl akBndl,—0) 4 ()
0

et N (e s 9
]

where
Fy (a1, b41 —xp) ,F, (a b —x,5)—~
nea=t Y e ey e b-m)
LFy (g, & —x, )%
a=ptn+l,b=ata

and (Bt
__r 1
$0) = ForpratD
¢ B
f (#03) 1Fy (B4n+1,a4B4n+1,—52) d¢ ()

0

Theoremt 2 If the ntegral (1) converges absolutely for xe=s, then l;
converges uniformly provided that Re §30, Rey>0 with an addiona
condition Re x=Re x5 1n casc a=0 or Re x<0

Theorem 3 1f for some real number &
sr=0 (71+178) oy

{s) when Rex>0 or
FO=00"FE) (o)

(si) when Re 2<<0 or a=0 or both then the integral (1) conveEs dr:t;
&>0 under conditions (p) and for Re x2>§ under conditions (), prov
that Re 20 Ren>0

\
Theorem 4 1f the mtegral (1) converges for x=x, then provided 12

Re §20 Re >0
=0 (1)
if Re x>0 or

s0r=0 (2B rRe 5 )
if Re 2,>0, e=0

g
In chapter three the following Abelian theorem has been proved for
transform (t0)
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Theorem 5 X (19) converges for >0 then for any constant A

Lim Lim __i(}')_
xs0 ¥Te—B _alS -0 ,]V'l'“—ﬂ
-0 y->c0

-4

Provded that Re 80 Re >0 Re (8+74+1)> Re (3+a)>0and
¥ ()=0 (J_ﬂ) (=0
£ (@tn+l—)
YRSEE = Tk ~y—aT T (v

In chapter four the following complex 1nversion theorem has been
developed

(rha—p) !

Theorem 6 1T F (¥) 15 given by (1) then
1ONH U=

_1— Lim A r(aty+s)
oy RS T BH=-HT 1)

¢ (I)sjmx_" F(x) dx
0

e
where

Provded that 71 (1) GL(0 )
IR () EL (0 ), (S=ct17,—n<r<0)

( 0;’ (1) 1s of bounded vanation 1 the neighbourhood of the pamt =y
J>!

F0=0 ( £ PRe p0 (10)
=0 ( :‘”) Re >0 (t->w)

Chapter Five deals with a singular mntegral and a real inversion theorem
We prove

Therem 7 Ifa< a4-§< b, ¢ (3) G ¢
(a<y<ats) ¢ (a)=0¢ (5)<0
13 non decreasmng 1 {2y <) then

b
S0 e b P _mony (@it

a

Theorem 8 Ifa<a4-£<b, ¢ (3G ¢ (a<<y<a-+£) ¢ () 1s nondecreasing
::(GQ@J. $ (0)=0,¢ (a)<0
en

. -
L ()B—ay_néla) ,,5—"(7‘6«7)%

a
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Thorem 9 I a<at8<b & (5) € ¢ (a<r<a}-8) $ (8)=0, ¢ {g)<0
& {7} 15 non mereasing (a<y<8) ¢ ) € L (aKr<h) ¢ (@) #0
0= f7 18 (=9 (@ 1u=0 (y—a) (e

a

f 400 % 0Ly @ P 7o *

{n-><0)
Theerem 10 If £ (5)@ L (1JR<y<R) for every R>1

0 —
f F(5) ¢~ dy converges for a fixed ¢>0
1

1
f 5" £ 5) dr converges for fixed
o+

ST U@-S@1a=0 0530 (>
then

B—atn+1 o0
1 " —z  f-uin 1)
=TT ) { =2y fuwﬁ{t( 4

Theorers 11 18 £(5) 6L 0<y<R for every postnc R and 15 53tk
that the mntegral (1) converges for some x(=x, say)
Lim

then norco Rnt [FADI=11)
for all positne f:n the chtsgu: set for f(3) where

— g (~n) s +BH1Hey
) I e
Qo Ftl= L

«D Py

)

n

X =
Theorerr 12 1 (1v) converges then, provided that
Res20 Ren>0

Lim A gy 4900) x
=0+ TriT+p—a) r (Bni2ati+a) ,u+ﬂ

(-4
x [T TEE( Brnimitorprnttal, — 2 P OIY
[}
aT (B4n) T (nt+n4]) "
T (a1 +8—-a) T {edn+nt])

0+
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Theorem 13 If  (5) 15 a normalized fi of bounded variation n
0<y<R for every posttive R and 1f the integral (1v) converges for some
x, then

=y 0 , Qo G &= hle)—$(0+)

In Chapter Six we have thrown generalized laplace transform (1) mnto
the form of 2 Convolution transform in order to obtain an mversion formula
for the same and have proved the theorem

Theorem 14 1f £ (1) GCB on O0<t<<oo and if the integral (1} converges
then the relation
L (™ gl f o)) —a p{—n-D) kst tntl
R0 (n+2+f—a)
D(n+1)[ x_’F(x)J l wnft )
holds for 0<x <o

In Chapter seven fractional integration has been used to obtamn inversion
and th for the form (1) We have proved

Theorem 15 Let f(3) GLp (0 o)
Igp<em x>0 If u>—1fp B>—lfg When a>0 when a>0and
7+a>—~1Jp B> —1/g when a<<0 then Iq+u _q [# (0] cxssts and s equal

to F (x) where ¢ (x) 1s gven by

o
$0=f ) Vre
0
Theorem 16 Let f(5) GL (0 o) l<p<oo m O<y<R for every
positive R If integral given by (1) converges for x>0 and 7>—1/p when
>0 and g+a>—1/p if a0 (B> —1fg n both the cases) then for almost
all positwve ¢

i Qo { 1y o (F@)} =/

Theorem 17 ‘The necessary and d for a
F(x) to have the representation (1) with f () belonging to Lp (© )
#212>0 B>—1/g and with 7> ~1/p when >0 and n+a>—1/p when
o<boarel L FOI=¢ @
usts has dervatives of all orders m O<ct<<co and vanuhes at mfimty and
there exist constants M and P (p>1) such that

I Q. , { ¥ () } ’ dari—n)
[1]

£
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Theorem 18 IfF (%) has the representation (1} with the conditions
S(9) €Ly (0, ®), p=1 x>0 f>—1fgand 9> —1/p1f a>0 or p4a>-1p
1f a0, and 1if the {ractional denwvatives or integrals Iﬂ ta —oIFGN

1

S

Theorem 19 If the function F (x) has the representation () with
S @Ly (0 ) p =1, x>0 p>~—1fg and p>—lfp of a>0 or 7+e>
—1/p1f a0 then
14 o
a={

Lo fwlo.n fra )
0 o

Theorem 20 If the fractional dervatives or mtegrals I"I tay—a—t

{ F(x)} exasts forr=10 1, 2, then the mtegral 1n condition (A} of theorexs
18 and 17 can be replaced by

© 13
{ ir(ﬁTn = A, (3) Topaymanr] r ()] ,”

where
Ar=n_ (B+n) B+n+])  (Birtn—r—l) (=01 oD
Ap=1
Theorem 21 If £ (1) 15 bounded n 0<t<co then, provided that integral
(1) converges
fo=12q  F

for all postive ¢ provided that Re >0 Re B0 where Q gy [F(x)] 18 defined
by the relation

Fi e =) Bdnt] _t{_"{ ~F Fiy }L
Quy {F()} T (h) 5 P F( ot
Theorem 22 The necessary and sufficrent condition § that :f‘;::
function F (x) may have the representation (1) with f () bound! 10<
Re 8220 Re 90 Re a<0 arc that F (x) has derwvatnes of all orders ¥
2, F (x)>0 as x>0
123 1 {F(%)}|<M for all n (0 <t<0)

exusts then

R i RPN
0

Fase | f(t)}I d

vel}
In Chapter Exght we hate found outa new generahizaton of the ™
known Stieltyes transform -

o]
s e={ {-gl-d;

4 »
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1 the form
P (B+n+1) T (B+D)
®) S-S

©
) f @ F F (Brotl frL et —2) r6) &
0

named asDr S M Joshts Generahzed Sueltjes Transform after my
father who instilled 1n me leve for research  We have also found out an
wvertion theorem for (vu) usmg 1t to obtan an inversion theorem for the
transform (1)  We have proved

L)
Theorem 23 1f$ ()= f ETE (1) dv
]
where F (x) 15 gven by the convergent integral (1)
then ¢ () =—TBt7l) 1

TettadD) 5

©
£\—,
jo' R e R R R F L
provided thatRe 820 Re 40 and (a+B+n+1) #0 —1 -2,
Theorem 2¢ 1 f (s) G C B on O<s<w and 1f the integral (vu)
converges then the relation

L) T (z+a) setapl—a—1) g—e pl+l) g— B+

O T AT (4D
DO+ 2t pg1 403 (8) = £()

for all positive 5
Theorem 25 1f f (5) @ L 1n 0<y<eo and of f(x) 1 defined by the
convergent mtegral (1) then the relation
o0
—sx a—1 —g—e—1
Lim ()" ¥ (a—1+a) e s e x
P Pl T A a—Di (1) 0

D (= a5 () Bttty () (PR & =f(9
holds for all positive values of 5
In Chapter Nine we have defined a nization of Laplace transft
xTn‘Wo vanables known as Dr § M Joshi Generalized two vanable Laplace
T2nsform  We have given a comvergence theorem for it together with
certam rules 1y, o al caleulus for ths fi We have proved
Theorem 26 f the mtegral
F(sq) ={ {B-+n+1) 2
T (e+B+n+1)

© o
x{ .,Or 1By (84941, a4 B+n+l,—2p) X
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X Fx (Bnt, o bBatLi-y0) (w0 £ () dedy
converges boundedly at the pomt (g o) then 1t converges at all pomts
(5, g) provided that Re 20 Re >0 with an additional condition Re {p—p,)
>0 Re {g—g0)>>0 1n case a=0 or Re p<<0 Re g<0

In Chapter Ten we have used operators of fractional integration and
differentiation to develop the theory of Generalized Hankel transforms (2) and
(3) wnitten n shghtly changed forms

(vin) F () =(§)’\f°° (XJ)'\+§Ji): (71-*: J’)“f(}) d
[}

EH’A‘_*_*, Af(J')

00
W F@=f wfwse
0
= "‘;] AN

we provc

Theorem 27 If n1s a pomtive integer

SER=0 (%) (x-0)

0 (F) (o)

@ F@+HE 3 T o =13, , F

G = I;+§' 2 F then

G =l T @i
provided that 3

M e +5>0, 04 30 BH1<0,0<p<I

R

® Fow By o a0

= nT —nt =H*
G= ki, R O=hf,, FienG=HY,, ¢
1

Theorem 28 T F (x) 1 guen by the relation () and f (5) belongt
L, (0, o) then T {x) exists and also belongs to L, (0, o)

Theorem 29 If 115 a positive anteger 0p <1,

S(NEL: (0 ) and T=# fg=1 Yo
LI

G =17 _ Fthen G=p*

7" 2 b, 2+t Do
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() F=ril
Aem M Gt S
g=K75 f,G=K7 T then G=h
_’\_,n An LAY
b1 Z 2
Theorem 30 If g (1) @ Ly (0, 00) and <0 g; ()€ Ly (—co, 0)
Also of (a) G =uk £
S A (e
then the funcnonsf=(l.§ )—lg and F=(I'§ G
~2_,n ~2—‘"
exusts belong to L, (0, o) and F=Ix; f

-

2

{8} G=h 's gthen G, (x) § L, (—w, co) the functmm[:(l\}',n)“‘lg
Lon A

2 2
and F = (1\.;' }1G exusts, belong to L, (0, c0) and F=h/{"
5 Sp—T
Pprovided that 1n both the cases Re (A)~—1 RAGRR
Theorem 31

1f the conditions of Theorem 28 are satisfied and
8) G=pupk
© G kB 4, At (et

£ 13 gnen representable 1 the form g=1;+§ o
s
then also G g representable 1 the form G =I;+§ aF
)
wh ~H#*
ere ¥ HA 132 Fa
) G= H’s-}-i 3 & g5 representable 1 the form g=1\;‘§_+!, nf then
! _ f
also G 1 representable m the form G=Is;'"+*,n fand F—P“:-}—*-}—?p n A
4+l n
Theorem 32 IF ()=k% S then
=

m

;

¥ =t '
2ol (Y i
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Thearem 33 If .
<«
s =f 5 MU pp
A u

+14r

rlpti—y+n)

@
1—
s P #t2mil—yir) x {1+A+r}

0 +ptm—on—rytr)

where F () 1s defined by the convergent integral (m) then for almostall
positive ¢

¢ —
Pom Loo Kpyppymgbmpk (HON=S0)
provided that $ <p<1,Re A>—1 with an additional condition Re (3 A+4-n
FvHm) <3 £ () GLp (1<p<oo) m OISRy 2m> “TI/ when § ~m—k>0
3+m—k> —-‘} when }—m—# <0, f we“"f(y) dy converges

and ‘
Low 16 9] =SSHEYH 6(3)

[oe]
Theorem 3¢ 10 (s)~= f sHY— Atlr o
B

0
X DL A mA2 by A € (k=2 —yr
° P2 =4y T {“";""H) }
A pr
X x : =Y =1 () ¢¢

where T {x) 15 greenby the convergent mtegral {w) then for almost all
posttive ¢
Li
g Vgt BE=50
provided that 3 €x<1 Re 3> -1 with an additional condition

Re (——+*{ —k ~—)<} n case p=1, 0<k+m<1Vq, 1 [/ ()] =(ﬂr,

[ L9k L )’15 £ }] =2 u=hz-

_AELgr
¥ s

L2}
Theorem 35 1 & (5)= f s %
0
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(P eyl —yn Ay,
0 14-A4r ® F (x) dv
Pltpbm—t—yn ¢ {2

where F {x) 15 given by the convergent integral () then for almost all
positne

m Ve 8 1=/ (8)
where

) Fomgmip [ gomtd
Veuls 1 = et T o+ ]

= g+ktm—1
n

provided that

<<, Re A> —1 wath an additional condition Re (A A+ 3—m—y+iml} <}

m case p=1, £(3) 15 integrable n 0< y< R for every positive

!
R f/(u) du=0 (¥ ') for some y (¢t—>0)
0

2y .0
Theorem 36 If & (;):L{f 3_2{—)‘—§x *
B

[}
xG P (E..) —(x) dx
Taduy U2 Y
where F (x) 13 grven by the convergent ntegral (u) then

f(u)=—i(%)*f‘+“” @9t 1, () g (9 de

£—10

provided that Re A>—1, £ () =0(x") (x->0) £(x}=0 (+F) (->c0) Re 2y+a
+A+2)>0and f () such that é (s) eusts and the conditions of Meyers
complex mversion formula are satisfied






ABSORPTION AND TLUORESCENCE SPECTRA HYPERFINE
STRUCTURE AND THE ZEEMAN EFFEGT OF Ho®* 1IN
HENAGONAL LaCl, AT VCRY LOW TEMPERATURES*

BuuwaN Cranpra Panpeyf
Department of Physics
The Johns Hopkins University Baltmmore Maryland 21218 U § A

SuMMARY

In this thesis the author has ot d exp Ily the fl and
absorption spectra of Ho®* mn hexagonal LaCly at temperatures from 2° to
77K The Zecoman effect 1n magnetic fields from 150 to 35000 gauss
both parallel and perpendicular to the crystal axs and the nuclear
hyperfine structure of many Lines, with and without magnetic field have been
studied The results have been nterpreted by means of the erystal ficld
theary and the theory of complex atoms

The object of this work has been to wdentify the energy levels of Ho%*
LaCl; The crystal spectra of Ho'+ anse due to the transitions within the
states of the well shiclded 4f1°  configuration At very low temperatures the
encrgy levels become very sharp and this results in sharp spectral lines  In
crystals a free ton state splits mto a number of levels dependmng upon the
J value of that state and the summetry of the crystal ficld these levels are
called the Stark components  Classification of these crystal field levels can be
made empirically by studying the absorption fluorescence spectra hyperfine
structure and the Zeeman cffect of this crystal In conjunction with the
experimental results crystal field calculations are of great help

Crystals of 0 19, 1% 29, and 2 9% Ho** m LaCl, were used i this
tvestigation of which the first three were from 1 to 2 mm thick the last was
9mm These crystals were scaled separately insude quartz tubss 1n an
atmosphere of dry helum gas

The absorption spectra were photographed with a 21 ft concave grating
i & Paschen mounting this grating was 7 wide with 30000 lmes per mch
The dispersion of this instrument was 1 2 A/mm n the first order and 1n this
order the resolving power tvas at least 150000 It was used 1n the first order
above 5000 & and below this 1n the sccond order Spectra between 2700 and
300 Awere photographed 1n the third order also

For the 019 and 19, crystals the absorption spectra were photographed
842K from 3200 to 6700 A and 3200 to 9200 A respectively The spectra

.
Abstract of the thesis approved for the degree of Doctor of Phlosopby by the Agra
Univeraty

t Present address—Department of Physics Punjab University Chand garh
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In the transverse Zeeman effect, the polanization rules were violated
The field free lines were split into two or four components, in addition a few
extra lines also appeared and their ntensity ncreased with the field  These
hnes very conspicuous 1n the I, J, and M groups, show the two lme pattern
1 a transverse magnetic field

Existence of the hyperfine structure in some of the absorption hnes was
first revealed wn the Paschen plates taken for the 29, erystals  These expen
ments were repeated for a 0 19 crystal, and the hyperfine structure was found
to be resolved for cven some of those lines for which 1t was unresolved for the
29, crystal

The hyperfine structure of the 0 19 and 2 59, crystals wisre photozra
phed at 4 2°h. with a 5 meter plane gratng Ebert Fastie spectrograph The
width of the grating was 10 with 7500 Iines per inch and 1t was blazed at
59 The dispersion of this spectrograph was 2A/mm 1 the first order, and
st had a resolving power of 600,000 1n the Oth order The hyperfine structure
wa photographed from 3850—92004, from the 15th to 7th order, depending
upon the wavelength of the absorption group For strong lines the 01%
crystal was very suitable for the weaker hines, the 2 5% crystal was used

The hyperfine structure of a Line conssted of erght components Ttwas
mensured for 26 lines  In various hines the hyperfine structure splitting nter
val or the separition between two successive hyperfine structure component
varied from 0072 cm™ to 0232 cm~® The hyperfine structure companents
were very sharp (hne width, 004 em?) for some hines, for others they were
less shrp, and 1n some cases very broad In the J, Iine be des the wsul
eight components there were 1 few extra lines

In addition to the hines showing hyperfine structure, there were other
types of Lines  one of which was a very sharp, single line nearly as wide d
the single component of a line showing hyperfine structure with sharp com? -
nents  There were also wide lines wath sharp edges, a few sith diffuse cd_gll“r
and a few lines which were very broad and diffuse (line width 10 em™ 0!
more)
was studied
from 150 ©0
Studics
losser

The Zeeman effect of the hyperfine structure m absorption
for the D and J groups at 42k at various magnetc fields
35000 gauss with the 5 meter plane grating Tastie spccuogﬂph
were made in great detail for the parallel omentation and 10 somewhat
detail for the transverse orientation

Jevelsof
The pownt group symmetry of LaCl, 1s Cyn and the cnerg)'d sute of

Ho™ 1n 1t split 1nto a number of Statk components The groan b
Ho% according to Hund s rule s ¢T, and the higher groups up 0 M us‘:mk
easily 1dentified with the corresponding free jon groups The \':mﬂ“’w &
components of a statc can be designated by the crystal quantum num

et
where ;1 can have values OF, -, 4.1 42, 3+ and 3= Trom the Zeeman &
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and the crystal field calculations the lowest Stark component of the ground
state, Zy, should have p=I1 From the calculations, the next higher Stark
component Z has p=0+

At verylow temperatures only Z; 1s populated and absorption takes
place from ths state to theStark components of the exaited states If the
temperature 1s raised some of the highier Stark components of the ground
state are also populated and absorption takes place from these levels also

In the Q1 at very low temperatures only the lowest
Stark component of an upper state 15 populited and from 1t transitions take
place to the Stark levels of the lower states If the temperature 1s higher,
the higher Stark components of the upper state are also populated and partt
cipate 1n the fluorescence emussion  The transitions in both fluorescence and
ablsorptxon are predominantly electric  dipole  The following are the selection
rules

Eleetrie dipole  Ap=:3(r) Ap=%2 +4(0)
with the subsidiary rules that only the following transitions are allowed —
Ot emma3t 03— (AJ =odd)
Ote ——3— O3t {AJ =even)

Magnetic dipole  Ap=#1, #3(m), Ap=0 #5(c) (AJ=0 1)
with the subsidiary rules allowing —
Ot—30t  0~——0~  (A]=even)
Ot—0~  0—=>0*  (AJ=odd)

One of the surest methods for determmng the assignment of p values to
the various Stark components 1s the Zeeman effect In a parallel magnetic
field a level should splitt 1nto two components separated by A\E=2M*g
where M*=% | a; # M, 2, are the rmixing  coefficients and My are the

1

corresponding M values  For a fevel with p=0 or 3 M*=0 and for a level
with p=1 or 2 M*20

The ground state of Ho% i LaCl, has M*=6477 according to the
caleulations  If the upper state hag NI* >0 or=0or<0 then a single hne
thould splt 11 3 parallel magnetic field mto two laes seprated by the sum
of the sphttings of the upper and ground states equal to that of the ground
state or to the difference of the sphittangs of the upper and luwer states

Holmum consists of only one wsotope  with mass 165 spm I=% and
the nuclear magnetic moment of 3 3 nuclear units It can be shown that the
hyperfine structure sphtting of a Ho+ level 1s given by AEnts =qM*Iz, where
9 “5 approximately constant for a configuration I assumes eight values from
{: +2 50 that the spacing of eight equidistant components 1s given by

1*, the same quantity which also determunes the Zeeman splitting m 2

pazallel magnenic field

1 Lorentz units
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If the upper level has M*>0 or=0 or<0, thc resulung line should
show a hyperfine structure having a separation equal to the sum of the
hyperfine splitting of the two levels, or equal to that of the ground level or to
the difference of the two levels respectively

‘The hyperfine structure sphitting mterval of the ground state vares from
0162 cm~! between the two lowest components to 0187 em™ between the
highest ones

An analysss of the fluorescence spectrum 1s very helpful i the chssif
cation In some cases there are many trnsitions to the same final state, and
complete information about this state 15 often obtained from fluorescence  The
trvel with z=0 cannot be observed 1n absorption under ordinary conditiont
but 1t can be obtaned casily from fluorescence, sice the upper level ea
have p=3or2 both of which can combine with a p=0 level

Once the p values for the various Stark components of the states of
Ho®* are known the causes of line widths and many other mteractions obser
ved 1n the magnetic field can be understood

The sharpest levels are the Stark components of long, lived fluoresting
states since AYAtS1, and of Alislarger, Ay will naturally be naow
Even the lowest Stark p of non fl g states are decrded! Tess
sharp although the hyperfine structure 15 stll distinct  The ongin of single
sharp lines which appear at shightly elevated temperatures can be under
stood from a different reasomng Such sharp hines are duc to a transition
from the Z,(0+) state to an upper state with p=3 TFor both these states
M*==0, they have a vanshing hyperfine structure and the resultog ot
should be sharp

In the parallel Zeeman cffect, two states having the same ¢ vahs
nteract and give rise to nonlinear cffects  If one of these level can combunt
with a lower state, the other level can also combine with the latter even af o
18 a forbidden lme  The shuft in energy due to this interaction 1s gnen by

3 e
e =15 (I—yiFd
707V o

where 8 15 the energy difference between the two ntericting fevels 6= 3
Hiyu=gBBNM** M**—% 4y a; Mj,and gy a are the miung cocflicients 34
the Bohr magaeton B the magnetic field and g the Lande sphitting factor
Siumlarly the M* value which 1s zero 1n zero magnetc field, changes 10
3e

Vi4a

for the p=3 states where u.=—27;i and H=38gD Thus the upper 53t b
chianges with ¢

ES

a nonvanuhing hyperfine structure 1n a magnetic field and st
field
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Some of the lines show an anomalous behaviour 1n that they have only
seven components mstead of the usual eight in the magnetic field In this
disturb~d pattern, one of the lincs 1s usually stronger and 1s 1solated by a
wider than normal interval from its neighbars

For some lines the anomalies consist of wrregular structure and blurring
of lmes, and the virtual disappearance of a line for a wide range of ficlds
These anomahes are due to the mteraction of two levels 1n a transverse
magnetic field  These interacting levels with g and pf1 come very close
to one another for a certain range of magnetic field and mteract strongly

The appearance of extra hines with 4=0 15 al o due to the imteraction
with a p=1 level 1n a transverse magnetic field

The erystal field calculations were made with a computer and the usc of
the free 10n wave functions of Ho®* 1n intermediate couplmg  The crystal
field parameters were found by using the empirical values of the ground state
Stark components and varyng the paramsters to giwe the best fit between
the empinical and calculated values  The erystal field parameters are

BO=122 BS=_45 Bo=—28 B,=286
With these parameters caleulation, were made for the states up to the

Jgroup  The caleul were not y for hgher states and only
the caleulated values for theZ ¥ A, B and C states are given







INVESTIGATIONS ON THE STRUGTURE OF THE
HEMICELLULOSLS TROM BAGASSL*

BistaL CHANDRA BaNERJEET
D partment of Organic Chemustry Nattonal Sugar Institute Ranpur

The present mvestigations had been carned out prnimanly to isolate a
homogeneous polysacchride from the bagasse hermcellulose and establsh 1ts
chermucal constitution by graded hydrolyss methylation and periodate
oudation studies

AnALYSIS OF THE BAGAsse
The bagasse was desed 1n the sun and powdered  The powdered material

{40 mesh) was used for all the investigations carned out  The analytical data
of the bagasse are given m table 1

Tasre 1
Onginal Ba,asse %, | Defatted Bogasse%,
1 Alcohol benzene soluble partion 76 -
2 Water soluble portion 66 36
3 Carbonated ash/Sulphated ash 72/80 3232
4 Nutrogen 03 02
5 Pentosans 23 2 26 2
6 Available furfuraldehyde 13 4 15 4
Tsorarion or THE HEMICELLULOSE

The hemicellulose was 1solated by first defatting the bagasse (alcohol

benzene 2

1) and then subjecting it to sodmm chlonte omdation ma
shehtly acidic medium (pH 4 5) and extracting the holocellulose produced
with ncreasing concentrations of alkal: Lach alkal: extract was separately
acdified (pH 4 5) with glacial acenc acd and precipitated with rectified
‘g‘v"t (3—4 volumes) Three fractions of the hemtcellulose were thus 1solated
(a“ét:’ Na,C0, 49, KOH and 10% KOH fractions yield 3 1% 17 5%and
95‘/“ ‘CSPCCUVC]Y) Each fraction was scparately soshletted with 50% 80%
oy o and finally absolute ethanol (4 hours each) dried and powdered when

e three fractions of the h lul ); I as mulk white powders

yxvh o, were
© 4% caustic potash fraction which was obtamed 1 the highest yield

.
Abstract of the thewis approved for the deg cc of Doctor of Philosophy by the Agra
Unw ruty Agra

t ’;,:' details please consult the papers under references 1 to 4

esent address—Department of Chemustry D A V College hanpur
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(analytical results  methoxy]l 2 19, carbonated ash 1 7%, sulphated zb
1 99, pentosans 90 195) had been used 1n these mvestigations

THe NATURE OF THE SUGARS PRESENT IN THE Bacasse
HexiceLLuLose

The hemcellulose (18 gms } was completely hydrolysed wath 2\-sulphene
acad and the hydrolysate, after neutralisation with barium carbonate was
concentrated to 2 syrup  Treatment of the syrup with absolute m thaol
gave two fractions  Fraction I was the precipitate of the banum salt of e
uronic atid {y1eld 0 46 gms ) whale Fraction 1T (17 5 gms ) conssted of e
methanole solution of the neutral sugars

Fraction I—The uromc 2ad gave a smgle pink spot on pape
h phy (p- dine phosp spray reagent) indicating that the
fraction might be galacturonic acid 3 The fraction was identfied by e
serting st mto the brucine galacturonate (m p 177 4 Lit¢m.p 180 4)
The presence of galacturonic acid 1n this fraction was confirmed by refiut
g 1t with 5% methanohc hydrogen chlonde, and reducing the denved
methyl glycoside with sodiwum borohydride?, and subsequent ‘hydrolvss
when galactose was identified by paper chromatography (Sohent® Ednl
acetate pyridine-water 1 2 2)

Fraction I—The methanolic solution of the ncutral sugars was omo?
trated to 2 thin syrup and a portion of 1t was subjected to cellulose cohuma
chromatography (Solvent n butanol, half saturated with swater) when l;m-'
sugars were obtained 1n the pure state which were dennfied as det3 ed
below

]
1 DL—\jloketose—The ketonic nature of the sugar was establited

by paper chromatography using specific spray reagents for ketoses ’“:
p-amsidine phosphate® sodium meta periodate  benzidine B-benzidire ty\ {
and resoranol-cthanolic hydrogen chlonde!! gave lemon yellow 3¢l ar;
against grey back ground and blue spots respectnely The last colous
speaific for a Reto pentosel?

The osazone of the sugar showed the charactersstic crystallme fﬂ;?
of xviosazone The melting posnt of the osazone (202°—20% ) was @ "
ably depressed (140 —150 ) by muxng with authentic samples of D f)l‘”‘;m
{m. p 160 —161°) and L arabinosazone (m. p 1567 The high m&:"l’
pomnt of the osazone indicated that it mught be the PL-xvlos.z0n¢ :‘
m p 207 The identty of the csazone was established by conducti-£
paper ¢t graphy on a borax buffered (pH 96) Whatman o f
paper using 75% dioxan hexane water benzene (55 50 22 20”"?::
layer) as the imgating solent'?, when the osazone moved at the &5 o
as an authentic sample of D <yl The correspond sugar
1dentsfied as DL-\yloketos~ (DL xylulose DL-threo-pentulose)
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yloketose 1s one of the rare sugars which has considerable importance
1n the biochemustry of plants —in 1ts :nfluence on the germination of seeds, and
also as an mtermediary 1n the biosynthesis of ascorbicacid However no
reference 15 found 1n the L ¢ for the 150l of xylok from plant
polysacchandes Hence the 1solation of DL xyloketose from bagasse hemi
cellulose 15 of considerable importance from theoretical considerations

2 D Xylse—The sugar, [ o }3°+17 5,mp 143 —14£, was iden
D

tfied by converting 1t into (a) D xylosazone mmp 160 —161 , (b) the
# mtro phenyl hydrazone of D xylose mmp 15¢ —155° and (c) the &t O
benzyldene dimethyl acetal of D xylose!, mm p 206 —207

3 L-Arabmose—The sugar [ a ]30-(-78 4°, was identified as the
o
A (p mtro phenyl) L arabinosyl amme mmp 200

4 D Glicose—The sugar a ]30+47 4° was identified as the
. D
¥ ( mtro phenyl) D glucosyl amine mmp 179
IsoraTioN oF THE ALDORIOURONIC ACID

The hemicellulose (30 gm ) was hydrolysed with 01 A sulphuncaad
the course of the hydrolysis being followed by iodometric titrations!? The
hydrolysate on being worked up!® gave the banum salt of the aldobiouronic
2cd i low yield (2 6% Ba as BaSO, 17 3%,)

Attempts were also made for wolating the aldobiourome acd by follow
ing the procedure described by Srivastava and Adams® by hydrolysing the
pRD“d“Cd bagasse with 05 \sulphunc acid The aldobiouronic acid
go Ylose 06  Solvent® cthyl acetate—acetic actd—formuic acrd—water

31 4) was obtamed n very low yield 0 9%)

bold, 1t was then concluded that the urome acid was not present as a regular
\h::t “}:8 unit of the bagasse hemucellulose  This pomted out the possibihty
) the bagasse hemucellulose mught be a neutral polysacchande of the xylan
B):';P;D/()Pﬂccntagc of D xylose 1n the bagasse hemicellulose was found to be

b
IsoLaTion oF THE XyLan

feact, The xylan was solated from the bagasse hemicellulose (4%, ROH
T o 18 6ms) by sl the procedure described by Chanda e af 18
and ;‘IY_":; was soxhletted with increasing concentrations of ethanol (loc ait)
80 gy oo ash 0339, p 98 6% methoxyl 025% wyeld
D sylote on] exylan on hydrolysis gave a sigle spot corresponding to
uromic “;) on paper chromatographic exammation no other sugar or

acd could be detected The amount of xylose obtamed by the

e
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complete hydrolyais of the <yl was d1”12 and corresponded to
98 3%  Since B methv]l xyloside on being treated with dilute sulphunc aad
under the expenimental condittons of hydrolysis, results in the loss of 29,
<ylose?®, the whole of the polysaccharide had been accounted for 15 a xylanof

at least 99 59, purity
METHYLATION OF THE XYLAN

The xyltn (56 gms ) was methylated nine imes with  dimethyl sulphate
and caustic soda followed by fractionation with petroleum ether containing
jncreasing concentrations of chloroform!®  One of the fractions {1 6 gmy)

h:wmg[ a ]20 14 6 —146 (n chloroform), had the methoxyl value of
D
8789 Thisfraction on two more methylations with Purdie s reagent 1n acetone
solution gave the fully methylated <ylan, having § « ]20 —14 6° and meth
D

oxylvalueof 38 2%, (cale for C,H,,0, OMe38 79,), yreld 135 gms
HyproLysis or THE MeTHYLATED XYLAN

‘The methylated xylan was subjected to methnoly 1s with 2% methamolic
hydrogen chloride  The methanol and hydrogen chlonde were removed by
disullation and the resulting methyl glycosides of the methylated xyloses were
hydrolysed with aqueous /0 5 N) hydrochloric 1cid  The hydralysate after
the usual treatments'® gave asyrup (1 3 gms) which showed the preseact
of five sugwrs  The sugars were separated by paper chromatography a7
estimated by the hvpoiodite oxidation method!?  The results of the anafyss
were fa) trimethyl xwlose  /b) dimethyl yloe (c) mono methyl x)l‘;w
(molir prrcentages 2 86 937 nd 326 respectvely)  The yrelds of a1
umdentified sugar and D xylose being very small were neglected  Sinee the
tr1 methy! vilo € could be obtaned ounly from the non reducing end gW“PS‘
the amount of the tr1 methy] xylose obtained indicated the presenct of o
non reducing end group 1n a straight chain of 35 xylose umits, of 70 w3t
units if the polymer had one branch
¢ methylatd
the file Y
thylwred

Sumular results were obtamed by separatng the different
sugar components on Whatman No 3 MM filter papers cluting
paper straps with water  weighing and adentsfying the diferent me o
xyloses Ly measuring  the optical rotitions and noting the melting W‘“lm
their charactenistic amhne dervatives  The canstituent methylated !; i
were thus adentsfied as (a) 2 3 4 tn O methyl D xylopyranose, ® e
di O methyl D wloprranose and  (¢) 2 0 methvl D aylopyrancse :;:.b’
pereentages 298 931 and 393 respectively)  The molar pcrccnﬂg‘fx‘l#
tri methyl xvlose fyicld 0 039 gms ) indicated the presence of 33—3 1
units 1n an a.sumed str u ht chamn or 66—68 xylose units of the polym
on¢ branch
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The presence of the 2 3«ch O methyl D wylopyrinose indicated that
the xylose unts were linked through the 14 ghycosidic bonds  The negatve
optical rotation of the methylated ~ylan ndicited that the xylose moieties
were hnked by the 8 glyco idic hinkages  Smnce tlns particular sugir (yield
1 13gms) was ob d 1 an overwhelmingly large quuitity the 1%
B glycosidic hinkage might be considered to be the maun structurs! feature of
the vylan solated from the bagsse hermicellulose

The presence of 2 0 methyl D xylopyranose (yield 0 041 gms ) indicated
the pre ence ol 1t least one branch 1n  the m1cro molecule 1ad the branching
took place from the pofition C (3) of 1 vylose umit the senal number of which
could not be ascertaned

Tre Hi poropire. OsipaTion oF THE XYLAN

The average moleculsr weight of the a3l by the hypoodite oudation
method (Ingles and Israel’® s modificd by Chanda ef al'!) g the mew
value of the molecular weights as 8800 mdiwcating one reducine end group per
66{67 xylose umits

Tur Periopste OXIDATION O1 [HE \YLAN

() The Uptak of the Perodate—Just a Ittle over 1 mole of periodate
was consumed per xylos¢ unit in the high polymer in confirruty with the 14
glycoidic linkages between the constituent <ylose umts  Thus result confirmed
the findings of the methylation studses that the 14 B glycosidic Lirkages
were the mam structural features of the xylan under discussion

(8)  The Liberation of the Formic Acid—One mole of formic acd was
Iiberated by the pertodate oxidation of the xylan per 17—18 xylose units the
reaction bewng completed 1n 168 hours (7 days)  Swnee 1 mole of formec acid
1s liberated from the non reducing end and 2 moles from the reducmg end
this result indicated 51—54 xylose units 1n an assumed straight cham, or
B88—72 xylose umits 1 a sngle branched structure  The former conclusion
seered untenable 1 view of the results of the methylation studies {presence
of 2 0 methyl D xylop: ) and the hypoiodite oudation studics (mole
cular weight 8800 DP 66—67) The latter conclusion which agreed well
with the methylation and hyposodite owdation studies had been further
substantiated by the study of the degradation products of the periodate oxidt
sed wylan

‘TRE DrcraDTIoN PrODUCTS OF THE PERIODATE OXIDISED NYLAN

{a) Detection and Estimation of the R sidual \ylose—The persodate oxidiscd
xylan was treated with a few drops of ethylene glycol to destroy the excess of
the periodate and then dialysed to remove the morgamic matter  The result
mg solution was concentrated and then hydrolysed with N sulphunc acid
After the usual treatments a famnt spot correspouding to D <ylose was

—
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observed on paper ch omatographic examnation This result showed the
presence of at least one branch in the macromolceule—the <ylose umt from
which the branching occurred being immune to perodate oxidation  The
amount of xylo ¢ Jeft unaffected by the peniodate oudation was estimated®
and corresponded to 69 70 <ylose residues (molecular weight 9150 D P
69 70)

(8) Reduchion of the Penodale Oxidised Xplan—The 1>t  glycosdic
linkage i the xylan had been defimtely establshed by reducing the periodate
oudised xylan with sodium borohydride and sub equent hydrolyss when
glycerol and glycollic aldehyde together with a trace of xylose were dentified
by paper chromatography

The 153’ hinked xylan was immune to periodate oxidation while the
1-52 linked xylan would also consume 1 mole of periodate per xylose unit
The latter would however give rise to glyceraldehyde (shich would change
to pyruvic acd by the treatment with dilute sulphuric 1cid-®) and glycol

(&) Isolation of the Pyrume Acd from the Pertodate Oxidised Yylan—The 1~+%
glycosidic linkage 1n  the xylan had been further confirmed by hydrolysing
the periodate oxidised xylan and wsolating the pyruvic acid from the product
The pynnic acid had obviously been formed by the lo s of (he clements of
water from glycenc aldehyde with didute sulphuric 2cid  and sub cquent
molecular rearrangement nto methyl glyoxal®® (pyruvic aldchyde), which
was oxidised to pyruvic acid by air dunng distillation

The pyruvic aced  was sdentified by converting it ito (2) sodoform
mmp 114 and (b) the 2 4 dinttro phenyl hydrazone of pyruwc std
mmp 206°

The 152 hnked xylan under sumiar treatments would hasc giner th
tartrome aldchyde (glucic acid reductone), and glycollic aldehyde

Concrustox

From the forcgoing discussions 1t scems justifiable to as ign to the xylan
from bagasse } lulose a structure about 65 7> D xylopyr3w®
umts joined together by the 14 B glycondic Linkages with a single brarch
point formed by the 351 union at some pont as yet undeterpuned along the
chain  Thus the main structural features of the xylan from the baga §
hemucellulose can be represented by the formulae shown s plate I
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ACTION OF ULTRAVIOLET RADIATIONS
ON AQUEOUS SOLUTION OF ORNITHINE AND LYSINE

O N Perrr AND R € Rasroot
Professey of Chemustry, Department of Chmsstey,
M L N R E College, Allahabad Th D S B Gout College Nawnrtol
ApsTRACT

When dilute aqueous solutions of ornsthine and lyane are exposed to
ultraviolet radiations from 5 munutes o 43 hours intercsiing changes arc
obsened  Ormuthine can fwe nse to glutamic acid, alanine and ammo n
butynic and while Iysine shows the formation of aspartic acud, glyawne alanmpe,
amiine n butyric acid, vahne and leucine

Intropycrion

Several workers have reported the evolution of ammonia or deamination
when amuno acds are diated wath ulf let light!, x rad SRR
cathode rays® or radon’ Lachen and Urhan? pownted out that only the o
2MiBo group i amne acds undergoes this type of change Recently Perti
and Pathak Pery, Bahadur and Pathal?® 21 have neniced that when ague
ous solation of amino acids are exposed to sunlght or light from a 1000 watt
bulh  they undergo imnteresting changes—new ammme acids are formed and 1
several cages peptudes also are detectable

Temay ke mentioned that other workers have noticed that when dilute
ons of certain amino acids arc exposed to ultraviolet radiations other
amins acids are alo formed  Alanie! tysine?! omnimnet® phemyl alannet®
prolmet” tryprophanets tyrosine!® when exposed to ultraviolet radiation gue
156 to different amimo acds which could be detected under suitable condstions
It was observed that Iysine 1n alkahne medwm gies mise to aspartic acsd,
Blutamc acd, alsnme norvahine and norleucne™ In the case of ornithine
formation of proline, glutamic and and aspartic acid could be detected?®

soluty

EXPERIMENTAL

Aqueous sol of ch graphically pure and lysine
vere keptn beakers at a dstance of 62 cms from a source of ltraviolet
Tadiations (1500 wate Livak ‘Unsersal tamp)

Periodieally o portion of the solution was taken out andL a;ﬁ‘}-!ﬂi f:"
3Mnn acids apd pepudes by graph hods di earher by
Perti et al 010033 A¢ e end of each experiment a test was made for
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nfection by using zseptic potato dextrose medium and incubating it for 42
hours at 25°C  Results are recorded in the table given below
Tabre 1
Exposure of amino acids solution to ultraviolet light

(1) Corcentration of lysme mono hydrochloride=0 2000 gf100 ml water
{u) C of hine hydro-t d 2000 g/100 ml water
(ni) Distance of solution from the source of hght=62 ¢ms

Results of chromatographic analyus for amine acids
Exposure
time
Omuthme Lysme
Sminutes | Ormithme Lysinc
30 Ornithune do-
2 hours Ormthine+glutamic acid o
4 Ormthinc 4 glatamse acid -do-
6 , Ormthine 4 glutame acid4 do-
amino-n butyne acd
1o -do Lysine+aspartic acd+ghyaned
alanie
15 Ormul gl acid4al i do
amino n butynie aad
20 -do ~do
25 do Lyvanc4 ampartic aod+glytued
alanine+ amrn n butyne 2add
valine 4 leucine
20 -do ~do-
35 do- do-
4 o~ ~do-

Dr cussion

When ormithine solution was expo .d to ultraviolct radiations no chaag”
wasseen for 5 and 30 munute Howeser after an expoiure of 2 houss fo
mation of glutamic acid could bs detected When the cxpasure t@” ‘ﬂd’
ncreased 1o 6 hours besides glutamic acad formation of amino n butgric y;s
was also mdicated On increasing the exposure time from 154 :’V
formation of glutamic acid, alanme and amwo n butyrc acd codl

m 5

d d ct phically In the case of Iysine an exposur® {,:’w

rinutes to 6 hours to ultraviolet radiations gave no mdication oflhl’o Yoz
0

tion of new ammo acids  When the exposure time was increascd ¢

7 o
asparticacid glyemne and alanine could be identfied On prolongia3
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exposure to 25 hours aspartic acid glycine alanine amino n butynie acid
valime and leucne was indicated  Increase of exposure time to 45 hours
mdicated no further change

It appears that when aqueous solutions of ormithine and lysine are
exposed to ultraviolet radiations they also undergo changes which can give
nse to other ammo acds The h of the 15 ob 1
complicated and no attempt has been made to trace 1t

¥

Further work along these lines 15 1n progress
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ON A NEW SPECILS O COCRROACH
FROM NORTH WEST HIMALAYAS

H N Bajar anpV C Karoor
Department of Zoolosy Agra Colloge, Agra

While making a Dermaptera survey in the North Western regions of
Himalayas 1n June 1965 the authors came across with some cockroaches,
which appeared to them to be new species descnbed with followang Lines —

Calolampra simlans:s sp nov (Ligs 18)

. Holotype Male—Smaller 1n size than female with specifically elliptical
form  ~

Head—Shghtly longer than broad the ntirrowest inter ocular distance
nearly equal to that between antennal sockets Eyes reduced, not projecting
Antenna long, reaching nearly upto the Ihth tergite

Pronotum—Very feebly and evenly convex lateral margins shightly convex
divergent, greatest width at the caudal margmn thinly transparent texture
cephalic margin above head and caudal mirgin sub inuate latero-caudal
angles rounded

Tegmina and wings—Absent

HMesonotum and meianolum--With latero caudal angles strongly produced
acute thewr apices sharply rounded the caudal margins as a result strongly
concave, showmg a minute angulate process on the postenor side of the
metanotum only

Legs—Front femur with five spines mn each row on the ventral side
middle and hund femora with four well developed spmnes 11 each row on the
ventral side hind legs abnormal hind tarsus with basal segment longer than
the remaming segments mcluding claws and arochum

Abdomen— Caudal margns of tergites with distinct longstudmal furrows
laterp candal angles acute angulate but produced into mcreasing processes
dustad upto eighth tergite supra anal plate somewhat rounded, feebly notched
caudo mesad, cerci small stout margin entwre with round acute apices
Sub gemtal plate quadrate, the lateral sides gently arcuate latero caudal
angles strongly produced caudal margin sub inuate mesally  Styles small
cyhrdneal, feebly inset and nearly one third as long as the distance between
therr bases

Colouration—Head blackish brown ertex and frons brown antennal
sockets clypeus and labrum yellow mallary palp dirty greyish brown
antennae reddish brown, darker ncar base Pronotum  mesonotum and
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metnotum bl ckish brown, extreme lateral margins brown  Covae femg 3
tibiac and first 11rsal segment brown, rest tarsal segments and claws yede

brown tps of claw reddih  Cercus blackish brown pale at spex, styles
brown

Veasurers 115 (1n mim,~~L ngth of Lody, 28 0, pronotum 70, nght luad
ubiae, 90 Jeftlunitinnie 80 n ht tar al segments, 62 left tarsal egmens
53, width of pro otum, 110, nght hind tibiae, 0 14, left hind tibiar, 014

Albstyte { o1 'e—Larger than male differmg n the following features —
{r r . —TF rachmg upto the VIlith tergite

I: wn—Somewhat comvex, Iter Iporuons shghtly dechnant lat ro
cophad, gree e t width mesad, cephaitd margin subtruncate latero-caudal
maryins moderately convex co wer cnt then gently concave to the dustinct
st and bluntly rounded meo eaudal process

Tegrura—Punctate  clongate  projecting beyond the Dbody, costal and
sutural margms ne~rly struapht, ap~x and anal margmn oblique

Wings—As Jon,, a3 the tegmen, with well developed veins
Leg —H wing the are texture 1s m male, lund legs normal

Abd men—Dorsal surfice of abdomen with Jateral sugmata distretly
marbed supra n.l plate round, strongly depressed dorso laterad leavtng 2
tnangular postion sith blunt spine on ether side an uently, very slightly
rotched me o-caudad  cerer <lightly longer than that o smale sub-gena!
plate convev po teriorly 21d rugo ¢

Colsuratic —Tend blackish brown, frons blach, Pronotum blackish brmsz:
Tegmuut ind wins brown  Ventral side of abdomen blackuh brown i
1 hute tn,e except the ub genntal plate

Measarerert (tn mm)—Length of body, 300, pronotum 70, b

thia 100 tgmen 30 0 width of pronotum, 80, hind tiba, 0 14

Mutral ¢r mt d—I loy)  one male and allpp one femic B
pr facyps one grale and one female on pins labelled ‘under llO,’l”
mu~rem ngs tr Glenfi'l At 6000 it Simla (Hunachal Prades’)
17 V4t Gollerted by V G Rapoor At present w author 3 coll ctias
and vt~ ¢y ¢ Yed ponted 1n the Zoologieal Survey of India

U

Voroas v~y iiteresting anomaly has been observed i th* ICLS-\

ofthetib 3 dtasal . ~nt of the kind legs of the Jebnge The -
ard the torsd se=ue ot i feft fund le, are smaller than thatof the ¥

hund leg and thee var «tis s wre clearly visible m the speamen
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metanotum bl chish brown, extreme lateral marging brown Covae frmoa
tibiac and first t1rsal segment brown, rest tarsal segments and clus yellos

brown, tips of clwws reddish  Cereus blackish brown, pale at apex, styls
brov n

Measurer 11s (in mm)—Length of body, 28 0, pronotum, 70, right land
ubiae, 90 left hund tnae, £ 0 nght tarsal segments, 62 left tarsal segm 13
53, width of provotun 11 0 night hund tibaae, 0 14, left hind ubis, 014

Mlatype Femi'e—Larger than male, differing in the following featy ¢s —
frier _ —1 cachung upto the VIIIth tergite

Premipem —~Somewhat convex, lateril portions shightly declinant late
cephad  greatest width mesad, cephalad margin subtruncate latero cardal
margins moderaely convex convergent, then gently concave to the distmct
sroall and bluntly rounded meso caudal process

Tegrura—Punctate, clongite, projecting besond the body, costal and
sutural margins nearly straiht, apex and anal margin oblique

Wings—As long as the tegmen, with well developed vens
Leg ~~Having the same texture as m male lund legs normal

Abdomen—Dorsal surface of abdom~n with lateral sugmata dustinetly
marked supra anal plate round, strongly depressed dorso laterad Jeaving 2
trangular portion with blunt spine on either side antenntly, very shight'y
notched meso caudad  cercs shghtly longer than that of mal~ sub-gen o
plate comex posteniorly and rugo ¢

Colouratior—Head blachssh brown frons black, Pronotum blackish brov }
Te,mint and wings brown  Ventral side of abdomen blackish brown wi
1 lute tinge except the ub gemtal plate

Measurements (in mm)—Length of body, 300, pronotum 70, b
tbia 100 tegmen 30 0 width of pronotum, 80, hind tibia, 0 M

Matri ! ex pin d—H lotype one male and alloype one fema'e 1
pint parazp s one male and one female on pins, Jabelled ‘under m,:x
it runungwater Glen Rall Alt 6000 ft, Siml (meacha] Prade '7)1
17 V1 tef, Co'lected by v C hapoor At present 1 author s collect
and ultm tey 1 Ve drpoted m the Zoologcal Survey of Indin

o

Jar ans ps— 1 very anteresting anomaly has been observed m th I :;:
of the tiliae and tusal s, ~nts of the lund legs of the Jebne Tﬂt““
and the tursal ecmenuts of th left lund leg are smaller than thatof the 1
hind leg and thee vanatiors are clearly visible 1o the speam®a
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Zoology Department, B R College, Agra, for his valuable suggestions
The authors are also very thankful to Dr S A Tandon Zoological Survey
of Indma, Calcutta, for valuable assistance

Rererences

*

Brunuer C de Vattenwyl 1893 Révision du systeme des Orthopleres et description
des especes rapportees par M Leonardo Rea de Birmanie  Amn Mus Genova
XIU(2) 1230 pls 16

Gumney Ashley B 1965 Two new cockroaches of the genera Pelmatonipha and
Hemchoutedeua with 3 hey to the West Indun specics of Pelmatosiipha
(Dictyoptera Blattarsa) Proc R ent Soc Lond (B) 34(12) 511

Haoitsch R 19§5  Malayan Blatudae 7 R Auatic Soc Strans Dranck 693 17 178

Hamtsch R 1973 On a collection of Blatudae from the Buitenzorg Museum
Treuhia Butten org 3 197221 8 Figs

Hatsch, R 1973 Malayan Blattdae  Part I1 § Malayan Br R Asat Soc 1
393 474 2 pls

Hebard M 1929 Stuches m Malayan Blattudac Proc dead nat Seor Philadelpha 8 1 109

Mam M S 1955 Iatroduction to Entomology Agra Usioersity Press Agra 229 233

Rebo J A G 1904 Studicsin Old World Forficulids or earwgs and Blathds or
Gockroacles P U'S Afar XXVII No 1363 539 560

Rehn J A G 1916 Dermaptera and Orthopteral  Trens Am ent Soc XUI No
753 215 308

10 Schoder Ch 1975 Handbuch der Lntomolcgie 3 471493

11 Stellord R, 1910  Genera Insectorum 101 121 pls 2

mam o e r

©

Prare 1
e,
v N ; B
, 1
(SN 3
AN
3 l
b ;
i i
. % v
!
) H
P j
s 3
x : ¢ B
>~
[ : b
)
'
{ b o ok
- A,
Fig U Holotype Male Fig 2 Allotype
Not Co sutted 1n Onigmal



g
Iig

Fig

Fig
Tig

g

ENEFY

~aea

AGRA UNIVERSITY JOURNAL OF RESEARCH AL

Acte W

Sl et py

F b5
Holotype Male

Hind femur
Supra anal plate s
Cerar Ce Longuudinal furrows Lodl fws Stle i
Sub-genatal plate Sul gen p! Supr: anil plate Sup ¥
Vi T Lighth tergite INT Nuath tergite
Sub-genita) rlate
[ e Sule Sty Sabegenial plate ssb g P
Supra anal piate Sup ant p!

Allotype Temale
Left tegmen
Supra anal plate st
Crrer Ce  Spine Sv  Sugmata Sug 5 7
plate Sup anl pl INT ot tergite
Sub-genital plate 5. ey
Cerar Ce 5ib-gemtal plate Sob ger PSP

plate Sup anl p!



A STURY OF THE FISH TAUNA OF VISALHAPATNAM DISTRICT
{ANDHRA PRADESH)—ITS DISPOSAL AND MARRLTING
I SBcore ror Tue DeveroPuznt or INLanD Frsueries
™ Visaxuarusay Distriert

M V Sessa Ras Raran Sivon
Depastment of Zoology AND Departruent of Zoology
$ ¥ Unversity Torupats (4 Py B B College, Agra (U P)

(Commumcated by B D Saksena AL S¢ WPRD P ZSI)

Most of the rivers in Vusakhapatnam dustrict yield good fisheries There
are three rivers and two smalf channels 1 the distriet  AY these are the
natural homes of 2 number of quick growing fishes

Due to the avancions and unth ghtfal expl of the fish

the fisheries of the rivers have been dwindling at a rapid rate year after year

A i r of the breeders tends to ehaunate or reduce thesr
ntensity on whose protection the success of the future fisheries depends
Besides fshing adults excesstively our fishermen and farmers sn paddy fields
kil young fishes which are the potential sources for future Eisheries It
therefore nectisary to enforce surtable legisiatson to protect the young ones
and the breedery without which no success possible

Fuh like Hfsq ascend mto our rvers dunmg the floods for breeding and
contibuting for nyer fishery  But to obstruction caused by barrages and
anwents they cannot g0 back t their old haunts which he m the upper
;cach:: where they can breed unmolested  The construction of the barrages

tads to the congregation of breeders m large numbers below them T
210ues the preed of fish

hater during low tide

who fish andiser n ude and drain

Istuanies angd backwaters have a low sabinsty comparsed to the adjoining

i Several estanne fishes such  as chanss and Augdl  eephatus hase

been suceessfully acchmatsed to fresh water  There are Iazge number of

“knater fagoons which can be comverted mto estuirme and backwater fish
" by which thewr present fishery can be enriched and enhanced

Tangs axp Ponps

There are about 4 118 munor tanks and 547 major tanks = Visakhiapay
nam daytret {Statement No 3) The poads are mnumerable Some of
® tanks are perenuml and others scasonal Many of them 1yiyg
ad"“ﬂmgcou:ly utibised for the production of a
¢ first step 1. their deselopmen ﬁxd out the existing phy,

VoA



16 AGRA UNIVERSITY JOURNAL OF RLSCARCH {vol \y

cal and biological features of the pond  Then all defects that are noticed hase
to be removed wherever possible and stocked with suitable types of fish By
proper planning the pond fisheres can also be developed enormously

New varieties of fishes from other countries have been added to the
onginalones This has not only left to depletion but has prevented the
normal breeding fishes which inspite of the limitations placed on the lngh
of the course of their journes, have learnt to breed below the damsaed
amecuts  In order to allow migratory fishes to breed unmolested steps should
be taken wherever possible to construct fish passes, fish ladders etc, toenzb'e
the fish to cross the barniers and to ascend to their onginal places of breediag
As a secondary step surtable legislation has to be mtroduced to check th
wmtensity of fishing and to protect the breeders

A record of fish landing from rivers with all necessary detais should be
mamtamed m an cfficient manner  Statistical data on the types and numbes
of cach type of net used the number of fishermen dependent on nuer fishens
etc should also be mamntained  This information will be highly useful belore
deciding on conservation measures

EsTUARINE AND BAcRWATER FISHERIES
There are five estuaries  two backwaters and four rivers m Visakhapit
nam distict  (Statement Nos 1 and 2) A great deal of work has to be 43¢
to improve estuarine and backwater fisheries

During high tide  water overflows mto adjoinmg low g ares
taking fish along with st This feature wherever present, can be takes
advantage of and developed into estuarine or backwater ponds of fish farmt
Necessary arrangements to let i water mto the ponds during high “d“‘u
one of the ways of improving the pond fishertes Chmese carps such "““
gross, Black silver Big head and Mud carps can be considered for transp32
tation 1nto lentic water with advantage
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STATEMENT 1

M V SUBBA RAQ #t o on Fish fauna of ¥ usakhapatnam Disiniet 1

Estuarine Fishetses, fish production tn Visakhapatnam Disinct

Estiaring Fisherses

Type of water and
location

Approximate fish

Production
1 Viaih Backw, 1 50 000 1bs
2 Champavaths mver Near Rondada backwaters 120 000 Ibx
3 Gostham niver Near Bhumshpatnam back 125 000 lbs
waters
4 Sarada nver Near Polavaram back 120 000 Ibs
‘waters
5 RavaPeta Small backwater 60 000 1bs
Total 575 000 Ibs
Valyed at Rs 1 00 000/
I Ruwerine Fusherres
€ Three nvers above Nos 2 3 & 4
50 000 1b:
7 Varsha mer } *
Valyed at Rs 17 500/
StaTEMENT 2
Total Inland Fush production 1 Visakhapatnam Disinct
Estuaries Fish production Amount
1 Five Estuaries & back 5 75 000 lbs Rs 1 00 000/
‘watery
2 Four Rivers 50 000 Ibs Rs 7 400/
3 4 665 Tanks 17 00 000 Ibs Rs 2 50 000/
Appeomimately 1 000 tons 22 25 000 lbs Rs 3 57 500/
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STATEMENT 3

Statement showing the Tank Fisherses tn 1 isakhapalram District

Location Miner irrigation Major imnati
Mo of Tanks No of T nks
Anakapalli Taluk 509 ]
Elamanchil: Taluk 280 259
Chintapally 80
Lakavarapukota area 375
Gajpatnagaram § Taluk 527
Gappatinagaram Lstate area 18 &
A Rodury Sub Taluk 410
Madugala 298
Chodavaram Taluk 133 1
Srungavarapy hota Taluk 378 u
Narspatnam Taluk 268 st
Visakhapatnam Taluk 159
Bhamilipatnam Taluk 383 %
Bhogapuram Taluk 295
Total Tanks 418 4_517__’

STATEMENT 4

Staters nt shoaang the Tank avea and Iish production of Visakhapainam

Minor 1migation Major migaos

Approumate area
‘Total Tanks area (Approximate}
Fish production (Approxsmate)

40 000 acres 3 20,000 acre

1 70 000 acres
1,70,000 Jbs

]
Valued at Rs 2,50 000] e




STUDY OF THE COOLING CURVES OF GEL-FORMING SOLUTIONS
OF SODIUM OLEATE AND SODIUM ERUCATE
IN A FRACTION OF TURPENTINE

R C Sern
Department of Chemustry St Jokn s College, Agra

Several workers have emphasized the mmportance of the study of the
cooling process during the sol gel transformation of organic and inorgano
organic gels, since most of these gels are prepared either by cooling or heat
ing a solution of the gel forming substance  These studies have been made
mostly by Freundlich? Lottermoser and Matthaes®  Pleass”, Hollemann and
co-workers?, Fischer! Laderer’, Lawrence! and Prasad and co workers® for
various systems Al these workers have observed a sudden change 1n the cool
ing curves at the pomt of settng 1 a direction which 1ndicates that heat
1 evolved during gelation

The author has prepared gels of sodium oleate and sodwm erucate 1 a
fraction of turpentine for the first tme  Hence in consonance with the previous
studies of such systems the author has also investigated the cooling process
of sol g several of sodium oleate and sodium erucate
i a given volume of the fraction of turpentine from the temperature at which
they are prepared to several lower temperatures

ExpERIMENTAL

1 Preparatton of gol Jorming solutions

Solutions of sodwum oleate and sodwm erucate in the fraction of turpen
tine  called as Iigwd A whose particulars are published elsewhere were
Prepared in pyrex glass test tubes of the same internal diameter (2 10 cm )
For thus purpose a known amount of the soap was weghed out m a test
tubeand 10 m] of the Iiqud A were added tot The test tube with s
contents was then electrically heated to 140 G the upper end of the tube
Was attached to an air condenser to prevent the evaporation of the lhiqud
After all the soap had dissolved, the test tube was placed mn an air thermostat

d ata

2 Determination of cooling curves

The fall 1n temperature of solutions on cooling was read on 2 thermo-
meter dipping 1 the solutions ‘The observations were taken with solutions
contaming 030 0 40 and 0 50 gram of sodium oleate cooled at 30, 60 and
S0°Cand 030 040 and 0 50 gram of sodium erucate cooled at 30 and 60 C
In order to get comparable results the hqud A was also heated 1 the test
tube of the sama sizc to the same temperature as the solutions was allowed

e
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to cool m the same air thermostat mamtained at the same temperature ax
the fall in temperature was read 1n the same manner asm the case of gel
forming solutions

3 Results
The results obtamned are given m Figs 16 1n which the folow.r;
notations have been used —
T=Temperature 1n degrees in centigrade 1t which the solutian or tf
solvent was allowed to cool,
t=Time in minutes,
Q=Weight 1n grams of sodium oleate or sodium crucate :n 10 m! o
the gel forming solution,
Ty =Temperature 1n degrees centigrade of the solvent and the solut.on
undergoing cooling

Discusston

Tt will be seen from Figs 16 thatthe curves for the two sops
the hiqud A contaiming 0 30 040 and 0 50 gram of the soaps are very sumlt.
mn general characteristics, however, the higher the concentration of the t03p
the lower 1s the rate of cooling It will also be scen that the courst o
cooling of the solutions comncsdes s the earher part with that for the lgud
A These curves also show that substquently under the same conditions L3
liquid A cools mere rapidly than the gel forming solutsons

Further the curves for all soap solutions show defimite arrests 8t e
pomnt of setting  The mtial rate of coolng 18 followed by 3 change 1
direction of the curves which continues regularly later on These chang®
in dircction constituting a kink  clearly mdicate that heat 1s evohed °
gelation The temperatures of setting of these gels he mn the temperaicr
range of the kink

fow £
Ithas been found that the parts of the curves above and bel
a g Hence thus findiag B

arrest points (kinks) obey Newtons law of cooling (
been utilised for calculating  the speafic heats of gel forming solut on! L

and of the set gels (S,) by means of standard relation, the values "buﬁw
are given 1 columns 3 and 4 of the tables1and 2 Itwilbe mmx’
the tables that the specific heats of the solutions and of the set gels 13 s
as the soap content n the system 15 ncreased and that for 8 !)'!‘f‘; it
particular soap content the specific heat 1s greater m the solutron Of
than in the g-1 state

eat
Prasad and co workers® have calculated the actual amount <;l' H
H=S—"ﬂ‘5"+-s”' wht

* 2,
g 3.3 7
gel 5!3!51‘,1 xlh 1o

gelatsion (H) of soap pinene systems from the relation,

S, and S, are the speafic heats in the sol and
are their rates of cooling and t s the tume in seconds over
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is evohed  The heats of gelation of the gels of sodum oleate and sodum
erucate 1n the hqwd A have been caleulated 1n the same manner by
the author, the values obtaned are gnen m column 5 of the tables 1 and 2
1t will be observed that the 2mount of heat evolved during gelation ncreases
as the soap content of the gel 1 ancreased and decreases with the merease
of temperature of the surrounding

Prasad and co workers? have caleulated the molar heat of gelation (NH)
of soap systems s pnene  They have also caleulated the ratios of molar heat
of gelation (MH) to the temperature of settmg (T'y), expressed mn absolute umts
T A=2734Ty) for the seap systems m punene, and have found that this ratie

i farly constant and 15 mdependent of the of the solution

and 1ts rate of cooling  The molar heats of gelation (MH) and their ratios
to temperatures of setting 1 absolute umts (T A) have been calculated by

the author for the systems of sodwum oleate and soditm erucate m the hqwd
A and the values obtaned are given 1 columny 6 and 8 of tables | and 2
Itiy scen from chese tables that the values of the rato MH(T P not

constant but decrease with increase 1 the comeentration and of the
P of the surr

SUMMARY

The study of the rate of coohing of solutions of sodium oleate and
sodum erucate 1 the fraction of turpentine called as hiqud A of dafferent
o from the at which they are prepared to several
Iower temperatures has revealed that their rate of coshng 1 1dentical with
the rate of coolmg of the hqud A until the solutions begn to set to gels
Subsequently the gel formmg solutions cool 1t a slower rate than the hqud A,
thus showang defimte arrests at temp which corresponds to the setting
temperatures of the gels the changes m direction ndicate that heat 13
evoled on gelation  The curves above and below the arrest points obey the
Lasw of coohing, these observations have been utilised to calculate of speaific
heats of the gel farming salutions and the set gels, and the heats of gelstion of
gel forming systems
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Tasre 1
Sodium Oleate

Q T 5 s H MH | T, —;‘T‘
L
030 20° 13440 | 08011 | 33095 | 21850 | 350 | 383
040 10840 | 09128 | 41230 | 2000 | 3780 [ 59
0 50 s 17600 | 0916 | 47235 | 1smo | 0 | 490
030 6 12050 | o926 | 20420 | 1380 | 30| 3
0 40 , vaos0 | oose2 | 25780 | 1260 | smo | 335
050 1ee6o | osom | 29885 | mmso | mio | 307
030 50 11930 | 07630 | s710 | smo | 3s0| 157
040 12660 | osez | 9.7 | 4me | smo| fF!
050 13470 | 1020 | 12236 | 4845 ili_‘/’*'
Tante 2
Sodwm Lrucate
B
s
Q T 5 Sz H MH Ty T
| -
030 30 09766 | 0959 | 19380 | 13160 | 3180 43
040 t3s00 | oouss [ 27395 | 16050 [ 303 “t
050 T4s70 | 1000 | 30405 | 1260 | 33 ’:"’
030 & 11370 | 1070 | 19463 | 15220 | 3680 ‘“
040 11520 | 1050 | 2060 | 1zmeo | 33 :s“
050 Vizso | 11240 | 23205 | taso | %63 -
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STUDIES ON FLORAL BIOLOGY OF BARAUNDA
(CARISS 4 CARAN DAS Lann)

Avopnya Prasap
Departm nt of Botany Co t Agricnltural College Ranpur *

Carissa carandas Lann  (haraunda) of the famuly Apocynaceae 1s com
monly found 1 many parts of India The plantis of very hardy nature
and has got 1ts adaptability to wide range of souls and chmatic conditions
It provides a good protective and evergreen hedge Even as a hedge plant
haraunda bears heavily  Its fruits are used for making pickles and other
preseries  The frwits are lso used for jelly preparation  Besides the leaves
are used for maling decoction which 1s given 1 remttent fevers

No systematic efforts have yet been made for 1mprosement of this crop
Before the p of 1mp m the h da through
hybridization and other means 13 mutrated the knowledge regarding anthess,
dehiscence of anthers, pollen morphology and fertiity respectivity of stigma
mode of pollination and extent of fruit set 1s necessary Therefore, 1t was
considered desirable to undertake 1n detarl the study of floral biology of two
varieties of Karaunda 21z Amara and Dalcss with a view to hive a better
understanding of the factors contributing to the improvement of this plant
These mvestigations will also be helpful 1n breeding work of this fruit crop

Karaunda with dark purple greensh frutts are called Amara and those
with cream coloured fruits are known as Dulas  Ten year o'd 14 Raraunda
seedlng plants uniform 1 growth and Productivity were selected for the
material of this mvestigation at Botamwcal Garden Govt Agricultural
Gollege Ranpar, 1 the year 1961 All the expenmental plants were of
siumtlar vigour and recewved similar cultural and manurral treatments

(8) Time, duration and mode of flowermg—In spring the flower buds
develop i the avils of the leaves There are 1 3 peduncles and a peduncle
has 23 pedicellate flower buds The corolla 15 twisted to the left in the
bud  The flower buds near the base are usually the first to mature and there
B progression towards later blowsoming  The central flower of the cluster 15
the first to open while others may open 1 to 4 days later The flowenng begins
 the first week of March and usually reaches it> peak from 4 to 5 wecks
later but sporadic flowering on some plants continues until the end of June

The short pedicelled white flowers are arranged 1 Corymobose cymes

The flowers are actinomorphic hermaphrodite, hypogynous and pentamerous

The corolla 15 gamopetalous  salverform while androecium s epipetalous

43 short filaments and mtrose anthers wiich are i linear and tapening form

© gynoecium consists of two carpels—syncarpous and filform below  the
stigmatic head

® Present address—Awit Hortcultunst  Incharge

Meerut U P India

National Hortonum Circwit House
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It 1s evident from table 2 that the dchiscence started at8am ad
completed m a period of about 5 hours The data indicate that the peak
period of dehiscence was 9 to 10 a m Thus 1t s clear from tables 1 and 2
that the dehiscence takes place about 4 to 9 hours prior to anthests

Porren Stupies [

(a) General app arance and shape

Morphological features of the pollen gramns were studed by amlne ol
gentian  violet and Methyl green glycerne jelly methods described by
Lrdtman? and Wodehouse?!

The pollen grams appeared as fine whitish powdery mass when seen wih
the naked eyc  The natural form of the pollen grains was best obsenedin
the aniline 01l gentian violet  They appeared elliptical in shape equatoral
view and toangular and sphencal types in polar view which were shrwvelled
and compressed from the uides  In methyl green glycenne jelly they expen
dedand appeared oblong n equatonal view with 2 4 germpores which are
placed equidistantly The normal gran looks almost sphencal shape
The exme 15 much thicker and transparent than the mtine

(8) Pollen n1zesn different medra

The pollen grams were mounted 1n different mecha and the size was med
<ured with micrometer  The size m these two varieties does not ary mudh
within the same medium  The average size of 200 pollen grams was recorded
during the peak period of flowering nd s presented in table 3

Tanre 3
Stee of pollen grans . different meda

Amiline oil Acetocarmine Methyl green
Vaneties gentian violet with glyeenne glyccnneg Jelly “(“)"
it} ) (@) ”
 —
nmara 32,0 2525 27 52 0
Duls 4226 03 38 27 st

-
A perusal of table 3 shows that the size of pollen gramns i quie WS
with a range of 27 52 to 42 26 x in different media

(e) Pollen fertilsty

wd
The pollen fertiity was determuined by stamability of polien

t3 -
acetocarmine and on stigmas of different ages The deeply d’b
normal looking pollen grains were counted fesulc while shrvefled a7
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staned grams were recorded as sterile ones They were recorded sn 60 ran
dom ficlds on the dufferent shdes and the data are summanzed i table 4

Tasie ¢
Pollen fertilsty i different varsetes
Total number of Number of Number of Percentage of
Varetues pollen grains fertsle pollen stente pollen fesule pollen
studied grams gratos grams
-
Amasa 1278 1085 193 84 89
Duleas 1190 1016 i3 85 37

It 13 clear from table 4 that pollen fertility w15 85 37 and 8% 89 per cent
10 Dulos and Amara vanetes of haraunda respectively
&) Aeiferat germunation of pollen grams

The pollen graine are ph Their studies were
made in different concentrations sucrose solutions by hangmg drop method
deseribed by Prasadre The results are given m table 5

Tame 5
Cernunation of pollen growm 1o sucrase media®
Per cert Germnation 1 sucvose media of
Varneties

5% { 109, 5% 20%, 25% 309,

R i
Amars 6§11 12 58 33 50 £8 10 40 18 29 06
Dalers 975 M9 44 62 765 46 85 34 52
* About 209 1o 230 pollen grawms weee examined sn cach obyervanon after 4 hours

ol pallen plantiegy

From a perusal of fable 51t 13 clear that haraunda pollen showed some
nan all the ¢ tons tried but the best germunation of 63 10

Fer cent 1n Amara and 7702 per cent w Duless was recorded 1n 20 per cent
concentraton

Porre~n Stuoms 11
(9) Betoprimzy of stigma

The stigma receptivity was studied only :n Amara vaniety From
vismal observation the stigma  was considered to be healthy and receptve
when i wag fu"y developed shiny and sticky duc to the secretton of
stigmate fwd  The stigma sas recorded as unhealthy and non receptive
When 3t yar undeveloped dry and dull green in colour The visual
Sbservations were compared wih the actual condition of receptnity  as
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mdicated by the presence of germunating pollen grams on the Stigmat
of different age after controlled pollinaton  The controlled pollnanons
on emasculated flowers were made at dufferent 1ntervals of 12, 8, and ¢ hovy
before anthesss, at anthests and 4 8 10, and 12 hours after anthews
Stigmas thus pollinated were removed alongwith styles after 6 houn
of pollination and were fixed m -ceto alcohol (1 3) for 1012 munutes
These were then preserved tn 30 per cent alcohol untid they were finally
examined They were then transferred to a wial contumng lactic acd for
24 hours They were stamed with cotton blue and hept mn an oven for
2 hours 4t 50 G and were macerated on a slide after putting a coverslp
(Darlington and La Cour, 6) It was found that the stigmis pollmated
12 hours before anthesis and 10 hours after anthesis had no pollen tubes
the styles wisle the stigmas pollinated from 8 hours before to 8 hours after
anthesis had the pollen tubes i the styles  These observations regarding the
recepivity of stigma are more of less in agreement with the correspondug
data ob 1 by opic tion of d stigmas
(6) Duration of Recepiiraty of Stigma

(1) Visual obsersation—The stigmas were examined with the help of hand
lens (\ 10) for their receptive stage  Shiny yellowish green stigmas were cons:
dered to be receptive while dried, yellowish and greenish white stigmas were
treated as non recepuve  They became receptive from eight hours prior to
anthesis  Beyond thus period the stigmas became greemsh white and styles
began todry up therefore they were considered as non receptive Conse
quently the corolla with androecium dropped off and calyx remained persistant

(%) Trmt set m thod—The confirmation of the wisual observations for
the receptivity of stigma was also made  Artificial eontrolled pollmations
were made of the previously bagged and emasculated flowers 2t different
stigmatic ages and frutt set was recorded eight days after pollmition The
results are summarized in table 6

Tanre 6
Receptivaty of stigma an Raraunda based on frurt sel studies
Before anthesis After anthess
e ———
At "
12 8 4 antheus 4 8
Vaneties hort
hours hours hours hours | hourt
a* by a|b alb alb
Amara W] 01505250 8t]50]42
Dules So| 0).0})66|350[02]507148

a*="umber of flowers pollinated
He=Percentage of fruit set
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It 1s ewident from table 6 that 12 hours before or afier anthess the
stigmas were found to be non receptive  The miumum receptivaty of stigmas
92 per cent and 8% per cent were recorded in Duless and Amara varieties
respectively m the flowers which were pollinated 4 hours prior to anthesis

€} Genmnation of pollen on the stigmatic surface

To determine the correlation between the receptivity of stigma and
extent of pollen germmation and tube growth on the stigmate surface,
controlled pollmation of emasculated flower bud was carried out n the
Amara vaniety at different sigmatal ages  Ten pollinated fowers were taken
every tine 1t the different mtervals of 4, 8, 10 and 12 hours after pollination
meach case  The shgmas of pollimated fowers were exammed for pollen
germmation by the method descnbed by Darlington and La Cour® The
results are preseated 1n table 7 on page 38

A perwsal of table 7 1ndicates that the suigma  has maxunum receptivity
4 hours prior to anthess while 1t decreases afterwards Itis also clear that the

maximum pollen germination (90 per cent) was nbted for 4 hours prior to
anthesss

PoLLINATION ARD FRUIT SET STUDIES IN AMARA VARIETY

‘The different modes of pollmation 1 Amara variety were tested and
therc effectivencss was ascertained on frwitset  The [fruit was considered set
after eight days when the style dropped ovary swelled to small pea size and
turned greenssh 1n colour

(1) Self pellination—120 flower buds were tagged and bagged 10 hours
Prier to anthess for self polhmation

(2) Hand pollination—120 flower buds were emasculated and bagged
19 hours before anthesis The sigma of the emasculated flowers were

pollinated with the pollen of the me tree After polhfiation these floners
were carefully bagged again

(3) Natural open pollmation—150 flowers were tagged and left as such
for the open pollination

(4) Natural cross pollination—10 hours prior to anthesis 120 flower buds
were emascufated and left to be polinated by natural agencies such as
bees, flies insects and wind  The data are presented in table 8 on page 39

It 15 apparent from table 8 that there 1 least frmt set under natural
©r0ss pollination (47 509) but when pollens were dusted on each stigma by
hand the fruit set inereased to 61 66 per cent  The maxmmum frut settmg
(82 00%) was found 1n natural open pollination
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Tanre 8

Frutset as affected by various modes of pollination in Amara vareily of Karaunda

Sho Modes of pollmation Number of Number of Percentage of
flowers pollmated fruit set frut set
1 Self pollination 120 66 55 00
2 Hand polhnation. 120 74 61 66
3 | Natural open pollination 150 122 82 00
4 | MNaturalcross pollination 120 57 47 50
2
Discusston

In the present studies 1t was ob erved that anthesis and dehiscence were
not related to each other and were completed on the same day Anthe 1s
generally started between 5 and 6 pm and the peak of anthesis took place
between 7 and 8 p m  Swmlar short durations for anthesss have been
reported by Bajpar? Randhawa and Dass!? and Sen of ol ! n the case of
Aonla (Phyllanttus emblica L), Phalsa (Grama astatica L) and Mango
(Mangyfira indica L) resp ly It was m g to note that anthesis
required very short peniod for 1ts completton  In the studies en Karaunda
1 was seen 1 general observations that there was no correlation betwecen
anthesis and the atmospheric temperature and humudity  More or less
smdar observations have been reported by Musahib uddin and Dinsa®
Popenoe? Randhawa and Damodaran!?, Singh!* Torres!® and Wagle ® 1n
the case of mango

Dehiscence of anthers starts prior to anthesis and occurs asa conttnuous
process till all the anthers dehusced All the anthers in a flower require
about 4 to 5 hours to complete dehiscence  Most of the anthers dehusce
between 92 m and 114 m though dehiscence starts at about 8 a m nd
contnues tll 1 pm Ttus nterestng to note that anthess and dehiscence
take place at different tinmgs and complete within  a short period  Such a
short duration 1n case of dehiscence has also been reported by Bajpz®
Ba‘s“‘"ahmanyam" and Randhawa and Sharma'* w Aonla (Phyllanthus
#mbica L) Guava (Psidium guajara L) and grape Fatts sumfera L) respectively

These mvestigations also show that there 15 not much difference m the
mmorphology of the pollen grams of Amara and Dulcs vaneties of haraunda
Normal pollen grain looks almost sphencal 1n shape having 2 to 4 germpores
placed cquidistantly  Pollen gram size varies with a raoge of 27 52 to 42 26
Tucronsin dufferent media  The fertihity of pollen grams as observed by
Acetocarmumne stainability was 85 37 and 84 89 per cent in Dulcis and Amara
VaTcties resp y Artificial ger of pollen grams showed that
haxmum germnation was 77 05 and 68 10 per cent m Duless wnd

.
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varieties respectinely, m 20 per cent sucrose medium  Maumum peecent.g
of pollen germmnation and tube growth in 20 per cent ucrose med um
have also been reported by Prasad® and Singh!? i custardapple (Anes
squamosa L} However, Addicot! reports that pollen germmation and tube
growth are two dulerent processes which depend upon the physiolog: at
conditions of the pollen grams at the time of testing

In the present studies the masimum pollen germtnation obtained was
68 10 per centin the case of Amara variety while the fertihity obtamed by
acetocarmme stamabihity test was 8489 per cent It 1, however eudent
that the low germmation obtmned 1 artificial media do=s not represent the
mawum 1m germimation that occu s on sigmatic surfaces 1n natural condivos
The studies on stigma receptivity in Amara variety of haraund Jead to th
conclusion that stigma becomes fuirly receptive on the day of anth=s and
receptivity lasts for 10 hours afier op~ning of the flover The most receptiv
period was from 8 hours prior to 4 hours after anthesis though viswl
observation did not reveal the receptivity of stigma before the anthesis yet
germ nated pollen grans and fruit-set were obtamed by polmaton Ths
mmght be due to the fact that pollen remams viable till the stgmy rem3ns
receptive and consequently pollen germunation and tube growth take plaee.
Such results of stigma receptivity hive been reported by Climenko! and
Singh and Tomar®® 1n oranges (Ctfras sinewsss Swingle) and hagline
(Cutrus aurantyfoha Swingle) respectively

The results of sell cross and open pollination (table 8) reveal that thre
15 a great deal of difference among the different modes of pollination 2 far
as the fruit set 1s concerned  This shows that there 15 no self stenlity m &
saneties under study nor 15 there any cro s mcompatibthty  Its possblet
obtain as high as 82 00 per cent of frut set 1n Amara sarety by natural open
pollimation while natural cross pollination gives sery poor frwt scttng (#4790
per cent)  These findings of frust set clearly show that natural op n polhins
tion 1s quite predominant in haraunda  The present studies on po‘hn'llw':
are more or less 10 accordance with the obsersations of Randhawt and Das?
and Bajpai and Prasad! in Phalsa (Grewia asiatica L)

Sumyary

(1) Theanvestigations were carmied out on anthesss dehise nce piler
morphology pollen germination and receptivity of stigma 3 r\mu‘
and Dulers varieues of harwunda while the pollmation and frwt ¢
studies were done only in Amara varniety

1
(2) Themole of anthesis and dehuscence 13 amilar n both Amard 2

Dulass vareties of haraunda

ot
(3) Anthess tarted n the esemng  Mavimum percentage of fios

opened Letween 7 and 8 pm 1n both the vaneuss
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(4) Dehucence of anthers started 5 to 8 hours before opening of the
flowers and was oser within a period of 5 hours Mazimum percen
tage of anthers dehisced between 9 and 10a m

(5) The pollen grams mn both the varicties were almo t identical mn
morphology, however, thewr size varied from 2752 to 4226x in
different media

{6

Maumum percentage of arttficral pollen germination w1s recorded

11 20 per cent sucrose solution

(7) Sugma attaned maturity 8 hours prior to anthesis and remamed
receptive for about 10 hours after opening of the flower

[t

Maumum percentage of frust set (82 00%) was found m natural
open polhnation and mintmum fruit set (47 s0%) was recorded 1
natural cross pollination
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MORPHOLOGICAL AND ANATOMICAL STUDILS IN HELOBIAE VIII
VascuLar Axatoms of THE FLOWER OF HYDROCHARITACEAE—STRATIOIDEAE
AND THAMSSIOLDEAE'

V Smvon
Sthool of Plant Morpholagy, Meerut College Meerut

InTrODUCTION

Hydrochanitaceae comprising 13 genera and 80 spectes (Wills 1951)
s chiefly distributed 1n the tropical regions of the world The majonty
of species are fresh water but a few arc manine  The plants are partly or
completely submerged or rarely floating herbs and show great vamation
w the vegetatve organization and structure of the flower

Certam aspects of the famuly such as biology of the flower, cytology
embryology etc have recewed considerable attention from carber workers
Saunders (1929) also touched thus family 1n connection with her theory of
carpel polymorphism  She envisiged that in Hydrocharitacene there are
two types of carpels one of which 1s sterle and the other fernle Troli
(1931) made a study of the gynoecium 1 the famiy However a perusal
of iterature reveals that the vascular anatomy of the flower of this famuly
2 not recerve any attention at the hands of earlier workers except for a short
note by Kaushik (1949) desenbing the vascular anatomy of the pistillate
flower of Enalus acorond s Further Hydrocharitaceae 1s one of those few
monocotyledonous families with an  mfertor ovary which 1s yet to receve
adequate attention Appreciating this Eames (1961) remarks that The
morphalogy of gynoecium 1n this famuly needs anatomtcal study the relation
of the carpels to the receptacle 1s obscure and has been variously nterpreted

In the same way the so called superfictal placentation 1 the family also
deserves further attention

b The present mvestigation has been undertaken with a view to havea
etter und, ding of the hol 1 problems of the family

Ensler and Prantl (1889) divded the family in the four trbes—
Stratiodeas  Tha) 1 1, and Halophilod The
:‘53"' baper embodies the results of observations on some five genera of
- famuly of thesc Otelia Bootia and Hydrochans belong to the tnbe Stratiot
¢4¢ and Enkalus and Nechamendra to Thalassiodeae

MATERIAL AND METHODS
. The materia) that includes wflorescences flowers and flower buds of
Crent ages has been procured from various sources (table 1) It was

ll\\{unrch contribution No 77 from the School of Plant Morphology Meerut Colleg ¢
eerut

-~
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fixed 1n formalin acenic acd alcohol and dehydrated in cthyl aleohnl 4
xylol grades and embedded in paraffin  Serral microtome scctions boh
transverse and longitudinal, were cut 10 12 mcrons thick and generally stuned
with crystal violet and erythrosin  F'loral parts cleared by potassium hydro-
xide lactic acd and methyl salicylate were also studied Base fuchsm
proved to be a very good stain for such cleared preparations

Tanre 1
Specics Place Collector ()
1 Ottelra alirmordes Tndore Mr R Sharma
{Linn } Pers Varanaw Dr ¥ SR K Sam
2 Dootig cordata Vhall Varanms: Dr Y $RK 5harm
Hyd achanis dubia (B1) Leiden (Netherlands) Dr WA wnHe
Baker
4 Enhalus acorordes Madras Dr h K Lak!manw
{Linn ) Rich ex. Steud
5 Aechimandra clernyfolia Madras Dr h h Lak hmn
{(Roxb ) Thw
OBsSERVATIONS

Ottelta Pers

Ottelia alismordes (L) Pers 13 a submerged, fla aid annual fresh water
herb common 1 slow runming streams and water The hermaphrodit
flowers are sessil and solitary withuin a long peduncled tubular clliptic
ovate spathe with two acute tips ind 5-10 flat or crisped wings of »
2 3 are more promment The penanth 1s of six free segments The out™
three are green and  persistent while the mner three are petalod and lag?
than the outer The six stamens are of unequal heights and are arrans
1 three pairs The filaments are flattened and the anthers arc duhecoss an;
bamfixed The pollen grams are densely sct with numerous minute tw
cles There arc also present three staminodes cach alternating wath 3
parr of stamens  The narrowly oblong, beaked, inferior, and hexacarpels
ovaryis umlocular and bearing numerous small anatropous ovales  E3
of the six styles 13 bifid with two unequal papillose arms  The oblong-<lbp -
frutt enclosed 1n a 510 winged spathe, bursts arcgularly near the 17
‘The seeds are many nunute oblong or fusiform

Anatemy of the Flocer—The peduncle as 3 6 angular 1 3 ero s sect ™
and the cortex shows a large number of lacunae The vascular supply &%
sists of numerous scattered vascular bundles of which the thTe ‘ﬂm
bundles arc large (i3 2) The bundles arc collateral and 1he bnl’
1s very much reduced 1nd 13 represented by a channel formed bY
oblitcration of vessels
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Inthe peduncle and lealstalk of Ottelia alismndes Majumdar (1938) has
noticed polystely and that each menstele 1s surrounded by its own endo
dermis and penicycle  In the present ivestigation no endoderms and
pencycle have been observed surrounding the vascular bundles of the
peduncle

The spathe recenses all the peripheral bundles of the peduncle and also
1 trace from each of the three central bundles (Fig 3) In a transverse section
the spathe 18 generally 3 4 cells 1n thickness and the wings show a large
number of small Jacunae  In between the spathe and the ovary are present
small scaly structures—the lae ntr les—generally 2 3 cells m
thickness The three larger bundles branch and anastomose to form an almost
complete vascular cylinder (Fig 4,5) At this level some thick walled elements
also appear i the ylem

A Ittle higher up at the base of the ovary the vascular cylinder
$plts wp 1nto a large number of vascalar bundles (kig 67) As the locules
make their appearance some of the bundles begua  to fade out except the 12
peripheral one which are arranged I a tng and constitute gynoecium
supply (Figs 89) Outof these six are the carpellary dorsals* and the
alternating si< are the ventral strands At the bas~ the ovaryis perfectly
six locular but slightl hugher up 1t b locular being g
tely dvided mto six cell by protruding placentae  Each placenta 15
formed by the fus on of two half placentae of the two adjacent carpels In
very joune buds the two adjacent half placentae are m intimite contact
with one another  But n the older buds each placenta splts up at the Up
along the original hine of the umon of the two half placentae and finally
S°parating the two half placentae of the adjacent carpels A large number
of lacunae are present in the ovary wall and the placentac Each placental
strind supphes many anatropous ovules borne on the two half placentae of
the two adjicent carpels

Both the dorsal bundles and the r pt 1 strands
:P o the top of the ovary where they how anastomosmg (Fig 1) and form
(h‘;mmmpmc vascular cylinder (Figs 10 11) which gives rse to traces for
“uter and wner perianth and the stamens successwvely

n a:h" traces (or the outer and inner whorl of the perranth segments arise

segmy rmating whorls (Figs 1213) The vascular supply of each peranth

wh:l::“ consists of three bundles of which the median remains undivided

press ¢ tho marginals may divide further A large number of lacunae are
8t the perianth segments of the outer whorl

After the departure of the traces for the perianth  the remamng vascu

1
AT tissue breaky up mto 12 bundles the six outer supply the stamens while

N .
The terms doraal bundles and ventral strands (placental strands) have been used

‘:lmuphm sease byt they also carry the bundles of other floral organs adnated to
hem
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the six inner extend into the six styles (Fig 14) The anthers he mpum,
cach opposite 3 peranth segment of the outer whorl The filaments 2re
covered with unicellular papillose haiwrs formed by the prolongation of the
epidermal cells  Alternating with each pair of stamens are present three
stamunedes  (Fig 15) In transverse section of the flower they can be
casily distinguwished from th- filaments of the fertile stamens by therduk
staming cells  Generally the stammodes are without any vascular supph,
but 1n some flowers traces to the staminodes have been observed and 1 sudh
cases the bundle of a stammode extends only for a very short distance

The stylar bundle continues as such for some distance, and thenit
bifurcates into two branches extending nto two unequal arms of thesyle
(Figs 1617) The two arms of the style are often =dhenng together with
the flat ssde  The mnner side of these arms 1s covered with papillose out
growths of the epidermal cells

Flowers with 57,8 or 9 stamens and carpels were also observed In
such cases gynoecium  supply of the flower consists of bundles double the
number of the carpels
Bootia Wall

Bootia cordata Wall s sumiar to Ofteha alsmodes m habit s0d
vegetative characters It can be distmgushed from the latter anly
m flowering condition  The plants are dioecious  Only staminate flowen
were availble forstudy Numerous stammate flowers are enclosed m 3
spathe  There are six peranth segments 1n two whorls of three each, e
outer are green while the 1nner are white with an yellowish tnge  The foclit
stamens that are of unequal heights arc arranged i four whorls  The filamestt
arc flattened  the anthers are 2 locular dehiscng faterally  Six styllods &
also present in two whorls of three each

Anatomy of the Male Inflrrescence—The vscular supply of the P'd“"clk
consists of three larger bundles in  the centre and many smaller and p® {
developed bundles 1n the peripheral region of the cortex 4 ‘B)“M_
xylem of the bundles 15 reduced to a cavity bounded by a layer O
walled cells

At the base of the spathe the three central bundies ﬂplﬂd’"?“&‘:
to form an almost complete vascular cylinder The xylem clements © o
cyhnder show spiral thickenings Three traces arise from his ‘i’[l fe
cylinder for the spathe which encloses the inflorescence (rg 19 ¢ P
three Lundles extend unbrnched to the top of the spithe A 1376
ber of air cavities are present in the spathe

[r U
After the departure of the traces for the spathe the rer;;;nm:l;l o

far cylinder constitutes the vascular supply of the flowers (Fig o 9o byl
off a mass of vascular tissue for the pedicel of exch flower whcl ldk’ s
up 1nto 3 5 larger bundles in the centre and many smaller bun
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peripheral region of the cortex (Figs 21, 22) In between the spathe and
pedicels of the flowers a large number of squamulae are present (Figs 20 22)

Anatomy of the Stammate Iouer—Higher up 1n the pedicel the vascular
bundles expand and at the base of the receptacle of the flower they anas
tomose to form an almost complete vascular cylinder (Figs 23, 24) This
cylmder gives off nine traces almost simultaneously for the perianth segments
of the outer whorl (Fig 25) Thus each pertanth segment recenes three
bundles—one median and two marginals—which continue unbranched
throughout their length  Closely above “nine more traces are gven off
ftom the central eylinder three for each of the three perianth segments of the
tnner whorl (Fig 25) During their outward course the lateral traces bifurcate

The mesophyl! cells of the outer perianth segments are loosely arranged
2nd show a number of air cavities while that of the mner are rather
compact  The pertanth segments of the iner whorl how some foldings
m the upper region

After the departure of the penanth traces the vascular cylinder agamn
becomes almo ¢ complete (Fig 26) It gwes off twelve traces m four
Successive and alternate whorls of three each for the stamens (Figs 27 28)
The single concentric bundle of each stamen extends throughout the fila
ment and connective undivided

The remaining vascular tissue reorgamises 1nto a somewhat three lobed
vascular cylnder (ig 28) This constitutes the vasular supply of the
yllodia  Three traces move outwards from this vascular cylinder corres
Pondin> to the median bundles of the periiath segments of the outer whorl
g;i 29)  They enter the threc styllodia of the outer whorl which separate

one another at a shghtly higher level The remammng vascular tissue
;:h" ‘;‘P mnto three bundles which alternate with those of the outer whorl They
T;ml e vascular supply of the three styllodia of the inner whorl (Fig 31)

¢ single bundle of each styllodium continues as such for some distance
g"'g 33) and then 1t bifarcates (Figs 33,3%) The two branches extend
ut for a short distance mto the two lobes of a styllodum (Figs 32 34 35)
The cytoplasm of the cells of the styllodia 13 densely staming with central
t){x placed promment nucles The styllodia reach only up to the level of
© anthers of the mner whorl of stamens

Hydrocharss Lang

B Hydrochanis dubrg (B1) Baker (syn H morus rana (non Linn ) FV M
mgm)'c‘)mm““l)' known as Frog bit occurs 1n ponds and ditches The

plants are stoloniferous herbs free floating or rooting at the bottom 1n
shallow water

The plants are monoecious ‘The umisexual flowers are bome m

2leaved membranous spathes The female spathe 13 pedicelled and one-
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flowered The outer perianth s sepalod and conusts of three perssent
segments The three inner perianth segments are petaloid and larger thiy
the outer They are broadly ovate crumpled and white with a yellow
spot near the cunrate base A nectary 13 present opposite each penath
scgment of the mner whorl In the female flowers there are threepas
of hinear yellow staminodes, each paic lymg opposite a penanth segreat of
the outer whorl The ovary 15 inferior hexa carpellary, oblong elpac
and umlocular with six panetal placentae  The styles arc six, fat ead
sphiting half way 1nto two yellow hairy arms

Aratomy of the Pisnllate Flower—Smee this species reproduces vegelt
uvely the flowermng 1s not very common Only a few puspllate flonerswee
avulable for study from the matersal obtained from Netherlands Tie
present observations are ba ed only on one senies each of trapserst 21
Jongitudinal sections In the matenal studied two whorls of carpels wert
observed 1n the gynoccrum of the pistillate flowers But duc 0 the shorta ¢
of maternal 1t could not be ascertamed whether it 15 a normal feature fr
Hydrockarts or the flowers studied are showing some abnormahty

The viscular supply of the pedicel consusts of a large "“mkfnutr
scattered vascular bundles esenly distnbuted 1n the ground msuc, !
four bundles which he towards the centre are Jarge while the peop <
bundles are comparatively much smaller (F1g 36) The xylem 1s rtpm'::n
ted only by a few hgmfied elements m the smaller bundles houn;: g
the larger bundles the protoxylem 15 obliterated to form a narrow ©
bordered by a liming of thun walled cells

.
At the base of the receptacle except for some of the outer l’”jg’c‘“;::
bundies others branch and anastomose frecly and form 3 Droken v o
cylinder (Fiygs 37 38) At thss level the sascular supply of the tinde
consists of 15 periphera] bundles and an mcomplete centrrl v:um]::rht)ﬂ\«m
All the peripheral bundles continue as such up to the top of ! :,fsm!l'
The central vaseulr cyhinder soon breks up mto a Irge num\ﬁ;l eon
scattered vascular bundles Some of the bundles of the cent tre of
reorginise to form 1 small mcomplete vasculir cyhinder m the “: fnd £
the aus (Fig 39" The bundles which are outer to fhe “""3‘1,2\' g
constitute the vascular supply of the outer whorl of the carpe
gynoccium

4
1y one 8
Soon after 1% Jocules mnke their appcarance successnely

b
another (Fig 40) The ovary is incompletely divided by 1% placen!:dh: e
project towards the cenire of the ovary The six prominent .
median position 1n the six carpels 13 dorsal bundles of the p}\cut e
remuning bundles arc the ventrals and are distributed Tmhf\hx:h
plicental region (Fig 40)  They supply the numerous ovuied
scatlered all over the surface of the plicentac (Figs 12, 50}
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The hter formed vascular eylinder contiaues as saeh an the centre
ofthe aus for some distance At a shghtly  Iugher leyer where the locules
of the outer whor] suake thewr 1ppearance st abo breaks up nto numerous
seattered bundles (Iig 40} Threc locules (of the three carpels of the taner
wharl) make thee appearance Successively  Higher up the theee Iocules
WEIEE N0 one another forming 2 single frge locule (Fig 41) with three
placentae which project tawards the centre The vascalar supply of the car
pels of the mner whorlis simihr 20 that of the outer whorlze  each carpely
suppleed by asingle dorgal and many veatral bundles The carpels of the
oner whorl ace poorly developed ard beay oniy 2 few ovules They extend
for about 2/3¢d 1he Tength of the ovary  Oaly after the duappearance of the
<arpels of the inner whorl the sie focules of the carpels of the auter whor}
TErge 1o one another to bring about the unslocular condition (Tig 42)

The avary wall 1 differentiated nto two distinct regrons The outer
through which, the peripheral bundles extend 15 mide up of closely packed
farge cells way small anterceliular spaces The mner consists of small very
loosely arranged cells eaclosing numeroys S spaces  The air spaces are
2150 present g the placentae In the outer regien of the ovary wall some

ereular eanals are also present whach are Lounded by a disunct layer of
s walled cons

Alonguyseh the perpheral bupdles the dorsal and ventral bundles of the
outer whorl of the catpels alia extend 1n the avary wall upto the top of the
ovary (Fig 43} Atthe top of the ovary the 15 peripheral bundies constitute
the waseylar supply of the outer whorl of the perianth segments iFigs 44 47)

cach of whicly yeceives five bundles of which evcept the median one the athers
M3y divide furiher

The fatpellary branches fdorsal and ventsal bundles) come clo er 1n
the UPPEr region of the ovary and show some branching and anastomasing
(Tig 44 Then theee trace dwerge out on the rady alternating with those

the inner whor] (Tig 45) The median bundle of the peranth segment remams
undiadeq while the margmals branch freely (Figs 46 47) The penanth
SRmEnts of by, the whorls have 2 large number of air casstres

After the departure of the peranth traces six traces pass outwards for
the gy Hamimodes (Fig 47)  The concenmtric bundle of the stammode
NS throughogs s length  The thre. large nectarses present opposite
the periangh Sgments of the imner whorl (Figs 4849) are quite dhstinct

e traces vyhuch branch freely on entering 1t (Fig 48)  The bundles
T giving ruse 1o (e traces for anner peranth segments  stammodes
ang Beekary continye o the styles Generally 3 bundles extend nto
Cach style (Figs 45 49} The styles are bifidand the arms are covered with
Uacellylay glandular hawre
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Lnhalus Rach

Enhalus 13 a monotypic genus E  acorardes (Lann £} Rich ex Stewd o
a submerged salt water herb, distributed throughout the tropical blt of
Indian occan

The plants are dioccious The numerous mnute pedicelled
male flowers are enclosed 1 a compressed peduncled spithe consstm,
of two connate blades There are two whorls of penanth, cach wh
three frec, white and reflexed segments Tne three stamens are oppo:¢
the outer penianth, the anthers are dithecous sub sesile oblong a1
dehiscing latrorsely  The pollen grams are large and spherical with very fin
reuculate surface  The female flowers are much larger sohtary and sewle
mn a peduncled spathe consisting of two nearly frec persistent blades th
outer embracing the mner The blades are strongly heeled and covred
with long rough hairs  The outer three perianth segments are reddish aad
imbucate  while the nner thiee are white wrinkled and subvalvate T8
gynoecium s hexacarpellary and syncarpous, the ovaryis mfenor, ovod
with sic papilloss ridges and densely set with long finger like haws {Fig )
It 15 umlocular with six protruding  parctal placentac almost meeting 1 the
centre and ncompletely dunding the ovary intosix chambers Ther art
a few anatropous ovules on each placenta  The styles arc sic each bipartuc
from the base The frutt which 1s enclosed in a per 1stent spathe and rased
above the surface of water 1 ovate acumnate and bursting seregulatly 3
the apex

Anatomy of the Male Inflorescence and Floser—The cortex of the pedunc!
shows many lacunae and scattered tanmin cells The vaseular supplv
consists of 2 large number of scattered vascular bundles The PC"P““:!
bundles are small 1n size while the two central ones are large  Each bu d'e
1s bounded on outer side by a sheath made up of three or four lyen
of igmfied cells
gnes off 3
X lnd enler
large

At the base of the spathe each of the two central bundles
trace successively in opposite directions  They  traverse the corte:
the spathe segments of their sides Besides these two bundles 3
number of peripheral bundles also enter into the two spathe segments
3 depmw""(

The central mass of the vascular ussue formed after th ndle 1

the spathe traces gives off one trace to cach flower The stngle bu b
the pedicel of the staminate flower 1s centrally disposed (Fig 5%) "”y
base of the flower the bundle splits into three (Fig 53) Three tracc "
one from cach of the three resultant bundles for the penanth “g‘?rt:lmﬂ
the outer whorl (Fig o4) Close above three more traces pass © ath
simultancously alternating with those of the first for the threc Pp¢ N
segments of the inner whorl (I'ig 55) The sngle bundle afe:dllbpd‘ N
segment traverses unbranched to the tip  The 1nner cpxd:rm'-" ce

wnner whorl of peranth segments are consprcuously papllate (Fig 58)
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The three bundles left after the departure of the penianth traces consty
tute the androecinl supply ([igs 56 57) Each stamen receives a single bundle
which extends throughout the length of the filament and connective unbrin
ched (Fig 51) ‘Tannu cells are present in the different parts of the floner

Anatorsy of the Pustillate Flower—1TIn 1 short note Rauwhik (1940) has
described the vasculir anatomy of the pistillate flower of Enkales acorosd s

The present observations agree with his description except for some munor
detads

The nternal structure ind vascular supply of the mflorescence axis
1ssumtlar to that of the staminate flower After the departure of the traces
for the spathe the two central bundles before or after thew fusion give off
anumber of traces that mose outwards  As a result of this and abo because
of the splitting of central vascular tissue there are two rings of bundles at

the base of the ovary—the penpheral with nme and the central with six
bundles

The peripheral bundles extend as such n  the outer region of the ovary
wall while the central ring constitute the vasculwr supply of the six carpels
Just below the level where the locules make thew appearance each bundle

of the mner ning sphits up nto five—one dorsal, two secondary margmals
and two ventrals (Fig 60)

The six locules make thewr appearance successwvely but immediitely
they merge into onc another A lttle lugher up the six placentac that
protrude toward  the centre of the ovary and incompletely dwiding 1t
mo ux chambers, abo get differentiated The two half placentac of
Juxtapo ed carpels are free from each other throughout therr length (Figs
60, 61) A few anatropous ovules are borne on each half placenta A large
rumber of lacunae gradually appear m the placentae The ovary wall 15
“learly differentiated 1nto two regions ‘The outer with many layers of loose
arenchyma surrounding the peripheral nng of the bundler and the mner
nclosing a large number of atr cavities

The two ventral bundles one of which 1s restricted to each half placenta
we completely used up in giving rise to traces for the ovules  The secondary
narginals each of wiuch mayspht mto two during 1ts course in the ovary
vall fade out at the top of the ovary ~ Each dorsal bundle bifurcates and the
Wo branches extend mto a pair of stigmatic lobes of each carpel (Itg 63)
The sigmatic lobes of all the six carpels are arranged m a arcle enclosing
the pollen collecting cavity and they are densely covered with the unicellular

papullose outgrawths Tannin cells are present in the ovary wall placentae
style and stigma

The outer whorl of nine bundles which are the combined traces of
the two whorls of the perianth segments continue as such m the outer
Tegion of the ovary wall up to the top of the ovary (Dg 62) Then each of
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these bundles splits into two, thus the nine outer form the sascular supply of
the three peranth segments of the outer whorl anl nmne mner that of te
threc 1nner penanth  segments (Fig 63) The median bundle esten®
unbranched to the tip of the penianth segment while the margmals dmd
freely  The mesophyll of the peranth segment contains air cavties a d
large number of tannin cells  The tanmn cells are much more m the outer
perianth than the inner  The perianth segments of the nner whor show
foldings and thewr inner epid 1 cells are p ly papidlate lke
that of the stamnate flowers

Aeckamandra Planch

Nechamandra  alternifeha (Roxb) Thw (syn  Lagerosiphen  roxberghs
Benth } 1s distributed in India and Ceylon The plants are submerged
fresh water perenmial herbs occuring commonly 1n ponds  tanks and lakes.
The stems are filiform with alternate or opp sessile and l 1
leaves

The plants are dioecious  Numerous minute and pedicellate  stamunatz
flowers are enclosed n an ovoxd 2 fid spathe The pistillate flowens a¢
solitary and sessile :n a narrow oblong spathe  The penanth of the malt
flowers consists of an outer whorl of three petaloid segments  enclonrg the
two antero-posteriorly placed segments of the inner whorl The peruath
segments reflex after flowermg  The two stamens are diergent with shot
filaments and dithecous anthers dehiscing transsersely  The penanth tub 23
the female flowers 1s filiformly attenuated above mnto a neck with J-part®
hmb  The inferio- ovary 1s produced nto a filiform, flexuous beak Its
unilocular with numerous orthotropous ovules rregularly distributed 03
parietal placentae  The styles are three each terminatmg 1ato a cuss-
ilobed stigma covered by papillore hairs  The frut which 1820 o\uxdl‘d
indehiscent utricle has 2 membranous pencarp and 15 included m the spae

Anatomy of the Male Inflirescence and I'louer—The ground tissue of "}‘
peduncle shows many air cavities raphides and tanmn  cells The vasaf
supply of the inflorescence axis consists of a centrally disposed stele with
lacuna m the centre representing  the reduced xylem The remamng ¢
the stele 1s of more or less undifferentiated mass of phloem and p:rrn-h)‘!:
At the base of the spathe the stele expands and  the xylem lacuna s repla
by elongated ligmfied cells  This central mass of the sascular tsme s“:’
r1s¢ to two traces ely n opp 1 for the sheathing 592
The bundles extend throughout the length of the spathe unbranched. S'l‘;
mulac have been observed tn between the spathe and the floral axis Al
the departure of the spathe traces the stele extends nto the elongated av:
cal ams and gives off one trace for cach of the numerous small fov
(Fig 6%) which arc arranged m a somewhat spiral fashion

.
The centrally disposed stele (Fig 66) of the pedicel 15 sumtlar 17 !-’:’f
ture to that of the peduncle The stele extends 2 such for somg 40
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without giving nise to any vascular supply to the penanth segments After
the penanth segments are separated from the central axis the single bundle
ifurcates snto two and these branches extend into the filaments of the two
divergent stamens and continue up to the base of the connective (Figs 65
6768) Tanmmn cells are present in the perianth segments and filaments

Anatomy of the Female Inflorescence and Flower—The structure and vascu
Iar supply of the peduncle of the female floner s sumlar to that of the
male The vascular supply of the spathe 15 also dersved 1n a simlar fashion
(Figs 6972) Squamulae have also been observed 1n between the ovary and
the spathe

The central mass of the vascular tissue left after the departure of the
spathe traces forms the gynoecium supply Two promment traces diverge
sut almost simultancously on the same radn on which the traces for the
spathe were given off These are the dorsal bundles of the carpels A hitle
bugher up the remainng vascular tissue splits 1nto two bundles which move
outwards and become ventral strands (Fig 71} They lic on the radn
slternating with those of the carpeflary dorsals The single locule makes
\s appearance 1 the centre of the ovary (Fig 72) There 1s no distinct
placental region and the ovules are scattered throughout the wnmner surface of
the ovary wall The ventral strands give traces for the ovules (Fig 73) and
are completely used up 1n supplying the ovules (Fig 74) Tanmm cells are
alio present m the ovary wall and the parenchymatous tissue of the style

The two dorsal bundles contmue through the ovary wall as such
(Fig 81) and on reaching the top of the ovary they show some flatteming
and then one of them sphits mto two (Figs 75 77) The three resultant
bundles continue one i cach of the three styles (Fig 78) At the base of
the stigma the bundle of the style bifurcates (Fig 79) and extends into the
two lobes of a stigma A somewhat 3 angular stylar canal extends up to the
© anan cavity  The stigma 15 covered with long umcellnlar glandular hairs
(Fig 80) which are densely filled with cytoplasm and have promument nucler
In the female flowers too like the male flowers no vascular supply could
be traced to the penanth segments
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tud s owing vascular ground plan  Tigs 217 Senal cross sections of flower

base upward shosving vascular supply at different regions
d I bundle sp—spathe 1q ¥
std—stammnode s—ventral strand
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HYDROCHARIS DUBIA

W6 MLS

fom b
Figr 3645 Iydrackans duba  Seral ceoss sections of puullate flowe?
upward showing vascular supply at diferent levels .
d—doral bundle  1rc—snner ring of carpels V—ventral bundles.
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HYDROCHARIS DUBIA

Fig 4650 fHydrchans dubia Figy 4649 Semal crom sectoms of puullate
fower above the level 1n Fig 45 Fig 50 Semidiagramamatic represcatation of vascular
8round plan 1n a longitudinal secuon of pisullate flower

né—nectary std—staounode
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ENHALUS ACOROIDES

/)

/
,
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Figs 5163 Lnkalus accorndes Fig 51 Longitudinal section of 8 um:;
fower Figs 5257 Serl crom sections of the same Fig <8 A portor o 7
section ofperanth showing papillate outgrowths from lo <r epid emat ¢ I r: o
Semidisgrammatic longitudinal sectuon of pistillate flower showsng vascular §ro9
Figs G063 Crom sections of putllate flower at four different levels

d--dorsal bundle Pb—Peripheral  bandles  sc—cales, sm—secoadtty
v—ventral bundle

2l o
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NECHAMENDRA ALTERNIFOLIA

Q0Smm
' y,

72 80 75 81
tnflor 818l Nechamendra alirmfolic Fig 6% Longitudwnal section  of male
et enee Figs 6 Loagtudinal section of stamunate flower  Figs G5 63 Senal cross

chons of the same Figs €979 Seral cross sccuionsof pullate flower from Lase
wDwards sho ing vascular supply to different organs Figs 80 A portion of longitudmal
or‘:ml of sugma showing glandular hurs Fig 81  Semudiagrammauc represeatation
ascular ground plan of pistillate floy er 1n longrtudinal section
d—~dorsal buadle sq—vsquamulae vi—ventral strend






SOME KERNLLS IN THE HANKEL TRANSFORM
OF TWO VARIABLES—I

R P Guera
D § B Govt College, Nmm Tal

1 The wellknown Hankel transform n one vanable, nz,
©
e@=f i eroe
0

25 been extended to two variables and 1s defined by the mtegral equation

(=0}
8= [ [ (tr S, 003, €01 1 & dn
o o

Grayt Erdelyn and Owen® have investignted some self reciprocal func
tons 1volving two complex vanables under this transform R P Agarwal'
has gien two formulac connecting different classes of self reciprocal functions
of different orders m two variables Following the analogy of self recsprocal

function of one variable we define the kernel 1n two variables i the following
manner

If two functions f (u, 2 ) and g (x ) arc connected by the relauon

0
olx y)=f°°f P (e 3u) f (o u) dudu
o 0
where f(u u) R pandg(x y)s R, then P (x 7)s called the kernel
y

1% Lo vanables for transforming R, ,mtoan R" » and vice versa

P

The object of this paperis to mvestigate some such kernels with the

help of the theorems of § 2% and employ them to derve some new self reciprocal
functions

2 Consider the Integral

U2 strbmb—latfol,—¥ 5 (eimtd, 20kl W) 6%
0

° 1, () by () de &
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Thus the function
SR 0 deml 9Wy_, goy (Mg, g Qeiby g B4
15 2 kernel transforming
R5 —3 pl to R: n

provided 2/5<Ree<cd, Re iz}

Cast 2 For y=3c+3f2, ke=—loe, m==2e4+3/2 f=0, r=—P=—t+tin
weget
3e43/2 ~1x r
< e O F L O W 0erap QLIS SO PP

(1x57)
as a kernel transforming

Rs +3, p—-1 to Re,#
pronded  —4/o<Ree~§ Rep=h

Case 3 Fory=} —04 A=}, m=%c~F B=0 y=—p=o i
we get

-8
A% ope LA 2t Ty, by By g BY)
a3 a kernel transformng
R:-—Z p—t to R

provided 2<Ree<5/2 Rep2l

I

Cue 4 For yelo—3 hm—et 32 mme—l =0 y=—P=lu—t
weget

23 —~
2=bdep 0y OW__s et llp_r(xn)')f\__.i#(xﬂ))
asa kernel transformung

Rc~1 a1 o R, -
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-1 -
e Fillme, 12 | W, _, (‘)1-—-2-(-%"(*'”) B 3x%)
2t a kernel transforming
Ry 3 g3 ' Ren
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Case 6 For ymm—t f=fu0 ym=—p=—biiu vepet
139k, (9 Ty, BBy, )
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as a kernel transforming

to R,

R2’"-i, p—1 2m4-§, p*

provided —3<Rem<i¥, Rep>3

Case 7 For y=—3, F=P=0 1=—p=—233p neger
#TL GRG0, GenK,y ) (o)

as a kernel transforming

Ramt g, p-1 © Rfmt )
provided —{<Re m<3, Rep>1

Case 8 Far Y=3c-n/ﬁ+"—§‘-—2, k=xlmg, m=2e—1 B=.§?_.”_,

3
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3 [
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T
S
T E
as 1 hernel transforoung ~
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=
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Case I For y=3e=3in—2 k=}—c m=2c—1, f=1, then
SRR, 6t W, g (VT K, (VT

1
=l ey J;::r’[%ﬂ(m—m AN+ e300+ ) o)
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=7 (1—s, 1—a)

Thus th. function
R T i A Wi e 1S (VIFDIR(VEH)
1 a kernel transforming

Rse_3,2p ©
for 2/5<Ree<s Rep>—13

Rs 0
Cast 2 For y=3e—in4-3/2, he=—l—e m=2c+3/2 f=1 we get
. ? . —
kK =+§J§, 3x Fu (b1, degd AW_,__ 25+,}(x)‘]l’(‘/ %xn})kp(\/ixny)
as a kernel transforming
R 30 © R o>
provided  ~4/5<Re e<<—} Rep>—~1
Case 3 Fory=3e—%n—9/4 k=% m=}s—, and =} we get
—2 — EY
e 31, — 1 oy (e, emp, HWy 4 @IV (VE x1y)
as a kerpe] *ransforming
R=—3 2 to Re 0
provided 2<Ree<c52 Re p>—3
Cased  Fory=2c—3 n—3 ke—e+s m=c—1 B=} weget

2:-3 1 — ) ¥
LR A A e 2=L,OW__ 1o o Tp(VE )PV THD)
asa kerne] transforming
Re—tgp @ Re oo

provided 1<Ree<s Re >3
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Case 5 Yory=—1—}n, k=3, m=—e, =}, we get

LAY R (e, 122, AWy _ () T,V b v =)
as a kernel transforming
Ry_3,2p © R0

provided —}<Re e<0, Re p>—%

Case 6 For y=m~3} n—3, k=0, B=3, we get

AL Ky, @9 Jp W TEw) K (V)

as a kernel transforming

Rom—i,20 © Famig, 00
provided —$<Rem<},Rsp>—}

Case 7 For y=—3}—4n, =0, f=1, we get
ST (0 By, () TV TR, (VERY)
as a kernel transforming
Rants,20 ©° Re(ma), 0
provided —3<Rem<§, Rep>—3
Case 8 For y=3e—(§) n—=2, k=3—¢, m=2e~1,f=hn¢ get
A2, =¥ (¢ 4o, ) Wy, 21 F(V';xn,)h,(ﬂ )
as a kernel transforming
Ry _3.9p 0 R, s
provided 3<Ree<i, Rep>}
Case 9 For y=3 —($)n4-4, k=—1-1¢, m=2c+} B=hiwe get Y
5 _ —_ =)
PLLAS A AN N AR OW_y 9e43 JP(\/s"-’)"i(\fT)
as a kernel transforming

Ry 4320 0 R 9s
provided —f<Ree<—} Rep>}
Case 10 Tor y=fc—(3) n—~% k=j, m=fe—3, p=1 ve 5
A bi IR ey emdy oWy g @I Y ™
as a kernel transformuing

R._39p o Re o>
provided 2<Ree<i Rep>}
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Case 11 For y==2 e—(§) n—3, k=(§) ¢, m=c—1, =3, we get
AT (L a0 W I T (v T)
as a kernel transformmg

R

Ro_1,20 o R o>

provided §<Ree<c?, Re p>1
Case 12 For y=—1—(8) n, f=], m=—¢ B=3, weget
-1 5 —
LR TE e, 12, AWy (VTR V)
asa Lernel transforming

R

€, 2

Rl —3e 2p to
proided —~3<Ree<0, Re p>3
Case 13 For y=m—~ (%) n—3%, k=0 P=% weget
5 _— ——
BRI MO AVE % WV 22
as a kernel transforming
Rom+t, 20 © Ram—g,2
provided —1<Ree<} Rep>1
Case 14 For y=—3—(&" n, k=0, f=5, we get
—m 5
*THI Qb (9 T, (VERIB, (VT )
23 a kernel transforming
to R

Bamis, 20 1 Be(mid),2
provided —3<Re m<}, Re p>}
Exampls  We know that
@I, Ly (9) Rep>Rer>—1

15 R
P

Hence considering the case 1 of § 2 we have
Gl = [ (=% —3 1, 4=l W, 9,1 (0)
L
(u )*(V—P-’-l)lip_} By ) B*P—‘} (Gryu ) J*(V'H’) (un ) du du

.
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3y _P
_22777°% pa-oy (*2"+2f)
= F{3v—1) 4
L3 11y
JCR 2042297 T T
5,7 3 5, (25
~zto gy
3y 5 3. P
AR RN
v 3 5 9 l ﬂ _3
TR I T

provided 3/10<Re v<Re p , on using the results [3, pp 91,4304 402}

Thus the function

AN T S &
G:,g x2"+2]2412’2,412, 1 v 5 5
’ A A 2 ks Kk
2oyt
3 3 1 !
T-TEE

3 Rgy_3,p-1
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MORPHOLOGY OF THE MALE PINA. SUGARCANE MEALYBUG
SACCHARICOCQUS S4CCHARI COCKRERELL (PSEUDCCOCCIDAE
HOMOPTERA)—Ft I MACROPTLROUS FORM

R L Yapava
Department of Zoalogy, B R College Agra

InTRODUCTION

The morphology of the male Pseudococcidae has largely been neglec-
ted and almost all attention has been focussed on the anatomy and taxonomy
ofthe females Most of the available papers on the male coceds deal
pamanly with taxonomy and consist mamnly of bref notes on the more obvious
features of thear anatomy Berleses (1893 1895) paper contans many details
of the anatomy of male cocaids but fus de criptions are somewhat incomplete
and wnaccurate  Nels (1933) Suckneys (1934) 1nd Balachowsky s (1937}
Papers are not very mformative The paper by Makel (1942) on Pseadacoccus
though a very elaborate worl 15 more concerned with musculature than with
external morpholory  Janckes {1955) paper on the male cocads seems to
be of relatvely Little morphological significance The papers by Suter
(1932), Gerer (1949) Nac Gullwray (1921) Mahdihassan (1931) Morrison
(1928), Pesson (1941) Oguma (1919) Misra (1931) and Sule (1932 1943)
are devoted to the general anatomy of the male cocads The structure of
the eyes has been studied by Krecker (1909) and Pflugfelder (1836) The
Wing venation 13 described by Patch (1909) Ezzats (1956) paper on the
morphology of male cocerds lacks detals Recently Theron (1958) made a
comparative morphological study of the male scale msects and established
the homologies of the vanous structures Ghaurt s {1959) paper contains many
morphological details of the males of the famly Dmspididae  Beardsley
(1960) briefly deseribed the males of thirty specues of the Hawanan Pseudococcr
dae (ncluding § Sacchart) and has discussed only the broad outline of the
morphological aspects of the farmly But his descriptions lack details
Giliomee (1961) has described the motphology ncluding chattotaxy of the
males of three speaies of the genus Pseudococcus and has discussed the relation
ship of the famly Pseudococerdae with other sub divisions of the Coccordea
?{o attempt has 5o far been made towards the morphological study of the

ndian Pseudococcidae and the present study has been undertaken in an
attempt to remedy this There occur three forms : ¢ apterous brachypte
Tous and macropterous of the male pink sugarcane mealybug

The present isestigation 15 devoted (1) to study the morphology of the
Wacrapterous male punk mealybug Sacch sacchart Cockerell

::‘}(11 (2) to determmne the possible rel L of the Pseud dac with
“r subdivisions of the Coccoidea
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The dorsomedial part of the epicramum  (dmep) 15 only sery wedy
sclerotized and s shghtly raised No demarcated tnangular sclente aiths
of Pseudococeus ertre (Theron 1958) 1s found  Postertorly this area sbo.. &
by a distinct V shaped ridge (por) which miy be regarded avarem 2.4df
the postocaipital ndge (poer)  The antenor arms of the \ shaped pusye
pital ridge (por) almost reach the preocular nidges (procr) asm P fir s
(Grliomee 1961) The Makel's interpretation that the antenor extess~..
of the V shaped ridge are continuous with the preocular nidges hasbes
shown to be incorrect by Theron (195°), although her observations st
of the conditton found 1 P fragilis (Giliomee 1961) and S s. b
Medially the postoccipital nidge 15 closely approuimated by a famdly des
cated median nidge which 1s regarded by Theron (1928) as a detachrddod
part of the mdcramal nidge (mer)  The nidge termmates anteriorly bevwea
the antennal bases The ventral extension of the muderamal ndge {ze}®
completely scparated from the dorsal part of mideranial ndge The =zt
gives off two lateral branches (Imer) which run towards th by
of the antennae and thus assumes Y shaped appearance Th* l-"’:’
branches (Imer) do not articulate with the base of the scape (scp)  Pos 3¢
the ventral stem continues towards the ventral eyes and duappean nf~
of them  Simular conditions of mideranal ridge and ts Iateral brarches b
been found by Theron (1958) 1n P ettrt and Eulecanium and Giliomee (1en) =
P fragihs P adomdum and®P martsmus  However this 1 contraf ®
Makels (1942) observations The frontal apophysis (Berlese, 189%) vid

1
ongmates anteriorly between the antennac and to which antennal m“’d?gﬂ
attached  does not exist n Sacchartcoccus sacchars  Theron (1955)5543_

out that Berlese (1893) had mustaken the ventral past of the miders
for the frontal apophyss

s>
The ocular sclerates (ocs), each of which 1 separated from ‘h;,:k
medial part of the epicranum ‘dmep) by a membrine comprie

the ventral surface and part of the lateral surface of the mnd:
There 15 alo a Iarge rounded membranous area, “’"g"”d_
1) extend

topographically to the genac (g) behind the postocular ndge (p

rly 0
upto the cervieal groove The ocular sclentes are bounded postenr

"M
cach side by a1ridge nimed the postocular rdge {pocs), whieh :_\l):ct-’
belind the dorsal eyes and runs sentrally posterior to the h;:-wcl

(0) and then 1n a posteromedian dircction finally ending tn 2 “r e
near the anterior proumuty of the procpistrrnum--cervy cal sclent :b 245
According to Theron (1958) t' ¢ ¢ ridges correspond to the postoct torrs™
of Pseadaspidoproctus and Lulecarium as they have the same rchnonsglp’ 3 &
bouring structures M kel (1912) refers to thesc postocular [ gﬂm» %
dorsal and the sentral branches of two nidges which bifurcate bely v e
Berlese (1893) describes these postocular ridges i P el without E‘
particular name to them and according to Theron (1958) h..,qcor;te s
ders them to be connected with each  other and dorsally with th

margmn of the head
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Each ocular sclerite {oes) 13 b Jed dorsally by the p 3}
sidge {procr) which carmesa small anternior process for articulation with the
scape {scp) It cuts across the ocular sclente {oes) sentral to the pomt
where it articulates wath the scape {scp) and fuses with the postocular
ndge {pocr) below the lateral ocellus {0} According to Theron (1928) the
pre and postocular mdges of the pseudococaids correspond to Sule s (1943)
*para ocular bars of Phenacoccus  Dorsal to the lateral ocellus (o) the two
ndges are jomed together by a transverse acellar nidge {ocr)  This transverse
ocellar nidge 15 absent m P aitne (Theron, 1958) but 18 descrnibed by Makel as
part of the * Sclerotized ring * which surrounds the lateral ocellus  Anteraven
trally the ocular sclentes are not bounded by ridges and they are indistingut
shably fused wuth one another s dially T ally the ocular
sclenites are boupded by the preoral ndges (pror) as also found i P aun
(Theron, 1958) and P ademdum P frapis and P mantimus (Gibomee  1961)

Each ocular sclerite bears apaw of large dorsal and ventral sunple
¢y¢s and a pair of lateralo ¢ (o) The dorsal smmple eyes {dse) are borne
an the ocular sclentes {ocs) between the ocular ridges (procr and pocs) while
the sentral sumple eyes {1s¢) arc stuated ventrally on two comeal prom:
nences  Each latersl oceflus (o) ocours as a tubercle where the pre and
postocular ridges coalesce  Berlese (1893) has descrnbed the sunple darsal
and ventral eyes of Prendaccus as accessory eyes and the lateral ocelhas
Iateral eyes, which according to fum  are the perssusg larval eyes
Rrecker {1809) fully agrees with Berlese s views  Beardsley (1960) describes
three paurs of sunple eyes in S sacchan, regardmg the ateral ocells as the
smple eyes  From Plugfelders (1936 1937) work on the nervous
a and the develop of the eyes of Euwlecantum it appears that
the numple dorsal and ventral eyes of § sarchan and other cocuids and the
:"W ?I umple eyes i Steingelta and some lecannds (Theron  1958) are all

gous with the pound eyes of other wmsects  The lateral ocells {o}
ofthe adult were shown by Pfugflelder (1936 1937) to be the persstent
Iaval acellt and these m turn must be regarded not as homologues of
the doryal ocells of some cxopterygote nymphs {which are apparently absent
from all Coccordes), but as corr ding to asurviving group of ommatdia

%

ol the compound eye of more primitive exopterygote nymphs (Theran, 1958}

7084Thc dorsal eyes of § sa chars are widely separated from one another—
SU9361 (av 8312) u apart whie the ventral eyes are somewhat
1’;?0‘;‘@3‘64—:& distance between them bang only 12651518 (av
of ) & The dorsal and ventral eyes each have a well developed cornea,

whick the diameter 15 shightly larger n the ventral than m the dorsal
o1 (seo thie followsng table) The dstances bety ezn and dumeters of

¢ dorsal ang ventral eyes are (in mucrans) =~
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Tasre 2
Distance Duameter
Between Between | Ventral eye | Dosale
ventral eyes | dorsal eyes
Max 15 18 93 61 2783 3]
Min 12 65 70 84 5 30 an
Mean 14 09 81 26 1 "y
L34 0 510 3103 067 064
$D 135 831 157 154
cv 9 6¢ 10 00 5801 613

On the median line the ventral wall of the epicrimum s wvagn3 b
form a narrow slit ke ventral cavity {vc) the externil opening ofuhdia
situated behind the ventral eyes  From this ventral cavity a fauly shorts!
dorsoventrally flattened apophysis (ca) stretches 1nternally and accord £, 10
Makel (1942) and Berlese (1893} four pairs of antennal muscles are attachd
to 1t Berlese (1893) calls 1t the occipital apophysis, but Theron (19532
accurately named 1t as the eranial apophysis (ca) The anterior tentonal a7
(ata) ongmate 1n the ventral cavity postersor to the cramal apophy i D;ﬂj
narrowness of the ventral cavity, the antenior tentorial puts get merged &
the arms are therefore fused for a short distance and  then run po !morly:«
two scparate thread like structures The tentorial arms (1ty) are txn'm“;{
fine and can hardly be recognised ‘They are posteriorly fused wib ,\
stouter posterior tentorial arms (pta) which mnvaginate from two smlﬂ}:’:ﬂ
rior tentorsal pits (ptp) situated in the membranc sucrounding ¢ me;d
mouth opentng (mo) The two posterior tentorial arms (pt1) 3 Cm“"ﬂ
by means of an arcuate tentonal bridge (tb)  Makel (1942) fuled o mO{ L‘
the extremely fine anterior tentorial arms and her m(erprcmLO'\,:JO” b
ventral cranial wall are  thercforc, partly erroneous Beardsley (170
not referred to the tentorium

Just behind the ventral cavity (vc) the two shiphtly sclcrO‘ two 2
ndges (pror) form an nverted V shaped structure Medully e 5 0
fusc with onc another and laterally each arm 1s connected with (h:‘l’” e
ridge of its side by means of an wtermedmate sclerouzed plate ("J port i
(1959) describes @ smular  connection between the preoryl 3?19}1) 1 B
nidges in most of the aspidotines (Diaspididac), and Gnhon;:; oy -
three species of Pseudscoccus but Theron (1908) and Dear Zcﬂ"‘ ’
not deseribed such a connection 1n P aitrs and P admids 163

ne bd,-'{l
The sestigial mouth opening (mo) 1s situated 10 the membrd
the preoral ridges (pror)

gz gt
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Makel {1942) 15 of the opumon that the cersical groove does not represent
the postenor margin of the head ventrally, because the parts of the 5o called
“Vorderkopf” , and especially the Jabwum, ke belund thus groove  Theron
(1953) totally disagrees with her wiews and regards the cervical groave to
represent the postensor margn of the head

Derwal Strustures (Figs 1 and  2)—The chaetotaxy of the male
Pirudocacaidae has been studied by Sulc (1943)  Beardsley (1960) and
Giliomee (1961)  Two types of setacare found on the head capsule of §
saechors (3} 2 thiek sex, < fleshy  type {B) which tapers only shightly and has a
Blunt zpex and {u) = slender ‘haw Lhe  type (hs) winch tapers quute notably
saas to have an acute apes The fleshy setac of § sawhan are stender and
much hike the har ke setac asan P fra s {Giliomee 1901) It s therefore
difficult to separate the two types of setac  The setae and other dermal
structures of the head are

Tasre 3
Hegon Deserption Max Rn ‘ Mean | 5O SO cVv
Dol | Fleshy setae 4 4 4 o L [
Hase Uke setae 28 23 75 5 168 ] 208 { 815
Simple den pores 8 3 45 119 | 238 |5288
Trilocular disc pores
Q adnlocutar disc pores 6 4 5 05750 11502300
Qunqueloeniar  dise 3 2 2 o 0 0
pores
Hexalocular diss pores
Ventral | Fleshy setae 2 2 3 [ [ [
Hawr Lke setae 30 25 args { 15 22t | 84t
Sinple deem pores
Tulocular disc pores
Quadnlocular dise pores
Qunguelocular  dise
pore
Hexalocular disc pores

The cephalc setac may be arranged m the follawing groups

) Dorsal Head Setar (dhs)—These setac occur on both sides of the dorsal
muderamal nidge (mer) between the postoccipital ndge (por) and the lateral
branch of muderanial dee (lmer)  The fleshy setae, 2 on each side oceur only
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on the apex of the head in the dorsal vieimity of the lateral branch of the m¢
cramal nidge (lmer) while the hair Like setae occupy the whole of the aforgr
area and thesr number 13 8to 10 {av 9 5) on cachsade  Thercare23(av 2!
quadrilocular disc pores, | qunquelocular disc pores and 1 4 {av 2 25) muot
sclerotized rings, which probably represent the derm pores Jaterally on eaché
near the base of antenna

(u) Genal Setee (g5)—The genal setae (gs), 3 4 (av 3 25) on each st
occur on the genae {g) and are all hair Iike

(1) Ventral Head Setae (vhs) They occur on the ocular sclerute i beteeta
as well as antertor to and ventral to the ventral eyes (vse) No setae 1s fourd et
the preocular ndge  The fleshy setae 1 on each mde, are siuated latenllyat
the apex in the viemty of lateral branch of muderans! ndge {lmer) T
hasr Iike setae are 25 28 (av 26 25) in number, of which 10 16 (av 13 5) oeew
anterior to ventral eyes (vse) 3-4 (av 3 5) lateral to each ventralcye, one O
each lateral branch of the midcranial ridge, 2 4 (av 2 5) between the veatrl
cyesand 2 3 (av 2 25) posteror to the ventral cyes

2 Antennac (Fig 3)

The antepnac of the male Pseudococaidac have been dercnibed b
Usichanco and Villanueva (1932) Their descniption acludes the rclauve
Iengths and shape of the diffcrent segments  Giliomee (1961) hay descided
many morphological details luding chaetotaxy of the antt utlh!§
species of the genus Pseudococcns  Other papers devoted to the morpholosy
male Pseudococcidae contain oply the bricf references to antennac

Theantennac of § sacchart are wmserted directly 1 the membrine L
front of the ocelll  The antennae are normally 10 segmented, but 1 Blg
cases ane or both antennac may be found 9 segmented and rarcly 8 "gm'“;&
also  This 9 or 8 segmented condition of antennae is duc 10 the reduc
1 s1ze of one or more of the segments between fourth and ninth stzmm::;,l

their subsequent merger with the adjacent scgment In szﬂ;‘:{y;‘;@
ted by Gl
e

stamed mounts this fusion line between two adjacent scgments
sed (Figs 12 A, 13 A) Sumlar conditions have also been repor
(1961) and Ghaur: (1959) 1 theee species of Pseadococcus and 1= DNPM ®
respectively From an exammation of the adult from the P“P”;‘ o
was mvanably found that, 1 all cases, the antennac of the futurc adt
undoubtedly ten segmented

sthtt
The general appearance of the antenna s filiform The total 13!

el
346 85-426 10 (av 39385) s The length and width of ifferent 5%
10 microns are gnenan the following table
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Width of the scape (across centre) 3542 4048 (av 3689)p peded
3036 (av 3036)pu and length of flagellar segments 1518017963 {
167 74)¢  Ratio antennal length to body length 1 258315 (av 287}
The setae and other dermal structures of the antennal segments are —

TARLE 5
STGMENTS
Description
1 n,mlxv,v 'wlvnlvm'lxlx
Fleshy Max. 115 1o hz Jte pr o5 13 3 %
etae 1 5
Ma 17 6 |2 4 |4 {9 |8
Mean 1402 |7 s1 |s lo6 iz [os pon[td
SE o |077]o063jooz|13a[1203075]0ss[oesfl
$D 0 |24s|20 (292437380620 [ 154|277 [4%
p
cv o (239228 .7 (5725 [o4 62 |39 61 6 66 14 26 7 ¥ |0
Har like | Max 5 ¢l [a (5 |5 |5 | [
setae 1 §
Min 5 |5 1 1 0 2 |2 gt
1
Mean s (86 {17 |16 |16 |34 (35735 [#8)°
1
ST 0 |06ia) 0207 0218 0azslo26 || «;
a2
SD o |1oss|o9t| 06| 437 08s|00r|150(2 .
6743 M
cv 0 [2273 |55 29 [13 12 [st 37 24 07 7 17|13 03
’ i
.
Serailla Aax, 2 1 -
basicomca *
Min 1 0 .
Aean 13 030 - .
SL 0 151 015 )
SD 048 043 - .
cv 76 92 160 T
Senullum | Max 1 -
placodeum -
Ao ) ~
Mean 1 T
SF 0 -1
sD [ .
cv [ g
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The scape (scp) 13 a short and sub rectangular segment and 1s broader
than long  This 13 the widest segment of the antenna and 18 sclerotized except
dutally and laterally  Basally the scape bears a strong sclerotized ndge with
a lateral small stumpy process which articulates with a simlar process of the
preocular iidge  Distally the ventral sclerotization of the scape 15 produced
mto a distinet process which articulates with the basal ndge of the pedicel
(pde)  Thts type of articulation of scape and pedicel has also been described
m other pseudococeids  There occurs only one long slender fleshy seta
() dorsolaterally towards the distal end Hair hke setae (hs) are 5 the4
of which are on the ventral sde  Out of the 4 hair like ventral setae, 2 are
remarkably slender and smaller than others

The pedicel (pdc) 1s clubshaped and sclerotized and 1 reticulated
dstally Itisless broad than the scape  The basal ridge of the pedicel 1s well
developed ventrally but not dorsally and articulates with the ventral process
of the scape The pedicel 13 beset with hoth fleshy (715 av 102) and
hair like (5 11, av 86) sctae (see the above table) Some of the fleshy
s¢fae are charactenstically stouter and smaller than others Distally there 1
a ercular sensillum placodeum (spl) on the dorsolateral aspect

The flagellum (f III—X) 1 posed of seven which are
elongated cylindneal and shghtly constricted at exther ends They are all well
selerotized except for the constricted apical part which1s membranous The
relative lengths of the iffc vary derably (see the above
table) The tenth segment 15 always the Jargest The diameter of these
segments remawms apparently constant

The setac are more common on the distal half of each flagellar segment
than the prouimal half 12 (av 13) senulla b 1 occur v distally
on the thurd segment and 0 1 (av 0 3) ventrodistally on the 5th  Ventrally
on the distal half of each of the 8th and Sth segment one fleshy seta becomes
latgee than other The terminal segment (Xth) 1s tubularly constncted at
the apes &3 10 P adomdum and P mantmus (Gal 1961) This 13
further beset with 518 (av 1043) fleshy and 210 (av 514) har Lke
fetac weluding one apical seta length 15 18 17 72 (av 16 86)  not apically
‘3"3‘°‘Jb°ﬂ, tWo tluck spme hke sub apical setae length 32 893542 (av

73} dorsally two long apically knobbed setae  sub apical sensory (set
scla) fseta sem; claviformes—(sct scla) of Sulc 1943) length 40 48—43 01
(v 42 16) u ventrally two senulla vasiconica one at the apex and the other
on¢ 2 short distance behind ventrally

B Tue Trorax (Figs 1 2 4 5 & 6)
The thorax of Pseudococardae 1 deseribed in detal by Makel (1942)
;ﬂd 10 a lesser extent by Berlese (1893) and Beardsley (1960) and 13 figured
¥ Lzzat (1956) papers of Vaney and Conte (1908) Uichanco and
l'"a“““a (1932)  Cotnier (1936) Betrem (1937) Sulc (1943) and Jancke
(1955) contam no significant mformation on the morphology of the thorax
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Theron (1958) has made a detailed study of the thorax and established ge
homologies of various parts and sclertes  Giliomee (1961) has made 13
claborate and comprehensive study of the morphology tncluding chaetotasy of
the three spectes of genus Pseudococeus

The thorax of § sacchars resembles the typical homopteran thors
much more than 1ts hed r bles the typical } p head The mx
striking features of the thorax, of the species studicd are

(1) Marked clerite degeneration of the pro and metathorax,

(u) The replacement of the hind wings by halteres and resultut

reduction of the metathorax,
{m) Remforcement of secondary ndges

Length and width of the thorax in microns are as follows —

TaBLE 6
Length Width
—
Bass-
From | Pres- | Scute | Bams | Meso- | Pres | Scute
cervical | eutum Tlam ternum | thorax | cutum | Hum '(f:;‘;
groove (acrons | {acron pis
to the wadest) | wadest) | w
meso
01t
phrag
ma
S
o
Max ss05 |o108 |5313 1ee 21 fs036 [ts o1 N3 (7
468
Mun. w56 |7337 |4048 [131 16 |20 04 1oo 78 {8055 .
136
Mean 4138 [s222 |4558 [13v 0 [2764 [neco [9169 s
[
SE 10ss | 202 | 151 | 1s1 |2298 | vier] 208 v
1
SD 2353 | s95 | 401 | 321 [s2so6| zestf 570 o
9485 | 607
cv 563 | 602 | 880 | 23091176

1 Prothorax (Tugs 1 2 4 5&G)

Thus 15 separated from the head by a decp cervical gr
largely membranous There are two narrow transverse fi st
(prr) immediately behind the cervical groove (cv) and are rega! by Ex55
cervical sclerites by Makel (1942) and as the prothoracic suturﬂo‘:m’-d
(1956) ‘Theron (1958) regards them representing part of the Pr::ml’y
calle them as pronotal ridges (penr}  These scleates are separated e
each continues ventrally to articulate with a sclente, the pmcw“tm.;,wma
yical sclente (pepev), which is described by Theron as propleurzf;m i
sclerite Giliomee  (1961) calls 1t s prncputcmum-}ccrv:ul kL
Ezzat (1956) refers to thivas the pleural sclernite of the prothorax

oove (o) W%
dge ke selen'
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Each of the pronotal ndges dortolaterally bears a less sclerotized area,
the pronotal ndge (prn), the Cervicalast of Makel (1942)  According to
Theron (1958) these two sclenites (prn) resemble the dorsal lobes of the pro~
notal ndge m Stengelia The two sclenites (prn) are homologous with the
lateral pronotal sclentes described by Ghaurs {1959) m the Diaypididac
Further back there 13 a pair of weakly sclerotized plates (pt) which are
regarded by Theron (1958) as vestiges of the posttergites (pt) Makel (1942)
overfooks them

The pleural region of prothorax of § sacchar: 13 almo t sumilar to that of
other p ds The proep -+ eervical selerite (pepcv) 18 reduced
to a strong lateral capitate ridge hike structure which antemorly articulates
with the postocular ridge (pocr) of ats side, and posteniorly becomes fused with
the pro-pleural ridge {plr,) and forms a small internal propleural apophysis
(pla))  Makel (1942) calls this structure the propleuron and describes that
a small fisst cervical sclerite 1s antersorly  separated fromat  But this separa
tonof a small cervical sclente from the anterior portion of this ndge has
been hown by Theron (1928) to be mcorrect  According to Giliomee {1961)
the weakentng of this ridge (pepev) near ats anterior end convinced Makel
{1942) to regard the anterior part asa defimte detached cervical sclente
But a1 the weakening of anteror part of the rdge (pepcv) does not occur
inthe pumitive Coccordea (Theron, 1958), this mav be of secondary nature
Theron (1998) calls this nidge propleuron-cervical sclente, but Giliomee
(1961} prefers to call 1t proepisternum-4-cervical sclerite  (pepev) advocating
that although the hind margin of pleural sclente 13 formed by propleural
ndge (plr,} and propleural apophysis (pla,) 1 pseudococcids as well as
1 the Coecordea studied by Theron (1958) an ep has been described
by Ghaun (1959} n some Diaspididae  thus making the term procpisternum-
cervical sclerite (pepev) more appropriate for the anterior part of the ndge
{representing the cervical and pleural sclentes) than propleuron--cervical
sclente  The propleural ndge (plry) 15 ashort process which extends dewn
wards from the propleural apophysis (ply;) to articulate with the basal
Process of the coxa (bpc)

Ve

dian

ntsally there 1 2 small prosternum (stn;) which consists of 2 small

The triangular sclente bounded p 1y by a ndge (stn,r)

vmgost;mum 13 mot correctly figured by Makel (1942) who calls 1t the

(1940) stlente  Ezzat (1956) names it as the bassternum and Beardsley

an dGl“ a of the prott P while Theron (1958)
thomee (1961) both correctly call 1t prosternum (stn;)

e Dermal Structares (Tigs 1 2 & 3)—In the prothorax only hair hike

Py arefound  Disc pores, which are usually quadrilocular, butsometunes
cular or g locular or } 1 and some mmute  sclerotized

:'“‘E‘ Tepresenting  probably the smple derm pores are  associated with the

!:ta:.‘ }r(l;zute dermal denticulations are also found here and there near these

ath setae and other deymal structures of the prothorax arc given
© table 7 (on page 84)
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TasLr 7
Dermal Structares
Regions Har | Sunple | Trilo- {0s3dn [Qunq of 1
like derm cular | loculsr | orylar { bl
setac | pores disc | disc se | &
pores | pores | pores | pue

Medua! pronotal Max |12 2 4 2

mpns,

{raprs) M |10 0 [} o |-
AMean [ 165 | 1 2 65 | -
st. | 05 | 057 oats| 05| -
Sp |10 115 163 |10 |~
cv | 952 |us BLS P00 -

Lateral pronotal (Ips) Max | 8 2 4 2

(On cach nde) .

Min 3 0 2 -

Mean| 55 | 125 25 [ 18]~

sE | 104 ] 0475 050 1 0%

sD | 208 | 085 1o | 0%

cv |38 |60 wo |40 |~
e

Posttermtal (pts) Max. | 6 1 .

(On cachr nde) .
M | 4 0 N
Mean | 5 0s .
se | 0575 0 284 -
sp | 115 0 563
cv 10 LI SR g

1

Antesprracular  dorsal Max. | 8 2 !

{asds) {On each side) o ) ¢
Min 2

o3
os | on
Mean | 5 .
wof o |
st |14 ¢ o
0
1o |0
spD | 29 .
b 1131
oo 0
cv [sse0 L
Nax. B 3 —

Prosternal (stnfs] -

10! {stofs) Min 4 ~
Mean | 6 225 ko




Dermal Structures

Regions Hare | Sumple | Trlo [Quadn [Qunque | Heva
Ule | dem | cular | Tocular | Jocular | locular
scie [ pores | dise | disc | dic | disc

pores | pores | pores | pores

SE 0815 0750
SD 163 150
CcV {2716 | 65666

Antesprracular ventral Max. | 4 1 1 2 1
{asvs) {On cach nde)
M |2 0 [ t 1
Mean | 3 05 {025 | 15 1

SE 0408 0283 | 0250 0«8
5D 0816 0577 | 050 0 577
GV |2720 |I1540 (2000 38 46

o o ©

Prothoracic setae may be arranged m the following groups —
(2} Medial pronotal setae (mpns)—They occur dorsally on each side of
the median line anterior to posttergute sclerite (pt) No fleshy sctae are found

(1) Lakeral pronotal setae (Ips)—These are found n the area dorsal
to the proepisternum4- cervical sclente (pepev) They are all hair hke setac
andare38 (av 5 5) on each stde 12 (av | 25) quinquelocular 2 4 (av 2 5)
quadnlocular, and 0 2 (av 125) simple derm pores are found on each side

(12)  Posttergatal setae (pts)—They occur on and behind the posttergite
sclerte (pt) and are all hair ke They are 4 6 (av 5) on each side out
of which 2 arc situated on each posttergite  sclente (pt) 01 (av 03)
qunquelocular and 0 1 (av 0 75) quadrlocular disc pores nd 01 (av 05)
simple derm pores occur on ¢ach side in this regton

() Autesprracular dorsal seta  (asds)—They are situated dorsal to an
imagmary hine drawn between the propleural apophyss (pla,) and the
mesoth spracular opeming They are 28 {av 51 on each sde and
allarehaie e § 1 (av 025) hexalocular 1 qunguelocular and 1 2 (av 15)

ql‘;adnlocular disc pores and 01 (av 025)stmple derm pores occur on each
side

() Antespiracular Ventral Setae (asos)—These are found ventral to the
'@agmary line drawn between the propleural apophysss (pla,) and the
mesathoracie sptracular openmng  ‘The number of setae which are all hair like,
In s region 15 24 (av 3) and that of qumquelocular disc pores 01
(v 075) quadnlocular 02 (av 125) trilocular 0 1 (av 025) and sumple
derm pores 0 1 (av 05) on each side
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() Prosternal  etac (sings)—They are hardly  distngustb £
antesprracular ventral <etae (asvs) and are found between the anteno ex
(cx,), anterio- to the transverse nidge of the prosternum (stag) Thevor
all hair like with the total number 4-8 (av 6) There are no duep e, ey
0-3 (av 225) simple derm pores are met with

2  Mesothorar (Fig 1,2,4,5 & 6)

Mesothorax bemng the principal centre of flight, 1s well developed 2.4 5
characteristically reinforced by strong sclerotized nidges

{I) Mesotergum

‘The tergal region  of the mesothorax 1s well sclerotized  Thu 1s drwdel
nto an al or um and a g

(i) The Abnotum—This consists of a prescutum (prsc), scutum (i)
and scutellum (scl)

(a) The Prescutum (prsc)—Length 73379108 (av 8222) g, Wi
(across widest) 108 "8 11891 (av 114 7) i Its anterior margm curvey mwaeds
and E with the preph This 15 stroagly arcte?
and 15 bounded laterally by the prescutal ridges (pser) and postenody b~ 3
shght groove which represents the median part of the prescutal sulens (;'Ki]
The prescutal rdges are strongly developed and anteriorly fused wih &
mesoprephragma, which 1s slightly emerginate medially

Berlese (1993) describes the prescutum as the oval anterior partof 3
mesonotum  Makel (1942} correctly calls it as the prescutum while Jaud
(1955) wrongly names 1t as the proscufum. The structure, deseribed b
Ezzat (1956} as the prescutum, 1s really the mesoprephragma.
gves mse faten’
3 of -

197

According to Makel (1942) the prescutum {prsc)
to the prealare (pra), whereas latter 1s clearly the lateral extensio
scutum (sct) i S sacchart and other pseudococcids studied by Therot
and Gihomee (1961), as the pre cutal ndges which bound the preeci™?
laterally, bave shifted far medially

A
(8) The Sentum (sct)—This 15 very large and weakly :“‘!":; .

medially  Laterally st 1s produced into anterior and postenor 0
which extend lateral to the p (prsc) and 1 (’lg o
pectinely  Fach antertor extension extends lateroventrally to form i
called prealare (pra)  ELach prealare (pra) s separated from the rest S
scutum by a well developed econdary ridge the scutal nidge (sctr) ot
anteniorly forms a finger hike apodeme (ap) and postersorly extends "i’, L
antenior notal wing process (anp) Distally each prealare tcrmmc;’ pa
a sclerotized convex triangular plate (tp), posterior margin of wh ©

ds f g a distinct at sts base and arucuhfod e
mesepusternum {eps;)  The lateral margm of the scutum 3 P et O
a very well developed anterior notal wing process (anp) which
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wards The lateral margin of the scutum s folded downivards the deflec
ton being indreated by a small notch mmediately posterior to the antersor
potal wing process {anp)  Posterior to the hine of this deflection the
postersor extensions of the scutum are saflected dawnwards for a short
dutance, and then upwards to form the posteriar notal wing process(pnp}

Medully 2 longutudinal less selerotized depressed area 15 present on
the scutum  Lake ather mealybugs a lateral emergimation s present and 1s
Soliowed by the posterior notal wing process (pap) According 1o Berlese
(1833) the | tscutum 1 , and be as well s Malel (1942)
and Jancke (1955) regard the posterior extensions of the scutum {sct) as part
of the seutellum (sel) but Theran (1958) and Giliomee (1961) hold that
they belong to the seutum

{€) The Sentettum (seh)—Length 40 48 53 13 fav 45 54) o width 88355
10373 (av 94 6) p Thisita subrectangular sclente ts anterior and posterior
edges are curved muards giving 1t a sub cyhindnical appearance Anterso ly st s
separated from the scutum by 2 disuact sentoscuteliar sulcus (scts) and 23
postenorly bounded by a ndge (rd) which probably corresponds to the post
cenor margmal fold of the alinotum (Theron 1958) Berlese (1893} calls
the scutellum as the mesonotum Medially there 15 a less gclerotized area
which is called the membranous area by Bzzat {1958}

(4) The Postrotam—~This 15 a well deseloped area A large subtrangular
membranous area  which 1 called the  Postscuteltum or scutelium of the
Hetanotum by Bcrlcseﬂﬂ%) and the postscutellum by Jancke {1955) separates
the postersor pact of the postnotum from the scutellum (scl) Posteriorly 1t
stretehes for o coustderable distance and curves mwards extending within
the metathoracic cavity  Its postenor part becomes overlapped by fhe
deeply moluteq Beardsley  (1960) e ly b
that the posteror part of the mesonotum 15 sitwated extermally  Internally
where the P um  and um meet, a shghtly emerg:
nate esopostphragma s formed Laterally the postnotum gwes rise to the
£wo postnatal 2paphyses (pma) which are descnbed by Berless (1893) as the

Comiculate apophyses of the metanotam  and by Makel {1942) as the wedge
shaped 2pophysey Anterolaterally the postnotam 1s produced mnto a postalare
{p2) which articylages with the pleuron anterior to the mesopleural rdge
bl Tre anterodorsal margin of the po talare 15 strengthened by 1 ndge
the anterigp Postalare ridge (apar) which Makel (1942) weongly conssdered
%o be fuseq with the plenral ridge  The posterior margin of the postalare
Bal s remfyreeq By aridge the posterior po talare ndge {ppar) Makel (1942}
deseribes fdge without nammng it and holds that orginates at the
pleural ridge and extends postersosly upto the metathoracic pleural wing
Process (pwp ) Egzar (1926) also regacds that the postalare s fused with the
Tesoplenral wdge (pir)

4
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(1) Mesopleuron

The mesopleuron of S sacchars 15 somewhat modified due to sckente deg
neration and reinforcement of the secondary ndges  The mesopleu 2l ndp
(plr,) aruculates ventrally with the coxa and termmates dory
1n the mesopleural wing process (pwp,)  The mesopleural nd,e atapea
where 1t 13 overlapped by the anterior part of the postalare (pa} gives oo,
an mternal pleural apophysis (pla) The <clerotized area antenos tott
mesopleural ridge represents the mesepisternum (eps,) which 1 divided by 2
triangular membranous area into dorsal and ventral parts  The domalfat
of the mescpisternum s convex and s posterodorsal edge (el
the tendon plate by Makel, 1942) projects internally underneaths the basalrt
(bas) and 1s not vistble externally  The triangular plate (tp) of the preats
(pra) partly overlaps the anterodorsal margn of the mesepaster=
(cps;) 'The pisternum 15 bounded ly by 1 well deschped
secondary ndge the subepisternal nidge (ser) and ventrally by the marg 2
ndge (mr) of the bassternum (stn) The subepisternal ndge fser) extrnds
from the marginal ridge (mr) of the bassternum to the trsangular pl 1 (:?
but 1s not fused with esther Lzzat (1956) refers to 1t asthe pleura! lmg\t
Dorsally a fairly developed basalare sclente (bas) extends bﬂ"’mls::

pisternum  and the mesopleural wing process (pwps) Makel { &’
refers to ths sclerite without naming 1t A rarrow sclente (ns) contts )
mesopleurt! wing process with the costal complex of wing Ve e
Dorsalls a distinct subalare (sa) 1s present behind the mesopleural w:,
proces  Makel (1942) found this sclerite but did not nameit Ani!;“"*
tral to the subepusternal nidge (ser), mmediately above the margind ":g;
{me) a small arca extends anteriorly, which according to Weber (‘9"°)m
Theron (1958) s the lateropleurste (Ipl), and scemsto be 3 part 0 =
mesepisternum (eps,) A small sclerotized area, behind the
(plry and above the coxal articulation represents the vestige of d:zu’;:
meron (epm,)  Anterior to the coxal articulation there1s 2 narrow !r:;
which extends downwards but does not artrculate with the 0t A“”n:'
to Gilomee (I961) it represents the trochantin (tns) This sclente e
described by Berlese (1893) Theron (1958) Beardsley (1960} and r”;‘éﬁ_,
but 15 descnbed by Weber (1928) and Roberts (1916) for Aphu 370 %
(1950) 1n some auchenorhynchous Homoy Makel (1912) fov
did not name 1t as trochanun

(P Tk
The mesothoricie  spiracle  (sp,), with its supporting pentsen (P

1s situated m the membrane anterior to the mescpisternum (epss

(1)  Mesosterr zrt .
urd

The mesosternum of § sacchan 1s 1n the form of 3 hirge "k:;,_ml £t

the mesobasisternum (stn;)  This s situated  antenor 0 (h;;’) i o !

08 AL kel 10949)  recoonises 3t as such  but Ezzat (l_ TR
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{f) as the furcasternite The mesobasisternum  (stn ) 13 separated on
cach side from the pleuron by a strong margmal nidge (mr) Anterrorly this
ndge bends meduilly and becomes fused w th its fellow of opposite side
forming the anterior margmn of the mesobasisternum (stn ) Postenorly 1t
stretches dorsally and becomes fused with the plenral nidge (plr,) above and
anterior to the coxal articulation  The postertor margin of the bas: ternum
s bounded on ewch mde by a ndge the precoval mndge (pery,) which
potenorly runs to get fused wathits fellow of the opposite sde, and antert
orly with the margmal ndge (mr) anterior to the coxa (cx,) The basister
num (stn ) extends laterodorsally and becomes fused with the me episternum
m front of the coxa (cx,) thus formmg a precoxal bridge A postcoxal
bndge 15 altogether wanting The furcal pit (fp) s situated medially imme
duately bebind the pomnt where the two precoxal ndges (per;) meet The
farca (f) 1s well developed and consists of a broad base and two furcal arms
extending anterolaterally  Berlese (1893) and  Larsen (1945) wrongly regard
the furea (f) as the metasternal apophysis

(V) Wing Artreutation (Figs 1 4 6 & 8)

The articulation of the wings of § Sacchart agrees closely with that
of the Coccordea studied so far The pteralia tahng part i the wing
artculation are  the tegula (teg) the first second and third awllary
sclentes (ax, ax, and axy) the first median (m,) and second median (m,)
plates and the humeral plate (hp) The other thoracic structures wmvolved
ar¢ the anterior notal wmng process (anp) the mesopleural wing process
(Pwpy) the basalare (bas) and the subalare (sa)

{1} The tegula 15 a small memscate sclerite which 15 situated dorsally
on 3 buldged membranous arca anteror to the wing base According to
Theron (198) a muscle extends postentorly from 1t to the anterior margn
of the mesoplenral wing process (pwpy), and becomes attached to the latter
by a tendon like apodeme (1)

() The first axillary sclerite (ax,) 15 small and transular m shape
Is anterior tp which 1s supported by the pleural wing process articulates
:;n.h the costal complex of wing veins (ccx) Medually 1t articulates with
orc";'m‘l margm of the scutum (sct) near the notch formed by the deflection
o c lateral region of the scutum behwnd the anterior notal wing process
ﬁn-:) fThC posterolateral margin of this sclerite 1s long and produced m the
art ol a posterior arm  which lies over the second axllary sclente (2xg)
culating with the latter The sumlar condition of the posterolateral
gf:gm 1s descnibed by Giliomee (1961) 1n Pseudococcus Ghauri (1959) 1n the
spididac and Theron m the Margarodidae (but not 1n Pseudococcus citri)
&)
sclente
acute

) The second amllary sclente (ax ) 15 larger than the first axillary
and 13 somewhat subrectangular wath 1ts anterior end elongated and
wn The elongated anterior end 15 directed towards the costal complex of

8 veins and articulates with the antenor tip of the first axillary The
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posterior part of this sclerte 1s expanded and articulates with the thid adh
lary sclente (ax,)

(v) The third awllary sclerite {ax,) 15 the largest of all she thret
sclerstes It lies immediately behund the second axillary sclente (axy) wid
which 1ts“anterior margin articulates The anterior portion of thy sclea”
15 hat to lar and less scl i The antertor margmn of &
triangular portion 1s elongated and lies ouver the second awillary sclente far}
and ats basal margin s sclerotized and 15 completely fuscd to the postentt
heavily sclerotized portion  Giliomee s mterpretation that this trangalir let
sclerotized area represents the median plate, as defined by Snodgrass {1933
1s erroneous  As the anterior triingular portion does not seem to be a sepria=
sclerite 1 any of the specimens exammed, and the first and second mednd
plates (m, & m), as defined by Snodgrass (1935) arc found here at tes
night topography, I am not convinced with Giliomee s micrpretatiod Pot
teriorly this sclerite grves rise to a heavily sclerotized extenston which app
rently represents the axillary cord (axc) and has become fused with it Tee
axillary cord {axc) 1s connected to the postalare (pa) by means of a sclerotr
zed band, immedately anterior to the point where the sclerotized band fou
scutellum (scI) 1s attached The postersor margunal fold of the notum :!
therefore, not directly connected to the wmng membrane or aullany ¢
(axc) Distally the cord merges mto the hind margm of the wig

(v) An addrtional and less sclerotized sclente which possibly "P“’iu
the first median platc (m,) as defined by Snodgrass (1935) lies duﬂ“;m
second and third axillary sclertes  Tlus 15 sub triangular 1n shape W "
distal margin somewhat rounded The proximal part of the anterior mﬂ:
of 1t lies overlapped by the second xillary sclerite (a¥) the postertof DT
articulates s 1th the third awllary (ax,) This 1s not described bY )
(1943), Tzzac (1955) Theron (1958) Beardsley (1960) and Glhomee

L

(vi) Another very_ weakly sclerotized sclentc, which 'WTZ':;‘”
second median plite (m) as defined by Snodgrass (1935), B four:! Gilrex”
the first median sclerite  This 13 referred to by Theron {1958) ar ards 10
(1961) as the additional plate  Giliomee (1961) very comtly(f‘;e'm Tha
represent the second medan platc as defined by Snodgrass Lesin Pte
resembles the so called  Zusatzstuck  which Weber (1929 deeert

e
antenof
(vu) A trangular webly sclerotized  plate 13 found ceeend £

ds tal part of the costal complex of wing veins Tius possible Xl:\ o
humeral plate (hp) s defined by Snodgrass (1939 T‘mnlul:y 0 A
by Makel (1942) Tzzat (1956) Theron (1958) 1nd Bea ';‘c g
humeral platc has been described by Ghiun {1959) e lar
Nakel (1942) nighily recogmised this sclenite nd called ;t 'lc!c
Giliomee (1961) found st anterior to th~ dustal part of the

selen

1 gt
1al comf’ *
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Makel (1942) hasalso studied the pterba of Ps adocorrus but she has
mistaken the costal complex of veins (cex) for the second axillary sclente and

regards the true sccond axilary {ax) as bemng part of the third axmllary
sclente {axy)

Dermal Structures {(Figs 1,2 &6) Hauwr like setac aswell as duse pores
are present Fleshy sctae are wanting  The setne are found on the
grescutum. scutum scutellum and the tegula, the basi ternum  and on the
membranous area antenor to the & {stn,) and subeg 1 ndges
(ter)  The mesothoracic dermal structures are as follows —

Tante 8
Dermal Structures
Speaific Regions Hur | Simple | Tolo- [Quadn |Quingue | Hexa
Lke | derm | cular | Yocular | Yocular | locular
setse | pores | dise | dse | dme | dwe
pores | yores | pores | fores
Freccutal (psese) Nax 5
M | 4
Mean| &5
St | 050
SD { 1o
oV {2
Scual  cre) Max |19
M |0
Mean { 11 2+
SE {07
§D | 150
oV |13333
Seutelar ( ctg Max | 6
Mn | 4
Mean | 4 40
ST { 050
sD |10
i oy jnn

(Contd ou page 92}
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Dermal Structures
Sprafic Regions Haur | Sumple | Tnlo- |Quadn (Qu g+ B
like derm | cular | focular latuL- Lrae
sttac | pores dne duse die | £x
pores | pores | puwes | pem
Tegular (tegs) (on each Max 4 - -
nde)
M | 3 -
Mean | 325 -
SE | 0250 -
Sp | 0500 ~
cv (1538 -
Postmesostigmatal Max | 10 1 3 1 -
(pms) (on each nde)
M | 6 0 ! L
Mean| 75 | 975 15 125 -
st | 0865 0230 050 | 0250
sp | 173 | os0 1o | 0% |-
cVv |2306 |esee6 6 666 200 | -
I
Bausternal (sta,1) Max |16 N
M |11 - -
Mean | 13 33 -
SE | 142
SD | 2519 -
cv j1se -

They can be arranged 1n the following groups —

(1) Prescutal Setac (psesey—A number of harr Iihe sctac azr;
side of the median line on the preseutum  Ther number 1
each side Disc pores are not found

rﬂJ”d on C]é
(av 2 Be

t
Lot

(1) Seatal Setae (sctse)—These occur on cach side of the S}t‘:ﬁ Lie 1
a few ncar the anterior notal wing process (anp) They ate arc lack -
57 (av 6) innumber on cachmde  Other dermal structure!

d on each snde ©
e abse &

ceat o 13

1p peis
() Scutellar setac (scls)—They are foun fe
Iineand are2 3 (av 2 33 and all haw hke  Disc pores ar
are2 3 (av 2 66) minute membranous spots  omewhat fem!
hair sockets (Giliomee 1961} on cach ide
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(w) Teg lar Setee (tegs)~These nclude the haxr bke setac only and
ocenr on the anterodistal portion of cach tegular buldge (teg)  Theiwr number
1534 (av 3 33) The fleshy setac and other dermal structures are absent

(v} Pustm sastigmatal  setat  (pms)—These occur on the membrane
postenor to the mesospiracies (sp;) They are 12 20 {av 15) and all hawr hike
No fleshy sctze are met with  There are 0 2 (av 0 5) quinquelocular, 26
{av 3} quadulocular disc pores and 2 § {av 2 66) sumple derm pores

(vt} Basisternal setae (stn,s)—~These are all hawr like and occur mostly on
the aute 10 partion of the bassternum only one seta i found postentorly near
the precoxal ndge {per)) They are 1t 16 (av 13 33) 1 number No
fleshy setae or dise pores are found

3 Metathoray  (Figs 1,2 4 5 & 6)

Due to the loss of functional hund wings which have been replaced by
halteres the metathora< of § sarchars 15 con iderably reduced

(a)  Metanstum—This onginates morpholo icaliv postenior to the mesopa
stphragma  but as 1t docs not extend dorsally and posteniorfy beyond the meta
thoracte fold, wluch overlaps the mesopostaotum, 1t 15 not nible externally
Dorsally the two small sclerities which ate known as suspensonal sclentes (s3),
represent th e metanotum and each of them s connected to the haltere (h) of 1ts
side by means of a sclerotized tendon (ht) The e sclentes are nat described
by Malel (1042) Lzzat (1956) and Beardsley (1960) The only other parts of
the metanotum which are wisible dorsally are the two weakly sclerotized
transverse plates {pn;) of urregular shape winch are found 1n the membrane
Pos cniar ta the metanotum  Each sclerte posubly represents the metapost
notum {png}  They have been overlooked by Makel (1942) and Ezzat (1956)

&) Aotap In the pl there 15 a distinet metapleural
suleys and a corresponding mternal ridge the metapleurat ndge (plry® which
ventrally articulates with the coxa (cx,) and extends anterodorsally across
the pleuron ultimately termmating n 3 meta pleural wig process \pwp ]
The metaplearal wing process articula es with the base of the haliere (h)
The pleu af ndge (piry) m the mddle fdes out wnd s produced muardly
formag 2 small metapleural apophysis (pla;) In this respect 1t is very
airular to the condition described by Gihiomee (1961) n the threc specics
of Pseugneocens  “This condition has no been de enbed by Makel (1942)
Thero 1 (1958) aud Beardslev (1960)  Auterior to the ventrst part of the
metapleural ndge and coxal arbenlation theres 2 moderately sclerotized
ares which represents the metepsternum (eps ) from the veatral part of
Wich ashort precoval ndge (pery) extends ventromedusliv Between  this
nidge (per,) and the coval artculation the metept ternum {eps ) bears 2
hort ventral which represents the of the b
trochantin (tn)} Posterodorsal to the coxal aruculation behind the pre
Coxal nidge (per,) 15 an srregular sclerotized area, the metcpuneron (epms}
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The horacic spiracle (spy) 13 dm the membrane an erur
to the metepisternum (eps ¥ It has awell developed pentreme (piry), whxh
gives support to the spiracle

(c) A num—Two nal apophyses (sta) are found poseo
medially to the ventral ends of the precoxal ridges (per ) Makel (191%) ha
figured them though ncorrectly without any description They have been
overlooked by Theron (19.8) i P eairt and Beardsley (1960)1n P ¢%~
and § seccharr No sternal plates are met with

Dermal Structures (Figs 1, 2 & 6)—Only the hair hike setac arc fowd
In addiion to the setae, dic pores and sclerotized rings represeatiog th
sunple derm pores occur mn association with the setae  The setae and odes
dermal structures of metathorax are given in the following table —

TasLe 9
Derrmal Structures
Specific Regrons Har | Simple | Trlo- |Quadn |Quorquel Har
pes i hke derl:n cular (}'ocuhr %tu loculs?
setac | pores | disc dise die | d=
pores | pores | pores | pod
Metatergal {mts) Max. {13 -
Ma (12 -
Mean | 12 33
SE | 033 -
Sp | 0578 -
cv |48 -
S
Metapleural (mps; \ax | 4 2 6 3
(On each side) ! ° .
Min |03 1 2
Mean | 325 | 175 375 | 1 -
SE 0250} 0250 0 g533) 0707 ~
sp | 050 [ 050 AR
55 Jure | -
cv |1533 {2857
Antenor metasternal Max. | 10 4 4
(2ms) 2 - -
Ma | 6 H 2
Mean | 8 2 606 2 666 -
SE | 1is¢| 0665 ocesy ~ |7
SD | 200 | 11%0 110
PRI I
cv {250 (4323 (cm"”)
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Dermal Structures

Specific Regions Hair | Simple | Trlo- [Qadn JQangue| Hema
like derm | ecular [ locular | Jocular { locular
setae pores dusc dic dise disc

pores | pores | pores | pores

l(’g::)mr metasternal Max
Min
Mean
SE
Sp
cv

o o @ & o o~

The setac of the metathorax can be grouped as follows —

() Metatergal setae (mts)—These occur on the dorsum i between the
two suspensonial selentes (ss) and all haiwr ke They are 6 on cach side
3 of which are erouped together and occur near the suspensorial sclente
(ss) and the remaumng on the side of the median lne  There are no
fieshy setac or disc pores

(0) Metaplearal setae (mps)—These occur on the membrane antenor
to the metapleural ndge {plry) and posterior and posterodorsal to the

prracle (sp, dorsal to the metaprecoxal nidge (pers) They
2te all hair Like and 3-4 (av 3 25) oneach side 03 (av 1) qunguelocular
and 26 (av 3 75) quadnlocular disc pores and 12 (av 1 75) simple derm
Pores are associated with these setae on each side

() Antertor metasternal setae (amss)—They occur on the membrane
between the mesosternum and  the metasternum  These are 6-10 (av 8)
i number and all hawrhke 24 (av 266) quadelocular disc pores
2nd 23 (av 233) simple derm pores are met with 1n this region  Fleshy
setac are altogether wanting

() Postertor m tasternal setae (pmss)—They are found postenior to  the
metaprecosal ndpe (per) and are all hat like and 4 n number The fleshy
setae and dise pores are absent
4 Wings and Halteres (Figs 1 4 6 & 8)

.
As arule only the fore pair of wings are present and are functional
thehind paw being replaced by halteres (h)

The wings are wholy membranous and arc attached to the meso- P
7 e
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thorax The length and width of the wing and haltere 1n muero s a~
as follows —

Tanie 10
Length 1idih
Wing [ Haltere ' s\rlz::‘:o.ll' ll::ﬁtig Wirg Hadme
Max 209 6 70 84 48 07 370 1518
Min 763 6 63 25 45 5¢ 2300 e
Kean 787 3 67 95 46 55 286 5 e
SE 529 121 0444 1516 o
S D 13 99 321 0 094 40 105 134
cv 177 472 213 13 99 95

When at rest, the wings are folded in a horizontal posttion 0vef !5
abdomen and overlap each other Its bise 1 narron but the d
(postertor) part 18 much cxpanded with the posterior mrgin srd e vt
tip rounded There 15 no notch mn the anterior margin of the wiog & :
indicated by Beardsley (1960) The entire wing surface 15 covered by m-t
microtnchia with those on the margins somewhat longer than cL::!l '“
There 15 a small pouch near the wing base which 15 formed Ly the ‘l»(.‘
of the posterior margin of the wing  The hooked tip of the apical 2 !
of the haltere hooks into the ventral invagmation of this pouch Th; uey
type of wing pl h 18 1n other Coccoiden ako

g -
Basally on the dorsal surface of the wing, immediately “‘;::’; o

the common stem of the radws (R) and media (M), arc found 3—4 -
hair ke setae, which 2re known as alar setac (as) Besides a hod!u: ®
2 arcular senulll occurs along the anterior margin of the 1
distad to the pont where radius and media meet

Fenation i
1 15 also vey BN
according 10

e
The rdwr ®) r'u;

As 1 other mealybugs the venation m § sacche
reduced ‘There arc only two distinct veins which
(1909), represent the ridws (R) and medn (N
parallel to the anterior margin of the wing and ¢
scparated from the radius runs along the postcrior margin
converge anteriorly very closely but viubly do not meet
radius, basal to the pomnt where two vens come vory clo(t\.‘)
presents the common stem  of the radius (R) nd media brut 3 of 1!
to this commom stem a short mdependent line extends for :nxcr(‘ e
length  Tins 1s called subco ta (Sc) by Patch (1907 T]hiu szed sy €
of the wing basally merges into clongated Jughly scle

u P
the costal complex of wing veins (ccx) which Makel (1842) cal
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N
9 Tt dwsded basally nto a pomnted upper part and a broad lower
part The latter articul with the pleural wing process {pwpy)

it 5 (5
The basal haif of the haliere 15 broad and the distal half tapenns,
Each kltere Lears 2 long hooked apical seta (1) which hook mio the
sentral mvagination of the pouch of the fore wing  The hiltere 13 mem
branous excopt the antertor and posterior margrns of the basa! part which are
scleratized  Basally each haltere articulates with the metapleural wing
process (pwp } and al o carnes a munute proress which 13 connected with
the suspensonal sdemte {ss) of sts side by means of a sclerotized tendon (ht)

5 Leg (Figs 5 7 14 15& 16)

In general appearance the legs are long  slender and well smted for
locomation  The yuddle legs are the shortest nod the hind legs the longest
Each leg 11 composed of a stont coxa {ex) trochanter (tr} long and stout
feraur (fem), long and slender tibta (tb) and a two segmented tarsus {tary
and tar)) which carnies a single chw (c]) Lengths of the sanous segments
of the leg 1 mucrons are given 1 the table on page 99

The seta are matnly of the two basic types which oceur on the antennae

1 ¢ flshy and haw Wkesetae  Nearly all the segments of the leg possess
both the typesof setac the hair Like setae bemg more n number  Some of
the hair hike setae become converted 1nto thich set sharp pomted spimnc like
setee which occur ventrally on the nbia and tarsus  Ventrally the distal
ed of the tibia bears 4 thick stout, sharp-pawnted spurs the two of which
arelonger and thicker than the remamnimg two A par of digitules {tdgt)
!¢ loag amically knobbed setae, each with a circular basal rnng  occurs
dorally near the dista) end of each tarsus  Fach claw bears two very much
feduced digtales {udgt) The setac and other desmal structures of the legs
% gnen i the table on page 100

b &) Cova (ex)~The coa (cx) 15 broadly comeal 1a appearance Its broad
a'»';: is strengthened by 2 hughly sclerotized basal ridge (basr), which giwes off
dm;" basal process (bpe) articulatine with the  pleural ndge (pir} The
*® margin1s also well sclerotized bearmg an wverted U shaped darsat ndge
©arms of which afte ruqming ventrilly more than haif the width of the
%G stretch back more than half the length of the latter The coxt s
iestly sclerotized evcept the distal half of the venter which 15 membranous
© U shaped distal ndge of each coxa bears a posterior and  an antenar
-’;oce” which articulate with the corresponding  processcs of the trachanter
0:’;1 08 of setae 1 ¢ hawr hhe and fleshy setac are found on the coxa
mxd}’!om fleshy seta 13 found on the base of the basal proces of cach of the
setae ‘ a}:; d hind coxae and the remander of the coxa is beset with  hair ke
g iuch ate § for the fore 812 (av 10) for the mddl, and 9 10
basa} }for the hund coxa  One hawr hike  <eta 15 afwavs found on the
process of the fore coxa while the basal processes of the muddle and
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hind each bears a fleshy seta Two harr like setac are found ner th b
ridge and 2 1n close proximuty of each arm of the U shaped nidge

() Trockonter (1r)—This 15 short and somewhat bent aateriorly Ioa ~
Tior margin 13 short and concave and the posterior margin 15 much byge thr,
the anterior and 1s rounded It has two distinct parts separated by aes~v
ridge 1¢, basal narrow subrectangular, and broad triaagulardistal Esarg
1s strengthened by a well sclerotized basal ndge which bears ax antenior sla
postertor process articulating with the corresponding p of the oo
Tts dustal triangular part1s separated from the femur by a narrow aseh
membrane

The trochanter 1s beset with both types of the sctae, 1 ¢, flesby 2.7
hair hke A small hair hike seta occurs on each of the anterior and potzr~
process of the basal ndge ‘Therc are 45 (av 433) harr like and 12 (7
166) fleshy setae on the basal half 12 (av ) 66) haw lke and 03 Foke
seta on the distal half of the fore trochanter, 45 (av 4 06) hur fike t;'
1 fleshy setae on the basal half and 2 har Like and 1 flahy seis o3t
distal half of the middle trochanter and 4 6 (av 5) hair ke and1 fni
seta on the basal half and two hair ke and 1 2 (av 133) flaby 8 &
the distal half of the hind trochanter There are 3 cucular smila “:
trangle on cach of the anterior and postersor faces of the basal hall o(Lv
trochanter  Giliomee (1961) noted the sumlar arrangement of thee ;5;"
1n the tree spectes of Pseudococens but Beardsley (1929) describes olv S o=

(w) Femsr (fm)—This 1s long and stout Its dustal mamgs “P:;
ded with a well selerotized nidge which bears an antenor and 3p¥ &
process, each of which articulates with the corrcspondmgpmw‘x”u:
tibia Basally 1t 1 connec ed with the distal traangular part of the t
by a narrow membrane
he enurc surfsce exeept &

cons™
tae are MOSE
The s g

Both types of setae are distributed over ¢
distal hall of the ventral surface which s bare
on the dorsal surface than on the ventral —Two hatr like "u"
found dossally near the apex of the femur of all the threr fs;e
occur 9 12 (av 10 66) haur like and 4 7 (av 5 66) fleshy srtac 03 NINE]
610 (av 833, hair hke and 48 (av 5 GG) fleshy setae on dle:fcmx-
810 {av 9 33) hamr like and 67 (av 6 65) fleshy setac on the fnv

T

nd 15 €02 T
bearc

e €OTOT

o3
3
dge 3t : M

(s2) Tibea (n6)—Ths 13 the Jongest srgment of the lega e
tirely slender  Basally ot possesses a hyghly sclerotized basal 1 ¢
posterior and an anterior process which articulate with 0
processes on the femur D tally there 13 4 short median ¥ i
which artsculates with the tarsus  Except for a pasal artcular ™

fairly sclerotized ot
g [s¥
The fleshy type ctar are more numerous on the lxblﬂn {h’ gﬂ 11

hair Iike and 9 11 (av 10 33) fleshy 1ype sctac occur o
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* 833) harr Lke and 8—10 (av 866) fleshy type on the muddle and
1 (av 933) hair ke and 1214 (av 1266) fleshy type sctac on the
W tihia  Ventrally and laterally, towards the apex comparatively long
ir like setae are found 4 strong, thick spurs are found distally on the
wrolateral surface  Two of these spurs are longer and thicker than the
lers

(v) Tarsus (tary and tar,)—This 13 the shortest segment of the leg and
ompo ed of two tarsomeres The first (tar,) 1s a sclerotized nng with
‘arged ventral part  Itis connected to the tibia by an articular membrane
illy and distally by another articular membrane to second tarsal segment
1) The latter s well sclerotized and clongated Dustally 1t possesses a
ntndge at the pomnt where 1t articulates with the claw  Ventrodstally
¢ 15 an ncsed area on it Lobdell (1937) has described two segmented
4 for 2 number of Pseudococadac while Makel (1942) overlooked the first
ment

Most of the setae distributed opn the tarsus, form distinct rows on the
wal and ventral surfaces The haw lihe setae are more numerous On
tventral surface there 15 2 distinct double row of thick set sharp porated
ut harr ke setac  The fiest segment (tar,) 15 devord of any seta all the
1 structures are confined to the dustal segment (tar ) only There are
4 (av 11) hair like and 46 (av 5) fleshy setae on the fore 1011
v 1033) hair ke and 3 6 (av 4 33) fleshy setac on the mdflle and 9 11
v 10) hair ike and 2 fleshy setate on the hind tarsus  Dastally just dorsal
the mased area two long and apically knobbed tarsal digitules (tdgt) are
eent  There 1 always a arcular compamform sensillum (cams) on the
52l proximal surface of the distal segment (tar }

) (i) tlan (cl)—This 1s well developed curved and pomted It arty
vates basally with the apical nidge of the tarsus A very small ungual
gitele (udgt) 55 found on each of the anteror and posterior surfaces  These

ir:]ulex are described by Cottier (1936), but Makel (1942) has overlooked

G Tre Aspomen (Iigs 1 2 & 6)

m:s’rhc abdomen s largely \ and the seg 1 boun
mnétas well as the hne separating it from the motathorax are seldon
stort nclear preparations The abdomen bewng membranouws gets easily

*ted when mounted It 15, therefore, difficult to figure and describe its
thne correctly  The of the abd 5 and 4 Taegely by
S]SZn::m;,l arrangement  of the setae and the dermal denticulations as
dome, ¥ shallow interscgmental grooves ‘The length and width of the

R 1n microns are as follows —
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Tasre 13
Length [
From
mesopost Lo~ setae | (A~=aty!
phragma to Gental Stylus Acdeagus of tte | able
the basal segment glandulae | g
rdge of plae
pemal sheaty)
A2z 524 4 106 26 27 83 23 55 3220 1y
Min <04 8 83 49 25 30 70 81 352 H
\ean 446 55 95 38 2726 7343 3037 -3
SE 16 91 19 033 375 535 bR
5D 47 70 622 115 751 16 63 LU
ch 10 44 652 418 9 57 549 sE

I Tk Pregental Segr nts

In S sacchers the abdomen has eight pregenital segmeats Tie s
number of the pregemtal segments has been describd by Berl s ’VJ"
Makel (1942) Theron (1958) and Giliomee (1961) 1 Pscudom'c.:
Beardsley (1960) failsto r the first abd 1 scgment and =%
rectly deseribes only seven segments 1n the abdomen

-3

The first abdormimal segment 1s not developed ventrally and 3 m",lz“
to Stickney (1934) Snodgrass holds that i coceids the mmatho -8 %5
have cronded out m the fint abdommal segment Dormally 19 ’;",
clentes represent remmiscences of the first abdominal tergem fat) T¢
small sclerstes are al o found on cach of the sccond and third 597 "("
and aty)  The 8th tergum 13 represented by a fawly large tergnl pla € (“l
7th by a som~what transs ersely eloagated tergal plate (at;) and 6th lﬂ“:’ﬂ
narrow tergal plate (at,,  Ventrally the sclerotzation 8 conp' & 3:_ .
except for 2 narros small sternste {ast.) on the 7th and e srzall 3 ‘d
(ast,) on the eighth abdommal segment The ventral 1nvigmatio™ °
iwtersegmental bounda v between the thwed and fourty 877 9 M :t
faurly demarcated Tl es~ invaginauons corre pond to the latral eé* ;;’
of the arculus which s pres=nt in the lanac and adult ferates { ‘” o
1961) Beardsley (1960) did not descnibe them at all Tie £ f’r;(
abdommal segments are broad and y idth  graduall decreas 3 «‘t:dv: N
towards the seventh segment and abruptly narrovs at tle aglth?
segment
the 6th abdm 1l " L\

Donally at the poswerolateral margin of ¥

apar of sht hke openings (ost) occurs They are ho
posterio dorsal ostiole of the adult female
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The scgmental position of the circulus and ostiole 1s still a matter of
controversy The manner mn which Bal, ky (1937) and Borkh
(1949) count the abdominal segments of the adult female, circulus is
stuated between the third and fourth segments and ostioles on the 6th
segment  According to Ferns (1950) and Ezzat and McConnel (1956) the
arculus 18 situated between the fourth and fifth abdominal segments and
the ostioles 1 the seventh Beardsley (1960) contends that the ostioles
are uituated on the seventh segment and that the fist abdommal segment
15 absent But the position of these structures in the larvac and adult
male, however, suggests that circulus 13 situated 1 the inter segmental
membrane  between thurd and fourth segments, and ostioles i the sixth
segment, asalso found by Giltomee (1961) in the three species of genus
Psevdococens

Dermal i —The abd 1seg are beset with harr Iike setac
only, the fleshy setac being absent These sctae are always segmentally
aranged  Dorsally and ventrally the setae are arranged 1n a transverse row
across the muddle of each segment, while the pleural setae (aps) are i a

group The latter are distinctly separated from the dorsal and ventral setac

'
of the respective segment A number of disc pores occur on the pleuron and

some on the ventral surface, 1 the vicmmty of the setae  They arc usually
quadnlocular, but may be tr1 or qunquelocular There are also munute
sumple derm pores and tiny dermal denticulations near by these setae and
ke pares Laterally on the po tertor margm of the 8th abdommal segment
Ihcxc 152 cluster of pores called the glandular plate (glp), on each side
fom each glandular plate (glp) two long setae about 1/3 to 14 of the length
fthe body anse and serve as supporting cores around which wax 15 secreted
Yedes, two shorter setae but longer than the body setac are found on each
landular plate  These setae are called setae of the glandular plate (glps)

© Wax 15 secreted by the pores which are actually wax glinds
Pllugfelder 1939) Number of abdommnal dorsal setae (ads) abdomnal
;;;tral setac (avs), abdomnal pleural setac (aps) and disc pores 1s as

oOWS —
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2 Tue Grarar Seovents axo Exteriat Geatana  (Dios 9 & 10)

The gemtal egment, p to 8th abd, 1 segn consits of a
doreal b part and a scl dventral or lower part Berlese (1893)
and Makel {1942) segard the Sth abdermnal segment as the grnatal segment
Postenorly on the dorsal membranous part of the genital segment, 13 situated a
small weably selerotized area (at 94-10), wiuch pos fhly represent.  the fused
9th tergste and 10th segment  Theanus (an) 1s stturted behund this  clente
The scleronized Ipwer part forms the penal sheath {ps) which 1s fanly develop
ed  The dor-al membrane slops steeply downwards ta the pemal sheath (ps)
behind the anus (an)  The penial sheath {ps), which 12 called the gemal
vahe by Berfese (1893), represents the lateral parts of the 9th abdomunal
sternum which have become  fused posteriorly and  are called pygofers by
Singh Pruth: (1925) and Karshaw and Muwr (1922)  According to Theron
(1958), Mornson 5 (J928) suggestion that the penl sheath represents fuscd
“gonapophy s 1 not convincng m view of the fact that the anterior border
of the sheath 15 1n almest mmedsate contact with the Bih stemute ard 3t
5 vather improbable that the whole penal sheath (ps) could represent the
harpagones (claspers) or parameres Theron (1958) refers to the following

ibilities of the b logy of 1 ha —

() Sheath composed entirely of 9th sternum  parameres  absent, pems
forms imtromuttent organ

() Sheath composed enurely of ath P disting;
shably fused with pens

() Sheath formed from Oth sternum fused with parameres, peaws
forms tromattent organ

In view of Qadnis {1949) contention that the harpagones have disap
peared in other Sternorrhyncha where the ardeagus 1s a tripartite  structure
‘onssting of penssf-parameres, the meorporation of the harpagones s rather
unlikely and 5o the fast, () posstahty The () and () alternanves do
tat differ much  However the homok of external g lia remams 3
matter of controversy

The sheath distally forms ashort stylus (st} which 5 curved upwards
ond 15 truncare  The length of stylus (st) 1 25302783 (av 2726) p
Antertorly the Tateral and ventral margms of the pensal sheath are provided
with hasa) ndge (brps) which s partly overlapped by the membrane of the 8th
Segment formung an saternal projection of the batal ridge (pr) an cach side
Each valye of the"penal sheath posteromedially termmates m @ hort heawily
selerotized progess {pro) which s called the apophyss of the gemtal vabie
by Berfese (1893) paramere like projections by Makel (1942) lobular exten
%0 by Theron (1958) and median lobes by Beardsley (3960) They
perhaps function ag claspers during copulation (Theton 1958) Between
MW A small membrane contaimng the sventral skt through which
the perus protrudes  This «lit extends anteriorly upto the pomnt where the
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basal rod of the penss 1s fused to the narrow sclerotized anteroventral wall
of the penial sheath

The aedeagus (acd) consists of a wide dorsal tube shich narrows
abruptly posteriorly and then opens at the flattened up of a heavily sclero-
tized cursed bar, which runs along the ventral wall of the dorsal tubeand
cxtends anteriorly to the pont where the ductus cjaculatorius (dej) enters
the dorsal tubc  This aperture or opening 1s called the mternal genstal
aperture (1ga) by Theron (1958) and the basal foramen by Singh Prutht
{1925) TIrom the internal genital aperture (iga) the bar contnuesasz
short basal rod {bra) which cventually fuses medially with the ventral wall
of the penial sheath  The distal part of the aedeagus 15 sharp tn dorsal a8
well as 1n Jateral view

Dermal Structures—5 G (av 5 66) hair Iike setac are found on the latera!
and ventral surfaces on each side At the apex of each of the processes of the
penial sheath (pro) are found 2 tiny setae (pros) They arc posubly sensdla and
they scem to be connected with the act of copulation At the apex of stylus some
very weakly sclerotized spots are found which are probably the sensilla, There
are no disc pores or dermal denticulations

Disgussion

The morphology of male mealybugs provides a considerable amount of
matenal for dering the phylog rel hip of the Superfamily
Coccoidea with other Sternorrhyncha as well as of the famuly Pseudococerdsc
with other subdivisions of the Coccordea The affimties of the Coccordes
within the sertes Sternorthyncha have been discussed by Osbore {189),
Handlusch (1908) harkaldy (19108 191g%) Tallyard (1919), Swmgh Prutht
(1925) Borner (1904, 1934) Heymons (1915), Spooner (1938) and Theroe
(1958) and the rel hip of the Pseud {ac within the Coccoides BY
Balachowsky (1937, 1942), Jancke (1955), Theron (1958) and Gihomes
(1961)

The Pseudococaidae as well as the Coccoidea as a whole as also seferred
to by previous workers exhibit many specialized characters and are mOr°
closely related to Al doid The sp Irzed mcrphologlcal characters
Saccharicoccus sacchars are nearly that of a generalzed pscudococcld The
head of this specics 15 specralized in many respects The most smportast
these are as follows —

(1) The vertex and frons are fused together to form the epicrami® »
the latter occupies most of the dorsal part of the head i

(1) The median part of the epicranium 1s separated from the later
parts bearing the sumple eyes and ocells, by membranous areas

() The typical condition of the head has changed pro:
the loss of functional mouth parts and thewr musculature pesd

(wv) The presence of a distinct cervical groove scmrﬂﬂﬂgf‘:’c il
from the prothorax This according to Theron (1938), 1s 3 iP¢® Pe

foundly du" 0
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zation which has evolved from the primitive condition found 1n aphids and
aleyrodids  But this specialization 15 not ys 1 by the deg t
of the post occipital ridge as described by Theron (1958) in  Pseadococcus and
a distmet and farrly developed postocaipital ridge 1s present n the species
studied

() The farly ad d sclente d ton 13 also a specral
Except for the dorsomedial part of the epicranium and the ocular sclerite
and nidges the whole of the eephalic region 15 i

{n) The sclente d 1on ol ly also ne d the develop

ment of secondary ridges ke pre and postocular ndges postoccipital nidge
and preoral ndge for remnforemg the head capsule

The thoracic region of § sacchart seems to be fairly less specialized than
the head  However fiw of the spectahizations of the thorax are equally
stnking as those of the head

() The most important and obsvious of the thoracic specializations
is the transformation of the hind wing into halteres and consequent reduc
tion of the metathorax

« () The postnotum 1s lughly specialized It 1s mfolded into the meta
thoracic cavity drawmg the metanotum along with 1t Conscquently the
fatter 13 not visible externally

() The of the 1 apopt 15 also a specialization

(v) The articulation of postalare with the pleural region as also
m Aplis (Weber 1928), idicates the specialzation of pleuron

Tound

(v} The separation of the scutellum from the postnotum 15 a specialized
character 1y fined to male C

(") The mesonotum presenats no specialization ¢xcept the disconttnuly
tween the postertor marginal fold of the notum and the wing margin

2o the sclerotized band formed by the posterior margmal rdge of
the notum ¢,

g the llum with postalare
(") The only specil of the pl scems  to be the
reduction 1 size of the epumeron This 1s perhaps due to sclertte
degeneration

(vi) The specializations of the notum of the prothorax are its much

Teductron ang presence of a pair of posttergites

(s} The propleuron 1s much spectalized m hawving the cervical scle-
and pleunte completely fused wmto an elongated ndge hke structure
Proepisternum 4-cervical sclerte

{x) The absence of the pleural sulcus dorsal to the pleural apophy

S 5o that the weally sclerotized pleuron 1s not completely divided mto

a0 episternum and an epuneron represents another feature of speciahization

(1) The sternal region of the thorax 15 very much reduced and the ..

sternal plates show no sign of the primary egmentation The prosternum

nte

the
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s provided with a farrly long transverse ndge but there 1s no sternal
apophysis (s found n Pscedasprdoproctus) and no medin miernal spuae
(s an Margarodes)
(xi) The ranforcement of tle secondary ndges necessitated by the
pronounced sclente degeneration 1 the thorix s also a specalzation,
(xm) The reduction of the pretarsus to a single claw like structure
1s also a specialization

The abdomen and the genitahn also present many specialized features.
The sclente degeneration 13 very much pronounced mn the abdomen wiich
15 mostly \ The el of the sternal regon of the fint
abd 1 seg 132 SF 1 which § sacchars shares with other
mealybugs and ako with Coccoidea as well as  Aphidordea The loxs of
abdominal spiracles 1s another spetialized feature of this species

The external gemtalia lacks any perphallic <tructure and i smple
This has been regarded by Singh Pruthi (1923) as the prumuve condition
But contrary to this Qadn (1919) refers to the simplicity of the exterpal
gemtaha as not a primutne condition The harpagones and other accesory
perphallic structures hase sccondarily been lost The sumphaty of b
pes and the absence of parameres and other penphallic structures &
thus a specalization An smportant specialization is the caudal proloag-
tion of the penial sheath mto a stylus This 1s possibly co-related with e
development of a “scale in the female, the copulatory stylus becomes
mserted underneath the scale duning copulation

RELATION'HIP OF THE PSEUDOCOCCIDAE WITH OTHER Sup DIvLio™s
or THE COCCOIDEA

Balachowsky (1937 1942) studied the anatomy of the male CoC;Ddi
and divided them mto three distinct groups accordmg to the following L4

(1) Abdomunal sprracles ptesent
phylum Margarodac 2

Abdomunal spiracles absent

(2) Head scparatcd from the thorax by nech phylum
Lecanoidac
Head fused with thorax

phylum Daasprdordac
ol by
The amrangement of Balachowsky (1937 1912) has bcenaﬁl‘g"m ot
Jancke (1933) and discussed by Theron (1958) Ghagn‘(l95z) era Socaed
(1961) hate d d the relatonships of the d wd PO Tt

d 1mp!
males respectively and both have supplemented an the Jecand
findines  The male mealybug which T have studied, b_cI:z‘r{gs'::-m“ 11958),
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are eviubited by this speaes  But the followmg obseriations recorded here
houwever make the wmclusion of § sacchart 10 the lecanod type prablemanc —

(i} In comparing the lecanowd type m whieh § sacchan 35 ncluded
{on the baus of ab ence of abdommal spiracles wnd scparation of the head
fiom the thorx by a  cervical groose) with the diasprdord and marga
roid types the absence of a posto cipital nidge s listed by Theron (1938}
av one of the sprtialized characters of the lecanord tipe A dimmet V
shaped p pital nidge 15 undoubtedly present i the spectes stadied and
hay also been observed by Gibomee (1961) m the three spraes of
Pseudococns Y this respect thus, the pseudococcids share with both marga
tod and diaspidod types

(u} The absence of metasternal apoph Ins been dered by
Theron 33 the spectatzed chiracter of the lecanod type  In the mealy
bug studied by me a paw of metasternal apophyses are undoubtedly present
In this sespect § sacchors comes close to the margarad type

(w) The presence of vestigeal metaplewral apophyses 15 2 prumitie
character of § sacchars  These apophyses are also described by Ghaen {1959}
i more speaalized Diasprdidae and Gihomee (1951) . the threc species of
Peendococess but s nerther observed by Theron {1958) w Piendoce cus aitrt
nothcardsky (1860) m P adonidum and other Hawanan mealybugs studied

Y hm

() The presence of a weakly sclerotized trochantin 15 a primatve
feature of the Pscudococcdae not shared by any other Coceorder

) The presence of the sccond meduan selerte (m ) and the humeral
plate (hp) posubly mdicates a prmmitive character of the species studied
These two sclentes have not been desenbed Ly any of the workers who
studied Coccardea mcluding Pseudecoccidae i the pat escept Ghaun
(1859 who has deseribed the } ! plate m the Diasprdd:

The above obsemvations reveal that the Pseudococcidae are mo e
Prmitie than the Lecanudae and are probibly more closely related to the
Margarodudar than 15 medicated by Theron (1958)

SRy

E The external morphology of the macropterous wale pk sugarcans
Realybug Sacek sacchars Cockerell s described 10 detad and  finding
are compared with those of other workers

2 The mealybug i specialized and 15 ch d by the p
selerie ¢ n the Joss of i 1t mouth parts ind dorsat ocellr  and
the reduction of the hind wangs to halteres
The cperansum comsnsty of 2 medial part and two hieral ocular

2

sel pites

t O
[ ::npflmt% eyes are replaced by the sunple eyes and lanal cyes
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5 The head capsule 1s reinforced by preocular, postocular postocapt
tal and preoral nndges which re secondary in nature

6 ‘Tentorium 1s present

7 The prothoracic pleuron s poorly developed The eputerna and
epimera arc not distinguished

8 The mesothorax is fairly simuar to other Homoptera

9 The pteralia taking partn the articulation of the wing are the
tegulr the first, second and third amllary sclertes the first and seond
medtan sclerities and the humeral plate

10 The mesopostnotum 1s overlipped by the metathorax and posseses
mternal postnotal apophyses and clongate postalares the latter artieulating
with the mesopleural ridges

“ 11 The mesosternal plate represents a basssternum and posctriorly

bearsa well developed furca

12 The mesothoracie stemopleural region 18 strengthened by subepi-
ternal marginal and precoxal ridges

13 The matathorax s very much reduced and domsally two smalt
suspensorial sclerites are met with near the base of the halteres

14 The presence of metasternal npophyses vestigial metaplearal
apophyses and the meso  and metatrochantin 1s e tablished

15  The 1bd 15 Inrgely 1

16 The first abdomm1l segment 15 not developed ventrally
eight pregemital segments

17 The ostioles are situated 1n the 6th abdominal segment

18 The external gemtahn consist munly of a penss (“d“g"s) and
pemal sheath, the peniphallic structures are absent

19 The evidence is presented which sapports the view th
coccrdae are distinetly more primitive than the Lecanudae an
related to the Margarodidae

There ar¢

at the Pseudo
d are dosly
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List or Fioures
1 Dorsal View
2 Ventral View
3 Dorsal View of the Right Antenna
4 Dorsal View of the Head and Thorax
5 Ventral View of the Head and Thorax
6 Lateral View
7 Posterior View of the Hind Leg
8 Dorsal View of the Right Wing
9 Lateral View of the Genutal Segment and Geattaha
10 Ventral View of the 7th Bth 9th Segments and Gemtalia et
1 Dorsal View of the Terminal Segment of the Right Antenaz
12 A Dorsal View of the Right Antenna Showng Fusion of the 4th Segment with the
3rd S gment
12D Ventral View of the Right Aatenna Showing Abnormally Elongated 3rd Seguent
134 Dorsal Viewof the Left Antenna of the Male No 4 Showing Funoo of 6t
Segment with the 5th Segment
133 Dorsal View of the Reght Antenna of the Male No 4 Touesing the Nowa!
Number of Segments
14 Posterior View of the Tarsus and Claw of the Left Hind Leg
15 ‘Tnlocular disc pore
16 Q 1adrilocular dise pore
17 Q nnquelocular dise pore
18 Hexalocular dise pore
19 Glandular duse pore
ABDBREVIATIONS
a apical seta of haltere
avl avll
aVIII  6th 7th 8th abdomunal segments
ads abdominal dorsal sctae
aed aedeagus
amss antertor metasternal setae
an anus
anp anterior notal wing process
ap finger Like apodeme
apar antcrior postalare ndge
aps abdomunal pleural sctac
as alar setae
asds antespiracular dorsal setae
ast abdomunal sternite
asvs antespiracular ventral setae
at abdomunal tergite
ata antenior tentoral arm
avs abdominal ventral setae
axy first axillary sclerite
ax sccond axillary sclerite
axz third axallary sclenite
axc axillary cord
bas basalare
base basal nidge of coxa
bpe process of basal ndge of coxa

basal rod of pems
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basal ndge of penal sheath
sensills basicomen

cramal apophyses

Qmpiadorm sensilhnn

costal complex of wing seins
claw

eenacal groose

coxa

ductus ejeculatoniys

dorsalhead setae

dorsomedial part of epieranium,
dorsal umple eye

mesepumeron

weteprmeron

mesepisteraum

Betepisternum

furea

Jegments of flagellum—3ed to 1o
femur

fureal pur
flshy sotae

gena

glandular plate

actze of the glandular plate
genal setae

setae on geqseal segment
bahere

haie lke seta

tendon attached to haliere
bumeral plate

aternal gemtaf aperyre
ttermediate plate

fateral Branch of mideransal ndge
latecapleunte

latesal pronotat setae

mediz

first median plate

second medsan plate
suderansal ndge

Yestigial moyah opening
wedian pronotal setae
metapleural setae

roargmal rdge

metatergal serae

Bastow sclerte attacheq 1o costat complex

ecellar nidge

Stular scleryte

ostrole

Postalare

Precoxat ridge of mesoshorax
Precoxal ndge of metathorax
Pedicel

19
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proepisternum + cervical selerite
propleural apophyns

mesopleura) apophysis

vestigial metapleural apophysis
propleural ndge

mesopleural ndge

metapleural ridge
postmesostigmatal setae

postenor metasternal setae
vestigial metapostnotal sclente
mesapostaotal apophyus

external opentng of postnotal apophysis
posterior notal wing procen
postocular ndge

remnantof pos ocaipital nidge
posterior postalare nidge
projecuon of basal ndge

prealare

fronota sclerste

pronotal ndge

process of the penial sheath
preocular ridge

preoral nidge

setal seanlla on the process of the pemal
sheath

prescutum

pemal sheath

prescutal nidge

prascutal sulcus

prescutal setae

Pposttergite

POSLENIOr tentonsal arm

postensor tentonal pit

penitreme of mesothoracic spiracle
peritreme of metathoracic spiracle
posttergital sctae
mesopleuralwing procesy

vestigsal of metaplevral wing process
raduws

postenor marginal fold of the alnotune
subalare

subcosta

scutellum

scutellar sctae

scape

scutum

scutal nidg

scutoscutellar sulcus

scutal setae

subepasternal ridge

subapical sensory setae
mesothoracic spiracle
metathoracie spiracle

ol X4
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senuillum placodeum
suspensotial selente
stylus

metasternal apophynr
prosteroum
mesobasisternum
prostemnal ndge
prosternal setae
bausternal setae
tendon like apodeme
first segment of tarsas
second segment of tarsus
tentorial bridge

tarsal digatule

tegula

tegular setae

tiba

mesothoracse trochantin
metathatacie trochantia
trangular plate of prealare
trochanter

ungual digitule

ventral canity

ventral head sctae
ventral sumple eye
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STRESS DISTRIBUTION IN A NON NEWTONIAN LIQUID
INTHE PRESENCE OF A LINE SOURCE

Prex Davar Naranc*
InTrODUCTION

Ruvhin? has proposed that the macroscopic behaviour of a certam fairly
dilute solutions of high polymers can be represented by equatons of state m
the form

b= P 3y [2ne, 14 LTRETS (&)
where g and p are corflicients of viscosity and the normal stress coefficient,
4 pic and o1y are the stress and rate of stratn tensors P is an undetermined
1otropic pressure, 3k 15 the hronecker delta

(Bi=1,1 1= L and =0 1f 172K)

Itss proposed here to consider a line source m a non newtonan hquid
satisfying equation (1) and extending to nfimity 1n all directions

Let us take cylindrical coordmates (r ¢ z) taking the axis of Z along
the e source the ponding veloauty D tsare (2 2 w) Since
there 15 a radual flow m a plane perpendicular 1o the axis of Z 1t 15 assumed

t7 and w are both equal to zero and u1s a funchion of r only and the
matton 15 steady  We shall assume that 7 and Z are functions of r only

RATE OF STRAN COMPONENTS

For cylindrical coordinates we have
(@) =(dr) +(rd) +(d)
50 that
. =1 k =rand k=1
or the rate of strar components

We have
_ du . 3
e"a-a—r= b erg=0 1
2
,.;.,;:% =0 @
£22=0 =0

* Resarch Schotar

thematics at St Johns
Collcge Agea Agra College Agra and Lecturer in Mathemates a Je
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Staess Tensor Cosrovenys

From (1) and (2} we have
Pee=2n exy AL {ege -t ed o £$}=0
Peb=2n exbt-d, {ezs ‘?I'f“zi‘f'ﬁ"f"u td:)=0
=27 e 44y {edy e} =0
de L
pre==P2y Zpay () ®
PPy L by L
frze=—P
Torces BUE To Viscous Stagss

HF, Fa Fr arc the components of viscous forces i the direetiont of
{ré, 2 respectnely then from Shih ) Pa aad usmng (3} we have

P [ )]
- ~: [ ~P 2yt ,f }
7oLy gz
+ —;’7{ ~Pr2sf 4 %)’f
o[ (rant iyl L2

T
1‘,=—"—[-‘% {,(4’) } —— g!:

Trum Accerzrarion Cosronets

f

I 5 j:;\ Jo denote the aceeleration components  the directiont &
(r ¢ z) respeetively then we have

&}

S im0 fio (

Eguiriow or Morion

of
Trom {4) ang (5) m the absence of external forces the equanon
motion are

t]
Pyt Lo D (@ -2 e

. e
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1 2
% =0 @
aP
—5=0 8)

and the equation of contimuty 13

—aa; (ur)==0 9)

Sovution or EQuaTioNs
From (7) and (8) 1t follows that P is a function of r only
From (9) we have
tr=-constant=A
or  u=Afr (10)
Suppose the output of the line source, per umt length 13 2mmp

then we have 2nmp=p X mru
Hence A=my

Subsmutmg (10) 1n (6) and assumng that y=£(s) and ¢{=F(r) we get

—p ”TL;‘= di,[ —P42f(r) (—?)+4F(r)’r"7’] _ 4m£(,)

Inlcgrahng both sides we have

4m2 2
P=—L F(r)— '_"f(,)_ %_4". fL'(,er+H (12)
where H; 5 constant

Hence from, (3) the stress distribution 15 gven by
=0 pd=0 pg,=0

b= [ S/ )t 1L 20 (40
=k [ 4mf(r]2+Pm" ] 2 ) —H ffT(:.)dr

2
L L T L4
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{ES ON THE ENERGY ENPONENT O THE PRIMERY
ISMIC RAY SPECTRUM IN THE ENERGY INTERVAL
104—10¥E VOLTS THROUGH THE MEDIUM OT
AIR SHOWERS AT NAINITAL

B N Srivastava
Puofessor of Piysies, D 8 B Gout Gollege, Nawms Tal

InTrRODUCTION

re1s a great interest m the form of the energy spectrum n the

4—~10% ¢ volts as the theories of accelerations and trappmg of

v the galactic magnetic fields find an experimental evidence and

these observations  The integral frequency energy spectrum gives a
wwasavle straight hne on a lognthmic plot with an exponent 15 and can
© expressed a3 a power law of the form

n(E)A =KA E Y particlesjem ?/sterad m

ihere n(E) a5 the flux of Primanes of mass A and energy E and y 15 the
Dergy exponent

The encrgy exponent v 1s found to be 1 5 upte 10™%¢  volts Pnmaries
rhich are studied by direct observations as shown by Ginzburg ef al (1961)
s review of the available data The flux of primaries above 101 e volts
‘!hso mall that the direct methods become inefficient Extenuve Aur
:S:(;NC‘I‘S :fchargcd particles produced by these primary particles are therefore
Pr:arlo ctermine the fux of high energy primanes These showers are
n“mc:"" a large area and are easy to detect with the help of comcidence
lata of arrays  For the measurements of the flux of these particles the
striby :Ounnng rates of these arrays 15 combmned with the zemth angle
e :eu on or pressure cocfficient This 15 done becausc the counter arryas
ay r"‘m‘"ﬁ to the showers comng from all the directions and the cosmc
a]l; maries also are coming towards the earth from all directions isotropi

. We have recorded showers m the snterval 101 —101 ¢ volts and bave
130 recorded atmospheric pressure usly for a long pertod

e, £y
m“um coefficients have been calculated for showers in this range and the
mary flux has been determined

E“Emmmu. SET UP FOR RECORDING THE RATE OF Ak SHOWERS

Details of the experimental arrangement of the Air Shower Arrays has
dy been reported (Srivastava—1963)¢  Showers have been recorded by
© comadence G M Counter arrays 1n seven different alignments Each

tlrea,
trupl,
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array was sensitne to a particular energy It was shown eary
average density recorded by each Tray with 2 sensitne area 4+
given as ~—

— 1 —
A =z v here 2 15 the average denuity of party

ded m a tray/meter  The average number of particles in 2 shoe
other hand related to the average density recorded as shown helow

F=IRAE d
V3 vV 3Ry
7 =2Red d

Ayr © VERS

Where d1s the distance of separation of counters 1 an array
the cascade length

The energy L of the Primery producing a shower of an asersg
(N} of particles 13 proportional o R and 13 expressed as ,

E=f (N) NE Vols, f (N) 1 very nearly equal to 10"
particle § Gailbranh—19,8

Hence E =10 < L Volts,

The experimental arrangement of the counters 1n vanous A2
shown i the Fig 1

Counter trays of 500 sq cm area were arranged i tusngular 12t
a separaton of 8 m,20m, 30m, and 45m and therate of sho
measured 1n cach array  The energy of showers recorded n these 3f
544104e v 30710%e \ 507108¢ v, and 8 910¥c v 5P
The area of each tray was subsequently reduced o 220sq cm so !
average density of showers recorded bv the trays was snereased 10 40 |
perm and the energy to which each tray was sensine was 0
twice the ongmal value  Counting rate was recorded iz this mapret
cnergy groups and was used for the determimation of flux

EvALUATION OF THE LFFEcTIVE ARpa AND SOLID ANGLE

The effective area within which the shower axes fall so asto g%
by a group of counters n a particular arriy has beent taken 1o
enclosed by a arcle drawn with three trays on 1ts :m“mh‘n;;
assumption 15 yustified becaw.e the density of particies falls off rapdly
distance 1s ncreased from the cotes as ndscated by ,

N
A )= 27Ro 'Ifh

The average solid angle from which ?howex.’s ?...,men of &
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and ats correlation with pressure coefficient of showers which has been measured
sy the author m this context  Ithas been shown by Gailbraith—1958 that ,
27
) Sterad (3}
shere @ 15 the average solid angle from which showers arc recewved m
he array, B 1s the pressure coefficsent 1n per cm of Hg and fy15 the aver
ige atmospheric pressure over the recording apparatus B was found to be
3% cm! of Hg and the local pressure over Naimtal 15=60 cms of Hg
\ithabove constants 3, comes out to be 0 57 steradians  Thus shows that the
wrrays record showers from a small solid angle around the zenith and Jarge
mgleshower are not pernutted as these get progressively absorbed m the
tmosphere with increasing zemith angle  The zemtth angle distnbution of
howers as calculated from the F ffi comes out to be of the form

Jﬁ =J" Cos*6 {6)

there JB 15 the wmtensity corresponding to a zemith angle 8 and ‘Iv 15
be vertical mtensnity of shower rates

The details of the flux values corresponding to a particulir energy of the
bower 15 gven 1m table 1

Tapte 1
Flux of Pripiertes 1 number of particles per em® p r sec per steradians

—
S {Areaof G M | s,

eparation of Energy of Rate of Flux cf
Me | Counter Trays | * Travs in Slov grs 1 Shoy ers Prumenes

Meters ¥ Volis per hour

! 500 8 5 4410 15 74+ 14 7 6010~ 7
2 500 20 3 g7 1015 1628+ 15 | 1 53x10?
3 500 30 5 o7 1013 15 55+ 143 | 630x10” 10
¢ © 45 6 1101 7054 095 | 2 99x10~ 10
s 250 20 8 ox10t 778+ 159 | 145xt0”10
¢ 250 30 1 02x10'8 6374+ 155 | 106xt0” 10
7 250 4 1 18106 sng3 | 27ex0” !
-~ =

The sp ctrum has been plotted n the Fig 2 It gwes the mtegral
ency energy spectrum of the integrated charge groups of primaries
roduatng air showers The selection system does not distingush between
he dufferent charge groups of pnimaries and measures only the total energy
‘ontained by the primary The data if fitted into a power law variation of
eIy with the frequency of showers comes out to be of the form —

Tequ

- -k -1
n(E), =k LYem ™ sec” sterad

A

Ve
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The value of y 15 found to ncrease from 1 71 to 2 15 in the e
3 07x10E Volts to ] 8x10% E Volts

Discussions oF THe Resyrr

In these measurements the cffective area of the arrays 1o which showen
are supposed to strike for eflicient selection has been arbitrantly fixed for there
are always certain number of showers of lugher energy, having ther coresat
larger distance, also coming mto the sclection system However, the actul
number of such showers 1s very small due to the form of the energy spectrum
bemng a power law  The solid angle factor has been calculated from the aver
age value of the pressure coefficient 1 ¢, 15% per cm of Hg  The pressure
cocflicient shows a trend of decrease at lower energies and an ncrease at
higher encrgies  These considerations mght introduce some small erron
the estimation of the absolute values of flux These values, however, are ot
mnerror by a large factor The measured spectrum gwes a farly good
estimation of the energy exponent v The change n the energy cxpoacst
found 1n tlus laboratory 1s sumilar to that found by B Ross and Clark carlier
1959 61 34 ¢

Since the air showers measure the total encrgy contamed by 2 P"”“"g
of a mass number A, the spectrum as gwen by the cquation (1) ean
writlen as —

- - = -1
n(L)p =hy (Ep) WA an” see ' storad
=K, AY EY s 0

where E represents the energy per particle

the
Ginzburg et ol , (1961)* have estimated the value of the I’&mp':gw
il

contribution of mtensity duc to higher charge groups to that of the
from the knowledge of the primary spectrum at Jower encrgiest ‘::1 P
e v Table 2 below gives the relative number of nucler per proton of lcxpﬂ’
charge gronps as compnted by Ganzburg e al, on the basis of the
mental data

TAnLE 2
Values of the number of nucles per proton 1n Prunarses below 10°°¢ ©
n
S No Group of Nucler A ‘ RE ’W
1 Protons 1 ! . 5:
2 o ~Particles 4 & 008
3 L~group 10 3 o
4 | M-group 14 i/
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The above table indicates that more than half of the cosmsc ray inten-
utyn a particular encrgy region 18 contributed by particles of average nuclear
mass (A) equal to four  If the exponent increases from 15 at lower energies
1¢,100¢ v tol 7 or 2 15 at larger energies 1 the region 104 to (0% e v
the spectrum becomes more steep  This stecpness of the spectrum at a certam
stage of energy will tend to mncrease the average of the nuclear mass (A) m
the abo ¢ analyss A change m the exponent 1s an sndication m tlus direcion

Before drawing the above conclunion onc has to exammne the cnergy
sclection critertan in order to get an insight mto the nvisble errors which
might have changed the value of y The recording apparatus measures the
average number of particles T at the place of observation The energy of
showers 35 calculated on the criterion that the energy s proportronal to the total
number of charged particles associated with 1t at the level of maximum which
s close to the level of observation 1 the present case  The ratio of energy
to the number of particles m the shower 18=101° ¢ v per particle

1l f(N)=%-E Volts [particle

If thus ratio remams constant for all the encrgies then the exponent should
:ut ¢hange due to the structural causes of the cascade From the conudera
ous of the electromagaetic cascade theory the energy exponent 1s given as —
dlog n(E; d
_.,=7lo;§!;_‘il = sy——%%;—g—f)v where n (N or E) gives
::jux and § 15 the age parameter It 1s known that the age parameter S
dm(m}! neatly constants ¢ S=13 The changes 1y are therefore ndepen
of the structural properties of the cascade process

Volum: ::ngulamy m the pnmary spectrum i the regon 105101 E
ey c?’ likely due to the fact that the Primary Protons of the energy
A annot be trapped 1n the galactic magnetic fields which are
s 1o 4 ng”uss These particles start escaping out of the galaxy Ths
partictes o ease the relatve abundance of the higher charge group of
Cut off ener cel hihac particles with larger Z number will have a higher
et gty 12 ;a’n Protons The cut off energies for higher z number parti
g| 10%or 10" ¢ v At energies much higher than this particies
§ start getting 1ato our galaxy and make the
:;C:]:: ;l;!;:!h upto a large energy  Observations on the sidereal anisotro
Vatistions 1y tl: a\;:hor in this laboratory mdicate that if the atmosphene
are recorded :hs ower rates are systematically eliminated and shower rates
Varsations thm penctrating particles which are less senmtive to atmospheric
encrgy? s s T:n a small sidereal anisotropy of 2 12 15 found at 5X10¥ E Velts
eseaprmy 15 observation also indicates that the primary protons start
g out of the galaxy at these energies

of extagatactic ongn might also

e
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MAXIMUM ACCELARATION IN TWO DIMENSIONAL
IDEAL TLUID FLOW

kh M AcrawaL
Department of Mathematics B § A College, Mathura
AND
5 M Garo
Yaish (P G) College Shamls (Mu.cffarnagar)

Yih has establshed that m a domawm free from singularites the
maximum speed 1 irrotational flows of an mcompressible flud occurs on the
boundary of the domain and also that for two d:mensional irrotational flows
of an incompressible flmd the matimum magnitude of the accelaration 1n any
smgulanty free domamn must alyo occur on its boundary provided the flows
are steady  The paper supplies an alternative proof of the later result

InTRODUCTION

It has been shown by Yih! that the maximum accelaration n two
dimensional steady irrotational flow of an 1deal flud in a singulanty free
region can oceur only on the boundary The proof given by him makes u €
of the theory of complex vanables and as such his method of proof 13 not
capable of establishing @ similar result for the three dimensional potential
steady flow of an ideal flurd which 33 expected to be possibly true The
proof given 1 the following pages does not make use of the complex vatiable
theory but a method employed by Yih to establish that the mawmum speed
ma subsonic 1sentropic, 1rrotational, steady flow of a compressible flmdma
singulanty free region occurs on the boundary and this techmique 1s capable
of being ded to blish a corresponding possible result for the maumum

guitude of accelaration 1n the trrotational steady flow of an ideal flud sn
three dimensions  For a proof 1t 1s sufficient to show that the Laplacian of 2
{where ¢ 15 the ma,nitude of accelaration) 1 non negative For three
dimensions this will be taken up 1n later communications

Tue PrROOF
In the following p 10n the convention? has been used

30 the suffixes tufe up the values 1 2 and as usual a comma denotes 2
Partial differentiation

Let ¢ be the elocuty potental for the flow 1n two cimenswons then the
vondiuon of incompressibihty 13
e [0
{ %l:? gh‘l"’ Vib Quart_Appl Aath XUX (2) July 1955 pp 202 203
1928 180
HIRCRD c’;mﬁus 'I’,f, I;ny Spasn (Olver and Doyd 1953)p 3
~ s
AN “
N
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and if ¢ 1s speed, then

7=9% % . ®
From these we get
(0), =2, %, ®
Equation (3) gives
(3 "=2¢,a u é’a +23,a1 ¢ a1
=2 4., @
For  ¢,,,=0 from (1) This agam gives
Wy =ty Sra @
Now if a 15 the magnitude of the accelaration then
2 =¢ln $miln $n
1
=5l (9! @
using {2) From equation (6) and using the previous results we get
@), =3 la)y; iy [yl
and
(@, =1 (89, (), +3 ) WDy 8
From equation (3)
@) u=2($ qu b 0 biar ) @
Now at all points where
(), #0
the 1 can not be and hence we concentrate 02 thee?
(@) , =3 @), =0 &
On uning (9) and (3) condion (10) can be wntten 28 -
S olfe Pimtm— P 0 Pal b ta
From (1) we have after differentration
02
¢ xxn =0
Let
w=fmén a=dmpm } ey
Aymdndy—d o dy  and A=dpditdrds

Equation (11} then gunex
AdmtA b =—d (@'t } a0
Ak AL g (S 34
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Solvmg these for ¢ 3n and § 3y, We obtain

S =—(dArHdAd (Gl HdntH (A1 +A4)

and (15)
$aa =—{dAy—dsA1) (¢m’+¢m‘)/ (A2+AS

Next equations (5) and (3) gve

@ g @ =86t broy bin P

Wnting the nght hand side here m full and using the first two relations of
(13) we have

(@ o &y =BFmén dytdoan 13 Dt d s B 44428 10 dr)

+é)ﬁl (¢ ] dl+2 '#lll dl)]

=16 ($rt S (G AN (S 12 dact s di)+ (it D)
(613 a—311 dDN(ALS+AYT)

=16 (bt (A1) (§ 10 Ar=d 10 ADIAL A

==16 (a9 1) (A4 (AL AL 16
Using (12) an‘:l the llz’.st r:?anmis)aliS (1‘3) A o
Now,
and APAR={d ) ($ 1P +ha®) an
Pt = (a4 ) B 246 ) e
Thus from (16) using (17) and (18)
(g @)y ==16 B n' b (19
Next from (9)

@) i =t (45,,“, b Bratg T2 F p $pta
b gy gy B ¢ ﬁ[)

Ao ¢ al ¢ ] $,=9 from (2) and hence

@) @y =4 b1 Pa B T8 bl P PR
From (12), (15) and (1)

¢ b 18 $a ¢5 =2 ($ > +énd)
and from (¢}

b b $p b g =2t

Hence

@)y (g9, =18 (¢ u'+é 07" 20}
Therefore from (8) (19) and 20]

o e ey o 20 @






MORPHOLOGICAL STUDIES IN APOCYNACEAE
1 LOCHNERA PUSILLA k. SCHUM*

Y S5 Mourry ano T § CravnAn
Schaol of Plant Morphology, Meerut College, Mecrut

InTRODUCTION

Woodson 1n a series of interesting contributions {sez 1930 35 38) on the
taxonomy and morphology of members of Apocynaceae, has thrown more
Iight on this family than any one else Some contributions have also appear
ed on floral anatomy (Woodson and Moore, 1938, Saunders 1939 and Rao
and Ganguli, 1363) and embryolugy (Schnarf 1931 Pannocchia lay 1938
Rau 1940 and Permasamy 1963) of some members while Woodson and Moore
(1938) described the anatomy of the carpel and nectaries of Locknera rosea
The development of a normal 8 celled female gametophyte (Pannocchia Iy
1938) and shoot apex and imtiation of floral organs (Boke 1947 48 49) are
also desersbed 1n the same species

Lochnerq pusilla 15 2 common weed of sugarcane ficlds n this locality It
remaimed practically unworked out except for a brief account of the anatom
cal features of 1ts vegetative part by Sayeedud Din (1941) Tt s therefore
felt worthwhile to study the morphology of this common weed The present

Paper deals with the nodal and floral anatomy embryology and seed coat
structure

i
t
t  Thematenal of L pusilla was coll i from the neighbourmg felds of
Meerut and was mmmediately fixed m F A\A The material was processed 1
the usual way after dehydration”and passing through alcochol xylol grades
nd was ﬁnally embedded in paraffin wax Serial mucrotome sections were
Ut at 8 10 mucrons thick  Saframin fast green and crystal wviolet and eryth
fsm combuations gave satsfactory results

MATERIAL AND METHODS

actic acid and stained wath basic fuchsin for the study of vasculature of the

l{ Some flowers were abo treated with 5% hOI for few hours and cleared
Wers

OBSETr VATIONS

External Morphology—Lochnera Pusilla s a small annual latex containing
anched herb with quadrangular branches beanng oppostic, sumple leaves
he flowers are mostly sohtary and awillary  The sepals are almost free

¢ white and salvershaped corolla tube 15 inflated just below the mouth
g savemaped e -

-
’ 1
*” % Research conts bution No 80 [ om the School of Plant Morphology Meerut College
Meerut
N
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where the short anthers are attached Numerous hairs are present at the
mouth of the corolla tube The gynoccium 1s shightly semu inferior andtle
carpels become frec fiom one another at the very base 1 ¢, just above the
level of the base of the corclla but they agam fuse at the top and heace,
the style 13 single with a prommnent stigma bearing a reflexed  membranows
expansion  Two clongate hinear nectanes arc present alternating with the
carpels (Fig 6) The paired follicles contain numerous seeds and they Lave
an outer ribbed surface

Nodal Anatomy—An miernode 1na cross section appears quadrangulae
with a contmuous ring of vascular tissue in the centre (Fig 1) Just below
the node two traces 1n opposite direction depart from the central stele leaving
agap cach  These are the two leaf traces for the two oppo ste leaves at fhe
node (Fig 2)  Each of the leaf traces 1s followed by two more traces which
supply the awillary branch (Figs 34) The gaps caused by the departure
of leaf traces are filled up  Within the leaf base the bundle becomes arc Lke
and prominent Sinnott (1914) also described a unilacunar node 1n Apocyna
ceae

Some glandular structures are ob erved on exther side of the Jeaf base
(Figs 45) Siumiar structures 1 some other members of the famuly have
earlier been 1nterpreted as stipules (Gluck 1919, Woodson and Moore 1938)
These structures are devoid of any vascular supply but from theur posiuon
by the side of the leaf base, give the mpression of stipular nature

Floral Anatomy—The pedicel 13 short and mn a cross section 3 shows 3

plete ring of amphipht ph le (Fig 9) and many layered cotx
Laticeferous canals are present in both cortex and pith At the base of ui’
receptacle ten traces diverge out from the ring of ampluphloic SP hososizd
(Fig 10) Alternately these are the sepal stamen and petal sepal stran
(Fig 11)  As these strands move mto the cortex of the receptacle e ft :1:5
tral vascular tissue orgamse- mto erght bundles (Mg 12)  While each Dﬂ a
scpalstamen strands splits tangentially mnto an outer scpal median 20 "
mnner stamen bundle each petal sepal strand splits mto an outer fused scgfj
lateral and an mner petal median (Figs 1314) A fused sepal fateral rlmml
1nto two sepal laterals of the adjacent sepals  VWhereas the sepal medans "
sepal laterals form an outer nng of vascular bundles the petal and starm‘he
bundles orgamise mto 2n wner ring (Fig 15) At about this lcvcl:"mgm
receptacle two locules make there appearance (Figs 1314) OfF ec the
bundles 10 the centre the two bundles at the backfof the Iomm’:ﬁ
carpellary dorsals and the two placed at right angles t© the looules 1th the
nectary medians (Fig 13) The remaming four bandles akernaleg;st cuts
carpellary dorsals and nectary medians Each of these four bundles ater
off a carpellary ventral towards mside and also gwes out 2 nccmrer‘
towards the nectary bundle before finally sphtting mto 2 iy
laterals (Figs 13,14, 15)
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Lven before the level of separation of the calyx from the receptacle ov
ules make thesr appearance m exch Jocule A space that appeass i the centre
of the two carpels widens and as a result  the two carp~h are delimuted from
cach other as well 15 from the alternating nectaries (Figs 15 16) At about
ths Iese! the calyx wath 1ts mmd nib and lateral bundles and the corofls con
taming the petal medians and stamen bundles get drhmited from o0 1e anathre
and from the receptacle (Fig 16)  The calyx sphts tato five valvate sepals
appeanng tnangular i cross section each having 1+ median and two laterals
The corolla tub~ contamns ten bundles representing  alternately petal and
stamen bundles (Fig 17)

When the nectanies separate from the carpels they appear flattened
and triangular i cross ection  Of the three bundles which are present at the
base of the nectary before s sep from the ptacle only the
median bundle continues almost to its tip {(Figs 8 & 16) Each cupel has
many bundles inits wall and the two ventrals of cach carpel supply the
ovale on therr sides (Fig 17) Only the carpellary dor als continue wmto the
style and reach the stugma fFigs 7 18 19 20 & 21)

Atabout the level of the stigma the petal medians gue out two laterals
one on exchmde At the back of each stamea hundle a spice that appears,
cala ges and debmuts the filament from the corolla tube (Frg 22) Just at
this Jevel the corolla tube becomes hairy mside and splits to fve twisted
lobes where the petal laterals branch fucther {(Figs 23 24)

Tn one of the flowess examined the nectary med an bundles although
formed are not observed even at the level of the appearance of locules
Thezefore only the tyo laterals are seen at the base of the nectary How
;“;1})0!. these two laterals only one continues to the tip of the nectary (Figs
-

Lssryorooy

Mistosporogenesss—A transection of a young anther 1s ovoid (Fig 29)
A Tayer of epdermus surrounds a mass of homogenous cefls At four corners
ofa shghtly older anther 2 3 rows af hypoJermal archesporsil cells diferencia
e (Figs 9930) Later anther becomes shghtly four lobed Each of the
Bypodermal archesporsal cells divides perschnally into an outer parietal and
0 anner sporogenaus cell  The panctal cells further dwide to give ric to
1he endothecrm middle fayer and tapetum The sporogenous cells divide
to form a mass of cells (Fige 31 32) The anther wall thus becomes four
Yasered  The tapetal cells as well as the sporogenaus cells stn more deeply
The tapetal celle remam umnucleate (Fyg 32) The sporogenous cells show
metotic divisions each formung a tetrad of four mucrospores (Figs 33 34 35)
Depending on the postion of the spwdle the tewrads formed may be
tetrahedral or decussate (Fige 35 36) The mucrospores to begin with, are
ntueleate and as a result of one dwison cach mucrospore becomes two
telled at the sheddiag stage ‘The mature pollen gran s tricolporate o
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tetracolporate with 5 thick exine (Figs 37, 38,39 & 40) Ina matgre
anther the tapetym, and middle lagers degenerate whije (he endothecuzn
develops fibrous thickening (Fig 41)

At the time of dehuscence the Partition wall between 50 mieroepe.
rangi breaks up formmg a single chamber ang then apens to autude T
dehnscence 15 longitudinal (Figs 42 43) Rarely one of the pollen grams »
observed to germunate while within the microsporangium (Fig 41}

Megasporogernesss and female gemelophyte—The ovules are unitegmie and
thewr smtiation begus at the fyme of the appearance of the archesporial eelt
The archesporial el #  hypodermal and functions directly ag megaspore
mother cell Figs 44 45)  As aresult of meiotic  divisions a hinear sow of
four megaspares are formed (Figs 46 47) Although the chalazal negaspore
alone gives nse 1o tne embryosac, occasionally enlargement of one of fhe
other megaspores has been observed Ry PO 1nstance of development of
embry asac from other than the chalagal raegaspare 1s noticed (Figs 43 49 50)
By the time the tetrad of megaspores 13 formed the epidernus above begins
to disappear and therefore there 1¢ no epidermus above the embryo s2c at
the micropylar region But the integument  elongates sufficiently 1o covey
the embryo sac ang leavesa narrow micropyle Al but the chalazal megas
pore finally degenerate (Fig 51)  The chalazal megaspore enlarges and 1y
nucleus dinudes yntq Wo  The two nuele; Zet separated due to vacuolizatwn
and they occupy the tyo opposite poles 1n the developing embryosac g5
There they dwide twice and thus eight nucler are formed (Fige 5354 At
thus stage the Bosition of avuley 35 anatropous (Fiz 55} One nucleus from
each pole mugrates to the centre They fuse formung a sccondary  nuclens
(Figs 56 57) 7y, Femanng three nucler at the micropylar end organs
00 30 gy appara iy, and the three at the chalazal end nto antspodal cells
(Fig 57)  The micropylar end of the embry ozac may be shghtly bm?cr
than the chalazal eng Thus the embryosac s mwonosporic 8 nucleate Pg;
gonum type  Th, antipodals d, Py letely after fertsh {Fig38

P

Endosporm ~The secondary nucleus moves nearer the egg apparatit
Prior to fertihizanion Just after goyble {ertiization the primary Cﬂdf'!F:;:
aucleus diides Fepeatedly resulling in several free nucles even before e
first division of the sygote has taken place (Figs 5859) DBy the tm d
fisst division of the zygote 4 completed  the endasperm shows foldings o
caccac hike grow ths at the chalazal end (Figs 61 62) ‘The frec cnd'JSPr n
nuclet are scattered throughout the endosperm almost umformly ““‘; e
the haustorsa like diveruculae arcaccae where they are comparatnely b0
crowded (Figs 63 64)  The endosperm remams free nuclear 4l lh‘; ‘Z’ .
becomes heart shaped and finally cell walls are formed starting 6“;)
periphery resulting in a numper of unmnucleate endosperm cells (Fig

ung
The EmbryoemThe first division of the zygote s !ranWC;‘lcm:":z,' e
(F3g 60} ma termunat cell (ca) and basal celt (cb) While the la
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transversely 1to two cells {er) and (m) (Fig 65) the former shows a long:

tudimal dwision nto two  thus resulting i a four celled stage of proembrye
where the cellsare | shaped in arrangement (Fig 66) The next dnasionis
agamn lIongitudinal 1n the two cells of (ca) but at right angle to the fint and
henee 2 quadrant 15 formed (Fig 67) A transverse division of all the cells of
the quadrant results iy an octant {Fig 68) By now (1) divides transversely
mto 2 basal {n } and a muddle {n) (Fig 67) Later both (0 ) and (n) dwide
once formmg a four celled suspensor the basal cell of which 13 more prom:

neat (Fag 72)  The ongnal muddle celt {(m) dwides trinsversely and the
resulting two cells divide longatudinally (Figs 69 70) The octant has by
now divided repeatedly forming finst the globular stage of the embryo and
Iater heart shaped embrya (Figs 70 73) It 1s from this heart shaped body
the two cotyledons plumule and radicle are differenciated (Pg 74)

The embryo deselopment follows that of cruaifer type (Maheshwar:
1950)  Johansen (1950) suggested the term onagrad Hpe for crueifer
type nmce the embryos of onagraceae are more typscal

. The Seed Coat—The wtegument at the tme of ferthzation 13 about
) layers thick (Fig 75) It becomes mare layered as the embryo grows

the embryo gets differentiated anto cotyledons etc  the smmer layers
1 the Hiegument hegin to lose thesr contents and shrval at a result of the
ievelopment of the endosperm (Fig 76 77) Finally 1 a mature seed only the
uter epdermus of the integument 1s left and all other Jayers are completely
Tushed and disappear (Fig 78) The cells of the epidermal layer n a sced
how tooth hke ¢ which are ch of the seed 1n thus species
B 7800)  Whae outermost 4 3 layers of endosperm cells acquire cons
Cuous lhlckcmng and persist {Fig 80) the remaining portion of endos
©rm s utthsed by the developing embryo

Discusston

The Calyr—~Tn Lochners gunlla the calyx 15 supphed by fise medub
Aces and five commussural traces which branch and supply adjacent sepal
ns The commussural bundles are fused wath the petal medians at
© base formung the petal sepal strands

Woodsan and Moore (1938) from thew study of vascular orgamsation of
e ths famuly classified the members under four types ‘The present
3dy ndicates that the vascularization of calyx sn L puslla falls under

on and Moore s type II which tactudes all those species where adjomn
B lateral taces of adjacent sepals are adnate to the petal midnbs
tmbers of both the sub famibies Plumeriordeae and Echutadeae are equally
Presented in this eategory The adjacent sepal laterals in some cases are
2d to be adnate scpimtyely with the petal medan winle n the others
¥ temamn fused for some dutance and this common bundle v adnate to
* petal median Woodson and Moore (1938 did not give much smportance
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to this point as they found both conditions even m the s3me species How
ever Rao and Ganguli (1963) found this condition only 1n three out of
cight members of plumerioidene (Carnissa congesta, Alstoria scholors, Taberar
mortana devericala) they studied

Th Corolla—Boke (1948) (rom developmental studies regards the corolla
tube of Vin.a rosea as consisting of two parts differsng 1n onigm  The lower
corolla tube (portion below the stamen insertion) 1s considered s aruing due
to to-al growth while the upper one (portion above the insertion of stams )
as appendicular 1n nature The present anatommcal studies do not support
such a conuderation m Jo fwera punlls Rao and Gangul (1953) reached
a simular 1 from thewr 1 study of members of Apocynaceae

Nectanes—The gynocawm . Lochnera pusille 15 bicarpellary with the
neetaries alternating with two carpels  After the deperture of sepal pet.t and
stamen supphies the receptacular stele orgamises into eight bundles It may
be recalled that of these the alternating four bundles do not branch and
function alternately as carpellary dorsals and medians of the two nectunts
The other four bundles first gve off a sentral bundle each tovards the
centre and one lateral bundle to the nectary brfore splitung to form 3
number of carpellary laterals Only the carpellary dorsal continues wmto the
style

Wood on and Voore (1938) described the va cular anatomy of the ovane
and associated nectaries in members of Apocynaceae with elected types of
which Lochnera 1s one In Locknera rosea they describe two ovuliferous €27
pels aliernating with two nectaries The receptacular stele conssts af about
twenty bundles I'rom these four placental bundles mugrate towards the ccatrt
constituting the placental supply of the two ovuliferous carpels The remaiitg
mterenng bundles supply the two nectanes that alternate with the o
ferow. carpels The same condition they observed an Vinca mypor and "":
minor ~ From this vascular supply and abo from companson of sumlar stri
tures 1 Pleccarpa  they terpreted the nectanes as carpellodes

Rao and Gangul: {1963) have described a more orless symslar mndmm:_:‘
Kopsia frut psa The two alternating nectanes are descibed as “;::u]:
basically sumlar vascular supply as those of the carpel. which ar¢ \foore
Therefore they accepted the mterpretation given by Woodson and aTpd
(1938) for the nectaries m Lockn ra rosea Vina ramor 1 myor and Plnz({! as
mitiwa Therefore the nectanes n Kopsia frult osa are simularly reg holoz
carpellodes Boke (1949 from the mode of mmtiation and other morp: " @
cal characters interprets the carpellodes (nectsries) m Vinca 1osca 35 I

carpels 4

lg 3%

In the_ present study it 15 obscrved that the carpellary ﬁzmdanﬂ]’

nectary buadles are organised at the same level Like the carpe try]amml
the nectary medians also alternate wath the bundles that give out P
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bundles catpellary latrals and nectary laterals  The nectary laterals are
short and only the neetary median contaues almost 1o the tip of the nectary
Therefore the +ascular supply of a carpel nd nectary 15 basically on the
SHnE pattern except for the sbsence of bundle cemparable to the carpellary
ventralsin the nectary  Hence the wnterpretation of Vyoodson and AMaoare
(1938) that the nectares are the carpellodes 15 supported

Plecrntation—The pl m  Apocy 18 varously desenbed
s panetal (Rendle 1938) and axile and parietal (Woodson and Moore 1938
Lawrence 1951, Hutchinson 19.9)  Woodson and Moore {1938) from their
observations on different specses concluded that the undocular condibion s
derived from o bidacular one They also explained from the orentation of
vascular bundles that the parietal placentation 15 derived from vule placen
Baton  Rao ang Ganguh (1963)  supported these conclusions fiom ther
observations alsg specsally an the p of balocul d with axile
Placentation at (e base and ape of the ovary and with undocular condition

e observed eyen before the delimutation of the two carpels  The ventrals are
completely consumed Ia supplymng the numerous ovules and only the carpellary
doesals of 10 two carpels continue through the length of the single style

APP‘)'!DK the vazious ctharactensstic features mentioned for differentiation
of the margmal amile and panetal placentation by Pun (1952) the placen
fation 1 Lechnera pusilla has tobe deseribed as avile because of the bilocular
“ondttion ag he base, presence of Inverted ventral bundles arranged on the
;ﬂmc radius ag carpellary dorsals  and also because the ovules borne on the
e marging of the same carpel recewve thewr vascular supply from the
verted | engyaf bundles Therefore from vascular anatomy the placentation
3hould e described as anle 1 Lockaera pusiila

101 EmBu;lprs reporied . Funca  rogea (Tackholm and Soderberg

8) ang alse i some other members of Apocynaceae (Rau 1940} the
developmeng of the mucro pares follows sumultaneous type and both tetsahiedral
and decqgsare tetrads are observed

As bas been reported by Rau (1940) 1n six members of. Apocynaceae the
arthesparsa) cell 1s hypodermat and no panietal cell 1s cut off n Locknera
basilla 3150 Turther 1 the formation of 2 mear tetrad of megaspores of which
the chalazal gne alone 15 potential and disappearence of epidermus above the
ypical Polyzonum type of embryo sac thus species resembles other members
A the famdy (Ray 1940)  However occastonally culargement of other
TeRastpores 4y also ohserved but they have not been found to develop further
ke polar rucles as observed 1n Vinca mnor and Allamanda nereufolia {Ander
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son {1931) and Vallers Heyren (Rau, 1940) fuse before fertdization, The
antipodals start degenerating at the time of ferubzation

As 1 other bers of Apocy the endosperm s free nucle.
Cell walls are lad down when the embryo s many celled It 1s interestng
10 note mn thi species the formation of endosperm haustorsa on the chalual
side in the form of diverticulae or caccac Endesperm haustoria have Jlready
been reported from several families (ser Maheshwan 1920, Chopra & Sachar,
1963) but do not appear to have been recorded from Apocynateae. The
embryo development follows that of ‘crucifer type” (onagrad type of Johan.co
1930)

SuMuarY

The anatomy of the node, fiower and embryology ncluding the seed
coat structure of Lochners pusiffa ave descubed  The node 15 undacun.r 2d
the leaf 1 single traced At the base of the receptacle sepal median and
stamen traces and sumlarly petal median and fused sepal laterals of adjacent
sepalt remam conjomt From the vascular anatomy the nectarses wWhichaleer
nate with the carpels are mtespreted as carpellodes  Anatomucally the places
tanon 1s conmdered axle  Itis observed that besides the chalazal megaspore,
2y one of the other megaspores also may enlarge, although ealy the chla
za} ane develops into the 8 nucleate polygonum type of embryo sac  Endos
perm 1= free nuciear Diverticulae or caccace like endosperm haustona a2
reported for the first txme 1n thus family  *Cructfer type of embryo deselop-
ment 5 absened
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vaSarhulIaLorm!t Buall Torrey Bot Clus £ 171478
Woodion R B (JR} & Moore J A 1938 The vascular avatomy and comparative
morphology of Apocynacess flowess id 65 35186

ExpranaTION 0F Frovres

hons ofthe node of L Puaffa (ax b t amllary branch
trace g glandular struceure 1 ¢, Teaf trace)

ower of L. gunlls Fig 6 Eatre clesred fower Fig 7 A
femi-duagrammate Tongytudsnal seetion  of the fovee Fig 8 Receptacular
Portion enlarged to show the vascular supply to nectary Fig %24 Seral
franfuerse sections of the {flower from the base upward Figs 25 .8 Transvesse
eCtons of the flowee thowing vascular supply to nectary different from the
wormal Hawer (¢ ¢ carpellary dorsal ¢ 1 carpellary lateraf ¢ v carpel
Rty vental n pectary o @ nectary domal b | necaary hateaal pom
Pl mediag pg g pegyr wpalstrand v 1 oaepal bateral s m o sepal
median g g gep *tpal samen strand st ¢ stagen trace )

Embryology of L. punlle  Fugs 2043 Mg Fig 29 Teans
¥echion of 3 young aather showing hypodermal archespanal cell Fig 30
Avchesponial eells entarged Figs 31~-3. Dulfeceatiation of sporo enous
Ustue and formation of pauzetal layers and showing umnucleate tapetal cells
T 3135 Dwiding sporogenous cells and  tetcahedeal (Fig 35) and
decusate (Fig 36) tetrads of microspores Fige 3740 Maturaton of micro-
*Pores 10t 2celled pollen gratas Iig 41 Antber wall showing Bbraus thick

2 megaspore, mother call aad development of integuments Figy 4647 Showog
the f3mation of bneas totrad Fig3 4853 Degemeratian of a fow megaspores
Figs 51 p, z Fign 5258 Fe 00 of two four and erght
Puledteembryomer Fig 55 Pomuon of ovale at S-nucleate embryo mc

* Notreenn ongnal
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son (1931) and Vallaris Hesmen (Rau, 1940) fuse before fertihation, T
antspodals start degeneraung at the time of ferubization

As n other members of Apocynaceac the endosperm 15 free nucle
Cell walls are laxd down when the embryo 3s many celled It 3 aatereny
1o note in this species the formation of endosperm haustonia on the thatar
sude 1n the form of diverticulae or caecae Endosperm hausforsa have alread
been reported from several famibies {see Maheshwarn 1950, Ghopra & Sachs
1963) but do not appear to have been recorded from Apovynaceae, Tt
embryo development follows that of ‘crucifer type (onagrad type of Johant
1920}

Sunuany

The anatomy of the node, flower and embryology scluding the sec
coat structure of Lochnera puslla are descnibed  The node 1w umlacunar, a0
the leaf1s uingle traced At the base of the receptacle sepal median an
stamen traces and sumilarly petal median and fused sepal laterals of adjacer
sepals reman conjont  From the vascular anatomy the nectanes which alm
nate with the carpels are mterpreted as carpellodes  Anatomueally the placet
tation 15 considered amle  Tt1s observed that benides the chalazsl megaspn
any one of the other megaspores also may entarge, althongh only the chal:
2zal one develops nto the 8 nucleate polygonum type of embryo sac Eadn
perm 13 free nuclear Duverticulae or caccae hke endosperm haustors a0
reported for the first tume sn this family  “Crucifer type of embryo develr
ment 15 observed
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ABSORPTION SPECTRA OF SOME NEW hETONLS

PART II—SYNTHESIS AND ADSORPTION SPECTRA OF ¥ QHLORO AND P BROMO
ANILIDES OF BROMO OXYMETHYLENE ACETOPHENONE

D D Pant, O N Perm*, K P Vamaaf axwv G G Sivonan
Physical and Ghemcal Laboratores D 8§ B Go~t College Namutal

ApsTRACT

{Absorption spectra of p chloro and p bromo amlides of bromo
ovymethylene acetophenane has been studied 1 n hexane The batho.hrome
shuft observed appears to be due to NHCH,\ (A =Bror Cl) group attached
to formy] carbon atom )

INTRODUCTION

Earher workers3 ¢ have reported the UV absorption pectra of halogen
formyl esters and halogen formy] acctophenones 1a different solvents  In the
present paper we have descnbed the UV absorption spectrum of p-chloro
#nthde of bromo oxymethylene acetophenone and p bromo amlide of bromo
ouymethylene acetophenone 1n n hexane

EXPERIMENTAL
B

ymethylene A h was prepared by the method
dlready reported by Bokadia and Deshapande A  yellow crystalhine
tompound was obtaned which was recrystallised from benzene carbontetra
thlonsde m xture to yield a white sohd which melted at 110 C 111°C

P Chlore amilide of b ymethylene ph was prepared
from 2 musture of bromo avymethylene acetophenone (22 g) and p chloro
amtme (127 g) m a 250 mlcomcal flask Absolute alcohol (30 ml) was
added to st A suff qQ y of anhyd sodium acetate was added
and the whole was refluxed over water bath for three hours A ycllow sod
Was obtun d on coohng It was separated washed with a little aqueous
aleohol and  then finally with water [t was recrystallised from absolute
alechol water mixture Yield =29 ¢ M P 1635 G (Found C 536%
H 3249, N 4320, ClBr 3469 GyH,OBCIN requres C 534%

H3239, N 4 13% Cl¥Br 3429,) It gave no colour with alcoholic ferrnic
<hlopzde

P Bromo Anilde of bromo oxymethylene acetophenone was prepared
' amanner to that described for p chloro anidide of bromo-oxymethylene

Present address—\{ I N Regional Engmeer ng College Allahabad India
T Present addrcss—Gosernment Degree College Gopeshwar Chamoh Inda
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acetophenone  Starting  from  bromo oxymethylene  acetophenone (1 Ig),
p bromo antine (1 87) and ~bsolute alcohol (15 ml) a dark yellow sold was
obtuned It was recrystallised from alcohol water miture Yield=] g,
M P 175C 1t gave no colour with alccholic ferne chlonide

(Found G, 475%,H 321%, N, 3%, Br,41%,, C;;H,;OBr,N requues
G, 47 24%, H, 289%, N, 3 67%, Br,41 9%)

UV absorption spectra measurements were carried out with the help ot
Hilger Uvispek photo electric spectrophotometer with quartz optics  Solvent
used was punfied n hexane The strength of solution employed was el
cases 05X 10~sM

Results are recorded m figure |

1 T CHs CO OB, cHOH .-
14 UtHe CO CHy By —
13 WCHs-Ls (B (RACHE —~—

IVGH: CO-(B  CHNRGH, (L~

-
&
1

~ e O e d ved 3R

»
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From the graph Amsx and @may are recorded in table 1
TasrLe
y 2 A Amsx
Compounds m";; Cmax mnx‘n‘; Cmax m‘;:;: €oax ,l:“ €max
1
/\"_C—C——Br 255 |11 000] 285 | 3,400) 320 | 4,600 — | —
1
| | O cHOH
\/
i
H
/N |
7/ \n_c~?—Br 220 | o 000[ 250 [29,000] — [ — [ 320 840
1
L l od
/
\/
m
/\H_(I‘rcrnr 260 | 9,000| 300 | 4 600 330 | 8000 —| —
U O CHNH
1
AN
il
I
/s
|
Br
P;:\romo ambide of
0 DY
acctoph:ny;::‘hylmt
w
l/\"—ﬁ‘ﬁl—ﬁr 240 | 9,000 255 | 8 200 207 10,500 33020 000
i O
U cm}\m
A\
l I
i
Y
Gt
P;‘-‘n:;lomanmdc of
o
accroph:;};ilzdlylcne
Towe

1, W stadieq previously * 3
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Discusston

Previously? ¢ we had studied the absorption spectra of a-bromo-s
formyl acetophenone and a-br formyl-p-— d oh
m n hexane In these compounds a bathochromic shift was observed to be
due to the formyl group =CHOH

The structures of amlides studied are as follows —

=== SN
. Yo TN
'Y $—0—0=C-NH-{ Sy
N i \ /
AN s 0 N~/
(Compounds IIT & IV, table , X=Br, Y=Cl or Br}

They do not exhibit enoliccharacter because they do not give any colour
withalcoholc ferric chloride When we compare the maxima of p bromo amilde
of bromo oxymethylene acetophenone (III} with the maxima of a-brome-c
formyl h (I) and ph 1 bromude 1t 15 noticed that the effects
bathochromic It 1s due to 3 C-NHC,H,Br group  The = electrons on the
carbonyl group can apparently participate wm the conjugated system which no'f;
nvolves the ring the N atom p clectrons and the = electrons of the carboay
group

Schubert Craven and Steadly!® had suggested that the wave tength sk
was m the order I>Br>CI>F mn o-halogen acctophenones dertrate®
Several workers! 36 7% have studied extensively a-halogen cycloalkanont
and sterod series of ketones and found that the equatonal or chlornc of brorrn::i
produces a small hypsochromie shuft (~> mp) m the n—>r* transitton O o
unsubstituted ketone but the axial bromine and chlorine produce 20_30?‘ ;:mc
11my bathochromic shufts respectively accompamed by 2 strong hypcrchr:ona
effect In the case of p chloro amilide of bromo oxymethylene acctop :“hg
(IV) 1n comparison with compounds I II and IIT (table 1) theshifts
order of 10-20my indicating by analogy that the halogen aval
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FLOW OF A NON NEWTONIAN TLUID THROUGH A
RECTILINEAR PIPE

(Section A Hyperbolic Segment)

RapuEY SHIAM SHIAM
Matheratics Deptt , M B College Udarpur Unuiersity Udaspur

In this paper, the flow of Rivlin Type of hqud through a rectilinear
pipe of untform cross section has been discussed  The section of the pipe 13
a hyperbolic segment  The distuibution of stress due to the flow has been
deduced and thrust on the plane wall of the pipe has been calculated

InTrRODUGTION

Ruvlm!  has proposed that the rheological behaviour of certain higuids
1 characterssed by the equation of state
D= —Pr+2nenc-t-4Ley; o1 (1)
where 7 15 the coefficient of viscosty and £ 4s the normal stress coefficient.

Also piy and eyy are stress and rate of stran tensors respectively P 1s
the vadetermined 1sotropte pressure which can be superposed on an clement
o bqud (i any state of motion) without affecting the fow and iz 15 the
Rronecker delta (3yc=1if 1=k and §x=0 1f 1528)

It proposed here to conwder the flow of a Rivilin type of hiqud
through a rectilinear pipe whose cross section 13 a hyperbolic segment

We take the aws of £ along the awis of the pipe  Let (z, v ) be the
components of velocity parallel to the aws of x y . respectively Ity
assumed that s and v are each zero

The equation of contnty 18

u, b dw
Er T "a—z' =0
whence i3

9z
which shows that 1 15 function of ¥ and y only We shall take pand {
2 physical constants as taken by J R Jones®
2 Rate of stramn components —

&

fyx= = du 2
=2 =0 ey=2 5:0, :zx=2§;=0 o
. 2
Cazeey, o 22y 00 o, w_ Ow
2y ay+5_0 :,,=z,,—2t$__.67. exz=

64?’\
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3 Components of stress —

From the rheological equation (1), the stress components are as

follows —

Prx=—P+2nexx+4L (e xx+¢ xy+e 52) .l

pyy=—P+2n yy+ R (Pyy+xyteya)

prz=—P+20rrat-H (€ 2zt 5+ zy)

Pry=Pyx=2ntxy+ 4 (exx exytexy tyytexziezy)

pra==pux=Inexa+4L (eyx txzFeyy ya-teyz €22)

Pyr=pay=2neyz+4L (eyx £xzt-e5y tya-teys eaz)
Now, substituting from equations (2) we have

pexmp 181G, pry=—p st G2)

pea= =P+t { G+ G}, prv—pre= a@EP v

prempec=tn (B2, pre=pes=21 () J
4 'The equations of Motion are —
o ﬁu,ua_"_HQ +w§— ag:, +a,;;, +3p,< ®
*’ (a: rallto Lol Yo Lo (T ©
+ __+,, 3& wi;_r: _ apu +ag, +a,gz; o

n the
Substituting the values of stress components from the equation whfy ©
above cquatmns the equations of motion 1n the case of steady flow sump

Pw w, Yw dw, dw O @
=x {2 o e p B o o
3P__ aw dw Ow,dw dw
it {2 e BaE o)
aP o, (0w, P (10
2 {_ 52}

5 The solutrons of the equations of Motion —
From the equations (8) (9) and (10) 1t 15 scen that

ap P ap
hi ) T G 0
Therefore P should be of the form (m

P=Az+f (%)
where f 11 some function of x and y A 15 a constant, 12)
(P ) . {
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Boundary conditions are
W=0 on the boundry chosen

J P Agrawal' has discussed flows of Newtoman fluds in pipes whose
section 18 2 hyperbolic segment  Following his method we get a solutton of
this equation (12) as

w——{(J’-3xJ)+3 (3 %)+ ()10 } a3
which vanishes on the boundartes defined by
y=1 } (14)
FHIG—3:24+10=0

We shall mvestigate whether this value of w together with a switable value of
P satisies the equations (8) and (9)

Substituting 1n equations (8) and (9) the values of w and P from equa
tions (13) and (11) respectively, we get

%{:4; (4-%-;1)’{180x—324)y+18xj +18s } (15)
2 Ay
%:4; (ze‘,,) { 7569423451 — 16223+ 1823y +185° } (16)

To test, whether these equations are competible

From equation (15), ~—-f=36x_7—324x

From equation (16) ﬂ—36x—-324x

which shows that a value of f exists w}uch satisfies the equations (15) and (16)
From equations (15) and (16)

(BN
f—ﬂ(wn) { 90274378y 478)°—162x y+9x%2+ ':—(*‘+J‘) }+C a7
Whence,

= A
P—A=+4z(m) {90; +378) 787162 yHOC 5 (45" } +c (9

To determumne the constants A and G et us assume
P=h. 2=0, x=0=y
Ppyy 20 xm0=y

Therclore, A-‘L and G=p,
Hence

pba—ty

=Ttz

+Cph 48,,1) { 5 (x4t 92 y +78 — 16267190
+srprfap 09
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6 Values of the stress components —

Substituting the values of P in the equations (4), the values of street

components are ~—
pe=ti(tg? iy {27:; P 94906 _y~78_y’—54x’-—378}’}

pr=12(52! o {%(x‘—{—y‘)——ﬂx’j 43051 54x2y 905254y ;

) p‘z—ﬁ,
=2 (252’ 3(1:‘1—]‘)+9x’_y’—]8x’7+3(b‘——547’-—54x’}
181/ 12
_m;m ~h
~pyr=4t (P=L 9002~ 1
pry=pyr=4L prm [ 62%—90x)2—18v34-108sy— 1893
prmpec=20 ()6 —60)
tr=trr=21(GE) &30 418) J
7 Calculations of thrust on the planc wall of the pipe
On y=1
_anfPr—DN (9 39 bo—Pr .
pry=t(’ ;W‘) {—2—::‘—63;: —‘f} ~Fep,

In accordance with the well known convention® regarding sign of stresh

the 1gn of pyy 18 to be changed to find out thrust
Hence, Thrust on the plane wall

V7
= f’f Pyy dxdz

{20}

)
the

- fhz(f’;;f» (grsan-P-tremn it

0 —+4/7
v f [ a (p;;:; bty <1224) 2 (B +gp,]d/.

 pmey I'A,/P —p\1224\ . ,, L]
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VARIATIONAL PRINGIPLE I'OR SCALAR WAVL
LQUATION LAGRANGE FORMALISM

S G Gurry
Deartment of Mathematzes Roorkee Unsiersity Roorkee

SuMMARY

A vanational principle for the scalar wave equation has been formulated
along the Lines of Biot (for heat conduction) The Lagrange formalsm 1

lized d leads to eq wlich are of the same form as are
encountered 1n classical mechames  Defining quantities here called pseudo
momenta the equations for canomical comugates have been obtamed and they
are exactly of the same form as are come acro s in Hamutoman treatm nt of
classical dynamics  This leads to the formulation of a Liouwlles theorem
for the development of statistical mechanics for phenom-na governed by the
wave equation 1n continuous media  Some general procedures and methods

for solving problems in spectal cases have Deen gnen together with an
dlystrat 1 1 1
one

InTRODUCTION

The scalar wave equation occursn many branches of mathematical
physics  The propagation of sound waves of small amplitudes m compressible
media vibrations of thin elashc membrane  propagation of electric and
magnetic mtensitres m electromagnetic wave and a host of other phenomena
are governed by this equation

A vanatonal principle  for the wave equation corresponding  to the
Tequirement that the difference between the totil kmetic energy and the
Potential energy may be as small as possible and using the concept of
Hamlfonian density already exists n hterature®  The canonical equatons
for the conjugates are pot as sumple as those encountered 1 classical
mechanics  The dependence of the Hamultonmn etphady on the pace
vatubles 5 y z introduces the complety Itis clear that the canontcal
formatsm 1 not susted for the development of statstical mechanics for pheno
mena governed by the wave equation in continuous medid

The vanational principle of Leech? 13 the analogue of the Lagrangian
?;::3}"““0“ i classical mechanics of dwcrete particles  The generalised

138 ¢, are functions of ,y z and # {not of talone) The variational
Punciple of Leech 1s

sfzf‘radr a=0

where
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(i 98y (28 L P8y
o=} [(37) - {(’a;) +(5) +() }]

Taking account of the vaniation 8¢ and regarding x y, z and{ as the fi'd
paramcters one obtams the waie cquation from the vanational prnciple
The araton of the ntegral 1s to be carried out by arying the path of
mtegration in such a way that the end pomts ($y %5 Jo, 2o 7) 2nd (f 7
2y 4;) are fized for each parucle  If

L=f, edr, dr=dr dr dz ()]

where r1s the region where the wase disturbance ¢ cxists then using the
notauon of a functional denivatne
3L D d Oa

5g Ogc dxdga’ ]
where

4.0 028,580 30 1

a=wtwg i .t m R

and simylar expressions for dfdx dfdy dfdz a canomical form of the equationy
1 obtaned as below

o _d e o d 3 e
o dt g dx Or,x

or
d 3L _ oL )
di 3gr o7r

Admuttedly thus 1s a concise relatsion  analogous m form o the correse
ponding onen cl 1 particle dy but 1t convey® no further mfun::;
el

tion than (1 4) This formalism also 15 not sutable for the developm
statistical mechanies

Ths paper deals with the frrmulation of a varational principle bascdmll'
the concept of gencralised coordinates and s <hghtly different from M:in
Leech  We consider g, which are functions of # alone A vector field H ;ﬂ‘a
scalar point function V related to the wave function ¢ are introduced n:
vanation 3H (depending on §¢;) leads to the Lagrangian form of equz;;u
for gr which are 1d 1 sath the eq in classical dynamics heat
procedure has been developed by Biott in his treatment of the transient o
cend ph This formul has a distinct advant2g® mc‘f‘){ 2
prineiples mentioned earlier because i this case Louwilles Thwmx_l_u the
permanent flow mn the phase space can be readily proved  Moreover ¢ 0908
general methods developed 1n classical statistical mechames ar¢ au)d be
apphicable to the wase phenom=na The essential point of diffescace 9
that the phenomena may depend on a countably mfimte number of‘gmm
coordinates  This approach is being followed by Josh: and Nigam o

* N\ E Joshiand S D “igam arc making an alt mpt to develon 2 sl 202

Toend o thae PR iy INDIA
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Tar Scarar WAvE EQuATIoN AND THE VArraTionar PrivciprE

Attention here will be confined only to the three dimenstonal scalar wave
cquation The results arved at  can eassly  be extended to any number of
dimensions  The equation 18

B, 0242800 @n

where ¢ 19 the wave velocity and 1n general s a function of v y . The wave
transmession takes place 1 an isotroprc medium

Define a vector field H by
4 _ 9,9 2 2 2
L=—VH V=xa—'+15+k§ @3
ascalar fanction of position V by
o ¢
V=i fY L, (23
and a variational mvanant 3D by
oH
D= oH 2 4
D= [ %F sHar @9
Also take
dH
R @9
The variational princrple 15 stated as
8V43D= f ¢n SH ds 6

where the surface tegral extends over the surface S bounding the region ©
d 715 2 unit inward drawn normal to an element of §

For an arbitrary vanation 8H {2 6) must lead to (2 1) From equations
12 3) and (2 2)

W= _f‘_ S dime f_93 (V1) e
for V and § commute Integration by parts leads to

W= f V¢ SH ar f dn 3 ds @7

Subsututing the yalues of 3D from (2 4) and 3V from (2 7) m the varmational
principle (2 6) one obtams

S[ve+5] a0 @
Since §H 15 arbitrary, we must have
v 4450 ¢

;ahng duergence of (29) and using (22) we obtamn the equation @n
ace the varational principle 15 valid
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LAcGrANGE ForuALIsy

At this stage we introduce generalised coordinates in assoctation with
the variational principle  There are many ways 1 which this can be done
The vector H can be expressed in terms of the generalised coordumates g
(=123, ,m) by means of the relation

H=H (1 ¢ ¢» m, %, 7 2) [ER)}
Here the generalised coordinates arc simply a set of m parameters defining the
field configuration and are all functions of ¢ only There are physcal
situations 1 which the vector H 1s linearly connected with the coordinates g
(The exphiat dependence of H on 215 excluded) In order to coverawider
case we assume here a gencral dependence of H on ¢ s Sometmesit
proves advantageous even in hinear problems to choose generalised coordmates
which are related non linearly to the unknown variables?

‘The vanations 3H arise entirely on account of the vawations m gf *s and
hence

m
sH=x Mg, (39
r=1 04r
and we can also write
oH sH L)
2
B g1 O3 ke

where a dot denotes differentiation with respect to time Differentatin®
(3 3) with re pect to g,
2 ¢oH )= oH (34
9g: N0t 0gr
The mvariant

o= f TH oy s

T o2
—f 3BT 2 (B ea
T 1 aqr
Let
OH \2 3H 9H 39
1=3 (1) =1 5 B8 9H
*(a: f e
Thus gives
81 = aH aH G0

B s Dgr g
Dx[fcrcntla(mg {3 7) with respect to ¢ we have

3, 0 OH | 35 oH o q]q,

& aq,) & 5 8g, + [ (G T 61.34)

_T, O OH L moH GH 69
5% 9g: 9gs sk 9gg aqkaq,q"
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Agam
<43 #H s PH Vauts
sk 32:0gx aq, sk ogr 27007k
_Z @H @H

(39
Tk grome 3ga TP
Equations (3 8) and (39) gnc
z 9H y»dH @2H
dt (Bq,> Era 37, Bgr © sk 3ge 075 04a

Differentiating (3 3) with respect to ¢ (replacing r by 5)

aH 2 dH, T4H

= s\ 5.t kagen P qm)

957k (3 10)

Multiplymg this by g%‘ by a dot product and using (3 4)
3
°H 2 9H\ T @H gH, T gH aH

ot 9\ 31 /)" s 955, g " sh Bqe0qx Tﬂqsqk

~dedly ol (31
T dN\Gg /T
Therefore 1f
— IHy? (312)
=1 f GG
then
BH T 3 gofl
D= f‘r o raCar Sgr dv
313
at <3qr 39:]
wa:pm
14
Foonoma==q, 5, @19
where
15
O=f ¢ Uy, (3 15)
& 0qr

Ha denoting the inward mormal component of H at the boundary §
Further

T (318)
V= ; aq 3qr
Substituting the values of 3V from (316) 3D from (3 13) 1 equation
(26) and using (3 14) one obt;um

ird v _ Sqe=0 @17)
[d (Eqr aqx 1 Q"] o .
Here sunce 84, are arbumr; and independent we get the 8 €q
oL (318)
9L Q=0 (r=1,2 m
b 1 Q=0 (r=1, )




180 AGRA UNIVERSITY JOURNAL OF RESCARCH [Vol. xv

These equations are analogous 1n form to the Lagrangian equations of
classical mechanics but the quantities L and V do not have the dinensions of
kineuc energy and potentral energy respectively They can be called the
pseudo kinetic and potential energies  The quantity O, will be called pseudo
generahsed external force or external cause

An ALTERNATIVE VARiaTIoNAT FormuLaTIOv

In the special case when the quantities Q. <nalogous to extermal
smpressed forces, are either zero or derivable from a potential function 2nd¢
is a constant (¢ will be assumed constant mn the rest of this paper), an
alternative varational formulation can be gren  Here we assume Q=0
The case when Q; can be expressed as ~—3U/dg, can be easily considered by s
shight mod:fication of the procedure given below

The vaniational principle 13
1,
of ' (L—V) di=0 {#
‘ﬂ
All variations are zero at times §, and 4, and also at the boundary Softhe

regon occupied by the medm m which wave propagation takes place. L
gwven by (3 12) and

v=§_fT ¢ (v Hyde ]

the vector H having the same definition as before  Equation {4 1) gwes

oo f L& oo e

h H BH_,
|~___ v H)(V sH Id_o
f,od’f‘ 3 g ¢ (V IV 8H) %

anables
Integrating the first term by parts with regard to tiune (5‘“°°d‘hc°;mkgn
t,x y zare wdependent and the region of integration fixed order
tion does not matter) one obtains

4
oH " he gH N H)(V 3
=2 - SH dr dt— (v 0
f - [aH @ ],f’ f ,uf < oF i f ,Qf . o
The first term vamishes since $H=0 at tumes #, and 8, Thus

f:: f? [ﬂ(v (v sm+TE SH]J‘E =0

o the space vanables ;x]m;
count of the variations

or

Integrating the first term by parts with respect
one finds that the surface integral vamshes on ac
2¢ro at the boundary and the following result 1 obtarned

)
(4 su [OH sy m Je a0 .
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Since 3H 15 arbutrary, using (2 2) thus yields
o*H
Vit 5p=0 #4)
Taking the divergence of this equation we get the wave equation showmng
the validity of the vaniational prmciple
CanonicAL EguaTions 2Np LiouviLre s THEOREM

The system wall be called conservative when the quantities Q; are etther

zero or dervable from a function by differentiating 1t with respect to the

lized coord For simpl Q. will be taken to be zero  The

quantity W (here called the Hamiltoraan when expressed m terms of ¢r and fr
(the generalized psendo momenta to be defined presently) 1s given by

W=L4V G1)

and rematns constant as the system undergoes transformation

The Lagrangan density function 15 L—V=P sa; We canwnte
W-2L-T The vanational principle can  then be espressed  as
$f('L—P #=0 The generalized pscudo momentum pr 1s defined as

9L aP
= 52
P 69
suce Vs not a function of qr$

From (§4) [Here the hnear relationshup between H and gr 1s not necessary]

z
br="Jbrs gs o9
Therefore
2= Zp gr=P W o
This gives
W=Zpg—P
For a small change 1n psand g s
W=Epdptsg dp—s 2 g4z &
o+2q dp an dg=% 554
=Zgdp—% 4, aP o

using (59)  Thus w canbe c‘(prtsscd m terms of p and ¢ The vanation

of de’ gives

B
f RL-Widi= f [p 3, + 4, %, a‘vsq, a“" Y, ]di

Hcr
© 34, and 8, arc lhc variations n ¢, and pr Iulcgratmg the terms
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b, Sq' [=p, %(Bq' ) ] by parts we obtamn from the vaniational prinerple

fi; ?[ (-, aw) s, + (g, __ }a:o (8

Varying s and ¢’s independently, from (a 6) we obtamn the following
canonical equations

aw W
=, B=— (57)
o= g B P 357
It can easily be seen that the Hamil W 1s independent of nme  For
dW z(aw dy, AW a’p, o 59
dqr @ ap,

by the use of (5 7)  The formulation ofa para]lcl theorem to that of Liouwlle

1n statistical mechanics 15 a sumple matter®
Some Generat CONSIDERATIONS WHEN Tre VecTor Fiztn H 13 Livearty
DePeNDENT ON'g, NOrMAL AND IonoRABLE COORDIVATES

We shall assume that the vector field H depends Linearly on the geaerd

hized coordinates Thus let
b -
H= yar Hr Y

where Hy (x 7, 2} are fixed configurations Here
v=if & pej 2 H) &
lf"tzdr 3¢ f‘:(v )
6.
Zit’fT (2,: 0V H) di=) Dot o4

where
3
ary=c f (V H) (V Hy)dr S
The quadratic form - a,gegs 15 positive  definite and  the matax (ol

symmetric Su:mlarly

L f . (?ati) ar=4 [ (S H) ar

4
=1 :Z;bu args
where
(63}
= f H, H, dr
Tt 18 obvious that
oL (@
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The quadratc form:‘ib,, 4r g5 13 poative definite and the matnx

[6o] 18 symmetric  Tn order to wrte down the Lagrangan equation (3 18)
for the unknown generalized coordinates g, making use of the above results
one obtains

z
1l grtos g)=Q, (=1, 2, ym)
4
E (uptton) = p= g 67
We fiest study the solutions of the equations (6 7) in the special case
Q,=0 These equations then become

2 (bu b an) gu==0 ©8)
Eliminating ¢4's from these equations  one arnives at the determinantal

tquation an p
det1p brtan) =0 69

This wan equation of degree m in p*  After ealeulating the values of p ,
those of p can be casily obtaned and thesr number will be 2m

In order that the results may be lly applicable we shall
" 190ts to (6 9) in p* despute the fact that some of the roots may be repeated
#d some others nfinite  From a well known theorem m the theory of
matrices? we know that the roots of (69) 1n p%, arcall real and never
Patitive  Let the roots be —~A% (u=1, 2 ,m} the quanuties Ay are

ather positive or zero  Two or more of them may be equal The values of
£ then are

=12y, + 1y, where =4/, (u=1 2 m) (610
The general solutions of equations (6 8) whach are peniodic are
a~3Z [,!.E? sm dut 4 4 cos a1] @1

the summation extending over all the roots taken all disunct Theresult
n (611) may be written as

q="2 lf.‘:)co (Auz+x§:)) (612)
where
(=} [0 (o] < [
twos nte g el =g (613

s To each value of }, therc will correspond a normal mode of the
ﬂfﬁ?tnl They will be called charactenstic solutions Smce  thete 13 no
2l difference between a sine and a cosne function (as far as the

Ellowing du, N 1) pting that one differs from the other
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m phase (by n/2), we take for conventence 1 further discussion 1,(:) =0, m

which case the night hand side of (6 12) will consist of cosines only and whes
lﬁ:)=~—1rl2, 1t will contain siney only Taking two normal solutionstn

responding to 1A, 13y vz,

©_ @ 0

(v
g, =X, " cos Nty g, )

= X' cos Ay, (r=1,2, ,m) 614
() (1) o
where X s has been replaced by x, “for smmpliaity  Subsututing them
(68)
{u

anxen o T b, 10

IV 649
and PR M L P

Muld

V)

(1)
Multsplymng the first of (6 15) by 75 and the second by X, and

summing cach one of them over the index r
2 ) (¥ T ™
s s Xy 7,)~Au 7w X X5
(G @
ad ez 20—aaT s, o Moo

b,,=0 619

Subtracting the sccond of these from the first and noticmg it the
atrices [by] [ay5] are symmetric and My and Ay are distinet, we get
z v = 617)
Detrn) 2oy 2 2P0 !
Smnce at least one of them 15 not zero (one of A, or Av), we contlude
= [GENO! [Cat]
B X, A =0,

and hence from (6 16)

b3} QL) (619)
15 s x(,) 1:)20
u
These relations establish the orthogonality of x( ¢ $
T 0{
case
In an analogous fashion, these results can be extended 10 dg::rmmni
multsple roots (multiphaity may be of order & in which case we i Ta cascof
different orthogonal modes corresponding to the multiple root)
zer0 root we have a solulion of the type ’
S, %)
r T
ed coords
In a large class of physical problems a number of g;nc:ﬁ':m donot
nates remamn hidden The external causes applied to ti cheyscoardm-’!ﬁ/

exate all the generalized coordmates but nfluence only {or 8
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Yo, q1 fry  + 4y 2nd the remamimg m—1  (g14y, qm) form the set of
sgrorable coordinates  The latter do not influence the physieal interest m
the problem Tt 18 casly scen that zero values of A, correspond to ignorable
wordmates  Ifin equation {6 16) we make u=p

 ay Z(“) x(“)
Aat= I) (‘u -(621)
g
o x2S

Introduce normal coordinates ¢u by means of
% )

o~y %y ke (622)
Normalize xiu)’: such that for each u
z ¢
Za, 2 e )
Using these results
_135,2 2 2
V=3 S L=ined 624
The quantities corresponding to Q,r1n normal coordinates become
5
Zo= T g, (625)
The 1. g g ponding to the normal coordinates are
Wt tu=2e 626)
The operationa] solution 1s then
o 1 627
2
nd ¢
(s}
X,
= f 5 r Zy (628)
X~pt

When multiple roots are present all the terms on the right of (6 28)
a treated Iy and the 15 i dmng over

stinct roppg onl‘y

When a general solution of (611) having sie and cosine terms &
“utdered the above results can be eanly extended

Some GENERAL PROCEDURFS
Tn case of hnear dependence of H on gr, some general procedures can

BN which wl] throw some lght on the manner of solving problemsin
*ecial casey
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The vector H 1 the most general case can conust of two parts One
which 15 divergence free and the other wluch 1s not The divergence free
part will correspond to 1gnorable coordmates Let the divergence free part
be denoted by H, and the remaining by Hy, Thus

H=H,+H, ()]

Let the ignorable coordinates be denoted by u, and the remamtog by
gr then

Ho=> X, 2
and
H,=%Yrq [(R)]
From the remarhs above 1t follows that
V Hy=V Xr=0 (19
V 13 therefore mdependent of 7, for
—=(V H)=—7r (7 ¥ (19
Here
i f (S
z P b 76
IO B ol SRR NP S g 09
where
=, %, Xdr T
= _fr X, Ydr i, .
{
and bn= S » ¥r Y:df J
If we choose the vectors X and Y mutually orthogonal then a9
b =0 -
Agamn
Vet f (V HPdr
s 9
=t; A 4 4
No v, occur 1n V and a,.1s given by
(119
8= £, CHV Y,) (V Yoldr
The equations for g which are now uncoupled from 7, ar¢
(i

J( [ i+ ars 4 Q~, argates
n
where Q, are the external causes corresponding to excted coord
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The equations for sgnorable coordmates y, can be studied if the nterest
hesm the whole of the vector H

The set of equations (7 11) now has less unknowns as 5 s do not occur here,
But they have the same properties as the corresponding equations 1n section 6

An Iygtramive ExaupLe  CASE OF ONE DIMENSIOVAL, WAVEPROPAGATION
ALONG A STrING Fixep AT Born Exps

Ths example will suffice to show the applicability of the ideas developed

1 the previous sections  The example studied 1s one dumensional  Thus 1s

smply for the sake of avording tedious algebra However 1t 1s evident that

?i l?‘;oblcm can be worked out provided a proper chorce 1 made for vector
2]

Consider a string of length ¢ fixed at its ends under a tenston T The
masi per umt length of the string 1s m  The symbol ¢ 15 the transverse
displacement of any powit x (one end of the string s taken as ongmn the
raxsalong the undisturbed position of 1ts length the other end being
s=I) The cquation for the wave motion 15

aé 24
Fraial > [t3)]
where
¢ =X (82)
m

We select a Fourser series representation (which constitutes the normal
modes) for the vector field H taking account of the fact that the transverse
dsplacement 1s zero at x=20 and x=Ifor all time ¢ Thus 10 normal coord:
nates g,

H=l§ _qu_ cos 27X (8%
[ nre? e
where ¢, are d normal d The luplier Ifnm ¢* for ¢n
has boen so taken that 1t may give a sumple expression for ¢ 21z
M X nmy (84)
=g S0 o ——
3 i 3% Zi gn S
Using the expression for H and ¢
i @
Ve 1 _ 1 2 35)
reJ A ¢

{ ©
Le BHNT_, O 7 (86
}fo (T =de 47!’:‘{: nt
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Lagrange equations for g i the absence of any external caws

fot ’,'_“Z_'L go=0 n
The solution of this equation 13
ga=Ap cos ’—'Ii".'-;-Bn :m.’llm—‘ [
and then the expression for ¢ 1s
©
¢=;:. (Ancos ‘”clrl +Bg s1n "_”;1) smt‘_’l’_‘ 9

This 15 1n complete agreement with the known solution of the problem? Ti.
constants A, and By can be determined from the mitial conditons on tbe
position of the stnng and the velocities of its different elements
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STUDIES IN FLORAL ANATOMY VIII VASCULAR ANATOMY OF
THE FLOWLR OF GLRTAIN SPLCILS OF THL ASCLEPIADACEAL
WITH SPLCIAL REFERENCE TO CORONA*

V Purt avp R Suiaum
School of Plant Morphology, Meerut College Meernt, India

INTRODUCTION

Asclepiadaceac 13 one of 2 <mall group of families which while stll
retaimng the actimomorphy of the flower exhibits considerable vamation n
floral form ~ This 15 brought about cluefly by coronal structures that are so
dwerse that Woodson (1941) » well known asclepindologsst, was once obliged
to label them as ¢ demnably vaniable  Agam 1 the estrimation of the genera
m this family Woodson had relied to a very great extent upon the characters
of the corona  If hus conclusions are accepted we shall have not more than
100 genera an the Asclepiadaceae (Lawrence 1951) in marked contrast to
earkier figures of 280 (Rendle 1920) and 320 (Willis 1951}  Such a situation
g ﬁm!c]y calls for a detailed investigations of the flower in general and the
coronal structures :n particular

MATERIAL AND METHODS

In the present study some 20 spectes belonging to 14 genera have been
studied  While several species  were collected locally the matenal of
Sarcostempa and Stapelia was very kindly sent to us by Dr B Tragi of Japur
2nd that of some spectes of Asclepras and two species of Hoya (Punn Nos 597
& 728) was collected byone of usin the U S A and 1n Nepal respectively
Floviers of Oystelma were collected from Hastinapur, and preserved matenal
of Mat lia carolinsang and a few flower buds of some species of Gonolobus from
herbarium sheets were very kindly spared and sent to us by the late
DiRE Woodson Jr of St Tous M O, U § A The materral of
Steamo ¢ vyag collected and preserved for us by Dr K Subramanyam
Jont Director Botamcal Survey of India

The material was prepared and studied in the usual manner  Schu
:;nn (1895) distinguishes two sub families Perplocordeac with a single
trbe and Gynanchoideae with four tribes Representatives of all these five
"9es have been studred and described

OBSER\ ATIONS

Pertplocsas_The species studied under this tribe are H mudesmus indins

R Br ang Coplostegia grandifiora R Br  These are very sumlar to one another

:
Research contnbution Ivo 70 from the Sehosl of Plant Morphology Meerat College
Mecrut India
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1 the general construction and vasculature of the flower The sepals are
mnbricate and leathery  As they separate off each of the margms of two
mnermost sepals and the overlapped margin of the third sepal bear a small
glandular process In all there are five such processes mn Hemdesmus and they
appenr to alternate with the sepals (Figs 2 3) They project 1nward a hite
and consist of 2 central parenchymatous core surrounded by densely stamng
columnar epidermal cells  In Cyyplosiegia, however, every sepal margin bears
a glandular process which may divide once giving rise to about twenty pro-
cesses n five groups (Figs 9 10)  Obwviously these are squamules correspond
g to similar structures 1n the Apocynaceae (Woodson and Moore 1938}

Ten vascular traces diverge from the parent stele for the sepals Thest
divide once or twice or more often (Crptosfegia) and then pass out mto sepalt
each of which receives 3 4 or more bundles (Figs 2 8 and 9)

The petals, though appear valvate 1n the lower region, are actually twisted
asin other asclepiads, the over lapping being nomnal 1 Hemudesmus (Figs 5
and 6) but very extensive 1 Cryptostegia  They anise conjornt with the stamess
(Figs 1and 7) Out of the ten large bundles that reorganize themselves alter
the separation of the sepals, five supply the petals and the alternating five the
stamens all leaving behind some vascular tissue for the gynoecum As the
petal traces diverge they divide mto three (Hemidesmus) or more (Coyptostegs)
each and occupy positiont mn the outer region of the petal stapunal tube (Y‘S‘t
411 and 12) In Cpplostegea the petal regions of the petal stamunal tube thal
15 more elongated, are very nichly vascularized and contamn numerous vasculas
branches scattered irregularly on the mner side (Figs 13 and 14}

The corona 1n both these spectes, as also 1 Cyplolepts (Rao and Gmg“hé
1963} 1s petalme 1n nature It consists of five parenchymatous lobes that ans
from the commissural regions of the corolla In factit 11 these rcg'an:
that the corolla remains d with the I tube (Hmu{!m”)h:d
distinct stamens (Cry plostegia) for longer distance These lobes are first ddmﬁnbe
from the stamens (Figs 5 and 13) although Rao and Gangult s o= s
and figure them as detached from the corolla first and then from the su;:w
Simultaneously with their separation, the petals also become free1n H!gmxmwlh!
but in Cryplostegia they separate much higher up These coronal m;flc s
recewve therr vascular supply from the margmal bundles of petals i
bilobed or deeply cleft radially into two each m Cryplostegid

The five stamens are free as they anise i Cpyplostegid but 1 Hﬂ:;ﬁ”;':
therr bases are fused for 2 short distance The filaments ar® short g
anthers which hie closely appres ed to themselves and t0 the g)’no"‘i senle
four lobed having the pollen granular and m tetrads The upll:g &
parts of the anthers arch over the gynostegum before disappear s coure
stamen recewves a smgle trace that traverses undivi
It 13 significant to note that there 1 no stammna
except the apical appendages of the anthers

ded throughout 1!
| corona m  thesc 5P
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The gynoectum that 15 somewhat sub inferior consists of two carpels that
are free from one another in the basal region and fused together in the upper
sylar and stigmatic region (Figs 1 4 7 and 13) ELach carpel has a mas ne
placenta that 1s distinctly bilobed and bears numerous ovules closely appres
sed to one another  The vascular supply of the gynoscium 13 dertved from
numerous small branches that are left behind in the centre by the ten
promment traces for the petal stamunal tube Each carpel receives a con
timuous band of vascular tissue that follows 1ts contour farthfully and thus
Alustrates rather clearly ats foliar nature (Figs 4 and 10) Each placental
regonha two small bundle , 4 B onein each half (Figs 4 and 8) These
furnish ovular traces and may occasionally be remforced by small supphes from
the main bands of vascular tissue 4 and B

Beyond the ovule beanng region the vascular bands start disappearing
and ultimately only some tissue remains i the positions of the dorsal bundles
Upwards as the gynostegium 1s reached these bundles become Arc shaped and
finally form a complete cylinder of vascular tissue it the upper part of the
gynostegium (Figs 6, 13 and 14)  The gynostegium has columnar epidermis
that stawns densely alternating with the stamens Upward 1t narrows becomes
arcular 1o outline and finally disapperrs  before the disappearance of the
wmicrosporangia

Secamoneae—Secamone emetica R Br 1s the only species of this tribe studied
here Recently Safiwat (1962) has grven an excellent account of floral morpho-
logy of some 11 species of this genus (excluding § emetica) and some other
genera Without resorting to a detailed description we shall therefore just
draw attention to some salient features m the floral morphology of this species
pumanly from the pomt of view of comparison with other tribes

There are five sepals that are very minute and imbricate  Both the
margns of the two 1nnermost sepals and the overlapped margins of the third
sepal bear glandular outgrowths asin Hemdesmus (Tig 17)  The sepals receive
2 number of vascular branches cach derved as a result of ramufications of
the five ongmal traces (cf Secamane stenophylla type of Safvat 1962)

!urfacThc petal stammnal tube 15 short and 1rregularly lobed on the outer

five foc (:'g 18)  As usualit contamns ten bundles five for the petals and

" T the stamens  Fach petal bundle divides into three or more branches
3t enter the petal as 1t separates

" There 15 no distinct petaline corona in so far as nothing separates from
tl;“illsurfac: But it will be seen thatthe commussural regions of the

;‘;u‘r; tube are considerably produced mward on stammnal radu (Fig 19)

ab]; s‘v ]c]n the petal, separate from one another their margins are consider

th:y tollen (Fig 20) Al this seems to indicate that a petahine corona of

1t 'YPe met with in Hemudesmus 15 formed but 1t does not separate nor does
8t any vascular supply
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On the mner side of the petaline corona and getting mto sts groore
there 15 2 blant, more or less sickle shaped nidge arsing from the buk of
cach stamen (Figs 20, 23 and 24)  This too 1s non vascular and 1s part of ite
staminal corona Besides, there are two anther wings from each stamen eas
on either side and an apical sterile appendage bent inward (Figs 152and 22}

The stamens are fused together mnto a tube that separates hugher up
to five laterally extended and very small filament: The anthers are 4
locular and contamn four pollinia each (Fig 22) This is 2 umque featie
for Cynanchoideae which essentrally has 2 locular anthers with two pollaz
each

As usual the gynoecium 15 brcarpellary, the two carpels bemg free 1
the basal regian, recerving many bundles bestdes one dorsal and four bundles
1n the placental region  Of these latter the two outer ones 4 and B’ furah
ovular traces and disappear 1n domng so The other two bundles A and B
continue mto the style for some dast. but disapp when the gy
1 reached  Thus the gynostegium receives only two dorsals which m the
column above form a continuous cylinder of vascular tissue that sphts mto 1w
arcs before finally disappearing

In S the gy also [ some nterestung features As
pomnted out by Safwat (1962) the ovary here 15 somewhat sub-n‘eno , 2
feature not recorded m any other Cynanchoideac* but usual 1 Penplocordeze
as described above and in the Apocynaceae (Woodson, 1935) Another very
significant feature 15 the occurrence of thin lateral flaps of parenchymatots
tissue, one on either aide of a placenta all along 1ts Jength and farxmt‘li”
sort of penipheral veil for it as it were (I1g 18) In transverse sections il;
epidermis 1s seen contmuous with thatof the ovary wall on en¢ sndt“a-
that of the placenta on the other Safwat (1962) who also records L‘::’u
considers them as extreme, sterile portions of carpellary margins Wes
revert to a discussion of their morphology at a later stage

Beyond the ovule-beaning region the two styles each with 2 d":’!
bundle fuse together and form a pentagonal gynostegium that & a]s mﬂ
swollen as the ovary (Fig 15 and 21) Upward 1t constncts abrupts e
to accommodate the swollen tetralocular anthers and then proceeds Up (l:mo
form of a column with two vascular arcs (Fig 22) Higherup 1t SPI"SI'LUJ!J
diverging arms occupymg cannal positions and having each an arc V! ‘mww
tissue (Fig 15) These are devord of any glandular tissue and therr Sw ot
constitutes an important feature . Secamone eme'ia Safwat (1962)
refer to them 1 the specics he investigated

1) G *
Gonolobear—The  species  studied n this  tabe a]r]e N g(c)m te
Iobus barbatus (2) G ctensphorus and (3} Metelea carelirsana Al —

ceat
* Rao and Gangili {1963) sprak of semi inferior ovary 1n many b:c\nk‘pu:lh o o
ntuation 1s brought about by adnation of prtal stammal tube 023y
wall the sepals separating from the base of the ovary
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New World species  The flowers are of medwm size and have five sepals
that are almost free and appear to be valvate (Tigs 29 and 37) At therr
bascs the sepals have one large (G ¢le uphorus) or a couple of small (Maielea

! ) glandul q lac 1n each commussural region In Matelea
the sepals are sparsely hury on thewr back Tive (Matelea) or ten (G ctemphorus)
traces depart successively for them  As they deverge they diide so that by
the tiune they enter the free sepals they form five or more small branches, which
may undergo further branching within the sepals

The petals are large leathery and rotate They are fused with the
stamual columa for a longer (Aatelea) or shorter {Gonolobus) distance (Figs
27 34and 35) In Matelea they remam fused together for some distance above
ther separation from the stsminal column (Fig 38) but Gonolobus they
detach separately from it Lach petal recenves a large number of vascular
branches derived by sphtting of a single trace (Figs 29 and 38) A petalme
corona that 1s present only in Gorolobus consists of a rased hawy ndge
running all around at the base of petals (T1gs 27 and 34) This 15 non vascular
and may appesr 1n G clemphorus to be borne on the stamnal column rather
than on the petals on account of the latter having somewhat saccate bases

{Fig30) The fact that 1t1s absent 1 Malelea restricts the systematic value
of this character

The five stamens are fused by therr filaments which are rather short
exeept m G barbatus The anthers are mo e or less frec from one another
In Gonolobus the stammal column at the base 15 munutely lobed on 1ts out
?dc acd hay 2 continuous cylinder of vascular tissue (¢ ctemphorus) (F1g
0) Alittle hugher up thus latter cylinder breaks up mto five staminal bundles
{hat occupy a more contral place (Fig 31) and the coronal skirt dimimshing
I promunance continues up nto five bifid Iobes on the backs of the stamens
and finally seems to break off as non vascular structure Thereafter the five
:;h;n begin to appear and develop more (G barbatus) or less (G ctenphorus)
‘I!Suc"z;'m dorsal appendages that hang down a little and consist of compact
dages ;g; 27 and 34) The stammal bundles dip a little mto these appen
connc’ctn get cut thrice m transverse section and then proceed up 1 the
duced :Vc outside the two Jocules The stersle tips of the anthers are pro

nto membranous flaps that arch over and remamn appressed to the

t)
’a:\im;,)hcad which 1n turn covers the man parts of the anthers (1igs 27

:cpar?&‘: Matelea the stmnal column ha  smooth outer surface It
consuty sf'm" a coronal skirt and a supe (Fig 35) The coronal skirt
Beyond of Jue g on st al radu fused end to end
ting w“;h; gynostegum this shirt breaks up mto five large lobes alterna
disa, »::s‘ e small ones The latter may split ito two each before
&rex:uc}:";g finally It will be seen that although the cornal structures
Ly darger here they have no vascular supply other than a sharp
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The two carpels as usual are free n the basal region and furr aaly
i the shigma head which 1s larger 1 Gonolobus than mn Malda (Figs 3
and 39) The surfice of the carpels in AMatelea are promnently tubercled
in the fertsle region (Fig 37) It will be noted that in both the genenn
the carpels separate from one another earher than they do from the ad
Joning tissue (Fig  29)

Each carpel as wusual has a dorsal bundle a number of latenl
bundles and two bundles mn the placental region A & B for supplying
ovular traces (Figs 29 and 37) The gynostegium receves only the two dorsl
bundles that enlarge and branch profusely to form a more or less complete
cylinder before disappeanng (Tig 33)

Tylophoreac—The species studied under this tribe are Lepladema rekoists
Wight Stap lta zanegata L , Hoya arnottsana Wight and H lanceslata Wall Tte
basic plan of construction and vasculature of the floner arc the same 11 all the
species There arc five small thick free sepals that appear to be imbncate (Figs
41, 51) In between them there are five minute squamulae that are as usms)
glandular and non vascular Five or ten (Hopa) traces depart for the sepale
They branch so that the sepals 25 they separate recewve three (Leptadema) fre
or more (Stapelia) bundles (Figs 41 47 and 51)

After the departure of sepal traces the central stele may 2gam beom:l"
a complete cybnder asin Stapelis  This shows there s a distmct anatﬂt!:lﬂ
mternode between sepals and petals The petals are thick and Jeathery
fusing atthe base with the staminal tube and then for some distance af;l:;?
themsehes (Fig. 43 53) The free lobes may be rotate (Fig #) or Bt
so (Fig  56) As usual they get one trace each which imanably
mto a number of small branches beforc enterng the petal

There 13 no distnct petaline corona n these species exccpt pcthP;;;‘
Hoya where the corolla tube 1s shghtly ndged opposite the stamens (F:ri.um‘
In Gymuma sylzestns however Rao and Gangubs (1963) "pcu: f“r and
coronal lobes separatmg from commissural regions of the cor®
receving supply from petal marginals

The filaments of the stamens are short and fused together mm]a 2LT;Z
(Figs 43 54)  The anthers are small more or less free and curou? yosw,"u:\
occur abose (Siapelta Hypa) or on the sides (Leptadnte) of the %2 st (Fige
and not beneath 1t as 1n many other sp-cies and ar¢ mcumbcntcg and sess
40 45 and 50) They are bicelled and have onc erect wmpr)?s(ng‘ %9
(Stapelia) or pedicelled (Hoya Lepladema) poll mCZChC‘;

The anther wings are small and not well defined (Figs 48, 5 )

In Lplademait 18 s e
the back of &very miﬂ‘
rd 1 s £

le,
ry 5590

The stamnal corona s very variable
consisting of Just five small hump Iike hoods from ok
(Figs 40 43) The stammal bundle deflects a little ot
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Ta Hypa these outgrow ths are much Iarger covenng almestithe entire buckof ti e
Blaments (Fig 50) Therr free margms are recurved eutvard more (H e -
laa) or less (H emotiiara) and many appear to enclose a spate 1 loagutadieal
sectons (Fig 50) Besides, the maer apical parts of these hoods are aften
produeed mto a tooth like process each, that covers the anther propes [ om
sbose The stamunal bundle kneels out wmito at for a short dustance

The corona 1 dlapelia 18 most elaborate  As the stamunal tube separates
bom the corolla the backs of the fused filaments begin to be preduced out 1n-
‘9 sertically compressed ridges that project obliquely outward (Figs 26, 45)
[a thewr bases, that are tangentially flattened the staminal bundles appear 10
preadouta lfle mto them  In trangverse scctions they appear as Ts, the
thorter arms of which guard the passage to anther sacs {Fig 49)  Above these
promimnent ridges that obvously corespond to hoods there are five club-
haped pracesses one from the basc of each anther  These, on the other hand,
»’;Z;;;iu over therr respective anthers and seem to correspond to horns of

bt a‘}i:‘g)‘ﬂﬂg with the hoods there are five prominent boat shaped lobales
are faly la;m @ sartof covening for the openings to the anther sacs  They
Tecurved t, g‘hpmmh’m“m- nonvascular structures that have somewhat
7 1hat may be cut twice 1n transeverse sections {Tigs 48 49)
mbcdx};i snk:;:::rc 2ud vatculature of the gynocclum are the same as des
% that 1o Srgp pecles with the dufference that the style 18 very short so much
eha the stigma head 15 almost se sle on the ovary (Dig 45)
mﬂ%ﬁ:m ‘Pecies  studied under tlus  tibe are  Acerales
41,0 Wiﬂu Asclepuas wherosaLann , A subalata Dene , 4 grnucalann,
el esylyny n é{s;;mak Br G procera R Br yDatma extensa R Br, Oo~
93 here i ghs g, br and Sarcostemma bre 1stigma Wight & Arn - Itas per
witn ordee fu‘ € that a most glortfied and complicated corona 13 met
Btlar species e space we shall give a feneral account and refur to
wherever necessary
umbg;l,‘h;,ﬂn:,m 1: this tribe are usually large and showy and arranged in
mbricate (F‘g”!; 0S¢ ymes  The sepals are thich, leathery small free and
34 somey ¢ xac) I Acerates guncalata they are fused shightly at the base
€I bases on g, cate  As usual they have glandular squmulae nnsing from
deseribe them € mner side of thesr margm  Rao and Ganguh (1963) also
N Halostemypy from the sepals 1n many species they have studicd but
Teeptaylay and Aarsdemia volubslis they have found them to be
13 groups €5t squamulae may occur siogly as in Daemta and Sarcostomma
Cats 1y, DS 3sin fxclgpias tuberosa, Calofropts and Oxystelma (Tig 62) Some
€Y may show some radial splitting
ﬂqm']l_‘n M these Species ten traces diverge successively for the sepals
and five conjoint s of ad margins 1 d

as ansing
rheediauym

five

Y

~ e
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after separation the comjomnt commussurals split mto two cach These may
be followed by branching of the dorsals so that each sepal recowes thies
(Sarcostemma), five{Oxpstelma, Daemta) or more (Asclepias Calotropes) buadles
Within the sepals they usually undergo further sphtting

The petals are larger than the sepals, they are thick, leathery, reflexed
(Asclepras  Acerates, Calotroprs gigentea) or erect (Calotropis procera, Oxystelra,
Darmia, etc ) and rotate  They are usually fused at the base 1ato a short tubr
(Figs 79 and 83), although i Sarcostemma brewisitgma they are free to the bas
The corolla tube may,be free from the stamunal tube (Asclepias, Calehops, etc)
or 1t may be fused with 1t for a short distance, the fusion being usually most
pronounced on the staminal radu (Daemea)

After the departure of the calyx vascular supplies five prominent buadles
differentate to supply the corolla  Each of these divides into three or more
branches that occupy positions 1 the perspheral region and finally enter ther
respective petals  Within the petals they may undergo further sphttwg

It 15 signuficant to note that m this trbe where the corona 1y best dever
loped there 1s hardly anything that can be designated as petaline corond.
The only remnant of 1t 15 perhaps seen 1n Oxpstelma esculentum 1 the form of
an annular rim that separates from the corolla tube a Iittle abose s & tach
rment from the staminal column It 1s too small to appear in the form ofa
complete annularring and 1s mainly recogmzed by the thickness of the corolla
tube that suddenly becomes thin after 1ts dwsappearance (Fig 79) Deré
also has such an annulus but this separates from the stamtnal columa rathe
than from the corolla (Fig 83} In Sarcostemmas it clearly s:pzratc.;fmm the
stammnal column some distance above the separation of petals (Fig 87) Th“;
three casesseem to form a series where the annslus belonging to the l’m’I
(Oxpstelma) appears to be gradually shifung as 1t were, oo to the stamund!
column  In Asclepras and Calotroprs, however, there 15 no anadlus
tened andfused

There are five stamens whosc filaments are tangeatially ﬂal79 e

together ether ventrally as in Otpstelma and Daemz (Figs 7 The
throughout their thickaess to form a short column® (Figs 59 63 and 7 )ﬂgs]zy
anthers are also flattened tantentially and fuse together and with tle;m i
stigmahead to form the gynostegrum They are bucelled as each c; o
pendulous pollimm within 1t (Figs 60 64, 76 81, 85 and gg) In ;ck\ymlw‘
region, the stamens become free for a short distance and therr apie
appendages arch over the stigma head (Igs 57 6! 72 and 77)

«The fascinauon of the ascle

As ponted out by Woodson (1954 P 9) e Tess promacr

pad flower resides m the stamens  They form a mor gy
corona consisting usually of (1) Hood, (2) Horn, (3) Lobules, (+
and (5) Anther appendages T

nal column

1"
ween tf ¢ €608 and?

+ \Woodson {1911) distingusshes two regions of the stam
attachment of the Corona as the column and ¢! at above Let

proper as the stipe
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The hood 13 the most promient part of the corona It so vanable
form and structure that Woodson (1954) who has studied 1t 1 detail in North
Amencan epecies of Asclepras was led to admut that ats vanations almost defy
deseription It 1s @ sort of outgrowth from the back of stamen filaments and

ually conassts of thin walled spongy parenchyma  Woodson (1934) described
to be glandular  Although we have also seen 1t full of some sort of flud we
venot seen any glindular or secretary tissue 1t It may be solid (Oxystelma
rotterma Da ra) or hollow (Calotropts  isclepras) In Asclepras the hood s open
<top a3 well a5 on the 1nner sides and 1ty thin margns are nvolutely folded
1g 64) In derrates they may be recurved outward (Fig 9) The hood m
biropss ignatea 15 laterally and conduplicately flattened and 1s open on the
<k (Fig 74) The hood n Calofropss 15 constructed on a different plan
bottom 15 heavy and 13 laterally and conduplcately flattened At the base
hasa promunent tail that 1s colled outward (Ligs 72 and 77)  Above this

* cavity of the hood narrows and ultimately becomes a sht that opens on the
& (Fig 74)

The vasculature of the hood 15 not distnct from that of the stamen  In
ystelma Daeraa and Sarcostemma the stanunal bundles show some bendings
therr course for the hood but the free parts of 1t are always non vascular
12¢ 78 822nd 86)  In Acerates and tsclepras species however the staminal
mdle goe up for considerable distance 1n the hood and then returns on 1ts
ter side to re eater the stamen (Figs 57 and 61)  After traversing a short
Hance up 1t negotiates asharp down turning 1n 1ts course and goes up agamn
tupply the anther (Fig 61) At this level the same stammnal bundle may
'seen cut four or five tumes 1 transverse sections (Fig €3) It disappears

the upper part of the anther while the bundle in the hood may continue
uch higher

In Calotroprs the sity 15 ! dilTe After the basal out
slung for the tad of the hood the staminal bundle sull appesrs to run m
:nmn:r Pt of the hood (Figs 72and 70) It 15 only i the upper region
: itenters the filament proper and after negotiating a sharp down turning

Aselepras) enters the aather region

Tosde the hood there arses i Aselepras a slender 1ncurved acicular

b he korn that may at maturity be longer (Asclepeas tuberosa) or shorter

qomaca A subulats) than the liood Figs 66 67 and 68) It 1 completely
108 10 Aeerates auriculata and 1 always non vascular and non glandular

oce

@ The alternating Tobules {Woodson 1954) are thin flaps occurnng m
:.\\ccn the hoods on the upper half of the column n 4sclepias and Calotropas
% 66 69and 71)  Upward they become free and bifid due to the anther

ot ateut down through thei middle These are abo non vascular and
°a glandular

The anth r win s are thin flaps asirg one from ewther side of an anther
the genera studied here. Those of adjacent anthers stand cloreand
P .
R

1al
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parallel to one another and enclose a vertical sht that at its upper extremty
bears the ‘gland with two translator arms attached to two polhma in difereat
anthers The anther wings may be stiff cartilagenous structures as in Aot
(Fig 63) or they may be just parenchymatous structures as in Ogstent
(Fig 80) or Sarcostemma (Fig 88) The apical appendages of the anthersore
membranous flaps that are upward stenle continuations of the anthersand
that arch over the gynostegium. They are also non vascular

The structure and vasculature of the ovary 1s similar to that of Crpplulga
The two carpclsare free from one another 1n the basal region, and bexx
massive placentae each of which 18 distinguishable 1nto two halves  On ettt
side of a placenta there 1s a small outgrowth that looks sumlar to a8 ovie
primordium but never develops imto one These are stertle outgrowths pro-
bably of the same nature as thosc seen 1 Secamone  The gynostegium 13 penit
gonal Itis somewhat obconical and may have a flat or somewhat depressed
top (Fig 69)

Each carpel receives a promiment dorsal bundle and many other laet
bundles on exther side of it The two most distal of these bundles, 4 B{Fg/
occur yust outnde the placenta Corresponding, to these each placentz b
two small bundles, A, B one 1n each half placenta These latter are consum
n supplying ovular traces At the base, scveral bundles enter the styled
as the gynostegium 13 reached all except the dorsal bundle disappear T
two dorsals divide and redivide 1n the upper part of the gynostegium andfo
a small cybnder of vascular tissue that ultmately breaks up mto tWo befe
finally dwsappearing (Fig 65)

DiscussioN

erve some attentit
about the ter
f Schums

There are several ponts in the present study that des
here  But before this 1s done we would like tosay a word
nology employed In all the carhier accounts mcludng that o e
{1895) all outgrowths from petals and stamens have been descr "
Corona which has been distinguished 1nto outer corona, middle corons 3% ot
corona Woodson (1941) has taken exception to such 2 treatment, 2% s
opinion, 1t has led to much confusion 1n literature For msrznct,t;“‘
to hum, the Outer corona of one group may casily be mustaken for cww
corona * of another 1n cases of suppression of on¢ of the olh:r‘ooron:' Tn
Consequently he advocates a rather restnicted use of the term ‘coron amt
corona, according to hun  ‘consists of various elaborations ot cnancniro]h 2
stammal filaments only (stalics 15 ours) Outgrowths from the co a5 oer
described as faucal annulus and those from the apices of the anthers

appendages

"
Sucha classfcation has subscquently been accepted by certud B

- 1{
pusts, ¢ 2 , Holm (1950), Lawrence (1951) Safwat (19:’22; e Passllors®

dent of morplio’agy who 1s famibier with the condatiol
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Cargophyllaceae Amarylhdaceas elc such 2 restriction on the use of the
ferm corona appears to be rather superfluous and unealled far  Corona 13
essentially an outgrowth from the corolla this 1s so atleastsn the Amarylhdx
ceae (Arber 1937) Caryophyliaceas (Arber, 1939) and Passfloraceae {Purt
1948)  Excluding corolhne structures from the scope of this term when used
incopacction with Asclepiadaceae will be very much confusing

Woodson s only t for enforang this 5 that the
adjectves outer puddle and saner used sn hiterature for descnbing  the varsous
saets of the eorona are 1napp priate and Muddie corona  for
mtace may be onter or ymner depending upon which one of the three
coronal series 13 supp d Fort d 1 key ch s this
w3y be & somewhat serious situation but 1t can be got over in other ways with
gutin any way restricting the scope of the term corona After ali m a detail
Ied scientfic account of the corona we have got to name each and every

omponent of 1t and nat feel content with mere adjectves of position {outer
mddie and yaner)

In view of these conuderations we have avorded the use of the expres
on faucal annules of Woodeon (2941} and have preferred to call that part of
the corona ay Petaline orona a3 dustinet from stamumal corona Other terms used
b Woodson have been profitably employed here too

The Corora—There are thus two types of corona in the Asclepradaceae
.‘ﬂxe priakme and the stamunal  The former when present s esther i the
o of fingeshike pracesses aring from the commussural regions of petals
ind denving theyr vascular supply from theur marginal bundles or it may be
&t 22 annalar rim or solated nidges developing from the base of the carolla
ad withoyt any vascular aupply

The stanugal corona on the other hand s usually very elaborate and
';Y be further distingwished 1nto filament corona consisting of hood hors and
vJqu 30d a1ther caroma of agther witg dorsal appendages and apical sppendages
! there donot necessanily ocour tagether tn the same species, they may vary
?mlderably 0 form and extent of development  For instance the hood which
'Perhaps the moagg utiversally oceurig eonstitueat of the carona 1 Clynan
Wideas wmay e solid or hollow openwng an the inside or outside  Whereas
AAII[!ﬁmI 't wsually has a more or fess well developed horn 3¢ may be without

in Aeerates apg other geners  Oeher components of the corona donot hase
¥ vascular supply

e "':VH], regard to relatve development and elabatavon of the petaline and
aya ™04 corona gy different taxonomuc gro ups there appears to be at
e ertam ngnificant correlation For instance in the closely related
1t cimp”!’““m there 15 marked tendency for the elaboration of the peta
92 and more or lesy ¥ of the tcorona | T

¢ Asdc?“‘dueie on the other ‘l;and t;n: tendency seems 1o be reversed and

o~
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one finds here the greatest claboration of the stammal corona accompaned
by httle or no differentiation of petaline corona  The tribes of the Asclepa
daceae that 2re less specialized in coronal elaboration, may show greater
similarity with one condition or the other  In Periploceae for instance mall
the speeies studied the petaline corona 1s comparatively well developed 1t 1
even vascularized but there 1s no staminal corona worth the name except the
apical appendages of the anthers

In the tribe S Secamon tephana 15 reported to be withont
stammal corona (Sec Safwat 1962) In § stengphylis there e “both 3
stemmal and a corolltme corona® (Safivat 1962), but 1n S emehica studied here
the staminal corona 15 well developed while the petaline one 15 very rudime
tary and without any vascular supply So the accent here seems tobe on
the staminal corona  In the same way 1 Gonolobus the stamunal corona s
well developed and although  petaline corona 15 present it 13 very rudim.a
tary and non vascular  In the species of Tylophoreae a petaline corans
lacking and so1s the case n Asclepradeae Here 1 this last trthea very
rudimentary annular rim separates from the base of the corolla tube 1
Osystelma esculentum A more or less similar rim 15 present in Daimis and
Sarcostemma but this separates from the stamimal tube rather than from the
corolline tube  Son these species one notices a shnft of emphasis from
petaline corona to stammal corona a3 one procecds from the Apocyicess

the most specialized tribe Qynanchoideac of the Asclepiadacere

In genera Like Asclepras  Calotrops, Stapelia  ctc, where the me:!
corona 1s most claborate and prominent the petahne corona 18 entirely é;]cm
g It seems therefore, logical to conclude that a well developed P“:m
corena and a well developed staminal one donot ¢o exist together 10 1 that
They are the expression of two different tendenctes of specialization

ttars it
have therr culmination 1n dufferent groups The petaline corond a "
develop t1n the Ap and the st al corond of
o howdeac of the Asclensad A most perfect expression
T

ot only ¢
tendency of specialization 15 perhaps seen m  Asclepias whcrcd xv‘vi\" man
petals have no trace of any corona but they become recurved Dthc stamud]
rity surrendering asit were the entwre field of actity to

corona that s very well developed
¢ are fie

The Gyroectum—Tt will be recalled that the two carpels lhxa reguon 10
from one another 1 the basal region, fuse together 1 the stylar form ¢
form a | 1 stig head which together with the an!hgﬂu carionly
characteristic  gynostegmum of the fanuly The stigma hee er amoutt &
shaped and has five receptve region  Besides 1t has much k"gcath W T
vascular tissue than 1s present in the regtont mmedately ben

130
significance of a pentagonal stigma on top of 2 b,carpcll-‘l;)' Z\‘;?IY related
body’s guess  But 1t may be pointed out here that 1 the ordeat

Jumerk
family Apocynaceae the tribe Pletocarpeac of the sub famlly’, I: ed 1o
usually have two to five carpels  The African genus Pleocarf
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very proltfic 1 thys connection (Woodsan ang More 193g)
the polycarpclhry Zenera s always apocarpous byt the <o)
Bre tatted 1o the styfar regian  In the present study we have ako  come
8Cross 2 eondition 1 Aselepras syrigeq where  two carpellodes alternate with
the two fertfe carpel It 25 quute hikely therefore, that the stigmatic region
still retains Temnants of those addttional carpels that APP ar to have heen
fost completely from the ovary regon A simlae condition & beheved 10
WSUn certan Myrtaceae {Gupta 1942)

The ovary 1 aj
oponent  carpels

ar tissue A clear understinding of the status of
quence for it may affect the mterpreta
There are obxiomsly tyo possible

T Bundles 4Aand B are true ventrals ang bundles 4 and B are
branches thereof for supplying ovular trace,

2 Bundles 4 20d B are Secondary margmals and bundles 4 and B
e truc sentrals Supplyng avular traces

S analyse the mphications of thes
gard the bundles 4 30d B as branches of the ventrals and not trye
rals themsely o then sve have to consider placenta as an oulgrouth from
Brpellary margm  The classical concept of the carpel to which we
o assume that ovules are borpe on carpellary
o8 any outgrowth from them and that they
v¢ their fupply orduwan, In view of ths n
Toret 4 and B as trye ventral bundles and the
d B ay secondary margialg Such an iterpretation which s
sbtedly a5 pk

ausable as the other does not clash warh the <lasscal concept
tneeat g5 accepted here

Lety C interpretations . some detayt
e rey

These structures are mast
leafy ang tapenng distally  Safivar
study mnterpreted ther, as represent
Thons of carpellary margins  Thus means that the carpel
<€ €258 Swing wmward 0o the locule and  bear ovales on

7al sutface

rather than on the rentral (see Fig 89) Safwat fully
ted o5 Po ition and descrbed  the placentation as submarginal
Baum (1949) al Teported 1 simudar situation

m eertuan  aselepiads
3 some p,

fevious hterature also on the subject

T e
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This dorsal position of the ovules 1 really a very umque situahonn
angiosperm It will be too dogmatic on our part to suggest that sucha
situation does not exist anywherein this group But with regard to Ascle
piadeceac we can say with some amount of confidence that it 15 a caseof
misinterpretation  The ovules here are actually borne on the ventral surface
of the carpellary margns and that the placentation s really marginal

In order to appreciate this 1t 15 necessary to understand clearly the
structure and magnitude of carpellary margins ~ As emphasized by one of w
(Puri, 1962) earlier a carpellary margin (unlike leafmargm) , perhaps u
response to 1its ovule bearing function a well developed structure havmg
some thickness This latter 15 reprosented by what has been called the
lateral face of the carpellary margin Tt 13 the surface by which the margut
of a carpel meet or fuse together  In addition to this a carpellary margn
has a portion of the dorsal surface and a portion of the ventral surface
bearing ovules

This concept of carpellary margin if applied to ascleprad gwoccm]m
readily makes 1t conform to any ordmary type of gynoccwum where theor's
are borne on ventral surface of the carpellary margin and the phccnuhf‘m
1s marginal (see Figs 90 and 91) There 1s, therefore, no Justfication 0;
assuming that the ovules 1n the Ascleptadaccae are borneon the do;;«‘l
surface of the carpellary margins and that the placentation 13 submargi

Systematic Considerations—We have just seen that while the corona M::
variable to be of much value in systematics the gynoecium 1s to0 umiform !:m
of much consequence However, there are certan magor trends or tendenc -
the development and elaboration of the corona and of the anthers :}:at IZ‘;" 4
us to some lation 1 ding the s 1cs of the Asclep

p se of
will be recalled that there arc two recent views on the subject, tho

Bullock (1956) and Safwat (1962) Bullock advocates that the two &

families Periplocordeae and Asclepiadordeae should be regarded 23 dx::ﬂ“
famulies and that Asclepiadaceae (sensu restracto) should be further dut;x;m

ed mnto two sub families, Si d and Asclepiad (_rmnll 'udﬂ‘
Thus last sub family 1s further recognized 1nto four tribes Asc 61565) o
Marsd Gonolol and Cerop Recently Mulay ef al wfy the
the bass of floral anatomical and ecmbryological differences lJus ;'ayrmﬂ'
separation of the sub families Periplocoideae and Cy hoid n:mcnuﬂ!

was raused to the rank of the family Persplocaceae and the latter ¢
Asclepiadaceae proper

terest @
Safwat (1952) who 15 apparently not famiher with Bu"}?c:(’cl:; 38 betief
the family 13, on the other hand, ¢ mchined to believe that phy! fﬁw 2 sl

postrayed by v Ascleptad and Ap ) farmhes Plum:raxdt:fll
deat

famuily and re subdividing the group 1nto five sub
2y d (or Apocynoideae) Peripl deae,

Asclepioideae’
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Based on jugd ghing of consid ble amoune of data, boip
thest suggestions are valuable i thewr own way  We are, how ever, mchned
ta believe that ends of Consustency are better served by adopting Buliock s
treatment

Persplocaceae stands sntermediate betyeey Apocynaceae and Asclepra
daceac Ay emphasizeg by Bullock {1956) 1t s charactersseq by fillaments
free anthers without horny wiags pollen granular yn tetrads, transported o
3 spathulate cappyer Besides this 1g the 8roup m which petaline €orona 1
domunant over the staminal one which 15 rather rudinentary——y tendency 1n

1935} there s tendency i thys famdy towards SPIEYDY, a condition not
Seajm any Astlepradacear {sense resineto) except Secamone Agam, Periplo
taceae has ¢ SPorangiate anthers and the metote divisions of the mIcrospore

Wealso feel that the starys &wven to Secamone s g subfarnly Secamono;
leac 15 y et Justified ¢ stands aloof from the Asclepradodeae {sensn restricts)
 having 4 SPoranguate anthers and TUCLospore  mother gells dividing
mtliancously ag Penplocaceas and Apacynaceae and 1a showing a tendency
> epigyny (see also Safuat, 1962) and in having the stigma head ending 1
0 stirmatee arms

Suamary

2elary margime a »as aserted earhier  There 5 therefore o st
ton that the ovales 1 ghe Asclepiadaceae are
urlice and that ghe Placentation s sy margmal  In

oncept of carpellary margins put forward by one of us
35 been re emphasized

tonn:ctxun the ¢
er h;

Tk corong oy the other hand 1 too variable to beof any systemauc
By the same tribe 1t shows conwderable range of vanation There
¢ portant trend in s claboratien that may be useful

"3 1A% 13 magt claborate ang the petaline one 1s almost supre sed  Swnce
Ot0ideac shoys only petahine corona and since zt differs from other Ascle
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piadaceac 1n many other characters, particularly of the stamens, 1t 15
considered proper to support 1ts rasing to the status of a fanuly Perplocacear
On smular grounds another suggestion of Bullock to rase Seamm to
sub family Secamonordeae 1s supported

AcYNOWLEDGLMENTS
We take this opportunity of thanking all those who hase helped
us with the material particularly the late Mr Manmohan Lzl Garg who start
ed this work 1 1952 and Dr V P Dube (Modinagar) who cut the materialof
several species and made rough sketches We are especually grateful to the
late Dr R T Woodson Jr on whose deep knowledge and understanding of
the subject we have drawn freely

LiteraTure Crrep

1 Arber A 1937 Studies in flower structure III  On the Corona and sndro-cium
in certain Amaryllidaceae  Awn Bot 1 293 30%

2 Arber A 1939 Studiesn flower steucture V' On the mterpretation of the petat 20l
corona 1o Lychuis dnm Bot , NS 3 337346

3 DBaum H 1949 Die Stellung der Samenanlagen am karpell bie dsdepues gmat
Cynanchum winectovicum und  Erythraea centaurrams  Osterrexch Dot Zat B
231 256

4 Bullock A A 1956 Notes on African Asclepiadaceae VIIT Few Dull 1936 50352

5 Gupta T 1962 Morphological studics of the flower of Myrtaceae  Unpublished ¥ D
Thesis Agra Umiversity o

6 Holm Richard W 1950 The A Species of R Br {
Ann Missours Dot Gard 371477560

7 Lawreace G H M 195! Taxonomy of vascular plants New York

8 Mullay, BN Deshpande BD & Usha Tolani 1965 Studies in dsclepra
Morphology and Gametogenesis n certan Members of the
Jour Ind Bot Soc 44 95104 o

S Pun V 1948 Studiesn floral anatomy V. On thcs!ructureandna(urccl’lhec;r
in ecrtatn species of the Pasfloraceac Jour Indun Bot Soc 273 1901

10 Pun V 1952 Placentation 1n Angiosperms Dot Rey 18 603 65! -~

Il Pun V 1967 Oa the concept of carpellary margins  Proc Summer School of Batey
Darjeching p 326 333

12 Rao V 5 & Ganguli A 1963 ‘The floral anatomy of som¢ Asclepra
Indian Acad Ser B 57 15 44 rednt

13 Readle A L 1925 The clasufication of flowering plants Vol 11 Dicotyl
Cambridge

14 Safwat F M 1962 The floral morphology of Secamone and the ©
i Asclepad Ann Vo Bot

dogeae 11 Flord
Asclepradaceat

dacese  P¥

volution of &%
Gord

95129
15 Sd k 1895 Ascl il 1n Engler and Peant! D

familien IV(2) 189 306
16 Wills J G 1951 A dictionary of flowering Plants and Terns  Cambndg g
17 Woodson Robert E JR 1935 The floral anatomy and probable affnitc

genus Grischachuella Bull Torvey Bat Club 6 471478 ol
'8 Woodion Robert T JR 198 The North American Asclepudaceac Prospests

genera  dnn Missours Bot Gard 281 193 284 o
19 Woodson Rebeet L JR 1954 The North American Species of Aulepras L 4

Dot Gard 4111211 —
20 Woodson Robert T JR & Moore JA 1933 The vascular wmtomy anl €00,c

T o oF Ao s oereans foner Dall Terrey Bot Clab €337

e naturhehen rhame




- 1566)

V PURL Gl on ity Anatomy

Hemidecmyg indicus

' Hemdesp,,

VAE FE 1 LS of the fower Figt 26 Senal vamavene  secno
. TEEnal bundles & B=Vetral bundles PC=Peraline Cotona  PT=Petal ftrac
* STStamen trace
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AT

Cryptostegm grandiflora

.
14 Semal transvt
Figs 714 Coyptostegia grandfiora Fig 71 S of flower Figs B

dle
B =Ventral bun
Jections from base upwards A & B=Sccondary margimal bundles A &

PC=Petalne corona SQ=SqLamyle
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27

Secamone emetica

o R::/\ ;b
RS
& N

~ LABl

t -

22

¥
. ‘K;s 1322 Sweamone erurca Fig 15 LS of flower showing a bifurcaung style
~22 8, 1l ransverse secoiony of th

< sme from base upwards A & Bo<Secondary
B ==Ventral bundles GS=Gynestegum HD~
PT=Petal trace 5Q~Squamule SToStxrm o
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cating style surrounded by stez
e e same from 1
Is removed

Figs 23 Tlower of Secamone emetica showing the bifur
nal corona  Fig 24 Smgle hood segmentin lateral iew Fig 25 Th
side Fig 26 Flower of Siapelia sanegate showir g coronary structufes  petal
HD=Hood LO=Lcbule STYs=Style
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Gonolobus cteniphorus

b2ty

Q.

G barbatus

34
af 2 LS Flowss of Gonolubus cemphoars Figs 2833 Semal tramverse sections
thesl g g A upwards Tig 34 L S of flawer of G barbains showiag the

73l appendage: D= b PC=Petalin® corona PT=Petal
Face PO=Poliomn 5o Es A& Ventral bundles PC=Pe

bundle SQ; ST=5§ trate



Figs 3539 Metalea carolimana TFigs 35 L S of the flower Figs 5039;
§ transversc sections of the same  Figs 4044 Leplodersa reteulate Fig 40 oy
flower Tigs 4142 Sera transvrse sectons of 1 ¢ same A & B=Secondarr P4

bundles A & B =Ventral bundles GS=Gynostegum
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Stapelia variegata

Po 4549 Sapelia sp Fig 45 1, 5 of the fower  Figs 4649 Senal transverse
OnS of the Hower Figs 5056 Hoya amotting Fig 50 LS of the flower Fags
? Sena) {ANSverse sectians of gh,

beatea] bundles

©sme A & B=Sccondary marginal bundles A &

CS=Gymostegium  HD=Hoog PE=Petal
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- Acerates auriculata

7 A

1

Figs 5760 Acerates aureslste Fig 57 L S of the fower Tigs Js;moms:«:
transverse sections of the same  Figs 61 65 Asclepias foberose Fig 61 15 &
Figs 62 65 Serual transverse sectrons of the same from base upwards A & B=>8 0/
margmal bundles A & B—Ventsal bundles Aly=snther wingt G5=Crmatfih
HD=Hood HR=Horn LO—lobule MHD=Margu of the hood PO=Pollin3
uwamule St=Stamen trace
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a
69

Fig™

o i,{:s,;blﬁ ““';"J’f Atclipias gnaca showing five hoods with horns and two anther

ey sy, | -07 TAner view of a single hood with a horn Fig 63 The

¥ euctyres ~ ;f' Tig €9 A flower of Calatrapis gr,entea showing the diferent co o-
'3 70 Asingle hood in lateralview Fg 71 A flower of Calotropis

i) s
m m:f;:.:e'f}“;‘.’;:l—““=ﬂ"'h" wings GS=Gynostegmum  HD=Hood HR=
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Acerates auriculata

Y
b

;r

s

S
T
o

B

.

Figs 3260 A erates qur
transverse sectians
Figs 6265 Semaly
marginal bungles 4 an
HD=Hood HR==Horg LO.
winule St=S$tamen trace

uuate Fig 57 L S of teflower Fgs 5’;””“5:’
O e Ame Fie 6165 futrprer sborn g Ol L S oter
ransverse sections of the same from basz upwards A& B ostrpudts
SVentral bundles AW =Anther wingr  GS=Gyo S
=lobule MHD=Margu of the hood PO=Polhsss
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Oxystelma esculentum

Seral

m..:'g' B8 Ooudma eatmtums Fig 78 L S of Flower Figs 7981
"hesections of fhe same from base upwards Figs 8285 Daema extensa Fig 82

s
STefoner Tigs 8385 Seral transverse sections of the same from upwards Figs

Sassterna bt Figs 8788 Scral trans-
on gma Fig 86 L S of the flower Fig:
Byt of the Sowee from base upwards A & DesSecondary marginal bundles A &
“atral bundles  AW=sAuther wings HD—Hood PC=Petaline corona
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90 91

¥ig 89 Theoretical diagram to illustrate Safwats view o the position of ovules and
the nature of placental flaps  Fogs 90 & 91 allustrate our views on the same subject
DS=Dorsal surface LF=Lateral face PF==Placental flap VS=ventral surface



K MESON PRODUCTION FROM K+-~P INTERACTIONS
AT 2 26 BLV/C*

Ranpinur Sinont
Head of the Phyncs Department,
R A Degree College, Shamls (Mu. affarnagar)

The 20 inch hydrogen buble chamber of Brookhaven I Laboratory
was exposed to a separated beam of ht+ mesons of momentum 2 26 Bev/G The
reaction A 4P>Ro4ot 4P wasstudied In astudy of 30,000 pictures 317
events were found which fit the above reaction

N

The reaction was found to be dominated by the production of two reson
ances, the I=3k = resonance, h* (888), and the 1=3{2 pron nucleon sobar
N* (1238)  In about 62% of the cases the reaction proceeds by the produc

ton of one or the other of these resonances, their relative production  cross
stctions bewag equal

Both h* and N* were produced by a peripheral collision mechanism
Production of N* was conssstent with the exchange of a f meson  Production

of K* v a3 found 10 be with the exch of a sigle pion at the
production vertex

The evidence for the production of b (730) n this reaction 1s not
Poute A suggestion for further study 1s made, for a few cvents grouped with

MWanant masses above 1600 MeV 1n the P—a* system and around 1540 MeV
of the P—R® system

The partial cross sections for the reactions wiich have the topology of
™0 postive prongs and a V are also determined It s found that the
eross section for the reaction h+-4P->h°-fwt-+P at this energy 1s less thar
that seported at 2 shightly lower encrgy

Inrecent years a large number of strongly interacting particles have
ndlcovered!  ‘These resonant particles or resanant states are exceedmgly
Bortlved Thew Lfe tmes are of the order of 5x107 & to 5x 102 sec
Th fiey such state found was the p wave pion nucleon resopance, N*ys
(1235512 7 1 caleul 2 \ndrcated the presence of another posst
:icp Yave resonance 1 r—k scattering  Such a resonant state h* (B88)
‘i’rb“" discovered! 1n bubble chamber studies and subsequently examined by
10U eXperimenters 887 Another m—Kh resonance at 730 Mev b (730), has
250 been observed® mn a bubble chamber experiment  In the text for sumph

Sebporied by the Aw Foree Ofice of Scicnufic Research and the Natonal Science
Youndauon of the 17 5.4
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city, N¥g,g++ (1238) will be referred to as N* or N*+  Similarly ket (838
will be written as h* (888) or simply K*

The purpose of the present experiment was to study the imteraction of
K+ mesons of momentum 2 260 Bev/c, with protons n the reaction,
h+P>K°+nt4+P U]
This includes study of mass ranges, central values and widths of K¢t and
N*++, therr relative production cross sections at this energy, and a study of
their production mechamsm with a particular emphass on the one partcle
exchange model The partial cross sections also were determuned for the
reactions which have the same topology as reaction (1), 21z, two poutse
prongs at the production vertex and an associated V°  In addition, the
reaction (1) was exarmned to see if the B (730) or any other resonance et
ween the final state particles mght be present

The film for the experiment was obtamed from the 20-nch BNL
(Brookhaven National Laboratory of USA) hydrogen bubble chamber
exposed to h+ mesons of 2 26 Bev/C 1n the BNL Yale separated heam!® at the
AGS (Alternating Gradient Synchrotron) of BNL 1 The momentum spread
of the beam was 1%,

The analysss of the film and reduction of the data was done at the Hgh
Energy Laboratory of The Johns Hopluns Unversity The scanning of the
film for the required mteractions was done on Prevost type scanmag projectrs
Measurement of the events was made on a Brower digitized microscope i
Datex encoders and digital system
through the BN
Jinematical fittng
fitung

The data from the measuring engines were processed

TRED RICK system of geometrical reconstruction and
An event was accepted 2

program on IBM 7094 digital computers d
hypothess (1) 1f 1t had a goodness of fit (X?) of less than 1327 as ?m‘i{
by the kinematic fiting program This corresponded to a proot?

greater than 99 per cent

317 events were found which

Of the 30,000 pictures which were analysed, g claent)

fitreaction (1) The film was scanned twice with a total scann
of 97 5 per cent

bubble chambe!
The pcrccn!agv
by counting the
counting

The beam of K+ mesons of 226 Bev/C entermng the
was contammated by positive pions muons and electrons
of K+ mesons m the beam was determned to be 66 73 3%
number of tau decays 1n the sample and also sndependently by
characteristic delta rays along the track

Reaction (1) above may proceed via the following four channclé

() BHP—K#+4P
1
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(t)  KAPoRfNe++

P ferrt
() B*4-P—~osmterference between processes («) and ()
@} K*4P—osRopntiP (not resonating) (2}

or by some other resonant state

In what follows unless otherwise stated, the term center of mass (cm)
willrefer to the center of mass of the madent h* mesons and the target
proton and the word proton will mean the final state proton  The mvanant
mass or the effecive mass (My,g) of the possible 2 particle combinations 13
gwen by,

M’m==(Ej+E:)""(ﬁl+P )
where Ep1s the toral energy, p1 15 the three momentum vector and my the rest
masof the s th particle  VWe have, also
Ex’=ﬁl'+mx‘
p—

40 K*+P+KP+Ot+p J
CFFECTIVE MA3S OF K°0*
3T EVENTS
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Tig 11s a histogram of the effective mass of the K°—x* system
M. }n which a peak cor ding to the K* r 15 evident above
Kot

the phase space representing the expected distribution . the absence of any
final state interaction between the particles  Similarly,in Frg 2 which 1 a
fustogram of the effective mass of the P—a* system, a peak corresponding to
N* production appears above the phase space  Fig 3 1s a Daluz plat of the
kmetie energy of P versus kinetic energy of R in the center of mass  where the
dotted emelope of the Dahtz plot represents the kinematic hmuts for the
reacton 1 this expeniment In the absence of any resonances in the final
state partrcles, events should be evenly populated inside the envelope The
condensation of events in the banded regions indicates that the o+ resonates
wnith the K° ar the proton a large fraction of the time to form exther a K% or
an N¥, respectively

3
N
1
st K*+P+KC+*+P
EFFECTIVE MASS OF K°O*

3 iy EXCLUDING EVENTS IN N* REGION
2 197 EVENTS
Sz i ]
» i
£ 1\
-
15k p
L
o
.4
§ 1o ] \ BACKGROUND + BREIT WIGNER: 1
2
3

9 3, 1 1 1

600 700 800S00 100G 100 120G 1300 1300

Myo it iMeV)
Fig 4

M. g 41 a hustogram of the effective mass of the Ko—n* system
I K n+) Otcluding events for which the cffecuve mass of the P—n* system
Y the N* mass range (1130<Mp, 4 <1300) on thus plot, the dotted lLine

1
gr:af: 1t Wigner resonance curve, and the phase space 15 fitted to the back
tograﬂqm There are 85 events 1 the h*mass region On both the
s (figs 1and 4) for the effective mass of the K --n+ system, a shoulder
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above We conclude that this shoulder 1s only a statistical effect and 1s not
due to any other resonance 1n the K°~nt system From fig 4 we take the
mass range of the K* resonance to be between 840 <ML"#"’ €940 Nev  with

full width at half maximum of 50 MeV centered at 888-£5 Figs 1and4 do
not yield any positive evidence for the exastence of the K’ (730) resonance

A K*¢P+KCentep
] EFFECTIVE MASS OF PI*
15 ‘ EXCLUCING EVENTS IN K* REGION ]
198 EVENTS

S

~~——BREIT WIGNER + BACKGROUND

NUMBER OF EVENTS /ZO0M ¥
o

T
ve W00 200 1300 1465 1500 160G F60 1800 1300
Mprr+ (Mev)

Fig 6
Big 61sa histogram of the effective mass of the P—at system (Mp,+)

ex
cluding events 1n the mass range of the h* resonance (840<Mp  ,<940)
The dotteq ¢

urve on this plot 15 a; t Wigne: sonance curve and
‘hCPhascsp bl gain a Breit Wigner reson:

mass g5 ace is fitted to background events There are 86 events n the N¥
1170 éhf;ge From this fit we define the mass range of N* resonance as
SMpa+ 1300 MV with full width at half maxumum of 80 MeV  and

tent,
l;‘;ar?\l:\:luc of 122549 MeV  This result of the central value of N* at

valye 1238agrces with the results of J Duboc?, but differs from the accepted
MeVe T may be because the statistics 15 very Inmted

Fig 715 a scaty

(eos gy er plot of the cosme of the =+ 1 the center of mass
ot

versus effective mass of the b —n+ system  We notice that the pron

from 1
® Kt events goes predominantly forward in the center of mass Fig 8
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1sa sumtlar scatter plot between the cosne of the o+ . the center of mass
versus the effective mass of the P—n+ system  We notice that the pion from
the N* events goes preferenuially backward in the center of mass In
additton we notice that above the mass range Mp, o+ >1600 MeV more pions

goforward mnthe center ofmass Iig 91s a plot of the cosine of the ot
tn the center of mass for eents which arc neither h* nor N* We notice
that the distribution 15 not 1sotropic since more cvents are gomg in the for

K+ P=KO+I*+ P /
Cosdy linK*P M) K;/, g
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112 EVENTS P
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ward direction than 1n the backward direction  This effect may be due to
those Rh* cvents which ke just outside of the mass lumits that have bera
assigned for h*

The apparent grouping of the events 1n the mass 1ange MPﬂ" 2160

MeV (figs 2and 6) was studied in detal  In Tig 10, whichis a Dalitz plot
of the kanetic energy of the o+ versus the kanetic energy of Pan the center of
mass, these events appear to form a band parallel to the N* band Although
a posstble I=3/2 nuclean pion r ce at 1640 MeV has been reported from

scattering experiments,? the data n this experiment are too meager to draw
any conclusion
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of the P—h* syste®
There 1s no 0bvios!
g around 1540

Fiy Ul 15 a lustogram of the effective mass
excluding the events i1n the K* and N* mass range
evidence for a resonance i this system, although the groupin!
MeV should be studied when better statistics are available
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K*+P=XS+0°+P
EFFECTIVE MASS CF PK?
EXCLUDING EVENTS IN K* N® REGION
112 EVENTS

NUMEBER OF EVENTS/20Mav
=3

1400 1600

1800
Moo (MaV)
g 11

In the sample of 317 events which fit the reaction (1) only 85 events
lay 1 the mass range of h*, and not in the mass range of N* 86 events lay
m the mass range of N* and not i the mass range of h* Eventsin the
overlap region 1 e for which MI\° ot fell ;n the mass range of K* and MP” +

fellm the mass region of N* could have been produced via any of the four
chanaels oruviously mentioned (2) In order to deternune the relative cross
fections £ production of h* aad N* in reaction {1) the cowrect numb-r of
K*and N* events 15 needed Therefore 1t 1s necessary to separate the events
m the overlap region 1n categories (2) 'There are 34 events i this over
Bpregion of K* and N* The number 15 consistent with the expected
‘ntensities from the superposition of N* and R* bands therefore we do not
see evidence of interference between channels (2a) and (2b)  Separation of
events from the overlap region was made on the basis of the direction of mtt
1 the center of mass and a companson of the My . and Mp_, with respecu
to the nomunal central value of K* and N* masses The analysis results m a
;":'Al of 103 events 1n the h* mass region and a total of 102 eventsn the
massregion  ‘Therefore, 31 943 1 per cent of reaction(1) proceeds via the
production of N* and 31943 1 per cent proceeds via the production of h*
Peripheral mteractions play an important role in high euergy physics * %
'é'he word peripheral  usually refers to an interaction whichas transmtted
Y the least massive system that may be exchanged between the colliding
Particles  Inmost of the strong mteractions this system consists of a single
i;iﬂ However in recent years, the meanng of the word pertpheral  has
D extendedto n mtted through the
cxchange of a single virtual particle 15 called a  perspheral interaction Thas

kind of
Interaction 1 s a one particle exchange
teraction > more properly denoted a! p

so that any interaction which 1s tra



228

AGRA UNIVLRSITY JOURNAL OF RESEARC

K* K* K°
¢ q i
Py Pg
(a)
K* K
q P
— P N¥* \n¢

Fig 12
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Varous theoretical approaches®,® have been proposed to test the one
particle exchange model  Such a model can be tested best in those cases in
which the final state particles resulting from the colliston of twe particles, can
be parhtioned mto two groups, and the imvanant mementum transfer at the

Kﬂ
K*p KOs [ * 4 p o
Cos B (in K*+PCM)

K* EVENTS ONLY
85 EVENTS

35

301
a5

™
Q,
¥

NUMBER OF EVENTS
&
—

s 1 L i I i L
~10 08-06-04-02 O 02 04 06 08 |10
Cos By
ir 13
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K*4 P KO+ 11 * - p .
Crsfyn (InK*+PCH) K
M% EVENTS ONLY x* P
86 EVENTS TN
401 4 1
r-d
P
36}
30k
[
[
&
u2gf
W
L,
Q
&5 200
o
-
-}
=
151
1ol
5 .
0 L L 1 L L 1 L
-10-08-06-04-02 0 02 04 0608 {0
Cos Oyt
Tig 14

{9 reson
production vertex 1s not too large  In the” production of h* and l’: ;‘:P
nf

ances mn reaction (1}, the final state parhicles from two groups, fie f‘F 1
i the mrndietinn nfh E a3 E O .ot N e the wroduction of N¥ (15



¢ 1966] R SINGH on K Meson Production from ¥+, P Intesactions 231

her 1n the analysis of the data 1t was found that in the overall center of
‘h* goes predomunantly forward (Fig 13) and N* backwards (Fig 14),
esting peripheral production of both K* and N*  Therefore an muestt
m has been made to see whether the one particle exchange model 1s valid
racesses {2a) and (2b}

Fig 15 shows the distribution in four momentum transfer squared {A?)
aated with production of h* A smudar chstribution for N* 15 shown 1n
16 IFP; represents the four vector, my the rest mass, E, the total energy,
#; the three momentum vector of the J th particle, then
Pyt=(ps, tE)) 4py? —~Egt=—m?
invanant four momentum transferred squarred for k* production, fig 12a
en by
A%y o=~ (P1—Py)?

¢ P1s four sector for the 1mual and final state proton

Sumlarly, the invanant four momentum transfer squarred for N* pro-
on fig 12b1s given by

A N* =_(Ph° _PK+)

In both distnibution plots, (figs 15 and 16), A®1s expressed in terms of
mass (m;’) m an interval of 5m? From these plots we nouce that for

iction of both K* and N*, A%1s peaked at low values {(A/m")’<25)

oW four momentum transfer mdicates that both k* and N* are produced
sertpheral collision

In the production of h* the exchange of 4 smgle wirtual pion 15 allowed
© onservation of strangeness tsotopic spin and panty Exchange of a p
1’ 215 also allowed Since the exchange of a scalar meson along ¢

} does pot carry any angular mformation no correlation between the
wons defined by the plane (PyXP;) and (h Xut) 15 expected This
s that the distributson i the Tremman Yang angle™ (B Y must be isotro-
The Treiman Yang angle 1s given by,

_(PixPp) (b xort) @
[(ByXFT Boxm) |

:h; momentum vectors P;, Py K® and #* of the respective particles are
edin the rest frame of the mutial haon &+ and ¢f refer to mtial and
hate particle respectively

9‘1\ »=Cos™1

H

:F;i] 17 presents the distnbution 1n the Tremman Yang angle for h*

i t);. _}yc observe a strong anisotropy  This amsotropy 1 the distrt

i * "remman Yang angle in the production of the h* weighs heawly
¢ exchange of only 2 single pron
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102 EVENTS TOTAL
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K*+P+KO+Q*4p
K™ EVENTS ONLY

1B EVENTS FROM OVERLAP REGION
103 EVENTS TOTAL

(K9x0*) (P,xP,)]
TREX TN 1> Pyl

$yu=Cos™

~n
o
T

»
o
—

3
~T

NUMBER OF EVENTS/30 degrees
@
—

st
o e 1
o 30 G 56 726 756 10
¢K’= TREIMAN YANG ANGLE (deg )
g 17
a B¢
In terms of the one parucle exchange model, af h.* was pmduccl? :;d ol
one pion exch h the four transfer squared Smod et
less than the four transfer sq d d with the P

of N* 1n which exchiange of a particle heavier than a pion 15 nccc;:ﬂrf);qu ol

figs 15 and 16 we notice that the four momentum trans o
associated with production of both the resonances are almost equal ol 3
shows that our results are not consistent with the production of ¥ Vi¢

one pion exchange mechanism
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The production of an N* via a one pion exchange is prolubited by the
anty conservation at the K¥—K° vertex, (fig 12} The Iightest single parts
Ie exchange allowed 15 a P meson (spin 1=, mass 750 McV) Iig 18 shows
he distribution i Treiman Yang angle (‘ﬁx\'*) for N* events The Treiman-
“ang angle (q}N.) for this case 1s given by,

(Pxm) (h+xh°) )
HP x| {RFFR)1
4 K% P #* are momentum vectors of the respective particles in the lab A
Tong amisotropy m the distrsbution of (¢N') mamifests the possibility of ex
hange of a vector particle along ‘g

¢N L=cos7t

K*+p=k®+D +p
N* EVENTS ONLY
@ 16 EVERTS FROM OVFRLAP REGION
102 EVENTS TOTAL
K x°
tPxm4  (K*xK°) 'Y
Spn Cos e
30 C X KO 1
ex T (K" k%) <
g
S —_—
325 2 7/ ]
-]
2 7 %Y,
P /
1
g2op / \ i
o X
«
s
s N\
W ]
F \
2 N
t0 E
N\
)
s l ]
° 1 n
80 90 120 130 -1
$n+ TREIMAN YANG ANGLE (deg)
Fig 18

xcha.szuld“hky and Sakurai'® have suggested that for the production of N# by
3¢ of a p meson the distnbution . Treiman Yang angle ($py+) should

¢ of
't:!al the form 14+2sm% The dotted curve superimposed on the expert
ASNbution  (Fie 183 1« nf the Frrme ALT n2 & where A—7 03
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% 6%and BJA=2774146 TheX for four degrees of freedoms 132 Ths
result 1s t with p 1 in the prod of Ns++

Stodolsky and Sahurai'* have also proposed a mode! for 1sobar productin
by vector meson exchange According to this model for production of N* 1
(2) v1a exchange of a ¢ meson the model predicts that the decay angule
distribution for the 1sobar relative to the production rormal n should be of the
form 14-3 cos 6, where

. {K+xK°)
TIEREY)

o £ ot o
cos ——
S 1wl 16

where K+, K and =+ are the respective momentum ycctors of ht, K’ and
o+, all are evaluated 1n the rest frame of the isobar

Stodolsky and Sakura: have also suggested another test According @
this test distribution in the angle ¢q 012,
(h*+—K°) Xt ®
TEF—R x|
should be of the form A+B cos $-+C cos’y  Whereas before bt e, ot and
N are evaluated in the rest frame of the 1soba~

The distribution m 8 for N* events 15 presented in fig 19 Te
least square fit to the data of a form A4-B cos 6 15 shown by the dotted curfw
which yields A=4 45421 B/A=322+165 The 2? for thisfit :smm
8 degrees of freedom The distnbution fits equally well to acurve o i
form A+B cos 8-4-Ccos §, where A=445221, BJA=05140 35 and C/ th—c
344007 They fitis 6226 for 7 degrees of freedom We notice l:l'ﬂ: -
Linear term 1s small and the result 1s conuistent with production of N¥HY
a P meson exchange

cosgg=n

t b
The distribution 1n $, 1s presented in fig 20 The least SQ:‘";S r&ﬂl] "
the data 1n ¢ gives B/A=—0 043023 and C/A=0602042 5uC

have also been reported by Kehoe 1%

ology ¥
Partial cross sections for the reactions which have the sime topoids

reaction (1) are histed below —
Partial Cross Secticns h+-FP at 226 BeV/e

Reaction Ciross section m mull barns
S 3
K#4+P—->K°4nt4+P 259401
}d’iP—»K" 4t -P4n® 15040 g;
htpPoRotatdntin 03940 -
R+ 4+Psp° R+ LR* 00130

NO TIT (K++P>Ko+
2 posstwc particles) -Fneutrals 0584003 "
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KW+P =Ko tep
N EVENTS ONLY &
16 EVENTS FROM OVERLAP REGION

‘02 EVENTS TOTAL

. (K*—wan’}*

5 "[ e
‘\s"c“ a1 K - KO)xH

NUMBER OF EVENTS
3 o

8
[
4
2
o L L
~10-08-06-04-02 0 02 040608 10
COS ¢4
Fig 20

Tt 1s noticed that Partial cross section for the reaction
K +Pshogpt D
15 less than that reported at | 19 BeVyer
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THE THEORY OI' HANKEL TRANSFOR\I*

Racuwnars Prasan Gurra
Asstt Prof of Math matics,
Th D S B Geut College Nam Tol

Susatary

Haad,

The theus conusts of ten ek with the foll gs —

{1) The Theory of Hankel Transform and self reciprocal functions
(A brief histoneal survey)

(2} Hankel transform 1 two varnbles of certun functions

() Elemeatary definstions and properues i Hankel  teansform of two
variRbles and there applications

4) Recurrence relations among Hanke! transform 1 two vamables
(8) Some self recaprocal functions 1nvoluing two vanables
(6) Some th on self reciprocal f of duffe orders

(7 Some kemels in the Hankel transform of two vamables

{8) Some propecties of 1y £ m—and J# —teansforms

4] Generahzed Hanke! Transform and self recsprocal functions
{10} Theorems on. self reciprocal functions and resnltant kernels m one
variable

A biblography of 152 references has heen given at the end

In thapter T 1 have gven an account of the development in the theory
o Hanke( transform since 1937 the year of publication of the remarkable
t}r:amc Theory of Fourser Integrals by Professor Tachmarsh and that of
the seff feciprocal functions from the year 1930 the year n which Baley
Hardy ang Ticchmarsh imtrated the subject

¥ £ and £(3) are two functions connected by the integral equation
®
fo= (U5, e ®
0

L]
ALUact of the thems approved for the degree of Doctor of Philosaphy of the Agra
ﬂl“l’s:ly
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In chaprr [ some elementary definttions and few notations hase beea
defined  Laterop certam rules for obtmnming the Hankel transform m two
vansbles haee been amvesugated  Among these rules are simifanty rule
- multipheation rutes, ymages of integrals and denvatnes rules mwolving change
of order and tules wmvolving change of order and change of powern the
varsshles

Some of the rules are as follows —
If the image of £{€ 7)1 g p {x 3
(9} thexmage of f (6a, 9B} 13
(ab)_.l g, ’ (xfa 318 Sunularity rule
{ny themmages of £ o J 1 9) are
WA A o apey s e ]
AT g o |
S i ) 1
{ui} the unage of
(@ ot f" ffzp~x+;,v~,.+%(,,,_z,)kfl(g ¥ e,
L3N]
A !
R R P e
Bt f‘” J TN gy (Mg Y e,
é
A TN
(“2 the 1mage of
LR TSR, ag)[ P e g ]
K4 g»+x PH1 {xv)
@ Jv—~n~l Py ~transform of éﬂp‘x "l“/‘——!f(‘*c n}
1 9#~=A

——l ¥ep—d p-d-iX
LU RAVE Py TR P }

k]
A g1~
s gdda QF(A)r

A
fm fwﬁ"”zi“" (2t ~x P #Ye, Pk n &k
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(zi) J,' P—tr:msform of 4—‘_2 q_2 f(g_]/.;' —114)

foo] [ e}
s 4w @0 D (v IvE) gy p (et
0 0

These rules have been used to evaluate certam imntegrals An st
example 13 gnen below —

[2 4] [+
I RO ) AV Wt
0 0

1 A4y 1 Ay
-5 Hiwgp-G5

42 4 2
xG §12z_2 1edt
35 _ 1 adlte—ep 1 Ay
+2 3 2" 2

'y

_g—HetAH) M e+t

t2, o _g [fa—tp45/4, 14 tatdp45H )
G (x 2
N —Hi—ty, 3 e e imieb
provided
Re (p+28>Re ot}
l where B=max (}+3a+3/, i 1p —1a)
Re (A2 g)>—
and

Re (»+2y1>Re A+1

i } where y=max ({-+3 A+, 1—14)
Re (a+2¢)>—1
Besides these rules 1 have also obtawmed two theorems

the

TFeorem 1 If;SA (2 v) are the xmages off)‘ (x7) =12 =

Hanlel transform of two variables then
@ .00
ot [ wh ol S (o, ) dedo =
o 0
© L0
e B R AR
¢ 0

provided the integrals involved are absolutely convergent

15t cortm B
For p=g=r=s=1 this theorem corresponds to the Parera

fimetinns of one varable
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This theorem has been used to esaluate certamn single and double
mtegrals By way of illustration an example 1s given below —

©
f la+P+2/\—-2v—312 X
[}

A—y A—v+3 A=y tp, A—y—p,
sk [ —a v ) |
A—ERA—y pY A4k A—y
_ 2Pl Br 2k A—) T3 HP) F(—i—drt-datiA+27)
_ A—3a—1p_3 A—yi-ip—5/4
Vapg' AR ir .(")('q)iu+ v+3p—5/
r (1~ da—dv—1p41d)
T(A—v ) T (21—2v)
A

« F(A—1a—~3y—1P49/8) [ (1 —Fa—ty—1ptpt32)
Y
M@+ +Hy~La— ) TE—Te—h—1p 24+33)
ph

provided Re (A-3)>{Re pf Re(a+p+2A—2)>}3 Re (at-p-21—2r—4p)<t
“here f=mu (A~ Ayt A—v—p \—y}p) and T (a2 b)=r{a+b)l(a—b)

Theorem 2 ‘To prove that the functions (1/x) £{1%) and (1p)f (D)

are Jv, y —transforms of each other

This theorem has bheen used to establish 17 relations between special
functions and to find out certam itegrals  Some of these results are known
reselts but the method with which they have been obtamed 15 new and
Probably sumpler too whtle others can be claimed to b new

By way of sllustration two results are given below —

1,3 —
Fample ;1 (]2X_2 10314y
33 NICTE AP S

1

) =iy Tty T
x [ (e +12)*]“
Erompte 2 Q,;’L_*[] +x2y“z)*]Q;l_‘;*[(lqvxzfQ)*]
“rhabr—pt gy et B — ‘P;’ B [(l 15hT 2)"] P;—*’(l +ﬁ7)§]

two V:mct}:]apt" IV sixteen recurrence relations among Hankel transform o;
Prope, eshave been obtammed by making u e of some of the rules anI
Pbmcs of the Hankel transform of two variables obtained m chipter 11

¢below gie two of them —

O (P-31y D, e, , =(—3D, ~32)¢g, ;o
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o [ Ceaata-v 0,07 4,
=[o4sme+nrosn ] 5,4,
[ e+32019+0+1) 2] £, 51
~[ 43P +3)+0-4812) 5D+ eHHDADDD,] g 0

These recurrence relations have been used to obtan certam iterestmg aod
useful relations in Struve Bessel Modified Bessel, Whittaker Meyer functioas
dre Poly Is Most of the relations obtamed canbe

and d Leg
claimed to be new

Asan 1llu tration we give below one of the results obtamed in ths
chapter —

r(1+p43p) ORI —n—3} 2 —2)%
T4 F30) {-20) P*P—»}[ (1455 ]
| WX
Q (14537
;p—;[ ]
5—-3/2 e—%m (l+x2]“2)_‘}

+%
- —p—t )
[P AR T T it
fra 14
—n— st 2 -2
TP P |
1p—1 -1
—p—d _oax
T (2uti) St gt
oS et @ 7he 04
o - (1+x2_’;’2)’
1P+t
—ahy 32, —im <l+x2f2)‘*[ p T R
e -1 2 ~21%
T )
1r+1

—u—% _ —pt+E 9 -2 l] }
+ P # (1+x2] 2)*Q 1+ )
P+t 1o+
kel trads
In the nest chapters ¢, V VIand VvII, the tl:‘c;;y c‘:’;fu;npm
form 1 two vanables have been extended by determu

e nll recinrocal functions 1 two varmables
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In chapter V eleven new self reciprocal functions in two variables have
been obtamed  These functions mvolve Algebrarc, Bessel Modified Bessel
functions related functions Fleyer G—-and gencrilized Hypergeometric
funchons  In order to obtain these functions two methods have been employ-
o In on:ofdxcmjw p ~transform of certam functions have been first

s

dewermined and then the self reciprocal fi have been deduced as
parhenlar cases by guang smtable values to the parameters In theotler
case we havemade use of the theorem due to R P Agarwal, which connects
the different classes of self reciprocal functions

Some of the results are stated below —

Self rectprocal Funchons Order Valid under conditions
,!-rJHP(xZ_J?) ~1tiy—3p R,, p| —T<Rep< Rev
*‘[1
{v) 11y ) _%(7_‘_!)(,;;)] R, | Rey>—4
42 ~
o (i ) Re p>—1 Re (p4p)>—2
TRl s pnd [Rua Rea>—1

In chapter VI, the theory of self recsprocal functions 1n two varivbles
have been estended by establishing certain theorems on self reciprocal
functions of different orders  In particular we have generahzed theorems due
©R.P Agarwal and gnen new theorems 1n two variables

Theorem 1 If

o c
Pio)= ot f R L TR R e PR
C-i10 Qi R
(4 A I, A, s
TRE 4 1) £ttt X Tt 2 T (55 D)
§ (r 5) xye drds
f(" N= .L‘ b 4o ohtio brycs 11
a7 I risiy a0 kg I
X (r8) vy drds
WIS d(r g (l—r 1—s) and 7 (r 5)=2 (1—r 1—) and
4 (r s)=0 {, [(3"[2)—3a+3ﬂ][lfl+l"l]}

Yl eod o (T—2a+2[AHNT Y

A0 h—1w
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then
W 0
ste)=f f P (uv,u y) f{u ) dudu
0 0
s R AN
Theorem 2 If
G'+10 Ctico
F ) =(2:n~ T i)
C —10 C-10 MR+
PV CRE MR T NESR DY (Ol al il

and
K’ X
s f 2 (RTIEG e  a ai)

-0 h—i0 r(s+ip+l)

XT3 Xl et &
then

© .0
é’(*x}')=f f P(u, u) f(we,u 3) duds
o 0

5 R
A A
The theorems 1 and 2 have been generalized 1 the followmg two theorems

Theorem 3 If

1 (O (OH G e
P(x 5) =5 2 NCRETREY|
&N =g i) S ri+ie +(*')  rtaee)

C 10 C—i0

N3P ) TP at i) i
and
K +i10 kA4t )
=L bres oy gp, 4t} T(pHAfe
A=) ] AR C I et
h —to h—io Ny n—;-H’)l(' ,)x—rf-drl'
then
0 A0
44 J)=f f P (uv u p) dudd’
0o 0
5 Rppy
Theorem 4 rrc + ot ’ "
1 1e0 O Brbes s {4+
P ) =g { (T rann T

— C—
C —0 100 xr(l+*P-+*’)r“+”’“’)),,fzdx

Pla3p s HINREEEP 03 ¢
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N
fienm K +xoof +mo2(b-, i)y+(=+§);r(,:_+ %_*_ _})
[ﬂx _ A g
h—to kh—-to T (T+ .‘%—‘+ %)r(z,;. ?l+ E_)
v (%+P—;—"+§’—)7 (r ) xsytdrds
then

]
ten=f pr ( u) flue w3} dudu

0 0
o R
Theorem 2 15 bemng used to obtain a new elf reciprocal function
19,410 1~ 3N4-5/4 e
At ;+p,p[2i+£,§ l‘—mfm 140, 137 420, ]
e s sp 143p aip S0 i AP

s RP,F, , by usng the enlculus of restdues and certain properties of the
bypergeometric functions 1n two varables
Other theorems obtained i this chapter are as follows —

Theorers 1 If the function f(x 3) 1 K, then st 15 of the form

v P

f"*"" iy IR A )
plr s) drds

A=y i-p G

Sloy) = e

C—tw C—io0
wlr s)=p(lr, 1/s)
Four cases have been also discussed arsmg due to the form of g (7 3}

Thorem 2 If f(,5) uR" , the function

e )=y [ f)Q_ [log (<] ,m] Flew)ydads
o 0

" R,\ ¢ Provided

where

Qg L [OFI0 (O A== 38
o A R P T AR e il A A v
C — —_
Gt x VP gras #>0 50
<0 y<0
=0
vhere  y (r )=2(1~r 1=

Some corollaries of fhus theorem have also been diseussed
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Theorem 3 If the function £ (x B R,‘ y » the function

1 1
&, 5) = f?fj [log (Uew, 157y Jf(u,u}a'-ta’k
0 o

15 R)‘, ; provd

G40 Ol
! e
= 7 1 P41
Qx ) e f TG Hu M4 ?({(}4‘1‘1'
€ Coreo r,5) "9 4 0,50
=0 x<0 3<0

where x (s, =% (11, I—3)
Thearem 4 If the function

C
VP ¢ +mf JFCTIEY CO+dmtd) st
(&) : (R PIEY) S TRE M)

—t0 Ce—in P{34-3'nog 35 X(r Setysdrds,
and

1 C 1o \Ctieo B(r4-5) Fun gt
e 2y i) i
Q) @) f J r(r(* +’;F,’ +39) O(btE nat
C—10 Q10

A g
Bun —)F (G4 Ip'n —H)ulr 1) ¢
r{d+3pn—1r) when >0, y>0
=0 when %<0,3<0
where  X(r, s)=x(1~¢ 1—5) and w{r, s}=w(l—~r, 1—1)
then the function

alx J):(‘j)_’fyf*Q [ fog (xfu ;ulu)]f(u, n) du b
0 0

18
R a2

Theorom 5 If the function
C H1o C4+im —1)s. ¥
1 (Ao Mgy g gt 1)
=— 2 0
7 =gy S S P hunm i) F(H‘f;*:”
1) 5
R AN Y

and 3
K +10 K10 brtos ra.{—!pn-ﬂ' |
1 7+ +ir) +#
QS ity Tt
A —1tc K—io 2435 o de
x e (sl when ,,>O.J>g
—0 when €<0,0>

‘N 1 e T}
where o fr oY edfT o 1 0% s 9 7 W%
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then the function

2ls J)=
d

R
n pa

1 1
7 o[ e i 1pn)] £ 0w
0

Theorem 6 If the function f (%, ) 18 Rv, te

P
C 100 G100
Temghe [T fT TR S peire e

C-wo C—i0 $iry ) dr ds

where gfr s)=¢(l—~r, 1—s), 1n the strips
2 <o<l-g, b<y<l—b (r=motut, s=y-tit)
and

) =0{‘(§"—u+"l)[“l+|l\ll}

and
© L0
Esen=f [ st st dd
[
where g (xf, 32) 15 an arbitrary then under bl d

Etf(x y)=fwvfmg(ﬁl 9z) dede. fwfwg (xt 3) fx0) dx dy
¢ 0 0o o0

R, ,

In chapter VII, we have defined the hernel 1 two variables following
the analogy of self reciprocal functions m one variable iz if two functions
f{e u) and glx ») are connected by the relation

g(*y)=fwfw Plsu su) f (u u) du du
0 o

where f (4, 1) 1 R, ,andg(e )R, , then P (¢ ) 1 called the kemnel

1 two variables for transforming R, , mtoan RF 5 and vice versa

We have 1vestigated 48 kernels which transform self recipracal l‘unc}tlmn
of agwven order to that of a different order In order to obtam nhcsc
keruel we have made wse of known double mtegrals  The r?um c:::
Btaned 1 s chapter have been used to obtamn some self recipro
functions in the form of Meyer s G function
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Some of the kernels are given below —

M PO e Wy g g 01, e

15 a kernel transformmg i3]
R5€_\3, p—1t° RG, ¥ 2/5<Re §<§ Rep>}

@ SRR, 2010 W_g gy o (@I,
)

15 a kernel transforming
Re‘_l 2p to RQ:O
for 3<Re G<3/2, Re p>—1
@ L7 TR a0 b0, ek )
15 a kernel transforming
R@—l a1 to R€ u
for Re <Re 6—~3 Re >0 Re p»t

1) -3 15/2 !_*zFx(—l,2(‘:—2»")#(‘/*—""]) I\F(V{xn))
15 a kernel transforming

Re__3 2 ta R€ 9
For Re G>2 Re p>3

s
In chapter VIII, some properties of the Generabzed Hange} transfe

b4 and J; defined by

7, Ky m
&0
eW=L o a0 b
[}

and
o
s=L @M @)/ 8
0

cap Nars?t
have been mvestigated The 2, —_translorm was gen by Reop

and j’i —transform was given by R P Agarwal )
1ies of &
n the mvestigations of two of these theorems {)hc };::F:rbccn L
aperations of the fractional ntegration as defined by hober s and 17

{8
With the help of these theorems, we have evaluated certam nteg
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E
establshed certan relstions between the s,

pecal functions  Some of f
resalts are Lnown ones while others can be ¢l

aumed to be ney
Some of the results are as follows —

Tharem ! I £(x) and £{x) are %y k, m—transforms then
X3

fm:“"‘*f( Yo g=rfi{y—nt l)r§(1~n+l+4m)ri(7+n+2—f 2m--2k)
)Xz
A N(v-—n+2+2m~2k)r§(y+n+X)ri(H-n +1+4my

<«
f Pt &) de
0
Povided Re (5414 4yy > Re r~nttm)-4150 Re (rh-2m 2% 4 2y 5
—2m)>0

Re (Zhdenmy Re {(r+3)>Re (V—n+-13>0 % 35 not integer or zer
“ad x1s any Posiive mteger excludug 0

Theorm 2 I{‘!gps?,fj () (=1 9 belong to Lp Q w)

angd

- w0
E ()az = f (,_,)H'*zM AR FACT W
o

then
~1 % @
K f ¥ () £ (%) ,{,=,"1f Fy (s} £, {r2) ds
0 0
onded the wtegrals exist

Thiorem 3 I f (s} and &(x) are 4 & g ~transforms and £, () and
{9 aze he Melln transforms of f(+) and &(x) then
9 =2‘“*r@+4»+mrrz+iv+;s+2mvr<%v—*5+'"*"*5’*’
N 3 s v M@+ b =13 2m TG 1)
*0 corollaney o the above theorem have also been proved

Theorem ¢ 143

Fm km

£ (#) =y

731 v+ rf

+ +

I4 x) =1 S
r+i1 i 1

a

+ +  km

G (=1 z
311 31l ytioy
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w 2,1 - - -
~ i Te " (] T k+m+s)
o Bt 0 2m —y—2m —1

n‘[jv+3l2 L ])] 5

Theorem 5 1

» (0

z {x) =H

A3, 2 3 A+4, ,\f

* O] I+ S
2 9=
3,1 v+4, 1
then
+ " +
-~ (- H [t u]

4,1 A $8)2, Atptd vl

In Chapter X we have ertended the theory of functions whichare sl
reciprocal in the generalized Hanlel transform X tm
b &

Theorem 1 1f
G100
P(x) E"ZI—;’}'I o(0-+1)s

Ctan
r (Gy+3s4234m +n)f(}h-l»—}s-}—‘+n+n)(‘(l€+§:+{ +oif) Ll

r(ivﬂs [=RE) r(%:\+§3+i+n—l) r(§€+ir+§+ﬁ -4}

where w(s) =w(l-—s) and

wly =0 Mr=tetniny

Tt b;l"(&H-§s+r+m+m)f(“+i’+%+””) ol
S = T L g @ =l
C 10
where X {s}=% (14} and
1 wo [ Mr=tetEil i)

then the {unction

t@ = PG
0
Rg {7, #) and belongs to A (5a, a

and

b
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mtlar theorems proved are as follows —
Theorem 2 1f
Chimo
=1 (5+3)s
O f 2
C—10
Intisdibm dm) vt $4m m) [;(11n+%:+%+mn 1 my)
*

I E T st 3s i tm,—F ) F(57a-F15-F 34 ma—ka)
«=sw(s) ds
1

= 2:?.".’.
C —w0

et dbm m,)r(h,+1:+,+m, +my) F(*rn—.+&x+ 1 may)

D T e S R S [ T o e e
¥ (s)xe ds

¢ +'°°2§:

7 the function

o0
=f P)IfNG
0
R, Gy m )

Theorem 3 1f
x)- f0+mo 5

C—10
r(§v+4:+z+m+m)r(§a+§;+¥+,,+,.)r(*e Jsri402h)

w(s)x ds
1r(*'“’”*”“")f‘“+ix+%+n—1>r(ae FY R ER L)

)-—Lfc +io o (b-+3)s FlvtbstitmamIEaddert +n+n)

X (s)x—5ds
= TR o A S TPER Ty

C i
the function

[=o]
= P
0
Rgla )

Theorem 4 1p
Pla)e 2“1,? fc'l-!cuzh

~
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F(%r,+%s+1 +my my) r(gvn_1+x:+T+m,._, * nxn_,)r(hn—§:+i+mn+m,)

[‘(}v,+1x+{+m,—-k,) (v +3s+3 +mn—1”k"-x)r(h’n $otra—kat3fl)
X nfs)rd

and
G -0
=1 (&+1s
f=) 2m f 2
C'—10
Cvetdoddbmtm) C(ngd-btg e
T T s N [ e T Sy

Y{)end

then the function

o0 =P ) &

0
18 R«.n("n""n)
Theorem 5 1f
C +100
1 Ls
S@= 2m f 2
G —t0 J

[ tttbstmem) PEA—ftdtn il GEHETHHEN 0y
M T F TR (3 a5 TGE T T 1729
the function
g (x)=1 wa [log (x/] PAC X4
[}

18 Re (g p) where
Ktteo M(3r+1+istmim) l‘(ﬂ—‘i’”"é‘i'"”) w() @

1
Wegrf s
b —10 when 0
—0 when <

s¢ of the 0P
In the derivation of two theorems we have also made u

x
x —A dx %
E::rx—.]f de x2 and Ey=—* f
0

A (@9 and Ar=A—l—% (d/ds}
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dbyH C Gupra  Oneof the theosems proved 15 as follows —

Themem IfLand B, stand for the operators defined aborve, Re (A

ibetwern g ard 1—a then L™ L,"4 E"E," is n operator transformung
k #)mto another R, 1k f) function where E® Eny st1nds for the opers
of E performed rt tmns and of Ty yerformed r times i 1l in anv erder
Anothar theorem proved 1 as follaws —
Theorem IF f{x)1s R, {4, ) the funcuon

¢ (%)= 1 f(r52°)+ u”“f(m—za
a>0, a>0, 1 4R, k m

bave also proved a theorem which establishes 1 relation between generabz

aplice and Hankel tran forms
Thoem If
o
Il L PO DAL
[}

)é(l) 1 3If reciprocal in £,y , —tromsform 1 ¢

- ]
23 =2~ I wrty, pm GOSN G
Q

Q0 it
fi)= f S\ {g’A <y/:")+c';u/s")}¢ O &

=37
g (st“)-r(Qm)l‘(l s 6la A3 DN ey
9~V pia—l+m) P 3+h—m)
2 SFr@akeman) r@ bl 40 T fle 4 nby—2+2r+ 32
1m0 T I =2k TS vdmE ) (et -V pram )R
H
frgr—Ad2rid g ]
4 SRCISRR N Pans v saiie (ot
4-4e
B o tme3i2 (87
(”,‘) r(_ﬁzm)r(l“m)!p(ua 3/2) A am 4) £
3 ) ra+lc+m)2 —v—-im
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o (=) r{3+Ffmpr) l"(7+3m—k+r+5/2)‘r(ciy -2 2mi 133
r=07/2" F T{L+2rt1) [ +o4-3m L m) (= A7+ Imi 213257

X
1 [Ei’l+1_)‘+2”+2r+§ ’ (l‘_ﬁ> ]
cFr—AF2m+2r—14-2 , q
$(x) =0(x%) for small 2 Re 10
=0(¢db') for large x

Re (A+v+a22mi3/2)>0 Re (c+1~Vini2mi3/2)>0 Re(r-Mehs
+3/2)0, Re{ ps )0, p2q Re (v4-c~A2at-4m}+3/2)>0 Re(catatl>0

From this theorem the results due to § Masood and Snchlata fellowas
particular case

The last chapter 15 devoted to the extension of the theory of the sf
reciprocal functions i the Hankel transform of one varble on whichageet
amount of work has already been done by Bailey, Erdely Hardy Tuchmarh
Bryy Mohan R S Varma H C Gupta Han Shenker D P Baners
Shastr: Dmesh Chandra etc, of which a detaled hustory has been g1 @2
the first chapter In particular I have obtamed a few convers® theorem 05{
self reciprocal functions and also 1 have obtaned 19 new resultant kernds, o
which most of them are i the Meyers G funcion  These kemels have
used to derve new self reciprocal functions

et
The Lernels obtained 1 this chapter and self reciprocal functons dedu

therefrom may be claimed to be new
a self reciprocal functior T
i,
G4 2(;‘ 41§+ )
44 3 =it 0
transforms R# mto R, for Re p>>—1 Rey>0

As an 1llustration we give a kernel and
function

The function
43, 41 Im—duthiede b’ )
G (i"' -
45 tu-2mpy b bRW AW
1 R, provided Re (ut1)>—2 Re (u—im)>—1
]




SOME FROBLEMS IN FLUID DYNAMICS*

Har SwArup SHARMA
Department of Mathematics, Agra College Agra

The thesis contams a number of problems which are separate 1 them

sches  The work has been divided 1nto Chapters each of which 13 complete
1 stself

Chapter] Two Dimsrsional Boundary Flow wna Con rgent Chann l with
Certed Bo ndartes

Pohlaus n' (1921} gave an exact o'ution of the boundary layer equa
tonsof tl¢ problem of two dmensional boundary layer flow which takes
place between two converging walls He a sumed that the srrotational flow

outsde the boundary layer 1> due to a source or sink at the points towards
which the wally converge

The boundary layer flow 1 a converging channel formed by two equal
arcles of radue a and touching each other at the ongin was 1nvestigated by
Sanjal ! (1955) The arrotational flow outside the bor ndary layer 13 due to
dipole at the pomt of contact of the circles which are eventually the stream
Ines of srrotational flow The pressure-gradient caleulated from ivisad

fow wag put mto the boundary layer equations which were then integrated
by Pohlausen method

. haThu method can be casily adopted to investigate the boundary flow m

t:nnntl which 15 symmetrical and 1ts curved boundaries arc the arcs of the
s

tM=at sin pf 0 i<

and M=—gismoaf — T LI<O0

am,Th trotatio al flo s outade the boundary lager » due to a multipale
Prtsst o3 and fo tus the curved boundanes are the stream limes  The
b°un:]rc gdieat 15 calculated from the mviscid solution and then the
L1 ?;y Layer equations have been 1tegrated by Pohlau en s method  For
€ Tesults agree with those of Sanyal ! (1925)

apter It Motwon started
bﬂpulxu,b,ﬁom Rest AMotion of a Sphere n Rotating Liqud oi10)
early Vlglma“d Ranraswamr (1053) discussed the growth of motion mn the

er
- Maves of de clopment caused by a sphere wlhich at time t=01s
b
*pi:;:l ;;;\: thesis approved by the Agra Umversity for tl ¢ degree of Doctor of Philo-
5
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suddenly made to rotate with a constant angular spa about a dum ere
flud otherwise undisturbed

In the present problem we have discussed the growth of mobor ;m &
carlier stages of its depelopments, caused by a sphere wluch at tm =0
suddenly made to rotate with a constant angular spin Q about 3 dum 2
mn the hquid rotiting about the same diameter with an angular sprcft
The vanous cases when ¢ 13 greater than 1 or less than 1 fave bea d
cugsed  We have considered the cases when o has a negatve valuese,
when the sphere rotates in the opposite direction to that of the external hgud

Chapter IX  Flow of a Compresssbl Flud through an Eiliphe Pie

Ray'7? (1956), Kapur (1957), Ram humar and Warsité (1963) dis s
the problem of the Ilow of Perfect Gas through a aircular pipe by diffe
methods  Here the problem of the flow of perfect gas througn anellte
pipe has been discus=d It ha been found that the adibaucfd n
possible but as pomted out by Kapur either p has to be assumed canible
or Stokes conditon h7s to be modified The solutions have beca obtund
i terms of Matleeu T'unctions

Chapter IV Unsteady Motior of a Viscous I comp es 1éle Flad thoa b
Cireular and Go avial Pupes under Pressure Graduent

The problem of the motion of a viscous incompressible Muid na el
pipe of umform cross section has been mvestigated by many aathors  Tat®
case of the stendy flow of a viscous flud the pressure gradient aloag the axs
of the pips comes out to be constant  But n the exe whn the ﬂ"‘ﬁ;
unstendy the pressure gradient along the awus of the p peunot n:t’sl;n
counstant  In general 1t 13 a function of tume only TIn the first p;\rm."v
discussed the unsteady {1>w of a viscous incompressible flud by asumsng
pressure gradient to be a suitable function of time
extended o ¢ carol
nded Ly iwo go-3x!
<18 whichsa &

In the second part the same problem has been
flow of a viscous incompressible fluid 1 a channel lE)ml
orcular eyliaders under pressuic gradient along the 2 a1 1)
function u); ume The first problfm was considered by Muthaf’ ((‘f:v %] :xx
sccond by Muttal® (1903) usin, the Laplace s Transforms Hre chM o
hwe been solved by Tuute Hanl el Transforms The method used hthd e
advantage over thers that it greatly reduces the amount of complient
lations mvolved 1 thesr solutions

4 188
Chapter V  Heat Flow throuk an Infinste Slab with a Tae #7
Thermalllus ok
0%
O and Jontard!  (1957) and Danmster® (1957) ““"l,:yo::(m 2
h I ¢ flow through n infimte slab st “)“'1['1 e hod-
sul lincarly  decreasing with tm* h 1\5@-’»""

an v and on the method of 1m3ges
b ol
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{1928) found the solution for the same problem using the Laplace s transfor
mition  Gupta' (1963) investigated the same problem from a different pont

, ofview  Here the same problem has been studied when flux 15 —Qf(1)
The cases when f(1)=a—Bin for all values of n which 1re multiples of § have
been conadered  If we write a=1, n=I, our results agree with those of
Gupta' His case 15 only a paruicular one wlile ours has general validity
The problem has been myvestigated 1n tho ¢ cases also when f{¢) 15 constant
21d when f{1) 15 an exponential function of time

'
{
]
‘ . The analysis has been made by the apphcation of Laplace’s Trans
orms

§

Chapter VI Flox of a perfect Gas over a Ilat Plate under Pressure Gradient

o 3 fat plate at zero incrdence when o 15 not 1 He took the mun stream

a one of unform flow paraliel to the plate  He did not assume any

relation between temperature and visco 1ty His assumptions were (1) the

- Presuress not an absolute constant but  constant along a normal to the plate

 tasde the boundary Iyer (1) the vanation of density and temperature from
their values 1n the mam stream are small

]
E Ray (1957) discussed the problem of the steady flow of a perfect gay
v'

. Inths pap r Rays problem has been solv d with the same assump
1ons but with next approxuumations and in doing so we have been able to
f“:bm“ results  Rayt® (1957) obtamed the results by num nical quadra
h ¢ Butn this Paper equations have been sohved exactly  We are not to
0 the complicated process which 15 1nvolved in Ray s results

tqun‘:’naly’” consists 1n eliminating pressure and temperature terms from the

:.nur,xj and m getting an equation m w and p which has been solved

“ht)':r, the conditions of w and, P at the edge of the boundary layer The
J toget veloaity dustribution has been obtaned m the form

1—a

JS=ay" where m=— ms—

wh
ereRay s relation 15 m the form

~1
{)8=a) r g1 _exp [f{l—aly—12e(1+* 43S+ )]
esp {1-0 659 (y—1)/e}

Ttes evident from the above expressions that the results obtaned here

a
e 1n a better form than Rays

Chapter vix Lunears,ed Trans sonic Comteal I'lows
e dThc problem of the flow of a compressible fluid past a cone with axis i

\¢ction of the undisturbed stream has been solved by direct ntegeation
fihe lmeanseq q both for and sub flows Ray?® (1950)
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solved the problem by means of + particular sub titution for conscal Doundanes,
In this paper 1t has been solved by means of a general substituton of which
Ray’s case 1s a particular one

Chapter VILL  Unsteady Flow of a Compressible Flud around ¢ Comer

Durand® (1935, studied the Prandtls problem of the expmnsionofs
uniform two dimensional stream of gas flowing around a corner at a superson
speed under adiabatic conditions and he showed that the velocty perpendi
cular to the radius vector from the corncr 1s always equal to the speed of th
sound at the local conditions of pressure and veloctty Bernoullis equanen
bas been used to find the components of velocity 1n terms of the angle of
deflection and also to find the relation between the pressure and the sume
angle

Ray!® (1955) studied the same problem starting with non admbate
conditions conductwvity and viscosity taken mto account He asumed thit
the veloaity, density and pressure are constant along a radius and found that
the equations lead to adiabatic conditions and that the teansverse sclocity 8
equal to that of sound as before

11, bl

In thisp we have d 1 the dy flow of a comp
flmd around a corner The equations of motion, the equation of contuty
and the energy cquation of unsteady flow of a compressible flurd have been
taken and under the assumptions of Ray (velocity, denstty and pressure 2%
constant along a radius vector) 1t has been found that the veloaty comp™
nents density, pressure and enthalpy are independent of ume around 2
corner and depend only on the angle of deflection Startng with 102
adiabatic conditions 1t 15 found that the equations lead to adiabatic condr 2
and that the transverse velocity 15 equal to the velocity of sound as before

Chapter IX  Motion of a Fintte Disc an Rotating Flud  Bowndary Lo

Growth  Motion started Impulsively from Rest
mfinite
T V harman® (1921) solved the problem of the rotaton ofn ’a,n s

plane lamima & wiscous flud  Batchelor (19} 5"““"“"om gt
Rogers and Lance!® (I1760) and othess 1y estigated the m Tie
otating d1¢

problem of a flmd 1 a mngid body rotation over 3 T S 3 rotabat
axis symmetric boundary layer on a fimte crcular duc ;iucqﬁ.;) Nigam?
flurd has been exammed numerically by Rogers and Lance (f‘ 1s developerat
(1951) discussed the growth of motion m the exrher stages ol #
caused by an infimte lamina which 1s made to rotate

e of revol

he growth

te crcular Ipl-'» -
anguiar 3]

stant yg of the die ¥

yving flow amhl
s of mouo1 8%
ne lamiad

In this problem we have discussed the cas
rotating fimite crrcular disc We have constdered tl
earlier stages of 1ts development caused by 2 fint
which at £=0 13 suddenly made to rotate with a con: o
have discussed the various cases when the angular veio®H
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geater or loss than the angular velocity of the rotating flud  The case when
hedsc rotates . the direction opposite to that of the flud has also been
sonsidered  Results are i error functions, therr derts atives and their ntegrals
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CHEMICAL EFFECTS OF NUCLEAR TRANSTORMATIONS
IN COBALT COMPLLNLS*

Mavonar T ar
Chemstry Division Atomue Lnevgy Establiskment Trombay
Block I', 414 A Cadel Road, Bombay—28

Svamary

The kinetic aspects of annealing of recoil spectes in thermal neutron
wadiated sohd octahedeal cobalt complexes are similar to anneahng of
fadiztion damage 10 sohds such as graphite and copper However, the
‘pecses formed 1n (n y) reactions are more complex and chemical and stereo-

chemical factors play important roles in deterrmmung  the hincties  of
2nnealing

(0,Y) recorl effects trisacetylacetone CofIIT) have been the subject
of detarled study at this laboratory  The present thess contams work which
3 2 continuation of this comprehensive study Recoil eTects on thus complex
diluted with the 1somorphous trsacetylacetonates of ANIII) Rh({ITI) and
MAII) are presented 1 this thess

Errrer ofF Druurion

Work on {ny) reactions m trisacctylacetone Co (I1I) diluted with
1somorphous tnsacetylacetone Al (II1) clenrly indreate that imtial retention as
wellas saturagon retention at ail tempe atures decrease with mereasing dilution
The value of Imbal retention deerevses with ncreasing dilution from about
16% to2 8% likewise the extent of annealing decreises wath dilution, bemg
eghgible for the hughest ditution studied  For the latter this1s mdicative of
aboence of post recorl annealmg reactions both during irradiation tud 1n later
3 othermay annealing runs  One nught senibe this effect to the reduction
In the number of available fragments as the cross section for Al 7(n Y)AL'®
“very small comparcd to that for robalt the number of fragments creted 1n
Humin ey complex diluted samples due to neutron capture will be much
less thay 1n undiluted tnsacetylacetone Co(ITI)  In order to chech this posst

2y simular experuments using 1somorphous tris tcetylacetone Rh(IIT)
Which the ) cross section for the metal 15 higher than that of Co 59 were
€artied out

The data and resulis of these experments clearly show that dilation
with tnsacetylacetone RE(ITT) has less effect on wtl retent on and ;;Ostt
thermal annealing than with the alurunium samples  However 1t s eviden

* Absact of the thess sybmatted for the degree of Doctor of Phulosophy of the
Univernity of Agra
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that the Jarge number of fragments created due to the hgher crossseeton
for Rb3% (n,y)Rh!% reaction have no effect, since wutial retention m genensl
did not show an ncrease on didution  As rhodium 1s 2 horologue of eoha
the tnsicetylacetone Rh(IIT) 15 mueh more closely related to the corre:pe-
nding cobalt complex thin the triacetylacetone AIIIT)  Thus the mfutace
appears to be more or less chemical m nature, if other conditions such
as temperiture of wnneilmng are same

One disadvanta,e m using alummium or rhodum comples us dideet
Les m the fact that half lives of Al and RR!™ are too short to allow any
mvestigations of recoll effects m the diluent itself  Trisacetylacetone Ma(llT)
which 15 also 1somorphous with the cobalt complex was therefore selected 2
the diluent, the rexson beng that the half Ife of Mn™ 15 long enough to penmt
some experiments with the pure complex

The nitial retention of 41 + 209 determuned n the case of purt
manganese complex 15 an average of several values Thisvery well agrees
with the ¢ mherent retention” of =bout 35 4% (entiely dependent upon
physical phenomena) calculated for this complex A rather sharp meresstit
retenrtion values has been observed after storage at room temperatur

h
Ihe sitvation obtamed on dilation of trisacetylcetone Coffff)

trisacetylicetone Mn(ITI) 1s radically different in that retention mcr;i‘scfn:‘
dilution  The extent of thermal annealmg i ko grealer o d;“w*
Separate experiments by the author showed that Co 60 cxch:mngﬂ wclh g
acetvlacetone Ma(III) In methanol solution more than 80% «
observed 1 about one hour at room temperature

Inmtral retention an tsacetylacetone Co(IIl)

Consideration of encrgy transfer processes following 1)
trisacetylacetone Qo(I11) by Shanhar et al (1} mdxcatcs’&} at m,mgy Do
recoils the atoms acquire less than the threshold duplaccmm!:m whatmif
and are therefore not displaced from the molecule  Ths consti 3‘ e
be termed mherent retention’ and 15 due to reasons other and posiY
Due to compulsory collsions with one or more 0Xygen atorr: 1t atoms £
with some carhon afoms an addmonml 2% of secol co2 cphtre &
below the Jimt of 20 evand will remamn within the word"‘:;‘::, Pl[a\mtf
as such one may expect the total inherent retenbion’ 10 be ) unég snsaeety]
the experimental d-t1 ndicates that mutial retention in \!mu“’ erved MY
cetone Co(ITI) 151520% The lugher imnal retention
due to the following factors

reattion &
about 2% of

frem
t lead t7 ae

maght
ns which 1§ dunng

al reaction
(a) Hot radical and cpitherm T certom reactions

tion of parent molecule  One can also visual
existence of the hot zone

(b} Irradiation anneahing by fast neutrons, cdn;’%on
rays which s particularly wmportant 10 reactor 1rrady

i electront 2d T
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() Thermal anncaling during reactor 1readsation

The possibatity of chemscal reactions dunng the cxustence of the hot zone
1 tsacesy Jacetone Co(I1) has been duscussed n great detadd and 1t s felt
that the contribution of hot zone reactions to retention 15 neghgible

The other twe factors which might contribute ta mitial retention
namely the thermal and radiation annealing during reactar wradiation have
been considered 1n detar! If these camses can be mmmised one can evaluate
their contribution towards watial retention  These causes can be munimised
by shost term and sy temperature srradiation Samples of tnsacetylacetone
Co(H1) were wradiated at dry ace temperature for 1 2 minutes Inatial retention
o 4% was obtuned for thissample  In another experiment trisacetylacetone
Co{ITt) vas ireadiated for the same e but sithout dry ice surrounding
the samrle Ths sample gave an snanal retention of 4 8%, The results
dearly indscate that values of 1y m these exg agree rather
<o ely wuth the caleulated value of ¢ mberent retention  One more aspect
wevident fram these evperiments  The nutal retention deerewsed by 1 large
2maunt when time of uradiation and therefore totaly  and fast neutron
floe 5 feduced  When the temperature of wradiation was simuitancously
decteased pot muck further lowering of retention was observed  One 1e
tempted 1o conclude fiom these expeniments that radiion annealing rither
than !tmp rature of rrad ation plays a promunent role m ncreasing retention
dunng vera hiaion

Exarmngtigy of Kwmetres of thermal anncaling of recorl fets m insmaty lacetone
WY and o diluted g 5tem

FoHowmg the classical treatment of Vand (2) and Prumak (3 2t has
Been shoyn by Shankar et o (1) that n thermal anpe Hing of 1ecold dimage
n huacct\lacctunc Co(If) the actvation energy shows 4 spierwd  In the
POt work  gpe annealmg  data o undilated  wlumimium wd
Modwr gihyteq samples has been anafysed by the above methods The
Dstributrgy R ACtvation energy shows a broad shaft to lower values oy dilu
o0 while 1t showg S0 10 hugher values  the second of the two stage annea
8 xpetunents g5 compared to the fist  However these methods of An ddysis
ebaed op fetun aswmphions and smphficittons  This thesss prescats
Baloser seruting of these assumptions

) The frequency factor A was assum d to be 10% seemt ol the
PEVIOUS St eq As part of this work the value of frequency Netor for the
ehe processes has bren evaluated by the treatinent afler Prmak (3)  Two
sty of step snnealing expersments were performed and the salue of trequency
factor Obtemed 15 st § x 101 st
M) The anphication of step functon 13 1 smphfication and s he
been orded an an uhernat ve dertatie by P mak (B Using 1 place
worms e y atues of zo (e} [4o (@11 the intteal distribution of obse s 3B

——
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properties p, wath ctvation energy (e} hid been o Aluted 10 3 Yy
accuracy than by the method of step functron  This method of an.‘\'hs;u
not so far been used by other workers o obtam the activation energy spocten
m annealing processes

Following closely the mathematical farmutstion by Prmok (3) nly
been demonstrated that the measured value of property (9 seprable activy]
at any tune will alaays be hgher m double stage annealing thaa tse ¢
stage annealing It may be mentioned m the end that Pumak's treatoet
and therefore the conclusions arrived 2t m this chapter, are bused on e
assumption that an all casts of annealing of radiation damage of & measured
property eventually reaches 1009, that 13 complete anncalmy occun &
can be shown that after a certam stage the rate of change becones e
mely small so as to make i appear that there ts no charge of property sth
tme at & qven temperatue  Thissssndeed the case with radiator damae
m metals m which anneafing consists of combinaton of vacances 2
mnterstiial atoms

In the present case the problem 1s much more comples as aanesl o
cannot obviously be pictured n the some sunple mapner as metals T):
hot atom which comes out of the eoordimatton sphere gets back i th e ongri
molecular farm by a series of processes wh ch are not yet cleatly undetstond
Some of these may be chermcalin nature This 25 supported by the fact i)
the actnanon energies are of the same order of magmtude as those er£0.8
tered 1n normat chemical reactions However, the remathable fact hmzﬁ:
brought out that the method of Prmak (34) can be apphed 10 lmcm.dmd
on these compleves  Tius shows 1t general nature but the conchisans 8
may not be qute exact

RADIATION ANNCALING

Late thermal annealng y ~nd A wradution of nculmnn ;;I:i‘;:‘:
undiluted, alumimum and rhodum dituted trisacetylacetons Co(~ R
nercase thexr matial rctention  The extent of radabon ﬂm\“““;kd a8
with increasng dilution  Isothermal anuealing of radiation :mr:cm P
show that i all samples saturation retrntion (T} and react
("i) have decreased

e Copty) g0 ©

heaung  imsacely laceton o asa e

Increasing y dose or
(n,y) reaction results i 2 fowenng of mitia] retention as
of annealing but m an wcrease of rate of annealing

fests
ation anncaling 18 this comP’

The equinalence of thermal and rad
‘been established by closed cycle experiments

Aatare of sreoil sp s s and paper of etrophorests sta lies o 0 srep 5
To explan the annealing hehaviour of ncu;m;t x:r(-;!mm of et
tone Coll1l), Shankar et al (1) have poswlatcd the



{
i
{speaies To understand more fully the nature of species formed when rradinted
eomplex 15 dissolved paper el phoresis  with diluted  al
and radmm dileted trisacetylacetone Ce (III) was undertaken  The distin
cuve features of this study are —
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() In all these expermments only two peaks are obtamed mdicating the
; presence of only two species 1 the arradiated complexes on dissolution

(1) Most of species produced 1n (n y) reaction in these samples have

§aposmve charge  The distance of mugration 1s the syme as that of free
| Cot* yony

« (W) There 1s a shght but persistant mugratton of parent complex
 Yowards the negative side of the hustogram  showing  that neutron wradiation

might have resulted 1 the formaton of either positnely charged degradation
 Species or electron deficient species [t 1s observed from the lustogruns

of the heated samples (4 hrs 2t 100°C) that 1 undiluted and rhodwum
i diluted samples the parent species 1s restored to the neutral ine  1Ins suggests
+ that the posinely charged spect s which mught have been produced on
neutron wrradiation of undiluted and rhodum diluted samples have been
s abhised mto the ongmal neutral complex on heating

One way to explain this effect 55 to po tulate positive complew species
Shankar af o1 (1} have suggested that radcal defictent species such as [bisace
tyla etone Qo (1)1, might exust in wradiated but unannealed systems  This
fmmﬂn has been approached indirectly by studying possible chemical reac
'om when the irradrated complex s dissolved 1n acetylacetone usell  Radical
deficiens species [bisacetylacetone Co (IFI)]* takes up an additional acetylace
tone Iigand and forms the parent complex The results of the experiments
Gmied out on thus aspect clearly indicate that the rate of formauon of
Utsacetylacetone Co (1) 15 much faster with ncutron uradiated complex
b with ¢he unirradiated one 1 (whih Co 60 tricer m the form

:: Co™ has been wmeorporated) The extent of reaction 1s also morem the
ey

The positively chirged enuties m the irradiated complex need not
motsanly be radical deficient speues  They may be electron defictent
\)p s, such ag [tusacetylicetone Co (111)J*»  Thus has been suggested on

e Lasis of the results of experiments carred out which Co 607

Asm d earher ind d cxperiments by author have shown
3t G0 60 evehanges with trisacetylacetone Ma (ITI)  In view of ts fact
e inerease 1y retention on ddution with trisacetylacctone Ma (I1T) can be
@8y understood Thermal e<chang 1, has been 4 d for this
¥tem As the observed 1sotopic exchange between Cot+ and the cobalt
Shelate 15 quuge small recombination seactions cannot be possible by thremal
“Xhange In yhyg thesis the mechanism of excrted exrhange has been sugges
¥ for the rccombmation reactions n undiluted and rhodwm dituted

Faia
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systems, while 11 aluminium diluted systems this process 1s operative o1y tia
shght extent

In conclusion 1t has been emphasised that one of the mportant hnes of
future research in this field stll remains the unambiguous :dentificatios of t*
metastable species i the solid state
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J STUDIES OV INTECTIOUS LARYNGOTR ACHEITIES VIRUS
OF POULTRY WiTH SPECTAL RLFCRENCE TO TISSUL
CULTURL SYSTEM*

[

Prariira Guwora Panvat
Depastment of Patbology and Bactertotogy
UPCily of Yer gn & Amural Husbardyy Mothara

Tha msestigation was carmed out with an amm to study the charae
tetistics of the Infections Laryngotmchemcs vitus strmn gsolated at thy
Tnstitute ang o explore the possibihities of carrying out different diagnos
B 8t our presen lahortory conditions both m developing embryonated
8% and sy, culture system  To curtarl the economic stramn meurred
by the heavy use of embry onated cges m virologienl studies efforts were
duzcreq 10 study the behavour and adaptabibty of the wirus especially
0 tuwe coltyre System

i

{

; During the course of thys investigation the wvirns straw was cults

{ Vated ang Propagated 1 developing embryonated eggs by adapting the
droppeq chorroallontaig brane (CAM} technique and m whote chick

| 30 primary eelt eutture Imes

l

!

I

}

g

:

The viral agenp produced definste pock hke leswons to confluent thicken
28w the CAM of the infected embryos from the thied day onwards
ing most of the embryos between the fifth to sich day of ioculation
t P oduced tarbidity of the amntonte flwd at temes as a result of infection
29 the amonye cauty  Thers was no foss ;. viral tter by stonng
e same a four degree centigrade for four days mside the mfected embryoy
S Comparative viral titers achieved by adopting both the dropped CAM
tad gag {¢horiaationtore s2¢) route of inoculation tndicated that the former
Bethod syaq Iittle supenor than the fatter

Successtist g ton of mtranuch 1 bothes was posnble
bath 1 1afecteq chonoallontoic membranes and tracheal sections of artifi
tally mhicted  byeds dwmg the early stage of nfecton Zenkers aceuc

3 a8 2 fiapye was found superior 1n comparsion to formaha

. Mo adverse effect on the wviability of the wirus could be observed :Y
3808 the same vy antibioties hke Pencilin and Steeptomyen at ¢ ;
2t of one thousand to five thousand units per c¢  and one thousan
TR the Agra Umiversty o
7 Rstract of the thes s submitted ta and appraved be the Agra
"":-! Tililment of Whe requisesnents for the award of AL v S deg ¢e 1 Bactenolagy
' the year 196y
t;“ st e author u working as 2 Sexemust et al Food Technolopieal Researeh
U Myere Toda,
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micrograms to five thousand micrograms per cc  respectwely Succesfl
nactivation of the virus could be done by exposing 1t to fiftysx degree
centigrade for a period of thirty minutes to one hour A considerable los
m viral titer was noticed as a result of filtration through Seutz filter ducs

The wviral agent produced distinct cytopathic changes m whole ehi
cmbryo primary cell culture lines ch 1zed by the d of el
sheet retraction of cell processes rounding of cells and vacuolization wlih
could be neutralized by treating 1t with s specific mmune antisera

The viral agent failed to agglutmate chicken red blood eclls  Suceess
ful serum nentralization tests were performed both m developing embryo
nated eggs and tissue culture system

On experimental moculation, the viral agent failed to set up the violeat
clinical symptoms of the disease indicating a successful attenuation of the
same 1n developng embryonated eggs Infection of the susceptible hoes
with the viral agent was established by observing a rise m antthody t;ﬁ:
between the pre and post {ation periods and d of mtranuclex
mclusion bodies during the early stage of infection

Necessity of further rescarch on the aspects of serolog‘c“ld’;‘:rzi,
varation of the virus m relation to epizootiology and the possbls e
the production of an egg adopted vaccine and tisue culture vacane
been discus ed



MORPHOLOGICAL STUDIES IN THE SAPOTACEAL
AND SOMEC ALLIED FAMILIES»

Panayt SaraN haroor
Sthook of Plirt Morphology ~ Meerut College, Meerul

SuMuARY

Sapotaceae 13 mamly 2 traprenl fanuly, arborescent w habut and eco-
nomically important It has been generally asgaed to the order Lbenales,
though the Ebenales of different worlers ss not always sundarly constituted
There s 2 felt of stff haws present on the oviry and the sepals, and
labedferous canals and tannun filled cells are 1bundant throughout the system
The material s difficult to microtome and the techmiques arc sery cvacting
From the stand point of floral anatomy the fanuly was so fir uninvestigated

The present account 154 summary of the results of investigation of sixty
Species, of which fifty three belong to Sapotaceae, fae to Ebenaceae and
ot Symplocaceae  The mvestigation throws some hght on a better under
73 vg of such topies as the rel hip bet um and tol nodes
mature of petal appendages, trends of spectal m the pla-

ttntation, etc , redquction sn the number of ovules and thewr relationshup with
the carpel

has b‘:&:!al ﬂi;ﬂomy of sixteen species (ifteen Sapataceae and one Ebenaceac)
traced tn‘;:r edout  Ofthe fifteen sapotaceous spectes fourteen are three
g cunar and the three traces unite 1n the nodal corter to forma
gl petiolar strand of various types In only one species the structure
m:b’m&“nd o be onc traced umilacunar ‘These results are i disagree
at with earlier report of exc! . . . The trdacanar
?:dalha! been considered to be prunttive and the unlacunar derived from
n the Ebenaceae the node 15 one~traced umilacunar

mw;r—b:a:cpak may be either spizal or 1 two cyeles they may be three

nt or auh trace ansng independently or tuwo of the traces ansing con

traces g the three arsing conjomnt from a single gap—  two traced —two

lnrunanmmg independently or conjowntly~, or onc traced with a

ed1g b;\: g trace The one traced sepals occur very frequently and are behev
¢ been derrved from three traced ones

out The va cufar supply to the sepals in Lz zma dissepate shows that the

o “: 0 sepals represent 4 umion of two 1 cach In Stderovylon capiry w0

e pals arc sometimes fused 1n their Jower region These are cases of
Peenital concrescence

3
:'“"”““’Y of the Thens sebmrtied o and appraved by the Agra University 10 Fulfil
" of the req urem nts fos the degres of Doctor of Philasophy
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The petals 1re always one traced 'The petal trace aliways anses b
dependently except m Chrysophyllum (Sapotaceae) and Dragyros (Ebemace )
where 1t 15 conjomnt respectively with the opposite stamen and stamen fisne
trace  The petals m some genera of the Sapotaccac bear apendages Thex
may be dorsilateral, ventrolateral or lateral 1nd their methsd of forpatn
differs in different cases They are supplicd by the lteral branches of &
petal bundles and have been mterpreted s stipular in niture  The 23d-
ecium in Sapotaceae may be composed of a single antep talous whod er two
In the latter case the altermpetalous whorl may be fertile or stammodal and
the condition 15 normally dipl In the petalons whol
although there 1s usually a single stamen on each radius, some geacra mf
have fascicles 1nstead of single stamens  The stamens are suppled by a1
branched trace but the stammodes m ther form and vasculature are of wn
ous description

The stimens m the altermpetalous whorl are vanowly medénd
The normal condition 15 represented by Payera, Pilagunm cte where 3
fertile stamen 15 present on every radius  From ths specialization xcﬂn!:;
have progressed along two mdependent lines one of them leadugtos geod
loss of the starminodes followed by the disappearance of their vascular sopp ¥
and the other mvolving a change by gradual stiges to lag petalod stne
tures

The androccrum 1 the benaceae has been found to be obdlp]asm?ﬁ
ous Itis believed here that the adnation of the antepetalous snmcnt“c: fo
with those of the petals has enabled them to occupy 2 position o:r tne
that of the alterntp talous stamens Besides, the crpeh asin 2 c;!ﬂm the
obdiplostemony alternate with the altermpetalous stamens whid
changed condition are immediately outer to them

; cete DAY
The hypogynous disc preseat m the Sapotaceac and Ebend

either be receptacular or carpellary

The placentation in the Sapotaceae 1 morph .
although the vascular anatomy in the lower region of the mam
parietal conditon  The ventral strands arsc ﬂﬂfm“”y}o",jun
ilternate to those of the dorsals and arc composed ol'; li 11 the ceal
jacent carpels A reshuffling of the ventral strands takes plact ber of sals
column which resilts m the reformation of an equal num als and ©7
strands These are mversely oriented on the radu of the do:\ o 15t
posed of ventral bundles of the same carpels An mlcrc:txl‘ljS place o8
Luectma where no organization of the inverted strands tz on reacht § the
radu of the dorsals  The ventral bundles of the spht strancs Je placent™
central column send direct traces to the ovules The :x: placentatio?
1 this famuly 15 considered to have been derived from pariel v,d'x ot

n

atie
ologcally always
H y suggots d
ed 01 74
dles of 38

The venteal 32

ile
In the Ebenaccac the phcentation 15 A€ L1 T

composed of the ventral bundles of the adjacent €arpe
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sel colommn on radu alternate to those of the dorals In Duospyros cordfolia
ever thee sentral strands supply the ovules i the upper wulocular
m of the ovary from the d ged g of the pl t This sug
i & possible tendency of transition to the paniotal condition

In S5rplocos (Symplocaceac) the ovules are Lorne on the disengaged
pasof the phcentae in the upper umlocular region of the o ary and the
mtation 15 parsetal

The ovules 1n the  Sapotaceae may be ether pendulous horizontal or
wing howing 2 tendency towards desclopment of basal ovules

The focules are constantly wmovulate sn the Sapotacese and bovulate
ane ae {eveeptionally umon ulate) and Symplocacea  In the first con
* the twe margimal bundles Jowtly supply the single ovules but 1o the
they supply the ovules of thear respective sides It has been snferred that
movulate condition has been denved from biovalate

There are many features 1y the fanulies Lnder miestigation that support
= that the ovales are carp-llary 1n nature, ¢ g the onentaton of the
s the umfacral anatomy of the placentae wnd the definite relation up of
Jeatation of the placental bundles with that of the dorsals  The sentral
Ihsame sapotaceous genera instead of passing straight mnto the central
1 Uaverse o the ovary wall and diverge 1 through the septae  This
urther sugrastion that the ovules are not axial but carpellary structures

[n the famaly Symplocacea~ the ovary 1s snfenior  Smce we have no
v ofd termiung of fhye vaseolar supply 1n the ovary wall represents the
% orthe  bundles g has not been posuble to iterpret the exact
¢of the dvary wall

The total anatomueal evidence collected mn the present study supports
eodent status for the S h and Sy

1,
P
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THE EVERSHED EFFECT IN SUNSPOTS*

ARVIND BHATNAGAR
Kodatkenal Obstrcatory, K odarkanal 3 (Madras)

In the thesis entitled “the Evershed Lffcct in Sunspots, 18 presented
detaled ob ervational study of the Exershed Lffect and sssociated pheno
ana m sunpots The tvestigaton was carned out at the hodarkanal
dbsenvatory with the Solar tower telescope  yielding an mage scale of
' 5 ofarc per mm conjunction with a 18 metre focal length Lattrow
pectrograph

In Chapter I, s gnen a resume of the work done carlier on the
iveshed Effect and an outlne of the present mvesuigation It 1s empha
ued that the influence of Zeeman broademng due to the sunspot
oagnetic field may obliterate the small scale veloaity fields To completely
emove the effect of sunspot magnetic field three Zeecman msensitive Lines
A2027 Aof N I, 5576 101 A of Fe I and 5691 508 A of Fe I (N1} were
rlected for veloaity field determmations in sunspots

In chapter 11 the instrumental arrangement and the observing
echnique for obtamng the spatial velo ity field configuration 1s descry
For a precise determmation of small scale Doppler di placements
0 hnes large p p 1 and resolution are tal  For
btamung velocaty field conﬁgurf:nons 1n sunspots the fourth and fifth
M of the 18-meter spectrograph  yielding a  dispersions of 6 mm per

b aud 8 mm per A, respectively were used

On 2 ugh dispersion solar spectrum of the hind used i thus study
a8 very difficult to measure precisely the small Doppler duplacements
‘v measuang small Doppler shufts a modified version of Evershed s posiuve
MBegatve method using the principle of photographic subtraction was
Wzed  Ths modified positive on negative method enable one to pre
sisely and convenently determune small Doppler dnplacements of the order
50 metres persec The essential ndvantage of thus method 15 that 1t 1 mnde
Pndent of the vidth ofhnes  The techmque 1s desertbed 1n Chapter 11

The spatial dustribution of the sight Iine velocities obtaned by using
carhier mentioned three Zeeman snsensitive lines arc gwven m Chapter
Vamavons 1 the magmtude of velocity vectors in the three lines for
e disk po ttion of the spot ace an tndication of the depth depen
¢ of the veloaty field 1 spot penumbrac

the

the
deng

[
. he degree
Abstract of the thesss submatted to and app oved by the Agra Unneraity for the dege

©f Doctor of Phutosophy
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To mve tigate changes in the veloaty field pattern with the agee
the spot, this investigation was carried out during two succesie Pt
ges across the disk of the same <unspot group Spot spectra of hoda
Ranal spot No 12368 for veloctty field determimations were obtun
before and after a rapid development of the spot group, which o cure
duning January 14 and January 18, 1963 167 Spe tra were taken wug
hnes for determining the spattal dustribution of veloaty fields m spot
during the two passages Sight line velocities were determned at 3,340 poa
m the spots

In Chapter III, the mean depths of formation of the two Zeen-
msensitive lines, 4912 027 A and 5691 508 A were computed using 2 e
sunspot penumbra model of Makita The three component velocies (rada
tangential and vertical) obtamed from the measured sight ine velocitics wer
caleulated using an IBM 1620 computer and are gien 1o this chapte
The radial velocity pattern i sunspots, show a peak around hall w2
across the penumbra The magnitude of the peak veloaity 152 function of
hne strength and of the disc position of the spot At cach of the nm:UdL
positions of the spot, the gridient of the maumum radial veloatty, f”"
with depth is obtamed A mean gradient of Umazn the penumbra pas fouy
tobe 40 X 10~ kmfsec per hm in depth Small vertical vc!ocnuumt
the order of 03 kmjsec and less directed downwards i the spot pes
brae were also found

ble tangential veloate
These observations show the presence of sizable ;E gt sme

in the sunspot penumbrae On six dish positions of spot t could b
matic pattern in the varation of the tangential ccmponcknmficc went
seen M I 1 comy of the order of 06 e ot
observed on st disk posmtions When the spots are close 10 gl
of the dic, the tangential velocities show large variation £

rtant B3
with no systematic pattern  Evidence for the presence of this II‘:‘CI::“ o o
gental 13 not 1 However, (ange?tlﬁ ‘:ctn! measure
y the
brac can be expected to exist in the lght o
B ent G Lines of force bY Adam.

of orientatton and inrhination of magaetic -
!
The spatial distnbution of magnetic field 1 spots for whi
fields were determued are also given in Chapter I i
enome
In Chapter IV, 1s pre ented a photometric study :fe:’; ?or the
of asymmetry 1n lnes in the penumbsal regton "{'hecw pnr.untter ald
covery of this phenomenon also goes to Evershed An e asymmwf”
the ‘Flag Factor (FF) s proposed as a measure od e spot 7
lines Tte vanation of the ‘Flag Tactor® 1n and arous oo c}mpl“n:
and also with the disk position of the spots 135 E“’m“l:lc of the ranm-E
asymmetry varies with the line strength and the magn!

L
of the -
asymmetry decreases towards the dish centre posmgi ® be due otk
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lame Doppler displacements occuring 1n several strata of the Dine forming \
yer

Spectra obtuned under best 2tmospheric condiirons show besides the
rge awymmetry i lines in the penumbral région a dtffuse wing in hines
the photosphertc region This phenomenon of diffuse wing n hines 1
¢ photospheric regions s more coispicuous an dark  paces between
& brght solar granules Lines require their norroal shape i the brghter
ets of the spectrum This anteresting observation 1s reported i Chapter IV

Some of the finest spot spectrogrims obtamed under very good seeing’
nditions (better than 1 of arc), show continuum brsghtness fluctuations in
¢ penumbral region A Jerable vartion 1 the width of the lines
ong the Iength of thesht 1 the p-aumbral regwon 13 obserned A corre
hon study between the coptinnum brightness, equunlent width and sight
t¢ welocity 15 presented an Chapter V' For this study three lines and three
% poutions over the spot were used The correlation study shows that”
arker {cooler) regions of the penumbra show Jarger equnalent width
lule the brighter (hotter) regions show smaller width It 13 belicved that!
15 3p <tro topig observation of brightness vanations i the spot penumbral
Bon 15 reported for the first time It 1s proposed that these bnﬁ\hmcs"s
fctuations are the fe of aggreg: of small p bral fil )d
{sen on.a good white light photograph of sunspots The agency "‘53
ousible for the widening of Iines m penumbral region 15 more efficient 1 the
wker mterspaces compared to the brighter parts







STUDIES ON GROWTH AND IELD OF TWO VARIETIES
OF WHEAT AS INFLUENCED BY VARIATIONS IN PLANT
DENSITY AND 5OIL FERTILIT: *

J P Aocarwar
orf of Agtanomy, R M P College Aarsan {Saharanpur)

Fellowing are the results of a varietal-cum plant denuity cum sail fertity
westigation on wheat conducted at theB R College Farm Bichpur: (Agra)
-ang the rabr sergon {Oct April) of two consceutive years {1956 58)  The
treatmenty comprised of two varietres {Pb 591 and N P 1Y) three
seedratey 20 {520} 30 {530} and 40 Srs {840} per acre and four levels of
whrogen (B (N0} 20 (N20) 40 (N40) and 60 (NGO) Ib N per acre), which
were tested i g ‘Comples Randomused Bloch, design of layout wath four
stphieations o ensure a umform distribution of seeds within rows the spacingy
8 9 and 12 were adopted m the treatments of 40 30 and 20 Srs of
seedrate respectively  The full dose of nitrogen mn every case was applied
broadcass 2y anmomum sulphate Just before sowing  The expenmental crop
W2y taken 3n different fields 1n the two years—n the first year after fallow
and in the secong year after a crop of sorghum for green fodder fhus
diference 1 the previous croppung caused vanation i the imtal fertihty of
e sy oy, which the experimental crops were sown 1 the two years  The
Seather conditiong dunng the two crop seasons also differed greatly resulting
B wide variationy tn the performance of the two crops  The foflowing are the
2 resulty ang conclunions

In both the years N P 718 produced more total dry weight, gram
d staw per aere than Pb 591 On an average over a periad of twe
Y3 N P 718 produced 4 10 and 2 per cent more of dry weight grain and
SI2W per acre respectively than Pb 591 the difference between the gramn
Pelds s sgmificans

2 NP 718, Iugher plant population per acre (though statstically
b 780 was obtamed m both the years In respect of plant yields

W0 Varietiey did not differ much n the first year However 1n the second
ear, Py 594 produced significantly more dry weight gram and straw per
Fantihan 1y pr 95g

s Among the various characters contributing to plant yrelds enrleugthl

Segke of 1000 grams and heght of the plant was found more i Pb 59!

" NP 718 10 both the years The other characters did not show any
Selinte treng

© AUt of the thens on wheth 75 D degree of thus Usversity bas been awarded
—
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4 The production of total dry weight gram and stray per act
increased with the inerease in rate of scedng, except the grain yield 1 b
second year which showed a lttle reduction from Sy to S, Inalfthe
cases the yields under Sy, and Sy, were sigmficantly supecor to thess undee Sy
The increase m the yield of straw however, mereased signilicantly with every
mcrease 1n the seedrate  The straw/gram ratro appeared to de rease with
the decrease 1n the scedrate

5 Plant population creased appreciably with every ncrease m b
seedrate in both the years Inthe two years average the plant populatos
per acre under S,y and S., worked out to be 36 and 17 per cent respectivelt
more than that under S;, On the other hand, the plant yield undes Sy
and S0 were 88 and 81 per cent dry weight, 89 and 80 pec cent gram and B3
and 82 per cent straw respectively thatof §,

6 Among the plant, ear and gram characters responsible for the yicd
of gram per plant, 1t 1s noted that except the number of ear bearing ‘h"‘:]“
per plant 1 the second year, the three scedrates did not differ sigmificaatly
among them elves 1n any case m both the years

reased
7 The yields of total dry wesght, gram and straw per acn: ’l’l:m oy

with every mcrease 1n the level of mtrogen 1n both theyears cxep fr gt
to Ngg 1n the first year where shght reductions were noted Inthe o of
the yields of total dry weight and straw per acre under the three o
nttrogen (N 4 Ny, and Nyp) among which the differences were 1;0noz.lg"mw
were significantly higher than those under N, Horweser the yie dd ug;dcr %
acre under N ; did not differ significantly from the vield obrane N,

but both these yelds were significantly lower than the yeldy f;”:m‘ I“:\ the
Ny, the difference between the latter two was also non Sign¥ :Lﬁtanﬂyw\lh
second year on the other hand, the yields per acre mcreased ﬂg::u tended
every mcrease 1n the dose of mtrogen The straw/grain ™

mcrease with the increase m the level of nitrogen

wath ey

est increased
o to Ny 18

8 The plant population per acre at ha e

t froi
merease in the dose of mitrogen 1 both the years excep
the first year

By vanei®
9 The total dry weight per acre was affected sl}g\!\:g:"",‘:;ycuyd sy
x scedrates » levels of mitrogen only 1n 1957 58 Bot! conditton?

der Ingh fesuhty

secded at any of the rates (2040 Srsfacre} un wdht pe a6 10 .

However, under Tow fertility conditions the  dry
with mcreasing seedrates

oquiid
cre nercased 93
10 TIn both the years the number of hoots p’;;": et Qrshwg‘x{
g
ntly wath every mcrease m the re of secdx?t;l cozen only with fow eX<ET
&

acre also increased with the merease in levels o

rend
tions ‘The vaneties did not show any conclusive ¢
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11 In both the years Ingher values of Ieaf Area Index (LAT) due to more
imber of leaves per sq yd and bigger sized leaves were obtaned under
> 501 than under NP 718 The rates of sceding as well as the levels
" mtrogen were found to  affect favourably the leaf area index number of
aves persq yd and size of the individual leafl 1n both the years

12 As regards the protein content of grain 1t was higher in the first
ar than m the second year The grams of N P 718 vanety were richer
protem content than those of Pb 591 1T levels of

creased the protein content of gram while the rates of seeding showed no
“finite effect

1% From the results of this mvestigation 1t may be concluded that both
€ vaneties, <hould be sown 2t 40 Srs sced per acre and fertihzed with
JIb N per acrc to get maumum yields however under low fertility
mditions N P 718 can be given preference over pb 591
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TORS AFTECQTING THE RLCURRI'NCE OF POSTPARTUM
OLSTRUS IN MURRAH BUFTALOLS

S Basu
Balwant Pajput College Agra

Abuffalo cow should calve cvery year for maumum prohficacy and
profitable mulk production The recurrence of oestrus after calving 13 one
factor affecting the intercalving peniod and thus affecting the fertility or produc
tmtyof a cow Many factors phenotypic and genotypic as well as indiv
duals charactenstic of stramns etc are thought to be associated with the breed
g of buffaloes  The ¢ factors need to be explored so as to brmg them under
control with improved t and sel hnig Works had been
done to determine the average interval between parturstion and the ficst oestrus
(Levine 1920, haleef 1932 Ocampo 1939 Hafez 1954 Rao and \uran
1856 and Basu, 1962) but no attempt was ever made to find out the factors
mvohed 1n lengthening the postpartum oestrus period  The present study 15
designed toinvestigate whether the factors like season mulk yeld, age month
of calving lactation and the dam herself influence the period between the
partuntion and the first ocstry after cabung  ‘The hnowledge of such controll
g factors may be of valye 1 curtathng the mterval which my prove of
€conomic mportance to a breeder

MaTteriALs AND METHODS

The data utilised in this study were obtamed from the Murrah herd of
bulfalo bred and raned at a farm ner Agra  In all 203 parturitions 1 86
buffalo cons were studied

heat 1 cows All

Teaser bulls were kept 1n the herd for detection of
The days from the

ammals, however were exammed 1ndwidually for heat
calving to the recurrence of first oestrus were caleulated and comparcd' from
the various records which are mamntamed with care The milk y :3 W::
worked out for the first 301 days the cow was n milk  Total milk yel c::m
13hen 1n case of cows with lactational length less than 301 days afier m':: one
(Correction factor 9 33 1bs  of mufkfday) Calves were allowed 1o G ;lways
quarter of the pdder of their dams Hence the mulk yelds of cow
represent the three fourth of the total milch ability of the buffaloes
e date

The age of the ammal was calculated 1n years and "’m-';}lz r‘:zzl:hdurmg

of burth 10 the date of her first oestrus afer each calving v

>

-\
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which the animal came 1n heat and the month of cilving were considered fx
studying their influence  The months were grouped 1nto three distinet waacs
—Summer (March to June), Rany (July to October) and Wit r (Doerder
to February) to find out their effects

The anmals stayed i the sheds durmng cverung and night and wer
tumnedout from6am to 3pm everv day All ammals were reglvly
examined as a routine work bath for health and reproducuon  They were id
on concentrates (cqual parts of Barley, Bran and G N cake) plus 2% cxdhof
salt and mineral miture, and dry and green fodder as available m diffetst
seasons according to body weight and mulh producton All ammals sere
tested for tuberculosis and brucellosis at annual ntervals

Resvrrs Anp Discusston

The average mterval between the partunition and fisst oestrus w13 fouad
to be 164 93.1.11 2¢  The average mterval s found by other worersas
givenn table | The interval was larger an this herd than reported ofir
by other workers The table 2 shows that mrimum number {178 percﬂ“)
of animals came o heat between 61 to 90 days after calung  Only 43 P:’
cent came to heat within 30 days of calung and 66 per cent ol’amml—;
exhibited heat belween 31 to 210 days In8 per cent cases the heat recurre:
beyond 300 days of calving  The range extended from 9 days fo 164 duye

TsBLE |

us
Laterature on the wnter-al (in days) belueen calung and post parture oeit

of domestic buffaloes
Race Range Mean Authort
‘.
Indian — 3 Levine (19°0)
9’
Bulganian 14-410 s Faleef (1937 .
Malayan 3060 - Federated Malayan 5t
(1570) hasgaraam 19
Philippinc 24-50 35 .,
Indian 4553 50 Ocampo (199
Philippine X Indran 35-51 44 o
Egyptin 10-76 35 afez (1957)
Tgyptian 16-76 44 Hsfez (1935 .
83 Rao and Muarl {18

Indian
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Tantre 2
Frequency and a erage nterzal between partuntion and first oesirus
Interval {days) No of observations Percentage

1-30 9 43
31-60 21 101
61-90 - 37 178
91-120 22 106
121-150 17 81
151-180 21 101
181210 21 101
211-240 30 48
241270 9 43
271300 20 96
301-330 3 14
331-360 5 14
361~390 N 24
291-420 8 38
491upwards 2 1o

————

Tre Frreer oF TaE Cow ON THE INTERVAL

The data were analysed (Table 3) to find out 1f the postpartum acstrus

intenal differed from cow to cow  One bundred and esghty four observations

ftom 61 cqus having at least two calvings were used  The analysts indscates

hat the difference s highly signtficant at 1 per cent level of probability It

Shows that the postpartum oestrus anterval duffered significantly among the

Lfalo-cows Tt 15 suggested that this difference should be reduced for 1mpro
¥7g the festilty of the buffaloes

TaBLE 3
Lffect of the cow on wntermal from parturition to first oestres
Sources of vanation 41 MS i}
b
Between cows €0 196426 11 2 500
Witbn eqwy 123 e 11

** Highly sigmficant at 1 per cent level

r—
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Tue INLUENCE OF THE SEAsOY

The study of the month of recurrence of oestrus 1nd the nergemtersah
reseals (Table 4) that the monthly average of the intenal was longer fo
the months June to October and shorter during November to May The
average interval was greatest (230 4 days) i October and shortest (98 3 das'
in January The frequency distribution of the occurrence of aestrus ind cared
that the number of buffloes coming i heat were more frequent dunng the
months of August to February 1 ¢ during the ramy and wmnter ceasons The
analysis of vanance (Table 6) showed that the effect of the season of occu
rence of oestrus on the calving oestrus mterval was highly significant Tab!
4 also shows that the winter season s very optimum for the occursence of
oestrus 1nd for the least postpartum oestrus mterval  Basu {1962) was of the
opmon that this mcrease 1 sexual activity during winter months was dut to
ample feeding of Berseem and other luxuriant green fodders

The mfluence of the season of calving on the interval (Table 3) wdie
ted that the average nterval was longer for calvings 1n cooler months 14
from November to April and shorter for calvings m warmer months, 1¢ fron
May to October The dufferent seasons of calvings (Table 6) were found n‘
have a significant effect on the mterval from partunition to first ocstrus &
1 per cent level of probability

TABLE 4
The ¢ffect of month and season on the length of tume from parturition lo Sfirst oestras
Moaths ’ n ’ % J \werage laten!
Wanter 19 572 1954
November 28 183 170
December 37 178 M7
Jamuary 5 72 al
February 29 139 1266
Sammer 28 135 1518
March s 38 ;Z: :
ot ! : 162
May 6 29 o
June 7 34 -
Ratny 61 294 o
i ¢ 2 1958
August 12 58 s
September 20 96 st
October 23 nt
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TADLE 5

The ¢ffect of month and season of calying on persod between farturiion

and first oestrus

Months n % Average interval
to ter a1 389 191 7
November 24 s 216 6
December 28 135 161 3
Janvary 14 67 147 5
February 15 72 241 2
Simmer 30 144 162 2
March 15 72 192 7
Apnt 5 24 167 6
May 6 29 144 7
June 4 19 1438
Fewy o7 168 135 9
July 1 53 19 5
August 26 125 158 2
S ptember 35 170 136 7
October 25 120 129 0
TasLe 6

Inalysts of arsance shoang the effect of season of ¥ cwyren

ce of ocstriis

ard the season of ealuing on the length of postpartum oestrus nfertal

Sources of vanation

Eetween season of oestrus
etueen season of calving
10 £ action

Withiy Sub-classes

** Sgnficant at 1 per cent level

——

MS

90440 22
72832 08
48518 01
8437 14

10 72%*
8 63%*
5 75*%
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Villegas (1928), Arumachalam et al (1952), Hafez (1955}, Rso ad
Murars (1926) and Basu (1962) reported high sexual actrity drtng romysac
and gocler months  In the present studs it was found buffallo cows ch
from May to October exhibited oestrus carlier  There may be two retsons
Trurst the later part of this period comncides with avaifabulity of Jarre qua o
of legummous and oestrogen contaning green fodder which may stunulate the
sexual actisity  Second this pertod Deing a ramy scason and asuao
immediately followed by cooler months, the buffalo cows caling durg
these months finds a comoaratvely longer favourable period to exhubit ther
sexual activity

TiE INFLUENCT OF AGE

The table 7 shows that the postpartum ocstrus nterval deaess
with age, though intually there 1s an increast from 4 10 6 years of :\gc6 1::
Iongest terval (208 2 days) was found with ammals between 510 1m
age group  and shortest wterval (79 2 days) i 13 to 14 years ﬂfax{m
oldest group of ammals  Two ammals above 14 years were not mc;;mx
The analyss of varrance (Table 8) revealed that the age had & sxg::1 o
effect at 5 per cent level of probalulity on the nterval from partur ;
first oestrus  Older cows appeared, thus, more fertile than younger o

Tastr 7

i
The nflucnce of age on the wterval from partuniiion lo Sirst orstr!

Age (years) Frequency Percentage g e
S
45 10 49 wa
5-6 18 87 " s
67 4 19 lx: \
78 35 7o 0
-9 33 160 o
9-10 ] 12 s
10-11 2 107 ye s
a2 15 73 e
12-13 4 e 12

24
1314 5 /
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Tapee 8

Analysts of veriance showing the effect of age of amimals on the wterval
between parturition and first oestrus

Sourees of Vanation af MS F
Between age groups 9 27106 12
2 361
Wi ag groups 196 11F08 87

¢ Sigmficant at5 per cent level
Tie InrLUENGE OF LacTATioN Nuuner

The data arranged according to lactat on number (Table 9) showed
at the first calvers took the longest time (209 > days) to recur the sitns of
Stotstrus  Thereafter, the post partum oestrus nterval decreased with the
e 1y the qumber of Iactations The fifth lactation, an exception,
owed a sudden increase 1n days

Acntieal difference test was made using the following formula —

Critical dlﬂ'crencc=f°\/_nl_+_nl_- 6%
s b

where ¢, =sigmificance Jevel at P=0 03,

ny=Number of observations n a th Jactation

1y =Number of observations in L th Iactation

6 ¢=stindard error of the differrnce
‘d then wa compared with the La—Lb (where La and Lb are average
“nals i 2 th and b th lactations respectively) to find out if there was any
v:fifanl contrast Letween any two of the lactations Tor this dufference

naverage postpartum oestrus intervals of all possible paus of lactations

8 compared with thewr corr d cnticn! dffe The Tesults

Presed i bar notation werc as follows —

actation No L, L, Ly L L, L, L,
—_— s
—_—_—
“ragemterval 9095 1841 1727 1498 1138 961 838
——

121184
The treatments 1nside the bars were not signihicant but treatm

rated by hars were signuficant
there wis highly «1gnificant

Amlyus of varance (Table 10) showed that s

7N for the mtervals between various lactations
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hruted upto seventh lactation as the 8th lactation contamed only b
obsery 1tions

TABLE 9

The nfluence of lactatson number on th posipartum oestrag e !

Lactation No Trequency Percentage Average mtere]
Ist 37 180 w03
2nd 54 26 3 181
3nd 49 239 17
4th 32 156 138
Sth 16 78 "8
o 10 49 st
Tt 7 34 ue

TasLE 10

Aralysis of vanance showng the effect of lactation rumber
on the length of perwod between calowng and first oestrus

Sources of varation ar

goset | SH

12000 06

Between Jactations 6

Wiuthin lactations 138

** Sigmficant at 19, level

THe InrLushce oF Mik YiELD
J as oalv 18

tudic
ws were st orels

Atotal of 180 lactations m 84 buffalo cov eents ol ¢
completed lactation records were avalable The Cocr\‘:l wert ns’ﬂl[mi
(r) between mulk yield and postpartum ocstrus ln\1= o the M‘.E[,mg:
at 5 per cent level for 3rd and 7th lactations on ykﬂl for Jed, 4th &
regressions (b) were Inghly sigmificant at 1 per ecat Jst and 2ad BA
7th lactations and sigmficant at 5 per cent level for Jations beft xcn‘c:
(Table 11) Ragab et a1 (1956) found sigmificant comm5 vl and \h,.l
period and mulk yields of 2nd, 3rd and 4th :‘C:“\‘z‘m servce P an
(1960) reported a hughly sigmificant correlation bel on whea ¥ N
1st lactation only poaty®

sst
The coefficient of corrclition Bn;“o;gdn e
taking all lactations together i onc pool were
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ughly sizmificant (Table 12) Kokl and Malik (1960), Ragab ct 1l (1956)
nd Venkayya and Anwnta hnishnan (1957) found Inghly sigmificant correln
onwith service period  and milk yield 1rrespective of lactations  Then the
aling oestrus antervals were Arranged 1nto four groups according Lo corres
ondirg lactational mulk yield The group were 0 to 1999 lbs, 2000 to
999 1bs 3000 to 3999 Ibs and 4000 Ibs and upwards (Table 13) It showed
hat the lawest milk produting group (1 ¢ 0 to 1999 Ibs ) had the least post
Artum oestrus 1tenal (117 2 days) and the interval increased gradually
uh hajher milk groups  The ughest milk producing group had the longest
terval (2255 days)  The analysis of vanance {Table 14) showed that a
ughly significant difference exists between the milk groups with regard to the
ntersal between calving and first oestrus
The above results mdicate that high yielding  buffalo cows come to
eat Jate Tt may be possible that the nutrients and the ovanan hormone
trogen dunng the peak mulk yield period go more for the production of
nlk than for reproduction  So 1t 3s not so much the gestation  period
bich taze, the cow but the lactation period which follows
Tasnre 11
Assoctation of mulk ield (3) and the postpartum cestrus pertod (x)
1 dufferent lactations

latin o l n l x(day) { ¥(tbs) l . l b
—————
! 6 200 21 2592 00 022 2 0%6%
2 50 153 08 2013 51 023 2 201*
3 0 184 17 3039 16 0 309¢ 3 43708
* 3 12¢ 87 3169 30 0 366 5 27504
s 1" 162 78 3171 28 0 098 0 690
8 10 % 10 2162 70 -0 322 -6 567
? 5 97 20 2863 20 0 78% 7 365%+

‘: S pmificant a1 1 per cent level
Significant at 5 per cent level

TasLe 12
Assoaratun of postpartum ocstrus perod and mulk yreld srrespectsve of lactation
Degrees of fredom (d £ e
Average milk yicld (5} 2774 03 Ibs
Average post-partum arstrus perod () 178 7% da
.
Coetficizat of corretation {r) o=t
N
Cocficient of regression (b) e

** Sigaificant at 1 per cent level

o~
e .
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TaBLE 13
Tk frequency distribution of posipartum oestrus pertod 11 relation to mulk yl

Milk yield No of observations Average mtem!
0 to 1999 1bs 20 1250
2000 to 2999 Ibs 6P 169 1
3000 to 3999 s 66 186 &
4000 to upwards 17 2%
Tante 14
Analyss of wartance showng the ¢ffect of milk yreld on the cal 1n, vestrus et o
F
Scurces of vanition df MS
-
485
Between milk groups 3 48575 72 i
Within milk groups 176 10157 22
__-—’

*# Sigmficant at 1 per centlevel

SunuaRY
6 buffalo cows had beew

n the recef

Two hundred and eght partuntions i 8
e r rious factors Of
w scason

studied to 1nvestigate the nature of anfluence of va
rence of first oesirus after calving It was found that d‘céohdahls"]f
occurrence of first oestrus lactation number and futits )\CL lT’le "
significant effect on the interval between calving and ﬁrSt:rlwt 4t 5 per it
of calving and age of the cow had only 2 significant  ciiec! P s I
level on the post partum oestrus iterval The average ‘“’“"Dbﬁ and
for buffalo cows whose oestrus occurred dusing June to 2::;1“1”!10,1::
cafving 1 cooler months ¢ ¢ November to Apnl. Them ber to VI3y 2
1 those buffalo cows whose oestrus recurred durmng Nlo‘;n:hal the e
for calvings during warmer months It was also reved Fd\e ol B
decreased with increase i lactation number and age © s bad sharter
milk yrelding cows had longer mterval while low yelding

nterval e 16491 P
The average postpartum ocstrus antersal was calculated to

1124
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cavity wath hittle amount of clot at the ruptured pomt  The orgamnaton of
corpus Iuteum (CL) was found to be rather quick, At day Baferotsys the
CL attamned a size of 143 cm i diameter and 0936 gm amwtighe Th
maximum size, diameter 15 cm and weight 2 28 guL were attamed b dy
12, after which regresion, both in sze and woight followed  The ooty
of the CL wasat first bright to deep red then turned mto pokand atth.
‘regressing’ stage 1t became red, pmk or flesh coloured The regresing ad
‘persustent’ types of CL 1n  the abnormal oestrous cycle were generally b,
brick red or chocolate m colour and the mean weghts were 117 and 187¢gm
respectvely

The mze and weght i the developed and ‘regressig fHpu wee
lower compared to the corresponding stages of CL obtamed from normsl
oestrous evele  The rate of regression of CL was found to be slowert? ;ﬂ“
ghter house ammals  Sigmificant difference 1n the weight of ChLmalide
stages except developing type was observed duning breeding and ot breedry
partsof the year

The CL of early preg y bles the ‘developed’ typcl;‘!‘::’":
respects  ‘The varations 1 size and weight were 1o signifivant durags ¢m‘c
stages The eolour of pregnancy CL vaned from pnk to flesh and were
intimately connccted to the ovary with the advancement of pregaa ¢f

The CL of embryomc mortaltv were mdistinguishable from mtmx:
appearance with the corresponding stages of normal pregnancy e
weight of CLn 1the former group was, howeier, found to be &2
Jower

hits d
The CL of post partum period were very small i s1z¢ and we§

resembled the 1nacuve form of corpus albican

Histological study

The gradual development of CL fros
rous cycle has been illustrated  Since afier the ovu)auon.‘ e
zation of CI was observed upto day 3 stage  The compactn
and i tion were plete bv day 6

m the matured follicle durn, 0t
Yhe acrac ORI
n 3

rdetty

The vanations mn the differential Iutein cell mumt::fc?::t““d
degree of vasculanization and the amountof conm=°:'c dle pregrincs ?
with allusteation n different stages of GL during Dcmod :—.’u devond of3 1 F
embryome mortahty The CL of post partum pend

2 & hysut

1utein cells, and the whole t sue was infiltrated wath conned et
¢ D
es on the bar

The lutetn cells were dentified nto five tXP h * mads 0

tard
i © areer than thoy {0

logical ; Jarg

th
< PP 4
'l%m average 1ze of Jutein cells in case of buffalo wa:
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The mean percentages of luten cell type Iand 11, were hugh in the
aevelopng stages and the mavmum (8!1%) was attained by day 9 High
gtrccntagcz of type 1Y, IV and V cells were assactated with the regression of

L,

The luten cells type T and I 1n the ‘regressing and ‘persistent type
of LL 1 abnormal cycle was found to be 8 994 and 13 49, respectively

The pereentage vanation of acuse lutein cellsat different stages of CL
1 non pregnant slaughter house ammal were simdar to the corresponding
“age af normal oestrous cycle but having lower values

The hustological picture of CL during carly pregnancy resembled the
[y Seveloped form of ¢yelic CL excepting that the Tutem cells were bigger
52 wath some cytological variations The lutewn cells type T and I of CL
i embryon ¢ mortahty was decidedly lower comapared to the corfesponding
$uveof normal CL of pregnancy  Stquif of this was 4 d

Bocherueol stugy

The maximum mean weight of CLtas 2 265,60 17gm atday 12 At
f“) 6 and day 18 the weights were 0 9861-009 and 1 17610 07 gm respec
[‘;‘1‘1 The progesteranc concentration estimated at the five stages, 6 9 12
. and 18 days of cycle were 133499, 180429 41 7268 2+ 7-£24and
19313 mIcgm fgm tissue resp ly The corresponding values of ascorbic
2o eoncentranion were 0464013 12700 18, 1916 £0 1o 00194007
2d 072840 15 mg fgm  tissue  The differential count of lutein cells type
1 and 11 yas Taximum at day 9 (81 1%} and mimmum at day 18 (14 1%)
The Tepeatabylity was sigmificantly high for the progesterone concentration
868) ascorbic acid coneentration (0 82) and Iutewn cell type Iand 11 (0 50)
oTe CL The mean werghe of regressing and persistent CL were 1 172
$32001 8164012 gm respectively The p ton_of
the tyo 1y pes were comparable to day 18 stage of normal oestrous cycle The
nbibition of the opset of subsequent oestrous cycle duc to the level of pro
Besterone 1n these two types of GL was considered to be unlikely The ascorbie
"ad concentration was, however, higher in persistent type

d
Consistent correlation was obtamned for progesterane and ascarbx;:ﬂzzxn
onctatration with lutesn cells type I and IT A lghly sigmficant m":.cucd
¢ 40 464} between progesterone and ascorbic acd mncc:nlratllon a‘ln patin
M 1's connection with the synthesis of progesterone The funrfloan e
talites of g, was highest by day 12 as evidenced from the signyl nc! :n:n
inter correlations of weight, progesterone and ascorbic acid concentr:
carly
done mm GL of non pregnancy
Estrmation of ascorbic acid was ;lsoos( e period in. e aughter
imgm“y embryonc mortality and P I i developing  develop=d
9Use amimals The concentrat b were 2360
on pregnant animals »
'“‘grcssmg and regressed types of CL n non p
~ -
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018, 16844023, 0959-£010 and 0664+0 10 mgfgm  tissue respectaly
The results are comparable to the stmilar stages of normal oestrous ale
excepting that the ation 1 the ‘developing’ type was sgnfice. ly
Thigher

There was no sigmficant vanation obtamed in the concentratonel
ascorbic acid of CL during one, two and three months of pregnaney The
concentration was similar to the ‘developed’ type of cyclic CL

Practically, no difference m the concentration of ascorbic aad w
observed 1n the CL of embryonic mortality and normal pregnancy of equl
stages However, total ascorbic acid content was sigmificantly Jow i case of
embryonic mortality

A conustently lugh level of ascorbic acd m CL at different stagss of
oestrous cycle was found to be associated with breedng season in thas speeiet

The percentage distribution of active type of lutern cells {ype] mdll;
durmg breeding season were relatn ely lgher in ‘developng’, tdeveloped _}”h
‘regressing types of corpus [uteum than in the non brccdmgswﬂztl f
mean difference, however, 1n ‘devcloping type was only significantat 5% ﬂl‘X)
Highly sigmificant correlation between active type lutein cells {typeLand q
and scorbic acid concentration was obtamed durng breeding and non Lree

g season



RESPIRATION AND RECTAL TEMILRATURE AS MI'ASURES
OF ADAPTABILITY OF' DIFFERENT BREEDS AND
CROSSCS OF LANBS AND KIDS TO TROPICAL
ENVIRONMENT

O N Setu R C Saraswar avp A Rov
Departm ut of Physiology and  Drockenusiry,
U PColleg of Vet St & At Hush , Mathura (India)

Solar radiation  precipitation, humidity and alutude are some of the
unatic factors which affect the ammals physiological processes directly
‘indirectly  Adaptabihity may be defined as the anmmal s ability by altera
vas1n the normal physiological processes to withstand the stress imposed
! various chmatic factors without ats production being undermmed  Many
wtie breeds of sheep and goat have been and are propo d to be mtroduced
improve the prod ity of the 1nd popul through cross
*eding 1t 13 implicat that success an the tropes of such a cross breeding
fogramme would be decided by the abihity of the cross breds to withstand
1estress due to high environmental temperature Since foraging 1S the
108t economic way of mamntaming sheep and goat adaptabihty to forage
+ both good and bad weather would be the main condition tn determining
ofiability The pre.ent wvestigation was undertaken to ascertan the
Laptability of lambs and ads of different breeds and cro scs during thoe
onths of the year when environmental temperature 1s above 90 F Respira

@ sectal temperature and growth were taken as indices of adaptability

Marteriats anp MeTHODS
Male Jamb and Lids were taken for this experiment Informations regard
Bthe breed comnosition average age and weight of the anumals at the
art of experiment have been given below —

Lambs hads
-—

H
Wegtt

Gogp Age (days \ W ight Crop "‘F @y N
— > |

610
Bikas o n 130 1 whan 6
193
Mandia 15 521 S nn o7 |
59 b 15
Comriedale 65 13 32 BxS
Freros s | 1410

Sannen 3V
E Bikanersg x Corriedale g BXS Barban® X
F cross ¢ Corriedale 3 )
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Ammals were housed 10 half wall shed but the space between the pl
were closed by hanging jute curtamns n the months of May Juncand paof
Julv Upto three months, 200 gm and thereafter 250 gm, of crushed gamw
gwen daily as concentrate to the anmmals  In addition 2000 mg of T M3
(oxytetracycline) was given to each amimal They were allowed gra m, fir
two hours (7009002 m) Observations were recorded from the St wek
of May ull the end of October  The division of seasons was as follows —

May June  Summer

Three weeks of July Premonsoon

Fourth weex of July and August Monsoon
September October Autumn

Respiration and rectal temperature of each ammal was recorded eze*
weekly in the morning (7 00 to 7 30 hours) and in the evening (14 010150
hours' Respiration rate was counted for one muute by noting the fank mov~
ment Rectal temperature was determmned by a chncal thermometer Dattor
the environmental dry and wet bulb temperature within and outside thested
wasalso mamtained at the tume respiration and rectal temperature was recorded.

REsurTs AND DIsCUSSION

Resprration rate of lambs—Table 1 shows the mean morning andT‘a;;:m;
resprration rate of the lambs  Analysts of variance 1s presented i .
There was significant difference between groups as well as betueen s
Interaction between groups and seasons was tlso sigmificant

TasiE 1 b
Mean values of the resptration ratejmnite of lambs of different oree
and crosses during different seasons

‘ Summer Premonsoon ! Monsoon *“‘—‘”:’
Aur temperature ;J 88 58 | 103 58 | 90 16| 97 06§ €620 :: :: 7707::’ ;;f
Arr humidity °© 5750 | 3875 6566| 5330 _Ti,_’.——’/
- [ e A £
Breeds & Crosses A3 E M 1 M ‘ ; ul 3:'59 s; M

055

ptaren LRER B RE LS e
s nnlug g 28 S8A0 I
ne | pplien s kag| B0 A0
e palmulyslnelngae s
e N E ] R T F

Fr cros—=Cornedale § XBikaner

M=Mornng
¥y cross=( ornedale § ¥ T1 67238

Fe=Tvemng
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Tanre 2
Analysis of variance w the respreation raie of lnrbs
Moraing Evening
Swsee of wanstio DF
85, (e 5§ ; AS
Between groups 4 130979 3 | 32732 92°% 2,6376 4 )soog; 1g#e
Brtwesn seasons 3 VOSST 4 | 3845 20%%) 200260 2 £64a6 40°°
fateraction groupyt 12 4763 7 | 397 1% | 568471 ; 4737 2508
B an 263320 3 892 80 | 713 & §lew2 b9
Toral st | 57500 7 1115206 3 ‘

CD Betweengroupr M R 124 E R 1719
M R =Mlornmg respuation E R =Cverung cospuation
¥ Sigmficant at P<O 01

Coxparison af RESPIRATION RATE OF DIFFERERT GROUPS
1 A PagTicuran Szason

Sammer—Sigmifieant. daffrence was found w the mexe value of mornng
Bpination rate of differcat groups except thyt of Fy and T cross The
fecences v the mean yalue of the evening respration rate were sigmficant
rall the groups exceps Bihanens Fy and Fy cross  Mandit was found 0 be
** most and Corssedale Jeast heat tolerant with Bikaners 1n between them
gruficant difference 1n the mean values of respiration rate of Bikaners and
Lindia lambs suggests that there 15 a remarkable  difference in the heat
Gptabiluy of wooly and hawey breeds Al ahe groups showed an sncsease
TP Fation rate with increase 1n ambient temperature though the degree of
Srease differedin dyfferent groups Cross bred Iambs toleratud ambieat
Tperatare of 103 6 I' without showing sign of stress and thewr respuation
1& was same as that of Bikaners

Premonsgon—Thas was the perod of hgh awe temp riture and fugh
midity diately pr { rame  Siygmficint difference \ ¥
‘ad 1m the mean valye of morning as well as evenmng respration rite of
erent Braups except Carnedale Fp 20d I Sross o thns pruod wou mg
Iperrture was 1 38 F and humidity 8 16 per cent more than in the sumace

@utd a greater acrease in the respiration rite of Bikanert Lumbs 19
Bening there was a drop of 65 F n the ambient temperature but bu
Fincreased by 8 16 por cent  Respwration rate m Bikanen dvurea ed DY B
compared to summer while the corresponding dechine n G roedale 22
Adia was 26 apd 32 respectively  High temperituce and high hurmin'
€ mre trymg for Bikanes 1awbs than lugh temperatare 4 ne
Parted by the findings of Singh ot af (1563)
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TasLe 5

Corselatson Corfficrents

Correlalion coefficient wah aie Coreclation o Gerent with 1a
Groups temperatute humidity
MR | ER | MT I ET | MR JFR | MT [ET
Bikanen 72813%+] 69553+ 48946% | 71203%4|~ 14546 | 24051 |~ 0763 | S
Bikanen ¥ T5421%%] 511300 #] 56, 72%+] 33423 |- 30394 | oo59t| w0y 1B
Gorniedale
Cornedale 81406% %) 50104%4] 578444+ 800 149%] 41064%|- 18385 57,07 { SM
Mandia 40934% | 8364%| 6B060%+| 5476108~ 23669 |- 7353 [~ 2200 | WD

Parisal correlation coeffictents

Value of partial carrelation Value of paruial coprelsu
with asr temperature keeping with myr Pumidiey keept 82
Groups arr humidiy constant temperatae tosant
e
i x|t
MR | LR ’ MT | £T | MR | ER | M
L
i
Bikanen 8106 +| 76310%+] 596020 pss0ree] 13we [ asawie § oS
3
Brkaners X 76881 %% 75026%+] 63760%%] 33567 | 24423 PENEE
Cornicdale "
4
Cotniedale 79073¢%| 538349 %] 50714%%) 70325%%~ 98402 2918 |- 406 .
.. a0181 ] O
Mandia 33916 | 61109++] o79144] S055284]- 7749 | 9210 Ll

Al R ==Morning respiration M T =“orumg rectal temperatuee

T R -=Evemuing respiration ET —Evening rectal temperature

* Sigmficant at P <0 05 ** Signficant at P<0 0

ad between a0 terre d
and rectsl tempes? ’;
resparation r3tc 3
reeprati
nd that 6

A tughly sigmficant posiave correlation was fou
ture and Tespiration rate as well s arwr temperaturc
of different groups Correlations of air humidity itk
rectal temperature were non sigaificant except that the mnrmnga
zate of Corniedale was significantly correlated with a7 huoudity "
Corzel k arr hurmdity and rectal temperatusc WA n‘:‘g"
Iughly significant both w the mornmg a8 well as @& 'hc,c;:;.ﬁmr s
correlation cocflicient of respiration rate and rectal temperaty
perature were highly significant except for the mornng r‘c“h o
Mandiy  Partial correlation coffictent of respiration raie \nd s 3
was sigmificant for the evening respiration rate of Bikwnent &
cant for Bikanent x Cornedale
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Auftpte <orrelations indicse that most of 4

he variations 1 the respira
09 £3% and recta) temperature of (hege Anumals g,

ere du- to ehmate clements
Mutupte onelation coefficreny

Groupy } MR F R M1 £
- kﬂﬂ&‘-\“__\m e e
Bianen 73 v 7B v Bo7ee ! Tizes
B han:xcqrnedﬂr 71ee 59se G2es ! 3N g
Lertpedate B3lee §60se S80vw B0Gre
Mand 3 437 6335y I 68Ges S4grs
M ReMormyg Terpration E R =Fretaag resp ratran
\.f.Tz\Iommg FECUF temperatare E T= Feng secrat mperature
Sigatbeant as p g 01 * Siguficantat P g py
\(n;lnplc Fegression equanans for EYENINg Tespuration sage of fambs are
veu belgy, W,

~588 0916 3778:1 +1 5279x,
X for Bikaner, X Carnsedate e —13002 4.7 4060v,4.2 7214,

€ 1076x, -1 3367,,
Y or Mangia = _gg; M43 5050+, 877,

\I“lﬂplb Fegression equations for £vening  rectal temperatuce of Quffer
E50UDS wF Jarghyy 2E Bven below Y wag

o Preseny ¥d indicaces covironmental wmperature 15 she mam
N 011 @y Varation gy TEPIBLOR and renta) fetoperature of (diffecent
Teeds ang 505368 o fambs

Weekty weights of the hree breeds of famtn were recorded dunn .:r'he
Surse yp Mestiganon to study ddaptal)xh!y N terms of Ine we gl 8 ,
tEeession corfficrent of per week gun

et
Ve wehy and compars !

 Gfferent breeds of 1ambs 3 presengeq tabje §
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indicates that cross breds adapted themselies successfully to heat stress whea
they were kept 1n shed

Premonsoon—There was no sigmificant difference in the respration e
of different groups, except that the mormng respiration rate of Barban wa
significantly hugher than that of Barlari X Sannen kads of all the groups
showed a decline in their resprration rate as compared to the respiration 12*
1 summer

Monsoon—There was nosignificant difference 1 the mean moming and
evening resprration rate of different groups  Ameliorative effect of humdtr
was evident 1n all the groups, most remarkable being on the Sannen kit
In this season the mean evemng ambieat temperature was 1 )0%Flesa d
relatne humidity 2505 per cent more than in summer Respraton rie
were 73 44, 48 06 and 44 98 less than 1n summer in Sannen, Barban X Sawren
and Barbar: Inds respectively

Autumr—No sigmificant difference could be found m the mean fmS:mlg
respiration rate of different groups  Mean evening respiration rate of Sinac
was significantly higher than that of Barbar: and Barbars X Sannen

RecTAL TEMPERATURE OF RDs

of
Table 9 shows the mean morning and eveming rectal temp n:‘xr::m
kids Analysis of variance 1s presented 1 table 10 There wa 8§
difference between groups as well as between seasons

TaBLE 9

Mean values of the rectal temperatuse of hds of t 1o different breeds
and their cross duning duferent seasons

/
Ao
Summer Premonsoon Monsoon
Group "—IT
M
M l E
M E M B [
4
101 ll‘”
Barban 102 28 | 103 29 | 107 22 | 102 66 | 102 01 mﬂ%g 08 T
+ 143 + o99| + o 4- 15| + 0y F ;vm‘lﬂ’?’
0283 | 105 00 | 102 46 | 102 o 53 | o
02 8 162 88 | 102 05 | 10 '
TParbany Sannen l+ it ‘9: ?3/ l?ﬁ i, g a0 10 305 kN
02 " 03 P Rk A L e
Sannen 102 82 | 104 63 | 103 23 [ 104 03 | 102 00 1ETE ol
207 Va7l + 71| - 250 + 6| 1B X
7+ )k
FoLyvenng -

Al==Morning



Spt I%66] O I SKTH et o o R sgiretion o d rectal demperature of Lands and Knde 27

Tunse 10
Aralysis of vanance 1 the rectal temperature af kidfs
I Morrang Lvenng
Sources of vareation DF
$s M S §s MS
T JUN
B tueen groups 2 9 47 4 7330 26 27 13 1350
Between seasons 3 52 7 Hove 57 73 19 26
Interacnon grwp’)gwn . - s ‘6 -
irror 164 75 98 4632 3817 3546
Tatsl 75 107 39 146 87

G D bencengosps M T 0201 LT 038

Corpartso o Reotar, Tempgrature oF Dirrerent Grouvrs
IV A ParTrOULAR Spasow

Sanmer—\fean mIming and evening rectal temperature of Sannen and
whan ¢ Sanye, kads was significantly hagher than that of Barban kids  No
ntficant dfference colg be found i the mean morniag rectal temperature
Saancn ang Barbar x Sannen hids though 1n the gy emng such a difference
4 Diurnal vanagyon m the recial temperature of different groups was
follows Sapen ! 81° Barhert ¥ Sanpen L1759 Barbar 101 F  Rectal

PPerature study indicates that Barbars s most and Sannen least adaptable
heat stregs

Pmmn:oon—-Mcan e mng tnd eventn,
$ Was Significantly ligher than that of Br,
S®nificant difference ¢
 Barly

g 1ectal temperature of Sannen
rbars and Barban X Sanpen kids

Monsoon—.Ng sigaificant ifference w,
be different

as found in the rectal temperature
Broups in the morning or 1

n the evening

An'emg —\lorning rectal tem
Cantly ¥

PerAtUre of Barbar; hads was found to be
%55 than that of Sannen and Barbar; x Sannen kids  there bemg
Srence 1 the latter two 8roups  There twag no sigmficant differcace s
rectal temperature of the different 8TOUPS 1 the evening
3
Inrtuenes or Gumatic ELENENTS 04 ey Resematiov Rave
anp Reciat Tmrzm\nkz or Ripg
Correlation and partial correlation coefiticnts of anr temperatur® and
‘uudity with rate of tespiration and pey,
EE3

"o
12l temperatuse are present€d
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Susmary

Adaptability of different breeds and crosses of lambs andkds ma
ascertained m terms of respiration, rectal temperature and growth dura, tb
most stressful part of the year (May to October) Mandi was Purd ts b
the most and Corriedale least adaptable of all the breeds and croses ¢
lambs In the shed cross bred could withstand thermal stress effecta
Barban1 kids were found to be most and Sannen least adaptable toh:
stress during summer months  Barban X Swmen kids could b e
successfully 1n the shed In the other seasons there was not much difer g3
m the adaptability of three groups Environmental temperature was for,
to be the major factor in causing varration 1 the respiration rac and rets
temperature of different breeds nd crosses of lambs and kids
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ACTION OT MILD DOSES OF UV RADIATIONS ON DILUTE
AQULEOUS SOLUTION OF GLYGINE

O N Pernt (Miss) V Paur

Cherustry Laboratory AND Chemustry Department

M LM RE Collegr Allakabad A raCollege Agra
AssTRACT

When a dilute aqueous solution (01%) of glycne 15 exposed to mild
3of UV radations from a quartz mercury vapour lamp for about
unutes presence of other abphatic amino 2cids as well as di and tripeptides
dyeme can be detected n the solution  Further exposure apparently
xoys all the products formed except alanine whose presence can be detected
a afier exposure of 30 munutes

InTRODUCTION
Action of ultraviolet rad on aq i of glycine have been
Lied by several workers who reported evolution of ammomia * 343 Easy
mnation of ammonia has been explamed on the basis of a zwitter 10n
cture for the amuno acid molecule® 78,9 and pacticpation of water leading
formation, of glycollic acsd * However, the occurrence of a side reaction was
'moticed as indicated by the evolution of a gas rich i carbon monowide *
er Ide!® also reported the presence of glycollic acid ammonia and carbon
noude when aqueous olution of glycine was irradiated by quartz mercury

ur lamp i open ate at room temperature

The soutce of carbon monovide 1 the photolysis of glycine has not been
estigated but 1t could only be the carboxyl group either of glyeme or of
colie acid which 15 known to be produced  Carboxyl group simple
hatic acids (R CQOOHY) 15 known to decompose under the mmpact of uv

~-1ations from a quartz mercury vapour lamp chuef products being co co,
™ R OH i aqueous solutions 111 Hydrovy acds are also known to undergo
botolysis under the influence of UV radiations ™ All this mdicates that
hen aqueous solution of glycne 15 exposed to UV radrations several products
ould be present such as glyeme glycollic acd  earbon] monoxide carbon
“oude ammoma and methyl aleohol These can be expeeted to mteract
h one another In thus paper are described our prehminary attempts ";
ace the presence of other amino acids or peptides which mmght P°55‘blé g;
rmed when a dilute aqueous solution of glycme 1s exposed 10 mild dos
UV radiation from a quartz mercury vapour lamp

EXPERIMENTAL
All vessels used 1n these experiments were thoroughly w:
¥ heating them at 200 They were then placed m an a
‘ated at 20 1bs steam pressure for 30 munutes

ashed and sterilised
utoclave and were

T o
(\ R
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STUDIES ON THE ELEGTROPHORETIG PA1TLRN OF PROTEIN
FRACTIONS OF COLOSTRUM AND MILk WHEY

T Prasap, J S Rawar anp A Rovy
U P Collegeaf Vet Se & Amt Husb  Mathura

Large mdnidual vanations and sigificant breed differences inmilh
protein production have been reported st was found that alpha casein beta
casein and beta lactoglobulin values were significantly less in Holsten than
m other breeds and that gamma casein i FHolsten was significantly higher
(Rollers et ol 1936) ~ Studies on variations 1n protein components of cow mitk
dunng lactatton revealed that while the relative concentrations of alpha casem
and beta casen remamed almost constant, changes in casein concentrations

Were apparent only during col 1 phasc and reg milk phase  In
Contrast, the changes m whey proten components were more marked  Fur-
ther during reg phase lobulins and nlbumun components

increased progressvely while at panunu:n the fmmune globulins formed the
wost predomment protemn component (Gronwall 1947 and McMeekin 1952)

In the mvestigations under report, milk protein fractions were estumated
to observe their varsations i the changing phases of Jactation and also to cor
telate the blood serum proteins of zcbu and buffalo calves with the milk
Protem fractions of their respective dams

MATERIAL AXD MLTHODS

1 Ammals—The anunals used m this mvestigations comprised of eight
newly born zeby (Hariana) and eight newly born buffalo (Murrah) calves
gether with their dams Concentrate was fed m accordance with thetr
mantenance and production requirements

; 2 Materral—Samples of colostrum and milk were drawn from all the
01T teats of the dams at perods (a) at parturition (I period) (b) one and a
e o two days after partuntion (IT period)  (c) 10 days after parturition
[ periog), (d) 30 days after parturition (IV persod) and (c) 60 days after
Partunition (V period) The samples were kept 1n a refngerator before use

" 3 Protein fractianation—Fractionation of whey protems was done with
© belp of paper electrophoretic techmique

Whey obtamed both from skim milk and colostrum and dialysed as
described by Larson and Rollen (1905) was used with a little modification
As electrophoresss was carmed out m phosphate buffer (pH 6 6 and iomc
Wength 01) the thurd dualysis 1 veronal buffer (pH 86 and tome str::ingth

asgwenin the procedure of Larson and Rollent (1955) was “°:_ °:‘;
The dialysing sacks contaming samples of milk whey were processed T;SSC
Purpose of electrophoresis accarding the method of Larson and Rollert (1953)
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Colostral whey samples were however diluted with phasphate bulfer {pl1 63
n the ratto of 1 9

Analytical and staming procedure adopted and recording of plee
grams and calculation of relative concentration of different protemn fracton
were done 1 the manner described by Jencks et af {1955) for scrum pro‘ers

Resurts axo Discussions

Electrophoretic pattern of colostral and mulk whey samples of 2¢bu na!
buffaloes have heen presented 1n Plates I and II  The relatne concentratox
of different protein components have been shown mn table |

TasLe 1
Relative percentage of different proten fractions n mulk and colostral whey of ot
(zebu) and buffale at different pertods from parturtron ontarls

Cows {Zrbu) Buffiloes
Periods| Fractions S -
Average ’ S E l Variance | Average | §F | hwart
I | Component I 00 00 -
Component I 00 oo -
Component TII | 16 0 09 13 157 07| P?
Component IV | 83 0 09 27 843 __1_7_‘_1’,
1I | Component I 12 06 140 7% 21 08 | W
Component 11 226 28 347 263 15 W
Component 11T | 16 7 19| mel| ws| 13 ::
Component 1V | 59 4 26| 1 4 493 ____;_:__,1.;17
111 | Component 1 24 09 110 7% 13 51
Component IT 359 31 246 232 17 o
Component IIT 22 2 14 176 378 4; "
Component IV 389 40 291 316 TI =7
1V | Component I 24 06 | 61| 38 T
Component TT 418 21 130 812 :» ar
Component 111 | 26 3 20 | 03] %2 so| ®¢
Component IV | 29 4 29 263 276 — o
v | Component 1 14 04 77 4* 16 o]
Component IT 442 18 Iz : :: ; ol :
Component 11T | 26 3 06 M
Component IV 27 9 21 cd i 2 M

be i
High value of coeficient of vanation for the fraction Y

1ts range where zero value 13 1ncorporated

{
i
L

v wf B 4

e

-
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} i

fmd Iv"‘:}‘;‘i";“:“ components {the different protein components I, IT, IT1
ponent 1V was :c:i:l:lzelrcd mnorder of decreasing mobilities so th’at zum

. o

speaes ike) we eobseried 1 mulk whey samples of both the

In colost

tl(lll and 1V) Te:'vche}clhssamplf collected at parturttion, only twe companents
 and IT) which were ab :n‘tm‘ le (Plaies T & 10) The other companents (1
 ton developed after abo (m the colostral whey samples collected at parturt
o botk the species Thu 01';: and a half to two days in the whey samples
220 per cent 2t this stca relative concentration of compoaent IT which was
g adully and was 49 cge in the mamnmary secretion of zebu mercased
buffaloes ncrease 10 d1:‘.\' cent mn 60 days after parturiton In case of
the same pattern but th y tion of this t 1 whey followed
tent concentration of m;nsc ves not s sharp a5 he cass of achu  Per
Temamed at a lower lev::l.,g—::(r:::t L both i acbu and baflalo whey slwiys
ton was never above five o C[;:rtlurmon onwards Its relative concentra-

Ta case of
greater than lha:el;\; whey, the concentration of component II was always
(Table 1) The « component IIT but this was not teue in buffalo whey
Iesser than that of :oﬂ::mranon of component II wa eaither equal to or
components 11 zely ponent IIL 1n the latter The mobihitzes of these two
uwhey also differed from that i buffalo whey (Plate ITI)

Electroph,

carried out ?n 0;::; f;:““%natmn of protemns mn colostral and milk whey was
three visyble band lim t:ﬂ uffer Milk whey p otemns were fractionated 1ato
fourth peak probabt ter paper strips but on electrophoretic scanning a
(Plates T and m Ti corresponding to serum albamuin wa also obtained
art believed 1o correspon fractions desenibed as component I IT TIT and IV
globulin and » rrespond to serum albumia  alpha lactalbumin beta lacto
Ina fey ca!:‘m“l{‘ﬂ globulin fractions 1 whey protems (MeMeekin 1922}
apphcation w;; Dn milk whey a small fraction stauonary at the potnt of
wasalio reported ‘;:‘cei Pfcsencc of such umdentified stationary fraction
mvestigation Y (1961) on clectrophore s In the present
occasional pres 18 stationary fraction was found only 1n few cases The
Htatwe cirer :ncc of stationary fractions, 1n ameunts not sufficient  for quan
grouped al atiation was not beheved to be an extea fraction and was
Fation 1 thys ¢ o p 1V for purp of expressmng relatve concent
compone t‘s experiment  This mght raise the relative concentration of the
resuly nt only shghtly The possibility that stationary component was 3

of protein denaturation caused by addition of acetic acid for casein
Precipitation as has heen seported by Perlamann and haulman (1949) and

Polson (1952) can not be ruled out

Qut of the only two components 7 ¢ 11 and 1V discernuble 1n colostral

whey the latter scemed to correspond to immune globulin fraction and had a
39 per cent B zebu and 84 3 per cent in Duffalo

relatine concentration of 8
~ -
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colostral whey  Polson (1932) obtained similar nature of Proteu pesty
colostrum, thaugh  the nomenclature of proteg fractions wsed 1n e
racnts were different from Jennes ot af (1936} The vaiue for comp. e

at thy stage the other fractions, 117, componeats I and 1, were abseat 1y
the whey samples 1 both the species

A 2 result of transition from colo trum to mutk the rehitve concentar
tion of mdwidual components  changed cansiderably  The value of ecn
ponent YV, decreased i ane and a hall 16 tuo days and ten dave collectons
ard anamed the comstant level only 40 days Post partum mn zebu mlk
while ths constancy was acquired much earher {ten days po t partemin
buffalo milk  Relatwe concentration of component X1I, o1 the other ha 4,
inereased 0l the thirtseth day n 2¢bu and tenth day samples m bulfl,
where afier it alsg became constant  These findings corrobarate the ola.
vations that the tme required for colostrum to attain normal mulk compen
tion 13 shorter wn buffalo than in cows, as pownted out by Ghosha d dnt
hoshnan (19.4)

9
The pattern of component 1 bothm 2ebu and buffalo \\hcyhd‘:":'
was much vanable m ndwidual animals The average salue of tha ;"r
Ponent was very Jow (less than 5 percent)  This correspands to lhtﬂ:uw
rations of Ractashaya (1961) who obtamed 57 per cent serum
fiaction 1 the mulk samples of g azing catile

e
In all the samples of milh whey stadied, conspicuous d‘““‘“‘;}’;:i
! and Plates 1 & 11), both 1n relany. concentration and mobxhuu‘mkm
ponents If and 111 were ob erved an zcbu and baffalo whcy! ol
relative concentration of component IIT 1n zebu whey was Jess mz: o
€mpo.ent IT the same was euher equal to or greater than :ommn:‘r:dma o
all cases of buffale whey studied  Conspreuous differences I;:r and wat
component 111 with respeet to component IT was also cudr
greater i zebu than 1 buffalo whey

Susmary

t i
re carnied ou
() Electrochorenc studies 1n shm milk proteins we

buffalo and zebu cows 1o fotf
e mie
() Electrophoretic fractionation of whey pm"i;"; vg;mmblr conex
protem components, namely componeat I, If, 11 "g‘cm Jactaglobufin <4
pondinp to serum  albumm, alphy Jactaiburan,
immune-globulins respectively pp—— of
1
{n} Out of the four electrophorctic fmcuand! ub“l: serum aflusd
milk whey component I and IT, ptobably corrcsponding
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lpha lactalbumen, respectively, were absent in colostral whey of both zebu
ind buffalo dams

(w) Therclatne of P 1 d always below
ive per cent i milk whey Soon after partuntion the concentration of
omponent IT 1creased and reached a constant valuc tn about one and 2 half
0 two days 1n buffalo whey and ten days 1 zebu whey

(v) After parturition the concentration of component IV (correspond
ng to mmune globuling) was maumum and 1t tended to  decrease gradually
Compoaent TIT (corresponding to beta lactoglobulin} gradually tnereased 1
whey samples of both the speces studied

(v} Taking 1ato conwideration the changes 1 concentration of the
protemn components studied 1n whey 1t can be said that the transition from the

age of colostrum to the stage of milk takes lesser tune n buffalocs than 1o
the case of zehu

() The concentration of component II was always greater than that
of component I11 1n zebu whey, but was either equal to or lesser than the
latter 11 buffalp whey Marked difference was also evident 1 the mobilities
of these components 1n zebu than 1n buffalo whey
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From these equations 1t 15 clear that w s 2 Runcyon oft culy, here e
ap
assume E =pAL [
(where P15 the density of the flud and A 13 2 posstive constant)

After subststuting this o (3) we get

2w dw dw

= [ B ] u
The equation {5) 1 sub_[cc( to the boundary conditions that
when v=0o0rb u=D @
when y=Cora, u=0§

o
Let us apply Laplace transform to (5) taking ;::fn w e ther e

get
= [}
- & ‘*‘a,. } A p,'{ﬁw
subject to the boundary conditions
w=0, x=0 or 6} I
=0, y=0 or a
Ifwe put y:a{ﬂq mn equ.mon N lhen weget
77 8w ¢
P Bx‘ a Bq ] i
w=0, x=0 or b; {ie
w=0, p=0 or =
Applymg finte Tourier transform to the cquation (0 taking
$=f;'u§smpy;dq we get \
i3a)
» d¥g = Epay (
7 7= p -H)w + P
i p 13 2n odd number
and el e BT (Hb)
P dx "Dm-’—-ﬁ—‘a ry
sfp 15 an even number
{}1a) canbe “;r;mm as i ) o
w = ” ,—-_.- —
e ( + ) + ¥ I3
1)
7
or e 15 =G

. s 2 [t
where K =<&T’?+ PAE) and C-—-—-‘i; 7
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Let the solution of equation (13) be

B=Adt 4 Bekx.Clk (15)

byect to the conditions % =0 where x=20 or §
ence A+B=C/n (16)
and AKb LB XkbCfRE an

thasg (16) and {17) we get
A»c{m(l 75 B=C/ks i )

Trerx
- 2 e(b-x)k
» =Q/K? [ et ] (18)
Similurly the solution of {11b) 1s given by
5 =0 9

Imversion of (1) by mverse fimite Fourier transform gives

~_4Ap 1 [ kpeldme
T P [ [ [ ’l]’"’”

$ 15 an odd pomtive mteger

]

otz Ex () 20
" f:u(‘?ﬂ-kl)F'{T}Nﬂ" ——l} sm (2n4-1)7 (20}

s R M LICTS R
-3 7]

S SR IXE LN @
?
" S= vV
Srefore (20) becemes
y 4A,§m . LN vpYEe _ vE N/ (b’X)/l sn (204 Dy
A - 0
Paco OFG 2BV ViEb (2+()2';)

pphing the Laplace inversion formula we get -
SR VERTE 4 VA NEFB- %)

A1 Y1 n=oc -~
PR ordp e
T om J”Y__mC v_0 ﬁ’(ﬁi—ﬂ){ 1Lt VA VBt
sin (204 1)y @3
@n+1)

hen\' 18 greater than the real parts of 2ll the singulanities of the tegrand
e

~—
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From these equations 1t 15 clear that it 1s a function of? caly, heewe
dp

oM )

(where ¢ 15 the density of the fluid and A 15 2 positive constan)

After substituting this i (3) we get

dw o [ow, B w]

Erialr e + & —At ¢l
The equation (5) 15 subject to the boundary conditions that
when *x=00r b, w=0 [
when y=0ora, u=0}

'3
Let ns apply Laplace transform to (5) taking ;:fo w ¢, then we

1
Ty ] A e g
subject to the boundary cundmons
w=0, x=0 or b} &
w=0, y=0 or a

Ifwe puty:a/«n 71 cquatmn (7) then \wcg::
Tz W =7 S5
»=0, x=0 or b} (1)
w=0, =0 or =

5]

Applying finite Fourser transform to the equation (3), taking
f:;x;smp'qdy, we get
= 2 113)
ado_ A 2, By o™ {
e e A A
ifp 13 an odd number
wds - om o m )
and _P—T =pwtgt w
if p 15 an even number
(11a) can be written as ) "
@ _gpm gy, A 02
m=e (oI s o
da -
¥ _t»=C
or ey k w "

2
where I\’=(Ea—:'—+ ‘%‘E) and C::—Irﬂ’ T
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D \ARANG on Fle of Vascont
he soluhon of equation (13)be
e=AT+BE e —-ClR (15}
the wnd\uom 3 =0 where z=0o0rb
AB=C/b* (16)
i AEDABeRY= —Cfh? un
{16) and (17) we get
clw(‘ ) sl (T3 +M)
- O ‘—,n,‘,,(v_x)k_‘ ‘X (8
FET
Sumilarly the solution of (11b) 18 gven by
% =0, 9
3 transform™ gves

Tmerson of (18) by mvcxsc finte Foune
1 ,xx,Hw-x)x ' -XSH\P .

4hp o L
P w 14
p s an odd pomwe ntegst

St
wup?
__ e 1 wxpoPHX @9
¢ i 5 - ot
T n—o(2n+\)k-SL The® ‘E an @17
Ree h-—v i PP'X “m @1 ‘3
2 (2 —\—\)’vL
i)
@n

b Loyt @nie_e
¥ e

v "
.Jp+9 (- |]\n ( u‘t),“;t

o

4A"“ [
e (P+9) Y
NA ../Nuu Y) “

B VR VEFS
tefore (20) becemes

polying the La gormut

e Laplace Inversion 0! ~/’ J/’ i N
w:&_\__ ‘{+I¢£ = yJPsi/| R J)« ‘\/p+i'

T 2mJ gk n—O P’(p* ’“‘«("" 1Yy 148

¢ all the smg\\MV\“H” I Bl ot A

1 part? of
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Residue at Double Pole
(at £=0) 1s

ap L2 iy 00 e
6 (142 VA0)
{ RR2TINCGD) «/)Te} { 1 292_'*‘2)\/%—:;51/)\—0}]

@
Residue at

2
Infimite Poles at 5=_(2—”‘ALI) s

b
Sum of the residues

m=c

{ AVRL 9 ‘/"—5} { &+ &FD’%

=Lt b} £t -
P R A @0 ¢ f1+4V2¢ |

= TS S——_
:‘i_&’"h;l) .’; 3:,,=0 C e sevatet R

2 m=cCe
o ﬁ=o @t [@ni1) 7 /6 +@at1) =il

_(2m;—l) z, {tv(Qm-}-l) afbs e”‘(2”+l)"l"}

@m+1) = relb
N g=°c =5t {sm (@m+1)mf } o
T p—0 @m0 (@m0 B+ @at))Ye P

Applying (20), (29), (38), (33), (34), (35), on (27) weget
b A
yH0t1cc {e”‘/"f+e( RALH

f Pl AV 3

v+8—100 (6—8) & (142 VAE)
_@mtl) =

pe(m=x 7 5! s @mp Nl
=2m[—§§,:0 BT @n D +@at]) Je)

{e"‘/ﬁ (:+ %\/2;)_*_ ‘(b—\’)(H' b—z:iﬂ/;:)f 0( l+,h/,\’ﬂ),
0 (1-+ebvVX0)* o
o= e g
| S & Sy

+ ebt




2, 180} P D NARANG o0 Flato of §sscons iseomprer 1l Fland

(15 we hane
gz‘/r \/P‘*'—T‘_L,\“\rm(ﬁ"*}

}.‘vimc o
[ R s S
tmie g Bl VA V40

Qrely o .

L, e;%,{ _g,ﬂ'§=m U T sn (@my )b

Y SV E (PP L S T

M(,u JA) (b~x)~/m(, +b~x[)§ (x+ SRRy

@} {QnY) PRI
5,«;@ o Jba) m} {11- 1:121:_0 «/‘3—— R ml

g] (37)

23 the values of (24a) and (245} and subsututing for 0 and 5

Weget

dp=

T=x = 2m-1)t (2 1 .2
Mz |40 T wi_(r) @n1) g
"nnn l"?‘?.,:n ¢ ( T F770 an (2m4~1)rx'b;
Foldantyy fa o
= - 2n 11
{ + ml(2n+l)} Yrla (20 )%.
241y ufpa (14 cbrla a1y

A L M CRRINY
R n+\);{ Tgﬁ 2,.:.\);,1’;.: @nin)

b—x fa
e g 73l }

22 Neptyp gt {14 brla2n 1))
"bla(2n+l)}
I3
[ A
Pat
#\i&t‘ﬂ; ! (38

RNV ](2" sin {2n+V}myla

Aregg
OXBINTE CalouLaTion For Vetocrry DIsTRIBUTION

{9) then €15 synat
We have from (23)

X+ "" 5t .
B 2’“‘ j1~xm nesor m—%ﬂi

. e [
NENFF s, NIV

—— e
N T8
Lbafa Vp ot 12T

Ve
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which we proceed to calculate as follows —
(24b) can be wrntten as
VA VPRRE—) X VE Vp+0I

€pt
R (4 PVANFE)

which when transformed as in (25) we get

[NV, v

— Y+0prec
R f R
vt
which tends to zero as in Lachlan [2]

(8 £ Qv

Hence
4A 1 YFtee n=C gt dp  sm (20l)y 9
=28 2 = — A &
C T Tm f*(;—loc w0 200 (@ntD)
where 1=ryfa
1A R=C 1 ny )
i [ 1y =
s ,?:0 2 @y Ot @rt1)

(40) 15 obtaned from (39) by making [# | very large s compans
with 8 as 1 Lachlan [5]

W

(40) leads to
YRy k! A —s ]
T

s (mla) | 4 anp o ﬁic%;‘/a] )

[ where tan ¢ =T ool
t e tan {0 —0,)=%

(6) when t 15 very large e
of
By making ¢ very large an (38) ® ¢, (t»cc) and neglectng
fuantities 1n comparison to ¢, we have
_4A ‘n‘=cc§ ((b—-::)(2n+1)1:'/4:_!_6"(Zﬂ'{")”/"I } ;3'(%21'1%)'
T a0 U 1@ty *

@

g @oplyie )

OTHER TrE DEPeNDENT PRESSURE GRADIENTS )
¢ Siuhsh
Let dP/dz=f (£), where f(s) can be (Cos ai—1),8m ¢4
“{Cos at—I) SmatLyf(a? ff et
Here f(f) has been chosen so that dP/d, vamshes at =0
U

Let f :j(:):—/" dt =f ()
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hen proceeding a3 i the previous secuons from (3) o (24a) and (23b) we

¢
s g T (9w lace of 215) (153)
A e
14 == lace of (211!
{l+eb~l?\~/[’—! =3 1a place of ( ()Hb)

ad hence wn place of (26, we have
oy b—x)f\E
gy pr¥0 % e L g
T g U T

YH0—1er & (1+,b~7\‘~f;.+o)
Where y 1s greater than all the real parts of the singulrties of f (8
causc @ proce

dg (43}

sts) can be canly ealculated for the functions gwen abore be
e smlar ta thiat of (26) and (33) wll pply wn these crass also
st Sumlarly we can also caleulate the approvemate vafue o
stnbution when 13 rery small or very Targe

f velocity
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(&) Demorcation  of fisking  growdsA breakdown  of  stima
according to fishing grounds, would meet the bologuu' regurerents and
lo male st easy for the fishermen to roport The demarestion o §
be such, s to moke i relauvely easy for » fisherma s 1o state wheee he tock
hes eateh from  Daps could be dutnbuyted to fishermen

(LY Lustng of fish speeres—Varsous spectes lave 0 be lowd
standardised 2nd gro.ped

{g) Uniis ond cenporsion foclors—Jt 13 easer to let figures w umd
Inown tothe traoe, such umis can be used for recordimg, or sumitiay
origmal statisnies, the quantity caught stould be rerorded i the actyadstate
of dressing 1 ¢, yound, fillcted salted ete 3t 1s the recordng the woight
which actually entesed the trade at fiest martet transaction

SraTisTics o CaTeurs AND LANDINGS

A proper tatistical systemm will make 1t possible to caleulate, by species,
the fish cought per umt of physical suput {for & hermen sesel get of g2}
and according to regions Statstics on landed quanunes should te
arranged 1 such a way that they can hie related to the amondt of phvecel

cffort spent on primary production  Most accurate figures are obtanable
when fish 15 discharged from fishing craft for trading or further procts ©ig

BIeasuREMENT OF AMOUNT OF DFFORT
Al

(a) The fishrmon—The cnumeration of man power 1 fsenes ‘I;
difficult, as the number varecs and also as the mdsvidual cﬂccmmm] :‘”c
vary accordng to s shall and atlty, the crafc and gear he used an
potentiality of the grounds he fishes
Catanyst
ot 1 ther

o
rumlkt

(b5 The Craft \bo ts)—There are two fypes of crall 32,
and Masuh Bouts in us At \isalhapatnam districy Jvong vanat
catching capiaty, quahty  scaworthiness, adaptabiluy for viious
gear, so there s fwdc we m coflicting wfyrmation About the il
of fishuing eraft  But generilly 3n Visahbapatium desteict the Catamrans ¥
mote popular than \Masuly boaws

(¢v Gear (Aets)—The types of per, the number of umts of cdlf’l’.“‘";d
an dillerent Lands of anft  catch per wm, cffort vequired 93 ml’m-\d
cot and durabilny will 3% considertbly

i
At Visakhapataam distrct there ar® frur 7

m rnantenance
duru nets Eoners

classifications  should suffier
of geats, namely Shore sone Bow seme, Gall nets =nd ha :
us~d  Galf nets and Boat sewne are very papular in thes dutric!
et
and £
sescarch worhers, rdmimstrators bustncss economusts possd 7

So,
o]
all need statistics which, of cousse mus* De bas~d on accuricy

2 aretimiatian 2t Eevery Siare
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Statement showng the Fiskerm n Stalistics tn Fisakhapatnam Dustrel

Popu jActne [Masula Cata | Shore Bt Gt fut 4

[

Name of the village [Houses} lation’ Per  {boats maran| Stine Someren ri
$0R8 Moyt f .
CRATT GEAR
Boddw enkatapeia 47| 12t| 42y 2| es| 2| sf %]~
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BOUNDARY LAYER
IN sovg UNSLPARATED ANISY MMEIRICAL FLOWS

Ravuey Suray
Fecturer 1n Matkematics,
Gdaspr Unnornty, A B College Udmpur

Susmary

Inth paper,

the method of Blastus Senses has been adopted to consider
he boundary Jayer

on two sohds namely (1) sohd formed by the revolution of
cosee -§~ about the yminal hne and (1) the parabolod of

;kahon The €Quat ons of these surfaces have been taken insuch a way
‘“ the nase radias 35 unly m each case ‘The coefficient of lacal skin
ithon has been, found ony The convergence of the senes has been wnproved

P some devices Approvuma & valies of Jocal skin fraction have been found
m tach of these cases

e curve ra%

T Part 1, the case of the sobd formed by revolving the curve

8
7 tosec 7 abaut the imtiat hine has been discussed

In Pare g1y case of parabolmd of revolution 15 disrussed

InFayy 133 comparison of the coefficients of local skin friction for the
> solids hias beeq made

IntroDUCTION

The cquation 19 the curve to he revolved ibout the mutial e s
] m
F COVeE -
2

T acder that the nose radins may be unity

3
aaq
th £ the q to the g curve 1s
3 2 841
re cosee

t1ced 1n an

hus curve about the mmitnl hine 15 pf

sl(i;'dx ﬁmncg by rg“::’::}l\nfn:! lvdo‘:")' from anfinsty an the poutve direc =
24 stream flowin,
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tion of the mtial line  The stream function for nused flow obtased from
Mtlne Thompson [1] 18

4‘:(%‘C0$9 —%r3sin 0) Rl
whence q'=_75h. .’a_a‘f’_g
=( 169, +cos 0)
) =ys—::{‘e g_:b
=sm 0

fet

1t s denotes the length of the arc of genert
the normal dustance from the curve, and U, (5,
wall then

ting cune from the sertex and®
o) the surface speed along the

B 3 8
U, (s u):/J[l + ‘lg , for re=-cosccy

2
B 1
= {( sin? '2‘1 + coso) 4 smd }’

il
0 R\ t
;cos—z( 143 smn —i—)
To mubsute s from the stagnation point we put
§=m—

" £y o

Therefore U (s v} :sm?( 1+3 cos —2—-)
73 4 {

13, Mg 2T
=¢ —5% $%4 3072’0'# app33040
which 15 comveryent for — 7 <d<m

’ Brauus SLRICS “
el which e
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First, we shall find an expinsion for ¢ i powers of 5, and  then, substitute
this expansion 1n (6}

Now, from equation (2}

ERViwepen] ]
3 =
&= ~ 0
sn o
3 [4
3 Vit E-d‘#
2
G 2
2
o« B8 T2
&3 l+3ms’——§-
4 5 17 23 . 7
=3'{ Pogd + et smmd E ™
Now, assume
==y agsdtaythay” {8
(oy=0,=0,=0,= 0 becawe the g @ curve 15 5Y 1cal
about the il hne ako s==0 when $=0}
% (9}

% =8, 3a5%4-5 0,544 Tays
Now subststuting the value of ¢ from (8) wto (7)
17
4 4 5 17 5 2 ey atale
3%’“3' { 1 gyoist+ (e ﬁ"‘“’)“*(’;snm{‘* + e

5 10
the

Comparing the cosficrents of hike powers of s an (9) ant (1) and finding the
viluesof 2, @, ¢ cte and subsututng themn B w
4 10 13 0995 an

$=gi 5P TET0 " T oIBEI0

e have

And therefore (6) ¥ ecomes a2

56 510,
Uile ")“%’ - %“hos SRR IS
Lt
T Fro shag [3} the Dlasis Serees for the velotity 18 the houndary
rom Fro shng
layer 1¢ guven by the formula
) —yu sf 14200%s 43uss Ay e
=Yl s

(13)
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where u, u5, u 0 are the coefficients of 5, 4% 5, m the expans o
of U, (s, 0) 1 powers of s and f, , SaoSs oSy etc re funcr onai coclicients
m terms of dimensionless coordmnate N correspondmg ton 1,
N=nV24 (14}
v
13
=ny/.2_ 143
Vi %)
Hence,
12416

w= g M= B N+ SN iy

The CoLrFIf IENT or LocAL SKin FricTion

lll‘|

i
r

C‘}P

_ 2
-
Cy)

=1 ~/2" g"N) From (I42) t9)

Also, R, the Reynold s number= —Pl—-—‘ 71
"

by

=2

Therefore, :4\/ 32R 9?\111

_ 56 12116
or R*cf=4 ~/§ 2’%.{/’, (N)—-Tgs’f, M0+ 135°% M= FE7xn

6 M) ! o
require expansiot

To util se the approxvumations of Frosshng [3] we “mr from 3 powton

of @ 1n powers of 5 where s the length of perpendicul?
~the generating curve to the aws of revolution

Now, @ =r sin §

]
=3 cosec g sm 9

_3 b
=3 Cos 3

3 ¢
=5 sn
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LA é?
=i (¢‘§3+|920 N )
1 37 12359
= 4 56° ~918505° from (11) (18)

The functional co ferents f, (N)  fa (NY S5 {N), Sy (N) cte are
calenlated below by making use of the work of Frossling {3] nd als» equations
(12) and (18)

Therefore f; =g, +3h,

Ly 37 I5,,, 15 15
=g+ Tt +igf s tagd tegts
1259 ., 35%x27 ,,27x3>,, 37x63,,
wxame oy 4t T ¢t s

Rkl 27x35 , 37x63 2735 ,, Hl .,
st TR Y et e it %Y 19

fr=g +

Tho values offy, 25 1y & & & by have bren
substituted from the tables by Schols [4] and therek

i Gty [1 23695— 9510534 45185~ 142857 ] @0

=[#03975~3 1060541 518055~ 166457 b (1)

Tue Convercence oF Tie Serirs (52} wp (21)

—
From ) ds Ei\/l-'i—ﬂ cos 5
4 8 ¢:os’-'i
2

“Eh Shows. that there are mngularis of i; in the planc of ¢ at

&C:f' and branch ponts at §=milog 3 w falog 3 —m—tlog 3 —w+il 7
h““qucnny, there wall also be the singularities and branch poiats of s 1
P28 of § at these points

Herce rgent
Tadwyg ol'convhc €¥pansion of 3 1 powers of 4 wil be converg

ergence will be ¢ =

€

Powe From reversian of power senes, we ¢an say that n
€@ mrs o $wauld have o radius of convergence gwen
for all;Onamg 0 d=r 1 ¢ s=co 'Thus the series (I1)
values of 5 When we substitute the seres (11

gyt
g shnes (12) vall be convergent for all values of

2.
? MA;am the unsigaed ratios of successve coeffict
2 which seem to
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that the radws of convergence of the seres (21) my be taken to be nfimty
as in Van Dyke [7]

ParrIl
‘The transformation
—x+d4a@ =3 (E4)? o}
gues
)
w= {3 } 3

Flummation of 7 between these two equations leads to
w
—epi—1g = —5
Tius shows that £=1 15 a paribola
29

a
~» with nose radws umty

\,ﬁ;‘u
T2

foz

The stream function for the mvisad flow past the pambolmd {obt

ained

frec stream velon®f

vith
by revolving the above parabola about 1ts axis) v 5 wih 1

U=1m the positive direction given by Milne Thompson [

modification 1s @)
=3~

The surface speed on the boundary from Milne Thompson 16

1 49
1s Uy (s o)—_—-j-f(-éff)Ea[
1 -
= -\/W (-
7 (26)
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Agan o nlis the Blasy Series, Uyfs, 0) 15 to be expanded m powers
ofs

om, we fiave,
(&t = (e 4(d)
: ~ ey
={@x+ (%;)dn} -G+ G}
= +93{1d,) +{d) } wuth the help of (23} {27)
Vhence 4= Vg F1 dy on g=1
Integeatene
s=ir{ng/y 51 oy} (taking s=0 ¢ =0) (28)
Tiow, w=p g the paraboloid £=1 (29)
Also Tt us assume
"T’ﬂn!+¢é’+ﬂss +ay0 (30}

- s $%0
{.‘="i= 0S8 <0, since smo w=0and nlso the parabola ¢
Tett cal about x e

DR vy o4
I 1
:\:’i: 2+3us +Sagnt oy
Ao, “eplating 5 by o n (28)

M R R
Diff | thuy alio,n ¢ g 5
a5 ~
=20 gt
days
m(dT) &

32)
(33)

= M‘ From (30)
W lagFabay 3

=lof3as 1518 ) From (31) e contfients of
Expandg (32) ang (33) ta powersof s and cq““;:f:'ma[ coeflicients are
' powers of s 1 w0 expansions the values of the n
*ad, ang therefore,

34)
37369 o ¢
- 13 493 5

et LR e R e

And therefore
From (29}
292

ey

1
e s

Uil o= 21 (35)

® 34
(by substtuting for w from {34}
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that the radws of convergence of the series (21) may be taken to bemfinty
as i Van Dyke [7]

ParT IT
The transformation
—x+it+a =2 (4an)? @)
gives
—xtd =1 —q)
ot ) @

Ehmination of y between these two equations leads to

pa— p— ﬂ=——-a
x+3—-3¢ %
This shows that £=1 15 a parabola

= ‘% » with nose radius unity @)
®
o
tained
The stream function for the mvisad flow past the pambalmd fob Il;:l‘)'

) with free stream V€

b; ] by )} t ats avs
y revolving the above parabola about 1 x ompeon [5] with necess

U=1 1 the positive direction given by Milne T

modification 1s )
b=l
The surface speed on the boundary from Milnc Thompson {6}
1,9
1
== (-2

7 )
VIS EN
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5
Thus, the cony ergence of Blasiys Series 1s the e as that of the series
7 nved syrfyee speed Uy s, o)

Tnusrurumnov or Brasius Sengeg ToRr Say Fricmon

Toumproce the convergence of the seres (37} we shalf foljosy the method
wed by g Dyke [77 wa sec that the seris 19 himted here by a mathema-
tieal mgulanty ying on he MALInary axss i ghe planc of s regarded as
omplex vapapie It s pot himited by any physica} singulanty i the

undary lLayer ’I‘hc(:!orc, the rang. of convergence can be enlarged by
Achange 1 the variale Thercfore recasting, the series g powers of 4 by

1
% R* Cj= 9277y 2570 41 5229 7°~1 7469 37 (38)
Bm'l‘h: Hnugned ratos of the succesnive cocllicients now  are 7380 8254

Ta thys € ytse my Likely thar these ratn approvch uaity  Therefore
bt aboys 3¢ 105 convirge ) 7o thin ane  Thus m terms of 5 the
s of fontergence hay terea ed  because 7=} correspords to 3=} 15

Bereas tpe Previous value y54 szg‘ Yros= 75 Wemay further enlarge

¢ fange of Convergence by applying Culer s transformation Recasting the
S0 Do yerg of anew sarable o

n <
Lement Q el
T4 9y =7
Bow sinee ~¥an even function of 7 and Cj ¥ an odd fenction of

Toeretar pphying Guler s trausformanon 1o Cf weluve

1\/1"’< R*'l ) Cp = 0277 1y 2570 v +1 5229 5 —1 Fag9 p

(39)

LGS L e S . = 0261 3 000> t

s
The Unsisaed ratog of succesnve coeflicients are
28172 58337 [0t 4444

Thes y hercfore
m tg a, TeMer thin unity and o
hese s pproach some number g herefor
s safe g Ny ght( h :adms af convergence s some quantity grea n
say that the
one 1518 zyn accorda e with Van Dyke analyns [7]

€t sesults upto Zs=1 which
nverges to the carre
the scries (39) oo

Th
®rresponds to smcm
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We now proceed to compare the cocfficients of local skin frction
for the two sohds for some given valucsof s In the case of parabolod the

values of R G, have been caleulated ‘for s correct to three deamal places

3 R*Cf for the surface by
s 1 R# Q_for parabolowd s 3 kS
f re=C0E ¢ 5
500 x 9318 500 1 615t
1 0001 893 019 1 000 1 9853
15002 | 1 235 —~12 835 1 500 -~ fuig
2 0001 | 1 528 —68 843 2 000 - 27 8918

ACKR\OWLLDGEMENT

Iwant to express my grautude to Dr J P Agrwal, Mathemtet
Department Agra College Agra for hus kind help and guidance throughout 1
the preparauon of this paper

ReFERINGLS

Milne Thompson 1960  Theoretical Hydrodynamues p 456 57
Schlichting H 1960 B andary Layer Theory, p 189 7

Schhel ing 1 1960 Boundary Layer Fheary p 1867

Rosen Head L 1963  Zamnar Bounlary avers 425

Mulre Thomp on 1960 Theoretical Hydro Drnamus p 418 79
Mlne Thompson 1960  Theorencal Hydro Dynamies p 474
Van Dyke 196 Jounal f Flud Mechanwes Part T May 196

[T g



MORPHO HISTOLOGICAL STUDILS ON THT Al IMENTARY
CYNAL OF BAG (RIUS BAGARIUS HANY

RATAN Sinon
Departm nt of Soology, B R College Agra

m,xpof,ﬁf dn°‘;"wf (Family Sisoridae) 15 generally called as a fresh water
m&malmcoun of s ugly appearauce It 1s sluggsh by nature and
e gt size It 15 dilficult to catch the fish as 1t generally escapes
¥ damaging the tackle Ttis nteresting to note that this fish moves very
quekly and thrusts stself pto the mud when shot with a bullet

The [foﬂga"“ 132 voracious feeder and s fond of live prey which 1t destroys
mmmmcom;nu of the fish usually consist of small fishes A study of the
tat the 502t e food feeding habits nd the digestwe tract aof fishes reveals
ince e ubject has attracted the attention of a large number of workers
1035 R“ c;"l’ tmes  The important references are those of Blahe (1930
(058190 (991) Sacbatu (1939) and Cumry - (1739) Al Hussamm
few tcleosi s discussed tn 2 comparatsve way the alimentary canal of a

great However there 15 no work on the gut organssation of this fish which 13 of
rus, €conomsc importance  To £ill up ths gap m our knowledge, 2 detailed
¥ Was made on the digestive system of Bagarus ba,arius

MATERIAL AND METHODS
y A large number of specimens of Bagarus were collected from Jumuna
. “rand Ritham lake on the outskurts of Agra  For morphological nvestiga
o0 freshly colfected fibes were dissccted the mucosal folds were studied
§ving 2 medran longitudinal meision and fiving 12 10% formalin
y making ahizarme

The dentition and gl rakers were exammed b
ture and articulation

4
vr(ampafmcm which gave a clewr picture about the strud
teeth on different bones

For hustolo, ¢ the alimentary camal were
gical study different parts o .
fxed 1 Bouin s pmroformil acetic awd  The material was cleaned etther

t d
Meetar wood oil or benzene The sections B mistont :h:: were s
"t Delafield or Ehleich s Haematowhn® and counter staned W
Mallory s triple starn was also tred
JMENTARY CIANAL
tute the
with mouth and anus consts
! along sorption  The alimentary canal

The ahment-ry cand 5 L ab
ogans of food captur€s d‘gﬁ"(o: nd‘\‘ Jbe running withm the body
Bagarms bagarus 18 sm3lt almos

AL
MoxenorLac¥ °F
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We now proceed to compare the coefficients of local skin frction
for the two solids for some given values of s In the case of piraboloid the

values of RY Gy have been calculated ’for s correct to three decumal places

Ricf for the surface by

s n rt focr parabolord s e deme e

4 2

500 X 9318 500 1 675¢

1 0001 893 019 1 000 1 98,3

15002 | 1 235 —12 835 1 500 — 8648

2 0001 | 1 528 —68 813 2 000 - 278918
et
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Sept  1506) RATAN SINGH en siudy of Bagerur Bagarnus Ylam 3
Historoay or Tne ALMENTARY CANAL

Buceal eaty—The bucel cavity 15 hned by two Inyers only 1e, the
mecosa and yubmucosa  The mucosa consists of stratified epithelum  Some
of these eells tend to become elongated specially towards the submucosa A
few granular, mucus cells and a few oval shaped taste buds are also present

The submuco a 15 composed of connective tissue fibres  The mner
forton Iying immeduately DLencath the mucosa consists of compactly placed
fomective tissue  The outer layer has loo cly packed tissue whach contains
blood vemels and nerve fibers

Phapne—The mucosa of phiyranx 15 six to seven layers thich It alo
contans a few taste buds, mucus cells and a few g lar cells  The sut
hich 13 composed of both compactly packed and loosely arranged conncctive
tisue has 2 large number of blood vessels and nerve fibers

& A proper muscular Iyer 15 absent  Howeser, 1 the posterior region of
€ pharynx, a few scattered muscle bundles of both longitudmal and ercular
n2ture are present

Oesophagus—The oesophagus consists of the usual four layers 2 ¢, mucosa
b mucosa museylars and sero 1 The mucosa of the vesophagus consists of
telimaar epithelial cells with seattered gastrc glands A distinct submucosa
B Present which consists of loose connectiye tissue fibers which become com
pactly placed posteriorly  ‘The submucosa 13 richly vascular and 1s provided
with nerve fibers

The miseular layer consists of an outer longitudinal layer and an mnner
arcular layer  Both the Iayers are of almost umform thickness  The serosa
forms the outermost layer and 1s formed of thin flattened cells

Cardiac stomach—The mucosa of the cardiac stomach 15 made up of
columnar cells and ga tric crypts  In between the two are to be found a few
small rounded granular cells ‘The crypts are composed of & large number of
Bastne glands which open into the Jumen of the stomach either singly or
through a common duct  The sul mucosa 15 made up of loose conneetive tissue
fibers Tt 15 continued 1n the muddle of the mucosal folds as there are
elongated tunica propna  There 15 no stratum compactum

The musculars layer 18 very thick Tt consists of the outer ]onglll:::,:;:!
layer and the 1nner circular layer which s about 3 4 times xh:c:ro”d e
longitudmal Jayer The serosa 13 comparatnely thick and 1 comp

single layer of colurmnar celis
de up of columnar eells, mucus cells
ells there 15 a region of
cemall vavndrd celle The

mas

Pylone stomach—The muce 2 15
the columnar Ce

and granular cells  Just beneath the colur

stratum granulosum W
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gastric glands are absent in tha region The submucosass thmner than that
of the cardiac stomach Tt enters the elongated narrow mucosal olds as very
fine tumea propria

The muscularis 1s almost sumlar to that of the cardine stomack except
that the longitudinal lnver 1s thner while the circulir layer s tlucker than
the cardiac stomach

Fundus—The posterior blind end of the stomach may be formed ag blad
sac or fundus  The mucosa of fundus is Almost sumlar to that of the carduac
stomach The gastric crypts are more elongated and the stratum granulosum
absent The submucosa 1s comparitively thich It is composed of compact
connectine ussue which 1s highly vasculawr  Tumica propra s elongated

The musculns 1s made up of an outer longitudinal hyer and an wmner
arrcular layer  The thickness of the two Inyers 180 betneen those of the
cardiac and the pyloric stomach  The serosa conststs of short, rounded or oval
cells

Intestine—The wall of the testine 15 also lned with the usual four
layers ‘The mucosa consists of columnar cells rounded mucus celly and 3
few small granular cells  There s no definite strafum granulostemm  The
submucosa 1y 2 thin region of connective tissue fibers which are Inghly nucle
ated and nchly sascular The tumca proprit s 1 thin clongated layer
A straitum compactum 1s 1bsent

The musculans of intestine consists ofa very thn outer Inyer nl'lo;;,':c
tudinal muscles and an nner thiek lyer of arculr muslclc flib'-'fs
serosa s a very thin layer of longitudimally elongited cells

Rectum—The listology of rectum 1s precisely simlar to that of ;hc
imtestine The mucosa s formed of columnar cells with eentrally placed nu_fnﬂt
Immediately beneath these cells 15 to be found 2 Inver of gronutar cells ; lc:d
submucosa 15 mide up of areolir connective tissue whieh 15 Tughly nucles
and vascularized  The tunica propr enters the mucosal folds

un whereas the ane?

The outer longitudinal lyer of musculns 1§ tk o asats of 3
arrcular Iayer is comparatnely thich ~The serosa 13 thun

single layer of vascular flattened cells

.
Rectal gland—The rectal gland 13 1 hollow outgrowth of fmlfh"\i;:d‘
The mucosa of rectal glnd s thrown mto complex mucosal «; eanfed
almost obhiterate the Iumen of the gland  The mucost consusts 0“ e P
cells rounded granular cclls and gland cells The stratified l:\)trh)“ e 10
of flattened cells with  centrally pliced nucleus Beneath th;; o by e
be found rounded or oval gmnular cells  This Inyer 13 Dilio
resence of numerous glandulir cells which are ©
'I;'hcsc glandular cells usunlly aggresnte tocther to form EFY
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which fom what
resemble the
The submucos gustnic glands A
a1 represen Atop plate s also
which penetrate mt: the n:io::}yr‘; d“ thin vascular connective (ux\?:?:;‘c‘r
0
muto and muscularss s as a very narrow region between the

The muscul
ans co
oreolar layer  Both lh:‘]‘:;sc::r the usual outer longitudimal hyer and tuner
1103 of rectal are quute thin nd ar
gland 18 rather thicker than that of ll:: :]ccc]:‘y vascular  The
um

Discusston

Ttssexpected that 1)

canal o e morphiolog;

ST e ke iy e

wih the morpholo ;ftcdma habit of fishes cannot ¢ : ]“kcs Suycburd

it (15, lmgcnc;x structure of the gut  Authors m\:’éi e e

f‘“ avsilable  the p:‘rl:::ﬂ:‘l::d the view that the fish cn ad'\l;rt‘ l(llsszogoa(’llli

ntes CNVITO)

humogyol;;zdtlmc correlationship bclx:\n:::t“m']}l\:t olservations mimmize the

¢ slumeatary canal and the morphology and

The fish B,
s suby e agars baarus
ntral mouth N s mamly cinunorous in ats
48e number of W‘el; Xl;:lnlu to its bottom fecding lnbn“ l’I’hcfcc:"elg ln‘:‘“
senc
::l“‘;‘lzly feeds on Jarge :lcz:‘il’f tecth also agrec with ips carm\grousn dcn:t :3
e help of well dnclopo;‘::;: which are retamed 1n the buccal cavity

According to Tom:
;l;t: moderate dn\clcp:,c“? 04) the (i1l rabers serve for stranmng mechanism
that they feeq o | nt of the (il} rakers can also be correlated wath the
Zn;[ can alio be Correla;f:‘] food patticles  The small size of the almentary
. ussum (1917) he with 1ts carnnorous feeding habit According to
 Jong 1n the hery size of the gut vanes according to thewr feeding habuts
rbivorous fish and short in the carnr orous fish

The
. Presence
Suggests that the ﬁ*;l)rl numerous taste buds specally m the bucco pharynx
depends on taste bud for the sclection of food
ecn differently described by
ds occur pylone

the cardiat region
In

The

ent a::!r::gemc‘" of gatric glnd  has b

Stomach wiyle G‘l According to Macallum (188b) the g

Ishudy (1935) lmzmm (1935) reported the preseuce M0

B2 artus by_griy has  desenibed their absence n either of the regon
anus the gastaic glands are present only m (he cardiac stomach

The

fence amy presence of a rectal caecum 10 Ba.arius bagart

hagacmg the toleosts o ung U Brovu (197) e rectal gland 15

eristic of selachians  Accordins 10 Agarwal and Singh (1964) the rectal

gl
2 Of N ofoplerus otopt rits 15 ab OXPULE 1%

Aifer,

ns 1 1 rare occur

ature
SUMARY

§ sorsdie IS generally called 1s a fresh
e and Attuns 3 large size  ¥t1s carnino
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. uatur

water shask It sluggeh ¥



76 AGRA UNIVERSITY JOURNAL OF RESEARQGIT Vol \V

rous sn habit and 1s a voracious feeder  The food contents of the fish mawl
nclude small fishes of other speces

The alumentary canal of Bagarirs 15 comparatively small  The buceo
pharynx 1s provided with muallary, mindibulr, homy pad and pharyngeal
teeth which are pumanly meant to capture the prey and to prevent ats escape
The mucosa of bucco pharynx 1s lined with mucous cells and taste buds
‘The smalf oesophagus has well developed Iongitudinal mucosal folds

The stomach s divisible mto cardiic stomach pylone stomach and
fundus The mucosa of cardiac stomch has well developed gastrie glinds
while such glands re absent from the pylonic stomach The musculans of
stomach 15 quite thick It has an outer thin, longitudinal Inver and mner
thick circular layer

The itestine lies corled within the body cavity The posierior partof
the intestine miy be formed as rectum Histologically both intestine and
rectum are precisely similar - From the posterior end of the rectum 2nises 8
blind rectal gland which 1 ] probalahity scrves for the absorption of food
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ABBPEMIATIONS

A —\nus

b =Darbel

BC ~—Buccal cavnty
GF

—Gill filament
GR —Gillraker

HP  —Horny pad teeth
INT  —lIatestine

JM —Jaw markings
LIV —Lner

Ly

—Lov er jaw
MAN T —Mandibular teeth

O OL  —Openng of acsophagus
PHP  —Phanyngeal pad

PRT —Premaxilary teeth
REC  —Rectum

ST --Stomach

T —Tecth

uy —Upper jaw
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rous 1 habst and 1s a voracious feeder The food contents of the fish mamly
mclude small fishes of other species

The almentary canal of Bagartus 15 comparatively small  The bucco
pharynx 3s provided with manmllary, mandibutr, homy pad and pharyngeal
teeth which are primanily meant to capture the prey and to prevent its escape
The mucosa of bucco pharynx 1s lined with mucous cells and taste buds
The small oesophagus has well developed lon,itudmal mucos) folds

The stomach 1s dwisible into cardire stomach, pyloric stomach and
fundus The mucosa of cardiac stomach has well developed gastne glands
while such glands re absent from the pyloric stomach The musculans of
stomach 1s quete thick It has an outer thin, longitudmal laver and mner
thick circular layer

The mtestine hes colled within the body cavity The postenior partof
the intestine may be formed as rectura  Histologically both mtestme and
rectum are precisely similar - Trom the posterior end of the rectum anises8
blind rectal gland which, 1n all probability scrves for the absorption of food
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Tlate I—Nentral view of Bagarions lagancus showing alimentary canal
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INTRODLCTION
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ummarizes the results biscd on fhe study of some 12 speaiss of the family

Hudrockartaceae
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Ao 5 pt for the tsvo species that were collectes
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cent perianth segments  The three bundles of each peranth segment extend
unbranched to thetip At a shghily hugher level cach  dorsal bundle gives
off one trace for a penanth segment of the mner whorl (Fig 109) The
single bundle continues up to the up as such

After the departure of the peranth trices cach secondary marminal
splits mto two bundles (Fig 109) At this level there arc fifteen bundles m
total—6 carpellary ventrals 6 secondary margmals and 3 carpelliwy domsiks
(Fig 110) Out of these, 5 bundles (2 ventral 2 secondary margmals and 1
dorsal) extend into each of the 3 styles (Figs 99,111)  The ventrals and e
secondary marginals disappear 2t 2 shghtly lower level while the dorsal
extends up to the suigma  The three styles are connate at the base but they
become free hugher up  Each style 1s grooved on the adawal side

Blyxa echinosparma (Clarhe) Hook f 15 very sunilar to B octandrt n vege
tatve characters but differs in floral characters The flowers are busexual,
salitary and sessile in a spathe  There are three stamens and the ovary i3 a3
long as the spathe  The testa of the seed has two longitudmal rows of biunt
spines connected by scarious membranes and a long filform tal at each
end

The vascular ground plan of the flower 1s almost simiar to that of the
pistillate flower of B octandra but for mnor differences  After the departure
of the peranth traces of the outer whorl the secandary marginals arc comple-
tely used up 1o supplying to the mner pernnth segments (Figs 12 114)
The single bundle of each mnner persanth segment traverses branched to the
tip  The three dorsal bundles enter the three stamens (Fig 115) The
smgle stamunal bundle extends throughout the length of the filument wnd the
connective unbranched  The ventrals bifurcate at the bue of the style and
continue up to the base of the stigma (Dig 116)

1 alhsnena Lann

nto Vallisnert (1661 1730)

‘The genus Falltsnerta was named after Antol ’
nn and ¥

an Ttalian Botamst  Both the species of the genus wi., ¥ spiralis L
am ricang Michz  have been studied

Vallisneria sp rahis Linn 18 widely distributed in the warmer parts of ub;(gl
hemispheres It s common throughout India found growing mI xx:, %
hottoms of fresh water ponds 2nd slow runmmng streams The ::l;mm:
submerged stolomferous perenmial herbs with a creeping oot stoc]
tufts of fibrous roots
nch remun submerged e
atc stamnate flowers a€
| short peduncled spathe.
¢ are having smill pede
cnag of the

‘The plants are dwecious  The floners wh
i the axils of the leaves The numerous min
crowded 1n a head enclosed by anovoid 3 ];)bC(
They are arranged 1n three scries of which the Jowes!
e ot the unpermost with the longest pedicels  Atthe op
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¢ flowers break off at the base of the pedicel and float on the sur
l;:rran T:;e outer peninth which recurves on opening 15 of three
c(ure%;m Ir:’ no\»horl The wnner pernnth 1 reduced to a very
o ‘hmrilc Pg 51‘!;]“’16 stammode  The fertile stamens are two i
vanother ';; Crb lramcnu completely free and spreading, apart
et :: :;3: ined 2 chambered anthers at dehuscence form
o forte smmms of pollen at the top of exch filimint In addition
} by s one stammode 15 lso preseat i cich maale flover
ying opposite the reduced perinnth segment of the mner whorl

;;:::;I:npunmmc flowers are borne singh 0 a 3 toothed tubular
ie umcf; nlia long peduncle  The flowcrs are borme under water
nof the CEIO m]““‘m they are raiscd to the surface of water by
obovate [;obunc ¢ The outer perianth 15 small and sessie with three
ol are atmcx dThrec small rudimentary penanth segments of the
15 taferio Che l’\t the top of the oviry mside the outer perianth
Jous ovales Ty C;J‘mdncal and unmifocular with numerous ascending
oed o hairs | panctal phcentie  The three bilobed stimas
Afier olhl 'axrs lie opposite the pertanth segments of the outer
of thcpﬁ nation the fernale flowers are dragged under water by sprral
hform peduncle  The fiwt 15 partly encloscd m the spathe

:‘”:’;1” of the Afale Infborescence and Flower—There1s 1 single stele ke
¢ centre of the peduncle which e<pand and gives oft three traces

ipathe  In between the spathe at the base of the ‘pedicles of the male
The yemanng

lthcxc are present a large number of squmutar

tissue gives mise to many traces 19 an wrregular fashion on® for cach
nale flowers The single bundle mn the pedieel of the male flower
esinto two at the base of the seceptacle (F1E 118) These two
t bundles form the vascular supply of the %o atamens The smgle
bundle passes up to the top of the conpeetve wabranched (Fig 119)
ular supply could be traced to the perianth segments and the stammode
~—The vascular upply @
comparatit ely larger

f the scape consists

The phloem
At the base of
vascular tisue
122) At first four traces

wlomy of the Prstillate Tlowe
. bundles (Fig, 121} of these one 1
developed and the xylem s repr
sptacle the bundles coalasce 1 form a ¢
=xpands to give off traces for the spuhe (T8
spathe are given off tro R ather side  almost at the samelevel
23)  Shghtly higher up tvo oore traces for the spathe are given off 1
1o the first traces Thus the spathe
¢ prese 1t 8 large number of squamulae

veen the spathe ind the ouary (Dige 122 126)

alter the depastuce of the spathe traces splits
constitite the gynoccium supply (Fig 124) At
chy of thes™ fhree  bundles one small trace pass

s 5 traces (Fig 124)
pase of the

The vascular uissue feft
0 three bundles wiich
1ty hugher level ffot e
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outward (Tig 125) These are the dorsal bundles of the carpels They
traverse for a short distance before they fide out at a level where the locule
makes its appearance (Fig 126}

The remumng  three vascular bundles are the ventral strand  of the
carpels  As they extend m the ventral wAlls of the carpels they gine tise to
numerous ovular traces (Tigs 120 127) The cclls of the wner lagers of
ovary wall show starch gruns Tanmn cells are also scattered in the ovary
wall

The ventral strinds continue up to the top of the ovary and there
they flatten and each of them gives off one trace for the perianth segment of
the outer whorl (Figs 128, 129) The single penanth bundle takes the
median posttion and extends as such 2lmost to the tip of the pernanth A
large number of lacunae and tramn cells are present 1n the mesophyll of the
perianth Three rud ¥ F h seg have also been
observed in the 1nner whorl (Tig 130}, but no vascular supply could be
traced to them

Each of the ventral bundles after giving mise to traces for the outer
perianth segments splits mto two which contiue one m cach of the two
fleshy Jobes of 1 stigam (Figs 130 132)

Vallismeria  amertcane Michs—the  Amencan form  of Fallimeria—is
considered only 2 vartety of I” spiralis by some authors (se¢ Fernald, 1918)
The structure of the flower shows some differences from that of ¥ sprehs
In ¥ amencana the two stamens m male flower are close together upright 11
the centre of the flower forming a single mass of pollen grams Further at
the base of the stamens numerous curvcd hur ike structures arc reported by
carlier workers which are described by Wylic (1917) as representing the mnel;
whorl of pertanth  These statements could not be checked 1 the absence (;
male flowers 1n the material availible  In pistillate flowers the ovary ‘;"‘”;’
longer than that of ¥ spiralis  The bifid stigmas are shirply coiled and ;:
coils protrude outside the outer perianth m the open flowers  The Snm‘l’:fm
arc said to be present i American form by Wilie (1917) and Witmer gjs \‘
but 1n the maternl which was avulable to the author for study from U S~
no such structures could be scen
sprratis

The vasculature of the flmer 15 essentinlly same as that of T

Hydnlla Rich

le s

Hydnlla 1s a monotipic genus Hydrilla verticllata (\I\L‘:‘ldr)o:f::)mng

widely distnibuted 1n the warmer regions of the Oldbmc{ 1t wth
gregarously sull or slow runmng watet Trisa su 5

slender branched stems often rooting 1t the nodes

The sub sessile subglobose and .
1 el 1ol the leaves cach contunng

municite male

The plants e dwoecious single
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pediecllate male flower At maturation the male flowers breah off and hbee
nate by opentng of the spathe and float on the surface of water ‘The
pcmnlh 1 of six free segments in two whorls of three each  The outer three
2 green, imbricate wiule the inner three are small and white Alternating
wih the periantts egments of the mner whorl are three stamens wath short
Baments and farge reniform, dithecous and latrorsely deluscing anthers  The
© llen gralns are large and globular  The membranous eylinderical female
spabes which are bifid ae the top are solitary and essile w the asls of the
Feaves  Each spathe contains a single sessile female flower The perianth
SEEMENLS A1€ 1n two whorls of three cach  The mner threc are very much
seduced  The Ay s anfnor eylindne to nartowly comical produced
beyond the spathe 1n a filform beak It 15 untlocular with many anatropous
ks on paretal placentac  The styles are three linear alternipetalous and
@ch termmnating 1n o fimbriate stgma

lna(nmj af the Stamnate Flow 1 ~ he mternal steucture of the male seape
?2;;;3““1" Supply to the spathe are sumlar to that of the female (Tigs

e V"““Pp]qu the spathe, the stcle expands at the base of the recep
N ¢ and the x,lem €Mty 1 rephiced by some hpmified elements  Three

A0E5 afe given off almost simultancou Iy that enter the three perianth
*BmERts of the outer yhor] (Fir 135)  The smgle bundle of each perninth
“Bwent continues umbranched to the tp The outer peranth hns tannin
ells and agr cavies  The three penanth segments of the mner whotl are
educed and without any vascular supply (Figs 137 138)

After the departure of the perianth traces the remammng vaseulir tissue
?Im nto three bundle {Fig 136) which consutute the audroccum supply
2k stamen Tecewve a mingle concentric bundle wiich trerses unbranched
P to the top of the connective

Inatomy of 11 Pustallate [lower— The vascul1r supply of the scape con 1sts
fa centratty disposed vasculir cylinder  Fhe <ylem s reduced to a cavity
d by a tayer of thin walled rells At the bise of the reeeptacle the stele
Pnds shightly and gines off two trices m oppo ite directions almost
mulmncuusly These traces traver ¢ the cortex wnd enter the spathe which
“I05es & solitary flower  [he two bundles cxtend unbranched throughout
¢ leagth of e 1fid spathe  Some tanmm celly ace abo preseat 1 the
athe A number of gnamiae are present all around in between the
Athe and the base of the flower (Fig 140)

At the base of the ovwry the stele expands and becomes somewhat three

d ang 5001 1t splits up 1ato three bundles which constitute  the gvnoecium
Pply (Tigs 140 1421 [hese bundles take 2n outward course and he against
® three rounded angles of a roughly tfxix}gulli lj!vnr‘) Th'z- single locule

kes 1ty yppearnce sn the ces
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well defined but the region of the ovary wall where bundles hie shghtly
projects mwards  The cells of the mternal kming of the ovary take a dense
stam  They also show some starch grams  Some tannn filled cells are also
scattered m the ovary wall  On each placenta a few anatropous ovules are
borne which generally he 1 vertical position n the ovary

Thus, 1 Hjdrilla the vascular supply of the ovary 15 reduced to three
bundles There are no traces of the darsals  These three bundles continue
i the ovary wall agamst the 1ll defined placentac  Each bundle gives of |
traces for the ovules borne on the placentae 1gamst winch 1t hes (lig 144)
These carpellary bundles continue up to the top of the ovary (Tig 146) In
the upper region of the ovary there are three wing hike outgrowths each
lying against a bundle (Fig 145) The three bundles extend separately
within the beaks of the ovary for a short distance and then fuse to forma
central mass of vascular tissue (Fig 147, 148) At the top of the fillform
beak of the ovary three traces anse (Fig 149) wluch enter the base of the
three perianth segments of the outer whorl The single bundle traverses
unbranched up to the tip  The three peranth segments of the mner whorl
wluch alternate with those of the outer are very small and reduced (g 151)
No vascular supply could be traced to the mner penanth

The remanung vasculir tissue after the departare of the traces for the
outer perianth soon splits mto three bundles (Tig 150) They extend mto
three free styles only for 4 short di tance (Tigs 151, 152) Tanmmn cells and
A1 cavities arc present in the perianth segments and styles

Elodea Michx

Llodea cancdmsis Michx  the American water weed 15 common i

quet water m N America It 1 1 perenmal, submerged  dioccious herb
sometunes rooting at the nodes The male spathes which are present 10
the axils of the upper leaves are sesule and tubuhr, cach with o
broad apical teeth  Lach spathe encloses four or more male flowers The
perinth 15 of si¢ se,ments m two whorls of three each  The outer are
sepalord, and the mner are putalod wmd claved The stunens arc nmtr
arranged 1 three whorls of three each  The filaments 1re short that ol
mner most whorl arc united mto 1 short column  The authers are dithecous
and introrse

study
Only the stiminate flowers of EluJea carad nsts werc av ulable for

from the mater:al obtaned from U S A ind Netherlands

f e
Antomy of the Male Infhr scence ard Flouer—The vascular supply ©

5 Ihe
le consists of 1 central y dispo ed va culr cylnder (big IJ?) Jne
od by phloem At te .
pposute directions from the

d cnter the spithe whch

pedunc
xylem of which 1s rediced toa cavity urround
of the spathe two traces depart simultincously m o
stele (Tig 154) They traversc the cortex an
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¢ doses the male fl
topof the spathe owers The two bundles contmue unbranched up to the

Aft

dnides x:g)};icg,:;i;{m of the spathe traces the remwning vascufar tssue

vach bundle sp) te mtoc:h one for cach flower (g 155) Withm the pediee!

Honer has three bundles rec (Fig 156) Thus the pdicel of cach stamate

3 large pumber of At the base of the pedicels 1 between the spathe
¢ of squamulae are present (Figs 155 156)

The pedt

section ]E;e C;‘i"[ u‘lf fower 15 roughly threc angular 18 outhine in " Cross

alternating wath ree bundles lic at the three angles of the pedicel each
g with a large ar cauty (Figy 157)

At thy

teceptacle :n: ?;:i]ccsari::r}d apnards they expand and at the base of the
Vaess trverse the cort vom each of the three bundles (113 158) These
auter whor  After rtex and enter the fhree pernnth segments of the
thoserand anastomy gwing nse to these traces the threc bundles come
wlhoch three more u-o5= to form an ~lmost complete \ascutar cylnder from
Bt Ly 150) ‘Ia'hm anse simultaneously altermiting with those of thr
pmeats of the 1 ey form the visculw supply of the three peranth
bundle whuch mktsne'[: whorl Thus exch penanth segment recenes a single
The epidermal cell the medwan position and exteads up to the vp unbranched
U8 mal] yocel s of the inner wharl of the penanth segmrnts beat nuraet

teeliular outgrowths i the upper region

t ”ﬂ‘:iz;e ;:‘ : gaps caused by the perianth traces are filled up, the stammal
whotls The ﬂx}: the vascular eyhnder (Figs 160 161) n theee SUCCESSIVE
Suecesny o lr:e traces of a whorl amse supuitaneousty and those for the
wp m orls altermate with each other The vascular tusue = completely
sngle wtapy grng nse fo traces for the mnermo & whorl of the stamens The
of the A1 ca bundle 15 concentnic apd b extends throughout the leagth
ament and the conncetive unbranched (¥gs 162 163)
magg :}ff l: ¢ the separanon of filaments of the mnermost whorl of stamens &
2 (e s:‘;‘llc 1 left m the centre which soont sphits mte three parts They
conn yllodia which are devoid of any ascular supply (Fis, 162) They
ue only for o very short distance

Falophila Thow
acr Halophula o qis (R Br) Hook f [Syn 1 ocata non Gaud) Aschers)
)m;: submerged or often burned 1w muddy or sandy bottoms sheltered
thies arround the sea coast
The plants are dioecious The fowers1n both the seves 3¢ enclosed
M sohtary sesule biotdly Janceolate spathes which an e between the paw
ofleaves Ea b spathe s compe #8 of twa membranous kecled bracts one
mbracing the ather  The male flowers ar¢ pedicellate and  oltary m ¢
Spathe  The p:m:mth 15 of three free elbptic sprcadmg and white segment!
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arranged 1n an imbricate manner The three stamens which lternate with
the perianth segments have sessile and  dithecous anthess  The coancetne
projects shightly above the anther lobes In each chamber the pollen grams
are in chams  The ovary 1s umlocular and betked, and bears many ovules
on parictal placentac  The styles are three, Inear and filform The ovary
18 albo crowned by three very reduced perianth segments The fruit s
included 1n the spathe

Anatomy of the Stamwnate Ilower—The stele of the peduncle 15 centrally
disposed the xylem of which 13 represented by a lacuna Dounded by a layer
of thin walled cells In the cortex there are about ten lacunac arranged in
a aircle  The cells of the cortex show starch grains

At the base of the spathe the xylem lacuna of the stele 1s replaced by
Lgmfied cells  The stele gives off two traces closely on¢ above anotherin
oppostte directions (Figs 165, 166) These traces traverse the cortex and enter
the base of the two sheathuing bracts (Tigs 167 168) The single bundle
of each sheathing bract takes a mediin position and traverses unbranched
up to the tip In the axls of each sheathing bract are present two squamulac

(Fig 168)
After the departure of the traces for the sheathing Dract ylem cauity

males 1ts appearance agamn 1n the centre of the stele 'The stele extends
1nto the pedicel of the male flower as such Once more the <ylem “"‘g
1s replaced by lignified cells just before the level where traces for the penan o
scgments are to depart The three traces for the peranth are gwen '7|
successvely closely one above another (Fig 169) Lach peranth “mcgl
recerves one bundle which traverses along the median line throu hout 1ts |°"§h
unbranched Before the perianth scparates from the central s the vascu] tsr
tissue left reorganises mnto a three lobed structure (Fig 170) Tt soon splt

up into three bundles each of which enters the connective of 1 sesule stamen
{Figs 164 171 172)

Anatomy of the Pistibiate Tlower—The “structure and vaseular supply "cr
the peduncle of the female flower s siular to that of the mJCd o
vascular supply of the two bracts which enclose a female flower 15 also .:nd]c
m a mmlar manner as n ciuse of male flowers {Figs 173 178 In o
axl of each bract near the base of the ovary two squamulac, as 1 ma
flowers are also present
After the traces for the spathe have ansen the <ylem cavity °r;;i‘:;::
1s replaced by some hgnified elements and soon the stele bccomcsxo;m o the
four lobed (Fig 175) Two traces extend outwards from thetno Loy he
stele and they form the dorsal bundles of the carpels Immmmh ato
remupng vascular tissue splits anto two bundles which u(md\o:mglc Toeule
the receptacle to enter the carpels as ther ventral strands 71 e oveles
makes 1ts appcarance 1n the centre of the ovary (Fig ! 6)
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derive the

wedup l:fs:!ﬁull:r S‘;\lpply from the two ventral strands which ~re completely
drooghthe O‘aP Ywﬁ" he ovales (Tis 177, 178)  The dorsal bundles extend
The tee rcsulgm bu:::i‘;t the tap of the ovary one of them sphts into tno
op s 173 131y continue inte the three stvles almost up to the

At the top of
4
prsent bt lhe}; & :;tm{]")' three very much reduced perianth segments 1re
mal el s“mv any vascular stubs  The stvles are covered with
papiose  hurs and  are receptive throushout thewr

lengih
Discussion o CoNcLusions

Witha fe,
possess unucxutl‘; zﬁf tons hike Oftelia ind Blyva the members of thus [umly
They are surroundeq by crowded (stammnate) or solitary (pistillate) flowers
nder spathe as 11&:(-3 structure generally deseribed as 1 spathe  If we
ehtter then 1t will be y structure which surrounds or ubtends a flower
S Qunds 3 salitary plst:;hmmuy mcorrect to designate the structure that
OmEOR usage and 1 ate flower as a spihe  Hosever, mn view of the
¥as dlature as the a\hc“v' of the fact that 1thas the same structare nd
ter for the organ pathe m male 1nflorescence we have retamed the syme
m female flower

The flo

of perianehy ::;::f Hydrochanitacere are typically tnmerous with two whorls

s been obs:wcdms But reduction 1 their size number and va culature
Whorly of pery ﬂm the dufferent genera wnvestigated  There re two normal
s34 By e Sgments Ot Basta ydroharis  Blyse Hydulla
083 of Blyyq ",”“ ¢ pistillate flowers of Blyva octandre and the bisexual
duced apq are nosperma the persanth segment of the nner whorl are e
Prang segmm?s“c? bs”m‘tr m size than those of the outer whorl The
ad pisullnge oy o th the whorls are very much reduced 1 stammite
Iowers of 4\¢C’mm:'; of Hydnlla TFurther reduction 1 seen i stammate
stead of ygyal "!hm where the mner whorl ha only two perranth segments
Peranth 3 yepres ree  In the stammate flowers of Talltsnerta the nner
5een 1n the t';ﬂ“d by a single munute segment only  Lxtreme reduction
absent ang “l:u illate flawers of Halophila where the mner perianth 15 totally
Ovary e outer 13 represented by munute outgrowths at the top of the
Panstl}:m:ar reduction senes can be drawn m the vascalar supply of
Prriangy OFH‘I'JH“CN genera Each perianth segment receives fiv  (outer
Bowery of o Iydrockans) three (stxmmate flowers of Bootsa and Bl va bisexual
Eomers of Bt[lelm punllate flowers of Enfalus outer prrsanth of the pistllate
(stamuat [yea octandra and bisecual flowers of Bl echinosperma) or one
late fly e flowers of Elodea and Enhalus nner whorl i stumnate and pustil
and BI“”“ of Hydrilla 1nd pistillate and bisewual fowers of Bivea octandra
Hnlnﬂ[,,;'m echinosp ma respectively outer whorl of stamunate flowers of
s and putillate flowers of Tallisnena) trace  T1he inner penanth

-
- v

f the

Fa
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segments of stammate and psstillate flowers of Hjdrifla, outer and inner
perianth segments of te flowers of Nechamandra and Valhsnena and the
only whorl of penianth segments 1n pistillate flowers of Nechamandra do not
show any vascular supply It is therefore interesting to note that durng
the course of reduction the organ 1s not completely reduced but its vascular
supply 15 lost A number of authors hold the view that the *Vascular bundles
are more conservative than the orgin they triverse’ (Bames 1931}  Arber
(1913, 15) 1n her earler wntings also supported this view but later on she
changed her opinion and becime a strong opponent of st She held (Arber,
1933, p 233) that a “rudimentary form 1s found to correspond to a vaseular
system which 15 equally, or even mare, rudimentary, ndeed an organ which
retamns somestrace of its external form, may yet show a complete lack of
vascular tissue It thus becomes clear that we have no alternatne but to
discard the doctrine of conservatism of the vascular bundle’ The present
observations al<o seem to lend support to such a view

Reduction has also been observed m the number of stamens They are pre
sent m trimerous whorls each alternating with the other and that the outermost
whorl alternating with the inner perianth whorl  There are twelve (Boohia and
Blyta octandra) or mine (Elodea and Oltelia) stamens but m Otk three of
them are reduced to stammodes Turther reduction 15 scen i Halghhils,
Lnhalus and Hydnlla where there 1s only 1 single whorl of three stamens
Only two stamens are present n Fallisneria and Nechemandra  however, 3
small staminode devoid of any vascular supply s also present 1 allisnerta
As usual the stamens are one traced and the single bundle continucs unbnind
ched throughout the length of the filament and connective  In Nechamards

f the
and Vallisn o however the bundle traverses only up to the muddle ol
connective /

Six staminodia have also been obscrved m the pistillate ﬂo“;cgodf
Hydrochans  They have vascular structure of stamens 1o scmc“ln: rel vt
form Thus they arc the vestigial stamens which through reduction
become staminodia

ed
In the same way reduction in the number of carpels has b;mh:ijc:nd
n different genera Wiule there are six carpels Oueha Iy r;,[,(ham dra
Lrhalus there are three in Blysa, Vollisnenta and Hydnlla In cular supply
and Halophia apparently there are only two carpels  The msd (p!accﬂﬂ’
of a carpel normally consists of a dorsal and 2 ventral s‘:‘:( of the twe
strand)  The ventral strinds, each of which 15 a fusion produ diexe xylem
ventrals of the two adjrcent carpels are normally arseated, :j‘:hﬂ'crﬂl‘ from
faces towards the centre of the flower and they occur on "; l:rmral bundles
thosc of the carpellary dorsals  In Hydrocharts and I‘nhnlulhllchcmm, region
dwide 1nto many smaller bundles which are distrsbuted 1n ¢ t:mx:,r‘\ Besides the
Some deviation from this normal condition 15 seen in smlntfrc s> preseat i
Qorsal wnd the ventral bundles secondary margindls
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s and Enftas  On the other hand m Taltureria and Hydnlle some

: rn vormal viscular suppls 15 seen  In Pulltsrerte thoush dorsal

dc gm‘cnt they contwue only for a very short distance and fde out

? r:\ (::;:“;hcbloculc ;m‘\c: its appearince  In Inhdofle the domsil
absent and the vascular 1

three ventral strands wupply of the gunoccum o

l;itz‘tm:x:dr‘ b’Dmc on the fused margins of different caepels Al
avules b‘frnc o tI" toost of them two halves of 4 plicenty are disunct
Hrdo h oeg 01:" hem face i opposite directions  In certan geners
Wt the ov'a ’ « and Dnhafus and condition becomes rather mterest
al surface 3’:; wmcompletely dnsded into six scgments and most of
ves a condit ¢ ovary wall except long the dorsal line 15 covered
surgested b 1;0" recalling that of Bupomas  ‘Lhus 1 the bght of the
%%,) cxpl::n " ury (1952a) the placentation 1 1l the genert is panetal
embers of ann condition siular ta Hydrockires Qitelia wnd rhalus m
alarge conside i‘la ceac and Papaveraceae that i such eases the plac
septa but mcm] y and praject toward the centre there are apparontly
" rely placental lmellac and thus be described the placen
panetal or lamellar

$ poy
pomted out earlier the gynoecwm appears to bt capeliary 1w

;;rz:ii;mdm"'{m 1t 15 e ident from the fact that the vasculT supply
taedy th conssts of two dorsal ind two plicental strands  But there
are com, ;c: styles and threc stigmas i these €156 The placental
e Iy pletely used up in supplying the ovules present on 1l defincd
op 0“‘11: Interesting that one of the two dorsal bundles splits mto two
o st m:“"ﬂry a0 these resltant three bundles extend mto the theee
Wghgab; Therefore, 1t appears that the bicarpelliry condition B8
a,;and‘o“t by the uppression of one of the carpels mn the ovary
e one ition also repnited m certam Myrtaceae (Gupta 1962) Snce
> dsa pels 15 suppressed the placental bundle of the suppressed carpel
of the ppeared  but ats dorsal bundle become mcorporited with the
equon other carpel 1 the aviry regon and becomes separate only n the
famuly also appears 1o be ?
bout by suppression of three
n several genera

urther the oy carpellary condition 1a the
‘rnnc Probably 1t has been brought a
froma hexacarpellary condition which 1s prevalent
axm]y

ers of some grnera such a8
@ m two whorl of three
cates Tugher up
devoid of any

tylloda are present sn the stamunate fow
@ Elodea In Bootta there are s tyllad
Cach styllodium recetves 3 single bundle whach bifur
frq there are three styllodia 11t ope whorl and they are

' supply
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The presence of stammodia wnd styllodia 1 the pistillate and stamumate
flawers respectively has sometimes been taken to indicate that the unsetnal
condttion in the famuly 15 derived from the bisexual one which 15 sull prevalent
m ome members of the fumidy  If tlus reasomng 1 correct then the genera
with bisexual flowers ire to be considered as more primitive than those with
umisexual flowers

Cushion shaped nectaries with darh staining cells arc present m Hydrockens
at the top of the ovary opposite the three perianth segments of the inner
whorl They lie at the base of the styles and are actually fused with them.
These structures resemble the nectary found at the summt of the mferior ovary
1n members of the Umbellales A number of authors interpreted the nectary
of Umbelliferac 1s representing the expanded bases of the styles (sec Henslow,
1890 Jackson 1933, Douglas 1944, Fernald 1920 etc) Recently Fahn
(1951) also described the nectary of Umbelliferae as of stylar type'  Mattal
(1955, 1958) concludes on the basis of vascular anatomy that the nectary in
Umbellales represents the stenile region of the ovary which has grown upa
Iittle beyond the style bearng region and has become solidified and taken to
secretory function

.

The present observations reveal that the nectary m Idrockans 18 of
“stylar type’ and represents the expanded bases of styles as pomted out by
a number of workers for Umbelliferac It 15 evident from the fact that the
nectaries actually remamn fused with the bases of styles and derne thtr
vascular supply from the stylar bundles wlich are left after giving rise to the
traces to perranth and staminodes

On the basis of Ius extensive study of nectaries mn a hrge number of

famulies Fahn (1923) upon the phylog I trend of the locnukon
of the nectary and concludes that the mugration of nectanferous tisuc 2k
place from outer to the mner floral organs and from lower to the uf’ﬁ’
parts of the pistll  Thus he considers the stylar nectares to De most highly
evolied

ly of
Tt may be recalled here that the Hydrochanitaceic ss the only famih

the Helobiae where the ovary s aaferior
1¢of the

Inall the species investigated the vasculir !
sary

generally gives nisc to two sets of bundles at
two three or six (corresponding to the nw
form the ventral strands of carpels and
They 1re generally completely utthzed
Hjydrockans nnd Ottelia where they 4
outer set are cqual 1n number to that

as an Hydroctarts and Lukalus where
contnbute to the penanth traces (also

the dorsal bundles of the carpels  Besiu
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penipheral  bundles also separates from the very base of the ovarymn
Hydrockans and Enkalus These bundles extend into the outer region of the
ovary wall which 15 quite distinct from the mner region  They consutute
the vascular supply of both the whorls of perianth as i Enkalus or only the
outer whorl as in Hydrochars

There 1s Iittle controversy regarding the nature of the mternal region of
avary wall since most of the authors agree that 1t 1s truly carpellary  The
present study also lends support to 1t s 1n some cases (3 drockanis and Enhalus)
the wnner part of ovary ¢ wall  stands npart clearly from the penpheral part
containmg a large number of air cavities  Sumuilar distinction has also  been
observed m Umbelliferac and Araliaceac (Mittal 1955, 1958) and 1n Myrta
ceae (Gupta, 1962)

Regrding the outer region of the ovary wall  however the opmon 1s
sharply divided and 1t has been interpreted as appendicular or axial in nature
{se¢ Douglas 1914 1957, Pury 1951 1952b Eames 1961} According to the
appendicular theory the outer part of the ovary wall 1s formed by the fusion
of the bases of the outer floral whorls and according to the awial theoryat 15
formed by the fusion of the receptacular cup with the ovary wall

In Enhalus the traces for both the whorls of persanth though fused among
themselves are free from the dorsal bundles from the very base and they
traverse through the peripheral regron of the ovary and supply the penanth at
the top  In Hydrockarts only the traces for the outer whorl of perianth are
free whale those of the inner whorl are fused with the carpellary dorsals  In
still other cases the bundles traversing the ovary wall are the fusion products
of the traces of different floral organs occurring on the same radi  However
1t may be mentioned here that the placental strands in all the cases are free
from the very basc. of the ovary whilc the carpellary dorsals separate from those
of the other floral argans at the top of the avary

Eames (1931) and Mac Danzels (1940) have given series of diagrams in
Ericaceae and Rosaccae re pectively to show adnation and fusion among the
floral organs and thesr vascular bundles  They conclude that by the cohesion
of the basal region of the outer floral organs with the ovary wall the superior
ovary Dbecomes mferior and the outer wall 1s therefore 1nterpreted as
appendicular in nature % similar view has been expressed by a number of
other workers (sce Bames and Mac Danuels, 1947 Gautluer 1950 Eames
1961) Studies on some monocotyledonous faulies such as Orchidaceae
(Swamy 1948) and Agavaceae (Wunderleich 1950) also support such an nfe
rence  In regards to fusion and adnation of the bundles the present cbserva
tions seem to support the appendicular view

The above authors also consider the bundles which traverse the outer

region of ovary wall m free or adnate condition as appendicular  But as
pointed out by Puni (1951 1952a) appendicular bundle has a duel nature 1t

£
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18 2 ‘trace when 1t traverses the cortex of the receptacle and ‘bundle, when
enters the organ  Since we can not differentiate where the ‘trace ends and
‘bundle’ starts, Pur1 (1952} states that the vascular anatomy can be of hle
help 1n determunation of the composition of ovary wall and can not offer any
sustable explanation of the problem of the inferior ovary

Troll (1931) expressed doubt regarding the syncarpous nature of the
gynoecium in the Hydrocharitaceae  He considercd that the gynoccwm i
this farly 1s really apocarpous and that 1t seems to be syncarpus apparantly
He designates such a condition as pseudo cosnocarpous  How ver, the
present nvestigition shows that the gynoscium 1n the famuly 1s truely syncar
pous Not only the ovary 13 umlocular but the ventral bundles of the two
adjacent carpels are also fused to form a ventral strand (placental strand}
It may be possible that the present day condition has been dernved from
apocarpous condition through Latomus hke members where the carpels arc
connate at the base and the perranth 1s fused with the carpels for some distance

SummARy

In the present mvestigation vascular anatomy of the flower of 12 species
belonging to ten genera—Otelta, Bootta Hydrocharts, Enkalus, N echamandra, Blyss,
Vallisneria Hydnlla, Elod.a and Halophila—of the family Hydrocharttaceac has
been studied

The flowers are generally urusexual with 1 few exceptions ke Oi¢
and Blyva where they are bisexual  Several stamunate or a sohtaty pistllate
flower 15 surrounded by a spathe

la

The pertanth 15 generally 1 two whorls of three exch but reduction
in their size, number and vascular supply has been observed m  diffrent
genera mvestiaated  In certamn genera like Nechamandra  Valltnria and
Hydnlla though the penanth segments are present they do not sh:N
any vascular supply It 1s therefore interesuag (o notc that dunng ‘l 4
course of reduction the organ 1 not completely reduced Dbut 38 \::scullr
supply 1s lost  This goes agamnst the doctrme of conservation of the vascular
bundle and lends support to \rbers view (Arber 1933)

1 1 different
Hydne
In

Reduction 1n the number of cupels has been oberved
members of the family studied  While there are s1% carpelsin Otltlm;l
charis and Lnhalus the number 15 three in Blyxa  Vallisneria and Hydnlls
Nechamindra and Halophila apparently th re are only tvo carpels
consists of a dorsal Dundle and
In some geneed
on the other
While the
totally

The sascular supply of a carpel n ranlly
a ventral {placental) strand, wiuch he on different radn
(#ydrockarss and Lnhalus; secondary marginils arc 1o preseit,
hand some¢ reduction in normal vasculwr supply s also :c;‘a .
dorsals continue only for a very short distance ¥ allisnenia they

absent 10 fydrlla
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The placentation 15 normal panetal i majority of genera but n some
cxses such as Hydrocharts Ollelia and Frhalus the condition becomes rather
mitresling since the ovary 1 mcompletely divided into six segments and most
ol the mternal surfice of ovary wall, except along the dorsal suture 15 covered
\\Iﬂn ovules  Ths condition has sometimes been desenbed as superfiaal
Sn:;;::muon But as pented out by Pun {1952) mn such cses the placentae

e tonsderably and project towarg the centre, and thus he described
the placentation as paretal ’

. bh aipeaxs that the bicarpellary condition 1 Halophtla and Nechamandra
o cen brought about by the suppression of ane of the carpels i the ovary
kcn:[ Sumiarly tricarpelfary condition 1n the famuly also appears to hate
mem:\{‘:}i frr::lacmcarpcllary condition which still preval 1 several

N !Thc bresent observations reveal that the nectary 1 {fpdrockanss 15 ol
Y2t type” and represents the expanded bascs of styles

m&“;‘Y(‘.r;»;hamaceac 1 the only family of Helobuae where the ovary s
Revarden mc internal region of the ovary wall 1 trucly carp Ilary ta nature
m“m‘uf‘ ‘cl‘““" region of the ovary wall which has been a centre of
Bat the aythy \e present observations gwe support to appendicnlar  view
tomy e 0{’ > i complete agreement with Pun (1952) that the vascular
vall agd % be of httle help 1n deter: of the of uvary
ovary €an not offer any switable explanation of the problem of the mferor

e The present muestigation shows that the gyeoectum i the famuly i
“ly syncarpous and not pseudo co nocarpous as sugge ted by Troll (1931)
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DESGRIPTION OF ON\E NEW SPLCITS OF PHITOBIA
LIOY (AGROMYZIDAL DIPTERA) FROM INDIA*

Santony Sinan axp Savrosit k- Tannow
Sehool of Lntomalo. 3, §t John s College, Agra

In the courre of the tavonomic studies of the Indian Agromvzidie we
@me across a couple of very mteresting, specimens of a apparently undescrs
bed species belonging to the genus Phytobiz Lioy Ofthe 1o species of Phytobia
% fat known from the Oriental region, only one 1, —Phyloha (Calycomy.a)
Fumeralys (v Roser) has been recorded from India A new species Phitobia
(Pﬁﬂv’!la) #eufrom B India 1s beng described 1n this paper

We than\ the authorities of the School of 1 ntomolozy for facikities for
York and the U P Govt Rescarch C e for fi 1 m
meking the collections  ‘The type specimens will be deposited 1a the national
collections ot Zoological Survey of India Gal utta

Pavrosis (PHYTOBTA) IPEI Sp nov

Head—(Figs 1 2) Frons wider than width of eye (03¢ 025 mm)
about ope and a half tme as long as wide sides almost parallel  Tace
‘el with narrow carna  lunule low approumately sem arcular and
“tending 3 ltle below the hases of second LOR parafrontals lightly
bulied out m profile and shghtly more than one fourth as wide as the
frontalia  Ocellar trrangle promment with apex reachnw up to the level of
Int ors distance b:t\\,een lateral ocelh little more than the distance
between latera) and median ocellus FO five paws upper FO two and
technate first bemg longer than the second the lower LFO three almost
2l first and second Jower orbitals upright while the thid rechnate
orbital setylae sparse reclinate  Frons not projecting above eyes m profile
checky elongated about one fifth the verncal heght of the eye eyes oval
Plo e dorsal margm cotered with mmute bristles  Tonger than broad
Antennae adjoimng Jotated helow the md jevel of the eye second antennal
"“‘,e cent third antennal segment round pube cent trans

!Cgmc
nt minutely p ble the size of antenna {0 30 0 17 mm)

Verse aristq I, thwn doul
ng 1 little less th
2nda Lttle mmi. than half the heght of the eye conspicuously pubescent
about six 10 seyen oral vibrissac peristoral setac absent
ws of strong dc  one anterior
— esonotum with four pa
Thaac—(fg ) 11 uture  first dorso central about one

to the osterior ta the s
suture and three p dc second almost equal to first, third

an s the fourth
dc:l[a:a]lr times m.:]l:ngﬁ:t d. acr m four wregular rows extending a lutle
abm,lg ‘;ly smali(clr(;cl :rcscu““'"s two 1 little more than half the size of the
e e secon

* Coatnibution No 115 from the

-of Entomrology St John s Coll gc Agra
>~
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first dc, sa one, strong, at level vath the thrd de and sightly maler than
first dc 13 one smaller thansa  pa ene strong shghtv looger than the fint
dc, p> onc aboutthe swze of the fourth dc, nptwo antenor bewng cbghily
smaller than the postenior humeral ore, with minute sctulac longer tha
the fourth dc. Mesopleura with six <trong bnstles pomtng pos enorly
sterpopleura with five to six bristles pomtmg domally

Wing—(Fig 4) Costa ending at My sccond thud and fourth costal
scgmentsas 383 12 1, wing apex between termination of R,y and Men
nearer to R,y Ryes and Myy, almo t parallel last ection of vein Mg, move
than four ttmes as long as the penulumate section, r—m httle beyoad the
termination of tem R, and shghtly beyond the md pomnt of dseal exli,
ultimate <egment of M 4; mn ratio 1 12 with the penultimate

Abdome—Broadh ovate tergites piosed with promment margmal 2ad
dical setae, Iaterals on third segment propunent.

Colrar—Frons matt black, parafrontals and ocellar triangle black luna'e
darl grey, cheels black  antennz and ansta dark brown  proboscs datk
bown palpi black eyes darl brown with red periphery  mtsoa¢ w3
scutellum and pleuras shining black abdomen and legs black, wings halre
squammac and 1ts frmge white  vems brown, halteres white.

Afele—Simlar 1n colouration to female, differing only 1n size

Measuremrts—
Body length Wing Jength
3 222 mm 252 mm
2 523 mm 270 mm

Hel bge—One female labelled  huml (herak. Indum) 271 I‘QJ
Coll Tpe \f Ipe ongrass In the collections of the School of En omoio™
St. John s College, Agra.

Paruttpe—One male 0 pir labelled  Kuml fherala Indi) 271 l‘;J:"r
coll Santshh Tandon on griss  In the collections of the School o
Entomology St John s College Agra

This <pecies resembles Phr ohie (Phyta’ o) rignta (Malloch) from Famv':
b1t can be readily distngushed by the ocellar tnangle barg pm'mrcnlbﬂb
exteading up to the level of first upp r orbutals, frons wide fm““"’b:;;‘
bang five purs third antennal segment prlosed with compl-te!s T
amsta 2nd the sqguamal fringe bang white
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STUDIES ON INDIAN AGROM) ZIDAE (DIPTERA) PART T
DESCRIPTION OF TWO NLW SPECILS OF
PHY TAGROM1ZA HENDLL*

Sanrosu K Tanoov
Sentor Rescarch Fellow C § I R
School of Entomology St Fokn s College, 1gra

In the course of my studies on the Indian Agromyzidae (Diptera) the
relatively small genus Ph Hendel d hitherto only by a

single species from the Orental region  attracted my attention  Descriptions
of two new species it —P  Keralaensts sp nov and P agra nsis so nov are
given in this paper makimg the total number of species so far known from
India to three along with + diagnostic key for identifying the three sy ccies
The type specimens w1l be deposited 1 the national collections at Zoological
Survey of Indin Chlcutta

.

I offer my grateful thanks to Dr T Smgh Professor of Zoolayy and
Fntomology for gmdance and for facihities for work Also I thank Dr Santokh
Singh and Dr J L Nayar for help in various ways duning the preparation of
this paper

Key to the O iental species of Phylagromy<a Hendel

1 Ansta bare, squamal fringe brown second ccstal

se,ment 2 1 with fourth atrata (Malloch)t
— Arista plumose squamal fringe not brown  second -
costal segment unlike as above 2

2 Frons narrow than the width of eye squamal fringe
dark  second cestal segment 2 5 1 with fourth keralaznsis sp nov
— Frons more than twice the width of eye squamal
fringe white second costal segment 3 1 with fourth g, raensts sp nov
Plyta,romyza ! eralaensis sp nav

Head—(Figs 1 and 2) Frons shightly narrow than the width of eye
(026 028 mm) shghtly morc than twice as long as wide sides parallel
lunule whate extending up to the level of the second lower orbitals  parafront
Als narrow  shghtly bulged out 1n profic and httle more than one filth as
wide as the frontalia ocellar triangle short extending far above the level of the
first upper orbutals the three ocells form an equilateral triangle  dorsal side of
the ocellar triangle subequal to the width of the frontalin  Fronto-orbutals

+ Contrtbuton o 116 from the Scliool of Entomelogy St Jonn s Gollege Arra

t Spencer o A 1961 A snopu of the Onental Agromyzidae (D ptera) Trans R
ont Soc Lond 113(H) 90
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four purs  upper orbitals rechnte, while the lower fronto orbytals vprght,
the first upper fronto orbrtals Tnegest, the first lower ortntal shightly Jonger than
the second lower orbital and bout half (he size of the fiest upper orlutal the
distance between the Jower orbutals shghtly more than the distance betwcen the
upper orbitale  Checks broad produced at rear about one fourth the vertieal
height of the eye oral vibrissac present eyes oval, sparsely pubescent, anten
nal grooves separated by carinv, second antennal segment munutely pubes
cent  third antennal segment rounded, shghtly longer than broad, ansta
short, shightly longer than the antenna  about half the vertical height of the
cye (021 0 41 mm) and conspicuously plumose

Thorax—({F1g 3) Mesonotum with three paus of de posterior to the
transverse suture  first <lightly longer than the sccond 2/ httle below the
supra alar, 3dc about one thurd the ficst dc acr m sin regular rows extead
ng up to the level of second dz, 1a onc and 1bout one and 2 hall times the
second de, sa one smaller thin the 11, pa one  subequal to first dc 4 one
with minute setulae np two, postertor being longer than the anterjor, prone
and equal to the second dc Mesopleura with three bustles ponting poster
1orly, onc strong sternopleural bristle directed posteriozly

Wing—(Dig 1) Costa termmating at Ry sccond  third nd fourth
costal segments as 2519 | wing apex betwcen termnation of vem Ryyy
and My, the latter tno being 1lmost parallel, last scction of vern My, more
than twenty seven times as long as the penultimate section ultimate segment
of Myy; 1 ratio (93 1) wath the penultimate

les
Abdomen—Oval  tergites setaceous, the marginal and discal brst
pmmm&xt, the third tergite with distinet Jaterals i additron

Colowr—Par~ frontals black, ocellar tringle funtly shinmg, frunm,lm
mtt  antenna and ansta black, eyes duk brown probascis brown ;ﬂfl
black chechs blach  Mesonotum glossy Llack pleuracand scutellum bdte'
fegs black tarsals brown Abdomen shining black  Wings hyaline squim3
grey, fringe darh veins brown  halteres white

Measurem nts—
Body length Y ng Length
Male 222 mm 200 mm
India) 201163

Jlolotzpe—Onc male labelled ‘hottayam (heral, e Sehoof of

coll Santosh Kk Tandon on grass In the collections
Lntomology, St John s College Agra

cnus
This species duffers from the only Oriental speeics of thus genuh

Jonesia an
Phyta,romy.a atrata (\Malloch) known from Japin, ralrma‘a c:: about o
Inda (Calcutta) in arsta being plumose second costa 158:3’ ferenees 1
and a half times the length of fourtlr costal segment and w
colour and size
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Pliytagromy..a agracnsis sp nov

Heed—(Figs 5and 6) Frons broad more than twice the width of
&¢ (23 1), about twice as long as wide (11 061 mm) sides almost para
Bel, lunule dark micro copically pubescent parafrontals bulged out 1 pro
file and about one fourth as wide as the frontaha  Ocellar tnangle short
estending onlv up to the level of first upper orbutal, the three testaccous
ocellt form equitateral triangle dor al side of the ocellar triangle subequal to
the width of the frontalin  Fronto orbitaly four paurs upper orbutals rech
nate and lower orbatals upright the distance between lower orbitals more
thn the upper orbital  In profile parifrontals raised above eye margm
cheeks broad produced 2t rear and about one fourth the vertical height of
eye  Four to five mirginal  ctie on the post frons one to two strong oral
wvibrissae accompanied wath munute_pile eyes somewhat oval concave ante
norly and convex posteriorly, sparsely pubescent  The antennl grooves
separated by promment carint, second antennal egment with minute bnstles
third antennal segment obtusely pointed longer than broid amsta shghtly
longer than the antenna (0 19 0 3> mm) 1nd shorter than the vertical height
of eye (049 067 mm)

Thoras—(Fig 7) Mesonotum with four strong d¢ one bemng antero
dorsocentral and three po terodorsocentrals, first about twice the length of
fourth third and fourth subequal second about one and a half times the
third and fourth  Sit rrregular row  of acr extending up to the level of
prescutellars la one pa one almo t equal to ¢ sz one Np two posterior
bemng shorter than anterior % one with di tinct setulae presutural one

longer than & pre cutellar one equal tosecond de  Mesopleura with two
promment setalae directed po teriorly

Wing—(Fig 8) Cost: ending at Ry. second third and fourth
costal segments as 37 141 wing apex between termunations of R, and
Mys, but nearer to Ry, and My, but shghtly dwerginr apieally  distal
section of vein M,y more than si¥ tumes as long as the penultinate section
r m slightly distal to the termunation of R, and beyond the mud point of discal
cell ultimate segment of My, 1 ratio (1 1 4) with penulamate

Abdomen—Broadly ovate first tergite sparsely covered with setae

g tergite p y seticeous 1 discal and lateral brstles

prominent seventh eighth and ninth segments form a slender telescopic
setaceous tube

Color—Head black  frontalia matt parafrontals and ocellar triangle
shimng black cheels and antennae Llack ansta darh brown  eyes dark
Mesonotum shuung black scutellum black pleura matt black 1WVings hyalne
calypters with fringe white veins brown haltere knob conspicuously white,
stalk pale wing base dark
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Measurements—
. Body length Wing iength
Female 38mm 35 mm

Holotype—Female labelled “Dayalbagh Agra, 12 u1 1963, coll Santosh
K Tandon, from Barley leaves *’ In the collections of the School of Entomo-
logy, St Johns College, Agra  Paratypes 3 females with the same data

Thus species can easily be separated from Phylagromya atrata (Malloch)
from Formo a, by the presence of prescutellar bristles and i the ratio of
second and fourth costal segments, and from Phylagromy a keralansis sp nov
1n frons being more than twice the width of the eyes differences in the ratio
of the costal segments and calypters beng with wlite fringe
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® T

Figs 14 Pyt romp.a Keralaensis sp nov
! Head m profile 2 Head (anterior view)
3 Mesonotum (dorsal view) 4 Wmg

” 7, X

W

Figs 48 Plytagromy. a agra nsis sp nov
5 Head profile 6 Iead (anterior view)
7 Mesonotum (dor.al vicw) 8 Wing

SRSl .






MOVOGRAPHIC STUDIES OF G1}PERUS LSCULTNTUS*f
I Growrnt Hamrs anp TussrizATION

R Suax
Sekool of Plant Morplology, Mecrut Collee Afeernt

IxTRODUCTION

From the view pomt of the traditional economic botany the Cyp racear
comprising som~ 4000 spectes (boyamn, 1961) 15 of shght value However 2
fow species from this family have entered inta the serviee of man to 1 mmor
ettent Ofall the Cypericeae the ‘Chufa  Cyperus s ulentusis perhap of
Breatest economic 1mportance  Its dustribution 15 worldwide and 1ts popularity
ssanartcle of food 13 alm) t an extensive  Its edible tubers have long been
valued throughout the warld s » vegetable delicicy and asa  ource of starch
sugar and ol

Cultragon of this plant was very much neglected 1n the pist due to
ome practieal dufficulties associated with digging A recent umposition of
anembarroin 19 0 on commercial shipments of tuber of Elcockars dulcts
from € Chinn has p d interest 1 expenmentation i the
ultwation of Elcockans duless (Hodge 1956)

Our countey has conditions sntable for the growth of Cyperus esunlentus
2nd hence there 15 vast scope for the development of 1ts cultwation It
very hkely that with 1mproved methods of cultwvation the tubers may m
ease 1n size and their food value may be sigmficantly wmcreased  Wath this
object n view & detarled monographie study of this plant has bren under
faken under the supervision and gwdance of Professor V. Pun

MATERIAL AND DMryHOD

lhe matenial for the present study of Cyperus esculentus was tollected
from a pond situated by the 1de of Mawana Road about four mules north
of Meerut A few plants were abo collected from a pond near Mansha
Den Mandie by the side of Garh Road In August young plants were
collected anda fow of them were also transplanted m the Botamical garden
of Meerut Gollege 1 a newly construeted  Cyprés pond 1 order tohave

a close eye on them

yransplanted 1n the pond and detailed field
g their sprouting and leal Tyrmavon Weekly
1so recorded  The depth of soil at

A few tubers were alio
studies were carned out mvelun
observatiop- ~F etalan formation were al

* Based ¢
% Contal
Inda
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which the tubenization 15 affected was noted and soil from different ponds
was collected 1n order to find out 1ts pH value Al these obserations were
taken at weekly antervals for more than one cason

OBSEPVATIONS

~

External Morphology—Cyperus esculintus 1s an crect glabrous  annuat
herb propagating vegetatnel  The plwt 15 a marshy one even when
submerged durmg rams a few leaves ind culms always remam alove
water  Under natural habitat 1t attans 1 normal height of 1bout 90 cm but
m extreme cases the culms measured upto 276 cm The axe s underground
with creeping slender subterranean stolons It s roughly cylindneal wnd
varies from 101015 cm 1n dinmeter, and bears leaves and culms above and
roots under soil

Vegetatne propagation 1s carried out by asullry buds borne on under
ground axes  These buds usually grow out mto long stolons that run hon
zontally to the surface of the <oil and at nght angles to the s of the phat
Each stolon at ats tip bears a bud that generally produces a satellite plantlet
or when it goes deep 1nto the sol forms 1 tuber that 15 1 small rounded
structure

The plints have an adventitious root system typical of Monocotyledons
‘The roots arise from the awus tuber and stolon  They my arse both from
the nodal as well as from the internodal regions ind vary i thickness nd
length A few rootlets are also given out

The narrow hnear fohage leaves of Gyperus eseule tus cn be distgushed
mto a sheathing leafbase, a channelled blade and a pomted tp (g 1) 'l'hC
sheathung leafbases enclose the avwis for a very short distance  They doveop
m a regular sequence 1 three rows and their arrangement 1 Very 5) mmetrt
cal  The vegetatine apex of the plant 15 dome shaped or comcal s(rucl:rt
surrounded by 4 number of small voung leaves The 1pex remains under
ground

The mflorescence aws or the culm 13 a very long trangulyr 5““("‘:
with sharp angles and with 2 few moderately large leaves clustered ;t“’
base Itends i an mflo escence with very large leafy bracts The eu l':"h':
formed of 1 single mtern~de and docs not branch exeept i giving 1¥e (DM
peduncles of the inflore cence It 13 always erect and exceptionally strig

iy s
bellate spike subtended
he nflorescence 1s i the form of umbe P el ey

number of large leafy bracts The flowers are arranged m sp et
anise mn the axils of the glumes which are arranged on the axis of thc: irm'xlc
Flowers arc pistillate below and hermaphrodite above Each l]ncn: fnmr'l'
flower 15 typically trumerous having 5 to 6 perianth members “mmc Tobes
and a tncarpellary ovary with a dilated style and three sti,m
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The lobes are paratnely very long and are often seen emerging
out from the glumes in the spikelet

Frutt and seed formation has not been obsersed by the present author
although he has examined a very large amount of material over more than
one season

Growth Habit—-Csperus esculentus 1s pcxhaplehe most typ cally amphibtous
plant 1n the famly Gyperaceae tnd 1s seen i d tches of marshes or  brakish
waters occuring assocrated with Eleo hares pl a lponog natans S
guayanensts and Funcellus species At Meerut at occurs 1n the months of June
to March  Durnng this period the weather conditions are very vartable In
June the temperature reaches the highest pomt In July and August ramns
set 1 and we have 80% of the total annual ramfall (about 520 mm at
Meerut)  Under these conditions sprouting of tubers takes place  The tuber
germinates from its terminal cnd and produces ¢mall band shaped whate
leaves which are wholly or partnlly submerged (Fig 2) The first leave
produced by the sprouting tuber are scale leaves overlipping each other
acropetally  These leaves show rapid elongation and soon attun a fawly long
size (Figs 35) Later on the plant produces rosettes of lmear elongated
fohage leaves that are brorder and longer than the cale leaves The phnts
dug up carefully 1n later summer are found to show a number of white long
stolons arsing from among the basis of the crowded leaves on the short mamn
axis (Fig 6) The stolons nre distingushed from the roots by their greater
size and thickness and in possessing scale leaves at node and a termwmnal bud
In July they are only 3 7 cm long but may attam a length of about 60 cm
mn some cases 1 the muddle of August The number of stolons produced
from the base of « single plant 15 vanable As many as 6 stolons were
recorded arising from a single plant

‘The behaviour of stolons 1s nterestng In the early August they
grow roughly honzontally to the soil surface and approximately at night
angles to the axis of the parent plant After runmng for a shott distance
which vartes from plant to plant each stolon produces a satelhte plantlet at
s tip n the growing season (Fig 7) All these satellite plantlets show
vertical growth and are responsible forall the aeral vegetauve growth
This 15 followed by flowering that starts 1n September and continues upto the
middle of November

Simultaneously with this some stolons develop approximntely at an
angle of 45 to the vertical axn of the parent plant  The growing apices of
these stolons wstead of forming satellte plantlets well up to form the edible
tubers (F1g 9) As the stolons elongate their tips increase 1n size until
finally they take the shape of mature tubers The tubenzation 1s over
nsually by December  The young tubers are wiite 1 colour but become
brown or black as they mature

ST
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-
There 1s still another type of behaviour shown by the stolons A few
stolons anse at an angle of more thin +3° from the vertical +vus of the pht
and produce small tubers  These tubers may sprout in the same season and
produce small leaves from their termmal region  But these sproutig tubers
remamn underground for most of there length  After 3 certawn penod ther
growth ceases and the sprouting tubers remam buried m the soil upto the
next growing season  Tigure B thous a parent plant with three sprouting
tubers of the same season

The tubers are produced at different depths below the sod surface which
wsually vary from 5 to #5 cm , but the average depth 1s about 20 em  The
soil 15 clayey and as such has much water holding capacity Tt pH dunng
the rams s about 75

With the advent of winter 1n January and February the lewes becone
somewhat vellow and dry off along with the mflorescence and s axs The
underground portions of the plant are also affecled resulting i the decay of
the delicate parts like stolons This decay sets the tubers free fiom the
parent plant It s at flus ume that the tubers are dug off Tho ¢ that are
left from digging perennate for the next season’s growth  But 1f there 13 20
occaswonal ramfall or by chance the tubers get suflicent waler, thev m3y
start spronting from their termmal end  This  however, does not goatuu®
growth for long as in Apnil the ponds are usually dried wnd no acrral growth
1s possible

As the rams approach early m July the termmal buds of the perenoat

ing tubers grow out mto elongated axes, bearing scale Jeares nd €Aty
bud upto the surface of the soil (Fig 10)  Followmg this a new ad\Cnlmb\;S
root system s formed from the shoot just below the surface of Lhc‘ﬁful
At this stage the parent tuber appears to have lostats resend food ma c‘m
and 1t 15 1 a dry, exhausted rotten state Tt s possible to find a P'cks
still attached to a parent tuber and this 1n turn producing satellite plant
and stolons which will develop mto tubers of the next gencration

DiscussioN
f nteret
The growth habut of (3 perus esculentus presents some pomnts o

and 1t wilf be profitable to discuss them at some tength hese

¢ means of tuberd, which sprout

he vertical 2% The

ase 1 thickness i

for this n large

The plnt completes 1ts hfe cycle b
during the favourable period and form ¢
cambwm and consequently their power to ncte
seman small n cross section To compensate
coots are formed from vertical axss stalons and tubers

1 Cyperas esed
cs ,:\se‘:{; the mBorescen
Put n those cases ® ere

mnt
feptus 314 €6

The vertical axis 13 much reduced ¢ axs o
mostly underground  In afew cases it g the

the culm wlich does not  divide further
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wflorescence asis or the culm 1s not formed there are present some axillary
buds at the closely placed basal nodes of the vertical axis The growth of
these buds then continues the life of the plant  The axillary buds grow more
or less honzontally to form stolons which carry their growing pomts may
from the vertreal axis and then form « region of close root Leanng nodrs
The production of roots near the tips of the stolons v an indication of the
formation ofnew plants or tulers  Latter on the stolon tips form a few erect
faliage leayes, thus forming 1 number of satellite plantlets i ewrly stage of
vegetative growth

By late August each satellite plantlet forms a number of stolons which
n turn agam produce new plantlets with their own root system and erect
leaves  All this leads to 2 kand of wrregnlar sympodinl tufted growth The
space 1s nmted for further growth of the plants In the meanume winter
days approach, and avulable water becomes scarce  Such conditions perhaps
lead to the development of the resting orgins  And it 1s at this time that
the tips of the stolons which go decp mto the soil swell up to form the tubers
These tubers are formed by mere enlargement of the parenchvmatous cells of
the carte< and the medullry region of the stolon tip  Engler (1884) 15 of
the opinon that since the monocotyledonous s 1s more f equently tuberous,
there 15 probably some relation betwcen the tardy development of the stem
2pex and the ccumulation of carbohydrate reseries  The lach of opportum
ties for translacation may in some cases be responsible for tuber formation
Arber (1925) while dying Arrhrnath var bulbosa comments that
the tuberization 1 Dy the swelling of the cortical cells as well s the cells of
the pith region  The present study shows that m Cyperus esculentus also the
tuberization s 1y swelling or enlargement of the cells of these region

With further lowering of temperature and the water drymng up the
aenal portions of the plant dic  But the underground portions ke tubers
Festuntil the next growmg season when thewr termunal buds develop mto
Vertcal axes and produce new shoots and therr own adsentitious root svstem
Hence we find that Gy perus esculentus completes xts Iife cycle  vegetatively
without showng any cambal growth  This throws some light on the problem
as to why the cambium 1s lost  There are two views to this problem

Sargants (1903) view of monocotvledons m general 1s that they lost
their cambiym because 1t was not necessaev  She has emphasized that the
production of underground perennating organs was facilitaited by a cambium
less growth and that the necessity for the production of such organs there
fore led to the dsappearance of cambum

Holttums (1955) viewpomt however 1S somewhat different He
suggests that the lack of cambim led first of a peculiar type of continuous
ics namely svmpodial growth  And this

vegetauve growth in the most {rop
- g uliarly 1daptable to the production of the

sympodial growth proved itsclf pect
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GROWTH HABIT
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VARIABLE FLOW IN A UNIFORM TUBE
OF A PARTICULAR TYPE Ol SECTION

J P Acarwar
Agra College, Agra

ABsTRACT

In this paper the flow of an mcompressible viscous flurd 1 a long uniform
tube due to a periodic pressure gradient has been conuidered The section
of the tube 13 a curvilinear quadnlateral bounded by arcs of two concentric
curcles and the segments of two radu of bigger arcle intercepted between
those arcs The exact solution for the velocity has been obtamed by the
application of Fimte Fourter Transform

InrroDUCTION

Ruchardson and Tyler [2] considered the flow of an incompressible
wiscous fluid 1n a long straight uniform tube of circular section ductoa
prriodic pressure gradient The case of a tube of elliptic section was cons:
dered by khamrw [1]

In the present paper the same problem has been considered when the
section of the tube 15 a curvilinear quadnlateral shown 1n the figure

EqQuaTioNs oF MoTion

Using cylmdencal coordr
nates r, 6 and z taking .
the duwrection of the tube through
the centre of the concentric
circles the walls of the tube are
r=a r=5b =0 and 6=a

Let i be the velocity 1n the
z direction and other components
of the veloaty are assumed to
be zero By reference to the

w
equatian of continuity En must

be zero so thatw 1s a function OA=b OB=a
of r ¢ and ¢ only ABCD 15 section of the tube
The equations of motion 1n the absence of external forces reduce to
ar P
= =0
or =0 138

w por, el e, 1 3wy
E N ar?
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[G()4+Cy] J"P( 7 \/51, )+[F(b)+C]Yﬂ_I,< '—\/wb)=o
(12)

From these, the values of C, and C can be found and iserted m (11) to
determine f completely

and

Now by an mversion of the transform,

J = % 7 sin pd, where p1s an 0dd positive integer
b

RV Y VD

(13}

Hence

w=2Re E[Ajwp( T \/w ,)+B Ynﬁ( \/~ )]

smgg—ﬁ M 4
where A and B arc gaven by equations (9), {16), (11) and (12}
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2 Richardsor E G & Tyler L 1929 Proc Phys Soc Lovdon 42



STEADY POISEUILLE FLOWS THROUGH STRAIGHT CHANNELS
\ BOUNDED BY PARABOLIC WALLS

G C Smarva
Agra College, Agra

ABsSTRACT

In this paper steady flow of an incompressible viscous flmd 1 a long
umform straight channel due to a constant pressure gradient has been const
dered  The section of the channelis a curvihincar quadrilateral bounded by
the ares of four confocal parabolas  The exact solution for the velocity has
been obtained by the appheation of fimte Fomer Transform  Two particular
cases have also been derived

INTRODUCTION

The steady flow of an mcompressible viscous fluid in a pipe of rectangular
cross secion  has  been considered cxperimentally and theoretically by
R J Cormish [2] J P Agrawal [1] has conudered the flow through pipes
section—a hyperbolic segment  In a recent paper the present author [3] has
studied the steady flow due to a constant pressure gradient, the section of the
tube being the curvilinear quadnlateril bounded by the arcs of two confocal
ellipses and two confocal hyperbolas

In the present paper the steady flow due to a constant pressure gradient
has been considered when the section of the channel is the quadnlateral PQRS
shown 1n the figure

FIGNO 1
7

{

—
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Eguatiox or MoTion

Ustng a rectangular cartesian coordinate system the equation of motion
for steady flow 15

Jw dun_ 1 8p
v (42N 2
(av‘ + Y P o: m
where w15 the velocity m the direction of 2 Other components of the veloaty

are assumed to be zero, v 1s the kinematic viscostty ind gi 15 constant
.

Tor the present problem, put vty =(¢-f1n)* 2)
Then ¢=¢§ §E=¢, n=7, and 5=y, are four confocal parabolis We will
take £ to vary from 0 to co to cover the whole planc and  to vary from —co

9 4+ Then 7= (positive) represents 1 parabolic arc 1bove the x—axis
d 5= (negative) represents a parabolic arc below the x—axis

If the cartesian equations of the confocal parabolas be,

3= —da (v—a)

o= —4b (x—b)

3= da(ste)

y= 4B(+h)

respectively, then the values of &, £ 7, nd g will beas follows,

b=/ a

E=vb

n= i\/:

n =B

Lquation of motion with the help of (2) becomes

Fw  dw ®
FTa =A[¢ +9] )
where A== _4p —P being the valuc of @
P 2.

The boundary conditions are —
w=0 when ¢=£, and £=§, } #

w=0 vwhen n=7, and n=7n;

SoruTioN oF THE EQUATION

Putting p=Ag+D where

- 5
A=TZ"T and Be=yy (3)
-
equation (3) becomes ©
1 9 -
s 1
subject to the conditions — 0

w=0when £=§; and £=§ and 0<g<n
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w=0when g=0 and g=rx and £H<E<E (8)
Now we use a finite sie transform and wrnite

» ()= f" wsin sq dg, where s 1s a positive integer

Since w vamshes at =0 and g=n

f" aqwsm sgdg=—sw
0
App!ymg (lns finite transform to equation (b) we get

F———w— Af {e’+(Aq+B) }un g

dw s -

AR w= —-—( A-}-2B), when s 15 even ®
do s o =2 +_ [(Aﬂ.{_n) 4B _.]— when 515 0dd (10)
4 A 5 5 58
with conditions w=0 when £=¢, and £=¢ (i
For even values of s the solution of equation (9) 1s
S i
=0 A tape AT 20, op) a2)
where Cy and G, are to be determmed with the help of conditions (1)
vt ot
A% Lo, AT fMA
Cyeh” 40 e = (An-+2B) I as
5 5
=£ —x¢ |
and G A 40 A = —T(Aﬂ_zn) |

from (13) the values of C; and C can be obtaned and inserted m (12) to
determune @ completely

Now we proceed to find the solution of (10} for odd values of s
3
..K;

5
— ~¢ AAZ
w=Cye® 4+ Cye — = [282+A% 4+ 2nAB4-2B ] (14)

where C; and C, are to be determined with the help of conditions (11)

s
o6 —&h aa ]
CoA T 4oe AT =g fan 190 AB 12

(15)
Ty |>
and Gy 40 =S R& e 2mATL2B ]

@, and C, can be determined from (15) and subststuted 1n (14) to determune w
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Now by tnverston of the transform
2 —_
w *;—S wsinsg, wheresisa posifive mnteger
5

=wytu,

5
Ind
where w;= “:‘[G A +C - Af—f—A (A++2B) ]sxn:y

2 ~’§ - E ~B .
=236, Ko R o (ryom s B8 06

when s 15 even
and

5
w== 2[ Ced §+c A g_i;‘}-(zm-n‘z\ +2m\B+2B’)]=m :

T s 2 27D 287
=%§[ oY S P ___\%_(25-}‘1731\'}*11: 4 )]
D
®smn $ (’7—?\-) (17)

when s 15 add 5 envely
Here A and B, C, and Gy, G, and Guaregwen by (), (13) and (5)resp

ParmicuLar CAses

_,_7.’ ﬂ”s case dlc
CaseNo 1 If 7,=0 then A= Bty g0 T
t=ty E=bn

b
section of the channel 15 in the form of dw space bcundcd )
5=0 and n=vn, [SceFig No 2]

FIGHO 2
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w=w; -+, whe:e

oy ¢
w= ’:[ 6 A 4G ™ +il’;, (7 +2B) ]sms—

when s 15 even,
s

e e
and w==%.f[ Cieh 4Cie M _A”’ (2 +,h=)]sm:

when s 15 odd,
where €, C and C; C, can be determined from (13) and (15) by putting

A=D and B=O

*

Case No 2 If we consider the section of the channel to be portton of
the parabolic quadmnilateral symmetrical about the awis 1 ¢ bounded by
§=¢£,, £=¢, n=m, (posve), and n=—m,

Then A=— 20 By =M (e b0 o 3]

- —2n

Fig No 3

w=w,+w, where

8"’71 Ton + (m ﬂ)

s
2 £ It
wy ;2[ C, ¢ 2'11 +C &n + , when 5 15 even
mg ﬂf "
_m e o _
and =25 0y ¢ T 40y A0 Tle iy Tan s niln o,
”

when 5 18 add
where €, and C; Csand C, are to be determined fram 712) and 718 h.

putting the values of A and B
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APPEARANCE OF SHORT WAVE RADIO SIGNALS IN THE MORNING
HOURS INDICATING THL CONGENTRATION OT THE
RECEIVED ENERGY NEAR \{ U F

R R Mrnrotra J D Garc anpB S Suenra
Physics Laboratory D § College, Baraut (Meerui)

IxTRODUCTION

Enhancement of inteasuy of short wase rudio signals prior to cessation
has been repo-ted by a number of 1010sphene workers =2 Detailed study of
the fadmg patterns obtained near M UT was lowever taken up by Banenjea
and Melrotra 2 On the basis of observations recarded ar BH U Varanast
from transmussions mostly from AIR Dels s, 1t was reported by Mchrotra that
the smoothness of the fading patterns wcreases as M UF s approached In
anoth~r communecation Mehrotra and Shakla® atinbuted the enhancement of
antensity of short wave radio signals near M UTF to the concentration of
recerved energy as MU T is approac ed

The purpa e of the present note s firstly ta commuatcate the study of
some of the appearance patterns of short wave radio signals taken at Baraut
(29°6 N Lat 77 15 T Longi) district Meerut (UP) for transoussions
from harectn (2¢ 50 N Lat 67°5'E Longt) m the moming hours when
the 1onic density 13 inereanng, and  econdly to dhscuss the concemtration of
received energy of the fading patterns near NI U F

LXPERIMENTAL ARRANGEMENT

Tor this study an automatic fadmg recordimg system samewhat sumilar
to that used by Banerjca and Mehrotra has been developed in the Electronses
Laboratory of the Pwsics Department, D J College Baraut (Meerut) The
@reust diagram of the developed fading recorder sspnen i fig | The D @
voltage developed across the load resistance R, an the second detector stage of
the superhet recener whose AVC 11s Leen made tnoperatine 1s appled m
Letneen the gnd ard cathade of the first tube of the amphfier  The plate of
tte first tube 1s connected directlv ta the grid of the second tubz and by 1nsert
1ag a swtable resistance between the gnd and the cathode of this tube and
coanccting this cathode to a high volta e point a negyne s 13 made avul
able to the god of the s cond tube  The plate of the sccond tube s connected
through the recorder to another 11 T pomnt  To obtamn differcat H T
voltages a 1ecufier with proper fltering system and two VR tubes has been used
as indicated m the creun dragram {fig 1)

Voltage developed across Ry proportional to the strength of the recened

signal makes the orid of the first fube more negatine giving rise toa corres
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ponding decrease 1n s plate current  Asthe plie current of the first wul
passes through Ry, the gnd of the second tule becomes less negune guniy
rise 1o a corresponding increase m its plate cursent

OBSERVAT:ONS AND Discussion

1In order to collect information regarding concentration of recenved energ
near MUF vanous tvpes of observations of fading patterns are taben a
communicated by Mehrotra < In the present communication the olseration
of fading of short wave radio signals representing the appearance of the ugna
1n the morning hours have only been taken for discussion

With the increase i electrontc denstty 1n the mormng hours the sk
distance decreases  And 50 long as the ship distance 15 greater than tle
d between ting and recaving stations, the signal 18 not receved
When the ship distance decreases due to crease in electronte density and
becomes equal to the distance between the transmutting and receiving stations
the signal appears  The appearance of the signal s 1 clear indication tlat the
frequency of transmission at the tume of observation for the transmuttng and
receiving stations under consideration s the maxsmum usable frequency  Any
further ncrease 1n the electronic density decrenses the skip dustance wad the
frequency of transmission goes away from the MUT

In the presence of the magneuic field the magneto ome splittog of the
ray takes place  The condition of reflection of the ordinary ray may be taken
to be the same as the condition of reflection of the ray in the absence of the
magnetic field  The extra ordinary ray 1s reflected from a Jower Jevel

The ship distance for the extra ordmary ray for any sonosphenc condition
15 less than the skip distance for the ordmary ray  In the morning hours when
the clectrontc density 15 mcreasing slowly the distinee between the transmiting
and receving stitions first becomes equal to the ship distnce of the extra
ordinary and s such the extra ordinary ray appears first Tor the ordinany
ray howerer the recenvug station still ltes m tl e skip zone Wtk 3 shght
further increase in the electrontc density the frequenes of transmisston o
away from the MUF of the extr ordm uy 'nd as the frequency of transnussion
becomes equal to the M U 1 for the ordmary 1y ppears

Tae exact recording of th ¢ fading patterns for 2 few sceonds Just I«l' l;lf
time of appearance of the extra-ordinary s not possible duc to the dn!;cuﬂi
of tuming in the absence of any siynal  The upper exti? ordinry and J
lower extra-ordmnary interference pattern 1 Fowever, obsersed  As dxsrul;;b
by Melrotsa 3 the 1nteasity of the upper extra ordinary decreases \crz'hr:;"dc
due to concentration cffcet nd after s very small interval the ;m:xg " ool
upper extra-ordinary becomes pracuically zero and the l‘tftl’""’: “;’.‘n":;’e wrans
due to the loner cxtriordininy ry  When the distance b? W e, the
mtter and the recener becomes just cqul to the \f UT forthe
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appearance pattern of the ordinary riy is recorded At the time of the ap
pearance of the ordinary rav due to tie concentration and focussing effects
considerable enhancement of mtensity 1s observed  Tlis fact 1s evident from
the sudden ncrease in the mntensity as mdicated in the figures 2 3 4 5and
6 The patterns teco ded at t!1s tume are the mterference patterns having three
interfering components viz , the upper ordinary  tie lower ordirary ard te
lower extra-ordinary  Wath tl ¢ increasc in the electromic density t ¢ frequency
of transmission goes away fiom the MUTS of o dinary and tle e tra
ordinary  As a result of this change 1n the electronic density equivalent
paths of the different interfering components clange and the interference
Patterns are ohserved

The patterns (figures 2,34 5 and 6) obtamned at tie time of appearance
of the ordinary may be said to be the fading patterns obta ned as a result of
the interference of the three component waves wl osc str ngth and patl differ
ences change i different magmitudes As a rosult of this a complex pattern
having two pertodicities of nearly equal pertods ¢! anges mto 1 nerrodic pattern
having supersmposition of ripples

Just at the time of appearance of the ordinay as the nmplitude of the
upper ordinary 1s large and as the rate of chan e of nath difference between
upper and lower ordinary 1s least, small portion 1 the beginning appears
to be a mived pattern different from the periodic patterns having supper 1mmpo
siion of ripples obtamed afterwards A few such observations are given in
the table and the corresponding fading patterns arc stown 1 firures2 3 4 5

and 6 Itis evident £ om diffe ent fading patterns that t' ¢ intensity of all the
three fe d

as the frequency of t goes
away from MUF Nearer the MUF with respect to the frequency of

transmussion greater is the strength of the interfiring components This 15
attributed to the concentrations of recened energy near MUF and can be
explained with the help of D 1 curve as discussed by Mehrotra and Shukla 2

It may further be mentioned that the two periodicities obtamned m the
fading patterns recorded at the tume of < appearance of the ordinary asa
result of change of electronic density can be used for getting an :dea of the
profile near the maximum electrome density regron

The detailed study 1n this direction 1s 1n progress
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and sealed with wax in order to prevent the evaporation of water  The jellics
are allowed to stand for a day or 50 and then the synensed hiquid 15 earclully
poured out mto measuring tube graduated to one tenth of a cubic centimeter
The volume 15 read correctly upto 0 0y ml by cye estimation

Ferguson and Applebey have devised ap apparitus (Nig 1) for the
measurement of the rate of syneress of sithea gels It consists of 2 piece of
burette tubing (A), graduated n 01 m}, sealed to 2 wide pieee of glass tubing
(B) connected at 1ts lower end to a similar piece of tubmg (C) by 1 narrow
bore tube, the upper end of (C) 15 connccted toa short apemng tube (L)
through a stopcock (D) Gels are prepared n (B) whose mner surfice 1s coated
witha thin regular film of petroleum jelly to avond adherence of gels 1o the
walls of the tube, and CCL, s filled 1n (G) and 3 or 4 em deep 1 (B)

50 ml  of sthea sol 1s introduced in (B) where 1t floats on the surfce
of CC), and after a time sets to a gel  Atany time aficr seting, CCJ; and the
syneretic hquid are rased mto (A) by blowmg gently down (L) 2nd the
volume of the liquid exuded 1s read to the nearest 001 ml  The whole hqmd
15 then sucked back to the original position and the gel 1s allowed to synense
further The above procedure, repeated at different intervals, gives the rate
of syneresis

Bonnell has dewised another apparatus ([ig 2} called as svnero-
meter for measuning the rate of syneresss of silica gels  Trmaimly consists of
two parts (A) and (B) connected to cach other by ground glss jomt {(G)
protected by mercury seal (S) (A) consists of a 4 em  wide glass tube jorned
atats lower end to a narrow tube (T) carrying 1 glass stopcock (R} witha
tapering bore, and (B) 1s a 1 2 cm wide glass tube, graduated in 01 m!,and
1s provided with two capillary side tubes with mercury seal stopeachs () and
(') (A) 1s closed by 1 ground glass cap (C) having 1 central hole (1) of
05cm dinmeter and 1 metal plate (P) having suspensior hoofs (\) and (¥,
and both of them are protect~d by another cap (D) provided with mercury
seal (E) which closes the system completely A speenlly prepared filter cone
(N) suspended 1n (A) from 7™\ by 1 i e mickel wire carries the expermmental

synerctic gel  ‘The whole appuatus 1s placed 1 water bath mamtuned 1ta

constant temperature

The sthca gel 1s prepared w1 cone wdentical 1 <hape and size with the
filter cone but with inner surface vasthaed to prevent 1dhesion of the yel tothe
cone walls, 1t can be opened and by nverting on 2 gl s plate the costatred
el can be casily removed A gel forming mixture 15 poured anto this cone
and after setung, the gel 1s trnsfered to the cone (N), previotsly mur;(lrd
with the synerenic liquid of the same gel Ty ntaclung the hook ) m'l"?
beam of a balance the cone and 1ts contents wre weighed At dufferent ntenh
and the loss 1z weight grves sery accurately the amount of syrercysin 1.5“31
ume., The cone having been previously saturated w sth the syneredie 173

does not retamn any hquid exuded by the gel, with the result that the %
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Lqud filters through as 1t 15 formed and 1ts volume measured m (B) Nolrs
due to evaporation tahes place as the whole apparatus 15 a closed svs em
Further this appiratus permuts the measurement of both the volume and the
wereht of the iquid synenised

Proad  Hattangd: and Mathur? and Prasad and Sundaram!® buve
measured the syneresis of sodium oleste gels in pinene by a different mett od
The gel forming olutions, prepared i several test tubes of the same mternat
dum ters are allowed to sctin a thermostat At regular interals of tme, a
test tube 1s removed from the bath wiped ull comoletely dry then vllowed to
cnol to room temperature, ind weighed  Then the bulk of the exuded hqud
15 decanted out by slowly tillung the test tube the last traces of synereticum wre
removed by carefully introducing small rolis of filter paper verncally nto the
test tube, and the rolls are chnged when they get saturated with the
synereticum  ‘The 1ntroduction of filter papurs 15 stopped when 1t s considered
that no more exuded Tiqud remains m the tes tube wlieh 1s weaghed agun
The loss 1n weght enves the amount of the hquid exuded in « given intery 1l
Another test tube 1s used for the determunation of the amount of synciesis
™ noth rintervalin the same maaner  The sume method has heen wsed by
Seth and Khandelwal!? to measure the syneresis of sodmm oleute gels m A
fraction of turpentne

Prescyt Wors

‘The authors have designed a new  synerometer for the 1ccurite measure-
ment of the rate of syneresis of sodium oleate gels n 4 fraction of turpentine
called as the ligqmd A by Seth and Khandelwall' who have also given uts
phys cal characteristics  ‘The description of the apparatus and  the techmque of
measurement of the amount of synerests are given below

(a) Deseripuion of the synerometer
The svnerometer shown m Fig 3 consist of anouter Jacket fA) whicty
can be closed at ats upper end by a quich fitstopper (B) Tl lower end of
the ).cket 15 connected to  microburette (() graduated m 001 ml, the solume
15 readable upto 0 00> ml by eye estmation The lower end of the miero
bur tte 15 attached to a side tube (B havinga bulb {F) aties upper end {D)
and (D) are stopeocks  The jachet (A) carries a d’";‘md glass crueihle (H)
of specification of Gl through which the synerised quid psses oug g,

wre
mucroburette without applying any press

tar the

&) Preparatiom of the gels

Yor use in this apparatus gels 1Df scdmm] gltﬂlc n the hausd A are
prepared in Pyrex glass tubes nternal ;;:m;cx}cr M inan o A are
mTFig 4 Oneend of the tube V\)I s Cd by quick fie $0pper (1) und ehe
other end 15 Atached t0 3 two fuet Jong condenser © by x o
to prevent any 1oss of hquid duc to evaportion g, )

diery eleat,
c s vens
out in the tube and 10 mi of the hquid A and some gy o renre ©
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REAQTIONS BETWEEN AVMONIUM CHLORIDE AND AMMONIUM
NITRATE IN SOLUTION AND CARBONATLS OF MAGNESIUM,
CALCIUM STRONTIUM AND BARIUM

RAALt Prasan Gurpa?* anp Suresi Sment
D pariment of Chmstyy St Fokn s College, Agra

The authors® ® have developed a method for the estimaton of calaum
and magnestum carbonates n thesw muxtures and i hmestones, dolomite
and calcareous matertals on the bisis of Cntomr and Goguelia s observationst
that magnestum calctum  strontwum atd barwum carbonates denated  as
MQO,, react with ammonum chlonide aqueous solution as

MCO,+2NH, Cl=\MCl +2NH, +CO0,+ H,0 0}
and the 30 to compk at the temperature of boding water  One
of the authors (K P G ) has found that these carbonates react with ammoanum
itrate as well (see also Vecchiotti!) and the reactins go to completion at
the baling water temperature  Presumably these reactions tke place °s

ACO,+2NHNO, =MN O} + 2\ H,y + CO, +H,0 (@

‘This paper deals with the examnattot of the truth of equations (1)
a1d (2) and the determuation of a relation between the coucentrations of
NH, Clor NH; NG, and the ume needed for the completion of the two
reactions at the boiling water temperature

Lperruevtan
(@) Verifuation of equations (1) and (2)

This was done by estmating the amounts of the CO, NH,, and Mg
Cat+ Srt* or Bittions produced during the reactions

(1) Estmation of NHy A mixtuce contatamg 10 g of dord wagac
swm, calawm strontium or barum carbonate of A R quality five umes
of its equivalent of NH,Glor VH,NO;  calculated accordmg to cquation (1)
or (21 and 100 m! of redisulled water, was heated m a round bottom fask
¢ boiing untit all the s /hd dis ppeared  The gases evolied weee pased
through a 5% solution of boric oeid and the ammoanta absarbrd was titrated
agast Ni40 solution of HCY

(2} Estimaton +fCO, 1Iu another experunent conducted w the same
mauaner 1s wbove th evolied gases were passed first through concentrited
solutio 1 of H SO, and 1 en through a baryta solution and the amount of CO,
was estumated by utrating the baryta olution agamst 3,40 solunon of HCI

3y Estmaton f Mg+ Catr Srb+ or Battaons The solutions left
alier the completian f the reaction were wade upto 250 mi 10 m! of

T Dreweataddeess * hali Fraud Cupta G0 S1halah Nath Gupta Cloth Mer

chant Kunau) (Farruibabad) U P
1 De Sursch Singh R 34 Robrabund Sirdn, (Bihar)
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of 1439 grams of caleum from pipal Jeaves the aterage halinee of the
mineral was -+6 31:£0 675 grams  The balances of phosphorus  magnesium
and nitrogen were found to be quite satsfactory  The average digesubility
cocffictents as  determined by consentional procedure with respect to dry
matter, crude protem, ether extract, crude fibre mtrogen free extract were
70514224, 67¢9:4068, 60651433, 57 144108, 75184267 and
73 334-2 48 respectively

The study with Burgad leaves at a hittle lower 1ntake of 1069 grams
showed o1 average a positive balance of 4481020 grams Thee
ivestigations  further showed that the availability of calaium from prpal wd
burgad was 553 and 527 per cent respectively, mdicating thereby that
these tree leaves are as cfficient - source of calawm as any other  The
balances of muneral el phosphorus, mtrogen and  the
digestibility  coeflicients of orgimic nutrents werc found 1o be quite

satisfactory

Since legumes are lughly fivoured as a source of caloum  systematic
study 1 as been made with two mmportant green legumes, Cowper (Vigma
Catiang) and Berseem (Trifolum  Alexandrium) and ther wulibility
compared with tree leaves to further confirm the potentiality of the tree
leaves as a source of calawm supplement On an average mtike of 1170
grams of calewm  the balwce was 6 0240 50 grums  Thus it was found
that the availabiity of calcium from cowpea and tree leaves s of the sume
order  The average digestibility coeffisents with respect to D M crp,
EE CT,NT E and total carbohydrates were found to b~ 698631 36,
60514119, 61494199 52924321 7061 £13% and 736241 3¢
respectively

On m merage mtake of 12 52 grams of calemm m the esc of green
berseem the bilunce of 4 {840 44 grims was obtamed mdicating thereby
that as a source of caleiwm ber eem 15 shghtly nfenor to burgad and pipal
leaves and cowp-a The serige digesubihty coeflicients with respeet 10
DM CP EL CT NT L and total carbohydrates were fom:d to
be 70554025 73693122 50 804108 72684257 and 709042 2?1
respectnely  The balances of mmeral clements phosphorus, magnesim
nutrogen mn the c1se of both the je umes were found to be quite satnfictory
for the yrowth ol young ruminants

s ko been
The effictency of utilizition of caleym from an oil cake I

studied  Although 1n gencral concentratcs e very poor in C;“‘““‘:"br;‘:
til cake 15 an exception  wluch contans about 27 per cent of (A; tr:lkmm
on dry matter basis  On an avera e total mtake of 10 18 ;;nmvdoum'

the balance recorded was -0 50 grims Thus it has been olserve o

same leve! of total mtake there appears to be no difference ll\c’ :‘x

of caleium from til-cake and pipal leaves, further confirmin, llxlu ‘,l,j

are « valuable source of caloum  Ihe palances of other e
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phosphoru and mit: as ako the digestbabty coeflicents of
vanons orgamic constituents ndicate that i cake 13 an cffient feed and
calcium supplement

The avalability of calewm from di calewm phosphate and Lone meal
(ter calerum phosphate) has also been the subject of detaled study, mot anly
to determme therr comparative efficiency, but also to study and mnvestigate
the comparative ufficrency of calcium asaiability from orgamc and morganie
saurces It is quite interesting to note that on an average mtake of 1413
groms of ealoim from dicaletum phosphate the balance was +6 1740 42 prams
t ¢ almost 1d nilcal with other sources huthesto discus ed  On an average
wtahe of 14 89 grams of calcium from bone meaf the balance was 7 1430 71
grams  The balances of the muneral elements phosphorus, magnestum and
mitrogen were found to be quite satisfactory m both these tests  The average
digestibility coefficients with respect to D M, G P, EL CF N F L and
total carbohydrate were found to be 70 1611 89 65 08+09> 721041 64
39991293 73594157 and 73904153 for diwcalcwm phosphate and
67214184 088940 7¢ 63854387 36364397 745341 2tand 69 621169
for bone mea}

These carcfully condudted expennments m which calaum has been
superimposed from feeds of various descriphions . tree Jeaves legummous
rovghage.  coicentrate and muneral salts o1 a Jlow calom basal diet
e Tng to the N R recommendation  therefore, tead to show that the

Jabihity of calentm 13 p Hy of the same order

From these studtes an attempt has been made to determine the calcium
requirement of young Hariana calves from a comprehensive data of 106
metabohsm trials Tt has been observed that an mtake of 13 to 15 grams of
calerum fully guarantees an adequate caloum nutnition  Higher intake over
this appears to be a waste and s of Lttle consequence
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ORGANIC REAGENTS IN INORGANIC ANALYSIS WITH SPECIAL
REFERENCE TO THT USL OF THE DERIVATIVES OT
NAPHTHOQUINONLS*

KResuav Coanpra Hajera
113/330 Suarup Aagar Ranfur

The purpose of the present work has been to nvesti,ate the possibility
ofusing 1 2-naphthoquiaone and some dermatnes of 1 4-naphthoquinone
1n qualitateve detections and 1n gravimetnc determmations of the metal ions
The following dertv atives of 1, 4-naphthoquinone have been used —

(1) Phthiocol (2 hydrosy-3 methyl-1 4-naphthnqunone)

{2) Lawsone /2-hydroxy~1 4-naphthoquinanc)

{3) Lomatwol (2 hydroxy—(¢ methyl-; hvdrovy methyl allyl}-1 4-

naphthoquinone)

(3) Lapachol (2 hydrosy-3-;—(~dimethyl allyl-1 4-naphthoqunone)

{5) Naphthazana (o §-dibiydroxy-1 4-naphthoquinonc)

(6} Juglone (v hydroxy~1 4-naphthoquinone)

{7} Plumbagin /2 methyl-5 hydroxy 1 4-naphthoquinone) and

(8) 2 methyl 1 4-naphthogquinone

QUALITATIVE APPLICATIONS OF NAPHTHOQUINONES

1 Phthio ol—In 2queous zleohohic medium  Phthiocol form  coloured
complexes with a number of metal 1ons  From analyncal pomt of view this
quinone 1s haghly sensitive toward the bivilent cation of lead and 1 farrly
sensifive towards the bivalent cations of palladitm mageesium  calcum
michel berylium copper and cobalt monovalent mercury and Lthium and
tetravalent vanadwm and ziccomum  Phthioey] can also be us~d to detect
(a) berylhum n pre ence of alummum, lnthanum Lthwm  vanadum
baruum zme cad and bismuth (8} ztrcomum
m presence of berylhum, lanthanum ttamum  lithwm and palladum  (¢)
calernm 1n presence of strontium banum cadmum  manganese  magnestum
alumintum 1ron and nichel (Y cobalt i presence of mickel calcium and wron
(¢) copper 1n presence of cadmium and wea (f) palladwm m presence of
Ianthanum and titainum  (g) caleum and lead and caleium and copper can

be detected togcther M phth } cin also bz used to detect

selemou a2mions

In glhaal acetic acd medum also phthiocol can b~ used as an analyti
cal reagent for detecting monovalent copper bivalent copper nickel cobale
and palladium nd trrvalent aluminum and chromum It 15 also passible to

b ol thes o1 1B eh Th D degroaliys been avarded Ly the Ag 2 Un verary
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« n 1fv cobalt 1 presence of tron or nickel, copper 1n presence of cobalt or
o 4« nickel in presence of alummium

2 Lausone—Lawsone shows colour reactions with 2 number of metal
ion Sensine tests have been discovered for bualent cations of copper,
m1gs stmm calcium lead, cobalt and nickel and trivalent iron by using 509
1 momn solu 10n 1lang with lawsone  The reagent would lso be v swtable

1 ne 1rearent for monovalent mercury, brvalent palladium and trivalent
erim

3 Lemain!—Lomatiol does form brightly coloured complexes with
some metal jons but from analytical pomnt of view the reigent dos not
exlubit mueh analytical xilue It can find a2 himited u ¢ for distingut hing
¢ Jetum from magnesim nd cobalt from micke!

4 Iapackol--T apachol forms coloured complenes with vanous m~tal
o's but the sensitiaty of the reagent is not of good order Tt isucly
s nsitne towards hthimum and ats senstivity towards mouovalent siver
bialent copper lead and palladum  trnvalent lanthinum and tetrnalent
zircomum may be considered tolerably satisfactory

5  Vapithazann—In aqueous medium, naphthazann diplays ats bigh
cxpacity to form brightly coloured metal complexes with almost all the metal
1ons  From analyucal pomt of view tlus versatile reagent is very sensitne
towrds zirconum alumimum. berylbum, palladum (in Cone HCI), nickel

1 cobalt g Tanthanum, cenum (111) and Jexd
(I1) Itcan also be wused to detect alummmm m presence of beryllum
«reonturr an pre.ence of beryllium  lanthanum vanadium  titanun, Lithyum
manganese cermum, And selenious anons  bepllum in presence of hthnum
lanthinum magnestum ealelim  zine, cadmium  manganese and sel num,
lanthantm 1n presence of tetrivalent cerium and bivalent lead, nngnesiwm,
calaum strontium bariwm  zine, cadmium and manganese, lithum in presence
of manganrse and palladium 1rom 1n presence of palladium and pallafisns 1o
pre ence of lanthanum  It1s an excellent analytieal reagent for 1|rcon'1’1';’
aluminium  berylhum, palladium mickel calcrum  manganese, cenum (111)
and selenum

s extremels  ensithve

In ghaal acee acd medium, naphthazann
o ' . In tlus medium

towards slumimum berylhum  zircontum and palldium ®
1t provides distnguishing tests for (a) trivalent and tetrnalent crr;m:m"
monovalent wrd bisalent copper (¢} Invalent cobalt and nickel l\fol'“h"h
Feryll um c1n be tested in presence of strontium and barum Doth ;‘,bn Jent
interfere 1n aqueous medmum  copper can be tested 1n prC*CHCC‘;’ ¢ rnbe
cations of nickel cobalt manginese ealcium and strontum r‘:!ml won
tested 1n presence of bivalent mickel caleium manganese, wnd ,(,:l erdmiun
alurmigm €an b= tested in presence of silver magaesium (\I;m " wmard
pillidium and bismuth sl e e be tested 1n presence ol 03,
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caleium, beryllium can be tested i p of lithwm lanth zircomum
bsmuth strontium barum and siver and pallidium can be tested an
presence of berylium

6 Juglone—In aqueous medm, Juglone forms coloured compleves
with a numbsr of metal 1ons From analytienl pont of view, juglone 1s
Tughly sensitive towards zirconium  palladiwwm  mickel  vanadem (. HCl)
and fairly sensitive towards cobalt manganese magnesium copper calcium
and trrvalent iron

In Acetone medwm, juglone produces sensitive colour reactions with
copper magnesium cobalt and 1ren (III)

7 Plump Tn d lumbagin  forms  coloured

compleses with common metal ions Its scnsmvxty 1s fawrly good towards
aluminum  and cobalt and sufficiently sensitive towards bwvalent nickel
manganese  zinc copper and magnestum and trrvalent wron It will bea
good reagent for distingwshing magnesium from caltium  zine from manga
nese and nickel from cobalt

8 1, 2 naphthog Ths g forms col 1 complexes with
the cations of monovalent copper and siver bivalent copper tm cobnlt
and mnickel and trivalent iron m glacal acetic acid medium at ¢ ¢ The
sensittvity of the colour reactions 1s poor and it may be used for detecting
monovalent and bivalent copper and for distinguishing between cobalt and
nickel  In aqueous medwm also 1t 1s farcly sensitive towards bivalent copper
and can be used to distinguish between cobalt and nickel

9 2 methyl 1, 4 naphthoquinone—TIn glacial acchc acid medium at zero
degree centigrade this q ndicates pl with the salts of
monovalent capper bunalent copper, cobalt mickel and palladum and
trvalent chromwm and 1ron  The sensitivity of the reagent 1s very poor but
1t may be used for detecting monovalent and bivalent copper and nlso for
distingwishing mickel from cobalt  In ethyl alcoholic medwm this quinone
forms a hight green complex with buvalent copper

GrAvMETPIC DETERMINATIONS AND COMPOSITIONS

Phthiocal 15 an excellent preciprtant for brvalent lead and very accurate
results are obtamed 1f the concentration of lead n thesalt solution 13 one
mg or more per ¢ The scarlet red complex 15 quickly precipitited at low
temperatures easily filtered washed and dried between 75—85 G The ratio
of the phthiocol molecules to the lead atom 1 the complex has been found to
be m the ratio of2 1 and hence the molecular formula would be
(C1,H,0,), Bb

Phthiocol 15 1lso 2 good precypitant for bivalent copper from  solutions
containing at least 08 mgy of copper per cc of the solution kept at 0 G
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The brick red preciprtate 15 easuly filtered, washed and dried 1t 60 50°C In
the metal complex the ratio of bonding of the phthiocol molecules to the
copper tom has been found tobe 2 1 and hence the molecular formul of
the comp _ ould be (C,H,0;) Cu

JugE one tegether with 4095, ammonia  olution can be used for the
gravimetric determmation of tetraalent zircopium  from solutions contuning
2 mgs of zircomum perc ¢ of the solution  The preaipitation has been done
mn 1nace bath at zero degree centiginde and the browmish maroon coloured
precipitate has been dried 1t 75 85 C, andignited to zircomum dirude which
1s then weighed

Naphthazarn together with 40% immonta solution has been used for
the gravimetnic determmation of tetravalent zircomum  from the salt solution
contaming at least 15 mgs of zirconum per ce of the solution  In thy
case abo the precipitation has been done 1 an 1ce bath and the purple
coloured precipitate has been washed dried between 60 70 G, and rgnsted
to zircomum droxide which 1s then weighed

Desides the determination of the s of iendt phttnocol wnd
copper-phthiocol  compleses  the compositions of lantlianum naphthaziom
complex (CyoH;0,)4 La  zircomum naphthazirn  compler  (CrHsOil Ze
cadmium plumbiin complex (C,,H O;) Cd  nichel I1pachol complet
(GisH;30 ) Nt cobalt lematol complex  (Cysf1,0,)  Co Geric lansone
complex  (CyH;O3l, Ce magaesium liwsone complex  (Crb05) Mg
cadmuim Inweone  complex  (CpoH;0,); Cd  michel phthiocol complex
(CH,;0,) Niand zircomum phthiocol complex (G H,05), Zr have also been
determined

Mechanisr of ra non—=The hydroxy naphthoquinones are beliered to
behane as weal Aods which vield umsalent anons of the weak acids The
complex formation by these compounds 15 thercfore essentially 2 reaction
between 1 cation and an untvalent anton nd can be represented as

A+ n(LHY =\[L, 4l

where M repre ents the metal ion of salency ‘n and (LH) stands forml:z';
molecule of the hydroxy naphtho jumone The umnalent awas zl:)f et
quinones form  { co ordmated complexes of the type AN with ";mdﬂ
cations 6 co ordimited complexes of the type MY\, with tenmfent cinons nr
co-ordinated complixes of the type MYy with tetenvilent  catons -
co ordination number & here M stands for the metal atom and sn:x’d:” ol
the orgamee ntons  These metal-quinone complexes contan two rarrmxm:h‘
four ring systems  Phthiocs! Lomatiol Lapachol and Iwanac (:J""I -
complexes which co 13tn two or more five membere | rn~s \\h:rlt:u ur’marc
Plumbagin and N\ hthazann form metal complexes eontaming

s1x membered rings
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Comparalwve reactusty and sensits y—It has been found that naphthazann
has a superior semsitivaty and reactivity towards varous metal jons followed
Ly phthuocol, juglone lawsone plumbagin lapachol and lomatiol so that
lomatiol 15 the least As b B phthoquinone which acts
as a bidentate chelating agent and 2 methyl naphthoquinone which acts as a
mono dentate chelating agent, the former 1s comparatively more reactive than
the latter







CHEAICAL INY ESTIGATION ON THE STRUCTURE OF
COMMIPHORA MURUL GUM AND OTHLR PLANT GUMIS*

K C Guera
Deptt of Organe Chemustry  Nalwonal Sugar Institute Kanpur

Isolaticn and Punfication of C Mukul Gum

C Vukul Hook ex stocks 15 the source of 1 gum resin commonly known
as “Guggul which 1s well known for its number of uses in mdigenous
medicme  The pre ent investigition discusses in detul the isolation, punificr
tion and composition ol the gum occurring in € Afuk o gum resm Derestru
fication of ¢ V#ul gum resin was carrsed out by extraction with hot ethanol
and the pov dered resm free crude gum was purtfied by repeated precpita
tron from 1ts aqueous acidic solution with ethanol It was finally punfied
by treatment with freshly regencrated cation exchange resin Duolite G 25
The pure gum 2cid on analysis was found to contain sulphated ash 015
pentosans 195 pentoses, 2213, furfural (estrmated 1s phloroglucide}
1114 methoxyl 217 percent equwalent weight (by direct titration)
1482 Natrogen halogens and sulphur were found to be absent
Homogen 1y of the gum

Homogeneuty of the gumn was established by the fractional precipirstion
with ethanol which resulted n three samples Quantitatine hydrolysis of the
three gum samples was done and estumation of sugars released was carned out
by oxdising with sodium metapersodate  ‘The result of the analysis showed
that the gum was homogenous in character

Autohydrolysts of the gum

Autohydrolyus of the gum was carned out by heating the aqueous
solution of the gum on a boiling water bath for 80 hours The autohydroly
sate on bemng worked up was separated in fraction A consisting of neutral
sugar misture and fraction B consising of the barnum salt of the degraded
gum Cellulose column chromatography of fraction A yielded three crystalline
components which were 1dentified as D galacto e L aribuose and L fucose

Graded hydrolysis of digraded Jum {(Fracton B)

Acid hydiol sis of fraction B resulted in the production of 2 neutral
sugar 1dentified as D galactose and an aldobiouronic acid Further acid
hydrolysis of the aldobiouromc acid gave a nemtral sugar characterssed as
D galactose and an uromic acid wdentfied as 4 0 methvl D glucuronic acid

Complete bydrolysis of the gum

Complete acid hydrohsis of the gum furnshed a muxture of neutral /'\
sugars identified as D gal L arab and L-fucose and an uromc acid
characterssed as 4-0 methy! D glucurome acid

+ Abstract of the thests on which Ph D degree has been awarded by this University
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Quantatative hydrolysis of th gum erd (shmatian of galacto ¢ and arabirase rato

The molecular ratio of D galactase 1nd L arab nosc present 1n gum was
estimated by carrying out quanttatne acd hy drolysis of th~ gum The
hiberated sugars were eparated b, paper chromatography -nd were estumated
by exidising with sodium m tapertodate and titrating the hibera ed fornue acid
The results indicated that the two major sugars L-arabinose and D gilactose
were present in the gum 1n the proportionof 1 3

Structure of aldobroarome acrd

The aldobiouromc acid upon reduction furnished a neutral disechande
which after hydrolysis yielded two sugar identified 15 D galactse and
4 0 methyl D glucose  To asiertain the nature and po ition of the D ,alactose
and 4 0 methy! D-glucuronic acid, the aldobiouronic acid was fully methylat
ed which upon hydrolysis sielded 2 3 4 tr1 0 methy] D alactose 20d2 3 4
tr1 0 methyl D glucurontc acid 1n nearly cqual amounts  The deatification
of the methylated sugars together with the speaific rotation of the metln Jated
aldobiouronic acid indscated that the aldoblouronic acid 156 0 (40 methyl B
D glucopyranosyluronic acid) D galactose  The structu ¢ of aldohiouroue
aad was finally settled by ubjectin, 1t to pertodate ox1 'aton which resulted
in the consumption of 3 0o moles of periodite with the b ration of 096
mol of formic acid per equn 2lent of the aldobiouronic acid

Structure of the degraded C Mulul gum

The degraded gum free from arabinose was completely methylted and
the methylated product upon methanolysis nd further hydrolyss with
aqueous acid furnished naxdic and neutral sugar fraction  The aaidic feactton
was dentified as 2 3,4 tr1 0 methyl D glucurome acid (3 moles ) and the
neutrl sugar fraction was found to consist of2, § 6t (I mol) 2 3 #in
(6 mols ) and 2 #-di 0 methyl D galactose (2 mols) The iohuon of the
above acidic and neutral sugars from the methylated degraded gum mdicates
s branched character wd also demonstrates that all the ID galactose and
4-0 methy! D glucuronic 1erd resutucs 1re of pyrino ¢ structure nd are jomed
by }—=6 and 1—-»3 Iinkages  From these results it appear that the :ner:‘,;
repeating umt occurmg n the degrided ¢ Vu ol gum 1s compo ~d ufn;;!'c
D galactose and three § 0 methyl D slucuronic acid residues  Thus nl POXI’,'C“‘
structure (1) for the repeating umt of the degraded C Mukul gum has

suggested .
D Galp 1-+6 D Galp |6 D Galp 16 D Galp 16D G:lp 1-+6 D Galp

3 3 3

| ! i

1

D Galp

D (i‘v;ﬂp D gnlp 5

4 1 t

1
1-0 \fc GPA

1
10 1\lt: GPA t0 \(vz-l)GPA
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Tor further confirmition of the structure (I) the degraded gum was
subjected to periodate oidation studies which res idted m the consumption of
538mols of peniodate with hberition of 243 moles of formic naid  The
penodate cudiced gum consistm, of 1-——3 lnked grlactopyranese residues
furnished on hydrol,s1s 0 89 mol of gilacto e per cqunlent of the degraded
gum The ahove results are in good agreement with that required by the
structure {I) propo ¢d for the repeating unit of the degridel gum

Structural features of the C Muful gom

The general structural features of € Afeddl gum his b en found out
from the results of methylation expetiment  The fully methylited gum was
hydrolysed and the hydrolysate was separited nto cther oluble frction and
ether insoluble fraction  The ether soluble fricuon va  frictonited on
Whatman No 3 \IM filter paper sheets to give four companents which were
wdentified as 2 3 4 6 tetra 0 methyl D alactose (o moles) 2, 3 di O mrthyl
L arabmose (3 moles) 2 3 4 tri (3 moles) and 2 +4 di 0 methyl D galctose
(6 moles) The ether insoluble fraction wis characterised 7 2 3 4+tn
8 methyl D glacuronic acd (3 moles)  To 1ccrmmodate all the types of
Imkages mentioned above a provistenal stracture (IIV for the repetting umt
presentin ¢ Muta! has been advanced afier taking into consideration the
structure of the degraded gum
D Glp 156 D Galp 16 D Galp 1-6 D Galp 1~s6 D Galp 16 D Galp 1

A O} 3 (2 3 ™

t

! 1 1
DGalp3+t LAraf D Galp3>l LArd D Galpo>t LAn{o»1
5—1 D Galp 21 D Galp D Galp
6

6 6
? 3 !
1
40 Me GPA 4 0 e GPA 40 Me GPA
(1)

Galp=Galactopyranose Awaf  \raboluranose
40 Me GPA=4 0 methyl—D—glucopyranosyluronic 1cid

The tentative structure suggested for the ¢ AMufw! gum indicates that
the gum 1 hi hly branched in nature wnd contams 1 6 13 and 1-5§ types
of linkage  The hi,hly branched character and the presence of 13 type
of linlageis confirmed by per odat oudation  Upon owdation with sodwm
metaperiodate the gum yields 1 24 moles of formuce acid per cquivalent of the
gum with cuncomitant con umption of 6 05 moles of periodate Analysis of
periodate oudised g im showed thit some of the e1lacto ¢ umt have e ca cd
oudation ?

Supstpisry Tnews

Sugercare Wav Part 11 An esaminaticn of fatty {1l for sterals

Fatty matter obtamed by defatting crude sugarcane wax was sapontfied
and the F able portion on  fx 1 crystall res 7 et

by
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production of sterol fractions whose melting  points were obsersed to bena
long range of 8 to 10° This demonstrated that the preparationswere not
b g Direct chr aiphy over Brochman alumina also fatled to
resolve the minture  Attempt  was made to separate the st gmasterol from
B sitosterol by applying the classical method of Windans and Hauth  The
above two sterols were obtamed 1n pure state in the yseld of 13 37 and 5 60
per cent resp ely from pomfiable portian of fatty matter

Durect isolation of sterols from fatty matter by alcohol fractionation
procedure was also attempted wlich furshed ernde sterol muxture an an
yicld of 801 per cent  Crude sterol muisture was separited by the procedure
described above and the yield of stigamastero! and 8 sitosterol was estimated
to be 069 and 2 66 per cent respectively  Durimg alcohol fractionation of the
fatty matter, a Iugher alcohol namely 5 octico anol was also obtamed



