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             Onion thrips, Thrips tabaci Lindeman, is one of the most 

serious pests of onion throughout the world. Knowledge of spatial 

distribution is important for developing an effective sampling plan and 

ultimately for IPM strategies for a given pest. In the present study spatial 

distribution of T. tabaci was studied on onion, Allium cepa L. under 

three irrigation regimes of Egypt during 2021. Dispersion index like a 

variance to mean ratio (σ2/X) revealed a negative binomial distribution, 

whereas the other dispersion indices like David Moore index (IDM = 

σ2/X-1), mean crowding (X*), Lloyd’s mean crowding index (X*/X) 

and ‘k’ of negative binomial verified the aggregated nature of the spatial 

distribution of onion thrips at 10, 20 and 30-days irrigation intervals 

throughout the cropping season. Moreover, Taylor’s power equation 

was σ2= 1.549X1.581, σ2= 1.636X1.623 and σ2= 1.872X1.504, while Iwao’s 

patchiness regression equation was X*= 2.973+1.432X, X*= 

9.251+1.457X and X*= 9.161+1.352X for the three above-mention 

irrigation intervals, respectively. An optimum number of required 

samples varied with the mean density of the thrips. 
 

 

     INTRODUCTION 

 

  Onion, Allium cepa L., is considered one of the most important field crops in many 

parts of the world. In Egypt, it is a field crop of outstanding importance on account of its 

great value for local consumption and exportation to different countries. 

The onion thrip, T. tabaci, is considered among the main injurious insect pest to 

onion crop (El-Serwiy et al., 1985; El-Saadany and Salman, 2000; Sallam and Hosseny, 

2003; Kaplan and Bayhan, 2017). 

Water uses in Egypt are under increasing pressure, because of limited water 

resources, the unstoppable population growth, our future aspirations to increase the 

cultivated area and expand the agricultural land as well as the significant expansion of 

water use in industry, agriculture and household consumption. Moreover, Egypt to face the 

adverse effects of climate change resorted to the rationalization of water consumption by 

devising new varieties consuming lower quantities of water and switching to modern 

irrigation systems to raise the efficiency of the waterway network and maximize water 

returns. In relation to the use of water in agriculture, Climatic factors are closely related to 
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the individual's development and growth, and the population dynamics of insect pests. 

Environmental moisture (including atmospheric relative humidity and soil moisture 

content) can directly affect their individual development and population occurrence (Chang 

et al., 2008).  

Estimating the pest densities is the principal tool for any research programme in 

relation to insect ecology and/or pest management. The accurate estimate of the population 

density depends upon the reliable sampling programme. The sampling programme includes 

proper sampling time, sampling unit, and optimum number, as well as the knowledge of 

the spatial distribution of the species, is crucial (Pedigo and Buntin, 1994; Boeve and 

Weiss, 1998; Southwood and Henderson, 2000). Organisms are all discrete entities that 

interact mainly with the neighboring individuals of their own or other species (Tilman et 

al., 1997). Therefore, the knowledge of spatial distribution is also important to understand 

the bioecology of the pest and to determine the sampling protocol for that species.  

The most commonly used methods to describe the pattern of dispersion of arthropod 

populations have been summarized by Southwood and Henderson (2000). Several 

estimates based on the dispersion coefficient, K, of the negative binomial distribution and 

based on the variance-mean relationships of Taylor (1961) and Iwao (1968) are used as 

indices of aggregation (Krebs, 1999; Southwood and Henderson, 2000; Sedaration et al., 

2010). Sampling plans based on these indices optimize the sampling effort as well as the 

sampling precision (Kuno, 1991). Although the objectives of sampling a finite population 

can differ, the development of a sampling procedure requires knowledge of the spatial 

distribution of the population (Liu et al., 2002). 

There are several studies that have described the effects of different irrigation 

intervals on the population density of Thysanoptera species (Fournier et al., 1995; Kannan 

and Mohamed, 2001; Burnstone, 2009; Patel et al., 2010; Yadav et al., 2018) but published 

reports on the spatial distribution of T. tabaci in onion fields in relation of different 

irrigation regimes are lacking. The importance of the current study originates from its 

attempt to develop a reliable sampling programme and explain the spatial distribution of T. 

tabaci (Thysanoptera: Thripidae) as a tool for effective management strategy against this 

pest on onion. 

 

                 MATERIALS AND METHODS 

 

                The present investigation was conducted at Abnoub district located 25 km 

northeast of Assiut city, Assiut governorate of Egypt, during the growing season of 2021 

to study the seasonal population activity of T. tabaci on the onion variety (Giza 6 

Mohassan) cultivated on Nov., 1st., under different three irrigation schemes. An area of 

about a quarter feddan was chosen and divided into 12 plots. The three irrigation schemes 

were distributed in complete randomized blocks with four replicates each. Normal 

agriculture practices were performed and no chemical pest control was done during the 

study period.  

Sampling Program: 

                After 40 days of transplanting, in order to permit normal rooting, weekly samples 

of 9 plants/plots were taken from the two diagonals of each plot to represent random 

collection in the early morning. In order to determine the sample size, primary sampling 

took place in an equal number of different three irrigation schemes on 2nd December 2021. 

Samples were separately kept in polyethylene bags and transferred to the laboratory for 

more careful investigation with the aid of a stereomicroscope. The number of thrips 

individuals (nymph/adult) on the whole plant, was counted and recorded.  

               Relative Variation (RV) was calculated according to (Hillhouse and Pitre, 1974) 
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to evaluate the efficiency of the data. RV for the sampling data was calculated as in 

Equation (1): 

             RV= (SE/X) 100 

Where SE is the standard error of the mean and X is the mean of primary sampling data. 

The reliable sample size was determined by employing the following equation (2): 

              N= (ts/dx)2 

Where N= Sample size, t= t-student, s=Standard deviation, d= Desired fixed proportion of 

the mean and x= the mean of primary data (Pedigo and Buntin, 1994). 

Indices of Spatial Distribution or Dispersion: 

                The spatial distribution of T. tabaci was determined by the following six 

methods: the index of dispersion, the index clumping or David-Moore index (IDM), the 

‘K’ value of negative binomial distribution, Lloyd’s mean crowding, and regression 

techniques of Taylor’s Power Law and Iwao’s Patchiness. 

The ratio between variance and mean density (σ2/X) was the simplest approach to measure 

the dispersion of a population. This ratio is one for poison or random distribution, less than 

one for uniform distribution and more than one for an aggregated or negative binomial 

distribution. A null hypothesis that the onion thrips follows random distribution was 

considered and the departure of the distribution from random to uniform or aggregated was 

tested by calculating the index of distribution (ID), as in Eq.3: 

               ID = (σ2/X) (n-1) 

Where n is the number of samples. In order to test the goodness of fit, Z coefficient should 

be calculated according to Eq.4 shown below: 

               Z = √2ID - √2v-1  

Where v is degrees of freedom (n-1).  Z-value between -1.96 and +1.96 confirms the 

random distribution, whereas z-values less than -1.96 and more than +1.96 verify uniform 

and aggregated distribution respectively (Patil and Stiteler, 1974).  

The index clumping or David-Moore index (IDM) was calculated as per David and Moore 

(David and Moore, 1954) in Eq.5: 

              IDM = σ2/X-1, σ2 = variance and X = mean. 

The value of IDM is zero for random distribution, less than zero for uniform and more than 

one for aggregated distribution. 

Mean crowding (X*) which explains the possible effect of competition and mutual 

interference among individuals was calculated as in Eq.6: 

             X* = X + IDM.  

Lloyd’s mean crowding index (X*/X) was worked to verify the type of distribution (Lloyd, 

1967) as in Eq.7 shown below: 

            X*/X = 1+σ2 / X2-1/ X 

The value of (X*/X) is 1, <1 and >1 for random, uniform and aggregated distribution, 

respectively. 

The ‘K’ of negative binomial, often referred to as the parameter of dispersion was 

calculated as under (Southwood and Henderson, 2000) in Eq.8: 

            K= X2/ (σ2-X) 

The spatial distribution pattern is aggregative, uniform and approximation of random when 

K<0, K>0 and K<8, respectively. 

The relationship between variance and mean was worked out by fitting Taylor’s power 

equation (Taylor, 1961) as in Eq.9: 

            σ2 = aXb 

Where σ2 is the variance; X the sample mean; a is a scaling factor related to sample size 

and b measures the species aggregation. When b= 1, < 1 and > 1, the distribution is random, 

regular and aggregated, respectively. 
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Through the use of a log transformation, one can estimate the coefficients with linear 

regression as in Eq.10: 

              σ2= log a + b log X  

Where a and b are the parameters of the model, estimated by linearizing the equation by a 

log-log transformation (Taylor, 1961). 

Iwao’s patchiness regression (Iwao, 1972) between mean crowding (X*) and mean density 

(X) was calculated as in Eq.11: 

             X* = α + βX 

Where α indicates the tendency to crowding (positive) or repulsion (negative) and β reflects 

the distribution of population in space and is interpreted in the same manner as b of Taylor's 

power law (Iwao and Kuno, 1968). 

 

               RESULTS AND DISCUSSION  

 

Sampling Program: 

               The results from primary sampling showed that the optimum number of the 

sample with a precision level (expressed as the standard error of the mean) of 20% was 

36.31, 39.86 and 33.65 for 10-, 20- and 30-days irrigation intervals, respectively. The 

relative variation (RV) of the primary sampling date was 9.89, 10.37 and 9.53 for the 

above-mentioned irrigation interval, respectively, which was deemed as very appropriate 

for a sampling program (Table 1). 

 

Table 1: Estimated parameters by primary sampling of T. tabaci on onion at different 

irrigation intervals during 2021. 

 
a Irrigation interval; b Number of samples; c Standard error of the mean; d Standard deviation; e Relative variation; 
f Mean of primary data, g Desired fixed proportion of the mean, h Sample size. 

 

Indices of the Spatial Distribution of T. tabaci on Onion Plants: 

             The different indices of aggregation for T. tabaci, are shown in (Table 2). The 

mean density was lower than the variance for all the sampling dates indicating an 

aggregated or negative binomial distribution for the onion thrips throughout the crop-

growing season. The variance to mean ratio (σ2/X) varied from (6.27 to 103.87; 3.74 to 

124.74; 4.68 to 117.49) during different sampling dates at 10-, 20- and 30-days irrigation 

intervals, respectively. In each case, the variance to mean ratio (σ2/X) was more than one, 

representing a negative binomial distribution of the onion thrips. The index of dispersion 

ID and Z-values were calculated to determine the departure of the distribution from 

randomness to poison. Z-values varied from (12.64 to 311.73; 11.21 to 344.85; 9.79 to 

333.69) for different sampling dates and were significantly greater than 1.96, which means 

that the onion thrips exhibited aggregation behavior in their habitat at all above-mentioned 

irrigation intervals. All of the IDM values calculated were more than one suggesting an 

aggregated pattern of dispersion for the onion thrips. The ‘K’ of the negative binomial 

distribution was more than 0.00 and less than 8.0 at the three irrigation intervals, indicating 

an aggregated distribution. Also, the mean crowding X* differs from (7.88 to 277.26; 6.56 

to 324.49; 5.99 to 277.77) for different sampling dates at the three above-mentioned 

irrigation intervals, respectively, revealing an aggregated distribution. Moreover, Lloyd’s 
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mean crowding index (X*/X) was more than one for all sampling dates verifying the 

aggregated nature of the spatial distribution of onion thrips at the above-mentioned 

irrigation intervals. The patchiness regression fitted to describe the relationship between 

mean crowding X* and the mean density X during different irrigation intervals (Figs. 1, 2 

and 3), further illustrates the distribution type of T. tabaci population. The regression 

equations of straight line at 10-, 20- and 30-days irrigation intervals are X*=2.973+1.432X 

(R2=0.987), X*=9.251+1.457X (R2=0.968) and X*=9.161+1.352X ((R2=0.966), 

respectively. The values of α in the three equations are all more than 0.000, while all of the 

β is more than 1.000. These data imply that the individuals are mutually exclusive in an 

aggregated general negative binomial distribution. Meanwhile, Taylor’s model at the three 

aforementioned irrigation intervals (Figs. 4, 5 and 6) was used to analyze the relationship 

between log variance (σ2) and log mean density (X). The equations of variance (σ2) and mean 

density (X) at 10-, 20- and 30-days intervals were σ2=1.549X1.581 (R2=0.956), σ2=1.636X1.623 

(R2=0.956) and σ2=1.872X1.504 (R2=0.963), respectively. The values of b in the three 

equations are all more than 1.000 indicating an aggregation distribution, but the level of 

aggregation does rely on density. 

 

Table 2: Spatial distribution of T. tabaci on onion during 2021. 

 
X mean density, σ2 variance, ID index of distribution, Z -z value, IDM David-Moore index, k parameter of 

dispersion, X* mean crowding, X*/X Lloyd’s mean crowding index. 

 

                For developing a sampling program for research or management purposes of an 

arthropod population, the two characteristic features needed are its population density and 

its dispersion pattern (Pedigo & Buntin 1994). Generally, a precision level (expressed as 

the standard error of the mean) of about 25 percent to achieve a higher precision level for 

research applications and IPM programs is desired, however, if the estimate is required to 

construct the life table a higher level of precision (10%) is desirable (Southwood and 

Henderson, 2000 and Vajargah et al., 2011). Therefore, the optimum sample size calculated 

at the beginning of the work was suitable for this species. 

               The results of variance to mean ratio, Z-values, IDM values, ‘K’ values and 

Lloyd's mean crowding indicated that T. tabaci had an aggregated distribution on an onion 

at all three irrigation intervals may be resulting from the most number of nymphs of onion 

thrips find its habitat in onion neck regardless the irrigation intervals thus the difference in 

irrigation intervals doesn't affect in the distribution pattern of T. tabaci. Similar to the 

present finding has described the aggregated distribution of Thysanoptera species on 

different plants (Steiner 1990; Cho et al., 2001; Deligeorgidis et al., 2002; Seal et al., 
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2006). Other authors, such as Sedaration et al., 2010, attributed the distribution of T. tabaci 

in aggregates to the parthenogenetic reproduction of the species. Sardana et al. (2016) 

indicated that the aggregate distribution of Thrips palmi Karny on cucurbits could be 

explained, in part, by oviposition behavior since females preferred to lay eggs in some 

sections of the plant tissue.  

 
Fig. 1. Iwao’s patchiness regression 

between mean crowding and mean for T. 

tabaci at 10-day irrigation interval during 

2021. 

 
Fig. 2. Iwao’s patchiness regression 

between mean crowding and mean for T. 

tabaci at 20-day irrigation interval during 

2021. 

 
Fig.3. Iwao’s patchiness regression 

between mean crowding and mean for T. 

tabaci at 30-day irrigation interval during 

2021 

 
Fig.4. Taylor power equation between log 

variance and log mean for T. tabaci at 10-

day irrigation interval during 2021. 

 
Fig.5. Taylor power equation between log 

variance and log mean for T. tabaci at 20-

day irrigation interval during 2021. 

 
Fig.6. Taylor power equation between log 

variance and log mean for T. tabaci at 30-

day irrigation interval during 2021. 
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                Since in regression methods the mean and variance of each sampling time were 

used separately, therefore the Taylor’s power law and Iwao’s patchiness were more 

accurate than the variance-to-mean ratio method. The two regression techniques (Taylor’s 

Power Law and Iwao’s patchiness regression) have been widely used to evaluate dispersal, 

data normalizing for statistical analysis, and developing sampling protocols for many 

insects (Davis, 1994; Deligeorgidis et al., 2002). In the present study, Taylor’s model 

revealed an aggregation distribution, but the level of aggregation does rely on density, in 

harmony with (Li et al., 2017) mentioned that the aggregation level relies on density 

whereas a higher density may lead to intraspecific competition and the limited resources 

available may be the cause of aggregation present finding In conformity, Sedaration et al. 

(2010) reported that Taylor’s b and Iwao’s β were both more than one, indicating that T. 

tabaci on some soybean varieties had aggregated spatial distribution. Pandey et al. (2008) 

indicated similar results that Iwao’s patchiness index and Taylor’s law revealed that the 

onion thrips exhibited an aggregated pattern of distribution in the field. 
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