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ABSTRACT: Cowpea mild mottle virus (CPMMV), a whitefly and seed transmitted carla virus, is an 

emerging soybean disease in India and many tropical and subtropical regions of Africa and Asia. This virus 

causes significant yield and quality losses under field conditions. The utilization of resistant varieties is the 
best strategy to manage the losses caused by the CPMMV. Keeping this in mind, a field experiment was 

conducted at ICAR-IARI, New Delhi, situated at 28.6° N latitude, 77.16° E longitude at an elevation of 228.61 

m above the mean sea level. The present study was conducted to identify the soybean genotypes resistant 

against cowpea mild mottle virus infection. Soybean genotypes with varied symptoms; mild mosaic, systemic 

mottling, stunting and leaf deformation were observed under field conditions. The CPMMV disease 

incidence in the soybean field varied from 10-85% during Kharif 2019. The field screening study identified 

fifty soybean genotypes as resistant to moderately resistant, while 40 genotypes showed susceptible reactions. 

These fifty genotypes were phenotyped using sap inoculation under controlled conditions. The glasshouse 

study showed that nine (18%) soybean genotypes showed a moderately-resistant reaction, nine genotypes 

were moderately susceptible, thirteen genotypes showed a susceptible reaction and 19 genotypes were highly 

susceptible against CPMMV infection. The current study would help in the utilization of identified genotypes 

in soybean resistance breeding to develop CPMMV resistant varieties and study host-pathogen interaction. 
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INTRODUCTION 

Cowpea mild mottle virus (CPMMV), single positive 
strand RNA virus, a member of the genus Carlavirus 
(family: Betaflexiviridae), was first reported from 
cowpea (Vigna unguiculata) in Ghana (Brunt and 
Kenten 1973; Yang et al., 2022). Consequently, it was 
described from several plant species grown in tropical 
and subtropical countries in Africa and Asia (Zanardo 
and Carvalho 2017; Wei et al., 2020). The CPMMV 
produces local lesions on Chenopodium amaranticolor 
with varied severity depending on the isolate used for 
infection (Naidu et al., 1998). The CPMMV is able to 
experimentally infect various host species within the 
plant families of Asteraceae, Aizoaceae, 

Amaranthaceae, Cucurbitaceae, Chenopodiaceae, 

Pedaliaceae, Solanaceae, etc. (Mansour et al., 1998; 
Pardina et al., 2004). The geographical range of 
CPMMV is very wide, and it has been documented 
inmore than 30 countries spread across the world 
(Zanardo and Carvalho 2017). The CPMMV induces 
variable symptoms, which include severe stem necrosis, 
systemic mottling, bud blight and stunting (Jossey, 2013; 

Wei et al., 2021). CPMMV is also reported to be 
symptomless in a few soybean varieties, and it also 
impacts other legumes like mungbean and peanut, 
nevertheless, the impact of CPMMV is less in soybean 
as compared to other crops (Zanardo and Carvalho 
2017).  
CPMMV has emerged as a major threat to soybean crop 
production in India and worldwide. It is known to cause 
soybean stem necrosis disease. As the name suggests, the 
disease caused by this virus is highly virulent, as it leads 
to the death of plants due to its systemic nature (Zanardo 
et al., 2014). CPMMV is unique among other 
carlaviruses as it is transmitted by the whitefly (Bemisia 

tabaci) in a non-persistent manner rather than aphids 
(Naidu et al., 1998). The whitefly is reported as an 
important polyphagous invasive pest that plays a role in 
the evolution of new virulent strains of CPMMV. 
CPMMV is afilamentous rod shaped particle, measuring 
about 650 × 15 nm in size (Almeida et al., 2005). The 
CPMMV genome consists of a single-stranded linear 
RNA molecule (approximately 8.12 kb). It consisted of 
six putative ORFs; ORF5 (6833–7696 nt) and ORF6 
(7702–8007 nt) encode coat protein (CP; 32.3 kDa) and 
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nucleic acid–binding protein (NABP; 11.7 kDa), 
respectively (Menzel et al., 2010). The CPMMV 
occurrence in groundnut was reported from India (Mali 
et al., 1987). The transmission of CPMMV by B. tabaci 
in groundnut and soybean in India was demonstrated 
(Muniyappa and Reddy 1983; Mali et al., 1987). Two 
CPMMV strains (severe and mild strains) from 
groundnut were molecularly characterized based on the 
sequencing of the 3′-terminal region (Naidu et al., 1998). 
In recent years, systemic mottling, mosaic and deformed 
leaves caused by CPMMV have become a major issue, 
especially in soybean, cowpea, groundnut, brinjal, 
mungbean, broad bean, common bean, and tomato 
(Almeida et al., 2005; Menzel et al., 2010; Brito et al., 
2012; Chang et al., 2013; Lamas et al., 2017). Soybean 
crops showing high disease incidence with mosaic, 
systemic mottling, stunting and chlorotic symptoms had 
been previously reported from New Delhi (Yadav et al., 
2013). The mosaic disease caused by CPMMV leads to 
significant yield losses and deteriorates seed quality 
under severe infection (Yadav et al., 2013). Vector 
control is not only costly but also an environmentally 
hazardous task.  
Additionally, the resistance source identified must have 
shown durability against both virus and vectors (Zanardo 
and Carvalho 2017). The deployment and exploration of 
CPMMV tolerant cultivars could be a better option to 
manage CPMMV infection (Mituti and Almeida 2006). 
Several workers have identified soybean 
genotypes/cultivars showing resistance against CPMMV 
infection in several countries, including India (Almeida, 
2008; Suryanto et al., 2014; Arias et al., 2015; Cheruku 
et al., 2017; Oliveira et al., 2018). The utilization of 
resistant varieties is the best option to manage the losses 

caused by plant pathogens (Yadav et al., 2017; Susan et 

al., 2018). Therefore, the present study was designed to 
identify the resistant sources from diverse soybean 
genotypes that could be utilized as donors and study host 
pathogen interactions. 

MATERIALS AND METHODS 

A. Disease survey, screening and disease assessment of 

soybean genotypes under field conditions 

A disease survey was made in soybean crops grown in 
the experimental farm of ICAR- Indian Agricultural 
Research Institute (IARI), New Delhi, during the Kharif 

season of 2019. The disease incidence was recorded 45 
days after sowing to record symptoms and the disease 
incidence of CPMMV. 
The disease screening was conducted in the experimental 
farm of ICAR-IARI, New Delhi, India, situated at 28.6° 
N latitude, 77.16° E longitude at an elevation of 228.61 
m above the mean sea level. A set of 100 soybean 
genotypes were obtained and grown during the kharif, 
season of 2019, and screened under open field 
conditions. A standard package of practices was 
followed to raise the soybean crop. The essential cultural 
practices were performed for the raising of the soybean 
crop. The disease reactions for CPMMV were recorded 
45 days after sowing (DAS). The genotypes were later 
grouped into different categories, from resistant to 
highly susceptible, as per the disease scale described 
previously (Arif and Hassan 2002) (Table 1). The 
disease was recorded twice, and higher values were 
taken as final readings. Based on disease spectrum data, 
a set of 50 genotypes was further selected for controlled 
screening under insect proof glasshouse conditions.  

Table 1: Disease scoring scale for CPMMV disease severity. 

Rating Scale Description (visual observation) Reaction 

1 No symptoms (apparently healthy plant) Resistant 
2 Slightly mosaic leaves (10 – 30 %) Moderately resistant 
3 Mosaic (31 – 50 %) and leaf distortion Moderately susceptible 
4 Severe mosaic (51 – 70 %), leaf distortion and stunting Susceptible 
5 Severe mosaic (>70 %), stunting and death of plants Highly susceptible 

 

B. Virus isolates and plant inoculation  

The soybean leaves showing characteristic symptoms in 
the field were selected and transmitted to Chenopodium 

quinoa(the local lesion host) through sap inoculation. 
Then, a local lesion developed on the local lesion host 
was further transferred to the propagation host. The 
JS335 soybean cultivar, grown under insect proof 
conditions, was used as a propagation host. Further, the 
CPMMV infection was confirmed through an enzyme 
linked immuno-sorbent assay (ELISA) and PCR assay. 
The Delhi isolate was used for screening the selected 
genotypes of soybean under insect proof controlled 
conditions. 

 

C. Controlled screening of soybean genotypes and 

disease assessment 

Seeds of different soybean genotypes were sown in 12 
inch pots filled with pot mixture (soil and compost in a 
2:1 proportion). Insect proof cages were used to cover 
each pot. Each genotype was sown in 10 pots with 3 
seeds per pot in a completely randomized manner. Then, 
the soybean plant attaining the trifoliate stage was used 
for sap inoculation based screening. Fresh soybean 
leaves were obtained from the JS335 cultivar and 
homogenized in a chilled mortar and pestle using 
inoculation buffer (0.1 M potassium phosphate) 
supplemented with 0.2% mercaptoethanol to yield a 
finely ground virus suspension. The test plants were first 
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dusted with carborundum powder (amild abrasive) to aid 
in sap transmission and the inoculation was performed 
on the first trifoliate leaf of the test plants with the help 
of sterile cotton swaps. After sap transmission, the 
excess inoculum was removed by spraying water with 
the help of a sprayer. Mock inoculations were performed 
for each entry using a buffer solution. The inoculated 
plants were kept in an insect-proof greenhouse. Regular 
observation was done, and symptoms were recorded for 
each entry. The soybean genotypes were recorded as 
resistant or susceptible based on the disease scale 
described previously (Arif and Hassan 2002).  

RESULT AND DISCUSSION 

Recently, a whitefly transmitted, carlavirus named 
CPMMV has become a major issue in soybean products, 
affecting not only yield but also quality. The use of 
resistant lines would help in the better management of 
viral infections as they are cost effective and part of a 
sustainable strategy.  The disease incidence was 
calculated from the ICAR-IARI, soybean experimental 
field. The symptoms associated with mosaic disease 
caused by CPMMV included systemic mottling, mosaic, 
several types of leaf deformation; crinkle, blistering, and 
leaf defoliation with stunting of the plant (Fig. 1). 
Similarly, CPMMV induces symptoms like chlorosis, 
mottling and mild mosaic in sap inoculated soybean 
plants (da Silva et al., (2020). The severity of the mosaic 
disease varied from one genotype to other genotypes. 
The disease incidence of CPMMV varied from 10-85%. 
A high CPMMV disease incidence (25.1-71.0%) was 
also observed in the Kharif season in New Delhi (Yadav 
et al., 2013). Similarly, 70% disease incidence was 
observed in the sap-inoculated soybean plants (da Silva 
et al., 2020). The high disease was observed due to the 
secondary spread of CPMMV through whiteflies. 

 
Fig. 1. Reaction of soybean genotypes to CPMMV 

infection in the field conditions. 

A. Evaluation of the soybean genotypes under field and 

controlled conditions against CPMMV 

The identified resistance source should be durable and 
operative against both viral strains and vectors. In the 
present study, a set of 100 soybean genotypes were 
screened for CPMMV resistance under field conditions. 
The symptoms developed 35-40 days after sowing in the 
field. Based on the disease score, against CPMMV 
infection under field conditions, among the 90 genotypes 

tested, 50 genotypes showed a resistant to moderate 
reaction against CPMMV infection, while 40 soybean 
genotypes showed a susceptible reaction. These fifty 
soybean genotypes showing resistant to a moderately 
resistant disease spectrum were selected for further 
screening under insect proof conditions.  In this study, 
JS335 was used as a susceptible control for phenotypic 
analysis against CPMMV. Among, 50 soybean 
genotypes, screened, under insect proof-conditions, 
eleven (22%) soybean genotypes showed a moderate-
resistant reaction (score; 2), nine genotypes (18%) 
exhibited a moderately susceptible reaction(score of 3), 
thirteen genotypes (26%) exhibited a susceptible 
reaction (score of 4), and seventeen (34%) genotypes 
were highly susceptible (score of 5) (Fig. 2). The ratio of 
resistant genotypes to the total soybean genotypes was 
found to be 11/50 (22%). The screening score varied 
from 2 to 5 (Table 2). The lack of complete resistance 
might be due to a lack of resistance genes in the soybean 
genotypes tested. Yadav et al. (2013) screened twenty 
seven soybean cultivars under controlled conditions, but 
none was found to be resistant against CPMMV 
infection. In another study, one hundred thirty-three 
soybean cultivars were phenotyped against CPMMV 
infection and two cultivars (DS12-5 and SL958) showed 
resistance reactions against CPMMV infection (Cheruku 
et al., 2017). Further, utilization of tolerant soybean 
cultivars could be a good alternative to manage the 
CPMMV infection (Mituti and Almeida 2006). It was 
observed that, the tolerant varieties were able to recover 
faster after CPMMV infection as compared to 
susceptible cultivars in terms of infection, reduced 
virustiter and further spread of CPMMV.  

 
Fig. 2. Symptom induced by CPMMV in soybean 

genotypes under controlled conditions. 

Therefore, the tolerant cultivar might help in reducing 
the secondary spread of CPMMV in the field (Mituti and 
Almeida 2006). An alternative, economical and effective 
way to manage this emerging virus problem is to develop 
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improved soybean cultivars with CPMMV resistance. 
Further, planting these resistant soybean varieties would 
help in increasing soybean production (Suryanto et al., 
2014). 
Further, Almeida (2008) identified eight resistant 
soybean cultivars against CPMMV infection among 170 
soybean cultivars tested through sap inoculation. In 
another study, fifty soybean cultivars were screened and 
92% showed tolerance to CPMMV while only8% were 
susceptible (Brizola et al., 2015). Suryanto et al. (2014) 

studied the number of R-genes associated with CPMMV 
resistance and its inheritance pattern. They used two 
resistant soybean genotypes to study the inheritance 
pattern and identified additive mechanism. These studies 
present the ability of CPMMV to infect multiple soybean 
cultivars with low levels of CPMMV resistance in 
soybean cultivars. However, the identified resistant or 
tolerant soybean cultivars would help in a soybean 
resistance breeding program to thwart and contain the 
CPMMV infection in farmer’s fields. 

Table 2: Disease reactions of soybean genotypes against CPMMV infection under insect proof glass house 

conditions. 

Sr. No. Disease Reaction 
No. of 

lines 
Name of genotypes 

1. Resistant 0 - 

2. M-Resistant 11 EC-472016, EC-472066, EC-472120, EC-472132, EC-472145, EC-472150, 
EC-472157, EC-472162, and EC-472191 

3. Moderately 
Susceptible 

9 EC-472001, EC-472036, EC-472126, EC-472137, EC-472141, EC-472154, 
EC-472183, EC-472221, and EC-472217 

4. Susceptible 13 
EC-471991, EC-472121, EC-472119, EC-472134, EC-472139. EC-472143, 
EC-472149, EC-472161, EC-472184, EC-472199, EC-472210, EC-472216, 

and EC-472222 

5. Highly 
susceptible 

17 

EC-471979, EC-471998, EC-471999, EC-472024, EC-472063, EC-472064, 
EC-472079, EC-472100, EC-472128, EC-472130, EC-472136, EC-472195, 
EC-472196, EC-472202, EC-472214, EC-472219, EC-472220, EC-472197, 

and EC-472203 
 Total 50  

 

CONCLUSIONS 

Field screening complemented with controlled 
glasshouse screening of soybean genotypes would help 
in identification of resistant genotypes against CPMMV 
infection. This would result in their rational use through 
their utilization in soybean resistant breeding programs, 
identification of novel gene(s)/allele(s) and study of host 
pathogen interaction at molecular level.   

Acknowledgement. The authors are extremely grateful to the 
Director, ICAR-Indian Agricultural Research Institute, New 
Delhi, India for his support and facilitation for carrying out the 
research work successfully. 
Conflict of Interest. None. 

REFERENCES 

Almeida, A. M. R. (2008). Viroses da soja no Brasil: sintomas, 
etiologia e controle. 306. Embrapa, Londrina. 

Almeida, Á. M., Piuga, F. F., Marin, S. R., Kitajima, E. W., 
Gaspar, J. O., Oliveira, T. G. D. and Moraes, T. G. D. 
(2005). Detection and partial characterization of a 
carlavirus causing stem necrosis of soybean in 
Brazil. Fitopatologia Brasileira, 30, 191-194. 

Arias, C. A. A., Almeida, A. M., Mituti, T. and Kitajima, E. W. 
(2015). Inheritance of tolerance to Cowpea Mild Mottle 
Virus in soybean. Crop Breeding and Applied 

Biotechnology, 15, 132-138.  
Arif, M. and Hassan, S. (2002). Evaluation of resistance in 

soybean germplasm to Soybean mosaic potyvirus under 
field conditions. J BiolSci, 2(9), 601-604. 

Brito, M., Fernández-Rodríguez, T., Garrido, M. J., Mejías, A., 
Romano, M. and Marys, E. (2012). First report of 
Cowpea mild mottle carlavirus on yard long bean 
(Vigna unguiculata subsp. sesquipedalis) in 
Venezuela. Viruses, 4(12), 3804-3811. 

Brizola, D. C., Dias, L. A., Silva, J. A., Polican, M. and 
Almeida, A. M. R. (2015). Avaliação da reação de 
linhagens de sojaaovírus do mosaicocomum da soja 
(Soybean mosaic virus) e aovíruscausador da necrose 
da haste (Cowpea mild mottle virus). 359. Embrapa, 
Londrina, 80–87. 

Brunt, A. A. and Kenten, R. H. (1973). Cowpea mild mottle, a 
newly recognized virus infecting cowpeas (Vigna 

unguiculata) in Ghana. Annals of Applied Biology, 74, 
67–74. 

Chang, C. A., Chien, L. Y., Tsai, C. F., Lin, Y. Y. and Cheng, 
Y. H. (2013). First report of Cowpea mild mottle virus 
in cowpea and French bean in Taiwan. Plant 

Disease, 97(7), 1001-1001. 
Cheruku, D., Lal, S. K., Talukdar, A., Mandal, B., Yadav, P., 

Singh, K. P. and Kumar, S. (2017). Screening and 
identification of resistant sources against Cowpea mild 
mottle virus (CPMMV) disease in soybean. Indian 

Journal of Genetics and Plant Breeding, 77(02), 287-
292. 

da Silva, F.B., Muller, C., Bello, V.H., Watanabe, L. F. M., De 
Marchi, B. R., Fusco, L.M., Ribeiro-Junior, M. R., 
Minozzi, G. B., Vivan, L. M., Tamai, M. A. and Farias, 
J. R. (2020). Effects of cowpea mild mottle virus on 
soybean cultivars in Brazil. Peer J., 8, 9828.  

Jossey, S., Hobbs, H. A. and Domier, L. L. (2013). Role of 
Soybean mosaic virus–encoded proteins in seed and 



Yadav   et al.,               Biological Forum – An International Journal     15(2): 779-783(2023)                                             783 

aphid transmission in 
soybean. Phytopathology, 103(9), 941-948. 

Lamas, N. S., Matos, V. O. R. L., Alves-Freitas, D. M. T., 
Melo, F. L., Costa, A. F., Faria, J. C. and Ribeiro, S. G. 
(2017). Occurrence of Cowpea mild mottle virus in 
common bean and associated weeds in Northeastern 
Brazil. Plant Disease, 101(10), 1828-1828. 

Mali, V. R. and Nirmal, D. D. (1987). Properties of a cowpea 
mild mottle virus isolate from groundnut. Indian 

Phytopathology, 40(1), 22-26. 
Mansour, A., Al‐Musa, A., Vetten, H. J. and Lesemann, D. E. 

(1998). Properties of a Cowpea mild mottle virus 
(CPMMV) isolate from eggplant in Jordan and 
evidence for biological and serological differences 
between CPMMV isolates from leguminons and 
solanaceous hosts. Journal of Phytopathology, 146(11‐
12), 539-547. 

Menzel, W., Winter, S. and Vetten, H. J. (2010). Complete 
nucleotide sequence of the type isolate of Cowpea mild 
mottle virus from Ghana. Archives of Virology, 155, 
2069-2073. 

Mituti, T. and Almeida, A. M. R. (2006). Tolerânciaao Cowpea 
mild mottle virus e suaconcentraçãorelativaemsoja. 
Embrapa, Londrina, 276. 

Muniyappa, V. and Reddy, D. V. R. (1983). Transmission of 
cowpea mild mottle virus by Bemisia tabaci in a 
nonpersistent manner. Plant Disease, 67(4), 391-393. 

Naidu, R. A., Gowda, S., Satyanarayana, T., Boyko, V., Reddy, 
A. S., Dawson, W. O. and Reddy, D. V. R. (1998). 
Evidence that whitefly-transmitted cowpea mild mottle 
virus belongs to the genus Carlavirus. Archives of 

virology, 143, 769-780. 
Oliveira, M. A. R. D., Carpentieri-Pípolo, V., Nora, T. D., 

Vieira, E. S. N., Prete, C. E. C. and Schuster, I. (2018). 
Rbc2, a new dominant gene for resistance of soybean 
to Cowpea mild mottle virus: Inheritance and 
mapping. Crop Breeding and Applied 

Biotechnology, 18, 169-175. 
Pardina, P. R., Arneodo, J. D., Truol, G. A., Herrera, P. S. and 

Laguna, I. G. (2004). First record of Cowpea mild 
mottle virus in bean crops in Argentina. Australasian 

Plant Pathology, 33(1), 129-130. 

Suryanto, A., Kuswanto, S. and Kasno, A. (2014). Estimation 
of number and genes actions of CpMMV (Cowpea mild 
mottle virus) disease resistance genes on soybean 
crop. Journal of Agriculture and Veterinarian 

Sciences, 7, 51-56. 
Susan, A., Yadav, M. K., Kar, S., Aravindan, S., Ngangkham, 

U., Raghu, S. and Rath, P. C. (2019). Molecular 
identification of blast resistance genes in rice landraces 
from northeastern India. Plant Pathology, 68(3), 537-
546. 

Wei, Z. Y., Wu, G. W., Ye, Z. X., Jiang, C., Mao, C. Y., Zhang, 
H. H., Miao, R. P., Yan, F., Li, J. M., Chen, J. P. and 
Sun, Z. T. (2020). First report of cowpea mild mottle 
virus infecting soybean in China. Plant 

Disease, 104(9), 2534. 
Wei, Z., Mao, C., Jiang, C., Zhang, H., Chen, J. and Sun, Z. 

(2021). Identification of a new genetic clade of cowpea 
mild mottle virus and characterization of its interaction 
with soybean mosaic virus in co-infected 
soybean. Frontiers in Microbiology, 12, 650773. 

Yadav, M. K., Biswas, K. K., Lal, S. K., Baranwal, V. K. and 
Jain, R. K. (2013). A distinct strain of Cowpea mild 
mottle virus infecting soybean in India. Journal of 

Phytopathology, 161(10), 739-744. 
Yadav, M. K., Ngangkham, U., Shubudhi, H. N., Bag, M. K., 

Adak, T., Munda, S., Samantaray, S. and Jena, M. 
(2017). Use of molecular markers in identification and 
characterization of resistance to rice blast in India. PloS 

one, 12(4), e0176236. 
Yang, S., Liu, Y., Wu, X., Cheng, X. and Wu, X. (2022). 

Synonymous codon pattern of cowpea mild mottle 
virus sheds light on its host adaptation and genome 
evolution. Pathogens, 11(4), 419. 

Zanardo, L. G. and Carvalho, C. M. (2017). Cowpea mild 
mottle virus (Carlavirus, Betaflexiviridae): a 
review. Tropical Plant Pathology, 42, 417-430. 

Zanardo, L. G., Silva, F. N., Bicalho, A. A. C., Urquiza, G. P. 
C., Lima, A. T. M., Almeida, A. M. R., Zerbini, F.M. 
and Carvalho, C. M. (2014). Molecular and biological 
characterization of Cowpea mild mottle virus isolates 
infecting soybean in Brazil and evidence of 
recombination. Plant Pathology, 63(2), 456-465. 

 
 

How to cite this article: Manoj Kumar Yadav, Mukesh Kumar Yadav, Kumkum Verma, Shahil Kumar, Abhishek Dubey, 
Pankhuri Singhal, K.P. Singh, S.K. Lal and V.K. Baranwal (2023). Screening of Soybean Genotypes Against Cowpea Mild 
Mottle Virus Infection. Biological Forum – An International Journal, 15(2): 779-783. 

 
 
 


