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INTRODUCTION

Segamum (Sesamum indicum L.) is one of the very important

edible oil seed crops in India. Next to Ching, India is the
largest producer of thig oil seeds Thisg crop is affected by
nany digeasesg including those caused by viruses and mycoplasna
like organigms. Among the virug diseages leaf curl is an
important and degtructive diseage egpecially when gesamum ig
cultivated in uplands. In many parts of Kerala sesamm ig
cultivated in the upland condltiong also. ILeaf curl disease of
pepamum lg characterized by severe abaxial curling of ther
leaves, leathery appearance of leavem and thickening of veing
on The lover surface of the leaves. Severely affected plantg
repain gtunted and bear only very few pods. If the infection
occurs during geedling gtage, the logs in crop yield will be
very heavy. -Only very limited informgtion is available on the
symptomatology, host xange, transmission, vector=virug

relationship and loss in yield regarding this diseaze.

The following details were worked out in the present

investigation.

1. Symptomatology
2. Methods of transmigsion
3. Vector-virus relationghips

—




4. Hogt range of the virus
5. Pattern of gpread of the digease in the field

6., Egtimation of loss caused by the digease.




%ﬁsz;ﬂ w/ éf/éz.gézee



. REVIEYW OF LITERATURE

“he gesamam c¢rop, in Kerala, is affected by a number of
diseageg, especially vwhen it is cultivated in the upland
conditiong. Ieaf curl ig one of the important digeageg of
gesamum, but the research work done on this digease ig very
limited. The review of literature pregented here pertaing to
leaf curl digeage of gesamum asg well as that of chilli, tomato,
tobacco etec. in which Phe caupal virugeg are trangmitted by the
whitefly Bemigia ltgbaci Genn.

sxggtomatologx

Muniyappa (1980) described leaf curl diseases of plantg in
general. The most characterigtic symptom of the leaf curliis
the abaxigl curling of the leaf blade. The interveinal areas
of the leaf are sometimeg digtorted, and laminage are partially
suppregsed, egpecially near the petiole, resulting in the
formation of narrow strap like legveg. Curling of the leaves
accompanied by puckering and blistering of interveinél areag
and thickening and swelling of the veing are obgerved in
infected plants. In advanced stages axlllary buds are stimilated
to produce clugters of leaves that are reduced in sizes
lMishra et al.(1963) reported that the whole plant agsumes a
bughy appearance with gtunted growth in leaf curl diseasés.
Leaves become leathery and brittle. Rolling of leaves downward
and upvard in the form of an inverted cup and thickening of




veing are also obgervéed in gome cagsegs

The leaf curl digease of sesamm vas first obgerved in
Indig during 1954 (Anon., 1954). Sahambi (1958).described that
the diséase is characteriged by severe downward curling and
leatherj appearance of leaves and thickening of veing on the
lover surface of the leaves. Severely affected plantsg remain

stunfed and'béar Hanly very few pods.

Vagudeva and Sam Raj (1948) reported that in leaf curl
digease of tomato the affected plants are stunted and the
leaves and internodes are greatly reduced in size and crowded
together. The leafletg are deformeé and theiy marging ave
curled inwardg or outwards. Infected plants become pale and
tend to produce stunted lateral brancheg, vhich results in
bushy growth of the plant. The virus causes partial or complete
sterility. In cage of early infection no fruit formation takeg

place and only deformed fruibs are formed when infected later.

Mighra et al.(1963) degcribed the gymptoms of chilli
leaf cur;. The-chief sﬁmptoms produced are zbaxigl and
adaxial cuxling of the leaves, puckering and digbortion of the
inteﬁv@ihal éreas and thickening and gwelling of the veiné; |
In advanced stages of the diseage, axillary buds are gbimlated
to produce clugters of leaveg vhich are reduced im size. The

whole plant assumes a busghy appearance with stunted growth.
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FPever flowers and fruits are developed on the digeaged
plan‘bs.
In the cage of cotton leaf curl digeame the firgt sign of

thickening of veing is seen in the epicalyx of the buds. The

new leaveg produced are gmall, exceedingly crinkled and curled

at the edgeg, either upvward or downward. The primary stems of
the plant o?ten grow taller than normal, the internodeg will be
elongated and irregularly curved and sometimeg the whole plant

becomes gtunted in growth (Nalr et al. 1964).

Wariani (1968) degcribed the symptoms of enation legf curl
of tomato. There is curling, twigting and rolling of leaves
and dark green vein enation on the underside of the leafletsg.

The tobacco leaf curl digeasge ié chgracteriged by the
dovmward curling of young leaves, thickening of veing on the
undersurface of the leaves and gtunting of the plant gometimeg

with vein clearing symptom ag well (Pruthi, 1944).

Sap_transmission

There are reports regarding the ggp itrangmigsion of gome
whitefly transmitted viruées, but gap transmigmion of leaf curl
viruges hag not been reporiecd so far. The firgt report on the
mechanical transmlgsion of a whitefly trangmitted virusrwag-
that by Costa and Bemnet . (1950). They have gucceeded in



mechanically transmitting the Eaphorbia mosaic virug to
Iphorbia prunifoliag as well as to Dabtura sitramonium eventhough

the percentages of itransmiggion were very low. The expreagased

julee from digeased E.prunifolis plants was~ rubbed over the

legves of geedlings that had been sprinkled with carborundum
powder. Similsrly Costa and Carvalho (1960 a) have algo
roported mechanical trangmigsion of Iuphorbia mogaio virug,
Bird et al.{1975 a) also reported pimilar obgervation from
Puei:'to Rico. They confirmed that the mogailc digease of
Loprunifolis reported from Brazll and Puerto Rico was causged by

the gane virugs.

Sheffield (1957, 1958) reported two virug diseases of gweet
potato, virug A and virug B, from Xapt Africa. Of thege the
former wag transmltted by Myzug persicae and the latter by
B.btgbaci. The virug A wag not mochanically transmigslble %o
any of the hogts tesbed. The virus B was also not mechanically
transmiggible to itp original host, Ipomoes batatag, but wag
transmiggible to Petunia sp. and other test species of Ipomoea.
The percentages of transmigsion were very low when the original
host was uged as the source of inoculum. WVhen the virus was
fran'smitted to the tesl species of Ipomoea by B.tabaci and when
vhat was used ag the source of inoculum the percentage of

mechanical transmisslon vwas congiderably increaseds



Cogta and Carvalho (1960 b) succeeded in the mechanical
trengmigsion of the mosalc virug of Abutilon strigbum var.

thompgonii to the seedlings of lMalva parviflora and M.rotundifolia,
Mechanical transmigsion directly from A.gbrigbtum was not
successful, but after transference to gida micranths and

S.rhombifolig or M.parviflora by grafting and when thege planis

were uged as gources of inoculum they could get succeggful
trangmlgsion of the virug to M.parviflora and M.rotundifolia.
Floreg and si@iberschmidt (1967) algo reported gimilar obgervations.
Here also they could no%t obtain mechanical transmigsion of the

virug vhen the natural hogts, A.thompgonii and A.gpurium were

uged ag the gource and test plants.

Cohen and Nitazany (1960) from Igrael reported g virus
diseage of cucumber causing vein clearing and chlo:cosis. They
found that the virug was trangmitted mechanically and by B.tgbael
and that it wag easily ’cranémitted from all its known hostg by
mechanical means. Herold (1967) conducted studieg on a mogaic

digease of Anthurieum gndroanum transmitted by B. tabaci and

obgerved that the virus could be transmitted mechanically from

Asgndrognum to Nigotiana clevlendii and N.iabaccum (White Burley),
but not to the original host. The virug wapg easily transmitted

by sap inoculatibn from both the gpecies of tobacco to

N.glutinosa, N.tabacum (Sawsun) Browallia sp and Physalig-
peruviana.




A virug dlgease of Calapogonium mucunocideg transmitted by
B.tabacl was reported by Meiners gt al.(1973). In thig cage
Beans (Phageolus vulgarig) infected with the virus from
C.mrcunoidep by B.itabacl was used as the gource of imoculum for
mechanical transmigsion and it wag found that the virus could be
sap trangmiggible from infecjt:ed to healthy beang, but not to the
original hosts.

Meiners: et al.(1975) reported mechanical transmigsion of
mosalc virug of Biphorbis prunifoliz and golden mosaic virus of
C.mcunoideg from infected beans to healthy beang. The bean
plants Were infected by exposure to whiteflies (B.tabacl) vhich
were allowed to feed for 24 h on digeaged E.prunifolia and |
C.macuncideg. JInoculum for mechanical transmigsion wasg prepared

in phosphate buffer of pH 6.8 from infected beans.

Gélden yelxow mosalg d;sease of beansg is algo caused by a.
ghitefly Trangmitted virug vhich can.be mechanically trangmitted
by using cold O.1 M phosphate buffer of pH 7.5(Bird et al.1975 b).
Galvez and Castano (1975) could gat the mechanical transmissilon
of the pame virug by preparing the inoculum in G.1 M phosphate
buffer of pH T.5 with 1% 2-mercaptoethanol.

Cogta gt £1.(1975) reported a golden mogaic virug of
tomato transmitted by mechenical means, but the percentage

of tranamlgsion wag very low. The virug wasg transmitted to



Nicotiana glutinoga, Physallg sp. and Datura giramonium by

B.tabagl. The percentage of mechanlcal trarsmigslon increased
vhen the inocula were obtained from and inoculated into thesge
plantg. In the cage of tomato yellow mogaic virus; vhich is
alpo transmitted by B.babacl successful mechanical itransmigsion

wag reported by ILagtra and Uzcathegui (1975).

Mechanleal transmission|of African cassava mosalc virug
from cagsava to cagsava Wag reporied by Bock and Guthrie (1978).
Successful itransmisgion wWas achleved when the iroeulum vag
preparsd in phogphate buffer of pH 7.7 or borate buffer of pH

8.7 or in deionized water.

In India, Subramanian and Narayanagwamy (1978) xeported
mechanical trangmiggion of yellow mosaic virus of Dolichog
lablab. The sap was extracted in 0.1HM phosphate buffer by
uging chilled mortar and pestle. The percentage of trangmigsion
ranged £rom 52 %o 76 and 92 to 100 in pH range of 6.6 to 7.2
and 7.4 to 8.0 respectively.

Mathew (1981) reported the mechanical irangmission of

yellow mosaic virus of lMicrococeg mercurialig vhen the gap

was extracted ir phosphate buffer of pH 7.0 t0 T4

Grafts tranemiss;on

Almogt 2ll the grafting methods car be succ@ssfulk&
applied for graft trensmigsion of leaf curl viruses.
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The leaf curl of segamun when firgt reported,, it was
algo gtated that the causal virus wag trangmitted by grafiing

(Anoni I3 1954) L]

Reddy and Yaraguntalah (1979) reported that in the cage
of tomato leaf curl virus, 100 per cent transmigsion wag
obtained by approach grafting. By patch and tongue grafting
95.8 per cent tranpgmisgion wag obbtained and by wedge and leaf
grafting the percentages of transmigsions were 70 and 5
regpectively. '

seed transmigsion

Benigno (1977) reported that leaf curl virus of gauagh
ia transmissiﬁle through seeds. There are no other reports of

geed transmiggion of leaf curl virusese.

Transmigsion by vectors

Almogt all the legf curl viruseg are traasmltied by the
vhitefly, Bemigls tsbael Genn. They include gesamum leaf curl
virug: (Anon., 1954, Sahambl, 1958), chilli leaf curl virus
(Park agd Fernando, 1938: Mighwra gt al. 1963), tomato leaf

curl virus (Vasudeva and sam Raj,. 1948; Yassin and Abugalih,1972)
leaf curl virug of tobacco (storey, 1931) ete.

Yector-virug relationshipg

The detalls regarding the vector-virng relationshipsg of

sesamm leaf curl virug have not been worked out so far. But
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dlfferent aspects of vector-virus relationships of meny other

leaf curl viruges have been reported f£rom Indla and elgewhere.

Krikpatrick (1931) worked on the vector=virug relationghip
of cotton leaf curl virug and reported that the virus ig picked
up by the adult whitefly (B.iabagei) in just over 3 h but
- maximam infectivity is attained only after a minimum gtay of
4.5 h on the source plant. The virug is transmitted to healitbhy
plants in 30 min. When once the whitefly becomes wiruliferous,
i% remaing capable of transmitiing the virus for at least 7 days
and probably throughout itg life, It has been reported that
for tobacco leaf curl virus only 15 min wag required for
acquigition as well as for inoculgtion (Fruthi and Samuel,1939;

Pruthi, 1944).

~ Gohen and Hitzany (1966) while studying the vector-virus:
relationship of Tomato yellow leaf curl virug obgsrved thet
the minimum acquigltion and incealation focoding periods wWere
15 min and So‘min regpectively, The incubation period in
the vector was ab leagt 21 h. The firus persigted in the
vocitor= for pcriqu of upto 20 dayps but not throughout the 1life
span of the inpect. It was found that for 100 per cent
transmissioh a minirmm number of 15 whiteflies per plant wag

needed.

The vector-virus relaticnship of Tomato leaf curl virus-

(2ICV) wag worked out by Butler and Rataul (1977). They found
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that the incubation period of TLCV in tomato plants varied
from 8 days in August to 90 days in winter monthg. The minimum
acquigition and inoculation feeding periods in thege two
geagong Were 31 min and 32 min respeciively. The male and
female vhiteflies retained infectivity for 5 and 53 days,
regpectively.

In the cage of leaf curl of weeds, viz.,Acenthospermum

higpidum DC., Blainvilles rhombolides Cass. and Flaveria

augtralasgia H«E. the minimum acquisition and inoculation feeding
perlods were found to be 1 h (Marigppan and Narayanasvemy,3977) .

Reddy and Yaraguntaigh (1981) also worked on the vector=
virug relationship of Tomato leaf curl virug. They reported
that in the cage of TLOV the duration of both the minimum
acquigltion and inoculation feeding periods was 30 ﬁin. The
incubation period of the virus in the vector was found to be
6 he A single viruliferoug whitefly could transmit the virus-
guccepsfully and g minimmm numﬁer of 10 whiteflieg per plant
Was required to get 100 per cent tranpmigsion. It wag algo
observed that the whiteflieg once acquired the virus, could
“transmit the disease throughout their life period. There wag:
no trangovarial trausmlgsion and they concluded that the vector=
virug relationship of tomato leaf curl virusg is clogegt to

elrculgtive type of virus.
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Mathew (1981) worked on the leaf curl virug digeages of
Ageratum conizoideg, Stachytarpheta indica and Synedrella.
nodifloras. He reported thato;g single whitefly (_B_.'tg'baci) Vag:
req&ired for the trangmission of each of the three wviruges- and
a minimum number of 10 viruliferous vmi'éeflies Wwere required
for 100 per cent transmission in the case of first two viruses
and for the third it was 20.

Host range "

Many of the leaf curl viruses infecf;i.ng crop plants were
found to cause digeages in crop plants as well as weeds. For
example, fobacco leaf_ curl virus could infect Ageratum
conlzoides (Thung, 1932), sSida cg__zzinifé]ig (sheperd, 1937)
Crotalaria juncea, Puphorbia hirta, Launia. agplenifolia,

Lycopergicon egculentum, Scoparia dulels, Solanum nigrum,
Vernonia cinerea (Pruthl and samel, 1939, 1942);

Withanig gomnifera (Phatak and Raychaudhuri, 1967) ;-
Achanthospermim higpidum, Blainvilles rhomboidea: and Flgveria

augtrelasica (Mariappan: and Narayanagwamy, 1977).

In the cagse of Tomato leaf curl virus many plén‘bs_ were
reported as the collateral hosts viz., Ageratum conizoideg |
(Thung,, 1932), Sida rhombifolia. (Pruthi. and samuel, 1942),
Nicotiana %abacum, Solanum tuberogum, I_J;am gtramonium,

Ni cotiana gxlvéatrig,_ Nicotiana glutinosa (Vasudeva and

Sam Raj, 1948; Yagsin and Wour, 1965).



14

Thung (1934) while working with the leaf curl and crinkle
di geageg of tobacco found that the gources of infection of

thege diseagesg Were confined to the weeds Ageragbum conizoideg,

gynedrella nodiflora and Yernmonia cinerea. In the case of

~ cotton leaf curl virus Sida gpinoga (Tarr, 1947) end glda
carpinifolia (Ducker et al., 1948) were reported as the
collateral hogtas. Seth and Dhaniraj (1972) reported that a

new gtrain of Tobacco leaf curl virug vhich eauges engiiong

~in chilli can also attack Nicotianz tabgcum (Harrison's sgpecial),

Nicotiasna glubinogs, Datura giramonium, Petunia hybrida. and

Lycopergicon egeulentum.

Pattern of gpread

Patbern of spread of diseases has been giudied in detail
in the cage of digeasgesg éffecfing human beingg and animalg.,
In plent digeases the pattexn of spread has not been worked out

in nany caseg.

Gompertz (1825) propoged an agymuetric sigmoid curve in
th; case of the gpread of humgn diseages. Wingor (1932) has
discggsed ite application to the growth of any organism when
the relative growth rate decreages with time.

Bepiwal ¢t 2l.(1979) had tried the nature and rate of
spread of Urd bean leaf crinkle diseage under field condltionge.
In thig particulsr cage the actual vector has not been identified

and no regular pattern of sﬁread hag been obbtained.
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Fstimation of yield logg

Sahiambl (1958) while deseribing the leaf curl disease of
segamum reported that if the virus infection occurs during the .
early stages of growth of the plants there will be congiderable
reduction in yielg,

In the cage of tomato ieaf curl diseage Sastry and
Singh (1973) éstimated the extent of yield losg caused at different
stages of infection and they found that the yield lomg amounted
to 92.3% vhen plants were infected within 20 days of planting.
Plantg infected after 35 and 50 days showed logges of 74?1 and
-28.9%3respectively.
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MATERIALS AND METHODS

L. Seed materials

Seeds of gegamum (Sesamum indicum L.) required for the

gtuileg were obtained from the Department of Plant Breeding,
College of Agriculiure, Vellayani. Tobacco seeds were obtained
from the Ceuntral Tobacco Research Ingtitute, Rajahmundry. The
peells were sown in poita conibaining potting mixbture (river sand,

garden goil and cowdung in the raitio 1:1:2).

II. Culture of the virug

The culture of the virug causing the Segamum Leaf Curl
digcage vas obtained from naturally infected gesamum plantg
in the regearch plotg of the Department of Plant Breeding,
Gollege of Agriculture, Vellayani. The culture was malntained
by occasional trangmigsion by the whitefly, Bemlgia tabaci Genn.

to healthy plants in an insect proof glass houge.

ITX. Sympiomatology

s&mptomatology was gtudied by closgely observing the
development of gymptoms in naturally infected sesagmum plantg
uwnder field conditions and alse by noting rezctiong of piantE*
artificially inoculated with the virds uwnder ingect proof

conditiong.

IV. Eransmiggion of the virug

Varioug transmigsion gtudies were conducted under insect

proof glags house conditions as described below:-
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1+ Sap trangmigsion:~ Sap transmigsion gtudies were conducted

uging concenirated sap, standard sap, sap extracted in phogphate
buffer, citrate buffer and borate buffer. }ﬁc‘hraction of sap

in all the buffers was done both at room temperature as well

as in the cold. In all gap transmigsion siudieg €00 megh

carborundum povder Wag uged as the abrasglve.

Young leaves of infected‘plantg shbwing typical gymptomg-
were collected and triturated with mortar and pestle. I% was
then filtered through fine muglin cloth and the filtrate vag
uged ag the concentrated gap. Standard sap waé prepared by
adding one ml of gterile digtilled wabter to every g of infected

tigsue uged for extraction of sap.

The phogphate buffer (0.7, 0.1M and 0.2M) of pH 8, 7.8,
Te6, Te4 and 6.8 was prepared and uged as extraction medium..
The sgp was extracted after adding one ml each of the buffer

golution to every g of infected leaf tigsue.

Jib:tractioﬁ of sap in phogphate buffer in the cold wag
done by adopting the method descri‘:;ed by Subramonian and
Warayanaswamy (1978). An aluminium tray was filled %o 3/4 of
its capacity with tap water. The mortar and pest..le were kept
in the tray vhich was then placed in a freeger till the water
Viag :E‘:Eozen. Phosphate buifer of pH 8, 7.8, 7.6, T.4 and 6.8
Was prc-.;pared at three concentrationg each, viz., 0.07M, 0.-1M



and 0.2 M and cooled in a refrigerator to0 near freegzing

polnt,.

Young'leaves of gesamm showing clear symptomg of leaf
curl digeage were excised, ringed in iced waler and macerated
in the mortar kept in the ice tray with phosphate buffer at
the rate of one ml per g of leaf material. The expressed
sap Wag then filtered through a fine muglin cloth into a
petri digh kept in an ice tray. The pap was immediately
rubbed with a swab of absorbant cofton over the surface of the
top mogt fully opened leaves, of 15 day oid tegt plantg, which‘
were dugted with a small quantity of carborundum povder. The
excegs sap Wag Washed away uging disgtilled water after

inoculation.

Citrate buffer of pH 5.8, 6.0 and 6.2 was prepared at two
concentrations each,, viz., 0.1 and C.05M. Inoculum in
citrate buffer wag prepared by adding one ml of the buffer to
every g of infected leaf tigsue.

Borate buffer was prepared at 0.3 M concentration only,
at pH 7«6, 7.8 and 8.0. Here also preparation of inoculum

Wag done in the game way'as'in the case of citrate buffer.

/

The expregsed sgp wWas filtered through a muglin cloth

into a petri dish. Inoculationg weré carried oﬁt By gentlﬁ
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rubbing the upper surface of the fully opened leaveg of 15
day old test plants as described in the case of phogphate
buffer. Ten plants each, were inoculated.fér every experiment
and they were kept under insect proof glass house conditlong.
In each cage three plants were kept as control by rubbing with

buffer alone. All the experiments were done twice.

2. Graft transmipsion: = Two methods of grafting viz.,
wedge grafting snd side grafting were employed.

f. Wedge grafting:-= The top shoots of sesamum plantg showing

typlecal symptoms were selected for the preparation of scion.
The base of the ghools having 2?3_sma11 leaves were prepared
into wedges vhich were ingerted into the clefts made on the
top of the gbock plants aged 20=25 days, tied rigidly with
gtrips of polythene anﬁ kept in fhe glass houge after
covering with polythene bags to retain humidity., such plantg:
were kept undgr obse;vaﬁiﬁp fﬁr 50 days for development of
symp tongs

2. Side grafting: The gelons were preparéd as degeribed under
wedge grafting and inserted into a cléft cut at an angle

on the gide of the gtem whose thicknesgs was 1ittlé more ‘than
the thiclmegs of the scion.

5. Sced trangmigaslon:- Seeds were collected twice from plants

shoving clear gymptomg of the disegse. The number of geeds



collected for the firgt and gecond time were 120 and 190
respecfively. The seeds.were gown in potg and kept undexr
ingect proo? conditions for observation upto a period of %0

days.

4. Ingect trangmiggion
The whitefly, Bemigia tabaci Genn. Wesg used for insect

transmigsion gtudieg.

Pure colony of B.btabacl wag reared on healihy tobacco .
plants in suitable cages. Plastic transmigsion cages

designed by Nene (1972) were uged for transmigsion gtudies.

The top portion of elither the main gtem or fresh branches-
ghowing typical symptoms was introduced into the trangmigsion
cage through the rectangular sliv at the opening of the cages
Whiteflieg were coliected with an agpirator and releaged into
the transmigsion cage. The trangmigasion cage was covered wiﬁh
a biack cloth gxcept,at the region of the wire netting which
Wag kept facing the light gource yhile releagsing the
uhitefllez, The cap of the trangnmigslon cage was irmediately
screwed on and the remaining portion of the rectangular slit
of the cage wag kept closed by coiton wool. The cages were
kept in position with the help of two bamboo gliversg and a
rubber band. After the degired feeding period, the cotton
Wag removed and gent}y tapped with a glags rod to digturb



the wvhiteflieg. Thig stimulated the whiteflieg to move away
from the leaveg to the gide of the cage facing the light gource.

In all trangmigsion experiments ten geedlings were uged
ag test plants: The number of whiteflies released on each
tegh plant for inoculation feeding wap fixed. After inoculation
feeding the ingectg were killed by spraylng the plants with
04135 gquinalphogs The inoculated plants were lagbelled and
kept in an ingect proof glesg housge. Obseivations were taken
daily on the appearance of symptomg. Spraying with quinalphog
(0.1%) viag done at weekly intervals to prevent vhitefly

infegtation. The experimentg were done tvice.

Vs Vector=-virus relatiohghiDS‘

1« Minimm acquisition feeding period:- The whiteflieg were

given acquigition feeding for periods ranging from 5 min to

6 h vize, 5 min; 10 min, 415 min, 30 min, 1 h, 2 h, 4h and

6 hi One hour pre-~acqulsition gtarvation wag given in all the
cagegs After the acquisition feeding perlod whiteflies were
relegged on healthy gesamum geedlings at the rate of twenty
per plant and an inoculation feeding period of 48 h was glven,
Ten geedlings were used Hr each experiment. The experiment
vas done twice and obgervationg were recorded on the number

of plants infected.



2. Incubation perlod in the vector:- Non-viruliferous:
whiteflieg were allowed to feed on leaf curl affected gegamum

plants for 24 h and trangferred separately to different gets
of healthy %est plants. They were given gpecified inoculation
feeding periods of 1, 2, 4, 6, By, 10, 12 and 16 h. After the
specified inoculation feeding periods the test plants wexe.
sprayed with 0.1% quinglphos and observed for the development
of gyrptomg. Here also 5 tegt plants were uged in each cagé.

30 Minimm inoculation feeding perdodi~ Non=-viruliferous

whiteflieg were collected and gilven pre~acquigition gtarvation
fpr a period of one h and acquigition feeding period of 30 h.
Here algo ‘the number of Whifeflies feleased per healthy plant
for inoculation feeding wag 20. Periods ranging from 5 min to
6 h viz.y, 5 min, 10 min, 15 min, 30 min, 1 h, 2 h, 4§ hand 6 h
vere given for inoculation feeding. The experiment was done
twice and observationg on the number of plants infected were

recorded.

4. Retention of infectivity by he vegtor:~ Thig experiment

Vag conducted to determine for how long the vector could
rotgin the viruliferous nature without further access to a.
‘virug source. The whiteflieg were given am acquisition
feeding period of 24 h. After the acquisition feeding geven
whiteflieg among them were releaged singly on each of the
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geven tegt plants. After an inoculation feeding period of

24 h they were transferred to fresh healthy test plants.

' They were gefially transferred to fresgh healthy plants like
thig after every 24 h till their death. The inoculated plants
were frequently sprayed with O.1% quinalphos and kept under

ingect proof conditiong for obgervations.

S5e¢ Minimum number of whitefllieg regquired for virug transmiggion

After 24 h acquisition feeding on leaf curl affected gegamum
plants, a fixed number of adult whiteflies,, vizey 1, 3, 5, 10,

15 and 20 per tept plants were allowed inoculgiion feeding of
24 he Flve tegt plants were inoculated in each cage. The

experiment was done twics.

VI. Hogt range

The following different plant gpecles belonging to 12
families were tegted, to gtudy the hogt range of the virus using

viruliferons vwhiteflieg.
1. Amaranthaceage

Amoranthug caudabug L

A.viridlg I.

Sninan cféa oleraceae L.

2. Acanthacsge

Jugticia diffuga Willd.



3. Capparidaceze
Cleome viscogae L.
4. Compogitae

Ageratum gonizoides L.

Acanthogpermm higpidum DC.

Puilig gonchifolia D.C.

Rpatorium odoratum

Synedrella nodiflora Gaertin.

Tridax procumbeng IL.

Vernonea oineres Lesg.

Zinnla elegang Jacq.

Zinnia linnearig L.
5« Cucurbitaceac

Cucurbite maxims Duch.

Cucumig melo L.

Cucumig gativag L.
Cucurbita pepo I

Vomordicn charentia T.



6, HEiphorblaceas

Acalypha indica L.

Croton gparsifiorus Morong.
Hiphorbia geniculata L.
Ebirts I.

Jatropha curcag L.
Mi crococea mercurialis Benth.

Phyllenthus nirueri

Te Malvaceae

Abelmoschug esculentug (L) Moench.
Gossypium hirsutum L. '

Sida acubta Burm F.

S.cordifolin L.
Se.rhombifolia L.

8. Paplliongceae

Alyeicarpus vaginalls De.
Clitorig ternatea T

. Crotalaria junoea L.
Leglriata T
Cyencpgig tetragonoloba (Lia) Taub.
Dolichog lablab L.

Glycine mpx (L) Meu.
Phageolug aureug (L.) Roxb.
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9. Rubiaceae

Enoxia epe
Cldenlandig agpera Dc.

10. Scrophulariaceae
Scoparig dulelsg L.
11. Solanzaceae

Cepglcum gunuum L,

Datura gtramonium L.

Lycopersicon esculentum Mill.

Nicotiana tabacum L.

golanum melongena L.

12. Verbenaceae
Tontana camarad' L.

Stachytarpheta indica Vahl.

Back transmigsion to gesamum wag done in the cage of those

hogts which produced any symptomg to confirm the identity of the
virugs
VI. Pattern of spread

A rectangular pattern wag adopted for thip experiment.

Plot size was 2.75 M x 2.25 M with a plant epacing of 30 em x 15 cum.

Altogether there were geven rowa and within each row there were
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18 plants end hence the total number of plants was 126. There

were two replications.

Layout of the plot and gowing were done Quring the month
of Janugry 19685. Thinning of the crop was done on the 12th day
after sowing. On 20th day a leaf curl affected gégamum plant
VWas planted ags sowrce of inoculum in the 4th row at the centre,
then the plot was clogely obgerved during every week for the
gpread of the diseage and the information was plotted on the
layouf Dlan.

The pattern of spread of the digease Was explained by the
Gompertz Curve propoged by Gompertz (1825) which is
t ' B -
Y = YO A

vhere Yi = +the expected spread of digease ‘

| Yg = ig the point at which the gpread approaches a |
maximum, called the asymptoke -

AB = the rate of spread gf diseage

= Weeks

The contentsg of the equation were egtimgted by the
method of gelected pointg (Yaminae, 1964) to the data averaged

over two repllcationg.

VIiI, Egtimation of yield logg -

A pot culture experiment was conducted to egtimate the

losg in yield of gegamum cauged by gesamum leaf curl digeage.
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Phig experiment was done in CED. There were 6 treatments viz.,
uninoeculated (control), inoculations done on 7, 14, 21, 28 and
35 day old plants. There wap only one plant per pot. TFour
varietieg of sepamum were used, viz., Kayamkulam—1.
Kayamkulam-2, IRR=1 and P4.58~35. There were three replicationg:
‘and the total number of pots were 72.

Seedg were gown in poté-kapt under insect proof conditiong:
and date of germination was noted. First inoculation wag glven
one week after germinagtion by releaging 25 virullferous
vhitefllieg per seedling. Then the pots wefe transferred o a:
field near the glags houge and kept the plantg exposed to
nabural environmental conditions.

The gubsequent inoculatlong were also done by the game
ﬁéthod and thus all the five inoculationg were given. All the
Plante were gprayed with 0.1% quinalpﬁos at weekly intervals to
avoid vector infestations. The following obgervatlonsg were

recorded in thig experiment.

1. Height of plants
2. Number of leaves
3 Length.of leaves
4. Breadth of leaves

5. Number of brancheg



6. Number of flowerg

T+ Number of podg
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RESULIS

Symptomatology

The prominent characterigtic symptoms of the digeage Wag
the abaxial curling of the leaves. During the initial gtages
of infection the leavesg turned dull green or pale green iin
colour, which finally became dark green. Gradually the gize
of leaves got conglderably reduced. In gevere cages of
infection the marging of the leaves rolied invards. The leaves
turned brittle, leathery, with thickening of the veins on the

undergurface of the leaves and the plants remined stunted.

Ilower production was very much reduced when the infection
occurred during early stages of plant growth. VWhen infected
during labter gtages there was development of flowers and pods
but to a considerably lesser extent when compared with -the
healthy plantg. -

In some cages the development of leaveg Was gseverely

affected resulting in the production of gtrap shaped leaves.

Vhen the infection occur;'ed during the early stages of
plant growth the gize of the leaves wag found to be greatly
reduced. Internode length algo became very mich reduced and
the leaves appeared crovded at the apex. Gradually the leaves

gtarted drying and fipally premature death of the plants

‘occurred.



Plate 1. severe field infection
by sesamum leaf curl virus

Plate 2* Initial synptomg of gesemum
leaf curl disease






31

In the variety Maran, there vas no downvard curling of
leaves when infected with segamm leaf curl virug. In thig
particular case, the leaves turned pale green with vein
thickening on the undersurface of the leaves and sometimes with

a glight upward curling of the leaves.

Under glags houge conditions a glight difference in the
gympitomg Vag obgerved in all the gesamm plants. Before vein
thickening occurred there deve;oped a glossy appearance on the
undersurface of the leaves. ILater oﬁ, other symptoms like vein
thickening, leathery nature of the leaves etc. appeared.
Generally the leaves did not turn ag brittle ag that observed
in-plants.kept ontglide the glags houge. .Slmilarly downward
curling wag also not so severe., VWhen infected during early
gtages of growth, the plants started dryipng soon after the
appearance of glogsjness on the leavem. Unlike in the field,
in the glagp houge the plents Were not very mch gtunted. In
genarél, the appearance of symp%om was not go gevere ag that

found in the field conditionge.

Trangmisgion of the vidug

I. Sap transmigsion

sgp,transmission experiments Were conducted uging
concentrated sap, standard sap, sap extracted in phogphate

buffer, eitrate buffer and borate buffer ag mentioned under



materigls snd methods. There wag no development of the sympiong

of 1ea,f' eurl digegge in any of the sap inoculated segamum plantse

II. Graft transmission

gide grafiting and wedge grafting wexre done and the resulis
of egtablighment of grafts and percentage of transmigsion of the
dlgeage among the egtablished grafts “@re pregented in Thble-1.

In. all the gttempts in which transmigsion occurred sympiomg-
gppeared within g period of 7 - 15 days. There Was 100%
transmigsion when there wag succegsful egtablighrent of grafts.

Pable 1

Graft trangmlgsion of gegamam leaf curl virug

- wilies
Type of Number of Per cent Pexr cent
grafting grafts egtgbli= +trgngme
egtablighed ghment gsion '
Nunmber of |
planty
grafted
side 18/20 90 100
Viedge 15/20 .. 15, 100

IIT. Seed transmigsion

out of the 120 gnd 190 geeds sown ag first and seconé.

experiments it was found that 106 and 172 seedg, respectively



have germinated. Kone of thege seedlings showed any pymptonms

'of leaf curl disease.

IV. Insect trangmigsion

Insect transmigsion stgdies were conducted by using ghe
vhitefly, Bemigia tabacli Genn. It has been obgerved that the
" whitefly ig capable of transmitting the virus. Once inoculgted
the plants develcped symptoms within g period of 7=15 days.
Vhen all the conditiong were favourable 100 per cent transmisslon

wag obtained.

Vector=-virug relationshipg

a) Minimm acquligition feeding period

Non=virulliferous whiteflieg were given acquisitioﬁ feeding
on leaf curl diseage affected gegamum plants for specified
periods followed by 48 h inoculation feeding periods on healthy
‘sesamum geedlings at the rate of 20 whiteflieg/meedling.

The results ghowed that a minimum acquisition feeding
period of 10 min wag sufficient to make the vector viruliferoug
and ag the duration of acquisition feeding period increaged
the percentage of transmission also increaged (Pable 2) when
the acquigition feeding period was 4'h or more 100 per cent
trangmlgsion was obtalned.



Table 2

Acquigition feeding period for the trangmigsion of
gegamim leaf curl virug

Acquipgition Number of plantgi Per cent

feoeding infected trangmi=-

period Number of plants ssLon
inoculated

Replicg- Replica-
$ion-I tion~I1

5 min 0/5 o/5 - 0.+00
10 min 0/5 1/5 10.00
15 min 1/5 1/6 18,18
30 min 2/5 5/6 45 .45

1h 3/5 3/5 60 .00

2 h 4/5 5/5 90.00

4 h 5/5  6/6 100,00

6h 5/5 4/4 100.00

34
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b) Incubation period in the vector

Non=viruliferoug whiteflies were allowed to feed on
sesarmm plants ghowing typical symptoms of leaf curl disease
for 24 h and trangferred separately to dlifferent sets of

\

healthy gegamm plants.

It wag found that when an acquisition feeding period of
24 h viag glven the whiteflieg became viruliferous only after
another 4 h to give at least 10 per cent transmigsion (Table 3).
When the incubation period in the vector wag further
incregased the per cent transmission was also found to increane
and after 10 h incubgtion 100 per cent transmipgion was

obtained.

¢) Minimum inoculation feeding period

Hon=viruliferoug vhiteflies were given an acquigition
feeding perlod of 48 h followed by gpecified periods of
inoculation feeding on healthy sesamum seedlings at the rate
of 20 whiteflieg per planis.

Regults showed that a minimum inoculation feeding period
of 30 min wag necegsary to get at leagt 10 per cent trang~
migsion. When the inoculation feeding period was increased
the per cent trangmission was also found fb increage and gfter
an inoculation feeding period of 6 h there wag 100 per cent
trangmiggion (Table 4).



Pable 3

Incubation periocd of gegamum leaf curl

virug in the vechor

Number of plants

infected 7
Incubation Per cent
period Number of plantsg trangmi-
inoculgted gsion
Replica- Replica=-
tion=I tion-I1
1h 0/5 0/5 0.00
2nh 0/5 0/5 0,00
3 h 0/5 o/5 0.00
4 4 1/5 ‘ 0/5 10.00
6 h . 2/5 3/5 50.00
8h 3/5 : 4/5 70.00
10 h 5/5 5/5 100,00




Inoculation feeding period for the trange-
miagglon of gesamum leaf curl virus:

e

Table 4

Number of plantg infected

37

Inoculation Number of plantg inoculéte&' Per cent -
feeding i = =V P R
period Replica= Replica= ssion
vion=1 tion=I1
5 min 0/5 0/5 0.00
10 min 0/5 0/5 0,00
15 min 0/5 0/5 0.00
%0 min 1/5 0/5 10 .00
1 h 1/5 2/5 30,00
2 h 2/5 2/5 40.00
4 h 4/5 4/5 80,00
6k 5/5 5/5 100.00
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d. Retention of infectivity by the vector

Non=viruliferous whiteflies were allowed to feed on leaf
curl affected gegamum plants for 24 h and gerially transferred
at 24 h intervals to new gets of healthy seedlings at the rate
of one ingect per geedling. It was obgerved that the
whiteflieg once became viruliferous could transmit the virug
throughout their life period, the maximum duration of which on
segamn plants Was found to be only 8 days (Table 5).

e. Minimum number of whiteflieg required for virug ‘trangmigsion

’

After 24 h acquigition feeding on leagf curl digeage
affected gesamum plantg, a known number of adult whiteflies
were gllowed ipoculation feeding pf 24 h as described under
materials znd methods. The resulfs ghoved thatjéingle virnli=-
faroug whitefly could trangmit the virus successfully to 10
per cent of the plants inoculgted (Table 6),vhen the number
of whiteflies was increaged the per cent transmigsion was
algo found to increage and when 15 whiteflies or more were

uged 100 per cent transmigsion wag obitained.

Hogt range
Out of 49 species of plantg belonging to 12 different

familieg tested, 9 species of plants belonging to 6 families
wvere found to be suseeptible to infectlon by sesamum leaf curl

virug and produce digtinet gymptomgs




39

Table 5

Retention of segamunm leaf curl virusg by
Bemigig tabaci Genne

Wumber of days of retention cof the virus

Sl.No. A 0 R - = - m e o m == -
Sl be- 1 2 3 4 5 6 T 8 9 10
flieg

1 + + + )

9 - - - = D

3 - - - - - - - D

4 " + + + + o+ + D

5 + + + D

6 - - - - - D

T + + D

+ trangmission
- no transmlgaion

D Death of the whitefly
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Table 6

Minimm numnber of whiteflieg required for trang~
mggion of geggmm leaf curl virug

Number of plants infected

Number of Per cent
~wWhiteflies Fumber of plantg inoculated tranpmi~
mEe e

1 1/5 0/5 | 10.00

3 1/% 2/5 30 .00

5 3/5 4/5 70 .00

10 ' 4/5 5/5 90400

15 5/5 5/5 100.00

20 5/5 5/5 ~100.00
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a. Compogltae

1. Zinnia linneareg L.

The pymptoms appeared first on the developing young leaves
after a period of aboubt 7=10 days. The leaveg turned dark
green, brittle and curled downvardg and the veing became
thickened. gometimeg the leaves asgumed a twigted eppearance.
Leaf area Was very mich reduced. At a later gtage even the
brancheg produced also became twigbed in gppearance. The plants

were stunted and flower production was conglderably reduced.

2. Zinnia elegang Jacq.

Here also symptomg appeared after g period of about
T=10 days. Newly formed leaveg turned dgrk green, brittle
and curled downvards. ®The leaf area Was congiderably
reduced. Unlike in Z.linneares in Z.glegang there was no
twigting of the leaveg or brancheg. The plants were ghtunted

and flower production was completely,inhibited.

be. Iuphorblaceae

Acalyphs indicg I

The inoculated plznts ghowed the gymptoms within 7 ‘o
10 days after inoculation. The newly formed leaves turned
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darlt green, leathery and brittle. General stunting of the
plants, reduction in size of leaves, crinkling and distortion

of laming were alg0o observed.

Ce Papilionaceae

Dolichog lablab L.

The inoculated plants ghowed gymptoms within 5 to 7 days
after inoculation. Newly formed leaveg turned dark green,
leaf area very much reduced, and sometimes gtrap shaped leaves
were glgo produced. Iength of vineg wag algo reduced. Flowver
gnd frult production wag congiderably reduced and the plants
appeared stunted.

d. Scrophulariaceae

Scoparin dulelg Tie

Symptoms firgt appeared on the newly formed leaves within
4 to 6 days after inoculation. ILeaveg turned dark green,
laminae crinkled digtorted and stood erect and often there
Was dotmvard curling. The plants were atunted and there
vag no flovering and fruiting.

€. Solanaceae

1. Capsicum annuum L.

The newly formed leaveg of the plants showed gymptoms
within 5 to 7 days after inoculation. The major gymptomg




were downward curling of the leaves, leathery and bgittle
appearance of leaveg. The slze of the leaveg wag very mch
reduced, flover and fruit product;on vag completely suppressed

and plants remained gtunted.

2., Nicotiana tabacum L.

Newly formed leaves of the infected plants turned dark
green leathery and brittle the veing became thidkeﬂed, leaves .
curled dovnwards, size of the leaves wag very much reduced,
and plants remined stunteds The incubation period in the
plant wag found to be 10-15 days.

3. Lycopergicon egeculentum L.

Symptoms produced were gimilar to those of tomato leaf
curl and it appeared after a period of 10=-15 days after
inoculgtion. Leaves turned dark.green, leathery and brititle.
There wag downward curling of the leaves and veln thickening.
on the undergurfaoce. of the laming. Flower and fruit pro&ucﬁion
were partially or completelj suppregsed. The plants stunted
and gradually died.

4. Verbesnaceae

Scachytarpheta indica Vahl.

Newly formed leaves developed symptomg within 7 to 10

days after inoculation. gSymptoms Ffirst appeared ag downward



Plate 5. sesamum leaf curl virus on
itcalypha indlca

Healthy

Plate 6, sesamum leaf curl virus on
Dollchos lablab



IPlate 7.  sesamum leaf curl virus onj]
stachytarpheta Indica

Healthy!

Plate 8. sesamum leaf curl virus on]
Scoparia fluids



Diseased,

IPlate 9. Sesamum leaf curl virus on
Zinnia elegang

Plate 10. sesamum leaf curl virus on]
Zinnia linnearla
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curling of the leaves. ILeaves turned brittle and dark green
in colour and the plants were stunted. Ilowering and fruiting

were not found much affected.

Pattern of spread
The gpread of leaf curl disease at weekly intervales vag
described by the equation.

X
It =1} AB » Which ig the equation to a Gompertz growth
curve vhere

Y¢! = the expected spread of digease

B

A = rate of gpread of dlgeage

X = weeks and

ytr = is the point a% which the gpread approaches a
° maximum, called the agymptote.

The above relationghip wag egtimated from the data ag
BX
log ¥* =1log Y] + (loz 4)
le log ¥ = 2.0980 = 1,5539 x 0.3343%

The estimated number of plants according to the above
relation and the obs_erved number of plants Were presented
in +able T,

A1l the esgtimated number of plants except for 2mnd week
agree with the obgerved number of plantg during the congecutive

we ekﬂ [

Fig.2 giveg fhe graphical respregentation of the curve.
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Table 7

Observed and estimated number of diseased plemis

- -

X{ Week) Observed number @Esgtimeted number

of dlgeaged of dlgeaged
plants plantg

1 345 ~ 545

2 205 37.2

3 8,0 8.0

4 110.0 108.9

5 119.5 119.5

6 125.5 1233
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Egtimation of yield losg )
a. Effect of leaf curl virug infection on height of plantg
The regultag showed that the virug infection has adversely

affectdd %he.héight of the gepamum plants (Table 8).
Inoculation on the 7 day old geedlings wag found to have more
effect than obther treatments. Inoculationg on the 14 gnd 21
day 0l1d planty did not differ significantly in the effect on
the height of plants. Similar wag the cage of inoculationsg on
21 day and 28 day old plantg. Bub planbs vwere legg affected
vhen the inoculallon wag done on 35 day old plantg.

b. Effect of infection on the number of leaveg

The dabta showed that the inoculation of geven day old
plants reduced the number of leaves significantly asg compared
to control and other treatmentg (Table 9). The extent of
reductlion wag of the game magnitude when inoculations were
done on 21 snd 28 day old.plants;' Phe extent of reduction
Wag comparatively less when inoculated on 35 day old plants.

c. Effech of infection on length of leaveg

~ The data ghowed that the inoculation of 7 day old
plants reduced the length of leaves gignificantly as compared
to control and other treatments (Table 10). The length of
leaves of other treatments were algo reduced and the extent

of reduction decreaged with the increage in age of the plants.




Effect of infection on the height of the plants

Table 8

(1ean height in cm )

a7’

VYarietlieg
Tregtments - : Mean
vy Y2 V3 4

TO 131.00 118.33 94.33 110.33 113.50
m1 14.33 23.00 20,67 19433 19.33
Té 38.67 25,00 40.00 40.00 5842
T3 46,67 47.33 58633 51.67 51.00
T4 63 .00 55.00 51.67 69433 59.75
T5 106.67 80.00 61.67 88.33 84.17

C.D. for comparigon between treatment meang = 14.24

Inference =» TO T5 T4 TE T2 T1
TO - Control

Ty = Inoculation 7 days after germingtion
Inoculation 14 days after germination
Inoculation 21 days affer germination

v, -
T, -
Vg -
v, -

Inoculation 28 days after germingtion
Inoculation 35 days after germination

- Kayamkulam - 1
Kayamkulzm -~ 2
KRR~1
PI=35



Table 9
Effect of infection on the number of leaves

A Varietieg
Treatments . ' s ' : Mean
+“ V2 .05 T4

T @, . 137.33 130467 155.00 130,00  140.75
v, 14,67 23500 15.61  11.33 16,17
2, 48.00 39.00 30433  48.33  41.42
2 70.35 46,67 7233  67.67 6425
7, 94.00 67.33 48,000  85.00  75.58
Ty 125.00 111.67 90,00 130,00  114.17

C.D. for comparigon between ,
treatment means = 18.65



Table 40
Effect of iggggzion on length of -
- Varietieg
Tregtment == —— Moan
v, v, v3 Y
) Ty 5483 7.90 T:25 6.8 =~ 6,95
T4 1.8 150 2.63 1,73  1.93
T, 1490 2417 2440 2,50 2.24
TS 2:40 785 3.00 2.25 2437
Ty 2467 210 2457 2433 = 2.42
g 5.03 3.50 2.8 2.67 °  3.01
| _B.D. for comparigon be%;een T
treatment meang = 1.18

Inference - !DO T5

Iy, Iz I, Ig
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d. Effect of infection on the breadth of leaveg

Here alpo ap in the above cage there wag congiderable
reduction in the breadth of ieaves when compared vith the
control. The exbtent of reduction for the '7 and 14 day old
plants was of the same degree. Similarly for 14 and 21 day
old plants, 21 and 28 day old plantg and 28 and 35 day old

plants algo the extent of reduction wag of the game degree.

g. Effect of .?.nfection on_the number of brancheg:

The results ghowed that there wag congiderable rdduction
in the nurmber of brancheg produced when inocualated 7, 14, 21
and 28 day old plants (Table 12).

f. Effect of infcecetion on flower production

) ' : \
It wag obgerved that when 7 day old plants were

inoculated flowering was completely suppressed (Ta‘blle 13).
Inoculation of 14, 21, 28 and 35 day old plantg caused a
reduction in the number of flower significantly over the
control,

ge Effect of infection on pod formation

Flower and pod formation wag absent when 7 day old
rlants were inoculated.when plants were inoculated at
subsequent stages of growth, there wag significant reduction

of pod formation over the control.



Table 1%

Effect of infection on the breadth of leavesg

Vardetisg
Tregtmentg w=- - - . Mean
V4 2 T

5.67 9400 7.33 7.6 Te46
0,70  1.50 0.67 1.10 0.99
0s53  1.43 1.65 1.13 1.18
0.93 0.87  1.20 1.73  1.18
1,30 2.8  1.2T 433 2443
3.35  3.57  3.35 3.00  3.31

C.D. for comparigon between

treatments means = 1,16
Inference: To TS Ti Té T2 T1



Table 12

Effect of infection on the number of brancheg

S A B £ o GO i S T G e -y e A ol . G R D o i - - B -l

Varietieg

Tregtments - Mean
7y Vs V3 a
T, 10.00 10,00 9.00  6.33 8, 83
i 0.67 0.00 0.00 0467 0.53
T, 133 2467 167 2.00 1492
7 3033  2.67 4400 3433 3433
T, 5433 2433 2400 3455 3425
T5 4 .67 7.00 5.67 6. 67 6.00
gégétggﬁﬁcgggirison between - .06




Pable 13
Effect of infection on flowsr production

Varietieg:
Tregbtments Moan
v, v, Vs v,
Ty 9133 93.33  91.33 10400 94400
T, 1 0.00  0.00 0,00 0,00 10.00
i C4.33 600 3,33 3.00 4.7
7y 20,00  9.33 26,67 12,00 16417
7, 2733 13,67  15.67 39.00 23,08
Ty 1 29.33  27.33  42.00 31.00 32,42
- CeDs for comparison between : - .
treatment meang / =11.11
Inference: T5 T5 T; T§ T, Ty



Table 14 ‘
Effect .of infection on pod formation

Varietiegs
Treatment ) - - Mean
L Vs V3 V4
TO 82,67 90.33 89.00 90.67 88.17
T1 : B«00 GedO Ge0D G eDO G «00
I, 1.67 1.33 0,67 0.67 1.08
T3 Te33 235 9.33 3.00 550 -
7, - 10,67 6.00  5.33 24.00  11.50
T 22,67 14.67 27.00 25.67  22.00

O.De for comparigon between
treatment meang = 9,93

Iz;ference: TO ’i‘5 % T3 Tz 'l_‘1
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DISCUSSLION

The virug cauging leaf curl digeage of sesamun (Sesamum
indicum L.) wag invegtigated. ihe digeage vag found to be
widespread in Kerala. The gymptomg of thig diseage were
gimilar 10 thoge of the leaf curl diseaseg of gesamum, tomato
and chilli as described bylsahambi (1958) , Vapudeva and
sam Raj (1948) and Mighra et al.(1963) respectively. The major
gymptoms of leaf curl dlgeage of gesamum were abaxigl curiing,
reduction in size, thickening of veins and leathery appearance
of leaves. But in variety Maran the abaxial curling was abgent
and moré:uver, gometimes there was an adaxlisgl cﬁrling of leaves.
Thig ig only a varietal responpe to the virug infechtion because
on transmigsion to other suscep%ible varietleg the typical
symptoms of gegpamil; leaf curl were produced. Thig shows that
both the viruges are one and the game. Thig type of difference
in the psymptomg of leaf cuxrl of gesamum in a variety of segamm

hag not been reported so far.

The virug wag found to be trangmitted by grafting and by
vhitefly iransmigsion. In the cage of graft transmigsion the
regults indicated that gide grafting wag superior to wedge
grafting in terms of pércentage guccegg in the egtablighment
of graft. VWhen wedge grafting wag done, gince gtock and geion.

Were young plants there was a micllagihouns exudation from the



eut ends of both the gtock and scion and probably thig might
have regulted in the poor egtablishment of the graft unic?n.
In the case of side grafting the sgtock wag fairly mature
plants and go the micilagenous exudate was very legg vhich
régulied in the better establighment of the graft unionm.

Attempts 0 trangmit the virus by sap inoculation had
failed ghowing ghét the segamim leaf curl virug wag not
mechanically transmissiﬁle by the methods employed in the
pregent gtudieg., Similar wag the result in tine cage of geed
trangmigsion trials also. So far there is no report of positive.

mechaniesl or geed trangmigsion of gesamum leaf curl.virus.

Prangmigsion of sesamm leaf curl virug by the vhitefly,
Bemlgia tabacli wag reported by sahambi (1958). 4Almogt all. the
leaf curl viruses are trangmitted by B.tabaci eg. tobacco leaf
eurl virug (Pruthi and Samel 1939), tomato leaf curl virug
(Vagudeva and Sam Raj;. 1948) , chilli lear curl virug (Migara
et al. 1963) ; cobton leaf curl virug (Nair ot al., 1964) etc.

Studies on the vector~virug relatlionghips showed that the
vector, B.iabacl could acquire the virug with a minimm acquie
gltion feeding period of 10 min. It has been rgported that the
vector could acquife the virus in 15 minutes in the cage of
tobacco leaf curl virug (Pruthi and Samuel, 1939;Pruthi, 1944)
and tomgto yellow leaf curl virus (Cohen and Nitzany, 1966) and
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31 min in the cage of tomato lesf curl virus (Butler and
Rataul, 1977). Thig showg that the minimum acquigition feeding
period for segamm lea? ourl virus is legser than that of the
other common leaf curl viruses. As the acquigition feeding
period wag increaped the efficiency of transmigsion of the

" yirug was algo increagzed and after a period of 4 h it reacheg
its maximum (Table 2). Increage in the efficiency of trans-
mlggion with the increage in the acquisgition feeding period hag
been reported in the cage of many leaf curl digeases including
tomato Jeaf curl digeases (Reddy and Yaragunbalsh,, 1981).

.It hag been found that the vecitor requires an incubation
period of 28 h to become viruliferoug. A minimum of 21 h
incubation period wask reported for tomafo yellow leaf curl

virug (Cohen gnd Hitéany, 1966), btut o period of only 6 h
wés required in the cage of tomato leaf curld virug (Reddy and

Yaraguntaiah, 1981). .

The vhitefly could transmit the virus with g minimum
inoculation feeding period of 30 min. Thig 1g similar teo
cotton leaf curl virus (Krilkpatrick, 1931), tomato yellow leaf
curl virus (Cohen and Nitzany, 1966) and tomgto leaf curl
virug ( Reddy and Yaragunteiah, 1981). But a minimum inoounla=
tion feeding perlod of only 15 min was reported for itobacco

leaf curl virug (Pruthi and samuel, 1939; Pruthi, 1944).
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In leaf curl of certain weeds viz., Acanthogpermum higpldum,

Blainvilles rhomboldea, IFlaveria australagia ete. a minimum

inoculation feeding period of 1 h was required for suécessfdl
inoculgtion (Mariappan and Narayanaswamw,-1977)- Ag in the
cage of acquisition feeding period here also as in the time
increased the efficleticy of transmigslon also increaged
(Pable 4).

In the cage of reterntion of infectivity by the vector it has
been obgerved that once the vector acquires the virug it could
retain the infectivity throughout itg life period. Thisg is
similsr %o that reported for tomato leaf curl virug (Reddy and
Yarenguntaiah, 1981). The results of the pregent studies
indlcate that the transmission of gesamum leaf cuxl virug by
Belabacli is simllar to circulaﬁ;ve manner with the possibility
of mltiplication of the virug in the vector. Detailed further

invegtigations are requirad for conclugively proving thig.

The minimmm number of vhitefliesg needed to produce
infection was found to be one (Table 6) and the optimum number
to obtain maximum infectlion was 15. Reddy and Yaraguntaizh (1981)
vhile describing tomato leaf curl virug reported that a single
viruliferous whitefly could transmit the virug successfully.
Mathew (1981) who reported the gimilar results for leaf curl
of Agergtum conizoides, Stachytarpheba indlica and gymedrells
nodli.flora.
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Inoculation of sesamm leaf curl virus at different growth
gtages of sesamm plants showed that the vegetative growth and
yield are affected severely when inoculated at an early gtage
while the effect of wvirug inoculation was not go qignificant
at later gtages of infection. There was significant reduction
on the number of leaves and gize of leaves, vhen the plantg
were imoculated at different growth gtages. The effect was not
go pronounced when the plants were infected at later gtages of

g,rOW‘i:h-

I,
The height of the plants wag conglderably reduced when

Ts 15 and 21 day old plants were inoculated resulting in
gtuniing of the plants. Similar results Were obtained in the

cage of number of brancheg algo.

It wap obgerved that early inoculation of plants regulted
in complete failure of flowering and fruit get resulting in
complete logg in yield. Subgequent Inoculationg reduced
glgnificantly the number of flowars and pods formed. It has
" been found that the per oent crop loss varied depending on the
growth gtage of plants.

In the present gtudleg inoculationg were conducted upto
35 day old sesamum plants and ag the inoculations were delayed
the adverge effect of virug infeciliong on the plantg become
1esser; Inoculationg studies have to be conducted after 35
days algo to conclugively prove that there is no need of any
controi meagureg againgt sesamn leaf curl digeage if the

infection occurs after thig gtage.
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Out of 49 species of plants belonging %o 12 different
familieg 9 gpecles of plants belonging to 6 famllies were

foumd to be susoeptible to the virug. The virug could produce.

typical leaf curl gymptoms in Acelypha indica, Capsicum annuum,
Dolichog lablab,; Lycopersicon egeuientum, Nicotisna tabacum,

Scoparia dulcig, Stachybarphetz indlca, Zinnis linneardis and
Z.elegang, Thig ig the first report ghowing that these -

plantg can act as collgberal hogts of segamum leaf curl virug.

Capslcum annuum, Lycopersicon egeulentum, Scoparia dulcis and

Zinnia elegang were repbrted as collateral hogts of tobacco
leaf curl virug (Pruthi and samel, 1939, 1942).

The regults of the present gtudleg ghow that gesamum leaf
curl virug produced the typical tomato leaf curl, chilii leaf
curl and tobacco leaf curl disecases. Baged on the sgymptoma=
tology and host range studles it can be concluded that thege

dl.geages are caused by the same virusg or similar viruses.

In the cage of pattern of spread the Gompertz curve fite
agenrately the obgerved data on gpread of the digease during
Wweekly intervalg. Thig indicates the pogsibility of utilizing
Gompertz curve in forecasting the extent of spread of sesamum
leaf curl disease. Such advance information may help in
.aquting timely control meagures for the disease by preventing
the gpread of the diseage by rouging or by the applicatidn of

ingecticlides to destroy the vector.
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SUIMMARY

Teaf curl dlgeage of gesamum, a wajor virus disease
affecting pesammnm wag investigated. Varioug agpects like
synptomtblogy, methods of trangmigsion, vector-virug relation-
phips, host rangé, pattern of spread of the digeage under
field conditioné and the extent of ioss cauged by the digease
at various‘ gtageg of growth of the plants were subjected to

detalled studiesl.

studles on gymptomatology revealed that this disease
ig similar to leaf curl of chllli, tobacco and tomato. Maliox
gymptomg Were severe abaxial curling of the leaves, leathery
appearance of leaveg and thickening of veing on the lower
garface of the leaves. Severely affected plants remained
gtunted and produced only very few pods. In the variety
Maran there wag adaxizl curling instead of the abaxial curling

obgerved in other varieties.

Thig particular virug was trénsnﬂ.'bted by grafting and
by the whitefly, Bemigia tabaci Genn. and not by sgeed or
pap. The vector-virus relationghip wag found to be gimilar
to circulative type with g minimm acquisition feeding period
of 10 min, inoculation feeding period of 30 min and incubation
period of 28 h in the vector.

Anong the 49 gpeciesg of plants belonging to 12 different
familieg gtudied 9 speciesg of plants belonging to 6 families
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viz. Acalypha indica (F.®Rphorbiaceae), Dolichog lablab

(F.Papilionaceae), Capgicum annuum, Lycopergicon esculentum

and Hicotiana tabacum (F.Solanaceae), Zinnia linneareg and

Ze.glegang (F.Compopitae), Scoparia dulcisg (Scrophulariaceae)
and gtachyterpheta indica (F.Verbenaceas) vere found to be
gusceptible to the virus.

Inoculgtion of sesamum leaf curl v:?.rus at different
growth gtages of segamum plants ghowed that the vegetative
growth and yleld were séverely affected when inoculated
at an early stage. As the age of the plant increases the _
extent of loss decreases. Eren the 35 day old plgmts, when
inoculated, showed significant reduction in yield, but the
cxtent of reduction vags legs When compgred with the 7 day
old plantg,
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Appendix-I ]
Analysig of variance =~ Height of plants

gource af .S

T 5 13537.49"
v 3 491 443
vxT 15 319,30

Error 48 301.24

* glgnificant at 1.00 per cent



Appendix-IT

Analysis of variance = Number of leaves

Source 4arf MeSe
7 5 25353 ,22"
v 3 _ 848,33
VvxT 15 476.67
Error 48 516,81

* glgnificant at 1.00 per cent



Appendix~III )
Analysls of variance - Length of leaveg

Source af M.Se

P 5 43.05"
Y 3 0.857
Vx® 15 0.726
Enror 48 0.723

* gignificant at 1.00 per cent



Appendix - IV

Analysls of variance = Breadth of leaveg

Source af M.8..
T 5 73,39
v 3 5427
Vx0T 15 2,02

Error 48 2.01

* gignificant at 1.00 per cent



Appendix - ¥
Analysis of varience - Junmber of branches

Source df M.Se
P 5 110.72"
V T 3 1 .522
V1T 15 ‘ 4_.03
Erron 48 '6 33

o Significant at 1.00 per cent



Appendix = VI

Anelysig of va;éianca - Flower prodaction.

Source ar . MeS. .

P 5 14138.82"
v 3 111.91
vTe® 15 120.27

Error 48 - 183.28

* Significant at 1.00 per cent




Appendix - VI

Analysig of variance = Pod formation

Source: af M.8.

T 5 15631426
v 5 56,460
vV 15 65 .52
Error 48 146,42

* gignificant at 1.00 per cent
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ABSTRACT

Leaf curl digeape of sesamam, its symtomgtology, mode of
trangmiggsion, vector=virug relationghips, the pattern of spread
under field conditiong and the exbtent of loss cauged by the

digeage were invegtigated.

Major sympfoms of the dlisease Were abaxial curling of the
leaves, thickening of the veing on the under surface of the
leaves, leathery appearance of the leaveg and reduction in
the gize of leaf lamina. The plants remained gtunted and
produced few flowers end pods vhen infection occurred during
the early stages of the plant growth. When infection occurred
during later stages there was production of flowers and pods
but to a limited extent.

Thig particular virug could be trangmltted by wedge and
glde grafting and by the whitefly Bemigia tabaci Genn. The
minimm acquisition feeding period was found to be 10 min and
the minimum inoculation feeding period wag 30 min. The vector
required an incubation period of 28 h to become viruliferoug.
Iven a gingle whitefly was found to be capable of trans'mitting
the virug. Onée the vector acquired the virug it would retain
it t111 itg death. |

Negative results were obtained in the cage of sep and
seed transmigslon showing that this partioular virup was not
sap and geed trangmigsible.



Hogt range studies showed that this particular virug
could infect 9 species of plants belong;@ng to 6 different
families. They were Acalypha indlca (F.Ziphorbiaceac),
Capgicum annuum, Lycopergicon ggculentum, Nibotiena tabacum

(F.Solanaceae) , Dolichog lablab (F.Papilonaceae), Scoparia

duloig (F.Scrophulariaceae), Stachyterphets indieg
(F.Verbanaceae), Zinnia elegang and Z.linneareg (F.Compositae).

Under field conditiong thig particular virug did not
ghow any regular pattern of gpread. But the 4rend followed
in the pattern of gpread of the virug wag that of Gompertz:

CUTVe,

The extent of loss cauged by thig particular virus on
yicld of segamm wWag investigated. The results showed that
when inoculated on geven day old plants there was cogplete
reduction in yield. The extent of logs decreased with the -
increage in the age of the plants. Fren when 35 day old
plants were inoculated there was significant reduction in
yield when compared with the control.

The gymptoms, modes of transmigsion and host range of
gepanum leaf curl diseage indicated that the disease is
cauged by the sane virug which cauges the leaf curl digeage

of ¢chilli and tomato.



