EVALUATION OF PLANT EXTRACTS AGAINST
COWPEA (VIGNA UNGUICULATA L.)

APHID-BORNE MOSAIC VIRUS

A
THESIS
SUBMITTED T0 THE
6U0JARAT AGRICULTURAL OUNIVERSITY
IN PARTIAL FULFILMENT OF THE REQUIREMENTS
FOR THE AWARD OF THE DEGREE

Master of Beience

(AGRICULTURE)

iN Dr. M D Patel Regional Library
GAU. Anand

PLANT PATHOLOGY [N

8y

Dilipkumar Jayantibhai Patel

B.Sc.(Agri.)

DEPARTMENT OF PLANT PATHOLOGY
B. A. COLLEGE OF AGRICOLTURE
GUJARAT AGRICULTURAL UNIVERSITY
ANAND CAMPUS, ANAND.

| 1999
Reg. No. 04-3869-96






DEDICATED
TO MY

BELOVEL
PARENTS



ABSTRACT



FVALUATTON or PLANT  EXTRACTS  AGATNST COWPEA (VIGNA

UNGUICULATA L.) APHID-BORNE MOSATC VIRUS

Name of the Student Ma jor Advisor
SHRY DILTP J. PATEL DR. ASHOK MISHRA

Department of Plant Pathology
B.A. College of Agriculture
Gujarat Agricultural University
Anand Campus, Anand-388 110

ABSTRACT

The plants affected by cowpea aphid-borne mosaic
virus (CABMV) showed severe mosaic, dark green vein-banding,
veinal c¢hlorosisg, inter-veinal chlorosgia, blistering and
stunting ir glass-house conditions. Thé virus culture was
maintained in glass-house by frequent inoculationg. The

symptoms appeared in 5-8 days.

The management of CABMV by plant extract given as
Pre-inoculation treatment (PrIT) with phytoextracts of
Clerodendrum inerme, Jatropha curcas and Oecimum sanactum had
100% inhibitory effect upto 16 days in glasa-house
condition. The Mix-inoculation treatment (MTIT) with
phytoextract of Roerhaavia diffusa (leaf}, Datura metal
(flower), Duranta plumerie, Fucalyptus globulus, Phyllanthus
fraternus, Phasalis minima, Solanum nigrum and Tribulus
tenestris had 90% inhibitory effect upto 6 days. Whereas in

Fogt-inoculation treatment (FolT) with phytoextract of



Ak il

Clerodendrum  inerme and Ocimum sapclum had  90%  inhibitory
affect uplo 6 days. The ELTSA results showed no reaction
upto 6 days and within 12 and 18 days mild and strong
reactions respectively, were obsgerved in PrTT but visible
aymptoms were not ohgerved. The repeated numher of gprays
(more than one) of phytoextract of Jakropha curcas, Ocimum
ganctum and C]erodéndrum inerme had 100% inhibition upto 24,

20 and 22 days, respectively.

The physical properties of phytoextracts vig.,
dilution, solvents, pH and temperature were gtudied., The
dilution of Jatropha curcas, Ocimum sanctum and Clerodendrum
inerme ]:iOO, 1:100 and 1:500 respectively were inhibitory.
The solvents for Jatropha curcas, Ocimum gsanctum were Water,
Ethanol and Methanol and for Clerodendrum inerme Water and
Ethanol were used. The extracts of Jatropha curcas, Ocimum
éanctum and Clerodendrum inerme were found to be active at
pH 6, 7 and 8, respectively. Similarly, Jatropha curcas,
Ocimum sanctum and Clerodendrum inerme were active upto 55,
56 and 60 “C temperature, respectively. The percentage of
protein present in leaf of Jatropha curcas, Ocimum sanctum
and Clerodendrum inerme were 6.90, 3.856 and 5.95,

respectively.
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Cowpea (Vigna unguiculata 1..) belonging to the
order Fabales, family Teguminosae, genus Vigna is one of the
principal pulses in common uée in Tndia. Cowpea or Choli is
reported to have originated in Southernmost region of
Africa. Worldwide area under cowpea was 6.6 million ha with
an abnual grain production of 2.7 million tonnes during
1996. (Quim, 1997). Tn Gujarat, the area, produrtion and
productivity of cowpea was 23,600 hectares, 19,300 metric

tonnes and 846 kg/ha, respectively (Anonymous, 1997-98).

Cowpea is of major importance 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. In fresh form the young 1leaves,
immature pods and pea are used as vegetable, while geveral
snacks and main meal dishes are prepared from the grain
(Quim, 1997). _

Fresh green pod contains (per 100 gm) about 24.6%
protein and §00 mg of vftamin B. Cowpea ig considered .as
hot, dry, diuvetic seed and ig difficult to digest, but seed
possesa high nutritive value. The nubtritive conlent of

anpeé (per 100 gm edible portion) are woisture (84.6 gn),
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fat. (0.2 gm), Tibre (2.0 ¢gm), caloriea (41), phosphorus (74
mg), vitamin (941 TU), riboflavin (0.09 mg), protein (4.3
gm), mineral (0.99 gm), other carhohydratea (8 gm), calcium
(RO mg), iron (2.5 mg), thismine (0.07 mg), nicotinic acid

(0.9 mg) and vitamin-C (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 gystems the gpreading, indeterminate or
gsemi-determinate bush of growth of cowpea provides ground
cover, thus suppressing weeds and providing some protection

against soil erosion (Quim, 1997).

Another 1important feature of cowpea is that it
fixes atmospheric nitrogen through symhiosis with
nodulating bacteria (Brachyrhizobium spp.). Therefore, the
crop does not deplete the natural reserves of soil nitrogen
and wmany experimental findings illustrate that the soil
nitrogen Jlevel increases follawing cowpea cultivation. A
cantribution in the range of 40-80 kg N/ha is commonly
obtained, while the total amount of nitrogen fixation is

1 70-360 kg/ha (Quim, 1997).

The c¢crop suffers from different abiotic and
biotic stresses. Diseases caused by fungi, bacteria,nematode
anhd viruses are the limiting factors of production. Awmong

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

)
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constraint in the production wherever cowpeas are grown.
World-wide more than 20 viruses have heen identified as
naturally infecting cowpea. In Tndia, cowpeas are known to
be infected by atleast 11 virnses bhelonging to different
taxonomic groups viw., AlfTalfa mosaic, Carla, Cucumo,

Gemini, Poty, Tobamo, Sobemo and Nepo viruses (Mali, 1996).

Among the viral diseases Cowpen Aphid Borne
Mogsaic Virus (CABMV) and Black Eye Common Moraic Virus
(BICMV) have been considered as synonymous in literature.
However, peptide profiling (McKern et al., 1994) and a panel
of monoclonal antibodies (Huguenot et al., 1993) can
differentiate the ftwo viruses. Shukla el al. (1994)
conaidered CABMV and BICMV as two distinct viruses. Tn
abgsence of these techniques in our lab, we have considered
BICMV and CABMV as similar virus for the present. CABMV was
first desecribed by lLovisolo and Conti in 1966. Tt 1is now’
widely disseminated in the world through infected cowpea

seedlots and causes severe crop damage (Thottappilly and

Rogssel, 1992).

Therefore, management of the virus, becomes very
important.., No viricide have heen reported in the Jliterature
and only praventive measures Jlike use of virus frae seeds,
adjustment. of planting dates and vector management are being

used to minimize losses cansed by viruses.
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Plants AR gources of polential antiviral
substances, ave géining considerable attention throughout
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
tigssues have 1long been regarvrded as important factor in

reasaigtance of higher plants to various viral diseases.

Plants are the richest source of organic
chemical. The naturally occurring phytochemicals offer great
potential for safe and effective control of viral pathogens.
The chemical characterislic of the inhihitor from various
plants and the mechanism by which they reduce virus
infection, show that the problem of inhibitors present in
different plant extracts is a complex one and the inhibitors
present. in the different. plants may display individuality.
Purification of the inhibitor from different plants involve
different techniques, _dependjng upon the chemical and
physical nature of the inhibitor present in the plant

extracts (Verma et al., 1986).

.The present investigation was, therefore,
undertaken in order to generate information an plant
extfaahﬂ as  inhibitors of CABMV, itua physical properties
like Dilution, Solvent, pH, Temperature and Purified plant
extract. Reaults of Lhese gtudies are presented and

discusgsed herein.
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During the past few decades much work has been
done on inactivation of plant viruses by plant extract and
attempts have been made to obtain inhibitors of plant

viruses from higher plants.
2.1 PLANT EXTRACTS AS TNHTRTTORS OF VTIRUSES

According to Raychaudhuri and Chadha (1965) Deodar
fruit extract was an inhibitor of c¢hilli mosaic virus.
Extracts of many plants have been screened Ffor their
inhibitory properties against potato virus-Y. The extracts
of Callistemon lanceolatus and Syzygium caumini inhibited
potato virus-Y (Raychaudhuri and Gupta, 1972; Sharma and
Chauhan, 1973). The cucumber mosaic virus-1 was inhibited by
the crude leafl extracts of Syzygium cumini and Callistemon

lanceolatus (Sharma and Chauhan, 1973).

Kulshreshtha and Safkar (1977) tested 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 material from 29 spp. belonging to 16
families was screened for inhibition of cucumber mosaic
virug (CMV). The most active components were detected in
expanded leaves of Chenopodium album, Chenopodium
amaranticolor, Curriya murale, Hibiscus sabdariffa, guava

and pomegranate (Allam et al., 1978).

Verma and Mukherjee (1979) found 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 glutinosa.

Taniguchi (1980) reported that the seed extracts
of Dianthus harbatus inhibit the develapment. of local lesion
induced by potabo virug-X (PV-X) potexvirus on Chenopodium
amaranticolor when applied mixed with tﬂe inocula. The
extract prevents infection aof Frenchbean ( Phaseolus
vulgaria) 4by PV-X when applied within 3 days hefore or

within 3 hrs. after application of inoculum.

Folinr apray of Mirahil i.qA Jalapan lTeaafl  oxlract
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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Tripathi and Tripathi (1982) found that the
extract ' of Azadirachta indica was most potent in reducing
CABMV infection. The crude extracts from aerial parts of
flowering and frulting parts of Solanum nigrum and Solanum
khaninnum inhibltad rsunbhemp  roasetle  virun (anRv) in

inoculated plants (Raychaudhuri and Basu, 1983).

Awaathi et al. (1984) reported that extract from
dried roots of mature plants of Boerhaavia diffusa, when
sprayed on the ]éaves of Nicotiana tabacum, Lycopersicon
esculentum, Cucumis melo, Crotolaria Juncea plants,
prevented the infection of TMV in N. tabacum, CMV and TMV in
L. esculaﬁtum, CGMV in €. melo, BRV in C. Jjuncea. The yellow
mosaic disease on mungbean and, urdbhean under natural
conditions was suppfessed by aqueous leaf extracts of
Clerodendrum fragrans and Aerva ganguinolenta and root

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

Molina et al. (1986) injected the extract of
Syzygium cumini, Callistemon Janceolatus 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 ELTSA. All
extracts were highly inhibitory against infection, crude and
geed extracts were most effective (76 - 100% dinhibition),

when applied before or at the time of inoculation.

~4
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zaidi et al. (1988) reparted that the extracts of
all 10 plants tested inhibited SMV. The maximum 1inhibition
was by extracts of QOcimum sanctum followed by Glycyrrhiza
glabra and Anagallis arvengis leaves. The extract from plant
of Crinum augustum wag jnhibitory‘to potato-X potexvirus and

potato-Y potyvirus (Fahmy and Mohamed, 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 Bougainvillea spectabilis, Mirabilis
Jalapa and Phytaolacca thirstiflora prevented potato virus-X
and potato virus-Y symptom development in single or double
inaculated Chenopaodiun amaranticolor. Plant extracts
inhibited both, systemic infection by PV-X and PV-Y and the
interaction of two viruses (NDuavte ef al., 1990, 1986;

Noronha 1995).

Extracts from Bougainvillea spectabilis, Capsicum
annum and Datura metal were mechanically inoculated on
- gorghum variety Tx41l 2 hrs. before or simultaneously with
suéarcane mogsajic potyvirus (8CMV). The regulta were

evaluated by symptoms observed on double antibody ELISA



Raviaw nf Litaratura

after 7, 14 and 21 days of inoculation. All extracts had a
highly inhibitory activity (Molina and T.eon, 1991; Molina

and Sanchez, 1993).

The pre-inoculation treatment with Celonsgia
crigstata leaf extract prevented legion production by potata
virns-X potexvirus in several local lesion hosts (Baranwal

and Verma, 1982).

Kannan and Doraiswamy (1993) reported that the
plant extract from Azadirachta indica, Frosopis chilensia,
Vitex negunde and Madhuca longifolia inhibited 50%, 65%, 50%

and 65% CABMV, resgpectively.

The root extract of Boerhaavia diffusa plant
exhibited broad spectrum and high antiviral activity against
tomato leaf enation mosaic virus (TLEMV) in tomatoes in the

hypersengitive as well as systemic hosts (Awagsthi and Riavi,

1998).
2.2 EFFECT OF PHYSTCAL PROPERTTES
2.2.1 Effect of Dilution

Verma and Mukhervjee (1979) rveported that the leaf
extract of Datura metal inhibited the TMV and SRV  and the
extract was active upto a dilution of 1:10. The extract

from Pseuderanthemum atropurpureum leaves produced some

<J
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gtrong virus interfering agent (VIA) against SRV and CGMMV,
The extract was active upto a dilution of 1:40 (Verma and

Abid Alikhan, 1985).

Barakat (1988) found that the aqueous extract Ffrom
‘ginai-flora inhibited the infection of PV-X and were active
upto a dilution nf.1:1000. An agqueous leaf extract of
Clerodendrum inerme (1:10 dilution) wag highly inhibitory to

TMV infection (Patel, 1990).

Othman et al. (1991) reported that extract of
AlJium aestivum (garlic) inhibited local lesion produced by
TMV and the extract was active upto a dilution of 1:100. The
Bougainvillea spectabilis, Mirahilis jalapa and Phytolacca
thirstifolia inhibited PV-X upto 1:2000, 1:3000 and 1:65000

dilution, respectively (Duarte et al., 1996).
2.2.2 Effect of solvents

Verma et al. (1973) reported that the virus
inhibitor from cabbage leaves against TMV in Nicotiana
glutinosa using different solvent like Water, Chloroform,
Ethanol, Methanal and Petraleum products. Among all salvents
water gave maximum inhibition. The leaf extract of Hauttunia
cordata prepared in phosphate huffer with 0.1% triton X-100
enhanced the infectivity of TMV. The extract prepared with
calcium salt lost this inhibitory effect (Matsushilka and

Sanada, 1978).

10
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2.2.3 Effect of pH

Raychaudhuri and Gupta (1972) reported the effech
of adjusting pH of plant extract of Callistemon Janceolatus
and Syzygium cumini on potabto. Among thege, maximum
inhibition of virus wag recorded at pH 5 to 6. The Jleafl
extract of Hauttunia cordata enhanced the infectivity of
TMV and the extract was active at pH 7.2 (Matsushita and

S8anadna, 197R]).

Verma and Abid Alikhan (1985) found that the
extract from Pgeuderanthemum atropurpureum leave inhibited
SRV  and CGMMV., The extract remained active between pH 5 to
8. The water extracts from fresh leaves of PFgeuderanthemum
atropurpureum and Bougainvillea spectabilis inhibited 8RV

and TMV and extract was active upto a pi 6 to 8 (Verma et

al., 1985).
2.2.4 Effect of temperature

Singh and Varma (1981) reported that the Datura
metal completely inhibited TMV an Chenopodium amaranticolor
upto 75 °‘C. The Clerodendrum inerme extract completely

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

Verma and Miukherjee (1989) rveported that the leaf
extract of Datura metal inhibhited the TMV and S8RV and the
extract was inactivated on heating at 60 °‘C. The water

extracts from fresh leaves of Pseuderanthemum atropurpureum

11
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and Bougainvillea sapectabilis inhibited SRV in Cyamopsis
tetragonoloba and TMV in Nicotinna glulinosa., Bolh asbracls
were inactivated by heating at 90 °C and 66 ‘C,

respectively.
2.3 TSOLATED PROTETN

Kassanigs and Kleczkowski (1948) identified the
inhibitor froﬁ pdkeweed as glycoprotein, The extracta of
Syzygium cumini - and Cnlliﬂtnmﬁn Tancpolalus inhibitbed
cucumis virus-1. The leaf and seed extracts of these plants

are known to contain protein (Sharwma and Chauhan, 1973).

Matgughita and Sanada (1978) reported the
enhancing substance in extract of Hauttuyaria cordata. 1t
was analysed by high pressure liquid chromatography and

identified as protein.

A naturally 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 harbatug., It could be separated by

chromatography on a column of Sephadex G-25. Strong

inhibitory activity was ohserved in a high molecular weight
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substance. The leaf extract of Datura metal inhibited TMV.
The inhibitor méy bhe proteinaceous and not a sugar or
phenol (8ingh and Varma, 1981). The AVA ohtained from leaf
extract of Turnera ulmifolia purified by filteration of leaf
extract thrnugh. Sephadex G-25 nnjumn was characteriatic

protein with high molecular weight (Figueria et al., 1994).

A non-phytotoxic aygtemic resistance inducing
agent present in Clerodendrum aculeatum leaves was found to
be Clerodendrum aculeatum systemic resistance inducing
(CA-SRI) protein (Verma et . al., 1996 and RKumar et al.,

1997).
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To carry out the present invegatigations, following

Materials and Methods were adopted.
3.1 MATERIALS
3.1.1 Seeds

Genetically pure seeds of cowpea, variety Pusa
falguni were obtained frnm.Vegetable Research Station, GAU,

Anand.
3.1.2 Miscellaneous

All regquired glasswares used in the experimental
work were of Borosil grade, while chemicals were of B.D.H.

or BE. Merck and Biorads (USA).
3.2 RAISING OF SEEDLINGS

The seedlings of cowpea used for the present
investigations were raised in an insect prool glass-house
located behind the building of B.A. College of Agrienlture,
GAU, Anand. All experimental test plants were raigsed from
gseads in earthern pots (12 cm x 10 cm) filled with a mixture

of gand, medium black woil and well decowposed FYM. Seeds



ware treated with 0.3 % thiram to prevent them from
rotting. The geedlings in glass-house were gprayed with
systemiec insecticide, Dimethoate (Rogar 30 EC) @ 0.03%
concentration as a routine at an interval of 10-15 days -to

keep them free from insects which wight enbter aceidentally.
3.3 MAINTENANCE OF VIRUS CULTURE

The CABM8 isolate maintained by the Plant Virus
Laboratory, Department. of Plant Pathology, B.A. College of
Agriculture, Anand was further multiplied and maintained on
cowpea (ecv. Pusa falguni) by mechanical inoculation
periodically. The virus inoculum was preparved by macervating
young leaves, petioles and terminal portion of atem of
diseased cowpea plants in a sterilized mortar with pestle
using 0.1 M phoaphate butter (pH - 7.6). The sap was then
clarified by straining thréugh a thin pad of sterile
ahsorbent cotton. Cotton swah method was used to inoculate
the primary leaves of healthy cowpea, after dusting of
carborundum powder (400 mesh) as on abrasive ags described by
Holnmes, 1929 and by rubbing wilh the cobbton swab.

Tmmediately after inoculation, Lhe inoculated leavea were

washed with tap water to remove excess inoculum sap and the
abragive. The geedlings were labelled properly for
observation. Inoculated plants were recorded after
repeated transfer of the virus on cowpea plants Tor
confirmation on cowpea throughout the course of



invegtigatlion. Tt was mnltiplied on heallhy cowpea seedlings

at frequent interval to provide a constant sources of fresh

inoculum.
3.4 METHOD FOR VIRUS INHIBITION

3.4.1 Selection of plants

Thé present study was aimed at screening of plant
gpecies for their antiviral properties against cowpea aphid-
borne mosaic virvus (CABMV). Moat of these plants are from a
part. of natural vegetation and some of them are not of
agricultural importance bubt easily and abuandantly available.
Plants sgelected for the present studies are listed in

Table 1.
3.4.2 Preparation of phyloextract

Fresh plant were washed with tap water and were
air dried. Fach sample was ground in mortar with pestle and
was filtered through double layers of sterilized muslin

cloth.
3.4.3 Application of phytoextract

Various planta (Table 1) were collected from GAU
Farms, Anand campus. The water extract of plant was applied
ta 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.-
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Table 1 : List of plant species

used for antiviral activity with their common name

Sr. Plant Extract Family Local name Part used for
No. preparation of
1. 2. 3. 4, 8,
1. Adhatoda vasica Lini AgRvaACeae Ardusi Teaves
2. Aegle marmeli Lini Aeropodess Ril 14 leavan
3. Allium aestivum ldni AlismAtacene Yaran rloves
4, Allium repa Lini Alismatacens Mg ri bulh
8¢ Andrographis peniculata Agavatean Keviaty leavenr
Bef.
6. Anacyclus pyrenthrum Will Anacardicese Akkalgara leaves
7, Azadirachta indica Aer Avicenniacene Limdo leaves
8. Boerhaavia diffusa Lini Bignoniacene Satoddi leaves,
roots, seeds
9. Bougainvillea spectabhilis RAombaceae Rougninvillea Japves
Wef ‘
10, Cassia absus Lini Caryuphyllacensa Chimed leaves
11. Cassia tora Lini Caryuphyllaceaa Kuvadio lenves
12. Catharanthus roseus Gen Chenapodiceae Barmasgi leavan
/}a. Clerademndrum inerme lLar Chenopndicena Kadvi Mahendi leaves
\.
14. Clerodendrum multiflorum  Chennpndicena Mahendi leavas
Ocea
18, @Ooleus aromaticus Baef Compnsitae ‘Ajmapan leavas
18. Connalus micraphyllus Ref Convalvolacene Safed Shankhavali lenves
17. Corcharus asstuans Lini Dillenincene Ohhunch leavan
18, Datura innoxia Hat hilleniacena Kalo Dhaturo flowers
laaves
19. Desmolium sangeticum Lini Dillenincene Shaliparni leaves
20, Digera muricata Lar Dilleninceas Kanjro lanaves
21. Duranto plumarie lam Dinserencene - leaves
22. Bucalyptus globulus Lini Brincanlaneaa Asopnlav lenves




Ly 2. 3. 4, 1.
23. FRuphorhia dracunculoides  Rriocaulaceae tibhi Dhudheld Jeavan
Lini . )
27. Indigofera tinctoria Lini Fabacene Gali, Gudi leaves
24, Jetropha curcas Lini Juncacene Ratan Jyot lanvas
v
25 Lantena camera Lini Lamincana -- leaves
28, Launaea procumbens Lam ~ Lamiacene Bhoi Pathri leaveas
27. Lawsonia inerme Rad Lauraceae Heena Mahendi leavas
28, Leucas aspera Lini Lauraceae Kubi leaves
29. Mimosa pudica Sat Malastomaceas Lajvanti Jeaves
30, Moringa oleifera Lini Moracene Saragavo leaves,
pewla, seads
31. Mentha spicata lam Manispermrchne Fudinn leaves
32, Ocimum american Lini Oleceae Ajla lnévnn
33. Ocimum sanctum  Lini Periplogacenes Tulai lenves
A
34. Phyllanthus fraternus Wef Periplodaceae Rhoy Amli laavas
35. Physalis mipima Lini Perip]ngnnnng Popt.i leaves
38. Pipér longum RBaf Piantaginacene - leaves
37. Plantago aovata Fam Plantaginacens Isnhgol leaves
38. Plumbago zeylachia Lini Proteaceans Chitrak leaves
39. Psoralea corylifolia Lam Protencens Ravachi Tepven
40. Solanum nigrum Lini Solanacens Piludi leaves
43}, Spilanthes calva lLini Solrnacens Akkalgdaro leaves
42. Thuja virensis Dar Taccaceas Vidya leaves
43, Tribulus tenestris Lini Trapaceae Gakhen Jeaves
44, Uralia picta Lini linacens Krushnaparni leaves
45. Vigna unguicolata Lini Verbenaceae Rulthi leaves
48, Withanis samnifera Lini Proteaceae Ashwagamdha leaves
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inoculation (24 hrs aflter inoculation). The ohservations for
appearanne of Qymptnms or inhibitory achbion of plant,
extracts was taken periodically. The inoaculated planta were
sereened by Fnzyme Tinked Tmmuno  Sorbent Assay (ELTSA)  for
confirmation of CABMV in all the cases whether it showed
symptaom or remained gymptomlessg. Tnhibition percentage was

calculated by the following formula

Percentage disease - Percentage disease
‘Percentage on control plant on treated plant
virus e e e e X 1aa
inhibition Percentage digease on control plants
3.4.4 Procedure for ELISA

Following protocol for direct antigen coating

(DAC) ELTSA was followed.

(1) One gram of the leaf sample was taken, homogenized
in a mortar and pestle and diluted uptoe 5H-10 %
with the ERLISA coating Buffer. It was filtered
with the help of 4 léyered muslin c¢loth and
centrifuged in eppendorf tubes for 30 seconds to 1

min.

(2) 100 pul of the antigen (sample supernatant) was
added to each well of the ELTSA plate and kept for

overnight in the refrigerator.

(3) Washed with PRS-tween Tor 3 timea at an  interval
of 3 min. The plate was tapped on a pieca of papar

towel to remove the remaining liquid.
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(4)

(5)

(6)

(7).

(8)

(9)

(10)

100 pl of blotta (Non Tat milk) 1-5 % prepared in
PRS was loaded in ench well and left Ffor 30 win,
then washed 3 {imes with PRS-Tween, the plate was

tapped on paper towel to remove excess liguid.

100 pl of antibady (CABMV and Patyviridae prohe)
diluted (1:1000) io blotto was loaded in each well

and incubated for 45 min-1 hr at room tenmperature,

Washed with PRS- tween Ffor 3 times atb the interval

of 3 min.

100 ul of'seccnd antibody conjugate (Horse-radigh
peroxidase) diluted (1:1000) in blotto was added
in each well and kept for 45 min-1 hr at room

temperature.

Washed with PBS-tween 3 times ab the interval of 3

min.

Subsgtrate solution was prepared using ABTS 0.5
mg/m]l in substrate buffer, H202, 2 ul/ml was added

just before the use.

50 pl of the guhatrate solutiaon was added to each
well. After about 10-1F minsg, reachkion (0.D) was

read at 490 nm in ELTSA plate Reader.

-0



Buffers for ELTSGA

1) Coating bu@r pH - 9.6
Naz2 CQOs - 1.50 ¢gm
NaHCO3 - 2.93 gm

Add Hz0 to 1 Lt.

2) PBS (Phosphate buffer saline) pH - 7.4

Kcl - 0.2 gm
NaC1 | - 8.0 gm
KH2 PO4 - 0.2 gm
Naz HPo4 .12 H20/ - 2.9 gn
Naz HPosa . 2H20 - 1.44 gm

Add H20 to 1 Lt.

3) PRS-T (PBS-Tween 20) : pH-7.4

PRS (1000 wl) + 0.8 m]l Tween 20.

3.5 "PHYSTCAL PROPERTTES OF PHYTOEXTRACT
3.5.1 Dilulion aof phytoextracts

The extract (1 gm sample in 1 ml water) prepared
waere designated to be of 100 % concentration. These were
further diluted to 1:1, 1:10, 1:100, 1:500, 1:1000 and
1:2000 (v/v) by adding required amount of steriliged
distilled water; All dilutions of each extract were tested
oﬁ 10 plants before 24 hrs of inoculation to find out best

effective dilution.
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Hh.2 Solvents Tor phytoextracts

Each leaf sample (5 gm) was weighed and 10 nl of
each solvent like Water, Ethanol, Methanal, Acetone and
Benzene were used for extraction. FEach extrachs were tested
on at Jeast 10 cawpea plants Tor pre-inocculation treatment.

of CABMV and ohservations were periodically recorded.
3.5.3 pPH of phytoextract

The esxtract of earh sawmple was prepared in
distilled waler and Lhe pH was adjustied in a range of 5 to 9
using 1 N NaOH and 1IN HCY. For aach estract and each pH 10
cowpea plants were used Tor spraying hefore mechanical
inoculation of CABMV  and observabiong were paeriodically

recorded.
3.5.4 Exposure of phytoextract to different temperature

The extrabt 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 m]l per tube. Fach test tube was
then individually exposed to temperature at 50, 52, hbH, 60,
62 and 66 ‘C for 10 minutes in a Metallic constant
temperature water baﬁh. The heated sap from each test tube
was applied. on 10 cowpea plants 24 hrs before mechanical
inoculation of CABMV and periodically observations were

recarded.



(1)

(2)

(3)

(4)

(6)

(6)

DETERMINATION OF TOTAL PROTETN CONTENT FROM LFAF

BY MICRO-KJFLDAI, METHOD

100 mg sample of each plant apecies was weighed
and transferred Lo a digestion flask. 1 gm of
catalyst mixture and 2 ml of conc. sulphuric acid

was added.

It wag digested until the solution becomes

colourless (approx. 40 min at 370 °C).

After cooling, minimum guantity of water was added

to disgsolve solids and allowed to cool.

10 ml of boric acid solution was pipetted into 100
ml erlenmeyer flask. 2-3 drops of indicator
solution was added and placed the flask under

condenger extending below surface of the solution.

Digest was transferred to distillation apparétus
and the fTlask was rinsed 4 timesa with 8.3 ml

portions of distilled water.

10 ml sodium hydroxide sadium thiosul phate
solution was added to still and sheam distilled

and aboul. 20 m1 of distillate was collected.



(7)

(8)

(9)

The receiving flask was Tlowered and continue
distillation for more minutes. The GbLip of the
condenser was washed with a Tew drops of water and

removed.

The contents of receiving flask was tibtrated with
HCL, to the point or firat appearance of violet

colour.

Blank determination (without sample), some
quantity of reagent was weighed and some digerted
with same distillation period as for  sample

determination.

Calculation :

% N

(ml of HC1 for sample - ml of HCI for blank) «x
Normality x 100 x 1.928

mg sample

% Protein = % N x 6.25h



RESULTS
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4.1 SYMPTOMATOLOGY

Cowpea aphid-borne mosgaic virus (CABMV) was first
obgserved in Ttaly by Lovigolo and Conti (1966). The plants
affected by CABMV show severae mosaic, with the severity
dependent. on  hogt cultivar and viraug strain. Typical
aymptoms of dark green vein-banding, veinal chlorosis,
interveinal chlorogis, Jleaf disloration, blistering and
stunting (Plate TT) was observed in field as well as glass-

house condition.
4.2 MATNTENANCE OF VIRUS CULTURE

The CABMV  was maintained in the glass-house hy
Prequent inoculation of the cowpea plants with CABMV. The
healthy cowpea (Var. Pusa falguni) seedlings (Plate T) were
inoculated at two leaf stage after germination and the
gsymptoms appeared after -8 dayge of inoculation. With each
inoculated pot (containing 10 plants), one plant wag kept
ags control (without. inoculation). The gaymptowms (asystemic
mosaic) appeared only in the inoculated plants while the

healthy (without inoculation) did mwnet «how any symptoms,



Healthy plant of cowpea

IT Cowpea aphid-borne mosaic virus (CABMV)

symptoms on cowpea plants



Rasol ks

The glass-houne warn aprayed wilh Lhe Dimethoate (Rogae 30
RC), so thal tha insecl vectors mainly aphids which are Lh¢
guitahle vector (.-.&‘r"r'iewr'u ol the CABMV can  nol. contaminale
the plant., The virus callbure wng tesled and  eonfirmed hy
Frnzyme Linked Tmmuno Sorhent Aasay (ELTSA). Tn ELTSA, the
positive regult was obtained with CABMV and a potyviridoe

antigera.
4.3 " RFFECT OF PHYTOEXTRAGTS

The result of phytoextracta on CABMV  as  pre-
inoculation treatment (PrT7T) (Plates TTI, TV & V) are
pregsented in Table 2. Tt is clear from the data that the
phytéextraats of Clerodendrum inerme (Plate VT), Jatropha
curcas (Plate VI) and Ocimum sanctum (Plate VT) gave 100%
inhibitory effect nﬁ the virus upto a 16 days ofl
application but the effect gradually decreased over a period
of time. The extracts of Azadirachta indica, Boerhaavia
diffusa (root) and Phyllanthus fraternus had 100% inhibition
upto 8 days, H0% inhibition upte 12 days and that of
Boerhaavia diffusa (leaf), Bougainvillea apectabilia,
Catharanthus roseus, Connulus micropbyllus, Clerodendrum
multiflorum, Datura innoxia (leaf), Duranta plumarie,
Lawsonia inerme, Leacus aspera, Moringa oleifera (pod),
Ocimum americanum, Physalia minima, Solanum nigrum and

Thuja-30 X upto 6 days of extract application, respectively.



Results

Table 2 : Tnduction of systemic resigstance hy pre-inoculation treatment with

plant extracts against CABMV

Per cent inhibition in virns infectivity

No. Plant extract Days after extract application

6 8 10 12 14 16 18 20

1. 2. 3. 4. 5. 6. 7. 8. 9, 10.
1. Adhatoda vasica 50 40 36 10 - - - -
2. Allium sestivum 60 50 30 - - - - -
3. Allium cepa 90 70 60 30 - - - -
4, Anac&clus pyrenthrum 80 70 50 40 20 - - -
b. Andrographis peniciilata 100 70 50 30 20 10 - -
6. Azadirchta indica 160 100 80 60 20 20 - -
7. Boerhaavia diffusa 100 80 50 30 20 10 - -
8. Boerhaavia diffusa (root) 80 60 50 30 20 10 - -
9. Boerhaavia diffusa (seed) 80 60 40 20 10 - - -

10. Bougainvillea spectabhilis 100 a0 60 60 30 10 - -

11. Catharanthus roseus 100 80 50 30 }0 - - -
12. Cassia ahsusg a0 70 50 30 20 10 - -
13. Clerodendrum inerme | 1060 100 100 100 100 100 90 80
14. Clerodendrum multiflorum 100 90 90 80 30 10 - -
16. Coleus aromaticus 60 30 10 - - - - -
16. Connolus microphyllus 100 |0 50 30 20 10 - -
17. Corchorus aestuang 90 60 50 30 10 - = -
18. Datura innoxia 100 70 60 50 30 10 - -

~J
~J



Rasults

1. 2 3. 4. h. 6. 7. A 9 10.
19. Datura innoxia (Flower) 80 70 50 30 10 - - -
20. begmodium sangeticum 90 60 40 20 - - - -
21. Digera muricuta : 70 60 50 20 10 - - ~
22. Duranta plumarie 100 70 40 an 20 10 - -
23. Eucalyptus alobulus 70 50 30 10 - - - -
24. FEuphorbia dracunculoides R0 70 40 20 10 - - -
2h. Indigofera tinctoria 70 50 40 10 - - - -
26, Jatropha curcas 100 100 100 100 100 100 R0 60
27. Launaea procumhens 70 40 30 10 - - - -
28. Lawsconia inerme 100 90 90 70 60 30 20 -
29. Leacus aspera 100 70 50 40 30 - - | -
30. Lantana cemera 70 60 50 30 10 - - -
31. Mimosa pudica 90 10 40 10 - - - -
32. Moringa oleifera 50 30 10 - - - - -
33. Moringa oleifera (pod) 100 90 60 40 20 - - -
34. Moringa oleifera (seed) 90 90 70 50 30 10 - -
. Mentha spicata 70 20 10 - - - - -
36. Qcimum american 100 90 70 50 40 30 10 -
37. Ocimﬁm sanctum , 100 160 100 100 100 100 0 70
38. Phyllanthus franternus . 100 100 70 60 A0 40 20 -
39. Physalis minima 100 90 60 40 30 10 - -
40. Piper longum 30 20 . - - - - -




Results

1. 2. 3. 4. 5. 6. 7. 8. 9. 10.
41. Plumbago zeylachia 80 50 30 10 - - - -
42. Pgoralea corylifoliya 80 70 30 10 10 - - -
43. Sorghum bicolor 90 70 70 60 30 10 - -
44, Solanum nigrum 100 80 70 50 40 30 10 -
45, Spilanthes calva 70 60 30 10 10 - - -
46. Thuja virensis 70 60 40 10 - - - -
v 4. Thuja - 30 X 100 90 70 50 40 10 - -
48. Tribulus tenestris 90 80 60 40 10 - - -
49, Vigna unguiculata 70 50 40 10 - - - -
50. Withania somnifera 80 60 50 30 20 10 - -
51. lUralia picta 80 80 90 30 20 10 - -
52; Control - - - - - - - -




tifi s G iadd CUuUrcas iee.

v Effect of Ocimum sanctum leaf extract on

cowpea aphid-borne mosaic virus



vV Effect of Clerodendrum inerme leaf extract

on cowpea aphid-borne mosaic virus

N/ Jatropha curcas



vl Clerodendrum inerme

Clerodendrum spp.
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Rewt. all phytoextracts were also better over control with
their inhibition ranging from 10 teo 80% when applied as pre-
inaculation treatment in glass-housge condition at 28 - 35°C

tamperature.

The influence of different phytoaextracts on dARMV
due to their mixed inoculation tLreatment. (MTT) wilh virus
is presented in Table 3. %h can be inferrad From Lhe data
that. the phytoextracta of Boerhaavia diffusa {leaf), Datura
innoxia (Flower), Duranta plumerie, Fucalypltus globulus,
Phyllanthus fraternus, Phyaalia minima, Solanum nigram and
Tribulus tenesteris had 90% inhibitory effact on CABMV over
contral upta 6 days which further gradually decreagser. Reasat
of the phytoextracts weve of course better than the
control for inhibiting this virua with theivr inhibitory
effect ranging between 10 to 80% over control,when applied
ag  mixed inoculalion treatment in glass-house (Lemperature

ranged between 28 - 35 °“C).

Tﬁe results on the effect of post-inoculation
treatment (PoIT) of phytoextracts on CABMV are pregented in
Table 4. Tt is clear frowm the data that the phytoextracts of
Clerodendrum inerme, Ocimum sanctum, and Thuja-30x had 80,
90 and 80 per cent inhibitory effect upto 6 days on
CABMV which gradually decreasned. While regt. 'nf

phytoextracts were good for inhibition (10-70%) of CABMV.



Results

Table 3 : Tnduction of saystemic resistance by mix-inoculalion Lreatment.

with plant extracts against CABMV

Per cent inhibition in virus infectivity

No. Plant extract Days after extract application
6 8 10 12 14 16
1. 2. 3. 4. 5. 6. 7. 8.
1. Adhatoda vasica 80 50 30 10 - -
2. Allium aestivum 30 10 - - - -
3. Allium cepa 20 10 10 - - -
4. Anacyclus pyrenthrum | 50 20 10 - - -
5. Andrographis peniculata 60 40 20 10 - -
6. Azadirchta indica 40 30 10 - - -
7. Boerhaavia diffusa 30 70 40 10 - -
8. Boerhaavia diffusa {root) 170 70 50 30 10 -
9. Boerhaavia diffusa (seed) 40 20 10 - - -
10. Boﬁgainvi]]ea gpectagbilia 50 40 20 - - -
11. Catharanthus roseus 40 20 - - - ~
12. Cassia absus 70 60 40 30 10 -
13. Clerodendrum inerme 70 70 60 30 10 -
14, Clerodendrum multiflorum 50 20 10 - - -
15. Coleus aromaticus | 40 10 - - - -
16. Connolus microphyllus 60 50 20 10 - -
17. Corchorus aestuang 70 50 20 10 - -
18. Datura innoxia 60 40 20 10 - -
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Rasults

1. 2. 3. 4, h. 6. 7. VB.
19. Datura innoxia (Flower) 90 70 50 10 - -
20. Deamodium sanget.icum 80 50 30 10 - -
21. Digera muricuta 40 30 10 - - -
22. DMnranta plumarie 90 70 40 10 - -
23. Euca]ypéns alobulns 90 60 20 20 - -
24. Euphorbia dracunculoides 30 20 - - - -
26, Indigofera tinctoria 40 30 20 10 - -
26. Jatropha curcas 70 50 40 10 - -
27. Launaea procumbens 70 50 20 10 - -
28. Lawsonia inerme 70 50 30 10 - -
29. Leacusg aspera 70 60 40 30 10 -
30. Lantana cemera 60 40 20 - - -
31. Mimosa pudica 70 50 30 10 - -
32. Moringa oleifera 60 40 10 - - -
33. Moringa oleifera (pod) 40 30 10 - - -
34. Moringa oleifera (seed) 40 20 10 - - -
6. Mentha spicata 80 50 40 20 - -
A6. Ocimum american a0 70 30 10 - -
37. Ocimum sanctum -80 70 30 10 - -
38. Phyllanthus franternus 30 50 30 10 - -
39. Physalis minima 90 70 50 40 10 -
40. Piper longum 70 30 10 - - -

N
%)
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Results

S

1. 2. 3. 4. 5. 6. 7. 8.
41. Plumbago zey]anchja. 50 30 10 - - -
42. Pgoralea corylifoliya 70 50 30 10 - -
43. Sorghum hicolor 70 50 40 20 10 -
44, Solanum nigrum 90 70 50 30 10 -
45; Spilanthes calva 90 40 10 - - -
46. Thuja virensgis 70 60 40 10 - -
AT Thuja - 30 X 70 50 30 - - -
4R. Tribulua tenestris 90 60 40 10 - -
49, Vigna unguiculata 50 30 10 - - -
50. Withania somnifera 30 10 - - - -
61. Uralia picta 80 &0 a0 10 - -

52. Control

&}
N



Resul ts

Tahle 4 §{ Introduction /' of asystemic resistance by post-inoculation

treatment with plant extracts against CABMV

Per cent inhibition in virus infectivity

No. Plant extract Days after extract application
6 8 10 12 14 16 18
1. 2. 3. 14, 5. 6. 7. 8. 9.
1." Adhatoda vasica 40 30 10 - - - -
2. Allium aestivum 70 30 10 - - - v_
3. Allium cepa 60 40 10 - - - -
4. Anacyclus pyrenthrum 50 20 10 - - - -

b. Andrographig peniculata 20 10 - - - - -

6. Azadirchta indica 40 20 10 - - - -

7. Boerhaavia diffusa 50 30 10 - - - -
8. Boerhaavia diffusa (root) 70 50 30 10 - - -

9. Boerhaavia diffusa (seed) 80 60 40 20 10 - -
10. Bougainvillea spectabilis 50 4Q 20 10 - - -
11. Catharanthus roseus 30 10 10 - - - -
12. Cassia absus 70 60 50 40 20 - -
13. Clerodendrum inernme 90 60 30 10 - - -
14. Clerodendrum multiflorum 30 20 10 - - - -
15. Coleus aromaticus 40 10 - - - - -
16. Connolus microphyllus ‘ 60 40 20 - - - -
17. Corchorus aestuans 70 60 20 10 ~ - -
18. Datura innoxia 40 20 10 - - - -




Results

1. 2. 3. 4. 5. 6. 7. 8. 9.
19. Datura innoxia (Flower) 0 20 10 - - - -
20. Desmodium sanget.icum 70 50 20 10 - - -
21. Digera muricuta 40 30 10 - - - -
22, Miranta plumarie 50 30 20 10 - - -
23. Fucalyptus alobulus 70 60 20 - - - -
24. EKuphorbia dracunculoides 30 20 10 - - - -
25. Indigofera tinctoria 50 20 - - - - -
26. Jatropha curcas 40 20 10 - - - -
27. Launaea procumbens 20 10 - - - - -
28. Lawsonia inerme 50 30 10 - - - -
29. Leacus aspera 60 30 10 - - - -
30. Lantana cemera 70 50 30 10 - - -
31. Mimosa pudica - 70 50 40 20 - - -
32. Moringa oleifera 20 10 - - - - -
33. Moringa olejifera (péd) 20 10 10 - - - -
34. Moringa oleifera (seed) 80 60 40 20 10 - -
36. Mentha spicata R0 50 30 20 10 - -
36. Qcimum american 50 30 10 - - - -
37. Ocimum sanctum 90 40 10 - - - -
38. Phyllanthus franternus 50 20 10 - - - -
39. Physalis minima 80 70 50 30 10 - -
40, Piper longum a0 10 - -~ - - -




Razultls

1. 2. 3. 4, 5. 6. 7. 8. 9.
41. Plumbago geylanchia 30 10 - - - - -
42, Pgoralea corylifoliya 70 30 10 - - - -
43. Sorghum bicolor 70 30 10 - - - -
44, Solanum nigrum 80 70 50 30 20 - -
45, Spilanthes calva 60 50 20 10 - - -
46. Thuja virensis 40 30 20 10 - - -
47. Thuja - 30 X 80 &0 40 10 - - -
48. Tribulus tenestris A0 60 30 20 - - -
49. Vigna unguiculata 40 30 20 - - - -
50. Withania somnifera 650 30 10 - - - -
651. Uralia picta 40 20 10 - - - -
52. Control - - - - - - -
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Thesae extracts were applied afler virus inocculation
treatment in the glass-house (temperature ranging between 2R

- 35 °C).

The absence or presence of virug was confirmed by
ELTSA (Table H). Tn ELTSA, there was no (negative) reaction
observed atl. Ath day after Clerodendrum inerme, Jeftropha
curcas and Ocimum sanctum extract applicaltion as PrTT. While
there was mild and skrong reaction with both the antisaera
(CABMV and  potyviridas) at  12th and 18th day after
inoculation, in all three ezxtracts. These results indicate
that  the virus does not multiply befaove 6th day in plants
treated with exhract as it also does not show any visih1a

symptoms.

The results of repeated application of
phytoextracts on CABMV are presented in Table 6., Tt s
clear from the data that the phytoextract of Glérodendrum
inerme with 1 mpray (PrTIT) had 100 % inhibition upto 13
days and 2 spray (PriT + 6 days PoTT) and 3 spray (PrTT + A
day PoTT + 12 day PalIT) gave 100 % inhibition upto 22
days. The phytoextract of Ocimum sanctum with 1 spray
(PrTT), 2 apray (PrTT + 6 day PoTT) and 3 spray (PrIT + 8§
day PnfT + 12 day PoTT) had 100 % inhibition upto 18, 20 and
20  days, reaspectively. The phytoextract of Jatropha curcas

with 1 spray (PrTT), 2 spray (PrTT + & day PoTT)  and 2
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Table 5 : Reactivity of CABMV to antisera of CABMV and

potyviridae probe in ELISA

Antisera
, Days after
Extracts ELISA done Reaction
CABMV Poty

Jatropha curcas 6 - -
12 + +
18 ++ +++
Ocimum sanctum 6 " - -
12 + ++
18 ++ +++
Clerodendrum inerme : 6 - -
12 + ++
18 ++ ++

- No reaction

.

+ Mild reaction

++ :
:] Strong reaction
+++
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Table 6 : Effect of repeated spray of planl extracts on CABMV

No  Plant exctracts No. of Per cent inhibition in virus infectivity

spray¥*
Days after extract application

6 10 12 14 16 18 20 22 24 26

1. Clerodendrum inermé 1 100 100 100 100 100 100 30 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

3 100 100 100 100 100 100 100 100 100 170

¥1 = PriT

2 = PriIT + 6 day PolIT

3 = PriIT + 6 day PoIT + 12 day PolT
PrIT = Pre-Inoculation Treatment
PoIT = Post-Inoculation Treatment
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apray (Pr1T + 6 day PoTT + 12 day PaTT) had 100 % inhibition
uptas 18, 24 and 24 days, respectively. These rasulils
indicate {that the planl can he protected from virus hy

repeated application of phytoextrachs.
4.4 PHYSTCAL PROPERTY OF PHYTORXTRACTS
4.4.1 Effect of Dilution

The results (Table 7) showed that the ecrude
extract of Jatropha curcas diluted to a range between 1:1 to
1:100 produced inhibition of CABMV on all the tesgled
prlants., While extract diluted té 1:500 and more failed to
provide any inhibition of disease in tesat plants.r The
regults thug indicated that the Dilution end point (DEF)
of the Jatropha curcas lies upto 1:100 in glasg-house

conditian.

The orude extracht of Oaimam sanctum  dilubed  to
range of 1:1 to 1:100 pradoced inhihition on CABRMV  (Tahle
8). The extract when diluted ta 1:5800 and above do not
inhibit the disease in test, planta. The results thus
indicated that the DEP of the Ocimum sancatum  lies around

1:100 in glagsa-house conditions.

With the data presented in Table 3 ikt can  be
interpreted that the extract of Cleradendrum inerme diluted

o a4 range of 1:1 to 1:500 ecaused inhibibion of CABMV on all
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Table 7 Fffect of dilution on the inhibitory property of leaf
extract of Jatropha curcas against CABMV
No Dilution Percentage decrease in virus infectivity
Days after extract application
6 8 10 12 14 16 18 20 22
1 1:1 100 100 100 100 100 100 80 80 80
2 1:10 1006 100 100 100 100 80 &80 70 70
3 1:100 100 90 80 70 70 60 60 30 20
4 1:500 90 90 80 80 60 50 30 10 -
1:1000 70 60 4Q 40 20 - - - -
6 1:2000 50 30 10 - - - - - -
7 Control - - - - - - - - -
Tabhle 8 Effect of dilution on the inhibitory property of
leaf extract of Ocimum sanctum against CABMV
No Dilution Percentage decreagse in virus infectivity
Days after extract application
6 8 10 12 14 16 18 20 22
1 1:1 100 100 100 100 100 100 90 90 90
2 1:10 100 100 100 100 100 90 70 70 60
3 1:100 100 100 100 100 90 90 70 60 60
4 1:500 90 90 80 80 70 70 60 650 650
5 1:1000 60 60 40 20 20 10 - ~ -
6 :2000 50 30 30 20 10 - - - -
7 Control - - - - - - - - -
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Table 9 : Effect of dilution on the inhibitory property of
leaf extract of Clerodendrum inerme against CABMV

No Dilution Percentage decrease in virus infectivity

Days after extract application

6 8 10 12 14 16 18 20 22

1 1:1 100 100 100 100 100 100 100 90 90
2 1:10 100 100 100 100 100 100 100 90 90
3 1:100 100 100 100 90 90 90 80 80 70
4 1:500 100 100 8 80 70 60 60 50 40
5 1:1000 90 80 70 &0 O 40 30 - -
6 1:2000 60 40 30 10 - - - - -
7 Control - - - - - - - - -

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

6 8 10 12 14 16 18 20 22

1 Water 100 100 100 100 100 100 100 90 70
2 Ethanol 100 100 100 90 80 70 69 30 10
3 Methanol 100 90 80 70 50 30 20 - -
4 Acetone 50 40 10 - - - - - -
5 Benzene 40 30 - - - - - - -
6 Control - - - - - - - - -
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tested planta. While exbract diluled Lo 1:100 and more
failed to inhibit the disease on teshted plants. The resulkbs
indicated that Lhe DEP of leaf extract of Clerodendrum

inerme 1Ties around 1:500.
4.4.2 Fffecl. of solvenls

The resulbts (Table 10) showed thal Lhe exbract  of
Jatropha curcas with different solvent vin., Water, Fthanol
and Methanol! produced 100% inhibition of CABMV upto 1R, 10
and 8 days, respectively., The extract wilh Acelone and
Benzene as solvents failed to produce inhibition of disease
on any plant  under test., Tt way he concluded that the
Jatropba curcas extract in water had bebter and prolonged
(dayg) inhibition of cowpea aphid-borne mosaic virug than

all other salventks,.

The data presented in Table 11 indicated that the
extract of QOcimum sanctum wjth solventa, water, Fthanol and
Mathanol produced 100% inhibhition of CABMV uplo 18, 8 and 8
days, respectively. While Acetone and Benzene extracts did
not. produce inhibition in tested plants. The regulls
indicated that the water solvent for the Ocimum sanctum when
applied against CABMV WA best both in terms of inhibition

percentage and its long lasting effect.
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Table 11 : Effect of solvents on the 1inhibitory property of
extract of Qecimum sanctum against CABMV

No Solvent Percentage decrease in virus infectivity

Days after extract application

6 8 10 12 14 16 18 20 22

1 Water 100 100 100 100 100 100 100 90 80
2 Ethanol 100 100 90 70 50 30 10 - -
3 Methanol 100 100 90 70 40 20 10 - -
4 - Acetone 30 20 10 - - - - - -
5 Benzene 40 20 10 - - - - - -
6 Control - - - - - -~ - - -

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

No Solvent Percentage decrease in virus infectivity

Days after extract application

6 8 10 12 14 16 18 20 22

1. Water 100 1060 100 100 100 100 90 80 80
2 Ethanol 100 90 80 60 &0 40 30 10 -
3 Methanol 80 80 60 40 30 10 - - -
4 Acetone 90 80 60 40 30 10 - - -
5 Benzéne 40 20 - - - - - - -

6 Control - - - - - - - - -
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The resulla (Tahle 12) ashawed thal. the extract of
Clerodendrum inerme with solvent viz., water and Ethanol
produced 100% inhibition on CAPMV upto 16 and 6 days,
Arespectively. Extract with Methanol, Acetone and Bengene
failed to produce inhibition againat CABMV. The results
indicated that water solvent for extraction of Clerodendrum
inerme produced good inhibition out of all other s=solvents

tried.
4.4.3 Effeat of pH

The data presénted in Table 13 revealed that the
extract of Jatropha curcas wilh pH at 6,7 and 8 produced
100% inhibition of CABMV on all tested plants upto 10, 14
and 12 days, respectively. While extract at pH 5 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 ail other pH levels

tried and control treatment in glasa-house condition.

The results (Tahle 14} showed that the extract of
Ocimum ganctum with pH at 6,7 and 8 produced inhihition an
CABMV  in all tested plants upto 12, 168 and 12 days,
respeclively. The pH at 6 and 9 failed to produce 100%
iﬁhihltinn in CABMV of fested plants. The resgults indicnte
Lthat. the pH level al 7 produced goad dinhihition against

CABMV which was Tong lasbting than all olhapr pH levaels Leiad,
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Table 13 : Effect of pH on the inhibitory property of leaf

extract of Jatropha curcas against CABMV

No pH Percentage decrease in virus infectivity
Days after axtract appliction

6 8 10 12 14 16 18 20 22
1 5 70 €0 40 20 10 - - - -
2 6 100 100 100 80 70 50 50 30 20
3 7 100 100 100 100 100 80 80 70 60
4 8 100 100 100 100 90 70 50 40 40
5 9 60 50 40 20 10 - - - -
6 Control - - - - - - - ~ -

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

6 8 10 12 14 16 18 20 22
1 5 70 60 40 30 10 - - - -
2 6 100 100 100 100 80 70 50 30 20
3 7 100 100 100 100 100 100 90 B0 60
4 8 100 100 100 100 80 70 60 50 40
5 9 70 50 30 10 - - -~ - -
6 Control - - - - - - - - -
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From Lhe data presented in Tahle 15 it can he seen
that the extract of Clerodendrum Iinerme with p”.ﬁ’ 7 and B8
produced inhibitjon on c¢owpea aphid-borne mosaic virus
(CABMV) upto 12, 16 and 10 days, rvrespectively. While
extract at pH 5 and 9 failed to produce inhibition in the
tested plants. The results indicated Lhat the extract at pH
7 produced good inhibition against CARMV and had long

lasting effect than the other two.

4.4.4 Exposure of phyténxtrnnts to different. temperature

The data presented in Table 16 indicate that the
extract of Jatropha curcas with expogure at 50, K2 and AH
‘00 produced inhibition on CARMV in all tegted plants upto
20, 18 and 18 days, reagpectively. The temperature at 60, /2
and 64 *C were nolk able Lo produce 100% inhibition non  CABMV
aof tegsted plants. The resulls indicaled Lhall the temperatave
at RO, 52 and 55 °C praduced good inhibition in glasa-house
which wag long lagling than other higher temparature.

The data  presented in Table 17 showed bthat the
extract of Ocimum ganctum with expogure al. 60, K2, KH and
HQ ‘C produced 100% inhibition on all tested plants upto 1R,
12 and 16 and 12 days, respectively. While extract at
temperature at 62 and A "C was unable to  produce 100%
Jdnhibition in the tested plants. The ragulta indicated {that
the extracts exposuare at 50 andd 52 °C  produced good
inhibition againat CABMV which has long laating effTect. than

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

No pH Percentage decrease in virus infectivity

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 60 40 30
3 7 100 100 100 100 .100 100 80 60 50 40
4 8 100 100 100 90 80 70 60 40 30 20

5] 9 70 60 60 30 10 - - - - -

6 Control - - - - - - - - - -

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

No Temperature Percentage decrease in virus infectivity

Days after exttract application

6 8 10 12 14 16 18 20 22

1 50 N 100 100 100 100 100 100 100 100 90
2 52 100 100 100 100 100 100 100 90 80
3 55 100 100 100 100 100 100 100 80 90
4 60 90 80 70 70 60 650 30 20 10
5 62 ‘70 60 40 30 10 - - - -
6 65 80 30 10 - - - - - -
7 Control - - - - - - - - -
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Table 17 : Effect of temperatures on the inhibitory property of
extract of Ocimum sanctum againgst CABMV

No Temperature Percentage decrease in virus infectivity

Days after extract application

6 8 10 12 14 16 18 20 22

1 50 ' 100 100 100 100 100 100 100 90 8O
2 52 100 100 100 100 100 100 100 80 80
3 66 100 100 100 100 100 100 90 80 60
4 60 100 100 100 100 90 80 60 50 30
5 62 90 70 60 40 20 - - - -
6 65 70 50 40 20 - - - - ~
7 Control - - - - - - - - -

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

No Temperature Percentage decrease in virus infectivity

Days afterextract application

6 8 10 12 14 16 18 20 22
1 50 100 100 100 100 100 100 100 100 90
2 52 100 100 100 100 100 100 100 80 80
3 56 100 100 100 100 100 100 100 90 90
4 60 90 70 60 40 20 10 - - -
5 62 70 50 40 30 10 ~ - - -
6 65 60 40 30 20 - - - - -
7 Control - - - - - - - - -

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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The data predenled in Tabhle 18 revealed Lhatl.  the
extract of Clerodendrum inerme with temperatures viz., 50,
52 and 56 °C produced 100% inhibition on CABMV in all tested
plants upto 18 days. Extract with temperature al 0, 62 and
66 ‘C failed to produce inhibition on CABMV. The results
indicate that temperature up to 55 °“C  produced good
inhibhition out of all other temperatures tried for the

Clerodendrum inerme in glass-house condition.

4.6 TOTAL PROTETN OF TNHTRITORY LEAFW

The data presented in Table 19 showed that  the
maximum percentage of protein (6.90) waa present. in Jatropha
nurcas whereas in Ocimum sanctum and  Clerodendrum  inerme

percentage of protein was 3.856 and /.95, reapectively.
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Cnﬁpea (Vigna wunguiculata) belonging to the
leguminoseae family is one of the most important pulse crops
in common use in India. Tt is grown since ancient time. The
productivity of cowpea is low due to incidence of various
digeases ij.e., fungal, bacterial, mnematodal and viral.
Fungal, haéherial and nematodalvdiseaaes are controlled by
Tungicide, hactericide and newnticide, reapectively  but
management of viral diseases of plants is difficulll as  no
viricide has been found 1ill now. Therefore, studies were
taken wup on plant extracts as inhibitors of cowpea aphid-
borne mosaic virus (CABMV), the physical properties and

protein percentage of some plantls.

Tn literature, CARMV and RTCMV have heean
considered as synonymous. However, peptide profiling
(McKern el al., ]994) and a panel of wmonoclonal antlihodies
(Huguenot et al., 1993) can differentiate the two viruses.
Shukla et al. (1994) considered CABMV and BICMV as two
digstinet viruses. In ahsenée of these techniques in our lab,
we have considered BRTCMV and CABMV ag similar virus for the
present. The plants affected by CABMV showed severe mosaic,
with the severity dependent on host coltivar and  viras

ghrain. Typical symptoms of dark green vein banding, veinal
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(.:h](-»rtm'ia, inlLarveinal chlavosis, leal deslorlion,
hlintering Aand  shunhing wnn obuerved, whinh wns in
confirmalion with Lhe ohgervations hy Tevianlo aad  Contid
(1966).

The  viras calbure wns mninbained in the glass-
house and Treguent -inoculation of Lhe cowpea planla was done
with CABMV, The heélthy cowpea seedlings were inoculated at
two leaf stage after germination and aymptoms appeared after
-8 days. Also the glass-house was sprayed wilh the
Dimethoate (Rogar 30 EC), so that the ingect vectors mainly
aphids  which are Lhe suitahle vector/ecarriers of CABMV  can

not contaminate other plants.

ITn the Jilterature Lhere are no reparhs of
inhibilion sludies on CAPMV with the plant extracts and,
tharefore relevant literature about other virises have hean
quated here for results pregented. Tn the present,
investigation, CABMV was inhibited by pre—-treatment
inoculation (PrIT) (24 hra hefare virus challenge) hy
extracts of Clerodaendrum inerme, Jatropha curcas and  Ocimum
Ranétum. 100 % Tnhibition effect lasled nplo 18 days. These
resnlts are in confirmity with the earlier reports ou wahler
extract of Pseuderanthemum atropurpureum and Bougainvillea
spectabilis inhibiting tobaceco mosaic vivus and sunnhewp
rosette virus infection, when sprayed prior to virua

inoaonlation (Verma. et al., 1985).

N
%
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The mix—-inoculation Lreatment. wilh phytoextract of

Boerhaavia diffusa, Datura innoxia (flower), Duranta
plumerie, Fucalyptus globulus, Phyllanthus fraternua,
Physalis minima, Solanum nigrum and Tribulus tenestris

gave 90 % inhibitory effect on CABMV virug upto 6 days.’
Almost similar results were obtained by Verma et al.
(1984) with the extract of Clerodendrum spp. which inhihited

tobacco mosaic virus between 70 to 90 %.

The effect of post-inoculation treatment. (PoTT)
(24 hrs after virus challenge) with phytoextract of
Clerodendrum inerme and QOcimum sanctum had 90 % inhibitory
effect upto 6 days on CABMV. This results are in conformity
with the earlfer reports of Clerodendrum &pp. inhibiting
tobacco mosaic virus, tomato ye}iow mosaic virus, gomphrena
mosaic virus, when extract treatment wag given after 24 hrs.
of inoculation (Verma et al., 1984). The PrTT was superior
over MxTT and PoTT. Similar results were ohserved by Verma

et al. (1984, 1985).

The PrIT was superior because the occurrence of
some antiviral agent in virug iunfected plants is well
established and gsgystemic resistant to virus infection
following treatment with certain plant extracts or viruvses
wag presumably due to production of some virus interfering

agent, (VIA) or - antiviral Tactor in resistant factor

A
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(Verma and Abijd Alikhan 1985). The inhibitor on bheing
introduced in to plant system goes surrounding cell and
gtimulate them and produce other subatancer. Thege
effectively inhibit virus multiplication and transmit virus
raglstance Lo whole of  plant.  (Awaslhl el al., 1998),
Baranwal and Verma (1992) reported that the Lhree possible
mechanism] of plant virug inhibitor’s may aperate i.e. hy
acting directly on virus, by acting on the establishment
phare of the vivus infeclion process and hy affecliog tLhe
suscephtibililty of the plant by albering cell wmetaboliam. Tt
hag been suggested tLhal. theae inhihilor's alfer the
meatabolism of the Hnsts in such a way bhat introduced virus

particlea are unahle to multiply (Verma ef al., 1984).

The resalbts on inhibition was evaluated hy FEnzyme
Linked Tmmuno Sorbent Assay (FLISA) at 6, 12 and 18 days.
The serological technigues arve most iwporbant | and very
gengitive Tor detection and identification of viruses, TIn
Jatropha curcas, Ocimum sanchbum and Clerodendrum inerme no
reaction was ohgserved at 6th day while at 12th and 18th day
mild and sbkrong reaction was observed with the antisera
CABMV  and patyviridae prohe (Mishra et al., 1997) antisera
raspactively. These resulls indicate thal the planhk exhbrachs
are ahle to pravide protection hy iwhihiting the virus or hy
producing  an  antiviral agent upto 6 daya. After bthall itks.
effect s gradually reduced orv diluted in the developing

plankt which might reguire further doses of exhracts.
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There im no  review availahle on vapeated
application of phytoextracts in the literature. However, it
would be worthwhile exploring this aspect for the prntection‘
of plants from virus infection., The repeated application
of phytoextracts of Clerodendrum inerme, Jatropha curcas and
Ocimum sanctum with opne spray gave 100 % inhibition upto 18
days. While +two spray (PrJT + 6 day PolIT) and three spray
(Pr1IT +6 day PolIT + 12 day PoIT) gave 100 % inhibition upto
22, 20 and 24 days, resgpectively. There is a clear
indication thaﬁ period of protection from virus can be
enhanced by the repeated application of phytoextracts,
However, wore vesearch is required on the interval,
frequency and concenbtration of a particular plant extract

to manage CABMV,

Information on physical properties such asg
dilution, solvents, pH and temperature Jin vitro shows a
hatter understanding of inhibitors. The physical property
gtudied in thig inveagtigation on inhibitoras dilution end
point (DEP) of Jatropha Qpentahilis, Ocimum sanctum and
Clerodendrum inerme ranged hetween 1:10 1:100, 1:1 to 1:100
and 1:1 to 1:500 which gave 100 % inhibition upto 6, 12 and
18 da&a, respectively. These regults are in confirmity with
the earlier reports of Verma and Mukherjee (1979) on leaf
extract of Datura metal which inhibited TMV and SRV upto
dilution of 1:10. Barakat (1988) found that the extract from

ginai-flora inhibit potato-X and were aclive upto a
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dilution of 1:1000., The leal extract of Clerodendrum
inerme  (1:100) was highly inhibitory to TMV infecthion
(Patel,1990). Rougainvillea apectahilis, Mirahilia Jjalapa
and Phytolacca thirstifolia inhibit  pobatao viras-X apto
1:2000, 1:3000 and 1:5000 ditutiaon, reaspactively (Duarle et

al., 1996).

Water, Ethanal and ‘Hnthanni Aas  solvents of
Jatropha curcaas and Ocimum sanctum and water and elhanol for
Clerodendrum inerme produced good inhibition., Almost
similar results were ohtained hy Verma et al. (19732) in
cagse of virus inhibitor from cabbage leaves against TMV by
uging different. solventg like Waler, ChloraofTorm, Fthanol,
Methanol and Petroleum products. Among all solvents Waler
gave maximum dinhibition. The Tleaf exlract of Hauttunia
cordata  prepared in phosphate buffer enhanced the achbivitby

of TMV (Matsushita and Sanada, 1978).

Jatropha curcas, Ocimum sanctum and  GClerodendrum
inerme extract at pH 6, 7 and 8 produced 100% inhibition
opto 12 dags. These resulks ara confirmatory with earlier
reports  of Raychaudhary and Gupla (1972) on the extract. of
Callistemon Zannenlnhus and Syzygium cumini inhibiting PV-X,
with maximum inhibition of virus recorded at. pH 6 to 6. The
leaf extract from Pseuderanthemum atropuerpaream inhibited

SRV. The extract remsined active hetween pH § to 8. Verma et
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al. (1986)  raported Lhe Teol  oxlreacl  of - Dougninvillea
spectahilis inhibited 8BV and TMV and extract was achive
upto pH 6 to 8.

Jatropha‘ auraag amd Ocimum sanctum exbtract were
active upto exposure at 66 'C and Clerodendrum inerme

extract were achive upto expaosure at 60 "C. Tn the studies
by Singh and Varma (1981) Datura metal inhihited TMV upto 75
‘C.>The Cleradendrum inerme completely inhibited SRV upto 60

*C (Verma et al., 1984).

The parcentage of probtein in leaves aof Jalkropha
curcas, Ocimum sancium and Clerodendrum inerme were 6,90,
3.8 and B.95, respectively. Alwmost similar resulbs were
obtained hy Kasganis and Klecskowski  (1948) and they
identified the inhibitor from pokeweed as glycoprobtein. The
extracta of Syrygium cumini and Callistemon lancealatua
inhibit cucumis virus-1. The leaf and seed extracts of Lhese
plants are known to contain protein (Sharma and Chauhan,
1973). A naturally nccnfring glycoprotein present in
Roerhaavia diffusa root extract cause plant cell to produce
a high antiviral agent (AVA) (Verma af al., 1880; Awasthi
and Rizvi, 1998). The antiviral agent. (AVA) obtained from
leafl extract of Turnera ulmifolia had characteristic of
protein with high malecular weight (Figueria et al., 1994).

A nan-phytotoxic ayslemic resisbance inducing
agent presentt ig Cleradendrom aculestom sysliewnio ragisﬁanu@
inducing (CA8RT) protein (Verma ef al., 1998 and FKuwar af

a1
~4
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Cowpea (Vigna unguiculata), one of the important
commercial pulse crops of Gujarat has been observed to be
infected hy cowpea aphid-borne mosaic virus (CABMV).
Investigations were undertaken to study the effect of
different plant extracts given as pre-inoculation treatment
(Pr1T), ‘mixed inoculation treatment (MIT) and post
inoculation treatment (PoIT) for inhibition of this virus
and the influence of dilution, solvent, pH and temperature

on the effectivenesgs of plant extracts against CARMV.

Out. of all the threae times of applicaltion via.,
PrIT, MIT and PoTT of plant extracts, PrIT i.e., 24  hrs.
befare virus inoculation was found Lo he more afficient over

the MIT and PalT.

Phytoextracts of Jatropha curcas, Ocimum Sanatum
and Clerodendrum inerme had 100% inhibhitory effact an  virus
upto 16 days when given as PrIT. Whereas in cage of
treatmentas given with mixed inoculation Solanum nigrum,
Physalis minima, Tribulus tenestris, Phyllanthus fraternus,
Duranta plumerie, Datura innoxa, Roerhaavia diffusa and

Fucalyptus globulus had 90% inhibitory effect upto 6 days.
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Summary

Whereas PolIT of Thuja-30 X (Homeopathic chemical) had 80 Hto
90% inhibition upto 6 days. The inhibitory effect of CABMV
was algo confirmed in ELTSA. After 6th day of treatment the
virus was hob detected and after 12th and 18th day, wild

and glvong rencliont wore ohuerved o BLITAA,

Thare is clear indication that period of
prolection from virus can be enhanced by the repeated
appliceations of Jatropha curcas, Ocimum sAnctuun and

Clerodendrum inerme up to 22, 20 and 24 days, respectively.

Phytoextrachs of  Jalropha cureas and Octimm
ganctum were inihibitory when diJuted upte 1:100 whereas
Clerocdendrum inerme was efficient upto 1:500 in glass-house

conditions with temperature ranging fvom 28-36°C

Tn differeﬁt solvent studies, it was found that
water was hetter an]Veﬁt far all the three phyltoextracts
tried, whereas Acetone And Bengzene failed ko produce any
inhibition. FREtbanol and Methanol solvenls had inhibhition
effect on virus extract of J. curcas and 0. sanctum bad less
time inhibition as compared to water as solvent.

pH of solution was also found to have aongsiderable
efTect on the inhibilory characlter of phytoextract solution
on CABMV. pH 7.0 was the best for solukion Lo be more
effeclive againgst virus as compared to pH 6.0 and R.0 while

pH 5.0 and 9.0 for extracts were totally inelfechkive Ffor



Summary

The exposure of extracts to various temperatures
before appiication had influence on inhibitory effect of the
golutions. Temperature ranging from 60 to 55 "C was found to
have no effect on inhibition activity. Temperature of
golution ranging from 60 to 65 °"C failed to produce
considerable 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
curcas, Ocimum santum and Clerodendrum inerme was estimated.
In these three phytoextracts the protein conlent was (.90,

3.66 and 6.956 per cent, respectively.
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