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INTRODUGTION

C@Wp&%(ﬁ&ﬂna vnguiculata (L.)Halyaia one of the

major vegetable crops of Kezrela and is being extaﬁsiVng

sultivated throughout the other parie of India as well.

Coupta plants are ususlly affecied by different
discases. Anong chem the virus diseases are known 1o
couse serious dawege Lo the orop wherever i1 is cultivated.
Lharactors of these viruses repomtod from difforent places
in India and elsewhsre are found to differ from each other

in mony aspecis.

The scourzence of gowpea mosaic virus in India was
first re;oried oy Capuor and VYarma{1936) on Yiona gylindrica
fzom roong &nd lsker Noriand and Kandaswand{1961) roported

hie virus on Y. ginensis from Delhl. Ofterwards, cowped
mosalc vizus was raporitod from different parts of Indla
oy many scientiets (Chonulu gt al., 1968; Jovindaswany ot al.,

1970 nono end hankar, 19723 Sharma ond Yarma, 1975

tiali end Kulthe 19833 Rewachondran and Swenanwar, 4982} .

Cowpea wmosale is a vesy common and destructive
disease of cowpos, reporicd izom diffsrent parts of Indla,
Toe disense is found to cousce sexious damage to the ¢rop

sultivated in ail pazrits of Kerala alse. The ildoasily of



the cowpea mesalc disease found in Kexala Iis nol vet

known and no studies have been conducted so far on this

impoztant disease occurring in Kerola., In the present

investigations an attempt has beon wade to identify the

virus angd to sludy thoe other aspecis of the discase.

The following dotails have been worked oul during

tha sourse of the wnvestigatione

1.'
2.

0,

Symplomatology

Transmission

#hysical propertios

Veslorevizus rolationship

Hootwzange of the virug

Varigtal screening

BHeXology

Effeet of virus on growth of the plant

Ibsecvatlon on the natural incidonce of cowpea
rosaln

Control of cowpea mosale virus discasse by leaf
grtract sprays.
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ReVIEW OF LITENATURE

Cowpea (Vigna unguiculata (L.)walpl is & wery
importent pulse crop grown in Kerala and cowped mosalc
disease 13 a serious dissase affeecting this crop in all
the areas whore it is cultivated. The roview of iitcoraw
ture presented hore poertaing to the different types of
coupta mosaic diseasus repovied from differont poris of

India anc elsewhere.

Lomatolon

]
®
7
i

Liffcerent types of covpoa mosaic symptows have boen
raporvd from wifferent plages, Me Loan{1941) described
ithe symptoms of a cowpea mosalc as characterlzed by duaried
slondor growth and tendency for oxcessive branching,
Snyder{1942) rerorisd a seedwborne mosalc of asparagus
bgan having a pale and dark green follar mosaic frequently
agcompanicd by downword rolling of the lesves, nild
rugosity oz distortion, vein banding and stunting., Dale
{1949) obscrved the occurrence of a rosalc disoasa of
Yigna wpsudculata from Trinddad in which sysptoms were the
appesrance of dark and light grcen rimngs on the loavoes,
development of irvegular ysiloulsh and Jdark green mottling

accompanied wy blistering of the laminz. Somciimes under



glass house conditions s reddish brown netzesis of the

veins had also beon found to deovelop.

Capoor and Varma(1956) reported for the first time
in India a mosaic disease of Yigna c/lindrica from . cona
and later Narianl and Kandaswami{1961) reported this
discase on Y. sinensis from Delbid. The disease was
described as characterised by mosaic mottling of leaves
accompanied by distortion and reduction of leaf size.
The infected plants yield only few pods which were small,
shrunken and containing only a few shrivelled seeds,
snother cowpea mosalc disease was reported by Chenulu et al.
{1y08), alse from Delhi. The sympitoms consisted of
typical mosalc mottling, yellowing, reduction and distore
tien of leaf lamina, The symptoms were seen as small
enlorolic patchoes on the primary loaves of plants arising
from discased sceds, The affected leaves showed a tendency
of wargnal curling and cupping of the leaf. None and
shonkar{9972) reported a cowpea mosaic virus infecting

Ji ne sinensis from ~antnagar. The disease was charsctorie

sed by wosaic mottling, vedn banding, puchering and distore
tion. Severe infection rosulted in blistering and bleache
ing of the lamina, The pods became curved, tuwisted and
reduced in size., The seeds in such pods were shrivelled

and lesser im number, Sharma and Varma(197%) sbserved a



cowpaa vanding moseisc virus affecting cowpea (Vigna

sinonsis Savi.), which was charagterized oy mosaic

mottling, crinkling and vein banding.

Klesser{1960) described three cowsea viruses in
Bothalia and designated as cowpsa mosaic vizus A,B and
C. Uowpes mosalc virus & showed stunting, small male
formed leaves with vein banding or a mosalc with necrosis,
Cowpea mosalc virus B showed dark green vein banding only.
Cowpea mosadc virus (, which was a slrain of cutumber
mogalc virus snowed a severe stunting and a vivid vellow
mottling, BSoek and Conti{1974) reported that the diseased
cultivars show variable amounts of dark green vein banding
or anveivelinal chlorosis, leaf distortion, »listering and
stunting, They stated that the viruses thast may be related

to CANY cause nosaic disease of adzukl bean (zhasgolus

anularis) and asparges boan (Vigna sesyuipedalis).

I, Izgansunission

1. Sap transmission

Transsission of cowpea vosaic virus oy mechanical
mothods was firsil reported oy Me Lean(i941) from Arkansas,
Hde reporitod thet the use of carvorundum as an abrasive
apsigted the dovelopment of infection, Subseguently,

many reports have beon wmade from different parts of the



world on the sap transmission of cowpea mosalc viruses
{riaxrjono, 1959; Toler, 1964} Adsuar, 19643 bDebot and

Do lojas, 1967; Twardowicz~Jahuszowa and Anna, 19693
awvicala gt ale, 19703 Govinaaswamy gi al., 1970; Khatri
and 3ingh, 1974; Diwakar ond Mali, 1576; Sharma and Varna,
1970 Lime gt al., 1977; havachandran and Summanwar,1982;
ezyad @b al., 1984). Different types of inoculation
madia wore used by diiferent scientists for ithe mechanical
transmission of cowpea wmosalc virus, Fhenol water extracts
of daseased plants wese used by Schlegel{1960), infected
plant sap iiself was used by ~lconero and Santiage(1972).
Sap esxtracted in 0,00 & phosphate opuffer of pi 7 was used
oy Shorma and Varma{1576), sap extrzcted in cooled tris
suffer was used oy iLali and Kulthe(1880) and sap extracted
in distilled water and dilutea in the ratio 149 wus used
by ratel and swsaite(1982) and ratel(1982).

Abeygunawardona and : oreral{1964) conducied studies
on the virus discascs af . ccting cowped in Ceylon and identie
ficd a new strain of cowgea messic virus which produced
local lesions when sd_p inoculated on the varieties
Victor h 798 and Bradham K 892, Guo gt al.{1984) studied
A Ce=f isolate of cowpea aphideborne mosaic virus cbtained
from aspsragus bean and found that it wos readlly sap

ransmissible,



Rochawm: ena and Fulion{1984) while working on the
propagation of an isolate of gowpea severe mosaic virus
from Tabasco found that on mechanical incculation six
genotypes produced local lesions om inoculated primary
leaves, followed by develoyment of a severe mosaic on

trifoliate loaves,

2+ Seed transmission

Seod transmission of cowpea mosalc virus wes first
roported by Me Lean(1941). Ho found that ¢different varice
ties of cowpea showed different levels of secd transmission,
In suseeptablo varielies like MNeu Era, Vhippoorwill and
Briepea the lovels of seed transmissions were 5, 4,5 and
£,8 par cant raspecllvely, and in resistant varietios,

Led Ripper, Bleck and Iron O, U and 1 per cent resuoctively,
Stevenson and ragedorn (1970} reported that seed size

has no e¢ffiest on pe-contage of seed transmission, In the
case of cowpea aphideborne mosalc virus the seed transe
mission was found to be usually O=J per cent (Bock and
Conti, 1¢74). But they have also recozded instences of
219 poxr cent secd iraasmission in cowpea ov, hurodane 16,

: hatak{ 197} has ceported seed transpission of =19 per
cent in cowpea oV . uSa : nalguni for an Indian isclate of
cowpea aphideboine mosaic virus., Similar reports by Ladipo

(1977} and Ata gt al.(19682) confirmed the facht that the



transmiszion of cowpea mesaic virus through seed is

influenced by the type of cultivax.

Differont levels oir seed transmission of cowpoea
mosalc virus were reported irom ditferent ports of the
worid, Thcse were J7 per cont (Snyder,1942) from calie-
fornia, 9 per cent from Central Asia (Vissol,19060),

20 per cent from Japan (Tzuchizaki et al., 1970), O to

73 per cent from Giza (Mazyad, 1971}y 9.1 to 39.8 ser cent
from Iran (Kaiser and Mossahebi, 1979}, 26 per cent from
Jeroceo (Flschoer and Lockhart, 1976}, 17.5 per cent from
flarathwaca (biwakay and [iall, 1976}, 20,9 por cent from
HWest sengal {Ladlpo, 1977), 41.6 per cont for a potyvirus
causing mosaic of couwpea in Indda (alil and Kulthe, 1980),
9 to M per ¢ont for sowpea banding mosaic virus {frakash
and Joshi, 1980} and 14 por cent for cowpea aphidwborne
rosaic virus from India (Mali and Kulthe, 1981), Leports
have alse been made on viruses causing mesalc of coupea
which were not transaissible through seeds (daziono, 1959;

: beygunawardona and . erera, 1964; Kuhn, 1964),

cazyad (1971) while studying the transmission of
cowLes mosaic virus through sesds of cowpea plants reported
thaet the vime of storage of seeds has no effcet on virus

transmission. ..aque and Chcnulu(1972a)obscrved an inverse



rolationship betwoen the percentage of seed transmission
ond the age of cowpea plants at the time of inoculation.
Cuo gt al.(1984} reported that cowpea mosaic virus can

be transmitted through sesds of asparagus bean up o0 39

per cent,
44 insecht transaission

Cowpea mosaic virus was repgriod to be transmitied
by & numper of vectors. aAphid transmission of sowpes
mosaic virus was first reported by Me Lean({941) from
Arkansas. The virus was found to be transaiited by
Nacresiphum salanifolii, Aphis cossypil and Megrosivhum
ghsi to the oxtent of 60, 100 and 70 per cent respectively.

Anderson{1959) while studying the Vigna and Cretalavia
viruses in Florida found that both bootle~borne and aphide
borpe cowpea mosalc virunses existod separatoly. Abevguna-

waruena ond | grera(19¢4) reported thet A. grzecivors is

the principal vector of cowpoas moselce virus in Ceylon,

They foungd thal the transmisslon occurred in a nonwpersistent
manner. sSinilar resulis were also obiteined by ¢lessor{1960)
and mock and Conti{1974). Vidano and Conti(1965) reported
that & wmosaic virus of cowpea in Italy was found to be
transmitted by flyzus porsicae, ». fabae, A, medicaginis

A. gossypli and [lacrosivhum cuphorniae.




The cowpea mosaie virus was alse found to be trans-
witted by Agyrthosiphon pgisum (Kalser and Mossahobl, 1975);
sphis eraccivera {Khatri and Singh, 19743 Ksiser and

dNossahebi, 19733 Sharma and Varma, 1976; Remachandran and
Summanvar, 19823 Guo gt al., 1984; Kazyad gt al., 1984);
Szhis euronymi {Sharma and Varma, 1976); Aphis gossypii
{whatri and Singh, 19743 Shazma and Vavma, 197565 Mall

and Kulthe, 19803 Ramachandran and Summanvar, 1982);

Achis podicaginis (haxjono, 1959); Aphis gesbaniac

(faiser and i‘ossenebl, 1975) lacrosiphum pisi (Snyder, 1942);
dyzus persicae (whatri and Singh, 19743 Dlwakar and

8li, 99763 kiscner and Lockhart, 1976; Sharma and

Vazma, 19763 Guo 8% sl., 1984},

Eventnough in most cases the sap transmissible
cewpea mosaic viruses vere 2lso transmitied by the aphids,
As srocgivora, laczosiphun pisi and Myzus persicae, there
are roports oboul oowpea mosaic viruses whish are not
trunsmibied by these aphids (Toler, 1964; Shankar gt al.
1973},

Boetle transmission of cowpea mosalc virus was
regponte by talters <nd Barnetit{1964) from Arkansas,
anjos and Lin {(1v84) studied the properties of cowpea

mosalc virus sexd type I and found thot 4t was transmitted



by the beetle Leratoma arcuata. Similarly cowpea mosaic

virus was reoported to be transmitted by the beetles

Andrector arcuatus and Andrector ruficernis (Debet and

De hojas, 1967), by Gezatoma ruficornis (Shepherd and
Fulton, 19623 ¥vicala gt al., 1973), by C. zuficornis,
Synadroorotica variapilis and . artefasciata (Valverde
gt al. 1978},

I1X. ghysical properties

sicLoan(i1941) while studying the physical puoperties
of cowpes mosalc virus observed that the virus had longce
vity an vitro (LIV) of 48 h, thermal inaectivalion point
(TIy') between 72°C and 75°C and dilution end point (DEP)
111000, But Snyder {1942) studied a seedwbornc mosaic of

asparagus bean (¥igna sesguipodalis) and observed that
the virus had TIP between 55 and 6G°C, LIV = for 2 days
at room temperature and DEP 9:1000, Similar physical
properties were described for pea enation mosaie virus by
Twardowicz = Jakuszowa and Anna{1969). They also reportod
that the virus could remain without inactivation in dried
leaves for 7=9 days and in frozen leaves for dw7 days,
Capoor and Varma(1956) reporied & wosaic discase of
Vigna gvlindriga from soona and later Narlani and
Kandaswani(1901) reported the same virus disease on Y.

singnsis from Delhi. The TIP of that virus was found to be



between 8%=90°C, DEP  43B000J and LIV as 19 days.

Harjono{1959) while studying the physical properties

of a virus affoecting cowpen (¥iaona sinensis) repertod ithat

the inactivation of virus occurred aftor 10 min at 60°C,
or at a dilution of 13100000 or after 24 h at 23.30°C.
klesser{1960) while studying the virus discases of cowpeas
gave dotailed doscriptions of two viruses, none of which
was identical with any of the praviously rocozded cnes,
Jne designatoed as cowpea mosalc virus A had a TIP between
62°C and 65°C, LIV 2«4 days and DEP 1:2000, Cowpea mosaie
virue B wnlch causes only vein banding symptom showed a

TIP between 60 and 62%C, LIV 23 days and DET 1:1000.

Yoerks and 2atine{1960) studied the physical proporiies
of 2 sovore beon mosalc aficeting the bean erep in Moxico,
The virus was able to withstand heating to 92°C. dilutions
up to 184 x 10°, agoing 7 months in dry tissue, 11 weeks
in expressed sap and 10 weeks in frozen sap. Adsuar (1964)
found that the virus infeeting cowpea had a TIP of 6006,
PES of 1310000 and LIV of 48 h at 28=30YC. Abevgunawardena
and rerera(l1v64) studiod a new strain of cowpea mosalc
virus affecting the cowpeas in Ceylen, the TID of which
was 55=60°C, DLf 143000 and LIV was more than 1=2 days,



i3

walters and Barneti{1964) while studying +the properties
of Arkansas cowpea mosaic virus reported that the vizus
was inactivated b; dilution to 1070, heating to 75%C and
storage for more than 5 days at 28°C, Chenulu et al.
{1908) described z cowpea mosaic virus from Delhi the TI2
of which was 559C, DE: 9:500 to 931000 and LIV 6 h.

tvicala gt 5l.{1970) conducted studies on the
physical properties of a cowpea mosaic virus isolated from
Cubs and observed thot the virus had a TIP between 6570°C,
OEF between 139 2 105 ~ 157 ® 19° and LIV in crude sap
10=14 days, Govindas.sny gk al.(1970) obsorved fyom Tamil
Nodu a virus disease causing the mosalc pottling of leaves
of cowpea and the eausative virus was found 1o have o
TIP of H055°C, D3P 151000 o 132000 and LIV 4«5 days.
Nene ond Shankax{i1972) zerorted a covipea mosaic virus
infeeoting Y. singnsis from Paninagar, the TIP of uhich was
?5365 DEZ 129000 4o 1:3000 and LIV 5% h, Khatrl and Singh
{1974) reoported ihe TIF of & cowpea mosalc vlrus as 70%,
DEP as 11000 and LIV as 96 h ot zoom teupoerature and 120 h
at 7e10°C, Diwakar and Mali(1976) studied the physical
properties of a cowpea mosaic virus in Harathwada and
reported the TIP of the virus as 658°C, DEP 93500 and LIV
3 days at Toom temporature and 7-8 days at 4°C. Kaiser

and rossshebi (1975) wnile studying the proporties of
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cowpea aphiueborne mosaic virus from Iran reporied the

TI2 as 5um60°C, DLF 10™% to 1070 and LIV 7 days at 20°C.

Sharma and Varma(1975) conducted investigations
on three sap transmissible viruses on cowpea in India,
The three viruses were cowpea chlorvotiec spot virus(CpCsV),
cowpea banding mosalc virus (CpBMV) and cowpea necrosis
vizus (CphV), CpEMYV and CpilV were inactivated after 10 min
at 50~55°C and GLCSV at 80-85°C. The DEP of Cps ¥ and
CpNV were 1390° to 1:10” and of cposv 1:10% %o 11107,
The LIV of CpR4V, CphV and GpCsV were 24 h, 2 days and
5 days al room temperaturs, Lima g% al.(1979) studied a
potyvirugs on cowpea Ln Ceara, the TIF of which was 6006,
LIV 48 h and bEF 10™3, ali and Kulihe (1980) described
the properties of another potyvirus from India and the
T1v of that virus was 60w-65°C, LIV 56 h and bir 10™%,
Guo ot al.{1984) sludied the properties of cowpea aphide
borne mesale virus ootained from asparagus bean and
observod the TIP of the vizus as 55w60°G, LEP 1072 to

10~4 and LIV =2 days at room tomperature.

IV, VectoraVirus relaztionship

The vectormvirus relationship of a cowpea mosalc

virus oceurring on coupea (Viecna sinecnsis) and transmitted

by Aphis medicaginis was worked out By harjeno{1959).



The study rcvealed that lhe acquisition and inoculation
thresholds wore both § h and infectivity of the vector

could be retained for 8 days,

Hague and Chonulu{1972h) studied the influsnce of
aphid rearing plants and the developmendal forms of aphid
on tne transmission of cowpes mosaic virus., There was

Jittle difforvence in tranzmission by Aphis craccivers

reared on cowpea, browd bean and poa plants and all
develogmenital forms ware found to be egually efficiont,
muzugesan and Janaki(1972) studied the relationship of
cowped mosale virus with iis vector [lyzus pexsicss Sulz,
They {Townd thel the vizus could be transmitied to
healthy cospea plants even by one virulifercus aphid.
vaximuy anfescion was oblalned with 10 aphids and 2fter
one b acguisilion feeding altithough the virus could be
acquired in one sec. Prelinminary fasting up %0 2 h
sncreased the efficloncy of Lransmission only whon
follover by a short acguisition feeding of up to © min,
Fost acquisition fasting decreased the ef{iciency of

the veenor and tho virus was retained only up to 4 h.

Sharma and Yarma{1977) made studies on the vector-
virus relationship of cowpea banding nosaic virus, Bven

a sinule viruliferous aphid {A;his cracclivora) was able to
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transmil cowpea banding mosale virus, bul increase in
number of aphids per plant increased ihe transmission.
Jptimum preacguisition fasting was found %o be 3 h,
evenlhough the aphlds could transmit the virus witﬁféro-
acquisition fasting., Aphids could acquire the virus in
probes lasting for less than one min, but mauimum toansw
mission was obtained when glven five min acguisition
access time, The viruliferous aphids could dransmit
the virus within one min, but maximum transmission was
recorded when given 30 min inoculation zccess tlme.
Acguisition and inoculation thresholds weve 20 and 25
scconds respectively,whercas iransmission threshold was
%3 seconds. Viruliferous aphids lost the virus in less
than 2 mun vwhile feeding and in 2 h vhile fasting.
Incubation period of virus in the host plant was reported
to be 20~25 days {Govindaswamy et al., 1970), 46 wecks
(:1ali and Kulthe, 1980} and two weeks {(Collins gt al.,
1984} .

V. Host-ranae

ilost~-yange of the virus causing mosale of cowpea
in different places differs significanily. Snyder{1942)
while studying the virus disease of asparagus bean found
that the virus could infest cowpea varietles, but other

leogumes were not infected, llarjono(19959) conducted studies



on a virus discase of cowpea (Vigna sinensis) and found

fhaseslus Junatus and . radiatus ave suscaptible to

the virus, Subseyuently, many roports have besn made
from different parts of the world on the hosterange of
cowpea moesaiec vigus, The cowpea mogelc virus was feund

e infect pigeon pea Capavalia ensiformis, Dosmodium

distortun and De gyreides in luerto “ice (Adsuar,i964);
Conavalic ongiformis in Ceylon {mbeygunawardona and

L oneTa, 1904} some plants of the fawily Leguminosae
in Tamil) tade (Tovindasuamy ol 31.,1970); cowpea, bean
{.haseolus yulgaris) end Crotolazia Jungea {ghatrl and
singh, 1974); cowpea and dolichos bean in Marathwada

(Diwahar and waldi, 1976)% Centrosena brasilianum,Nico-

tiana benthardna and phaseoglus vulgaris in Coara
{cima b ale, 1982), Kvicala et al.{1970) studled the
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cowpea mosaic virue in Guba and reporied 33 plani species

as hosts of che virus. It was alsc reporisd that on
fhaseolyus vulgards the symploms varied according to
soason., K2iser and Possahebi(1075) studied tho cowpea
aphideborne mesaic virus in Iran and roportse 1% host
specles selonging tc six faniiies. Systenic symploms
developed in Gomphrena glohosz, Micotiana glutingsa snd
sargun tobasco as '.eli as in legums SpoBies. A soede

Serne pouyvisus causing rnesaic of cowpez In India was
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investigated by’ﬁa;i and Kulthe{1980) and thoy found
that the virus could iﬁfﬁﬁﬁzﬁl&ﬁ%E belonging to the
famildes Amazanthacesns, Q&@aagéﬂiacaa@ and Leguminosae
and systemic s?m@%@ms doveloped in ﬁiff@ﬁ%ﬁﬁv@@W§ﬁa
varietiss and sgmg-@ﬁhﬁx‘E&g@@@ﬁ.-ﬁ@ﬁﬁia 3?@§%ﬁm and

mdbtling were obsexved in Glyeing max, Severe mosalc

in phaseolus lunatus, sessic mottling in Phassolus

48 and vein clearing and mobbtling in Vigna

x :ﬁﬁ i&tﬁ' &

Studies on the host reactions and trensmission of
two Seedeborne cowpea viruses from Gentral Brazil wexs
conducted by &iﬁigﬁi%§a€%@%%}y The viruses were blackaye
IQQW§$& mné@é$’§§§$%V) virus and the @@ﬁ@@&’iﬁ@l&%@ of
Gucumber mosaié virus. The BICH infected threo spocies
of smarenthateae and three of Leguminosae on mechanical
dnoculation of 27 specles belonging to 8 families. Of
' the 28 cowpea va%i@%i@s and 11 bean cultivars lnoculated,
49 and 10 respeciively wore found susceptibles The cowpea
isolate of auauﬁm@r mosaic virus infected four members
of the fami&y’&@g&@iﬁ@$3®@‘ihx@a of Solanaceae, two of
Ameranthaceas and one blonging to Cucurbitaceao, .
Sanchez and Gonsalez(1981) found %ha%-th@‘y@llﬁw‘sﬁéaiﬁ
of cowpea mosSale virus g@aé&c@dviaaa&.iegiansranﬂ apical

vulgaris and Stizolobium

nesrosis in phaseslu

glanum and sovere strain of cowpea mosale virus
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produced systemlc mosale on theso ftwo plants. Lin gt al.
{1984} carried out investigations on twe serotypes of
cowpea severe mosalc virus affecting the legumes in
central Brazil. The serotype I of cowpea severe mosaic

virus was detected in Calapagonium mucunoides, GCentrosema

pusescens and Viona zradiata var. radiata. Serotype 11

gf cowpoa severe mosalc virus occurred in Crotalazia

juncea showing chlorotic mottling and leaf distoriion.

Both the serotypes I and II occurred in Grotalaria

juncea and Yigna sesyuipedalis. dawmachandran and
Summenwar(1982) rocorded a new cowpea rosaic virus from
India which was detected in culilvar E%ima, and was found
restricted to cowpea varietles only, Luo gt al.(1984)
reported that the hosterange of cowpea aphideborne

mesalc virus occurring in asparagus bean in hanjing, inclue

ded 12 speclies of Leguminosae and Chenopodiaceag.

Coupesa mosaeic virus was reported to cause local
lesions on eortain hosts. The virus was found to produce
local lesions on Cheno odiumamoranticolor and Chenovodium
aibum (Govindaswany gt 2l.,19703 Khatri and Singh, 1974});
on soybean, Sunhemp and Chenopodium amarsnticolor
{Diwakar and .1ali,1976); on Chenopodium amavanticolox

and on Cassia tora {(Lima and Melson, 1977). wali and
Kulthe(1980) studied a potyvirus causing mosaic of cowpea
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in Indi. and reported diffcrzont typos of lecal lesions

on dlfferent hosts. They rzeported notrotic lecal losions
on Somphrone globasa, Doliches biflorus, Phascolus
vyuluardis vax. Prince and Yigna zadiasa var. Jalogoon-781.
Chlovotic local lesions wese repovted on Glueing may var.

Hionettay ghascolus vulsaris var, Blels, Rockovs ond
s exlicka. Chlorotic ond Ucepetie lecal losiong were

roperied in Chenopodium amaranticolor and Chenguodivm
guinpa and red local lesions in Ghenovedium muralo.

Ceztalin common weads have been re, oried as rooefe
volsrs of cowpea rosaelc virus by some scientisis, Twe
somion woeds yoporied aswservoirs of cowpea mosalec virus
are puphorbia geniculata {(Abeygunawerdena and Porera,1964)
and ghesgsiuvs lathyroides (+lsoners and Sanilage, 19723
Lima and Melsen, 1977).

A e -~ &
Vi. Yariewdl screening

bereoning of cowpea varvledios for resistance against
difforent cowpea mosalc viruses has beon done in difforont
PAacaS.

Abeygunawardens and rerera(i964) conduciod studics
on the resistante of cowpoa veri.lies to 3 virus disease

affeeting gowpea in Coylone The varietioes Groit, Victor 1I,



hegron, Delp 8312, veip 8862, Arlington and Bizningham
were found highly rosistant to the virus and the variew
ties Jictor K 798 «nd Brabham < 8§92 ceveloped local
lesions, The variety Jackson Alabama showed 2 mild
systemlc mosale and all the other local and inixzoduced
varieties tested were found highly susceptible,
Govindaswamy gt al.{1970) screensd 112 varietics of
cowp.ea for their reslistance io cowpea wmosale virus and
found 108 varieties as susceptible and three varlietios
as tolerant to virus infection. No variety was found
to be immune to virus infecétion. Behncken and Naleevsky
{1977) reported that all the 14 cultivers tested were
found suscepiible to cowpea aghid-borne mosaic virus

in wucensland. Ladipe anc Allen(1879) condugted glass
house screening o9f differcnt cowpea varietics for identim
fication of resistance to Nigerian isclate of cowpea
aphidwborne mosaic virus. In glass house screcning,

52 lines were found immune, six found as tolerant and
the rest cither gave mixed reaction or were susce; tible,
None possessed hypersensltive resistance. Allen{1980)
conducted verietal screening of 562 cowpea accessions
for resistance to two isolates of cowpez motile virus.
lolerance was the only type of resistence identifled,
More then 50 lines were identified as possessing resige

tance to both isolates, 0f chese five are resistant as



founa by othor workems also,

=21l gt 23.{1981) studied the registanse ef 23
Goupss Yariebles Lo bean yellow moseic, cowpea aphideborne
mosaie end tobatco ringspot vizus and roporitod G268
a5 vhe only variety immunc to bean yellow mosaic vizus
and covpea aphildeborne wosaic virus, fulton and Allen
{1982) roporied that four cowpes agcessions from ihe
intesnational cowpee diseqss nursory were zound fmnmune
o three diversse isolates of Covwpeas sevore mosale virus
from Arkansas, Costa Rica and Venezuela and axroivhor
variety was found to possess resistance o six icolates
of iho virus, rcatel gb 3).(1982) scroened 249 cowpea
cultivars by sap inoculation with veinbanding strain
of cowpea mosalc vizus in glass house and field condie
tions., Ten lines proved immume and sisht found to Lo
rgsistant, Jf the rest, 92 lines proved moderaloly
suscopbiole, 36 dolaved susceptible, 176 suscoptible %o
very suscoptible ond 13 showed hetorogonecus poatiion.
Abird and Thottappilly{i984) reporlied from Nigerea thet
mechanical inoculcotion i babier than aphid transmlssion
in stieening studies, Colling gt 53.(1963) ssvecned
4o cowpea cultivars for thelr resistance to black eye
LoLPER MOG2Le Vvirus, cowgea ehlorotic mouvble virusg

cuuped mesaic virus, coupea severe wosait virus, southern



pean wosale vizus (cowpea strain) and cucumbor mosaic
virus, Flive cultivars showed promising levels of
reosistence to BICGY only. All the 96 cultivars were

suscoptlible to the other five viruses.

Vi, Sepalogy

de wurification

Different pethods of purification of gowpea rosalc
virus have boon reporicd. Butanolwchlerofeorm method, polyes
thylene glycel-Nacl methed, o combination of these two
methods, Butanol clarification of the virus and procipitaw
tion with PEC, using thioglyvollic seld, Ammonium sulphate
and Nacl arce gsome of thess metheds, Stoere(1956) purified
cowpea mosaic virus using butansi-chloroform method. In
this method the infcobed plent sap was extracted in 0,7 &
posphate buffer of i 7. Van Kompen{i1971) also purified
cowpea mosaie virus eqploying butanolechloroform method.
But instead of using phosphote buifer he used Q.02 4
potasaium acetate bulifer containdng 0,002 I IDIA of pil L.8

for leal oxtragt preparabicn.

Hebeort{1563) and Van gammoen{4967) purified cowpsa
mosaic virus by PEGeNacl method. The leaf oxtraet was
clarified by cemirifugatlon a2t 1000 g and then JEG 6000
and Macl were added, Van Kammen{1967) roported that FiGe-
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Mac) method gave high yields of purified virus compared to

wutanolwchloroform method of purification.

Van Kammen and deJagex(1978) used a method of
purification of cowpea mosaic virus which was a combinae
tion of butanalwchloroform method of steere{1956) and PEG-
tiacl method of Hebert{1953). Roek and Conti{1974) reported
anather method of purification of cowpea mesalc virus.
They extracted the sap of infected leaves in 0.5 M sodium
citrate buffer containing 1 per cent 2 mercapte cthonol
of pit B4t anu clarified by treatment with n~butancl and
suojected to differcntial centrifugation. Lima and Nelson
(1977} purificd the cowpea mosaic virus by butanol clarie
fication and precipitation with polyethelene glycel,

Lima gx 81.{1979) reported that either n-butanol or a
combination of chloroform and carbon toirachleride can be

used for the initial clarification of cowpea mosalc virus,
b. Sarological testis

Several sciontists worked vut the relatlonship of
viruses causing disease in cowpsa and othor legumes.
rerez gt al.{1971) reported that a virus causing mosaic in
suerto Aicy was closely related do cowpea mosaiec virus
from Arkamsas and Trinided. He alsc found that the passive

haemasglutination test is highly sensitive for the detectlon
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of .lant virus antigens. according to Bock and Conti(1974)

cowpea aphideborne mosalc vivus belongs to potyvirus group,
but no sersclogical reolaticnship exists between eowpea
aphld-bornc mosaic virus end othier potyviruses,viz,.,
potatoe vizus ¥, bean yellow mosalc virus, pes seod

boxne mosale virus, clovor yvellow vein vizus, soybean
mosaic virus, sugarcono mosaic virus, tobacco severe eteh
vizus and iris mosalc virus. Sorxelogical relatlonship of
sowpca chlorotic mottlic virus and bean ycllow mosaic

virus was reportad by Fulton gt 2l.{1975). Lima and
Meloon(1977) found that purificd sap extracts of cowpea
x0saic virus infecting cowpea and Fhaseplus lathvroides
reactad with cowpea mosalc virus antiserum but not with
antisera of bean .od mottle virus, broad bsan mosaie
virus, cowpoa chlorotic mottle virus, southern bean mosaic
virus or sovbesn mosaic virus in gel diffusion tests.

it was algo found that the cowpea mosaic virus isclates

from cowpea and Phaseolus lathiyroideg were slightly

difforont serologically as a spur was formod betwoen the
two when regacted against the antiserum specific to coupea

isolate,

Fulton and 5Scott(1579) putforth a sersgrouping
concept for legume Gomoviruses. Five sorocrours have been

recognised. Lima gt 21.(1979) found that the potyvirus



isolated from cowpse In Ceara was scrologically related to
but distinect {rowm black eye cowpcs mosaic ond bean common
posalc virus. Immunedifrusion in agar gel containing sodium
dodecyl sulphate was used for detoection of cowpea virusos
by Linn and Purcifull(1980) and Lin gt 31,(1981). fall
and aulihe{1980) re.orted that the scedeborne potyvrizus
causing mosalc of cowpea in India is not relates scerologism
¢ally 1o alfalfa mosalc wvlrus, boan common mosales virus,
cucunber mosalc vizus, tobacco mosale virus and iobacco
ringspot virus, Antiscorum gave precipiiin end point of
11256 and ithe entiserum titwe 941024, There onisted a
close immunological relaticonship beiween Cimid cowpea
vizus antinen and broad bean isclate of bean yallow mosalc

irUus,

pariand gb 21.(1960}) roported that an aphid and
seed=borne rosalc disease of gowpoa showed o serological
relatlonship with g strain of tobacco mosaic virus,
Sanchez and Gonzales(1981) identified a close serxological
rolationship betwesn yellow and severc stralns of cowpen
mosals visus, Taiwo and Congselves(1982) grouped the isclates
of blach eye cowpoca mesaic virus and cowpea aphidebuimne
nosaic virus isolates into two serogroups. Mali{19a3)
reported that one of the isolatos of seodeborne potyvirus

causing mesaic of couwpea in India is serologically related
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b CAsY of Bock and Conti{1974). Lin gt al.(1984) roported
that there are four distinct serolypes of cowpea severe
mosale virus isclates and that the four serotypes showed
cross reactivity among them due to a common antigenic
doterminant, Docha~ ana and Fulion{1984) reported a

close serological relotionship between cowpea mosailc

virus lsclate of Tabasco and isolates from Arxkansas,

kuerto Rico, zl Salvador and Venezutla,

VILI, gifect of virus or orowth of wnlant

Harrison and Gudauskas(1968) studied the effect
of bean yellow mosaic virus, cowpea chlorotic mottle virus
(CClY) and cowpea mesaic virus (Cpiv) individually and in
mixed infections on growth and seed yicld of the cowpea
varieties 'Clay? and fZarly Ramshornt'. Only bean yellow
mosaic virus caused significant reductions in growth and
seod production of trarly Remshornt. A mixed infection of
COMV and CplV ceduced seed yield whersas neither virus
alone had any effect. HNone of the viruses alone or in
combination afiscted growth or yield of *Clay', Khatri
and Chenulu, (1970) reported that cowpea mosaic virus
infection decreased the dry weight of leaves in resistant
and suscepbible varieties, wmoisture content in susceptible
varletles and affected mincral metabolism, Gilmer gt al.

{1973) roported from sestern Nigeria that early infections



of cowpea mosalc virus reduced the yields by 40-60 per cent
and late infection caused rodustion of only 510 per cent.
Sharma and Varma{1976) obsexrved a 41.8 poer cent reduction
in the yield of cowpea as a result of infection of cowpea
cnlorotic spot virus and cowpea banding mosale virus,

Fegla gt 21.{1981) studied the effect of cowpea aphide
borne mosai¢ virus and cucumber mosalc virus on growth and
nodulation of cowpea., They obscrved that the shoot length,
and frosh and dry weight of roots and shoots were affected
by infection with the viryses individuslly ox in combinaw
tion. Nodulation was also reduced by combined infections.,
vaverde gt al.(1982) re;orted from Costa Rica that cowpea
mosaic virus infection reduced the yield of cowpea by 84.8,
82,1 and 5046 per went,when infection occurred hefere,
during znd after flowering, respectively, Graham{1985)
found that cowpea severe mosaic virus infection reduced
the leaf area, shoot weight and nodule weight significantly
in the case of early infections., It was also found that
in diseased plants in the absence of fertilizex Ng the ped

yiaeld of cowpea was also raduced significantly.

IXe LEffect of leaf extract spravs on develogment of cowpes

nesare virus

The antiviral effect of leaf extracis have been

reported by soveral sclentists. The antiviral effects of



29

Jeaf ext%asts of Gapsic

& gm and Dotuzra stxamanium
were recorded by ﬁay&ﬁamﬂhmri and Prasad(1969); and Shapma
and Raychaudhuri(4968). Theré have been reports on the
izabilis jalapa.
diffusa (Verma

antiviral effect of leaf exbracis of 4
{Verma and Kumaz,1980) and Bosrhaavia
Avasthi, 1980).

Vorms and Dwivedi(1983) reported from Lucknow
that the leaf extracts of pougainvillea spectabills
protecied ;;;;;;;;g;;;,*"”*' 'ﬁﬁﬁﬁmﬁné

Erotalavia junce

tobaceo mosals uixusﬁ tomate yellow mﬁ&%laxviras, physalis
shoestring mesalc vivus and cucumber green motile virus:
They obtained complete protection against the discases
with six preinoculation sprayss 7They have extracted a
virws inhibiling factor from the leaves of the hest plants

sprayed with Rougainvillea speclabilis leaf %xﬁrmgﬁs and

roported that the wx&a@ﬁﬁé of virus Xﬁﬁ%bit&ng factor was
the reason f@ﬁ the @xyxes;i@n,e% antivirval effect by the
troated plants, '



MATERIALS AND METHODS



BaTLRIALS AND ETIODS

1. Symptomatology

Seeds of cowpca (Yionz unouiculata(Ll.)sslpe)
variety C-152, obtained from the Dopariment of Olerie
culture, follege of Horticulture, Vellanikkara, Trichur,
were sown in poils contalning A sotiting mixture of sand,
ved soil and cowdung({lsi:2). Leaves of cowpea plants
showing symptoms of Cowpea mosaie virus disease were
colliected from the ficld. Tho culture of cowpoa nmosaic
wirus (CpiV) was malntained by repeated transfors on
cowpea plants in inscol proof glass house by sap inoculas
tion., Sbymptomatology of cowpos mosale virus ulsease was
studied by obsexving the development of symptoms in
naturally infested as well as srtificlally inoculated
cowpea plents and Ghenopodium auaranticolor Coste & Reyn.

1i. Irepsmission
e Lap transmission
The culture of the virus maintained in the insect
proof glass house as mentloned above was used for the

studioes,



Sap transmission studies were condusted using
standard sap, sap extracted in phosphate buffer and tris
buffor. JIn all sap inoculation studiss 600 mesh ecarborundum
powder wag used as abrasive., Young leaves of systomlcally
infected plants showing typical symptoms wers collected
and triturated using a ¢lcan and sterile wortar and pestle,
The zesulting pulp was straipmed throunh sterllised cotton

wool and used as the inoctulum.

The standard sap was prepare¢ by crushing the
infected leaf of known welght into a fine pulp by adding
one ml of sterile distilled water for overy gram of
disoased tissue., Vhen tris buffer (0,1 M, pH 7.0}, and
+hos, hate puffer (0,05 5, il 7.0} wers used as axtraction
nedia, tha sap was extracted after adding onc nl of the

buffer in each case to overy grem of Infected leaf tissuo.

The esuressed sap after initial claciflcation,
wag used as the inosulume Inoculailion was done by gently
rubblnyg on the upper surface of the leaves with iqoculum,.
. lomts were ineculated Jhen they were in the two leaf
stago. « small guancity of caroorundum Lowder was sprinkled
unifornmly on the leavoes before application of inoculum,
Gare was taken not to cause exeess injury to the leaves
during inoculation. Scon after the inoculatlons 1he lsaves

wore wasned with disiillou woter using a wash boltle,



Ten planis each were inoculated for every experiment
and an equal number of uninoculated planis were kept

as conirol. The oxporiments wezre done in cooled condie
tions also l.e. the incculum was prepared from {rozen
leaves using previously chilled postle and wmortar. The
sxperiments were dono twice and the plants were kept

under observation in insect proof conditions,

2. Seed transmission

Threc hundred and oighteen sceds collected from
cowpea mosale virus {(Cpliv] infected cowpea planmts were
sown in pots in the insee¢t proof glass house, The plants
were kept under observation for three weeks afior germinge
tion.

3, Graft tronsmission

»mall shoots showing systemic symptoms were
selected ror preparing scion, The bagse of the scion was
trimmed to a wedge shape and insertoed iato a cleft made
an she stem of the stock grown in pots kept in the inscct
proof gless house. Thirty days old healthy plants were
used as stock, Most of the leaves of the scion were
rewoved and the base of the scion was inseried into the

cleft of the stock. The graft was then tied properly with
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a polytheno bag to retain humidity.

4, Insect transmission

insect ftransmission studies were carried out by
using Aphis gruccivora Koch, Aphis gossypil Glov. and
aphis malvae rocn, as vectors. The aphid s.ecics werae
identified at the depariment of Agriculilural Entomology,

Gollege of Agriculture, Vellavani. Nonviruliferous aphids
were collected from healthy host plants i.e., Aghis
craccivora from healthy cowpea plents {Viona unguiculata(L.)

walp) Aphis possypil from snake gourd plants(Izichosapthes
anguina L.) and Aphis malvae from bhindi plants (Abslmoschus

ogculentus (L)Moench).

rresdatjuisition fasting of one hour and an acquie-
sition feeding of ten minutes were giveon. A fixed punber
of aphids werc transferved to each of the test plants and
allowed to foed for 24 h, After thaet they were killed by
spraying 0,1 per cent methyl parathion. As in the case of
mechanical inocculation an equal number of control plants
were kept in separate cages. Unly apterous form of aphids

wag used in theso brials,
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IXY, Lhysiecal properties
1., Dilution end point (DEP)

Infectad cowpea le2aves of hknown welight were
crusned to fine pulp by means of clean and sterxile
seriar and pestle adding one ml of sterile disitilled
water por gram of leaf material. The resulting pulp
wag strained through cotton wool and thus the standard
sap was obtained., Serial dilutlon of the standsard sap
{1:1) viz., 10‘1, w02, 10‘3, 10™* and 102 were prepared
as follows, 35ix test tubes were arranged in a row in a
tost tubs rack, Nine wml of sterile distilled water was
disponsed loto each of the five test tubes starting from
second test tube by using a sterilised pipette, The
standard sap was poured into first test tube without
adding sterile distilled water and kept as control.
one ml of the standard sap was transferred to the socond
test lube with ¢ ml distilled water to get a dilulion of
19“1. it was mized ilhorcughly ond one ml of the 10~
dilution v transferred to the next itest tube 1o prepare
a dilution of 1077, The preparation of serial dilution
%as continued until a 10™ dilution was made. AL) the
transfers wsere made with sterilized pipettes. The
different dilulions were used for inoculation on separate

sets of test plants starting from the highest dilution,



Ton cowpea plents wego inotulated with cach of tho
cilutions. The inoculsted plants were labolled and
kopl under insetl proof conditions and obsorved for
developnent of svipions, The ocuperisonts were repeatod
far confirmatisn of results. The inotulation was also
done on four leaves of tho indicator host Chenopodium

supranticslor and the onscrvatlons on the numpor of

loesl losions pooduced wewg racorded.

Z. Thorasl Inasbivutlon poant (TIP)

The sap $xowm the infested cowpea planks was
pra.ared as in the above exporiment. Five ml of ilhe
sap was pipetted into a thin walled glass test tube.
Care was baken not to smear the upper paxt of the test
tule. It was then placed in a waterbath with thernestat
arrangoment. The woterbeth was filled with vater until
4ho level reachod 3 om above bhe level of the sap in the
wubos. The test tube was kept fov ten minutes in the
wabcrbath waintalned at 35°G, The contrel was kept at
zoon temperature (28=30°C), In the sams manner five ml
lots of ihe sap wore kept for ten minutes cach at 3%, 40,
4u, 50, Sh, 60, 70, 80 and 90°C and thormometer wis placed
clowe wo the tube in the watorbath to check the tewperas

ture. Arver ton minubtes in sach case the tube was removad
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and ¢soled lumediately in zunnin, watex. The untroated
and treated samples of the sap were used for inoculatien
on the test plants by swoaying them on leaves sprinkled
with carborundun rondor,. Inoculailon wos done on heslihy
leaves of Luo wonths old Chenopodivy awasanticslor. Five
Jeaves wera inosulated in sach trealment, and the oxperi~
ment was rapeated to confiny the vesulls, Dhservations
on the nuabcr of logal lesions produced on lesves of

Cherasodice ameranticolor were rocorded.
3, Longovity in valzo (LIV)

The sxp from tae indacted cowpes plants was
pregaryd as in the above oxperiment, Five ml of tho sap
ras pipetted into test tukes and closes with aluminiuvm
foil. Tha tubes wore kept ot room temperaturs {28-30°C)
and also in refrigerator (3°C). vno tube oach containe
ing the sap of saoch treatmont was taken aftor specific
parions, vize, g b, 2, 4, B, 8, 12, 24, 48 and 72 h and
insculeted su leaves of Chepepesdun amazanticolor. Five
lesves were inoculatod in czch treatmert ono tho experi~
ment <as repsatod do sonflem the resulis, In all the
arperimants the inosulated plamis wers rept under insect
prosf eonditions anu obscrved for the dovolopment of

Symplens.
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IV, Vectorswirus velationships

Cowpea plants showing typical symptoms of cowpea
mosaic virus were collected from the field and the culture
of the virus was maintained in insect proof glass house
by zopeated transfers to healthy plants by mechanical
inoculation. Vizus free aphld colonies were maintained
on suitable healthy host in insoct rearing cages.
Lxperiments on vector~vizus relationships were conducted
by using Aphls craccivora which was found to be the most
efficient vector, In all the insect transmission trials
only full grown apterous ophids were used. During
fesding of tho aphids the test plants were kopt in insect
proof cages. The aphids wore killed at the end of reguired
feeding period by spraying the plants with 0,1 per cent
methyl parathion (metacid 50EC). In the ecase of short
feeding periods of less than {ive minutes the jndividual
aphids wore watched through a mangifying lens and the
time of feeding was determined with the hslp of a stop

watch aftor the aphids had settled down to feed.

1. Ilininum acguisition feeding period

A large number of nonviruliferous aphids wexe
sullected and were given a preeacquisition starvetion of

one hour. Batches of ten aphids each woxe given acquisie



tion feeding of 20 2, 30 5, 1, 24 By 10, 10 ond 30 min
and 1,2 4 and 24 b on diswased plants before transferring
thens to healthy cowpes plents. The aphids weze then
allowed to remain for 24 h on the test plants and were
Lilled thereofter by spraying 0,9 por condt methyl
parathlons.

2, ddnimumn inocculation feeding peried

nonvizuliferous aphids were given one liour proe
acqulsition starvation and an acguisition feeding of 10
minutes. Then the vizullferous aphlds weze transforred
in batohes of ten to individual healthy test plants.
kach batch was given separate inoculatlion fecding perieds,
viZey 10 5, 30 8, 15 2, Ly 10, 15 and 30 win and 1 ho
The apbids wezo hilled aftex itho specific incculation

fecding peried by spraying U.1 per cent mothyl parathion,

3¢ Influence of {asting before scquisition and inoculaw
tion feedings

L Pre-acquisition fasting

A laryo number of nonvizuliferous ophids wese
stazved for diffezent pericds such as 30 ming 1, 2, 4 and
24 he Then they uere allowed an ecquisitlon feeding fev

ten ninubes on diseasod plants and subsequently they were



confined in batches of ten to healthy test plants for
inosulation feeding, Effect of ecach preacquisiticn
fasting poriod was tosted on ten hoalthy test plants,
Contro) plonts were alse kept with an coucl number of
aphids but without ony pre-acquisition fasting. After
24 h the aphids were killed by spraying with 0.1 per cent
wethyl parathion., The experiment was repeated to conflim

the Tosulls.
iie Posteacquisition fasting

A large numboer of aphids were starved for 1 h
ang given an ecquisition feeding period of 10 minutes.
Thess viruliferous aphids were then slarved in batches
of ten for difforent periods such as 30 min 4,2, and 4 h.
Lrours of ton aphids from cach of those categories were
transferred to cach healthy tast plent, Effect of cach
posteacuynisition fasting perioed was tested on ten healthy
tost plants, The controls were malntalned with squal
numbor of 3phids with no posteatquisition fasting, The
apnids ve.e killed after 24 h by spraylng Q.1 por cont
wmothyl parathion. The experiment was repeated to confirm

the results,



4.Retention of infectivity by the vecior

The experiments were conducted with virullferous
insects which were transferred in successien o a seriles
of healthy cowpea plants after a definite inoculation
feeding period on cach plant. A large number of aphids were
starved for one hour and fed on discascd cowpoa plants for
10 min to mske thom viruliferous. Groups of ien aphids
were thon transferred in succession to a serdes of five
haalihy plants transferring the inscets after a definite
interval. The different feeding intervals allowed in
different series were 15 min, 30 min, 1 h and 2 h, The
aphids were killed from the fifth plant of the different
series by using O.1 per sont welthyl parathion, The

exporinent wuas dore twice,
5, kinimum nueber of aphids reguired for transmission

Single aphids as well as groups of 3, 5, 10 and
1% aphids were collected from a nonviruliferous colony
from the rearing coge and were sterved {for one hour,
These aphlds were made virulifersus by feeding them on
disecased cowpea plants. After an acquisition fecding
pericd of 10 mun, the aphids woere transferred to healthy
test plants oy using a camal hair brush without causing

any injury to the insects and allowed to feed for 24 hours.
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They were then kllled by spraying the plants with 0.1

per cene methyl parathion.
fe Incubation period of wirus in the hosi plant

Twenty healihy cowpea sesdlings of two leaf
seage were incculatod using apnis craceivers and observow

wlons were taken on the date of appearance of symptoms,

Vo iogt-Hange:

To determine the host-vange of cowpoa mosaic virus,
plants belonging to 73 species of 17 fomilies were inoculae
ted by sap ineculation. Four to five seedlings were inocuw
lated in cach vase. The plants which did not show symptoms
after four weeks wone indexed by back inoculation to
Yigna woguiculeta(l.)valp. to find whether they were
symptoaless ¢asriers of the virus. Following plants were

used for hosi-vange studies,

1s Acanthacean:

a) Angraoraphis echioides {L.jtless

b} Jugeieia uzosirata Grashle

2. Aunaranthaceasa:
a}) omaranthus caudazus L.

s

b} Amaraprthus wviridis L.




3.

é

7

.

¢} Alternantocra sp.

d) Celosia sp.

o) Jomphrena globosa L.

§) Spanacia oleracese L.

ApDCYNaceacs

a) Vinca rosea L.

Araceae:s

a) Caladium Si.

b)

Colocasia esculenta L.

Capparidaceae;

a} Gleome yiscosa L

Cnengpotilaceao:

a) Ghenopodium amaranijcoler Coste & hoyn
b) Chenopodium guinea Willd,

¢} Chenopodium murale L.
Compositae:
a) Ageratum conizoides L.

b)

©)

d) Synedrolla nodiflora Gaertin

e}
£)

Jiutlie sonehifeolia DO

Eupatorium odozatum L.

Izidan procumcens L.
¥Yexrnonia cinerla L.




g) «innis elazans Jaeq,
h) sinpia ilinnearis L.

8. Gucurbitaceast
a) cucurbita moschota Duch,
b) Gueurbita povg Le

¢) Cuevmds sativas Le
d) yiemordica charantia L.
@) Iricbosanthes spauina L.

9. Buphorbiaceaes
a) Agalypha indica L.
b} groton spaxsifiorus forong
¢} Buphorbis hiria L,
d) maninot osculenta Oraniz,
e} Phyllanthus pirurli L.

104 Lraminaes
a) Echinognioa solopa (L.)Link.
b) Peves sawiva L.
¢) .anicum zepons L.
1. Jlalvaceses
a) gheslvesehus cseulentus (L. )ioench,
b) 8ida scuty Duru F.
12Z. Labiataes
a) Leugas aspexs (willdjsSprong.
) yoimum sanceum Lo



13, Leguminogsagy

1. Gagsalpiniaceac:
a} Casssia geeidentslis L.

2. Dimosaceae:

a) duzosa pudiea L,

3. s apilionaceaes
a) Arachis hyposaca L.
b) Galanus tajan (L.)/illlsp.
¢) Lalapaconium mucuneides Desv,
d) Conavalia ensiformis (L.)DC
e) Llitoria kernatea L.

£) Crokalaria junces L.

g) Cyamopsis tetragonaloba {L.)Taub,
h} bolichos biflorus Auct.

i) Slyeine max (L. )ierr.

3) chaseolus vulgaris L.

k) yisum sativum L.

1) gsaphecarpus totragonalobus (L.}0C

m) Stvlosanthes guianensis (Aubl) SW.

n) Stylosapthes guineensis Schum & Thonn,
o) Yigna mungo (L.) Hepper

p) Viona rodists (L.) Wilczek

q) Vigoa sesquipedalis (L.) Fruw




He

kM

6.

17,

cegaliscaae)

a) posamum indicum L.

holanaseass

a) Lapgicum snnuum L.

b} Datura siromoniun L

¢) Datura pehol L.

d) Lycoporsleon esculentum kille
o) Navotiena alutinosa L.

£) hicotiana ishacum L.

) sgtunia hybrida Vilm

h) Sclanun pelonaona L.

Varbenacesss:

a) Clezodendron infortunstun L.

b} Lantana e300ra L.
¢) Staghytarihieta indica L.

Zingib: caocao
a; Luzcure domestica Val

b) Zingibor sfficinale Rose.
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Vie Variobal soroening

Ten varieties of cowpea plants sbtained from
hogional Agrlculitural Rosearch Station, Pattambi,were
tested for thelr resistance to cowpea mosaic virus.
Forty plants of each variety were inoculated with the
virus using stondard sap as inoculum. The inoculum was
prepared from systemlically infected cowpea loaves by
triturating them using mortar and pestle addling G.1 M
tris buffer of pii 7.0, The standard sap was sirained
through cobbtoneweol and immodiately inwculated on leaves
of test plants, Healihy cowpea plants of two leaf stage,
grown ia xnsect proof glass house were used as test
plants, Following were the varigties used for scroening

studias,

Jo Hew Era

2o ABG~1

3 Ve240

4, fanakasony

S Cwib2

s VD9

Ts V837

Be CoGe104

Q. V=37
10, Kozhingil (local varioty)



Observetions on the incldence of tho dissase

wore regorded on the 14th and 28th days after inoculation.

Vil. Sernlagy

te Furdfication of vircus

Tuwe pelhods of nurification of vizus were tricd,
(1) The incculun was propared by triturating thoe systeml-
cally infegted leaves at the ralte of one g/l of 0.1 M
phosphate buffor of pt 7.0 veing a ¢lsan Jdnd sterile
mortar and pestle. The hooogenale was thaa strained
through & double layer of muslin slsth and thioglycollic
acid was added to the f£iltcred saep, ad the rate of two ol
per 120 md of tho sap. Then the zap was coptrifuged at
5000 rpm for five minutes 4t 4°C ueing HILNAG refrigerated
gentrifuge model HOR 20PA, to reaove the host malerial.
The precipitase was discorded ond the clear supernatant
was taken and activated charcosl wae added to that at the
ratc of 0.05 g/ml of the sap. The sap and activated
charcoal were mixed thoroughly and allowed %o setile for
1% min. Then it was centrifuged at 6000 rpm for 10 min,
The presipitate was discarded and the clear supernatant
wag Llaken. $ix per cont poelyethylene glyeol{PLG) and 0.2
por cent Nagl were addod to the supernatant and kopt at

4°%¢ for €0 to 90 win. 1t was bthen contrifuged at 2500 ¥pm



for 10 min. The precipitate was disgolved in 0.1 M
phosphatc oturier 6f pH 7.0. The supernatant and preciw
pitate were Lesied for their infectiviily on cowpea plants

as well as Chenopodium amaranticolox,

(1i) In the second method, purification was done by using
PG and Nacl. The inocculum was preared by triturating
the systenically infected, frozen leaves at the vate of
1 gf/ml of)0.01 ¥ phosphate buffor of pd 7.0 using a clean
and sterilc mortar and pesile. The homogenate was then
strained through a double layer of muslin cloth. The
filtored sap was centrifuged for 1% min at 10,000 g.

PEG and Naecl were added fo the supernctant to gel final
consentrations of 4 per sent and 0.2 K, respectively, and
centrifuged at 10,008 g for 15 min., 1lhe precipitate was
digsolved in 0.01 M phosphate buffer of gl 7.0. The
supornatant and precipitato were tosted for their infectie
vity on cowpea plants as well as om Chepopndium

amaranticolor.

The supernalant obzainad from sceond method of
purification, found to have hijhest infectlvity, was used

for injecting rabbils,
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2, srepaxation of antiserum

Two Hewzealand wnlte female rabbits were used
for the production of antiserum. The purified virus
preparation was emulsified with Freund¥s incomplete
adjuvant (Difce), in the ratio 1t1 viv. This cmulsion
was injected inlramuscelazly foue tlmss at an intszval
of 7»10 days. Four mdl { 2 mi anbigen + 2 nl adjuvant)
was anjocted at a timo ait the cate of 2 =l portions
into eaeh thigh muscle., A Fifth Injection was given

ntravonously 7 days after ine last iniraruwscular injoge
tion. Two ml of antigon alene was injectsd lntc marginal

ear vein of cach vapbitb,

Tura weoks aftor $he last injsciisn the rabbits
woere bled. They wece fas.ad for 12 b prier to bleeding.
The marginal saz vein, widonegd tenpoiarlily by xubbing the
ear with xylol, wzs sovores with @ razer blads for bleede
ing the rabbits, The bloced samples werc aseptically
collecied in 15 ml tubeos and wore ailowed t0 coagulate by
oeping the tubes at zoeou tempovature for two hours, The
coagulated blood clot wss leosoned witn tha help of a
sterilizod glass rod ond the somples were kept overnight
at 4°C, Tho cloar setum wes decsnted and senliifuged at
S000 g for 30 minutes &t 4%C, urifled serum wae pipetted

oul using a sierile pipette and dispenseod o S ml vials,



Sodium azldo was added to tho clarifled serum as a
prosozvative, oo as 1o make o final congentration of
C.01 per cent, Vials woro then sealed, labelled and
tept in a freezer.

Tug weeks after the first blsoding one more
intravenous injeection was given and the rabbiis wore
again bled after ong week,

3, Serological tests
(i) cievopresipitin tost on slides

Thirty microlitros of apntiscrum and the same
guatitdty of virus suspension were minod on & microscope
siide. Tho minture was incubated at 257G uador high
humidity for 2043 min and eoxamined under microscope.
Isolates of coupea mosaic virus (Cpiv) isclate I (Isolated
from ciseasod plants in the glass house)} and isclele 15
and IIX {isolated from twp differsnt lasalities), snake
g ourd mosaic virus, sword boan spsslc virus, clusiocr
bean mosaic virus, punpkin rossie virus, bitier gourd mosalic
virus and cucumber mosale virus were tested against the
anbiserum of cowpea smsalc virus isclate I. Tho above
mentioned virus isolatos wero also tested with normal
gorun frem healthy rabbits.



The cowpea mosaic virus antigen was testcd against
six other antisera alse, viz., cowpea severs mosaic virus,
cowpea mosaic virus (USA), cucumber mosaic virus{cowpea
isolate), scuthern boan mosaic virus, cowpea chlorotic

motile virus and cowpea mosalic virus El Salvador,

(il) microprecipitin test in petridishes

This test was used to determine tho titre of the
antiserum with the virus, to measure the ond point of the
virus, the titre of anuisorun with healthy sap and the
end point of the healthy sap with aptiserum, Procedure
was carried out as described by Noordam({1973).

Cowped loaves showing typical symptoms were trie
turated using & clean and sterile mortar and pestle and the
sd p was stralned through cotion-wool and centrifuged at
5000 g for 15 min to get clear supsrnatant. Using a pasteur
pipette one ml of that, was transferred into the first of
a scries of numbered corning glass tubes wlth a capacity
of 1 to 1.5 ml. The second tubo was half filled with the
sap and an equal amount of saline buffer (0,85 per gont
nacl in 0.01 I Tris onymethyl aminomethane buffer of 4 7.0).
The liguids were mixed by inverting the tube several times.
This tube contained the sap diluted to 42, Half of this

dilution was transferrved to next tube and an equal volume
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of saline buffer wis added s «9 Lo make a dilution of ¥4,
This methed was continued %o mako dilution of the serloes
e Y2, YA, N, TG, [32, Y84, 128, Y256, Y512, V028,
2048 and Y4096,

1n the same way as with the sap from virus infecled
leaves dilublon series vere made for antiscorun and healthy

sap alse. Healthy sap vwos used in the tost as comirel,

A sehepe waz drawn on @ paper with 10 wn squares
and tne sap and antiserum dilutions were mavked as shoun
in figuré, 4 peiridish of 12 om diasmeter wes kept on the
top of ihe schome, keeping the dish st 8%, Using 2
pasteur pipotto, drops of saline buffer woro placed in tho
petridish at the point wierve the line labslled Hacl-buffor
noeb with the other lines, Using another pipette 13 droeps
of the loast coneentrated sup (Y4095) were spottad szt the
intexsostions along with vortiesl line labelled Y2098,

The next dilution of The sap was spotied with anotbor
pipetto along that particular line whirh indicated that
dilution. This was continusd until the scheme for sap was
comploted, The lowest concentratien of the antiserun{Y4096)
aas token in a frosa pipette and one drop was suotiad Yo a
galine drop and %o the 13 diffexent dilullons of ihe sap

at the point of intoersection of twoe lines., This process
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was continued until the scheme for the antiserum was
gompleotod. The above mentioned schome was followed for
pealthy sap also. The drops were covered with liquid
paraffin to prevent evaporation. Liguid paraffin was

added slowly through the sidog of the petridish,so that

the drops will not merge together. The petri dishes were
kept for 2 h at 28«30°C and examined after 20 min and 2 h
‘with a stereomicroscope with top light and black background,
Ine intensity of the precipitate was evaluatod based on a

scale given below,

]

HNo reaction

| = Barely visible precipitate
+ = 5light reaction

4 = poderate reaction

b = Heavy reaction

R = Very heavy reaction

The petri dishes were kept overnight in a rofrigera=
toxr and evaluated for the sccond time. From the above
mensioned test the tlire of the antiserum with diseased
sap, virus end point, the titre of antiserum with

heoaliby sep and cnd point of healthy sap with antisorum

were determined,
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118) ouchtorleony's agay double diffusion test

This test was done in serological poiri dishes.
Antiserum and virus suspensions (0.4 ml each) were added

to wells punched in agar.

Sterilized petri dishes were coated with a layer
of 2 per cent agarose{prepared in 0.01 M bris buffer cone
taining 0.89 por cont Nacl «nd sodlum azide 1o got a final
cancentration of U.02 per cent) 1o a2 thickness of 1 mm and
allowed to soldify. Above this layst 2 poer cant molied
Fgarnse was again added 1o g thickness of 3 mm, Thirty
minutes afiter pouring of agarose, with the holp of a
steriiized gel custer, six welles {ene woll in the centre
and the other five walls avound i) were made in each
plate., zach well wes 3 mm deep and 5 om in diamoter and
the distance betweon adjzcent wells was 10 mme. In the
central well { well No.1) of each plate 0.4 ml of undlluted
antiserun was dispensed with a pasteur pipette. In the
surrounding wolls antigens prepared from infected plants

wero dispensed as described below in five separate plates,

4) In plato I, walls 3 and B received distillied smter,
4 and ¢ redeivec baffor and well 2 the claxrifled
tcealihy 539

b} in the plats &, woll 2 received gap £ium hualthy

cowpea plants, 3 received cowpea noSels virus, 4



cucumer mosalc virus, ¥ snake gourd mosale vigus

znd & bitier gourd mosalc vizus,

e) In slate 11, well 2 reeelved sword bean mesaic
vizus, 3 recoived sap from hoalihy cowpea plants,
4 bitter gourd wosalc vizus, % cluster bean mosale

virus and & snuke gourd mosals virus.

d)  In plate IV, well 2 received CpiV isolale I, 4 pump=
kin mosale virus and 5 cucumbor resaic virus, wells
3 ond & received CpiV isolate 11 and CpM¥ isclate 11X,

rospoctively.

o} In plate ¢, the experimont was done by using purified
virus preparation diluted teo Y4 congentration. Well 2
contaxned the antigon of CpdW isolate I diluted to ¥4,
dell 4 contalned Cpldv isolawo I3 and well 3 CuW
isclate 1II each diluted to ¥4 concentration., well 3
contalned healthy cowpea plant sap diluted to Y8 and
well & contained buffor,

The petri dishos weére kept humii by plecing a
molstened filtor paper on the inner side of tho lids, The
experiments wore porformod tuwice. Tho dishes were kept in
stacks with ordinary paper in between &hem to provent any

seratches and incubsted at room toemporature and examined
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periodically for the appeaxonce of charssctoristic precie
pitin bands up to 14 days. After that procipiiin bands
were stained using amldo blaek as dedtailed below,

Before stalning, tho agay was sosked in two chonges
of 0.9 por cent phosphate bufferced saline for 24 h and then
in distilied water for another 24 h, Water was drained
out and the agar was covered with o vhotman No.1 filterw
paper and dried at 37°C. when the agar was completely
dey, the filterpapcr was stripped off, The dried agar
was then imwersed in amidoblack sialn (Appendinei) for

15 minvles,

&ftor staining 41 was washed two %times euch in
decolouriser solution No. 1 and 2 {Appendixel}. Bach
washing wes of one h duration. The plates were then
dried for one h at 377C and cxamined.

{iv) seaction of cowpea mosalc virus antigon with

differont antizora,

The relatlionship oi cowpoa mosaic virus antigen
with the «ntidsers pbtained from different plocos, was also
siudied using Quehierlony's ager double difiusion tosis.
were antigen of cowpea mesaic virus was taken in the

contral well, Different antlscrs were disponsed in the



gurrounding walls §

Jo
b3

two plates as follows.

First plate:

Lell 2. Antiserum of cowpea mescic virus {(JV) isolate.
# 3. Antiscrum of cowpea severs mosale vizus
¥ 4, Aptiserum of southern bean mosale vigus
5, Antiserum of cucumber nosaic virus cowpea isolate
“ Go Antiserum of coupea mosalc virus propared in ouxr
loaboratory,.

Scooond platos
well 2, Andisorum of cowpea mosalec virug EY Salvador.
® 3. &ntiserun of cucumbor moszic virus
® 4, yuppkin mosaic virus antlserum prepared in our
laboraiony.
* 5, Anviservn of cucumber wosaic virus Y50 afr strt

¥ 6 Antiscrum of Gowpea cnlorotic moiile virus,

A pot culbure exporiment was lalid out in completely

randosidsed design to estimaie the effect of virus infection
on growkh of cowpea plants. There were ien varicties and
two troatments, viz., unincsulated and inseculated. The

following ten vazielles of coupea werse used in the study.
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V1 G122

vy v 37

Vg GG 104

V4 Kanakamony
Ve v 87

d6 vV 59

V7 KEGet

Vf3 Vw240

Vg ~ozRingil (locsl variety)
V10 Hew sra

The glants were ralsed in insect proof glass house,
and were sap inoculated when they were at two leaf stage.
The uninoculated plants were kept separately from the
inocculated plants, observations were taken on leaf avea,
height of the plants, number of peds produced and length
of the pods., Ubsexvatins on leof area were taken from
the wost suscepbtible variclty (w402, The average of the
leaf arca of top, middle and bottom leaves of each plant
was calculated and Ehat was taken as tho average leaf azrea
of the plant., Obseovations sere taken from ten plants of
cach variety, averages worce calculated and statistiecal

analysis was conducied,
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IX. gbservations op natural ineidence of cowpes masale
Virus,

Cowpen plants groun in the germplasm gollzction of
the Department of Jlevisulture, College of Horticulture,
Vellanikkara, Trichuz, were oxamined to find out the
natural incidence of mosale diseases of coupea, Cowpea
plants were grown in ¢ total arca of 4.5 acres, Observaw
tiong were lLaken on 45 day old plants of 9 plots for the
incidence of cowped mos«ic, cowpea chloxotic wottle,
southern boan aosals and cowpea yollow mosale based on the

Symotons.

Ko Gontrol of cowpes mosaic disease by leaf extract Sprays.

& pol caliure experiment as described by Verma and
Laavedi{1983) was conducted %o £ind out ihe effects of
leaf oxtrast gprays on dovelopnont of cowpes mesale dlscase.
Leai exurachs of Bougainvillea sp. and bupskorium pdoratunm
selogiod from preliminary exporimenis we e used for the
study. Leaf owbtracts wore prepared by grinding 200 g of
froesh leaves in a grindor with 400 wl of 0.05 L. phosphate
puffor 4 7. The pulp was squeczed through two folds of
muslin cloth and the {ilitrate centzliiuged ot 3000 g fox
4% min. The clear supcrnatont was diluted up %o 1:5 with

G400 1 phosphate buffer of pH 7.0 and was gprayed on test



host plants with the help of 2 hand spraysz.

Cowpaa plants of two leaf stage were seleclted
and divided inte 11 lots of 20 plants cach. Six leis
of cowpea plants were given two, four and six prow
inocalation sprayings with sach of tho two oxtracts,
The gprayings werc given at an interzval of four h and
the plents weore inotulated 24 h after last spraying..
The next fouxr lots of cowpea plants wore glven four
and six post=inoculation goprayings with each of the
plant extracts, Ono lot was inoculated without any
spraying. vbssrvations on the appearance of symploms
were reconded,

60



RESULTS



RESULTS

1. Sympiomatology

The lesaves of the naturally infected plants showed
varying smount of dark green vein banding and inkerveinal
cnlorosis. Slight distortion of leaves and stunting of
the plants wore also noticed, In cerxtaln cases the pale
preen leaf lamina exhibited a net work like paticrn with
the veins and voinloeis appearing gzoen in colour. Im
soire cases tne infocted plants appesred chlorxotic even
wnen obsorved from 2 considerable distance. Dissasod

plants produced only e few pods which were small in size.

on mechanical lnoculation to ¢owpea plants of two
loaf stage, the symptoms appeared within 14 days. Tho
youns Brifoliate leaves showed complote chlorosis and
in sowo cases a mild vedn elearing. Subsequent leaves
showed mosale mottling with dark green ond light green
patehes. In rnost cases leaves showed prominent vein
banding {Fig.1)s In some coses the interveinal arcas
were yollowish, Plants infeeted at the early stagos
remalned stunted and flowering and pod formotlon wore
very vare. fhe virus could produce local lesions on the

leaves of Chenopodium amgronticolor. The loslons appeared



9,1, Symptoms of cowpea mosaic virus on cowpea
leaves.

Fig.2., Development of cowpea mosalc virus.




Diseased and healthy cowpea leaves




T=8 days after inoculation. The lesions first appeared
as yellowish spots. Later they became necrotic spots
(Fig5),

11, Lcansadssion

1, Sap transmission

The virus was found to be transmitted successfully
through mechanical inoculation, The symptoms appeared
8=14 days after inoculation., The percentage of transe
mission varied with the extraction medium used, S3tandard
sap gave 65 por cent transmission, Tris buffer used in
cooled condition gave the maximum infestion of 90 par cent
and phosphate buffer at room temperature gave minimum
infection of 5% per cent (Table 1),

2. Seed transmission

Out of the 318 seeds sown, 181 seeds have germina-
ted and among them 10 seedlings showed symptoms of cowpsa
mosaic during the period of observation, The:efore there
was 9,5 per cent seed transmission,

3. Graft transmission

Infected shoots were wedge grafted to 30 days old
healthy cowpey plants grown in ,ots kept in insect proof



Table 1. Sap transmission of Cowpea Mosaic Virus

s1 Number of plants infected Total Per cent
No' Type of inoculum out of ten number of transe
. plants mission
Exp. No,I1 Exp. No,II infected
1, Standard sap 7 6 13 65
2. Sap extracted in tris buffer 8 7 13 ™
3. Sap extracted in sphate
b:’l’fcr phospha [ 5 1 83
4, Standard sap(Cooled condi=
tion) 8 7 13 ™
5. Sap extracted in tris buffer
{cooled condition) 9 9 18 90
6. Sap sxatracted in phosphate
buffer (Cooled Condition) 8 6 A 70

£9



Fig 4, Seed transmission of cowpea mosafc virus
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Local lesions of cowpea mosaic virus on

Fig.5.
leaves of Chenopodium amaranticolor




Table 2, Graft trancemission of cowpea mosalic virus

Ho. of plants No. of plonts Per cent
Trials grafted infeched transuission
1 10 3 a0
2 10
Total 20 7 35

Table 3, Insect transmission of cowpea mosaic virus

SL: yostor Iected o of  Tofl  rer
Est o giants rgiggi;n
fiont forjy  Anfected

1. Aphis ecraccivera 9 9 18 90

2. Aphis gossypil 7 & 13 65

3. Aphis malvae 5 4 9 4%




| 65

glass house. There was no proper graft union established
hetween stock and seion. Bub symptoms appeared in some
plants 1oe16 days after grafting, when new leaves were
produced. From the two oxperiments conductod 35 por cent

%transmission was ebiained by graft inoculation {Table 2).
4, Inseet transmission

Experimonts on insect tcoansmission of the virus
were carried oul using three specles of vegtors, viz.,
Aphis sraccivers roch., Aphis sossypil Glove and Aphis
malyse Lochs ALl the throe specles of aphids were found

to transmit the vizus. The symptoms appearcd 7«14 days
aftor lnoculation. The observaiions shewod that 90 per

cept transmission wus obitained with Avhis craceivora,

65 per cent with Aphis uossypii and 45 per tont with
aphis palvas (Table 3).
[

1II. Physzeal omepoesties
1. Daluition end point {DeP)
Serial dilutions of the standard sap were mode,viz.,
Cud ﬂz Rt Sl w »
0™, 1072, 1073, 10 ana 10°%, The difierent dilutions
were used for inoculavion on leaves of cowpea plants as

well as L. gmaxaniacolor starting from the highest dilution.

rroept 131 and 1g™1 whicn gave 65 and 35 per cent fronse



66

Table 4. Dilution end point of cowpea nosanle virus on Covipea
/

St

Number of plants infected Total number Per cent

Piiutions EXpWNO .;”t Q‘L-;-ii MOWII ggf gégggs ;gggign
11 7 6 13 63
101 4 a 7 28
1072 0 o 0 0
1g~3 o 0 o .
10m% o) o o 5
10~ 0 0 o o

Table 5. Dilution =nd point of cowpea mosaic virus on
Chenepodiun amaranticolor

Number of local lesions on leaves

Pilutions Chepogodivm amaranticolor Total
1 2 3 4
131 5 3 3 4 15
401 2 1 1 2 6
10™2 0 0 o o 0
10~ 0 o 0 0 o
10~ o 0 0 0 0
10™° o ) 0 o o




Table 6., Thormal inactivation point of cowpea
mosalc virus

Num?gr si local %esiens Total
- on five leaves o ota
Temporature Chenopodium amaranticolor

Exp.Na.I EK{DQNOQIE

noom tomp.
{28~30°C)

%
40°%
45%¢
80°C
55°¢
60°%c
70°C
ac°c
90%

-t
W

15

iy
o]

b
-
[N
<

o O D O O = & W
o O© O O G =W L &
e QO L O N O
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missions respestively, all the other dilutions did net
give any transmission, when the DEP was tested using
susceptible cowpoa plants (Table 4), Uhen the DEP was
tested with §. gmoranticolor also positive transmissions,
vize, 19 and 6 lLocal lesions were observed in dilutions
1311 ana Rl onky {Table 5).

2. Thetnal inactivation point (TIF)

Tne thommal inactivation point of the virus was
vested on leaves of G. gmerenticolor. The incculum wes
supjocted to oifferent temperstures, viz,.,, xoon temporas
ture {26«3C°C), 35, 40, 45, 50, 55, €6, 70, 80 .nd 90°C,
ihe resulis indicated that the virus wag inactivated at

a temperature belwoen 50 and HB7C (Table 6).

e Lonnavivy in viizo

fhe inoculum was kept ot room tenperature (28-30°C)
and also in Tefrigerator (8°C), It was then lnosulated
«% spscific intervals on leaves of Chenopodium amaranticolor.
inpculations were deng afler keeping itne inoculunm for 0,1,
25%,6,8,12,24,48 and 72 h, The longevity ip vilrc was

&
§ b at zcom tcmperatuso and 2+ h av 8°C {lable T).



Table 7. Longevibty in yitrs of towpes mosalc virus

Hoe. of local lesions produced on
five leavus

Agelng
iy, hours Room bemporature
{2830} 8%
O 60 &2
1 32 53
2 23 &4
4 43 16
6 ) 4
8 1 2
12 ¢ 4
24 o 1
a8 g Q
74 O ¢
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Ve Yectormvirus reiationshins

1 Winimum acqulsition feeding period

Tho results showed thet a short acquisition fecdw
ing peried of 30 & is sufficiont for the aphids to bocome
viruliferous, The optimum acuulsition feeding periocd
which gave the maximum infoctlon, viz., 70 por cent was
found %o bo 10 minutes (Table 8).

2, kinimum inoculation {ecding perlod

The viruliferous aphids weore capable of transe
mdtidng the virus within 30 S inoculation feeding on the
tast plant. Heximun infection of 70 per cent was obitainod
by fesding the vootor for a period of 15 minutes on test
plants {Table 9).

3. influence of fasbing before end after acguisition
foedings
i) :re-acquisition fasting
ine fasting of aphids before asguisition rosulted
in an increase in persentage ef infection, Haxiaup
infectlon of 7% por cent was cblained with two hour
fasting, The percentage of transmission decreascd with
fasting for wmore than 2 h {Table 10).

ii) : osteasqudsition fasting
it was obsorved that the percentage of infeetion

wat decysased due to posltsacqulsition fasting. lMaximum



Table 8. Acqulsition feeding perded of Aphis cracecivora

It e,

Acguisitior lumber of plants =

fonding" G S M G, o

- e Shilinte Gmenes
20 8 Q o 4] 0
30 s 9 1 2 10
1 min 4 2 é 30
2 min ] 4 10 50
3 min 6 5 11 55
10 min 8 6 4 70
15 min 7 5 12 60
30 min 5 4 9 45
ih 4 3 7 35
2 h 3 2 5 25
4 h 0 1 1 [
24 h 0 [ o 0




Fig.6. Effect of acqulsition feeding period on
efficiency of transmission of cowpea mosalc
virus by Aphis graccivora.

Treatments
T1 20 s
T2 30 s
Ty 1 min
Ty 2 min
T5 5 min
TE; 10 min
T7 15 min
Ty 30 min
Ty 1h
Too h
T11 h
T 24 h
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FIG_. 6. EFFECT OF ACQUISITION FEEDING PERIOD ON EFFICIENCY OF
TRANSMISSION OF COWPEA MOSAIC VIRUS BY ﬂ;ﬂéﬁ‘ craccivora
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Tacle 9, Inpculation feoding period of Aphis gracclvo-s

Inosulation Number of plants Total

feeding infected out of ten  nurber ver
pariod o %iggs_
Lsia = P, 11 BRAMES o gission

iv s v 0 e} 0

3¢ s 1 1 2 10

1 min 3 2 5 25

2 min 4 3 7 3%

b rndn & 4 10 50

10 uin 7 6 13 €9

1% nin 2 & 14 70

3y min 7 & 13 62

1h 8 6 14 it
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Table 0. Influence of pre-acquisition fasting on
efficioncy of transmission

PrEwaCitie Mumbor of plants infected Total

" ; Pex eent
siticn out of ten nunboy
Fas%igﬁ mg tranin
peric N - plonts migslon
Expe 1 Lape 11 infected
G 3 2 5 25
20 nin 3 2 5 28
1h 7 7 14 70
2 h 8 i 15 75
4 h 2 1 3 1%
24 i o Q O o
Table 11. Influence of sosb-acquisziion fasting on
efficioncy of Lransmission
. ostwatgule Number of plants infocted Total
sition out of ten number Par gent
Faating of LPEN G
perlod «dants mission
EXpe I Expeli infocted
¥ 7 & 19 65
GO mdn 3 4 2 10
4 h 4 O 1 5
2h G o 2 D
4 h vl c o o
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infeetion of 69 per cent was obtained when bthe aphids
were lmmedaately transierzed after acquisition feeding
and no infection obiained with a posteacquisition fasiing

of 2 hours and more (Table 11),

4. dotention of infectivicy by the vector

Suceessful infection c¢ould be obtalned up to the
fourth plant of thoe first serles in which the aphids
were transferred at intexvals of 15 minules and up to
the third plant when the interval was inereased to 30 nmin.
shen the interval was incrcased to 1 h the ilnfection was
obtalnod up to the sec.nd plant of the series. With 2 h
feeding only the first plant got infeetion (Table 12).

Do Hiinimun number of aphids roguired for transmission

A single viruliforous aphid vas found to be capa=
blg of tronsmitring the virus to hoalthy test plants,
fhe percentage oi success obiained in this case was 19,
ihe optioum nu~bor of aphids re.Julred to gel maximum

infection of 90 por cent was {ound to be ten {Table 13).

6. Incubation period of virus in the host plant

Twenby cowpea plants were inoculated using Aphis

graccivora. JSymptoms started appearing from the 7th day

aftor inoculation and the maximum of 90 per cent infoction

was obtained on the 14th day aftor inoculation (Table 14).



Table 12. Belention of infectivity of Aphis craccivora

Infection on cach succassive
Feeding tronsfexrs

period on Serial number of plents
plant 4 2 3 2 5
15 min a) + + + 4 -
b) + + + - -
30 min a) + + + - -
b} + + - o -
1h a) * + - - -
b) ¥ - - - -
2h a) + - - - -
b) + - - v -

J4e First series
b, Second serics
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Table 13, riinimum number of aphids required for

transmission,

Yo. of MNumber of plants infecied Total Por
aphids out of ten number cent
per t Ofg + transe
plan Exp. I Expe II ?ﬁ?@&d mission

2 % 15

2 2 20

7 6 13 &5
10 9 g 18 90
15 8 7 15 7%




Taple 14. Incubation period of virus in the host plant

g b ke r Thiccica obt 6f  infestion
20
1 0
2 ¢} 0
3 O 0
4 24 0
S g D
6 e} 0
7 1 5
8 4 5
4 3 15
10 7 35
11 11 55
12 11 55
13 16 80
14 18 20
15 18 90
16 18 20
17 18 90
8 18 90
19 %8 90
20 Eis e

77



Table 15. Screening of cowpea varieties for resistance
to cowpea meosalc virus

o of
Se. vartety  plamie  D2i0f  fgetage
ted. infeciad

1 New Era 40 38 95,00

2 KBCw1 40 35 87.50

3 Lanakanony 40 36 90,00

4 Y240 40 33 82,950

5 G152 40 40 100,00

6 Ym39 40 39 97.50

7 Y37 40 3% 87.50

8 (Ifg tzzgingiiieﬁy) 55 44 80.00

g9 C3.104 30 4 13.33

1 V=37 35 27 $0.00




Yo dpst-Range

Host-vanye studies were gonducted with 73 plant
species bolonging te 17 familics, The esulls showed
thet the host-range of the virus is regiricited to %the
nerbers of the famlly Leguminosae and Chenopodlaceae,
The virus could produce systomle infection on <lfferent
coupea varities as well as asparagus bean {Vigna

sesguinedalis) and local lesions on Chenopodium
gnaranticolor.

s

Vi. Varpigial Sereoning

Ten varieltices ¢f gowpos were inoculated with
cowpca rosais virus, Symptoms appeared 10«14 days after
incculation on the newly emerged lecaves. Sone verletios
were more Susgeylible whon compared to pthers, C=152 got
129 per cent infeclion and V=59 showed 97,5 por cent
infection, The varlciy C.d3.104 was found to be least
susgeptisle, which showed only 13.33 per gent infection.
infection in other varxieties wus beotwoen 80 ond 95 per

gent (Table 1u).

¥il. Sezsicuy

&) Jicro, rocaipitin test on slides
Thizrty microlitres of antiserun propared as descrie

bed under materials and methods, was mixed with egual

-
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Table 16. icroprecipilin test on slides
s1 Reaction Roaeilion
ﬁg’ Anbigen uscd wiih with
. arvtisorun normal
Serum
1. Couwpea mosaiec virus - -
{Isalats I)
2, Punpkln xesale virus - =
3. Swoxd bean mosais virus % -
4, Lluster beon mossic virus -
5. Ditzer gourd mossie virus s -
6. Snake gourd mosalc vizus o~ -
7. Cucumber mosaic virus - -
g, Cowpea wnesals virus &+ -
{isolate 1I)
« Cowpea wosait virus + -

{isnlate IIT)

+ mositive reacilon

~ negative reageion



voluwe of antigens from dificrent vizus infected crop
plants, It was observed that the antigens of cowpea
mosalc virus lsolste I, isolate II, isolate III, sword
selm nesadle virus and cluster bean wosalc virus produ=
ced dense precipitate with the antliscrum specific to
cowpea mosalc virus. Antigens of cucumber mosalc virus,
«umpsin nosalc wirus, snakce gourd moesalc virus and

bitter jourd wosale wirus dld not produse any preclpitate,

The Cp¥¥ antigens wewe tested aga:nst the antisera
of cowpea severe mosaic virus, cowpea mosaic virus(Usa),
cucumber mosalc wirus (cowpea isolato) southern bean
moswlC vizus, cowpea chlorotic motile virus and cowpes
mosale vivus EL Salvador. But no pracipltate was oblained

in these tests.

2} .Aepoprecivitin test in petri dishes
A series of dilutlon nmixtures of virus and anti-

serum werce spotted in petri dish at regular intervals

as described under materials and methods., The presipitate
was observed after 30 minutes and after 2 h under a
storveonicreoscope with top light and black background,

Ine intensily of the preecipitate vas graded., It was

found ihat the antiserum titre was botween 1:1024 and

132048 and the virus end poant was between 1:5712 and



ANTISERUM DILUTIONS

u334nq |JON

FI1G@.7. MICROPRECIPITIN TEST IN
PETRI DISHES

Y - -l - - - Y ) Y e Y -~
» ¥F 5 S ¢ 8§ T ®"W € T ™Y
s = 8 % 3 3§ B % §
® NaCl Burrer
‘./409
Y 2048
v
{1024 r
/ [~
3
4/ 512 g
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0
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Table 17, niicroprecipitin tost of cowpea mosaic virus and its antiserum

Dilutions of sap containing cowpea mosalce virus

Anti

bt i 4] ij2 14 Y8 V16 Y3z Y64 7928 Y256  Ys12 Y024 Yoo4s A
tions

i1 ] et SR 2 R b b S ] ++ + - - -
2 + b L R 4 + + - - -
e b b R et * + + - - -
Y8 it T $ee E i 4+ - - -
716 +* + + + + - - -
Yaz + €+ + + 1 - - -
464 ¥ + 1 + ki - - -
Y28 + 1 1 1 - - -
4256 1 % - 4 - - - -
512 1 - - - - -
1024 - - - - -
Y2048 - - - - - - - - -— - - o -
Y4096 - - - - - - - - - - - - -

The curved 1line encloses the area of precipitates visible under microscope.
+Hr+ Very heavy reaction ++ Moderate reaction 1 Barely visible preSiritate
+++ lisovy reactlion. + S1ight reaction - Mo reaction
fo

o



Table 18. Microprecipitin test of healthy sap with cowpea wmosaic virus
antiserum

Dilutions of healthy sap

antiserum

dilutions 1 2 Y4 /) 16 Yaz2 Yea
41 -
Y2 -
44 -
8 -
416 -
Y32 -
A;" 64 - - - L. - - -
Y128 - - - - - - -
Y256 - - - - - - -
512 - - - - - - -
Mo24 - - - - - - -
Y2048 - - - - - - -
Y4096 - - - - - - -

€8
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131024 (Table 17}. The titre of the entiserum with
hegithy sap was betweon 1:96 ond 1:32 and the end point
of the hoalthy sap with antiserum was betwsen 1:32 and
1564 {Table 18).

3) Ouchterlony's agar doublowdiffusion test

This test was performed in agarose taken in peiri
dishes. Tho precipitate formed due to antliserum-antigen
intoraciion were sitained using amido black and the preci-

pltates formean wore recorded.

o precipliate was obtained in the first plate.
hare wells O and 5 received distilied wsier, 4 and 6
buffer and 2 clarified heslthy sap. In the second plate
a procipitate was obtalned betweon wells 1 and 3 only.
tlere wall 3 recoived cowpes mosaic virus and well 2 clari-
fied healthy sap-Wells 4,5 ang 6 received, cucumber
mosalc virus, snake gourd mesale virug and bitier gourd

mosale virus respoctively.

In the third plate precipitates were formed
between walls 1 and 2 and 9 and 3. Jell 2 contained
sword bszan mosaic virus and well b contained cluster
boan mosaic virus. wWells 3, 4 and & contained clarified

healthy sap, bitter gourd mosaic virus and snake gourd



Fi golle

Fig.9-

W0l 1 recefved antiserum of coupea mosaic
virus fsolate 1, w1l 2 received coupen
esaie virus fsolate I, & pumpkin mossic virus
ond 5 cucumbor mosaic virus, wells 3 ond 6
rogoived oV isolate 11 ond 6piY isolaee 153
respeetivelys

The experiment was donc by using purified
virus proporation dilused ©o 5 concentrations
In tell 1 antiscrum of gowpes mosale virus

di Juted to % concentrati 0 was taken.

Well 2 contained the satigen of Cpitv isolote I
di luted to e Well & containcd CpiW isolate IX
and uell 5 CpMV  dsolate 111 each di luted to
% concentrations Yell 3 contained healthy
cowpea Plant sop df Juted to 1/8 and wel) 6
contained huffer,



Fig.8. Serplogic reactions of cowpea mosaic V|

Serologic reactions of cowpea mosai
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mosaic virus respectively. In the fourth plate preci-
pitates were formed between wells 1 and 2, 1 and 3

and 1 and 6., Hore well 2 gontalned cowpead mosalc virus
izolate I obtainod from inoculated plants in the glass
house-Yells 3 and 6 centained cowpea mosalic virus isolate
I and IIi obtained from two diffoxent places, The
fusion of ihe precipiiin lines indicated that they were
isolates of the same virus (Elg 8,. In the £ifth plate
pregcipitin lines werc forxmed between plates 1 and 2, 1
and 4 and 1 and 5, There wes a fusion of the
precipatin lines foimed between wells 1 and 4 and 1 and B
{Fig. 9)., Here the wells 2, 4 and 5 received Y4 concon=
tration of antigens of cowpea mossic virus isnlate I,
cowpea sesale virus isclate [I and IIX rospesetively.

In well 3 clarified healthy sap diluted to Y8 concontrae

tixn and in well 6 buffer were taken.

4} Heaction of gowpea nosalc virus antigen with difforent

antisora

The antigen of coupea mosaic virus (isclats I) was
taken in the central well (well No.1) of two plates and
antisera of viruses obtained from difforont placos were

kepd in the surrounding wells as described under materials

and moethods,
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A precipitin line was obtuined in the flrst
plate beiween wells 1 and 6. That precipliin line was
formed due wo the interaction of cowpea mosalec virus
w50)ate I anligen and the aniisera prepared specific
to tnat virus. No precipiliate was obltainod between
ihe cowpea mosaic virus entigen and the other aniiscra

testad,

VIile pEffect of virus infection on growth of cowpea

pdants.

1) sffoct of virus infectlion on plant height

There was significant reductiion in plant height
due to virus attack. A marimum of 22.48 per cent reduction
in plant height was found in the vaviety Vge 1n varlety
V, a roduction of 24.07 poxr cenit was noticed. The variecty
Vg showed least roduction in plant beight, viz., 2.06
per cent and in varletly Vs the roduction was 4.713 per cent
{Table 18],

2) ~ffect of virus infection on number of pods

The.e was a significant seduetion in the number
of wpods in tho diseased plonte. A maximun reduction of
54,74 per ¢ent was noticed in the variety V, and the
least reduction of 6.62 per cent was noliced in the
variety V. {Table 20).
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Table 19, Lffest of vires infection on plant height

;i Caricty ‘Heigm: of plants (o), 5}% g%em
tealthy (X)) Diseased
(v
4 ‘5!1 924,93 105,65 15345
2 \ig 161.4 12T 4 21,07
3 Vg 445 .4 T30.4 4,13
4 Vy 168,3 142,% 15,57
5 Vg 4803 166.8 T o845
6 v, 162.3 158,95 2,06
7 V.? 152,99 136,25 10,92
8 Vg 162.5 148414 8,86
9 V9 162 79,15 22.48
10 Vaio 17642 167,55 4,91
lean X = 153,463
Mean ¥ = 137.13%

$4¢ yalue = 5,500406

Table value of t‘% = 2,262



Tanle 20. Effect of virus infection on number of pods
prodused by the plart

S1.

Averate number of pods

88

Veriety produced Yer cent
bl redustion
Healthy Diseased
(X} (¥
1. ¥y 13.7 8.6 IT.23
2. V, 3.7 6.2 54.74
3. Vg, 16.9 14.6 13,61
R Vg 18.7 111 40,64
2 ‘Vb 18.0 119 33,89
Ge Vg 16,5 4.3 13,33
7. Vg 15,1 4% 6.62
8 V)3 13.8 2.4 10,14
Te V9 2848 F0e2 26,92
0. Vyg 14e3 0.7 25.17
Mean X = 18,15

wmean ¥ = 11,91
't value = 5,430506

Table walue of %.05 = 2,262



Table 21, Lffooe of virus infoction on pod length

Pod length in Com

N Variety Per cent
~0 fooithy Tiseased reducticn
(X (v}
3 '9’1 16,3 11.8 22,22
2 Yoy 15,85 122 23,03
3 Vs 15.2 14.9 1.97
4 ’\/’62 16.95 12.75 24.78
5 ‘45 1443 12.6 11.89
6 Ve 14.6 12.6 13,7
7 \4'7 16.8 13.25 21,18
a Vg Ta.30 13.7 10,75
9 Vg 11.89 2.05 23,63
10 V’iO 17435 1462 18416
Nean X = 15,355
Mean Y = 12,718
1 value = £.974796

Tabie value of t.GB = 2,262
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Table 22, Effsct of virus infection on lezaf area of
eoupea variety C-152,

si: Leaf area {sg. oM.}
Healthy Discased
{xX) {¥)
Yo 58,34 40,2
2, 53,09 41,58
3. 45,5 38,33
4, 45,44 52,13
S 43,11 43,99
58 53,91 35,23
Ta 45,82 36,27
8, 62,72 36,27
G 38,66 51,6
12, 37.15 43,63
tiean 48,774 41,791
*¢ value = G, 7GDME7

Tasle value of *it = 2,202



Fig1Q Ekffcct of cowpea mosaic virus infection

1) v,
2) vy
3) Vg
4y v
5) ¥
6) v
7)
8)
9) Vg
10y

on plunt helght,

uninoculated
incculated
vninoculated
inosulated
Uninoculated
incculated
Uninoculated
inoculated
Upinoculated

inoculated

Treatmonts

1)
12)
13)
14)
195)
16)
17)
18)
19)
20)

Ve Uninoculated
Vg inoculated
Vo Uninoculated
Ve lnoculated
V8 Uninoculated
Vg inoculated
V9 Unioculated
Vg inoculated
Vaio Uninoculated

v10 inoculated
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1) v,
2) v,
3) v,
4; v
) v
6] V
7V
8) V,
9) Vg

Uninoculated
inoculated
Uninoculated
incculated
Uninoculated
Incculated
Uninoculated
inoculated

uninoculated

108) Vg Invculaled

L1 Lffect of cowpea mosaic virus
on pod length,
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Fig 12. Lffect of cowpea mosaic virus
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3) Effect of virus infeciion on length of pods

There was a significant veduction in length of
pods also, in the cass of diseysed plants, The highest
reduction of 24,78 per cent was noticed in varlety V3
followed by Vg and V, viz,, 23,63 per cenl and 22,03
per cent,respectively. Ihe minimum reduction of 1,97

per cent has been observed in Vy (Table 21).

4) Sffect of virus infection on leaf avea

The effsct of virus infection on the variety C-152
which is 100 pexr cont suscoptible to the virus has been
studled, It is found thut the leaf area 1s not signie
ficantly reduced in inoculated plants (Table 22},

IX. uybservalions on natural incidenco of cowpea rosale

vicus,

Out of & total of 3807 plants 142 plants were
found discased. Amon, them 81 plants were infocted with
cowyea wogsals virus, 41 with cowpea vollow rosalc virus,
14 with cowpea chlorotic motile and 6 with southern bean
yosale {Table 23}.



Table 23, Observations on natural incidence of cowpea mosaic virus

Total Rumber

Diseased Cowpea Southern Cowpea Cowpea
P éot of plants mosaic bean mosaic chlozetic yellow Healthy
O mottle mosaic
1 450 72 26 o] 5 41 368
2 157 2 2 4] o] (s 15%
3 015 46 41 &) 5 L] 969
4 1275 13 6 0O 0 1262
) 900 g ] Q 4 0 891
Total 3807 142 81 6 14 41 3665

Percentage 3.73 2,13 0,157 G.367 1.08 86,27




Table 24, wilect of leaf extract sprays on development

of cownea mosaic

51 ho. of HNoJof Per
mc. Trezinents plants plants cent
¢ insculae infecled  conw
ted, trol
1e Two pre—iaﬁgulaﬁi&ﬁ
sprayincs of Bougaine 7
villea leaf coxtract. 20 0 e
24 Four 8 20 100
3. 4ix i 20 100
4, Twio pre~inotculaiion
sprayings of cupstoriun
leaf exdtract, 17 76,47
5. Pour @ i 100
6. 3ix ® 20 100
7. four posieinoculation
sprayings of Dousaine 22 & F2.72
villea leaf exiract,
8, 5ix @ 22 3 866,36
9. Four post-innculation
sprayings of Eupatorium
leaf extract, 20 15 30
10. Six " 20 10 50
11, Control {without any 17 15 47,17

spraying)




Yo Effsek of leaf entract sprays on dovelopment of
Co0a negait.

A pot culture axporimont was cenducted to find
out the efiect of leaf extrael sprays of Uougainvilles sp.
and Eylanorivn pdovelum on the dovelopment of cowpea

moseic virus,

Cowpea plants In the treatments veeelving 2, 4
and 6 preeinoculaticn sprays of Bougainvillea leaf extract
and 4 and % pre=-inoculation sprays of Eupatorium leaf
extract did not show any svmplom of the discase., Two
pro-inoculation spravings of Lupatorium leaf extrack
gave T6.47 per cent control of the diseasc. with four
and sly wposieinoculation sprays of Bougalnvillea leaf
axtragt 72,72 pes toent and 86,36 por cont conlxsd of the
discase, respetiively, was obtained, then Eupatorium leaf
axtract sprays wero given four and six times as posi~
inoculatien sprayo S0 per ceat control was achieved.
in the control plants there wias no symptoms in 47,17

per sent of tac plapts (Table 24).
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DISCUSSION

Cowpea mosalc virys disease is found throughout
Kezala, causing severs damage o the crop. The main
symptoms of bhe disoasc are veln banding, intorveinal
chlorosis, mosaic rottling and general stunting of the
plants. & secdwborne mosaic of asparegus bean (Vigoa
sesnuinedalis) having the cbove type of symptoms was
roported by Snyder(i942). The symploms of cowpea aphid=
borne nosaic visus described by Bock and Conti{1974)
also rescmble to those of the cowpsa mosalc vizus disease
found in Kerala. While discussing the hosteronge of
cowpea aphicwborne mesale virus they suggested that the
viruses that may be related to cowpea aphideborne mosalic
vizus (CANV) could proeduco wosaic disease of adzuki bean
(Ihageslus sngularis) and asparagus bean (Yigna
sesgulyedalis).

The virus of the presont atudies prsduced local

losions on Chenocodium amaranticolor. Production of local

e e

lesicns on Chenprodium amarsnticclor by cowpea mosale virus

was reported by many obther workers also (Harrison ang
Guduaskas, 196893 Covindaswamy gt al., 19703 khatri and
3ingh, 19745 Mall and fulthe, 1980). The leslons first

appeared as chlorotic spots which leter turned necrotie.
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This type of development 0f local lesions was reported
by Bock and Conti{1974) also in the case of cowpea aphide

borne mosalc virus.

The virus wag transmitied easily by mechanical
incculation, ilechanical tronsmisslon ¢f cowpea wosaic
virus using different preparations of inoculum has been
reported carlier by many workers. Phenolewater extracts
of disecosed leaves in tho case of several viruses (Schlegel,
1960) ; sap of diseased leuves in coupes wosaic virus
affccting 2ghaseolus lathvroides (Aleonero and Santiago, 1972),
Q.00 phosphalc buffer in cowpea banding mosaic virus
(Sharma and varma, 1976), cooled tris buffer in seodeborne
potyvirus causing mosaic of cowpea (Mali and Kulthe, 1980),
and sap oxiracted in distllled water and diluted in the
ratic 155 in cowpea aphideborne mosaic virus (Patel and
Kuwaite, 1982; :atel, 1982) were the pregarations used
earlier for mechenical inoculatlon. In the present studles
distillod water, phosphate buffer and tris buffer under
room tenperature and in cooled condition .sore usod as
extraction medla, .leximum percentage of transmission was
obtalined wiih cooled tris buifer followed by cooled
distilled water, Tnis ls in confirmity with the results
of [tall and Kulthe (1980},



87

in the experiment to siudy sced iransmission, 318
soeds wore sown, out of which 181 sceds have germinated,
Aiong thems 10 secdlings showed symptoms of cowpea masaie
dissase., Thus 9,5 per cent soed transmission was obtained.
Seodwborne nature of towpoa rosale viruses hes becn
reported from differont parts of the world, The ewtent of
soed tronsmissions of cowpea mosale virus in throe susceptie
ble varietics of cocupea, viz., Red Ripper, slack and Iron
have becn recorded as b, 4,2 and 6.8 por conb, respectively,
by MeLean{1941). Kolser and Nossahehi{1975) while conducie
ing studios on cowpea ayphideborne nesalc virus oiscase in
iran obsexved 1.1 to 39.87 por cent sesd Syansmicsion for
the virus, In the eose of an Indian isolate of cowpea
aphideborne mosaie virus, Phatak{1974) found 3 €o 1% per cent
transwission. The rosults of the present study are in

sgceenent with this finding.

The virus could be tronsmitioed through grafting, evene
though thore was no graft unjon in the hordicultural sensc.
The extent of ivansmission obtainod through grafting was
as low as 3% per cent. This may be because of the hollow
nature of the stem which made the g=a§t unlon difficult,
The repoxrts on atitempts of graft fransmissions are scanty
probaply due to this reason, In the pressnt study SUCCESSw
ful grafd transmission was observed whon grafting was done

at the nodal region.
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Studies on the insect transmission of cowpea
mosaic virus was condusted using Aphis ¢raccivora Koch.,
Avhis cogsypil Glov. and Aphis malvac Koch, as vectors.

Among these aphlds, Aphls graceivora was found to transe

wit cowpead mosaic virus in zn efficient manner giving up
to 90 poer cent ironsmission. Aphls gossveli and Apbis
malyae gave 6D and 45 por sent transmisslons respeciivoly.
~beygunavardena and Perora{1964) observed Aphis graecivora
as the principal vector of cowpea rosalie virus in Ceylon,
Transmission of cowpea moseic virus by Aphis nossypil

and by Achis craccivora has been reporited from different
parts of India oy Capoor ang Varma(19%6), Nariani and
Kandaswand (1961}, Chenulu gt 21.(1968), Covindaswamy gt al.
{1970), Neme and Shankar(1972), Khetrl snd Singh(1974),
Sharna and Varma(1976), Mall and Kulthe(1980) and
hamichandran and Surmonwar(1982), A perusal of literature
revealod that tnore is ne earlicr zeport on the transmission
of cowpea mosaird virus by 4. palvas. Bubt in the present
trials this was also included because this aphid was also
found infcehb.ng the coupea plants ln Kerala alon: with

A. grecclvors and A. gossypil.

andorsor{1959) while studying the Vigna and Crotalaria
vizugses in Florida ro.orted that there are separate aphide

borne and beatleow=borno cowpea viruses, The results of the
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present trials showed that the cowpea mosaic virus under
study is also an aphiceborne mosaic virus. Cowpoa mosalc
virus was reported to be {ransmitted by the beetles
Ceratoma zuficorznis (Kvicala ot al.(1970) and Ceratoma
arcuata (é}os and Lin, 1984). Bul they were not included

in the present {ransmission trials, sinco infestation of

these beetles on cowpea plants iz not seen in Kewals,

The studies on physical propexties, viz., dilution
end point (DEP), thermal inactivation peint{TIR) and
longevity in vitro{llV) revealed that the DIF of the
virus was botween 10~ and 10’2, TI® between 50 and 55°¢
and LIV 8 h at room temperature and 24 h at 8%, fieports
on the physical properiies of cowpea wosaic viruses
have been made fyom diffevent parts of the world. The
dilution end point of cowpoa mosaic virus ranges between
10™2 to 0™ as reported by Snyder{1942), Abeygunawasdena
and . erera(1964), Covindaswamy et al,.(1970), Sharma and
Varma(1976) and Guo gt 21.{1984). But Chonulu gt ai.(1968)
reported a dilution end point of 1:560 « 111000 for a
cowpoa mosalc virus from Delhi. 7The differences between
the DBEP of the other Indian isolates of eowpea mosalc
virus and the virus undezr study may probably be due to the
diiference in the host varioties and alse to the difference
in the environmental factors which might have affected

the concentration of virus in the host.
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The thermal inactivation point of cowpea mosalc
virugs as reporied by several others is between 50 and
60°C (Snyder, 19423 Harjomo, 1959; Adsuor, 19643
sboygunawardena and Perera, 19645 Chenulu gt al., 1968;
Govindaswamy et al., 19703 Kaiser and Hossahebi, 19753
Sharma and Varma, 19763 Gue gi al., 1984). The TIF of
the present virus is alse in agroement with the above

reports,

The LIV of cowpea mosalec virus at 28«30°C is reporied
%0 be ranging between 1-2 days (Snyder, 1942; Harjono,1959;
Adsuar, 19643 Abeygunawardens and Perera, 1964; Sovindae

swamy et ale, 1970; Sherma and Yarme, 1976; Guo gt zl.,1984),

But ln the present studies the LIV of cowpea mosaic
virus at room tomperatuzre was found %o be 8§ h and atv 8°C
it was found to be 24 h., The sesulls of the present
studies are not ln agresement with those of the ahove
workors buv is very similar to the LIV zreiorited by
Chenulu gt al.(1968), viz., 6 h of LIV at 25«30°C for a

cowpea moseic virus from Delhi.

Aphis craccivora was found to be the rmest effilciont

vector of the virus under study and hense the voctorevirus
relationshlp was worksd out with that aphid only. Minimum
and optinmum acquisition feeding period, minimum inoculation

feeding period, Influsnce of fasting bofore and after



acquisition feoding on afficiency of transmission,
retention of infectivity by the vector, minimum number
of aphids reguired for transmission and the incubatlon

neriod of virus in the host were investigated.

sinimum acquisition feeding poriou was found to be
30 s for Aphis gcraccivora for the transmission of cowpes
mosalc virus, As the acquisition feeding period was
increased there wss an increase in per cent transmission
also. The maxioum transmission of 70 per ceni was obtalned
when an acquisition feading poeriod of 10 min was qivon,
Sharma and VYarma {1977) reporied an optimum accuisition
feeding of 5 min in the case of transmission of cowpea

banding mosa.e virus by Aphis cragceivora. In the prosent

studies when acquisition feeding period was increased
beyond 10 min there was a steady decline in the per cent
transmission and it was only S per cent when acquisition
feecding period was 4 h, and no iransmission obtained after
an acguisition feeding of 24 h, Similar observations

have been made earlier by ﬁurugasan and Janaki(1972) who
were working on the vectorevirus relationship of cowpea
mosalc virus with the vector ¥yzus porsicae. Thay found
that one h acquisition feeding by M. persicag resulted

in maxinum percentage of Lransmission of the virus evenw

though the voctor was able to sequire the virus withpone



second. Thore was a reduction in percentage of transw
mission when acquisition feeding pericd was increased
beyond 1 h.

This phenomonon of decrease in the percentage of
transmission with the increase in the acquisition feeding
period was explained earlier by Watson and Hoberts{1939).
They postulated that an aphid feoding product formed
during the feeding of the vector may reduce the efficiency
of transmission. Another possibility suggested by them
was that the tissues probed during short periods contain
higher c¢oncontration of virus thap those probed for a
long period. They have explained that the formation of
salivary sheath during prolonqged feeding prevented the
aphids from bocoming infociive. Yet anvithor explanation
given by thom was that constant probing may cause the loss
of infectivity of aphids,

The minimun inoculation feeding period required
for Aphig craccivors to transmit cowpea mosalc virus wos
30 8. The per cent trapsmission was found to increase with
an lncreaso in inoculation feeding pexriod and maximum
transmission was obiained with 15 min incculation fooding
period. Murugesan and Janaki (1972) reported 1 h as the

optinum inoculati.n feeding period in the case of cowpea
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mosaic virus by the vector Myvzus persicas. But the veclor
was found to transmii the virus to healthy plants within
ono segond., In the case of cowpea banding mesalc virus,
Sharma and Varma (1977) zeported that the minimum inocula-
tion feeading period was 29 s, and the inoculation feeding
period nocessary fo gob maximunm infection was 30 nin. The
inoculation feeding peried of cowpea banding mesaic virus
seens 10 be similar to that of cowpea mosalc virus of

+

prosent studies,

Invesiigations on the Incldence of starvation before
acgulsition and inoculesiion feedings showed that pre-acquisie
tion fasting of the aphids eesulted in an incrcase and poste
acguisition fasting caused a steady decrease in the per e¢ent
transmissions. Even withoul pre-acgulsition fasting the
aphids were found to transmit the virus, but the perecntage
of {ransmission was very low. Up to 2 h of preeacquisition
fasting, increase in per cent transmission was obtained,
This has been explained ocariler by Murugesan and Janaki(1972)
in tho case of cowpea mosalc virus transmitied by Myzus
persicac, The explanation given was based on inhibitor
activity. The preduction of inhibiter by the vector is
slow in fasted aphids. There was considerable reduction in
por cent transamission when pre-acquisition fasting was

increased bayond 2 h. This has alsc beon reporited by
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Murugesan and Janaki(1972). The long prew~acquisition fasting
might have affected the feeding behaviour of the insect and
reduced the {transmission efficiency. The posteacquisition
fasting caused a considerable reduction in transmission
efficiency, Maximum infection was obtained when no poste
acquisition fasting was given. Murugesan and Janaki(1972)
found that in the ¢ase of cowpea mosaic virus transmitted
by Myzus persicae , the percentage of infection obtained

progressively decreased with increase in postwacquisie
tion fasting, In the present trials the vector was found %o
lose the infectivity within 2 h of posieacquisition fasting.
This finding is in agreement with that of Murugesan and
Janaki{1972).

Experiments on retention of &nfectivity by A.

craccivora revealed that the vector lost its infectivity

within 1 40 2 h after acquisition, while feeding., Murugesan
and Janaki(1972) reported that Myzus persicae lost cowpea
mosaic virus within 4 h after acquisition and they have
explained that the transmission of the virus by the vector
was in a nonepersistent manner, Since the infectivity was
lost in the present studies within 2 h the transmission of

cowpea mosaic virus by Aphis craccivera can also be termed

as in a non=persistent manner as suggested by other workers

{Abeygunawardena and Perera, 1964; Murugesan and Janaki,1972;
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Bock and Conti, 19743 Sharaz snd Varma, 1977; Mall and
#ulthe, 1980; hamachandran and Summanwar, 19823 Guo gt al.
1984} .

Resulis of the cxpesiments to find out the minimum
number of aphilds reguired to transmic cowpea mosaic virus
and ¢ausg Infeetion showed that & single viruliferous
aphid was suffliclent for successful transmisslon and
infection., But there wes an increase in the percentags
of infection when the number of aphids was increased to 10.
Similaxr rosulys were obtalned by earlier workers also who
studied the vector ¥irus relatlonship of nonwpersistent
cowpea masalc viruses, Hague and Chenulu (19728 in the

case of Aphis craceivora and slurugesan and Jonaki(1972)

in the casc of fyzus persicae reported that cven a single

aphid could transmit the vizus, but the percentage of
transpisoion was maximun vhen the number of aphids was

incroased to 15,

The sympleoms of cowpea mosaic virus discase appeared
in the plants 14 days after inoculation and hence the intiibaw
tion period of virus 4n the host plant i3 up to 14 days.

This finding is in agreement with that of Collins gt al.
{1585) who also reported that the incubation period of

cowpea mosaic vizrus in cowpea plants was up to 14 days,
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In the hosterange studies 73 plant species
belonging to 17 families were tosted and itv was found
that the virus produced systemic¢ symptoms on different
cowpoa varielies as well as asparagus bean and local
lesions on Chenopodium amervanticolor. Snyder {1942)
wille working with cowpea aphideborne mosalc vizus
causing mosaic of asparagus bean observed that tho
virus eould praduce systemic symptoms on asparagus
boan as well as on different vavrieties of cowpeas They
did not find any other leogumes infected with the virus,
Cowpea mild mottle virus has beon reporied to infect
groundnut, sugarbeet, rodgram, soy bean and cocoa
{Vankemmon, 1971}« Govindaswamy gt al.(1970; foung that
the cowpea aphideborns mosaic virus affecting cowpeas
in Tomil Nadu produced systemic symptoms on thres members

of the family Leguminesae, viz., Canovalla ensiformis,

GCyamopsis totragepaloba and fhasgolus vulgeris and produced

local lesions on ¥icia faobo, Chonopodium amaranticclor
and Chenopodium album.

HMali and Kulthe(1980) studied a seed=borne poiyvirus
causing mosalc of cowpea in India and reported 42 host
species belonging to Leguminosae, Amaranthceae and
Chenopodiaceae. Lin gt 21.(1981) conductad trials on

the hooterange of black sye couwpea rosaic virus and the
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cowpea isolate of cucumber mosaic virus, The black eye
cowpea modale virus as per thelr observations infected
three specles of Ameranthaceae and three of Leguninosae
as well, The cowpea isclate of cucumber mosale virus
infected four species of Leguninosas, three species of
Solanaceae, two species of Amaranthaceae and one belonge
ing to Cucurbitaceas, Sanchez ond Gonsalez{198%) found
that the yellow strain of cowpea nosale virus produced

local lesions ond apical necrosis in Phaseslus vulssris

and Stizolobium deerinylanum and severe strain of cowpea
nosalc virus produced systemic mosaic on the two plants

nemiionod above,

A comparison of hosterange of different viruses
infeeting cowpea revealed that tho present wirus shows a
closo similarity in its hosterange to the cowpea aphide
borne mosaic virus doseribed by Snyder(1942). It differs
in hosterange from black eye cowpea mosaic virus, cowpea
isolate of cucumber mo:aic virus, vellow and severe strains

of cowpea mosaic virus and cowpea mild mottle virus,

In the varietal trial carried oui with ten varie-
ties of cowpea, 1t was found that all the varieties were
susceptible to the virus to varylng degrees. In all the
varieties the sympltoms appeared within 8«14 days after

inoculation. Eventhough all the varieties were susceptible
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to the virus there was some varlation in the percentage
of infection in the inosulated plants. The most susceptie
ble varieties were Ce192, V=59 and New Era which showed
100 per conty 97.9 per cent and 95 per cont infections
respectively. The variety C.G.104 showsd some resistance
witn an infection of only 13.33 per cent, In the prosent
study no variety was found immune to the infection of
cowpea mosaic virus., Govindaswamy et 2l.(19570) screened
112 varieties of cowpwa for thelr resistance %o cowpea
mosale virus and found 109 varietiss as suceptible and
thres varicties tolerant to virus infection. They also
could not find any varisty immune to virus infection.
Mall gt al.(1981) reported that G288 1is the only varlety
found lmmune to cewpea aphideborne mosale virus,out of
the 23 cowpea varletics tested., In the present studiss
this variety was not included due to nonw-availability of
seads, Patel gt al,{1982) screoned 249 cowpea cultivars,
by sa? inoculation with vein banding strain of cowpea
wosaic virus and found only ten lines showlng immunity %o
virus infection, In the present studies, only the variety

GeGe104 showed some extent of rosistance,

Serological studies were tonducted with & view to
identify the virus, The results of the microprecipiti

test showed inatw antlgens of cowpea mosaic virus isolate I
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{obtainsd from inoculated plants in tho glass house),
cowpea mosalc virus isoclate II and isolate III {obtained
from two locatlons), cluster bean mosaic virus and sword
bean mosaic virus gave dense prescipitates with antiserum
speclfic to cowpea mosalc virus, This indicates the
sevological pelationship of cowpea mosaic virus to cluster
bean mosalic virus, sword bean mossic virus ond the cowpea
mosaic virus obbained from different locations in Trivandrum.
No serological relationship was obtained between col o
mosaic virus and punpkin moesaic virus, bitterbourd mosale
vizus, cucumper uwosaic virus or 5nakdgbuvd nosaic virus.
The cowpes mosale virus antigen did not show serological
relationship with any of the antisera of the other viruses,
viz,, cowpea severs mosaiec virus, cowpes mosaic virus El
Salvader, cucumbor mesaic virus {cowpea isolate), cowpea
mosaic virus {USA), cowpea chlorotic rotile viris and

southorn bean mosaic virus.

Hicroprecipitin test in petri dishes was conducted
to £ind out the antiserum titre, virus end point, tiitre of
the antiserum with healthy sap and end point of healthy sap
with antiserum. Different antiserum titres and virus end
points have been reported from different places for covpea
mosalc vizus. A virus end point of 13128, for a sead Lorne

vlrus on cowpea was reporiecd from California (Shepherd and
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Fulion, 1967). From India, an antiserum titre of 1:512
was reported for a cowpoa mosaic virus by Chenulu gt al.
{1968). But iMali and Kulthe{1930) while working with

a seed borne potyvirus causing mosale of cowpea found

an antisorum titre of 111024, In the present studies
the titre of the antisorum was found to lie belwaen
131024 and 1:2048 and virus end point botween 1:512 and
121024 , The titre of the antiserum with healthy sap
was between 1316 and 9332 and the end point of healthy
sap with antiserun was botween 1232 and 1:64. The
antiserum titre depends on the concentration of virus

in the leaf tissue, method of purification adopted

and whether the virus is weekly or stronogly immunogenic.
The cowpea mosaiz virus reportod by Mali and Kulthe(1980)
alse had the same antiserunm titre as that of the present
virus, but the virus end point of that virus wes 1364,

The present virus differs from the above virus
in symptomatology, physical propsorties, hosisrange and
serological relationships with other viruses. But
#1al1(1983) reported that one isolate of the sesdw=borne
potyvirus causing mosalc of cowpea in Marathwada,
doseribed by Mali and Kulthe({1980), was found serologie
¢ally rclated fo cowpea aphid borne mesaic virus{CAMV).
The present virus resombles the CAMV in its symplomatology,
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modes of transmission, propertics and hosiwrange.

The servological relaticnship of the prosent virus

with CAMV nas not been tried, since the antiserum

to GAY sould not be obiained, But it 1s pioved

vhat the virus uhder study is serologlcally mwot

relatod to most of the other impectant cawpea vizuses
Like cowpea sovere wosale virus, cowpea mosailc virus (USA),
cowpea chlorotic moitle virus, southern bean mosaic vizrus,
cucumber mosaic virus (cowpea isolate) and cowpea mosaic
virus El Salvador and alsc that ihe other properties

of the present virus are simllar fto 1lhose zoperted

for cowpes aphid-borne mesalc vizus, ilence the results

of the present invesilgations indlcate that the virus
uvnder study may probably be an isolate of the cowpea

aphideborne mosaic vizrus,

The resulis of the OQuchierlony's acar double
diffusion test have confirmed the findings of the microe
precipitin test on slides. Mo precipitate was obtalned
in the first plate in which the wells 3 ard 5 contained
distilled water, 4 and 6 buffer and 2 clarified healthy
sap. In the second plate a precipitin line was formed
botwoen wells 1 and & onlys Well 3 recoived cowpea
mosaic virus and the precipitin line was formed due to

the interaction of cowpea mosaic wirus antigen with its
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antiserume. In the third plate, precipitin lines were
formed betweon wells 1 and 2 and 1 and 5, In well 2,

aword boan mosale wirzus and in well 5 cluster bean

mosaic virug wore taken, The formatlon of procipitin

line dndicatod that these two viruses ore sorolegically
related to gowpea mosale virus under study. The sbsonce

of preocipitin line bhetween wells 1 and 4 and 1 and &

showed that cowpea mosalc virus is not serologically
related to bitier gourd mosalc virus and snake gourd

mosaic virus, respectively. In the fourth plate, precipitin
lings were formed botween wells 1 and 2, 1 and 3 and 1 and 6,
Here well 2 contained cowpea mosale virus ebitained from
inoculaled plants in the glass house, well 3 and & contained
o Cowpea mosaic viruses obtained from two different
locationse The fusion of the ends of the precipitin lines
indicate that they are serologically related {(Noordam,1973).
Absence of precipitin lines between pentral well and

wells 4 and § indicate that pumpkin mosaic virus and
cucumber mosalc virus are serologically unrelated to cowpea
moaaic virus. The fifth plate showsd serological roactions
betwaen antiserum of cowpea mosale virus and the diluied
antigons of cowpea wosalec virus obiained from two differsnt

logations,.
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Juchterlony agor double diffuslion test was also
conducted to find out ithe relationship of cowpea mosaic
virys antigen with antisera of cowpesz viruses obtained
from diffevent plages. The resulis of this tesi also
confirited the results of microprecipitin tost on slides,
he., there is no scrologlcal zelaticnship between cowpea
mosaic virus under study and the other viruses, viz.,
cowpea mosalc virus Bl Salvalor, cowpea mosaic virus{Usa),
cucunber mosaic virus {cowpea isolate), cowpea chlorotic
motile virus, southern bean wwsalc virus, cowpesa sovere
mosalic virus, cucusber mosale virus and punpkin wosaic
virus, Bock and Conti(1974) reporited thuet although cowpea
aphideborne mosaic virus belongs to potyvirus group, no
sexological relationship was observed between cowpea
aphideborne mosalc virus, and other potyviruses, viz.,
potatoe virus Y, bean yellow mosalc virus (B¥W), pea
seedeborne mosaic virus, clover yellow vein mosaic virus,
soy bean mosaic virus, sugarcane mosaic virus, tobacce
severe stch virus and irls mosaic virus, Hali gt al.
{1985) reported a sword bean distortion mosaic virus
fron Maratheada which was unrelated to CAWY, but 90row
logically identical with bean yellow nosalc vizus (BYMV).
The CAMV of Hook and Conti(1974) was serologically
unrelated to BYMV. In the present hosterange studles

cluster bean and sword boan were not found to be the
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hoste of cowpen mosale virus. Bub seroleglical rolaw
tionship was obsezved for the virus wilth the sword bean
mosaie vizus and clugter boan mosale virus. Letailed
studies have to be sonducted for the identificabion of
sword bean mosaisc and cluster bean mesaic diseases found

in Kerala and thelr relationship to cowpea mosaice virus,

In an exporinent to £ind out the effect of cowpea
nosale virus on growth of cowpea planis, ton varieties
and twe trealments, viz., uninoculated and inoculated
were there, Obsezvations on jecf aros, helight of the
plant, nwwbar of peds produced and length of pod were
taken. In genersl thore was significant zeduction in
heiynt of the plants, number of pods produccd and length
of pods of all the varieties tested, Several scientists
zeporved carlier, that sowpsa mpsalc virus infection
cauzed ssgniiicant redustion in growth and yiold of
cowpeas (Khatxd and Chonulu, 19703 Gilmer gf al.. 19753
Fegla gk al.. 1981 Vavemde gt agl., 15823 Geahan, 19285],
ine varicty V1§C-1ﬁ2) wag found to be lhe wodt sustephle
ble variety in the varictal trial followed by VG(Va59}.
The least susceptible variety was found to be vagcm,vaaz.
The marimun reduction of 22,48 pex cont plant hkeight was
obgezved in %the varlety Vg {Vei9) followed by 29.07 per cont
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reduction in the variety V, (Va37) V1(C-152) showed
18.49 per cont reduetion in plant height. In the case

of number of pods the maximum reduction of 54,74 per cont
has been observed in the variety V,(V=37) and least
reduction in V, (4BCw1), Moximum reduction in the length
of pods has been observed in the variety V, (Kanakamony),
followed by Vo (Kozhiniil) and V, (V=37),

The most suscepiible variety C-132 also showed
comparatively high percentage of reduction in plant
height (15.45 per cent), number of pods (37.23 per cent)
and length of pods (22,22 por cent). The least susceptible
variety, CG.104 showed the least reduction in plant height
{4.13 per cent) and pod length (1.97 per coent). The
reduetion in the mumbsr of pods also was not severs as
in majority of other varieties, Therefore, it can be seen
that the least susceptible varlety in terms of percentage
of infection is also the one which is least affected by

the adverse effects of virus infection.

The observations on nalural incidence of cowpea
mosalc virus conducted at College of Horticulture,
Vellanikkara, Trichur indicated that cowpea mosaic virus
disease was more serious compared to the other virus

diseases affecting cowpea in that arsa. A high percentage
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of infected plants (57 per cont) showed cowpea wmosaic
virue infectlon. This shows that cowpea mosalc disease
5o the most serious virus disease affecting the cowpeas

in this region.

A trial was conducted to find out the effoct of
leal extract sprays on development of cowpea mosaic
viruz., The antiviral effect of leaf extracts of Bougalne
villea and some other plants have been roported earlier
by sevezal seiontists (Raychaudhuri and Prasad, 1965;
Sharma and Rayshaudhuri, 1968; Verma and Kumar, 19803
Verma anu Awasihil, 19803 Vezma and Dwivadi, 1983).
In the prezent studles complete protecltion against the
infoction of coupea mosale virus was achleved with two
pre=inoculation sprayings with bougainvillas leaf
extract and four pre-lnoculatiion sprayings with Eupatorium
leat coptract. Verma and Dwivedi (1983) extracted a virus
interfering substance from the sap of host plants sprayed
wilh Bougainvillea leaf extracht, o virus interfering
substance was obtained from the control plants. Thus
they have concluded thatv the reaswn for the antiviral
effect of leaf extracts was the presence of virus

interfering substances in tho treated hest plants.
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pased on the rosults of the prosent studies
detalled investigations have to be condusted to find
out whothey similar type of virus interxfering subsitances
are present in the Eupatorium leaf extract alse. If
satisfactory control of the discase can be achisved
by the application of such cheap and easily available
plant extracts 4t will be a very much promising mothod
of diseasc contral since it does not involve any
hazards of atmosphoric pollution caused by the applicas
tion of pesticides,



SUMMARY



SUNMMARY

Mosaic diseasc of cowpea (¥igna unguiculata(l.)Valp)
prevalent In Vellayani and nsarby localities, was investie

gated.

The symptoms appeared within 14 days after mechanisal
inoculation as chlorosis of the emerging leaflets and in
some Cases as a ailu vein elearing. Subsequent leaves
showed mosalc meotiling wilh dork green and light green
patches, In wmost cases leaves showed prominent vein
banding and interxvelnal chlorosis. rlants infected at
the early stages remained stuntod and flowering and pod

formation were very rare.

Transmission studies showed that the virus could be
transmitied thiough mechanical means, aphids, grafting
and seeds of diseased cowpea plants. Tho virus was transe

mittod by tho aphids, Aphis gracclivera Koch., Aphls gossypil

Llov. and Aphis malvae Koch. Among the bthree specles of
aphids, Aphis cracelvora was found to be the most effi-

cient vector., The percentages of transmission obtained

by A. grageivora, A. gossyodd ond A. malvasg were 90, 69

and 45 respectlvely. There was 3b por cont graft trans-
mission. 7The vizus was found to be seed transmissible to

the extent of .5 per cent,
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Studios on the physical properties of the virus
rovealed that the thormal inactivation point of the
virus was botueen BU and 55°C and dilution ond polnt

batween 10"1 and 10'2. Longevity in vitrs of the

virus was 6 h at room temporature and 24 h at 8%,

Studies on vectorevirus relationships showed
that ths minioun acquisition fecding peried regulrsd
for ihe veclor Lo acgulre the virus was 30 s, and that
the virus could be transmitied with an incculation
feeding poried of 30 . Bub the percentage of transe
mission was maximum when ap acquisition feeding of 10 min

and ineculation feeding of 1% min wers givon.

influence of fasting of tho vector befors acquie
sition and inoculation fewdings proved thal pre-acquisi-
tion fasting for a poriod of 2 h produced the maximum
transaission, whereas posteacquisition fasluing decreased
the per cent infectlon. The retention of infectivivy
by the vector wos found to be 9=2 h, Lven a single
virullfcrous vector was ablo to trzensmit the virus to
healthy test plants, but maximum percentage of infoctlion
was obhained with 10 aphids., The incubalisn perled of
wvirus in the host plant was found to be 14 days.
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Host=rango studies showed that the virus c¢ould
produce, systemic sympioms on dlifferent cowpea varige
tics as uwell as on asperagus been (Yigna sesquipsdalis)
and local lesliens on Chenopodium amaxanticolor.

sereening trial with ten differont varieties of
conpea showed that by and large, all the ten vavietioes
were susceptible to the virus infogtlon. But C=152 with
100 pexr cent infection and V=59 with 97,5 per cent
infectlon wnere found to be the highly susceptible
varietios, C.a,104 showsed some resistance with 13.33

per cent infecition,

in seroloyglcal studies the cluster bean mosalc
virus and sword bean mosalc virus were found to bo related
to cowpea mosalc virus, The antiserum titre and end point
at virus in the prescnt study were found to be batween
1:1024 and 1:2048 and 1:312 and 131024, respectively.
The virus showed no serological relationship with othor
cowpesa VATus0s; viZ., cowpea chlorotic motitle virus,
cowpea severe mosaic virus, cucumber mosaic virus (cowpea
iselate), cowpea mgsalc virus (USA), cowpea mosaic vizus

Bl wvelvador and souzhern bean wosaic virus,

The resulis of the studies on sympiomatology,

transmissions, physical properties and host-range indicate



that the virus may prodauly be an isslaie of the coupea

aphidenorne mosalc virus,

Stadies on the effecl of vipus Infectlon on goowih
of sowpea lants showoed that there was significant
redugtion in helght of plants, number of pods produced

and length of pods,

Ghsexvations on natural incidence of cowpsa < osaic
virus discase showed wvhat it is the wajor disease anmong
the difiervont virus discases afieobing cowpdd, Along
the infected plants O7 per gont showoed cowpea mosale

wizus diseasc.

The sesulis of tho exporuiments Lo find oul the offzct
of leaf sxirzact sprays on couwpead wosale virus infection
indicated that ¥no discase could pe effeciively contrelled
by preeincculetion sprayings with leaf cxiracts of

dousainpvilloa sp. and gupaterivm odoratum.
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Appendixei

Amidoblack stain for precipitin iines

smidoblack 10B -1 g
Sodium acetate acetic acid buffer 0.2 i, pH 3.6 1000 ml.

beeolorizer = No.q

thethyl alcohol - 45 parts
Glacial acetic acid = 30 parts

Distilled water - 50 parts

Decoloxizop e Mo,
gthyl alcohol {Absoluto) « 40 parts
Glacial aceile asid - G0 parts

Distilled uwater - %0 paris



ABSTRACT

Pludies wese cunducted on the cowpes mosaic virus
disease comonly occurring im cowpoa plants (Vigna
viguiculata (L.) talp) in Korala.

The major sysmploms causod by cowpea mosaic virus
infection in cowpea plants were vedn banding, intere
veinal enlorosis, mosale mottling and general stunting

of <the plants,

Transmlsslon studies showed that the virus could
be transmitied thyouch mechanical means, grafting,through
seeds and by means of aphid veetors. The virus was found
to by trensmitied by the aphids, Aphis craceivora, Aphis
gossyprd and Aphds malvae, Among the throe species of

arhids, Aphis craccivora was found to be the most efficie
ant vector. The percentages of fransmission obtained by

Ae CGraccivora, A. gossypil and A, malvae were 90,860 and

45 regpestively.

Studies on the physical properities of the virus
revealed shat the virus had 2 thevmal inactivation point
betweon 50 and 55°C, dilution ond point between 10~ and
10"2, longevity in vitro of 8 h at room temperature and

24 h at 8°C,



The minimum, acguisition feeding and incculstion
foeding perlod were found to be 30 s each, But the
pexcentage of transmission was makimum when an acquisition
feeding of 10 win and inoculation feeding of 15 min were
givene

Preeavquisition fasting up to a period of 2 h
increased the porcentage of transmission, whereas the
post=acquisition fasting decreased the efficiency of
transmission, The vector was found to wetain the virus
for 1«2 h, Maxlmum percentage of transmission was obtalned
with 10 aphids and the sympioms appeared within 14 days

after Inoculation,

Hostwrange studies revealed that the virus is restrice

ted to the famlly Leoguminosae and Chonepodliacoas.

Varietal sereening triasl with ten diffovent varie-
ties of cowpea showed that all the ten varietles were
susceptible to virus infeciion, Gwi52 was found to have
the highest susceptibility of 100 per cent infectiosn. G.G,104

showed sgome resistance with 13,33 per cant infection.

in serclogical studies the cluster opesn mosaic virus
and swoxd bean mosaic virus were found to be rolated to
cowpea mosale virus., The antiscrum titre and end polnt
of virus in the presont study were found to bz botasen



139024 and 1:2048 and 1:512 and 121024 respectively.

Studies on the éfféﬁﬁ»éf vizus infection on growth
of cowpea plants showed that there was zionificant reduce
1 tion in height of the plant, number of pods produced and
length of peds, |

-@bﬁéﬁ?&té@n& on natuzral incidence aﬁ'éQW§aa mosaic
virus indicated that cowpea mosaic virus is the major
disease amaﬁg the different virus di%@aaesv&fieéting
cowpeay Améng~thé infected plants 57 pey 3aﬁﬁyﬁhéw@£

cowped mosaic virTus.

The resulis of the experiments to find gut the effect
of leaf extract sprays on cowpea mosaic virus infection
indicated that the disease could be effectively controlled

by presineculation sprayings with leaf éxﬁtéeﬁa of

Ba %3

a sp. ond Eupaktorius odoralum.



