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ABSTRACT

Antiviral activity of cashew nutshell extract against Cowpea mild mottle virus on soybean. Cowpea mild mottle virus
(CPMMV) is one of the important viruses infecting soybeans. The CPMMYV disease management usually done by controlling
the vector with insecticides that cause negative impact to the environment and non-target insects. Therefore, it is important
to find safer alternative to control the disease such as the use of plant extracts. Cashew nutshells (CNS) are waste during
cashew processing and contain several antimicrobial substances. This study aimed to evaluate the potential of CNS extracts
to inhibit CPMMYV infection. The experiment was designed with a randomized block design with 4 replications and each
treatment unit consisted of 10 plants. The application method consisted of spraying the leaves before and after virus inoculation
and mixing the sap with CNS extract. CNS extract concentrations tested were 0.75; 1.5; 3.0; 6.0%. The result showed that CNS
extract applications can decrease the disease incidence and increase the incubation period. However, plants treated with CNS
extracts at concentration of 3.0% and 6.0% before virus inoculation and mixing CNS extracts at concentration of 1.5; 3.0 and
6.0% with CPMMYV sap showed that the virus titer was detected negative by ELISA using CPMMYV antiserum. The results
indicated that the CNS extract has potency as antivirus for CPMMYV. All treatment combinations can suppress viral infections

without phytotoxicity, except for CNS 6.0%.
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INTRODUCTION

The soybean (Glycine max L.) productivity of
Indonesia is quite low and unable to meet domestic
needs, so the government continues to import soybean
about 2.5 million tons every year. Some of the factors
causing the low productivity of soybeans are climate
factors, planting area and attack of pests and diseases.
The mild mottle disease caused by Cowpea mild mottle
virus (CPMMYV). The mosaic disease caused by
Soybean mosaic virus (SMV) and stunt disease by
Cucumber mosaic virus soybean strain (CMVs) are
important viruses of soybeans in Indonesia. Symptoms
of CPMMYV infection can not be distinguished from
mosaic symptoms caused by SMV. This disease can
reduce soybean yields around 14—18% and difficult to
control (Andayanie ef al, 2011). This is because the
disease is spread by vectors, such as whitefly (Bemisia
tabaci Genn.) and transmitted through soybean seeds
(Tavassoli et al., 2008). Young soybean plants are more
susceptible to CPMMYV than adult plants. The disease
control strategies were carried out by using resistant
varieties, even though the number of resistant varieties

is insufficient for the needs of farmers (Saleh, 2007;
Andayanie & Adinurani, 2014; Andayanie et al.,2017).
Today, the disease control strategy is using the chemical
insecticide against the virus vectors, but it is considered
to be ineffective and has a negative impact on the
environment, humans, and biological resources
(Andayanie et al., 2019).

Plant systemic resistance to viruses can be
activated by applying inducing agents from plant
extracts. Gunaeni et al. (2015) reported that the active
compound in the extracts of the japanese glorybower
(Clerodendrum japonicum Thunb.) and periwinkle
(Catharanthus roseus L.) can increase resistance to
Pepper leaf curl virus infection in red chili. In addition,
chrysanthemum (7anacetum vulgare L.) flower extract
has antiviral activity against Cucumber mosaic virus
and Potato Y virus in tomato plants (Petrov et al., 2016).
Cashew nutshell (Adnacardium occidentale L.) is a
waste in the process of cashew seeding, has many
antimicrobial activities such as antibacterial and
antifungal (Garcia et al., 2018; Sudjaroen et al., 2018).
This extract also has activity as an insecticidal,
molluscicidal, and herbicidal (Towaha & Achmadi, 2011;
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Andayanie & Ermawaty, 2019; Andayanie et al.,2018).
Cashew nutshell contains anacardic acid compound
(76.93%), cardols (12.75%), cardanol (4.66%),
2- methyl cardanol (3.81%) (Andayanie ef al., 2019).
Anacardic acid (6-pentadecylsalicylic acid) is a
derivative of salicylic acid substituted by a long alkyl
chain (Aderiye et al., 2015). Salicylic acid triggers an
induce the activity of Pathogenesis-Related (PR)
proteins, such as peroxidase, chitinase,-1.3 glucanase,
and -1.4 glucosidases, prevent the viral multiplication,
spread, and localize the viral infection, although it needs
aretention period for systemic resistance after induced
by the extract (Murphy et al., 2001; Elbeshehy, 2017).
Salicylic acid derivative compounds in cashew nutshell
have not been reported for their antiviral effect on plant
viruses. Therefore, this study aimed to evaluate the
potential of CNS extracts to inhibit CPMMYV infection
in soybean plants.

MATERIALS AND METHODS

Research Site. The study was conducted from May
to October 2018 in the Laboratory of Plant Disease,
Faculty of Agriculture, Universitas Merdeka Madiun.
Cashew nutshell was obtained from cashew producer
in Pondok Village, Ngadirojo District, Wonogiri Regency.

Experimental Design. The experiment was arranged
in a randomized block design (RBD) consisting of 14
levels of treatment: 12 experimental treatments,
CPMMV infected plants as positive control and healthy
plants as a negative control. Each treatment was
repeated 4 times and each treatment unit consisted of
10 plants. The 12 types of experimental treatment
consisted of cashew nutshell extract treatment before
CPMMY inoculation, after CPMMYV inoculation and
mixing the extract with CPMMYV sap, with the
concentration of 0.75; 1.5; 3.0 and 6.0%.

Planting the Test Plants. The Willis soybean variety
and Chenopodium amaranticolor, respectively 2 and
4 weeks after planting were used as test plants. The
plants were planted in polybags containing a mixture of
soil and manure at 2:1 ratio and maintained in a screen
house.

Inoculum Multiplication. The source of inoculums
were obtained from the Laboratory of Plant Disease,
Faculty of Agriculture, Universitas Merdeka Madiun
since June 2018. The inoculums were isolated from the
CPMVYV infected soybean in Ngawi. The inoculums
then purified in C. amaranticolor using the single spot
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inoculation method and inoculated mechanically to the
Willis soybean variety at 10 days after planting (DAP),
the infected plants then nurse in the screen house. On
the 21 days after inoculation (DAI), the infected plants
showed specific symptom of infection such as mosaic
with vein clearing, and chlorosis. The CPMMYV isolate
with specific antiserum CPMMYV (DSMZ) was detected
by positive reaction on DAS ELISA. The young soybean
leaves that showed specific symptom of infection
cultivated at 28-42 days after planting and stored at
4 °C.

Extraction and Treatment of Cashew Nutshell.
Cashew nutshells were dried to a moisture content of
15-20% and ground to produce a 400 Mesh powder.
Cashew nutshell powder (500 g) was moistened with
n-hexane and ethanol (3:1) for 4 hours to produce the
mass. Percolation was done by moving the mass
gradually into the percolator and adding hexane and
ethanol (3:1) solvents, then incubated at room
temperature for 24 hours. The extract evaporated at
45 °C with a low-pressure vacuum (500-550 mmHg)
to produce concentrated extracts.

Incubation Period and Symptoms. The incubation
period was calculated from CPMMYV inoculation until
the initial symptoms appear on the plant.

Disease Incidence and Disease Severity. The
disease incidence and disease severity were observed
weekly for each plants starting from 21 days after
CPMMY inoculation until 49 DAL

Disease incidence. The disease incidence was
calculated using following formula:

DI = 2 x100%
N

DI : disease incidence
n :number of plants showing CPMMYV infection

symptoms
N : number of observed plant

Disease severity. The disease severity was calculated
using following formula:

_ > (nxv)

NxV

DS x100%
S : disease severity
: number of infected leaves with specific score
: disease severity score
: number of observed leaves/plant
: highest severity score

<Z<»r U
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The scores of disease severity were performed
based on Arif & Hassan (2002) with minor modifications
based on symptom patterns as follows (Figure 1):

1 = healthy plants, mild yellow blotches (mottles)

2 =mild yellow blotches, no wrinkle (10-30%)

3 =clear yellow blotches, slightly mosaic (30-50%)

4 = Severe mosaic symptom (51-70%), leaf distortion,
plant dwarf

5 = Severe mosaic symptom (>70%), plant dwarf or
dead

Disease Development and Inhibition. The total area

under the disease development curve (AUDPC = Area

Under Disease Progress Curve) were calculated at 21,

28, 35, 42, and 49 DAI based on the formula (Strange,

2003): [Y v J
n +

AUDPC = ¥ 1T )

1=1

= data on i-" observation
= data on i-" + 1 observation
= time at i-* observation

1 =time at i-™ +1 observation
n = total number of observation

Yl
Yi+1
tiJrl
t.
The percentage of systemic disease inhibition (P)

CPMMV on the soybean due to the cashew nutshell
extract were calculated by:

| AUDPC of possitive control - AUDPC experiment|
P = x100%
| AUDPC of possitive control |

The percentage of CPMMYV local inhibition in the
C. amaranticolor induced by the cashew nutshell
extract treatment was calculated by:

~b
p=2"2100%

a
a=number of local spot on the tested plants without

nutshell extract treatment

b =number of local spot on the tested plants with nutshell
extract treatment

Figure 1. The score of disease severity. (A) score 1, (B) score 2, (C) score 3, (D) score 4, (
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Serological Detection of CPMMYV. The CPMMV
detection was carried out at 28 DAI by DAS ELISA
method. This method used CPMMV antiserum with
procedures according to the recommendations of the
antiserum maker (DSMZ, Braunschweigh, Germany)
CPMMYV infected plants without extract treatment
(positive control) and healthy plants (negative control)
were used as a comparison. Each treatment used 10
plants and from each plant 4 leaf samples were taken.
The virus titer or virus accumulation was quantified by
ELISA Reader (Bio-Rad Model 550) at a wavelength
of 405 nm.

Data Analysis. The obtained data were analyzed by
analysis of variance (ANOVA) and the effect of
significantly different treatments was followed by
Duncan’s multiple range test at a significance level
of 5%. In order to obtain homogenous data, prior
analizing, the data of disease incidence and disease
severity was transformed using arcsiny x + 0.5.

RESULTS AND DISCUSSION

Selection of Cashew Nutshell Extract
Concentration. Application of cashew nutshell extract
with various concentrations showed different abilities
in suppressing CPMMYV infection. Observation of the
disease incidence was started since the early symptoms
appear on the plants treated by cashew nutshell extract
at 21 DAL On the positive control, the yellow blotch
was first appeared at 17 DAI, then developed into a
mild mosaic and very severe mosaic. Plants with the
treatment of cashew nutshell extract at a concentration
0f 0.75; 1.5% before CPMMYV inoculation and cashew
nutshell extract treatment at a concentration of 0.75;
1.5; 3.0% after CPMMYV inoculation showed clear
yellow spots at 21 DAI, then developed into a light
mosaic. This symptom appeared lighter compared to
the positive controls. The results revealed that cashew
nutshell extract was able to suppress the development
of symptoms due to CPMMYV. The positive controls had
a shorter incubation period than the experimental plants

L
E) score 5.
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with cashew nutshell extract. Plants treated with cashew
nutshell extract at a concentration of 3.0; 6.0% before
inoculation with CPMMYV and extract mixing treatment,
each at a concentration of 1.5; 3.0; 6.0% with sap
CPMMYV and negative controls, revealed healthy leaves
until the end of the observation time so that they did not
have an incubation period. However, plants treated with
cashew nutshell extract at a concentration of 6.0%
before inoculation with CPMMYV revealed mild
phytotoxicity in the sprayed part of the extract. Cashew
nutshell extract treatment was able to suppress the
incidence of disease lower than positive control with a
range of 0.11 to 5.92% at the end of the observation
time (49 DAI) (Table 1).

The inoculation of 6.0% cashew nutshell extract
in CPMMYV sap to soybean plants did not show any
development of disease incidence and severity at 21
DAL Percentage of disease incidence since 28 DAI in
cashew nutshell extract treatment at concentrations 3.00
and 6.00%, compared to before CPMMYV inoculation
was not showing any significant symptoms improvement.
The same result was also found in the treatments of mix
cashew nutshell extract at concentrations of 3.00 and
6.00%, respectively with CPMMYV sap. The symptoms
were consistent until 49 DAI The same trends were
also observed on the disease severity. Plant treated with
mix of cashew nutshell extract with 3.00 and 6.00%
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concentration and CPMMYV sap were not showed any
escalation in disease severity percentage from 28 DAI
till 49 DAI (Table 2). Cashew nutshell extract as a
resistance inducer was not made the plant completely
resistant, but it increases the plant resistance to
CPMMYV by inhibiting disease development. This is
presumably due to the operation of the systemic defense
genes, which inhibit the disease incidence in soybean
plants. Plant defense genes required inducers and
sufficient time to work effectively.

The Inhibitory Activity of Cashew Nutshell
Extract. Based on the preliminary research, the
bioactive component in cashew nutshell extract
consisted mainly of  anacardic acid
(6-pentadecylsalicylic acid) of 76.93% which is a
derivative of salicylic acid (Andayanie et al., 2019).
This bioactive compound was assumed to play a role in
increasing resistance to CPMMYV infection. According
to Andayanie ef al. (2011) and Gunaeni et al. (2015),
disease incidence and intensity of soybean mosaic
disease were related to the infection time, infected plant
age, environment, and induction of plant resistance by
various external treatments. The japanese glorybower
leaf extract also has salicylic acid derivative compounds
and plays a role for systemic acquired resistance (SAR)
through salicylic-phenyl propanoid acid. The salicylic

Table 1. The effect of cashew nutshell extract application on disease incidence in soybean

Extract
Extract treatment

Observation (DAI) (%)

concentration (%) 21 28 35 42 49
Before CPMMYV inoculation 0.75 1.74cd  2.05c¢ 2.13cd 238c¢c 238¢c
1.50 1.38cd 145¢ 1.85cd 2.10c 2.10c¢
3.0 1.13cd  1.13cd 1.13cd 1.13cd 1.13cd
6.0 041d 041d 041d 041d 041d
After CPMMYV inoculation 0.75 2.75¢ 312b 592b 592ab 5.92ab
1.50 240 ¢ 286b 486bc 5.03b 5.03b
3.0 2.15¢ 240bc 2.68bc 2.72c¢ 2.72c¢
6.0 1.29cd 1.32¢ 1.75¢cd  1.87 ¢ 1.87 ¢
Mixed with 0.75 1.21cd 1.82c¢ 20lcd 230c 230c
CPMMYV sap 1.50 1.10cd 1.28¢ 1.28cd 1.28¢c 1.28¢
3.0 0.38d 0.38d 0.38d 0.38d 0.38d
6.0 0.15d 0.15d 0.15d 0.15d 0.15d
Negative control - 0.11d 0.11d 0.11d 0.11d 0.11d
Positive ccontrol - 8.86a 1235a 18.14a 32.7a 32.7a
CV (%) 10.91 11.85 13,02 13.62 13.63

DALI: days after inoculation; CV: coefficient of variation; the same letter at each column showed the no significance
different based on Duncan multiple range test at significance level of 5%.
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acid content in red chili pepper plants treated with
japanese glorybower and periwinkle was higher than
control on the plants infected by the curly virus. Salicylic
acid triggers the formation of Pathogenesis-Related
(PR) protein and prevents the multiplication, spread, and
localization of viruses (Kristyaningrum et al., 2015;
Gunaeni et al., 2015).

Inhibition Properties of Cashew Seed Extract
Towards CPMMYV. Currently, there were no reports
about cashew nutshell extract in activating defense
control genes in plants as a reaction to pathogenic
infections. However, some applications of cashew
nutshell extract as an inducer showed it capability to
induce plant resistance to CPMMYV in soybean. The
application of cashew nutshell extract as an induction
against CPMMYV infection has a lower value of area
under disease progress curve (AUDPC) than positive
control or plants that were inoculated with CPMMV
without any extract application. The higher the AUDPC
value, the lower the inhibition percentage locally and
systemically. The largest AUDPC value for cashew nut
shell extract treatment after CPMMYV inoculation was
in concentration of 0.75%, with AUDPC value of 115.78
indicating a local inhibition of 30.32 and a systemic of
18.18 (Table 3).
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Local inhibition on indicator plants
(C. amaranticolor) and systemic on host plants from
cashew nutshell extract have an average value of 74.83
and 56.35%, respectively. Extract treatment before
inoculation of CPMMYV at concentrations 3.0 and 6.0%,
after inoculation of CPMMY at concentrations of 6.0%,
and mix of cashew nutshell extract and CPMMYV sap
at concentrations (1.5; 3.0; 6.0%) had the percentage
of local and systemic inhibition above the average. This
showed that the treatment was able to induce resistance
against CPMMY in soybean. Besides that, the mix of
cashew nutshell extract at 6.0% concentration and/
CPMMYV sap had the lowest AUDPC value (5.25) and
the highest percentage of local and systemic inhibition
was 97.85 and 85.21%, respectively. The AUDPC value
was followed by the treatment of cashew nutshell extract
at a concentration of 1.5% in CPMMYV suction and
cashew nutshell extract at concentrations (6.0 and 3.0%)
with prior inoculation of CPMMYV respectively 32.29;
39.82;50.44.

Virus Detection by ELISA. The positive control
treatment confirmed the absorbance value of ELISA
(NAE) > 2 times the NAE of the negative control. CNS
extract treatment (3.0 and 6.0%) before CPMMV
inoculation and CNS extract mixture (1.5; 3.0; 6.0%)

Tabel 2. The effect of cashew nutshell extract application on disease severity in soybean

Extract

Observation time (DAI) (%)

Extract treatment

concentration (%) 21 28 35 42 49
Before CPMMYV inoculation 0.75 2.68bc 3.28bcd 4.45cde 4.45bcd 4.45bed
1.5 2.11¢ 2.63cd 2.83de 3.07cde  3.07 cde
3.0 1.14d 1.22de 222de 2.22def 2.22def
6.0 1.08 d 1.77de  198de 1.98ef 1.98ef
After CPMMYV inoculation 0.75 325b 484bc 752bc 7.52ab  7.52ab
1.5 277D 431bc 5.0l becd 5.06abc 5.08 abc
3.0 275bc  3.16bcd 4.45cde 4.93abc 4.95 abc
6.0 142cd 227cd 251de 2.70de 2.70de
Mixed with 0.75 1.96 ¢ 275cd 2.80de 295cde 2.95cde
CPMMV sap 1.5 1.50cd 230cd 2.57de 257de 2.57de
3.0 0.83d 1.92de 1.92de 1.92ef 1.92ef
6.0 0.00 e 0.61¢ 0.61¢ 0.61¢g 0.61¢g
Negative control - 0.12d 0.23¢ 0.23 ¢ 034¢g 034¢g
Positive control - 1090a 2235a 25.11a 31.24a 31.27a
CV (%) 6.98 8.01 9.46 7.93 8.09

DALI: days after inoculation; CV: coefficient of variation; the same letter at each column showed the no significance

different based on Duncan multiple range test at significance level of 5%.
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Tabel 3. The potency of cashew nutshell extract as plant resistance inducer towards CPMMYV infection in soybean

o o
Extract treatment Extra.ct AUDPC (Days) tahibition (%)
concentration (%) Local Systemic
Before CPMMYV inoculation 0.75 87.42 65.23 48.70
1.5 82.28 68.95 46.25
3.0 50.44 83.60 58.49
6.0 39.82 85.18 66.05
After CPMMYV inoculation 0.75 115.78 30.32 18.18
1.5 108.56 48.59 25.84
3.0 95.49 63.71 40.20
6.0 56.10 76.25 52.68
Mixed with 0.75 58.65 74.12 54.17
CPMMYV sap 1.5 32.29 87.43 66.92
3.0 10.07 92.36 70.34
6.0 5.25 97.85 86.21
Negative control - 2.43 99.26 99.53
Positive control - 198.70 0.00 0.00
Average (%) 55.11

with CPMMYV sap showed healthy plants without mild
yellow blotch on 8 test plants until the end of observation
for each treatment and had absorbance values < 2 times
NAE of negative controls and were detected negative
with CPMMYV antiserum, except CNS extract treatment
(6.0%) after CPMMYV inoculation and mixing CNS
extract (0.75%) with CPMMYV sap showing healthy
plants and mild yellow blotch. This healthy-looking plant
with mild yellow blotch had an absorbance value > 2
times NAE from negative control and positive detection.
Whereas twelve out of five treatments above showed
clear yellow and slightly mottled symptoms and were
detected positive with CPMMYV antiserum. However,
the treatment of cashew nutshell extract at a
concentration of 6.0% before and after the inoculation
of CPMMYV caused symptoms of phytotoxicity (Table
4). Plants appear healthy without visible symptoms of
mild yellow blotch and do not react with CPMMV
antiserum allegedly due to the influence of bioactive
compounds from the application of these extracts that
could reach the active area of the ribosome, thus
preventing the removal of the protein envelope from
the virus. The bioactive compound in the CNS extract
was anacardic acid with a concentration of 76.93%,
while the remaining 21.22% consisted of cardols
(12.75%), cardanol (4.66%) and 2-methyl-cardols
(3.81%) (Andayanie et al., 2019 ). According to Cecilio
et al. (2012) and Aderiye et al. (2015) anacardic acid

from cashew nutshell extract has a close relationship
with salicylic acid which is an inhibitor and antiviral
against Rotaviruses that cause diarrhea. Mirabilis
jalapa leaf extract was also able to increase salicylic
acid content to activate the formation of PR protein and
has a role for induced systemic resistance against Bean
common mosaic virus (Kurniingsih & Damayanti, 2012).
Bioactive compounds from natural antivirals will have
effectiveness if the inducer was applied shortly after
challenge inoculation with the virus. Plants with low viral
concentrations have high peroxidase activity, as reported
in tobacco resistance response from TMV infection
(Matthews, 1992; Madhusudhan et al., 2011).

CONCLUSION

This research succeeded in proving the
effectiveness of cashew nutshell extract and its potential
content as an antiviral that was able to suppress
CPMMYV infection in soybeans. From the tested
treatments and concentrations, the mix of cashew
nutshell extract at a concentration of 6.0% with sap
CPMMYV has the lowest AUDPC value with the highest
percentage of local and systemic inhibition and the lowest
CPMMYV titer. Although the virus titer in the treatment
did not have a significant difference with the virus titer
of mix cashew nutshell extract at a concentration of
3.0% with CPMMYV sap and the cashew nutshell extract
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Table 4. The ELISA absorbance value (EAV) of selected treatment from CNS extract as resistance inducer

Extract

Extract treatment concentration Symptom ELISA result
(%) EAV Reaction
Before CPMMYV inoculation 0.75 Clear yellow blotch on the 0.621 b** +
leaves, no wrinkle observed
1.5 Clear yellow blotch on the 0.606 b +
leaves, no wrinkle observed
3.0 Healthy leaves 0.490 c -
6.0 Healthy leaves, mild 0.458 cd -
phytokinesis on the sprayed
area
After CPMMYV inculation 0.75 Clear yellow blotch on the 0.634 Db +
leaves, no wrinkle observed
1.5 Clear yellow blotch on the 0.628 b +
leaves, no wrinkle observed
3.0 Clear yellow blotch on the 0.622 b +
leaves, no wrinkle observed
6.0 Leaves appear healthy, mild 0.619b +
yellow blotch observed, mild
phytokinesis on the sprayed
area
Mixed with 0.75 Leaves appear healthy, mild 0.596 be +
CPMMYV sap yellow blotch observed
1.5 Healthy leaves 0.513 ¢ -
3.0 Healthy leaves 0.451 cd -
6.0 Healthy leaves 0.440 cd -
Negative control - Healthy leaves 0.296d -
Positive control - Severe mosaic symptom, leaf  1.045a ++
distortion, plant dwarf
Coefficient of variation (%) 21.758

*The EAV of negative control = 0.296, EAV of positive control= 1.045; The reaction was positive if the EAV of
the sample in twice than EAV of negative control (positive ¢ 0,592); + (visually light yellow); ++ (visually dark
yellow); “ (visually clear);” The same letter at each column showed the no significance different based on Duncan

multiple range test at significance level of 5%.

at a concentration of 6.0% before inoculation of
CPMMYV. However, the treatment of cashew nutshell
extract concentration of 6.0% prior to the inoculation
of CPMMV caused phytotoxicity. Therefore for
application in the field, it is necessary to use cashew
nutshell extract at concentrations lower than 6.0%
before CPMMYV infection.
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