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I INTRQUUCTION

Bhendi, or lady's finger, also called okrs { pbelmosohus
geculentug (L.) Moeach] is one of the important vegetsble
¢rops srowa throughout the utropicel snd sub-tropiocasl parts
ef the world msinly for its tender pode whioh are rich in
calcium and Vitamin C and to a little extent for seed produc-
tion. Bhendi has occupisd an area of Y013 hs in Karnsteks,
of whioh Bengalore district alone sccounted for 385 he aad
statewide production being 67597 tonnes.

Bhendi is infected with & number of discases osusing
subatantial losses in yields, Of all the disesses reported,
bhendi yellow vein mosaic virus (BIVMV) is one of the most
severe diseases which takes & heavy toll of the crop in India
(Capoor, 19533 Muniyapps, 19803 Sinszh, 1980). &inha end
Chakrabsrtbi (1978) observed 86,00 per cent seed loss when
bhondi plants were infected 33 days after sowing. In Karnateks,
the disesse 18 more serious when sowing 18 osrried out from
January to May (8ingh, 1980).

Bhendi yellow vein mosaic is chsrecterised by vein clear-
Ang, yellowing of veins, reduction in lesf size end fruilt
Jield. 1Ihe digeace 1s trensmitted by the whivefly Lenisls
tabaegi. Though the disease has been known since 8 long time,
the aveilable ianformation on the pathogeu~vestor relstionship,
sources of infectioun, epidemiology, host preference to the
whitefly is inadequate. The ceussl agent of the diseese is
not known. Therefore, sttempts were mede to study the disease
with the followiag evjectives: ‘



1. S8wrvey for the incidence of BIVMV disesse,
2. Sources of infeotion and host reage.

3. Treansmission of the disease by agents othex
than whiteflies.

4« Preference of host plants to the whitefly
Seadels tabagl.

S. Isplation and charseterisation of the virus, and

6. Relatioushipe of BYVMV to other whitefly trans-
nitted disesses,

Lo
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II. RSVIE® OF LITSERATURE

Qcgurrence opd loogog

Bhendi ysliow vein mogsaic (BYVM) was first reported by
Kulkarnl (1924) and later studied by Uppsl gt gl. (1940) end
Capoor end Varse (1950), Btudy of che effect of JYIVK infec~-
tion on the grouwth and yield of bhendi wes conducted by
Sastry enu 8iash (1993h), who showed that the growth of the
planis was very much stunted when plants were infected in the
oarly stages of the orop. The estimated 10ss in yleld smoun~
ted to 93.8 per ceat (35 day old crop) and 83.63 per cent
(35 days later)., OChellish and Murugessn (1976b) reported on
the estimation of louss due to BIVM diseass., The number of
fruits harvested fron plants expressing synmptoms of BYVM 30,
45 and 60 days after sowing wes reduced by 76, 54.9 and 47.8
per cent respestively., On other plants that showed symptoms
of BYVi 30, 45 and 60 days after sowing, the fruit number
bharveated was reduced to 4, 7 and 8 respestively compsred to
16 in the healthy plant.

Bhondi grown in Bihar suffers extensively from BYVM
and is psrticularly severe in vegetable belts where the erop
43 almost coatinuously cultivated throughout the year. The
percentage of infecticn has been found to vary from 50-90
per cent (Jhs and Mishre, 1955).

Bhendi plants were infected by BIVM st various stages of
plant growth (Mandahor and Singh, 1972 Sestry aad Singh,197%).
The diseaase had an edverse effest on pleat heii:ht, numdber of
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branches, number and aize of fruits sndi sesd yield. The
higheat loss Of yield (80.23%), occurred in plants showing
symptoms on the 353rd day after germinetion, and the leest
(32.85%) on the 75th day (&Siohs sud Chekrabarthi, 1978).

Sxmplopetolosy

The carliest symptom of BIVMV infeoted plants is vein
clesaring (Kulkarni, 19243 Uppel gt gl«, 1940; Pernandoc and
Uduravan, 19423 Reyohaudhuri snd Heriani, 19773 Harianl end
Seth, 19583 Capoor snd Varma, 1950). Vein olearing sterts
on the emall veins and then e¢xtends to the larger ones (Uppsl
8t 8ler 1940). Bometimes the yellow network of veins is
follomed by the thickening of veins and veinlets (Nariani and
Seth, 19583 Raychaudhuri and Narieoni, 1977).

Vein clearing is soon followed by veinal chlorosis
(Uppel g% gles 19403 PFernande snd Udursven, 19424 aycheudhuri
end Rarisui, 19773 Hardsni znd Seth, 1958; Capoor end Varms,
1950)« 1n sovere ceses, ohlorosis will be followed by complete
yellowing of lesves (Kulksrni, 19243 Uppal gt gles 19403
Rsychasudburi snd Nerisni, 1977 Narieni and Seth, 1958).

Fernando and Udurevan (1942) reported that yellow vein
banding may be followed by interveinal clearing and minute
enations oo the axisl eide of leaves. Finally the fruits that
arise frou such diseased plants ere malformed and bleached
(Kulkarni, 19243 Fernando anJd Uduravan, 19423 kaychsudburi
and Narieni, 1977 NHariani and Seth, 1958).
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Irspppission

Beed trepenisalop ¢ Iransmission through seeds was not
observed in bhendi seeds (Capoor end Varma, 19493 Uppal gt gle»

Mechupnical trapapission ¢ Uhe virus was out trensmitced
by sap (Capoor and Varms, 1949) Costa, 1969; Uppsl g% §l«»
19403 Raychsudhurd and Heriani, 1977).

grafty transmispdog ¢ Succesaful zreft transnission of
BYVM was reported by Cepoor end Verme (1949) and Uppel g% al.
(1940).

Dpdder STADSEiREion ¢ No reports were found, so far,
ou dodder transmission of BYVM. “

Aassc¢t _trapspigaloy ¢ SYVMV was troasmitted exclusively
by whitefly Jenlgda tabacli (Uppal gt ale, 19304 Layoheudhuri
and iariaai, 1977: Veima, 19%52).

Asquisition 9coess period s Acyuisition access period
was reported as 4«6 hrs (iaychaudhuri and Neriani, 1977),

12«24 hrs (Varma, 1952). Preliminary fasting markedly ine
eressed the officacy of whiteflies as veators (Varms, 1952).

aogeulation aggess perdod : A feeddng period of 30

minutes was Sufficient to trensmit the virus, but a five
minute probe was not sufficieat (Varms, 1955e). Verma (1955b)
reports that the whitefly B.Lshgei 43 capable of bharbouring
diiferent viruses simultsneously and osn readily cause infeg-
tion in healthy host plant susceptible to tho respestive



viruses on the same day snd can gontinue to do so for severel
dsys without having resccess to the sourae of infeetion.

Epideni ol oy
Fortnightly sowing of bhendi end the rec¢ord of incidence
of BIVM and the vector J.tabeg] were oarried out for a period
of 2 yoaras (Chellish gt gley 1975). Hultiple regrossion
analy-4s lead to the concluaion that ia the 30 day 0ld arop,
inorease of whitefly population brought about 18.5 per cent
of the discase, while 1 per cent decresso in relative humidity
inoreased the disssse incidence by 1.2 per cent. In the 45 day
old oro;, mininum temperature slone exsrted pouitive influence
on the disesse incidence. During the 45«60 days of erop ege,
inorease in the maximsum temperature by 5%°C, resulted in 6.3
per ceat inerease of the disesse. 8ignificant ineresse .of
the disease incidence was Observed in the bhendi orop sown 4n
March-day (Chelliab and Murugesan, 1976a).

Sonixol

Quliuzal ¢ Cepoor and Varms (1949) suigested the follow-
ing control mesasures (1) eradication of Hibiscug tetraphylliug,
the wild hcat of the virus, (ii) observing & closed sesson
of stleast 2 months during summer between 2 suocessive crops.
(111) rezuing of diseesed bhendi plants at the earliest stage
of thedr infection and (iv) keeping the fields Iree from weeds,
which mey belp in the multiplication of the whitefly.



Shemionl ggnfrpl s Sestry end Singh (1973b) conducted
8 field tris)l of insecticides for the control of the whitefly
(Bs«tgbaci) in relstion to the incidence of BYVM., Results
revealed thet spraying in the initial stages of the orop Just
after germinetion is the moat importsat. If the orop was not
sprayed within 20 days efter germination, the iocidence of
BYVM would be as high as 100 per cent resulting in low yields,
even if orop wmas gprayed regularly after 20 deyas after germi-
pation. Four to alx applications of systomic inseqticides
such a8 metasystox, rogor snd dimeore: ae follsr spreys end
oae to two applications of the granular thimet and dysystex to
the soil, not only reduced the whitefly popmlation, but slso
the incidence of ZYVM to 8 greater extent, whea compared to
the yicld and profit of those plots whare no insecticide has
been applied.

Further trisls were tskeu up by Sasiry aad Singh (1973e)
on the cestriction of BYVM spread through the coatrol of the
veotor B.tobgeis Virus sprcad was restrioted by 4 sprays,
esch of Parsthion (0,02%), oxydemeton methyl (0.02%) or
dimethoate (15 kz/ac) at sowiug (Sestry snd Siangh, 1973b).

A higher incldence of BIVM occurred when sprays were delayed.

According to Pelaniswany gt a)e (1973), YK can be effeo~
tively =inimised by the furrow applicstion of aldioerd end
carbofuran granulea at 1.0 kg s.4./ha at the tioe of sowlog.
Th:se troatments have accountod for 13.8 per c:nt and 76.2 per
gent reduction .n tho disea e inclidence over the control; res~
peotively. Pharate,‘tensulphothtou, and mephospholan have



elso reduced the incidence by more than 50 per cent over

the gontrol.

Chakrabasrthi and Mukhopadhyay (1977) evaluated 6 in=-
secticides, viz., methyl demeton, phosphomidon, endosulfan,
carbofuran, snd fenitrothion oo 'Pusa Sawani' variety of
bhendi. The insceticides significently reduced the number of
diseased plents and the whiteflies, irrespective of the dates
of sowing. The total ylelds of treated plants was also signi-
ficantly higher thau that of the control.

Chelliab (1976) reported thet by the application of
aldicarb granules (1.0 kg a.i./ba) a week after sowing and
spray ing with endosulfan (0.07%) at 30 days aefter sowing amd
endosulfan (0,07%) at 50 days were effcctive in reducing
incidence of BIVM.

Utthasami gt gl. (1977) reported that aspplication of
aldicarb granules followed by endosulfan resulted in the
reduction of BIVM incidence and enhanced fruit yleld.

Basha snd Balasubremenyam (1982) observed that the
application of aldicarb (0.04 at 0.5 kg @8.i./ha) cn the
15%h day of sowingz followed by spraying with endosulfan
(0.03 kg aeie/ha) tulce on the 45th day end 60th day of
sowing or spraging monocrotophos 0,04 per cent or endosulfan
0.05 per cent four times at fortnightly intervals commencing
from 15 days alber sowlng were found to be effective in
reducing the yellow vein mosailc disease of bhendi.



s+ In 1962, 8ingh g% al.
condusted experiments on breediang for fleld resistence to
BIVE disease, Inheritance studies in the crosses between
IC 1542 aa the resistant parent snd *‘Pusa Makhmali® 8 91
snd 5 72 o8 the susceptible pereats, suggest that 2 lood
sre involved, the prescnce of dominant alleles at both loci
being necessary ior csusing susceptibility for the discase,
The field resistance variety IC 1542 could then be assigned
the genotype xv,, W.‘, W,y Ty end the suaceptible parents
xv.,, tv1. rva and Iv,e The field resistance is shown by
variety 10 1542, and Puse Sawani in & symptomless carrier,

Sandhu gt al. (197) studied the sources of resistance
to Jesslid snd whitefly 4n bhendi germplesm, Of ninetyfour
lines of bhendi germplasm tested, three lines, vis., IC 1542,
seleation 1-1, selection 2«2, exhibited resistance to BIVi
transmitted by R.tabacl. A-20iRo%, o wild species from
Ghana, wes almost immune o BYVM discese snd slso resistant
0 Jesaid.

Arvmugan snd Muthukrishnen (1978) found free aming
asoldds in the resistance mechenism of BIVM disease, Leaf
analysis of parents and ¥, differing io reaction to BYIVM
virus showed that glycine, histidine end sowe unidentified
amino acids were present in substantial amounts only in the
resistant plents snd asparzine only in the susceptible ones.

singh and Thakur (1979) studied cthe nature of resis~

tance to BIVM in j.manihot menihot, IBe following hybrids
were used in the experiment.



1e 4ogmgujontus (L.) Moench ¢v. Puss Sswsni and

2. A.manihot (L.) medious sud sp. menihot,

3¢ By (Aeg8culestug and Pusa Sawani x A.pgoihot
sub sp. w.

Hesults indicated that the ¥, and epeciss j.panihot
soted as symptonless carriera,

In orosses between 2 susceptible varietica of bhendi
sad 2 resiatent farme of A.mAQibeE, resisisnt to BIVM was
a0t assccisted with any iadependent economic charscter, iandi-
gating the sgope for effeative selecthon (Arumusam and
Muthukiishoen, 1979).

Un erceasing the wild species A.mopihot end J.mepibot
sub sp. BApiboL, both resistant to BIVMV, with the suscepti-
ble j.gBgulentys ev Pu.a Sewaniy the hyurids were recsistant
and partielly fertile. kesistance was shown to be contxolled
by & single dominant gene (Jambhale snd Nerksr, 1981).

Sharma snd Sharms (1981) found @ high degree of resis-

- tance to the aymptomless cerrier type in bhendi (j.manihot
sub sps manibot). Resistance was found to be dominant over
susceptibility and has been incorporated into the susceptible
cultivars of bhendi. The resistance sppears to be influenced
by temperature. The new lines evolved in addition to resis-
tance are also suporior in horticultural traits as conmpered
with the commercislly cultivated variety 'Fusa Sswani'.



Varms ond lukherjee (1955) tested 43 genotypes for
3YIVMV and some showed resistance to the virus. Three types
of symptoms, viz., yellow vein, yellow lamina asnd green
mosaic, were obaserved ou the genotypes. O0Of 37 varieties
tested for BIVMV resistence, none were found to be resiscant.
However, 3 lines, viz., FS' n, bulk and AE?7 were found less
susocptible recordin: less than 10 per cent infeetion
(Gunathilagra] gt al., 1977).

3 ¢ A higher populetion of

dotylegchus repiformis (Reniform nemstode) was observed in
the rhizosphere of yellow moseic infected bhendi plants

(Shivakumar ond Merepagamuddin, 1973).

Singh eand Tiwardi (1979) observed that the rhisosphere
of healthy bhendd plants coatained hisher fungal populations
at pre-flowering and post-flowering stages than plante in-
fected wivh BIVMV. The differences in the rhizosphere of
heaslthy and diseased plants during flowering seemed to be due
"a-o & change in the C/ll ratio and ic smino acids due virus
infection.

Photpsynthesig: IMandahar and Singh (1971) observed
that both the chlorophylls a and b were destroyed by BYIVMV,
cucurbit moseic virus snd pumpkin mosaic virus. Ramiah
&t al. (1972) reported that the chlorophyll content (a, b
end total) of uhe leaves decressed markedly dus to BYVMV



infegtion. The reduction in the chlorophyll content was
interpreted to be due to the enhancement of chlorophyllase
enzymatic activity. Xanthophyll end carotene content was
als: reduced due to infection.

Bosymetic gotdvity s+ zamiah gt gl. (19732) reported
that the catalase and peroxidase activity increased in the

leaves of BIVMV infected plants. Polyphenol oxidase sctivity
markedly deoreased. The ascorbic acid oxidase activity
decreased initially, but increased in severely iufected

leaves.

Exoteing ¢ Singh end Srivastava (19/4) reported that
the fruits of BIVMV infected plants showed & significaantly
highsr amoant of protein than the healthy plants. However,
the total emino acid content decreased with the sge of infec~
tdon. Jamsl gt al. (1975) reported thet total proteins in-
creased in the DIVIV infected cultivar Pusa Sawani.

Nucledc acidg ¢ Jeamel gt al. (1975) reported thai the
RHA content rose in BIVMV infected bhendi plents, while there

was 8 fall in the DiA content.

Phenols end flavenoids : Arumugem and Muthukrishnan
(1977) tested 2 bhendi cultivars susceptible to BIVMV, and

2 A.mapihot cultivars (one immune to BIVMV and Che othex, &
sympton less carrier), for their phenolic and flavenoid
content. They reported that the phenolic and flavenoid con~
tents were hizh in resistent parents and very low in the

susceptible ones.



Migeralg ¢ iamish gt 8l. (1973b) reported that in
the leaves of BYVIV infected plants, phosphorus, potassium,
magnesium, sodium, iron and sulphur content accumulated

whereas the calcium oontent decreasad.

BIVMV inoculated plants
showed a lower conteat of total sugar. However, crude fibre
and carbohydrete was recorded es higher than the healthy plants
(Potty and Wilson, 1973).  Singh and Srivastava (197) repor—
ted that frults fiou infected plaats of bhendi contained signi-
fAcantly lowmer amocunts of totel reducing sugars apd starch
cozpared to those from heslthy plants. Jamal g§ al. (1975).
reported that tissucs of BYVMV infected cultivar Puss Sawani
showed a reduction in total carbohydrates although the in-
soluble fraction was slightly increased.

Kothari gt ale. (1981) worked on the permesbility alterations
gnd ultrestructursl changses in yellow vels mossic of bhendl.
Eleciron mioro rsphs of a_symptometic leaves (inivial stage
of patuo:enesis) showed che dlsorganisation of cell structure
including the loocsening of microfibriller tubules, of the
cell wall, detachment of the plasme membrane from the cell
wall, formation of vesicles near the plasma membrene, dis-
orgenisation of grena and the loosening of thylakoids, and
the appeerance of plastoglobull in the gytoplasa. The
mitochondria were unafiected. AL the vein clearing stage
(later scage of pathugemesis), the cytoplasm was highly



vacuolsted and necrose, thylakoids were asgociated with
aultivesiculate bodies, formastdon of persmural bodies
ocourred with vhe degradation of cemeophilli globules,
Mitochondria showed no chenges in membranes, however, the
cristae ware swollen.
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III. MATERIAL AND METHODS

gurvey

A survey was carried out in some of the bhendi growing
areass of Bangslore, Kolar and Tumkur districts of Karnatekas,
to record the incidence of yellow vein mosalc disease, and
where the bhendl crop is less than O.5 acre Uhe total number
of plants and the infected plante were recorded. Where the
plot size was one acre or more than one acre, Lwenty rows of
10 metre length were sclected randomly and the total number

of plents and infected plants were recorded tc caloulate the
percentage of infection.

Bhendi (lcoal variety '"white velvet} Halebende) seeds
were sown in earthen pots of size 9 x 6 inches or polythene
bags of size 9 x 4 inches filled with farm yerd manurve. When
the seedlings were P-15 days old, they were used for various
experiments in the laboratory.

SXVMV_cultyrg

The culture of the discase was ocotained from vthe farmers
£iclds near Main Lesesrch Statdion, University of Agriculturel
Sciences, Hebbal, Ban slore and greft inoculated to heslthy
bhendi plants by using virsliferous whiteflics (Bemisis
Xabaci) in an insoct proof glass house. The local bhendd
variety white velvet (Halebende) was used in all the trans-
mission experiments (unless otherwise stated).
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Vector cultures

An aspirator compricing of a slsss tube (30 ocm length
and 0.9 om dlameter) and a8 rubber tube of 40 cm length wes
used for the collection of whiteflies. The whitefllies were
collected by turning the leaves slightly upwards, and they
were sucked into the :5lass tube. The whiteflics (Fig. 1) were
released ou gotto: plants (Gossypium birgutum ver. Laksbmi)
kept in insect rearin: cages snd subsequently maintained on
cotto: by freguently introducing the youns cotton seedlings
into the rearing cege (Fi.. 2).

A wooden frame meusuring 45 x 45 x 50 cm was constructed.
Muslin cloth was fixed on three aidol.and on the top, with
fevicol. The front side was covered with a glass door which
could be easily moved on the grooves made in the wooden freme.
This frame was £i.ted cn a8 wooden reotangular base (45.5 x
45,5 x 10 om)., Potted cotton plants were kept inside the
cage and the whitefllies were rcleased.

Zrangpission
Ehivefly tregspisgion
Whiteflies were collected from rearing cages and released

into polyvinyl chloride (PVC) tubes in which a BIVMV infected
branch was icserted previously and asllowed o feed for 24 hrs



Fig. 1. Whitefly Bemis abaci was maintained
on cotton i Ty_xpﬁﬁﬁosarsu’cum av.

Varalakshmi) for experimental use.

Fig. 2. Rectangular wooden cage used for
rearing the whitefly B.tabaci.
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(aoquioaition sccess period) (Fig. 3). The viruliferous
whitefliecs were .eleased onto healthy bhendi seedlings by
using smsll plzstic tubes and were allowed to feed for 24
hours (inooculation access period). After inoculation, the
plants were removed, and sprayed with 0.1 per cent male-
thion or 0.1 per cent dimethoste to kill all the whiveflies.
The inocculated plantag were kept in the gless house for
sympton production,

84de grefting mcthod was employed. The diseased
scions fream BIVMV infected pleats were made inio a 'V*
sheped structure, ‘‘he scions were inserted into slanting
cuts made on the stock plsats of bhendi.

Ihe grafted portion was tied mich a polythene strip
end the scion was covercd with a polyvhene bes. The inoeu-
lated plants were kept in @ cool) place iu the sless house
for symptom production.

Kechenioal trapsmission

The BIVMV infected leaves were harvested 15 days sfter
inoculstion and macerated in @ pestle sand mortar by addiug
2 ul/g 0f O«1 M phosphate buffer, p /.0, oconvaiming 1 per
cent 2-mereaptoothencl. ishe resultiog pulp wes sireined
through 8 muslin cloth. Cerborundum wes spread on vhe upper
suriece of healthy bhendi lesves and ionocoulutiou wes mede by



Fig. 3. Kound polyvinyl chloride (PVC) cage
used in various transmission experi-
ments. Whitvelly B.tabaci was relea-

sed on BYVMV infecte ndi plants
for acquisition access.
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rubbing the surface of leaves with cottoa dipped in the
extroct (inogulum),' kxcess inoculum was mashed with water
using a wash-bottle aﬁa the inoculeted plants were kept in
an inseot-proef gless house for aymptom production. Diffe-
rent host plants were inosulated,

ieat ragge

Hoast range studies were conducted by reising secdlings
of various plant species through seeds and inoculatins them
with BIVMV through the agent J.tabegl. Whiteflies were
given & 24 hr agguisition access end 48 hr inoculation
accoss periode. The inoculated seedlings were kept in &
glass house for symptom production. The plant species that
¢44 not produce any symptoms were beck indexed on healthy
bhendl seedlings to know if there were any symptealess

carriers,
Epfdeniol oy

Fortnishtly somings were done starting from Januvary,
1985 to Dedemoer, 1985 at the Mein Research Station, Uaiversity
of Agricultural Scienoes, Hobbal, Bangalore. 7The local
veriety 'white velvet' (Halebende) was used. ESowing was
garried out at s specing of 60 x X0 om in an ares of 10 x 15

fect and replicated thrice. <Lhe incidence oX the dizeame
wos recorded at 4, 8 12 and 14 weeks after sowing.
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Fortnightly sowings were done as described undexr
disesce incidence in relation to sowin; dates. The number
of edults B.tebegl woere regorded at 4, 8, 12 and 44 weoks
after sowing by direet counting on the undersurface of the
leaves 8nd in @ yellow water pan (diameter 15 cm), from
January, 1985 to December, 1985. Ian direot oounting, 40
leaves were exsained for adulis io each replication. Xellow

water pans were kept in the centre of each plot £xom 8 a.m.
t0 5 pele (Fige 4)e 1The number of whiteflies fallen into
the water pan were counted at 5 pels

Whitoflies (Je.iabag)) were given & 24 hr acquisition
eocess period on Tomato leaf eurl virus, Horsegrem yollow
mossic virus, Malvastrum yellow vein moseic virus, and
Croton yellow vein mosais virus infected planta separstely,
and they were .eleased on healthy bhendl secdlings for 48
hrs. The inovoulated plants were kept 12 the glass house
for sympton productiocan.

Btol;gat 3 'ﬁliﬁl on bhendi

Tweaty peirs of whiteflies (tweaty males and twenty

femnles) were released into a small plestic cage. A single
leef was inserted into the cage and the hole was plugged with


file:///m6me

ige. 4. Yellow plastic pan with water kept in
the centre of a bhendi plot for moni-
toring whitefly population.
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cotton. Whiteflies were allowed to oviposition on the
undersurface of leasves for 72 hr oo 10 leaves and the sdults
were remwed, The eggs lald were counted snd were examined
daily for hatching. The development of 1st, 2ad and 3rd
insters of B.%abagcl end pupse were dasily examined under a
stereobinooular microscope. The number of adults emerged

and the adult longevity were slso recorded. The variation

in the fecundity and duretion of different stages of J.tabagl
wore recorded, |

whi .

One month old soedlings of different host plants were
kept in 8 small glass chamber (10 £$ x 10 £% x 15 £t). Abous
1000 whiteflies were released into the chamber. The white=
£1l1cs were allowed to settle on the plants. Twenty four,
48 snd 72 hours after releose, the whitefllies were counted
oo different host plsnte separately.

Eurdficagion of BIVMY

Purification methods described for Bean zolden mosaic
virus (Goodmas g ples 1977) and horsegram yellow mosaic
virus (Muniyappas gt al., 1986, in press) were employed (with
sli-ht modifications) for the purificetion of virus from yellow
mosaic infected bhondi plants. Bhendi seedlings were inocu-
lated soon after germinatiocn with viruliferous whiteflies.
First or second legves showing typical yellow win mossioc



aymptoms were harvested 10=-15 days after inoculation. The in=-
fected leaves were homogenised in @ blender with 0.1 M pote-
ssium phospbate buffer, pl 7.5 coatalning 1 per c¢eat, 2-mer=
captoethanol, 10 mM sodium ethglene diamine tetre acetate
(EDTA) end 1 mM cysteine hydrochloride., Three-four mli of
buffer was added per grem ‘ot leaf tissue. The extract waes
strained through a cheese cloth snd clarified at 10,000 rpa
for 20 minutes. To the supernatent, polyethylene glyeol

(PEG 6%) and sodium chlordde (0.2 M) were added and the mixture
was kept at 4°C for 3 hr and then ceatrifuged st 10,000 rpa for
20 minutes. The pellets were dissolved in 0,02 M phosphate
buffer, pi 7.5 (0.5 nl/gm of tissue) and clarified at 10,000
rpa for 10 min. Triton X=-100 (0.58) was added and the mixture
gently stirred. 1Iwentyfive ml of the extract were layered on
a 15 nl column of 10 per cent sucrose prepared in 0.02 M
phosphate buffer, pil 7,5 and centrifuged at 25,000 rpmn for

3 hr inc a Beckmsn 5S¢ 28 rotor, and the pellets were resus—
pended in phosphate buffer. The suspension was subjected to
density gradieant centrifugation. The gradisnt columns were
prepared by layering 6, 9, 9 and 9 ml of 100, 200, 300 and
400 gn/L of sucrose in phosphate buffer (0.02 M) and then
stored overnight at 4°C before use., Five ml of virus prepare=-
tion was layered on each gredient column and centrifuged at
25,000 rpm for 3 hr 4in an SW 28 rover. The fractions were
collected and screened ian a UV spectrophotometer. The freo-
tioas which showed maxinmun absorbance at 260 mm were pooled

anJ centrifuged at 36,000 rpm .for 3 hr., The pellets were
dissolved. in Q.5+1 nl of phosphate buffer.



The purification method used for ovikre mossic virus
(Givord and Hirth, 1977)was slsc sttempted, for purificetien
of BIVitV, Two hundred grems of frosen discased leaves were
homogenised in a waring blender with 1.5 volume of 0.01 M
sodi um phospuate buffer, pH 7, containing sodium bisulfite,
Oe5 per cent, 1 per cent bentonite snd 10 mg megnesiua
chloride. After being filtered throuzh e cheese cloth, the
£ilteraie was centrifuged for 20 min.at 12,000 g, The super-
patsnt was then emuleified for 5 min, with 0.5 volume of o=
butenol and incubsted for 1 hr 8t 4°C snd then centrifuzed
for 5 min. a8t 1500 g. The aqueous phase was centrifuged fox
10 mnin at 8000 g. The supernatant collected was centrifuged
for 120 min at 100,000 g« The pellet obtained was resws~
pended overnight 1o O.1 M sodium phosphate buffer (pH 7.3)
conteining 0.01 K EDTA., The suspension wae further centri-
fuged for 20 minutes at 12,000 g. The supornatant wes then
centrifuged for 120 ain, st 100,000 g« The pellet obtained
was resuspeaded oveiniht in 0,01 M phosphate buffer pH 7,
using 1/710th of the initiel volume. The supernatant wes cen~
trifuged for 20 min at 12,000 g. The virus sam.le was nege~
tively stained with 2 per cent urenyl acetate, pH 3.7 and
examined Lo @& Philips 301 O electron microscope. Particls
diamster measuremnnts were made on migoo;rapha.

MAscanionolkony

Small pieses of infeoted tissue (2 mn x 5 mm) msinly
the main snd secondary veins were fixed in 1 per cent glute=
reldehyde in phosphate buffer (PB, 0,1M) pH 7.2 for 3=4 hr
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8t A%C, After fixation, the tissues were washed 4 times

in PB for 10 min esch. The tissue was then trensferred to
2 per cent osmium tetraxide in Q.1 M P8, After post fixe-
tioo the materisl was washed & times in the buffer fer 10

ain each.

The specimen wes dehydrated in 25, 50, 75 per cent
aostone for 15 min each 8t 4°C end twice i 100 per eent
agetone at roon temperature.

The material wss infiltretved in 2:1 retio followed by
4112 acetone s resin mixture (without an socelerater) for
30 min each snd then trasneferred to the pure resin mixture
and kept overaight.

The materisl was embedded in spurrmedium in a rubber
mould and polymerised ot 70°C fer 8 br.

ERL 4206 (Vinyl oyclohexene dioxide) 10 gn
DER 736 gdégsuudyl ether of polpropylene glycol)

&n
) VY (monenyl Saccinic anhydride) 26.0 gm
) 4 (dimevhyl amino ethaenol) or DMAE 0.4 ga

After proper polymerisation, the blocks were trimmed to @
pyremid shepe to expose the embedded tissus for seotioning.
About 600~700 A thickness sections were taken in Ultrsscut
picrotome using sharp glass knives. The segtions were



collected on copper srids, The thin sections ¢ollected on

grids were ateined with 2 per ceat uranyl acetate end
sodiunm citrete. The samples were examined in JEOL 100 OX
electron mioroscope.

Serological relationships of purified BIVMV with
other plant viruses like Belladoans mottled virus (BDMV),
cucumber mossic virus (CHV) and okra uosaic virus (OV) was
tested by the agar gel double diffusfion technique using
4 per cent agar in 0.1 ¥ phosphate buffers The purified
virus was placed iz the oentrsl well and sntibodies to OMV,
BDMV and DMV wers placcd in the outer wolls. The samples
ware aliowed to diffuse overauizht and exsmined for precie
pitin lines the next day.



EXFERIMERNMTAL RESUILTS
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IV, KXPuic IMANTAL RESULTS

The results of the experiments on the studies of bhendi
yellow vein mosaic virue disesse sre presented in the follow-

ing pages.

1. Suxvey fgx the Ancidenge of the disenss

A survey wes undertveken to assess the iuclidence ef
bhendi yellew vein mosalc virus disease in somec of the bhendi
growing aress of Bangalore, Kolar sad Tumkur districts. Inoi-
dence of the disesse w83 recerded and data were presented iu
Table 1. The data indicated that the percsatage of BIVMV
varied with the season.

The inocidence of disesse varied from 1.8 per cent to
80 per cent depending on the season in which the erop was
grown. Incidence was high in April-lMey and low in August-
Cotober sown grops. BSome of the plots surveyed were very
severely infeeted (Fi:s 5, 6).

MNeghanicsl Sremsgiseion

Mechaniosl transmission was attempted to £ind out
whether the BYVIV 4is Crensmissible and to know 4f there
ere aay locel lssion hoste. Differeat host species were
inoculated with BIVMV as desoribed under msterisls snd
methods. HNone of tbhe inoculated plants showed any sygptoms
(Table 2).



5. Bhendi var, Pusa Sawani was infected with
BYVMV under field conditions. Young stage
of Ghe erop is being infected.

. 6. Phendi var. Pusa Sawani was infected with
BYVMV under field conditions. Infected
plents produced a few pods.
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dnaft trananission

BIVMV was trensmitted by grafting from infected bhendi
to healthy bhendi. Eighty seven to 100 per ceant trensmission
was observed. Inooculated plants took 15-20 days to show the
symptons (Table 3).

dhjvefly vregspiasion

- Endtefly Semials tabec) wes teated for crasnsmission of
BIVMV as desoribed under materisls and methods. JH.tebaci
transmitted BIVMV to bhendl and the per cent transmission wes

foumd upto 100 per ceat. Symptoms appeered 10~15 days after
inoculation through B.tebasci (Teble &; FPigs., 7, 8).

Esabzene feedlas

Whiteflies fod through psrefils membrane on the infected
extrect end pertislly purified virus semple were inoculated
on hesalthy bhendi plents for 48 hrs. HNone of the inogulated
plants showed symptoms (Table 5).

Hest repse

In erder to determine the host rense of BIVMV different
host apecies were inoculated with jJ.tabagi, as described under
materials aenc methods. The inoculsted plants were kept under
obgervation for 2-% monthe in a gless houss. The results of
the host renge are presented in Teble 6. Qf 31 plant species

incculated, juphorois sp. and Ajthaes rpaed (Fige 9) were



78ge 7+ Bhenidli infested with UIVIN shosiang
1low vein mosaic snd slizht redus~
on in leafl sise.

) 4 8. Bhendi leoves ashowin: bright yellow
ie. vein mossic tyuptomt after ugcuh-
tion with BYVMV, .






rig. 9 showing ayoptons of
* m%&nd cr"ﬁ;m w after
inoculation with BYVMV.
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suspected to be infected with BYVMV. Orinkling, curling sad
vein thickening were the symptoms seen on these plants, whieh
are different irom the typlical BIVMV symptoms.

The data cn the effect of fortanightly eowing on bbhendi

yellow vein mosaic iancidcnge &re presented in lable 7. The
incidence veried fro.. less than oce per ceat to 60 per cent
dependins on the socasou. Crops sown from Jasusry to May
showed hi h incidence (21-60%). COrops sown irom late June

to November showed low incidence, while the crops sowu in
early June and December showed moderste incidence (21-25%).
The spread of the disesse was slow upto 4 weeksandfiioderate
from 4th to &th week., The incidence rapidly increased fronm
8th to 14th week. In March sown orops (23-3=85) the incidence
upto 4 weeks, the incidence from & to 8th week, 8~12th week
and 12=14th week was 349, 2010, 47.6 and 60.1 per cent res~
pectivels. The whiitefly population was more in orops sown
from January to early June and low froa lste June to carly
December. whitvefly population started increasing from late
becember and January reaching peaks in iFebruary, March, April
and May, and then slowly decreased upto June. ¥rom July to
iiovember, the degrease in whiteily populstion wes very repid.
whitvelly populasition was correlated with the discase incidence
(Zable 73 Fige 10).
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feather dats was collected from the meteorologicel
obsexvatory located in the Main Rescarch Station, University
of Agrisultural Sciences, Hebbal, Bangelore, where all the
experiments mere conducted during 1985. The data on meximum
end minisum temperature, reletive humidity snd rainfall are
presented in Table 8. High veotor populstion was directly
correlated with the high {temperature in sumaesr. The low
whitofly population in lste kherif sand rabi was correlatced
with bigch rainfall, low tempersture and hish humidity.

The results reported in Table 9 indicates that the
bhendi was not infeoted with tomavo leaf curl, horsegram
yelleow mosajoc, ialvastrum yellow vein mossic, Croton yellow

vein mosaic end cassave mosaic viruses, 7Tomato leai ourl,
limasbean yellow mosaic, Mslvastrum yellow vein moesic and
Croton yellow vein mosaic were trensmitted vy Je.igbagl to
tomato, limabean, Malvastrum snd Croton respeciively (Iladbles
10, 11, 12). Though the symptoms oa Melvaestrum ami Oroton
were similar to symptoms of bhendl yellow vein mosalc virus,
they were not trenamitted to bhendi (Tables 10, 11, 12).

Biology of B.tabaci on bhendl

Tuwenty psirs of adult whiteflles were released ou vhendl

and gotton plents and allowed GO oviposit Ifor 72 hr ss deseri~
bed under materials and methods. Feocundity, duration of each
atage snd survivel rate were recorded, and resuits are presen—
ted in Tables 13 and 4.



The duration of e.zs, 18t, 2n0d, 3rd ilaatar nywmphs,
pupse and adults o6 well as egz to adult was found to be
Guby =5, 2=5, 2, 36, B=21 and 2149 duys respectively
oo bhendi. 7The total durstion of egy to adult in eotton
wes 20-41 days (Table 1), HRymphel insters and asdult
duratic: wems more oo bhendi oocapared to eotton. The number
of egis laid was high on cotton snd less in bhendi. When
20 pairs of whiteflies were relessed per leaf for 72 bhr
on bhendi and cotton, the whiteflies laid 321 eg:zs on
golteon and 101 esze on bhendi. Cotton is therofere highly
prefexred for egg laying., In bhendi, out of 101 eggse, 85
e;8 hatohed and became st instar nyaphs. Finslly, 42
adults were ovtainsd. There was mortality at eech staege.
Mortality of each stage wes hiher in bhendi compared to
cotton (Table 4).

One-and-a-half mcnth old seedlingzs of bhendi,j.conysoides,
S-apRreldflorns, couton, horsegram, Melvastrum and tomato were
kspt in & smell glass house room (10 £4 x 10 £6 x 15 £4).About
1000 ahi.eflies wero released into the room. Twentyfour, 48
and 72 hrs after relcace,the whiieflies wors oounied ou vhe
hoste scparetely. The dacs ore presented in Table 15. The
results revealed that cottou (185)' horsegram (158), Aseratum
(128) and tonmato (132) attracted more sadult whiteflies, while
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Malvestrum (65), Croton (56) end vhendi (54) attracted

leas whiteflies. Bheadi avtrscted the least aumber of
shiteflies. Hesults indicate that vhendi is not a preferred
host in the presence of seversl other host plantas.

la addition to keeping severel plsnts together, cotton
end bbendi, horgsegrem sid bhendi, tomato snd bhondi, Aseremtum
end bbendi, Crotoa and vheadli end Malvestrum 8nd bhondi were
separaetely kept in gless chembers and ebout 200 shiteflies
wers released and oounted. The numbers of whiteflies on bhendi
end other host plents were recorded after 24, 48 and 72 hrs.
The results sre presented in Table 16, 17, 18y 19, 20 and 21,
The results revesled that in sll the experimeats bhendi oould
not ettract many ad.lt whiteflies, Whether the bhendi plant
is kept along with meny host plants or individusl host plants,
it attracted loass whitefliss, ihen ell the host plante are
removed, the whiteflies settled on vheandi (Table 22).

ihen whiteflies wereo reoleased on healthy and infeoted
plants of bhendi, the yellow vein mosaic intected planis
attrected more whiteflies (95 after 72 br) coumpared to
hecalthy plante (356 after 72 hr) (Table 23).

Rurdticatdon

Partially purified preparations were mede from bhendi
plente 15 days after inoculetion with BYIVIV (Fig. 11). Bbeadi



Fig. 11. Inoculation of phendi seedlings with BIVMV
for purification of virus. Leaves were
harvested 15 days after lnoculation.






3l

leaves contein abundant quantity of mucilage which makes ex-

traction more diificult. Concentration of virus was measured
by apaotrophotomatrio‘obaervation of virus gones following

| suerose density gradient centrifugation (Fig. 12).

The virus coacentration seems to be very low (1-2 mg/
al/300 g of virus sample). The fractions that showed a peak
absorbance at 260 am wexre pooled and pelleted. Treatment of
extracts with O«5 per cent Triton X-100 before layering on
sucrose cushion resulted in e virus preparatin with less

host waterial.
B n r

Electron microscopy of purified virus preparations
showed spherical virus particles 20-25 nm size (Fig. 13,14).
Uranyl acetate was used for staining the particles. However,
ultra-thin sections observed under the electron miaroscope

did anot show any virus particles,

In the agar gel double diffusion method partial purified
BYVMy failed to react with olkra mosaic virus (obtained from
Dr. L. Givord), Belladonna mottle virus and cucumber mosaic
virus antisere (obtained frow Dr, H.8. Savithri).
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Fig. 13. Eleetron micrograph of BYVMV particles
measuring o 257m under EM.






Fig. 14. Electron micrograph of BYVMV particles
measuring 20-2¢mn under HEM.
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Table 2, Sap inoculatica of BIVMV to different host plants

-

RN

Hoet inoculated * - —
No. inoculated infection

Absinsaching ssgulentig 0/25 o
Qhenopodiun SERIOALAQOLOR 0/25 0
Crpto) seaseiflorug 0/25 o
Paturs styepeniun 0/60 )
Euphorbis sp 0/20 o
Nalvastyun goromegdalisnum 0/60 0
Higotisna glutipogs 0/20 o
Ehassclua yulzeris ov. top orop 0/40 )

. ———

820-25 whiteflies (which were previously given 24 hr acquisition
;:ocas period) werc relcased per plaat and ollowed to feed for
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Table 3. Graft transuicsion of BYVMV to bhendi.

ixperiment  Numder infeoted  FER eoat  Inpenacion
Number incculated® mission n days

1 35/50 87450 15=20

2 20/20 100.00 15=20

80nly the graft established plants were infected.
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Table 4. Whitefly transmissio: of BYvav®

Per cent Incabattonj -
_L_H Blbef i.nreocadr trens-
Husbexr inoculated mission in days
20/50 100 1015
80/80 100 10-17

— oA e ——

840 viruliferous whitefliss were trensferced to each seedling.

Dghiteflies were given 24 hr aoquisitisn snu 24 hr inoculetion
socess periodas.
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Teble 5. Feoding whiteflhes on the extreot from the BIVMY infee~
ted leaves through a membrsne and inoculating healthy

bhondi plaata. &

Humber infected Per cent Inoug::‘l‘.on
Experimeat me—— trang~
Sumber inogulated mission tg. days
14 0/20 o -
2 0/25 0 -

€40 whiteflics were inooulated to each seedling.
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Table 6. Host range of BYVMV

" -

— )
No.infected oent Incu-
Host tnoculeted® ¥amily = - ,::.... batdon

Noe.inooulated migsion nrm
Abelmoschus esguleptus Mslvagese 25/25 100 1015
Abslmaschus moschatus  Helvaceae 0715 0 -
Aselyphs indjica Malveaceae 0/20 e -
Athses m‘ Mslvacese /1 10 20=35
ARachlig hypoagce Le;uminosae 0/20 ) -
Aseratun conrzoisog Asteracesae 0/25 0 -
Galanup oajeg Leguminogae /20 0 -
Seapsicup enguus Solanaceae 0/20 0 -
Sazios penera Caricsceas 0/20 0 -
Sathazsathia Zaasua Apocyanacoss 0/10 0 -
Sxoton spersiflorug Buphorbiseese  0/20 0 -
Sucupig sativug Ouourbitacess  0/25 o -
Mughorpis wp° Suphorbiacese  4/30 16 2025
Seserpion hirsutus Msluacese 0/20 0 -
Sixcins nax Loguminoeae 0/30 0 -
Biviacus roap~sinensin Melvacese 0/20 0 -
Hiblgous sabderdfis Malvacese 0/20 0 -
keblsp pifrpurens Leguninosas 0/20 0 -
kicopersicon egeuleptug Solsnaceae 0420 o -
Megrgixiome ixiguspidatup Nslvsoocse 0/20 0 -

S e - - —
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Table 6 contda.)

No.infested ~ FOF eeat Inguba-

Ho.inoculated  Dission m:;a

Host inoculated® Family

Y T

decrotyloms uodfloryg Leguminosae 0/20 0 -
Jicotiena glutjoose  Solansceae 0/10 0 -
detabegun Solanaceae /40 0 -
Ehageolus lunatug Leguminosae /20 0 -
Sesomin indicum Pedaliageae 0/20 0 -
Ehegeolus vulsards Lezuminosae 0/20 0 -
Pspphoeg Leguminosae 0/20 0 =
8ida gprdifolis Malvaceee 0/20 0 -
Sonchug olersoous 9/10 ° =
Yigns unguigulate Leguminosae 0/20 0 -

84015 viruliferous whiteflies were released onto each plant.

“cunumg of leaves.
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Table 8. Weatber dats in relation to whiterfly population
and incidence of BYVMV during 1985

e s s

—— Temperature (°C) Relstive humidity(%) glﬁ-

a
Hoximum Hinimum 720 hr 4420 hr (mm)

January 28,60 14.00 86,00 40400 -
February 30460 15670 77403 32,64 30460
March 35440 17420 74449 30,00 040
April 34420 29,90  77.00 34400 -
May 37430 21450 4400 38400 -
June 29440 20,00 87,00 54400 -
July 28440 19440 92400 60400 -
August 28476 19460 90,00 57420 -
September 28499 19466 91,00 59400 -
Qetober 27+82 1796 90,00 4400 -
Hovember 26416 16415 90420 50440 -

December 27418 16444 89.23 91.23 -
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Table 3. Transmission of whitefly trensmitted viruses to bhendi

Host Hoe.of plante Incuba~
Neme of virw  faves- —Mfesged L0 ion
. |
_ _ Igoonfnm mission days
Tosato lesf ourl  Bhendd 0/20 0 -
Limabesn yellow -
mossic Bhendi 0/20 0
Casssva nosaio Bhendi 0/20 4] -
Malvastrum yellow
vein noesic) Bhends 0/50 0 -

vein moseic

A e B — mme—— IR
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Taole 10. Tranemission of W ellow vein mossio
to bhendi and om pisots d

Hoein~ Inguba=

Host inogulated” remily  _feoted Ter 9% gion

Eo.ino= mission period

oulated deys
Ll e W@ 0 -
Cepsicus npuum Solanacoae 0/25 0 -
W suphorbiscese 0/20 ) -
Sreten mb Buphorbliecese 20/20 100 710
Bsphorpis sp Luphorviecese /10 o -
LARAAD RUrpiCeVs Leguninosae 0/20 0 -
Masratrloma unAfhoris Leguminosse 0/20 o -
Ebfseslis Jupsiis  Leguminosae 0/20 0 -
R38)EATAR Leguminosae /20 0 -

840415 viruliferous whiteflles were relessed on each piant.
PYellow vein.



Table 11, Transaissicn of *gligjgggg ellow vein mossic to bhendi
* and other host plants d
Hoedin- Imﬂ;
P
Host iacoulated® Pamily foguod. el tion,
_ _ intod aisaion days
Abeluosghus; esculegiug Halvacese 0/20 0 -
Arxgchis hypogpus Leguninosee 0/10 0 -
Aserstua conyzoldeg Asteraceds /20 0 -
Capsjoun sgaunm Solanscese /20 o -
Saxica paperg Caricaceae 0/10 o -
Sretpn sparsifloryg Euphorbliacese 0/20 o -
Lezguninosae /20 +] -
Solanacese 0/20 0 -
Malvaceae 25/25 00 710
Leguminosee 0/20 0 -
Eicotjens slutinogg — Solanscease 0/10 o -
Sesabagun Solanaceas 0/20 0 -
Sepanun indigun Pedaliagese 0/20 Q -

'10-45 virulifexrous whiteflies were relessed onto each secdling.
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Table 12. Treaasamission of difrereat whitvefly trenamitted viruses
to their respective host plants.

- Noe. o o
Host lente Per cent I::::"
Esme of the virus inoou~ .ﬂiﬂ?— trang- lod
lated  Fo.of piaat misafon §F500
Bhendi yellow vein
mossic virus Bhendi 10710 100 10=145
Somsto leat ourd Tomato 10/10 100 10-12
m:c@mu“ Horsugren 10/10 400 710
Cassave mosajs virus émon 0/10 0o -
Malvastrun yellow 10/10 100 1015
vein noseic virus LA
Groton yellowm vein . N
mosedo virus %&m 10/10 100 10=15

$40+15 viruliferous whiteflics were releassd onto heeltby seedlings
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Table 13. Duratioan of 3, Gifferent insgtars ond adults of
Betabagl oo bbendi and cotton

_ Duration (days) %o
Period om”‘ Bggs &zml iostars Pupese Adalt t
1s¢ and rd

ea—— o — AP

3:993? Bhendi 4=6  3e5 2«5 2«6 36  8-21 2149

‘ggg; Cotton 3ei  3u5 2t 2«4 3=5  J19 2044

—— MR

820 pesrs of whiteflies were released per leai for 48 hr.

. R

bAvmso of 10 leaves.



Table 1. Fecundity and development of different stages of
Be.tapgel oo bhendi and cotton

s T
Period  Crop®  kggs JUeBal instars  pupse Adults 5§ )3°
18t 2nd 3rd in days
March Bhendi 101 85 70 53 50 42 2149
1985
‘g;%; Cotton 329 290 265 243 230 205 1941

e - - e - a———

820 pairs of whiteflies released per leaf for 72 hr.

'&vonso of 10 leaves.
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Table 15. Relative attraotiyeness of different bost plants to

whitefly B.tabagl
Humber of whiteflies recorded hour after
Boctb release

2% 43 r
Bhendl | 5 * s
Aasratun sonyseddog 128 120 10
groton spareiflorus 56 N 7
Cetton 185 190 158
Horsegran 158 109 89
Malvastrum 65 61 53
Tonato 132 125 }

—— AR _— aaued

S sversse of 2 experiments

bApproanatou 1000 whiteflies were released into gless chamber,
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Tsble 16. Relative ntraouxonoan of ocotton and bbendi to

shitefly B.5abeci
Nunber of whiteflies recorded hours
or ] after relesse
” L - R o]
a4 A8 72
Cotton 10 "e 123
Bhendi 15 22 19

i - RS e

‘umso of 2 expsrisents
blppronutou 200 whiteflies were released into glass chamber.



Table 17. Relative attrectiveness of horsegram snd bhendi
to wmhitefly g.m'

Jnmu‘ of -;ne:uu regoxrded
Grop® hourse after relessze
p i
o | L 48 72
Horse ran 135 123 ”

MR NSRRI A

"nmgo of 2 experiments
b&ppm:dut«ou 200 wshiteflies were roleassed into gless chamber,
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Table 18. Helative attractivencss of tomato and bhendi to
®hitefly B.gabacd®

TR A WD D A Ll

Humber of whiteflies recorded hours

Orop” - sLter roledse —
24 48 72
Tonato 127 136 119
Bhendi 48 26 24

8sversge of 2 experiments

'Apprmd.mteu 200 whiteflies were released into glass chamber.
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Table 19. Relative attrsctiveness of A.m_mg gouysoides and
bhendi to whitefly fJ.iabagd

b Number of whiteflies recorded hours after
Crop release
24 48 72
- "

Bhendi 28 17 10

8,verege of 2 experinents.

hApprmmccly 200 shiteflies were released into glass obamber,



Teble 20. Rolstive attrectiveness of gam Spaxadtlierug and

L et

Number of whitellies recerded hours after

Grop® - _ elease - ——
24 48 72
%ﬂu » ” 5%
Bhondi 35 9 24

- — i

Syvereze of 2 experiments

h:gpﬁgximtely 200 whiteflies were relossed into the glase
anbers



Table 21. helatvive attractiveness of m’ilm Seromandsllegun
and bhendi to whitefly j.tsbeci

A g

dumber of whiteflies recorded hours after

Gropb _ relesse
a4 a8 7
sy PR 35 26
Bbeodi 18 | s 10

i - P -

'&'larﬂge of 2 experimeats

hAppmxtmtely 200 whiteflics were ralessed into the glass chsmber.
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Table 22, kelative attrectiveness of bhendi to whitefly B.jabscy"

MRS P RS - e ——

Humber of whiteflies regerded hours after

cm' L reloase —
24 48 ”
Bhendi 179 160 154

'Avmgo of 2 experiments

btypz?aximtely 200 whiterliss were released into the glass chamber.



Table 23, delative aturastivensss of infected and healthy bhendi

97

t0 3.5e0gc)”
Bumber of wbiteflies recoxrded hours after
oro b release
p L S o U e e R
24 48 7=
BIVMV 4infeo~ :
tod bhendl 15 120 9
Beslthy bhendi 55 45 36

e —

8 veraze of 2 experiments

bAppvoan tely 20u tht;aflt.ea were relessed.
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V. DISCR.SION

Bhendi yellow vein mosaic virus (BYVMV) is one of the
nost eoonomicully important diseases of bhendi in Indis.
The disetse wmaas first reported in Maharestre (Kulkerni,q1924).
Though the disesge Lis present in Indis since & very loong
time, oo systematic efforts have been made to characterise
the virus snd to know the sources of infeation. Meny aspects
of the disessas are not well understood.

The present investizations therefore were undertaken
on sources of infection, epidemiological aspects of the
disease, purification of the virus and electron microscopy.

The survey conducted to assess the inoidence of BYIVWN
in seas bhendi growing areas of Bangslore, Kolar and Tumkur
districts reveslad thai the perceantage of inoidence varied
from sesson to soason. The diseane was found in all the
bhendi ficlds surveyed. During the kharif seassn, the ingi~
denoe varied from less than 4 to 15 per cent, The ineidence
was hizher sxi incregsed markedly in summer months end the
incidence ranged from 11 to 80 per cent (Table 1). Higher
incidence during sunmer gould be attributed to higher whitefly
population (Teble 7).

BYVMV infected plants exhidbited yellow vein mosaic
syaptons, vein clearing, slight ourling of infeoted leaves
snd slight reduction in the leaf sise.



Karly infected plaats were severely stunted. Infected
plants produced few fruits of a small size. These aynptoas
were simijar to those desoribed by Fernando and Uduraven
(1942) and Kulkarni (1924) and Uppsl g% g). (19%0).

BIVMV wes not treasmnissible by sap inoculation (Table 2).
Earlier studies alao proved that BIVIN was not sap trensmisei-~
ble (Raychsudhuri and Nerisni, 1977). However, some of the
whitefly trsansmitted diseases are transmitted by mechanical
mssns. They are mosalo of Suphorbis prunifolis (Coste and
Carvalho, 1960), casaave mosaic (Marchoux gt gl., 1960), bean
golden moseic virus (Meiners gt 81¢,1975) and mungbean yellow
mnosaic disease (Honda gt 8l., 1983). Feilure to trensais
meshanically in the present investigation may be due to
various factors like the buffer combination, physiology ef
the test plant, virus comventraticn ia the leaf ssmples and
failure to reach the phloenm tissue, It was obacxrved that
BIVMV was trensmitted oaly by the whitefly Bemisis tabasle
Syuptons appeared within 10-15 days after inoculation by
BeSabagl. Sinilar ebservations were also repurted by various
sorkers (8ingh, 19803 Kuniyappa and Veeresh, 198%; Varss,1952;
Susmaower, 1980).

In order to know the sources of infeoation to bhendi,
several host plsnts (isble 6) were incculated with BIVWV by
Betabagi. BIVMV woa oot trensmitted to tomato, Aggretym,
Melvestrus, Cessavs, Croton and horsegram. It is still not
knosn as to how the bhendi erop gets infected in nature.
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kxperimenis were carried omut to know shether the yellow
vein mosaic disoeses preseant on Croton and Malvastrum were
similar to the yellow vein mosaic of bhendi. Cross inocule~
tions from Croton eand Malvestrum to bbendi and from bhendi
to Croton and Malvestrum did not result Ln eny transmission
(Tablee 10, 11). Suzmusnwar (1980) reported that Althass
Zogeg wes Lanfected uith BIVMV.

The seeson bad a profound effest on the incldence of
disease., The incidence was low when sowings were done froa
late June to ea:ily December and the incidence wes high
frea late Decembexr to carly June sown erops. Higher the
population of the veotor, higher was the incidence of the
disesse. DBIVMV incidence varied wmith different seasons
(Table 7). The whitefly population gradually ingressed from
Jate December and reached a pesk in February snd Marehs The
population then decressed gradually, reaching the lowest
pumbers from August to November.

High tempsraiure, lower ox no reinfall, and low
hamidity contributed to the inerease in the vecter population
Lrou Jenumry o Mey. Low whitefly population during the
moaths of July to November wes releted to high rainfall,
low temperature and bigh bhumidity. Similar results of ses-
sonal variatione of uthe whitefly population have been reported
by Chelliah gt ale (1975), Singh g% sl. (1977) end SBingh
(1580).
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Preference of whiteflies to different host plants
showed that the maximgm nuzber of eggs, nympha, pupse and
and adults were found on ocotton, followed by horsegrsa.
Aserstum, tomato, Mslvastrum, Croton and bhendi in a
degreasing order respectively.

Biolo;y of Be.tabeci on bhecdl and ootton ashowed that
the duration of eggs, 1st, 2uad, 3rd Lfoster nymphs, pupse,
and sdulte were found in 4=6, 3=5, 2«5, 2«4, F=4, G219 and
219-49 days respectively oc bhendi. iiymphal instsrs and asdult
durstion was more o bhendi compared to that on cotton. kigg
laying was better on cottou then ou bhendi. Though the
prelerence of whiteflies to bhendi is less, minimua number
of whitefliea present in the field were emough to cause and
spread the disease. Biclogy of B.tabeci wes studied on
different host plants by several workers (Pruthi end Samuel,
1942; Eussein and Trehan, 19333 Johnson gt al., 1982%
lurugessn snd Chellish, 19783 Baikis, 19854 Annspurna, 1985).

Under laboratory conditions, ootton, horsegrem, Aseratum,
and tometo attrected more whiteflies and Malvastarum, Croton
and bhendi attrected s low numbers. In addition, more number
0. whiteflies were attracted to yellow mossio infected plants.
Vetten and Allen (1983) obaerved that B.tabagi preferred lims-
bean goldea mosdic susceptible p.lugatug, snd moxre pupse of
Be.labggl osccwrred in cowpee susceptible to opwpes solden
mosaic. Ovipesition of Betebsol wes. higher on yellow mossio



infected mungbesn plants then oo bheslthy plsats (Murugesen
and Chelliah, 1978). Annspurna (1985) also observed more
oviposition on yellow mossic infected legume plants than on
heslthy plants.

Attempts to purify BYVWV from bhendi was successful
aid spherical partiocles 20-25 am diameter were observed in
the slectron miaroscope. Several methods were employed for
the initial purification. Because of mucilage in the tissue,
the extraction was more difficult. It is sesumed that some
virus 4s trepped in the mucilage, HEfforts to break mucilage
An the initial stages might help &n the better recovery ef
virus particles. Several workers have attempted to purify
the virus Lfrom BIVMV iAnfected plants but have f£siled to do
80. Meay of the whitefly tranasmitied yellow mossioc diseases
have been shown t0 be cansed by germinate viruses (Goodmen),.
It 18 not clear frunm the eleotrs microscopy whether BIVMV
8lso is 8 gorminate vixue. Preliminary experiments on
serclogical identity of the mimus have suggested that
BIVWV is neither s Tymovirus nor a cucumo virus, However
the luack of oross preasctivity with entiserum for EDMY and
CMV could elso be due to the low ooncentretion BIVMV used.
Further experiments using more concentrated BIVMV and anti-
sers Lo other gersminate viruses would be necessary for
conplete identification,

ibe purificatiou of LBIVMV would help in producing
antiserum whioh is useful ia deteoting the BIVMY antigen
ic host snd veotor tissues. It would also be useful in
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epldemiolozgy efd teating germplasm for the presence of
BIVMV infectioan,.

Sonelusions

BIVMV is one of the mein coustraints in the cultive-
tion of bhendi in Indis. The spread eof the dlsease is
related to sesson and ebundance of veator populstion. The
disease 18 severe in susmwr snd early kharif and low during
the late kharif and rebi seasons in Kernataka,

Integrated gontrol progrem hes to be evolved for
effective management of the disease, In addition, resis-
tant sources ior the disease have to be identified and
incorporated in the breeding for disesse resistence.

How & bhendi orop gets infeoted in the field s atill
not known. Therc may be host plants infected with BYVMV
which may serve as sources of infection to the bhendi crop.
This is very vital in understanding the epidemiology sand
- gpntrol of the disease.

In antiserum is produceds for the BYVMV soveral host
plants artificiaslly inoculated snd elso plants from flelds
oould be tested for the presence of BYVMV infeotion. Even
symptomless sarrioers could be identified.

We have beed successful in the partial purification of
BIVMV and have identified virus particles in the electron

microgrephs for the first time. This would help in further
charecterigation the virus.
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VI, SUMMARY

The results of the astudies of bbendi yellos vein moseic
virus are summerised hereunders

1. Typicsl yellow vein mossic symptons were observed in
bhendi plants infected sich BIVMV. Furthermore, vein clear-
ing, thickening of veins and veinlets and dwarfed fruits were
also observed in infected plants.

2. A survey of some Of the bbendi growing areas of
Bengalore, Tumkur and Kolar districts revesled that the pex-
sentage of disecase incidence varied from season to sesssn.
Eigher incidenoce of the disease was sbasrved in the summer
spd low in kharif ceasone. |

3. BIVMV was not transmissible through sap inoeulation,
but was trensmitted by grafting and whitefly B.tabegi.

4, Of 31 plant specles inoculated Kuphorbods sp and
ALShaee rogeg showed crinkling and esurling amxi vein thiockening.

S5« Date of sowing on the incidence of the disesse ss
well as whitefly population showed that the sessen had e
prefound effect on the incidence of the disease as well as
shivefly population. Crops soan from January to May showed
high incidence (21=60%) while crops sown from June to
December showsd low incidence. the incidence of disease
wes directly correl:ted to vescter population.



6. Bhendi was not infected with tomato leef ourl,
horsegrem yellow mosaic, Malvastrua yellow vein mossic,
Croton yellow vein mogsaic, casssva mosaic viruses.

7. The duration of tho eggs, 1st, 2nd, Ird instar
Aymphs, pupse, and adults were feund to be 4=b, 35, 25,
3ok, 8~21 and 2149 days reapsctively on bhendi. The totsl
durstion of egg to adult in cotton e3s8 ladd was high on cotton
and less ic bhendi. MNortality of cach stage was blgher in
bhendi compsred to cotion.

8« Preference of mhiteflies to different hoat plants
showed that the maxirum nunber of adulta were attragted to
cotton, follomed by horsegrem, Ageretum, tomato, Malvastrum,
Croton and bhendi in a& decressing order, respeotively.

9. Attempts to purify the BYVMV from bhendi was partislly
successful end sphorical perticles of 20-25 am in dismster
were observed in an eleotron microacope.

10, In limited double diffusion tests, BIVMV 4id not
react with satiserum of okrea mossic virus. Bsllasdona mottle
virus snd a cucumber mosaio virus,
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