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Abstract 
The bean bug Chauliops fallax feeds exclusively on all leguminous crops in most regions of the world. 

The population density and spatial distribution of bean bug has been investigated on three different host 

plant i.e. soybean, cowpea and black gram (mash) under mid hill conditions of Himachal Pradesh during 

2016. The fields of 600m2 and 300m2 area were selected as a sampling unit for sampling in soybean, 

cowpea and black gram. Him Palam Hara Soya -1, C-475 and Pant U19 genotypes of soybean, cowpea 

and mash were selected for the estimation of density and distribution of the bean bug. Different methods 

viz., Morisita’s index, Index of dispersion and Lewis index were used to calculate the density and 

distribution of the population of the pest. The mean population of bugs per plant was recorded on 

soybean (7.25) followed by cowpea (3.01) and black gram (1.21). Studies on knowing the distribution 

pattern of bean bug population under field conditions revealed that in soybean the distribution of bug was 

contagious (2.99) while in cowpea (2.44) and black gram (1.87) regular and contagious distribution 

pattern was found. The Z value of Morisita’s index in case of soybean was 9.98 followed by 5.87 and 

3.50 in case of cowpea and black gram. Similar trend was found in case of Index of dispersion and Lewis 

index. Optimum sample sizes for estimates of the pest density in all the three host plants are presented.
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Introduction 
Pulses are the important sources of proteins, vitamins and minerals and are popularly known as 

“Poor man’s meat” and “rich man’s vegetable”, contribute significantly to the nutritional 

security of the country. Grain legumes are major source of protein for large vegetarian 

population in developing countries in general in India in particular. Among pulses, soybean, 

mash and cowpea are highly nutritious. Blackgram/ mashbean/ Urdbean (Vigna mungo L.) 

with highly digestible dietary protein (20-24%), carbohydrates, minerals and vitamins. 

Besides, pulses also improve the soil productivity on account of biological nitrogen fixation 

and in addition of organic matter. Pluses constitute an important part of human food. The 

protein content of most pulses ranges from 17-24 per cent which is almost 2-3 times more than 

that found in cereals. In Himachal Pradesh, Kharif pulses are grown on an approximate area of 

61.0 thousand hectares. Among Kharif pulses mash, kulthi and rajmash are the most important. 

Arhar and mung are the also grown on a very limited area. Even though India has the largest 

area under pulses in the world, the average productivity is very low and overall production is 

also not sufficient to meet out protein requirement of the country population. The pulses are 

also attacked by a diversity of insects pests with the Chauliops fallax commonly known as 

bean bug, the most important emerging pest of pulses including soybean, French bean, black 

gram, green gram, cowpea and horsegram etc. in most regions of India. Another related 

species, C. nigrescens, commonly called as black bean bug, has been mainly recorded to feed 

on French bean in Himachal Pradesh [1-4]. Another related species, C. nigriscens, commonly 

called the black bean bug, has been mainly recorded to feed on French bean in the state [5-7]. 

Both nymphs and adults of the bug suck plant sap usually from the lower surface of leaves 

whereas the tender shoots and upper surface of the leaves harbor less number of insects. As a 

result of sap sucking the chlorophyll content appears to be reduced which ultimately affects the 

quality and yield of crops. Badly damaged leaves show several minute whitish spots caused by 

feeding and small black pustules formed by the dried up excreta of the pest.  
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The leaves attacked by this species show numerous minute 

yellowish specks with a loss of chlorophyll content [3]. When 

feeding on the leaves, the leaves become covered with tiny 

pale spots representing the removal of parenchyma tissues and 

chlorophyll. The leaves then gradually turn yellow, wither and 

drop from the plant. The badly infested plants thus, lose all 

leaves and die prematurely. The damage to crops is 

particularly serious during the rainy season [8]. 

Estimating population densities of pest arthropods is one of 

the major part of basic research in agricultural ecosystems and 

one of the main components in pest management programs [9]. 

Many other properties are derived from the density measure 

[10]. Knowledge of the spatial distribution of insects is 

important in understanding the bioecology of species and the 

basis for the development of sampling protocol [10, 11]. A 

reliable sampling program to estimate density should include 

a proper sampling time, sampling unit and sampling size in 

which the determination of spatial distribution is crucial [12,13]. 

Sampling programs can be used in assessing crop loss [14], 

studying the population dynamics of pests [15, 16] and 

determination of levels of pest infestation in order to apply 

control measures [17]. Although the objectives of population 

sampling could differ, the development of a sampling 

procedure requires knowledge of the spatial distribution of the 

populations [18, 19]. Knowledge of the spatial distribution of 

insects is important in understanding the biology and ecology 

of a species and the basis for the development of sampling 

protocols [11]. Methods that are commonly used to describe 

dispersion of arthropods populations have been summarized 

by Southwood [19]. Several estimates based on the dispersion 

parameter k of the negative binomial distribution and on the 

relationship between variance and mean are used as indices of 

aggregation [20-22]. Sampling plans based on these indicators 

can minimize variation of sampling precision [23].  

 

Materials and methods  

The present study was carried out on three different hosts viz., 

soybean, cowpea and black gram (mash) under field 

conditions from June to September 2016. The fields of 600m2 

and 300m2 were selected for sampling in soybean, cowpea 

and mash. Plants were grown using standard agronomic 

practices recommended for Himachal Pradesh region. No 

insecticides were applied to these fields for bean bug 

management. The sampling fields (viz., soybean, cowpea and 

mash) were selected as a sample unit. In case of soybean, the 

observations were recorded on variety Him Palam Hara Soya 

-1 which was sown on 14th June, 2016 in the experimental 

area of the Department of Crop Improvement, CSKHPKV. In 

case of cowpea and mash observations were recorded on 

varieties C-475 and Pant U19, respectively. Cowpea and mash 

were sown in the experimental area of the Department of 

Plant Pathology, CSKHPKV on 27th June, 2016 and 2nd July, 

2016, respectively. The density of different biological stages 

(egg, nymphal and adult) of bean bug was estimated by 

sampling once a week from June to September. Observations 

were recorded on randomly selected plants of each host just 

after germination till harvesting of the crop at weekly 

intervals. Number of observations varied with the stage of 

host plant i.e. from 30-100. At each sampling date, entire 

plant was sampled for the presence of eggs, nymphs (1st to 5th 

instars) and adults.  

 

Spatial Distribution of the bean bug, C. fallax 

The spatial distribution of C. fallax on different hosts was 

determined for each date of sampling from the weekly data 

recorded on the seasonal abundance of the bug. For this 

purpose various indices of dispersion were worked out 

separately for each host as per the following methods:  

 

i. Variance to mean ratio (VMR) 

The simplest approach used for determining the insect 

distribution was variance to mean ratio suggested by Patil and 

Stiteler [24]. 

 

VMR = S2/ X  

Where, S2 :  

X  : 



n

i

Xi
n 1

1

 

Where,  X  = Mean of n values  

X = Observation or variable value 

∑X =  Sum of the observations 

n =  Number of observations in the sample 

 

The value of VMR is one for ‘Poisson’ distribution, less than 

one for positive binomial and more than one for negative 

binomial distribution [24]. VMR also gives an idea about the 

population dispersion which reveals the value being > 1 

contagious; <1: regular and =1 random distribution.  

 

ii. Lewis index  

Lewis index was also calculated as per the formula given 

hereunder to determine the dispersion of bean bug C. fallax. 

 

 X

S 2

 
 

The value of this index revealed >1 contagious; <1: regular 

and =1 random distribution. 

 

iii. Index of dispersion (ID) 

Distribution pattern was further confirmed by ‘Index of 

dispersion’ which was calculated as suggested by Patil and 

Stiteler [24]. 

 

ID = (n-1) 








X

S 2

  

 

Where, ID = Index of dispersion 

n = the number of samples to be drawn 

The Z- coefficient of ID was also worked out to test its 

significance as  

 

Z =   ID  

 

Where, v: degree of freedom (n-1) 

If 1.96  Z  -1.96, the spatial distribution be random, but in 

case of Z  1.96 

and Z  -1.96 this parameter becomes aggregated and 

uniform, respectively. 
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iv. Morisita’s coefficient of dispersion (Iδ) 

Morisita [25] proposed a hypothesis for testing the uneven 

distribution coefficient of Iδ which is calculated by the 

following equation: 

 

Iδ =
)1(

)1(




NN

XiXin
 

 

Where, n = number of sample units 

Xi = the number of individuals in each sample 

N= total number of individuals in n samples 

The following large sample test of significance was used to 

determine whether the sampled population significantly 

differed from random:  

 

Z=

2

2

)1(

Xn

I 
 

In case 1.96  Z  - 1.96, the spatial distribution be random, 

but in case of Z < -1.96, Z >1.96 indicated the regular and 

aggregated distribution, respectively [10].  

 

 

 

Results and Discussion 

Spatial distribution pattern of C. fallax on different hosts  
In order to study the distribution pattern or dispersion of the 

bug on three hosts viz., soybean, cowpea and mash, the 

weekly data recorded on the population build-up of the bug 

were used to calculate indices of dispersion. Values of 

important indices of dispersion of the bug population on three 

hosts calculated for all the sampling dates have been given in 

tables 1 to 3. 

The variance of the bug population on soybean remained 

more than mean value for all the sampling dates and thus, the 

variance to mean ratio remained more than one during all the 

sampling dates (Table 1). In many studies on insect 

population the variance is greater than the mean, indicating a 

contagious distribution [26]. A pest population with such 

distribution is called clumped, aggregated or over dispersed.  

Z value calculated on the basis of index of dispersion (ID) for 

all the sampling dates were greater than 1.96 except the one 

for the population sampled during last week of September. Z 

value more than 1.96 would indicate as significant departure 

from a random distribution. The Morisita index (Iδ) values for 

all sampling dates were significantly greater than one (Table 

1), indicating the spatial distribution of this pest was 

aggregated. The value of Lewis index (Table 1) for all the 

sampling dates were also found to be more than one 

indicating that the distribution of the bug population was 

aggregated.  

Table 1: Spatial distribution of C. fallax in relation to its weekly population density on soybean 
 

Indices of dispersion 

Sampling 

date 

Mean population 

per plant (  

Variance 

(S2) 

Variance to mean 

ratio (VMR) 

Index of 

dispersion (ID) 

Z 

value 

Morisita’s 

Index (Iδ) 

Z 

value 

Lewis 

Index 

June, 2016 

22 0.30 0.87 2.92 287.10 10.06 6.60 11.90 1.70 

29 0.80 2.38 2.97 294.52 10.23 3.48 14.58 1.72 

July, 2016 

6 1.30 3.74 2.88 284.81 13.88 2.44 13.33 1.69 

13 3.30 10.37 3.14 153.53 7.68 1.64 10.66 1.77 

20 5.80 26.57 4.58 224.47 11.35 1.76 22.35 2.14 

27 6.10 41.84 6.86 336.09 16.08 1.94 29.37 2.61 

August, 2016 

3 18.80 45.42 2.41 118.38 5.54 1.07 6.60 1.55 

10 12.10 50.09 4.13 202.84 10.30 1.25 15.62 2.03 

17 16.20 38.44 2.37 116.26 5.40 1.07 5.83 1.54 

24 11.60 51.42 4.43 128.55 8.49 1.15 8.82 2.10 

31 13.10 33.74 2.57 74.69 4.68 1.02 1.33 1.60 

September, 2016 

7 9.40 21.41 2.27 43.27 3.22 1.11 5.23 1.50 

14 6.10 12.41 2.03 38.65 2.71 1.16 5.00 1.42 

21 3.00 7.89 2.63 49.97 3.91 1.52 7.87 1.62 

28 0.90 1.46 1.62 30.82 1.77 1.69 3.13 1.27 

Mean 7.25 23.20 2.99 139.73 7.01 1.48 9.98 1.63 

 

The value of all the above mentioned indices of dispersion of 

the bug population on cowpea and mash calculated separately 

for all sampling dates have been presented in tables 2 to 3. 

These values were found to be more than one for all the 

sampling dates indicating that the bug population exhibited an 

aggregate distribution pattern on these crops. In case of 

cowpea, the variance to mean ratio in all sampling dates was 

found to be more than one presented the contagious 

distribution pattern of the bug population. In all sampling 

dates i.e. from the first week (sampling week) of the June to 

last week of September the value of variance was more than 

the mean value indicated the clumped, aggregated or over 

dispersed population. The Z value of index of dispersion (ID) 

and Morisita’s Index (Iδ) showed the pattern of random and 

aggregated population. The dispersion of the bug population 

was found to be contagious calculated from Lewis index. 
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Table 2: Spatial distribution of C. fallax in relation to its weekly population density on cowpea 
 

Indices of dispersion 

Sampling 

date 

Mean population per 

plant (  

Variance 

(S2) 

Variance to mean 

ratio (VMR) 

Index of 

dispersion (ID) 

Z 

value 

Morisita’s 

Index (Iδ) 

Z 

value 

Lewis 

Index 

July, 2016 

6 0.60 0.81 1.36 66.90 9.84 1.60 1.81 1.16 

13 0.80 1.67 2.09 102.28 4.46 2.37 5.48 1.44 

20 3.20 6.36 1.98 97.54 4.12 1.30 4.80 1.40 

27 3.20 7.71 2.41 118.05 5.52 1.43 6.88 1.55 

August, 2016 

3 5.60 15.69 2.80 81.30 5.21 1.31 6.73 1.67 

10 6.80 32.51 4.78 138.64 9.11 1.54 14.59 2.18 

17 5.40 12.59 2.33 67.61 4.08 1.23 4.89 1.52 

24 4.20 23.20 5.52 160.19 10.35 2.04 17.04 2.35 

31 2.80 3.26 1.16 33.86 0.68 1.05 0.54 1.07 

September, 2016 

7 4.60 13.62 2.96 85.92 5.56 1.41 7.32 1.72 

14 1.00 1.86 1.86 53.94 2.84 1.86 3.44 1.36 

21 0.80 1.06 1.32 38.42 1.22 1.41 1.27 1.15 

28 0.20 0.23 1.17 33.35 0.62 2.00 1.55 1.07 

Mean 3.01 9.27 2.44 82.92 4.89 1.58 5.87 1.51 

 

The results of variance to mean ratio of the bug population on 

black gram presented contagious and regular pattern of the 

population (Table 3). The Z value in case of index of 

dispersion (ID) also depicted the uniform pattern where as Z 

value of Morisita’s Index (Iδ) showed aggregated and random 

distribution. From Lewis index it was found that the 

dispersion pattern was regular and contagious. 

 

Table 3: Spatial distribution of C. fallax in relation to its weekly population density on mash 
 

Indices of dispersion 

Sampling 

date 

Mean population 

per plant  ( ) 

Variance 

(S2) 

Variance to mean 

ratio (VMR) 

Index of 

dispersion (ID) 

Z 

value 

Morisita’s 

Index (Iδ) 

Z 

value 

Lewis 

Index 

July,2016 

13 0.20 0.17 0.82 24.65 -0.51 0.00 0.00 0.89 

20 0.40 0.52 1.31 36.25 0.97 1.81 1.26 1.14 

27 1.20 1.75 1.45 42.29 1.65 1.38 1.76 1.20 

August, 2016 

3 2.20 3.40 1.54 44.95 1.94 1.24 2.05 1.24 

10 4.00 14.55 3.63 105.48 6.98 1.64 10.00 1.90 

17 1.70 5.73 3.37 97.74 6.44 2.37 9.13 1.83 

24 1.70 2.56 1.50 43.67 1.80 1.29 1.93 1.22 

31 1.80 3.06 1.70 49.30 2.38 1.38 2.03 1.30 

September, 2016 

7 0.30 0.49 1.64 47.36 2.19 3.33 2.70 1.27 

14 0.80 2.16 2.70 78.66 5.00 3.15 6.67 1.64 

21 0.10 0.09 0.93 26.10 -0.01 0.00 0.00 0.94 

28 0.20 0.37 1.86 53.60 2.81 6.00 4.58 1.36 

Mean 1.21 2.88 1.87 54.17 2.63 1.96 3.50 1.32 

 

Knowledge of the spatial distribution of insects is important 

in understanding the bioecology of species and the basis for 

the development of sampling protocol [10, 11]. However there is 

no report in literature regarding the distribution pattern of 

Chauliops spp. therefore, present results could not be 

compared. However, dispersion indices for other insects have 

been worked out and their values have been interpreted in 

similar manner [27, 28]. Subramanium and Arumugam [29] while 

studying the distribution pattern of A. gossypii reported that 

the Lewis index varied from 1.033 to 2.046 in all the weeks 

indicating aphid distribution was contagious in nature. 

Overall means of the values of indices of dispersion of the 

bug population for different sampling dates on three hosts 

have been given in table 4 which also indicate that the overall 

bug population exhibited aggregated distribution on all the 

three hosts and its departure from randomness was significant 

as the Z values were more than 1.96. 
 

Table 4: Overall means of various indices of dispersion of bug 

population on different hosts 
 

Indices of dispersion Soybean Cowpea Mash 

Mean population per plant 7.25 3.01 1.21 

Variance (S2) 23.20 9.27 2.88 

Variance to mean ratio (VMR) 2.99 2.44 1.87 

Morisita’s Index (Iδ) 1.48 1.58 1.96 

Z value 9.98 5.87 3.50 

Index of dispersion(ID) 139.73 82.92 54.17 

Z value 7.01 4.89 2.63 

Lewis Index 1.63 1.51 1.32 

 

Conclusion 

In developing a sampling program for either research or 

management purposes, one must determine two characteristic 

features of any population, its density as well as its dispersion 
[11]. It is evident from these analyses that the spatial 

distribution of the bug is contagious type and this has 
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significance in developing a proper sampling plan for its 

population estimation. The mean value of all indices of 

dispersion (Variance to mean ratio, Index of dispersion ID, 

Morisita index Iδ and Lewis index) of bug population on all 

the three hosts calculated separately and was found to be more 

than one in maximum sampling dates indicating that the bug 

population exhibited an aggregate distribution pattern on 

these crops.  
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