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Publication of volume 4 (n0s.14&2) of Vingnanam has been delayed,
once again due to circumstances beyond our control. The saddest among these
is the untimely demise of the former Chief Editor S. Kandiah who had served
in that capacity since the birth of Vingnanam.

In volume 4 we publish our first article in physics : « Diffusion of Hydrogen
in Metals” by K. Kandasamy.

Two papers deal with diseases of local crops: the paper byR. V.S,
Sindaresan and Pathmasany Varatharajah with the mossic disease of papays
and the paper by Jayadevi Kailayapillai, A. Sivapalan and K. Theivendirarajah
vith the powdery mildew discase of scsame.

G.F. Rajendrara with Nirmala R. Antony and Rohinl Rigy v
ute the first study of the mosquito fauna if Jlﬁm_pemml\:m;n pio
Bper by G. F. Rajendram reports on 8eographic ucﬂ;uc u;‘:ne o men
vopulations of a green rico leafhopper from India, St Lanke &

Editor
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DIFFUSION OF HYDROGEN IN METALS

K. KANDASAMY
(Dopartmant of Physics, University of Jaffna, Sri Lanka.)

Vingnanam — Journal of Sclence 4: 1—7 (1089)

ABSTRACT : The Chen Min Li formalism (Chen Min Li 1078)
for the Hux of mobilo soluts in a stressed solid Is used to derlve an
aquation for diffusion flux of hydrogen in metals. The pradictions
from this equation are compared with the exporimental results reported
by Lowis ccal. (1987). The agreement is satisfactory.

Tatroduction

Inclusion of Hydrogen into the lattice of many metals causes expansion
of their lattice (Kandasamy 1980), which in turn creates an olastic field in
(he motal lattice. The created clastic field is not limited to the sites of
nclusion but is extended over a long range in the metal. The elastic field in a
netal which contains hydrogen is capable of inducing diffusion of hydrogen
(Gorsky 1935). The diffusion processes in metals, which exhibit lattice expansion
on the inclusion of hydrogen, therefore, cannot be governed by Fick's law.
Fick's law assumes that the concentration gradient is the only physical parameter
which contributes to the diffusion of hydrogen in metals. From thermodyna-
mic principles, Chen Min Li developed an expression for the flux of mobile
wlutes in a stressed solid (Cben Min Li 1978). Using network model Larche
md Cahn (1982) derived an expression for the diffusion flux of hydrogen
in metals. It was later amended by the author (Kandesamy 1988). More
recently non-Fickian nature of hydrogen diffusion in metals, particularly in
piladium based alloys (Pdy, Pt ) was experimentaly demonstrated by Lewis
ad his coworkers (Lewis et al. 1987). In this communication an equation for
the diffusion flux is obtained from the Chen Min Li expression and this equation
i solved using computers fo explain the results of Lewis and his
coworkers (1987).

“Theory
 In a solid with inhomogencous distribution of hydrogen the hydrogen
Gifusion is not only governed by the concentration gradient but also

: b the gradient of the stress which is induced by the inclusion of hydrogen
o the metal. According to Chen Min Li (1978) the diffusion flux of bydrogen
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in the x direction, Jx, when a metal membranc, which initially contained 5
\wiform distribution of hydrogen concentration, Co, absorbs further hydrogen
into one of its faces parallel to the YZ plane, is given by
do  CoVy D d¢
=—Dx TR T & W
where D s the diffusion coefficient of hydrogen in the metal, Vy is the
partial molar volume of hydrogen in  the metal, T;i: the concentration gradient

98 the stress gradicnt and the other symbols have their usual meaning. The
i

induced stress 6 depends on the geometry of the metal sample in addition to
the nature of the inhomogeneity of the hydrogen distribution. - We shall
consider a thin slab sample of thickness L (Fig. 1) containing a uniform
distribution of hydrogen of concentration Co. If one of its faces, say the
face at X=0 and parallel to the YZ plane, is exposed to a high concentration
Cs of hydrogen, then the sample absorbs more hydrogen. ~The absorption
of hydrogen disturbs the initial uniform distribution of hydrogen and induces
stress in the metal lattice,

Fig. 1: Variation of hydrogen concentration (C) along the thickness
of a thin slab (thickness of slab=L). Co is the Initial concent-
ration (distributed uniformly) of hydrogen in the slab. Cs is
the concentration of the hydrogen atmosphere into which the
absorbing face (faceat X=0) of the slab is exposed.
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The new distribation of hydrogen concentration is represented by

c n (=p2)Dr
o =122 0 pep| n | corp [Xy
ama 5 5| 2 [T1]
ac
=aG (W
where 5, = (n+1yxj2
The three components of induced stress are given by -
Y =0
Yy=°n
VB 1 % .
PR 1 gL .
mfv)!“c pfaca o X3 }f ac [x__z}d,l
1 5 F i
&)

where E is ihe Young’s modulus, and v is the Poisson’s ratio of the sample
and AC is the change in hydrogen concentration due to absorption. The
above equation is obtained from the Chen Min Li's equation with the imposition
of boundary conditions used in this study.

On substitution for 3¢ in cquation () for the flux of hydrogen, we wil gt
_’;]dx
2 “)

The form of the above equation is similar to the amended equation of
Larche and Cahm (Kandasamy 1988). The first term in the equation represents
the modification in the effect of concentration gradient in diffusion due to
the presence of hydrogen ia the metal lattice. The second term revr'l-mlm“ 0
effect of induced stress duc to the inclusion of hydrogen ia the metal lattice.

Results and- Discussion
situation like the one conducted by
atoms diffusing through a

L
2Cov?u E de , 8CoE VD
== { oo *naf“c"

e | e

We shall consider an experimental
Lewis er al. (1987) in which the hydrogen

For this case, the pressure change
3

pa SR ®
the diameter of
The thickness of the tube wall is very small compared to the

in slab.
the tube, and therefore it can bo consdered a5 & thin slat
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The flux diffusing out of the slab is Jx—L which is given by
2 Co Viu de| - Vo
= - {14 o o&lxa R

IA-VRT T(1=v) RTL
Where ( s 1 —p2 Dt
o p o+ 2— 1 A
e

n=o0 1 L J @

For metals like palladium Va = 165 X 10-°m3 mole-!

Nm-2
d C=100. where 0 is the hydrogen atoms to metal atoms ratio. At room
temperature RT= 5 x 10°J mole-' On substituting these data
We obtain
{1+ E }» g
L™ 3 dx (8)
where Co= 105 no and Cs=105 s
Using the above relationsbip for Jy-r and L=025 mm, the pressure
change P was computed for different initial conditions. The results are sbown in
Fig. 2. The computed vriation of P in each case is in agreement with the
results of Lewis e al. (1987). For casy comparison, their results are re-
produced in Fig. 3.

" ang005 =00l

3 Ans
x—>L ~ 8% 10°00 7D B

no=002

) preééure (py

+ time(t)

Fig. 2: Variation with time (t) of the pressure (P) inside the volume V (into
which the diffused hydrogen atoms are being collccted) computed
using equation (8) with Ans=0.05 and different values for no
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615

Pliorr)
g

608
,
d 0 20 30 40 50 60 70 €0 80
! Tims (mfn)
: .
Plot: a  Hydrogen pressure in the tube Plot: b Hydrogen pressure in the tube
i as a function of as a function of time. Tnitial

|
{conditions: membrane equilibrated from conditions: membrane equilibrated from
[both sides with a hydrogen pressure  both sides with hydrogen pressure
of 40 Torr: pressure increase in_the 5 Torr; pressure increase in_the
bulb (indicated by arrcw) to 625 Torr;  bulb (indicated by arrow) to 815 Torrs
temperatore, 26£92° C; temperature, 26:02° C;

tme, 15 min. time, 193 min.

side the volume V (into
being collected ) with time

Fig. 3: Experimental pressure (P) variation ins
which the diffused hydrogen atoms are
(1), (Lewis er al. 1987)

The line 1 in Fig. 2 shows the variation of P inside ihe volume v
when the absorbing surface of the tube, which has no inital hydrogﬂ: is
exposed fo a hydrogen atmosphere corresponding o ms= 0.05. A3 :a; een
expected the variation of pressure reflects the FICKIAN nature of hydrogen
diflusion, Lines 2 and 3 in the same figure show the variatior of pressuro
in the volume V. when the absorbing surface of the same {ubc, bu:‘ with
au initial oon zero uniform hydrogen concentration, is exposed (0 the by fg_,{g,:
almosphere of same pressure difference. For lines 2 and 3lma d‘"{,"&
| bydrogen. concentration in the tube wall corresponds (@ £0=0.01 and 002

|ove




|
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respectively. The inital drop in pressure indicates that immediately after thy |
exposure of the absorbing face of tube wall to the hydrogen atmosphere, |
(he hydrogen atoms from volume V diffuse into the tube wall. This shows
non-Fickian diffusion of hydrogen in a metal which mitially contained hydrogen,
Also this figure illustrates that the non-Fickian effect increases with increas.
ing Co (or no)- ‘

\

The non-Fickian diffusion is the consequence of induced stress in
the metal lawice by the presence of bydrogen atoms in them. To
illustrate the nature of cffect produced by the induced stress in the hydrogen
diffusion, the pressure variation due to contibution coming from the second
term alone in the flux equation (8) is plotted ip Fig. 4.  The non-
Fickian cffect increases with increasiog ACs or (ans). This is clearly
demonstrated in Fig. 4. Further, the plots in the Fig. 4 indicate that the
effect of stress is not only limited to initial stages but extends to the entire
experimontal rangs. Thercfore all the data obtained at the steady state by
Lewis e al. (1987) include the effect of non-Fickian diffusion of hydrogen.
Values deduced from this data for quantitios such as coeffiient of diffusion,
solubility etc, using Fiok’s law are therefore crroneous.

- time(t)
1

pressure (p)

3
3

Fig. 4: Variation with time (t) of the pressure (P) inside the
volume V (into which the diffused hydrogen atoms are being

collected) computed using only th i
(8) with different valuss for & m, second tem of equaon
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Conclusion

This study gives @ simple theoretical analysis i

Lewis and his coworkers in their axnuimen:":‘vzmd:ﬂ‘{nx‘i]::n d:funn:mmed 4
palladiom alloy (Pds, Ptio). The study shows that  non-Fickisy ooy
important and is_proportional to the inital concentration of e bt
Co and excess of hydrogen conconwration in the absorbing face e
Because of the non - Fickian nature of diffusion, al valuee desged 1o,
physical quantities using Fickian diffusion theory are. incorreot, .
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A STUDY OF THE FREE AMINO ACIDS PRESENT IN THE
LEAVES OF PAPAYA (CARICA PAPAYA L.) VARIEIIES INFECTED
WITH PAPAYA MOSAIC DISEASE

R.V.S. SUNDARESAN & PATHMASANY VARATHARAJAH!
( Department of Botany, University of Jatfne, Srl Lanka )

Vingnanam — Journal of Science 4: 8—13 (1989)

ABSTRACT: The free amino acids present in leaves of Carca
papaya L. C. V. Coimbatore 2, CP 124, Local, Solo Hawail and
unknown Indian, both healthy and affected by the papaya mosaic
disease were dotarmined by two dimensional paper chroma‘ography,
after subjecting the laaf extracts to fon exchange chromatography.
The emino acids alanine a— amino butyrlc acld, arginine, aspartic
acid, cystelc acld, glutamic acid, glycine, histidine, isoleucino,
loucine, lysine, methlonine, phonyl alanine, serine, threonin, tyrosine
and valine wore identified from tho healthy and infected loaf
oxtracts, but In varylng concentrations In different varieties. An
attempt is made to rationalise the absence of amino aclds in some
of the heaithy and infected varieties and the variation in thelr
concentrations.

Introduction

Viral infection of plauts results in the protein and nucleic acid synthesiziog
machinery of the host cells being taken over by the virus. As a consequence,
the protein capsid and the nucleic acid of the virus are synthesized in preference
to the proteins and nucleic acids of the host. In addition other proteins s
specifid by the host and which are involved in inducing resistance against
the particular virus too may be synthesized ( Kimmins, 1969 ), The amino acids
which are constituents of these two classes of proteins will be in great demand
and are likely to be synthesized in significant quantities in the cell. Thus
it was decided to investigate whether there were any differences in the
composition and concentration of amino acids from leaf extracts of papaya planis
systemically infected  with papaya mosaic discase compared with healthy
plants. This was carried out in five varictics of papaya perticularly to relate
any possible differcnces in concentrations of amino acids to differences it
susceptibility to tho virus.

1 Prosent agdross : Sciool of Agriculture, Kundasale, Sri Lanke
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Previous investigati-ns undertaken with
been carried out only in the variety Solo Haw,
the presence of eight amino acids,
(Rajapakse, 1981). This observation
in order to obtain a more thorough
composition in viral infection.

It has been recently reported that the causative
disease Tesembles in many aspects the pay
suspected to be @ strain of this virus (N.

same virus-bost system had
) i and had revealed only
both in the healthy and infected. leavey
also prompied the  present investigation
and true picture of the amino  acid

ative organism of papaya mosaic
paya ring spot virus ( PRSV) and is
Shivanathan : personal communication).

Materials and Metbods
Varieties of Papaya under study

Five Papaya (Carica papaya L) varieties were selected for this study. Theso
are C. V. Coimbatore 2, CPI124, Local, Solo Hawsii and an ndian
variety. Healthy Seeds of four of the varicties wero obtained from the Central
Agricultural Rescarch Institute, Gannoruwa, and the local variety sceds were
obtained from a farmer in Jaffna. Seedlings were raised in polythene bags. Five
replicates of each variety were maintained and the experiment was laid out
according to the completely randomized desiga.

Source of virus and inoculation procedure

Virus Virus infected Solo Hawaii leaves obtained from Kandy district
were used to inoculate all five varieties of papaya plants.

Preparation of inoculum. One gram portions of infected leaves, after
deribbing, were thoroughly ground in phosphate buffer in a sterile mortar,
The extract was_filtered through a picce of muslin cloth and the filtrate made
up 10 10 ml with phosphate buffer. A pinch of Carborundum was mixed
thoroughly with the filtrate as an abrasive.

Tnoculation of plants. Replicate plants were kept in a dark chamber 24
hours before inoculation. The following afternoon the plants were removed from
the chamber and the first pair of leaves were inoculated by rubbing the
inoculum on the first upper surface with the forefinger. The inoculated leaves
were rinsed with distilled water, three minutes ¢fter inoculation, to_remove
the abrasive remaining on the leaf surface. Controls were also maintained,
All the plants were maintained in the insect proof glass-house.

Amino Acid Analysis
i he plant extract
Prej of the plant extract. The preparation of 2
and Sllbse:uenl jon exchange chromatography of amino acids was done l:cn:dma
t0 Jeyaratnam (1986). Ten grams of fresh leaves of both =~ heald y d
infected plants, two weeks after inoculation, were separately ground in
V-3
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blender with 50 ml of %0% ecthanol. This homogenate was centriugeg
10 X 1000 r.pm. for 30 min. The pellct was discarded and the superpyiy.
cvaporated to dryness in a crucible. The fesidus was dissolved in 25 oyt
distilled water and recentrifuged at a speed of 10 x 1000 rpm, for 3
The supernatant which conained free amino acids and other water sojy:
compounds was passed through an ion exchange resin column,

Preparation of fon exchange columa_and collection of free amino geg,
A glass column of 1o diameter was packed with washed cation exchyer
resin (Dowex 50) to a heigat of 20 cm. Beforo use the resin column we
converted to the H* form by passing 25 ml of 2N HCI through it followe]
by distilled water o wash away the unabsorbed chloride ions. The excess
acid and the unabsorbed chlorido fons were washed with distilled waiy
Until the washings were free of chioride ions.

The aqueous plant extract was then allowed to run slowly through
this colamn, The flow rato was regulated to bring about efficient absorption
of the amino acids. This was followed by washing of the column with
distilled water, The absorbed amino acids were then eluted with 25 ml of
3N NH,OH. Again 15ml of 3N NH,OH was added to elute the remaining
amino aeids. The eluate was collected in a clean glass beaker and evaporatel
to diyness. The residue was disolved in 2.5 ml distilled water and ths
solution contained the free amino acids. Aliquots of this were uscd for two
dimensional papet chromatography.

Sepuration of amino acids by paper _chromatography. Descending two
dimensional paper chromatography was carried out using Whatman 20 1 chromaio:
graphy paper, as described by Elvidge and Sammes (1966) : 10 A1 aliquotsof
the extracts were spotied and the paper was developed with Butao-1-ol:
acetic acid : water (4:1:1 ratio) in the first direction and with phenol ¢
water : NH, (3:1:1) in the second direction. Each solvent was alloved to
run for 6 hours and then the chromatogram air dried. Amino acids were loca
by spraying with 0.5% ninbydiin in butan— |~ ol and warmed in the oven at
89F. The amino acids were later identified by comparison with a_standard
chromatogram and the concentration determined by visual observation Tt
procedure was repeated thrice for both healthy and infected leaves of cac
variety,

Results and Discussion
Chromatograms of healthv and infected leaf of the five variel
papaya have revealed the presence of 17 amino acids, which are alanine,
e —amino butyric acid, arginine, aspartic acid, cysteic acid, glutamic 8cid,
glycine, histidine, isoleucine, leucine, lysine, methionine, phenyl alanine, seric®
threonine, tyrosine and valine. However, previous work done with the same
virus - host system had revealed the presence of only cight amino acids both
in the healthy and infected leaf extracts (Rajapakse, 1981). They were asparic
acid, asparagine, alanine, o= amino butyric acid, cysteic acid, glutamic acid,
leucine. and valine, Out of these eight amino acids the amide asparagine ¥

not. detected in any of the chromatograms in the present study.
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The relative concentrations of the amino acid s
of both healthy and infected leaves are outlined in Tablo 1. Arginino was no
detected cither in healthy or infected leaves of the varieties Coimbatore - 3 and
Solo Hawaii and in_ the infected leaves of the varicties CP 124 and local varity,

Pots in the five varicties

Table 1. Free amino acids and their relative concentrations in
leaves of different Papaya varieties

Coimbatore -2 CP 124

Lo Solo Hawaii  Unknown Indisn
Amino acid  Healthy Tolec. Healthy Infec. Healthy Tufec,

Healthy nlec. Healthy Infc.
1) Alanine M M W s s’ M M S s M
2) «-amino

butyricacid T T M M M M WM s s

3) Arginine - — M - M W - — s s
4) Asparticacid T T W T W w W T M N
5) Cysteic

acid

T T w T - T w T w T
o Gh“n:;cid s s N s s s s W s M
7) Glycine MM MM MM §$ M S M
9 Hisidine -~ T T T M — W T W W
9) Ioleweine M s W s T T w T .M M
10) Leucine M s WS T T W T MM
11) Lysine - T T T M T W T woT
12) Methionine M'~ S s s s s s 8 S S,
9 Ph:‘;ayxl;ine M s w s T T W T
14) Serine wow s s s s s 8
15) Threonine S 8 M M M M W M
16 Tyrosie T T T T — M T T
17) Valine T T s S s s s S

— e W Weak, T
Sooring seler S —Strong, M — Moderale, W — Wesks
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The absence of this amino acid in Coimbatore—2 and Solo Hawaii may b,
a varietal character, whereas its absence in the infected leaves of CP 124 gng
local variety too, may indicate the relatively less important role arginine playy
in the synthesis of the capsid.

The concentrations of cysteic acid and lysine are loss in i fected leaves
of all five varietics compared with the corresponding healthy leaves. This
agrees with the observations made by Rajapakse (1981). The reduction in the
concentrations of different amino acids in only the infected leaves of diffrent
varieties may be due to the heavy demand of these amino acids for the
synthesis of the capsid.

In the variey Coimbatore~ 2, histidine, isoleucine, leucine, lysine, methionine and
phenyl alanine were present in higher concentrations in the infected leaves than
in healthy leaves. It is possible that new proteins may be synthesized from thess
amino acids in iofected plants which may be present asa factor in resisting
or tolerating virus infection (Kimmins, 1969) Observations indicate that the
presence of high concentrations of amino acids is associated with low infeciivity
of the causative virus (Varatharajah, 1989), On the other hand there was
a reduction in the concentration of six amino acids in the infected leaves of
the variety Solo Hawaii, four i the infected unknown variety, three in the
infected local variety and one in the infected CP124 compared with the
corresponding  healthy leaves, It is possible that the reduction in concentration
of many amino acids in the infected leaves of the above varieties may
point to a_higher incidence of infaction and greater ~susceptibility of these
papya varieties to mosaic discase.
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BIOLOGY OF PERIDOMESTIC MOSQUITO SPECIES
OF JAFFNA PENINSULA

G. F. RAJENDRAM, NIRMALA R. ANTONY AND ROHINI NAGALINGAM
(Department of Zoology, University of Jaffna, Srl Lanka)

Vingnanam — Journal of Sclenco 4

U—1o (1969)

ABSTRACT: The biology of throe peri
specios from Jaffna peninsula was studiet

estic mosquito

Acdes aegypti
Linnasus,  Armigeres durhami Edwards and Culex quingue-
fasciatus Say. The average durations of varlous develop-
mental stagos of A. acgypei woro: ogg 169 days, larva
45 days and puca 67 days. Tho total developmental

porlod was 120 dave. The average durations ot the ’

d>v lopmental stages of A. durhami were: egg 312 days,

larva 634 days and pupe 404 cays. The total dovelop-
tal period was 140 days. The average durations of

of the Immature stages of C. qui

6 day

Interoduction

Studies on mosquitoes of Sri Lanka, including the recent Southeast Asia
Mosguite Project and Medical Entomology project of the Smithsonian Inslitute,
Washington D. C., have been confined to the southern and central regions of
Sti Lanka (Green 1901, Carter 1950, Krombein 1981, Amerasinghe 1982).
Studics on mosquitoes in northern Jaffna peninsula include & recent survey
of peridomestic mosquito species ( Rajendram and Antony 1986 ) and mosquito
oviposition in bamboo traps (Antony and Rajendram 1987). The prestot
paper describes the biology of three peridomestic mosquito species of Jafa
peninsula — Aed>s aegypti Linnaeus, Armigeres duhami Edwards and Culex
quinquefasciatus  Say.

Materials and Methods

Live mosquitoes of the three species w.re collected in individual gless
ials and sorted out under a dissecting microscope. They were transferied ©
plastic sleeve cages 30x25x25 cm, ¢ vered with fine mylon mesh at the $de5
and with a plastic door in fiont and a cloth sleeve fitted on one side. A
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o container 7.5 om diameter and 10 cm high with a ri i
plastic_con! te1 cm high with a rice plant was placed

fhe cage as well as @ 200 ml beaker halfEiled with water. Observations were made
daily. After the eggs hatched into larvae, powdered maldive fish, at the rate
of 12 gm/litre, was added daily as food. ’

The temperature in the laboratory registered a range of 26-32°
rlative humidity 40 to 927, * G

Results
The total developmental period of A. a:gypti from egg to adult stage

averaged 129 days: the egg stage averaged 1.69 days; the larval stage 4.5 days;
and the pupal stage 6.7 days ( Table 1).

Table 1: Developmental period of A. aegypti

Stage No. of days No. of eggs  Average duration
in d

Egg

w
R

6 167066

Larva

Saumaw
3

8 45 £146

Pupa

ZTewuaw

Total developmentl peri
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The total developmental period of A. durhami from egg 1o ady

It st
avoraged 14.0 days: the cgg stage averaged 3.12 days; the larval stage x;ﬁ:
days; and the pupal stage 404 days ( Table 2).
Table 2: Developmental period of A durkami
Stage No. of days No. of eggs  Average duration
in days
Egg 2 7
3
4 10 312408
Larva 5 3
6 10
8 2 6841118
Pupa 1 3
3 6
4 8
6 8 404165

Total developmental period = 14.0  2-66 days

The number of eggs per raft, laid in the laboratory, by C quinquefasciant
averaged 1128 ( Table 3).

Table 3: Frequency distribution of number of cges per raft amoog
12 egg-rafts of C.

No. of eggs No. of rafts Average no. of
ggs per raft

80 ~ 89 o1

90— 99 o1

100 - 109 02

110 — 119 04

120 — 129 . 02 §

130 — 139 [} 1128137
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The total developmental period of ¢, 1y

C. qui i

sage averazed 143 days; the ogg stag, averuges 2ot M 88 0 adul
58 days; and the pupal stage 29 days (Taple 4y 0 U TVl sage

Table 4 Frequency disicibution of minimum duration of various stages of
12 egg rafts C. quinquefasciatus

Stage No, of days No.ofralts  Average duration
in days
S

Egg 2 2

3 4

4 1

7 2

3 1

12 1

13 1 56119
Larva 3 2

4 3

6 1

7 2

3 4 58221
Pupa. 1 !

2 3

3 4

M 4 29409

Total developmental period = 14338 days

Discussion
i i dy was 12.9
The total developmental period of 4. aegypil in the present stu
days, with the larval stage at 4.5 days. Francis (1907) reported that the
minimum period of larval development of 4. aeejpi at a constant temperajore
Of 27C was 7 days. Mitchel (1907) reported a duration of 8-13 days
in fairly warm weather.
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Studies on the biology of Culex piplens fatigans Weid. (C. quinguefasciany)
in Sri Lanka were carried out by Chow and Thevasagayam (1957), Tp

reported that the duration of the period between egg and adult averaged 97
days; the egg stage was 1-2 days (average 135 days); the larval stage, 49
days’ (average 6.45 days); and the pupal stage, 1~4 days (average 19 days),
They obtained similar results with egg-rafts kept in water obtained from
catch.pits instead of water obtained from a well. In Calcutta, Roy (194)
reported the period between ecgg and adult of C. quinquefasciatus was §-1)
days during January, 54°F minimum and 81° F maximum (122-272°C),
Pomeroy ( 1920) reported, Without mentioning the temperature, that the minimun
duration of the egg stage Was 24 hours, of the larval stage, 120 hours, and
of the pupal stage, 48 hours.

|
The developmental period of the three species aro related to the laboratory E
conditions of temperaturs 26-32° C.
Acknowledgements

Grateful thanks are due to the following of the University of Jaffox
Prof. V. K. Ganesalingam, Dean, Faculty of Science, and Ms. N. Selvarajah,
Head, Department of Zoology, for facilities; Mr. S. Narendran for techaical
assistance and Mr. S. Sriskantharasan for field ~assistance.

‘Thanks are also duo to Dr. P. S. Cranston and Mr. B. C. Townsend of
the Entomology Department, British Museum (Natural History), London, for
taxonomic assistance.

A portion of this study formed part of a M. Phil. thesis submitted
by the second author to the University of Jaffoa. This work was supported
in part by grant No. RG/85/B/6 from the Natural Resources, Energy aud
Science Authority of Sri Lanka awarded to the first author.

References

Amerasinghe, F. P. (1982) Observations on the mosquitoes (Diptera : Culicidae)
of Udawattakele Forest, Sti Laoka. J. Nato. Sci. Coun. SriLanka !0
W, 81-97.
Antony N. R and G. F. Rajendram ( 1987 ) Mosquito oviposition in bamboo
trape in Jaffna Peainsula. Proc. Sri Lanka Assoc. Advmat. Sci 43,137
(Abstract).
Catter, H. F.(1950) Ceylon mosquitoes: lists of species and names of
‘mosquitoes recorded from Ceylon, Ceylon J. Sci. (B) 24 (2), 85115



December 1989 Rajendiam eral.: Biology of Mosquitoes of Jaffoa 19

chow, C. Y. and E. S. Thevasagayam. (1957)  Bionomics and control
Culex pipiens fatigans Wied. in Ceylon. Bull. Wid. Hih. nO‘A": :’
609632, ) ’

Francis, E. (1907) Observations on |he life eycle of Stegor i
Hith. Rep. Wash. 22, 381 - ik e, il

Green, E. E.  (1%01) Moqunmu and - malaria,
Peradeniya, Circular Series, 1. No. 25, 345 —

Krombein, K. V. (1981) The Smithsonian insect project in Sri Laoka. Spolia
Zeylanica 35 (1&2), 119- 13,

Mitchel, E. G. (1907) Mosquito Life. G. Putoam’s Sons, New York,
Pomeroy, A. W.J. (1920) J. Roy. Army Med. Cps. 35, 44,

Rajendram, G. F. and N. R. Antony (1986) Mosquito sampling in several
locations in Jaffna Peninsula. Proc, Sri Lanka Assoc. Advmat. Sci.
42, 144 - 145 (Abstract).

Roy, D.N. (1946 ) Entomolegy. Excelsior, Calcutta.

Royal Botanic Gardens,

Received for publication November 1990
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ASSTRACT: The banding paterns of eight soluble onaymes, ‘
esterase (EST), glucose-6-phosphato  dehyd «
hoxolinase (I, {socitats dohyerogentso (10Fh. Inctts dehydrn.
genase (LDH), malafe dehydrogenase (MDH). mallc enzyme (ME)

od (PGM), wore studlod i

Dislanty populations colactad from India, St Lanka and_tho
Philippines an i houses, on rice varlety TNi,
at Universlty of Waien Cardiff, United Kingdom.  Adult Insscts
of both sexes wore analyzed, using starch gel elactrophoresls, and the

the relative mobilities of two ba
differed from N,

ds appear 1o be sex-related since hey wi
intonee n the fomaion recults agree with previously reported
divergence In the 1 “Sahaviout of . vheens rom 1
Lanka and the Philippines, inducing partal reproductive Isolation
between theso populations,

Introduction

Differentiation between and within species of insects, including agricultural
pests, has been made possible by electrophoretic analysis of enzymes ( Berlocher
1979, Powell ef al. 1980. Ayala 1983 ). One such group of insects studied are
the green leafhoppers, Nephotettix ~species, which are common pests of [
rice crop in Southeast Asia, Australia and the Pacific Islands (lnoue 1986)-
These insects have grown in importance as major rests of rice due to theif
ability to transmit virus diseases (Kalode 1983 ). Genetic differences betweed

1 Prasent Addross : Deparement of Zoclogs, University of Jaffnay Sri Lanka
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Nephotetix specics have been studied using. starh.gel .
19 reported on esierase varition in reaion o anesphoresis. Ocaki
o Nopotettix_ cinctceps (Ubler). Rajendram (1987) reportd on geerrs
ariation in & Nephoteiix_nigropious (Sial) population” from Avsa’ s
present paper Teports on geographic genetic variation between )\;(Iphl |:¢
sirescens (Distant ) populations from India, the source of native cul('v““x
i varicties Tesistant to_ various pests (Kbush 1970, Sti Lot ko, om sapoces)
jond country, also a similur soutce of resistance, 2nd the Philippinas.
gitant_country, devoid of native cullvars of rice with resistant geneg.

Meterials and Methods

N. virescens was collected from rice fields in Cuitack, India, Kandy,
Si lanka ard Los Banos. Philippines and maintained on rice variely TN-1.
in temperature corticlled glass-houses at University of Wales, Caidiff, United
Kingdom. N irecens was identificd according to the characters of the vertex,
the nature of the- submarginal and marginal black bands on the vertex and
the black marking of the anterior of the pronotum, and the genitalia of the
4th instar nymphs (Ghauri 1971).

Electrophoretic analysis was carried out on a total of 80 adults, 40
males and 40 females, from each population for each enzyme system. Indi-
vidnals from the different populations were run on the same gel to show
that any mobility differences were not due to inconsistencies betneen indi-
vidual pels. Starch gel was prepared using 11.25% Connavght hydrolyzed
starch (lot no.425-1) in a_tris-borate EDTA (cthylenediaminetetra-acetic acid)
buffer (pH 86). Details of sample preparation and clectrophoretictechnique
are given by Rajendram (1987). An insert dipped in 1% solution of buffered
(pH.8.6) bromophenol blue served as a reference for calculating isozyme
migration distance. The bromophenol blue migrated approximately 13 om
which lasted 5 hours. After electrophorasis, the
the slices stained for the following enzymes:
esterase (EST) (E.C3.L1). glucose-6-phosphate _dehydrogenase (G-6-PDH),
(EC111.49), hexokinase (HK) (EC2.11), isocitrate dehydrogenase (IDH)
ECL1.142), lactate déhydrogenase (LDH) (E.C.1.127), malate dehsdrogenase
(MDH) (E.C.I.11.37). malic enzyme (ME) (E.C1.1.40) and phesvhvzl"wm"uss
(PGM). (E.C.2.7.5.1) according to the methods described by Shaw & P:;II
(1970). Among the enzyme sistems studied, the rlmf; h:,na, u:is"m:;n t:]a‘;;
was assiy il 0, and the other bands were a
e o 1 o distanco travelled by the standard band.
n cach enzyme system, the bands
‘mobility.

during running of the gel,
el was sliced horizontally and t

The slowest band was the most cathodal. I
Were numbercd 1,2 or 3 in order of decreasing relithe
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Results
Esterase

Tn esterase, three zones of activity were present in all three populations of
N. virescens (Fig. 1). Est-] comprised three weakly staining bands with very
close mobilities. They were present, with virtually identical relative mobilities,
at 10, 097 and 094, in the males and females of all three populations,
These appear to represent a polymorphic locus with three alleles, apparently
monomeric in structure. But the bands were insufficiendy stained for reliable
scorng, All three bands in Est-1 stained more intensely in the females than
in the males. Est-2 comprised only one rather intensely stainiog band and
was found in both males and females with relative mobilities of 038 in
the Philippines population. Est3
compriscd 4 band with equal intensity with a relative - mobility of 0.20 in the
India and Sri Lanka populations and 013 in the Philippines population.

Fig- | Zvmograms of esterase (EST) patterns in N virscens populations
irom (A) India,  (B) Sri Lanka and (C) the Philippines.

Glucose-6-ph isphate dehydrogenase (G-6-PDH)

Two monomorphic bands were seen at relative mobilities of 020
and 0,14, identical in all three populations.
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} Hexokinase (HK)

One zone of activit
pand, with a relative mobility of 0.47 in all three popula

was present, with an apparently ‘monomorphic
jons.

Isocitric debydrogenase (IDH )

Only one zone of activity was observed. The males possessed a fast
dectromorph, a single, sharp, well resolved band, with a relative mobility of
020 and the females a slightly slower and more diffuse band with a relative
moblity of 0.14. The relative mobilities were virtually ideutical among males
and females in each of the three populations.

Lactate debydrogenasse (LDH)

Two bands were preseot at rel mobilities of 0.43 and 030. These
were apparently monomorphic and of identical mobilities in all three populations
of N. virescens from India, Sri Lanka and the Philippines.

Malate debydrogenase ( VIDH )

MDH showed two bands with very similar mobilities and no apparent
variation among .the individuals. The bands were of identical mobilities, 0.45
and 041, in all three populations.

Malic enzyme (ME)

ies of 0.20 and
in all three

Two slow moving bands were sean at relative mobil
016 Both Were monomorphic with ideatical relative mobi
N, virescens populations.

Phospho;lacomutase ( PGM )

PGV manifested two bands, but with very close mobi
variation among the individuals in the populations. Hence PGM could be
considered to represent a single locus. The bands were of identical mobil
024 and 019 in all three populations

Discussion

Of the eight enzyme systerns studied, all except EST possessed banls

With virtually identical relative mobilities in the three populations of N-

virescens. The bands of the other seven enzymes appear to be homologous
( across the populations from India, Sci Laoka and the Philippin:s.
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Est-1 bad bands with virtually identical mobilities across the popuis.
tions. Both Est2 and Est-3, though possessing identical relative mobilis g
India and_Sri Lanka_populations, differed from tho Phiippines  populaiog
Thus Est2 and Est-3 gave diagnostic differences which are clear enough g
allow separation of the Philippines population from the  other tWo populatons,

Of the total of 14 presumptive loci in the eight enzyme systems, only
wo, Est-2 and Est3, had differing relative mobilities between the two
geographically different groups of India and Sri Lanka populations when com.
pared to the Philippines population. This Intra-species genetic divergence
between geographically distant populations of N virescens appears to be cor-
related  with the partial reproductive isolation induced by differences in
acoustical behavior. Yusof (1982) reported that pulse repetition frequencies of
N virescens from Sri Lanka differed significantly from that of N. virescens
population from Malaysia, which approximated the pulse repetition frequencies
of N. virescens from the Philippines.

Claridge ef al. (1984) also reported that pulse repetition frequency may
be an important element ecodowing specificity to male calls in another
homopteran, N. lugens. Claridge et al. (1985) also repcited that the differences
bewween pulse repetition frequencies of N. lugens were distinctive for popula-
tions Irom different geographic regions.

The more intense staining of Est.l in the females indicates a higher
degree of esterase activity and hence Est-1may be sex related in N. virescens.
Differenial esierase staining intensity was reported between the males aad
females in S gateila furcifera Horvath population from Sri Lanka on polys-
crylamide gels by Rajendr.m (1990) who noted a more intense staining
among males Sex-linkage in esteiase has also been reported in the caddisfly
Triaenodes tardus Milne (Swciner et al. 1983.)
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SOME OBSERVATIONS ON THE POWDERY MILDEW DISEASE OF
SESAME (SESAMUM INDICUM L.
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(Department of Bofany, Universlty of Jaifna, Sti Lanka)

Vingnanam — Journal of Sclence 4: 21—38 (1389)

ABSTRACT; This study doscribes the morphologs of powdary mildew
fungus at various dovelopmental stages In its life cycle and the
symptama produced on different parts of the sesame plant. Undor
natural conditions tho Infection firt appasred as small tiny white
superficlal patches on tho uppor surfaco of mature leaf of a
plant at the ago of 40 days or more. Symptoms include_surfaco
osf necrosis, promatcre leaf fall. stuntod growth of the plant
at oarly stago, yellowing and chloros's of leaf at mature stago
and browning of flowar buds. Life cyclo of powdary mildew was
inltiated by air-borna conidia, measurod 2536 firy In length and
14—18 fim In breath. At25.L15C and 100% R H. conidia staried
to gorminate in about 4 hours and garmination was maximum
at about 24 hours after incubation. Tho penatration of tho host
tissue was complated within 28 hours, The sscond gormiubo
was observod aftor about 30 hours and the third sfter cbout
38 hours of Incubation.  Secandary elongating hyphee. cor
nltials and abstrction of conidiophoro wera observed 80, 144 and
166 hours after incubation rospoctively. The colony _produced
maximum amount of conidia on tho ninth day after Incubation.
The colony ramainod productive oven upto 12 days from the
timo of Inoculation.

Tatroduction

One of the important diseases of sesame (Sesamum indicum L.) is the
powdery mildew disease. The disease is caused by a fungus of which the conidial
stage is Oidium and belongs to Erysiphaceae. The fungus responsible for sesame
powdery mildew was named Oidium erysiphold by Roy (1965), Oidium species
by Senewiratne and Apradurai (1966 ) and Levellula faurica by Rangaswamy (1979),
The fungus in the present study was named Oidiun species following the identification
at Commonwealth Mycological Institute, U. K.

1 Present addross : Aegional Office, Department of Agravian Serviees, Puttur, Joffno.
2 Prasent address : 2/69 Nell Stret, Greansborough, Victoriay Austrlia.



3 Vingoanam — Journal of Science Vol. 4, Nos, [ 4,

The fungus is an obligate parasite which cannot be cultivated i yi,
Some of the marked characteristics of powdery mildew are superficial hyaljn,
mycelium, haustoria in the epidermal cells of the hosts, Juxuriant developmey;
in dry weather, high water content of the air borne conidia, diurnal periadicity
with respect to several characters, compatible association with their hosts ang
vulnerability to control by fungicides (Yarwood, 1957). The white superfisal
mycelium and conidia and dark superficial perithecia of the powdery mildew

them among the most casily recognized and best known fung
(Yarwood, 1957).

The powdery mildew discase is observed in almost all fields in Jaffna
region during January to July as sesame is cultivated in the area during these
particular months. The disease was observed in the glass-house throughout
the year. The wide prevalonce of this disease in Sri Lanka, particularly in
the Jaflna district, and the severity of the disease at times have prompied
this investigation.

Materials and Methods

Observations were made on the morphology of powdery mildew at
various developmental stages in its life cycle and the symptoms produced on
different parts of sesame plants. This study was carried out in fild and in
laboratory. Observations were taken in the fields of University of Jaffna,
Thirunelvely, and in Navali and Velanai. For laboratory experiments, the leaves
of the sesame plant of variety TMVy were used as the source of host tissue
unless ofherwise  stated,

Source of inoculum

Scsame plants of variety TMV, grown in field and pots were allowed
to develop natwial infection and infections were continuously maintained 01
fresh potted plants throughout the experimental period

Method of inoculation

The heavily infected leaves were gently shaken to remove old conidia
and were placed on filier paper discs in closed petri dishes in an  illuminated
incubator. The following day the infected specimens were removed from the
incubator and tapped over a cardboard cylinder of 80 cm diameter ond 21
height below which the healthy leaves (upper surface facing upwards) and
healthy potted plants were kept. Tnoculated leaf discs/leaves were placed 08
moist filter paper discs, with the inoculated surfaces facing upwards in peif
dishes. The filter paper discs were kept wet throughout the experiment
order to maintain high humidity in the environment.




premter 199 Kalowipllil ol s Powdery Miliew o3 Sespme

Jocabation
Seis of inoculated keaf discy/leaves were incubated 3 25

@5 RH, 0 2n lluminaied incubator, Inoculated. potted plapy °C et

o 8 shestowe in s bunid envioment, where Bumidiy wnr o

pear 1003 by placiog buckets of water. o2

aized

Assessment
At the ¢ad of incubation, the inoculated leaf materals were tsi

out of the incabator o were brought from the glass-house and obsersed pases

the light microscope. uader

Germination of conidia

The inoculated leal materials were taken out of the incubator at two
hour intervals starting from the time of inoculation and Were examined for
germination of conidia. Cellotape impressions of the inoculated surfaces ere
aken, stained with cotton blue in lactophenol, mounted in glycsrine asd
observed ucder the light microscope.

The number of germinated and ungerminated conidia were counted
with the help of a tally counter. Germination counts were made form ten
microscopic fields ( x 100) selected at random on each of the tex leaf discs-
About 2500 conidia were observed for each treatmeat and a conidium was
considercd to have germinated when the lengt of the gern fue esceeded
its breadth (Manners and Hossain, 1963). The mesa persenge semisavon
of conidia after different periods of incubation was svuiE

Development of infection

Firstly the rowth of germ tubo wis ohserved s8 dwr Naw dedviss
starting from the time of inoculation up to 24 hoars Indowler S s
leaves were removed from the incubator at diforsal e dntems, edses
impressions of the inoculatcd surfaces were fak:n AN IR imnmsel e
With cotton blue in lactophenol. These Drepariiions weme e wads
light microscope and the measuroments on the gt faed o
fandomly selected germinated conidin on each of (he fiag e e
Under high power objective with tho help of an eve e gt i
had been calibsated previously.

Production of conidiophore
. Healthy leaves of sommo inooulated with pawdery miln St
“pping method were in-ubitod under optimal eaadins
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incubator. Samples were taken out at 24 hour intervals and were obgenyg
for the formation of conidiophore initials on the ~colonies. Camera 1y,
dravings of the colonies were made under light microseope after 14, 1q
and 192 hours of incubation.

Apart from  these observations, quantitative measurements o the nughey
of conidiophores produced per colony in one sq cm area of the pog
tissue of all five replicates, after six, seven and eight days of incubation wers
determined.

Production of conidia

Potted plants of sesame were raised from seeds under glasshouse
conditions. Five scedlings of five leal stage were inoculated simultaeously by
the tappirg method and incubated at room temperature. After five days of
incupation inoculated leaves of the ages two and three were harvested randonly
from cach plant and incubated at 25°C and 100% RH in an illuminad
incubator for further seven days. Three onesqcm cellotape impressions were
made from cach of the five leaves and the number of fresh conidia produced
per sq cm area of the leaf on the 7th, 8th, 9th, Ioth, 11th and 12th day
after inoculation was counted. N

Experiments and Results

The disease was observed during February to June 1983, February to
July 1984 and January to July 1985 Tn 1985 the disease was not observed
during the month of June. The disease was observed under glass-house conditions
throughout 1983 and 1984,

The discase usually appeared in the field in which the age of tht
sesame plants was more than 40 days. Under natural conditions the lover
leaves developed infection first and from these the infection spread to the
other leaves and finally to the otfier parts of the plant, When the temperatute
of the environment was high the infection appeared on the lower surface of
the upper leaves and both surfaccs of the lower leaves, About 10-20 days
after initial appearance of infection the young leaves also developed infection
Here the infection was greater on the lower surface than on the upper Sufac®
Leaves of young branches developed infection in a way similar to those o
the main stem Tender leaves found in a humid environment also developed
infection.

Symptoms

Powdery mildew infection on sesame plant has been apparent fo?

seedling stage up to mature plants. All parts of the sesame plant namely 1
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Javes, stem, flower buds and pods were found to be i

Leaves were found to be the most suscepiiblo ussu:"::ﬂf?m:.zl ‘:.l:nciuni‘:;
frst_ symploms of the infection were the small ting white Simow aycu
superficial powdery patches on the host surface. These white patches increased
in number and size and became powdery in atwre. These powdery patches
coalesced and eventually covered the entire leaf surface. The visible white
patches appeared a day beforo the appearance of the sporulating structures.
The affected portions of the leaves became dry, turned brown and later developed
marginal necrosis.

The entire leaf surface already brown and dry curl.d up and finally
dropped off from the plant leaving ouly the stem. la some cases the heavily
ofected leaves beforo showing symptoms of necrosis became pale in colour
and dropped off from the plant.

Sesame plants infected at an early stage of growth (about 20 days
old) showed reduced or stunted growth. On one occasion in a field where
20 day old plants developed infection, the cultivation was completely abandoned
about threo weeks after the initial appearance of infection. The infacted fower
buds became brown, withered and failed to open and develop into pods.
During the period of severc disease incidence the pod infection also was
observed. Small pods were more susceptible than the mature pods. Due to
the pod infection affected pods became pale green in colour and were covered
with the powdery mass of the fungus. These pods produced fewer, thinner
and smaller seeds than the normal oncs.

Tnfected young stem also was observed in heavily infected sesame fields.
Affected stems were covered with powdery mildew fungus. In addition they
became slender and lost their rigidity. In such stems only few fower buds vere
produced.

Life cycle of the fangus
Germination, infection and sproulation follow each other i the ife

cycle of powdery mildew.

Germination ) -

Lifo cyclo of the powdery mildew is iniiated by arbore T
Which are the asexual reproductive spores of the fungus, The COBCRICTE
Were clliptical, smooth walled, colourlss and vacwolated when Hesh "
byaline conidia measured 25 (0 36 f'm in length avd 14 to 18 b
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When the conditions were favourable germination of the fungus was obseryeg
as direct germination of conidia.

The mean percentage germination of conidia after different periods of
incubation was calculated, The conidia started to germinate after about fou
hours and produced a single thick germtube from one corner of the conidia
The mean percentage germination of conidia increased with increase ia period
of incubstion and attained maximum level of 70% around 24 hours after
incubation (Fig. 1).

Period of incubation (Days)
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Fig 1 Germination of conidia of Oidium s ecies on leaf discs afs'lﬂ;
after different periods of incub tion, at 25°C and 100% R ‘
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Infection o

Firstly the growth of

from the time of mocululmnm\jpgelr;n ‘;:e panily bse;:d Mn two hour intervals
loglh of germtube afler  difcrent perods of  menbasten s duorres
ot oo et e condia erminad i abow

ation and

its maximum length at ahm?x lgchng\:;m:;ll’:r ic::.::x:?:n"’rgg*’w and  atiained
length of germiube remsined nore or less constant up ¢ ealer e e
appressoria were produced on single thick germtube o e o ot
about 26 hours after incubation, germinated  conidi

Mean total leagth of hyphae (Fm)
3

Period of incubation (Hrs)

Fig. 2 Growth of germ tube of Oidium species on leaf discs of scsame, &
2 hour intervals upto 24 bours of incubstion at 25°C and 100% RH.

Since the germinated conidia_appeared to have formed addition
cubation, it was necessary to continue the cxpcnmnl

nating conidia  Another experiment was 16, Up U

tho hyphal growth wero made
total length of hyphlo St el

ger
which the mennremenl! on
intervals, From these measurements tho mean
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germinated conidium at 24 hour intervals was determined. These values are
expressed in the form of & graph (Fig 3). Mean total length of hyphg
increased with increase in period of incubation. Germinating conidia starteq
to produce primary hyphac at about 30 hours after incubation. The
clongating secondary hyphac were obscrved after about 48 hours of incubation
while the ftertiary byphac appeared after 36 hours of incubation. After about
60 hours the other hyphae started to elongate soon after the lateral appressoria
were formed. Branching of hyphae was observed after about 72 hours of
incubation. The white patches of infection became visible to the naked ey
only after 120 hours.

Mean total length of hyphae (#m)

Period of incubation (Hrs.)

Fig. 3 Growth of hyphae of Oidium species on leaves of
sesame at 24 hour intervals at 25°C and 100% RH.

Sporulation

Camera lucida drawings of the colonies were made under light microscope:
Conidiophore initials appeared 144 hours after inoculation and the typically
unbranched and soptato conidiophores were formed after 160 hours of ineubé"
tion, ~The - mature one celled conidia were ready for release after about 160
hours of incubation (Fig. 4).
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Fig. 4

Camera lucida drawings (x100)
of a 198 hour colony of Oidium
species on sesame leaf at 25°C
and 1002 RH.

Apart from these measurements, the number of conidiophores produced
per colony in one sq om area of host fissue -after six, seven and eight dags
of incubation were determined. The results in Table 1 revealed that the rate
of production of conidiophores increased with increaso in period of incubation.
The mature conidia wero ready for release by about seven days after inocula-
tion and the colony remained productive for a further five days.

Table 1:  The number of conidiophores produced after different
periods of incubation 25°C and 100% R H.

Number of conidiophores

Hours after incubation
Produced / colony

144 18 a
168 ¥ b
192 8

_ [

The values denoted by different letters are statistically
different.
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The number of fresh conidia produced Der s cm area of the feaf o,
the 7th, 8th, 9th, 10th, 1ith and I2th day after inoculation was Counted,
The results in Fig. 5 indicated that the rate of fresh conidia produced increzseq
up to nine days and then thero was a gradual decrease in the conigy
production up to 12 days. Therefore the establishment of the fungus frop
the time of inoculation to spore release on leaves was found to take gin
days.

cm area of leafl

Mean number of fresh conidia
produced / s

Period of incubation (Days)

Fig. 5 The production of fresh conidia of Oidium species on leaves of sesam
at 25°C and 100% RH after different periods of incubation.

Spore release

The conidia were released when the host leaf and the atmosphere wert
relatively dry, that is during the day time. Detached conidia were taken awey
by the wind and deposited over the fresh host leaves on which they germinated
again.

Sexual reproductive structures of the fungus such as perithecia were 10!
observed during the three years of study.
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Discussion

The present studies have established that i

the powdery. mildew disase of scsame m Jufloa B 1 oo ey
the i i
was found 10 be high during the months of Scp!embe?v::‘yF:l;\::q me“;:
relatively lower temperature, high relative humidity and rednccdrysl\mligh(
experienced during these months scem o favour the development aad spread
of the disease. The disease appeared usually in fields where the age of the host
plant was more than 40 days. But in shady conditions and with reduced
plant spacing the disease appearcd earlier.

The fungus was able to establish itself on all parts of the plant
but it generally starts on the more mature lower leaves of the siem and on
the upper surface. It then quickly spread to both surfaces of the lower
leaves and to other leaves, main stem, branches, flower buds and even mature
pods. Similar observations, affecting all parts of the plant on a number of
other crop plants by Oidium sp. have been reported (Cook, 1931; Miller, 1939;
Yarwood, 1957 and Wheeler, 1969).

This fangus has a relatively short life cycle of about 12 days. The
infection starts with the germination of the conidia on the plant surface,
The conidia begin to germinate after four hours and produce white hyphal
masses visible to the naked eyc in five days. The mycelium starts producing
conidia from the 7th day until the 12th day with a maximum production on
the 9th day. The conidia were reicased when the bost leaf and atmosphere
were relatively dry i.e. during the day time, Detached conidia were taken
away by wind and deposited over fresh host leaves on which they germinate
again, The survival of the fungus was ensured by active production of conidia.

It was also observed that heavy rains wiped out the infection but
soon after the rains the infection appeared only on tho lower surface. Mild
rains for short period on the other hand lead to luxuriant development of
powdery mildew on host surfaces. = Greater spacing between plants avoiding
over crowding and shade coupled with less frequont irrigation to maintain
low relative humidity are some of the practical measures that could be taken
to reduce the severity of this discase.
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