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ABSTRACT 



KVAI.IJATTON OF m.ANT KXTUAHTa AGAINST (U)WPFA (VTGNA 

IINGUIGULATA L . ) APHID-BORNE MOSAIC VIRUS 

Nainft o f t h e S t u d e n t Ma jo r A d v i s o r 

SHRT DILTP J . PATEL DR. ASHOK MTSHRA 

D e p a r t m e n t of P l a n t P a t h o l o g y 
B .A . C o l l e g e o f A g r i c u l t u r e 

G u j a r a t A g r i c u l t u r a l U n i v e r s i t y 
Anand Campus , Anand-?i8R 110 

ABSTRACT 

The plants affected by cowpea aphid-borne mosaic 

virus (CABMV) showed severe mosaic, dark green vein-banding, 

veinal chlorosis, inter-veinal chlorosis, blistering and 

stunting in glass-house conditions. The virus culture was 

maintained in gla8s-ho<ise by frequent inoculations. The 

symptoms appeared in 5-8 days. 

The management of CABMV by plant extract given as 

Pre-inoculation treatment (PrIT) with phytoextracts of 

CI a rodendrum inerme, Jatropba curcas and Oaimvm sanatum had 

100% inhibitory effect upto 16 days in glass-house 

condition. The Mix-inoculation treatment (MIT) with 

phytoextract of Boerhaavia diffusa (leaf), Datura metal 

(flower), Diiranta plumerie, Eucalyptus globulus, Phyllauthus 

fraternus, Phasalia minima, Solarium nigrum and Tribulus 

tenestris had 90% inhibitory effect upto R days. Whereas in 

Post-inoculntion treatment (PoTT) with phytoextract of 



Abr".l'.l JU.:I. 

CI ercxh^nth'um iiiornif^ and Oc innim uniH'.t.nm lind no% i nli i b i l.ory 

ftffttch upl-o R (1o,yR. Tho KT.TSA repnilts .sliowod no r-eachion 

upto 6 days and within 12 and J 8 days mild at)d strong 

rfiaotions respectively, were observed in Pr'TT but visible 

symptoms were not observed. The repeated number of sprays 

(more tVian one) oP pliytoextr̂ act of Jfil-.tapha cuvcna, Onimvm 

sanctum and CIerodendrum jnerme bad 100% Inhibition npto 24, 

20 and 22 days, respectively. 

The physical properties of phytoextracts vie., 

dilution, solvents, pH and temperature were studied. The 

dilution of Jatropha aureus, Ocimnm sanctum and Clerodandvum 

inerme 1:100, 1:100 and 1:500 respectively were inhibitory. 

The solvents for Jatropha curcas, Ocimum sanctum were Water, 

Ethanol and Methanol and for Clerodendrum inerme Water and 

Ethanol were used. The extracts of Jatropha curcas, Ocimum 

sanctum and Clerodendrum inerme were found to be active at 

pH B, 7 and 8, respectively. Similarly, Jatropha curcas, 

Ocimum sanctum and CJerodendrum inerme were active upto 55, 

55 and 60 'C temperature, respectively. The percentage of 

protein present in leaf of Jatropha curcas, Ocimum sanctum 

and Clerodendrum inerme were 6.90, 3.85 and 5,95, 

respectively. 
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T ] S r T ' R . O r ) T J O T ' T O T v J 

Cowpen. {VignA \inguic.ula.tH Ii.) belonging to \.\\c. 

order Fabalea, family Tiegnmi nosae!, gprma Vigna is one of the 

principal pulses in common uae in India.. Howpea or Choli ia 

reported to have originated in Southernmost region of 

Africa. Worldwide area under cowpea was 5.fi million ha with 

an annual grain production of 2.7 million tonnes during 

199fi. (Quim, 1997). Tn Gujarat, the area, production and 

productivity of cowpea was 23,fi00 hectares, 19,900 metric 

tonnes ajid 84!S kg/ha, respectively (Anonymous, 1997-98). 

Cowpea is of major imixjrtance to the livelihood of 

millions of relatively poor people in developing and less 

developed countries as food, animal feed and income from the 

production of this crop. Tn fresh fot-m the young leaves, 

immature pods and pea are used as vegetable, while several 

snacks and main meal dishes are prepared from the grain 

(Quim, 1997). 

Fresh green pod contains (per 100 gm) about 24.fi% 

protein and 500 mg of vitamin R. Cowpea is considered as 

hot, dry, diuretic seed and is difficult to digest, but seed 

possess high nutritive value. The nutritive content of 

cowpea (per 100 gm edible portion) are moisture (R4.B gm). 
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fftt (0.2 gni), filire (2.0 grn), cnloripfl (fil), phosphorus (74 

mg)j vitamin (941 Til), rlboflAvin (0.09 mg) , prol,f=!in (4..? 

gm), ni.inerfti (0.99 gm), other carbohydrates (8 grn), caloium 

(80 mg), iron (2.5 mg), thiamine (0.07 mg), nicotinic acid 

(0.9 mg) and vitamin-G (13 mg) (Kumar and Singh, 1998). 

Cowpea is cultivated as a sole crop, as an 

intercrop, as cover crop to reduce weed population. In these 

production systems tlie spreading, indeterminate or 

semi-determj nate bus}) of growth of cowpea provides ground 

cover, thus suppressing weeds and providing some protection 

against soil erosion (Quim, 1997). 

Another important feature of cowpea is that it 

fixes atmospheric nitrogen through symbiosis vnth 

nodulating bacteria {Brn.c})yrhizohhim spp. ) . Tiierefore, ti»e 

crop does not deplete the natural reserves of soil nitrogen 

and many experimental findings illustrate that tVie soil 

nitrogen level increases following cowpea cultivation. A 

contribution in the range of 40-80 kg N/ha is commonly 

obtained, while the total amount of nitrogen fixation is 

70-350 kg/ha (Quim, 1997). 

The crop suffers from different abiotic and 

blotic stresses. Diseases caused by fungi, bacteria,nematode 

and viruses are the limiting factors of production. Among 

diseases, viruses are known to infect cowpea and to be major 



Tntrodijcti on 

oonstfaint in the production wherf^ver cowpeaB are grown. 

World-wide inorê  than 20 viruses have been itJentified aa 

naturally infecting cowpea. In India, cowpeaa are known to 

be infected by atleast 11 viruses belonging to different 

taxonomic groups vi?,., Alfalfa mosaic, Carla, Cucumo, 

Gemini, Poty, Tobamo, Robemo and Nex̂ o virusew (Mali, 199fi). 

Among the viral diaeaaeM Cowpea Apfi i d Rome 

Mosaic Virus (CABMV) and Black Eye Common Mosaic Virus 

(BICMV) have been considered as synonymous in literature. 

However, peptide profiling (McKern et al., 1994) and a panel 

of monoclonal antibodies (Huguenot et a]., 1993) can 

differentiate the two viruses. Rhukla at al. (1994) 

considered CABMV and BICMV as two distinct viruses. In 

absence of these techniques in our lab, we have considered 

BICMV and CABMV as similar virus for the present. CABMV was 

first described by Lovisolo and Conti in 1966. It is now 

widely disseminated in the world throiigh infected cowpea 

seedlots and causes severe crop damage (Thottappilly and 

Roasel, 1992). 

Tfierefore, management of the virus, becomes very 

important. No viricide iiave been r-eported in the literature 

and only preventive measures like use of virus fr̂ ee seeds, 

adjustment of planting dates and vector management, are being 

used to minimize losses caused by viruses. 
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Plflnt.R ftR BOiir'f!f>R of pol.f̂ nt.ittl ftntivir-al 

substances, are gaining considerable attention tJiroughoiit 

the world. Experimental work in this direction has revealed 

a wide occurrence of substances with antiviral properties In 

various plants. Antiviral substance present in higher plant 

tissues have long been regarded as important factor in 

resistance of higher plants to various viral diseases. 

Plants are the ricfiest aour'ce oF organic 

cViemical . The naturally occurring pVtyioctViemi cal s offer great 

potential for safe and effective conl.rol of viral pathogens. 

T>ie chemical character i wt i c of the inhibitor frfim various 

plants and the mechanism by wiri ch they re(hice virus 

infection, show that the proiil em of inhibitors present in 

different plant extracts is a complex one and the inViibi tors 

present in the different plants may display individuality. 

Purification of the inhibitor from different plants involve 

different tecimlques, depentli ng upon the chemical arid 

physical nature of the initibitor present in ti>e plant 

extracts (Verma et al., 1986). 

The present investigation was, therefore, 

undertaken in order to generate information on plant 

extracts as inhibitors of CARMV, its p}iysit»,al properties 

like Dilution, Solvent, pH, Temperature and Purified plant 

extract. Results of t,}»ese studies are presettted and 

discussed herein. 
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During the past, few decades much work has been 

done on inactivation of plant virtjses by plant extract and 

attempts have been made to obtain Inhibitors of plant 

viruses from higher plants. 

2.1 PLANT EXTRACTS A8 INJTTRITORS OF VIRUSES 

According to Raycliaudhuri and Cftadha (1965) Deodar 

fruit extract was an inhibitor of chilli mosaic virus. 

Extracts of many plants have been screened Tor their 

inhibitory properties against potato virus-Y. The extracts 

of CH.1 I iPitf^moti InncetolHtij!=t and Syzyghim cumin i inftibited 

potato virus-Y (Raychaudhuri and Gupta, 1972; KSharma and 

Chauhan, 1973). The cucumber mosaic virus-1 was inhibited by 

the crude leaf extracts of SyF.yginm numini and CHJ.1 ifttf-mon 

Zanceolatus (Sharma and Chauhan, 1973). 

Kulshreshtha and Sarkar (1977) tesled inhibitory 

preparation mixed with inoculum (Bean common mosaic virus-

BCMV), applied to Chenopodium amaranticolor. They found 

inhibition in the range of 55.5 to 87.4 per cent with 

maximum in Crassula falcata. 
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Plant mRteria] from 29 spp. belonging to 16 

families was screened for inhibition of cucumber mosaic 

virus (CMV). The moat active components were detected in 

expanded leaves of Chenopodiiim album, Chenopodium 

amarantiooJor, Curriya morale, Hibiscus! aabdariffa, guava 

and pomegranate {Allam at al,, 1978). 

Verma and Mukherjee (1979) founcJ Datura metel leaf 

extract inhibited Tobacco mosaic virus (TMV) in 

hypersensitive hosts and Tobacco ring spot virus (TRSV) in 

both local and systemic hosts when applied 24 hrs. before 

inoculation in Nicotiana glutinoaa. 

Tarugiicfii (1980) reported that the seed extracts 

of Dianthua harbatua inhibit the development of local lesion 

induced by potato virus-X (PV-X) potexvirua on Chenopodium 

amarantioolor when applied mixed with the inocula. The 

extract prevents infection of Prenchbean (Phaseolus 

vulgaris) by PV-X when applied within 3 days before or 

within 3 hrs. after application of inoculum. 

Fol iar> Hpr-Jiy aV Mi rnh i 1 i n J/il/ip/i 1 en f f^xtifict 

caused marked symptom suppression, improved growth and 

flowering and considerably reduced the virus multiplication 

rate in cucumber green mild mottle virus (CGMV) and CMV 

(Verma and Kumar, 1982). 
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Tripal.hi anr] Tripftt.hi (1982) found that the 

extract of AzAdirachta indica was most potent in redixcing 

CABMV infection. The crude extracts from aerial parts of 

flowering and fruiting parts of Solarium nigrum and SoJfinum 

khnninnitm inliihitod nunln'-tn|) cdnnol.l.o v I run (P.RV) in 

inoculated plants (Raychaudhuri and Basu, 1983). 

Awasthi et al. (1984) reported that extract from 

dried roots of mature plants of Boerhaavia diffusa, when 

sprayed on the leaves of Nicotiana tabaavm, Lycaperaicon 

esculentum, Cucumia melo, Cvotolaria Junce>a plants, 

prevented the infection of TMV in Â. tahacum, CMV and TMV in 

L. esculantum, CGMV in C. melo, SR.V in C. Junaea, The yellow 

mosaic disease on mungbean and, urdbean under natural 

conditions was suppressed by aqueous leaf extracts of 

Clerodendrum fragrans and Aetrva Banguinolemta and root 

extract of Boerhaavia diffusa (Verma et al., 1985). 

Molina et al. (1986) injected the extract of 

Syzygium cumini, Callistemon 1anceolatus and Phytolacca 

americana 24 hrs. before, at the time and after inoculation 

with soybean mosaic potyvirus (SMPV) in sorghum. Results 

were evaluated by symptoms and double antibody ELISA. All 

extracts were Viighly inVYibitory against infection, crude and 

seed extracts were most effective (75 - 100% inhibition), 

when applied before or at tJie time of inoculation. 
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Za i d i <=jf. fil. (1 9HP>) repnrt.ed that, the (:=!X trants of 

all 10 plants tested inhibited SMV. The maximum inhibition 

was by extraota of Ocimum sanctum followed by GJycyrrbiza 

glabra and Anagallis arvensis leaves. The extract from plant 

of Crinum auguatum was inhibitory to potato-X potexvirus and 

potato-Y potyviriis (Fahmy and Mohameii, 1989). 

Patel (1990) reported the efficacy of leaf extract 

of Clerodendrum Inerme for controlling contact transmission 

of TMV in tobacco when applied before inoculation with 

virus. However, the extract failed to inhibit infection when 

applied after infection. 

Extracts from Bnugainvillf^a fipftchabi 1 is, MirHbilLs 

JalapH and PbytoJaaca thiratJflora prevented potato virUvS-X 

and potato virus-Y symptom development i r> sitigle or double 

inoculated Chf^nopofJium amarantj coJ or. Plant extractn 

inhibited bot}>, systemic infection by PV-X and PV-Y and the 

interaction of two viruses (Diiarte ef, aj. , 1990, 1996; 

Noronha 1995). 

Extracts from Bougainvillea spectahilis, Capsicum 

annum and Datura metal were mechanically inoculated on 

sorghum variety Tx41 2 hrs. before or simultaneously with 

sugarcane mosaic potyvirus (SCMV). The results were 

evaluated V>y symptoms observed on double antibody ELIRA 

R 
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after 7, .14 and 2.1 days of i nociiJ ati on. All extracts had a 

highly inhJbitory activity (Molina and T.eon, 1991; Molina 

and Sanchez, 1993). 

The pre-inoculati on treatment with Cf^lnsin. 

cristata leaf extract prevented leî ion production by potato 

vi rua-X pohexvlt^js In several local lesion hosts (Rwranwal 

and Verma, 1992). 

Kantian and Doraiswamy (199r?) reported t.hal. the 

pJant extract from Ae:a<1irachta indica, ProsoplM chiJenaJH, 

VitP.x npg\indc, at>d Mndhnca longi fol in inhibited nn%, fir>%, nn% 

and 65% CABMV, respectively. 

The root extract of Boevhaav i a. diffusa plant 

exhibited broad spectrum and high antiviral activity against 

tomato leaf enation mosaic virus (TLEMV) in tomatoes In the 

hypersensitive as well aa systemic hosts (Awasthi and Rizvi, 

1998). 

2.2 KFFECT OF PHYSTCAT. PROPKRTTES 

2.2.1 Effect of Dilution 

Verma and Mukherjee (1979) reported that the leaf 

extract of Datura meti.al Inliibited the TMV and RR.V and tiie 

extract was active upto a dilution of 1:10. The extract 

from Paeuderanthennm atropurpureum leaves produced some 
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strong viruB i ntf̂ rf er i ng agent (VTA) against SR.V and CGMMV. 

The extract wa.s active upho a (iilntioti of 1:40 (Verma and 

Abld Alikhan, 1985). 

Rarakat (1988) found thah the n.queou8 extract fr*om 

sjnaj-flora inhibited the infection of PV-X and were active 

upto a dilution of 1:1000. An aqueous leaf extract of 

ClerotJendrum inerme (1:10 dilution) was highly inhibitory to 

TNfV infection (Patel, 1990). 

Othman et al, (1991) reported that extract of 

AJJium aeatjvtm (garlic) inhibited local lesion produced by 

TMV and the extract was active upto a dilution of 1:100. The 

BougainvilJea spectahj]js, Mirabiljs JaJapa and Phytolacca 

thirstifolia inhibited PV-X upto 1:2000, 1:.3000 and 1:5000 

dilution, respectively (Duarte et. al. , 1996). 

2.2.2 Effect of solvents 

Verma et al. (1973) reported that the viruB 

inhibitor from cabbage leaves against TMV in Nicotiana 

glutinosa using different solvent like Water, Chloroform, 

Ethanol, Methanol and Petroleum products. Among all solvents 

water gave maximum inliibltion. The leaf extract of Hauttunla 

cordata prepared in phosphate buffer with 0.1% triton X-100 

enhanced the infectlvity of TMV. The extract prepared with 

calcium salt lost this inhibitory effect (Matsushita and 

Sanada, 1978). 

10 
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2 . 2 . 3 Effect , of pH 

R.aychaudhnri ami Gupha (1972) rHpnrhfi(l t.lie fifffirih 

of adjusting pH of plant extract of Ca.l.1 :ifttemon ]firiceo]attia 

and Syzygium cumini on potato. Among th^Be, maximiitn 

inhibition of virus was recorded at pH f) to 6. The leaf 

extract of Hauttunia cordata enhanced the Lnfectlvity of 

TMV and the extract was active at pH 7.2 (Matsushita and 

Ranada, 197R). 

Verma and Abid Alikhan (1985) found that the 

extract from Pseuderanthemum atropurpureum Jeave inhibited 

SRV and CGMMV. The extract remained active between pH 5 fco 

8. The water extracts from fresh leaves of Paeuderanthemurn 

atropurpiirfiinn and Bougainvillea pipectabilis Inhibited SUV 

and TMV and extract was active upto a pH fi to 8 (Verma et 

al., 1985). 

2.2.4 Effect of temperature 

Singh and Varma (1981) reported that the Datura 

metal completely inhibited TMV on Chenopodium amaranticolor 

upto 75 *C. The Clerodendvum inerme extract completely 

inhibited SRV upto 60 *C (Verma et al., 1984). 

Verma and Mukherjee (1989) reported tViat the leaf 

extract of Datura mfital inhibited the TMV and SRV and the 

extract was inactivated on heating at fiO *C. The water 

extracts from fr-esh leaves of Paeuderani.hfiiinim atropurpureum 

1 1. 



PeVifiw of I..i terai;i)r^(n 

a n d Boiigainvillefi Npact.ahjlis i n h i h i t . p c l SRV i n CyAmopsiis 

tf^tr'ngnnalohii nttd TMV in Mir.nt. innn gl iit. I nnn/i. Bfil.Ji OK I. rAfJ.H 

were i n a c t i v a t e d by h e a t i n g a t 90 *C and Bf) ' 0 , 

r e s p e c t i v e l y . 

2.3 TSOT.ATKD PROTEIN 

Kasaanis and Klec^.kowski (1948) identiTieil the 

inhibitor from pokeweed as glycoprotein. The extracts of 

Syy.ygium ciimini ami Cnl 1 i »te^ninn T finr.fol nlufj inJnbiteil 

ciicumia viriiR-l. The leaf and seed extracts of t.hese plants 

are known to contain protein (Sharma and Chaidian, 1973). 

Matsushita and Ranada (1978) reported the 

enhancing substance in extract of Hauttuyaria cordata. It 

was analysed by high pressure liquid chromatography and 

identified as protein. 

A naturfllly occurring glycoprotein present in 

Boerhaavia diffusa root extract causes plant cells to 

produce a high Antiviral agent (AVA). AVA had protein 

characteristic (Verma and Awasthi, 1980; Awasthi and Rizvi, 

1998). 

Taniguchi (1980) found inhibitory activity of leaf 

extract of Dianthus harhatvs. It could be separated by 

chromatography on a column of Sephadex G-25. Strong 

inhibitory activity was observed in a high molecular weight 
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aubalanoft.* TVie leaf f^Tctrttnt of Dntum mt^i.fil inViibil.ed TMV. 

The i n h i b i t o r may be p ro te inaceoiis ami not a sugar or 

phenol (Singh and Varma, .1981). The AVA obtained from leaf 

e x t r a c t of TurnerA ulmitolia p u r i f i e d by f i l t e r a t i o n of leaf 

e x t r a c t through Sephadex Ct-2Ti column was c i i a rac te r i s t i c 

p r o t e i n with high molecular weighh (F igue r i a et al., 1994). 

A non-phy totox i o syRtemJc renistaru'-e inducing 

agent p re sen t in Clevodenrjvum aculeatum l eaves was found to 

be Clerodendrum aouJeatum systemic r e s i s t a n c e inducing 

(CA-SR.I) p r o t e i n (Verma at al., 1996 and Kumar st al., 

1 9 9 7 ) . 
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X X r . MA'ri^R.T A L ! S A M D M E T F T O D ^ ; 

Tp carry oijt t.he present investigations, foilowing 

Materials and Methods were adopted. 

3.1 MATERIALS 

3.1.1 Seeds 

Genetically pure seeds of cowpea, variety Puaa 

falguni were obtained from Vegetable Research Station, GAU, 

Anand. 

3.1.2 Miscellaneous 

All required glasswares used in the experimental 

work were of Borosil grade, while chemicals were of B.D.H. 

or E. Merck and Biorads (USA). 

3.2 RAISING OF SEEDLINGS 

The seedlings of cowpea use(i for the present 

investigations were raised in an insect proof glass-house 

located behind tlie building of B.A. College of Agriculture, 

GAU, Anand. All experimental test plants were raised from 

seeds in earthern pots (12 cm x 10 cm) filled witJ) a mixt\jre 

of sand, medium black soil and well decomposed PYM. Seeds 



wfire trftatftfl with 0.3 % hjiiram ho pfev^nh t,}i6>in from 

rotting. Thf. aeedllriga jn g.laas-house wftrs 8f»rayftd with 

systemic inser.hi oide, D1 mpithoatf̂  (Rogar 30 EC) @ 0.03% 

concentratj on as a routine at an interval of 10-] fi days to 

keep them free from insects which might enter acoidentally. 

3..3 MAINTENANCE OF VIRUS CULTURE 

The CABMS isolate mait>tained by the Plant Virus 

Lahoratory, Depart.ment of Plant Pathology, R.A. College of 

Agriculture, Anand was further multiplied and maintained on 

cowpea (cv. Pusa falguni) by mechanical inoculation 

periodically. The virus inoculum was prepared by macerating 

young leaves, petioles and terminal portion of stem of 

diseased cowpea plants in a sterilized mortar with pestle 

using 0.1 M phosphate butter (pH - 7.R). The sap was tlien 

clarified by straining through a thin pad of sterile 

absorbent cotton. Cotton swab method was used to inoculate 

the primary leaves of healthy cowpea, after dusting of 

carborundum powder (400 mesfi) as on abrasive as described by 

Holmes, 1929 and by rubbing with the cotton swab. 

Immediately after inoculation, tVie inoculated leaves were 

washed with tap water to remove excess Inoculum sap and the 

abrasive. The seedlings were labelled properly ror 

observation. Inoculated plants were recorded after 

repeated transfer of the virus on cowpea plants for 

confirmation on cowpea throughout the course of 



inveatigat.lon. Tt was miiltiplLftH on heal (.liy cowpea HHftdLitigfl 

at frequent interval to provide a constant sources of fresh 

inoculum. 

3.4 METHOD FOR VIRUS INHTBTTTON 

3.4.1 Selection of plants 

The present study was aimed at screening of planL 

species for their antiviral properties sgainst cowpea aphid-

borne mosaic virus (CARMV). Mosh of these plants are From a 

part of natural vegetation and some of them are not of 

agricultural lmportar\ce but easily and abundantly available. 

Plants selected for the present studies are listed in 

Table 1. 

3.4.2 Preparation of phytoextract 

Fresh plant were washed with tap water and were 

air dried. Each sample was ground in mortar with pestle and 

was filtered through double layers of sterilized muslin 

cloth. 

3.4.3 Application of phytoextract 

Variovjs plants (TaVile 1) were col lect.ed from OAU 

Farms, Anand campus. The water extract of plant was applied 

to 10 cowpea plants against CABMV at three different stages 

viz., pre-inoculation (24 hrs before inoculation), at the 

time of inoculation (mixed with inoculum) and post-



TfiblB 1 : I.int. of p l a n t sppcjen unefl fnr Hnt. ivirnl nct . iv i l .y wi th t h e i r cnmmnn IIFMHP 

Sr. P lant Rxtrect 
No. 

Family fjOcn 1 nnmp Part used f o r 
preparnt ion of 

1. 3. 

1. Adhatoda VHfiica I.irii AgavBCffflf 

2 . Apglff marmp} i T.ini ABropotlpufi 

3 . Allitm HPntivvm Lini Al isniatHr:«a«» 

4 . 4JJ»i/ra mpa I.ini A1 ifunntar.pap 

5« Andrographin ppnjrnt/ita AgavarrPHf' 

Bof . 

6 . Anacyclita pyrftnthrum W i l l AnHcanlrnoBB 

71 Aradiracht.H indira Aer AvicBniiiHrBaB 

8 . Boerhaavia diffusa L in i Btgnoi i iaceae 

9 . JlaiigHinvillt>/t Bpnntahiliij 

Kef 

10 • Cassia ahsiis L in l 

11 . Cassia tara Lini 

12. CatharanthiiB rosoiis Oen 

1/3. Clerndendriim innrma I.ar 

14. Clprodendrum miiltifloriim 

15. Cnlmis arnmatimiR Bef 

I B . Cnnnnlii.i mir.rnphyllim Bf»f 

17. Corr.hariis affstimn.'t Lini 

18 . Datura innnxia Hat 

BomhaceaR 

Caryiiphyl l a c e a o 

Caryi iphyllacene 

ChfinopndicBaB 

Ohfliioiiofl i r:f>a« 

OhBnriijn(Hcf!HO 

(iompnni t a e 

Cfiriveil viilHroHr. 

D i 1 l e n i a c e a e 

Hi 1 len iaopap 

19. nosmaljiiui sangatir.tim Lini n i l l «n iHrBa« 

20. nigpra miiricata Lar D i l l p n i a r e a e 

2.1. Diiranta pJtimarie .lam DiogprpBCBaB 

22 . HiKia 1 ypt.ii^ glnbiihis Lini RririoaiilnnPBP 

ArcbiBi 

R i l l i 

La nan 

Oiingri 

Kpriatii 

Akkalgnrn 

Limdo 

Satnrti 

Kiivndio 

1BavBR 

IpavOR 

r'.lf»Vf»s 

hi i lb 

l*»avf»R 

leavPH 

IpavBB 

l e a v e s , 

r o o t s , s e e d s 

Boiiga invi l i e n l e a v e s 

Chimed l e a v e s 

l e a v e s 

Barraasi leavfis 

Kadvi Maliendi l e a v e s 

Mahendi l e a v n s 

Ajmapan l e a v e s 

fiafed ShHTikliaval i l e a v e s 

Ohhiinnh 

Kalo Bhatiiro 

Sha] iparni 

Kan j ro 

Asojialav 

l e a v e n 

flowers 

1 eaves 

leaves 

1 oaves 

leaves 

leaves 



I , 

23 . RiiphorhJH drncunciiloifio!} Rrior.auInnenn 

l i in i 

27 • Indigofffra tinctaria L i n i ?nhar,nae 

2 4 . Jetropha curcHB Lini JuncHcenft 

25 tantuna camera l i n i li«miBc«ne 

26 . LaunaBH procumhena LHB I/HmiBceBe 

27 . Lawsnnia inerme Rati Lnuraceae 

2 8 . Lmicas aspsra L i n i Laurnonae 

2 9 . Himamt piitiioa Sat M«lanf.nmaceap 

3 0 . Maringa ojpifera I . i n i MoracBaa 

3 1 . Hfintha fjpir.atn Lam 

32 . Onimiim ampriaan l i n i 

3 3 . Ocimiim .lanntiim I.ini 

34 . Phyllanthii.t fratprniis W«f 

35 . Physalis minima I.inl 

36 . P iper Ionium Rnf 

3 7 . Plantagn nvaia Pam 

38 . Plumbago zeylaohia l i n i 

39 . PnnralKa r.nrylifnlia Lam 

4 0 . Solantm nigrum l i n i 

4 3 . Spilanthof! caJva Ljni 

4 2 . Thuja virensis Bar 

4 3 . TribuUia tmnestris l i n i 

44 . l/ralia pir.ta l i n i 

4 5 . Vigna unguir.nlatn l i n i 

4fi. Withania fiamniff>ra l i n i 

H*"n i BpprniHrBHP 

Olpnpafi 

PRr ip lnganpap 

Ppr ip logaceae 

PeriplfigarfiaB 

Plnnt.aginBReae 

P]antaginacf>an 

Prot«?ac«ne 

Prttt.eacnaft 

Solananfiae 

Solanaceae 

Tar;rnrf>a« 

Tra pa r.ea« 

I I I inanfiap 

Vprl"i*»nar*»«*» 

Protpanpap 

llbhi ni)iKlh<>H 

fiali. Oudi 

Ratan Jyot 

Bhoi Pathr l 

Heena Mahendi 

Ktlbi 

l a jvani . i 

Snragavn 

PiiiVina 

A j i n 

T i i i n i 

Bhoy Ami 1 

Popt i 

Isahgol 

O h i t r a k 

Bavach i 

Piluf l i 

Akkalgarci 

Vidya 

Rokhrn 

KriiBhnaiWT-ni 

K i i l t h i 

Anhwngnntllm 

Ipavaa 

leaves 

Inaveg 

leaves 

leaves 

leavas 

leaves 

leaves 

leaveB, 

pfMln.npndp 

1 eaves 

leaves 

leaves 

leavsn 

leaves 

leaves 

leaves 

leaves 

leaven 

leaves 

leaves 

leaves 

leaves 

1 eaves 

leaves 

leaves 

http://or.au


Inoculation (24 hrB after inoculat 1 on). The ohservations for 

appearanofi of symptoma or i r\h i h i Lory aohion of plarU. 

extracts was taken perlocJical] y. The inoculated plarita were 

screened by Enzyme T,inked Tmmnno Rorhenh Assay (RTjTSA) for 

confirmation of CJARMV in all the casepi whether it showed 

symptom or remained symptomless. Inhibition percentage was 

calculated by the following formula 

Percentage disease - Per'cer>tage disease 
Percentage on control plant on treated plant 
vitMis = X inn 
inhibition Percentage disease on control plants 

3.4.4 Procedure for ET.ISA 

Following protocol for direĉ , t antigen coating 

(DAC) ELISA was followed. 

(1) One gram of the leaf sample was taken, homogenl?;ed 

in a mortar and pestle and diluted upto H-IO % 

with the RLTSA coating buffer. It was filtered 

with the help of 4 layered muslin cloth and 

centrifuged in eppendorf tubes for 30 seconds to t 

m i n. 

(2) 100 pi of the antigen (sample supernatant) was 

added to each well of the ELISA plate and kept for 

overnight in the refrigerator. 

(3) WasVted witVi PRF!-twHeri for 3 times at n.n interval 

of 3 min. The plate was tapped nn a ^M ecû  of p;i.i)er 

towel to remove the remaining liquid. 
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( 4 ) i n n 111 o f h l o i t . n (Nori f a t . in i l U ) l -H % p r e p f t r e d in 

PRR wfis 1 OH(1P(1 in f̂ Mf-h W P I I Htul 1f»ri, ror» .?n in i n , 

t .hen waafied 3 l.inif^s witVi PRR-Tw^Tftn, t.>ie p l a t . e wns 

t a p p e d on p a p e r howel ho remove exf^Hisia l i q u i d . 

(fj) i n n nJ o f a n t i b o d y (OARMV and P o t . y v i r i d a e p r o b e ) 

d i l u t e d ( 1 : i n n n ) in b l o t t o was l o a d e d i n e a c h w e l l 

and i n c u b a t e d f o r 45 m l n - 1 h r a t room t e m p e r a t u r e . 

( 6 ) Washed w i t h PDR- l,w«en f o r 3 t i m e a a t t h e i n t e r v / i l 

o f 3 m i n . 

(7) inn jil of second a n t i b o d y c o n j u g a t e ( H o r s e - r a d i s h 

p e r o x i d a s e ) d i l u t e d ( l : ] n n n ) in b l o t t o was added 

in each wel l and k e p t f o r 45 min-1 h r a t room 

t e m p e r a t u r e . 

(8 ) Washed w i t h PBS-tween 3 t i m e s a t the i n t e r v a l of 3 

min . 

(9 ) . S u b s t r a t e s o l u t i o n was p r e p a r e d u s i n g ABTS n . 5 

mg/ml Jn s u b s t r a t e b u f f e r , H2O2, 2 p l / m ] was added 

j u s t b e f o r e t h e u s e . 

( i n ) fin pi of t h e s u b s t r a t e s o l i i t j o n was added t o each 

w e l l . A f t e r abou t in - t f i m ins , r e a c t i o n (O.n) was 

r ead a t 49n nm in ELISA p l a t e R e a d e r . 

7 0 



X 
Ruffers for ELTSA 

c 
1) C o a t i n g b i / ^ r pH - 9 . 6 

Naa CO3 - 1 . n o gm 

NftHC03 - 2 . 9 3 gm 

Add H2O t o 1 L t . 

2) PRS ( P h o s p h a t e b t i f f e r s a l i n e ) pH - 7 . 4 

Kol - 0 . 2 gm 

NaCl - ft.O gm 

KH2 PO4 - 0 . 2 gm 

Naa HPo4 . 1 2 H2O/ - 2 . 9 gm 

Na2 HP04 . 2H2O - 5 . 4 4 gm 

Add H2O t o 1 L t . 

3) PBS-T (PBS-Tween 20 ) : p H - 7 . 4 

PBS ( 1 0 0 0 ml) + 0 . 8 ml Tween 2 0 . 

.^..'5 PllYSTCM, PROPRRTTKS OF PHYTOEXTRAOT 

.3 . f). 1 n i l III.inn o f p h y t o f » x t r a r - t s 

T}ie e x t r a c t (1 gm s a m p l e i n 1 ml w a t e r ) p r e p a r e d 

w e r e d e s i g n a t e d t o he of 100 % c o n c e n t r a t i o n . T t i e se w e r e 

f u r t h e r d i l u t e d t o 1 : 1 , 1 : 1 0 , 1 : 1 0 0 , 1 : 5 0 0 , 1 : 1 0 0 0 and 

1 : 2 0 0 0 ( v / v ) by a d d i n g r e q u i r e d amoun t of s t e r i l i t ^ e d 

d i s t i l l e d w a t e r . A l l d i l u t i o n s o f e a c h e x t r a c t w e r e t e s t e d 

on 10 p l a n t s b e f o r e 24 h r s of i n o c u l a t i o n t o f i n d o u t b e s t 

e f f e c t i v e d i l u t i o n . 
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3 . r>. 2 Rolv<»T»t.B for phy t-oextracl-B 

Each leaf sample (fi gm) was weigheti and 10 ml of 

each RO-lvent like Water, Ethanol , Methanol, Acetone anrl 

Benzene were used for extraction. Each evtracta wer/e testec? 

on at least 10 cowpea i)lHnts for pre-1 nocnlat. i on treatment 

of CABMV and observations were periodically recordeci. 

3.5.3 pH of phytoextract. 

The extr*act of ear.}) sample was prepared in 

dist,ille<] water and the pH was adjusted i ri a r-ange of f) to 9 

usittg 1 N NaOH and IN HHl . For- eacJv esl.r'a.c;h Jind ea.c.h pH 10 

cowpea plants were used for spraying before mechanical 

i riof.ulat i on of CARMV and ohne r'vat i nf\s were pe r-i od i cal 1 y 

recorded. 

3.5.4 Exposure of phytoextract to different temperature 

The extract of every plant species was prepared in 

distilled water and taken in thin walled tubes as about 10 

cm in diameter at rate of 5 ml per tube. Each test tube was 

then individually exposed to temperature at HO, 52, 55, 60, 

62 and 65 *C for 10 miniites in a Metallic constant 

temperature water bath. The heated sap from each test tube 

was applied, on 10 cowpea plants 24 hra before mechanical 

inoculation of CABMV an(i periodically observations wet-e 

recorded. 



3.fi nETERMTNATION OF TOTAI, PROTRTN CONTENT FROM LEAF 

BY MTCRO-K.TRT.nAT, METHOD 

(1) 100 nig sample of each plant. Hpf^cies waM wfvigliwd 

and transferred l.o a. digertMon flask. 1 gm of 

cat.alyHl. mixture! and 2 ml of none, sulphurir, acid 

was added. 

(2) It was digested until the solution becomes 

colourless (approx. 40 min at 3 70 'C). 

(3) After cooling, minimum quantity of water was added 

to dissolve solids and allowed to cool. 

(4) 10 ml of boric acid solution was pipetted into 100 

m] erlenmeyer flask. 2-3 drops of indicator 

solution was added and placed tV\e flask under 

condenser extending below surface of the solution. 

(5) Digest was transferred to distillation apparatus 

and the flask was rinsed 4 times with 8.3 ml 

portions of distilled water. 

(fi) 10 ml sodium frydroxide sodium thiosulphate 

solution was added ho still and sheam distilled 

and about 20 ml of distillate was collect.ed. 



(7) The receiving flask WRH lowered and cont intie 

distillation for more minutes. The tip of tfie 

condenser wa« wawhed wil.li a few drops of water and 

remove(J. 

(8) The contents of receiving flask was titrated with 

HCL to the i>oint or first appearance of violet 

colour. 

(9) Blank determination (without sample), some 

quantity of reagent was weighed and some digested 

with same distillation period as for sample 

determination. 

Calculation : 

(ml of HCl for sample - ml of HCl for 1̂1 ank) x 
Normality x 100 x 1 .92fi 

Ol % n -
mg sample 

% P r o t e i n = % N x fi.2f> 
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RESULTS 



T V . T7/R F ; IT T . T -F I 

4 . 1 Sy f̂PTOMATOLOGY 

Cowpea aphi(3-borne mosaic vi ttis (CABMV) was first 

observed in Tt.aly by bovisolo and Conti (19fi6). The plants 

afTected by TARMV show severe moaaif^, with the severity 

dependent on host cultivar and virus strain. Typical 

symptoms of tiark green vein-banding, veirml. chlnroais, 

interveinal chloi'OHis, leaf distoration, blistering and 

stunting (Plate TT) was observed in fielcJ as well as glMss-

house condition. 

4.2 MAINTENANCE OF VIRUS CULTURE 

The CABMV was maintained in the glass-house by 

frequent inoculation of the cowpea plants with CABMV. The 

healthy cowpea (Var. Puaa faJguni) seedlings (Plate I) were 

inoculated at two leaf stage after germination and the 

symptoms appeared after 5-8 days of i nocxilati on. With each 

inoculated pot (containing 10 plants), one plant was kept 

as control (without inoculation). The symptoms (systemic 

mosaic) appeared only in the inoculated plants while the 

liealthy (without inoculation) did not sViow any symptoms. 



Healthy plant of cowpea 

II Cowpea aphid-borne mosaic virus (CABMV) 

symptoms on cowpea plants 



TVif! gl uHH-fifUJHf^ wfi.H «i)ray<^(l w i l.h I.lie T) i iii(=i t.FuiAl.p? (Rngnr ' 3(1 

E D ) , s o llifl ('. hhf» irtHftc.l. Vf>r>. horrt m n i n l y n p h i d a whiriTt HVI> I,ho 

Bui l .ahl f= v*^cl,or' ca r r i fU 'M nV t.hf» HARMV f.an nnl. con t.am i nal .p 

hhf* p l a n t . . T}if» v i r u r t cii l l .ure wn« (.f^slf^il nnd fcui f i rnif^d hy 

En^.ymfi Linkf^d Tnmiuno RoT'bfHit. AsHoy (FI,TRA). Tn EI.TSA, l.fie 

p o s i M v e r t t S t i l t was obhaitif^d w i hh CARMV am? a p n h y v i r i tilaH 

a n t l s e r a . 

4.3 EFFECT OF PHYTOFXTRACTS 

The r-eHnlt. of phyl.oext.ract.H on CARMV HH p r e -

i n o c u l a t i o n (.rftabnenh (PrTT) ( P l a t e s TTT, TV &. V) nve. 

p r e s e n t e d in Tab le 2 . I t i s c l e a r from t h e d a t a t h a t t h e 

p h y t o e x t r a c t s of Cletvodeindrum inevtnf^ ( P l a t e VT) , Jatrnpha 

avrcas ( P l a t e VT) and Ocimxim sanctum ( P l a t e VT) gave 100% 

i n h i b i t o r y e f f e c t on t he v i r u s up to a Tfi days of 

a p p l i c a t i o n b u t t h e e f fec t , g r a d u a l l y d e c r e a s e d o v e r a i )e r iod 

of t i m e . The e x t r a c t s of Azadirachta inilica, Roer/ iaav/a 

diffusa ( r o o t ) and PhyJJanthiis frat^rnus had 100% i n h i b i t i o n 

up to 8 d a y s , 50% i n } \ i b i t i o n u p t o ' 12 days and t h a t oF 

BoerhaavJA diffusa ( l e a f ) , Boug/iinviJ lea spectablJ i s, 

Catharanthus VOSPMS, Cannnlus microphyllus, Clavodendrum 

muJtiflorum, Datura innoxia ( l e a f ) , Duranta pJ umarifi, 

Lawsonia inerme, Leacus a s p e r a , Moringa oleifera ( p o d ) , 

Ocimum americamm, Physalis minima, SoJanum nigrum and 

Thu ja -30 X u p t o B days of e x t r a c t a p p l i c a t i o n , r e s p e c t i v e l y . 



R e s u l t s 

Table 2 : Induction of aystftmio reaiBtance by prft-inociilation treatment with 

plant ext rac ts against CABMV 

No. Plant extract 

Per cent inhibition in virus infectivity 

Days after extract application 

10 12 14 16 18 20 

1. 3. 4. 5. 7. 8. 9. 10. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

a. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

Adhatoda vasica 

Allium aestivuiB 

Allium cepa 

AnacycluB pyrenthrvm 

Andrographis penjciilata 

Azadirchta indica 

Boerhaavia diffusa 

Boerhaavia diffusa (root) 

Boerbaavia diffusa (seed) 

Bougainvillea spectahilis 

Catharanthus roseus 

Cassia ahsus 

Clerodendrum inarme 

Clerodendmm multiflorum 

Coleus aromaticus 

Connolus microphyllus 

Cnrchorus aestuans 

Datura, innaxia 

50 

60 

90 

80 

100 

100 

100 

80 

80 

100 

100 

90 

100 

100 

60 

100 

90 

100 

40 

50 

70 

70 

70 

100 

80 

60 

60 

80 

80 

70 

100 

90 

30 

80 

60 

70 

30 

30 

60 

50 

50 

80 

50 

50 

40 

60 

50 

50 

100 

90 

10 

50 

50 

60 

10 

-

30 

40 

30 

60 

30 

30 

20 

50 

30 

30 

100 

50 

-

30 

30 

50 

-

-

-

20 

20 

20 

20 

20 

10 

30 

10 

20 

100 

30 

-

20 

10 

30 

-

-

-

-

10 

20 

10 

10 

-

10 

-

10 

100 

10 

-

10 

-

10 

90 80 



Results 

1. 2. 3. 4. 5. 6. 7. R. 9. 10. 

19. Datura inrinxiA (Flower) 

20. Deamodivm sangf^ticvm 

21. nigi^ra. muriatita 

22. Diiranta pJiimarie 

23. Eucalyptus Rlobulua 

24. Euphorbia, dracunculoides 

25. Inciigofera tinctoria 

26. Jatropha curaafi 100 100 100 100 100 100 RO 60 

27. Launaea procumbans 

28. LawaonJa inerme 

29. Leacus aspera 

30. Lantana cemera 

31. Mimosa pudina 

32. Moringa olf.ifara 

33. Moringa oleifetra (pod) 

34. Moringa oleifera. (seed) 

Sfi. Mentha spinata 

36. Ocimum ameriaan 

37. Ocimum sanctum 100 100 100 100 100 100 90 70 

3fl. PhyJlantbua franternus 

39. Pbysalis minima 

40. Piper loiigum 

RO 

90 

70 

100 

70 

80 

70 

100 

70 

100 

100 

70 

90 

50 

100 

90 

70 

100 

100 

100 

100 

30 

70 

60 

60 

70 

.50 

70 

50 

100 

40 

90 

70 

60 

10 

30 

90 

90 

30 

90 

100 

100 

90 

20 

50 

40 

50 

40 

30 

40 

40 

100 

30 

90 

50 

50 

40 

10 

60 

70 

10 

70 

100 

70 

60 

10 

30 

20 

20 

30 

10 

20 

10 

100 

10 

70 

40 

30 

10 

-

40 

50 

-

50 

100 

60 

40 

_ 

10 

-

10 

20 

-

10 

-

100 

-

50 

30 

10 

-

-

20 

30 

-

40 

100 

50 

30 

_ 

-

-

-

10 

-

-

-

100 

-

30 

-

-

-

-

-

10 

-

30 

100 

40 

10 

_ 

-

-

-

-

-

-

-

RO 

-

20 

-

-

-

-

-

-

-

10 

90 

20 

-

_ 

m 



Rasul, ts 

1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 

41. Plumbago zeylachia 

42. Psoralea corylifoliya 

43. Sorghum hicolor 

44. Solanum nigrum 100 80 70 50 40 30 10 

A5. Spilanthea calva 

46. Thuja virensis 

^^47. Thuja - 30 X 

48. Tribulupt tenefttrifi 

49. Vigna ungniculata 

50. Withania somnifera 

51. Uralia picta 

52. Control 

80 

80 

90 

00 

70 

70 

00 

90 

70 

80 

80 

50 

70 

70 

80 

60 

60 

90 

80 

50 

60 

80 

30 

30 

70 

70 

30 

40 

70 

60 

40 

50 

90 

10 

10 

50 

50 

10 

10 

50 

40 

10 

30 

30 

-

10 

30 

40 

10 

-

40 

10 

-

20 

20 

-

-

10 

30 

-

-

10 

-

-

10 

10 



# * 

L v̂ 'jjei curcas it.̂  

TV Effect of Oaimum RanctAtm leaf extract on 

cowpea aphid-borne raosaic virus 



Effect of Clerodendrum inBrme leaf extract 

on cowpea aphid-borne mosaic virus 

V/ Jatropha cureas 



Y(( CJerodendrum inerme 

\((ll Ocimum sanctum 



Rf>Ml, ftll i)hyt.oext.raci.s wf>r<?! al HO bf>1.t,er OV«T' cont . rol w i i b 

thf^ir . in>tjbi t ion r a n g i n g from 10 ho 90?^ when a p p l i e d a s p r e -

i n o o u l a t i o n t r ea tmen t , in glaMw-liouse c o n d i t i o n a t 2a - .^fi'C 

t e i n p e r a h u r e . 

The j n Fl. iienrie oT d i r r e r - enh pliyt.fiex t racttw on OARMV 

due t o t h e i r mixed i nor.ul a t i ori t r e a t m e n t (MTT) wi th v i r u s 

i« p r e s e n h e d in Tab le 3 . T f. r an be i n f e r r e d fr-oni tiie iJn t a 

t>iat, t h e phy toex t rac . tH of TioerhHfi.v:iM. iliffuNH ( l e a f ) , Tifit.iirH 

innoxia ( F l o w e r ) , Dttrfintn pliinmrifi, f:ur,filyptiis gjnhulut^, 

Phy]Jantlnjs frfilerriafi, PhyNHli» mininiH, Solarium nigrum and 

Tribuliifi tfiruistt'ifii iiad 90% i n h i b i t o r y effer.h on CABMV o v e r 

c o n t r o l np to 6 days which f t r r t h e r g r a d u a l l y d e c r e a s e R . Rest 

of the p h y t o e x t r a c t s were of c o u r s e b e t t e r ti\an the 

c o n t r o l f o r i n h i b i t i n g t h i s v i r u s w i th t h e i r i n h i b i t o r y 

e f f e c t r a n g i n g be tween 10 to 80?;' ove r c o n t r o l ,wheri a p p l i e d 

a s mixed i nocn r l a t i on t rea i . inent in g l a s s - i t o u s e ( t e m p e r a t u r e 

ranged between 28 - SH *C). 

The r e s u l t s on the e f f e c t of p o s t - i n o c u l a t i o n 

t r e a t m e n t (PoTT) of p h y t o e x t r a c t . s on CABMV a r e p r e s e n t e d in 

Tab le 4 . Tt i s c l e a r from tiie d a t a t h a t t he phy toex t r a c t s of 

Clerodendriim iimrmf^, Ocimum sanctum, and Thuja -30x had 90, 

90 and 80 p e r c e n t i n h i b i t o r y e f f e c t up to fi days on 

CABMV which g r a d u a l l y d e c r e a s e d . Wliile r e s t of 

p h y t o e x t r a c t s were good f o r i n h i b i t i o n (10-70%) of CABMV. 
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R e s u l t s 

Table 3 : Induction of HyHl,«?mi<i resiHl.anof* hy mix-iri()<iii1ftl,lon l.reatmHnt 

with plant extracts against CABMV 

No. 

1. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

Plant extract 

2. 

Adhatoda vasioa 

Allium aestivum 

Allium cepa 

Anacyclus pyrenthrum 

Andrographia peniculata 

Azadirchta indica 

Boerbaavia diffusa 

Boerhaavia diffusa (root) 

Boerbaavia diffusa (seed) 

Bougainvillea Bpectahilis 

Catbarantbus roseus 

Cassia absus 

Clerodendrum inerme 

Clerodendrum multiflorum 

Coleus aromaticus 

Connolus aicrophyllus 

Corchorus aestuans 

Datura innoxia 

Per 

6 

3. 

80 

30 

20 

50 

60 

40 

90 

70 

40 

50 

40 

70 

70 

50 

40 

60 

70 

60 

cent 

Days 

8 

4. 

50 

10 

10 

20 

40 

30 

70 

70 

20 

40 

20 

60 

70 

20 

10 

50 

50 

40 

inhibition in virus 

after extract applj 

10 

5. 

30 

-

10 

10 

20 

10 

40 

50 

10 

20 

-

40 

60 

10 

-

20 

20 

20 

12 

6. 

10 

-

-

-

10 

-

10 

30 

-

-

-

30 

30 

-

-

10 

10 

10 

infectivity 

[cation 

14 16 

7. 8. 

-

-

-

-

-

-

-

10 

-

-

-

10 

10 

-

-

-

-

-

3.1 



Rasults 

1 . 2. 5. fi. a. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

31. 

32. 

33. 

34. 

35. 

36. 

37. 

38. 

39. 

40. 

Da-tura. innoxia (Flower) 

Desmod i urn nan get t i cum 

Digepa miricuta. 

Duranta. pJimarie 

Eucalyptus alohuhis 

Euphorbia dracunculoides 

Indigofera tinctoria 

Jatropha curnas 

Launaea pvocumbens 

LawBonia inerme 

Leacua aapera 

Lantana cemera 

Mimosa pudica 

Moringa oleifera 

Moringa oJeifara (pod) 

Moringa olaifftra (seed) 

Mantha spicat.a 

Gcimum american 

Ocimum sanctum 

PhylJanthus franternus 

Physalis minima 

Piper longvm 

90 

80 

40 

90 

90 

30 

40 

70 

70 

70 

70 

60 

70 

60 

40 

40 

80 

80 

80 

90 

90 

70 

70 

50 

30 

70 

60 

20 

30 

50 

50 

50 

60 

40 

50 

40 

30 

20 

50 

70 

70 

50 

70 

30 

50 

30 

10 

40 

30 

-

20 

40 

20 

30 

40 

20 

30 

10 

10 

10 

40 

30 

30 

30 

50 

10 

10 

10 

-

10 

20 

-

10 

10 

10 

10 

30 

-

10 

-

-

-

20 

10 

10 

10 

40 

— 

10 

10 



Rfflsults 

1. 2. 3. 4. 5. 6. 7. 8. 

41. Plumbago zeylanchia 

42. Paoralea corylifoliya 

43. Sorghum bicolor 

44. Solanum nigrum 

45. Spilanthea calva 

46. fftuja virenajs 

^^rThuja - 30 X 

48. Tribulua tfineatria 

49. Vigna unguiculata 

50. Wj than is. aomnifera 

51. f/r/i/ /'« pi eta 

52. Control 

5n 

70 

70 

90 

90 

70 

70 

90 

50 

30 

80 

30 

50 

50 

70 

40 

60 

50 

60 

30 

10 

50 

10 

30 

40 

50 

10 

40 

30 

40 

10 

-

30 

-

10 

20 

30 

-

10 

-

10 

-

-

10 

-

-

10 

10 

-

-

-

-

-

-

_ 



Results 

Table 4 ( Introduction ' of Hyatfimin resistanoe by 

treatment with plant extracts against CABMV 

post-Inocn1 at i on 

No. Plant extract 

Per cent inhibition in virus infectivity 

Days after extract application 

1. 2. 

R 

3. 

a 

4. 

10 

5. 

12 

6. 

14 

7. 

16 

8. 

18 

9. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

Adhatoda. vasica 

Alliua aestivum 

Allium cep'a 

AnacycluB pyren thrum 

Andrographis peniculata 

Azadirchta indica 

Boerhaavia diffusa 

Boerbaavia diffusa (root) 

Boerhaavia diffusa (seed) 

BougainvilJea speotabilis 

Catharanthus roseus 

Cassia absus 

Clerodendrum inerme 

Clerodendrum multiflorum 

Coleus aromaticus 

Connolus microphyllus 

Corchorus aeatuans 

Datura innoxia 

40 

70 

60 

50 

20 

40 

50 

70 

80 

50 

30 

70 

90 

30 

40 

60 

70 

40 

30 

30 

40 

20 

10 

20 

30 

50 

60 

40 

10 

60 

60 

20 

10 

40 

50 

20 

10 

10 

10 

10 

-

10 

10 

30 

40 

20 

10 

50 

30 

10 

-

20 

20 

10 

— 

-

-

-

-

-

-

10 

20 

10 

-

40 

10 

-

-

-

10 

— 

10 

20 



Results 

1. 2. 3. 4. 5. 6. 7. 8. 

19. DAtMra imoxia (Flower) 30 20 10 - - -

20. Deamodiim Hangeticum 70 50 20 10 

21. nigera muricuta 40 30 10 

22. Duranta [iluniarie fiO 30 20 10 

23. Eucalyptua alohiilus 70 60 20 - - -

24. Euphorbia draaimculoidea 30 20 10 

25. Indigofera tinctoria 50 20 - - - -

26. Jatropha curcas 40 20 10 

27. Launaea procumhens 20 10 - - - -

28. LawBonia inerme 50 30 10 - - -

29. Leacus aapera 60 30 10 

30. Lantana cemera 70 50 30 10 

31. Mimosa pudica 70 50 40 20 - -

32. Moringa oleifera 20 10 - - - -

33. Moringa oleifera (pod) 20 10 10 

34. Moringa oleifera (seed) 80 60 40 20 10 

35. Mentha spicata 80 50 30 20 10 

36. Ocimum ameriaan 50 30 10 

37. Ocimum sanctum 90 40 10 - - -

38. Phyllmithtis franternus 50 20 W - - -

39. Physalis minima 80 70 50 30 10 

40. Piper longim 30 10 - - - -
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Rasul t,s 

1. 2. 3. 4. 5. 6. 7. 8. 9. 

41. PI vmhago zeylanchia 

42. Paoralea corylifoliya 

43. Sorghum bicolor 

44. Solanum nigrum 80 70 50 30 20 

45. Spilanthas calva 

46. Thuja virenais 

47. Thuja - 30 X 

48. TrihuJua tetneatria 

49. Vigna unguicuJata 

50. Withania somnifera 

51. Uralia picta 

52. Control 

30 

70 

70 

80 

60 

40 

80 

RO 

40 

50 

40 

10 

30 

30 

70 

50 

30 

RO 

60 

30 

30 

20 

-

10 

10 

50 

20 

20 

40 

30 

20 

10 

10 

-

-

-

30 

10 

10 

10 

20 

-

-

«. 

''A 



Theafi e x t r a f . i s were; a p p l i e d af1,(=;T' VITMIH i n o c n l a l . ion 

t r e a t m e n t i n t h e gl a s s - h o u s f i ( t e i n p p . r a h u r e r a n g i n g bfih.w«en 2R 

- 35 ' C ) . 

The a b s e n c e o r p r e s e n c e of v i n i B was r.on f i rmeil hy 

ELTSA ( T a b J e fi) . Tri ELTSA, t h e r e was no ( n e g a t i v e ) r e a c t J o n 

o b s e r v e d a t B th d a y a f t e r CI(^vodendvum ine^rme^^ Jetrnphn. 

curr.a.H H.xn\ Ocimum Banc.i.nni e x t r a c t . ai)pl i c a t i o n a s P r T T . W h i l e 

t h e r e was m i l d and s t r o n g r e a c h Ion w i t h bohli t h e a n t i s e r a 

(CARMV and p o t y v i r i r lae) a t 1 2 t h nnd 1 8 t h day a f t e r 

i n o c u l a t i o n , in a l l t l i r e e e x t r a c t s . T h e s e r e s u l t s i n d i c a t e 

t h a t t .he v i r u s d o e s n o t m u l t i p l y b e f o r e fit.h day i n p l a n t s 

h r e a t e d wi t l t e x t r a c t a s i t a l s o f loes \\n\. sfiow a n y v i s i b l e 

ay inp toma . 

The r e s u l t s o f r e p e a t e d a p p l i c a t i o n of 

p h y t o e x t r a c t s on CABMV a r e p r e s e n t e d i n T a b l e 6 . T t i s 

c l e a r from t h e d a t a t h a t t h e p l i y t o e x h r a o t o f Cleroile^ndrum 

inerme w i t h 1 s p r a y ( P r T T ) had 100 % i n h i b i t i o n u p t o 1R 

d a y s anrJ 2 s p r a y (P rTT + fi d a y s PoTT) and .1 s p r a y (P rTT + fi 

d a y P o I T + 12 day PoTT) g a v e 100 % i n h i b i t i o n u p t o 22 

d a y s . The p h y t o e x t r a c t o f Ocimiim sanctum w i t h 1 s p r a y 

( P r T T ) , 2 s p r a y (P rTT + fi day PoTT) and ,1 s p r a y ( P r T T + fi 

d a y PoTT + 12 d a y PoTT) had TOO % i r d i i b i l . i o n u p t o I R , 20 attd 

20 d a y s , r e s p e c t i v e l y . The p h y t o e x t r a c t o f Jatropha axircm^ 

w i t h 1 s p r a y ( P r T T ) , 2 s p r a y (P rTT + fi day PoTT) urid ?<. 

7,1 



Resi.il ts 

Table 5 : Reactivity of CARMV to antisera of CABMV and 

potyviridae probe in ELTSA 

Extracts 
Days after 
ELISA done 

Antisera 

Reaction 

CABMV Poty 

Jatropha curcaa 6 

12 

18 

+ 

+ + 

+ 

+ + + 

Ocimum sanctum 6 

12 

18 

+ 

++ 

+ + 

+ + + 

Clerodendrum inerme 6 

12 

18 

+ 

++ 

++ 

++ 

No reaction 
« 

+ Mild reaction 

++ 
+++ —J 

strong reaction 
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Rpisul ts 

Table 6 : Kfreol: of ropoate*! spray of p]anl, extraot-n on CAOMV 

No Plant exctracts No. of Per cent inhibition in virus infeotivity 
spray* 

Days after extract application 

10 12 14 16 18 20 22 24 26 

1. Clerodendrum inerme 1 100 100 100 100 100 100 90 80 80 60 

2 100 100 100 100 100 100 100 100 90 80 

3 100 100 100 100 100 100 100 100 90 70 

2. Ocimum sanctum 1 100 100 100 100 100 100 90 70 60 50 

2 100 100 100 100 100 100 100 90 80 50 

3 100 100 100 100 100 100 100 90 70 50 

3. Jatropha curcas 1 100 100 100 100 100 100 90 80 70 60 

2 100 100 100 100 100 100 100 100 100 70 

3 100 100 100 100 100 100 100 100 100 70 

* 1 = PrIT 
2 = PrIT + 6 day PoIT 
3 = PrIT + 6 day PoIT + 12 day PoIT 

PrIT = Pre-Inoculation Treatment 
PoIT = Post-Inoculation Treatment 
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s p r a y (PrTT + fi day PoTT + 12 day PoTT) hH(\ 100 % i n h i b i t , ion 

iiphn I f i , 24 and 24 (Iwys, rf^spwf'.t, i Vi=!l y . Tlif^sp r e w u l i s 

i n d i c f t t . e 1,)ia1. t h e p i an I. c a n h<̂  p r o t f ^ n l p d from v i r u« hy 

r - e p e a t e d a p p l i c a t i o n o f phy t o f ^ , < t r a c t s . 

4 . 4 PHYSTCAT, PROPERTY OF PTTYTOEXTRACTR 

4.4.1 Krreat of Dilution 

The r e s u l t s ( T a b l e 7) showed t h a t t h e c r u d e 

e x t r a c t o f Jatrapha. curcas d i l u t e d t o a r a n g e b e t w e e n 1:1 t o 

1 :100 p r o d u c e d I n h i b i t i o n of CABMV on a l l t h e t e s t e f l 

p l a n t s . W h i l e e x t r a c t d i l u t e d t o 1 :500 and more f a i l e d t o 

p r o v i d e a n y i n l i i b i t i o n o f d i s e a s e in t e s t p l a n t s . The 

r e s u l t s t h u s I n d i c a t e d t l i a t t h e D i l u t i o n end p o i n t (DEP) 

o f t h e jHtrnphA ciircfifi l i e s u p t o 1 :100 i n g l a s s - h o u s e 

c o n d i t i o n . 

The (U'ude e x t r a c t oF Oaimum t^nnr.tum d i l u t e d t o 

r a n g e of 1 : 1 t o 1 :100 p r o d u f . e d i n i i i l r i t i o n ot\ CARMV ( T a b l e 

8 ) . Tlie eKtr 'Hch wlien d i l u t e d t o 1:f>n0 nrid abovH do n o t 

i n h i b i t t h e d i s e a s e i n t . r is t p l a n t s . The r e s u l t s t .hus 

i n d i c a t e d t } \ a t t h e DT̂ P of t h e Oaimum t^nnatiim l i e s a r o u n d 

1 : 1 0 0 i n g l a s s - h o i J s e c o n d i t i o n s . 

Witi i t h e d a t a p r e s e n t e d in T a b l e 9 i t r^an be 

i n t e r p r e i . e d t . h a t t h e e x t r a c t , o f CJerodernlrum inerme d i l u t e d 

t o a rarvge of 1:1 t o 1:1100 c-vused i nh i 1> i 11 f5r\ o f HARMV on a l l 

d-n 



RBSUIts 

Table 7 : Effect, of dilution on the Inhibitory property of leaf 
extract of Jatropha ci/rcas against CABMV 

No Dilution Percentage decrease in virus infectivity 

Days after extract application 

6 8 10 12 14 

100 100 100 100 100 100 80 

100 100 100 100 100 

100 90 80 70 70 

90 90 80 80 60 

70 60 40 40 20 

50 30 10 

Table 8 : Effect of dilution on the inhibitory property of 
leaf extract of Ocimum sanctum against CAB̂ fV 

No Dilution Percentage decrease in virus infectivity 

1 

2 

3 

4 

5 

6 

7 

1:1 

1:10 

1:100 

1:500 

1:1000 

1:2000 

Control 

16 

00 

80 

60 

50 

18 

80 

80 

60 

30 

20 

80 

70 

30 

10 

22 

80 

70 

20 

_ 

Days after extract application 

1 

2 

3 

4 

5 

6 

7 

1:1 

1:10 

1:100 

1:500 

1:1000 

1:2000 

Control 

6 a 10 12 14 16 18 20 22 

100 100 100 100 100 100 90 

100 100 100 100 100 90 70 

100 100 100 100 90 90 70 

90 90 80 80 70 70 60 

90 

70 

60 

50 

90 

60 

60 

50 

60 50 40 20 20 10 -

50 30 30 20 10 - • -
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RRSU1ts 

Table 9 : Effect of dilution on the inhibitory property of 
leaf extract of Clerodendrum inevme against CABMV 

No Dilution 

1 

2 

3 

4 

5 

6 

7 

1:1 

1:10 

1:100 

1:500 

1:1000 

1:2000 

Control 

Percentage decrease in virus infectivity 

Days after extract application 

8 10 12 14 16 18 20 22 

100 100 100 100 100 100 100 90 90 

100 100 100 100 100 100 100 90 90 

100 100 100 90 90 90 80 80 70 

100 100 80 80 70 60 60 50 40 

90 80 70 60 50 40 30 

60 40 30 10 - - - -

Table 10 : Effect of solvents on the inhibitory property of leaf 
extract of Jatropha curcas against CABMV 

No Solvent Percentage decrease in virus infectivity 

Days after extract application 

10 12 14 16 18 20 22 

1 

2 

3 

4 

5 

6 

Water 

Ethanol 

Methanol 

Acetone 

Benzene 

Control 

100 100 100 100 100 100 100 90 

100 100 100 90 80 70 69 30 

100 90 80 70 50 30 20 

50 40 10 -

40 30 -

70 

10 



|,(^M(,fv] p l a n t , « . WhiU^ (Vxl.fitcA. i\\}u[.(^(] l.n 1 :100 ni\(\ mnro. 

fai.lf^H t,n i n h i b i t , hfte disf^MSf^ nt\ tpti^tf^d p l a n t s . Thf̂  f e s u l t s 

i riH i nat.ft(3 1.)-iAt, t h e DFP of If iaf Mxt.raf.t. o f CIercuJendriim 

ine^rmf^ 1 i « s ar-oiind 1:r )0n. 

4 . 4 . 2 F f f P i c l . o f M r i l v f n l . s 

Tlif̂  r^Rul I.M (TalilM 10) sfinwp'il (.hn.h l.hr-: f̂ x (, r-ar-.l. d T 

JatrophH r.urnnfi w i t h d i f f e r e n t , fso.lvent. v i ^ . . , Wate r , Rthanol 

arul Mf^hhanol pr-odiic^pd 100% in>iibitior> D f OARMV iipto 1R, 10 

and 8 (Jayw, reajiwoti vel y . Tfif=i ext.rar.t. wil.ti Ariel.one arxl 

Ber>?;ene us s o l v e n t s f a i 1 e(,l to prorhir.e i n h i b i t i o n oF d i s e a s e 

ort any p l a n t unde r t e . s t . Tt may be concl i ided t h a t t h e 

Jfitrophn nut^cnfii e x t r a f i t in w a t e r had b e t t e r ami pr-olong^d 

(daya ) i n h i b i t i o n of nowjjea a p h i d - b o r r i e mosa ic v i r u s t i ian 

a l l o ther ' sfil v e n t s . 

The d a t a p r e s e n t e d In Tab le 11 i n d i c a t e d t h a t t h e 

e x t r a c t of Ocimum Ranctxim w i th s o l v e n t s , w a t e r , F t h a n o l and 

Metltanol p roduced 100% i n h i i > i t i o n of CARMV upt.o 1R, R and R 

d a y a , r e s p e c t i v e l y . While Acetone and HenKene e x t r a c t s d id 

no t p roduce i n h i b i t i o n in t e s t e d p l a n t s . The r e s u l t.s 

i n d i c a t e d t h a t i.he w a t e r s o l v e n t f o r t h e Ocimum fianc.tum wiien 

a p p l i e d a g a i n s t CARMV was b e s t bo th in t e rms oT i r d i i b i t i o n 

p e r c e n t a g e and i t s long ' l a s t i n g e f f e c t . 



Table \1 : Effp̂ ct of BOIvents on the inhibitory property of 
extract of Ocimum sanctum against CABMV 

No Solvent Percentage decrease in virus infectivlty 

Days after extract application 

6 8 10 12 14 16 18 20 22 

100 100 100 100 100 100 100 90 80 

100 100 90 70 50 30 10 -

100 100 90 70 40 20 10 -

30 20 10 -

40 20 10 -

1 

2 

3 

4 

5 

6 

Water 

Ethanol 

Methanol 

Acetone 

Benzene 

Control 

Table 12 : Effect of solvents on the inhibitory property of leaf 
extract of Clerodendrum inerme against GABMV 

No Solvent Percentage decrease in virus infectivity 

Days after extract app]ication 

fi 8 10 12 14 16 18 20 22 

lOD 100 100 100 100 100 90 80 80 

100 90 80 60 50 40 30 10 

90 80 60 40 30 10 -

90 80 60 40 30 10 -

40 20 - - - - - -

1 

2 

3 

4 

5 

6 

Water 

Ethanol 

Methanol 

Acetone 

Benzene 

Control 
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T\\f r(=.«ii1 I.H (Tfl.hl<^ ^?.) .qVinwer] t.fia). I.fip fvx t.rar. t. o f 

Clevodendvum inarwe with solvent viz., water and Ethanol 

produced ]00% Inhibition on CABMV upto Ifi and 6 days, 

respectively. Extract with Methanol, Acetone and Benzene 

failed to produce inhibition against GABMV. The resu.lta 

indicated that water solvent for extraction of Cleroderuivum 

inerme produced good inhibition out of all other solvents 

tried. 

4.4.3 Effect of pIT 

T>ie data prenented in Table 1.*̂  r'evealed t}»at tlie 

extract of Jatropha. curcfis with pH at R,7 and 8 produced 

100% Inhibition of CABMV on all tested plants upto 10, 14 

and 12 days, respectively. While extract at pH ^ and 9 

failed to produce much inhibition on CABMV in tested 

plants. The results thus indicated that the extract at pH 7 

produced good inhibition as compared to all other pH levels 

tried and control treatment in glass-house condition. 

The results (Table 14) showeil that hhe extrar-.t of 

Oaimnm sanctum with pH at fi,7 and 8 i)roduce(l inhibition on 

CABMV in all tested plants upto 12, Ifi and 12 days, 

respectively. Tlie pll at fi and 9 failed to produce 100% 

inhibition in CABMV of tested plants. The results incjicate 

that tfie pll level at. 7 prf^duced gciod inhiliition against 

CABMV which was long la.sl. ing hhan fill nl.hô r iiR levels l.ried. 



Results 

Table 13 : Effect of pH on the inhibitory property of leaf 
extract of Jattopha curcas against CABMV 

No pH Percentage decrease in virus infeotivity 

Days after extract appliction 

10 12 14 16 18 20 22 

1 

2 

3 

4 

5 

6 

5 

6 

7 

8 

9 

Control 

70 60 40 20 10 

100 100 100 80 70 50 

100 100 100 100 100 90 

100 100 100 100 90 70 

60 50 40 20 10 

50 

80 

50 

30 

70 

40 

20 

60 

40 

Table 14 : Effect of pH on the inhibitory property of leaf 
extract of Ocimum sanctum against CABMV 

No pH Percentage decrease in virus infectivity 

Days after extract application 

8 10 12 14 16 18 20 22 

1 

2 

3 

4 

5 

6 

5 

6 

7 

8 

9 

Control 

70 60 40 30 10 -

100 100 100 100 80 70 50 

100 100 100 100 100 100 90 

100 100 100 100 90 70 60 

70 50 30 10 -

30 

80 

50 

20 

60 

40 
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Frfiin l.hfi dntft. pr*-̂fi(̂rit.f̂rl in Talil*̂  If) if. can l)e Ftepri 

thah the extract of Clerodi^ndriim inaivna with pH fi, 7 and 8 

produced inhibition on cowpea apfiid-horne mosaic virus 

(CARMV) upto 1.2, 16 and 1.0 days, respectively. While 

extract at pH 5 and 9 failed to produce inhibition in the 

tested plants. The results Indicated that the extract at pH 

7 produced good inhibition against CARMV and had long 

lasting effect than the other two. 

4.4.4 Exposure of phytoextracts to different tempei'ature 

T}»e data, presented in Table Ifi indicate that tite 

extract of Jstropha curan^ with exposiire at HO, ri2 and fiF) 

*n produced inhibition on CAF.MV In all tested x^^ants upto 

20, 18 and 18 days, respectively. The temperature at. fiO, fi2 

and R4 *C were not able to produce 100% inhibition on CARMV 

of tested plants. The results indicated that tlie temperature 

at no, !>2 and TiB *C produced goo<l inhibitic^n in glass-house 

which was long lasting than tjther higher temperature. 

The data. presented in Table 17 slinwed that the 

extract of Ooimum Bsnat.iim with exposure al, HO, 52, Hfi and 

fiO *C produced 100?;; inhibition on all tested plants upto 18, 

18 and 16 and 12 days, respectively. While extract at 

temperature at 62 and RH *C was unable to produce 100% 

inhibition in tlie tested itlants. The results indicated t.hat 

tlie extracts exposure at fiO and n2 *C prfxlucerl good 

inhibition against CARMV which has long lasting effect than 

other* higher tempera tur'es . 



Rasults 

Table 15 : Effect of pH on the inhibitory property of leaf 
extract of Clerodendrum inerme against CABMV 

No pH Percentage decrease in virus infectivlty 

Days after extract application 

6 8 10 12 14 16 18 20 22 24 

1 5 70 60 40 30 20 20 10 - -

2 6 100 100 100 100 90 80 70 

3 7 100 100 100 100 .100 100 80 

4 8 100 100 100 90 80 70 60 

5 9 70 60 50 30 10 -

6 Control _ _ - _ _ - -

60 

60 

40 

40 

50 

30 

30 

40 

20 

Table 16 : Effect of temperatures on the inhibitory property of 
extract of Jatropha. curcas against CABMV 

No Temperature Percentage decrease in virus infectivlty 

Days after exttract application 

8 10 12 14 16 18 20 22 

1 

2 

3 

4 

5 

6 

7 

50 

52 

55 

60 

62 

65 

Control 

100 100 100 100 100 100 100 100 90 

100 100 100 100 100 100 100 90 80 

100 100 100 100 100 100 100 90 90 

90 80 70 70 60 50 30 20 10 

70 50 40 30 10 - - - -

50 30 10 - - - - - -
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Results 

Tohlf) 17 : Effpot. of tempftrftt.Jires on the inhibit.cry property of 
extract of Ocimum sanctum against CABMV 

No 

1 
2 
3 
4 
5 
6 
7 

Temperature 

50 
52 
55 
60 
62 
65 
Control 

Pe 

6 

100 
100 
100 
100 
90 
70 
— 

rcenti age d Rcrease in 

Days after extrac 

8 

100 
100 
100 
100 
70 
50 
— 

10 

100 
100 
100 
100 
60 
40 
— 

12 

100 
100 
100 
100 
40 
20 
-

14 

100 
100 
100 
90 
20 
-
-

viruE 

t app] 

16 

100 
100 
100 
80 
-
-
— 

1 inf 

icat 

18 

100 
100 
90 
60 
-
-

— 

eoti vi 

ion 

20 

90 
80 
80 
50 
-
-
— 

ity 

22 

80 
80 
60 
30 
-
-
— 

Table 18 : Effect of tempreaturea on the inhibitory property of 
extract of Clerodendrum inerme against CABMV 

No 

1 
2 
3 
4 
5 
6 
7 

Temperature 

50 
52 
55 
60 
62 
65 
Control 

Percentage dei 

6 

100 
100 
100 
90 
70 
60 
-

î rease in 

Days afterex 

8 

100 
100 
100 
70 
50 
40 
-

10 

100 
100 
100 
60 
40 
30 
-

12 

100 
100 
100 
40 
30 
20 
-

tract 

14 

100 
100 
100 
20 
10 
-
-

virus 

appi 

16 

100 
100 
100 
10 
-
-
-

infectivity 

icati on 

18 

100 
100 
100 
-
-
-
-

20 22 

100 90 
90 80 
90 90 
-
-
_ _ 

- — 

Table 19 : Per cent protein present in inhibitory leaf 

Plant leaf Percentage protein 

Jatropha curcas 6.90 

Ocimum sanctum 3.85 

Clerodendrum inerme 5.95 
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Tfi<=> lifiA.fi i>f«Mpn l.f̂d in Talilri 18 revealed Ihal, l.hp 

extract of Clevodendrum inerma wit)j temperatures viz., 50, 

52 and 55 *C produced 100% inhibition on CARMV in all tested 

plants upto 18 days. Extract with temperature at fiO, fi2 and 

65 *C failed to produce inhibition on CARMV. The results 

indical>e hhat temperature up to 55 ' C, produc.ed good 

inhibition out. of all other temperatures tried for tlie 

CI fir ode nd rum i.narme in glass-house (̂ on<Jltion. 

4.5 TOTAL PROTEIN OF INHTRTTORY LEAF 

The data presented in Table 19 showed that the 

maximum percentage of protein (6,90) was present in Jatrophn 

CUT'CHH whereas in Oaitiium snnc.tijm and CIr^rnde^ndrum iri(^rm(^ 

percentage of protein was 3.85 and 5.95, respectively. 

iO 



DISCUSSION 



XT, T-JT F;r",TTS F; T O M 

Cowpea ( Vigna unguiculata) belonging to the 

leguniinoseae family Ls one of tlte most: ii\iporh.ant pulse crops 

in common use in India. It is grown since ancient time. The 

productivity of cowpea Is low due to incidence of various 

diseases i.e., fungal, bacterial, nematodal and viral. 

Fungal, hacherial and nematodal diseases are controlled by 

f ung i c, i fie , liacter i c i fie arifl neinnt i c i fie , respectively lint 

management of viral diseases of plants is difficult as no 

virjcide has beeri found till now. Therefore, studies were 

taken up on plant extracts as inhibitor's of cowpea aphitl-

horne mosaic virus (CARMV), the physical properties and 

protein percentage of some plants. 

In literature, CARMV and RTCMV have been 

considered as synonymous. However, peptide profiling 

(McKern ei. H] . , 1994) and a panel of monoclonal antibodies 

(Huguenot et aZ., 1993) can differentiate the two viruses. 

Shukla at a], (1994) considered CARMV and RTCMV as two 

distinct viruses. In absence of these techniques in our lab, 

we have considered RTCMV and CARMV as similar virus for the 

present. The plants affected by CARMV showed severe mosaic, 

with the severity dei>eTident on iiost nultivar aTifl virus 

strain. Typical symptoms of dark green vein banding, veinal 



0 i r ^ russ i on 

c V i l n r o B i H , i n l .HrvR i ri«.l f . ^ i l n t o M i w , U^aT (JMH l ,or I. i on , 

h i i Rl,f»r 1 r\g HriiJ Ht .unl . i r\tJ w/»» (I1>HO r v o d , w h i c h W/IH i n 

f . o n f i rn ia l . i on w i t,h I.Vie oli8*-vrva.t, i o n s by T . f i v i H o l n and f l on t . i 

( i n f i 6 ) . 

TfiP V I r'liH I'u 1 III rf> WMH iiin i n l.a i i»f>i1 i r> l.lif̂  gl;iHH~ 

houBe and freqnpint. i no fu i l o i i on of iVie cowpea i>lan1.8 was dons 

w i th CABMV. The h e a l t h y cowpea s e e d l i n g s were i n o c u l a t e d a t 

two l e a f s t a g e a f t e r g e r m i n a t i o n and syniptoins a p p e a r e d a f t e r 

fi-S d a y s . Also t he g l a s s - h o u s e was s p r a y e d wii.h the 

D ime thoa t e (Rogar 30 EC), so t h a t t h e i n s e c t v e c t o r s ma in ly 

a p l n d s whicih a r e the s u i t a b l e v e c i t o t ' / c a r r i « r s of CABMV can 

n o t c o n t a m i n a t e o t h e r p l a n t s . 

Tn the l i t e r a t u r e t h e r « a r e no r e p o r t s oF 

i n h i b i t i o n s t u d i e s on CABMV wit.ii t.he p lan t , e x t r a c t s and , 

t h e r e f o r e r e l e v a n t l i t e r a t u r e a b o u t ot l ier ' v i r u s e s have been 

quot.ed h e r e f o r r e s u l t s preaente<3. Tn ti ie p resen t , 

i n v e s t i g a t i o n , CABMV was i n h i b i t e d by p r e - t r e a t m e n t 

i n o c u l a t i o n (PrTT) (24 h r s b e f o r e v i r u s c h a l l e n g e ) by 

e x t r a c t s of <77ernf7efifirum frierme, Jatrophn cur'ant^ and Ocimitm 

fianatum. 100 % Tnhi l i l t ion e f f e c t l a s t e d np to 18 d a y s . Tiiese 

r e s u l t s a r e in c o n f i r m i t y w i th the e a r l i e r r e p o r t s on wa te r 

e x t r a c t of Paf^uderfirithf^mum Mt.ropurpurf^iim and Pougainvi 1 1 f^» 

spen/;a7:nil i s i n h i b i t i n g t o b a c c o mosaic v i r u s and sunnhemp 

r o s e t t e v i i -us i n f e c t . i o n , wiien s p r a y e d p r i o r t o v i r u s 

i no f iu l a t j on (Verma e^t a / . , 19Rn) . 



ni <̂ r;ussi on 

The mi x-i riocul at. i on Ir-eotnifin I. w i i.h iiViytoextrrKti. of 

Boevhaavia. diffusa., Datura innoxia (flower), Duranta 

plumerJei, Eucalyptus globulus, Phyllanthus fraternua, 

Physalis minima, Solanum nigrum and Tribulus tfinf.stris 

gave 90 % inhibitory effect, on CARMV VITMIB iipt.o 6 days. 

Almost similar results werf=! obtained by Verma at al. 

(1984) with the extract, of CT erodendrum spp. wh i oh Inhjbit.ed 

tobanco mosaic virus between 70 to 90 %. 

Tfie effect of post-i riocul ati on treatment (PoTT) 

(24 hrs after virus challenge) w i tl> phytoextract of 

Clerodendrum inerme and Ocimum sanctum had 90 % inhibitory 

effect upto fi days on CABMV. This results are in conformity 

with the earlier reports of Clerodendrum spp. inhibiting 

hobacco mosaic virus, tomaho yellow mosaic virus, gomplirena 

mosaic virus, when extract treatment was given after 24 hrs. 

of inoculation (Verma et al., 1984). The PrTT was superior 

over MxTT an.l PoTT. Similar results were observed by Verma 

at al. (1984, 1985). 

The PrTT was superior because the occurrence of 

some ant.i viral agent in virus infecvt.e(l pi ant,s is well 

established and systemic resistatit to virus infectJon 

following treatment with certain plant extracits or viruses 

was presumably due to production of some virus interfering 

agent (VTA) or antiviral factor in resistant factor 



0 i <>r:(isr̂ i on 

(Verma and Abid Al ikhan IHafi). Th<s i n h i b i l o r - on be ing 

irvhrodiiced in t o p l a n h systf^m goes s u r r o u n d i n g c e l l and 

e t Jmula t . e them and j)roduce o thwr subal.ancieB. Theeft 

e f r e c t i v e l y i n h i b i t v i r u s m u l t i p l i c a t i o n and t r a n s m i t v i r u s 

rnHlHl.arifu^ l.f) whol« .̂ of p lan t . (AwnHl.hl el. ftl. , 1998) . 

Raranwal ami Vf^rina (1992) repori .eij |-,>iat l.h« Ltiree p o s s i b l e 

mechanisms of p l a n t v i r u s i n h i b i t o r ' s may oi>erate :i . e . by 

ar i s ing d i r e f v t l y on v i r u s , by a c t i n g on the e s t a b l iahmenh 

phase of t h e v i r u s i n fer; l.i fHi £)i'<-jf.esH and by af fee. 1.1 ug the 

s u s f . e p t i b i l i l.y of t h e planh. by a l ( :er i .ng c e l l m e t a b o l i s m . Tt 

has been s u g g e s t e d t f ia t t h e s e i n h i b i t o r ' s a l t e r t.he 

mel-.a.bol i sm of t h e h o s t s in sur.lt a way I.Tuit i nt, ro(hi{:-.e<l v i r u s 

p a r t i c l e s a.re ur iable t.o m u l t i p l y (Verma. e/, « 7 . , 1 9 8 4 ) . 

Tfie r e s u l t s on i n h i b i t i o n was e v a l u a t e d by Ffr7,yine 

Linked Immxjrio S o r b e n t Assay (KLTSA) a t fi, 12 and 18 d a y s . 

The s e r o l o g i c a l t ec f in iques a r e most i m p o r t a n t ^ and ve ry 

s e n s i t i v e f o r d e t e c t i o n and i d e n t i f i c a t i o n of v i r u s e s , In 

Jntvapha ourcfifi, Oc imiim fintictuin and Clfirnilc^ruirnm inerme^ no 

r e a c t i o n was o b s e r v e d a t fith day w h i l e a t 12th and l a t l i day 

mild and st ;rong r e a c t i o n was o b s e r v e d wit,h t he anh i ae r a . 

OABMV and p o t y v i r i d a e p robe (Mishra e/, a.7. , 1997) a n t i s e r a 

r e s p e c t i v e l y . Tfiese resull : ,s i n d i c a t e hhH.I:. t h e p lan t , e x t r a c t s 

a r e a b l e t.o p r o v i d e p r o t e c t i o n by i n h i b i t i n g t.he v i r ' u s o r by 

proihifving an a n t i v i r a l a g e n t up to fi dfiys. A f t e r tluil. i t s 

e f f e c t i s g r a t h j a l l y r-edur-.r^d or d i lu f . ed in t.he develofr ing 

p l a n t whicih might r e q u i r e f u r t l i e r d o s e s of e x t r a c t s . 

'-,4 



Di sr:ilfs;> 1 o n 

Ther*̂  i« no review available on repeal.ed 

application of pbytoextracts In the literature. However, It 

woo If) be worthwhile exploring thia aspect for the protection 

of plants from virus infection. The repeated application 

of phytoextracta of CJeroderidrurn inerme, Jntropha curraa and 

Onimum fianctum with one spray gave 100 % inhibition iipto 1R 

days. While two spray (PrTT + 6 day PoIT) and three spray 

(PrTT +6 day PoTT +12 day PoIT) gave TOO % inhibition upto 

22, 20 and 24 days, respectively. Tfiere is a clear 

indication that period of protection froin virus can be 

enhanced by the repeated ai)plicatJon of phytoextracts. 

However, more research is required on the interval, 

frequency and concentration of a particular plant extracit 

to manage CABMV. 

Information on physical properties such as 

dilution, solvents, pH and temperature in vitro shows a 

better understanding of inhibitors. The physical property 

studied in this investigation on inhibitors dilution end 

point (DEP) of JfitvopliH spertjihil is, Ociwum fmnctum and 

Clerodendrxm inerme ranged between 1:10 1:100, 1:1 to 1:100 

and 1:1 to 1:500 which gave 100 % inhibition upto 6, 12 and 

18 days, respectively. These results are in confirmIty with 

the earlier reports of Verma and Muki>erjee (1979) on leaf 

extract of Dat.vra metal which inhibited TMV and SR.V upto 

dilution of 1:10. Barakat (1988) found that the extract from 

sinai-flora inhibit potato-X and were active upto a 



d i l u t l o r i o f 1 : i n n n . T?ie l e a f exi . r f lc t . o f CJerocle^ndrum 

infirnm ( 1 : 1 0 0 ) was h i g h l y i n J i i b l f . o r y t o TMV inff i t^hion 

( P a t e l , 1 990 ) . Bougainvil ]f^a apeotfibj J is, Mirabj]ifi jnlnpa 

Hnd Phytal acca thi rati to J la. i n h i b i t p o t a t o v i r i i s - X t i p t o 

1 : 2 0 0 0 , 1 : 3 0 0 0 M.XH\ 1 : ^000 d i l n t i n n , r e s p f i r . t i v e l y (Dua r t f i oi. 

al., 1 9 9 f i ) . 

Wntf^r, F t h a n o l arul Mnt>trt.nfil H.M soTvf^ntK oT 

Jatrapha (uirna» and Dcimiim »arictum and w a t e r and p l . h a n o l f o r 

CI p.rcuhArulruni inermpf pro<1uc«d good i n h i b i t i o n . A l m o s t 

vRiiniJar reHi i l t s* wer^ obta..ine<] by Vftrma et al. {197?i) i n 

r . asp o f v i r u s i n h i b i t o r from n a b b a g p Tf^avf^s a g a i n s t TMV by 

u s i n g d i f f e r f i n t , s o l v e n t s l i k e Water*, Cltl o r o f o r m , Kt .hanol , 

Mehhanol and P e t r o l e u m prf)dur.t!=». Among a l l BOI v e n t s W n t e r 

g a v e maximum i n h i b i t i fin. The l e a f e x t r a c t o f flautturii a 

oordata p r e p a r e d it» p h o s p h a t e b u f f e r enhanc'-ed t h « a c . t i v i t y 

o f TMV ( M a t s u s h i t a and S a n a d a , 1 9 7 8 ) . 

Jatrnpha curca.fi, Oct mum sanctum and Clf^rode^niirum 

inf^rnm e x t r ' a n t a t pH fi, 7 and 8 p r o d u r . e d 100% i n h i b i t i o n 

u p t o 12 d a y s . T h e s e r e s u l t s a r e non f i r ina . tory w i t h e a r l i e r 

r e j t o r t s o f R a y c h a u d l i a r y aruJ Guj i ta ( 1 9 7 2 ) on t h e e x t r a c t o f 

Call 1 i^tp.mnn 1 anceola bus and Syi^ygium ciimini i t » h i b i t i n g PV-X, 

witFi maximum i n h i b i t i o n of v i r u s r e ( ; o r d e d a t pll fi t o R. The 

l e a f e x t r a c t from Pfie)./r/era.Mf7iem//m atrnpitrparpitm i n h i b i t e d 

SRV. The e x t . r a c t r e m a i n e d a c t i v e b e t w e e n pH fi t o P.. Veriiia ef. 

http://curca.fi


(•) i '••,(':llv','''; i n i l 

/I 1 . ( i n f l f i ) ro i»nf l . fv l l.lut IfKiC n x l r / u ' . l . o f Unugii i nv i 1 1 t*n 

sper.tnUn la i nhJb i t e t J RRV «ncl TMV rttid pxl,rm*.t. WOH R C M V H 

u p t o pH 6 t o a . 

Jatropha curcna amj Ocimnm sanntiim e x t r a n t Wf̂ r̂p 

a c t i v e upt.o fixpostire a t Hfi *C and CJerodernlrnm inerme 

p.xtvuct wftre a c h i v e u p t o e x p o s u r e a t fifl *C. Tti thf^ Hhudif^s ' 

by SJngh and Varma (1981) Dnturn metn] i n h i b i t e d TMV u p t o 7fi 

'C,. The CJeroiJendrtjm inerine c o m p l e t e l y i n h i b i t e d RRV u p t o fiO 

*C (Verma et H.l. , 1984) . 

Tfie percer^hage of pr 'oi.ein \u l e a v e s of Jntrophn 

aurcHS, Ocimnm sfinr.i.nni and C]erfuJt^ruIrum Irwrnif^ were fi.Sf), 

3.RJi and 5 . 9 ^ , resper , h i vel y . Almost s i m i l a r res i i l t.M were 

o b t a i n e d by KasBanis and Kl ecp-.kowsk i (1948) and t h e y 

i d e n l . l f i e d the i n h i b i t o r from pokeweed a s gl yc:oproi.e i n . The 

ext.ract.9t of Syy.yginni cumirij and CH]] iNtemon ]HttceolHt.uft 

i n h i b i t cucumis v i r u s - 1 . The l e a f and Heed e x t r a c t s of l.hese 

I>lants a r e known t.o c o n t a i n p r o t e i n (Sharma and Chauhan, 

1 9 7 3 ) . A n a t u r a l l y o c c u r r i n g g l y c o p r o t e i n preser ih in 

BoBrbaaviH (liffuna. r o o t ext.ra<-,t cau.se p l a n t c e l l t o p roduce 

a h igh a n t i v i r a l a g e n t (AVA) (Verma p-t nl., 1980; Awashhi 

and R.ii?,vi, 1 9 9 8 ) . The a n t i v i r a l a g e n t (AVA) o b t a i n e d from 

l e a f e x t r a c t of 7 'urnera ulmifnlifi. had c h a r a c t e r i s t i c of 

p r o t e i n wi th h igh m o l e c u l a r we igh t ( F i g u e r i a ef M 7 . , 1 9 9 4 ) . 

A non-phy to tox i f; syst.emic; r e s i s t a n c e i nduc, i ng 

agwrit p r e s e n t f i ,q CIerfulcndram fi.cule.nt'iim sy.c;),f,||i i n re.si s t a n c e 

i n d u c i n g (OASRT) p r o t e i n (Verma p.t nl. , 1 99fi and Kumar eh 

a]., 1 9 9 7 ) . 

http://ext.ract.9t
http://cau.se


SUMMARY 



V T . F;TTNfM A R.̂ '" 

Cowpea {Vjgna unguiaiila.ta), one of the important, 

commercial pulse crops of Gujarat has been observed to be 

infected by cowpea aphid-borne mosaic virus (CABMV). 

Investigations were undertaken to study the effect of 

different piant extracts given as pre-inocu.l ation treatment 

(PrTT), mixed inoculation treatment (MIT) and post 

jnocu.1 ation treatment (PoIT) for inhibition of this virus 

and the influence of dilution, solvent, pH and temperature 

on the effectiveness of plant extracts against CARMV. 

Dill. (if all l.hH thr'f'H Llmr̂ w of Mpplical.inn v i ?,. , 

PrTT, MJT and PoTT of plant, extract.^, PrTT I.e., 24 hrs. 

bp>fnre virus inociil at i cm was foun<l to be more f^fficiHnt over 

the MIT and PoIT. 

Phytoextracts of Jfitvopha. ciircas, Doimum imnr.tum 

and Cleradendrum iri(^rme> had 100" inhibitory effect on virus 

up to Ifi days when given as PrTT. Witereas in case of 

t.reatment.s given wii.h mixed inoculation Solnnuni nigrum, 

Physnl ia minima, Tribulus .̂enesA.r/'s, Phyllnntbus fmtfirnus, 

J7urfinf.fl piuniRrie, DHturs. irmoxH, nof^rha.avia diffufta. and 

Fun.a.Jypt.uR globulus had 90% inhibitory effect upto fi days. 

http://J7urfinf.fl


Summary 

Whersas PoIT of TbiJja-30 X {Homeopathic c^heni i ca l ) had 80 l.o 

90% i n h i b i t i o n u p t o fi d a y s . Th(̂  i n h i b i t o r y (Effect of CABMV 

wao a l s o confiri i ted in ELTRA. Aft<»r fith day of t r e a t m e n t t h e 

v i r u s was no t d e t e c t e d and a f t e r ' 12th and IRth flay, mild 

nrit] Hl.roiitl rrtnc, I, i onn woirt ohiMciVfM] in liltlSA. 

Tliere i s c l e a r i n d i c a t i o n t h a t p e r i o d of 

p r o t e c t i o n from v i r u s can be enhanced liy t h e r e p e a t e d 

a p p l i c a t i o n s of Jatrnphn nijrcM», dcimum sMnrtum and 

Clf!ro(]eri(]rtJm inerme up t o 22 , 20 and 24 d a y s , i*espect i vel y . 

Phy toex t r a c t s of JHt:rophn ciirr./is and Or. I mum 

sanctum were i n i h i b i t o r y when d i l u t e e ] up to 1:100 whereas 

Clerodenidrum inerme was e f f l c i e r \ t u p t o 1:500 in g l a s s - h o u s e 

c o n d i t i o n s w i t h t e m p e r a t u r e r a n g i n g from 28-3r)*C 

Tn d i f f e r e n t s o l v e n t s t u d i e s , i t was found t h a t 

w a t e r was b e t t e r s o l v e n t f o r a ] ] t h e t h r e e p h y t o e x t r a c t s 

t r*ied, whereas Acetone and Ben»etie f a i l e d ho produc;e any 

i n h i i i i t i o n . E thano l and Methanol R()1 v e n t s fiad i n h i b i t i o n 

e f f e c t on v i r u s e x t r a c t of .7. curc.fis and 0. sarin/:um had l e s s 

t ime i n h i b i t i o n a s compared t o w a t e r a s s o l v e n t . 

pIT of s o l u t i o n was a l s o found tn have c,ot\si clerabl e 

e f f e c t on t.he inh i l : ) i to ry cliaT'ac. I.er of f>hy toex tra.c.t so lu t . i on 

on CABMV. pH 7 .0 was hhe b e s t fo r sf ) luhion to be more 

e f f e c t i v e a g a i n s t v i r u s a s compared t.o i»H fi.O and 8 .0 wii i le 

pH fi.O and 9 .0 for e x t r a c h s were t o t a l l y i n e f f e c t i v e for 

a l l t h e p h y t o e x t r a c t s t r i e d . 



Tlie fixpnnnri^ nf (=;>;t,racl.K t.o varioiKq iempf̂ rat-.urf̂ vq 

bfifot̂ e application had influence on inhibitory effect of the 

solutions. Temperature ranging from 50 to 55 *C was found to 

have no effect on inhibition activity. Temperature of 

solution ranging from 60 to 60 *C failed to produce 

consideraV)!© inhibition on CABMV for all the three 

phytoextracts tried indicating that the inhibitors might be 

denatured or inactivated. 

The total proteins in phytoextracts of Jatropha 

curaast Ocimim Bantiim and CJeroclendmrn inermf^ was estimated. 

Tn these three phytoe)itracts the protein content was 6.90, 

3.65 and 5.95 per cent, respectively. 

60 
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