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ABSTRACT 

 
Studies on seasonal dynamics of white fly (Bemesia tabaci) on tomato (Solanum esculentum var. Pusa Ruby) 

revealed that it appeared first during the 13th and reached maximum during 21st standard meteorological week. A 

positive correlation between adult population and abiotic factors viz. temperature (maximum and minimum) and 

sunshine hours was observed, whereas humidity (maximum and minimum) and rainfall showed a negative 

correlation with it. Taken together, the key weather parameters studied, caused 89.00 per cent variation in whitefly 

population (R2 value). Combination of carbofuran (soil application) + imidacloprid (seed treatment ) + 

imidacloprid (foliar application) proved significantly superior and caused maximum reduction in whitefly 

population followed by imidacloprid (seed treatment) + thiomethoxam (spray), imidacloprid (seed treatment) + 

imidacloprid (spray), imidacloprid (seed treatment) + dimetheoate (spray), carbofuran (soil application) + 

malathion (spray), and imidacloprid (seed treatment) + yellow sticky traps. The highest cost benefit ratio of 1:25.04 

was recorded in case of carbofuran (soil application) + imidacloprid (seed treatment ) + imidacloprid (foliar 

application) followed by 1:22.38 for imidacloprid (seed treatment) + thiomethoxam (spray) ; 1:21.81 for 
imidacloprid (seed treatment) + imidacloprid (spray); 1:19.27 imidacloprid (seed treatment) + dimetheoate 

(spray); 1:19.48 carbofuran (soil application) + malathion (spray), and 1:8.33 for imidacloprid (seed treatment) + 

yellow sticky traps. The soil application of carbofuran + seed treatment with imidacloprid and three foliar sprays of 

imidacloprid at fortnight interval starting 40 days after transplanting is found effective and is advised for whitefly 

management in susceptible tomato cultivars.  
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INTRODUCTION  
 

Tomato (Solanum esculentum Mill.) is a popular and widely grown vegetable in the 
world. Among the various sucking insect-pests, whitefly (Bemesia tabaci Genn.) is 

one of the destructive pests causing serious damage to tomato crop and is responsible 

for lowering its yield
1
. The destructive pest status of whiteflies is attributed to a 

number of factors like high degree of polyphagy, ingestion of phloem sap, massive 

honey dew secretions (which reduce both the cosmetic value of the tomato and the 

available leaf area for photosynthesis), uneven ripening and transmission of viruses 

like Tomato Yellow Leaf Curl Virus
2
. Further, the honeydew (a sweet and sticky 

substance) is also secreted by the pest which supports the growth of sooty mould 

which in turn affects the yield in both quantitative and qualitative terms
3
.  

The magnitude of crop losses associated with whitefly and its sudden worldwide 
dissemination generated a keen global interest in all aspects of its biology

1
. Weather 

factors i.e., temperature, relative humidity and precipitation play a major role in 

whitefly incidences and its development. It is necessary to record its exact seasonal 
abundance and its correlation with various weather factors. Since whitefly 

infestations can easily go unnoticed until they reach high numbers, it is important to 

minimize potential infestations by employing all possible control tactics prior to 

chemical control. However, chemical control of whitefly is quite challenging 
because it also causes mortality of its natural enemies

4
. Further, there are reports of 

the development of insecticide resistance towards divergent classes of insecticides
5
. 

Keeping this in view, the present study deals with the population build up of whitefly 
and its module based management in tomato. 

 

MATERIALS AND METHODS 

 
The replicated field trials of tomato variety Pusa Ruby were conducted at University 
Research Farm, Chatha, SKUAST, Jammu. Certified seeds of tomato were sown in 

raised seed bed nursery. The main field selected for each experiment was ploughed 

for three times. The seeds were sown under natural conditions without the 

application of any manure and fertilizer. The plot size was 3×2.5 m. One month old 
seedlings were transplanted at a distance of 60×45 cm. The experiment was 

conducted under pesticide free conditions. The occurrence/ incidence of insect pests 

were recorded from sowing till the harvest. Observations on the population of 
whitefly were recorded in three leaves from top, middle and bottom of the canopy 

(one leaf each) from five plants randomly selected. Data on various abiotic 

parameters viz., maximum and minimum temperature, morning and evening relative 
humidity, sunshine hours, and rainfall was collected weekly from University Agro-

meteorology Facility and was subjected to simple correlation and regression studies 

as given by Senedcor and Cochran (1967)
6
.  

Replicated trials were laid out in Randomized Block Design (RBD). All 
recommended agronomic practices for tomato plants were followed. In order to find 

out efficiency of the insecticide treatments, the crop thus raised was sprayed with 

seven treatment combinations including control replicated thrice. The crop was 
sprayed thrice. Five plants were randomly selected from each plot. Observations 

were recorded on insect count before the spray and also after 1, 7 and 14 days of 

spray using a knapsack sprayer. In control plots only water was sprayed. The sprayer 

was rinsed carefully after each spray. Data thus obtained was statistically analyzed 
and the efficacy of the insecticides was evaluated. The yield from insecticide treated 

and control plots were recorded. In order to compute cost/benefit ratio, the yields of 

control and insecticide treated plots per hectare were worked out. The cost of 
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insecticides used, labour charges and cultivation charges per hectare were also 

worked out and the cost/benefit ratio for all the treatments was calculated. 
 

RESULTS AND DISCUSSION 

 
Seasonal incidence 

The whiteflies were first noticed during 14
th
 standard meteorological week (SMW) 

and increased gradually upto 21
st
 SMW (Figure 1) during summer months. The 

findings were in agreement with Parmar et al. (2013)
7
, however in contrary to this, 

Shahnaz et al. (2006)
8
 reported that B. tabaci was prevalent both in summers and 

winters with a higher pest incidence in winters. This could be due to the differences 
in time of sowing and prevalent climatic conditions. The peak period of whitefly 

population is suitable for maximum degree of control by manipulation of agronomic 

practices and use of chemicals
9
. The correlation studies between whitefly population 

and various abiotic factors showed a significant (Pearson correlation r, at p≤0.05) 
positive correlation with temperature (both maximum and minimum) and a positive 

but non-significant correlation with sunshine hours. Whereas a significant negative 

correlation was observed with relative humidity (maximum and minimum) and a 
negative, but non-significant correlation was observed with rainfall (Table 1). The 

multiple linear regression analysis showed that all the weather parameters studied, 

taken together were responsible for 89 % (R
2
 value) of total change in whitefly 

population (Table 2). Weather parameters played a key role in the development of 

whitefly (B. tabaci) population on tomato. The results of the present study were in 

accordance with Ashfaq et al. (2010) and Kaur et al. (2010)
10-11

 who also reported 

that the whitefly population was positively correlated with mean temperature and 
negatively correlated with mean relative humidity. The positive correlation between 

the temperature and whitefly population can be attributed to the enhanced rate of 

development and reproduction of whitefly. The relatively higher temperatures can be 
conducive for rapid multiplication and activity of B. tabaci. 

 

 
Fig 1: Whitefly per plant in relation to weather parameters on tomato cv. Pusa ruby. 
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Table 1. Correlation of insect pests with weather parameters on tomato cv. Pusa Ruby 

Insect pests 
Temperature (

o
C) Relative humidity (%) 

Rainfall 

mm 

Sunshine 

hours Maximum Minimum Maximum Minimum 

Whitefly  

0.803** 0.764** -0.683* -0.669* -0.028 0.450 

 

Table 2. Multiple regression equation of insect pests with weather parameters  

Insect pests Regression equation R2 

Whitefly  

Y1 = 17.084-0.941X1-1.397X2- 0.546X3 + 0.273X 4 + 0.247X5 + 0.339X6 0.890** 

YI= Whitefly per plant; X1= Maximum temperature (oC); X2= Minimum temperature (oC); X3= Maximum relative 

humidity (%);    X4= Minimum relative humidity (%); X5= Rainfall (mm); X6=Sunshine hours 

*Significant at 5 per cent probability level 

**Significant at 1 per cent probability level 

 

Correlation between meteorological parameters and whitefly population was 
negatively correlated with number of rainy days and total rainfall as also reported by 

Kaur et al., (2010) and Anzola and Lastra (2008)
11-12

. This may be attributed to the 

destruction of eggs, nymphs and pupae of whitefly during continuous rains. The time 
intervals over which rainfall was associated with reduction in B. tabaci populations 

can be interruptive in terms of length of the insect's life cycle. With a development 

of 3 weeks (i.e. time from egg to adult) and the reduction in adult field counts 

suggested that rains may suppress oviposition, increase the mortality of nymphs, 
adults and induce insect emigration. Cooler weather, high relative humidity and 

rainfall can therefore be detrimental to whitefly population and its spread. Hence a 

strategy should be planned to minimize the pest and disease attack either by 
manipulation in agronomic practices. 

 

Management of whitefly 

The results revealed that seed treatment with imidacloprid followed by soil 
application of carbofuran and imidacloprid spray was the highly effective among all 

the treatments producing highest crop yield, reduction of whitefly infestation in 

tomato (Table 3; Figure 2). Prophylactic soil application of carbofuran and/or sprays 
of insecticides lowered populations of whiteflies to varying extents; and increased 

crop yield
13

. Gosh and Khan (2010)
14

 recorded maximum control of whitefly with 

mixture of various insecticides. The bio-efficacy of imidacloprid as a seed dresser 
against sucking pest of okra was found to be promising against whitefly

15
. 

Management of whitefly of tomato with the use of insecticides as seed treatment 

provided an opportunity to minimise the quantity of the insecticide. The order of 

efficacy of other treatment combination was imidacloprid (seed treatment) + 
imidacloprid (spray) > imidacloprid (seed treatment) + thiamethoxam (spray) > 

imidacloprid (seed treatment) + dimetheoate (spray) > carbofuran (soil application) + 

malathion (spray) > imidacloprid (seed treatment) + yellow sticky traps.  
Both thiamethoxam and imidacloprid are new broad spectrum neonicotinoids

16
 with 

high insecticidal activity against sucking insects proved effective in management of 

whiteflies. Neonicotinoids is a class of neuro-active insectides that act by insect 
nicotinic acetylcholine receptors

17
. Our observations are in conformity to the earlier 

findings of Mandal and Mandal (2010)
 
and Dubey and Singh (2010)

18-19
 who also 
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reported that imidacloprid and thiamethoxam were significantly superior in efficacy 

against sucking insect pests. Patel et al. (2010)
20

 also reported that imidacloprid 200 
SL and thiamethoxam 25 WG were effective to suppress the whitefly population. 

Dimetheoate and malathion in combination with other insecticides also proved 

effective in reducing the whitefly population. Borah and Nath (1995)
21

 reported that 

the application of dimetheoate @ 0.03% at 15 and 30 days after germination 
significantly reduced the white flies population and significantly lowest incidence of 

yellow vein mosaic, followed by dimetheoate 0.03% at 15 days after germination + 

malathion 0.05% at 25 and 30 days after germination as well as malathion 0.05% at 
15 days after germination + dimetheoate 0.03% at 25 and 30 days after germination. 

Combination of imidacloprid (Seed treatment) + yellow sticky traps was also 

effective in suppressing the whitefly population. Moreau and Isman (2011)
22

 also 

reported that yellow sticky traps were effective at trapping adult whiteflies and 
significantly reduced adult populations on the main crops (peppers) compared with 

the control.  

 

 
Fig 2: Efficacy of insecticides against whitefly on tomato cv. Pusa ruby. 
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Table 3: Efficacy of treatment combinations against whitefly on Tomato cv. Pusa Ruby 

  

Treatments 
  Pre-

count 

                    1st Spray  (40DAT) 2
nd   

Spray (55 DAT) 3
rd

  Spray(70 DAT) 
Cost 

benefit 

ratio 1Day 7Day 14Day 1Day 7Day 14Day 1Day 7Day 14Day 

Imidacloprid 200SL(St)  + 

Imidacloprid 200SL(Sp) 

 

8.85 

 

6.067±0.088 5.833±0.088 5.400±0.115 4.533±0.203 4.333±0.088 4.133±0.088 3.933±0.086 3.433±0.117 2.933±0.120 1:22.38 

Imidacloprid 200SL(St)  + 

Thiomethoxam 25 WG(St) 

 

8.78 
6.333±0.088 6.033±0.088 5.567±0.176 4.933±0.448 4.600±0.153 4.433±0.088 4.067±0.088 3.733±0.086 3.200±0.058 1:21.81 

Imidacloprid 200SL (St) + 

Dimetheoate 30 EC(Sp0 

 

8.76 
6.933±0.033 6.600±0.058 6.300±0.153 5.667±0.088 5.500±0.058 5.200±0.058 4.933±0.120 4.533±0.203 3.900±0.115 1:19.27  

Imidacloprid 200SL(St) + 

Yellow sticky traps 

 

8.52 
8.267±0.120 8.133±0.088 7.900±0.115 7.300±0.115 7.200±0.058 7.733±0.120 7.400±0.058 7.233±0.289 7.100±0.145 1:8.333 

Imidacloprid 200SL(St) + 

Imidacloprid 200SL(Sp) + 

Carbofuran 3G 

 

8.79 

 

5.433±0.145 5.200±0.058 5.000±0.058 3.400±0.173 3.200±0.058 3.167±0.120 2.700±0.115 2.367±0.176 1.933±0.120 1:25.04 

Carbofuran 3G(St) + 

Malathion(Sp) (0.05%) 

 

8.83 
7.600±0.153 7.200±0.058 7.000±0.058 6.700±0.231 6.467±0.120 6.333±0.145 6.000±0.058 5.733±0.088 5.167±0.120 1:19.48 

Control 8.87 8.870±0.115 9.067±0.088 9.533±0.145 9.870±0.010 10.00±0.058 10.167±0.145 10.267±0.08 10.46±0.088 10.70±0.115 
- 

CD (p=0.05)±S.E 0.362±0.164 0.253±0.115 0.417±0.189 0.539±0.245 0.304±0.138 0.356±0.162 0.268±0.112 0.404±0.184 0.349±0.158 
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All the treatment combinations used in the study reduced the whitefly population 

significantly and in turn enhanced the yield. Combination of imidacloprid and 
carbofuran with  B:C ratio of 1:25.04  was found statistically superior over rest of 

the treatments followed by combination of imidacloprid and imidacloprid 1:22.38, 

imidacloprid and thiamethoxam 1:19.2, combination of  imidacloprid and 

dimetheoate  1:21.81, carbofuran and malathion 1:19.48, imidacloprid   1:19.27  and  
imidacloprid and yellow sticky traps 1:8.33 (Table 2). 

Yellow sticky traps are useful methods for monitoring and early detection of 

whiteflies and documentation of relative whitefly abundance over time. Results of 
monitoring efforts provide documentation on the need for and success of suppression 

efforts applied. Due to their systemic action
16

, thiamethoxam and imidacloprid was 

accepted by farmers and also had occupied prime position in IPM programmes. Such 

compounds which are systemic and potential can be used in developing sound pest 
management strategy to achieve the desired level of control.  

 

CONCLUSION 
 

The present investigation indicated the possibility of using imidacloprid (seed 

treatment) followed by soil application of carbofuran and imidacloprid spray against 
whitefly and maximizing the yield in IPM programme of tomato crop in the absence 

of any resistant/tolerant cultivars.  
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