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INTRODUCTION



IMTRuBUGTIQfJ

CowoeaA/lona uncmieulata (L.)Walp-)is one of the 
major vegetable crops of Kerala and la being extensively 
cultivated throughout the other parts of India as well.

Cowpea plants are usually affected fey different 
diseases. Anor.g them the virus diseases are known to 
cause serious damage to the crop wherever It is cultivated. 
Characters of these viruses reported from different places 
in India and elsewhere are found to differ from each other 
in many aspects.

The occurrence of cowpea mosaic virus in India was 
first retorted oy Capoor and Variaa(1936) on Viana cvllndrlca 
froB roons and later Kariani and Kandaswaai{1961} reported 
the virus on sinensis from Delhi. Afterwards, cowpea 
mosaic virus was reposted from different parts of India 
oy many scientists (Chenulu et al.. 1968} Covindaswamy ,gt al. 
1970} heno and Shankar » 1972} Sharma and Varsia, 197b}
Mali and Kulthe ,1960} Homaehondran and Stwrnanwar, 1982).

Cowpea mosaic is a very common and destructive 
disease of covvpoa, reported from different parts of India. 
Tno disease is found to cause serious damage to the crop 
cultivated in all parts of Kerala also. The identity of
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the cowpea mosaic disease found in Kerala is not yet 
known and no studies have been conducted so far on this 
Important disease occurring in Kerala, In the present 
investigations an attempt has boon made to identify the
virus and to study the other aspects of the disease.

The following details have been worked out during
the course of the investigation.

1. Symptomatology
2. Transmission
3. Physical properties
4. Vector*»virus relationship
5. Host-range of the virus
6. Varietal screening
7. Serology
8. Effect of virus on growth of the plant
9. Observation on the natural incidence of cowpoa

mosaic
10. Conxrol of eowpea mosaic virus dlseaso by loaf 

extract sprays.



REVIEW OF LITERATURE



RcVIESf OF LITERATURE

Cowpea (Viana unnulculata (D.)walpJ is a very 
important pulse crop grown in Kerala and cowpea mosaic 
disease is a serious disease affecting this crop in all 
the areas where it is cultivated. The review of litera
ture presented here pertains to the different typos of 
eowpoa mosaic diseases reported from different parts of 
India ana elsewhere.

X, Symptomatology

Differant types of eowpoa mosaic symptoms have boon 
re p o r t  from different places. Me Loan{1$41) described 
the symptoms of a cowpea mosaic as characterized by dwarfed 
slender growth and tendency for excessive branching. 
Snydcr(l942) reported a seed-borne mosaic of asparagus 
boan having a pale and dark green foliar mosaic frequently 
accompanied by downward rolling of the leaves, mild 
rugosity os distortion, vein banding and stunting. Dal© 
(1949) observed the occurrence of a mosaic disease of 
Vicos unauiculata from Trinidad in which symptoms were the 
appearance of dark and light green rings on Hie loaves, 
development of irregular yellowish and dark green mottling 
accompanied oy blistering of the lamina. Sometimes under
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glass house conditions 3 reddish brown necrosis of the 
veins had also been found to develop.

Gapoor and Varraa(19S6) reported for the first time 
in India a mosaic disease of Viana c /lindrlca from 4 oona 
and later Nariani and Kandaswami(1961) reported this 
disease on V. sinensis from Delhi. 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 wore small, 
shrunken and containing only a few shrivelled seeds. 
Another cowpea mosaic disease was reported by Chanulu et ajL, 
IIV08), also from Delhi. The symptoms consisted of 
typical mosaic mottling, yellowing, reduction and distor
tion of leaf lamina. The symptoms wore seen as small 
enlorotic patches on the primary loaves of plants arising 
from diseased seeds. The affected leaves showed a tendency 
of marginal curling and cupping of the leaf. Non© and 
ohankar(1972) reported a cowpea mosaic virus infecting 
JX no sinensis from .jantnagar. The disease was characteri
sed by mosaic mottling, vein banding, puckering and distor
tion. Severe infection resulted in blistering and bleach
ing of the lamina. The pods became curved, twisted and 
reduced in sis®. The seeds in such pods were shrivelled 
and lesser in number, Sharoa and Varraa(197S) observed a
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cowpea oanding mosaic virus affecting cowpea (Vigna 
slnonsls Savi.), which was characterized oy mosaic 
mottling, crinkling and vein banding.

Klesser(196Q) described three cowpea viruses in 
Sothalia and designated as cowpea mosaic virus A,B and 
G. Cowpea mosaic virus A showed stunting, small mal
formed leaves with vein banding or a mosaic with necrosis. 
Cowpea mosaic virus B showed dark green vein banding only. 
Cowpea mosaic virus C, which was a strain of cucumber 
mosaic virus snowed a severe stunting and a vivid yellow 
mottling. Book and Conti(19?4) reported that the diseased 
cultivars show variable amounts of dark green vein banding 
or anterveiiial chlorosis, leaf distortion, blistering and 
stunting. They stated that the viruses that may be related 
to C A M  cause mosaic disease of adzuki bean (ghascolus 
an ;ularis) and aspargus bean (Vigna sesquicedalis).

IX. Transmission
1 . bap transmission

Transmission of cowpea mosaic virus Oy mechanical 
methods was first reported oy Me Lean(1941) from Arkansas, 
ria reported that the use of carcorundum as an abrasive 
assisted the* development of infection. Subsequently, 
many reports have beon made from different parts of the
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world on the sap transmission of cowpea mosaic viruses 
(riarjono, 1959; Toler, 1964; Adsuar, 1964} Debot and 
Do Lojas, 1967; Twardowics-JaLuszowa and Anna, 1969}
.'.vlculd et al.. 1970} Govlnaaswamv et al.. 1970; Khatri 
and Singh, 1974; Diwakar and Mali, 1976; Sharma and Varna, 
1976; Lima ,§£ al.. 1977; Kairachandran and Summanwar,1982; 
Fazyad al., 1984). Different types of inoculation 
media ware used by different scientists for the mechanical 
transmission of cowpea mosaic virus. ?honol water extracts 
of diseased plants were used by Schlegel(1960), infected 
plant sap itself was used by ..lconero and Santiago(1972).
Sap extracted in 0.05 if, phosphate ouffer of pF 7 was used 
oy Sharma and Varma{1976), sap extracted in cooled tris 
ouffer was used oy Mali and Kulthe(1980) and sap extracted 
in distilled water and dilutes in the ratio 1 ;S was used 
by Patel and Kuwaite(l982) and ratel(l982).

Aoeygunawardona and < orera(1964) conducted studies 
on the virus diseases a£_ octing cowpea in Ceylon and identi
fied a new strain of cowpea mosaic virus which produced 
local lesions when soTp inoculated on the varieties 
Victor h 798 and Brabham K 892. Guo et al.(1984) studied 
a C—1 isolate of cowpea aphid-borne mosaic virus obtained 
from asparagus bean and found that it was readily sap 
transmissible.
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Rocha-* ena and Fulton(1984) while working on the
propagation of an isolate of cowpea severe mosaic virus 
from Tabasco found that on mechanical inoculation six 
genotypes produced local lesions on inoculated primary 
leaves, followed by development of a severe mosaic on 
trifoliate loaves,

2, Seed transmission

Sood transmission of cowpea mosaic virus was first 
reported by tic Lo«m( 1941), Ho found that different varie
ties of cowpea showed different levels of seed transmission. 
in susceptiblo varieties like New Bra, whippoorwill and 
brispea the levels of seed transmissions were 5, 4»b and
0.8 pox cent respectively;and in resistant varieties^
Red Ripper-, Black and Iron 0, 0 and 1 per cent respectively, 
Stevenson and nagedorn (1970) reported that seed size 
has no effect on percentage of seed transmission. In the 
ease of cowpea aphid-uorne mosaic virus the seed trans
mission was found to be usually 0-3 per cone (Bock and 
Conti, 1974). But they have also recorded instances of 
21.5 per cent seed transmission in cowpea cv, kurodan© 16. 
i hatak(197*») has reported seed transmission of 3-19 per 
cent in cowpea cv . usa < nalguni for an Indian isolate of 
cowpea aphid-borno mosaic virus. Sirallar reports by Ladipo 
(1977) and Ata et al.(1982) confirmed the fact that the
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transmission of cowpea mosaic virus through seed is 
influenced by tho type of cultivar.

Different levels ox seed transmission of cowpea 
mosaic virus were reported from different parts of the 
world. These were 37 per cent (Snyder,1942) from Cali
fornia, 5 per cent from Central Asia (Viasol,1960),
26 per cent from Japan (Tzuchizaki et al,, 1970), 0 to 
78 per cent from Giza (Mazyad, 1971), 1,1 to 39.8 per cent 
from Iran (Kaiser and fcossahebi, 1975), 26 per cent from 
. iorocco (Hschor and Lockhart, 1976), 17.5 per cent from 
Marathwaaa (biwakar and Mali, 1976), 20,9 per cent from 
West Bengal (Ladipo, 1977), 41.6 per cent for a potyvlrus 
causing mosaic of cowpea in India (,aali and Kulthe, 1980),
9 to 34 per cent for cowpea banding mosaic virus (frakash 
and Joshi, 1980) and 14 par cent for cowpea aphid-born® 
mosaic virus from India (kali and Kulthe, 1981). Reports 
have also been made on viruses causing mosaic of cowpea 
which wore not transmissible through seeds (riarjono, 1959;
< bsygunawardona and * orera, 1964; Kuhn, 1964),

i^azyad (19 7 1) while studying the transmission of 
cowpea mosaic virus through seeds of cowpea plants reported 
that tho xirao of storage of seeds has no effect on virus 
transmission. ,.aque and Chonulu( 1972a)obsorved an inverse



relationship between the percentage of seed transmission 
and the age of cowpea plants at the time of inoculation.
Cuo et al.(1984) reported that cowpea mosaic virus can 
be transmitted through seeds of asparagus bean up to 3.1 
per cent.

4. Insect transmission

Cov.pea mosaic virus was reported to be transmitted 
by a nuraoer of Vectors. Aphid transmission of cowpea 
mosaic virus was first reported by Me Lean(1941) from 
Arkansas. The virus was found to be transmitted by 
Macrosiohmn salanifolii. Aphis qossypll and Macrostnhura 
uisi to the oxtent of 60, 100 and 70 per cent y respectively. 
Anderson(19b9) while studying the Vigna and Crotalaria 
viruses in Florida found that both beetle-borne and aphid- 
borne cowpea mosaic viruses existed separate]y, Abeyguna- 
waruena «nd ierera(l964) reported that A. craccivory is 
the principal vector of cowpea mos&lc virus in Ceylon.
They found that the transmission occurred in a non-persistent 
naraier. similar results were also obtained by i<lesser(l960) 
and Bock and Conti(1974), Vidano and Conti(1965) reported 
that a mosaic virus of cowpea in Italy was found to be 
transmitted by Hvzus porslcae. fabae. A, medlcaolms 
A, gossvpil and itacroslwhum cunhorolae.
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The cowpea mosaic virus was also found to be trans
mitted bv Acvrthosiohon olsum (Kaiser and Mossahobl, 1975); 
Hwhia craccivora (Khatri and Singh, 1974; Kaiser and 
Mossahebi, 1973; Sharma and Varma, 1976; Ramachandran and 
SutsHJdnvar, 1982; Guo j|t al., 1984; Mazyad £t aj.,, 1984);
Aphis .smmml. (Sharma and Varma, 1976); Aphis gossvpil 
(,%hatri and Singh, 1974; Sharma and Varma, 1976; Mali 
and Kulthe, 1980; Ramachandran and Summanvar, 1982);
Amhis podicaqinls (hasjono, 1959); Aphis sesbaniae 
(Kaiser and "ossanebi, 1975)- Macroslnlium nisi (Snyder, 1942); 
. ■••sus perslcaa (khatri and Singh, 1974; Diwakar and 
* .all, 1976; tiscner and Lockhart, 1976; Sharma and 
Varma, 1976; Guo et al., 1984).

Fventnough in most cases the sap transmissible 
cowpea mosaic viruses were also transmitted by the aphids, 

craccivora. Macxosinhua olsi and Myzpa ne-sisae. there 
are reports about cowpoa mosaic viruses which are not 
transmitted by these aphids (Toler, 1964; Shankar et al.
1973).

Beetle transmission of cowpea mosaic virus was 
reports by waiters and Bamett(1964) from Arkansas.
«njos and Lin (1v84) studied the properties of cowpea 
mosaic virus senftype 1 and found that it was transmitted



by the beetle Ceratoma arcuata. Similarly cowpea mosaic 
virus was reported to be transmitted by the beetles 
Andrector arcuatus and Andrector ruficornls (Debot and 
De Rojas, 1967), by Ceratoma ruficornls (Shepherd and 
Fulton, 1962; Kvlcald et al. . 1973), by C. ruficornls. 
Cvnadroorotlea varlaollis and C. artofasclata (Valverde 
et al. 1978).

III. <h.vslcal properties

ficLean(1941) while studying the physical properties 
of eoiifpea mosaic virus observed that the virus had longe
vity vit^o (i.XV) of 43 hi| *fcjn©XTs}3X lnsot*ilv 
(TIP) between 72°c and 75°C and dilution end point (DEP) 
1:1000. But Snyder (1942) studied a seed-borne mosaic of 
asparagus bean (Vigna sesquloedalts) and observed that 
the virus had TIP between 5b and 60°C, LIV - for 2 days 
at room temperature and DEP 1:1000. Similar physical 
properties were described for pea ©nation mosaic virus by 
Twardowicz - Jakussowa 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 6-7 days. 
Capoor and Varrna(1956) reported a mosaic disease of 
Viona cvlindrica from Poona and later flariani and 
Kandaswarai(19u1) reported the same virus disease on V. 
sinensis from Delhi. The TIP of that virus was found to be



12

between 83»90°C, QhP 1:30003 and LXV as 19 days.

Harjono(1959) while studying the physical properties 
of a virus affecting cowpea (Vigna sinensis) reported that 
the inactivation of virus occurred after 10 min at 60°C, 
or at a dilution of 1:100000 or after 24 h at 25-30°C. 
K.lesser{1960) while studying the virus diseases of cowpeas 
gave detailed descriptions of two viruses, none of which 
was identical with any of the previously recorded ones, 
ono designated as cowpea mosaic virus A had a TIP between 
62°C and 65°C, LIV 2-4 days and DEP 1:2000. Cowpea mosaic 
virus B wnich causes only vein banding symptom showed a 
TIP between 60 and 62°0, LIV 2-3 days and DEP 1:1000.

Yerks and Patino(1960) studied the physical properties 
of a severe bean mosaic oftscting the bean crop in Moxico. 
The virus was able to withstand heating to 92°C, dilutions

I*up to 1:4 x 10 , ageing 7 months in dry tissue, 11 weeks 
in expressed sap and 10 weeks in frozen sap. Adsuar (1964) 
found that the virus infecting cowpea had a TIP of 60°C,
DEP of 1:10000 and LXV of 48 h at 28-30°C. Abeygunawardena 
and Perera(1964) studied a new strain of cowpea mosaic 
virus affecting tho cowpeas in Ceylon, the TIT of which 
was 35-60°C, DEP 1:3000 and LIV was more than 1-2 days.
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Walters and Barnett(1964) while studying the properties 
of Arkansas cowpea mosaic virus reported that the virus 
was inactivated b/ dilution to 1CT6, heating to 75°C and 
storage for more than 5 days at 2S°C. Chenulu et al.
(1968) described a cowpea mosaic virus from Delhi the TI? 
of which was S5°C0 DEi 1s500 to 1s1000 and LIV 6 h.

Kvieala et aj.. (1970) conducted studios on the 
physical properties of a cowpea mosaic virus isolated from 
Cuba and observed that the virus had a TIP between 65-70°C,

R RDEP between 1:3 a 10 » 1s7 » 10 and LIV in crude sap 
10-14 days. faovlndaswapy et al.(1970) observed from Tamil 
Nadu a virus disease causing the mosaic mottling of leaves 
of cowpea and the causative virus was found to have a 
TIP of S0-35°C, D21f 1:1000 to 1:2000 and LIV 4-5 days.
None and Shankar{1972) reported a cowpea mosaic virus 
inf acting V. sinensis from Pantnagar, tho TIP of which was 
7S°C, DE? 1:1000 to 1:5000 and LIV 56 h. Khatri and Singh 
(1974) reported the TIP of a cowpea mosaic virus as 70°C, 
DEP as 1:1000 and LIV as 96 h at room temperature and 120 h 
at 7-10°C. Diwafcar and Mali{1976) studied the physical 
properties of a cowpea mosaic virus in Marathwada and 
reported the TIP of the virus as 65°C, DEP 1:500 and LIV 
3 days at room temperature and 7—8 days at 4°C. Kaiser 
and flossahebi (1975) wnile studying tho properties of
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cowpoa aphio-borne mosaic virus from Iran reported the 
TIP as 55-60oC, D£P 10“ 4 to 1CT5 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 chlorotic spot virus{CpCSV), 
cowpea banding mosaic virus (CpBMV) and cowpoa necrosis 
virus (cpKV), CpEKV and CpNV were inactivated after 10 sain 
ac 5C-55°C and CpCSV at 80«8S°C. The BEF of CpS,.V and 
CpNV were 1t103 to 1:104 and of CpCSV 1:106 to U107.
The LIV of CpBiSIt CpNV and CpCSV were 24 h, 2 days and 
5 days at room temperature. Lima et al.(1979) studied a 
potyvirus on cowpea in Ceara, the IIP of which was 60°C, 
LIV 48 h and CLP 10“3. Kali and Kulvhe (1980) described 
the properties of another potyvirus from India and tho 
Tip of that virus was 60»65°C, LIV 56 h and DEP 10”4.
Guo ot al.(1984) studied the properties of covjpea aphid- 
borne mosaic virus ootalnod from asparagus bean and 
observed the TIP of the virus as 53-60°C, DEP 10**3 to 
10“ 4 and LIV 1-2 days at room temperature.

IV. Vector-Virus relationship
The vector-virus relationship of a cowpea mosaic 

virus occurring on cowpea (Vlona sinensis) and transmitted 
by Aphis nodicogir.is was worscd out by harjono(1959).
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The study revealed that the acquisition and inoculation 
thresholds wore both 5 h and infoctivlty of tha vector 
could ha retained for 8 days,

Kaque and Chonulu(1972b) studied the influence of
aphid rearing plants and the developmental forms of aphid 
on tno transmission of cowpea mosaic virus. There was 
little difference in transmission by Aphis craccivora 
reared on cowpea, broad bean and poa plants and all 
developmental forms war® found to be equally efficient, 
i.iurugosan and Janaki(1972) studied the relationship of 
cowpea mosaic virus with its vector .Hyrus persicas Sulz. 
They found that she virus could he transmitted to 
healthy Cowpea plants even by one viruliferous aphid. 
i.axiHMi.* infection was obtained with 1 b aphids and after 
one h acquisition feediny although tha virus could be 
acquired in or.® sec. Preliminary fasting up to 2 h 
increased the efficiency of transmission only when 
followed by a short acquisition feeding of up to 5 mln, 
Post acquisition fasting decreased the efficiency of 
the vector and tho virus was retained only up to 4 h.

Sharma and '/araa(1977) made studies on the vector- 
virus relationship of cowpea banding mosaic virus. Even 
a single viruliferous aphid (Ar his craccivora) was able to
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transmit cowpea banding mosaic virus, but increase in 
number of aphids per plant increased the transmission. 
Optimum preacquisition fasting was found to be 3 h,

Cytiteventhough the aphids could transmit the virus with pro
acquisition fasting. Aphids could acquire the virus in 
probes lasting for less than one nsin, but maximum trans
mission was obtained when given five rain acquisition 
access time. The viruliferous aphids could transmit 
the virus within one min, but maximum transmission was 
recorded when given 30 min inoculation access time. 
Acquisition and Inoculation thresholds were 20 and 2b 
seconds respectively,wheroas transmission threshold was 
50 seconds, Viruliferous aphids lost ih© virus in less 
than 2 mxn while feeding and in 2 h while fasting. 
Incubation period of virus in the host plant was reported 
to be 20-25 days (Govindaswamy et al., 1970), 4-6 weeks 
(aali and kulthe, 1980) and two weeks (Collins at al., 
1984).

V. Ilos t-ranoe

ilost-range of the virus causing mosaic of cowpea 
in different places differs significantly. Snyder(1942) 
while studying the virus disease of asparagus bean found 
that the virus could infect cowpea varieties, but other 
legumes wore not infected. !larjono(1959) conducted studies
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on a virus disease of cowpea (Vienna sinensis) and found 
f hdscolus lunatus and rad.latus are susceptible to 
the virus. Subsequently, many reports have been made 
from different parts of the world on the host-ranga of
cowpea mosaic virus. The cowpea aoselc virus was found 
to infect pigeon pea.Ganavalla enslformis. Dosmodlum 
distortun and D, cvroldec in 1 uorto ,:<ico (Adsuar,l964); 
Canavalla onslformls in Ceylon {/ibeyguna.vardona and 
torero, 1904); some plants of the family iegurainosae 
in Tamil Nadu (Covinuaauamy at al,,1970); cowpoa, bean 
(. haseolus vulgaris) and Crotolaria luncea (iChatri and 
isingh, 1974) j cowpea and dolichos bean in Marathwada 
(Ciwahar and wall, 1976)*, Centroseoa brasllianua.Hlco- 
tiana bcnthamina and Phaseolus vulgaris In Coara 
(i,ima qt al,, 1982), Kvicala et al.(l970) studied tho 
cowpea mosaic virus in Cuba and reported 33 plant species 
as hosts of the virus. It was also reported that on 
Phasoolus vulgaris the Symptoms varied according to 
season, Ksisor and Kossahefoi(l975) studied tho cowpea 
aphid-borne mosaic virus in Iran and reported 15 host 
species Belonging to six families. Cystemie symptoms 
developed in Garaphrena cilobosa. Micgtfjiia ^lutinaaa and 
sansun tobacco as >,oll as in legume spocies. A  seed- 
oerna potyvirus causing mosaic of cowpea In India was
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produced systemic mosaic on these two plants. Lin et al. 
(1984) carried out investigations on two serotypes of 
cowpea savers mosaic virus affecting tho legumes in 
central Brazil. Tho serotype I of cowpea severe mosaic 
virus was detected in Calapaqonlum nmcunoides. Centrosema 
pueescens and Vigna radiata var. radiata. Serotype 11 
of cowpoa severe mosaic virus occurred in Grotalarla 
luncea showing ehlorotie mottling and leaf distortion.
Both the serotypes I and II occurred in Crotalarla 
luncea and Vigna sasquioedalis. namachandran and 
Suramanwar(19S2) rocorded a new cowpea mosaic virus from 
India which was detected in cuitivar Pcima, and was found 
restricted to cowpoa varieties only. Guo et ai.(1984) 
reported that the host-range of cowpea aphid-borne 
mosaic virus occurring in asparagus bean in Nanjing, inclu
ded 12 species of Leguminosae and Chenopodiaceae.

Cowpea (sjosaic virus was reported to cause local 
lesions on certain hosts. Tha virus was found to produce 
local lesions on Cheno odiumamarantlcolor and Chenopodlura 
album (Covindaswamv et al.«1970i Khatri and Singh, 1974); 
on soybean, sunhemp and Chononodium amaranticolor 
(Diwakar and ..iall,1976); on Chenooodium aaarantlcolor 
and on Cassia tor a (Lima and Nelson, 1977). t&ali and 
i<ulthe(1980) studied a potyvirus causing mosaic of cowpea
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in India and reported different typos of local lesions 
on different hosts. They reported necrotic local losiens 
on SgaekmM  globose. DoUchas Mfloruc, gjmgsk&M. 
vulaaris var, Prince and Vigna radiata var. Jalagaon-781. 
Chloxotie local lesions were reported on Glvcino mass var. 
Monetta, Phasoalus vulgaris var. Biela, Keckova and 
<erlieka, Chlorotic and Hccrotle local lesions were 
reported in Cheootjodlua aaarantlcolor and CfcenotodluiB 
guinoa and red local lesions in Chenorodiuia wralo.

Certain corataon vjesds have been reported as reser
voirs of cowpea nosaic virus by some scientists. Two 
common weeds reported aswsarvolrs of cowpea mosaic virus 
are Euphorbia aenlculata (Abaygunawardena and Perera.1964) 
and ^haseolus lathvroldos (vleonsro and Santiago, 1972; 
lima and liaison, 1977).

Screening of cowpea varieties for resistance against 
different cowpea nosaic viruses has been done in different 
places.

Abeygunawardena and „-'erera(1964) conducted studios 
on tho resistance of cowpea varieties to a virus disease 
affecting cowpea in Ceylon. Tho varieties Groit, Victor XX,



Negron* Deip 3312, deip 8862, Arlington and Birmingham 
were found highly resistant to the virus and the varie
ties i/ictor K 798 and Brabham K. 892 developed local 
lesions. The variety Jackson Alabama showed a mild 
systemic mosaic and all the other local and introduced 
varieties tested were found highly susceptible. 
Govindaswamy £t al.(1970) screened 112 varieties of 
covvea for their resistance to cowpea mosaic virus and 
found 109 varieties as susceptible and three varieties 
as tolerant to virus infection. No variety was found 
to be immune to virus infection. Behncken and naleevsky 
(1977) reported that all the 14 cultivars tested were 
found susceptible to cowpea aphid-borne mosaic virus 
in auoensland. Ladlpo ana Allen(1979) conducted glass 
house screening of different cowpea varieties for identi
fication of resistance to Nigerian isolate of cowpea 
aphid-borne mosaic virus. In glass house screening,
52 lines were found immune, six found as tolerant and 
the rest either gave mixed reaction or were susceptible, 
None possessed hypersensitive resistance. Allen(1980) 
conducted Varietal screening of 562 cowpea accessions 
for resistance to two isolates of cowpea mottle virus. 
Tolerance was the only type of resistance identified. 
More than 50 lines were identified as possessing resis
tance to both isolates. Of these five are resistant as
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fauna by othor workers also.

«all ̂  al,(1981) studied the resistance ©f 23 
cowpet, varieties to bean yellow mosaic, cowpea aphid-borne 
mosaic and tobacco xingspot virus and reported G-2Q8 

a® the only variety immune to bean yellow mosaic virus 
and cowpea aphid-borno noaaic virus, i'ulton and Allen 
(1982) reported that four cowpea accessions from the 
international cowpea disease nursory were sound imnune 
to three diverse isolates of cowpea severs mosaic virus 
from Arkansas, Costa Rica and Venezuela and a-other 
variety was found to possess resistance to six isolates 
of tho virus, Patel a)..(1932) screened 249 cowpea
cultivars by sap inoculation with valnbanding strain 
of cowpea mosaic virus in glass house and field condi
tions. Ten lines proved immune and eight found to bo 
resistant. Jf the rest, 12 lines proved moderately 
susceptible, 30 delayed susceptible, 176 susceptible to 
very susceptible and 13 showed heterogeneous reaction. 
Atlri and Thott3ppilly{1934) reported from Nigeroa that 
mechanical inoculation is better than aphid transmission 
in screening studios, Collins et al«(l98B) screened 
1 o cowpea cultivars for their resistance to black eye 
cowpea mosaic virus, cowpea cnlorotic raoxfcle virus, 
cuupea msaic virus, cowpea severs mosaic virus, southern
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oean mosaic virus (cowpoa strain) and cucumber mosaic 
virus. Five cultlvars showed promising levels of 
resistance to BXCHV only. All the 16 cultlvars wore 
susceptible to the other five viruses.

VII. Sarojogx
a. rurifIcation

Different methods of purification of eswpea nosaic 
virus have boon reported. Butanol-chloroform method, polye
thylene glycol-Hud method, a combination of those two 
methods, Butanol clarification of tha virus and precipita
tion with PEG, using thioglycollle acid, Ammonium sulphate 
and Nacl arc some of these methods, f>teere(1956) purified 
cowpoa mosaic virus using butanol-chlorofora method. In 
this method the infested plant sap was extracted in 0 .1 
phosphate buffer of pH 7. Van Kaaoen(1971) also purified 
cowpea mosaic virus employing butano1-chloroforra method.
But instead of using phosphate buffer he used 0.02 a 
potassium acetate buffer containing 0.002 y, OTA of pH 0,8 

for leaf extract preparation.

Hebert(1963) and Van ptaomon(1967) purified cowpea 
mosaic virus by PE6-Macl method. The loaf extract was 
clarified by centrifugation at 1000 g and then -'EG 6000 
and h a d  were added. Van Kcraaen(1'367) reported that PEG-



24

Mac! method gave high yields of purified virus compared to 
uutanol-chloroform method of purification.

Van Kammen and deJager(1978) used a method of 
purification of cowpea mosaic virus which was a combina
tion of butanol-chloroform method of steere(1956) and P£G- 
iiacl method of Hebert(1963). Bock and Conti(1974) reported 
another method of purification of cowpea mosaic virus.
They extracted the sap of infected loaves in 0.5 f.i sodium 
Citrate buffer containing 1 per cent 2 morcapto ethanol 
of pH 8.1 ana clarified by treatment with n-butanol and 
subjected to differential centrifugation. Lima and Kelson 
(1977} purified the cowpea mosaic virus by butanol clari
fication and precipitation with polyethelene glycol,
Lima or al.(1979) reported that either n-butanol or a 
combination of chloroform and carbon tetrachloride can bo 
used for the initial clarification of cowpea mosaic virus.

b. Serological tests

Several scientists worked out the relationship of 
viruses causing disease in cowpea and othor legumes. 
i erez jrfc al.(1971) reported that a virus causing mosaic in 
* uorto Aico was closely related to cowpea mosaic virus 
from Arkansas and Trinidad, Ha also found that the passive 
haema oglatination test is highly sensitive for the detection
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of f-lant virus antigens. According to Bock and Conti(1974)

cowpea aphid-born© mosaic virus belongs to potyvirus group, 
but no serological relationship exists between cowpea 
a^hid-borne mosaic virus and other potyvirusos,vis., 
potatoo virus f, bean yellow mosaic virus, pea seod 
borne mosaic virus, clover yellow vein virus, soybean 
mosaic virus, sugarcano mosaic virus, tobacco severe etch 
virus and iris mosaic virus. Serological relationship of 
cowpoa chlorotic mottle virus and bean yellow mosaic 
virus was reported by Fulton ot a^,(1975). Lima and 
Molson(1977) found chat purified sap extracts of cowpea 
mosaic virus infecting cowpea and Phasoolus lathyroldes 
reacted with cowpea mosaic virus antiserum but not with 
antisaxa of bean t-od mottle virus, broad bean mosaic 
virus, cowpoa chlorotic mottle virus, southern bean mosaic 
virus or soybean mosaic virus in gel diffusion tests, 
it was also found that tho cowpoa mosaic virus isolates 
from cowpea and Phaseolus iathyroidas were slightly 
different serologically as a spur was formed between tho 
two when reacted against the antiserum specific to cowpea 
isolate.

Fulton and Scott(1979) put forth a serogrouping
concept for legume comoviruses. Five sorocrouds have been 
recognised. Lima et al.(1979) found that the potyvirus
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isolated from cowpea In Ceura was serologically related to 
but distinct front black eye cowpea mosaic and bean common 
mosaic virus* immunodifiusion in agar gel containing sodium 
dodecyl sulphate was used for detection of cowpea viruses 
by lima and Purci£ull(1980) and tin ot jgl,{1981)• Uali 
and Kulthe(1980) reported that the seed-bome potyvirus 
causing mosaic of cowpea in India is not related serologi
cally to alfalfa mosaic virus, bean common mosaic virus, 
cucumber mosaic virus, tobacco mosaic virus and tobacco 
ringspot virus. Antisorum gave precipitin end point of 
1s 256 and the antiserura titre 1s1024* There existed a 
close immunological relationship between CSW11 cowpea 
virus antigen ana broad boan isolate of bean yellow mosaic 
virus.

Parian! et al.(1QS0) reported that an aphid end 
seed-borne rtosaic disease of cowpou showed a serological 
relationship with a strain of tobacco mosaic virus.
Sanchez and Gonzales(1981) identified o close serological 
relationship betwaan yellow and severe* strains of cowpea 
mosaic virus. Taiwo and Gonsalves(1982) grouped the isolates 
of black eye cawpoa mosaic virus and cowpea apbid-born© 
mosaic virus isolates into two serogroups. Mali(1983) 
reported that one of the isolates of sood-borna potyvirus 
eauarng mosaic oi cowpoa in India is serologically related
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io CAi„v of Bock and Contl(1974). kin et al.(1984) reported 
that there are four distinct serotypes of cowpea severe 
mosaic virus isolates and that the four serotypes showed 
cross reactivity among them due to a common antigenic 
determinant. Rocha- ana and Fulton(19S4) reported a 
close serological relationship between cowpea mosaic 
virus isolate of ~abasco and isolates from Arkansas,
Puerto Rico* hi Salvador and Venezuela.

VIII, effect af virus on growth of plant

Harrison and Gudauskas(1968) studied tho effect 
of bean yellow mosaic virus, cowpea chlorotic mottle virus 
(GCMV) and cowpea mosaic virus (Cpf.lV) individually and in 
mixed infections on growth and seed yield of the cowpea 
varieties ’Clay* and ‘Early Rasehom*. Only bean yellow 
mosaic virus caused significant reductions in growth and 
seed production of ‘early Ramshom*. A mixed infection of 
GCMV and CpKV reduced seed yield whereas neither virus 
alone had any effect. None of tho viruses alone or in 
combination affected growth or yield of ‘Clay’, Khatrl 
and Chenulu, (1970) reported that cowpea mosaic virus 
infection decreased the dry weight of leaves in resistant 
and susceptible varieties, moisture Content in susceptible 
varieties and affected mineral metabolism, Gilmer et al. 
(1973) reported from western Nigeria that early infections
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of cowpea mosaic virus reduced the yields by 40-50 per cent 
and late infection caused reduction of only 5-10 per cent. 
Sharma and Varma(1976) observed a 41,8 per cent reduction 
in the yield of cowpea as a result of infection of cowpea 
cnlorotic spot virus and cowpea banding mosaic virus,
Fecjla et al.(1981ll studied the effect of cowpea aphid- 
borne mosaic virus and cucumber mosaic virus on growth and 
nodulation of cowpea. They observed that the shoot length, 
and frosh and dry weight of roots and shoots were affected 
oy infection with tho viruses individually or in combina
tion, Modulation was also reduced by combined infections. 
Vaverde et al.(1982) re( orted from Costa Rica that cowpea 
mosaic virus infection reduced the yield of cowpea by 84.8, 
82.1 and 5b. 6 per cent,when infection occurred before, 
during and after flowering, respectively. Graham(1985) 
found that cowpea severe mosaic virus infection reduced 
the leaf area, shoot weight and nodule weight significantly 
in che ease of early infections. It was also found that 
in diseased plants in the absence of fertilizer the pod 
yield of cowpea was also reduced significantly.

IX, effect of leaf extract sprays on development of cowpea 
mosaic virus

The antiviral effect of leaf extracts have been 
reported by several scientists. Tho antiviral effects of



leaf extracts. Of Capdicuai anmiiaa and Batura atagaaaoniiUBi
m m  sm m it i  by Reyohaudhuffl and 'Prasad|19#§}§ and shasma 

and R*yehaudhig£i{i96&)* There have been report© on the 

antiviral effect @f leaf extracts s f  MlraM'lls Aalaofl. 
(tfe&na and iCaaarttfS©! and Boeghaavla diffusa (Vesma 

Awaotbi, 1980),

Vests* and &wivedl(f$S3) imported from Lucknow 
that the leaf OfstraStS- of Bougainvillea apectabilia
protected LyfeonegslOoft e&eulenturo»- fineainlft mele and
Cretaiairla .luncoa plants against the Infection caused by 
tobacco m§a$s virust tomato yellow m %tie virus* physails 
shoestring mosaic virus md cucumber.greon settle virus* • 
They obtained cooplot# psoteetion against the diseases 
with Six pffeineculation sprays. They have extracted a 
virus inhibiting faeto# fre® the leaves of the host plants 
Sprayed with Bougainvillea aoectt&b&Iig leaf extract* and'
reported that th© pmmmm of vims inhibiting feetes? was 
the reason few the expression of antiviral effect by the 
treated plants*
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I. S yrrotoraato logy

Seeds of cowpoa {Vigna unouleulata(L.) J>alT>«) 
variety C-152, obtained from tho Department of Oleri
culture, College of Horticulture, Vellanikkara, Trichur, 
were sown in pots containing a  -sotting mixture of sand, 
red soil and eowdung(1s1;2). Leaves of cowpea plants 
showing symptoms of cowpea mosaic virus disease were 
collected from tho field. Tho culture of cowpea mosaic 
virus (CphV) was maintained by repeated transfers on 
Cowpea plants in insect proof glass house by sap inocula
tion. Symptomatology of cowpoa mosaic virus uisease was 
studied by observing the development of symptoms in 
naturally infected as well as artificially inoculated 
cowpea plants and Ghanauodium aaarantlcolor Coste & Reyn.

1 . tap transmission
The culture of tho virus maintained in the insect 

proof glass house as mentioned above ivas used for the 
studies.



Sap transmission studies were conducted using 
standard sap* sap extracted in phosphate buffer and tris 
buffer, in ail sap inoculation studies 600 mesh carborundum 
powder was used as abrasive. Young leaves of systematically 
infected plants showing typical symptoms were collected 
and triturated using a clean and sterile mortar and pestle. 
The resulting pulp was strained through sterilised cotton 
wool and used as the inoculum.

The standard sap was prepared by crushing the 
infected leaf of known weight into a fine pulp by adding 
one ml of sterile distilled water for every gram of 
diseased tissue, Shera tris buffer (0.1 M, pH 7.0), and 
s,host hate ouffer (0.03 pH 7.0) were used as extraction 
nodra, the sap was extracted after adding ono nl of the 
buffer in each case to every gram of infected loaf tissue.

The expressed sap after initial clarification, 
was used as the inoculum. Inoculation was done by gently 
rubbing on the upper surface of the leaves with inoculum.
. lants were Inoculated when they wore in tho two leaf 
stage. small quantity of caroorundum powder was sprinkled 
uniformly on the leaves before application of inoculum.
Care was taken not to cause excess injury to the leaves 
during inoculation. Soon after the inoculations the leaves 
were wasned with distilled water using a wash bottle.
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Ten plants each were inoculated for every experiment 
and an equal number of uninoculated plants were kept 
as control. The experiments were done In cooled condi
tions also i.e. the inoculum was prepared from frozen 
leaves using previously chilled postle and mortar. The 
experiments were dono twice and the plants were kept 
under observation in insect proof conditions.

2. Seed transmission

Three hundred and eighteen seeds collected from 
cowpea mosaic virus (CplM) infected cowpea plants were 
sown in pots in the insect proof glass house. The plants 
were kept under observation for three weeks after germina
tion.

3. Graft transmission

small shoots showing systemic symptoms were 
selected tor preparing scion. The base of the scion was 
trinsned to a wedge shape and inserted into a Cleft made 
on the stem of the stock grown in pots kept in the insect 
proof glass houso. Thirty days old healthy plants were 
used as stock. .Viost of the leaves of the scion were 
removed and the base of the scion was inserted into the 
cleft of the stock. The graft was then tied properly with
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4 polythene bag to retain humidity*

4. insect transmission

Insect transmission studios were carried out by 
using Ashls craccivora Koch, Aphis aossypll Glov, and 
Aahls malvae rCocn, as vectors. The a^hid species ware 
identified at the department of Agricultural Entomology, 
College of Agriculture, Vallayani. Nonvirulif erous aphids 
were collected from healthy host plants i.e., Aphis 
craccivora from healthy cowpoa plants (Vigna un«uiculata(L.) 
#al{j) Aahis aossvpil from snake gourd plants (Trlchosanthes 
anauina L.) and Aphis malvaa from bhlndi plants (Abelmoschus 
esculentus (L)Moench).

t-re-ucquisition fasting of one hour and an acqui
sition feeding of ten minutes were given. A fixed number 
of aphids were transferred to each of the test plants and 
allowed to feed for 24 b. After that they were killed by 
spraying 0,1 per cent methyl parathion. As in the case of 
mechanical inoculation an equal number of control plants 
were kept in separate cages. Only apterous form of aphids 
was used in theso trials.
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III, i hvslcal properties 
1, Dilution end point (DEP)

Infected cowpea leaves of known weight 'were 
crusned to fine pulp by means of clean and sterile 
mortar and pestle adding one ml of sterile distilled 
water per gram of leaf material• The resulting pulp 
was strained through cotton wool and thus the standard 

t sap was obtained. Serial dilution of the standard sap 
(1 :1 ) viz., 10“1, 10~2S 10“°, 1Q- 4 and 10“® were prepared 
as follows. Six test tubes were arranged in a row in a 
test tube rack. Kino ml of sterile distilled water was 
dispensed into 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 sal of the standard sap was transferred to the socond
test tube with 9 ml distilled water to got a dilution of

4 410“ '. It was mixed thoroughly and one ml of the 10

dilution vas transferred to the next test tube to prepare
a dilution of 10“". The preparation of serial dilution
was continued until a 10 dilution was made. All the
transfers were made with sterilized pipettes. The
different dilutions wero used for inoculation on separate
sets of test plants starting from the highest dilution.
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Tan cowpoa plants ware inoculated with each of tho 
ciluiions. The inoculated plants were labelled and 
kept under insect proof conditions and observed for 
development of symptoms. Tho oxpeidUonta ware repeated 
for confirmation of results* Tho inoculation was also 
dona on four leaves of tho indicator hast Chenopodium 
aafaranticolor and the ooscsvatlons on the nutasor of 
local lesions produced were recorded.

2. Thermal inactivation point (TIP)

The sap iroRi the infested cowpea plants was 
prepared as in the above experiment. Five ssl of the 
sap was pipetted into a thin v<allod glass test tube.
Care was taken not to smear the upper past of the test 
tube* it #&& then placed In a waterbath with thermostat 
arrangement. The waterbath was filled with water until 
the level reached 3 cm anove tho level of the sap in tho 
tubes. The test tuba was kept for ton minutes in the 
waterbath maintained at 35°C, The control was kapt at 
room temperature (28-3Q°C). in tha saoe manner five ml 
lots of the sap were kept for ten minutes each at 33, 40, 
4o, 50, Sb, 60, 70, 80 and 90°C and thermometer was placed 
close to the tube in the uatorbath to check the tempera
ture. Arc or ton minutes in each case the tube was removed
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and cooled Immediately in runniri water. The untreated 
and treated samples of the sap were used for Inoculation 
on the tost plants by smearing them on leaves sprinkled 
with carborundum ptmdor. Inoculation was don® on healthy 
leaves of two months old GhgaasMiM JSMSaijUcoleE. Five 
loaves .ve! o inoculated in each treatment, and tho oxper la
ment was repeated to confim> the results, Observations 
on tho number of local lesions produced on leavos of 
Chenopodium amaranti color were recorded,

3, Longevity ia mfea (i-XV)

The sap from t.se infect ad cowpea plants was 
prepared as in tho above experiment, Five ral of tho sap 
was pipetted into test tubes and closed with aluminium 
foil. The tubes wore kapt at rot® temperature (28-30°C) 
and also in refrigerator (0°C;. uno tube each contain
ing the sap of each treatment was taken after specific 
potions, vis,8 a, 1, 2, 48 6, S, 12, 24, 48 and 72 h and 
Inoculated on leaves of Chenopooiun asiaianiicolor. Five 
1 waves were inoculated in each treatment one. tno experi- 
jaenfc m s  repeated to confirm the results. In all the 
experiments the inoculated plants were Kept under insect 
proof conditions anu observed for the development of 
symptoms.
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IV. Vector-virus relationships

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 repeated transfers to healthy plants by mechanical 
inoculation. Virus free aphid colonies were maintained 
on suitable healthy host in insect rearing cages, 
txperiraents on voctor-virus relationships were conducted 
by using Aphis craccivora which was found to bo the most 
efficient vector. In all the insect transmission trials 
only full grown apterous aphids were used. During 
feeding of tho aphids the test plants were kept in insect 
proof cages. The aphids wore killed at the end of required 
feeding period by spraying the plants with 0 .1 per cent 
methyl parathian (aatacid 50EC). In the ease of short 
feeding periods of less than fivo minutes the individual 
aphids woro watched through a mangifying lens and the 
time of feeding was determined with the help of a stop 
watch after the aphids had settled down to feed.

1 . I tininum acquisition feeding period
A large number of nonvirullf erous aphids were 

collected and ware given a pre-acquisition starvation of 
ono hour. Batches of ton aphids each wore given aequisi-
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Won feeding of 20 i>, 30 S, 1, a, 5, 10, 15 and 30 sin 
and 1,2 4 and 24 h on diseased plants before transferring 
them to healthy cowpea plants. The aphids were then 
allowed to remain for 24 h on tho test plants and were 
killed thereafter by spraying 0.1 per cent methyl 
parathion.

2. Minimum inoculation fcoding period

honviruliferous aphids were given one hour pro
acquisition starvation and an acquisition feeding of 10 
minutes. Then the virullferous aphids were transferred 
an batches of ten to individual healthy test plants, 
fcach batch was given separata inoculation feeding periods, 
vis., 10 0, 30 S, 1, 2, 0, 10, 15 and 30 ain and 1 h.
The aphids wofa killed after tho specific inoculation 
feeding period by spraying 0.1 per cent methyl parathion.

3. Influence of fasting before acquisition and inocula
tion leadings

1. Pre-acquisition fasting
A largo number of nonviruliferous aphids were 

starved for different periods such as 30 tain, 1, 2, 4 and 
24 h» Then they ware allowed an acquisition feeding for 
ten minutes on diseased plants and subsequently they were
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confined in batches of ten to healthy test plants for 
inoculation feeding. Effect of each pre-acquisltlon 
fasting period was tested on ten healthy test plants. 
Control plants wore also kept with an equal number of 
aphids but without any pre-acquisition fasting. After 
24 h the aphids wore killed by spraying with 0.1 per cent 
methyl parathion. The experiment was repeated to confirm 
tha results.

ii. Post-acquisition fasting

A large number of aphids were starved for 1 b 
and given an acquisition feeding period of 10 minutes. 
These viruliferous aphids were then starved in batches 
of ten for different periods Such as 30 ain 1,2, and 4 h. 
Croups of ton aphids from each of those categories were 
transferred to each healthy test plant. Effect of each 
post-acquisitlon fasting period was tested on ton healthy 
tost plants. The controls s/ere maintained with equal 
number of aphids with no post-acquisition fasting. The 
apnids we-.e killed after 24 h by spraying 0.1 per cent 
methyl porathion. The experiment was repeated to confirm 
the results.
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4,Retention of infactivity by the vector

Hie experiments were conducted with virulif erous 
insects which were transferred in succession to a series 
of healthy cowpea plants after a definite inoculation 
feeding period on each plant. A large number of aphids were 
starved for one hour and fed on diseased cowpoa plants for 
10 min to make thorn viruliferous. Groups of ton aphids 
were then transferred in succession to a series of five 
healthy plants transferring the insects after a definite 
interval. The different feeding Intervals allowed in 
different series were 1b min, 30 aiins 1 h and 2 h. The 
aphids were killed from the fifth plant of the different 
series by using 0 .1 per eont methyl paraihion. The 
experiment was done twice.

5. foinimum number of aphids required for transmission

Single aphids as 'well as groups of 3, 5, 10 and
15 aphids were collected from a nonviruliferous colony 
from the rearing cage and were starved for one hour.
These aphids were made viruliferous by feeding them on 
diseased cowpoa plants. After an acquisition feeding 
period of 10 am, the aphids wore transferred to healthy 
test plants oy using a carnal hair brush without causing 
any injury to the insect© and allowed to feed for 24 hours.



They were then killed by spraying the plants with 0 .1 

per can’s methyl parathlon.

6. incubation period of virus in the hast plant

Twenty healthy cowpoa seedlings of two leaf 
stags were inoculated using ftanis craccivora and observa
tions were taken on tha date of appearance of symptoms,

v. ‘Jaskaiaae:

To determine the host-rango of cowpoa mosaic virus, 
plants belonging to 73 species of 17 families wore inocula
ted by sap inoculation. Four to five seedlings were inocu
lated in each case. The plants which did not show symptoms 
after four weeks wore indexed by back inoculation to 
tflgaa unciuieulataCb.)Walp. to find whether they were 
symptomless Carriers of the virus. Following plants were 
used for host-range studies,

1, Aeanthaceaos
a) Anorographls echfoMas (L.jHess
b) Jpsticia vrostrata Grabble

3. Aiiiaranthaceaes
a) nmaranthus caudatus L.
b) Aaaranthus viridls h.
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c) Altarnantnora sp.
d) Celosla ap.
o) Gogphrena qlobosa L*
{) Soinacia oleraeeae t,

3. Apocynaceaas

a) Vinca rosea L.

4. Araceae:

a} Caladrum sp.
b) Coloeasia esculents b,

5 .  G ap pa rida ceae s

a) Gleoae vlscosa L>
6. Cnenopoalaceaei

a) Ghenopodlum araaranticolor Costs & hoyn
b) Chenooodlum guiooa Billd,
c) Chenooodium nurale L.

7. Compositae:
a) Aqeratum eonlzoides L.
b) -i illla sonchlfolla DC
c) Euoatorlum odoratum D,
d) Svnedrolla nodlflora Gaertin
e) Trldas croeui.ioens L.
f) Vornonla cinerla L.



9) zinnia elaaans Jaeq.
h) Alnnta Xinnearls t.

8. Cucurbitaceaei
a) Cucurblta Rosehata Duch,
b ) C u c u r b lt a  p o p s  t ,

c) Cucumla salivas 1..
d) utoiaotdlca eharantla L. 
a) Triehoaanthes anoalna t,

9. eufihorblaceaej
a) Acalvoha Andica X.
b) Croton saarslfiorus Kotong
o) EHph.MMa jhteta X,
d) aanxnot esculenta Grants, 
a) PhvIXanthus nirugl X.

10. craainaes
a) Eehinocnloa colona (X.)Link °
b) oryaa aaxiva L.
0) , anXcum raoeng L,

11. .laivaoeaes
4) AbaXtdschus oseulentus (L.Hosnch. 
b} Sida acuta Surra F«

12. XaBiatasu
a) Xeucas aaoera (tVilXd)Sprang.
b ) uciiaum sanciuca X .
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13. Lsgumlnosaet
1. Caosalpiniaceaos
a) Casssla occldantalls L.

2. .''iasosaceae:
a) -f.liir,osa nudica L,
3. i apilionacsaa;
a) Arachis hyppqaea L,
b) Calanus ca-jgri (jl.,)/tillsp,
c) talaaaaonlum mucunoldos Dssv.
d) Canavalia ensiforals (L.)DC
e) Clitoris tomatea L.
i) Crotalaria luncea L.
g) Cyamjasis tetraoonaloba (l.J'iaub.
h) Uollchos bitlorus Aucx.
i) 31veins max (L.)nerr. 
j) ihaseolus vulgaris L. 
k) Flsum sativum 1.
1) psophocaruus totraoonalobus (l./iJC 
m) Stvlosanthes ouianenals (Aubl) SW. 
n) Stvlosanthes gulnaensis Schum & Thonn. 
o) Vlcma munoo (L.) iiepper 
p) Vlgna radiata (L.) Wilczek 
q) Vlgna sesuuloedalls (L.) Fruw
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14, rodali3csa8!
a) aosamum lodlcua L»

13. iolanaceaes

aj C&aaiSiB antwua L.
b) Batura straaonliin L,
c) M i s a  asial I
d) LycoBorsXeon pssulentuia 
g) Mi»»otiana aXutinosa t. 
t) is3.cotl.ana tabacue X.
g) , etunla hybrlda Vilm
h) Solanun raalonnorta L.

16. Varbanaceaas
a) Glerodsndron iftfortunatuo 1.

*>s m&Mis. sms*a u
e) Stachvtaruheta Indlca L,

17* Zingifoccaccadt
Gta*cuma clo&astlca V&l 

^3 Zlnqiboy officinale Eos©*
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VI. Varietal screening

Ten varieties of cowpea plants obtained from 
Kogional Agricultural Research Station, Pattambi,were 
tested for their resistance to cowpea mosaic virus.
Forty plants of each variety were inoculated with the 
virus using standard sap as inoculum. The inoculum was 
prepared from systemically infected cowpea loaves by 
triturating them using mortar and pestle adding 0.1 M 
tris buffer of pH 7,0, Tho standard sap was strained 
through eetton-wool and immediately inoculated on leaves 
of test plants. Healthy cowpea plants of two leaf stage, 
grown l.i insect proof glass house were used as test 
plants. Following were the varieties used for screening 
studies.

1. New Era
2 • tiM
3, V—240
A. Kanakanony
5. C-1S2
6. V-59
7. V-87
8. C.G.104
9. V—37
10, Kozhinjil (local variety)
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Observations o r  tho incidence of tho disease
wore recorded on the 14th and 28th days after inoculation.

VII. M£3l2£U
1. Purification of virus

Two methods of purification of virus were triad. 
(I) Tho Inoculum was prepared by triturating tho system!- 
cally inf acted loaves at the rate of one g/nl of 0.1 ft 
phosphate buffer of pH 7,0 using a clean and sterile 
mortar and pestle. The hoaogenate was titan strained 
through a double layer of muslin cloth and thioglyeolllc 
acid was added to the filtered sap, at the rate of two nl 
per 100 nil of the sap. Then tho sap was centrifuged at 
5000 rpm for five minutes at 4®C using KC1AG refrigerated 
centrifuge model BCR 2Qt!A, to remove the host material.
The precipitate was discarded and the clear supernatant 
was taken and activated charcoal w-as added to that at the 
rate of 0.05 §/ml of the sap. The sap and activated 
charcoal were mixed thoroughly and allowed to settle for 
15 min. Then it was centrifuged at 6000 rpm for 10 min. 
Tho precipitate was discarded and the clear supernatant 
was taken. Sis per cent polyethylene glycol(PtG) and 0.2 
per cent Nacl wore added to the supernatant and kept at 
4°C for 60 to 90 tain. Ti was than centrifuged at 2500 rpm
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fox 10 sin. Iho precipitate was dissolved in 0.1 M 
phosphate outfar of pH 7.0. The supernatant and preci
pitate were tasted for their infectivity on cowpea plants 
as well as Chcnooodium amarantlcolor.

(ii) In the second method, purification was done by using 
PEG and Nad. The inoculum was preared fay triturating 
the systenically infected, frozen leaves at the rate of 
1 g/tal of'30.01 7, phosphate buff or of pH 7.0 using a clean 
and sterile mortar and pestle. The homogenate was then 
strained through a doable layer of nsuslir. cloth. The 
filtered sap was centrifuged for 15 min at 10,000 g.
PtG and N a d  were added to the supernatant to got final 
concentrations of 4 per cent and 0.2 M,respectively, and 
centrifuged at 10,0tC g for 15 min. Ihe precipitate was 
dissolved in 0.01 M phosphate buffer of pH 7.0. The 
supernatant and precipitate were tasted for their infacti
vity on cowpea plants as well as on Chenooodium 
amarantlcolor.

The supernatant obtained from second method of 
purification, found to have highest infectivity, was used 
for injecting rabbits.
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2, i reparation of anttoeruia

two ttawzsaland wnite female rabbits were used 
for the production of antiserum. Tho purified virus 
preparation was emulsified with Freund’s incomplete 
adjuvant (L'ifco) . in the ratio 1:1 v/v. This emulsion 
was injected intramuscularly four times at an interval 
of 7*40 days. Four ml ( 2 ml antigen * 2 ml adjuvant) 
was anjocted at a tisso at the* rate of 2 ml portions 
into each thigh muscle, A fifth injection was given 
intravenously 7 days after toe last intramuscular injco
tton. Two si of antigen alone v»«s injected into marginal 
oar vein of each raeblt.

Two weeks after the last injccti-sn the rabbits 
woro bled. They were fas»ad for 12 b prior to bleeding. 
The marginal ear vein, widened temporarily by rubbing the 
ear with xylol, was scvoree with a razor blade for bleed*, 
ing the rabbits. The blood samples wore aseptically 
collected in 15 ml tubes and wore allowed to coagulate by 
keeping the tubes at room temperature for two hours, Th® 
coagulated blood clot was loosened witn the help of a 
sterilised glass rod and tho samples were kept overnight 
at 4°C. Tho clear serum was decanted and seniiifuged at 
5000 g for 30 minutes at 4°G« :urifled serum was pipetted
out using a sterile pipette and dispensed to 5 ml vials.



Sodium azlde was added to the clarified serum as a 
preservative, so as to make a final concentration of
0.01 per sent. Vials were then sealed, labelled and 
kept in a freezer.

Two weeks after the first bleeding one more 
intravenous injection was given and the rabbits wore
again bled after one week.

3. Serological tests
(t) ;.dcropreeipitln tost on slides

Thirty aicrolitros of antiserum and the same 
quantity of virus suspension were mixed on a microscope 
slide. Tho mixture was incubated at 25°C under high 
humidity for 20*45 min and examined under microscope, 
isolates of cowpea mosaic virus (CpKV) isolate I (Isolated 
from diseased plants in the glass house) and isolate IX 
and III (isolated from two different localities), snake 
g jpwed mosaic virus, sword bean mosaic virus, dustor 
bean mosaic virus, pumpkin mosaic virus, bitter gourd mosaic 
virus and cucumber mosaic virus were tested against the 
antiserum of cowpea mosaic virus isolate I. The above 
mentioned virus isolates wore also tested with normal 
serum from healthy rabbits.



The cowpea mosaic virus antigen was tested against 
six other antisera also, viz., cowpea severe mosaic virus, 
cowpea mosaic virus (USA), cucumber mosaic virus(cowpea 
isolate), southern boan mosaic virus, cowpea chlorotic 
mottle virus and cowpea mosaic virus HI Salvador.

(ii) Microprecipitin test in petridishes

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

Cowpea leaves showing typical symptoms were tri
turated using a clean and sterile mortar and pestle and the 
ssPp was strained through cotton-wool and centrifuged at 
5000 g for 15 min to get clear supernatant. Using a pasteur 
pipette one ml of that was transferred Into the first of 
a scries of numbered corning glass tubes with a capacity 
of 1 to 1.5 ml. The second tube was half filled with the 
sap and an equal amount of salino buffer (0.85 per cent 
B a d  in 0.01 M Tris oxymethyl aminomethane buffer of pH 7.0). 
The liquids were mixed by inverting the tube several times. 
This tube contained the sap diluted to J/2, Half of this 
dilution was transferred to next tube and an equal volume
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of saline buffer was added so as to make a dilution of 74. 
This method was continued to make dilution of the series 
i't, '/2» -V4, ys# 716, /32, 744, 7128, 7256, 7512, 71024, 
/2048 and 74096.

In the same way as with the sap from virus infected
leaves dilation series were made for antisorun and healthy 
sap also. Healthy sap was used in the tost as control.

A scheme was drawn on a paper with 10 mm squares 
and tno sap and antiserua dilutions were masked as shown 
in figure. A patridiah of 19 eta diameter was kept on tho 
top of the scheme, keeping the dish at 8®0« Using a 
pasteur plpotto, drops of saline buffer wore placed in tho 
potridish at the point wnere the line labelled t!ael~buffor 
meet tvith the other lines. Using another pipette 13 drops 
of the least concentrated sap (74096) were spotted at the 
intersections along with vortical line labelled 74096.
The next dilution of the sap was spotted with another 
pipetto along that particular lino which indicated that 
dilution. This was continued until the scheme for sap was 
completed. The lowest concentration of the antiseruia(74096) 
was taken in a frosn pipetto and one drop was spotted to a 
saline drop and to the 13 different dilutions of the sap 
at the point of Intersection of two lines. This procsss
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was continued until the scheme fox the antisarum was 
completed. The above mentioned scheme was followed for 
nealthy sap also, tho drops were covered with liquid 
paraffin to prevent evaporation. Liquid paraffin was 
added slowly through the sides of the petridlsh,so that 
the drops will not merge together. The petri dishes were 
kept for 2 h at 28-3G°C and examined after 30 min and 2 h 
with a stereomicroscope with top light and black background. 
Ins intensity of the precipitate was evaluated based on a 
scale- given below.

= No reaction
1 = Barely visible precipitate
+■ * Slight reaction
‘H* = ihoderato reaction

= Heavy reaction
- Very heavy reaction

The petri dishes wore kept overnight in a refrigera
tor and evaluated for tho second time. From the above 
mentioned test the tltro of the antiserum with diseased 
sap. virus end point, the titre of antiserum with 
healthy sap and end point of healthy sap with antiserum 
were determined.
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(ill) Ouchtorlony*s agar double diffusion tost.

This test was done in serological pefcri dishes* 
Antiserum and virus suspensions (0.4 mi each) m x o  added 
to walls punched in agar.

Sterilized petri dishes wore coated with a layer 
of a per cent agarose{pjfspared in 0.01 M Iris buffer con
taining 0.80 por cent Kaci and sodium aside io got a final 
concentration of 0.02 per cent) to a thickness of 1 mm and 
allowed to soldify. Above this layer 2 per cent molted 
agarose was again added io a thickness of 3 bhs. Thirty 
minutes after pouring of agarose, with the help of a 
sterilized gel cutter, six wells (one well in the centra 
and the othor five wells around It) were mad® in each 
plato. aach well was 3 mm deep and 5 mm in diameter and 
the distance between adjacent wells was 10 ram. In the 
central well ( well No.1) of each plato 0.4 mi of undiluted 
antiserun was dispensed with a pasteur pipette. In the 
surrounding wells antigens prepared from Infected plants 
wore dispensed as described below in five separate plates,

a) In plato I, -walls 3 and 5 received distilled water,
4 and G xacsivee bjffor and well 2 the clarified 
healthy cap.

b) in the plate IX, wall 2 received sap £v-m healthy 
cowpea plants, 3 received cowpea mosaic virus, 4
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cucumer mosaic virus, 5 snake gourd mosaic virus
and 6 bitter gourd mosaic virus,

c) In *lat© 1X2, well 2 received sword bean mosaic 
virus, J received sap from healthy cowpoa plants,
4 bitter gourd mosaic virus, 5 cluster bean mosaic 
virus and 6 snake gourd mosaic virus.

d) In plate IV, well 2 received CpMV isolate I, 4 pump
kin mosaic virus and 5 cucumber mosaic virus, wells
3 and 6 received CpMV isolate XI and CpHV isolate III, 
respectively,

o) In plats V, tho experiment was done by using purified
virus preparation diluted to J/4 concentration. Well 2 
contained tho antigen of CpSJV isolate I diluted to */4. 

Sell 4 contained CpMV isolate XI and well 3 CpfSV 
isolate III each diluted to !/4 concentration, ‘fell 3 
contained healthy cowpea plant sap diluted to VS and 
well 6 contained buffer.

The patri dishes were kept humid by placing a 
moistened filter paper on tho inner side of tho lids. Tho 
experiments were performed twice. The dishes were kept in 
stacxs with ordinary paper in between them to prevent any 
scratches and incubated at room temperature and examined
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periodically for the appearance of characteristic preci
pitin bands up to 14 days. After that precipitin bands 
were stained using amido black as detailed below.

Before staining* tho agar was soaked in two changes 
of 0.9 per cent phosphate buffered saline for 24 h and then 
in distilled water for another 24 h. Water was drained 
out and the agar was covered with a Whatman No.1 filter- 
papor and dried at 37°C. dhen the agar was completely 
dry, tho filterpaper was stripped off. The dried agar 
was then iaaersod in araidoblaek stain (Appendix-1) for 
15 minutes.

After staining it was washed two times each in 
decoiourlser solution No. 1 and 2 (Appendix-1). bach 
washing was of one h duration. Tha plates were then 
drisd for one h at 37°C and examined.

(iv) Heactioi of cowpea mosaic virus antigen with 
different antisera.

The relationship ot cowpoa mosaic virus antigen 
•with the antis ora obtained from different places, was also 
studied using Ouehterlony’s agar double diffusion tosts. 
j.eie an tigan of cowpea mosaic virus was taken in th® 
central well. Different antisora wars dispensed in the
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surrounding mils in two plates as follows.

First plates
i.ell 2, Antiserum of cowpea mosaic virus (liW) isolate.
8 3. Antiserum of cowpoa severe mosaic virus
° 4. Antiserum of southern bean mosaic virus
B 5. Antiserum of cucumber mosaic virus cowpea isolate
" 6. Antiserum of cowpea mosaic virus prepared in our

laboratory.

Second plate;
well 2. Aniiaorum of cowpea mosaic virus El Salvador,
* 3. Antiserum of cucumber mosaic virus
° 4. rumpkin mosaic virus antiserum prepared in our

laboratory.
n 5. AnxiseruB of cucumber mosaic virus ’So afr sir*
n 6. Antiserum of cowpoa cnlorotic mottle virus,

VIIX. Mfest of virus infection on growth af coucea plants

A pot Culture experiment was laid out in completely 
randomised design to estimate the effect of virus infection
on growth of cowpea plants. There were tan varieties and 
two treatments* viz,„ uninoculatod and inoculated. The 
following ten varieties of cowpea were used In the study.
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V1 C-1S2

V2 V 37
V3 CG 104
V4 Kanakaraony

V 37

*6 V 59

V7 K6G—1 •

V8 V-240
Vg tvoahlnjil {local variety)
V1G New era

The plants were raised in insect proof glass house
and were sap inoculated when they were at two leaf stage. 
The uninoculatod plants were kept separately from the 
inoculated plants. Observations were taken on leaf area, 
height of the plants, niauber of pods produced and length 
of the pods. Observations on leaf area were taken from 
the most susceptible variety C-152. The average of the 
leaf area of top, middle and bottom leaves of each plant 
was calculated and that was takon as tho average leaf area 
of tho plant. Observations Aero taken from ton plants of 
each variety, averages woro calculated and statistical 
analysis was conducted.
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IX. Observations on natural incidence of cowpea mosaic 
virus.

Cowpea plants grown in the gesraplasm collection of 
the Department of Olericulture, College of Horticulture, 
Vellanikkara, Trichur, were examined to find out the 
natural Incidence of mosaic diseases of coupon, Cowpea 
plants were grown in a total area of 4.5 acres. Observa
tions wore taken on 45 day old plants of 5 plots fox the 
incidence of cowpea mosaic, cowpoa chlorotic mottle, 
southern bean mosaic and cowpea yellow mosaic based on the 
symptoms.

X. Control of cowoaa mosaic disease by loaf extract sprays.

A pot culture experiment as described by Vestna and 
Uvivedi(1930) was conducted to find out the effects of 
loaf extract sprays on development of cowpea mosaic disease, 
leaf extracts of Bougainvillaa sp, and bupatorlum odoratua 
saioctod from preliminary experiments wo *e used for the 
study, Deaf oxtraets wore prepared by gzinding 200 g of 
fresh loaves in a grindor with 400 sal of 0,05 I., phosphate 
buffer pH 7. The pulp was squeezed through two folds of 
muslin cloth and the filtrate centrifuged at 5000 g for 
15 rain. The clear supernatant was diluted up to 1;5 with 
0,0b phosphate buffer of pH 7.0 and was sprayed on test
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h o s t  p la n t s  w it h  th e  h e lp  o f  a hand  s p ra y e d .

Cowpoa p la n t s  o f  tw o  lo a f  s ta g e  w e re  s e le c te d

and  d iv id e d  in t o  11 lo t s  o f  20  p la n t s  each*  S ix  lo t s  

o f  cow poa p la n t s  war© g iv e n  tw o* fo u r  and  s ix  p ro *  

in o c u la t io n  s p ra y in g s  w ith  oach  o f  th o  tw o  e x t r a c t s .  

The  s p ra y in g s  vmm g iv e n  a t  an in t e r v a l o f  f o u r  h  and 

th e  p la n t s  mm in o c u la t e d  24  h  a f t e r  l a s t  s p r a y in g - . 

The  n e x t  fo u r  lo t©  o f  cow pea p la n t s  w ore  g iv e n  fo u r  

and  s ix  p o s i- ln o c u la t io n  s p ra y in g s  w ith  ea ch  o f  th e  

p la n t  e x t r a c t s .  Ono l o t  w as in o c u la t e d  w ith o u t  an y  

s p r a y in g .  O b s e rv a t io n s  on  th e  a p p e a ra n ce  o f  sym ptom s 

we r e  recorded.
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I, &vmptomatoloqy

The leaves of the naturally infected plants showed 
varying amount of dark green vein banding and infcerveinal 
cftlorosis. Slight distortion of leaves and stunting of 
the plants wore also noticed. In certain cases the pale 
green leaf lamina exhibited a net work like pattern with 
the veins and voinlots appearing green in colour. In 
some cases tno infected plants appeared chlorotic even 
wnen observed from a considerable distance. Diseased 
plants produced only a few pods which were small In size.

On mechanical Inoculation to cowpea plants of xwo 
loaf stage, tha symptoms appeared within 14 days. Tho 
young trifoliate loaves showed complete chlorosis and 
in setae cases a mild vein clearing. Subsequent leaves 
showed mosaic mottling with dark green and light green 
patches. In nost cases loaves showed prominent vein 
banding (Pig.1), In some cases the interveinal areas 
were yellowish, Plants infected at the early stages 
remained stunted and flowering and pod formation wore 
very rafe. The virus could produce local lesions on the 
leaves of Chenopoditim smaidntlcoloj. The lesions appeared





Fig*3* Diseased and h e a lth y  cowpea leaves
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7-8 days after inoculation. The lasions first appeared 
as yellowish spots. Later they became necrotic spots
(Fig.5),

n .  j i M m k U t l m
1. 6ap transmission

The virus was found to be transmitted successfully 
through mechanical inoculation. The symptoms appeared
8-14 days after inoculation. The percentage of trans
mission varied with the extraction medium used. Standard 
sap gave 63 per cent transmission. Tris buffer used in 
cooled condition gave the maximum infection of 90 par cent 
and phosphate buffer at room temperature gave minimum 
infection of 35 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 cowpea 
mosaic during the period of observation. The:efore there 
was 5.5 per cent seed transmission.

3. Graft transmission
Infected shoots were wedge grafted to 30 days old 

healthy cowpea plants grown in i-Ote kept in insect proof



Table 1. Sap transnisaion of Cowpea Mosaic Virus

ô! TVP* of inoeulu
Number of plants infacted out of ton
Exp. No.I Exp. NO.XI

Total Par centnumber of transplants aissionInfected

1. Standard sap
2. Sap extracted in tris buffer
3. Sap extracted in phosphate buffer
4. Standard aap(Cooled condition)
5. Sap extracted in tris buffer (cooled condition)
6. Sap extracted in phosphate buffer (Cooled condition)

13 65
15 75

11 55

15 75

18 90

14 70



Fig 4 ,  Seed transmission o f cowpea mosaic virus



Fig.5. Local lesions of cowpea mosaic virus on 
leaves of Chenopodium amaranticolor



Table 2. Graft transmission of cosvpaa mosaic virus

T_4,,, Mo. of plants Mo. of plants Par cantgraftad infected transmission

1 10 3 30
2 10 4 40
To< al 20 7 39

Table 3. Insect transmission of cowpea mosaic virus

ci Number of plants T„+_, 0„Vector infected out of .No. number cent. ten of transplants missionExp. Exp.
No.I NO.II infected

2. Aahls gossvoii
3. Aehis maivae

9 9 18 90
? 6 13 63
S 4 9 4S
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glass house. There was no proper graft union established 
between stock and scion. But symptoms appeared in some 
plants 15-16 days after grafting, when new leaves were 
produced. From the two experiments conducted 35 per cent 
transmission was obtained by graft inoculation {Table 2).

4, Insect transmission

1 Experiments on insect transmission of the virus 
were carried out using three species of vectors, viz.,
Aphis cracclvora Koch., Aphis cossvali Glov. and Aphis 
maluas Koch. All the throe species of aphids were found 
to transmit the virus. The symptoms appeared 7-14 days 
after inoculation, Tho observations showed that 90 per 
cent transmission was obtained with Aphis cracclvora.
65 per cent with Aphis oossvoii and 45 per cent with 
Aphis galvae (Table 3).
i

III. Physical properties

1. Dilution end point (Dei5)
Earlai dilutions of the standard sap were made,via., 

10~1, 1Q~2, 10"3, Iff”4 and IO*3. The different dilutions 
were used for inoculation on leaves of cowpea plants as 
well as £. amaranticolor starting from the highest dilution. 
Lxcept 1s1 and 10 whlcn gave 65 and 35 par cent trana-
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Table 4. Dilution end point of cowpea nosale virus on cowpea

Dilutions
Number of plants infected out of ten Total number of plantsinfected

Per eeoi trans
missionExp.No.X Exp.No.XX

1j1 7 6 13 63
10~1 4 3 7 33
10“2 0 0 0 0
■I0"3 0 0 0 0
10“4 0 0 0 0
10“5 0 0 0 0

Table 5. Dilution end point of cowpea mosaic virus on 
Chenooodium amaranticolor

Dilutions
Number of local lesions on ChenoDodium amaranticolor
1 2  3

leaves

4
Total

1*.1 S 3 3 4 1S
10*1 2 1 1 2 6

1G“2 0 0 G 0 0

10~3 0 0 0 0 0

1G“4 0 0 0 0 0

10”£> 0 0 0 0 0



Table 6. Thermal inactivation point of cowpea mosaic virus

Humber of local lesions
Temperature on fiv® leaves oip Chenocodium amarantlcolor

Lxp.no.I Exp.KO.II

i'.oom tomp. 
(28—3Q°C} 13 15 28
3b°C 9 11 20
40°C 3 6 9
45°C 3 3 6
50°C 1 1 2
5S°C 0 0 0
60°C 0 0 0
70°C 0 0 0
ao°c 0 0 0
90°c 0 0 0
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missions respectively* all the other dilutions did not 
give any transmission, when the DEI5 was tested using 
susceptible cowpoa plants (Table 4), When the DEP was 
tasted with C. anaranticolor also positive transmissions, 
viz., 13 and 6 local lesions were observed in dilutions 
1s1 ana 10"^ only (Table 5).

2. Thermal inactivation point (TIP)
Tne thermal inactivation point of the virus was

vested on leaves of G. aaaranticolor. The inoculum was 
suojacted to olfferent temperatures, viz., room tempera
ture (2S~3C°C), 33, 40, 43, 30, 53, 6G, 70, 80 and 9Q°C.
Ihe results indicated that tho virus was inactivated at 
a temperature between 50 and 5b°C (Table 6).

£». Longevity vitro

■The inoculum was kept at room temperature (28»30°C) 
and also in refrigerator (8°C)» It was than Inoculated 
at specific intervals on Isav&s of Chenonodium amarantlcolor, 
inoculations ware dona after keeping tne Inoculum for 0,1, 
2,4,6,8,12,24,48 and 72 h. The longevity in vitro was 
8 h at room temperature and 2<v h at 8°C (1 able 7).
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Table 1. longevity Jn vitro of cowpea mosaic virus

Ageing 
in hours

of local lesions produced on
five leaves

Room ftemporature 
(28-30°C) 3°C

0 60 62
1 $2 53
2 as 64
4 13 16
6 1 4
8 1 2
12 0 1
24 0 1
48 0 0
72 0 0
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iV. Vector-vlrus relationships
1. minimum acquisition feeding period

Tho results showed that a short acquisition feed
ing period of 30 i is sufficient for the aphids to bocone 
viruliferous. Tho optimum acquisition feeding period 
which gave the maximum infection, viz., 70 par cent was 
found to bo 10 minutes (Table S).

2. Minimum inoculation feeding period
The viruliferous aphids were capable of trans

mitting the virus within 30 S inoculation feeding on tha 
tost plant, maximum infection of 70 per cent was obtained 
by feeding the vector for a period of 15 minutes on tost 
plants (Table 9).

3. influence of fasting before and after acquisition 
feedings

1) iz©-acquisition fasting
I'ne fasting of aphids before acquisition resulted 

in an increase in percentage of infection. Maximum 
infection of 75 per cent was obtained with two hour 
fasting. The percentage of transmission decreased with 
fasting for more than 2 h (Table 10).

11) i ost-acquisition fasting
it was observed that the percentage of infection 

was decreased duo to post-acquis ition fasting. Maximum
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Table 8. Acquisition feeding period of Aphis craccivora

Acquisitionfeeding
period

Kusnbsr of ; 
out of ten
Exp. I

slants infected

Exp • -i-d>
Total Pernumber centof plants trans-inf octed mission

20 S 0 0 0 0
30 3 1 1 2 10
1 can 4 2 6 30
2 tain 6 4 10 50
5 min 6 5 11 55

10 min 8 6 14 70
15 min 7 5 12 60
30 min 5 4 9 45
1 h 4 3 7 35
2 h 3 2 5 25
4 b 0 1 1 S
24 h 0 0 0 0



Fig.6. Effect of acquisition feeding period on
efficiency of transmission of cowpea mosaic 
virus by Aphis craccivora.
Treatments

T1 20 S

T2 30 s

T3 1 min

T4 2 min

T5 5 min

T6 10 min

T7 15 min

T8 30 min

T9 1 h
T10 2 h

T11 4 h

T12 24 h
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Taolo 9. Inoculation feeding period of Anhia craccivora

Inoculation tJunbcr of plants Totalfeeding infected out of ten nurber * „„+
period .................  of trans-

*■**• ' "«! • «  ^ | od mission

lb s 0 0 0 0
30 s 1 1 2 10
1 min 3 2 5 25
2 min 4 3 7 35
b rsin 6 4 10 50
10 win 7 6 13 65
10 min 8 6 14 70
30 min 7 6 13 65
1 h 8 6 14 70
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Table 10. Influence of pre-acquisition fasting on efficiency of transmission
Pre-acqui
sition
■fasting
period

Number of plants infected 
out of ten’

Total
nu'abor
at
plants
infected

Par cent 
trans
missionExp. I :Cxn. II

0 3 2 5 25
30 nin 3 a 5 2S
1 h 7 7 14 70
2 h 8 7 15 75
4 h 2 1 3 15
24 h 0 0 0 0

Table 11, Influence of post-acquisition fasting on efficiency of transmission

- osi-acqui- 
sItion 
fasting 
period

EXp. I Exp.11

Number of plants infected 
out of ton

Total
number
oft-lants
Infected

Par cent
trans
mission

0
30 min
1 h
2 h 
4 h

7
1

1
0
0

1
0
0
0

13
2
1
0
0

65
10

5
0
0
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Infection of 65 per cent was obtained whan tho aphids 
wore immediately transferred after acquisition feeding 
and no infection obtained with a post-acquisition fasting 
of 2 hours and more (Table 11),

4. retention of infectlvicy by the vector

Successful infection could be obtained up to the 
fourth plant of tho first series in which the aphids 
were transferred at intervals of 15 ninutes and up to 
the third plant when tho interval was increased to 30 min. 
When the interval was increased to 1 h the Infection was 
obtained up to the second plant of tho series. With 2 h 
feeding only the first plant got infeetion (Table 12).

b. iiinimum number of aphids required for transmission
a  single viruliforous aphid was found to b® capa

ble of transmitting tho virus to healthy test plants.
The percentage of success obtained in this case was 15. 
fhe optimum number of aphids required to get maximum 
infection of 90 per cent was found to be ten (Table 13).

6. Incubation period of virus in the host plant

Twenty cowpea plants were inoculatod using Aphis 
craccivora. Symptoms started appearing from tho 7th day 
after inoculation and the maximum of 90 per cent infection 
was obtained on the 14th day after inoculation (Table 14).
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Table 12* Retention of infactivity of Aphis craccivora

Feeding period on each test 
plant

Infection on oaeh successive transfers
Serial number of plants
1 2 3 4 5

15 min a) <0.
b) - -

30 min a) 4’- 4* + - -

b) * + - -

1 h a) + MB « »

b) <0» • ~ -
2 h a) * mm

b) ■S* «•

j . First series 
b. Second series
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Table 13. riinlraura number of aphids required for 
transmission.

Wo. of 
aphids 
per 
plant

Number of plants infected
out of ten

Total
number
of
plants
infected

Per
centtrans
missionfixp. X Exp. IX

1 2 1 3 15
3 2 2 4 20
5 7 6 13 65
10 9 9 18 90

15 8 7 15 75
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Taale 14. Incubation period ©f virus in the host plant

Days after Number of plants Per cent
Inoculation infected out of infection

ae>

1 0 0

2 0 0

3 0 0

4 0 0

5 0 0

6 0 0

7 1 5

8 1 5

9 3 15

10 7 35

11 11 55

12 11 55

13 16 80

14 18 90

15 18 90

16 18 90

17 18 90

ia 18 90

19 IS 90

20 10 90



Table 15. Screening of cowpoa varieties for resistance 
to cowpea nesaie virus

SI.
Ho. Variety

HO.of 
plants 
inocula
ted.

Mo. Of 
plants 
infected

Percentage 
of infection

1 New Era 40 36 95.00
2 KBC-1 40 35 67.50
3 Kanakanony 40 36 90.00
4 V-240 40 33 82.50
5 C-152 40 40 100.00
6 V—59 40 39 97.50
7 V-87 40 35 87.50
3 Kozhinjil 

(local varle'ty) 55 44 80.00

9 03.104 30 4 13.33
10 V—37 35 27 90.00
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Host-rang© studies were conducted with 73 plant 
species belonging to 17 families, The results showed 
that the hosx-range of tho virus is restricted to the 
members of the fatally J.eguroinosao and Chenopodlaceae.
The virus could produce systemic Infection on different 
cowpea verities as well as asparagus bean (Vicma 
sesqulfrsdalls) and local lesions on Chenooodium 
amaranticolor.

VI. Varietal Screening

Ten varieties of cowpoa were inoculated with 
cowpea r»osaie virus. Symptoms appeared 10-14 days after 
inoculation on the newly emerged loaves. Some varieties 
were more susceptible when compared to others. C-152 got 
100 per cent infection and tf-59 showed 97.3 por cent 
infection. The variety C.0,104 was found to be least 
susceptible, which showed only 13.03 per cent infection, 
infection in other varieties was between 80 and 95 per 
cent (Table 1b).

WJ. §SE3&&.m
i) ^icro, rocipitin test on slides

Thirty microlitros of antiserun prepared as descri
bed under materials and methods, was mixed with equal
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Table 16. iliersprecipiiin test on slides

SI.
No. Antigen used

Reaction
*.d.th
antiserum

1. Cowpea mosaic virus
(isolate X)

2. Punpkin mosaic virus
3. Sword bean mosaic virus
4. Cluster bean mosaic virus
5. bitter gourd mosaic virus
6. Snake gourd mosaic virus
7. Cucumber mosaic virus
8. Cowpea mosaic virus

(isolate IS)

9. Cowpea mosaic virus
(isolate III)

Reaction
with
normal
serum

-s-
+

-1- positive reaction 
- negative reaction



volume of antigens from dif i ©rent virus infected crop 
plants• It was observed that tho antigens of cowpea 
mosaic virus isolate X, isolate XI. isolate III, sword 
ooon mosaic virus and cluster bean mosaic virus produ
ced dense precipitate with the antiserum specific to 
covrfpoa mosaic virus. Antigens of cucumber mosaic virus, 
.jumpiiin mosaic virus, snake gourd mosaic virus and 
bitter jourd mosaic virus did not produce any precipitate.

The CpSKV antigens were tested against the antisera 
of cowpea severe mosaic virus, cowpea mosaic v i r u s ( U S , 
cucumber mosaic virus (cowpea isolate), southern bean 
mosaic virus, cowpea chlorotic aottlo virus and cowpea 
mosaic virus El Salvador. But no precipitate was obtained 
in these tests.

2) , icroprecipitln test in petri dishes
A series of dilution mixturos of virus and anti

serum wero spotted in petri dish at regular intervals 
as described under materials and methods. The precipitate 
was observed after 30 minutes and after 2 h under a 
storeomieroscope with top light and black background.
Ine intensity of the precipitate was graded. It was 
found that tho antiserum titre was between 1s1024 and 
1:2Q4B and the virus end point was between Is512 and
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Table 17. Microprecipitin test of cowpea mosaic virus and its antiserum

Anti
serum
dilu
tions

Dilutions of sap containing cowpea mosaic virus

V1 72 74 78 716 732 764 7128 7256 7512 V1024 ¥2048 74(

V1 ++++ •S-H-+ +++ +-M- -H- * / at a.
V2 + H*+ -H-H* 1--M- ■H+ ++ + + / « -
74 4"M- +-H- +* ++ + + - -
78 +-H* -S~H- •jnl. •H- -H- ■H- -H- * / «• - a.
V16 •H* +* ■M-t •H- + + -t- + ^ / - -
'/32 •S’ + ■i- + + 1 a. - a
*/64 -}*4* ■4* + -M- t + + 1 + 7 — — •
V128 *h + + 1 1 1 1 1 a. a. •>
7256 + 1 1 + 1 1 * — - a.
7512 * 1 o. 1 o» - — ■— Z.

____
— at «. at

V1024 *3* ___ ~_ ■----° ' - - - - - - a. a*
72048 « «= a - — a. at a
74096 - - “ — - «“ - *» “ at - at a*

Tho curved line encloses the area of precipitates visible under microscope.
*+++ Very heavy reaction «  Moderate reaction 1 Barely visible prscipitate
+«■ Heavy reaction. + slight rcaction “ f!o reaction

ccM



Table 18* Microprecipitin test of healthy sap with cowpea mosaic virus 
antiserum

Antiserum
dilutions

Dilutions of healthy sap

¥1 ¥2 ¥4 ¥8 ¥16 ¥32 ¥64
V1 +++ 4-44- 44- 4- ~

V2 *4- 4- 1 mm -

V4 4- + 4- 1 - -
'IB 4* 1 1 — — ' - - -
716 V — — - mm

¥32 - - - cx> - - -
¥64 • - - - - - -

¥128 - - - - - «•

¥256 - - - - ~ -

¥512 - - - - - - mm

¥1024 mm « - - - - -

¥2048 - ** - mm - -

¥4096 ca •P *■ «• •* *• **

000-5
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1i1024 (labia 17). The titre of the antiserum with 
heaithy sap was between 1;16 and 1{32 and the end point 
of the healthy sap with antiserum was between 1:32 and 
1:64 (Table 18).

3) Ouchterlony*s agar doubla-dlff usion test

This test v hs performed in agarose taken in petri 
dishes. Tho precipitate formed due to antlssruia-antigen 
interaction were stained using amide black and the preci
pitates formed wore recorded.

No precipitate was obtained in the first plate, 
here wells 3 and 5 received distilled water, 4 and 6 
buffer and 2 clarified healthy sap. In the second plate
a precipitate was obtained between wells 1 and 3 only, 
here wall 3 received cowpea mosaic virus and well 2 clari
fied healthy sap-Wells 4,5 ane 6 received, cucumber 
mosaic virus, snake gourd mosaic virus and bitter gourd 
mosaic virus respectively.

In the third plate precipitates were formed 
between wells 1 and 2 and 1 and 5. .i'ell 2 contained 
sword bean mosaic virus and well b contained cluster 
boan mosaic virus, wells 3, 4 and 6 contained clarified 
heaithy sap, bitter gourd mosaic virus and snake gourd



ffg«B« ‘ten 3 receivod antiserum of cowpea mosaic virus isolate I, mil 2 received coupea mosaic virus isolate I, k pumpkin mosaic virus end 5 cucumber mosaic virus, walls 3 and 6 received CpMV isolate XI and CpMV isolate III respectively.

Fig, 9. The experiment was done by using purifiedvirus preparation diluted to % concentration. In '.tell 1 antiserum of cowpea mosaic virus di luted to h concentrate n was taken.
Well 2 contained the antigen of CpMV isolate I diluted to Is. Well h contained CptW isolate II and well 5 CpMV isolate IH each diluted to 
h concentration. hell 3 centalned healthy cowpea plant sap diluted to 1/8 and well 6 contained buffer.



F ig .8 . Serologic reactio n s of cowpea mosaic v
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mosaic virus respectively. In the fourth plato preci
pitates were formed between wells 1 and 2, 1 and 3 
and 1 and 6. Hors well 2 contained cowpea mosaic virus 
isolate 1 obtained from inoculated plants in the glass 
house»VJells 3 and 6 contained cowpea mosaic virus isolate 
11 and 111 obtained from two different places. The 
fusion of tho precipitin lines indicated that they were 
isolates Of the same virus (Tig 8;. In the fifth plato 
precipitin lines wero formed between plates 1 and 2, 1 
and 4 and 1 and 5. There was a fusion of the
precipitin lines formed between wells 1 and 4 and 1 and S 
(Mg. 9). Here tho wells 2, 4 and 5 received V4 concen
tration of antigens of cowpea mosaic virus isolate l} 
cowpea mosaic virus isolate XX and 1X2 respectively.
In well 3 clarified healthy sap diluted to z/8 concentra
tion and in well 6 buffer were taken.

4} HaaCtion of cowpea mosaic virus antigen with different 
antisera

The antigen of cowpea mosaic virus (isolate 1) was 
taken in the central well (well No.1) of two plates and 
antisera of viruses obtained from different placos were 
kept in the surrounding wells as described under materials 
and methods.
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A precipitin lino was obtained in the first 
plate between wells 1 and 6. That precipitin line was 
formed due to the interaction of cowpea mosaic virus 
isolate I antigen and tho antisera prepared specific 
to tnat virus. No precipitate was obtained between 
the cowpea mosaic virus antigen and tha other antisera 
tested.

V1U. iffect of virus infection on growth of cowpea 
jJ=dQM.

1) effect of virus infection on plant height

There was significant reduction in plant height 
due to virus attack. A maximum of 22.48 per cent reduction 
in plant height was found in the variety V^. In variety 
V, a reduction of 21.0? per cent was noticed. The variety 
Vq showed least reduction in plant height, vis., 2.06 
per cent and in variety the reduction was 4.13 per cent 
(Table 19).

Z) affect of virus infection on number of pods

ThSi® was a significant reduction in the number 
of pods in tho diseased plants. A maximum reduction of 
54,74 per cent was noticed in the variety V2 and the 
least reduction of 6,62 per cent was noticed in the 
variety Vy (Table 20).
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Table 19. fcffeet of visas infection on plant height

31.
No. Variety

Height of plants (caj.
Healthy (X) Diseased

(V)

Pei centredi*«ction

1 V1 124.95 105.65 15145
2 V2 161.4 127.4 21.07
3 V3 145.4 139.4 4,13
4 V4 168.3 142.1 15.57
5 V5 180,3 166.8 7.49
6 V6 162.3 158.95 2.06
7 V7 152.95 136.25 10.92
6 V8 162.9 148.1 8.86
9 V9 102 79.15 22.48
10 V10 176.2 167.55 4.91

Mean X = 153.63 
Mean Y = 137.135 
‘t* value » 5.509406 
Table value of t^05 «* 2.262
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laal© 20. Effect of virus infaction on number of pods
produced by the plant

SI.
Kb. Variety

Average number of pods 
produced

Healthy diseased 
(X) (ft

Tar cent
reduction

1. V1 13.7 8.6 37.23
2. v2 13.7 6.2 54,74
3, V3 16.9 14.6 13.61
4. V4 18.7 11.1 40.64
5. Vb 18,0 11.9 33.89
6. V6 16.5 14.3 13.33
7. V7 15.1 14.1 6.62
a . V8 13.8 12,4 10,14
9 . V9 20.8 15.2 26.92

10. V10 14.3 10.7 25,17

Mean X - 16.15
w.san ¥ = 11,91 
’if value ** 5.430506
Table value of i 03 *  2.262
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Table 21, Lffost of virus Infection on pod length

*>1, Variety Pod length In O b Per cent
Healthy
{X) Diseased

(V)
reduction

1 V1 15,3 11.9 22,22
2 V2 15.85 12.2 23,03
3 V3 15.2 14.9 1.97
4 V4 16.95 12.75 24,78
5 V5 14.3 12.6 11,09
6 ve 14.6 12.6 13,7
7 v7 16.3 13.25 21,13
8 vs 1a. 3b 13.7 10.75
9 V9 11.85 9.05 23.63
10 < O 17.35 14,2 18.16

m a n  X = 15,355
ftean V = 12,715
*t» value « 6.974796 

Table value of t = 2,262
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Table 22. Effect of virus infection on leaf area of 
cowpea variety C-152.

Leaf area {sq. cm.)

Healthy Diseased
(X) (Y)

1. 58.34 40.2
2. 53.09 41.58
3. 45.5 38.33
4. 46.44 52.13
5. 43.11 43.19
6. 53.91 35.23
7. 48.82 36.27
8. 62.72 36.27
9. 38.66 51.6
10. 37.15 43.63

Wean 48.774 41.751

!t* value » 1.?<Jb1S?
Taale value of *!♦ — 2.262



Fig 10. hffoct of cowpea 
on plant height.

1) uninoculated
2) \/̂ Inoculated
3) Vg uninoculated
4) V2 inoculated
5) V3 Uninoculated
6) V3 inoculated
7) Uninoculated 
8} V4 inoculated
9) V5 Uninoculated
10)V_ inoculatedo

mosaic virus Infection

Treatments

11) Vg Uninoculated
12) inoculated
13) V7 Uninoculated
14) Sfj Inoculated
15) Vg Uninoculated
16) Vg inoculated
17) Vg Unioculatcd
18) V^ inoculated
19) V^g Uninoculated
20) V^0 inoculated
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Treatments

Fig,!!. Effect of cowpea mosaic virus infection
on pod length.

1) V.j Uninoculated 11) v6 Uninoculated
2) V, inoculated 12) V6 inoculated
3) V2 Uninoculated 13) V? Uninoeulated
4) V2 inoculated 14) V? inoculated
5) V3 Uninoculated 15) V'g Uninoculated
6} V3 Inoculated 16) V8 inoculated
?) v4 Uninoculated 17) V9 Uninoculated
8) V4 inoculated 18) V9 inoculated
9) V5 Uninoculated v10 Uninoculatod
10) v5 inoculated 20) V1Q Inoculated
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Fig 12. Effect of cowpoa mosaic virus infection on
number of pods.

Treatments

1) V1 Uninoculated 11) v6 Uninoculated
2) V1 inoculated 12) V.s Inoculated
3) V2 Uninoculated 13) V? Uninoculated
4) V2 inoculated 14) V? inoculated
S) V3 Uniaoculated 18) v8 Uninoculated
6) V3 inoculated 16) V8 inoculated
7) V4 Uninoeulatod 17) V9 Uninoculated
8) V4 inoculated 18) V9 inoculated
9) V5 Uninoculated 1*> V10 Uninoculated
10) V5 inoculated 20; v10 inoculated
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3} effect of virus Inf veiion on length of pods

There uas a significant reduction in length of 
pods also, in the case of diseasod plants, Tha highest 
reduction of 24,78 per cent uas noticed in variety V^; 
followed by VQ and V2)viz., 23,63 per cent and 23.03 
per cent/respectively. The minimum reduction of 1.97 
per cent has been observed in V3 {Table 21).

4) effect of virus infection on leaf area

The effect of virus infection on the variety C-.152 
which is 100 per cent susceptible to the virus has boon
studied. It is found that the leaf area is not signi
ficantly reduced in inoculated plants {Table 22).

IX, observations on natural incidence of cowpea trosalc
virus.

Out of a total of 3807 plants 142 plants were
found diseased. Affion„ them 81 plants were infected with
coWi-Ga mosaic virus, 41 with cowpea yollow no sale virus, 
14 with cowpea chlorotic mottle and 6 with southern bean 
mosaic (Table 23),



Table 23. Observations on natural Incidence of cowpea mosaic virus

Plot
Mo.

Total Number
of plants Diseased Cowpeamosaic

Southern 
bean mosaic

Cowpea
chlorotic
mottle

Cowpea
yellowmosaic Healthy

1 460 72 26 0 5 41 368
2 157 2 2 0 0 0 155
3 1015 46 41 0 5 0 969
4 1275 13 7 6 0 0 1262
5 900 9 5 0 4 0 891

Total 3807 142 81 6 14 41 3665

Percentage 3.73 2.13 0.157 0.367 1.08 86.27

caro



Table 24. hfleet of leaf extract sprays on development 
of cowpea mosaic

SI.
tJO. Treatments

Kg . of Ho.of Per
plants plants cent
inosala- infected con-
tod. _ trol

1. Two pre-inoculation 
v ' * "prayings of Bougalollies loaf extract.

2. Poor B
3. Six n
4. Two pre-inoculation 

sprayings of euyatoriun leaf extract.
5. Four °
6. Six 8

20

20

20

17
19
20

0
0

4
0
0

100

100

100

76.47
100

100

7. Four post-inoculation
sprayings of Bougain
villea leaf extract.

8. Six ®
9. Four post-inoculation 

sprayings of Eupatorium
leaf extract.

10. Six a

11. Control (without any 
spraying;

22

22

20

20

17

6

3

10

10

72.72

86.36

60
50
47.17

0
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X. Effect.of loaf extract sprays on development of 
Gowikea_.iaa.salS.

A pot culture experiment was conducted to find 
out the effect of leaf extract sprays of Bougainvillea sp. 
and Emar.onun odor^luia on the development of cowpea 
Qoo-fc virus.

Cowpea plants in the treatments receiving 2, 4 
and 6 pre-inoculation sprays of Bougainvillea loaf extract 
and 4 and 6 pre-inoculation sprays of Eupatorlum leaf 
extract did not show any symptom of the disease. Two 
pre-inoculation sprayings of Lupatosium leaf extract 
gavo 76.47 par cent control of tho disease, filth four 
and six post-inoculation sprays of Bougainvillea loaf 
extract 72*72 per Cent and 86.36 per eont control of the 
disease, respectively, was obtained. Afaen Eupatorium leaf 
extract sprays were given four and six times ss post
inoculation sprays 50 per cent control was achieved.
In the control plants there was no symptoms in 47.17 
per cont of tno plants (Table 24),
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Cowpea mosaic virus disease is found throughout 
Kerala, causing severe damage to tho crop. The main 
symptoms of the disease are vein handing, intorvoinal 
chlorosis, mosaic mottling and general stunting of the 
plants. A seed-home mosaic of asparagus bean (Vigna 
sesguloedalis) having the above type of symptoms was 
reported by Snyder(1942), The symptoms of cowpea aphid- 
borne mosaic varus described by Bock and Conti(1974) 
also resemble to those of the cowpea mosaic virus disease 
found in Kerala. While discussing the host-rongo of 
cowpea aphic-bomo mosaic virus they suggested that the 
viruses that may bo related to cowpea aphid-borne mosaic 
virus (CAMV) could produce mosaic disease of adzukl bean 
(Phaseolus annularisJ and asparagus bean (Vigna 
sesqulredalls).

The virus of the present studies produced local 
lesions on Chenooodium amaranticolor. Production of local 
lesions on Chenopodium amaranticolor by cowpea mosaic virus 
was reported by many other workers also (Harrison and 
Cuduaskas, 1968} Govindaawamv et al.. 1970; khatri and 
Singh, 1974; Mali and Kulthe, 1980). The lesions first 
appeared as chlorotic spots which later turned necrotic.
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This type of development of local lesions was reported 
by Bock and Contl(l974) also in the case of cowpea aphid- 
borne mosaic virus.

The virus was transmitted easily by mechanical 
inoculation. Mechanical transmission of cowpea mosaic 
virus using different preparations of inoculum has been 
reported earlier by many workers. Phenol-water extracts 
of diseased leaves in the case of several viruses (Schlegel, 
1960), sap of diseased leaves in cov̂ poa mosaic virus 
affecting Phaseolus lathvroldes (Alconoro and Santiago, 1972), 
0.05m  phosphate buffer in cowpea banding mosaic virus 
(Sharma and i/arma, 1976), cooled tris buffer in seod-borne 
potyvirus causing mosaic of cowpea (Mali and Kulthe, 1980), 
and sap extracted in distilled water and diluted in the 
ratio 1s5 in cowpea aphid-borne mosaic virus (Patel and 
Kuwait©, 1982; i atel, 1982) were the preparations used 
earlier for mechanical Inoculation. In tho present studies 
distilled water, phosphate buffer and tris buffor under 
room temperature and in cooled condition wore usod as 
extraction media. Maximum percentage of transmission was 
obtained wirh cooled tris buffer followed by cooled 
distilled water. Tnis Is in confimiity with the results 
of flail and Kulthe (1980),
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In the experiment to study seed transmission, 318 
seeds wore sown, out of which 181 seeds have germinated, 
•unong them, 10 seedlings showed symptoms of cowpea mosaic 
disease. Thus 5,5 per cent seed transmission was obtained. 
Seed-borne nature of cowpoa mosaic viruses has been 
reported from different parts of the world. The extent of 
soed transmissions of cowpea mosaic virus in throe suscepti
ble varieties of cowpea, vis., Rod Ripper, alack and Iron 
havo been recorded as b, 4,5 and 6,8 par cont, respectively, 
by McLean(1941). Kaiser and Mos sahahi(1975) while conduct
ing studios on cowpea aphid-bomo mosaic virus disease in 
Iran observed 1.1 to 39.87 per cent seed transmission for 
the virus. In tho ease of an Indian isolate of Cowpea 
aphid-borne mosaic virus, Phatak{1974) found 3 to 19 per cent 
transmission. The results of the present study are in 
agreement with this finding.

The virus could be transmitted through grafting, even- 
though there was no graft union in tho horticultural senso. 
The extent of transmission obtained through grafting was 
as law as 35 per cent. This may bo because of the hollow 
nature of the stem which made the graft union difficult,
Tho reports on attempts of graft transmissions are scanty 
probaoly due to this reason. In tho present study success
ful graft transmission was observed whom grafting was done 
at the nodal region.
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Studies on tha insect transmission of cowpea 
mosaic virus was conducted using tphls craccivora Koch., 
Aphis gossypji &lov, and Aphis malvao Koch, as vectors.
Among these aphids. Aphis craccivora was found to trans
mit cowpea mosaic virus in an efficient manner giving up 
to 90 per cent transmission. Aphis qossvoll and Aphis 
roalvae gave 65 and 45 per cent transmissions respectively, 
j-ibeygunawardena and Perora(1964) observed Aphis craccivora 
as the principal vector of cowpea rosaic virus in Ceylon. 
Transmission of cowpea mosaic virus by Aphis qossypll 
and by Aphis craccivora has been reposted from different 
parts of India oy Capoor and Varnia(1956), Nariani and 
Kandaswami(1961}, Chenulu jgt al.(1968). Covindaswamy et al. 
(1970;, Nene and Shankar(1972), SChatri and Singh(1974), 
Sharna and Varma(1976), Kali and Kulthe(1980) and 
Karoachandran and Summanwar(1982). A perusal of literature 
revealed that tnore is no earlier report on the transmission 
of cowpea mosaic virus by A. raalvaa. But in the present 
trials this was also included because this aphid was also 
found infcst_ng the cowpoa plants in Kerala alonj with 
A. craccivora and a . gossvoil.

^ndorsor>{1939) while studying the Vigna and Crotalaria 
viruses in Florida reported that tiieie are separate aphid- 
borna and beetle-bomo cowpea viruses. The results of the
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present trials showed that the cowpea mosaic virus under 
study is also an aphid-borne mosaic virus. Cowpoa mosaic 
virus was reported to be transmitted by the beetles 
Ceratomo rttficorois (Kvicala ot al.(1970) and Ceratoma

y\arcuata (Ajos and Lin, 1984). But they were not included 
in the present transmission trials, sinco infestation of 
these beetles on cowpoa plants is not seen in Kerala,

The studies on physical properties, vis., dilution 
end point (DEP), thermal inactivation point(TIP) and 
longevity ,ln vitro (LIV) revealed that tho DEP of the 
virus was between IQ”"* and 10”^, TIP between 50 and 55°C 
and LIV 8 h at room temperature and 24 h at 0°C. Heports 
on the physical properties of cowpea mosaic viruses 
have been made from different parts of the world. The 
dilution end point of cowpoa mosaic virus ranges between 
10”® to 1Q”4 as reported by Snyder(1942), Abeygunawardena 
and . erera(1964), Govindaswamy et al.(1970), Sharraa and 
Varma(1976) and Guo et al.(1984). But Chenulu ot al.(1968) 
reported a dilution end point of 1s500 - 1;1000 for a 
cowpoa mosaic virus from Delhi. The differences between 
the DEP of the other Indian isolates of cowpea mosaic 
virus and the virus under study may probably be due to the 
difference in the host varieties and also to the difference 
in the environmental factors which might have affected 
the concentration of virus in the host.



Tho thermal Inactivation point of cowpoa mosaic 
virus as reported by several others is between 50 and 
60°C (Snyder, 1942; Harjono, 1959; Adsuar, 1964; 
Aboygunawardona and Perera, 1964; Chenulu f£ al., 1968; 
Govindasvvamy et al.. 1970; Kaiser and rAo as ahebi, 1975;
Sharma and Varma, 1976; Guo ft aj.,, 1984). The TIP of 
the present virus is also in agreement with the above 
reports.

The LIV of cowpea mosaic virus at 2S~30°C is reported 
to be ranging between 1-2 days (Snyder, 1942; Harjono,1959; 
Adsuar, 1964; Abeygunawardena and Perera, 1964; Govinda- 
swamy e& fi,, 1970; Sharma and Varma, 1976; Guo ft f|., ,1984).
But in the present studies the LIV of cowpea mosaic 
virus at roam temperature was found to bo 8 h and ax 8°C 
it was found to be 24 h. The results of the present 
studies are not in agreement with thoso of the above 
workers but is very similar to xhe LIV reported by 
Chenulu ft fi..(1968), Viz., 6 h of LIV at 25-30°C for a 
cowpea mosaic virus from Delhi.

Aphis craccivora was found to be the most efficient 
vector of the virus under study and hence the voctor«*virus 
relationship was worked out with that aphid only. Minimum 
and optimum acquisition feeding period, minimum inoculation 
feeding period, influence of fasting before and after
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acquisition feeding on efficiency of transmission, 
retention of infectivity by the vector, minimum number 
of aphids required for transmission and the incubation 
period of virus in tho host were investigated.

Minimum acquisition feeding porioa was found to be 
30 s for Aphis cracclvora for the transmission of cowpea 
mosaic virus. As the acquisition feeding period was 
increased there was an increase in per cent transmission 
also. The maximum transmission of 70 per cent was obtained 
when an acquisition feeding period of 10 min was givon. 
Sharma and Vanaa (1977) reported an optimum acauisition 
feeding of 5 min in the case of transmission of cowpea 
banding mosaic virus by Aphis cracclvora. In the present 
studies when acquisition feeding period was increased 
beyond 10 min there was a steady decline in the per cent 
transmission and it was only 5 per cent when acquisition 
feeding period was 4 h, and no transmission obtained after 
an acquisition feeding of 24 h. Similar observations 
have been made earlier by Murugssan and Janaki(l972) who 
were working on the vcctor-vlrus relationship of cowpea 
mosaic virus with the vector fthrzus oorsicae. They found 
that one h acquisition feeding by persicso resulted 
in maximum percentage of transmission of the virus even- 
though the vector was able to acquire the virus wlthinono



102

second. There was a reduction In percentage of trans
mission when acquisition feeding period was increased 
beyond 1 h.

This phenomenon of decrease in the percentage of 
transmission with the increase in the acquisition feeding 
period was explained earlier by Watson and Roberts(1939), 
They postulated that an aphid feeding product formed 
during tha feeding of the vector may reduce the efficiency 
of transmission. Another possibility suggosted by them 
was that the tissues probed during short periods contain 
higher concentration of virus than those probed for a 
long period. They have explained that the formation of 
salivary sheath during prolonged feeding prevented the 
aphids from becoming infoctive. Yet anothor explanation 
given by them was that constant probing may cause the loss 
of infectivity of aphids.

The minimum inoculation feeding period required 
for Achis craccivora to transmit cowpea mosaic virus was 
30 s. The per cent transmission was found to increase with 
an increase in inoculation feeding period and maximum 
transmission was obtained with 13 min inoculation feeding 
period. Murugesan and Janaki (1972) reported 1 h as the 
optimum inoculation feeding period in the case of cowpea
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mosaic virus by the vector Myzus peralcas. But the vector
was found to transmit the virus to healthy plants within 
ono second. In the caso of cowpea banding mosaic virus> 
Sharma and Varma (1977) reported that the minimum Inocula
tion feeding period was 23 s, and the inoculation feeding 
period necessary to got maximum infection was 30 min. The 
inoculation feeding period of cowpea banding mosaic virus 
seems to be similar to that of cowpea mosaic virus of 
present studies.

Investigations on the Incidence of starvation before 
acquisition and inoculation feedings showed that pre-acquisi
tion fasting of the aphids resulted in an increase and post
acquisition fasting caused a steady decrease in the per cent 
transmissions. Even without pre-acquisition fasting the 
aphids were found to transmit the virus, but the percentage 
Of transmission was very low. Up to 2 h of pre-acquisition 
fasting, increase in per cent transmission was obtained.
This has been explained earlier by Murugesan and Janaki{1972) 
in tho case of cowpoa mosaic virus transmitted by Mvzus 
oerslcao. The explanation given was based on inhibitor 
activity. The production of inhibitor by the vector Is 
slow in fastod aphids. There was considerable reduction in 
per cent transmission when pre-acquisition fasxing was 
increased beyond 2 h. This has also been reported by
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Murugesan and Janaki{1972). The long pre-acquisition fasting 
might have affected the feeding behaviour of the insect and 
reduced the transmission efficiency. The post-acquisition 
fasting caused a considerable reduction in transmission 
efficiency. Maximum infection was obtained when no post
acquisition fasting was given. Murugesan and Janaki(1972) 
found that in the case of cowpea mosaic virus transmitted 
by Mvzus persicae , the percentage of infection obtained 

progressively decreased with increase in post-acquisi
tion fasting. In the present trials the vector was found to 
lose the infectivity within 2 h of post-acquisition fasting. 
This finding is in agreement with that of Murugesan and 
Janaki(1972).

Experiments on retention of infectivity by A. 
craccivora revealed that the vector lost Its infectivity 
within 1 to 2 h after acquisition, while feeding. Murugesan 
and Janakl(1972) reported that Mvzus 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 non-persistent manner. Since the infectivity was 
lost in the present studies within 2 h the transmission of 
cowpea mosaic virus by Aphis craccivora 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, 1974} Sharma and Varma, 1977} Mali and 
Kulthe, 1980; Ramachandran and Summanwar, 1982} Guo ©£ al. 
1984}.

Results of the experiments to find out the minimum 
number of aphids required to transmit cowpea mosaic virus 
and cause infection showed that a single viruliferous 
aphid was sufficient for successful transmission and 
infection. But there was an increase in tho percentage 
of infection when the number of aphids was increased to 10. 
Similar results were obtained by earlier workers also who 
studied the vector virus relationship of non-persistent 
cowpea mosaic viruses. Haque and Chenulu (1972$ in the 
case of Aphis craccivora and Murugesan and Janaki (1972) 
in the case of Mvzus persicae reported that even a single 
aphid could transmit the virus, but the percentage of 
transmission was maximum whan the number of aphids was 
incroasod to 15,

The symptoms of cowpea mosaic virus disease appeared 
in the plants 14 days after inoculation and hence the incuba
tion period of virus In the host plant is up to 14 days.
This finding is in agreement with that of Collins st al. 
(1985) who also reported that the incubation period of 
cowpoa mosaic virus in cowpea plants was up to 14 days,
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In the host-range studies 73 plant species 
belonging to 17 families were tasted and it was found 
that tho virus produced systemic symptoms on different 
cowpoa varieties as well as asparagus bean and local 
loslons on Chenopodlum aiiiaranticolor. Snyder (1942) 
wnile working with cowpea aphid-borne raosaic virus 
causing mosaic of asparagus boan observed that tho 
virus could produce systemic symptoms on asparagus 
boan as well as on different varieties of cowpea. They 
did not find any other legumes infected with the Virus. 
Cowpoa mild mottle virus has been reported to infect 
groundnut, sugarbeet, rodgram, soy bean and cocoa 
(VanKammon, 1971). Govlndaswamv ot al.t19703 found that 
the cowpea aphid-borne mosaic virus affecting cowpeas 
in Tamil Nadu produced systemic symptoms on three members 
of tho family Leguminosa®, via,, Canavalia enslforrols. 
Cvamopsis totraoonaloba and Phaseolus vulgaris and produced 
local lesions on v'lcia faba. Chonocodlum amarantlpolor 
and Chsnoaodium album.

Mali and Kultho(1980) studied a seed-borno potyvirus 
ceasing mosaic of cowpea in India and reported 42 host 
species belonging to Legusinosae, Amaranthceae and 
Chonopodiaceae. Lin al.HgeD conducted trials on 
the host-range of black eye cowpea mosaic virus and the
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cowpea isolate of cucumber mosaic virus. The black eye 
cowpea mosaic virus as per their observations infected 
three species of Amaranthaceae and three of Leguminosae 
as well, Tho cowpea isolate of cucumber mosaic virus 
infected four species of Leguminosae, three species of 
Solanaceae, two species of Amaranthaceae and one belong
ing to Cucurbitaceao. SanchS2 and Gonsaloa(1981) found 
that the yellow strain of cowpea mosaic virus produced 
local lesions and apical necrosis in Phaseolus vulgaris 
and Stizolobiuip deerlnolanum and severe strain of cowpea 
mosaic virus produced systemic mosaic on the two plants 
mentioned above,

A comparison of host-range of different viruses 
infecting cowpoa revealed that tho present virus shows a 
close similarity in its host-range to the cowpea aphid- 
borne mosaic virus described by Snyder(1942). It differs 
in host-range from black eye cowpea mosaic virus, cowpea 
isolate of cucumber mosaic virus, yellow and severe strains 
of cowpoa mosaic virus and cowpea mild mottle virus.

In the varietal trial carried out with ten varie
ties of cowpea, it was found that all the varieties were 
susceptible to the virus to varying degrees. In all the 
varieties the symptoms appeared within 8-14 days after 
inoculation. Eventhough all the varieties were susceptible
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to tho virus there was some variation in the percentage 
of infection in the inoculated plants. The most suscepti
ble varieties were C-152, V-59 and New Era which showed 
100 per Cont, 97.5 per cent and 95 per cont infections 
respectively. The variety C.G.104 showed some resistance 
witn an infection of only 13.33 por cent. In the prosent 
study no variety was found immune to the infection of 
cowpea mosaic virus. Govindaswamy et al.(1970) screened 
112 varieties of cowpea for their resistance to cowpoa 
mosaic virus and found 109 varieties as suceptible and 
three varieties tolerant to virus infection. They also 
could not find any variety immune to virus infection.
Mali jst al.(1981) reported that 0-288 is the only variety 
found immune to cowpea aphid-borne mosaic virus, out of 
the 23 cowpoa varieties tested. In the present studies 
this variety was not included due to non-availability of 
seeds. Patel al.{1982) screened 249 cowpea cultivars, 
by sap inoculation with vein banding strain of cowpea 
mosaic virus and found only ten lines showing immunity to 
virus infection. In the present studies, only the variety 
C.G.104 showed some extent of resistance.

Serological studios were conducted with a view to 
identify the virus. The results of the microprecipitin 
test showed tnat antigens of eotvpea mosaic virus isolate I
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(obtained from inoculated plants in tho glass house), 
cowpea mosaic virus isolate II and isolate III (obtained 
from two locations), cluster bean mosaic’ virus and sword 
bean mosaic virus gavo dense precipitates with antiserum 
specific to cowpea mosaic virus, This indicates the 
serological relationship of cowpea mosaic virus to cluster 
bean mosaic virus, sword bean mosaic virus and the cowpea 
mosaic virus obtained from different locations in Trivandrum. 
No serological relationship was obtained between cos. pea 
mosaic virus and pumpkin mosaic virus, bitterjgourd mosaic 
virus, cucuraoer mosaic virus or snakelgourd mosaic virus.
The cowpea mosaic virus antigen did not show serological 
relationship with any of the antisera of tho other viruses, 
vis,, cowpea severe mosaic virus, cowpea mosaic virus El 
Salvador, cucumbor mosaic virus {cowpea isolate), cowpea 
mosaic virus (USA), cowpea chlorotic rattle virus and 
Southern bean mosaic virus.

;ttcroprecipltin test in petri dishes was conducted 
to find out the antiserum titra, virus end point, titre 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 cou'pea 
mosaic virus. A virus end point of 1s128, for a seed borne 
virus on cowpea was reported from California (Shepherd and



Pulton, 1961). From India, an antiserum iitxe of 1s512 
was reported for a cowpoa mosaic virus by Chenulu jgt al. 
(1968). But Mali and Kulthe(1980) while working with 
a seed borne potyvirus causing mosaic of cowpea found 
an antisorum titre of 1s1024, In the present studies 
the titre of the antlsorusa was found to lie between 
1s1024 and 1:2048 and virus end point between 1s512 and 
1s1024 . The titre of the antiserum with healthy sap 
was between 1s16 and 1s32 and tho end point of healthy 
sap with antiserum was between 1s32 and 1s64, The 
antiserum titre depends on the concentration of virus 
in the leaf tissue, method of purification adopted 
and whether the virus is weekly or strongly immunogenic.
The cowpea mosaic virus reported by Mali and Kulthe(1980) 
also had tho same antiserum titre as that of the present 
virus, but the virus end point of that virus was 1s64,

The present virus differs from the above virus
In symptomatology, physical properties, host-range and 
serological relationships with other viruses. But 
Mali(1983) reported that one isolate of the seed-borne 
potyvirus causing mosaic of cowpea in Marathwada, 
described by Mali and Kulthe{1980), was found serologi
cally related to cowpea aphid borne mosaic virus(CAMV).
The present virus resembles the GAtSV in Its symptomatology,

110
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modes of transmission, properties and host-range.
The serological relationship of the prosent virus 
with C A M  nas not been tried, since the antiserum 
to CAMV could not bo obtained. But it Is proved 
that the virus under study is serologically not 
related to most of the other important cowpea viruses 
Ilk© cowpea severe mosaic virus, cowpea mosaic virus (USA), 
cowpoa chlorotic mottle virus, southern bean mosaic virus, 
cucumber mosaic virus (cowpea isolate) and cowpea mosaic 
virus El Salvador and also that tho other properties 
of tha present virus are similar to those reported 
for cowpea aphid-borne mosaic virus. Hence the results 
of the present investigations indicate that the virus 
under study may probably be an isolate of the cowpea 
aphid-borne mosaic virus.

The results of the Ouchterlony's agar double 
diffusion test have confirmed the findings of the micro
precipitin test on slides. No precipitate was obtained 
in the first plate in which the wells 3 and 5 contained 
distilled water, 4 and 6 buffer and 2 clarified healthy 
sap. In the second plate a precipitin line was formed 
between wells 1 and 3 only. Well 3 received cowpea 
mosaic virus and the precipitin line was formed due to 
the interaction of cowpea mosaic virus antigen with its
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antiserum. In the third plate* precipitin lines were 
formed between wells 1 and 2 and 1 and 0. In well 2, 
sword boan mosaic virus and In wall 5 cluster boon 
mosaic virus wore taken. The formation of procipitin 
lino indicated that those two viruses ore serologically 
related to cowpea mosaic virus under study. The absence 
of precipitin line between wells 1 and 4 and 1 and 6 
showed that cowpea mosaic virus is not serologically 
related to bitter gourd mosaic virus and snake gourd 
mosaic virus, respectively. In the fourth plate, precipitin 
lines were formed between wells 1 and 2, 1 and 3 and 1 and 6. 
Here well 2 contained cowpea mosaic virus obtained from 
inoculated plants in the glass house, well 3 and 6 contained 
two cowpea mosaic viruses obtained from two different 
locations. The fusion of the ends of the precipitin lines 
indicate that they are serologically related (Noordam,1973). 
Absence of precipitin lines between central well and 
wells 4 and 5 indicate that pumpkin mosaic virus and 
cucumber mosaic virus are serologically unrelated to covjpea 
mosaic virus, Tho fifth plate showed serological reactions 
between antiserum of cowpea mosaic virus and the diluted 
antigens of cowpea mosaic virus obtained from two different 
locations.
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Ouchterleny agar double diffusion test was also 
conducted to find out the relationship of cowpea mosaic 
virus antigen with antisera of cowpea viruses obtained 
from different places. The results of this test also 
confirmed th® results of microprecipitin test on slides, 
ie., there is no serological relationship between cowpea 
mosaic virus under study and the other viruses, vis., 
cowpea mosaic virus El Salvalor, cowpea mosaic virus(USA), 
cucumber mosaic virus (cowpea isolate), cowpea chlorotic 
mottle- virus, southern bean mosaic virus, eswpea severe 
mosaic virus, cucumber mosaic virus and pumpkin mosaic 
virus. Bock and Conti(1974) reported that although cowpoa 
aphid-born© mosaic virus belongs to potyvirus group, no 
serological relationship was observed between cowpea 
aphid-bom© mosaic virus, and other potyvlruses, viz., 
potato© virus Y, bean yellow mosaic virus (BfMY), pea 
seed-borne mosaic virus, clover yellow vein mosaic virus, 
soy bean mosaic virus, sugarcane mosaic virus, tobacco 
severe etch virus and iris mosaic virus, flail ejt al. 
(1985) reported a sword bean distortion mosaic virus 
from Marathwada which was unrelated to CA&V* but sero
logically Identical with bean yellow mosaic virus (BYMV). 
The CAMV of Bock and Conti(1974) was serologically 
unrelated to BVKV. In the present host-range studies 
cluster bean and sword bean were not found to be the
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hosts of cowpea mosaic virus. But serelogical rela
tionship was observed for the virus with the sward bean 
mosaic virus and cluster bean mosaic virus. Detailed 
studies have to bo conducted for the identification of 
sword bean mosaic and cluster bean mosaic diseases found 
in Kerala and their relationship to cowpea mosaic virus.

in an experiment to find out tho effect of cowpoa 
mosaic virus an growth of cowpea plants, ton varieties 
and two treatments, viz., uninoculated and inoculated 
were there. Observations on leaf area, height of tho 
plant, number of pods produced and length of pod were 
taken. In general there was significant reduction in 
height of the plants, number of pods produced and length 
ok pods of all the varieties tasted. Several scientists 
reported earlier, that cowpoa mosaic virus infection 
caused significant reduction in growth and yield of 
cowpeae (Khatrl and Chonulu, 1970? Gilmr jg£ sA.., 19?Sj 
Fegla al.. 1981| Vavards at jjJj. , 1932? Grahan, 1935}. 
ins variety V^(C-102J was found to be the wist suscepti
ble variety in the varietal trial followed by Vg(V-59).
The least susceptible variety was found to be V3(CG,104),
The maximum reduction of 22.4s par cent plant height was 
observed in the variety V̂ , (V-S9) followed by 21.07 per cent
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reduction in tho variety V2 (V-37). (C-152) showed
15.49 per cent reduction in plant height. In tho case 
of number of pods the maximum reduction of 54.74 per cent 
has been observed in the variety V2(V-37) and least 
reduction in Vy (KBC-1), Maximum reduction in the length 
of pods has been observed in the variety V4 (Kanakaraony), 
followed by Vg (Kozhinjil) and V2 (V-37).

The most susceptible variety C-152 also showed 
comparatively high percentage of reduction in plant 
height (15.45 per cent), number of pods (37.23 per cont) 
and length of pods (22.22 per cent). The least susceptible 
variety, C6.1Q4 showed the least reduction in plant height 
(4.13 per cent) and pod length (1.97 per cont). Tho 
reduction in the number of pods also was not severe as 
in majority of other varieties. Therefore, it can be seen 
that the least susceptible variety in terms of percentage 
of infection is also the one which is least affected by 
the adverse effects of virus infection.

The observations on natural incidence of cowpea 
mosaic virus conducted at College of Horticulture, 
Vellanlkkara, Trichur indicated that cowpea mosaic virus 
disease was more serious compared to the other virus 
diseases affecting cowpea in that area. A high percentage



of infected plants (37 per cent) showed cowpea mosaic 
virus infection. This shows that cowpea mosaic disease 
is the most serious virus disease affecting the cowpeas 
in this region.

A trial was conducted to find out the effect of 
leaf extract sprays on development of cowpea mosaic 
virus. The antiviral effect of leaf extracts of Bougain
villea and some other plants have been reported earlier 
by several scientists (Raychaudhuri and Prasad, 1965; 
Sharma and Raychaudhuri, 1968; Verma and Kumar, 1980;
Verma ana Awasifti, 1980; Verma and Dwivedi, 1983).
In the present studies complete protection against the 
infection of cowpea mosaic virus was achieved with two 
pre-inoculation sprayings with bougainvillea leaf 
extract and four pre-inoculation sprayings with Eupatorium 
leaf extract. Verma and Dwivedi (1983) extracted a virus 
interfering substance from the sap of host plants sprayed 
with Bougainvillea leaf extract. Wo virus interfering 
substance was obtained from tho control plants. Thus 
they have concluded that the reason for the antiviral 
effect of leaf extracts was the presence of virus 
interfering substances in tho treated host plants.

lie
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uased on th© results of the present studies 
detailed investigations have to be conducted to find 
out whother similar type of virus interfering substances 
are present in the Eupatorlum leaf extract also. If 
satisfactory control of tho disease can be achieved 
by the application of such cheap and easily available 
plant extracts it will be a very much promising method 
of disease control Since It does not involve any 
hazards of atmospheric pollution caused by the applica
tion of pesticides.



SUMMARY



CUWWRY

Mosaic disease of cowpoa (Viona unouieulata(L.) v.'aln) 
prevalent in Vellayani and nearby localities, was investi
gated.

Tho symptoms appeared within 14 days after mechanical 
inoculation as chlorosis of tho emerging leaflets and in 
somo cases as a ails vein clearing. Subsequent leaves 
showed mosaic mottling with dark green and light green 
patches. In most cases leaves showed prominent vein 
banding and intervelnal chlorosis. Plants infected at 
tho early stages remained stuntod and flowering and pod 
formation were very rare.

Transmission studies showed that the virus could be 
transmitted through mechanical means, aphids, grafting
and seeds of diseased cowpea plants, Tho virus was trans
mitted by tho aphids, Aphis cracclvora Koch., Aphis oossvpil 
Clov. and Ashis malvae Koch. Among the three species of 
aohidSj Aphis cracclvora was found to b© the most effi
cient vector. The percentages of transmission obtained 
by A, cracclvora. A. gossypii and A. malvae were 90, 65 
and 45 respectively. There was 3b per cent graft trans
mission. Tho virus was found to be seed transmissible to 
the extent of 5.5 per cent.



Studios on the physical properties of the virus
revealed that tha thereat inactivation point of the
virus uas between 50 anc! 55°C and dilution and point 

—1 —?botwoen 10 and 10 , longevity in vitro of tho 
virus was 0 h at room temperature and 24 h at 8°C.

Studies on vector-virus relationships showed 
that the minimum acquisition feeding period required 
for the vector to acquire the virus was 30 s, and that 
the virus could be transmitted with an inoculation 
feeding period of 30 s. But tho percentage of trans
mission was maximum when an acquisition feeding of 10 min 
and inoculation feeding of 15 min were given.

influence of fasting of tho vector before acqui
sition and inoculation feedings proved that pre-acquisi
tion fasting for a period of 2 h produced the maximum 
transmission, whereas post-acquisition fasting decreased 
the per cent infection, tho retention of infectivity 
by the vector was found to fee 1-2 h. Even a single 
viruliferous vector was able to transmit tho virus to 
healthy test plants, but maximum percentage of infection 
was obtained with 10 aphids. The incubation period of 
virus in the host plant was found to be 14 days.

l j y
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Hast-rango studies showed that the virus could 
produce, systemic symptoms on different cowpea varie
ties as well as on asparagus bean (Visaa sosquipadalis) 
and local lesions on Chenopodlum aiaarantlcolor.

screening trial with ten different varieties of 
cowpea showed that by and large, all the ten varieties 
were susceptible to the virus infection. But C-152 with 
100 per cent infection and V-59 with 97,5 per cent 
infection wero found to be the highly susceptible 
varieties. G,u,1Q4 showed some resistance with 13,33 
per cent infection.

In serological studies the cluster bean mosaic 
virus and sword bean mosaic virus were found to be related 
to cowpea mosaic virus. The antiserum titre and end point 
a t  virus in the present study were found to be between 
1:1024 and 1:2u48 and 1:512 and 1:1024, respectively.
The virus showed no serological relationship with othor 
cowpea viruses, vrz., cowpea chlorotic mottle virus, 
cowpoa severe mosaic virus, cucumber mosaic virus (cowpea 
isolate), cowpea mosaic virus (USA), cowpoa mosaic virus 
hi ealvadox and southern bean trosaic virus.

The results of the studies on symptomatology, 
transmissions, physical properties and host-range indicate



that the virus say probauly be an isolate of the cowpoa 
a^hld-oome mosaic virus,

Studies on tho effect of virus Infection on growth 
of cowpea plants shewed that there m s  significant 
reduction in height of plants, number of pods produced
and length of pods.

Observations on natural incidence of cowpoa - osale 
virus disease showed t.hat it is tho magor disease anong 
the different virus diseases affecting cowpea. Among 
the infected plants 57 per cont showed cowpea mosaic 
virus disease,

Tho results of tho experiments to find out the effect 
of leaf extract sprays on cowpea mosaic virus infection 
Indicated that tno disease could oe effectively controlled 
bl pre-inoculation sprayings with leaf extracts of 
doucainvllloa sp, and euaatorlum odoratua.
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Appendix-1 

Amidoblack stain for arecloitin lines

Araidoblack 1GB —1 g
Sodium acetate acetic acid buffer 0,2 fl, ph 3,6 -1000 ml. 

Secolorizer — Ko.1

Methyl alcohol — 45 parts
Glacial acetic acid - 10 parts
Distilled water — SO parts

Decoloriaer - Ko.2

ethyl alcohol (Absolute) - 40 parts
Glacial acetic acid - 10 parts

Distilled water - 50 parts



abstract

Studies were conducted on the cowpea mosaic virus 
disease commonly occurring in cowpea plants (Viesna 
unguicuiata (L.) tialpj in Kerala.

The major sysmptoas caused by cowpea mosaic virus 
infection in cowpea plants wars vein banding, inter- 
voinai cnlorosls, mosaic mottling and general stunting 
of the plants.

Transmission studies showed that the virus could 
he transmitted through mechanical means, grafting,through 
seeds and by means of aphid vectors. The virus was found 
to be transmitted by the aphids, Aphis eracclvora. Aphis 
gossypil and Aphis rnalvae. Among the three species of 
aphids, Aphis craecivora was found to be the most effici
ent vector. The percentages of transmission obtained by 
a . craecivora, A. gossypli and A. malvae were 90,65 and 
43 respectively.

Studies on the physical properties of the virus 
revealed shat the virus had a thermal Inactivation point 
between 50 and 55°C, dilution ond point between IQ"1 and

O10 , longevity in vitro of 3 h at room temperature and
24 h at 8°C.
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The minimum, acquisition feeding and inoculation 
feeding period were found to be 30 s each. But the 
percentage of transmission was maximum when an acquisition 
feeding of 10 rain and inoculation feeding of 15 min were 
given.

Pre-acquiSition fasting up to a period of 2 h 
increased the percentage of transmission, whereas the 
post-acquisition fasting decreased the efficiency of 
transmission. The vector was found to retain the virus 
for 1-2 h. Maximum percentage of transmission was obtained 
with 10 aphids and the symptoms appeared within 14 days 
after inoculation.

Host-range studies revealed that the virus is restric
ted to the family Legominosae and Chonopodiaceae.

Varietal screening trial with ten different varie
ties of cowpea showed that all the ten varieties were 
susceptible to virus infection. G-152 was found to have 
the highest susceptibility of 100 per cent infection. C.G.104 
showed some resistance with 13.33 per cent infection.

In serological studies the cluster oean mosaic virus 
and sword bean mosaic virus were found to be related to 
co,.pea mosaic virus. The antisorum titrc and end point 
of virus in the present study were found to be between
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10024 and 1 g 2048 and 1fM2 and 1? 1024 respectively,

-Studies on the effect <rf virus inf eitidn #n growth 
of cowpea .plants showed that there was Significant reduC*- 
tion' in' height of the plant* huisher’o# pods produced and 
length of pMs.« ' -

Observations m  natural incidence of bgtipdfi »#sa$,o 
virus indicated that cowpea »saic virus is th# wa-jor 
disease among the different virus diseases affecting 
cowpea,- ftBeng -the infected plants ■ 37 p m  cent shewed 
cowpea Bessie vims, . . -

The results of the experiments to find out the effect 
of leaf extract.sprays on cowpea mosaic virus infection 
indicated that the 'disease could m  off©ctivsly controlled 
by pro-ihOCulatioB sprayings with leaf extracts of 
-Ihuqainvillea sp, and .Saaatorlua odoar̂ tiaa, .


