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The yellow mosaic disease (YMD) found to be one of the major constraints in soybean production in Madhya Pradesh. 
For timely management of this disease and for reducing the calendar based prophylactic pesticides spray, this study was 
conducted to screen out critical weather limits for peak YMD incidence. Field experiments as well as farmers field survey 
were conducted during kharif seasons of 2015 to 2019 in four districts viz. Tikamgarh, Chhatarpur, Datia and Jabalpur of 
Madhya Pradesh to record spacio-temporal variability of whitefly and YMD on soybean. Isolation of DNA from the infected 
soybean leaf samples was executed as per the standardized protocol of DNA isolation and molecular level identification of 
mungbean yellow mosaic India virus (MYMIV) was carried out as well. It was noted that the preceding week’s weather 
conditions significantly influenced the peak YMD incidence during the study periods. It was observed that maximum 
temperature, sunshine hours, number of whitefly population were positively related with YMD at the significant level; while 
the rainfall, evening relative humidity were negatively related. A weather based rule was worked out for peak prediction of 
YMD in soybean during the previous two weeks period when the following conditions were satisfied: Whitefly population 
per plant was above 12, maximum temperature was above 33°C and passive phase of monsoon was for more than a week. 
The transmission rate was found to be higher when dry period coincide with maximum temperature above 33°C for greater 
than or equal to 5days. This weather based rule for peak YMD prediction was also validated. 
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Madhya Pradesh is occupied with 33 percent area 
(55.54 lakh ha) of soybean in India and also known as 
soya state1. Soybean is one of the important cash oil 
seed crop and a good source of protein for vegetarian 
diet in India as well as in Madhya Pradesh. Soybean 
being luxuriant crop, having lush green, soft, 
succulent and nutritive dense foliage is infected by a 
number of fungal, bacterial and viral diseases from 
sowing to harvesting stage. More than 50 virus 
pathogens have been reported causing various 
diseases in soybean crop2,3. Among them mungbean 
yellow mosaic India virus (MYMIV) is the most 
prevalent in the Central India4,5. In central India, 
MYMIV has been reported to be a serious disease of 
blackgram, mungbean and soybean4,6. 

Under sever attack of insect pest-disease, around 
50% loss is resulted in soybean production, while in 
case of their outbreaks, losses are much higher 
resulting in to complete damage7. The minimization 
of such losses and to reduce environment pollution, in 
parallel, substantial consideration of forewarning of 

pests and diseases is essential for taking timely 
control measures. The soybean area has witnessed a 
sharp decrease during current decade from 62.6 lakh 
ha (2013) to 50.13 lakh ha in 2017. The development 
of the proper and simple methods for identification of 
virus species and strains is fundamental to conduct the 
extensive field survey as it will help in forecasting of 
virus diseases and determination of resistant varieties 
at field level.  

In India, YMD cause yield losses varied from 10 to 
88% in soybean annually8 and the monetary losses in 
legumes (soybean, blackgram and mungbean) caused 
by yellow mosaic disease (YMD) have been estimated 
to be approximately US $300 million per year9. In 
India, two species of Begomovirus causing YMD in 
soybean4 are more prevalent i.e.: Mungbean Yellow 
Mosaic India Virus (MYMIV) in Northern and 
Central India, while Mungbean Yellow Mosaic Virus 
(MYMV) in Southern and Western India. The 
MYMIV is the most prevalent in soybean5 in central 
India particularly in Madhya Pradesh (MP) and 
farmers face significant production loss. So the 
management of YMV is of immense important to 
reduce the crop loss and also to minimize the 
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deterioration quality of the crop produce. Control of 
YMD in a particular region depends largely on the 
management of vector (Bemisiatabaci) population. 
So, it necessitates in-depth investigation on the 
relationship of whitefly population and prevalence of 
the virus on different soybean varieties.  

Weather-based location-specific forewarning models 
have been developed for major diseases (Alternaria 
blight, white rust, powdery mildew) of oilseed 
Brassica in India10,11. Kaundal et al.12 used six 
significant weather variables and developed two 
series of models (cross-location and cross-year) for 
rice blast prediction in India. Mungbean Yellow 
Mosaic India Virus has been reported by several 
workers13,14. The prediction of peak YMD incidence 
on soybean prediction was not yet been attempted in 
Madhya Pradesh. Therefore, it is necessary to find the 
degree of relationship, that exists between YMD and 
weather factors, with ultimate aim to develop the 
weather based prediction rule for its peak incidence. 
The present study was carried out to identify the 
disease species prevalent in soybean and screen out 
critical weather limits for peak YMD incidence as 
well as its weather based prediction tool. It was also 
analyzed the temporal and spatial scale variability.  
A weather based rule for peak YMD incidence and  
its characterization was worked out and presented  
in this paper.  
 

Materials and Methods 
Madhya Pradesh lies in the central India, and is 

located in the geographic heart of India in between the 
latitude of 21.6°N and 26.30°N and longitude of 74°9'E 
and 82°48'E. Agro-climatic diversity and topographical 
variations enable the state to grow a wide range of 
cereals, pulses, oilseeds and cash crops. The state 
comprises with hill, valley, plateau and plain regions. 
The whole state is divided into 11 Agro Climatic Zones 
(ACZ) shown in (Fig. 1). In this study two ACZ number 
IV and VIII was selected. From the zone VIII, the 
districts Tikamgarh, Chhatarpur, Datia and from  
zone IV, Jabalpur district were taken. Field experiments 
(Fig. 2A) and farmers field surveys (Fig. 2B) were 
conducted during kharif season on soybean cultivars 
under unprotected conditions during 2015 to 2019. The 
YMD incidence was recorded at weekly interval at 
Jabalpur, Tikamgarh, Chattarpur and Datia districts of 
Madhya Pradesh. 
 

Field experiments 
The field experiments were conducted in a 

randomized block design with three replications in a 

plot size of 450 m2 with spacing of 30 cm (plant to 
plant) and 40 cm (row to row). The major cultivars of 
soybean (JS 95-60, JS 93-05, JS 335, JS 20-29) were 
sown at two dates D1 (between 7thand 10thJuly), and 
D2 (between 18th and 20th July) during 2015, 2016, 
2017 and 2018 at College of Agriculture, Tikamgarh 
(24° 40′ N lat., 77° 80′ E long. and 324 meter above 
m.s.l.), and Jabalpur (23° 13′ N lat., 79° 57′ E long. 
and 387 meter above m.s.l.) with recommended dose 
of fertilizers N:P:K=40:60:40 kg/ha. The field experiments 
during 2019 were conducted at Tikamgarh with one 
date of sowing i.e. on 7th July with recommended dose 
of fertilizers.  
 
Farmers’ field survey 

Farmers’ field surveys were conducted in 24 
villages of three districts i.e.Tikamgarh (24° 38′ N 
lat., 77° 75′ E long. and 345 meter above m.s.l.), 
Chhatarpur (24° 53′ N lat., 79° 37′ E long. and 412 
meter above m.s.l.) and Datia (25° 31′ N lat., 78° 26′ 
E long. and 302 meter above m.s.l.) to collect weekly 
data on YMD incidence during 2015, 2016, 2017and 
2018. Three blocks of each district were selected for 
this study and from each village one farmers’ soybean 
field was selected (Table 1). Fixed plot survey was 
conducted at every village in an area of 5 × 5 m2, 

 
 

Fig. 1 — Agro climatic zones of Madhya Pradesh 
 

 
Fig. 2 — (A) Field experiment at Tikamgarh; and (B) Farmers’
field survey at Chhatarpur 
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where no plant protection measures were taken. 
Observations were recorded at weekly intervals.  
 
Weather data 

The daily weather data of temperature (Maximum, 
Minimum), relative humidity (morning, evening), 
rainfall and sunshine hours from 2015 to 2019  
was collected from meteorological observatory of 
Tikamgarh, Jabalpur, Chhatarpur and Datia districts. 
The daily weather data were converted to weekly mean 
and total for correlation and critical weather parameters 
analysis. 
 
Disease incidence 

Observations on YMD incidence was recorded on 
10 tagged plants and were identified visually by 
observing bright yellow specks on soybean leaves, 
which later coalesced to form a larger yellow patch 
and eventually the entire leaf turned yellow (Fig. 3). 
The incidence of yellow mosaic virus disease  
was determined by calculating the percent disease 
incidence by using the following formula:  
 

Disease Incidence (%) = (x1/x)*100  
 

where, x= Total number of plants x1= Number of 
infected plants. 

The plants were inspected during the morning 
period of the day to monitor the population dynamics 
of whitefly and to note the appearance and development 
of the symptoms of yellow mosaic disease (YMD). 
The population count of whitefly was taken at seven 
days intervals in ten randomly selected plants in each 
replicated plot. The incidence of the disease was 
recorded at weekly intervals started from two to three 
weeks after sowing to maturity stage.  
 

Detection of MYMIV through PCR 
The leaf samples of soybean with yellow mosaic 

disease were collected during field survey from the 
fields of four districts of the kharif season of 2015 for 
molecular level identification of mungbean yellow 
mosaic India virus (MYMIV). Genomic plant DNA 
was isolated using Plant Dneasy Mini Kit (Quiagen) 
at Tikamgarh. The polymerase Chain Reaction (PCR) 
study was done in small PCR tubes having capacity  
of 0.2 mL with genomic DNA as template and the 

primer(s) that amplified DNA sequence. The coat 
protein PCR primer (DNA-A) was employed to 
confirm the virus was forward and reverse as follow: 
 

Forward primer 

5ACACGGATCCGTTGCATACACAGGATTTG3 
 

Reverse primer 

5ACACGAGCTCCTCTACCCCGATATCGAATG3. 
The PCR was programmed with initial denaturation 

at 94C for 1 min, followed by 30 cycles at the same 
94C for 20 Sec, 56C for 20 Sec and 72C for 1 min. 
Final extension was carried out at 72C for 3 min and 
stored at 15C for further use. Amplified products 
were verified by electrophoresis using a 1.0% agarose 
gel and positive amplified products were visualized 
under gel documentation system to ascertain the virus 
 

Statistical analysis 
The association of YMD incidence and weather 

parameters were statistically analyzed with weekly 
values. The correlation and regression studies were 
carried out with the help of SPSS software (version 27) 
to find out relationship. The significance of correlation 
and regression was determined based on t test. The 
significant level was set at P <0.05 and P <0.01.  
 

Weather rule for peak YMD incidence 
The highly correlated weather parameters during 

peak YMD incidence that is one and two weeks 
previous weather parameters were segregated based 
on their significance. These critical weather parameters 
during kharif seasons of 2015 to 2018 were analyzed 
and their threshold values were fixed. Based on the 
critical weather parameters and their threshold values, 
a weather rule for peak YMD incidence was formulated 

Table 1 — Multi location farmers fix field plot survey to record 
spatial variability 

District Tikamgarh Chhatarpur Datia 

No. of Blocks 03 03 02 
No. of villages 03 03 03 
 

 
 

Fig. 3 — MYMIV infected healthy soybean plants under field
conditions at Tikamgarh  
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and validated with independent data set of 2019 at 
Tikamgarh. 
 

Results and discussion 
 

Characterization of YMD 
It is difficult to identify the virus species and 

strains from soybean individual plants in Madhya 
Pradesh, because their symptoms may be changed or 
masked depending on soybean varieties or the crop 
growing conditions. Furthermore, sometimes symptoms 
induced by Mungbean Yellow Mosaic India Virus 
(MYMIV) are similar to those caused by excess 
moisture and nutritional deficiency. To ascertain this, 
molecular diagnosis through DNA extraction was 
carried out from infected plants followed by agarose 
gel electrophoresis. 

Isolation of DNA from all the infected samples was 
executed as per the standardized protocol of DNA 
isolation (CTAB Method). Quality and quantity of  
the isolated DNA was checked on 0.1% agarose gel. 
After quantification of DNA on agarose gel, PCR 
amplification was carried out followed by their 
visualization in gel doc system.  
 

Primer designing and selection 
To identify MYMIV, specific DNA sequences, 

online BLAST X analysis at the National Center for 
Biotechnology Information (NCBI) were used. The 
coat protein (CP) of Begomovirus sequence has high 
degree of conserve region, which have been approved 
by the International Committee on Taxonomy of Viruses 
to ascertain the molecular identification of a 
Begomovirus15. It was used to amplify isolated DNA 
template from the leaf of soybean plants. The 
programmed polymerase chain reaction test resulted in 
to amplified DNA fragments having size about 750 bp 
of MYMIV in YMD infected soybean leaf samples 
collected from the fields during kharif season of 2015. 
PCR products were electrophoresed using 1.0% agarose 
gel and amplified products confirmed as MYMIV16-19.  

The above characterization of MYMIV in soybean 
shown in (Fig. 4) was confirmed by the Usharan et al.4 
in soybean at Delhi. The molecular identification of 

MYMIV infection was also reported in Tomato, 
Cotton crops in India by Agnihotri et al.20 and  
Singh et al21. Similarly, Chen et al.22 identified the 
incidence of apple chlorotic leaf spot virus (ACLSV) 
which is great threat in China through RT-PCR and 
they reported that this diseased was ranged between 
43.6 and 68.2 percent in different provinces.  
 

MYMIV incidence on cultivars and places  
The weekly YMD incidence on different cultivars 

at two dates of sowing (D1, D2) were recorded at 
Tikamgarh (TKG) and Jabalpur (JBP) during 2015  
to 2018 and their mean values are presented in  
(Table 2).The highest (86 to 90%) YMD incidence 
was observed during 2015 at both the places. The 
maximum YMD incidence (90%) was observed on 
cultivar JS 335.The lowest (2-3%) or almost negligible 
incidence (0%) was noted for cultivar JS 20-29. The 
soybean cultivar JS 335 is highly susceptible and JS 
20-29 is resistance cultivars for YMD. The YMD 
incidence was high for cultivar JS 93-05 at Tikamgarh 
and for JS 335 at Jabalpur. Silodia23 observed from 
the eight places (Patan, Katangi, Panagar, Maharajpur, 
Jabalpur, Bhedaghat, Tilwara and Barela Road) near 
Jabalpur and reported the cultivar wise YMD 
incidence ranged from 65 to 75 for JS-335, 54 to 59 

 

Fig. 4 — PCR amplifications results of soybean leaf DNA using
coat protein (CP) primer. Lane 1-2 MYMIV infected leaves 
(positive), 3-4 healthy leaves (negative), 5-6 MYMIV infected 
leaves (positive) and 7-8 healthy leaves of soybean (negative), 
M (Marker)=100 bp DNA ladder 

Table 2 — YMV incidence in different varieties of soybean at Tikamgarh (TKG) and Jabalpur (JBP) 

Varieties 2015 2016 2017 2018 
TKG JBP TKG JBP TKG JBP TKG JBP 

JS 93-05 84.5 71.6 30.0 32.3 20.0 11.5 25.0 20.5 
JS 335 85.2 89.5 35.0 59.3 25.0 28.3 35.0 23.0 
JS 95-60 78.1 73.5 29.2 21.0 18.0 17.4 18.1 14.8 
JS 20-29 - - - - 3.3 3.4 2.9 2.2 
Mean 82.6 78.2 31.4 37.5 16.6 15.2 20.3 15.1 
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whitefly population per plant and percentage YMD 
incidence was associated in Blackgram. The duration  
for peak adult whitefly occurrence was varied from 33  
to 39th standard meteorological weeks (SMW) in 
agroclimatic zoneVIII28. 

The perusal of the above analyzed data of different 
places and date of sowing indicates that the peak YMD 
incidence over the years generally follow almost similar 
trends though its YMD incidence percentage has much 
more variables. During the period of maximum YMD 
incidence, the maximum temperature, evening relative 
humidity, sunshine hours, rainfall and vector population 
were found 32.0±2C, 65±10%, 5.5±1.0 h, 31±10.0 mM 
and 10±5 adult whiteflies/plant, respectively. The 
present findings confirms the findings of Gupta and 
Keshwal29, Biswas et al.30 and Singh et al.31, as they also 
reported that during the peak incidence of YMD 
maximum temperature, evening relative humidity, 
sunshine hours and rainfall were 31.0±4.0C, and 
79.0±7%, 5.0 h and 14.0 mm, respectively. 
 

Spatial variability 
Field experiments as well the farmers’ field survey 

were carried out to observe the special variability of 
YMD incidence in soybean during 2015 to 2018 at 
Tikamgarh, Chhatarpur, Datia and Jabalpur and 
shown in (Fig. 7). The seasonal change has influenced 

the spatial change of YMD incidence. The YMD 
incidence at Tikamgarh was lower than Jabalpur 
during 2016 to 2018. This may be because of the 
variability in summer mungbean cultivation nearby 
area of these districts. The first incidence of YMD 
recorded when the soybean crop age was 3 weeks and 
the disease intensity was low and varied from 0.0 to 
2.5±2%. Present findings are partially in agreement 
with the findings of Salam et al.32, Silodia23 and 
Srinivasaraghavan et al.33, as they also reported that 
during the first incidence of YMD, the disease 
intensity ranged from 0.4 to 3.0% on urdbean, 
mungbean and soybean.  

It was observed that the disease infection increased 
gradually and attained peak after 9 weeks of sowing. 
The maximum YMD incidence varied from 21 to 
81% during 2017 and 2015. Similar findings have 
been reported by several workers23,31-34 that the 
maximum YMD disease intensity ranged from 0.2-
47.1 in mungbean, 33-100 in urdbean, 30.9-60% in 
soybean and more than 80% in Indian bean.  

In the present investigation, the maximum disease 
incidence was observed when the crop age was  
9 weeks after sowing and it contradicts the findings of 
Gupta and Keshwal29,35 as they observed that the peak 
disease incidence on soybean was recorded on 45th 
days after sowing. The difference in the vulnerable 

 
 

Fig. 6 — Weekly distribution of YMD incidence at (A) JBP in 2015; JBP in 2016; (C) JBP in 2017; and (D) JBP in 2018 
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To have the threshold values of these weather 
parameters, the weekly weather conditions during the 
peak YMD incidences and one, two week previous 
weather conditions of Tikamgarh during the  
year 2015, 2016, 2017 and 2018 were presented in 
(Table 5). It was observed that the date of sowing, 
crop cultivar and weather conditions are playing the 
major role in YMD incidence at a place. 

Though the sunshine hours is also positively related 
to a highly significant level with YMD incidence but the 
availability of sunshine hours data at many stations are 
generally not available in Madhya Pradesh, hence this 
weather factor was excluded for formulation of weather 
rule. Upon perusal of the year wise weather factors and 
their association with YMD incidence, it was found that 
the maximum temperature was highly, significantly and 
invariably correlated weather parameter. Hence, this 
weather factor is selected for formulation of weather 
rules. The rainfall has shown highest significant 
correlation with YMD incidence. Both relative humidity 
(morning and evening) have weak and changing 
association (negative and positive) with YMD incidence 
(Table 4), the evening relative humidity has influenced 
the YMD incidence. Similarly, rainfall has also 
changing correlation but association was significant and 
its amount and numbers of events have also influenced 

the YMD incidence38, therefore these weather 
parameters were selected for formulation of disease 
prediction rule. The above reported results showed that 
these weather factors, maximum temperature, rainy 
days, evening relative humidity, and rainfall amount 
were suitable for formulation of peak YMD incidence. 

Gupta and Keshwal29 reported that YMV 
development in soybean during 50 days after sowing 
(DAS) was significantly correlated with maximum 
temperature (0.71) and sunshine duration (0.67). After 
inoculation of virus strain, it normally takes 17-28 day 
to develop the YMV symptoms on Soybean4,39. 
Therefore, the weather condition during 2 to 3 weeks 
prior to highest YMV infection was important factors 
and screened and shown in (Table 5). It was found 
that maximum temperature above 33°C greater than 
or equal to 5 days may be critical for its higher rate of 
virus transmission in soybean. Our result was similar 
to the finding of Gupta and Keshwal35. They have 
reported that YMV disease development on soybean 
in Jabalpur of Madhya Pradesh was high when 
maximum temperature and relative humidity ranged 
between 31.0°C-36.2°C and 62–75%, respectively. 

Maximum temperature above 33°C for greater than 
or equal to two week period and occurrence of light 
rain/drizzling, crop age and whitefly population of the 

Table 4 — Correlation coefficient between same week weather parameters and YMD incidence 

Weather parameter Places 

Tikamgarh Chhatarpur Datia Jabalpur Pooled 

Maximum Temperature 0.78** 0.82** 0.72** 0.58* 0.68* 
Minimum Temperature −0.48 −0.60* −0.28 -0.70** 0.35 
Relative Humidity Morning −0.38 −0.41 0.40 −0.39 0.30 
Relative Humidity Evening −0.53 −0.49 −0.59* −0.68* −0.58* 
Sunshine hours 0.61* 0.57 0.68* 0.70** 0.60* 
Rainfall 0.47 −0.71* −0.58 −0.61* −0.63* 

Previous one week and YMD incidence 

Maximum Temperature 0.67* 0.65* 0.56 0.48 0.59* 
Minimum Temperature −0.34 −0.33 −0.36 −0.63* −0.37 
Relative Humidity Morning −0.44 −0.40 −0.51 −0.40 −0.41 
Relative Humidity Evening −0.53 0.59* 0.48 −0.55 −0.52 
Sunshine hours 0.68* 0.56 0.58* 0.56 0.57* 
Rainfall −0.58* −0.63* −0.57* −0.50 −0.58* 

Previous two week and YMD incidence 

Maximum Temperature 0.60* 0.57 0.56 0.51 0.58* 
Minimum Temperature −0.44 −0.33 0.16 −0.59* −0.35 
Relative Humidity Morning −0.39 −0.48 −0.40 −0.43 −0.30 
Relative Humidity Evening −0.63* −0.29 −0.51 −0.52 −0.42 
Sunshine hours 0.56 0.62* 0.50 0.45 −0.40 
Rainfall −0.61* 0.52 −0.59* −0.55 −0.57* 
(*Significant at 5% level,** Significant at 1% level) 
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previous two weeks period of the peak YMD 
incidence are the factors congenial for high incidence. 
Srivastava and Prajapati27 also reported that weekly 
rainfall above 50 mM is detrimental for whitefly 
population in balckgram. Kaur et al.40 observed that 
the peak YMD incidence was found in Mungbean at 
Ludhiana, when the maximum temperature varied 
between 33 and 35°C. They also reported that 
morning relative humidity ranged between 85 and 
90% and evening relative humidity varied from 50 to 
60% was most favourable for disease development. 
 
Critical weather parameters for peak YMD incidence 
prediction rule 

Weather parameters, vector population and crop 
age of preceding two week of MYMIV incidence 
revealed that vector population and weather parameters 
exhibited significant association with disease incidence. 

It was reported that the whitefly population of 
preceding two weeks of YMD incidence had 
significant positive impact on YMD incidence28. 
Previous weeks’ weather conditions were utilized by 
other worker to formulate weather based prediction 
rule for insect-disease in India. Srivastava et al.41 
reported that rainfall of January and February 

significantly influenced the incidence of the chickpea 
pod borer peak population. Srivastava and Prajapati27 
reported weather based forewarning of Mungbean 
yellow mosaic virus (MMV) on Black gram and 
concluded that the previous weeks play an important 
role for its peak prediction. Srivastava and Yadav28 
also reported that preceding week weather conditions 
are influencing the whitefly peak population in 
Bundelkhand Agroclimatic Zone. The two preceding 
weather conditions of peak YMD incidence play an 
important role to reach the highest incidence.  

Higher YMD incidence was observed in years 
following warm and humid weather conditions. The 
temperature of the previous week’s weather explained 
the variability of high YMD incidence. Thus the 
temperature, humidity and rainfall of previous week’s 
explained the seasonal variability of the disease at a 
place. These results highlight the importance of multi-
seasonal monitoring activity in understanding the 
dynamics of YMD incidence at a regional scale. 

It was observed and reported that there was an 
outbreak of YMD in Madhya Pradesh and also at 
Tikamgarh during 2015. The data presented in  
(Table 5) is utilized to frame the threshold values of 

Table 5 — Critical weather parameter during peak YMD incidence and previous one, two week at Tikamgarh 

Weather 
parameters 

Maximum temperature(°C) &  
number of day above 

Relative humidity (%) Rainy days White 
fly/plant 

2015 
SMW 33°C 34°C 35°C Morning Evening Number  

35 3 days 3 days 0 days 88 68 3 3.5 
36 4 days 4 days 1 days 89 54 0 12.2 
37 7 days 1 days 5 days 92 49 1 17.3 

2016 
SMW 33°C 34°C 35°C Morning Evening Number  

35 2 days 1 days 1 days 95 72 1 7.2 
36 0 days 0 days 0 days 92 64 0 10.4 
37 6 days 2 days 0 days 89 49 1 12.0 

2017 
SMW 33°C 34°C 35°C Morning Evening Number  

35 3 days 0 days 0 days 92 70 3 2.0 
36 6 days 5 days 2 days 88 56 1 5.9 
37 7 days 5 days 2 days 92 60 3 10.2 

2018 
SMW 33°C 34°C 35°C Morning Evening Number  

35 0 days 0 days 0 days 99 88 6 1.6 
36 0 days 0 days 0 days 97 89 3 3.7 
37 0 days 0 days 0 days 92 63 1 9.2 

2019 
SMW 33°C 34°C 35°C Morning Evening Number  

35 3 days 0 days 0 days 92 85 2 1.2 
36 3 days 1 days 0 days 87 76 2 5.7 
37 1 days 1 days 0 days 92 82 5 8.8 
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the each parameter. The peak YMD incidence was  
37 SMW at Tikamgarh during 2015. The previous 
two weeks (35, 36 SMW) critical weather parameters 
and their specified values were examined and reported 
here. The number of days of weekly maximum 
temperature of 34°C was 7 in 2015 and 1, 5 and 0, 
respectively, during 2016, 2017 and 2018. The number 
of week having less than 70% evening humidity was 2, 
1, 1 and 0 during 2015, 2016, 2017 and 2018, 
respectively. The number of rainy days was 3, 1, 4 and 9 
during 2015, 2016, 2017 and 2018, respectively. The 
mean number of whiteflies during 35 and 36 SMW in 
2015, 2016, 2017 and 2018 was below 12 in 2016 and 
2017 and above 12 in 2015 and 2018. 

Many workers27,42 had reported the association of 
whiteflies with weather parameters for black gram. 
Tiwari et al.43 reported that the peak infestation of 
YMV was at the stage of 25-50 days after sowing 
(DAS) in western Madhya Pradesh. They reported 
that hot and humid weather coupled with excess 
growth of crops and as well as weeds provided a 
congenial environment for faster multiplication of 
whiteflies and other insects and pests in soybean. It 
was also pointed out that summer moong which was 
generally sown prior to soybean also contributed 
towards increased infestation of whiteflies. In another 
study, Silodia et al.24 recorded the whitefly population 
from 29th to 41st SMW and noticed least whitefly 
population during 29th SMW and maximum population 
during 37th SMW at Jabalpur. They observed that 
spread of YMV increased with increased number of 
whitefly population. When the number of whitefly 
population reaches its peak up to 39 and then the 
number of virus infected plant was the highest. 
 
Threshold values for prediction of peak YMD incidence 

It was observed that the upsurge of whitefly 
population and incidence of YMV in Madhya Pradesh 
caused soybean yield losses ranged from 10 to 
90%29,44. To reduce the yield loss, farmers needs a 
prior knowledge of the YMV incidence for its 
efficient management. To have a prior peak status of 
YMV incidence in soybean, a thumb rule is proposed 
if it satisfy the following conditions: Whitefly 
population per plant is above 12, maximum temperature 
is above 33°C and passive phase of monsoon for more 
than a week is congenial for moderate YMV 
infection. The passive phase of monsoon is a shifting 
behavior of monsoon rainfall from above normal to 
below normal during July to September and during 
this phase, a place received slightly low rainfall 

compared to its normal vale or it may be a dry period 
also45. The transmission rate was found to be higher 
when dry period coincide with maximum temperature 
above and equal to 34°C for more than 5 days. If the 
above conditions prevails than possibility of YMD 
outbreak in soybean may be possible. To know the 
status of peak YMV incidence, the soybean crop from 
33 to 34th SMW (normal sowing window) needs to be 
monitored for next two weeks and if the following 
conditions are found that there may be moderate to 
high YMD incidence at a place. 
If the number white fly per plant ≥12  
If crop age is more than ≥06 weeks 
If the number of rainy days ≤ 2days . 
If the number of day of maximum temperature ≥ 34°C 
is more than 3-5 days. 

If the afternoon relative humidity is less than 70 % 
≤ 2 weeks and monsoon is in passive phase 

If the above rules occurred than there will be a 
change of peak incidence of YMD could moderate 
(>30%) to high (>60%) in soybean. 

The above weather congenial conditions (rule) may 
be used to predict the peak YMD incidence in 
Madhya Pradesh.  
 

Validation of YMD incidence rule 
The above disease predictive rule was validated 

during kharif 2019 at Tikamgarh. The weather and 
whitefly conditions during 35, 36 and 37 SMW were 
screened out and are presented in (Table 5). Upon 
perusal of the above reported disease predictive rule, 
it was noted that the number of whitefly is 6 which 
was only the 50% number of threshold value. The 
maximum temperature above 34°C and number of 
rainy days were 1 and 0 day, respectively. The 
number of week below 70% evening humidity was 0. 
Thus through this disease prediction rule; the peak 
YMD incidence may not be moderate or high. The 
weekly YMD incidence at Tikamgarh during 2019 is 
shown in (Fig. 8).  

It was observed that peak YMD incidence occurred 
during 37th SMW (10-16th September 2019) and the 
YMD incidence in soybean was<30%. The observed 
data reveals that the YMD incidence was low on 
soybean because the previous two week’s selected 
parameters for disease prediction were not be matched 
with their critical limits. 

Medium range weather forecast coupled with 
extended range weather forecast could be used for 
forecasting of YMD peak incidence in Madhya 
Pradesh. The bi-weekly weather parameters are 
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forecasted at medium range scale for almost every 
district of India under the umbrella of Gramin Krishi 
Mausam Sewa (GKMS) of Indian Meteorological 
Department (IMD), which may be utilized for 
estimation of YMD incidence on soybean for its 
timely and judicious management. Besides, the 
extended range weather forecast information on 
weekly basis about active and passive phase on 
monsoon and temperature above normal may also be 
used for prediction of outbreak of YMD in soybean. 
 

Conclusion 
The YMD incidence initiation varied from 30 to 32 

SMW and peak incidence between 37 and 40 SMW  
in Madhya Pradesh. Preceding week temperature, 
rainfall and humidity are the most dominating weather 
factors affecting peak YMD incidence. Whitefly 
population, maximum temperature, evening relative 
humidity and rainy days significantly influence peak 
YMD incidence in soybean in all over Madhya 
Pradesh. A rule for peak status of YMD incidence 
was developed taking the preceding week’s weather 
and vector conditions. Maximum temperature above 
34°C, mean relative humidity below 70% and passive 
phase of monsoon for more than a week is congenial 
to know the peak status of YMD incidence. This 
disease predictive rule has ability to predict the peak 
YMD incidence. Thus it may be utilized in 
formulation of weekly district level agromet advisory 
bulletins, which may also be used by extension 
workers to make tactical decisions for YMD control 
measures in minimizing soybean yield loss. 
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