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ABSTRACT: Pumpkin (Cucurbita moschata Duch.), a prominent cucurbitaceous vegetable consumed in India is
more vulnerable to viral infections under field conditions. Plant viruses are considered major constraints for
cucurbit production. Management of viral diseases is crucial for increasing pumpkin yields and value. Viral
diseases of pumpkins are widespread in Assam and considered as a major concern for production and
productivity of the crop. Pumpkin plants showing chlorotic spots, mosaic, mottling, green vein banding, leaf
deformation and blistering symptoms were collected and analyzed for presence of virus using reverse
transcription PCR (RT-PCR). Sequence similarity analysis and phylogenetic studies revealed that the isolated
virus was Cucumber mosaic virus of Subgroup 1B. Further, the study also constitutes to test the efficacy of
different seed treatments for the inactivation of seed-borne Cucumber mosaic virus in pumpkin variety
Arjuna Pumpkin. In the current study, virus inactivation treatments for seeds were prepared using
potassium peroxymonosulfate, trisodium phosphate, triton x 100, sodium hypochlorite, hydrochloric acid
(HCl), pseudomonas fluorescence, an untreated control, and farmer's practises as treatments. It was found
that seeds treated with potassium peroxymonosulfate showed a lower percentage of viral infection (6.70%),
followed by HCI treatment (13.48%) and Trisodium phosphate (26.93%). In addition, all other treatments
observed an apparent higher viral symptom severity score index than Potassium peroxymonosulfate. Based
on the results of this experiment, potassium peroxymonosulfate was found to be the most effective treatment
since it considerably reduced the proportion of infected plants and promoted healthy vegetative growth.

Keywords: Pumpkin, CMV, Coat protein, Seed Treatment, Seed-borne Viruses, AUDPC, PCA-biplot.

INTRODUCTION 45,000 ha (FAOSTAT 2021). The average fruit weight
ranges between 8 and 10 kg, with some fruits weighing
up to 20 kg. This vegetable is a rich source of

phytonutrients and is an important source of functional

Pumpkin is considered one of the important vegetable
crops belonging to the family Cucurbitaceae and is

extensively grown in sub-tropical regions of India. The
Cucurbitaceae family includes 118 genera and 825
species (Jeffrey et al., 1990), among which pumpkin
(Cucurbita maxima Duch. and Cucurbita moschata
Duch.), cucumber (Cucumis sativus L.), melon
(Cucumis melo L.), watermelon (Citrullus lanatus
Thunb.), zucchini (C. pepo), fig leaf gourd (C. ficifolia),
and fluted pumpkin (Telfairia occidentalis), Among
these, C. pepo L., C. maxima Duch., and C. moschata
Duch. are considered to be economically important crop
species (Whitaker and Davis 1962; Taylor and Brant
2002). In 2020, the worldwide production of pumpkin,
squash, and gourds was about 28 million tonnes from
an area of 5 million ha, and in India, the total
production was 5.1 million tonnes from an area of
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components such as vitamin E, ascorbic acids, linoleic
acid, zeaxanthin, carotenoids, phytosterols, selenium,
and others, which may also act as antioxidants in
human nutrition. (Sirohi ef al., 1991).

Cucurbits are often attacked by many biotic and abiotic
agents, of which diseases and pests are considered
major concerns for the productivity of cucurbits
(Loebenstein and Thottappilly 2009). Plant viruses are
considered major constraints for cucurbit production,
with over 39 genera known to infect cucurbits, causing
major losses in both quality and quantity (Ayo-John et
al., 2014; Lecoq and Katis 2014; Nicaise, 2014).
Among the plant viruses, Begomovirus, Crinivirus,
Polerovirus, Cucumovirus, Ipomovirus, Tobamovirus,
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Tospovirus, and Potyvirus are considered to be known
to infect cucurbits (Knierim et al., 2010; Antignus et
al., 2001). In India, cucurbits are being attacked by a
wide range of plant viruses, which include
Begomovirus, followed by Potyvirus, Polerovirus,
Cucumovirus, and a few others (Kumari et al., 2021).
Among these viruses, cucumber mosaic virus (CMV) is
considered the most common virus to attack the crop in
the field and cause highly prevalent viral disease in
vegetables, making the production cumbersome
(Roossinck, 1999; Palukaitis et al., 1992; Miao et al.,
2016). Cucumber mosaic virus is the predominant virus
affecting the major crops of the north-eastern states of
India, with a yield loss of up to 30-50% (Baruah et al.,
2016; Borah et al., 2019; Routhu et al., 2022). Virus
symptoms in cucumbers vary from mild mosaic or vein
banding to severe mottling and malformation of leaves,
colour change and deformation of fruit, and plant
stunting (Davis and Muzuki 1987). According to
studies, CMV is seed-borne in nature, resulting in 80%
of annual losses and leading to local epidemics. (Florini
and Zitter 1987).

Cucumber mosaic virus (CMV), a type member of the
genus Cucumovirus within the family Bromoviridae, is
one of the most widespread and significant viruses
affecting important solanaceous, cucurbitaceous, and
non-crop plants. CMV's host range includes over 1,000
plant species, including major crops, fruits, and
vegetables. The transmission of CMV is primarily
through aphids in a non-persistent manner. The genome
of CMV contains three positive-sense, single-stranded
RNAs enclosed in separate particles (Palukaitis ef al.,
1992). RNA 1 and 2 encode 1a and 2a proteins, which
constitute the replication and multiplication of the virus
(Peden and Symons 1973). RNA 2 encodes the 2b
protein, which has multiple functions including cell-to-
cell movement, symptom induction, and acting as a
virulence determinant by suppressing host gene
silencing (Ding et al., 1994; Brigneti et al., 1998). The
RNA3 encodes two proteins: 3a, which involves cell-to-
cell movement protein, and 3b, which encodes capsid
protein (CP). The coat protein gene is involved in the
aphid-mediated transmission and assemblage of virions
(Canto et al., 1997; Mossop et al., 1977). CMV strains
have been classified into two main subgroups,
i.e., subgroups I and II, based on serology, nucleic acid
hybridization, RT-PCR followed by RFLP, and
nucleotide sequence identity (Roossinck, 2002).

Several strategies have been developed for the control
of viral diseases in plants, including cultural practises
(e.g., removal of weeds, eradication of plants, and use
of disease-free seeds) and the use of chemical and
biological pesticides, such as synthetic pyrethroids,
organic halogen compounds, and carbamates, for the
control of insect vectors (Palukaitis et al., 1992). In
addition, almost all viral pathogens do not have
chemical alternatives in their management (Iriti and
Varoni 2015; Gerhardson, 2002). Since chemicals can't
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be easily used to treat seed material and farmers don't
know the best ways to apply chemicals to seeds, viruses
can cause huge losses in crop production and value
(Paylan, 2011).

The yield of crops depends on the quality and viability
of the seeds used to grow them. Viruses have been
found to be a major threat to seed health and vigour,
which ultimately leads to a reduction in crop yield
(Johnson et al., 1983; Chatzivassiliou et al, 2008),
germination percentage (Pesic and Huruki 1988;
Blattny and Osvald 1954), deterioration of seed colour
and shape (Inouye, 1962), and seed chemical
composition (Ghosh et al., 2011).

To date, several researchers have focused on the
inactivation of viruses in vegetable seeds by using
various chemicals and other physical or mechanical
means. Cordoba-Selles et al. (2007) discovered that
immersing Pepino seeds in 10% trisodium phosphate
for 3 hours followed by an hour of heat treatment at 80
°C successfully inactivated the Pepino mosaic
potexvirus (PepMV). Although germination was
adversely affected, the Capsicum mosaic virus affected
pepper seeds, which, when heated in an oven at 76 °C
for 72 hours following 3 months post-harvest storage,
could eliminate the entire viral population (Rast and
Stijger 1987). Treatment of BSMV-infected barley
seeds with 10,000 rad of gamma rays reduced symptom
expression in grown plants (Halliwell and Langston,
1965). Despite the fact that viruses cause numerous and
extremely destructive diseases in Cucurbitaceae, little
consideration was paid to the management of the
viruses. In light of the elevated incidence of cucumber
viruses and their growing economic significance, it is
necessary to continue research focusing on the
molecular identification and characterization of the
cucumber mosaic virus. Management of viral diseases
is crucial for increasing pumpkin yields and value
(Masika et al., 2017). For the development of effective
control strategies, information on pumpkin viruses and
their incidence according to pumpkin-sortant criteria is
necessary. Utilizing healthy, virus-free seeds is the
primary strategy for managing plant viruses (Li et al,
2020). A few disinfectants have been found to be
effective against certain viruses in crop plants, although
there is still a lot of scope for improvement. (Chanda et
al., 2021). Six disinfectants were tested for their
efficacy against mixed virus infection of the cucumber
mosaic virus in pumpkin crops, which affected crop
yield. This work aimed to identify the most effective
disinfectant(s) to prevent infection by cucmber mosaic
virus in cucurbits, specifically in pumpkins.

MATERIALS AND METHODS

Sample collection and processing: Suspected leaf
samples of naturally infected pumpkin exhibiting
typical mosaic, mottling, green vein banding, leaf
deformation, and blistering symptoms were collected
from the fields of Jorhat and Gossaigaon in Assam,
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India, during mid-December 2020. The leaves were
properly labeled and stored at -80°C for further use.
The virus sap was maintained through repeated sap
inoculations on other pumpkin plants.

Molecular detection and characterization of the coat
protein gene of CMV:

From the virus-infected leaves of a pumpkin, total RNA
was isolated using a Miniscript Nucleospin RNA Plant
Kit (Machery-Nagel) according to the manufacturer’s
protocol. The integrity and quality of total RNA were
checked on 12% Agarose gel wusing a
spectrophotometer. From the isolated RNA, cDNA
synthesis was made using a High-Capacity cDNA
Reverse Transcription Kit (Applied Biosystems). The
reaction mixture for cDNA synthesis consisted of 2ul
of RT buffer, 0.8ul of ANTP mix, 2ul of RT random
primer, lul of reverse transcriptase enzyme, lul of
RNase inhibitor, 3.2ul of nuclease-free water. The final
volume was adjusted to 20ul by adding 100ul of
isolated RNA of 100 ng. The reaction cycle was carried
out at 25 °C for 10 min, followed by 37 °C for 120 min,
and 85 °C for 5 min. The coat protein (CP) region of
CMV was amplified using specific primers (CMV CP
forward: 5' TTAAGAAATATACCGCTTTT3' and
CMV CP reverse: 5' AGTCCTTCCGAAGAAACCG
3") (Borah et al. 2019). The reaction mixture for PCR
amplification of the CP gene consisted of 10ul Emerald
PCR mix (Emerald Amp® MAX PCR Master Mix), 1
ul of cDNA as a template, 1ul each of forward and
reverse primers (10uM final concentration), and final
volume was adjusted to 15ul by adding 2ul of nuclease-
free water. The PCR cycle utilized for amplification of
the CP gene was initial denaturation of 4 min at 94 °C
followed by 35 cycles of denaturation at 94 °C for
30sec, 55°C for 30sec, 72 °C for 40sec and a final
extension temperature of 72 °C for 5 min. The PCR
products were visualized on an agarose gel (1.2%) in a
1X TBE buffer containing 200ng of ethidium bromide
mL,

Phylogenetic  Analysis. PCR amplicons were
sequenced to compare the genetic diversity of CMV in
pumpkins from Jorhat and Gossaigaon with other CMV
isolates around the world. A basic local alignment
search tool (BLAST) from the NCBI
(http://www.ncbi.nlm.nih.gov/) was used to try to figure
out what the nucleotide sequences of genomic
fragments from CMYV isolates were. The evolutionary
distances were calculated using the p-distance method
(Kumar et al., 2018). The phylogenetic inference was
made using the conserved CP gene fragment of CMV
isolates from Jorhat and Gossaigaon and MEGAX
software.

Planting material and description of experiments.
The experiment was performed during the Rabi season
(the year 2021) at the Horticultural Experimental Field
of Assam Agricultural University, Jorhat (latitude:
26°45' N, longitude: 94°12' E, altitude: 87 m, with an
elevation of 116 m above mean sea level). Viable
pumpkin seeds of a pumpkin cultivar (Arjuna Pumpkin,
which is a well-known variety in most Asian countries)
previously infected with CMV was used as planting
material for the present investigation. In this
experiment, a total of 7 treatments were considered,
including an untreated control (Table 1). A total of 20
seeds were used in each treatment and were sown
individually in polybags filled with soil. The
germination percentage of seeds was recorded for each
treatment, and once fully germinated, 15 seedlings were
transplanted to the main field with a spacing of 1 m for
each treatment and the control. Uniform cultural
practices like weeding and other intercultural operations
were adopted in each plot throughout the crop's growth.
Along with the above treatments, 15 Arjuna Pumpkin
seedlings were given to a farmer in Charigaon village
of Jorhat district in Assam, India, to grow in his own
field using an indigenous package of practices. This
was done so that we could keep track of how often viral
diseases happened.

Table 1: Different seed treatments used in the present study.

Treatment

Details

Treatment [

Seeds of pumpkin were soaked in Potassium peroxy monosulfate solution of 2% concentration for 10 minutes
and air-dried before sowing.

Treatment 1

Seeds of pumpkin were soaked in Trisodium phosphate solution of 2% concentration for 10 minutes and air-

dried before sowing.

Treatment 111

Seeds of pumpkin were immersed in10%TritonX100forl Ominand air-dried before sowing.

Treatment [V

Seeds of pumpkin were immersed in 0.4% sodium hypochlorite (NaClO) for 10 min and air-dried before

sowing.

Treatment V

Seeds of pumpkin were immersed in 2% hydrochloric acid (HCI) for 10 min and air-dried before sowing.

Treatment VI

Seeds of pumpkin were steeped in a
slurry of Pseudomonas fluorescens@10g/lt of water and air-dried at normal room temperature before sowing.

Untreated control

Control (untreated seed)

Farmer’s practice

Seeds were given to a farmer to grow in his own field using their indigenous technique.

Estimation of disease prevalence and severity. The
field was observed at regular intervals to check the
presence of viral symptoms in the experimental plot
during the entire crop season. Plants were randomly
evaluated for virus-like symptoms of cucumovirus,
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potyvirus and begomovirus such as yellow spots,
mosaic/mottling,  green  vein  banding, leaf
deformation/distortion and blistering (Nagendran et al.,
2017). Viral Disease prevalence (DP) was assessed for
all the treatments individually based on the number of
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plants infected to the total number of plants present in
each treatment.

DP (%) =n/N x 100

Where, n is the number of plants showing symptoms
and N is the total number of plants. Disease prevalence
in a pumpkin was observed during the 15", 30, 60,
90™ and 120™ days after transplanting in the main field.
Along with disease prevalence, infection percentage
and infection progress rate were also estimated for all
the treatments on the 15%, 30, 60", 90™ and 120™ days
after transplanting in the main field upon treatment.
More specifically, symptoms were classified into five
categories, namely: (a) yellow spots, (b)
mosaic/mottling, (c) green vein banding, (d) leaf
deformation/distortion and (e) blistering. The symptom
severity of viral-infected pumpkin plants was estimated
by a scoring system (ordinal disease rating scale) using
an index ranging from O to 5 and defined as follows: 0
:- no infection (none of the above-mentioned symptom
categories is observed); 1:- mild infection (any one of
the three symptom categories is observed); 2:-
Moderate infection (any two of the three symptom
categories are observed); 3:- Severe infection (three
symptom categories were observed); 4:-highly severe

infection(four symptom categories were observed); and
5= Extremely severe infection(all five symptom
categories were observed) (Routhu er al, 2022).
Furthermore, the impact of each treatment on plant
length was estimated at 120 days after transplanting by
measuring the average plant length of all 15 plants
under each treatment.

Data analysis. For analyzing the data, ANOVA
(Analysis of variance), descriptive statistics, and
heritability were performed utilising Genstat software
(www.biosci.global/softwar-en/genstat) and R v. 3.6.1
software (https://www.R-project.org/.). AUDPC for all
the treatments were estimated using Microsoft Excel
2016. Past v.4.03 software was used for the analysis of
PCA-Biplot and boxplot (Nayak et al., 2017).

RESULTS

Observation of viral disease symptoms in pumpkin.
From the infected plants, symptoms associated with
CMYV infection were vein banding, downward leaves,
mottling, stunting, narrowing, leaf rolling and upward
cupping, yellowing and blistering of leaves (Fig. 1).

(E) (F)

@) (H)

Fig. 1. Disease symptoms observed on pumpkin crop in the experimental field: (A)Yellow spots; (B) Mosaic; (C)
Mottling; (D)Vein banding and chlorosis; (E) Leaf rolling and upward cupping, blistering, narrowing; ( F) Vein
clearing, mosaic, upward curling of leaves; (G)Vein clearing, mosaic, mottling, chlorosis; (H) Leaf chlorosis/
yellowing.

Molecular characterisation and Phylogenetic
analysis. Characteristic symptoms of Cucumber mosaic
virus infection in pumpkin plants were reported in the
fields of Jorhat and Gossaigaon places of Assam. The
incidence of CMV in pumpkin fields was confirmed
based on Semi-Quantitative PCR results. Infected
samples generated an amplicon size of 699bp, thus
confirming the CMV infection in pumpkin (Fig. 2). The
viral origin of the specific amplicon was confirmed by
Sanger di-deoxy sequencing and found to the CP gene
of the Cucumber mosaic virus. The obtained genomic

sequence was analysed through multi-alignment
(Corpet 1988) and nBLAST
(blast.ncbi.nlm.nih.gov/Blast.cgi) tools of NCBI
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(Enclosed in additional files 1 and 2). It was found that
isolated CMV sequence belongs to subgroup IB type of
CMV and shares 99% similarity with other CMV
isolates around the world. The retrieved sequence was
deposited in the NCBI database and assigned with gene
accession numbers (MZ219645 and MZ219646).
Phylogenetic analysis was conducted with 29 closely
related CMYV isolates around the world, so as to find the
genetic diversity between the isolates (Fig. 3). CMV CP
of pumpkin from Assam (MZ219645 and MZ219646)
formed maximum similarity with CMV isolate
(MW291545.1) infecting chilli in Ecuador, and with
other CMYV isolates (KM272276.1) infecting chilli in
Karnataka, India.
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Fig. 2. Semi-Quantitative PCR analysis for the amplification of Coat Protein (CP) gene of CMV infecting Pumpkin;
Agarose gel electrophoresis showing amplification of 699bp nt CP gene, with lane M: 100bp ladder (Takara), lane
1-2: Isolates of Jorhat, Lane 3-4: Isolates of Gossaigaon; B-Blank (No DNA).

MW291545.1 Ecuador [Capsicum anmum]
L KX014666.1 Egypt [Solanum lycopersicum]
JNO054635.1 Malaysia [Cucumber]
MG021462 .2 Uganda[Xanthosoma sps.]
MG021459 2 Uganda[Xanthosoma sps.]
MK387174.1 Brazil [Arachis pintoi]
KU947031.1 India [Kamataka:Black pepper]
L MT427867.1 India[Tamil Nadu:chilli]
MT422730.1 India[Tamil Nadu:Capsicum anmum]
oz L KM272276.1 India[Kamataka-Chilli]

o6m —— KM272275.1 India [Kamnataka-Chilli]
A MZ219645 India[Jorhat:Cucurbitamoschata]
o —— A\ MZ219646 India[Gossai C bi h

— MK239129 2 India [Lucknow-Ocimum gratissinmum]
MKO015046.1 India [Lucknow:Tylophora indica]
%% e | EF593024.1 India[Lacknow-Datura]
S L —— EF593025.1 Indl_a [Lucknow-Rauvolfia serpentina]
o6 —— EF593026.1 India [Lucknow-Jatrophal
Q3432322 India [Lucknow-Brinjal]
JN692495.1 India[Lucknow-Gerbera]

6% L EF178298.1 Indi_a [[chknow:B_al!anx]

6% —— GU906293 .2 India [KanpurBrinjal]
MN495621.1 India [Bangalore:chilli]
MT661456.1 Southkorea [Capsicum anmum ]

:
KC527730.1 South Korea [Capsicum anmum]
96R% KC527740.1 South Korea [Pepper]
e I e i o e
— KC527765.1 SouthKorea
W% 6w —— KC527773.1 Southkom[ucmmnum]
Fig. 3. Phylogenetic relationship of CMV isolates from Assam infecting pumpkin (Red triangle) with other CMV
isolates reported worldwide based on coat protein gene. The number at nodes represents the bootstrap percentage

score out of 1000 replicates.

26%

Analysis of variance, descriptive statistics and
heritability. Analysis of variance showed that a
significant difference was observed among the different
treatments for the control of viral disease in pumpkins
(Table 2). The mean value of disease percentage
indicated that expression of viral disease was heavier at

120" days after transplanting in all the treatments
(Table 2). None of the seed treatments could
completely eliminate the viral infection in natural
conditions, but all the treatments are effective over the
control and farmer’s practice.

Table 2: ANOVA and descriptive statistics based on viral disease incidence percentage of different treatments
in pumpkin.

Treatments Percent Disease incidence at difference days after transplanting (DAT)

15" DAT 30" DAT 60" DAT 90" DAT 120" DAT
Potassium peroxymonosulfate (2%, 10min) 0.00 0.00 0.00 6.49 6.70
Trisodium phosphate (2%, 10 min) 0.00 7.11 13.11 13.45 26.93
Triton x 100 (10%, 10 min) 0.00 25.64 41.16 42.12 44.62
Sodium hypochlorite (0.4%, 10 min) 0.00 26.30 27.52 26.30 41.37
HCI (2%, 10 min) 0.00 7.04 6.78 7.13 13.48
Pseudomonas fluorescence (10g/1t, 24 hr) 0.00 13.34 21.40 27.58 27.92
Farmers practice 20.37 32.53 33.45 4841 59.97
Untreated control 13.42 27.71 27.00 34.67 47.56

Mean 4.22+0.33 17.46+0.46 21.30+0.42 25.77+0.48 33.57+1.34

F-ratio 598.21%* 680.83** 1081.06** 1070.58** 180.93**

C.D.(at 5% level) 1.00 1.40 1.28 1.46 4.08
CV (%) 13.48 4.58 343 3.23 6.92

“#47 Significant at 1%
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PCA-Biplot analysis for espial of effective treatment.
The PCA analysis based on viral disease incidence
percentage on five different days after transplanting of
eight treatments, including control (Untreated control
and farmers practice), explained that all the treatments

have a significant difference in suppressing the viral
diseases. The first two PCs in the biplot (PC1 and PC2)
explained 95.58 % of the total variation due to the
effect of different treatments for viral diseases (Fig. 4).

ent 2 (21.95%)

Compon

15DAT

®Farmers practice

®Untreated control

oy 05

0DAT ¢
30DAT
120847

PPseu

Component 1(73.63%)

60DAT
domonas flurescens

®Sodium hypochloride

®Triton X 100

Fig. 4. PCA-Biplot based on viral disease percentage of eight different treatments.

Out of eight treatments, including farmers’ practice and
un-treated control evaluated for inactivation to seed-
borne viral disease, only three treatments (Potassium
peroxymonosulfate, HCl and Trisodium phosphate)
which had < average 15 % viral disease expression
were subjected to efficacy analysis to identify most
effective treatments. The first section contains the
Farmers/s practice and untreated control are ineffective
to viral diseases of pumpkin and also plotted on the
same side of 15 DAT. The second section contains the
30 DAT, 60 DAT, 90 DAT and 120 DAT with two
treatments like Pseudomonas fluorescence, Sodium
hypochlorite and Triton x 100 as the less effective
treatments to control the viral diseases of pumpkin. The
third section contains two treatments, HCI and
Trisodium phosphate, which are moderately effective in
controlling viral diseases. Finally, the fourth section
contains only one treatment, Potassium
peroxymonosulfate, which is plotted opposite to the

disease scoring days, and it is the most effective
treatment to control the viral diseases of pumpkin.
Effect of different treatments on seed germination,
plant growth and disease pressure. All the treatments
showed significant variation in seed germination, plant
growth at 20 days after transplanting and disease
pressure as expressed by AUDPC value. Germination
percentage of treated (including control and farmer’s
practices) pumpkin seeds ranged from 90% for
untreated seeds to 100 % for seeds treated with
Pseudomonas fluorescence, with an average of 97.21
%. These results indicated that pre-sowing seed
treatments could increase the germination percentage in
pumpkins. Similarly, all the treatments could enhance
the plant length at 20 days after transplanting in
comparison to untreated pumpkin seeds and results
from further states seed treatment with Potassium
peroxymonosulfate resulted in maximum plant length
of the crop.

Table 3: ANOVA and descriptive statistics of germination (%), plant length and AUDPC value revealed by
different treatments in pumpkin.

Treatments Germination (%) Plant length at 20 DAT AUDPC value
Potassium peroxymonosulfate (2%, 10min) 99.67 30.85 295.15
Trisodium phosphate (2%, 10 min) 99.67 22.64 1360.80
Triton x 100 (10%, 10 min) 99.00 22.62 5744.60
Sodium hypochlorite (0.4%, 10 min) 95.00 21.98 2827.05
HCI (2%, 10 min) 99.33 28.74 777.98
Pseudomonas fluorescens (10g/1t, 24 hr) 100.00 24.46 2188.23
Farmers practice 95.00 18.96 4239.85
Untreated control 90.00 18.87 3287.55
Mean 97.21+0.45 23.64+0.31 2340.15+34.71
F-ratio 63.67%* 192.54%** 1697.59**
C.D.(at 5% level) 1.36 0.94 2231.23
CV (%) 0.80 2.26 49.07
“#47 Significant at 1%
Borah et al., Biological Forum — An International Journal — 15(2): 1053-1063(2023) 1058



Disease pressure caused by mixed virus infection upon
different treatments in a pumpkin was expressed by
AUDPC value and is represented in Fig. 5. Minimum
disease pressure was observed in Potassium
peroxymonosulfate treatment, and it was proven to be
the most effective treatment resulting total 293.13
AUDPC value against viral diseases. HCL-treated seeds
showed medium effectiveness in controlling the viral
diseases in pumpkin and emanating 777.98 AUDPC

Potassium Peroxy monosulfate

AUDPC =293.15

Triton X 1

0 AUDPC = 3744.60

Farmers Practice

AUDPC = 4239.85

HCI

AUDPC = 777.98

value for the viral diseases. According to the AUDPC
analysis, farmer's practice had a poor effect to eliminate
viral diseases in pumpkin, and it enhanced the viral
disease pressure in comparison to untreated control.
The total disease pressure in terms of AUDPC value in
the case of farmer's practices was 4239.85. The disease
pressure of the remaining treatments was lesser
compared to the control (untreated seeds) except for
Triton x 100.

Zilon

AUDPC = 1360.80

Sodium Hypochloride

AUDPC = 2827.05

!
i i
i ]
i t
i i
i :
i :
i ;
i H
i :
1 !

Untreated Control

AUDPC = 3287.55

Pseudomonas fluorescens

AUDPC = 2188.23

Fig. 5. Effects of different treatments on AUDPC of viral diseases in pumpkin.

The relationship between the germination percentages,
plant length and disease pressure with different
treatments was explained by the PCA-biplot (Fig. 6).
Considering  the all  parameters, Potassium

peroxymonosulfate is the most impressive treatment,
and it was plotted on the opposite side of AUDPC in
the PCA-biplot.

Component 2 (0.89%)

007§
|

Triton X 1008
0.060

00451
0.030 *Pseudomonas flurescens

GP
0015

090 VirkoW3s -0.60 -0.45 -030

Component 1(99.05%)

0015

*Zilon 0030

®Farmers practice

-0.045

“Untreated control

Fig. 6. PCA-biplot shows the relationship among the germination percentage, plant length and AUDPC value with
different treatments. [GP: Germination percentage; PL: Plant length at 20 DAT].
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DISCUSSION

The cucumber mosaic virus (CMV) has become a major
threat to pumpkin production in Assam, India.
However, it is difficult to visually diagnose CMV in the
field because some of the symptoms may be related to
other biotic agents such as Watermelon mosaic virus
(WMV), Zucchini yellow mosaic virus (ZYMV), and
Squash mosaic virus (SQMV) (Lisa, 1984; Chala et al.,
1987). As a result, reliable and accurate detection
methods for CMV in fields are required. In this study,
reverse transcription PCR (RT-PCR) was employed for
the detection of CMV infecting pumpkins. CMV was
successfully detected through RT-PCR by generating an
amplicon size of 699 bp in 1.2% agarose gel
electrophoresis.

Several studies have been conducted recently to
recognize disinfectants to reduce the infectivity of seed-
borne plant viruses and viroids in different ornamental
crops (Chanda et al., 2021; Lewandowski et al., 2010;
Kamenova and Adkins 2004; Hu et al, 1994),
including cucurbits (Coutts et al., 2013), greenhouse
tomatoes (Matsuura et al., 2010; Wintermantel, 2011),
etc. Farmers from Assam use seeds from the previous
season and usually propagate them without proper seed
treatments, thereby increasing the spread of seed-borne
viruses in cucurbits. As there are no standard seed
treatments for the management of seed-borne viral
diseases in pumpkins, we made an attempt to test the
efficacy of six different seed disinfectants against virus
infection in pumpkins and to suggest a reliable
treatment for controlling seed-borne viruses of
begomovirus, potyvirus, and cucumovirus in pumpkins.
Our results showed that none of the treatments could
completely eliminate the viruses in the seeds, but a few
of them could manage the viral infection to a greater
extent. The efficacy of every seed treatment against
viruses completely depends on the location of the virus
in the seed. Research by Mathews (1991); Mink (1993);
Agarwal and Sinclair (1997) revealed that seed-
transmitted viruses are mostly present within the
embryo. A suitable disinfectant for any kind of
vegetable production should satisfy some criteria,
including short contact time, broad efficacy against
viruses, safety for workers, not being corrosive to
infrastructure, not being phytotoxic to plants, and being
economical. According to the results of the present
investigation, with its broad-spectrum efficacy against
mixed virus infections in pumpkin crops, the most
effective disinfectant, 2% potassium
peroxymonosulfate, may be recommended to prevent
general viral infection in pumpkin crops. Previous
research has shown that potassium peroxymonosulfate
is the most effective disinfectant and is capable of
eliminating various human and animal viral pathogens
(Shahid et al., 2009; Zou et al., 2013). As reported by
Li et al (2015, 1% or 2% potassium
peroxymonosulfate could successfully deactivate
PepMV, ToMV, and TMV (Pepino mosaic virus,
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Tomato mosaic virus, and Tobacco mosaic virus) in
tomatoes. However, when 2% potassium
peroxymonosulfate solution was used, full protection
from TMV infection was observed (Li et al., 2015). Li
et al. (2015) reported that 2% potassium
peroxymonosulfate achieved the most consistent effects
against four tomato viruses and viroid pathogens:
PepMV, PSTVd, TMV, and ToMV. Treatment of
contaminated tools with 1% (wt/vol) potassium
peroxymonosulfate significantly =~ reduced  the
contamination during the process of taking cuttings in
petunias, as reported by Lewandowski et al. (2010).
Chemicals such as HCI (hydrochloric acid) were found
to be very efficient against seed-borne viruses, as
described by Ismail er al. (2014); Broadbent (1965);
Alexander (1960); McGuire et al. (1979). Amrate et al.
(2020) reported that trisodium phosphate, an antiviral
remedy @ 6 ml/L at 15, 30, and 45 DAS, was found to
be effective in controlling the yellow mosaic virus of
soybean as well as in increasing the soybean yield.
Plant growth-promoting microbes (PGPM), which may
produce antiviral compounds and endorse the defense
potential of plants against different viruses, have
become a promising substitute capable of promoting
virus tolerance in plants (Yue er al, 2000). Several
studies have suggested the possibility of using bacterial
as well as plant RNase to protect plants from
pathogenic viruses. Thus, identifying the biological
properties of plant growth-promoting microbes and
their role in the plant microbiome can lead to the
development of biological products that may be
antiviral, insecticidal, fungicidal, bactericidal, immune,
and growth-promoting (Mhlongo et al, 2018).
Lewandowski ef al. (2010) reported that 0.1% Tween
20 or a 1:10 dilution of household bleach (0.6% sodium
hypochlorite) plus a 20% (wt/vol) solution of nonfat dry
milk (NFDM) completely removed TMV transmission
from petunia flowers. Over the past three decades,
TritonX-100 (TX-100) has been widely considered the
most effective disinfectant in the medical as well as
biotechnology industries (Horowitz et al., 1985).
Anderson (1987) reported the effectiveness of
CH3COOH, NaClO (Sodium hypochlorite), HO,, and
Triton x 100 treatments in eradicating viruses from
seeds. The occurrence of viral diseases is observed
more in cucurbits and other vegetable crops due to the
destitute agronomic management system used by
farmers, along with poor weed management in fields,
continuous cropping or mono-cropping, and other poor
pest management methods (Thresh, 2003; Hull, 2009).
Furthermore, the use of uncertified seeds by the
farmers, along with the inappropriate use of pesticides
due to a lack of knowledge, is found to be the prime
cause of the resistance of the aphids and whitefly
vectors to the chemical barrier in viral disease
management in crop plants (Ayo-John et al., 2014;
Afouda et al., 2013).
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CONCLUSIONS

The present study revealed that the viral diseases of
pumpkins are widespread in Assam and considered as a
major concern for production and productivity of the
crop. Results from reverse transcription PCR and
molecular characterization indicates the presence of
CMV infection in pumpkin and generated an amplicon
size of 699bp in 1.2% agarose gel electrophoresis. It
was not possible to establish a correlation between the
type of symptom, which might not act as a reliable
indicator for a particular virus and for this, molecular
characterization is essential. In this study we aimed to
test the efficacy of different seed treatments in
controlling the virus infection in pumpkin. The results
states that 2% Potassium peroxymonosulfate is the most
effective treatment against mixed virus infection viruses
in pumpkin crops. This information is, therefore, a
valuable contribution for the management of viral
diseases in cucurbits of Assam, India. The management
strategies against viruses in plants also depend on
existing viruses, seasons of severe infection by those
viruses and the weeds that act as alternate hosts. As
mentioned here, the important role that seeds play in
virus spread is recognized by researchers and
evaluating the optimum dosage and duration of seed
treatments for different seed-virus combinations is
important without damaging seed vigour and health.
Research involving human participants and/ or
animals: This article does not contain any studies with
human participants or animals performed by any of the
authors.
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