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ABSTRACT 
 

 

Mungbean yellow mosaic virus (MYMV) is the most destructive virus which causes 

severe yield losses in mungbean and transmitted by whitefly. MYMV was present in the major 

mungbean cultivated areas of Punjab which greatly affect the mungbean production and is a 

major constraint in mungbean low yield. A mungbean germplasm collection consisting of 127 

genotypes were screened against MYMV. Only three genotypes viz., NM2011, NM2006 and 

AZRI-06 showed resistance response during both years. Three lines 07007, 98001 and 014322 

were identified with moderately resistance response against MYMV. These should be included in 

future breeding program. Results of molecular characterization showed that genotypes differ in 

their genetic makeup as well as in field response against MYMV. During RAPD analysis 

minimum similarity was shown for genotypes 8008 and Azri-06, while the maximum similarity 

was shown for genotype NM-54 with NM-92. In SSR analysis, minimum similarity was shown 

for genotypes 8008 and Azri-06, while the maximum similarity was shown by genotypes NM-54 

and NM-92. SCAR markers linked with MYMV resistance gene produced the desired 

amplification in resistant and moderately resistant genotypes and no bands were observed in 

highly susceptible genotypes. Environmental factors were significantly correlated with disease 

development, maximum temperature, wind speed were negatively correlated with disease 

incidence and minimum temperature, relative humidity, rainfall, and whitefly population showed 

positive correlation with disease incidence. Regression analysis depicted that 83% of the disease 

variability was due to maximum, minimum temperatures, rainfall, relative humidity and wind 

speed. For the management of MYMV disease maximum control was achieved by use of 

imidacloprid, followed by combination of macro and micro nutrients (NPK, Fe,Zn,B), minimum 

control of disease was achieved by garlic. For the control of whitefly population, again 

imidacloprid gave the best results, followed by acetamiprid. The results of the present study could 

be used for future mungbean breeding program and genotypes that gave tolerant response could 

be recommended to farmers with application of imidacloprid followed by macro and micro 

nutrients in order to avoid the heavy losses caused by MYMV. 
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CHAPTER-1         

INTRODUCTION 

Mungbean is an imperative food legume in humid and sub-humid areas of the 

world. In Pakistan, it covers an area of 136.1 thousand hectares with a total production of 

89.3 thousand tonnes of grains (Economic Survey of Pakistan, 2013). Major districts of 

mungbean production in Punjab are Mianwali, Bhakar, and Layyah where 80 to 85% of 

total area of mungbean is located (Bashir et al., 2006). Mungbean is an important and a 

rich source of protein, and short duration legume crop of spring and summer season are 

grown mostly in humid and sub humid regions of the world (Akhtar et al., 2009). 

Mungbean contains about 24 percent protein, this being about two third of the protein 

content of soybean, twice that of wheat and thrice that of rice. Seeds (100 gm) are rich in 

minerals like calcium (132 mg), iron (6.74 mg), magnesium (189 mg), phosphorus (367 

mg) and potassium (1246 mg), and vitamins like ascorbic acid (4.8 mg), thiamine (0.621 

mg), riboflavin (0.233 mg), niacin (2.251 mg), pantothenic acid (1.910 mg) and vitamin 

A (Haytowitz and Matthews, 1986). 

Several fungal and viral diseases were reported which caused severe reduction in 

mungbean yield (Paul et al., 2013). Diseases like Cercospora leaf spot, powdery mildew, 

root diseases caused by Rhizoctonia solani, Pythium spp. Fusarium spp. respectively and 

infections by different viruses i.e., cucumber mosaic virus, bean common mosaic virus, 

alfalfa mosaic virus and mungbean yellow mosaic virus (MYMV) severely affect the 

mungbean yield. MYMV causes severe yield losses, and belongs to family Geminiviridae 

and genus Begomovirus (Bos, 1999). The genome size is 2.5-3.0 kb (Fauquat, 1994), with 

one DNA segment containing from 2580 nt to 2993 nt (Morris-Krinich et al., 1985; 

Stanley et al., 1986). This virus also infects other legumes crops, including urdbean, 

soybean and cowpea (Dhingra and Chenulu, 1985, Qazi et al., 2007). This virus is 

reported to be the most important due to its destruction of legume crops in Pakistan, 

Srilanka, India and Bangladesh (Bakar 1981; Malik 1991; Biswass et al., 2008; John et 

al., 2008). The virus is present in the major mungbean production areas of Punjab, which 

greatly affect the mungbean production and poses a major constraint in mungbean yield 

(Bashir et al., 2006). This crop is susceptible to MYMV and this causes very serious and 

heavy yield losses every year (Habib et al., 2007). The virus was very severe in the 
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farmer’s fields of India (Tamil Nadu) and if plants were infected at seedling stage then 

yields losses were up to 100% (Usharani et al., 2004). The virus severely affects the crop 

not only causing the yellowing of leaves but also deforming of the pods and flowers 

leading to total loss of crop (Akhtar et al., 2009). MYMV was first reported in India in 

1955 with its vector whitefly and after that spread frequently (Nariani et al., 1960). This 

virus causes more than US$ 300 million loss every year in different leguminous crops 

(Varma et al., 1992). Yield losses due to this virus vary from 5 to 100% depending upon 

disease severity, susceptibility of cultivars, and population of whitefly (Nene 1972; Singh 

1980 and Rathi 2002). In Pakistan, for the molecular studies the virus has been partly 

evaluated using PCR (Hussain et al., 2004; Hamid and Robinson 2004). 

Screening of mungbean germplasm against MYMV for identification of 

resistance source under field conditions has been reported. One row of a most susceptible 

check was planted after every second test entry. Two rows of the susceptible check were 

also planted all around the experimental plot to create more disease. The crop was 

regularly monitored for the development of MYMV. Disease severity was recorded at 

weekly interval using 0-5 disease rating scale adopted from Bashir et al., (2005) and 

Akhtar et al., (2009). The majority of the mungbean lines were infected within 2-3 weeks 

(Shad et al., 2006). None of the lines showed immunity against MYMV (Bashir, 2002; 

and Pandiyon et al., 2007). Results of these studies depicted that there was lack of 

resistance in mungbean germplasm against MYMV. None of the varieties studied showed 

resistance to this virus, some genotypes were resistant, while the same varieties were 

found to be tolerant or susceptible at another location. The main factor responsible for 

this condition is appearance of more virulent pathogens, mutation of the pathogen or both 

(Pathak and Jhamaria, 2004). Therefore, there is an urgent need for the regular screening 

of mungbean germplasm, for identification of resistant source against MYMV. 

Molecular markers have been applied to measure genetic diversity and to 

characterize the molecular factors responsible for a specific trait within a species. 

Random amplified polymorphic DNA (RAPD) marker was first developed by Williams 

et al., (1990) and is a dominant marker. RAPD markers are used mostly due to its 

simplicity and low cost features (Harris, 1999). In mungbean, different marker systems 

like RAPD and SSR have been employed to study the genetic relationships and genetic 
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variations among cultivars (Lakhanpaul et al., 2000; Bhat et al., 2005). RAPD markers 

have been used effectively for genetic diversity identification in different legume crops 

(Kaga et al., 1996; Santalla et al., 1998). RAPD markers have advantage over other 

markers because they can be used without prior information on genome sequence, and 

because they are efficient in identification of different pathological and agronomical traits 

that are linked with the RAPD markers. 

Simple sequence repeats (SSR) markers were found to be more efficient for 

estimating the genetic diversity of different genotypes; results of SSR analysis are 

reproducible. Basic principle involved in SSR markers is the amplification of tandem 

repeats present at specific locus. These tandem repeats may vary from genotype to 

genotype, thus the genetic diversity of specific crop is estimated on the basis of 

polymorphism and other parameters. SSR markers were used by number of researchers 

for the study of genetic diversity in mungbean (Dikshit et al., 2007; Singh et al., 2012 

and Wang et al., 2012). 

Sequence characterized amplified region (SCAR) markers are actually generated 

from analysis using RAPD markers amplified fragment sequence, which were found to 

be linked with certain trait of the plant. In mungbean, SCAR markers were already 

reported to be linked with MYMV resistance gene. Souframanien and Gopalakrishna 

(2006) reported the SCAR marker that was linked with resistance gene against MYMV in 

blackgram. Recently, SCAR marker was developed that is linked with MYMV resistance 

genes in mungbean (Dhole et al., (2013).  

Studies of epidemiological factors help in disease assessment and risks of severe 

disease outbreak, and occurrence of economic damage of the crop. Several disease 

predictive models and decision support system have been established, and resulted in the 

successful management of several diseases of economic importance. Environment is an 

important component of disease epidemics, as weather influences disease development 

and plays crucial part in disease spread. Therefore, comprehensive study of 

environmental factors is required for developing a reliable disease prediction system. A 

model was developed, consisting of environmental variables which explained 81% of the 

variability in MYMV disease development by Khan et al., (2006). High rainfall during 

the month of July and less or no rain in the month of August were crucial for the disease 
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development (Livinder et al., 2009). There was a positive correlation between maximum 

temperature and disease incidence, and negative correlation between minimum 

temperature and the disease incidence of MYMV (Khan et al., 2012). Furthermore, 

relative humidity and rainfall also had significant effects on the disease incidence. 

Significant effect of environmental factors on disease development was reported by 

(Srivastava and Prajapati, 2012). Work done so far, for the study of environmental 

conditions conducive for MYMV disease development is not sufficient; therefore, I 

planned to study these factors and to characterize these environmental conditions. 

Relationship between genotypes and environmental factors was examined and disease 

predictive model was developed on the basis of two years data. This model might be 

helpful for disease prediction and will help farmers in decision making regarding 

management strategies. 

Whitefly is the only vector reported by several scientists for the natural 

transmission of virus in different plants. The whitefly nymphs obtain the virus from 

diseased leaves (Honda and Ikegami, 1986). Influence of whitefly population on MYMV 

has been already reported by Nadeem et al., (2006). Correlation of whitefly population 

with the disease development was also reported by a number of researchers (Khan et al., 

2006; Akhtar et al., 2011 and Srivastava and Prajapati 2012). 

Increased resistance to insecticides in whitefly population due to excessive use of 

same group insecticides has increased the incidence of MYMV disease (Ahmad et al., 

2002, 2010). Therefore, there is a great demand not only for introducing new groups of 

insecticides that should be environmentally friendly, but also commercially availability of 

various bio pesticides against sucking insects that are the main cause of many plant 

viruses. Nutrients are also essential for the proper growth and development of a crop as 

they enhance defense mechanism of the plants, and during early period of growth uptake 

of nutrients are helpful in the management of plant viruses. In addition to chemicals, 

plant extracts were also evaluated as they were environment friendly and have no residual 

effect. Through control of its vector imidacloprid proved best for the management of 

MYMV (Khan et al., 2012). Confidor was effective in reducing incidence of cucumber 

mosaic virus in chilli (Kotreshe, 2002). Experiments were conducted for the management 

of urdbean leaf crinkle virus (ULCV) by using onion and garlic extracts (Thirumalaisamy 



5 
 

et al., 2003). Nutrients significantly minimized the disease incidence of MYMV (Chand 

and Varma 1983; Jain et al., 1995). The disease incidence reduced with the application of 

nitrogen, potassium and phosphorus (NPK), (Odineh and Manninger, 1984).  

The reasonable, robust, and perfect method of controlling viral diseases is the use 

of resistant crop varieties. An important and fair quality of research efforts were 

employed towards evaluation of mungbean accessions against MYMV in order to 

identify resistance sources under field conditions. Varieties having different field 

response were characterized on molecular basis by employing different markers; the main 

hypothesis of this study is that, the genotypes that differ in field response against MYMV 

also differ on molecular basis. Secondly, we want to test that whether the environmental 

factors optimal for virus disease development are same or shifted according to the change 

in climate. The molecular markers were also used in order to characterize and identify 

genetic sequences that might be linked with the disease resistance gene. RAPD and SSR 

markers were basically used for the study of genetic diversity and SCAR markers, which 

were already reported to be linked with MYMV resistance gene, were used for 

confirmation of field screening results on the genetic basis. 

The project was aimed at better understanding the interactions between varieties, 

MYMV and environmental conditions to characterize the essential factors for disease 

management. Integration of different management options, including chemicals, plant 

extracts, and nutrients helped to compare their effectiveness against this virus. Frequent 

spraying is neither economical nor beneficial for the environment. Therefore, use of 

resistant germplasm is the best option to alleviate incidence of MYMV. In order to 

economize pesticide sprays, study of epidemiological factors could be helpful to decide 

the timing of pesticide application. Correlation of environmental conditions with MYMV 

disease incidence can help to quantify those factors playing a crucial role in disease 

onset. With the characterization of epidemiological factors experts can forecast the 

disease and farmers can protect their crop by adopting various management decisions like 

spray for the control of disease and vector population. Results from present study are 

highly productive to look for economical and workable options as no virucide or other 

chemical has been known for the proper management against MYMV problem in 

Pakistan. 
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The novelty of this project lies in the use of different molecular markers with 

increasing order of specificity to study genetic diversity and screening of mungbean 

germplasm. During this study screening of mungbean genotypes by SCAR markers is 

first to be done in Pakistan. The genotypes used in the study are the first Pakistani origin 

genotypes to be assessed on molecular basis. This will help in development of new 

cultivars of mungbean with superior properties to meet challenging MYMV threat. This 

study was carried out to determine the genetic relationship between different varieties of 

mungbean. This study will contribute basic knowledge in the aspect of their phylogenetic 

relationships and intra specific diversity. 

The objectives of the study were to identify the resistance source on phenotypic 

and molecular basis, to characterize the environmental factors favorable for disease 

development and to evaluate insecticides, plant extracts and nutrients for the management 

of MYMV. In order to fulfill these objectives, the following lines of work were 

conducted; 

 Identification of resistant source against MYMV in mungbean germplasm under 

field conditions. 

 Molecular analysis and characterization through RAPD and SSR markers. 

 Molecular based screening through SCAR markers. 

 Characterization of environmental conditions conducive for MYMV on 

susceptible varieties. 

 Evaluation of insecticides, plant extracts and nutrients for the management of 

MYMV. 
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CHAPTER-2     

REVIEW OF LITERATURE 

2.1  MYMV in historical perspective 

Mungbean yellow mosaic virus was first reported in India in 1955 (Bos, 1999). 

The virus has caused severe crop damage in mungbean, and found in widespread 

occurrence in India and Pakistan (Chenulu and Verma, 1988). This virus is reported to be 

the most important due to its severe destruction of legume crops in Pakistan, Srilanka, 

India and Bangladesh (Biswass et al., 2008, John et al., 2008). MYMV infects several 

legumes like mungbean, soybean, cowpea and urdbean and cause severe reduction in 

yield (Qazi et al., 2007). Mungbean, soybean and blackgram are the crops severely 

damaged by this disease. MYMV is the most destructive disease of mungbean during 

summer season in Pakistan and causes more than 50% of crop losses and reduced the 

production from 32 to 28.6 thousand tonnes during 1973-74, and causes 25.5 million 

rupees loss (Ahmad, 1975). 

2.2 MYMV and its genome 

A virus consists of a DNA or RNA genome which normally encased in coats of 

protein or lipo-protein. Virus has specific mechanism on the basis of which they organize 

their own replication within specific cells of host. Genome of viruses consists of mono-

partite, bipartite or multipartite. These genomic segments may be present together in one 

capsid or separately (Bos, 1999). More than seventy percent of the known viruses contain 

single stranded positive sense RNA genome, while remaining viruses contain negative 

stranded RNA, double stranded RNA, single stranded DNA or double stranded DNA 

genome (Gurr et al., 1992; Harrison and Murrant, 1996). MYMV belongs to family 

Geminiviridae and genus Begomovirus (Bos, 1999). Begomoviruses are considered to be 

economically important plant viruses which have caused heavy losses in many important 

field crops, especially food and fibre crops, i.e., beans, cotton, cassava, tomato, cucurbits, 

pepper (Brown and Bird, 1992; Markham et al., 1994). In Pakistan, begomoviruses 

caused huge losses to beans crop and cotton crop; yield of other crops was also reduced 

i.e., cucurbits, okra, tomato, chili, and tobacco (Markham et al., 1994). In Pakistan, the 

virus has been partly described and identified on the basis of Polymerase Chain Reaction 

(Hussain et. al., 2004; Hamid and Robinson, 2004). In their host most of the 
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geminiviruses are found in phloem cells, while some of their viruses found in tissues of 

other parts (Francki et al., 1985). Replication of geminiviruses takes place in the nucleus 

of their infected cells (Stenger et al., 1991; Haley et al., 1992). The genome size is about 

2.5-3.0 kb (Fauquat, 1994) and nucleotides in one segment ranged from 2580 nt to 2993 

nt (Morris-Krinich et al., 1985; Stanley et al., 1986). As geminiviruses is bipartite 

therefore, it consists of two ssDNA components i.e., DNA A and DNA B. Only 

component A of the genome has the capability of independent replication in host cells. 

Component B provides the protein required for the virus DNA to move intercellularly, 

and intracellularly, and governs trafficking between the nucleus and cytoplasm 

(Thommes et al., 1993; Noueiry et al., 1994; Unseld et al., 2000).  

2.3 MYMV symptomology, incidence, losses, and transmission 

MYMV severely affects the crops and not only causes the yellowing of leaves but 

also the deformation of pods, and flowers, leading to no yield (Akhtar et al., 2009). 

Symptoms of MYMV showed that young leaves turned completely yellow in severe 

infections (Gautam, 1990). Initially symptoms of the disease appear as tiny yellow spots 

along the veins of young leaves, and after that spread over to other leaves. In severe 

infections, all leaves of the infected plants show yellowing or chlorosis, followed by 

necrosis, stunting of plants. Shortening of internode, few flowers, deformed pods which 

produced small, immature and shriveled seeds (Aftab et al., 1993; Akhtar and Haq, 2003; 

Bashir et al., 1991; Bashir et al., 2006; Malik, 1991). 

MYMV is the most important and widely distributed virus throughout Pakistan 

and caused severe reduction in yield of mungbean crop if conditions were suitable (Ilyas, 

1999). This virus was very severe in the farmer’s fields of India (Tamil Nadu) and if 

plants were infected at seedling stage then yields losses up to 100% (Usharani et al., 

2004). The virus causes more than US$ 300 million loss every year in different 

leguminous crops (Varma et al., 1992). Yield losses due to this disease vary from 5 to 

100% depending upon disease severity, susceptibility of cultivars and population of 

whitefly (Rathi, 2002). In Punjab (Pakistan) this virus infects both mungbean and 

mashbean, and disease incidence ranges from 4-40% in mungbean and 5-100% in 

mashbean (Bashir et al., 2006). Mungbean germplasm was severely infected with the 

virus and disease incidence was up to 95% depending upon variety/line (Shad et al., 
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2006). MYMV causes an important disease of mungbean crop, which caused severe crop 

losses in Pakistan (Akhtar et al., 2011). One hundred and eight genotypes were tested 

against this virus. The disease incidence was up to 100%, which showed that how 

disastrous this virus is (Habib et al., 2007). A survey for MYMV disease incidence was 

conducted, and found high percentages in most of cultivated varieties. This resulted in a 

negative correlation between virus score and yield components (Paul et al., 2013). The 

virus causes considerable reduction in plant height, fresh shoots weight, plant growth, 

and 62.94% to 83.9% losses in yield (Quaiser and Ahmad, 1991). Main constraint for the 

cultivation of mungbean in Assam is this virus, which causes severe reduction in 

mungbean yield (Nath and Saikia, 1995). They also reported the effect of climate and 

whitefly population on disease incidence with a peak on August sown crop. Singh et al., 

(2000) found up to 58.5% of disease incidence on mungbean varieties in Uttar Pradesh 

which showed high amount of disease in the field crop. During evaluation of mungbean 

germplasm against MYMV disease incidence ranged from 2.22% in variety ML-5 to 

100% in K-8512 (Pathak and Jhamaria, 2004).  

MYMV was successfully transmitted through grafting (Nariani, 1960; Ahmed and 

Harwood, 1973).) The symptoms of viral infection in grafted plants appeared in young 

auxillary shoots below the graft union 12-15 days after grafting (Chenulu and Varma, 

1988). The virus is reported to be transmitted by an insect vector, Bemisia tabaci and not 

by soil, seed, mechanical inoculation, and others way of transmission (Nair and Nene, 

1973; Ahmad and Harwood, 1973). Female whiteflies transmit virus more efficiently and 

retain the virus for a longer period (10 days) as compared to male (3 days). These major 

differences have been correlated mainly with greater food intake by female whiteflies as 

they are larger in body size and due to regurgitation of the acquired virus by male 

whiteflies (Rathi and Nene, 1974,a; 1974,b). The severity of disease varies from cultivar 

to cultivar due to the genetic makeup of the cultivar. Starvation before acquisition and 

inoculation had no effect on transmission efficiency of the virus (Chenulu et al., 1979).  

2.4 Response of mungbean germplasm against MYMV 

Use of virus resistant cultivars, if available, is the best approach to reduce the 

occurrence of MYMV in areas where virus infection is a major constraint to production. 

Screening of mungbean accessions against the virus infection for selection of resistant 
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accessions or germplasm under diverse environmental conditions have been done by a 

number of scientists (Murtaza et al., 1983; Ghafoor et al., 1992; Shad et al., 2006; 

Pandiyon et al., 2007). Biswas et al., (2005) evaluated resistance in mungbean genotypes 

against five distinct variants of virus, namely Pp1, Bg3, MbD, MoL and MbS, in separate 

insect-proof glasshouses through Bemesia tabaci transmission. The resistance among 

genotypes varied from variant to variant of the virus. The genotypes resistant under 

glasshouse conditions were also resistant under field conditions. The mungbean 

genotypes MGG 443, ML 5, ML 337, ML 459, ML 513, ML 610, P 9271, and P 9272 

were identified as the most promising resistant genotypes. Symptomless infection in a 

few genotypes of mungbean was identified by nucleic acid spot hybridization (NASH) 

using radiolabelled probes specific MYMV DNA. As expected the accumulation of viral 

DNA was less in resistant genotypes than in susceptible genotypes. One hundred and 

thirty two varieties/lines of mungbean were evaluated against MYMV and ULCV under 

field conditions. Out of these, 53% of urdbean genotypes showed highly resistant 

response to MYMV while 26% of genotypes showed highly resistant response to ULCV. 

Multiple disease resistance has been shown by more than 60% varieties/lines to both the 

viral diseases (Bashir and Zubair, 2002). Study of MYMV and its relationship with 

inheritance has been carried out by Malik, (1991). In addition to this effort, mungbean 

germplasm consisting of 254 varieties/lines was evaluated for the identification of 

resistance source under such conditions which were highly conducive for virus infection, 

and found most of the genotypes were susceptible. Sandhu et al., (1988) also screened 

mungbean germplasm against the virus for the resistance source and found that only 5% 

of varieties exhibit resistance. In Uttar Pradesh, 0 to 58.5% incidence of the virus on 

mungbean varieties was found (Singh et al., 2000). For important agronomic traits and 

resistance source identification, mungbean advanced lines were evaluated derived from 

hybridization from different cross combinations at nuclear institute for food and 

agriculture (NIFA), Peshawar. Genotypes studied at NIFA, showed highly significant 

genetic variability for the studied traits. The high yielding mungbean recombinants 

showed 1603 to 2443 kg/ha yield (Khattak et al., 2003). 

Inheritance of resistance to MYMV in green gram in susceptible and resistant 

parents was studied, and resulted that in F1 generation of K 851 x BDYR 2, all 45 plants 
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were susceptible. In F2 generation, 210 plants were susceptible and 5 plants were 

resistant. The expected that susceptible: resistant ratio of 15: 1 for the three crosses would 

indicate the presence of duplicate type of gene action. All 3 crosses showed the presence 

of recessive genes governing resistance (Amavassait et al., 2004). Out of four genotypes 

none was found to be immune against virus infection, only Azri-2006 variety showed 

resistant response and NM-2006 showed moderate resistance while all others were 

susceptible or highly susceptible (Khan et al., 2012). Seventy eight mungbean genotypes 

were screened against MYMV in field conditions, and it was found twenty eight 

genotypes being resistant while the remainders were susceptible. After field screening, all 

genotypes were further screened using agro inoculation method by using two different 

strains of virus, namely VA 239 and VA 221, to confirm their resistance and 

susceptibility (Sudha et al., 2013). Field response of one hundred genotypes of mungbean 

against MYMV showed that thirty five genotypes were tolerant, and seventeen were 

moderately tolerant against virus. Ten genotypes were moderately susceptible, six were 

susceptible and the remaining eight were highly susceptible. The disease severity in the 

field showed that mungbean germplasm lacks resistance against virus; therefore, there is 

a need for continuous screening in order to evaluate the available mungbean germplasm 

and to identify the resistance source against MYMV (Ahmad et al., 2013).  During the 

screening of mungbean against MYMV, none of the varieties showed resistance; 7 

varieties were classified as susceptible and the remaining 247 varieties showed highly 

susceptible response, indicating that the mungbean germplasm was extremely lacking in 

resistance (Pathak and Jhamaria, 2004). However, in spite of high pressure of the disease 

some genotypes produced reasonable yield and showed tolerant reaction to infectious 

varieties, therefore, should be selected for future breeding programme (Nadeem et al., 

2006). Varma et al., (1998) also found that none of mungbean varieties/lines showed 

complete resistance to MYMV.  

2.5 Molecular characterization and genetic diversity 

Polymerase chain reaction (PCR) technology has promoted the development of a 

range of molecular assay systems, which could spot polymorphism at the DNA level. The 

past restrictions associated with pedigree data, morphological, physiological, and 

cytological markers for assessing genetic diversity in cultivated and wild plant species 
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have largely been circumvented by the development of DNA markers, such as RAPD and 

SSR. The advances in molecular biology have capacitated plant breeders for making 

DNA marker-based effective selections from gene pools and segregating populations 

with significant degree of reliability and reproducibility. Molecular markers are in use for 

the successful identification of different agronomic traits (Chalmers et al., 1993; Azmat 

and Khan, 2010) and disease resistance genes (Michelmore et al., 1991). Once the 

resistance gene is identified then the certain gene can be amplified using gene specific 

primers, and the resultant products of resistant and susceptible genotypes can be 

sequenced. The nucleotide sequence data can be used to identify the site of mutation 

using different bioinformatics tools. The molecular markers for resistance genes facilitate 

the selection and speed up the cultivar development process. 

Modern molecular techniques have been developed in order to meet the demands 

of the genetic variation, which range from morphological characterization to various 

DNA-based markers. Identification and characterization of germplasm is essential for the 

conservation and utilization of plant genetic resources. Characterization of plant with the 

use of molecular markers is an ideal way to conserve plant genetic resources. Molecular 

characterization helps to determine the breeding behavior of species, individual 

reproductive success, and the existence of gene flow, the movement of alleles within and 

between populations of the same or related species, and its consequences. 

Genetic variability is a characteristic of gene pools that describes an attribute 

which is commonly held to be advantageous for survival (Basu et al., 2004). Without 

genetic variability it becomes difficult for a population to adapt to the environmental 

changes creating a static population (Gostimsky et al., 2005). Genetic fingerprinting is 

one of the DNA-based techniques that have given new impetus to biological sciences. At 

present, various applications of genetic fingerprinting in crop biology include assessment 

of taxonomy, and phylogeny, diversity analysis, hybridity testing, gene mapping, 

molecular breeding, and somaclonal variation. PCR is a versatile technique developed 

during the mid-1980s (Mullis, 1990), although thermo stable DNA polymerase was 

introduced in 1988 (Saiki et al., 1988), the use of PCR in research and clinical 

laboratories has increased tremendously. The primer sequences are chosen to allow 

sequence specific binding to the template in reverse orientation. PCR-based methods can 
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be accomplished using either arbitrary markers of unknown location in the genome or 

those markers that target specific sites in the genome. A wide array of molecular markers 

is now available for detecting DNA variation. They fall into three broad categories: (a) 

Hybridization-based approaches such as Restriction Fragment Length Polymorphism 

(RFLP), (b) PCR based arbitrary or multi-locus profiling techniques such as RAPD and 

Amplified Length Polymorphism (AFLP), and (c) Site-Targeted-PCR techniques such as 

microsatellite or Simple Sequence Repeat (SSR), and Cleaved Amplified Polymorphic 

DNA (CAPs) (Romero et al., 2009; Mehmood et al., 2008). Advancement in molecular 

biology has introduced DNA markers which are an attractive method for genotype 

identification (Margale et al., 1995). DNA markers can be used to identify the genotype 

of the individual plant and to identify and map the genes affecting complex traits such as 

yield and resistance to biotic or abiotic stresses (Chavira et al., 2006). RAPD analysis has 

proven effective for diversity studies in several legume species, including mungbean 

(Santalla et al., 1998), adzuki bean (Yee et al., 1999) and blackgram (Kaga et al., 1996). 

RAPDs are DNA fragments amplified by PCR using short synthetic primers 

(generally 10 bp) of random sequence. These oligonucleotides serve as both forward and 

reverse primer, and are usually able to amplify fragments from 1-10 genomic sites 

simultaneously. Amplified fragments, usually within the 0.5-5 kb size range, are 

separated by agarose gel electrophoresis, and polymorphisms are detected, after ethidium 

bromide staining, as the presence or absence of bands of particular sizes. These 

polymorphisms are considered to be primarily due to variation in the primer annealing 

sites, but they can also be generated by length differences in the amplified sequence 

between primer annealing sites. 

The main advantage of RAPDs is that they are quick and easy to assay. Because 

PCR is involved, only low quantities of template DNA are required. Since random 

primers are commercially available, no sequence data for primer construction are needed. 

Moreover, RAPDs have a very high genomic abundance and are randomly distributed 

throughout the genome. The main drawback of RAPDs is their low 

reproducibility, RAPD analyses generally require purified, high molecular weight DNA, 

and precautions are needed to avoid contamination of DNA samples. RAPDs have also 
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been applied in gene mapping studies to fill gaps not covered by other markers (Hadrys et 

al., 1992; Williams et al., 1990) 

Lakhanpaul et al., (2000) conducted RAPD marker analysis in Indian mungbean 

cultivars. Thirty two Indian cultivars of green gram were subjected to RAPD markers 

analysis by employing 21 pairs of primers. These primers produced 267 amplifications 

with an average of 12.71 per primer and polymorphism ranges up to 64%. Jaccard 

similarity coefficient values ranged from 0.65 to 0.92. The cluster analysis results 

produced three clusters which showed greater similarity between cultivars which were 

released from the same source. The high genetic similarity among the cultivars could be 

predicted due to their common pedigrees. Twenty one mungbean varieties were used for 

RAPD analysis by using 34 pairs of primers. Polymorphic amplification was produced by 

all primers with some variation. Total 204 bands were produced by thirty four primers 

with an average of six bands per primer and out of this amplification 75.0% was 

polymorphic (Afzal et al., 2004). Seventy genotypes belonging to different wild and 

cultivated mungbean varieties/lines were studied by using eight RAPD markers; level of 

polymorphism ranged from 55% to 100%. The maximum number of fragments after 

amplification was fifteen and minimum was five. Population was clustered into five 

different groups on the basis of pair wise genetic similarities by using UPGMA method 

(Dikshit et al., 2007). Molecular assessment to study of genetic diversity in 54 mungbean 

accessions using RAPD was conducted. Seven out of 40 primers produced 174 

amplification products on an average of 24.85 bands per primer. The RAPD profiles were 

analyzed for Jacquard’s similarity coefficients that were in the range from 0 to 48%, 

showing significant amount of diversity at the molecular level. This study confirmed that 

the RAPD analysis provides an efficient and simple method for preliminary genetic 

diversity assessment of mungbean germplasm that may reflect morphological trait 

differences among them (Lavanya et al., 2008). Thirty RAPD primers were employed to 

study the genetic diversity of thirty nine genotypes; a total of 441 amplifications were 

produced out of which 382 were polymorphic. Polymorphism percentage ranged from 

42.85 to 100%. jaccards similarity coefficient between the pairs of genotypes ranged 

from 40.8 to 90.3%, genotypes were clustered into eleven clusters, out of these three were 

main groups and eight were minor groups. Genotypes having close similarity might be 
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due to common ancestors or due to repeatedly usage in breeding programs (Saini et al., 

2010). Ten RAPD markers were employed to estimate the genetic diversity in seventy 

eight sub-continent mungbean genotypes. Genotypes were clustered into seven groups on 

the basis of phenotypic data, and then fifteen of these genotypes were selected for 

molecular characterization. Total 779 alleles were found on eighty four loci, and 

polymorphic information content was also estimated. Dendrogram was constructed on the 

basis of UPGMA method which clustered the genotypes according to the morphological 

clustering results (Chattopadhyay et al., 2011). DNA from twenty four mungbean 

cultivars was studied with sixty random primers, and out of these thirty three primers 

showed distinct amplification. A total of 249 amplifications were produced by primers, 

out of these 224 were polymorphic. Seven polymorphic amplifications were produced on 

an average by each random primer. Minimum number of amplified fragments by primer 

was two, and maximum number was seventeen. Polymorphism percentage ranged from 

minimum 33% to maximum 100%. Cluster analysis grouped all genotypes into four 

groups which showed narrow genetic base of the mungbean cultivars used in this study 

(Datta et al., 2012). Twenty RAPD primers were used for thirteen mungbean genotypes 

and ten primers were selected after of amplification results. Ten selected primers 

produced 379 fragments amplification with an average of 37.9 bands per primer, 100% 

polymorphism was observed and band size ranged from 250bp to 5000bp. The pair wise 

values of genetic distances ranged from 0.0700 to 1.0852, which showed high genetic 

diversity in the selected mungbean genotypes (Sony et al., 2012).  

SSRs are stretches of 1 to 6 nucleotide units repeated in tandem, and randomly 

spread in eukaryotic genomes. SSRs are very polymorphic due to the high mutation rate 

affecting the number of repeat units. Such length-polymorphisms can be easily detected 

on high resolution gels (e.g. sequencing gels), by running PCR amplified fragments 

obtained using a unique pair of primers flanking the repeat (Weber and May 1989). 

Main advantage of SSRs markers is that, it allows the identification of many 

alleles at a single locus. Simple sequence repeats are evenly distributed all over the 

genome, therefore easily detectable. They are co-dominant marker and require little DNA 

for assay (Gianfranceschi et al., 1998, Guilford et al., 1997, Maliepaard et al., 1998). The 
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main disadvantage of SSRs markers has been their time consuming development in the 

laboratory and the high cost for their development (Zane et al., 2002). 

Microsatellite markers have been used in mungbean on characterization of seven 

polymorphic microsatellite loci in mungbean. Seven SSR markers were used, and 

different numbers of alleles were produced per locus, maximum numbers of alleles were 

five and minimum numbers of alleles were two. The SSR markers used during the study 

were helpful for the estimation of genetic diversity of mungbean germplasm (Kumar et 

al., 2002). Fourteen DNA markers were used for the molecular study of sixteen 

genotypes out of these eight were RAPD markers, five URP markers and one was SSR 

marker. Fifty one loci were amplified out of which twenty nine were polymorphic with 

RAPD markers. The maximum number of polymorphic loci observed was six, and the 

minimum number of polymorphic loci was one. Sixteen studied genotypes were clustered 

into five groups. These results also showed the significance of markers using molecular 

markers study for the estimation of genetic diversity in the mungbean germplasm 

(Dikshit et al., 2009). Fifty five mungbean accessions from South, West and East Asia 

were collected for population structure of mungbean. Fifteen SSR markers were used in 

the study, which amplified fifty six alleles with an average of 3.73 per locus. Major allele 

frequency, heterozygosity, and polymorphic information content were also calculated. 

Population was distributed into three clusters having diverse origins (Kabir et al., 2011). 

Thirty mungbean mutant lines and one parent were studied by using eight SSRs markers 

to estimate the genetic diversity. Number of loci amplified by primers ranged from one to 

two, with an average of 1.15 loci per primer. The size of the amplified fragments differs 

in each primer which ranged from 50bp to 250bp. On the basis of SSRs results, thirty 

mutant lines were clustered into two clades, one clade have only single parent, while 

other contained all mutant lines (Singh et al., 2012). Fifteen SSRs markers were used to 

study the genetic diversity in sixty five mungbean genotypes, collected from Southeast 

Asia, East Asia, Guatemala and United states. Total forty seven alleles were amplified 

and detected and their number for per locus varied. Locus with minimum number of 

allele was two and on other hand locus with maximum number of alleles was six and 

average numbers of alleles were 3.13. Major allele frequency, polymorphic information 

content, and heterozygosity were also calculated. By using the UPGMA dendrogram 
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most of the genotypes were grouped into two main groups, one group having fifty eight 

genotypes and other having seven genotypes (Wang et al., 2012). 

SCARs are DNA fragments amplified by PCR using specific 15-30 bp primers, 

designed from nucleotide sequences established from cloned RAPD fragments linked to a 

trait of interest. By using longer PCR primers, SCARs do not face the problem of low 

reproducibility generally encountered with RAPDs. Obtaining a co-dominant marker may 

be an additional advantage of converting RAPDs into SCARs, although SCARs may 

exhibit dominance when one or both primers partially overlap the site of sequence 

variation. Length polymorphisms are detected by gel electrophoresis. SCARs markers are 

locus specific and have been applied in gene mapping studies and marker assisted 

selection. The main advantage of SCARs marker is that, they are quick and easy to use. 

In addition, SCARs have a high reproducibility and are locus-specific. Because of PCR, 

only low quantities of template DNA are required. The only drawback is that they require 

sequence data to design the PCR primers (Paran and Michelmore, 1993). 

SCARs markers, which are originally derived from RAPDs markers, are more 

efficient with increased reproducibility and specificity (Paran and Michelmore, 1993). 

The SCAR markers are basically PCR-based markers that showed genomic DNA 

fragments at specific and defined loci that are identified by PCR amplification using 

sequence specific oligonucleotide primers (McDermott et al., 1994). SCAR markers are 

co-dominant and provide more information for genetic mapping than dominant molecular 

markers, as SCARs can be used to screen pooled genomic libraries for physical mapping 

(Chelkowski and Stephen, 2001), defining locus specificity (Paran and Michelmore, 

1993) as well as comparative mapping (Guo et al., 2003) and homology studies among 

related plant species. Souframanien and Gopalakrishna (2006) developed the SCAR 

marker, linked with MYMV resistance gene in the blackgram. One hundred primers were 

used, fifty four produced amplification of which thirty six exhibit polymorphism. One 

marker (ISSR811) was found to be closely linked with MYMV resistance gene. SCAR 

primers were designed based entirely on cultivar TU 94-2 and named as YMVI-F and 

YMV1-R. The ISSR and SCAR markers were studied in diverse blackgram genotypes 

which were known for their resistance. ISSR811 was present in all virus resistant 

genotypes and absent in susceptible genotypes. Similarly SCAR primers YMVI-F and 
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YMV1-R produced amplification only in resistant genotypes and there was no bands 

formation in susceptible genotypes. Dhole et al., (2013) developed the SCAR marker that 

was linked with MYMV resistance genes. One hundred and forty RAPD primers were 

used, forty five showed polymorphism. Three primers amplified the specific polymorphic 

region and out of these markers OPB-07 was reported to be most closely linked with 

resistance to MYMV. This specific amplified fragment was reported to be linked with 

resistance gene. The amplified fragment was cloned, sequenced and used as SCAR 

marker. After that its validation was also made by using twenty genotypes of diverse 

genetic background. The SCAR marker amplified the specific fragment in the resistant 

genotypes and no fragment was amplified in the susceptible genotypes which actually 

validate the SCAR markers.  

2.6 Epidemiology 

Mungbean yellow mosaic virus was reported on green gram sown during March 

to May. The increased disease incidence might be attributed to the higher temperatures 

prevalent during these months, which was favorable for the vector, Bemisia tabaci to 

develop and multiply (Murugesan and Chelliah, 1977). A positive correlation exists 

between whitefly populations and disease incidence of MYMV in field conditions (Patel 

and Srivastava, 1990). Influence of cropping seasons on incidence of MYMV in 

mungbean genotypes was studied. All genotypes showed a higher disease incidence 

during summer season, compared to spring and rainy season crops. This is attributed to 

unfavorable conditions for multiplication of the vector Bemisia tabaci in spring and rainy 

seasons (Singh and Gurha, 1994). Effect of weather parameters on whitefly population 

and incidence of yellow mosaic virus on green gram was studied during 1990-91 in 

Assam. A significantly positive correlation between MYMV disease incidence and 

whitefly population, temperature, relative humidity, rainfall was observed by using 

correlation and regression analysis. Yield of green gram had a negative correlation with 

disease incidence (Nath, 1995). Stepwise regression was used to develop predictive 

models for whitefly and MYMV disease, based on two years (2003 and 2004) 

epidemiological data. Weekly air temperatures (maximum/minimum), rainfall and 

relative humidity were employed as independent variables. Whitefly population and 

MYMV disease percent plant infection served as dependent variables. Stepwise 
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regression indicated the significant influence of air temperatures, rainfall, and relative 

humidity on whitefly population and MYMV disease severity. There was a significant 

correlation of whitefly population with MYMV in both seasons. During 2003, a full 

model consisting of all the environmental variables explained 92% of the variability in 

whitefly population and 81% of the variability in MYMV disease development. During 

2004, the same four environmental variable models explained 91% of the variability in 

vector and disease development. The observed and predicted model values of whitefly 

and MYMV disease were in close confirmation (Khan et al., 2006).  

Environmental factors played a vital role in the development of disease, all 

varieties responded differently to temperature (maximum/minimum), relative humidity 

and rainfall. The relationship of these environmental parameters with percent plant 

infection by MYMV on most varieties was positive (Khan et al., 2012). High rainfall 

during the month of July and very less or no rain in the month of August was crucial for 

disease development. The highest MYMV disease incidence was observed when 

maximum temperature was 34–35°C and minimum temperature 26–27°C; total rain fall 

55 mm, which did not exceed 100 mm during the month of August and the relative 

humidity should be 87–89% (Livinder et al., 2009). A field survey was conducted to 

study the impact of environmental factors on MYMV disease and whitefly population. 

Maximum temperature, relative humidity, and rainfall play a vital role not only in 

whitefly population but also in MYMV disease. Strong correlation coefficients were 

found for all three factors and a regression model was established by using the above 

mentioned three environmental factors. Disease predictive model explained the sixty five 

percent variability of the MYMV disease incidence (Srivastava and Prajapati, 2012). 

2.7 Management 

Mungbean diseases, especially viral infections need to be controlled, in order to 

maintain the quality and abundance of food produced by farmers around the world. 

Different approaches may be used to prevent, mitigate and manage MYMV disease. 

Inspite of good agronomic practices, farmers often rely heavily on pesticides. The 

environmental pollution caused by excessive use, and misuse of pesticides has led to 

considerable changes in people’s attitudes towards the use of pesticides in agriculture. 

Consequently, disease management research focused their efforts on developing 



20 
 

alternative inputs to synthetic chemicals for controlling pests and diseases. Among these 

alternatives are use of plant extracts, their derivatives and nutrients. 

Root extract of Boerhaavia diffusa was used to induce systemic resistance in 

tobacco (Verma and Awasthi, 1979). Plants extract of Azadirachta indica shown 

excellent results as an insect repellant and were effective against a range of viral, 

bacterial and fungal pathogens (Eppler, 1995; Locke, 1995). Neem products were used to 

study their effects on MYMV disease transmitted by Bemesia tabaci, in an experiment 

conducted in Tamil Nadu, India. Treatments included neem oil at 3%, neem seed kernel 

extract at 5%, pungam leaf extract at 5%, nochi leaf extract and bougainvillea extract 

both at 5%, and monocrotophos at 0.1%. Two sprays of plant products were given 35-50 

days after sowing. Neem oil and neem seed kernel extract were effective in reducing 

MYMV disease. Neem extracts were also effective in increasing urdbean yield 

(Sethuraman et al., 2001). Efficacy of botanicals and insecticides were evaluated against 

sucking pests (i.e., aphid and whitefly) on green gram. Among the treatments, acephate 

75 SP at 0.075% and TNAU neem oil (C) 60 EC at 3% were significantly superior by 

recording higher percentage of reduction in aphid population and yellow mosaic virus 

disease incidence (Chandrasekharan and Balasubramanian, 2002). 

 A greenhouse experiment was conducted to identify plant extracts as potential 

inhibitors of urdbean leaf crinckle virus disease and to evaluate the different methods of 

application of plant extacts. Plant species and parts used for the extract included Allium 

cepa bulbs, Allium sativum cloves, Datura stramonium leaves. Eucalyptus globules 

leaves, Piper nigrum fruits, Lantana camara leaves, Prosopis juliflora leaves, Piper 

longum, and Zingiber officinale. The extracts from Z. officinale, P. longum, P. juliflora 

possessed the most potent anti-ULCV property and were used for further studies. The 

extracts of Z. officinale, P. juliflora diluted from 1:1 to 1:5 and P. longum diluted from 

1:1 to 1:10 showed a high percentage of disease reduction (Thirumalaisamy et al., 2003). 

also reported the inhibitory effect of A. indica, Boerhaavia diffusa, and Clerodendrum 

aculeatum on viral diseases of mungbean (MYMV) and urdbean (ULCV) (Singh et al., 

(2004). Neem products and Melia dubia were evaluated against aphids of tomato. Melia 

dubia seed kernel extract and neem seed kernel extract at 5% concentration gave 60.19 

and 69.37% reductions of whitefly population respectively; with endosulfan treatment 
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gave 74.62% control (Senguttuvan et al., 2005). Six plants extracts viz; Mirabilis jalapa, 

Carthamus roseus, Datura metal, Bougainvillea spectabilis, B. diffusa, and A. indica 

were used, which caused reduction in the incidence of ULCV in urdbean crop in the field. 

Among the antipathoviral chemicals dihydrotestosterone (DHT) reduced the transmission 

to maximum extent and increased the incubation period of virus in urdbean plant (Reddy 

et al., 2006). 

Three plant extracts were used namely A. indica, B. diffusa root extract and C. 

aculeatum for the management of MYMV disease. All the treatments were effective for 

management of the disease, maximum disease reduction was obtained from spray of C. 

aculeatum, while minimum disease reduction was recorded where A. indica was sprayed 

(Singh and Awasti, 2009). Three plant extracts were regularly sprayed against MYMV 

disease in mungbean and urdbean crops i.e., A. indica, B. diffusa root extracts, and C. 

aculeatum. Six sprays of each extract were applied and maximum disease reduction was 

observed when sprayed with C. aculeatum while minimum disease was reduced by 

application of A. indica (Singh et al., 2011). Neem leaf extract, garlic clove extract, 

allamanda leaf extract, imidacloprid, thiamethoxam, carbosulfan, and cypermethrin for 

the management of MYMV. Imidacloprid gave the best results followed by neem leaf 

extract, cypermethrin, and allamanda leaf extract. The number of pods and their sizes 

were also increased with treatments having better results in the management of the 

disease (Hossain et al., 2010). Pseudomonas fluorescens, bioactive compounds and plant 

extracts were used to reduce the disease incidence of MYMV in black gram. Three plants 

extracts from D. metel, M. jalapa and A. indica were used for suppressing the disease. 

Results indicated that all three plant extracts reduced the disease and increased the yield 

of the crop (Venkatesan et al., 2010).  

Insecticides were used for the management of whitefly population and MYMV 

disease. Three insecticides were proved to be the most effective for the management of 

whitefly and the disease. Thiomethoxam gave maximum reduction in the whitefly 

population and MYMV disease; spirotetramat gave the second best results, while 

acetamprid reduced the whitefly population and the disease to a lesser extent as compared 

to thiomethoxam and spirotetramat (Panduranga et al., 2011). 
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Effects of nitrogen (N), phosphorus (P), and potassium (K) on incidence of 

MYMV, leaf crinkle, anthracnose, and root rot on mungbean were studied. Different 

combinations of N, P, and K treatments were applied to the plants growing in pot 

experiment. Application of 20 Kg N + 40 Kg P +50 Kg K /ha gave the highest reduction 

in MYMV (53.34%), anthracnose (70.21%), leaf crinkle (59.76%), and root rot (100%) 

incidence. K and P at 40 kg/ha were also effective against MYMV infection and 

anthracnose. Increase in N rate with 40 kg P /ha increased the severity of MYMV, 

anthracnose, and leaf crinkle, but did not significantly affect root rot (Sekhar and Hari, 

2001). Application of nutrients and weeding significantly minimized the incidence of 

MYMV and ULCV both in mungbean and urdbean. Plant height was reduced up to 

38.2% due to MYMV. The results of the experiments proved that, if disease incidence is 

less, growth reduction is less and ultimately yield parameters remained less effected 

(Chand and Varma, 1983; Jain et al., (1995). There was a high nitrogen and phosphorus 

intake by varieties sown earlier than normal sowing date. Nutrients enhance defense 

mechanism of the plants and maximum uptake of nutrients took place in early sown 

varieties. So, early sowing and nutrient application is recommended for ULCV 

management (Singh et al., 2000). Bimal et al., (2001) studied the effects of soil 

application of boron and molybedenum under field conditions on the severity and 

incidence of MYMV and yield in winter mungbean cultivar of seasons 1996-97 and 

1997-98. The single or combined application of boron (2kg/ha) and molybedenum 

(1.5kg/ha) significantly reduced the severity of MYMV and increased the yield (24.8-

30.6%). Effect of iron, sulphur, boron, and weeding on incidence of MYMV was studied. 

The disease was reduced with application of iron, sulphur and boron along with weeding 

as compared to control. When iron, sulphur and boron were applied to mungbean without 

weeding the disease severity and incidence increased as compared to treatment having 

nutrient application along with weeding (Islam et al., 2002). Nutrients play an important 

role in the management of different plant diseases. In last decade the importance of 

sustainable agriculture has been raised due to excessive use of classical pesticides, food 

safety issues, pesticides resistance and environment quality concern problems. Nitrogen 

application, when applied in excess, causes increase in disease severity, while at optimum 

supply of nitrogen the plant defends itself against pathogens. Potassium application 
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reduced disease severity of different diseases. Phosphorus is also important for the proper 

growth of the plant and helpful for reducing the disease severity. Manganese is also an 

important nutrient required by the plants for phenol biosynthesis, lignin biosynthesis and 

photosynthesis and for other cellular functions (Dordas, 2008). 

Zinc is important for various physiological functions of the plant that directly or 

indirectly interact with the resistance and susceptibility. Zinc is required for more than 

three hundred enzymes for their functionality and is also a structural component of 

several enzymes. Zinc also influences the structural and functional integrity of different 

cell membrane; its deficiency causes biochemical changes in the membrane (Henriques et 

al., 2012). Potassium plays an important role during plant stress conditions that were both 

biotic and abiotic. Potassium plays an important role in plant defense against stress like 

diseases caused by viruses, bacteria, fungi and nematode, pests, salinity, drought, cold, 

frost and water logging. Potassium also affects the various physiological and biochemical 

processes that have vital role in the plant development (Wang et al., 2013). 

 

 

 

 

 

 

 

 

 

 

 

 

 



24 
 

CHAPTER-3 

MATERIALS AND METHODS 

3.1 Evaluation of mungbean germplam against MYMV 

To catalogue mungbean genotypes, mungbean disease screening nursery was 

established for two years during 2012-2013 in the Research Area of Department of Plant 

Pathology, University of Agriculture, Faisalabad, (UAF). One hundred and twenty seven 

mungbean genotypes used for disease screening were obtained from Institute of Agri. 

Bioteh. and Genetic Resource, National Agricultural Research Centre (NARC) 

Islamabad, Nuclear Institute for Agriculture Biology (NIAB) Faisalabad and Ayub 

Agricultural Research Institute (AARI), Faisalabad. 

Germplasm used for screening was not treated with any seed dressing chemical 

just to increase the chances of primary infection of disease. Each test entry was planted in 

a row of 3 meter in length with 30 cm row-to- row distance. The planting was done on 

15th June and 1st June, during 2012 and 2013 respectively. One row of a most 

susceptible check (Kabuli mung) was sown after every ten test entries, in addition to 

these two rows of susceptible check were also sown all around the experiment and 

disease screening nursery was sown in three replications. Disease progression was 

calculated on visual symptoms of disease at weekly intervals. Ten plants per row were 

randomly selected and their leaves showing clear symptoms (veinal yellowing and 

scattered bright yellow spots) and total leaves were counted and disease incidence was 

calculated by using the formula: 

 

Disease incidence = No. of infected leaves X 100 

   Total No. of leaves 

 

Disease severity rating was based on 0-5 disease rating scale (Table 3.1) adopted 

from Bashir et al., (2005) and Akhtar et al., (2009) after initiation of first disease 

symptoms in the field. Accurate measurement of plant disease is crucial in all studies 

relating disease severity to disease losses and subsequent management tactics (Horsfall 

and Cowling, 1978; Akhtar and Khan, 2002). In all the present MYMV disease 

assessment systems the percentage of diseased plants (Bashir et al., 2006; Khattak et al., 
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2008) are taken for the expression of varietal response (resistance/susceptible) on visual 

basis. 

Table 3.1 Disease rating scale (0-5) for MYMV disease. 

Severity           % Infection Visual Symptoms  Infection Category             

0                All plant free 

of virus 

symptoms   

Complete absence of symptoms Highly resistant           

1                1-10% 

infection                             

Small yellowish spots scattered on 

some leaves 

Resistant        

2  11-20% 

infection                            

Yellowish bright spots common on 

leaves, easy to observe  

Moderately 

resistant 

3  21-30% 

infection                            

Yellowish bright specks common on 

leaves, easy to observe with larger 

patches of symptoms 

Moderately 

susceptible                

4                30-50% 

infection                            

Bright yellow specks or spots on all 

leaves, minor stunting of plants and 

less number of pods 

Susceptible                                  

5                More than 

50% infection                          

Yellowing or chlorosis of all leaves on 

whole plant, shortening of internode, 

severe stunting of plants with no yield 

or few flowers and deformed pods 

produced with small, immature and 

shriveled seeds 

Highly susceptible 

       

3.2 Confirmation of virus through grafting 

The pathogencity of virus was confirmed through grafting method described by 

Akhtar and Haq, (2003). Four to six seeds of MYMV susceptible variety ‘Kabuli mung’ 

were sown under insect-free conditions in a screen house. Thinning was done after two 

weeks of seeds germination. Three to four week old plants were selected for graft 

inoculation. One sliced cut 1- 2 cm long and 0.1-0.2 cm deep was made 1-2 inches below 

the growing tip on the main stem of the test plant. An 18 cm long trifoliate branch having 

the same thickness as that of the test plant and showing 40-50% yellow mosaic symptoms 

was detached from naturally infected mungbean plants. A similar cut (as in the test plant) 

was made on this branch and corresponding cut surfaces were brought together and tied 

with parafilm to avoid drying and to stop the entry of air. Care was taken to bring the 

corresponding cambium surfaces into contact. This stem was then placed in a falcon tube 
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and filled with distilled water. Distilled water was changed daily for 7 days. After 7 days, 

the plant was removed from the test tube and observed daily for its success. 

3.3 Molecular characterization of mungbean germplasm 

3.3.1 Study of genetic diversity of mungbean genotypes through RAPD and SSR 

markers 

Ten mungbean genotypes were selected on the basis of their diverse response in 

field against MYMV, to study their genetic diversity at molecular level by using the 

RAPD and SSR markers. Seeds of mungbean genotypes were sown in pots (Table 3.2). 

Fresh leaf samples (8-10) from potted mungbean plants were collected and immediately 

DNA from these samples was extracted following a CTAB method for DNA extraction 

with certain modifications (Doyle and Doyle, 1990). 

3.3.2 Study of mungbean genotypes with SCAR markers linked with MYMV 

resistance gene 

Fifteen mungbean genotypes were selected on the basis of their resistant and 

susceptible response in field against MYMV. Field screening results were validated by 

using two SCAR markers linked with MYMV earlier reported in mungbean and 

blackgram. Seeds of mungbean genotypes were sown in pots (Table 3.3). Fresh leaf 

samples (8-10) from potted mungbean plants were collected one week after germination 

and immediately DNA from these samples was extracted following a CTAB method for 

DNA extraction with certain modifications (Doyle and Doyle, 1990). 

Table 3.2. Mungbean genotypes used for RAPD and SSR markers analysis. 

Sample No. Varieties/lines Resistance level 

1 NM-2011 Resistant 

2 NM-2006 Resistant 

3 Azri-06 Resistant 

4 NM-92 Moderately resistant 

5 C2 94-4-36 Moderately resistant 

6 NM-54 Moderately susceptible 

7 M-6 Moderately susceptible 

8 8008 Highly susceptible 

9 8010 Highly susceptible 

10 8011 Highly susceptible 
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Table 3.3. Mungbean genotypes used for SCAR markers. 

Sample No. Varieties/lines Resistance level 

1 NM-2011 Resistant 

2 NM-2006 Resistant 

3 Azri-06 Resistant 

4 NM-92 Moderately resistant 

5 C2 94-4-36 Moderately resistant 

6 NM121-25 Moderately resistant 

7 07007 Moderately resistant 

8 98001 Moderately resistant 

9 014322 Moderately resistant 

10 014328 Moderately resistant 

11 014527 Moderately resistant 

12 014532 Moderately resistant 

13 M-6 Highly susceptible 

14 8010 Highly susceptible 

15 8011 Highly susceptible 

    

3.3.3 DNA extraction 

A preheated 2 CTAB solution in a water bath at 65 ˚C was prepared. Leaf 

samples were ground in liquid nitrogen to get a fine powder and then transferred to a 

falcon tube and 15 mL of CTAB was added, mixed gently and incubated at 65 °C for half 

an hour. Then 15 mL of chloroform/isoamylalcohol (24:1) was added, and followed by 

centrifugation for 10 min at 9508 g. Supernatant was transferred in a new falcon tube and 

added 0.6 volume of chilled propanol and centrifuged at 9508 g for 5 min. Pellet was 

washed with ethanol (70%), air dried, and dissolved in 500 uL d3H2O. Solution was 

transferred into an eppendorf tube and added 5 uL of RNase and incubated for 1hr at 37 

°C. After incubation equal volume of chloroform/isoamylalcohol was added and 

centrifuged at 19838 g for 10 min. Supernatant was transferred to a new eppendorf tube. 

1/10th NaCl was added along with double volume of chilled ethanol and centrifuged at 

19838 g for 10 min. followed by washing with 70% ethanol and air dried the pellet and 

dissolved in d3H2O.                                                                                                          
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3.3.4 DNA quantification 

The genomic DNA concentration of mungbean germplasm was quantified with a 

spectrophotometer (CECIL, CE 2021). Optical density (OD) of each sample was 

calculated by measuring the absorption at 260 nm. Three dilutions (15, 20, 25 ng/µl) from 

the stock DNA were prepared to optimize the DNA concentration for the best 

amplification.  

3.3.5 Primer sequence of RAPD markers 

Total of forty RAPD primers from four different series (I, J, K & L) were used in 

the study for RAPD analysis and polymorphic primers were selected to amplify the 

genomic DNA of mungbean germplasm (Table 3.4). 

3.3.6 Optimization of PCR conditions for RAPD   

PCR thermal cycler (AG No. 533300839, Germany) was used in the present 

study. The total reaction was performed in a volume of 25 µL. The components for 25 µL 

reaction mixture were 2.5 µL of genomic DNA, 0.2 µL Taq DNA polymerase (MBI, 

Fermentas, Vinius, Lithuania), 2.5 µL 10X buffer, 2.5 µL Gelatin, 3 µL MgCl2 (2.5 mM), 

4 µL dNTPs (0.2 mM), 2 µL primers (15 ng), 8.3 µL d3H2O. PCR amplification was 

performed as follows; initial denaturation at 95°C (5 min.), followed by 40 cycles of 

95°C (denaturation for 1 min.), 34°C (primer annealing for 1 min.), 72°C (extension for 2 

min.), 72°C (final extension for 10 min.) and at last hold for 4°C. 

3.3.7 Primer sequence of SSR markers 

Ten SSR primers were used for genetic diversity study of mungbean. SSR primers 

were selected on the basis of their polymorphism and to amplify the genomic DNA of 

mungbean germplasm (Table 3.5). 

3.3.8 PCR conditions for SSR markers  

The total reaction was performed in a volume of 20 µL. The components for 20 

µL reaction mixture were 2 µL of genomic DNA, 0.2 µL Taq DNA polymerase (MBI, 

Fermentas, Vinius, Lithuania), 2 µL 10X buffer, 1.6 µL MgCl2 (2.5 mM), 6.4 µL dNTPs 

(0.2 mM), 1 µL primers (15 ng), 5.8 µL d3H2O. PCR amplification was performed as 

follows; initial denaturation 95°C (3 min.), followed by 40 cycles of 95°C (denaturation 

for 10 sec.), 57°C (primer annealing for 10 sec.), 72°C (extension for 30 sec.), 72°C (final 

extension for 10 min.) and at last hold for 4°C. 
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Table 3.4 Detail of RAPD Primers along with their Sequences used in the study. 
 Serial No. Primer Name Sequence 

1 GL Decamer I-03 CAGAAGCCCA 

2 GL Decamer I-10 ACAACGCGAG 

3 GL Decamer I-11 ACATGCCGTG 

4 GL Decamer I-12 AGAGGGCACA 

5 GL Decamer I-13 CTGGGGCTGA 

6 GL Decamer I-14 TGACGGCGGT 

7 GL Decamer I-20 AAAGTGCGGG 

8 GL Decamer J-15 TGTAGCAGGG 

9 GL Decamer J-19 GGACACCACT 

10 GL Decamer J-20 AAGCGGCCTC 

11 GL Decamer K-08 GAACACTGGG 

12 GL Decamer K-09 CCCTACCGAC 

13 GL Decamer K-10 GTGCAACGTG 

14 GL Decamer K-12 TGGCCCTCAC 

15 GL Decamer K-15 CTCCTGCCAA 

16 GL Decamer K-16 GAGCGTCGAA 

17 GL Decamer K-17 CCCAGCTGTG 

18 GL Decamer K-19 CACAGGCGGA 

19 GL Decamer K-20 GTGTCGCGAG 

20 GL Decamer L-04 GACTGCACAC 

21 GL Decamer L-05 ACGCAGGCAC 

22 GL Decamer L-07 AGGCGGGAAC 

23 GL Decamer L-08 AGCAGGTGGA 

24 GL Decamer L-10 TGGGAGATGG 

25 GL Decamer L-12 GGGCGGTACT 

26 GL Decamer L-13 ACCGCCTGCT 
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Table. 3.5 Detail of SSR primers along with their sequences used in the study.        
Serial 

No. 

Marker 

Name 

Primer Name Sequence No. of 

alleles 

1 VR044 
VR044 F CCCATGAAGGTATGAGACAACA 

5 
VR044 R GACTGAGAAAGAGAGAGAAGCATTT 

2 VR222 
VR0222 F TCTCTTCTCTCTTCTCTCTTCTTCTTC 

5 
VR0222 R TTGTGTCTGAGGCTATGTTGGT 

3 VR223 
VR0223 F GCGTGATCGAGGCAGACTAT 

5 
VR0223 R GTGGGTAGCTCGGTAATAGCAC 

4 
 

LR7319B 

LR7319B F CTGCTTTTTGGGGATTTCAG 
3 

LR7319B R CACGCAAACAGAAAGCAGAG 

5 
 

LR7322B 

LR7322B F TCAGTCAGTGTCGATAGCATAGC 
4 

LR7322B R GACACAGAGAGAGAGAGAGAG 

6 
 

LR7323A 

LR7323A F TGACGGAGAGAGAGAGAGAGAG 
5 

LR7323A R TGCTTCCTTTTGTCTGAGTTAGAA 

7 
 

LR7323B 

LR7323B F GCTATGCTATCGACACTGACTGA 
4 

LR7323B R GCGCAAAGAGAGAGAGAGAGA 

8 
 

LR7315A 

LR7315A F GTAGCGCAGAGAGAGAGAGAG 
3 

LR7315A R CAAAACGGCTCATTCAGCTT 

9 
 

LR738A 

LR738A F CGCAAAGAGAGAGAGAGAG 
4 

LR738A R CCCCCATCTGAAAGAAAGAG 

10 LR738B 
LR733B F GAGAGCAACGATTGAAAAATG 

2 
LR733B R GTTCGTAGTTACATTGTCCC 

 

3.3.9 Primer sequence of SCAR markers 

 Two SCAR markers linked with MYMV were used, one reported in mungbean 

and other reported in black gram to amplify the genomic DNA in the varieties/lines 

selected after field screening results (Table 3.6). 

3.3.10 PCR conditions for SCAR markers  

The total reaction was performed in a volume of 20 µL. The components for 20 

µL reaction mixture were 2 µL of genomic DNA, 0.2 µL Taq DNA polymerase (MBI, 

Fermentas, Vinius, Lithuania), 2 µL 10X buffer, 1.6 µL MgCl2 (2.5 mM), 6.4 µL dNTPs 

(0.4 mM), 1 µL primers (5 µM) forward and reverse each, 5.8 µL d3H2O. PCR 



31 
 

amplification was performed as follows; initial denaturation 94°C (4 min.), followed by 

35 cycles of 94°C (denaturation for 30 sec.), 64°C (primer annealing for 1 min.), 72°C 

(extension for 1 min.), 72°C (final extension for 7 min.). 

Table 3.6 Detail of SCAR Primers along with their Sequences used in the Study. 

Sr. No. Marker Name Sequence 

1 MYMVR-583(SCAR) 
F: GTGATGCACACGGTTACGGT 

R: GGTGACGCAGTCCATACAAATTT 

2 YMV1(SCAR) 
F:GAGAGAGAGAGAGAGACAAAG 

R: GAGAGAGAGAGAGAGACAGGA 

 

3.4  Area under disease progress curve 

Area under disease progressive curve (AUDPC) was calculated by the trapezoidal 

integration of the disease incidence over time for each variety/advance line, considering 

the whole period evaluated (Shaner and Finney, 1977). 

 

Where n is the number of assessment; X, disease incidence (%); and (ti+1-ti), 

duration between two consecutive assessments. The disease assessments over specific 

periods of time interval (weekly) recorded during the experiments (July- August, 2012- 

2013) were interpreted according to the above mentioned formula and the AUDPC of 

MYMV for each variety/advance line was calculated during both the years. 

3.5 Correlation of environmental factors with MYMV and regression analysis 

Data of MYMV disease incidence, whitefly population and environmental 

conditions of two years (2012 & 2013) were collected from field University of 

Agriculture Faisalabad (U.A.F) and meteorological station of Department of Crop 

Physiology at (U.A.F). Maximum and minimum air temperatures, relative humidity, 

rainfall, and wind velocity were recorded on daily basis from July to August during the 

both years and weekly average was calculated. The influence of each environmental 

factor (maximum temperature, minimum temperature. relative humidity and rainfall and 

wind velocity) was studied through correlation and regression analysis. 
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Quantitative independent variables are used in regression analysis to explain 

variation in quantitative dependent variables. Linear regression models can be 

categorized into two broad categories: simple regression models and multiple regression 

models. In simple linear regression models, the dependent variable (Y) is a direct 

function of an independent variable (X). The following is the general equation for simple 

linear regressions: 

Y = β0 + β1X 

Where β0 is the intercept and β1 is the slope. For multiple linear regression 

models, multiple independent variables are used to predict the response of the dependent 

variable.” (Graham, 2003). The following is the general equation for multiple linear 

regressions: 

Y = β0+ β1 X1+ β2 X2 +βi Xi+ € 

Where Y is the dependent variable, βs are regression coefficients, Xs are 

explanatory or independent variables and € is the random error term. The MYMV 

predictive model was developed and the varieties/lines in which environmental variables 

exerting significant influences were plotted and the most favorable environmental 

conditions for disease development were determined by regression analysis. The 

influence of these conditions on disease development was determined by comparing the 

observed disease and those values predicted by multiple regression models. 

3.6 Management of MYMV disease and whitefly population 

Four mungbean varieties/lines (NM-92, NM-212-25, 98001 and 7007) tolerant to 

MYMV were selected for field experiment. The trial was conducted in randomized 

complete block design RCBD with three replications during summer 2012 and 2013 in 

research area of Department of Plant Pathology, University of Agriculture, Faisalabad. In 

each replicate eight treatments were used for every entry. For management of MYMV 

disease eight treatments (Imidacloprid, Acetamiprid, Onion, Garlic, NPK, Fe,Zn,Br, and  

combination of both (NPK, Fe,Zn,Br) including control were used. For management of 

whitefly, insecticides (Imidacloprid and Acetamiprid) and plant extracts (Onion and 

Garlic) were used. Onion and garlic were collected, macerated and then thoroughly 

homogenized in blender. The resultant pulp was passed through two folds of muslin cloth 

and extract was collected in a bottle kept at 4 °C and used immediately at the rate of 3%.  
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Nutrients consisting of NPK (500 mL/acre), Fe,Zn,B (500 mL/acre) and combination of 

both (NPK and Fe,Zn,B) were applied to study their effect on MYMV disease 

management. These treatments were sprayed at weekly interval after 15 days of 

germination on plants with a knapsack sprayer until drip off occurred (Ashfaq, 2007). 

The disease incidence and disease severity both were recorded at weekly interval and 

subjected to ANOVA. The treatments were compared with least significant difference 

test at 5% level of probability. 

3.7 Statistical Analysis 

All the data were processed through statistical tests by using SAS/STAT 

statistical software (SAS Institute, 1990). For molecular characterization bands were 

counted and data were analyzed by using “popgen32” computer software, the genetic 

variation and similarity were assessed. The genetic relationship among the mungbean was 

determined by clustering the genotypes. Data of MYMV disease as influenced by the 

treatments were statistically analyzed, all possible interactions of insecticides, extracts 

and nutrients were determined through ANOVA and treatments were compared by LSD 

test at 5% level of probability (Steel et al., 1997). 
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CHAPTER-4  

RESULTS 
4.1 Response of mungbean germplasm against MYMV 

Based on their response to MYMV, genotypes were categorized into different 

groups according to table 3.1. During summer 2012, out of 127 varieties/lines tested none 

of the variety showed immune or highly resistance response, only 3 varieties viz., 

NM2011, NM2006 and AZRI-06 showed resistance response, with AUDPC range 70-

571. Six mungbean varieties/lines viz., NM-92, NM121-25, C2 94-4-36, 07007, 

98001,014322 showed moderately resistant response, with AUDPC range 525-1054 , 

while 13 varieties/lines viz., NM54, NM20-21, 07002, 07009, 08001, 08002, 08008, 

014328, 014486, 014526, 014527, 014531, 014532 showed moderately susceptible 

response, with AUDPC 970-1841. Forty seven varieties showed susceptible response; in 

this group maximum disease incidence (50%) was observed on 014235, 014276, 014286, 

014287, 014293, 014358, 014360, 014371, 014372, 014482, 014559, 014564, while two 

lines 014530 and NM98 showed minimum disease incidence (31%) with AUDPC range 

1048-2996. Fifty eight varieties/lines showed highly susceptible response; in this group 

maximum disease incidence (100%) was observed on 014363, while minimum disease 

incidence (55%) was observed on 08011 with AUDPC range 1698-3833 (Table.4.1). 

Confirmation of MYMV was done through graft inoculation method in a screen 

house. Results of grafting showed that all the plants grafted with diseased scions 

produced the symptoms of the MYMV exhibiting typical mosaic symptoms with bright 

yellow and green patches on the leaves of the grafted plant. These results confirmed that 

the mosaic symptoms of field crop were due to MYMV (Table. 4.2). 

The same tests were repeated in 2013. Again, none of the 127 varieties/lines 

showed immune or highly resistance response, only 3 varieties viz., NM2011, NM2006 

and AZRI-06 showed resistant response, with AUDPC ranging from 25-368. Nine 

mungbean varieties/lines viz., NM92, NM121-25, C2 94-4-36, 07007, 98001,014322, 

014328, 014527, 014532 showed moderately resistant response, with AUDPC range 532-

1348 , while 14 varieties/lines viz., NM54, NM20-21, 07002, 07009, 08001, 08002, 

08008, 97006,014483, 014484, 014486, 014526, 014531, 014534,  showed moderately 

susceptible response, with AUDPC 942-2569. Forty six varieties showed susceptible 
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response; the susceptible varieties/lines showed a maximum disease incidence of 50% on 

01395, 014235, 014275, 014276, 014286, 014287, 014292, 014293, 014358, 014360, 

014371, 014372, 014482, 014559, 014564 while two lines 014237 and 014238 showed 

minimum disease incidence (31%) with AUDPC range 1131-2611. Fifty five 

varieties/lines showed highly susceptible response; in this group maximum disease 

incidence (100%) was observed on 014363, while minimum disease incidence (52%) was 

observed on 014535 with AUDPC range 1127-3654 (Table.4.3). 

 

Fig.4.1. Mungbean crop infected with MYMV. 

 

 

Fig.4.2. Mungbean leaves showing MYMV symptoms. 
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Table 4.1. Response of of mungbean germplasm to natural infection by MYMV 

      during 2012. 

Resistance/ 

Susceptibility 

level 

No. of 

genotypes 

Disease 

Incidence 

Range 

Disease 

Severity 

AUDPC 

(Range) 

Varieties/Lines 

Resistant 3 6-10 1 70-571 NM2011,NM2006,AZRI-06 

Moderately 

Resistant 

6 17-20 2 525-1054 NM92,NM121-25,C2 94-4-36,   

07007,98001,014322 

Moderately 

Susceptible 

13 25-30 3 970-1841 NM54, NM20-21, 07002, 07009, 

08001, 08002, 08008, 014328, 

014486, 014526, 014527, 014531, 

014532 

Susceptible 47 35-50 4 1131-

2996 

 

NM51, NM98, NM19-19, 07005, 

08002, 08003, 08004, 08005, 

97006, 013954, 013955, 013956, 

013957, 014237, 014238, 014254, 

014259, 014272, 014276, 014286, 

014287, 014288, 014289, 014293, 

014316, 014317, 014318, 014323, 

014331, 014341, 014343, 014358, 

014360, 014371, 014372, 014473, 

014482, 014483, 014484, 014485, 

014530, 014534, 014551, 014559, 

014564, 014565, 014566 

Highly 

Susceptible 

58 58-100 5 1698-

3833 

M-6, 97002, 08011, 08010, 013553, 

014222, 014223, 014224, 014225, 

014227, 014228, 014229, 014231, 

014232, 014234, 014235, 014261, 

014267, 014273, 014275, 014285, 

014291, 014292, 014294, 014295, 

014296, 014297, 014311, 014312, 

014313, 014314, 014315, 014359, 

014361, 014363, 014364, 014373, 

014375, 014380, 014464, 014465, 

014471, 014472, 014474, 014475, 

014476, 014477, 014478, 014479, 

014487, 014488, 014489, 014524, 

014535, 014536, 014548, 014549, 

014550 
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 Table 4.2. MYMV confirmation through grafting method. 

Plant number Grafting success Disease transmission 

1 + + 

2 + + 

3 + + 

4 + + 

5 + + 

6 + + 

7 + + 

8 + + 

9 + + 

10 + + 

Success of grafting was + when grafted scion survived for more than 10 days after 

grafting 

 

 

 

 
Fig.4.3. Plants after grafting with MYMV infected scion. 
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Table 4.3. Response of of mungbean germplasm to natural infection by MYMV 

                  during 2013. 

Resistance/ 

Susceptibility 

level 

No. of 

genotypes 

Disease 

Incidence 

Range 

Disease 

Severity 

AUDPC 

(Range) 

Varieties/Lines 

Resistant 3 2-10 1 25-368 NM2011,NM2006,AZRI-06 

Moderately 

Resistant 

9 13-20 2 532-1348 NM92, NM121-25, C2 94-4-36, 

07007, 98001,014322, 014328, 

014527, 014532  

Moderately 

Susceptible 

14 22-30 3 942-2569 NM54, NM20-21, 07002,  07009, 

08001, 08002, 08008, 97006, 

014483, 014484, 014486, 014526, 

014531, 014534 

Susceptible 46 31-50 4 1131-

2611 

 

NM51, NM98, NM19-19, 07005, 

08002, 08003, 08004, 08005, 

97006, 013954, 013955, 013956, 

013957, 014237, 014238, 014254, 

014259, 014272, 014276, 014286, 

014287, 014288, 014289, 014293, 

014316, 014317, 014318, 014323, 

014331, 014341, 014343, 014358, 

014360, 014371, 014372, 014473, 

014482, 014485, 014530, 014551, 

014559, 014564, 014565, 014566, 

014549, 014550 

Highly 

Susceptible 

55 52-100 5 1127-

3654 

 

M-6, 97002, 08011, 08010, 013553, 

014222, 014223, 014224, 014225, 

014227, 014228, 014229, 014231, 

014234, 014235, 014261, 014267, 

014273, 014275, 014285, 014291, 

014292, 014294, 014295, 014296, 

014297, 014311, 014312, 014313, 

014314, 014315, 014359, 014361, 

014363, 014364, 014373, 014375, 

014380, 014464, 014465, 014471, 

014472, 014474, 014475, 014476, 

014477, 014478, 014479, 014487, 

014488, 014489, 014524, 014535, 

014536, 014548 
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4.2 Molecular characterization of mungbean genotypes 

4.2.1 Genetic diversity through RAPD markers analysis 

Ten genotypes, three from resistant group, two from moderately resistant, two 

from moderately susceptible and three genotypes from highly susceptible group were 

selected randomly. These genotypes were genetically analyzed by using 40 RAPD 

decamers, twenty six primers out of these were selected for final analysis which showed 

distinct and easily detectable bands. Taking into account of all primers used, 139 bands 

were amplified in PCRs of ten genotypes, which produced 92 polymorphic bands and 

showed 66% polymorphism. Maximum percentage of polymorphism was shown by 

primers GLK-20 and GLI-12 i.e., 85%, while primer GLK-08 showed minimum 

percentage of polymorphism 30% (Fig. 4.4). Average number of bands produced by these 

twenty six primers was 5.36. Number of polymorphic bands per primer was 3.5 bands. 

The number of bands per genotype ranged from 87 to 128, with an average of 112 bands 

per genotype, maximum number of bands produced by the genotype NM-2011 (128), 

followed by line 8008 (125), varieties Azri-06 (123), NM-92 (122), NM-54 (118), NM-

2006 (115), line 8010 (105), 8011 (102) and variety M-6 (95), while minimum number of 

bands (87) were produced by genotype C2 94-4-36 (Fig. 4.5). The number of amplified 

fragments ranged from 2 to 10, maximum number of fragments were amplified by three 

primers viz; GLK-09 (10), GLK-16 (10) and GLK-19 (10), while minimum number of 

fragments amplification was given by three primers viz; GLI-20 (2), GLL-08 (2) and 

GLL-12 (2) (Fig. 4.4). 

Multivariate analysis was conducted to generate a similarity matrix using Popgen 

32 software, version 1.44 (Yeh et al., 2000) based on Nei’s Unweighted Paired Group of 

Arithmetic Means Average (UPGMA) to estimate genetic distance and relatedness of 

mungbean germplasm. Dendrogram drawn for the genetic distances is shown in the Fig. 

4.6. The minimum similarity was observed among 8008 and Azri-06 which is 61.15%, 

while the maximum similarity was observed among genotypes NM-54 with NM-92 

which is 91.37% (Table 4.4). 

Cluster analysis classified the ten mungbean genotypes into two main clades, 

three genotypes remained unclustered and showed distinct behavior from other 

genotypes. Clade 1 comprised of five genotypes M-6, NM-92, NM-54, 8008 and 8011, 

while genotypes NM-54 and NM-92 showed similarity between them. Clade 2 consisted 
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of two genotypes C2-94-4-36 and 8010 which were clustered together and showed close 

similarity. Three genotypes NM-2011, NM-2006 and Azri-06 remained unclustered due 

to their distinct genetic makeup (Fig. 4.6). 

 
Fig. 4.4. Number of polymorphic bands per primer. 

 

 

 
Fig. 4.5. Number of bands per genotype. 
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Table 4.4. Similarity matrix of ten mungbean genotypes through RAPD markers. 

Pop ID            M-6      Azri-06   NM-2006   NM-92  8008     NM-54  C2-94-4-36   8011     NM-2011   8010         

M-6                ****      0.6475    0.7770      0.8777    0.8921    0.8921    0.8273      0.6906    0.8058    0.7914     

Azri-06          0.4347    ****       0.6259      0.6547    0.6115    0.6403    0.6763      0.7122    0.6259    0.6547     

NM-2006       0.2523    0.4686    ****        0.7698     0.7410    0.7554    0.7770      0.6403    0.7842    0.7410     

NM-92           0.1305    0.4236    0.2616      ****       0.8849    0.9137    0.8777      0.7410    0.7554    0.7842     

8008               0.1142    0.4918    0.2997      0.1223     ****      0.8907    0.8633      0.7266    0.8417   0.8273     

NM-54            0.1142    0.4458    0.2805      0.0903    0.0903    ****      0.8777      0.7410    0.7842    0.7842     

C2-94-4-36     0.1895    0.3912    0.2523      0.1305    0.1470    0.1305    ****        0.7482    0.7914    0.8201     

8011               0.3701    0.3394    0.4458      0.2997     0.3194    0.2997    0.2901     ****      0.7266    0.7554     

NM-2011        0.2160    0.4686    0.2431      0.2805    0.1723    0.2431    0.2340     0.3194     ****      0.8561     

8010                0.2340    0.4236    0.2997      0.2431    0.1895    0.2431    0.1983     0.2805    0.1554   ****     

Nei's genetic identity (above diagonal) and genetic distance (below diagonal). 

           

          Fig.4.6. Dendrogram of mungbean genotypes obtained from similarity  

           matrix of RAPD markers. 
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Fig.4.7. RAPD-PCR with primer GLK-10, (M= 1Kb ladder). 

 

 

 
Fig.4.8. RAPD-PCR with primer GLK-16, (M= 1Kb ladder).   

 

 

  M                  NM-2011             NM-2006            AZRI-06            NM-92             C2 94-4-36            NM-52                 M-6                    8008                    8010                 8011 

  M                  NM-2011             NM-2006            AZRI-06            NM-92             C2 94-4-36            NM-52                 M-6                    8008                    8010                 8011 
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Fig.4.9. RAPD-PCR with primer GLI-12, (M= 1Kb ladder). 

 

 
Fig.4.10. RAPD-PCR with primer GLL-13, (M= 1Kb ladder). 

 

 

 

  M                  NM-2011             NM-2006            AZRI-06            NM-92             C2 94-4-36            NM-52                M-6                    8008                  8010                 8011 

  M                  NM-2011             NM-2006            AZRI-06            NM-92             C2 94-4-36            NM-52                 M-6                    8008                    8010                 8011 



44 
 

 
Fig.4.11. RAPD-PCR with primer GLK-19, (M= 1Kb ladder). 

 

 
Fig.4.12. RAPD-PCR with primer GLK-18, (M= 1Kb ladder). 

 

4.2.2 Genetic diversity through SSR markers analysis 

The ten genotypes selected for RAPD studies were also evaluated by using the 

SSR markers. As described earlier, these ten genotypes were categorized into different 

groups on the basis of their field response against MYMV. Ten SSR markers were used 

for the study of genetic diversity in mungbean germplasm and they produced 

significantly polymorphic results. Number of fragments amplification ranged from one to 

six, primer LR7319B produced the maximum number of bands while the primers 

  M                  NM-2011             NM-2006            AZRI-06            NM-92             C2 94-4-36            NM-52                 M-6                    8008                  8010                 8011 

     M                  NM-2011           NM-2006          AZRI-06            NM-92         C2 94-4-36              NM-52                M-6                   8008                 8010                  8011 
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VR0222 and VR0223 produced single band. Polymorphism was shown by most of the 

primers. 

Multivariate analysis was conducted to generate a similarity matrix using Popgen 

32 software, version 1.44 (Yeh et al., 2000) based on Nei’s Unweighted Paired Group of 

Arithmetic Means Average (UPGMA) to estimate genetic distance and relatedness of 

mungbean germplasm. Dendrogram drawn for the genetic distances is shown in Fig. 4.13. 

The minimum similarity was observed between genotypes 8008 and Azri-06 which is 

66.60%, while the maximum similarity was observed between genotypes NM-54 and 

NM-92, which is 97.70%, followed by genotype 8008 which showed 97.59% genetic 

similarity with genotype NM-92 and 95.35% genetic similarity with genotype NM-54 

(Table 4.5). 

Table 4.5. Similarity matrix of ten mungbean genotypes through SSR markers. 

pop ID            NM-92   NM-2006     M-6        8011   C2-94-4-36   NM-54     8008      Azri-06   NM-2011   8010 

NM-92           ****        0.8010      0.9258    0.9354    0.9011      0.9770     0.9759     0.8452      0.8997   0.9512     

NM-2006       0.2219     ****         0.7570    0.8898    0.7895      0.8315     0.8208      0.7108     0.7233   0.8421     

M-6                0.0771     0.2783      ****        0.8660    0.8652      0.9045     0.9487      0.7912    0.8575   0.9193     

8011               0.0668     0.1168      0.1438     ****       0.8898      0.9574    0.9129      0.7906     0.8416   0.8898     

C2-94-4-36      0.1041     0.2364      0.1448     0.1168     ****        0.8804     0.9234     0.8885   0.7790   0.8947     

NM-54            0.0233      0.1845      0.1003     0.0435    0.1274      ****        0.9535     0.8257   0.8790   0.9293     

8008               0.0244      0.1975      0.0527     0.0912     0.0797     0.0477      ****      0.6660    0.8677   0.9747     

Azri-06            0.1682      0.3413      0.2343     0.2350    0.1182      0.1915     0.1438    ****     0.6888     0.8885     

NM-2011       0.1057      0.3239      0.1537     0.1724     0.2498      0.1289     0.1419   0.3727   ****       0.8346     

8010               0.0500      0.1719      0.0842     0.1168     0.1112      0.0733     0.0256   0.1182   0.1808       ****     

Nei's genetic identity (above diagonal) and genetic distance (below diagonal). 

Cluster analysis based on genetic studies using SSR markers classified the ten 

mungbean genotypes into one main clade and six genotypes remained unclustered and 

showed their distinct genetic makeup. The single clade comprised of four genotypes NM-

92, NM-54, 8008 and M-06, while genotypes NM-92 and NM-54 showed similarity 

between them and genotype 8008 and M-6 also showed high level of similarity. Six 

genotypes remained unclustered, out of these genotypes 8011 comes first which showed 
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its genetic makeup is different from the main clade then came C2-94-4-36, 8010, NM-

2006, Azri-06 and NM-2011 which showed genetic diversity with the main clade. 

Genotype NM-2011 showed the maximum divergence from the main clade and showed 

distinct response from others genotype (Fig. 4.13). 

     

 
        Fig.4.13. Dendrogram of mungbean genotypes obtained from similarity 

     matrix of SSR markers. 
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Fig.4.14. SSR-PCR with Primer LR7319B, (M1= 50bp ladder), (M2= 1Kb ladder). 

 

 
Fig.4.15. SSR-PCR with primer LR7322B, (M= 50bp ladder). 

 

 
Fig.4.16. SSR-PCR with primer LR7319B, (M1= 50bp ladder), (M2= 1Kb ladder). 

   M 1             NM-2011        NM-2006        AZRI-06           NM-92          C2 94-4-36       NM-52                M-6               8008                 8010                  8011             M 2 

   M                  NM-2011           NM-2006          AZRI-06            NM-92           C2 94-4-36              NM-52                M-6                   8008                  8010                   8011 

   M 1             NM-2011        NM-2006        AZRI-06           NM-92          C2 94-4-36       NM-52                M-6               8008                 8010                8011               M 2 
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Fig.4.17. SSR primer LR7322B, (M= 50bp ladder). 

4.2.3 Screening of mungbean genotypes using SCAR markers 

 Two SCAR markers previously reported to be linked with MYMV gene were 

used in this study. Fifteen mungbean genotypes which showed resistant, moderately 

resistant, moderately susceptible and highly susceptible response in the field screening 

were selected. Study was conducted to check whether they contain already reported 

SCAR markers associated with resistance or other which conferred resistance to MYMV. 

Twelve genotypes showed amplification with both SCAR markers which revealed that 

they contain the previously reported SCAR markers because of linkage with resistance 

conferring region in mungbean genome (Fig. 4.18 & 4.19). Three genotypes which were 

highly susceptible to virus in field screening here also gave no amplification, which 

showed that they lack SCAR markers region which is reported to be linked with 

resistance conferring part of the genome. 

 
Fig.4.18. SCAR-PCR with primer MYMVR-583, (M= 1Kb ladder). 

   M                  NM-2011           NM-2006          AZRI-06            NM-92         C2 94-4-36              NM-52                M-6                   8008                 8010                  8011 

   M          NM-2011   NM-2006  AZRI-06    NM-92   C2 94-4-36  NM121-25   07007      98001   014322   014328     014527     014532     M-6           8010          8011 
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Fig.4.19. SCAR-PCR with primer YMV1, (M= 50bp ladder). 

 

4.3 Correlation of environmental factors and whitefly population with MYMV 

disease 

Mungbean germplasm was categorized into five reaction groups on the basis of 

their field response against MYMV i.e., resistant, moderately resistant, moderately 

susceptible, susceptible and highly susceptible. In order to characterize the impact of 

environmental conditions on disease development nine genotypes from resistant and 

moderately resistant groups, and thirty genotypes from moderately susceptible, 

susceptible, and highly susceptible groups were selected randomly for the correlation 

studies with the environmental factors and whitefly population.  

For the correlation studies, data of disease incidence and whitefly was recorded 

during both growing seasons for mungbean germplasm selection. The overall correlation 

of environmental factors, i.e., maximum temperature, minimum temperature, relative 

humidity, rainfall, wind speed, and whitefly population with disease incidence was highly 

significant during year 2012 (Table 4.6). Maximum temperature and wind speed showed 

overall negative correlation with disease, while minimum temperature, relative humidity, 

rainfall and whitefly population showed positive correlation with the disease progression. 

When data were split by genotypes, no correlation was found between the resistant, 

moderately resistant genotypes disease incidence and environmental factors and whitefly 

population (Table. 4.7). In contrast for genotypes in case of moderately susceptible, 

susceptible, and highly susceptible groups, the level of correlation decreased. In case of 

maximum temperature only six genotypes gave highly significant correlation, while three 

   M          NM-2011   NM-2006  AZRI-06    NM-92   C2 94-4-36  NM121-25   07007      98001   014322   014328    014527   014532      M-6           8010          8011 
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genotypes gave significant correlation out of thirty genotypes during 2012. In case of 

minimum temperature correlation, sixteen genotypes gave highly significant correlation 

while seven showed significant correlation. Relative humidity correlation with MYMV 

disease incidence gave highly significant correlation with only five genotypes and 

significant correlation with one genotype. Rainfall correlation with MYMV disease 

incidence showed that twenty nine genotypes gave highly significant correlation, while 

only one genotype gave significant correlation. Wind speed also showed strong negative 

correlation with the disease incidence, as seventeen genotypes gave highly significant 

correlation, the while remaining thirteen genotypes showed significant correlation. 

Whitefly population also showed strong positive correlation with the disease incidence, 

as twenty two genotypes showed highly significant correlation, seven showed significant 

and only one genotype showed non-significant correlation (Table 4.8). 

During the growing season of 2013, again the overall correlation of environmental 

factors i.e., maximum temperature, minimum temperature, relative humidity, rainfall, 

wind speed and whitefly population with disease incidence were highly significant (Table 

4.6). Maximum temperature and wind speed showed overall negative correlation with 

disease incidence while minimum temperature, relative humidity and rainfall showed 

positive correlation with progression of disease incidence and environmental factors. 

When data was split by genotypes again no correlation was found between the resistant 

and moderately resistant genotypes disease incidence (Table. 4.9).When data was split by 

genotypes in case of moderately susceptible, susceptible and highly susceptible groups, 

the level of correlation decreased. In case of maximum temperature again only six 

genotypes gave highly significant correlation, while seven genotypes gave significant 

correlation out of thirty genotypes with MYMV disease incidence. In case of minimum 

temperature correlation, seventeen genotypes gave highly significant correlation, while 

seven showed significant correlation. Relative humidity correlation with the disease 

incidence gave highly significant correlation with only six genotypes, and thirteen 

genotypes gave significant correlation. In case of rainfall correlation with the disease 

incidence seventeen genotypes gave highly significant correlation, while eight genotypes 

gave significant correlation. Wind speed also showed strong negative correlation with the 

disease incidence as fourteen genotypes gave highly significant correlation, while thirteen 
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genotypes showed significant correlation. Whitefly population also showed a strong 

positive correlation with the disease incidence as twenty genotypes showed highly 

significant correlation, nine showed significant and only one genotype showed non-

significant correlation (Table 4.10). 

Overall comparison of correlation during both years (2012 and 2013) showed that 

results are almost similar with only small variation. Maximum temperature showed more 

number of varieties/lines correlation during 2013 as compared to 2012. Relative humidity 

showed more change from six to nineteen varieties/lines which showed significant 

correlation during 2013. 

Table 4.6. Overall correlation of disease incidence with environmental factors 

      during 2012 and 2013. 

Environmental parameters 2012 2013 

Maximum Temperature -0.167
** 

0.000 

-0.178
**

 

0.000 

Minimum Temperature 

 

0.397
**

 

0.000 

0.405
** 

0.000 

Relative humidity 

 

0.254
**

 

0.000 

0.331
**

 

0.000 

Rain Fall 

 

0.604
**

 

0.000 

0.402
**

 

0.000 

Wind speed 

 

-0.458
** 

0.000 

-0.445
**

 

0.000 

Whitefly population 

 

0.564
**

 

0.000 

0.553
**

 

0.000 
Upper values in a column indicate pearson’s correlation cofficients, (** =Highly significant) 

Lower values in column indicate significant level at P=0.05 

Table 4.7. Correlation of resistant and moderately resistant varieties/lines disease 

      incidence with environmental factors during 2012. 

Varieties/lines Maximum 

Temperature 

Minimum 

Temperature 

Relative 

Humidity 

Rainfall Wind 

velocity 

Whitefly 

population 

NM-2011 
-0.075 

0.755 

0.025 

0.858 

0.135 

0.754 

0.012 

0.841 

0.146 

0.715 

0.125 

0.536 

NM-2006 
0.255 

0.421 

0.456 

0.587 

0.359 

0.489 

0.079 

0.569 

-0.225 

0.387 

0.456 

0.654 

AZRI-06 
0.455 

0.855 

0.524 

0.754 

0.539 

0.840 

0.258 

0.689 

-0.368 

0.358 

0.568 

0.756 

NM-92 
-0.056 
0.689 

0.158 
0.725 

0.198 
0.652 

0.352 
0.456 

-0.258 
0.758 

0.256 

0.764 

 

Table.4.7. Continued…… 
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NM121-25 
0.057 
0.854 

0.259 
0.812 

0.358 
0.725 

0.398 
0.627 

-0.625 
0.789 

0.156 

0.762 

C2 94-4-36 
0.251 
0.899 

0.264 
0.887 

0.298 
0.769 

0.452 
0.685 

-0.458 
0.775 

0.125 

0.754 

07007 
-0.057 
0.875 

0.212 
0.488 

0.258 
0.510 

0.098 
0.458 

-0.025 
0.780 

0.562 

0.752 

98001 
-0.127 
0.817 

0.325 
0.875 

0.297 
0.569 

0.365 
0.380 

-0.097 
0.728 

0.126 

0.874 

014322 
0.015 

0.728 

0.154 

0.689 

0.289 

0.781 

0.546 

0.489 

-0.258 

0.569 

0.235 

0.587 

 

Table 4.8. Correlation of moderately susceptible, susceptible and highly susceptible 

                  varieties/lines disease incidence with environmental factors during 2012. 

Varieties/ 

lines 

Maximum 

Temperature 

Minimum 

Temperature 

Relative 

Humidity 

Rainfall Wind 

velocity 

Whitefly 

population 

013954 
-0.707** 

0.000 

0.966
**

 

0.000 

0.894
**

 

0.000 

0.968
**

 

0.000 

-0.833
**

 

0.000 

0.722** 

0.000 

013955 
-0.754

**
 

0.000 

0.968
**

 

0.000 

0.883
**

 

0.000 

0.958
**

 

0.000 

-0.811
**

 

0.000 

0.831** 

0.000 

013956 
-0.753

**
 

0.000 

0.965
**

 

0.000 

0.890
**

 

0.000 

0.956
**

 

0.000 

-0.813
**

 

0.000 

0.735** 

0.000 

013957 
-0.750

**
 

0.000 

0.965
**

 

0.000 

0.866
**

 

0.000 

0.954
**

 

0.000 

-0.802
**

 

0.000 

0.572* 

0.007 

014227 
0.056 

0.810 

0.731
**

 

0.000 

0.221 

0.335 

0.570
**

 

0.007 

-0.592
**

 

0.005 

0.640** 

0.002 

014228 
-0.201 

0.383 

0.607
**

 

0.003 

0.246 

0.281 

0.788
**

 

0.000 

-0.584
**

 

0.005 

0.633** 

0.002 

014232 
-0.238 

0.299 

0.537
*
 

0.012 

0.054 

0.818 

0.791
**

 

0.000 

-0.477
*
 

0.029 

0.561** 

0.008 

014234 
-0.089 

0.703 

0.663
**

 

0.001 

0.268 

0.240 

0.753
**

 

0.000 

-0.542
*
 

0.011 

0.645** 

0.002 

014261 
-0.088 

0.705 

0.581
**

 

0.006 

0.235 

0.306 

0.759
**

 

0.000 

-0.548
*
 

0.010 

0.741** 

0.000 
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014275 
-0.278 

0.222 

0.448
*
 

0.042 

0.369 

0.100 

0.786
**

 

0.000 

-0.647
**

 

0.002 

0.712** 

0.000 

014276 
0.060 

0.797 

0.505
*
 

0.019 

0.207 

0.369 

0.499
*
 

0.021 

-0.527
*
 

0.014 

0.679** 

0.001 

014285 
-0.093 

0.687 

0.559
**

 

0.008 

0.305 

0.179 

0.633
**

 

0.002 

-0.629
**

 

0.002 

0.693** 

0.000 

014286 
-0.072 

0.757 

0.583
**

 

0.006 

0.342 

0.129 

0.704
**

 

0.000 

-0.659
**

 

0.001 

0.702** 

0.000 

014289 
-0.269 

0.239 

0.437
*
 

0.048 

0.425 

0.055 

0.793
**

 

0.000 

-0.679
**

 

0.001 

0.588** 

0.005 

014292 
-0.443

*
 

0.044 

0.402 

0.071 

0.373 

0.096 

0.895
**

 

0.000 

-0.581
**

 

0.006 

0.574** 

0.006 

014293 
-0.323 

0.153 

0.232 

0.311 

0.529* 

0.014 

0.762** 

0.000 

-0.665** 

0.001 

0.663** 

0.001 

014295 
-0.550** 

0.010 

0.171 

0.459 

0.353 

0.117 

0.879** 

0.000 

-0.615** 

0.003 

0.463* 

0.034 

014296 
-0.473

*
 

0.030 

0.387 

0.083 

0.212 

0.356 

0.952
**

 

0.000 

-0.442
*
 

0.045 

0.424* 

0.055 

014311 
-0.502

*
 

0.020 

0.206 

0.370 

0.291 

0.200 

0.910
**

 

0.000 

-0.461
*
 

0.035 

0.424* 

0.055 

014315 
-0.608

**
 

0.003 

0.124 

0.591 

0.342 

0.129 

0.933
**

 

0.000 

-0.439
*
 

0.047 

0.627** 

0.002 

014316 
-0.049 

0.834 

0.449
*
 

0.041 

0.417 

0.060 

0.563
**

 

0.008 

-0.799
**

 

0.000 

0.657** 

0.001 

014343 
-0.174 

0.452 

0.528
*
 

0.014 

0.226 

0.326 

0.838
**

 

0.000 

-0.445
*
 

0.043 

0.689** 

0.001 

014358 
0.038 

0.871 

0.556
**

 

0.009 

0.184 

0.424 

0.672
**

 

0.001 

-0.572
**

 

0.007 

0.531* 

0.013 
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014359 
-0.187 

0.418 

0.633
**

 

0.002 

0.123 

0.596 

0.769
**

 

0.000 

-0.597
**

 

0.004 

0.453* 

0.039 

014364 
-0.252 

0.270 

0.574
**

 

0.007 

0.201 

0.381 

0.679
**

 

0.001 

-0.729
**

 

0.000 

0.481* 

0.027 

014380 
-0.084 

0.716 

0.627
**

 

0.002 

0.122 

0.599 

0.748
**

 

0.000 

-0.508
*
 

0.019 

0.588** 

0.005 

014488 
0.182 

0.430 

0.535
*
 

0.012 

0.125 

0.590 

0.579
**

 

0.006 

-0.467
*
 

0.033 

0.742** 

0.000 

014532 
-0.038 

0.871 

0.688
**

 

0.001 

0.255 

0.264 

0.729
**

 

0.000 

-0.513
*
 

0.017 

0.599** 

0.004 

014559 
-0.229 

0.318 

0.264 

0.248 

0.617
**

 

0.003 

0.695
**

 

0.000 

-0.437
*
 

0.048 

0.694** 

0.000 

07005 
-0.251 

0.273 

0.703
**

 

0.000 

-0.108 

0.641 

0.677
**

 

0.001 

-0.496
*
 

0.022 

0.209 

0.364 

Upper values in a column indicate pearson’s correlation cofficients **= Highly significant 

Lower values in column indicate significance level at P=0.05  *=Significant 

Table 4.9. Correlation of resistant and moderately resistant varieties/lines disease  

                  incidence with environmental factors during 2013. 

Varieties/lines Maximum 

Temperature 

Minimum 

Temperature 

Relative 

Humidity 

Rainfall Wind 

velocity 

Whitefly 

population 

NM-2011 
-0.064 

0.841 

0.035 

0.845 

0.245 

0.758 

0.010 

0.823 

-0.235 

0.702 

0.110 

0.489 

NM-2006 
0.236 

0.459 

0.432 

0.564 

0.459 

0.510 

0.128 

0.658 

-0.369 

0.789 

0.428 

0.724 

AZRI-06 
-0.424 

0.789 

0.628 

0.824 

0.525 

0.743 

0.228 

0.598 

0.398 

0.369 

0.459 

0.758 

NM-92 
-0.158 

0.758 

0.214 

0.658 

0.241 

0.725 

0.338 

0.478 

-0.365 

0.728 

0.369 

0.897 

NM121-25 
0.136 

0.758 

0.369 

0.625 

0.325 

0.758 

0.315 

0.725 

-0.698 

0.809 

0.254 

0.658 
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C2 94-4-36 
-0.289 

0.824 

0.324 

0.759 

0.298 

0.698 

0.489 

0.598 

-0.598 

0.875 

0.236 

0.727 

07007 
-0.046 

0.769 

0.125 

0.589 

0.321 

0.658 

0.189 

0.578 

-0.125 

0.897 

0.459 

0.725 

98001 
0.123 

0.715 

0.456 

0.789 

0.321 

0.652 

0.369 

0.456 

0.365 

0.897 

0.104 

0.836 

014322 
0.036 

0.658 

0.147 

0.659 

0.389 

0.801 

0.687 

0.698 

-0.369 

0.456 

0.298 

0.654 

 

Table 4.10. Correlation of moderately susceptible, susceptible and highly susceptible 

                   varieties/lines disease incidence with environmental factors during 2013. 

Varieties/ 

lines 

Maximum 

Temperature 

Minimum 

Temperature 

Relative 

Humidity 

Rainfall Wind 

velocity 

Whitefly 

population 

013954 
-0.697

**
 

0.000 

0.866
**

 

0.000 

0.854
**

 

0.000 

0.868
**

 

0.000 

-0.793
**

 

0.000 

0.692** 

0.000 

013955 
-0.774

**
 

0.000 

0.898
**

 

0.000 

0.783
**

 

0.000 

0.838
**

 

0.000 

-0.791
**

 

0.000 

0.801** 

0.000 

013956 
-0.703

**
 

0.000 

0.905
**

 

0.000 

0.810
**

 

0.000 

0.826
**

 

0.000 

-0.785
**

 

0.000 

0.695** 

0.000 

013957 
-0.740

**
 

0.000 

0.915
**

 

0.000 

0.766
**

 

0.000 

0.894
**

 

0.000 

-0.812
**

 

0.000 

0.525* 

0.009 

014227 
0.096 

0.710 

0.631
**

 

0.000 

0.321 

0.305 

0.520
**

 

0.005 

-0.580
**

 

0.005 

0.610** 

0.003 

014228 
-0.281 

0.363 

0.617
**

 

0.002 

0.286 

0.291 

0.708
**

 

0.001 

-0.567
**

 

0.004 

0.480* 

0.009 

014232 
-0.218 

0.280 

0.515
*
 

0.010 

0.064 

0.801 

0.891
**

 

0.001 

-0.388
*
 

0.019 

0.541** 

0.008 

014234 
-0.099 

0.805 

0.754
**

 

0.002 

0.568* 

0.010 

0.673
**

 

0.000 

-0.642
*
 

0.012 

0.605** 

0.004 

014261 
-0.075 

0.601 

0.689
**

 

0.005 

0.339 

0.201 

0.659
**

 

0.001 

-0.638
*
 

0.011 

0.881** 

0.000 
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014275 
-0.378 

0.202 

0.520
*
 

0.032 

0.769* 

0.014 

0.687
**

 

0.001 

-0.717
**

 

0.003 

0.828** 

0.000 

014276 
0.290 

0.097 

0.615
*
 

0.012 

0.567** 

0.007 

0.389
*
 

0.024 

-0.628
*
 

0.012 

0.576** 

0.005 

014285 
-0.123 

0.455 

0.559
**

 

0.008 

0.405 

0.160 

0.715
**

 

0.004 

-0.717
**

 

0.003 

0.689** 

0.001 

014286 
-0.289 

0.648 

0.673
**

 

0.005 

0.548** 

0.004 

0.350 

0.243 

-0.740
**

 

0.002 

0.692** 

0.001 

014289 
-0.325 

0.312 

0.527
*
 

0.038 

0.402 

0.075 

0.680
**

 

0.006 

-0.756
**

 

0.002 

0.550** 

0.007 

014292 
-0.531

*
 

0.031 

0.382 

0.051 

0.458 

0.085 

0.784
**

 

0.005 

-0.681
**

 

0.005 

0.551** 

0.007 

014293 
-0.710* 

0.019 

0.732** 

0.005 

0.645* 

0.011 

0.262 

0.101 

-0.725* 

0.004 

0.685** 

0.001 

014295 
-0.645** 

0.004 

0.214 

0.501 

0.486 

0.101 

0.456 

0.081 

-0.615* 

0.002 

0.442* 

0.042 

014296 
-0.588

*
 

0.024 

0.290 

0.091 

0.612* 

0.036 

0.854
**

 

0.004 

-0.541
*
 

0.032 

0.412* 

0.065 

014311 
-0.610

*
 

0.019 

0.309 

0.456 

0.589* 

0.014 

0.880
**

 

0.001 

-0.572
*
 

0.038 

0.404* 

0.070 

014315 
-0.710

**
 

0.002 

0.210 

0.425 

0.420 

0.213 

0.493 

0.072 

-0.528
*
 

0.039 

0.688** 

0.003 

014316 
-0.649* 

0.014 

0.529
*
 

0.032 

0.597* 

0.030 

0.383 

0.068 

-0.810
**

 

0.004 

0.597** 

0.003 

014343 
-0.574* 

0.022 

0.610
*
 

0.012 

0.626* 

0.026 

0.738
*
 

0.019 

-0.532
*
 

0.031 

0.689** 

0.001 

014358 
0.148 

0.656 

0.498
**

 

0.005 

0.584* 

0.024 

0.672
*
 

0.031 

-0.625
**

 

0.006 

0.499* 

0.015 
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014359 
-0.284 

0.513 

0.525
**

 

0.001 

0.523* 

0.031 

0.585
*
 

0.021 

-0.618
**

 

0.003 

0.491* 

0.030 

014364 
-0.752* 

0.030 

0.625
**

 

0.006 

0.325 

0.315 

0.588
*
 

0.021 

-0.629
*
 

0.014 

0.478* 

0.025 

014380 
-0.225 

0.513 

0.712
**

 

0.003 

0.622* 

0.019 

0.645
*
 

0.021 

-0.612
*
 

0.020 

0.575** 

0.006 

014488 
0.481 

0.415 

0.615
*
 

0.010 

0.625* 

0.040 

0.487
**

 

0.004 

-0.512
*
 

0.021 

0.698* 

0.001 

014532 
-0.231 

0.525 

0.715
**

 

0.002 

0.655* 

0.034 

0.815
*
 

0.040 

-0.625
*
 

0.016 

0.599** 

0.004 

014559 
-0.318 

0.250 

0.389 

0.125 

0.728
**

 

0.002 

0.786
**

 

0.001 

-0.568
*
 

0.037 

0.658** 

0.002 

07005 
-0.368 

0.165 

0.803
**

 

0.001 

0.758* 

0.030 

0.725
*
 

0.021 

-0.546
*
 

0.019 

0.365 

0.115 

Upper values in a column indicate pearson’s correlation cofficients   **= Highly significant 

Lower values in column indicate significance level at P=0.05  *=Significant 

Mungbean yellow mosaic virus disease incidence and environmental data were 

recorded on a weekly basis and subjected to stepwise regression analysis. Multiple 

regression models were developed on the basis of two years data and statistically justified 

(R
2
=0.83) at P<0.01. The model was used to predict the probable attack of MYMV under 

a set of given environmental variables as given in table 4.12. Disease predictive model 

has shown that relative humidity, rain fall, wind speed, minimum and maximum 

temperatures were the significant factors for attack of MYMV. Model has shown that 

these five variables explained 83% of the variability in disease development. It is 

indicated that with one unit change in relative humidity there would be a change of 0.57 

units in MYMV disease incidence. With one unit change in rain fall, wind speed, 

maximum and minimum temperatures there would be a change of 27.43, 4.07, 4.22 and 

0.70 units in MYMV disease incidence, respectively. The most reliable and important 

parameter to check the reliability of the model is the value of coefficient of 

determination, i.e., R
2
. In the present study result it was 0.83 which is considered fairly 

good especially under field conditions when there was no control on any of the studied 

variables. 
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Table 4.11. Analysis of variance table of the predictive model for MYMV based on 

        two years data. 

Source Degree of 

freedom 

Sum of 

squares 

Mean 

square 

F Value Prob > F 

Weeks                6 102664 17110.7    211.83    0.0000 

Years 1 130 130.4      1.61    0.2058 

Weeks*Years      6 24 4 0.05    0.9995 

Error 154 12439 80.8   

Total 167 115258    

**= Highly significant, *=Significant, NS= Non significant, Significance level at P=0.05 

 

Table 4.12. Multiple regression equations based on weekly environmental conditions 

       and disease incidence. 

Regression Equations R
2
 

Adj. 

R2 
Cp 

Mean 

Square 

Error 

Prob > 

F 

Overall summary of Model (2012-13) 

y = -170.10+0.57x1+27.43x2-4.07x3-

4.22x4+0.70x5 

(where x1 indicates relative humidity, x2 rain fall, 

x3 wind speed, x4 maximum temperature and x5 

minimum temperature respectively) 

0.83 0.83 5 550.52 <0.000

1* 

2012 

y1 = -99.48+28.10x1-4.1x2-6.18x3 

(where x1 indicates rain fall, x2 maximum 

temperature and x3 wind speed respectively) 

0.84 0.84 3 535.13 <0.000

1* 

2013 

y2 = -670.92+1.3x1+18.86x2-3.65x3-3.55x4 

(where x1 indicates relative humidity, x2 

minimum temperature, x3 maximum temperature 

and x4 wind speed respectively) 

0.83 

 

0.83 

 

3.1 

 

540.26 

 

<0.000

1* 

(y = Full Model, y1=1
st
 year data of 2012 and y2=2

nd
 year data of 2013) *Significant at 0.01 

 

Relationship of environmental factors with MYMV disease is also shown by the 

linear regression models developed on four lines viz; 13954, 13955, 13956 and 13957. 

During summer of 2012 and 2013 maximum temperature showed negative relationship 

with disease, maximum disease was observed at 33-34
o
C and 32-33

o
C maximum 

temperature during 2012 and 2013, respectively (Fig. 4.20 & 4.26). Maximum disease 
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was observed at 28-29
o
C and 27-28

o
C minimum temperature during 2012 and 2013, 

respectively (Fig. 4.21 & 4.27). Maximum disease was observed at relative humidity of 

72-74% and 73-75% during 2012 and 2013 respectively (Fig. 4.22 & 4.28). There was a 

linear relationship with the rain fall also, which showed maximum disease at 1.9-2.1 mm 

and 1.8-2.0 mm of rainfall during 2012 and 2013, respectively (Fig. 4.23 & 4.29). Wind 

velocity showed negative relationship with disease and maximum disease was observed 

at wind speed of 4.2-4.5 km/hr and 3-3.5 km/hr during 2012 and 2013, respectively (Fig. 

4.24 & 4.30). The regression analysis of whitefly population also showed linear 

relationship with MYMV disease during both years (Fig. 4.25 & 4.31). The regression 

analysis of the selected four lines showed strong relationship due to its high values of 

regression coefficient (r) which ranges from  0.60 to 0.99. 

 

 

 

Fig.4.20. Relationship of maximum temperature with MYMV disease incidence 

recorded on four mungbean lines (13954, 13955, 13956, 13957) during 

2012. 
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Fig.4.21. Relationship of minimum temperature with MYMV disease incidence 

Recorded on four mungbean lines (13954, 13955, 13956, 13957) during    

2012. 

 

   
Fig.4.22. Relationship of Relative humidity with MYMV disease incidence recorded 

    on four mungbean lines (13954, 13955, 13956, 13957)  during  2012. 
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Fig.4.23. Relationship of rainfall with MYMV disease incidence recorded on 

    four mungbean lines (13954, 13955, 13956, 13957) during 2012. 

 

 

 

 

Fig.4.24. Relationship of wind speed with MYMV disease incidence recorded 

   on four mungbean lines (13954, 13955, 13956, 13957)  during 2012. 
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 Fig.4.25. Relationship of whitefly population with MYMV disease incidence 

       recorded during 2012.  

 

 

 

 
Fig.4.26. Relationship of maximum temperature with MYMV disease incidence 

recorded on four mungbean lines (13954, 13955, 13956, 13957)  during  

2013. 

y = -16.99 +11.50x : r= 0.802  
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Fig.4.27. Relationship of minimum temperature with MYMV disease incidence 

recorded on four mungbean lines (13954, 13955, 13956, 13957) during  

2013. 

 

 
Fig.4.28. Relationship of relative humidity with MYMV disease incidence recorded  

    on four mungbean lines (13954, 13955, 13956, 13957) during  2013. 
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Fig.4.29. Relationship of rainfall with MYMV disease incidence recorded on  

    four mungbean lines (13954, 13955, 13956, 13957) during 2013. 

 

 

 

 

 

 
Fig.4.30. Relationship of wind speed with MYMV disease incidence recorded on  

    four mungbean lines (13954, 13955, 13956, 13957)  during 2013. 
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Fig.4.31. Relationship of whitefly population with MYMV disease incidence 

   recorded during 2013. 
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significant results given by the treatments i.e., NPK, Fe,Zn,B and combination of both. 

Disease severity (1.58) was observed when NPK plus Fe,Zn,B were applied. Fe,Zn,B 

gave the least control over MYMV disease with disease severity (2.77), (Fig.4.32). 

Number of sprays at weekly interval showed that there was a significant difference 

between each application. Results showed that maximum disease severity (2.69) was 

recorded after first spray of chemicals, extracts and nutrients. As the number of sprays 

increased the disease severity started decreasing. There was a significant reduction in 

disease severity (2.48) when data recorded after the application of forth spray (Fig.4.33). 

In the case of interaction between number of sprays and treatments, disease severity 

observed after the first spray showed different response with different treatments. Highest 

disease severity (3.58) was observed on plants treated with garlic, followed by onion 

(3.16), Fe,Zn,B (2.91), acetamiprid (2.58), NPK (2.36), NPK plus Fe,Zn,B (1.75). 

Imidacloprid gave best results with least disease severity (1.41). After second spray 

disease severity (3.5) was observed in the case of garlic compared to control (4.66), 

followed by onion (3.08), Fe,Zn,B (2.75), acetamiprid (2.41), NPK (2.30), NPK plus 

Fe,Zn,B (1.58).  Disease severity (1.41) was observed with application of imidacloprid. 

After third spray disease severity (3.33) was observed in the case of garlic treatment after 

compared to control (4.65), followed by Fe,Zn,B (2.75), acetamiprid  (2.41), onion 

(2.33), NPK (2.25), NPK plus Fe,Zn,B (1.50). Disease severity (1.22) was observed with 

application of imidacloprid. After forth week spray again disease severity (3.00) was 

observed in the case of garlic treatment after compared to control (4.62), followed by 

Fe,Zn,B (2.66), onion (2.25), NPK (2.23), acetamiprid (2.00), NPK plus Fe,Zn,B  (1.50). 

Minimum disease severity was observed with application of imidacloprid (1.16), (Table 

4.14). 
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Table 4.13. Analysis of variance table for different treatments applied against 

        MYMV disease (2012). 

Source Degree 

of 

freedom 

Sum of 

squares 

Mean 

square 

F Value Prob > F 

Replication                           2 2.232     1.1162   

Spray                        3 2.952     0.9841      3.58* 0.0145 

Treatment                            7 326.775    46.6822    169.94** 0.0000 

Varieties                    3 1.931     0.6438      2.34 NS 0.0736 

Spray*Treatment                   21 11.032     0.5253      1.91* 0.0108 

Spray*Varieties              9 1.675     0.1861      0.68 NS 0.7290 

Treatment*Varieties               21 4.369     0.2081      0.76 NS 0.7698 

Spray*Treatment*Varieties          63 10.360     0.1644      0.60 NS 0.9918 

Error                       254 69.774     0.2747   

Total                    383 431.102    

**= Highly significant, *=Significant, NS= Non significant, Significance level at P=0.05 

 

 

   

 
Fig.4.32. Evaluation of insecticides, plant extracts and nutrients against MYMV 

   disease (2012).
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           Fig.4.33. Effect of different no. of sprays against MYMV disease (2012). 

 

           Table 4.14. Interaction of treatments with sprays for management of MYMV disease (2012). 

No. of 

Sprays 

Acetamiprid Imidacloprid Onion Garlic N,P,K Fe,Zn,B N,P,K plus 

Fe,Zn,B 

Control 

1
st
 2.58 GHIJK 1.41 OP 3.16 BCDE 3.58 B 2.36 IJKL 2.91 DEFGH 1.75 MNO 4.55 A 

2
nd

 2.41 IJKL 1.41 OP 3.08 CDEF 3.5 BC 2.3 JKL 2.75 EFGHI 1.58 NOP 4.66 A 

3
rd

 2.41 IJKL 1.22 P 2.33 JKL 3.33 BCD 2.25 JKL 2.75 EFGHI 1.5 OP 4.65 A 

4
th

 2 LMN 1.16 P 2.25 JKL 3 DEFG 2.23 JKL 2.66 FGHIJ 1.5 OP 4.62 A 

Mean sharing similar letters in a row or in a column are statically non-significant (P>0.05). LSD  = 0.421 
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During year 2013, analysis of variance table showed that the number of sprays, 

different treatments and spray*treatment had significant effects. Effects of all treatments 

i.e., insecticides, plant extracts, nutrients, significantly different on the reduction of 

MYMV disease. While varieties, spray*varieties, treatment*varieties and 

spray*treatment*varieties results were non-significant (Table 4.15). Disease severity was 

significantly reduced with the application of imidacloprid (1.08). In the case of 

acetamiprid disease severity was 2.08. Onions extract reduced disease severity to 2.52, 

while garlic proved to be less effective than onion with disease severity of 3.10. Disease 

severity (3.96) was observed in untreated check. Disease severity results showed that 

there was a significant difference between the treatments i.e., NPK, Fe,Zn,B, and NPK, 

plus Fe,Zn,B. Disease severity (1.36) was observed when the NPK plus Fe,Zn,B applied, 

while Fe,Zn,B gave the least control (2.52) over the disease compared to control (3.96), 

(Fig. 4.34). Number of sprays at weekly interval showed that there was a significant 

difference. Results showed there was a disease severity (2.48) after first spray of 

chemicals, extracts and nutrients. As the number of sprays increased the disease severity 

decreased and there was a significant reduction in disease severity (i.e., 2.20 after the 

application of forth spray), (Fig. 4.35). In case of interaction between number of sprays 

and treatments, disease severity observed after first spray showed different response with 

different treatments. Disease severity (3.25) was observed on plants treated with garlic 

compared to control (4.47), followed by onion (2.93), Fe,Zn,B (2.41), acetamiprid (2.35), 

NPK (1.91), NPK plus Fe,Zn,B (1.27). Disease severity (1.21) was observed with 

application of imidacloprid. After second spray disease severity (3.33) was observed in 

the case of garlic treatment compared to control (4.02), followed by onion (2.83), Fe, Zn, 

Br (2.50), acetamiprid (2.16), NPK (1.76), NPK plus Fe,Zn,B  (1.35). Disease severity 

(1.11) was observed with application of imidacloprid. After third spray disease severity 

(3.08) was observed in case of garlic treatment compared to control (4.28), followed by 

Fe,Zn,B (2.50), acetamiprid  (1.92), onion (2.08), NPK (1.74), NPK plus Fe,Zn,B (1.50). 

Disease severity (1.22) was observed with application of imidacloprid. After forth spray 

again disease severity (2.75) was observed in case of garlic treatment compared to control 

(4.68), followed by Fe, Zn, B (2.66), onion (2.25), NPK (1.52), acetamiprid  (1.75), NPK 
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plus Fe,Zn,B  (1.29). Minimum disease severity (0.95) was observed with application of 

imidacloprid  (Table 4.16). 

Table 4.15. Analysis of variance table for different treatments applied against  

        MYMV disease (2013). 

Source Degree 

of 

freedom 

Sum of 

squares 

Mean 

square 

F Value Prob > F 

Replication                           2 1.677     0.8386   

Spray                        3 4.718 1.5726      4.63*   0.0036 

Treatment                            7 287.156    41.0222    120.81** 0.0000 

Varieties                    3 1.274     0.4247      1.25NS 0.2919 

Spray*Treatment                   21 14.470     0.6890      2.03* 0.0058 

Spray*Varieties              9 2.613     0.2904      0.86NS 0.5660 

Treatment*Varieties               21 5.296     0.2522      0.74NS 0.7865 

Spray*Treatment*Varieties          63 13.013     0.2066      0.61NS 0.9901 

Error                       254 87.264     0.3396   

Total                    386 431.102    

**= Highly significant, *=Significant, NS= Non significant, Significance level at P=0.05 
 

 

Fig.4.34. Evaluation of insecticides, plant extracts and nutrients against MYMV 

   disease (2013). 

0

0.5

1

1.5

2

2.5

3

3.5

4

1.08 F 
1.36 E 

2.04 D 2.08 D 

2.52 C 2.52 C 

3.1 B 

3.96 A 

D
is

ea
se

 S
ev

er
it

y
 

Different Treatments LSD = 0.250 



71 
 

          
         Fig.4.35. Effect of different no. of sprays against MYMV disease (2013). 

 

         Table 4.16 . Interaction of treatments with sprays for management of MYMV disease (2013). 

No. of 

Sprays 

Acetamiprid Imidacloprid Onion Garlic N,P,K Fe,Zn,B N,P,K plus 
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Control 
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4th 1.75 NOP           0.95 R                 2.25 JKL           3.08 DEF 1.52 OPQ       2.66 GHIJ    1.29 PQR                  4.68 A 

Mean sharing similar letters in a row or in a column are statically non-significant (P>0.05). LSD  = 0.351 
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For the growing season in 2012 analysis of variance table (for whitefly) showed 

that the number of sprays, different treatments, varieties, interaction of spray*treatment, 

spray*varieties, treatment*varieties had significant effects on the management of 

whitefly population. Whereas, spray*treatment*varieties interaction results were non-

significant (Table 4.17). Whitefly population observed with the application of 

imidacloprid was 1.25, followed by acetamiprid (1.68). Onion extract gave more control 

(2.52) over whitefly as compared to garlic (2.77). Whitefly population (6.95) was 

observed on untreated check (Fig.4.36). Whitefly population (3.88) was observed after 

first spray, followed by second spray (3.05), and third (2.68), least whitefly population 

(2.60) was observed in the case of forth spray (Fig.4.37). In varieties/lines studies 

maximum whitefly population (3.75) was observed on line 98001, followed by line 7007 

(2.96) and NM-121-25 (2.80), minimum whitefly population (2.63) was observed on 

variety NM-92 (Fig. 4.38). 

Analysis of variance table results (for whitefly) again showed that the number of 

sprays, different treatments, varieties, interaction of spray*treatment, spray*varieties, 

treatment*varieties had significant effects on the management of whitefly population. 

Whereas, spray*treatment*varieties interaction results were non-significant (Table 4.18). 

Whitefly population observed after application of imidacloprid was 1.08, followed by 

acetamiprid (1.42). Onions extract gave more control (2.07) over whitefly population as 

compared to garlic extract (2.31). Whitefly population (6.50) was observed on untreated 

check (control), (Fig. 4.39). Whitefly population (3.42) was observed after first spray 

followed by second spray (2.67) and third (2.34), while least whitefly population (2.27) 

was observed in case of forth sprays (Fig. 4.40). In varieties/lines studies maximum 

whitefly population (3.34) was observed on line 98001, followed by line 7007 (2.61) and 

NM-121-25 (2.43), minimum whitefly population (2.32) was observed on variety NM-92 

(Fig. 4.41). 
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Table 4.17. Analysis of variance table for different treatments applied against 

       whitefly population (2012). 

Source Degree of 

freedom 

Sum of 

squares 

Mean 

square 

F Value Prob > F 

Replication 2 1.23      0.613   

Spray                        3 65.05     21.682     38.59** 0.0000 

Treatment 4 994.97 248.744    442.71** 0.0000 

Varieties                    3 43.95     14.649     26.07** 0.0000 

Spray*Treatment 12 26.22      2.185      3.89* 0.0000 

Spray*Varieties              9 27.14      3.015      5.37* 0.0000 

Treatment*Varieties               12 15.16      1.263      2.25* 0.0119 

Spray*Treatment*Varieties          36 14.17      0.394      0.70 NS 0.8946 

Error                       158 88.77      0.562   

Total                    239 1276.66    

**= Highly significant, *=Significant, NS= Non significant, Significant level at P=0.05 

 

 

Fig.4.36. Evaluation of insecticides and plant extracts against whitefly population 

   (2012). 
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Fig.4.37. Effect of different no. of sprays against whitefly population (2012). 

 

 

Fig.4.38. Response of varieties/lines against whitefly population (2012). 
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Table 4.18. Analysis of variance table for different treatments applied against   

        whitefly population (2013). 

Source Degree of 

freedom 

Sum of 

squares 

Mean 

square 

F Value Prob > F 

Replication 2 1.03      0.516   

Spray                        3 50.15     16.717     35.32    0.0000 

Treatment 4 922.51    230.627    487.24    0.0000 

Varieties                    3 38.04     12.678     26.79    0.0000 

Spray*Treatment 12 19.28      1.607      3.39    0.0002 

Spray*Varieties              9 23.52      2.613      5.52    0.0000 

Treatment*Varieties               12 11.82      0.985      2.08    0.0209 

Spray*Treatment*Varieties          36 12.82      0.356      0.75    0.8407 

Error                       158 74.79      0.473   

Total                    239 1153.96    

**= Highly significant, *=Significant, NS= Non significant, Significance level at P=0.05 

 

 

 
Fig.4.39. Evaluation of insecticides and plant extracts against whitefly population 

   (2013). 
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Fig.4.40. Effect of different no. of sprays against whitefly population (2013). 

 

 

 
Fig.4.41. Response of varieties/lines against whitefly population (2013). 
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In growing season 2012, interaction of treatments with number of sprays (at 

weekly intervals) showed significant results. After first week spray of onions extract 

whitefly population (3.58) was observed, compared to control (7). Followed by garlic 

extract (3.50) and acetamiprid (2.75), and whitefly population (2.58) was observed after 

spray of imidacloprid. Data of whitefly population obtained after sprays of second week 

showed that, whitefly population (2.7) was observed after spray of garlic extract 

compared to control (6.75). Followed by onion extract (2.58), acetamiprid (1.91), and 

whitefly population (1.25) were observed after spray of imidacloprid. After third week 

spray of garlic extract (2.08) whitefly population was observed compared to control 

(7.08). Followed by onion extract (2.00), acetamiprid (1.16), and (0.75) was observed 

after spray of imidacloprid. After forth week spray of garlic extract, whitefly population 

(2.75) was observed as compared to control (7.00). Followed by onion extract (1.91), 

acetamiprid (0.91), and minimum whitefly was observed after the spray of imidacloprid 

(0.41), (Table 4.19). 

In growing season 2013, interaction of treatments with number of sprays (at 

weekly intervals) showed significant results. After first week spray of garlic extract 

whitefly population (3.08) were observed compared to control (6.54). Followed by onion 

extract (3.00), acetamiprid (2.32), and whitefly population (2.18) were observed after 

spray of imidacloprid. Data of whitefly population obtained after sprays of second week 

showed that, whitefly population (2.29) was observed after spray of garlic extract 

compared to control (6.29). Followed by onion extract (2.08), acetamiprid (1.61), and 

(1.07) was observed after spray of imidacloprid. After third week spray of garlic extract 

whitefly population (2.25) was observed compared to control (6.66). Followed by onion 

extract (1.66), acetamiprid (0.99), and (0.66) was observed after spray of imidacloprid. 

Whitefly population after forth week spray of garlic extract was (1.70) compared to 

control (6.50). Followed by onion extract (1.45), acetamiprid (0.75) and minimum 

whitefly (0.41) was observed after spray of imidacloprid (Table 4.20). 
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Table 4.19. Interaction of treatments with sprays for the management of whitefly 

        population (2012). 

No. of 

Sprays 
Acetamiprid Imidacloprid Onion Garlic Control 

1st 2.75 C 2.58 CD 3.58 B 3.50 B 7.00 A 

2nd 1.91 E 1.25 F 2.58 CD 2.75 C 6.75 A 

3rd 1.16 F 0.75 FG 2.00 DE 2.08 DE 7.08 A 

4th 0.91 FG 0.41 G 1.91 E 2.75 C 7.00 A 

Mean sharing similar letters in a row or in a column are statically non-significant 

(P>0.05) LSD  = 0.6044 

 

Table 4.20. Interaction of treatments with sprays for the management of whitefly 

       population (2013). 
No. of 

Sprays 
Acetamiprid Imidacloprid Onion Garlic Control 

1st 2.32 C 2.18  CDE 3.00 B 3.08 B 6.54 A 

2nd 1.61 FGH 1.07  HIJ 2.08 CDEF 2.29 C 6.29 A 

3rd 0.99 IJ 0.66  JK 1.66 EFG 1.70 DEFG 6.66 A 

4th 0.75 JK 0.41  K 1.45 GHI 2.25 CD 6.50 A 

Mean sharing similar letters in a row or in a column are statically non-significant 

(P>0.05) LSD  = 0.5547 

 

In growing season 2012, interaction of varieties with number of sprays (at weekly 

intervals) showed significant results. Whitefly population (5.06) was observed on line 

98001, followed by line 7007 (4.20). Whitefly population (3.13) was observed on both 

variety NM-92, and line NM-121-25 after first week spray of all the treatments 

(Insecticides, Nutrients, Plant extracts). Whitefly population after second week sprays 

were (4.13) on line 98001, followed by line NM-121-25 (3.06), variety NM-92 (2.53), 

and 2.46 on line 7007. Data of whitefly population after third week sprays were (3.00) on 

line 98001, followed by line NM-121-25 (2.60), line 7007 (2.46), and 2.40 on variety 

NM-92. After forth week sprays, whitefly population (2.80) were observed on line 98001, 

followed by line 7007 (2.73), and variety NM-92 and line NM-121-25 showed 2.40 

whitefly population (Table 4.21). 
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In growing season 2013, interaction of varieties with number of sprays (at weekly 

intervals) showed significant results. Whitefly population (4.56) was observed on line 

98001, followed by lines 7007 (3.71), NM-121-25 (2.74), and (2.68) on variety NM-92 

after first week spray of all treatments (Insecticides, Nutrients, Plant extracts). Whitefly 

population after second week sprays were (3.63) on line 98001, followed by line NM-

121-25 (2.68), line 7007 (2.60), and (2.31) on variety NM-92. Data of whitefly 

population after third week sprays were (2.70) on line 98001, followed by line 7007 

(2.40), line NM-121-25 (2.24) and (2.14) on variety NM-92. After forth week sprays, 

whitefly population (2.48) on line 98001, followed by lines 7007 (2.20), NM-121-25 

(2.14) and variety NM-92 showed 2.08 whitefly population (Table 4.22). 

Table 4.21. Interaction of varieties with sprays for the management of whitefly 

        population (2012). 

No. of Sprays 98001 7007 NM-92 NM-121-25 

1st 5.06 A 4.20 B 3.13 C 3.13 C 

2nd 4.13 B 2.46 EF 2.53 DEF 3.06 CD 

3rd 3.00 CDE 2.46 EF 2.46 EF 2.60 CDEF 

4th 2.80 CDEF 2.73 CDEF 2.40 F 2.40 F 

Mean sharing similar letters in a row or in a column are statically non-significant 

(P>0.05) LSD  = 0.5406 

 

Table 4.22. Interaction of varieties with sprays for the management of whitefly 

        population (2013) 

No. of Sprays 98001 7007 NM-92 NM-121-25 

1st 4.56 A 3.71 B 2.68 CDE 2.74 C 

2nd 3.63 B 2.60 CDE 2.31 CDEF 2.68 CDE 

3rd 2.70 CD 2.40 CDEF 2.14 F 2.24 DEF 

4th 2.48 CDEF 2.20 DEF 2.08 F 2.14 F 

Mean sharing similar letters in a row or in a column are statically non-significant 

(P>0.05) LSD  = 0.4962 

 

In growing season 2012, interaction of treatments with varieties/lines showed 

significant results. After the application of garlic extract on line 98001, whitefly 

population (3.58) was observed compared to control (7.08). Followed by onion extract 
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(3.00), acetamiprid (2.83), and (2.25) after spray of imidacloprid. On line 7007, whitefly 

population (2.83) was observed after spray of garlic extract compared to control (6.75). 

Followed by onion extract (2.50), acetamiprid (1.50) and (1.25) after spray of 

imidacloprid. On variety NM-92, whitefly population (2.33) was observed after spray of 

onion extract compared to control (6.75). Followed by garlic extract (2.25), acetamiprid 

(1.08), and (0.75) after spray of imidacloprid. On line NM-121-25, whitefly population 

(2.41) was observed after spray of garlic compared to control (7.25). Followed by onion 

extract (2.25), acetamiprid (1.33), and (0.75) after spray of imidacloprid (Table 4.23). 

In growing season 2013, interaction of treatments with varieties/lines again 

showed significant results. After the garlic extracts on line 98001, whitefly population 

(3.12) was observed compared to control (6.75). Followed by onion extract (2.58), 

acetamiprid (2.43), and (1.95) after spray of imidacloprid. On line 7007, whitefly 

population (2.14) was observed after spray of garlic extract compared to control (6.62). 

Followed by onion extract (2.04), acetamiprid (1.24), and (1.05) after spray of 

imidacloprid. On variety NM-92, whitefly population (1.87) was observed after spray of 

garlic extract compared to control (6.29). Followed by onion extract (1.79), acetamiprid 

(0.94), and (0.65) after spray of imidacloprid. On line NM-121-25, whitefly population 

(1.91) was observed after spray of garlic extract compared to control (6.33). Followed by 

onion extract (1.79), acetamiprid (1.07), and (0.66) after spray of imidacloprid (Table 

4.24). 

Table 4.23. Interaction of treatments with varieties for the management of whitefly 

          population (2012). 

Varieties/Lines 98001 7007 NM-92 NM-121-25 

Acetamiprid 2.83 CD 1.50 E 1.08 EF 1.33 EF 

Imidacloprid 2.25 D 1.25 EF 0.75 F 0.75 F 

Onion 3.00 BC 2.50  CD 2.33  D 2.25   D 

Garlic 3.58  B 2.83  CD 2.25   D 2.41   CD 

Control 7.08  A 6.75  A 6.75  A 7.25  A 

Mean sharing similar letters in a row or in a column are statically non-significant 

(P>0.05) LSD  = 0.6044 
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Table 4.24. Interaction of treatments with varieties for the management of whitefly 

        population (2013). 

Varieties/Lines 98001 7007 NM-92 NM-121-25 

Acetamiprid 2.43  CD 1.24  GH 0.94  HI 1.07  HI 

Imidacloprid 1.95  DEF 1.05  HI 0.65  I 0.66  I 

Onion 2.58  BC 2.04  CDEF 1.79  FG 1.79  FG 

Garlic 3.12  B 2.41  CDE 1.87  EF 1.91  DEF 

Control 6.75  A 6.62  A 6.29  A 6.33  A 

Mean sharing similar letters in a row or in a column are statically non-significant 

(P>0.05) LSD  = 0.5547 
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CHAPTER-5  

DISCUSSION 

Legume viruses are a threat to the production of several crops i.e., mungbean, 

urdbean, cowpea etc. The legumes in Pakistan have been severely infected with several 

RNA and DNA viruses. DNA begomoviruses like MYMV are more severe due to their 

persistant nature of transmission. The vector of MYMV (Bemesia tabaci) has a wide host 

range and viral recombinant strains developed very rapidly, thus posing a serious 

constraint to the mungbean production in Pakistan. A survey conducted in major 

mungbean growing areas of Pakistan (Bashir et al., 2006) for the presence of MYMV 

disease, indicated the lack of resistance in genotypes grown in the farmer’s fields. 

Besides mungbean, the virus is prevalent in urdbean, cowpea, soyabean and some hosts 

of the family Malvaceae and Solannceae (Dhingra and Chenulu, 1985). This virus 

disease can cause 100% yield losses, depending upon the virulence of the virus, host 

susceptibility, whitefly population and favorable environmental conditions (Rathi 2002). 

As no virucide is available for the management of MYMV disease, identification of 

resistance source is the most reliable and economical method for the management of this 

virus (Akhtar et al., 2011). Therefore, screening of mungbean germplasm has been 

performed by number of scientists to identify the resistance source against MYMV 

(Akhtar, 2003; Bashir et al., 2005 and Bashir et al., 2006), but with little success. Shad et 

al., (2006) found no immunity or resistance in 254 lines; all lines were susceptible to 

highly susceptible to the virus. Among the one hundred and forty six lines were screened 

only one line was found to be resistant against virus, which showed that this virus is a 

severe problem (Akhtar et al., 2009). For the identification of resistance source against 

MYMV, continuous screening during every year is required.  

The present study was aimed at finding difference in the level of resistance shown 

by different genotypes based on the visual symptoms in response to MYMV infection. 

Molecular characterization of these differences was performed to find out the differences 

in genetic makeup of the genotypes that are associated with the resistance response 

exhibited by the genotypes in the field. Screening of one hundred and twenty seven 

mungbean varieties/lines was performed for the two consecutive years 2012 and 2013. 
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None of the variety/line was found immune during both the years. Only three varieties 

viz., NM2011, NM2006 and AZRI-06 showed resistant response during both years. Six 

varieties/lines NM92, NM121-25, C2 94-4-36, 07007, 98001, 014322 and nine 

varieties/lines NM92, NM121-25, C2 94-4-36, 07007, 98001,014322, 014328, 014527, 

014532 were moderately resistant during the year 2012 and 2013 respectively. Variation 

in resistance and low level of resistance in mungbean germplasm was reported by Gill et 

al., (1983); Naqvi et al., (1995) and Singh et al., (1996). Some varieties/lines showed 

variable response during both years. Three lines, 014328, 014527, and 014532, which 

were moderately susceptible in 2012, showed moderately resistant response in 2013. Four 

lines 014482, 014483, 014534, and 97006, which showed susceptible response in 2012, 

were moderately susceptible during 2013. Three lines 013953, 014275, and 014292, 

showed susceptible response in 2013, these were found highly susceptible during 2012. 

The variation in genotypes response to MYMV was due to variation in the environmental 

conditions, which were conducive for disease development during one year and less 

conducive during the other. The major difference between the two years was date of 

sowing. In 2013 the crop was sown 15 days earlier than in 2012 and because of early 

sowing disease appeared in less severe form in the early growth of the crop. The disease 

appeared when crop was mature enough to tolerate it. Early date of sowing may be 

helpful for the crop as there was minimum or no disease in spring season. Results of 

screening during both years indicated that resistance was rare in mungbean germplasm 

against MYMV. AUDPC was more in 2012 than in 2013, and was maximum on 

susceptible varieties, while AUDPC for resistant varieties was minimum. Maximum 

AUDPC was observed on line 014373 in both growing seasons i.e., 3833 (2012) and 

3654 (2013). Minimum AUDPC was observed on variety NM-2011 in both growing 

seasons i.e., 70 (2012) and 25 (2013). 

Three lines 07007, 98001, and 014322 were identified with moderately resistant 

response against the virus during both growing seasons. These lines should be included in 

future breeding program for resistance breeding against MYMV. The virus is increasing 

every year and this increasing disease incidence may be attributed to several factors like 

an increasing number of viruliferous whitefly, an increasing number of alternate hosts 

and favorable environmental conditions. The results during both crop growing seasons 
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indicated that 30-50 days after crop sowing were critical for the disease development. 

There was rapid increase in the average disease incidence in the first three weeks of data 

recording. Early stage of crop development is most critical for disease spread as the 

vector is most active during that period. This was due to high vector population and other 

environmental factors as the temperature during that period was suitable for vector and 

MYMV multiplication. As environmental data given (Table 4.4), shows that the average 

temperature during the above mentioned period was highly suitable for the vector 

multiplication. Humidity level during that period is also optimal for the spread of disease. 

Initial crop development period was especially critical because early arrival of the 

viruliferous whitefly cause the early development of MYMV. Findings of Habib et al., 

(2007) also indicated that the crop is more sensitive to MYMV during the initial period of 

crop development. The chances of infections are reduced with maturity of the crop and 

the current findings were similar with results of Shad et al., (2006). 

MYMV belongs to the genus Geminivirus and is transmitted in a persistent, 

circulative manner, which increases the chances of frequent genetic recombination within 

the virus population as already reported in CLCuV and TLCuV (Brown et al., 1995; 

Rybicki and Fauquet, 1998). Similarly, MYMV had also evolved variants which easily 

break down the crop resistance every year (Haq et al., 2011). Screening results revealed 

that genetic diversity of mungbean germplasm that are resistant to MYMV is narrow. The 

most promising solution for the management of such a severe viral disease is the breeding 

for crop resistance against the virus. Exploiting local or exotic varieties, advance lines, 

using conventional breeding program, and with the incorporation of biotechnological 

tools for broadening the genetic base of the crop. One of the major constraints in the 

mungbean production in farmer’s field is the unavailability of certified seeds. Cultural 

practices such as removal of alternate hosts, especially weeds, could reduce the 

inoculums. Mungbean has received little attention from breeding point of view and has 

been considered as a minor crop. In order to overcome such issues proper efforts are 

needed to break the yield barriers. The major problem is the reproducibility of results at 

different locations. Some genotypes appeared to be resistant at one location but showed 

different response at another location, urging the need for continued efforts for virus 
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screening. Until the resistant germplasm is available, proper integrated disease 

management should be adopted. 

In Pakistan, the screening of mungbean germplasm against MYMV has been 

heavily relied upon traditional disease screening techniques, based mainly on visual 

observations of the symptoms of the disease. Thus, the description of characteristics of 

the diverse mungbean germplasm has been based upon morphological traits of the plants. 

These descriptors are useful, but they show limited levels of inter and intra-varietal 

polymorphism and hence, may not account for all the diversity. Since, it is difficult to 

identify cultivars based entirely on morphological features; several kinds of methods can 

be used to measure levels and a pattern of it. It is important to find an effective method to 

accurately screen and identify the varieties to meet research needs. 

Molecular characterization of mungbean genotypes was conducted to assess the 

difference among the mungbean genotypes on the basis of molecular markers i.e., 

Random Amplified Polymorphic DNA (RAPD) and Simple Sequence Repeats (SSR). 

Genotypes selected from different reaction groups in response to MYMV were 

genetically analyzed, and they produced different clusters, showed different level of 

similarity and diversity. RAPD markers have been used successfully to assess molecular 

polymorphism in mungbean which is helpful for the estimation of genetic diversity in 

mungbean germplasm (Santalla et al., 1998). RAPD primers produced six bands per 

primer (Afzal et al., 2004), which is comparable with the present study results i.e., 5.36 

bands per primer. Twenty one RAPD primers were used; primers produced 64% 

polymorphism (Lakhanpaul et al., 2000), while in the present study 66% polymorphism 

is observed. Saini et al., (2010) in India reported that 13.71 bands per primer with 

polymorphism ranging from 42.85 to 100% by RAPD markers. This showed high level of 

amplification and polymorphism by the primers than primers used in the present studies. 

RAPD analysis was used to study the diversity within fifty four varieties of mungbean 

and found diversity in mungbean genotypes (Lavanya et al., 2008), similar to our results. 

Twenty five RAPD primers were used, which amplified 4.1 bands per primer, with 

maximum ten number of bands with single primer, with 1.8 polymorphic fragment per 

primer (Souframanien, 2004), while in current study more number of bands were 

produced with 3.5 polymorphic band per primer, percentage of polymorphism obtained 
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from both studies was same i.e., 66%. A high polymorphism rate (90%) was also 

observed in studies on genetic diversity of twenty four genotypes of mungbean (Datta et 

al., 2012) as compared to the 66% reported in our work. Moreover, Karthikeyan et al., 

(2012) also used RAPD markers for the diversity, screening and identification of RAPD 

markers linked with MYMV resistance in mungbean. 

The genetic diversity within the mungbean genotypes was observed on the basis 

of similarity matrix, and it ranges from 61.15 to 91.37%. Some genotypes have high level 

of similarity (91.37%) between them while others showed minimum similarity (61.15%). 

Maximum divergence was showed by two varieties NM-2011 and Azri-06, both of them 

came from the resistant category of screening results. The maximum diversity in their 

genetic makeup shows that they might have different genes or set of genes that provide 

resistance against the MYMV. They have either diverse parentage which conferred 

resistance to the MYMV. Maximum similarity was seen for genotypes (NM-54 and NM-

92), NM-54 belonged to moderately susceptible group, and NM-92 belonged to 

moderately resistant group. These results showed that the two genotypes have close 

genetic makeup due to common ancestors. Results of the present study are similar to the 

results obtained by Lakhanpaul et al., (2000) who also reported similarity ranged from 

65%-92%. Diversity of mungbean germplasm showed similarity range from 0-48%, 

suggesting a great level of genetic diversity within the germplasm (Lavanya et al., 2008), 

as compared to germplasm of present study. Genetic similarity between the mungbean 

germplasm range from 45%-78% (Datta et al., 2012), which showed more diversity than 

present study genotypes. Similarity ranged from 40.8-90.3% during findings of (Saini et 

al., 2010), which showed significant amount of genetic diversity as in the present study. 

Cluster analysis classified the ten genotypes into two clades, one having five 

genotypes NM-92 moderately resistant, M-6 and NM-54 moderately susceptible, 8008 

and 8011 highly susceptible groups on the basis of two years screening results obtained 

from field trail. Second clade consists of two genotypes C2-94-4-36 and 8010, which 

belong to moderately resistant and highly susceptible groups. Three genotypes remained 

unclustered, NM-2011, NM-2006, and Azri-06. From cluster analysis results showed by 

dendrogram, the genotypes NM-92 and NM-54 showed close genetic association. 

Genotypes C2-94-4-36 and 8010 also showed maximum similarity in their genetic 
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makeup. These genotypes might have common ancestors and have repeated utilization in 

the breeding program for the mungbean improvement due to their narrow genetic 

makeup. All three resistant varieties remain unclustered and showed distinct behavior not 

only from susceptible genotypes but also from each other. This genetic diversity between 

the resistant genotypes showed that they have different genetic makeup and might have 

different resistance genes that involved in the resistant behavior of these genotypes. 

Mungbean crop is far behind other crops in breeding and molecular genetics 

studies. Microsatellites markers are co-dominant markers and have high reproducibility 

as compared to RAPD markers. Thus, SSR markers are more suitable for the genetic 

diversity study (Brondani et al., 2005). SSR markers were used for varietal identification 

tagging (Li et al., 2000). Keeping in view of above mentioned importance and 

significance of SSR markers, they were used in the present study mainly for estimation of 

genetic diversity. SSR marker LR7319B amplified the maximum number (six) of loci, 

while markers VR0222 and VR0223 produced the single loci amplification. Genetic 

diversity in mungbean germplasm showed the number of alleles ranged from two to six 

(Gupta et al., 2013), which were very similar to our results. Genetic diversity study of 

mungbean showed that each primer amplified 1-2 alleles (Singh et al., 2012), which were 

far less than present study results (one to six), and level of polymorphism was also much 

higher in the present study. The number of amplified fragments in present study was 

more than that reported in genetic diversity study of mungbean germplasm by Kumar et 

al., (2002). 

Dendrogram drawn for the genetic distances is shown in Fig. 4.10. Similarity 

matrix results showed maximum diverged genotypes were 8008 and Azri-06, which 

showed only 66.60% similarity in their genetic makeup on the basis of present study. 

Maximum similarity was observed in genotypes NM-54 and NM-92 which showed 

97.70% similarity. High genetic similarity was observed in mungbean mutant lines that 

ranged from 77% to 100%, which showed that the selected mungbean genotypes had 

narrow genetic base (Singh et al., 2012), while present study results also showed that 

diversity in mungbean genotypes is quite less. To broaden the genetic base exotic 

mungbean genotypes should be incorporated in the breeding program or to include the 

wild type genotypes having resistance gene. 
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Cluster analysis based on genetic studies through SSR markers classified the ten 

mungbean genotypes into one main clade. Six genotypes remained unclustered, and 

showed distinct behavior from the main clade. SSRs markers were efficient in detecting 

genetic variability in different mungbean genotypes (Dikshit et al., 2007). Main clade 

comprised of four genotypes namely; NM-92, NM-54, 8008, and M-6. NM-92 came from 

moderately resistant group, NM-54 and M-6 from moderately susceptible group, and 

8008 genotype from highly susceptible group. In the main clade genotype NM-92 and 

NM-54 showed close similarity, which suggests that either they have the same ancestors 

or they were used repeatedly in the same breeding program. Two other genotypes in main 

clade, M-6 and 8008 also showed close genetic relatedness between them might be due to 

same reasons. After that comes the six genotypes which remained unclustered; out of 

these genotypes 8011 came first which showed the similarity with main clade, then came 

C2-94-4-36 and the similarity level decreased continuously in genotypes 8010, NM-2006 

and Azri-06. Genotype NM-2011 showed the maximum level of divergence from the 

main clade and showed distinct behavior from others genotype. Three resistance varieties 

remained unclustered which means that they are diverse from each other and they might 

have different resistance genes that attribute towards resistance against MYMV. Above 

mentioned genotypes showed different response to the MYMV and after simple sequence 

repeats markers the results confirmed that they exhibits different genetic makeup and this 

could be easily exploited for the future breeding program (Fig. 4.10). 

Many commercial mungbean cultivars are susceptible to MYMV. Therefore 

requirement for the markers closely linked with MYMV resistance gene increased. So 

that resistance gene could be transferred to the cultivars having excellent potential yield 

by using the marker assisted breeding. Breeding programs based on phenotypic and 

symptomatic analysis are much slower and time consuming, while use of molecular 

markers for resistance breeding is more authentic and rapid. The most important 

requirements for marker assisted selection are the correct identification of marker linked 

with a specific or desired trait and its efficiency for screening large numbers of genotypes 

in reproducible manners. Screening of mungbean genotypes was performed on the basis 

of different DNA markers linked with MYMV resistance gene which have been reported 
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in mungbean (Dhole and Reddy, 2013) and black gram (Souframanien and 

Gopalakrishna, 2006). 

Fifteen mungbean genotypes were selected from field screening trials of two 

years 2012 and 2013. Two SCAR markers were selected for the screening of mungbean 

germplasm on genetic basis also. Single recessive gene for MYMV resistance has been 

reported in mungbean by different scientists (Singh and Patel, 1977; Thakur et al., 1977; 

Reddy and Singh, 1995; Basak et al., 2004). In earlier studies where RAPD were used to 

identify the MYMV resistance gene in mungbean germplasm, they were used either 

directly or after conversion into SCAR (Selvi et al., 2006 and Chen et al., 2007) and in a 

number of other crops like black gram (Souframanien and Gopalakrishna, 2006), soybean 

(Zheng et al., 2003) and common beans (Alzate-Marin et al. 1999). One SCAR marker 

was reported to be linked with MYMV resistance gene in blackgram and the second was 

reported to be linked with MYMV gene in mungbean. SCAR marker (MYMVR-583) 

produced amplification in all the twelve genotypes reported to be resistant, moderately 

resistant and moderately susceptible in field response while no fragment was produced in 

highly susceptible genotypes. SCAR marker (MYMVR-583) was used for mungbean 

screening against MYMV (Dhole and Reddy, 2013). Results of the present study were in 

confirmation with the study by Dhole and Reddy (2013).  Similarly, second SCAR 

marker (YMV1) also produced the fragments in the selected genotypes and no fragment 

was observed in highly susceptible genotypes, which showed that they lack the resistance 

gene. The validation of SCAR markers gave positive results and showed consistent 

association between marker and the genotypes with resistant response, and absent in three 

genotypes with highly susceptible response.  

Previously the screening against MYMV was conducted under field conditions on 

visual observations. This might be misleading due to fluctuation in environmental 

conditions and involving the escape mechanism as well. In present study we have 

complemented our field screening results by using SCAR markers, which was never been 

performed for mungbean genotypes of Pakistani origin. The results obtained by 

molecular screening have verified those from the field screening. These SCAR markers 

could be used in future breeding program for the development of MYMV resistant 

cultivars with high yield. The identification of MYMV resistant genotypes has opened 
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new avenues for reliable breeding against the menace of MYMV and development of 

virus tolerant varieties. 

Characterization of environmental factors conducive for disease development in 

relation to resistance showed that in the cases of resistant and moderately resistant 

varieties/lines none of them showed significant correlation with the disease development. 

Genotypes from moderately susceptible, susceptible and highly susceptible groups 

showed significant correlation between environmental conditions and disease 

development. Environmental factors i.e., maximum temperature, minimum temperature, 

relative humidity, rainfall and wind speed showed highly significant correlation with the 

MYMV disease development. Maximum temperature and wind speed showed negative 

correlation with disease development, while minimum temperature, relative humidity and 

rainfall showed positive correlation with the MYMV disease. The results of present study 

confirmed those of Khan et al., (2012). Maximum disease incidence was observed at 

maximum temperature 34.92°C and minimum temperature of 28.7°C during 2012 and at 

maximum temperature 35.28°C and minimum temperature of 28.75°C during 2013. 

Maximum temperature 34-35°C and minimum temperature 26-27°C were most suitable 

for the disease development, relative humidity and rain fall showed highly 

significant positive correlation with the disease development (Livinder et al., 2009). 

Results from the present study showed that the most favorable minimum temperature for 

the disease was 1.75°C higher than the previously reported favorable minimum 

temperature. Similar temperature ranges were observed for MYMV disease and the 

positive correlation of relative humidity and rain fall with the disease incidence was 

reported by Srivastava and Prajapati, (2012). Significant correlation of temperature, 

rainfall, and relative humidity with MYMV disease incidence was observed by Nath, 

(1994) and Khan et al., (2006). 

The climatic conditions of the world are changing rapidly due to different 

environmental factors. Therefore, it is necessary to re-examine periodically the 

relationship between disease development and environmental factors. As with precise 

information of these factors which are crucial for disease development, one can properly 

managed the control strategies against MYMV. Proper interpretation of disease-specific 

epidemiologic data requires information concerning past as well as present occurrence of 
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the disease. An increase in the number of reported cases of a disease that is normal and 

expected, representing a seasonal pattern of change in host susceptibility, does not 

constitute an epidemic. Therefore, regular collection, collation, analysis, and reporting of 

data concerning the occurrence of a disease are important to properly interpret short-term 

changes in occurrence. 

Research on epidemiological aspects to explain the dynamics of the disease under 

local conditions is of primary importance. Weather is one of the important parameter that 

influences plant disease epidemics. Hence, understanding of weather and climatic 

conditions is required to provide base line information for developing simple and reliable 

disease prediction systems. A limited amount of work has been done in relation to 

environmental conditions conducive for the MYMV disease development. The impact of 

environmental conditions and their fluctuation in relation to inoculum build up and 

spread of disease is not quantitatively studied. Therefore, the present study was initiated 

to characterize environmental conditions conducive for the MYMV and the results will 

be helpful to develop a disease forecasting system in future. 

MYMV did not spread through seed, soil or contact and is transmitted through 

vector whitefly, in a persistent manner (Malathi and John, 2008). In present study 

whitefly population showed significantly positive correlation with the disease 

development. Whitefly is the vector of MYMV and different scientists studied the 

relationship of whitefly with the disease development. Significantly positive correlation 

of whitefly population with disease development was observed by Khan et al., (2012). 

Disease development increases rapidly with the increase in whitefly population. Disease 

development is directly proportional to the whitefly population as reported by number of 

different scientists, including Srivastava and Prajapati (2012); Akhtar et al., (2011); Khan 

et al., (2006). As the pressure of whitefly population increases the increment in disease 

development also take place. Whitefly population and its frequency increased now a day 

due to excessive use of insecticides that have developed resistance in whitefly (Ahmad et 

al., 2002, 2010). 

Environmental factors play an important role in the disease development along 

with other factors like whitefly population. During the second year of experiment which 

was fifteen days earlier as compared to 2012. The disease appeared later due to 
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environmental factors especially humidity which was less during the early period that 

influences the disease development. One of its major facts is that during the spring season 

mungbean crop disease was little or no due to less humid weather as compared to july 

and august months in which high humidity occurs with much vector population. 

However, a study related to the prediction of MYMV in mungbean crop is not 

sufficient. Significant effect of rainfall, air temperature and relative humidity on disease 

development was found by Khan et al., (2006). Multiple regression models also 

confirmed that five environmental variables i.e., relative humidity, rain fall, wind speed, 

maximum and minimum air temperatures played a significant role in disease 

development of MYMV. Regression analysis was performed to study the relationship and 

to predict the environmental factors in a quantitative manner that significantly influence 

the MYMV disease development. All the factors were found to be strongly influencing 

the disease development; temperatures and humidity ranges reported by the present study 

results are in line with the study of different scientists (Khan et al., 2012; Akhtar et al., 

2011). 

Onion extract produced more reduction in the viral infection as compared to garlic 

extract in our study during both seasons. It was already reported that onion and garlic 

have antimicrobial activity due to the compound allicin (Gurjar et al., (2012). Several 

other researchers have also reported that garlic and onion extracts cause the suppression 

of viral disease.  Garlic and onion extracts were used for the suppression of MYMV and 

showed the efficacy of garlic extract against the virus (Hossain et al., 2010; Islam et al., 

2006). Disease suppression efficiency of garlic for legume viral diseases i.e., MYMV and 

ULCV was observed by Thirumalaisamy et al., (2003). Root extracts of Boerhaavia 

diffusa have inhibitory effect on different viral diseases (i.e., MYMV and ULCV) of 

mungbean and urdbean respectively (Singh et al., 2004). Plant extracts for the 

management of legume viruses were tested and found significant in reducing the virus 

disease (Reddy et al., 2006). Onion and garlic extracts used in the present study 

significantly reduced the disease. Further purification of compounds and identification of 

actual biochemistry involved in this disease reduction process is required. White and 

Antonio, (1983); Prasad, (1986) reported that there are some antimicrobial or inhibitors in 

these plant extracts. Which either activate the plant defense mechanism like systemic 
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acquired resistance or interfere with host-virus interaction that is essential for the 

successful establishment of the pathogen. These are some of the possibilities due to 

which plants extracts showed inhibitory response for viral disease 

Imidacloprid and acetamiprid were used for the disease management, 

imidacloprid showed significant reduction in disease as compared to acetamiprid. 

Significant effect of imidacloprid in reducing the vector population was observed which 

is directly related with the disease transmission, and the results of present study are 

similar to the findings of Dandale et al., (2001) and Kotreshe (2002). Chemicals 

imidacloprid, mycotal, and tracer for the management of MYMV disease were used and 

showed that imidacloprid was best for management of the disease (Khan et al., 2012).  

In the present study nutrients i.e., macro nutrients (NPK) and micro nutrients 

(Fe,Zn,B) and combination of both macro and micro nutrients were evaluated. Minimum 

disease was recorded when NPK and Fe,Zn,B were applied together; NPK proved to be 

the second best treatment, followed by Fe,Zn,B, while maximum disease was recorded on 

control (untreated check). Disease severity decreased with the increase in number of 

sprays of nutrients on the different varieties/lines, and maximum disease was observed on 

line 98001, followed by 7007, NM-121-25, and minimum disease severity was shown by 

variety NM-92. Nutrients are essential for the proper growth and development of crops as 

they enhance defense mechanism of the plants. During early period of growth, uptake of 

nutrients is efficient and helps to combat the attack of plant viruses (Singh et al., 2000). 

Spray of nutrients on legumes reduced the MYMV disease severity, resulted in minimum 

percentage of reduction in growth and yield parameters of mungbean due to viral diseases 

(Chand and Varma, 1983). Nutrients were helpful for the management of MYMV disease 

in mungbean and ULCV disease in urdbean (Jain et al., 1995) and findings of present 

study supports their results. 

Nitrogen is not only important for the vegetative growth but also required for the 

synthesis of plants secondary metabolites of which nitrogen is a structural component; 

such compounds include alkaloids, cyanogenic glycosides, and glucosinolates. Potassium 

plays an important role against number of different biotic and abiotic stresses (Wang et 

al., 2013). Perrenoud (1990) reviewed 2449 references and reported that potassium 

application on different crops reduced various diseases; fungal diseases 70%, bacterial 
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diseases 69%, nematode diseases 33% and viral diseases 41% were controlled with the 

application of potassium and consequently increased the yield. Potassium helps the plant 

in defending against pathogens by strengthening cell wall and helps in the various plants 

defense mechanisms and repair of the damaged cells (Mengel, 2001). Potassium 

application increases the level of phenolic compounds which are critical for the host 

resistance against different pathogens (Prasad et al., 2010). Higher potassium 

concentration helps in synthesis of defensive compounds and results in the pest mortality 

(Sarwar, 2012).   

Boron used for the management of MYMV disease and was helpful for the 

management of the disease, and increased the grain yield by 24.8-30.6% (Bimal et al., 

2001). Application of nutrients and weeding reduced the disease and improved plant 

height, pods size and yield of the plants (Islam et al., 2002). Significant reduction in virus 

due to application of boron and zinc was observed which resulted in yield improvement 

of the mungbean crop (Singh et al., 1996). As the number of sprays increased the disease 

severity started to decrease in case of all treatments except control. This showed that with 

regular application of nutrients and control of vector population, the disease can be 

managed. Nutrients are required in various defense pathways while insecticides and plant 

extracts reduce the vector population. 

As mungbean yellow mosaic virus belongs to Geminiviridae and genus 

Begomovirus and is transmitted only by whitefly, so the only way in which virus reaches 

the mungbean from alternate hosts is transmission via whitefly. In order to manage 

MYMV its vector should be controlled then the disease will be managed, consequently. 

In present study imidacloprid reduced the whitefly population to the highest level 

followed by acetamiprid, onion, garlic and maximum whitefly population was observed 

on control (untreated check). Different insecticides, plant extracts, and cultural practices 

were used for the management of MYMV disease, and it was found imidacloprid treated 

plants of mungbean showed the minimum disease as compared to all other treatments 

(Hossain et al., 2010). Imidacloprid, thiomethoxam, and acetamaprid were used for the 

management of whitefly population and found imidacloprid to be the best for the control 

of the whitefly population (Abbas et al., 2012). The correlation and regression results of 

present study have already indicated the strong relationship between whitefly population 
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and the virus. Previous literature has also stated the occurrence of virus is due to whitefly 

that transmits the virus in a persistent manner. Present study results showed that disease 

and whitefly population started to reduce after the first spray. As the number of sprays 

increased on weekly basis whitefly and disease were at their minimum level after forth 

spray. These results also showed that virus was strongly linked with the vector 

population. Variation within the varieties was also observed in relation to the disease 

severity and vector population, which showed that they have different response for the 

virus. Maximum whitefly population was observed on line 98001, and minimum whitefly 

population was observed on variety NM-92 during the both growing seasons. Maximum 

disease was observed on line 98001, and minimum disease was observed on variety NM-

92 during both growing seasons. Thus, the MYMV disease can be managed by proper 

selection of chemicals, plant extracts and proper timing of the spray.  

Increased resistance in whitefly population due to excessive use of same group 

insecticides has increased the incidence of MYMV (Ahmad et al., 2002, 2010). There is a 

great demand not only for introducing new groups of insecticides that should be 

environmentally friendly but also commercial availability of various bio pesticides 

against sucking insect pests that are the vectors of several plant viruses. In addition to 

chemicals, plant extracts were also evaluated as they were environmentally friendly and 

have no residual effect. Chemicals were significantly more effective as compared to plant 

extracts in both controlling the whitefly population and the disease severity. Plants 

extracts efficacy against vector and disease could be improved by increasing its 

concentration and identifying the actual active components involved in disease inhibition 

and understanding their mechanism of action and interaction with the pathogen. The 

results of present studies showed that plants extracts have great potential for the 

management of mungbean yellow mosaic virus disease. As stated above there is a great 

need not only to identify the active compounds involved and their proper purification and 

formulation is required so that they could be easily commercially available for the 

farmers. 

Important contributions of the current research to the MYMV study include; a 

comprehensive screening of Pakistani mungbean genotypes against the virus, molecular 

profiling of the genotypes exhibiting different resistance responses against the disease, to 
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assess the conduciveness of local environmental conditions for the disease development 

and to devise an integrated approach for the management of the disease by managing the 

vector population using plant extracts and chemicals in local conditions of Punjab, 

Pakistan. 

Comprehensive screening of one hundred and twenty seven mungbean genotypes 

against the disease was performed that spanned over the period of two years to gain 

consistency in the results. Results of screening indicated that the resistance is present in 

the local germplasm to some extent, complete resistance was lacking, however, in the 

tested genotypes. The molecular profiling of the germplasm suggested that the resistant 

genotypes have differences in their genetic makeup that can be traced using more SSR 

markers, and the genes for resistance can be identified and accumulated in new genotypes 

that may show a complete resistance against the disease. In the absence of genotypes with 

complete resistance against the disease, other integrated disease management approaches 

can be exploited. The integration of a slight shift in sowing date to avoid conducive 

environment with a variety of plant extracts and insecticides to control whitefly 

population is suggested by the current study. 
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CHAPTER-6  

SUMMARY 

Transmitted by whitefly, Mungbean yellow mosaic virus is the most destructive 

virus which causes severe yield losses in mungbean. Mungbean yellow mosaic virus also 

infects others legumes crops including urdbean, soybean, and cowpea. Mungbean 

germplasm consisting of 127 genotypes were screened against MYMV under field 

conditions during the two years 2012 and 2013. Most of the genotypes were infected with 

MYMV during the early period of crop and none of the genotype remained disease free at 

the end of the season. Only three genotypes viz., NM2011, NM2006, and AZRI-06 

showed resistance response during both growing seasons. Six mungbean genotypes viz., 

NM-92, NM121-25, C2 94-4-36, 07007, 98001, and 014322 showed moderately resistant 

response during 2012 and nine mungbean genotypes viz., NM92, NM121-25, C2 94-4-

36, 07007, 98001,014322, 014328, 014527, and 014532 showed moderately resistant 

response during 2013. Some varieties/lines showed variable response during both years. 

Three lines 014328, 014527, and 014532 which were moderately susceptible in 2012 

showed moderately resistant response in 2013, four lines 014482, 014483, 014534, and 

97006 showed moderately susceptible response which was susceptible during the 

previous season and three lines 013953, 014275, and 014292 showed susceptible 

response which was highly susceptible during 2012. This might be due to their genetic 

instability. While 13 genotypes were moderately susceptible, 47 genotypes were 

susceptible, and 58 genotypes were highly susceptible response during 2012. In 2013 

fourteen genotypes were moderately susceptible, 46 genotypes were susceptible, and 55 

genotypes showed highly susceptible response. Three lines 07007, 98001 and 014322 

were identified with moderately resistance response against MYMV. These should be 

included in future breeding program. 

Genetic diversity is a requirement for any cultivar development program. The 

molecular characterization through development of techniques to detect polymorphisms 

at the DNA level has revolutionized the molecular analysis of plant genomes, by using a 

range of molecular techniques. Ten genotypes were studied by using the RAPD and SSR 

markers. The minimum similarity was shown by 8008 and Azri-06, while the maximum 

similarity was shown by genotype NM-54 with NM-92 during RAPD analysis. In SSR 
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analysis, minimum similarity was identified for genotypes 8008 and Azri-06, while the 

maximum similarity was demonstrated for genotypes NM-54 and NM-92. SCAR markers 

were used, which produced the desired band amplification in all the resistant and 

moderately resistant genotypes which confirmed the presence of resistance gene in 

genotypes. 

Characterization of environmental conditions conducive for disease development 

demonstrated that the genotypes from resistant and moderately resistant groups had no 

correlation. In contrast genotypes from moderately susceptible, susceptible, and highly 

susceptible groups showed that maximum temperature and wind speed were negatively 

correlated with disease incidence. Minimum temperature, relative humidity, rainfall, and 

whitefly population showed positive correlation with disease incidence. Stepwise 

regression analysis was also performed to study the relationship, and to predict the 

environmental factors in a quantitative manner that significantly influence the mungbean 

yellow mosaic virus disease development. All the factors were found to strongly 

influence the disease development. 

For the management of mungbean yellow mosaic virus disease, extracts from two 

plant species, two insecticides and macro nutrients and micro nutrients were used. Onion 

extract was significantly effective in reducing viral infection as compared to garlic extract 

during both years. Imidacloprid significantly reducded the disease as compared to 

acetamiprid. Minimum disease was recorded when NPK (Compound) and Fe,Zn,B 

(Nutritop) were applied together and after that NPK proved to be the second best 

treatment for the management of disease, followed by treatment with Fe,Zn,B. In order to 

manage the mungbean yellow mosaic virus disease its vector should be controlled. To 

this end imidacloprid, acetamiprid, onion and garlic extracts were tested for the control of 

vectors. Imidacloprid significantly reduced the whitefly population followed by 

acetamiprid, onion extract and garlic extract. 
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APENDICES 

Apendix.1. Weekly disease progress on mungbean germplasm during 2012. 

Weeks 
No. of varieties/lines 

infected 

Min. disease 

incidence 

Max. disease 

incidence 

Average disease 

incidence 

15th Jul 103 0 80 18.82 

22nd Jul 120 0 92 34.64 

29th  Jul 125 0 98 55.21 

5th Aug 126 0 98 58.38 

12th Aug 126 0 98 64.58 

19th Aug 127 7 98 64.64 

26th Aug 127 6 100 53.75 

 

Apendix.2. Weekly Disease Progress on Mungbean Germplasm during 2013. 

Weeks 
No. of varieties/lines 

infected 

Min. disease 

incidence 

Max. disease 

incidence 

Average disease 

incidence 

1st Jul 98 0 70 12.88 

8th Jul 118 0 80 26.23 

15th  Jul 124 0 90 46.03 

22th Jul 125 0 98 50.46 

29th Jul 126 0 98 56.76 

5th Aug 126 0 99 57.95 

12th Aug 127 7 100 50.80 
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Apendix.3. Environmental factors and weekly progression of MYMVD during 2012. 

 

 

Apendix.4. Environmental factors and weekly progression of MYMVD during 2013 

Period Temperature 
o
C R.H. Rain fall 

(mm) 

% Incidence of 

MYMVD 

(Average) 

Percent 

weekly 

increase 

Max. Min. Av. 

1st Jul 38.40 26.65 32.52 53.57 0.21 12.88 - 

8th Jul 38.64 27.12 32.88 57 0.42 26.23 13.35 

15th  Jul 39.18 27.54 33.36 60.31 0.82 46.03 19.08 

22th Jul 39.76 28.01 33.88 62.75 1.24 50.46 4.43 

29th Jul 37.60 28.21 32.90 63 1.53 56.76 6.3 

5th Aug 35.28 28.75 32.01 61.48 1.68 57.95 1.19 

12th Aug 33.05 28.89 30.97 62 2.01 50.80 -7.15 

 

Period Temperature 
o
C R.H. Rain fall 

(mm) 

% Incidence of 

MYMVD 

(Average) 

Percent 

weekly 

increase 

Max. Min. Av. 

15th Jul 36.35 25.28 30.81 57.42 0.43 18.82 - 

22nd Jul 37.64 25.57 31.60 64.14 0.84 34.64 15.82 

29th  Jul 38.35 26.14 32.24 60.71 0.98 55.21 20.57 

5th Aug 38.71 26.54 32.62 60.42 1.43 58.38 3.17 

12th Aug 36 26.7 31.35 63.28 1.67 64.58 6.2 

19th Aug 34.92 28.7 31.81 71.35 1.83 64.64 0.06 

26th Aug 32.78 28.8 30.79 73 2.14 53.75 -10.89 


