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Abstract

It was revealed that the treatment of papaya seeds with phytoproteins, isolated from the leaves of
C. aculeatum (CA) and mixed with bioenhancer (L-Lysine monohydro chloride) M9, was found
to increase germination of seeds besides improved vegetative growth of seedlings, significant
decrease in disease incidence and symptoms severity on Carica papaya plants, as compared to
CA phytoprotein alone. A delay in symptom appearance along with minimum disease incidence
was also observed in plants treated with CA phytoprotein mixed with M9. Significant increase
was recorded in number of flowers, fruits /plant and total fruit yield. Apart from this, plant
growth, plant height, number of leaves, flowering and fruiting was also increased in plants of
treated plots. On the other hand, seed treatment followed by treatment of plants, since seedling
stage, with phytoprotein, isolated from roots of B. diffusa (BD) and mixed with M9(L-Lysine
monohydro Chloride), showed improved seedling growth, plant height, number of leaves, and
minimum disease incidence with low symptom severity, significant increase in number of fruits
and total fruit yield as compared with BD phytoprotein alone. Whereas, in control /untreated
plants of papaya, severe symptoms appeared in the form of mosaic mottling, curling and rolling
of leaves, followed by vein clearing and thickening, besides necrotic spots on fruits, petioles
and stems. Encouraging results were recorded in the treatments, where modifier /bioenhancer
(L-Lysine monohydro Chloride) -M9 was mixed with phytoproteins, isolated from CA or BD. It
induced a greater degree of resistance than when either of the phytoprotein was used alone. The
treated plants developed mild symptoms and showed significant decrease in disease incidence.
The percent protection was increased as the number of plants showing systemic infection was
also reduced. The leaves of treated plants were lust green in color with robust plant growth,
better flowering and fruiting and the crop yield was also increased, upon addition of M9 to

phytoproteins especially to CA.
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Introduction

Papaya (Carica papaya L.) of family Caricaceae is a highly
valued economically important horticultural crop because of its
edible fruits and presence of proteolytic enzymes-papain and
chymopapain [1,2]. The cultivation of papaya is badly affected
due to infection of a large number of viral diseases [3]. These
include papaya ring spot virus [4], papaya mosaic virus [5],
tomato spitted wilt virus [6] and tobacco ring spot virus [7].
Out of these diseases, papaya ring spot and papaya leaf curl are
major diseases in India [1,2,7,8,9].

Plant viruses are a major cause of concern among Agriculturists
because of their economic impact on crops they infect. To reduce
losses, scientists have explored several strategies to control
virus infection [10,11]. Since the majority of viruses infecting
papaya are transmitted through insect vectors, therefore vector
control is considered as one of the best approach followed by
exploitation of inducible defense in plants which is receiving
much attention by researchers [1,2]. Though majority of vectors
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can be managed effectively by the use of insecticides, the
process is costly and is likely to cause environmental operational
hazards.

A large number of higher plants of different taxonomic families
have an ability to resist virus infection [ 12-14]. A few of them are
known to contain endogenous proteins that act as antiviral agents
[13,15-20]. In the present communication efforts have been
made to manage the natural infection and spread of commonly
occurring viruses on papaya through phytoproteins, isolated
from roots of B. diffusa and leaves of C. aculeatum plants, alone
and also in combination with modifiers/bioenhancers.

Materials and Methods
Preparation of inhibitor

Phytoproteins from the leaves of Clerodendrum aculeatum L
and roots of Boerhaavia diffusa L. were extracted following
the procedure as described earlier [17,18,21]. The healthy
fresh leaves of Clerodendrum aculeatum L were harvested
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from vigorously growing plants and ground (1:2, W/V) in
0. 2 M phosphate buffer (PB) of pH 6. 6 containing 0.1% [
mercaptoethanol. The pulp obtained was then squeezed through
double-layered muslin cloth. The extracted sap was centrifuged
at 8,000 g for 10 minutes to remove the cell debris. The pellets
were discarded and the supernatant was collected for further
experimental work. Each experiment was replicated at least
thrice to confirm its validity.

The roots of B. diffusa, collected from profusely growing robust
plants in the field, washed with water, cut into small pieces
and dried under shade were ground to fine powder in a grinder.
The root powder was then mixed/soaked (1g/10 ml) in 0.2 M
phosphate buffer, pH 6.6 containing 0.1% B mercaptoethanol
and left overnight at 4°C. It was then filtered through two folds
of muslin cloth and the filtrate so obtained was centrifuged at 8,
000 g for 15 minutes. A saturated solution of ammonium sulphate
(60%) was added to the supernatant with continuous stirring and
left overnight at 4°C. A thick precipitate appeared within one
hour. The mixture was then centrifuged at 5,000 g for 15 minutes
so as to separate the precipitate. The precipitate was collected
and the supernatant was discarded. The precipitate obtained was
suspended in small amount of buffer [20 g fresh weight/ml of
0. 2M PB (pH 6. 6)] and then dialyzed against running water,
in a dialysis bag, to remove ammonium sulphate, if any, and to
obtain total protein fraction. The dialyzed protein fraction was
either diluted as per requirement or was concentrated through
freeze-drying. Lyophilized protein was stored at —20°C. A
similar protocol was adopted for separating a protein fraction
from the leaves of C. aculeatum also. For VIA work buffer used
was sodium acetate, instead of phosphate buffer.

Raising of test plants

Seeds of papaya were grown in earthen pots filled with compost
and soil (1:2) and kept in an insect free glass house /wire net
house under natural light conditions. Vigorously growing
seedlings of papaya at 2-3 leaf stage were used for experimental
purposes.

Treatment of plants with phytoproteins

The dialyzed total protein fraction was diluted suitably
with distilled water (1:2, C. aculeatum; 1:5, B. diffusa) and
the aqueous fraction of phytoproteins alone or mixed with
bioenhancer was sprayed, with the help of a pneumatic hand
sprayer, onto the upper surface of the leaves of papaya plants. To
evaluate the efficacy of phytoprotein mediated resistance under
field conditions, fortnightly sprays with these phytoproteins
were administered till the plants were in the susceptible phase.

The experiment was first started in glass house condition and
later on extended to open field in order to evaluate the efficacy
of phytoprotein mediated protection under field conditions.
The fruit yielding crop was transferred in separate beds that
were arranged in randomized block design. The seedlings were
transplanted (50 plants/bed) in nursery beds for experimental
work. Weeds, if any, growing along the side of the bed were
routinely removed to facilitate the free flow of virus vectors.
The bioenhancer M9 was mixed at a strength of 4mg/ml to each
of the phytoprotein isolated from leaves of C. aculeatum and
roots of B. diffusa. The seedlings of papaya were sprayed either
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with an aqueous solution of (CA/BD) phytoproteins alone or
a mixture of bioenhancer M9 and CA/ BD phytoproteins. A
total of 10 sprayings were administrated at fortnightly intervals.
Treatments with either CA alone or CA in combination
with M9 and BD alone or BD in combination with M9 were
administrated. The plants were sprayed regularly, at fortnightly
intervals for a duration of about 5 months, especially when
the plants were in the susceptible phase. Observations were
recorded at 15 days intervals on disease incidence and also for
plant growth parameters like plant height, number of leaves,
flowers and fruits per plant.

Observations were recorded in the field, for the incidence of
papaya leaf curl disease, papaya ring spot disease or any other
natural viral disease and the type of symptoms produced. The
per cent incidence of the disease was calculated by the following
formula:
Percent disease incidence =

Number of infected plants in field N
Total number of plants (infected + healthy) in field

100

The data obtained were statistically analyzed for the significance
of results [22].

Observations on disease incidence were made weekly with
respect to plant height, flowering and fruiting. Finally, when the
crop was mature, fruit length, number of fruits per plant and
other yield attributes were also included in assessing efficacy
of phytoprotein.

Results

Treatment with phytoprotein, isolated from leaves of
C. aculeatum (CA), along with bioenhancer (L-Lysine
monohydro chloride) M9

It is evidenced from the data presented in Tables 1-4 that the
treatments of papaya with CA phytoprotein mixed with M9 was
found to increase germination of papaya seeds besides improved
vegetative growth of seedlings, significant decrease in disease
incidence and symptoms severity in Carica papaya plants than
CA phytoproteinalone (Plate 1 and Graph 1). Treated plants
did not exhibit any disease symptoms but showed an increase
in plant height (148% of control) and number of leaves/plant
(135% of control). Disease incidence in treated plants was
minimum (18%) as compared to control plants. The treated
plants showed enhanced resistance against viral infection and
better vegetative growth (Plate 1).

Disease symptoms due to natural virus infection in control
plants of papaya exhibited severe ring spots on fruits, petiole and
stems along with curling and rolling of leaves, followed by vein
clearing and thickening. Enations also developed in the form
of frills on green veins. The affected leaves became leathery
and brittle and the petioles became twisted in a zig-zag manner
(Plate 3). Only a few distorted small sized fruits, showing ring
spots could appear on diseased plants. Such deformed fruits fell
prematurely. A delay in symptom appearance with minimum
disease incidence was observed in plants treated with CA
phytoprotein mixed with M9 (Plate 2). Though some plants
showed symptoms at later stages, the disease severity was
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Table 1. Effect of addition of M9 to phytoprotein isolated from C. aculeatum on the disease development of papaya (Caricapapaya. L.) crop

Duration in days Diseased plant (%)

Response*
Disease Severity

Control + SEM | CA Phyto-protein alone CA Phyto-protein + M9 Control CA Phyto-protein alone CA Phyto-protein + M9

15 - - - - - -
30 3.0+0.01 - - + - -
45 3.0+0.02 - — + — —
60 7.0+0.02 - — + - -
75 7.0+0.02 - - + - -
90 8.0+ 0.04 - - + - -
105 11.0 £ 0.06 2.0+0.02 - ++ - -
120 12.0+0.48 3.0+£0.01 - +++ + -
135 17.0 £ 0.52 6.0 £ 0.04 - +++ + -
150 18.0 + 0.64 7.0+0.05 2.0+0.06 +++ ++

*Data presented are the average of 20 replications. All the experiment was repeated thrice; after about 2 months of growth.
Treatment involved 1 spray fortnightly of CA alone and CA +M9, M9=L-Lysine monohydro chloride.

+ SEM = Standard Error of Mean

Table 2. Effect of addition of M9 to phytoprotein isolated from C. aculeatum on the vegetative growth of papaya (Carica papaya L.) crop

Plant Height (cm)

Duration in
days CA Phyto-protein CA Phyto-protein

Control + SEM alone + M9

+ SEM + SEM
15 28 £0.82 35+ 1.60 39+1.28
30 30+1.12 41+1.14 47 £1.16
45 33+1.14 47 +2.44 58 +2.72
60 41+£2.16 55+1.18 63+1.16
75 48 £ 3.00 68 +2.42 78 +3.16
90 52 +1.06 75+ 2.06 89 +1.82
105 60 + 1.64 85+ 1.50 96 +2.16
120 68 +1.32 98 +1.44 111+ 2.00
135 77 +2.14 108 +1.18 119+ 1.16
150 82 +1.92 116 +2.32 121 +2.68

Response*
Number of Leaves/Plant

CA Phyto-protein alone CA Phyto-protein + M9

Control + SEM

+ SEM + SEM
4.8+0.80 5.5+0.66 6.5+0.16
5.6 +£0.56 6.0+0.68 6.8+1.20
6.2+0.68 6.6 +0.32 8.4+0.64
6.8+1.20 7.8+0.94 8.9+0.68
74 +0.44 75+0.18 9.8+0.16
7.8+0.54 8.6+0.44 10.8 £ 0.36
8.2+0.06 9.6 +0.32 12.2+0.44
8.7+1.16 10.2 £ 0.66 13.9+0.82
10.2+0.98 12.7+£1.10 15.8+£0.38
11.2+0.66 13.8 £ 0.58 14.95 £ 0.68

*Data presented are the average of 20 replications. All the experiment was repeated thrice; after about 2 months of growth.
Treatment involved 1 spray fortnightly of CA alone and CA +M9, M9=L-Lysine monohydro chloride.

+ SEM = Standard Error of Mean

Table 3. Effect of addition of M9 to phytoprotein isolated from C. aculeatum on the vegetative growth of papaya (Carica papaya L. ) crop

Plant Height (cm)

Duration in days CA Phyto-protein

CA Phyto-protein

Control + SEM alone + M9

+ SEM + SEM
15 88 + 1.88 119£1.23 132+£2.16
30 92 + 1.06 129+£1.24 136 £2.22
45 101 £ 1.64 137 £2.36 140 £ 1.60
60 105+ 1.74 142+ 1.16 144 £1.24
75 115+1.26 168 + 2.06 172+ 1.34
90 128 +1.36 179 £2.16 183 £1.22
105 142 £1.34 191£1.04 198 + 1.36

Response*
Number of Leaves/Plant

CA Phyto-protein alone = CA Phyto-protein + M9

Control + SEM

+ SEM + SEM
12.1+£0.68 15.3+0.88 19.1+£0.64
13.4+£0.44 16.6 £ 0.92 19.6 £ 0.62
14.3 £0.54 18.2£0.98 20.3+0.54
16.3+0.64 18.9+0.86 20.8 + 0.66
16.8+0.72 19.6 + 0.66 21.3+0.54
17.4+£0.44 21.2+0.54 23.2+0.64
18.2+0.68 21.8+£1.06 23.7 £ 0.66

*Data presented are the average of 20 replications. All the experiment was repeated thrice; after about 2 months of growth.
Treatment involved 1 spray fortnightly of CA alone and CA +M9, M9=L-Lysine monohydro chloride.

+ SEM = Standard Error of Mean

very low as compared to controls. Reduced disease severity
was observed in treated plants (Plate 2 and Table 2). The
treated plants could reach at reproductive stage and showed
very good flowering and fruiting (Tables 3 and 4). Significant
increases was observed (Table 3) in number of flowers (142%
of control), fruiting /plants (155% of control), number of fruit
(173% of control) and total fruit yield (about 200% of control).
Apart from this a better plant growth, plant height, number of
leaves, flowering and consequent fruiting was observed in all
replications of treated plots (Table 3 and Plate 3; Graph 1). Thus,

result showed increased fruit yield and better fruit quality (Plate
3; Table 4, Graph 1) in papaya seedlings sprayed regularly with
CA phytoprotein mixed with bioenhancer -M9.

Treatment with Phytoprotein, isolated from the roots
B. diffusa (BD), along with bioenhancer (L-Lysine
monohydro Chloride) M9

The plants of Carica papaya, treated, since seedling stage, with
BD phytoprotein mixed with M9 showed improved growth
(Plate 2, Tables 5 and 6, Graph 2) than BD alone. Treated plants
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Table 4. Effect of addition of M9 to phytoprotein isolated from C. aculeatum on the reproductive parts and yield of papaya (Carica papaya L.) crop

Response*
Flowering Plants (%) Fruiting Plants (%) Number of Fruit/Plant Total Crop Yield (kg)
Duration in CA Phyto- CA Phyto- CA Phyto- CA Phyto- CA Phyto- CA Phyto-
days Control +  protein cfol:;f‘tg' Control + protein c':‘Q'::i{lti' Control + protein protein + = Control + protein protein +
SEM alone +_ I\'I::g + SEM SEM alone +_ 59 + SEM SEM alone M9 SEM alone M9
SEM - SEM - + SEM +SEM +SEM +SEM
15 18.0+0.66 26.0+1.26 30.0 +1.66 - - - - - - - - -

30 27.0+0.64 38.0+1.38 46.0+1.26 14.0+0.66 22.0+0.68 26.0+0.68 1.4+0.06 22+0.08 | 2.4+0.02 - - -
45 38.0+1.16 59.0+1.38 73.0+1.38 26.0+0.22 41.0+0.92 42.0+0.78 2.6+0.08 4.1+0.10 | 4.8+0.04 - - -
60 54.0+1.68 80.0+1.94/89.0+1.66 40.0+0.32 67.0+0.96 78.0+0.66 3.6+0.06 6.8+0.14 7.2+0.06 — - -
75 68.0+2.00 85.0+1.94 93.0+£2.16 45.0+0.34 70.0+1.16 820+1.72 56+0.04 85+0.12 | 8.4+0.08 - - -
90 69.0+1.84 88.0+1.64 94.0+3.14 51.0+0.64 78.0+1.28 90.0+1.96 6.4+0.06 9.9+0.14 10.9+0.06 - - —

152.0 £ 181.0
2.14 2.18

105 70.0+1.74 92.0+1.88 99.0+2.06 53.0+1.14 81.0+2.06 820+342 6.7+0.08 10.8+0.16 11.8+0.08 89.0+1.80

*Data presented are the average of 20 replications.

All the experiment was repeated thrice; after about 2 months of growth.

Treatment involved 1 spray fortnightly of CA alone and CA +M9, M9=L-Lysine monohydro chloride.
+ SEM = Standard Error of Mean

Plate 1

Effect of phytoprotein, isolated from Clerodendrum aculeatum (CA) / Boerhaavia diffusa (BD) alone or mixed with bioenhancer M9 (L-Lysine
monohydrochloride), on the germination of seeds of Papaya (Carica papaya L).

(a) Control /distilled water (DW) treated: showing lesser germination (40%)

(b) Treated with CA alone: showing germination (52%)

(c) Treated with CA + M9: Showing germination (75%)

(d)Treated with BD + M9 showing germination (60%)
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Graph 1. Effect of M9 on the antiviral activity of phytoprotein isolated from Clerodendrum aculeatumon on vegetative and reproductive parameters
of Carica papaya L.

Plate 2

Effect of the sprayings of phytoprotein from Clerodendrum aculeatum (CA) / Boerhaavia diffusa (BD) alone or mixed with bioenhancer- M9
(L-Lysine monohydrochloride), on disease incidence in Papaya (Carica papaya L.) plants.

(a) Untreated /control plant showing severe viral disease symptoms at early stages.

(b) CA + M9 treated plant showing better growth and no viral disease symptoms at early stages.

(c) BD + M9 treated plant showing better growth and no viral disease symptoms at early stages.
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(b)

Plate 3
Effect of the sprayings of phytoprotein, isolated from of Clerodendrum aculeatum (CA), mixed with bioenhancer M9 (L-Lysine monohydrochloride),
on disease incidence in Papaya (Carica papaya L. ) plant after 6 months of last spray.
(a) Untreated control plant showing severe viral disease symptoms and less fruit setting.
(b) CA + MO treated plant showing better growth and increased fruit setting.

Table 5. Effect of addition of M9 to phytoprotein isolated from Boerhaavia diffusa on the vegetative growth of papaya (Carica papaya L.) crop

Response*
Duration in Plant Height (cm) Number of Leaves/Plant
days Control BD Phyto-protein BD Phyto-protein BD Phyto-protein alone = BD Phyto-protein + M9
+ SEM alone + M9 Control + SEM +SEM + SEM
- +SeM +SEM - -
15 26 +1.20 32+1.80 37+1.20 4.2+0.40 5.3+0.40 6.3+1.16
30 28 +1.40 39+1.62 45+ 1.28 5.1.0 £ 0.60 6.0 £ 0.46 6.4+1.20
45 30+ 1.60 45+ 1.68 52 +1.36 5.9+0.26 6.4 +0.52 8.0+1.18
60 42 +1.80 52 +1.28 60 + 1.44 6.4+ 0.06 7.2+0.154 8.6+1.20
75 48 +1.28 65+ 1.68 74 £1.52 7.2+0.06 7.4+0.64 9.4+1.26
90 54 +1.36 72+2.16 82 +1.64 76+0.18 8.3+0.66 10.2£1.32
105 60 + 1.46 81+2.68 93 +1.68 8.0+0.20 9.1+1.16 11.7+£1.42
120 69 + 1.68 93 +2.16 108 + 1.26 85+0.34 9.87+1.14 13.4 +£1.52
135 78 +1.38 104 + 3.88 115+ 3.15 9.7+0.28 11.73+£1.26 15.2 £ 1.60
150 84 +1.32 114 +4.12 121+ 2.15 10.2+0.18 12.8+1.24 13.5+1.62

*Data presented are the average of 20 replications. All the experiment was repeated thrice; after about 2 months of growth.
Treatment involved 1 spray fortnightly of BD alone and BD +M9, M9=L-Lysine monohydro chloride.
+ SEM = Standard Error of Mean
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Table 6. Effect of addition of M9 to phytoprotein isolated from Boerhaavia diffusa on the vegetative growth of papaya (Carica papaya L.) crop

Duration in Plant Height (cm)

days BD Phyto-protein
Control + SEM alone

+ SEM + SEM
15 90 +1.68 115+ 1.68 127 £2.16
30 92+1.72 121£1.72 132+£1.68
45 101+ 1.88 131+ 1.66 137 £3.32
60 108 + 1.94 136 + 1.36 140 + 3.06
75 117 £1.96 159 £1.76 168 £ 3.16
90 131+£2.16 170 £1.24 177 £2.08
105 144 £ 2.48 186 + 1.60 190 £ 2.16

BD Phyto-protein + M9

Response*
Number of Leaves/Plant

BD Phyto-protein alone | BD Phyto-protein + M9

Control + SEM

+ SEM + SEM
11.3 £1.10 14.3 £0.16 18.7 £1.16
12.4 £0.68 15.7 £0.28 19.2 £ 1.68
13.8 £0.98 16.2 £0.36 20.0+2.16
15.7 £ 0.72 18.7 £ 0.68 20.2 £2.02
16.86 % 1.16 19.9 +0.88 20.7 £ 1.10
17.3£0.78 20.8 + 0.98 21.6 +2.68
18.0 +0.88 20.8 + 0.92 22.8+1.16

*Data presented are the average of 20 replications. All the experiment was repeated thrice; after about 2 months of growth.
Treatment involved 1 spray fortnightly of BD alone and BD +M9, M9=L-Lysine monohydro chloride.

+ SEM = Standard Error of Mean

did not exhibit any type of disease symptoms. An increase in
plant height (143% of control) and also in number of leaves
(131% of control) was noticed. Maximum disease incidence
with symptom severity was observed in control (untreated)
plants of papaya, due to natural infection by papaya leaf curl
virus and papaya ring spot virus. The treated plants showed
enhanced resistance and vegetative growth (Plates 1 and 2).

Symptom, as a result of natural infection of virus in control
plants of papaya, appeared in the form of mosaic mottling,
curling and rolling of leaves, followed by vein clearing and
thickening of leaf lamina. Leaf enations may appear, in the form
of frills on green veins, at later stage or maturity. The affected
leaves became leathery and brittle and the petioles became
twisted in a zig-zag manner (Plate 2). Fruits setting on diseased
plants were very poor, as only a few small-sized distorted fruits
with ring spots could are seen. A delay in symptom appearance
with minimum disease incidence was noted in plants treated
with BD phytoprotein +M9 (Plate 2 and Graph 2).

Significant increase was observed in number of flowers (133%
of control), fruiting /plants (142% of control), number of fruit
(161% of control) and total fruit yield (about 190% of control,
Tables 5 and 6). Better plant height, number of leaves flowering
and consequent fruiting was observed in all treated sets (Table
6). Thus, results showed increased fruit yield and better fruit
quality (Table 6; Graph 2) in papaya plants sprayed, since
seedling stage, with BD phytoprotein mixed with M9.

Discussion

Virus inhibitors, of varied chemical nature, normally not present
in healthy plants but are induced as a result of an unusual event
[15,16]. Several hours or days have to pass before their inhibitory
effect can be seen or measured [17,18,23-26]. The proteinaceous
or glycoproteinaceous VIAs have been used successfully under
field conditions for the management of a few viral diseases [24].
Awasthi et al. reported that the glycoprotein from Boerhaavia
diffusa can prevent 60 to 90 per cent of the virus infection of
tomatoes, potatoes, pea and French bean. Verma [27] reported
that the treatment with leaf extract of C. aculeatum followed
by soil amendment with its dry leaf powder showed two folds
increase in nodulation and grain yield along with 50 per cent
reduction in disease incidence of mungbean yellow mosaic
virus.  Verma et al. [26] reported C. aculeatum as a possible

prophylactic agent against natural virus infection in mungbean
plants. The inhibitory effect of B. diffusa and C. aculeatum
may be due to resistance inducer present that induces strong
systemic resistance against several viruses in hypersensitive as
well as systemic hosts [24,28-31]. B. diffusa root extract may be
attributed to blocking of host cell receptors or to interference of
virus synthesis in the host cells. It is presumed that the inhibitor
present in B. diffusa root extract and C. aculeatum leaf extract,
when applied before virus inoculation, induced synthesis of
translocable virus inhibitory or protective substances/proteins
in the host plant [15,16,32].

The antiviral agents present in leaf extract of Clerodendrum
aculeatum and root extract of Boerhaavia diffusa act as a
protective agent against severe virus infections, has been
established through the extensive work conducted by various
workers [15,19,20,28,31,33-39]. The virus inhibitory potential
of phytoprotein was demonstrated by the ability of phytoprotein
to inhibit formation of necrotic lesion in local lesion hosts
(hypersensitive reaction in a non-host plant) and in delaying
the development of disease specific symptom in systemic hosts
when the respective treated host plants were challenge inoculated
with virus. This type of induction of resistance in plants has
been referred to as induced systemic resistance (ISR). The
application of agents responsible for ISR results in activation of
various resistance mechanisms and this phenomenon has been
called ‘Priming’, ‘conditioning’ or ‘sensitization’ [16].

The virus inhibitory potential of these plant extracts has been
demonstrated and confirmed that it was due to the phytoproteins
present in these plants [15], which may be applied as aqueous
extracts or purified phytoproteins, both being equally effective
[40,41]. The exact mechanism of protection offered by these
phytoproteins has been worked out [16]. They reported that the
application of phytoprotein in the hosts, induced formation of
new virus inhibiting agent (VIA), that resists virus infection. The
VIA formation is sensitive to Actinomycin D, which inhibits
DNA dependent RNA synthesis in the host, implying that VIA
is a [15,23]. The gene for the antiviral resistance inducing
phytoprotein from C. aculeatum has been isolated and cloned
to study various aspects of its functioning as antiviral agent or
inducer of VIA [42]. It has also been shown that antiviral potential
of these phytoproteins can be further enhanced by mixing it with
certain biological compound modifiers (milk protein and papain)
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Graph 2. Effect of M9 on the antiviral activity of phytoprotein isolated from Boerhaavia diffusa on various vegetative and reproductive parameters

of Carica papaya L.

to these phytoproteins [36]. These bioenhancers were found to
increase the antiviral potential of extract or phytoprotein and
also to increase the plant growth. The enhanced growth was
reflected by substantial increase in height, leaf area, fresh shoot
weight, fresh root weight, increased number of flowers and
better resistance towards the development of systemic disease
symptoms of viral infection. Similar findings were reported by
Verma et al. [43]. They reported that the potential of antiviral
state in C. aculeatum phyto protein was increased when mixed
with modifiers/bioenhancer (trypsin or papain). On the other
hand, these bioenhancers were not much effective when used
alone. The best results were obtained when M9 (L-Lysine
monohydro Chloride) and M3 (L-Asparagine) were used as
bioenhancer. Both these agents are proteinaceous and may have
provided additional nitrogen upon their decomposition to the
plants or to the microflora of phyllosphere.

Conclusion

It has been shown that the non-pathogenic microflora lives
mutuatistically with the plants and help to deter colonization of
plants by pathogens. This argument also gets some support from
the observation made with the effects of various concentrations
of bioenhancers. Amongst the two, phytoproteins from C.
aculeatum leaves were found to be more promising in combating
viral infection. The same trend appeared when different
bioenhancers were added to them. These experiments have
provided clue to manage the viral disease to a greater extent by
adding bioenhancer to the phytoprotein solution.
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