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UraRODTJOaHON

Sesamum ( sesamum indicum 1 .)  i s  one o f the very important 

edible o i l  seed crops in India . Next to  China, India i s  the 
largest producer o f this o i l  seed. (This crop i s  a ffected  by 

many diseases including those caused by viruses and mycoplasma 

like  organisms. Among the virus diseases le a f  curl i s  an 

important and destructive disease esp ecia lly  when sesamum is  

cultivated in  uplands. In many parts o f Kerala sesamum i s  

cultivated in  the upland conditions a lso . Leaf curl disease o f  

sesamum i s  characterized by severe abaxial curling o f  the 

leaves, leathery appearance o f  leaveg and. thickening o f  veins 

on the lower surface of the leaves, severely a ffected  plgjits 

remain stunted and bear only very few pods. I f  the In fection  
occurs during seedling stage, the loss  in crop y ie ld  w ill  be 
very heavy. Only very lim ited information i s  available on the 

symptomatology, host range, transmission, vector-virus 

relationship and loss  in y ie ld  regarding th is disease.

She follow ing deta ils  were worked out in  the present 
investigation .

1. symptomatology

2. Methods o f  transmission

3. Vector-virus relationships
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4 . Host range o f  the virus
5* Pattern o f spread o f the disease in the f ie ld
6. Estimation o f loss  caused "by the disease.





REVIEW OF LITERATURE

She sesamum crop, in Kerala# is  a ffected  by a number o f 
diseases, esp ecia lly  when i t  i s  cultivated in the upland 

conditions, le a f  curl i s  one o f  the inportant diseases o f  
sesamum, but the research work done on th is disease i s  very 

lim ited. The review o f litera tu re  presented here pertains to 

le a f  curl disease of sesamum as w ell as that o f  ch illi#  tomato, 
tobacco e tc . in  which the causal viruses are transmitted by the 

w hitefly Bemisia tabaci Genn.

Symptomatology

Muniyappa (1980) described le a f  curl diseases o f  plants in  
general. The most characteristic symptom o f the le a f  curl !i s  

the abaxial. curling o f the le a f blade. The Interveinal areas- 
o f the le a f are sometimes d istorted , and laminae are p a rtia lly  

suppressed, esp ecia lly  near the p e t io le , resu lting in  the 
formation o f narrow strap lilce leaves. Curling o f the leaves 

accompanied by puckering and b lis terin g  o f in terveinal areas 
and thickening and swelling o f the veins are observed in  

in fected  plants. In advanced stages ax illa ry  buds are stimulated 
to  produce clusters o f  leaves that are reduced in  s ize .

Mishra et al.(1963) reported that the whole plant assumes a 
bushy appearance with stunted growth in  le a f curl diseases, 
leaves become leathery and b r it t le .  Rolling o f  leaves downward 
and upward in the form o f an inverted cup and thickening o f
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veins are also observed in some cages •

Ehe le a f curl disease o f sesamum v/as f ir s t  observed in  

India during 1954 (Anon.# 1954). Sahambi (1958) described that 
the disease i s  characterised by severe downward curling and 

leathery appearance o f leaves and thickening o f  veins on the 

lower surface o f the leaves. Severely a ffected  plants remain 

stunted and bear .’only very few pods.

Vaaudeva and Sam Raj (1948) reported that in le a f curl 

disease o f  tomato the a ffected  plants are stunted and the 

leaves and internodes are greatly reduced in  siae and crowded 

together. She le a fle ts  are deformed and th e ir  margins are 

curled inwards or outwards* Infected plants become pale and 

tend to  produce stunted la tera l branches, which resu lts in  

bushy growth o f the plant. (The virus causes p a rtia l or complete 
s t e r i l i t y . In case o f early in fection  no fr u it  formation takes 

place and only deformed fru its  are formed when in fected  la te r .

MLshra et al® (1963) described the symptoms o f  c h i l l i  
le a f  cu rl. She ch ief symptoms produced are abaxial and 

adaxial curling o f the leaves# puckering and d istortion  o f  the 
interveinal areas and thickening and swelling o f the veins.
In advanced stages o f the diseas©# a x illa ry  buds are stimulated 
to  produce clusters o f leaves which are reduced in  sis©. Ihe 

whole plant assumes a bushy appearance with stunted growth.



Fewer flowers and fru itg  are developed on the diseased 

plants.

In the case o f  cotton le a f curl disease the f i r s t  sign o f 

thickening o f  veins i s  seen in  the epicalyx o f  the buds. The 
new leaves produced are small, exceedingly crinkled and curled 

at the edges, either upward or downward. The primary stems o f 

the plant often grow ta lle r  than normal, the internodes w ill be 

elongated and irregu larly  curved and sometimes the whole plant 

becomes stunted in growth (Nair et a l .  1964) .

Efariant (1968) described the symptoms o f enation le a f  curl
o f  tomato. There is  curling, tw isting and ro llin g  o f  leaves

and dark green vein enation on the underside o f the le a f le ts .»
The tobacco le a f  curl disease i s  characterised by the 

downward curling o f  young leaves, thickening o f veins on the
i

undersurface o f the leaves and stunting o f.th e  plant sometimes 
with vein clearing symptom as well (Pruthi, 1944)*

San transmission

There are reports regarding the sap transmission o f  some 

w hitefly transmitted v iruses, but sap transmission o f  le a f  curl
1

viruses has not been reported so fa r . The f i r s t  report on the 
mechanical transmission o f  a whitefly transmitted virus was 
that by Costa and Bennet , (1950). They have succeeded in
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mechanically transmitting the Euphorbia mosaic virus to 
Euphorbia pru n ifo lia  as well as to Datura stramonium eventhough 

the percentages o f  transmission were very low. She expressed 
ju ice from diseased S.p ru n ifo lia  plants wq.s  ̂ rubbed over the 

leaves o f seedlings that had been sprinkled with carborundum 

powder, sim ilarly  Costa and Carvalho (1960 a) have also 

reported mechanical transmission o f Euphorbia moeaio v irus.

Bird et a l . ( 1975 a) a lso reported sim ilar observation from 

Puerto R ico. They confirmed that the mosaic disease o f  

E«p ru n ifo lia , reported from B razil and Puerto Rico was caused by 
the same v iru s.

Sheffield  (1957* 1958) reported two virus diseases o f  sweet 
potato, virus A and virus B, from East A frica . Of these the 

former was transmitted by Iffygug persicae and the la tte r  by
B .tabaci. She virus A was not mechanically transmissible to 

any o f the hosts tested* She virus B ifas a lso not mechanically 
transmissible to  i t s  orig inal host, Ipomoea batatas, but was 
transmissible to  Petunia gp. and other test species o f Ipomoea. 
She percentages o f transmission were very low when the orig inal 

host was used as the source o f  inoculum. When the virus was' 
transmitted to  the test species o f  Ipomoea by B.tabaci and when 

that was used as the source o f inoculum the percentage o f 
mechanical transmission was considerably increased.
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Costa and Carvalho (1960 b) succeeded in  the mechanical 

transmission o f  the mosaic virus o f Abutilon striatum var« 
thompsonil to  the seedlings o f Halva parvi f lo r a  and M.ro tu n d ifo lia . 
Mechanical transmission d irectly  from A.striatum was not 

successfu l, but a fte r  transference to Si da micrantha and 

S.rhorobifolia or M.parv iflora  by grafting and when these plants 
were used as sources o f  inoculum they could get successful 

transmission o f  the virus to  M.parv iflora  and M.rotu n d lfo lla .

Flores and signerschmidt (1967) a lso reported sim ilar observations* 

Here also they could not obtain mechanical transmission o f  the 

virus when the natural hosts, A .thompsonli and A .snurlum were 

used as the source and test plants*

Cohen and Hitazany (1960) from Israe l reported a virus 

disease o f cucumber causing vein clearing and chlorosis* tfhey 

found that the virus was transmitted mechanically and by B.tabaci 

and that i t  was ea sily  transmitted from a l l  i t s  known hosts by 

mechanical means. HeroId (1967) conducted studies on a mosaic 
disease o f Anthuricum androanum transmitted by B • tabaci and 

observed that the virus could be transmitted mechanically from 
A* androanum t o Mi cotiana olevlandii and IT . tab a c cum (White Burley), 
but not to the orig in a l host. 2?he virus was ea sily  transmitted 
by sap inoculation from both the species o f tobacco to

IT .glutinosa. IT. t  aba cum (samsun) Browallia sp and Bhvsalis 
•peruviana.
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A virus disease o f  Qalanogoniura maounoidea transmitted by

B.tabaci was reported by Helpers et a l.(1 9 7 3 ). In th is case 

Beans (Bhageolus vulgaris) in fected  with the virus from

O.mcunoideg by B.tabaci was used as the source o f inoculum fo r  

mechanical transmission and i t  was found that the virus could be 

sap transmissible from in fected  to  healthy beans, but not to  the 

orig inal hosts.

Mein era: et a l . (1975) reported mechanical transmission o f 

mosaic virus o f  Biphorbia nrun lfolia  and golden mosaic virus o f
C.mucanoides from in fected  beans to  healthy beans. She bean 

plants i^ere in fected  by exposure to  w h iteflies (B .tabaci) which 
were allowed to feed fo r  24 h on diseased E.pru n ifo lia  and 

G.mucunoides. Inoculum fo r  mechanical transmission was prepared 
in  phosphate buffer o f  pH 6,8 from Infected beans*

Golden yellow mosaic disease o f  beans i s  a lso caused by a. 

Whitefly transmitted virus which can.be mechanically transmitted 

by using cold  0.1 M phosphate bu ffer o f pH 7*5(Blrd et al.1975 b ) . 

Galvea and Castano (1975) could gdt the mechanical transmission 

o f  the same virus by preparing the inoculum in; 0.1 M phosphate 

bu ffer o f  pH 7,5 with 2-mercaptoethanol.

Costa et a l.(1975) reported a golden mosaic v irus o f 
tomato transmitted by mechanical means, but the percentage 
o f  transmission was very low. She virus was transmitted to
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Hicotiana glutinoga, Physalig gp* and Datura stramonium by 

B .tabaci. The percentage o f mechanical transmission increased 

when the inocula were obtained from and inoculated in to  these 

p lants. In the case o f tomato yellow mosaic v iru s, itfhich ls^ 

a lso  transmitted by B.tabaci successful mechanical transmission 

was reported by Lastra and Uscathegui (1975)*
i

I'fechanical transmission o f  African cassava mosaic virus 

from cassava to  cassava was reported by Boclc and Guthrie (1978). 
Successful transmission was achieved When the inoculum was 

prepared in  phosphate buffer o f pH 7.7 or borate buffer of pH 
8.7 or in  deioniaed water.

In India, subramanian and Harayanaswamy' (1978) reported 
mechanical transmission o f  yellow mosaic virus o f  Dolichos: 

lab lab . The sap was extracted in  0.1M phosphate bu ffer by 

using ch illed  mortar and p estle . The percentage o f  transmission 

ranged from 52 to 76 and 92 to 100 in  pH range o f  6 .6 to  7*2 
and 7*4 .to  8.0 respective ly .

Mathew (1981) reported the mechanical transmission o f  

yellow mosaic virus o f  M.crocoeca mercuriai*s When the sap 
was extracted in phosphate buffer o f  pH 7.0 to  7*4.

Graft transmission

Almost a l l  the grafting methods can be successfu lly  
applied fo r  graft transmission o f  le a f carl v iruses.
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She le a f  curl o f sesanam when f ir s t  reported,,, i t  was 

also stated that the causal virus was transmitted by grafting 

(Anon*, 1954).

Reddy and Yaraguntaiah (1979) reported that in  the case 

o f  tomato le a f  curl v irus, 100 per cent transmission was 

obtained by approach grafting . By patch and tongue grafting 

95*8 per cent transmission was obtained and by wedge and le a f 

grafting the percentages o f  transmissions were 70 and 5 1 
respectively ,

seed transmission

Benigno (1977) reported that lea f cu rl virus o f squash 
i s  transmissible through seeds. I’here are no other reports o f 

seed transmission o f  le a f curl v iruses.

gran end, ggl on by vectors-

Almost a l l  the le a f  curl viruses are transmitted by the 

w hitefly, Bemiala tabaci Genn. ghey include sesamum le a f  curl 

virus' (Anon.f 1954, Sahambi, 1958), c h i l l i  le a f  curl virus5 
(Park and Pernando, 1958; MLshra et a l .  1965), tomato le a f  

curl virus (Vasudeva and sam Raj, 1948; Yassin and Abusalih,1972) 
le a f  curl virus o f  tobacco (storey , 1931) etc*

Ve ot or-virus r e la t i  on shir? s-

ghe details regarding the vector-v iru s relationships o f 
sesamum le a f curl v irus have not been worked out so fa r . But
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d ifferen t aspects o f vector-virus relationships o f  many other 

le a f  cu rl viruses have "been reported from India and elsewhere*

Krikpatriclc (1931) worked on the veetor-viruB~ relationship 

o f  cotton le a f  curl virus and reported that the virus i s  picked 

up by the adult w hitefly  (B.tabaci) in  Just over 3 h but 
- maid mum in fe c t iv ity  i s  attained only a fte r  a minimum stay o f 

4*5 h on the source plant* She virus i s  transmitted to  healthy 

plants In 30 rain. When once the w hitefly becomes v iru life rou s , 
i t  remains capable o f transmitting the virus fo r  at least ? days 

and probably throughout i t s  l i fe *  I t  has been reported that 
fo r  tobacco le a f curl virus only 15 min was required fo r  
acquisition  as w ell as fo r  inoculation (Pruthi and Samuel,1939» 
Pruthi, 1944)*

Cohen and Hitzany (1966) while studying the vector-virus-. 
relationship o f  Soma to yellow le a f curl v irus observed that 

the minimum acquisition and inoculation footling periods were 

15 min and 50 min respective ly . She incubation period in  

the vector' Was at1 least 21 h . She virus persisted  in  the 

v ector- fo r  periods o f  up to  20 days but not throughout the l i fe , 

span o f the in sect. I t  was found that fo r  100 per. cent 

transmission a minimum number o f  15 w hitefU es per plant was1 
needed.

The vector-virus relationship o f  tomato le a f  curl virus 
(TiCV) was worked out by Butler and Rataul (1977). They found
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that the incubation period o f  EIGV in  tomato plants varied 

from 8 days in  August to 90 days in  winter months- She minimum 

acquisition  and inoculation feeding periods in  these two 

seasons were 31 min and 32 min respective ly . The male and 

female w h iteflies  retained in fe c t iv ity  fo r  5 and 53 days, 
respectively .

In the case o f le a f  curl o f  weeds, v i z .>Acanthospermum 

hispidum DC.;, B la invillea  rhomboidea Cass- and Plaveria 

australasia II *K. the minimum acquisition  and inoculation feeding 

periods were found to  be 1 h (Mariappan and Narayanaswamy,1977) *

Reddy and Yaraguntaiah (1981) a lso  worked on the vector- 
vlrus relationship o f Somato le a f curl v irus. Ihey reported 

that in  the case o f  EDCTT the duration o f both the minimum 

acquisition  and inoculation feeding periods was 30 min. She 
incubation period o f  the virus in  the vector was found to  be 
6 h. A single v iru liferou s w hitefly could transmit the virus' 

successfu lly  and a minimum number o f 10 w hiteflies per plant 

was required to get 100 per cent transmission. I t  was also 

observed that the w h iteflies once acquired the virus^ could 
transmit the disease throughout th eir l i f e  period. Ehere was: 

no transovarial transmission and they concluded that the vector- 
v irus relationship o f  tomato le a f  curl virus i s  c losest to  
e ircu lative type o f  v irus-



Mathew (1981) worked on the le a f  curl virus diseases o f 

Ageratum conigoidea. Stachytarpheta ind ica  and S.vnedrella
Onki

n od iflora . He reported th a t^  single w hitefly (B .tabaci) Was- 

required fo r  the transmission o f each o f  the three viruses' and 

a minimum number o f  10 v iru liferou s w h iteflies  were required 
fo r  100 per cent transmission in  the case o f f i r s t  two viruses 
and fo r  the th ird  i t  was 20.

Host range W

Many o f the le a f  curl viruses in fectin g  crop plants were 
found to cause diseases in  crop plants as w ell as weeds. For 
example, tobacco le a f  curl virus could in fe c t  Ageratum 

conizoidea (Ehung, 1932)* Si da ca rp in ifo lia  (sheperd, 1937) 

Crotalaria ,1uncea. Euphorbia h ir ta . Launia a gp len ifo lia . 

Lycopersicon esculentum. scop aria d u lc is . so liu m  nigrum. 

Vemonia oinerea (Pruthi and Samuel, 1939» 1942) I 

Withania somnifera (Phatak and Raychaudhuri, 1967)» 

Achanthospermum -hispidum. B lainvillea  rhdmboidea: and Flaverla 

australasica (Mariapp.an. and Narayanaswamy, 1977)*

In the case o f  Tomato le a f curl virus many plants were 
reported as the co lla te ra l hosts v i z . ,  Ageratum conizoideg- 
(Thung,„ 1932), Si da rhombi f o l ia , (Pruthi and Samuel, 1942), 
Hicotiana tabacum. solanum tuberosum. Datura stramonium. 
Hicotiana sy lvestria . Hicotiana glutinosa (Vasudeva and 
Sam Rag, 1948; Yassin and Hour, 1965).

13
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Ehung (1934) while working with the le a f  curl and crinkle 

diseases o f tobacco found that the sources o f in fection  o f  

these diseases were confined to the weeds Ageratmn conigoidea, 

synedrella nodiflora  and Vernonia oinerea. In the case o f  

cotton le a f  curl v irus Si da aplnoaa (Earr, 1947) and Si da 

ca m in ifo lia  (Ducker et a l . , 1948) were reported as the 

co lla tera l hosts* Seth and Dhanuraj (1972) reported that a 
new strain o f  Eobacco le a f  curl virus which causes en at ions' 

in c h i l l i  can also attack Nlcotiana tabacuia (Harrison's specia l) , 
ITicotiana glutinosa. Datura stramonium* Petunia hybrida and 
Lycoperslcon esculentum.

Pattern o f  spread

Pattern o f spread o f  diseases has been studied in  d e ta il 
in  the ease o f diseases a ffectin g  human beings and animals.

In plant diseases the pattern o f spread has not been worked out 

in  many cases.

Gompertg (1825) proposed an asymmetric sigmoid curve in  

the case o f  the spread o f human diseases. Winsor (1932) has- 

discussed i t s  application to  the growth o f  any organism when 
the re la tive  growth rat© decreases with time.

Beniwal et al.(1979) had tr ied  the nature and rate o f 

spread o f Urd bean le a f crinkle disease under f ie ld  conditions.
In th is particu lar cas® the actual vector has not been id en tified  
and no regular pattern o f Bpread has been obtained.

14
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Estimation o f  y ie ld  loss

Sahambi (1958) while describing the le a f  curl disease o f  

sesamum reported that i f  the virus in fection  occurs during the 

early stages o f  growth o f  the plants there w ill  be considerable 

reduction in y ie ld .

In the case o f tomato le a f  curl disease Sastry and 

Singh (1973) estimated the extent o f  y ie ld  lo ss  caused at d ifferent 

stages o f in fection  and they found that the y ie ld  loss  amounted 

to  92.3$ when plants were in fected  within 20 days o f planting. 

Plants in fected  a fter 35 and 50 days showed losses o f 74*1 and 
28.9$, respective ly .





MATEOALS AMD METHODS

I* Seed materials

Seeds o f sesamum (sesamum indicum 1 .)  required fo r  the 

studies were obtained from the Department o f Plant Breeding, 

College o f Agriculture, Vellayani* Tobacco seeds were obtained 

from the Central Tobacco Research In stitu te , Ra^ahmundry. The 

seeds were sown in  pots containing potting mixture (r iv er  sand, 

garden s o i l  and cowdung in  the ra tio  1s1s2).

I I .  Culture o f the virus

The culture o f  the virus causing the Sesamum Deaf Curl 

disease was obtained from naturally in fected  sesamum plants 
in  the research p lots  o f the Department o f  Plant Breeding, 

College o f  Agriculture, V ellayani. The culture was maintained 

by occasional transmission by the w hitefly , Bemisia tabaci Genn. 

to healthy plants in  an insect proof glass house*

I I I .  symptomatology

Symptomatology was studied by close ly  observing the 

development o f  symptoms in' naturally in fected  sesamum plants 

under f ie ld  conditions and a lso by noting reactions of plants 
a r t i f i c ia l ly  inoculated with the virus: under in sect proof 

conditions*

IV. Transmission o f the virus

Various transmission studies were conducted under insect 
proof glass house conditions as described belows-
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1. gat) transmission!"  Sap transmission studies were conducted 

using concentrated sap* standard sap* eap extracted in  phosphate 
"buffer* c itra te  "buffer and "borate "buffer. Extraction o f sap 
in  a l l  the "buffers was done both at room temperature as well 

as in  the co ld . In a l l  sap transmission studies 600 mesh 

carborundum powder was used as the abras&ive.

Young leaves o f in fected  plants showing top ica l symptoms 

were co llected  and triturated with mortar and p es tle . I t  was 
then f ilt e r e d  through fine muslin cloth and the f i l t r a te  Was 

used as the concentrated sap. standard sap was prepared by 

adding one ml o f s te r ile  d is t i l le d  water to  every g o f in fected  

tissue used fo r  extraction o f  sap.

She phosphate buffer (0.7M* 0.1M and 0.2M) o f  pH 8, 7.8* 

7.6* 7.4 and 6.8 was prepared and used as extraction medium..

Ihe sap was extracted a fter adding one ml each o f the buffer 

solution to every g o f in fected  le a f tissu e .

Extraction o f sap in phosphate buffer in the cold was 

done by adopting the method described by subramonian and 

HarayanasWamy (1978). An aluminium tray was f i l l e d  to  3/4 o f 
i t s  capacity with tap water. She mortar and pest Me were kept 
in the tray which was then placed in  a freezer t i l l ,  the water 
was frozen. Phosphate buffer o f  pH 89 7 .8 S 7*6, 7 .4  and 6.8 
was prepared at three concentrations each* v i z . r 0.07M, 0.1M
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and 0*2 M and cooled in  a re frigera tor to  near freezing 

p o in t.

Young leaves o f sesamum showing clear symptoms o f lea f 

cu rl disease we re excised* rinsed in  iced  water and macerated 

in  the mortar kept in the ice  tray with phosphate "buffer at 
the rate o f one ml per g o f lea f material* She expressed 

sap was then f i l t e r e d  through a fin e  muslin cloth  in to  a 
p e tr i dish kept in  an .ice tray. She sap was immediately 
rubbed with a swab o f  absorbant cotton over the surface o f the 

top most fu l ly  opened leaves, o f  15 day old te s t  p lants, which 

were dusted with a small quantity o f carborundum powder. She 

excess sap was washed away using d is t i l le d  water a fter  

inoculation. ■ . ,

Citrate buffer o f pH 5*8, 6.0 and 6.2 was prepared at two 

concentrations each,, v iz.-, 0.1M and 0.05M. Inoculum in 
c itra te  buffer was prepared by adding one ml o f the buffer to 

every g o f in fected  le a f tissue.

Borate buffer was.prepared at 0*3 M concentration only, 
at pH 7 .6 , 7 .8  and 8 .0 . Here a lso preparation o f inoculum 
was done in the same way as in the case o f c itra te  bu ffer.

ffihe expressed sap was f i lt e r e d  through a muslin cloth 
in to  a p etr i dish. Inoculations were carried out by gently
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rubbing the upper surface o f  the fu l ly  opened leaves o f 15 

day old test plants as described in  the case o f  phosphate 

buffer# Sen plants each, were inoculated f o r  every experiment 

and they were kept under insect p roof glass house conditions. 
In each case three plants were kept as control by rubbing with 

bu ffer alone. A ll  the experiments were done tw ice.

2. g ra ft transmissioni -  Two methods o f grafting v ia . ,  
wedge grafting and side grafting were employed.

1» V/eflge grafting t* The top shoots o f sesamum plants showing 

typ ica l symptoms were selected for  the preparation o f scion. 

The base o f the shoots having 2-3, small leaves were prepared 
in to  wedges which, were inserted in to  the c le fts  made on the 

top o f  the stock plants aged 20-25 days* tied  r ig id ly  with 
strip s  o f  polythene and kept in  the glass house a fter  

covering with polythene bags to  retain  humidity. Such plants' 

were kept under observation fo r  30 days fo r  development o f  
symptoms-.

2. Side gra ftin g : The scions were prepared as described under

wedge grafting and inserted in to  a c le f t  cut at an angle 

on the side o f  the stem whose thickness was l i t t l e  more than 
the thickness o f  the scion .

3* Seed transmission;-  Seeds were co llected  tv/ice from plants 

showing clear symptoms o f the diseas©* The number o f seeds
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co llected  fo r  the f i r s t  and second time were 120 and 190 

respectively . She seeds were sown in  pots and kept under 

in sect proof conditions fo r  observation upto a period  o f  50 

days*

4» Insect transmission

She w hitefly, Bemlsia tabaci G-enn. was used fo r  insect 

transmission studies. /

Pure colony o f B.tabaci was reared on healthy tobacco . 

plants in  suitable cages. P la stic  transmission cages 
designed by Bene (1972) were used fo r  transmission studies*

The top portion o f either the main stem or fresh branchea- 

showing typ ica l symptoms was introduced in to  the transmission 
cage through the rectangular s l i t  at the opening o f  the cage. 
Vdiiteflieg were co llected  with an aspirator and released in to  

the transmission cage, She transmission cage was covered with

a black cloth  except at the region o f the wire netting which/
was kept facing the lig h t  source while releasing the

i

w h ite flies , The cap o f  the transmission cage was immediately 

screwed on and the remaining portion o f  the rectangular s l i t  
o f  the cage was kept closed by cotton wool. The cages were 

kept in  position  with the help o f two bamboo s livers  and a 
rubber band. After the desired feeding period , the cotton 

was removed and gently tapped with a glass rod to disturb
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the w h ite flies . Shis stimulated the w h ite flies  to  move away 

from the leaves to the side of the cage facing the lig h t  source*

In a l l  transmission experiments ten seedlings were usea 

as test plants* She number o f  w h iteflies released on each 

test plant fo r  inoculation feeding was fix e d . A fter inoculation 

feeding the insects were k ille d  by spraying the plants with

0.1 quinalphos. The inoculated plants were labelled  and 

kept in  an insect proof glass house. Observations were taken 
daily on the appearance o f  symptoms. Spraying with quinalphos' 

(0.1?S) was done at weekly in tervals to  prevent whitefly 

in festation . The experiments were done twice*,

V. Vector-virug relationships

1. Minimum acquisition  feeding period : -  The w hiteflies were 

given acquisition  feeding fo r  periods ranging from 5 min to 

6 h v i s . , 5 mini 10 min, 15 min, 30 min, 1 h, 2 h , 4h and

6 hi One hour pre-acquisition  starvation was given in  a l l  the 

cases. A fter the acquisition  feeding period "Whiteflies were, 
released on healthy sesamum seedlings at the rate o f twenty 

per plant and an inoculation feeding period o f  48 h was given. 
Ten seedlings were used £>r each experiment. The experiment 

was done tv/ice and observations were recorded on the number 
o f  plants in fected .



2. Incubation period in the v e cto rs- Hon-viruliferoug' 

WhitefHes were allov/ed to  feed on lea f curl a ffected  sesamum 
plants fo r  24 h and transferred separately to  d ifferent sets 

o f healthy te s t  plants* They were given sp ecified  inoculation 

feeding periods o f 1, 2, 4 , 6, 8,. 10, 12 and 16 h. After the 

specified  inoculation feeding periods the te s t  plants were: 
sprayed with 0.1^ quinalphos and observed fo r  the development 

o f  symptoms* Here also 5 test plants were used in  each case*

3. I&nlmm inoculation feeding p e r i o d H on-viruliferous 

w hiteflies were co llected  and given pre-acqu isition  starvation 

fo r  a period o f  one h and acquisition  feeding period o f 30 h. 

Here also the number o f  w h iteflies released per healthy plant 

fo r  inoculation feeding was 20. Periods ranging from 5 min to  
6 h v i s . ,  5 min, 10 min, 15 min, 30 min, 1 h , 2 h , 4 h and 6 h 

were' given fo r  inoculation feeding. The experiment Was done 

twice and observations on the number o f  plants in fected  were 
recorded.

4* Retention o f In feo tiv ity  by the v ecto r : -  This experiment 

was conducted to  determine fo r  how long the vector could 

retain the v iru liferou s nature without further access to  a. 
virus source. The w h iteflies  were given an acquisition 

feeding period  o f 24 h. A fter the acquisition  feeding seven 
w hiteflies among them were released singly on each o f the
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seven test p lants. After an inoculation feeding period o f  
24 h4they were transferred to fresh  healthy te s t  p lants.

They were se r ia lly  transferred to fresh healthy plants like 
th is a fter every 24 h t i l l  th e ir  death. The inoculated plants 

were frequently sprayed with 0.1$ quinalphos and kept under 

insect p roof conditions fo r  observations.

5 »-Minimum number o f w h ite flies  required fo r  virus transmission

After 24 h acquisition  feeding on le a f curl a ffected  sesamum 

plants* a fix ed  number o f adult whiteflies*, v i s . ,  1, 3 , 5, 10,

15 and 20 per test plants were allowed inoculation feeding o f  

24 h. Five tes t plants were inoculated in  each case. The 

experiment was done twice.

VI. Host range

The follow ing d ifferent plant species belonging to  12 

fam ilies were tested .to  study the host range o f the virus using 
v iru liferou s w h ite flies .

1. Amaranthaceae

Amaranthus caudatus 1,

A-.v ir id is  1 .
Spinancfea oleraceae 1 .

2. Acanthaceae

Justioia  d iffusa  W illd.
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3 . Capparidaceae

Qleome yigcoga 1.

4* Compogitae

A&eratum ooBisoideg L. 

Acanthogpermuia higpidum DC. 

Bailie son chi f o i l  a D«C. 
Bzpatorimn odoratum 

Synedrella nodiflora  Gaertin. 
grida^c procambeng L.

Ternonea oinerea le s s .
Zinnia elegans Jacq.

Zinnia linnearis D.

5» Cucurbitaceae

Cucurbita maxima Duch.
Ciicmnia aelo L*

Cucumig gativus L.

Cucurbit a pepo L.

Bosnordioa charentia L.



6* Eiphorbiacea©
Acalypha indica  L.
Croton gpargiflorug Morong. 

Euphorbia geniculata 1 .

E>h lrta  It*

Jatropha curcaa L.
Micro cocoa mercurial! s Benth. 
Bhyllanthug niruori

7. I-lalvaceae

Abelmoaohug eaculentug (L) Koench 

Goasypiuia hirsutum L. 

gida acuta Burm F.
S. co rd ifo lia  1 .
S.rhombifolia L.

8. PapiXionaceae

Alyei carpus vaginalis Dc.

C litoria  ternatea Li 

, CrotaXaria rlunoea 1 .

Cyan op s is  tetrasonoloba (Li ) 2aub 
Polichos lablab L*

Glycine max (L) Ifeu.
Phaseolus aureug (L .) Roxb»
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9 * Enbiaceae

gnoxia pp.
Oldenlandia asp era Bo.

10. scrophulariacea©

Scoparia fluids 1.

11* Solanacea©

Capsicum annuum L.

Batura stramonium I>.
Iivcopersicon esculentum lfi.ll.

Nlcotiana tahacum B. 

solanum melongena 1.

12. Verbenaceae

Baritana camar©1 L.

Stachvtarpheta iflflica Yahl.

Back transmission to sesamum was done in the case o f those 

hosts which produced any symptoms to confirm the identity  o f  the 

virus-.

VI. Pattern of spread

A rectangular pattern was adopted fo r  th is experiment.

P lot size  was 2.75 M x 2.25 M with a plant spacing o f  30 cm x 15 cm. 
Altogether there were seven rows and within each row there were
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18 plants aPci hence the to ta l number o f plants was 126. Ehere 

were two rep lica tion s.

layout o f the p lo t  and sowing were done during the month 

of, January 1983 • Shinning o f the crop was done on the 12th day 

a fter  sowing. On 20th day a le a f curl a ffected  sesamum plant 
was planted as source o f  inoculum in the 4th row at the centre, 

then the p lo t  was c lose ly  observed during every week fo r  the

spread o f the disease and the information was p lo tted  on the

layout plan.

3?he pattern o f  spread o f the disease was explained by the 

G-ompertz Curve proposed by Gompertz (1825) which i s
» i 2sY = Y0 A 

4where Y «  the expected spread o f disease
* ® i s  the point at which the spread approaches aY0

maxi mum, ca lled  the asymptote
B  9A a the rate o f  spread o f disease

x »  weeks

QEhe contents o f  the equation were estimated by the 

method o f  selected points (Yaminae, 1964) to  the data averaged 
over two rep lica tion s. - I
T i l l .  Estimation o f y ie ld  loss  ■

A pot culture experiment was conducted to  estimate the 

loss  in  y ie ld  o f sesamum caused by sesamum le a f  curl disease*
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This experiment was done in CKD• There were 6 treatments v i z . ,  

uninoculated (co n tro l) , inoculations done on 7 , 14, 21, 28 and 

35 day old plants* There was only one plant per p o t . Pour 
varieties  o f sesaraum were used, v i z . ,  Kayamkulam-1,

Kayamkulam-2, lcRR-1 and Pt.58-35* There were three rep lications: 

and the to ta l number o f  pots were 72.

Seeds were sown in  pots kept under insect proof conditions: 

and date o f  germination was noted. H rat inoculation was given 

one week a fter  germination by releasing 25 v iru liferou s 

w hiteflies per seedling. Then the pots were transferred to  a>. 

f ie ld  near the glass house and kept the plants esposed to  

natural environmental conditions.

The subsequent inoculations were also done by the same 

method and thus a l l  the fiv e  inoculations were given. AH the 
plants were sprayed with 0.1$ quinalphos at weekly intervals to 

avoid vector in festa tion s . The follow ing observations were 
recorded in  th is experiment,

1• Height o f plants
2. Humber o f leaves

3 . Length o f  leaves 
4* Breadth o f  leaves
5. Humber o f  branches-



6. Humber 

7i Humber
o f flowers 

o f pods





RESULTS

symptomatology

She prominent characteristic symptoms o f  the disease was 

the abaxial curling o f the leaves* During the in i t ia l  stages- 

o f in fection  the leaves turned dull green or pale green in 

colour, which f in a lly  became dark green* Gradually the size 

o f leaves got considerably reduced. In severe cases o f  

in fection  the margins o f  the leaves r o lle d  inwards. The leaves 

turned b r it t le ,  leathery, with thickening o f  the veins on the 

undersurface o f the leaves and the plants remained stunted.

lilower production was very much reduced.when the in fection  

occurred during early stages o f plant growth. Wien in fected  

during la te r  stages there was development o f flowers and pods 
but to  a considerably lesser  extent when compared with the 

healthy plants.

In some cases the development o f leaves was severely 
a ffected  resulting in the production o f strap shaped leaves.

When the in fection  occurred during the early stages o f  
plant growth the size o f  the leaves was found to be greatly  

reduced. Internode length a lso became very much reduced and 

the leaves appeared crowded at the apex. Gradually the leaves 

started drying and f in a lly  premature death o f  the plants 
occurred.



Plate 1. severe f ie ld  in fection
by sesamum le a f  curl virus

Plate 2* In it ia l  synptomg o f gesemum 
le a f  curl disease
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In the variety  Maran, there was no downward curling o f 

leaves when in fected  itfith sesamum le a f  curl v iru s. In this- 

particu lar case* the leaves turned pale green with vein 

thickening on the under surface o f the leaves and sometimes with 

a sligh t upward curling o f the leaves.

Under glass house conditions a s ligh t d ifference in the 

symptoms was observed in a l l  the sesamum plants. Before vein 

thickening occurred there developed a , g lossy  appearance on the 

undersurface o f the leaves. la te r  on, other symptoms lik e  vein 
thickening, leathery nature o f the leaves e tc . appeared. 
Generally the leaves did not turn as b r it t le  as that observed 
in plants kept outside the glass house. ; sim ilarly downward 
curling was a lso .not so severe. When in fected  during early 

stages o f  growth, the plants started drying soon a fter  the 

appearance o f  glossiness on the leaves. Unlike in the f ie ld ,  

in the glass house the plants were not very much stunted. In 
general, the appearance o f symptom was not so severe as that 

found in  the f ie ld  conditions.

Tran amission o f  the vijgus

I .  san transmission

sap transmission experiments were conducted using 
concentrated sap, standard sap, sap extracted in phosphate 

b u ffe r , c itra te  bu ffer and borate bu ffer as mentioned under



materials and methods. There was no development o f the symptoms- 
o f  le a f  curl disease in any o f  the sap inoculated sesamum plants.

I I .  Graft transmission

Side grafting and wedge grafting were done and the resu lts 
o f establishment o f  gra fts and percentage o f transmission o f  the 

disease among the established grafts 8̂>re presented in  “Table-i •

I n .a l l  the attenpts in  which transmission occurred symptoms 

appeared within a period o f  7 -  15 days. There Was 100$ 
transmission when there was successful establishment of grafts*

Table 1

Graft transmission o f  sesamum le a f  curl virus

Type o f  Humber o f Per cent Per cent
grafting gra fts  eg ta b li- transmi-

established ghment ssion
Humber o f 
plants 
grafted-

Side 18/20 90 100

Wedge 15/20 . 75 , 100

I I I • Seed transmission

Out o f the 120 and 190 seeds sown as f i r s t  and second 

experimebts i t  was found that 106 and 172 seeds* respectively



have germinated. None o f  these seedlings showed any symptoms 

o f le a f curl disease*

IT* Insect transmission

Insect transmission studies were conducted by using &he 
w hitefly, Bemisia tabaci Genn. I t  has been observed that the 
w hitefly i s  capable o f transmitting the virus* Once inoculated 

the plants developed symptoms within a period o f  7*15 days*
When a l l  the conditions were favourable 100 per cent transmission 

was obtained.

Tector-vlrus relationsh ips 

a) Minimum acquisition  feeding period

Non-viruliferous w h iteflies were given acquisition  feeding 

on le a f  curl disease a ffected  sesamum plants fo r  sp ecified  

periods followed by 48 h inoculation feeding periods on healthy 

sesamum seedlings at the rate o f  20 w h ite flies /seed lin g*

The resu lts  showed that a minimum acquisition  feeding 
period o f 10 min was su ffic ie n t  to  make the vector v iru liferou s 

and as the duration o f acquisition  feeding period increased 
the percentage o f transmission a lso increased (Table 2) when 
the acquisition  feeding period was 4 ’h or more 100 per cent 
transmission was obtained.
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Table 2

Acquisition feeding period fo r  the transmission o f  
sesamum le a f curl virus

Acquisition Number o f plants^ per cent
feeding in fected  transmi-
period Number o f  plants Bsion

inoculated

Replica- Replica
t io n - !  t io n -I I

5 min 0/5 0/5  ' 0.00

10 rain 0/5 1/5 10.00

15 min 1/5 1 /6 18.18

30 min 2/5 3/6 45.45
1 h 3/5 3/5 60.00
2 h 4/5 5/5 90.00
4 h 5/5 6/6 100.00
6 h 5/5 4/4 100.00
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to) Incubation period in the vector

Hon«viruliferous w hiteflies were allowed to feed on 

segamm plants showing ty p ica l symptoms o f  le a f curl diseas© 

fo r  24 h and transferred separately to  d ifferent sets o f  

healthy sesamum plants*

I t  was found that when an acquisition feeding period o f  

24 h was given the w h ite flies toe came v iru life rou s  only a fter  

another 4 h to  give at least 10 per cent transmission (Cable 3 ) .  

When the incubation period in  the vector was further 

increased the per cent transmission was a lso found to increase 
and a fter  10 h incubation 100 per cent transmission was 

obtained.

c) Minimum inoculation feeding period

H on-viruliferous w hiteflies were given an acquisition  
feeding period o f 48 h followed toy sp ecified  periods o f  

inoculation feeding on healthy sesamum seedlings at the rate 
o f  20 w hiteflies per plants.

Results showed that a minimum inoculation feeding period 
o f  30 min was necessary to get at least 10 per cent trans

mission. When the inoculation feeding period was increased 

the per cent transmission was also found to  increase and a fter 
an inoculation feeding period o f  6 h there was 100 per cent 
transmission (Cable 4 ) .
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Table 3

Incubation period o f sesammn le a f curl 
virus in the vector

Humber o f  plants 
in fected

Incubation Per cent
period Humber o f  plants transmi-

inoculated ssion

Replica- Replica
t io n -!  t io n -II

1 h 0/5 0/5 0,00

.2 h 0/5 0/5 0,00

3 h 0/5 0/5 0.00

4 h 1/5 0/5 10.00
6 h 2/5 3/5 50.00
8 h 3/5 4/5 70.00

10 h 5/5 5/5 100.00
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Table 4

Inoculation feeding period fo r  the trans
mission o f sesamum lea f curl viruer

Number o f  plants in fected
Inoculation Number o f  plants inoculated' cent 
feeding . . . . . . . . . . . . . . . .  transmL-
period  Replica- Replica- ssion

t io n -I  tion-IX
. . . . . . . . . . . .  „ . . . . . . . . . . . . . .

5 min 0/5 0/5 0.00
10 min 0/5 0 /5 0,00

15 min 0/5 0/5 0.00
30 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
6 h 5/5 5 /5 100.00



Iiii

a. Retention o f in fa c t iv ity  by the vector

H on-virulif erous w h ite flies  were allov/ed to  feed on lea f 

curl a ffected sesamum plants fo r  24 h and s e r ia lly  transferred 

at 24 h intervals to  new sets o f  Wealthy seedlings at the rate 
o f  one insect per seedling. I t  was observed that the 

v /h iteflies once became v iru liferou s could transmit the virus 

throughout th e ir  l i f e  period, the maximum duration o f  which on 

sesamum plants was found to  he only 8 days (l’ahle 5 ).

e . Minimal number o f  i^hitefHes required fo r  virus transmission

A fter 24 h acquisition  feeding on le a f  curl disease 

a ffected  sesamum plantsf a lmown number o f adult w h ite flies

were allowed inoculation feeding o f 24 h as described under
a

materials and methods. The resu lts showed that single v ir u l i -  

ferous whitefiy could transmit the virus successfu lly to  10 

per cent o f the plants inoculated (Sable 6 ) ,when the number 

o f  ’v /h iteflies was increased the per cent transmission was 
also found to  increase and when 15 w h iteflies  or more were 

used 100 per cent transmission was obtained.

Host range

Out o f  49 species o f  p lants belonging to  12 different 
fam ilies tested , 9 species o f plants belonging to  6 fam ilies 
were found to  be susceptible to in fection  by sesamum le a f curl 

virus and produce d istinct symptoms.

38
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Sable 5

He ten t! on o f sesamum le a f  curl virus by 
Bemlgia. tabaci Genn*

s1jj0b Humber o f days o f retention o f the virus

w h ite - 1 2 3 4 5 6 7 8 9  10
f l i e s

“| + + + 3)
2 D
3 - - - - - - - D

4 + + + + + + + + D

5 + + + D

6 -  -  -  -  -  D

7 + + D

+ transmission 

-  no transmission 
D Death o f the whitefly
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Cable 6
I-lIniiDmn number o f  w h ite flies required fo r  trans

mission o f  gesajuum le a f  curl virus

Number o f plants in fected 
Number of . ................................  . . .  Per cent
w h ite flies  Number o f  plants inoculated transmi-

Replica- Repli ca
tion -1  t io n -II

1 1/5 0/5 10.00

5 1/5 2/5 50.00

5 5/5 4/5 70.00

10 4/5 5/5 90i00

15 5/5 5/5 100.00
20 5/5 5/5 100.00
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a. Compositae

1- Zinnia linneares 1.

The syu^tomg appeared f i r s t  on the developing young leaves 

a fter a period o f  about 7-10 days. The leaves turned dark 

green, b r it t le  and curled downwards and the veins became 

thickened. Sometimes the leaves assumed a twigted appearance. 

Leaf area was very much reduced. At a la ter  stage even the 
branches produced also became twisted in  appearance. The plants 

were stunted and flower production was considerably reduced.

2. Zinnia elegans Jacq.

Here also symptoms appeared a fter a period o f  about 

7-10 days. STewly formed leaves turned dark green, b r it t le  

and curled downwards. The le a f  area was considerably 
reduced. Unlike in  Z .linneareg in  Z .elegahs there was no 

twisting o f  the leaves or branches. The plants were stunted 

and flower production was conpletely ,inhibited .

b. Suohorbiaceae

Acalypha indica  L.

The inoculated plants showed the symptoms within 7 to 
10 days a fter  inoculation . The newly formed leaves turned
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dark green, leathery and b r i t t le .  General stunting o f  the 

plants, reduction in  size o f leaves, crinkling and distortion  

o f  lamina were also observed.

c. Papllionaceae

Dolichos lablab It.

£he inoculated plants showed symptoms within 5 to 7 days 

a fter  inoculation , Newly formed leaves turned dark green, 

le a f  area very much reduced, and sometimes strap shaped leaves 
iirere also produced. Length o f  vines was also reduced. Slower 
gnd fru it  production was considerably reduced and the plants 
appeared stunted.

d. Scrophularlaceae
< *

Scoparia dulcis 1 .

Symptoms f i r s t  appeared on the newly formed leaves within 

4 to  6 days a fter  inoculation , leaves turned dark green, 

laminae crinkled d istorted  and stood erect and often there 

was downward curling. She plants were stunted and there 
was no flowering and fru itin g .

e . solanaceae

1. Capsicum annuum 1 .

She newly formed leaves o f the plants showed symptoms 

within 5 to  7 days a fter inocu lation . She major symptoms
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were downward curling o f the leaves, leathery and b r it t le  

appearance o f leaves. The size o f  the leaves was very much 

reduced, flower and fr u it  production was conpletely suppressed 

and plants remained stunted.

2. Nicotiana tabaeum 1.

Newly formed leaves o f the in fected  plants turned dark 

green leathery and b r it t le  the veins became thickened, leaves . 

curled downwards* size  o f  the leaves was very much reduced, 
and plants remained stunted. The incubation period in the 

plant was found to be 10-15 days.

3. Lyconersicon eaculentum L.

Symptoms produced were sim ilar to  those of tomato le a f 

curl and i t  appeared a fter  a period o f  10-15 days a fter  

inoculation . Leaves turned dark.green, leathery and b r i t t le .  

There was downward curling o f  the leaves and vein thickening 

on the undersurfaoe o f  the lamina* flower and fr u it  production 

were p a rtia lly  or completely suppressed. The plants stunted 
and gradually died.

4. Verbanaceae 

stachytarnheta indica Vahl.

Newly farmed leaves developed symptoms within 7 to 10 

days a fter  inoculation . Symptoms f i r s t  appeared as downward



Plate 5 . sesamum le a f  curl virus on 
itcalypha indlca

Healthy

Plate 6, sesamum le a f  curl virus on 
Dollchos lablab



I P late 7 . sesamum le a f  curl virus on| 
stachytarpheta lndica

Healthy!

| Plate 8. sesamum le a f  curl virus on| 
Scop aria flu ids



| Plate 9 . Sesamum le a f  curl virus 
Zinnia elegang

on

| Plate 10. sesamum le a f  curl virus on| 
Zinnia linnearla

Diseased,
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curling o f  the leaves* Leaves tu rn ed .brittle  and dark green 
in  colour and the plants were stunted. Plowering ana fru itin g  

were not found much affected*

Pattern o f spread

She spread o f  le a f  curl disease at weekly in tervals was- 

described by the equation.

X* a XJ A t which i s  the equation to  a Gomperts growth 

curve v/here

X* * the expected spread o f  disease 
BA «  rate o f  spread o f disease

X «  weeks and
Yt =a i s  the point at which the spread approaches a 

o maximum̂  caHed the asymptote.

She above relationship was estimated from the data as- 

log  X* = log  Y£ + (lo g  A)B '

i e  log  X «  2.0980 -  1.5539 x 0.3343X

She estimated number o f plants according to  the above 

relation  and the observed number o f  plants were presented 
in table 7.

All! the estimated number o f  plants except fo r  2nd week 

agree with the observed number o f  plants during the consecutive 

weeks*

P ig .2 gives &he graphical representation o f the curve.
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Table 7

Observed and estimated number o f diseased plants

X(Week) Observed number (Estimated number
of diseased1 o f  diseased
plants plants

1 3.3 ' 3,5
2 20.5 57.2

3 85,0 85.0

4 110,0 108.9

5 119.5 119.5
6 125.5 123.3
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Estimation o f y ie ld  loss
a. E ffect o f le a f  curl virus in fection  on height o f  plants

The resu lts showed that the virus in fection  has adversely

a ffectdd  the height o f the sesamum plants (Table 8 ). 

Inoculation on the 7 day old seedlings was found to  have more 

e f fe c t  than other treatments. Inoculations on the 14 and 21 
day old plants did not d if fe r  s ig n ifica n tly  in the e ffe c t  on 

the height o f p lants, sim ilar was the case o f inoculations on 
21 day and 28 day o ld  plants* But plants were le ss  affected 

when the inoculation was done on 35 day old p lants.

b . Effect of in fection  on the number o f  leaves

The data showed that the inoculation o f  seven day old 
plants reduced the number of leaves s ig n ifica n tly  as compared 

to  control and other treatments (Table 9 ) , The extent o f 

reduction was o f the same magnitude when inoculations were 

done on 21 and 28 day old plants. The extent o f  reduction 

Was comparatively lo ss  when inoculated on 35 day old  plants-

c . E ffect o f  in fection  on length o f leaves

The data showed that the inoculation of 7 day old 
plants reduced the length o f leaves s ig n ifica n tly  as compared 
to  control and other treatments (Table 10) • The length o f 
leaves o f other treatments were a lso reduced and the extent 
of reduction decreased with the increase in  age o f  the plants.

46
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Table 8
E ffect o f  in fection  on the height o f  the plants 

(I-lean height in cm )

V arieties
Treatments ------------------ -------------- ——-------------------—-  Mean

V1 < ro Y3 V4_____

*0 131.00 118.33 94.33 110.33 113*50

14.33 23.00 20.67 19.33 19.33
Eg 38.67 35.00 40.00 40.00 38.42

% 46.67 47.33 58.33 51.67 51.00

63.00 55.00 51.67 69.33 59.75

T5 106. er 80.00 61.67 88.33 84.17

C.D. fo r  congparison between treatment means «  14*24 
Inference ** TQ gg

Tq -  Control
-  Inoculation 7 days a fter  germination 

Tg -  Inoculation 14 days a fter  germination
-  Inoculation 21 days affeer germination

Ê  -  Inoculation 28 days a fter  germination
Tjj -  Inoculation 35 days a fter  germination

V.J -  Eayamkulam -  1
Vg -  Eayamkulam -  2
V̂  -  KRR-1
V4 -  PE-35
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Table 9
Effect o f in fection  on the number o f leaves

Varieties
Treatments Mean

VS ■ . V3 7 4

v ,

137*33 130*67 153 *00

ii! ° 
i o!oIPI11

140.75

Ti 14*67 23*00 15*67 11.33 16.17

$ 2
48.00 39.00 ' 30*33 48.33 41*42

*3 70.33 46.67 72;33 67.67 64.25

*4
94*00 67*33 48.00 85.00 73.58

535 125*00 111.67 90.00 130.00 114.17

C.D. fo r  cosgparison between 
treatment means ® 18.65

Inference: TQ T^ Gy Tg T̂
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Table 10

E ffect o f in fection  on length o f  
leaveb

Varieties
Treatment ————- ------------- — -  Mean

V1 iI
>W 

1 II! ii

*0 5i83 7.90 7.23 6.83 6,95

"1 1;85 1.50 2.63 1.73 1.93

Tz 1*90 2.17 2.40 2.50 2.24
ITi
3 2*40 1.83 3.00 2.23 2.37

A4 2.67 2.10 2.57 2.33 2.42

Ê 5*03 3*50 2.£3 2.67 3.01

C.D. fo r  comparison between 
treatment means = 1*13

Inference -  E0 Tj- Eg Ê
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d. Egfect o f  in fection  on the 'breadth o f leaves

H e r e  also as In the above case there was considerable 
reduction in the breadth o f leaves when compared with the 

con trol. The extent o f  reduction fo r  the 7 and 14 day old 

plants was o f  the same degree, sim ilarly  fo r  14 and 21 day 

old  plants, 21 and 28 day old p la its 'a n d  28 and 35 day old 

plants a lso the extent o f  reduction was o f  the same degree.

e. Effect o f in fection  on the number o f  branches-

The resu lts  showed that there was considerable reduction 

in the number o f  branches produced When inoculated 7 „  14> 21 
and 28 day old  plants (Table 12).

f . E ffect o f  in fection  on flower production
* i

I t  was observed that when 7 day old plants were 
inoculated flowering was completely suppressed (Table 13). 

Inoculation o f  14» 21, 28 and 35 day old  plants caused a 
reduction in the number o f flower s ig n ifica n tly  over the 
control.

g® E ffect o f  in fection  on pod formation

Elower and pod formation was absent When 7 day old 
plants were inoculated, when plants were inoculated at 

subsequent stages o f  growth, there was sign ifican t reduction 
o f  pod formation over the control*



Effect; o f In fection  on the breadth o f  leaves

Sable 11

Varieties
2reatments- —— -— - - - — - —  ------- ------ -— — -  Mean

V1. V2 V3
J L

so 5.-m s .00 7.33 7 .S3 7.46

s8: 0.70 1.50 0.6? 1.10 0.99

*8 0.53 1.43 1.63 1.13 1.18

% 0.93 0.87 1.20 1.73 1.18

1.30 2.83 1.27 4.33 2.43

*5 3.33 3.57 3.33 3.00 3.31
n,T- , i r -tr irrt

C.D. fo r  comparison between 
treatment^ means «  1 • 16

Inference: 2C 2. S’ 2i *« rj» ni ni fit
0 x5 H  H  2 X1
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Table 12

E ffect o f  in fection  on the number o f  branches

Varieties-

? 1 V2 _______________7j_ ____________________ 74

*0 10.00 10.00 9.00 6.33 8,83

21 0.67 0.00 0.00 0.67 0.33

h 1*33 2.67 1.67 2.00 1.92

*3 3.33 2.67 4.00 3.33 3.33

$4 5*33 2.33 2.00 3.33 3.25

25 4-67 7.00 5.67 6.67 6.00
------- ■  ■ I  .1 M  . l l ! ^  M  U  ■  ■ ■ ■ ■ ■ ■ wmmrmnmrmw i B t t f m i  mm M  —  ~m

O.D. for  coE$>arison between 
treatment mean *= 2*06

Inference -  5?Q 2^ 2  ̂ 2̂ ~ $1
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Cable 13;
E ffect o f  In fection  on flower production

V arieties
Treatment* ------ ------ ------------ ———— =   ifean

V1 va v3 v4

$0 91.33 93.33 91.33 10.00 94.00

h 0.00 0.00 0.00 0,00 0.00

*2 4.33 6.00 3.33 3.00 4.17

*5 20.00 9.33 26.67 12.00 16.17

*♦ . 27.33 13.67 15.67 39.00 23.08

sS . 29.33 27.33 42.00 31.00 32.42
■ ■ w w m — m

O.D. fo r  comparison between 
treatment means > =11.11

Inferences $Q a:2
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Table 14
Effect o f  in fection  on pod formation

Varieties
treatment---------------------------------------------— --------  Mean

V1 V2 V2 V4

so 82.67 90.33 89.00 90.67 83.17
®1 a .oo Q «0O O .00 a .oo 0*00

*2 1.67 1.33 0.67 0.67 1.08

*S 7.33 2.33 9.33 3.00 5.50

*4 10.67 6.00 5.33 24.00 11.50

*5 22.67 14.67 27.00 23.67 22.00

0.3). fo r  comparison 'between 
treatment means -  9.93

Inference; 5?q %  24 *3 T2 *l
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DlgCUSSlOH

She virus causing le a f  curl disease o f sesamum (Sesamum 

indicum 1 .)  was investigated. 2he disease was found to be 
widespread in Kerala. She symptoms o f th is disease were 
similar to  those o f the le a f  curl diseases o f  sesamum, tomato 
ana c h i l l i  as described by Sahambi (1958), Vauudeva and 
Sam Raj (1948) and Mishra et al.(1965) respectively . The major 

symptoms of le a f  curl disease o f sesamum were abaxial curling, 
reduction in s ize , thickening o f veins and leathery appearance 

o f  leaves. But in variety  I'&ran the abaxial curling was absent 

and more^over, sometimes there was an a&axial curling o f leaves* 

This is  only a varieta l response to the vItub in fection  because, 

on transmission to  other susceptible v a rie ties  the typ ica l 

symptoms o f sesamum le a f  curl were produced. ThiB shows that 

both the viruses are one and the same. This type o f  d ifference 

in the symptoms o f le a f  curl o f  sesamum in a variety  o f  sesanum 

has not been reported so fa r .

The virus was found to  be transmitted by grafting and by 
w hitefly  transmission. In the case o f  gra ft transmission the 

resu lts  indicated that side grafting was superior to  wedge 
grafting in terms o f  percentage success.in  the establishment 
o f g ra ft . When wedge grafting was done, since stock and scion , 
were young plants there was a mucilaginous exudation from the
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cut ends o f  both the stock and scion and probably th is might 
have resulted in the poor establishment o f  the gra ft union*

In the case o f  side grafting the stock was fa ir ly  mature 
plants and so the mcilagenoug exudate was very le ss  which 
resulted in the better establishment o f the gra ft union.

Attempts to  transmit the v irus by sap inoculation had 
fa ile d  showing gjhat the sesamum le a f  carl virus was not 
mechanically transmissible by the methods employed in  the 

present studies. Similar was the resu lt in the case o f seed 

transmission t r ia ls  a lso , so far there i s  no report o f  positive, 

mechanical or seed transmission o f  sesamum le a f  curl.v irus.

transmission o f  sesanum le a f  curl virus by the v4i.it e f ly , 

BemLsia tabaci was reported by sahambi (1958). Almost a ll. the 

le a f  curl viruses are transmitted by B .tabaci eg. tobacco le a f  

curl virus (Pruthi and Samuel 19,39) * tomato le a f  curl vlrue^ 

(Tasudeva and Sam Raj»: 1948), c h i l l i  le a f curl v irus (M^ara 

et a l » 1963) , cotton le a f  curl virus (I?air et a l .  „  1964) e tc .

Studies on th©;vectar-virus relationsh ips showed that the 
vector , B .tabacl could acquire the virus with a minimum acqui

sition  feeding period o f  10 min. I t  has been reported that the 
vector could acquire the virus in 15 minutes in the case o f 
tobacco le a f  curl virus (Pruthi and Samuel, 1939jPruthi, 1944) 
and tomato yellow le a f  curl virus (Cohen and M tsany, 1966) and
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31 rain in the ease o f  tomato le a f  curl virus (Butler and 
Rataul, 1977). This .shov/g that the minimum acquisition  feeding 

period fo r  gegamrn le a f  curl virus i s  lesser than that o f the 

other common le a f curl v iruses. As the acquisition feeding 
period was increased the e ffic ien cy  o f  transmission o f  the 

virus was also increased and a fter  a period o f  4 h i t  readies 

i t s  maximum (Table 2) • Increase in the e ffic ie n cy  o f  trans

mission with the increase in  the acquisition  feeding period has 

heen reported in the case o f many le a f  curl diseases including 
tomato le a f  curl diseases (Reddy and Yaraguntaiah,, 1981).

I t  has been found that the vector requires an incubation 

period o f 28 h to  become viruHferous* A minimum o f  21 h 

incubation period wasi? reported fo r  tomato yellow le a f  curl 

virus (Cohen and ITitzany, 1966), but a period o f only 6 h 

was required in the case o f tomato le a f  curl virus (Reddy and 

Yaraguntaiah, 1981).

The w hitefly could transmit the virus with a minimum 

inoculation feeding period o f 30 min. This is  similar to 

cotton le a f  curl virus (Krikpatrick, 1931), tomato yellow le a f  
curl virus (Cohen and Nit zany, 1966) and tomato le a f  curl 
virus ( Reddy and Yaraguntaiah, 1981). But a minimum inocula
tion  feeding period o f only 15 min was reported fo r  tobacco 
le a f  curl v irus (Pruthi and Samuel, 1939; Pruthi, 1944).
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In le a f curl o f  certain weeds v i s . # Acanthogpermuia higpidum, 

B la in villoa  rhomboidea, Flaveria australasia e tc . a minimum 

inoculation feeding period o f 1 h was required fo r  successful 
inoculation ( Mariappan and Narayanaswamy, 1977). As in the 

case o f acquisition  feeding period here a lso as ip  the time 

increased the e ffic ie n cy  o f  transmission also increased 

(Sable 4)•

In the case o f  retortion  o f  in fe c t iv ity  by the vector i t  has 

been observed that once the vector acquires the virus i t  could 

retain  the in fe o t iv ity  throughout i t s  l i f e  period. Shis i s  

sim ilar to  that reported fo r  tomato le a f  curl v irus (Reddy and 
Taranguntaiah, 1981). She resu lts  o f  the present studies 

indicate that the transmission o f  sesanum le a f  curl virus by 

B .tabaci i s  sim ilar to  circu lative manner with the p o s s ib ility  

o f  m ultiplication o f  the virus in the vector. Detailed further 
investigations are required fo r  conclusively proving this*

She minimum number o f  w h iteflies needed to  produce 

in fection  was found to  be one (Sable 6) and the optimum number 

to  obtain maximum in fection  was 15* Reddy and Yaraguntaiah (1981) 

while describing tomato le a f  curl virus reported that a single 
v iru liferous w hitefly  could transmit the virus successfu lly . 
Mathew (1981) who reported the sim ilar resu lts  fo r  le a f curl 
o f Ageratum conizoides. stachytarpheta indlca and svnedrella 

nodli f lo ra .



Inoculation o f  sesamum le a f  curl virus at d ifferen t growth 

stages o f  sesamum plants showed that the vegetative growth and 
y ie ld  are a ffected  severely when inoculated at an early stage 
while the e ffe c t  o f  virus inoculation was not so sign ificant 

at la ter stages o f  in fection . There was sign ifican t reduction 

on the number o f leaves and s ize  o f leaves, when the plants 
were inoculated at d ifferent growth stages. The e ffe c t  was not 

so pronounced when the plants were in fected  at la te r  stages o f 

growth.
j.

The height o f the plants was considerably reduced when 

7 r. 15 and 21 day old  plants were inoculated resu lting  in 

stunting o f the plants, sim ilar resu lts were obtained in the 

case o f number o f  branches a lso .

I t  was observed that early Inoculation o f  plants resulted 

in complete fa ilu re  o f flowering and fru it  set resu lting in 
complete lo ss  in y ie ld , subsequent inoculations reduced 

s ign ifica n tly  the number o f  flower g and pods formed. I t  has' 

been found that the per oent crop lo ss  varied depending on the 
growth stage o f  plants*

In the present studies inoculations were conducted upto 
35 day old sesamum plants and as the inoculations were delayed 
the adverse e f fe c t  o f  virus in fection s on the plants become 
lesser . Inoculations studies have to  be conducted a fter  35 

days also to  conclusively prove that there i s  no need o f  any 

control measures against sesamum le a f  curl disease i f  the 

in fection  occurs a fter  th is stage.
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Out o f 49 species o f  plants belonging to 12 d ifferen t 

fam ilies 9 species o f  plants belonging to  6 fam ilies were 
found to  be susceptible to the virus* The virus could produce 

typ ica l le a f  curl symptoms in Acalypha in d ica . Capsicum annuum, 
polichos lab lab . Ijvcopersicon esculentum. ITicotiana tabacum. 

Scoparia dulcis * St a chytamhe ta in d ica * Zinnia linn earls and 
Z .elegang* This is  the f ir s t  report showing that these 

plants can act as co lla tera l hosts o f  sesamum le a f  curl virus* 
Capsicum annuum* lycopersicon esculentum. scoparia du lcis and 

Zinnia elegans were reported as co lla te ra l hosts o f  tobacco 

le a f  curl virus (Pruthi and Samuel, 1939, 1942).

The resu lts o f  the present studies show that sesamum le a f  

curl virus produced the typ ica l tomato le a f  cu rl, c h i l l i  le a f  

curl and tobacco le a f  curl diseases* Based on the symptoma

tology  and host range studies i t  can be concluded that these 

diseases are caused by the same virus or similar viruses*

In the case o f  pattern o f spread the Gomperta curve f i t s  

accurately the observed data on spread o f  the disease during 

weekly in tervals. This indicates the p o s s ib il ity  o f  u tiliz in g  

Gomperts curve in  forecasting the extent o f spread o f  sesamum 
le a f  curl disease, such advance information nay help in 
adopting timely control' measures fo r  the disease by preventing 
the spread o f the disease by rouging or by the application o f  
in sectic id es  to destroy the vector.





gUMM&HI

Leaf curl disease o f sesamum, a major virus disease 
a ffectin g  sesamum was investigated. Various aspects lik e  

symptomatology, methods o f transmission, vector-v iru s re la tion 
ships, host range, pattern o f  spread o f  the disease under 

f ie ld  conditions and the extent o f  lo ss  caused by the disease 

at various stages o f  growth o f the plants were subjected to 

detailed studies.

Studies on symptomatology revealed that th is  disease 

i s  sim ilar to  le a f  curl o f c h i l l i ,  tobacco and tomato. Maftor 

symptoms were severe abaxial curling of the leaves, leathery 
appearance o f leaves and thickening o f  veins on the lower 

surface o f the leaves. Severely a ffected  plants rem ined 
stunted and produced only very few pods. In the variety  

Maran there was adaxial curling instead o f the abaxial curling 

observed in other v a r ie tie s .

Ih is  particular v irus was transmitted by grafting and 
by the w h itefly , Bemigla tabaci Genn. and not by seed or 
sap. Ihe veetor-virus relationship was found to  be sim ilar 

to  cirou la tive  type with a minimum acquisition  feeding period 

o f 10 min, inoculation feeding period o f  30 min and Incubation 
period o f 28 h in the vector.

Among the 49 species o f  plants belonging to 12 d ifferent 

fam ilies studied 9 species o f  plants belonging to 6 fam ilies
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v is . Acalypha indica ( P. Euphorbiaceae) * Doliohos lablab 
(P .Papilionaceae)* Cap s i  cum annuum* Lye op e g  s i p o p  eacularfcuia 
and liicotiana tabacum (P .solanaceae), Zinnia linn ear es and 
Z .eXegans (F.Compoaitae) * gcoparia flu id s - ( scrophnlariaceae) 

and stachytarpheta indica ( F.Verbenacea©) were found to be 
susceptible to  the v irus.

Inoculation o f sesamtua le a f  curl v irus at d ifferent 

growth stages o f gegamum plants showed that the vegetative 

growth and y ie ld  were severely a ffected  when inoculated 

at an early stage. As the age o f the plant increases the 

extent o f loss-decreases. Even the 35 day o ld  plants* when 

inoculated* showed sign ifican t reduction in  y ie ld , but the 

extent o f  reduction was le s s  when compared with the 7 day 
old plants.
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Append! s -I
Analysis o f variance -  Height of plants

Source d£ M.S.

E 5 43537.49*
V 3 491.43
7 x 5 ?  15 319.30
Error 48 301.24

* significant at 1.00 per cent



Appenaix-II
Analysis of variance -  Number o f leaves

Source df M.S.

2 5 25353.22*
7 3 84-8.33
T x l  15 476.67
Error 48 516.81

* Significant at 1.00 per cent



Appen dlsc-III
Analysis o f  variance -  Length of leaves

Source df M.S.

T 5 43.05*
V 3 0,857
V x T 15 0.726
Ecror 48 0.723

* significant at 1.00 per cent



Appendix -  IV
Analysis of variance -  Breadth o f leaves

Source d£ M.S.

T 5 73.39*
V 3 5.27
V x 2 15 2.02
Error 48 2.01

* Significant at 1.00 per cent



Appendix -  V
Analysis o f  variance -  Number of branches'

Source
W K y i u u i M

df M.S.
------

T 5 110.72*
-V 3 1.22
v *  a 15 4.03
Error 48 6.33

# Significant at 1.00 per cent



Appendix -  VI
Analysis of variance -  Flower production.

Source df M.S. .

I  5 14138.82*
V 3 111.91
V X 2 15 120.27
Error 48 183.28

* Significant at 1.00 per cent



Appendix -  VII
Analysis o f  variance -  Pod formation

Source. df M.S,

T 5 13631,26*
V 3 56,60
V x T 15 65.52
Error 4-8 146,42

* Significant at 1.00 per cent



STUDIES ON LEAF CURL DISEASE OF SESAMUM

BY

M.  J A Y A S R E E

ABSTRACT OF A THESIS 

SUBMITTED IN PARTIAL FULFILMENT OF 

THE REQUIREMENT FOR THE DEGREE

MASTER OF SCIENCE IN AGRICULTURE
FACULTY OF AGRICULTURE 

KERALA AGRICULTURAL UNIVERSITY

DEPARTMENT OF PLANT PATHOLOGY 

CO LLEG E OF A G R IC U LT U R E  

VELLAYANI, TRIVANDRUM 

1984



abstract

Leaf curl digeag© o f sesamum, i t s  symptomatology, mode o f 

transmission, vector-v irus rela tion sh ips, the pattern o f  spread 

under f ie ld  conditions and the extent o f  loss  caused hy the 

disease were investigated.

I&^or symptoms o f the disease were abaxial curling o f  the 

leaves, thickening o f the veins on the under surface o f  the 

leaves, leathery appearance o f  the leaves and reduction in 
the s ize  o f  le a f  lamina. The plants remained stunted and 
produced few flowers and pods when in fection  occurred during 
the early stages o f the plant growth. When in fection  occurred 

during la ter  stages there was production o f flowers and pods 
hut to  a lim ited extent.

This particular v irus could he transmitted by wedge and 
side grafting and by the w hitefly Bemisla tabaci G-enn. The 

minimum, acquisition  feeding period was found to be 10 min and 

the minimum inoculation feeding period was 20 min. The vector 

required an incubation period  o f 28 h to  become v iru life rou s . 

Bren a single w hitefly was found to  be capable o f  transmitting 

the v iru s. Once the vector acquired the virus i t  would retain 
i t  t i l l  i t s  death.

Negative resu lts were obtained in  the case o f  sap and 

seed transmission showing that th is particu lar virus was not 
sap and seed transm issible.

i



Host range studies showed that th is particu lar virus- 

could in fe c t  9 epecies o f plants belonging to  6 d ifferent 

fam ilies. They were Acalypha indica (F.Biphorbiacea©) ,
Capsicum annuum. Lycoperaioon esculentum. Hltotiana tahacum 

(F .solanaceae), Polichos lablab (P.Papilonaceae) t scop aria 

duloia ( P.Scrophulariaceae)» stachytarpheta indica 

(F.Verbanaceae) , Zinnia elegans and Z. linn  ear es (F.Corapositae) •

Under f ie ld  conditions th is particu lar v irus did not 

show' any regular pattern o f  spread. But the trend followed 

in the pattern o f spread o f  the virus was that o f  Gompertz 

curve;

The extent o f  lo ss  caused by th is particu lar virus on 
y ie ld  o f  sesamum was investigated. She resu lts  showed that 
when inoculated on seven day old plants there was coinplete 
reduction in  y ie ld . The extent o f loss  decreased with the 

increase in the age o f  the plants. Even when 35 day old 
plants were inoculated there was sign ificant reduction in 

y ie ld  when compared w ith'the control.

The symptoms» modes o f transmission and host range o f 

sesamum le a f  curl disease indicated that the disease i s  

caused by the same virus which causes the le a f  curl disease 
o f c h i l l i  and tomato*


