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ABSTRACT  
 

The application of soil nutrients enhances plant growth and thus improves the yield of crops. However, 
improved vegetative growth makes plants more attractive to phytophagous insects. The present study was 
conducted to assess the effect of supplying tomato plants with different levels of NPK fertilizer (ammonium 
nitrate, super phosphate and potassium sulfate) on the population density of Bemisia tabaci adults, total protein 
content (TPC) of emerged adults, surface area of the pupal exuviae (SAPE), preference of B. tabaci females for 
egg laying and tomato leaf thickness under greenhouse conditions. Obtained data proved that there was a 
positive correlation between NPK concentrations added to tomato plants and the percentage of the attracted B. 
tabaci adults. Adding sub-recommended dosages (0 or 0.5X) of NPK decreased the percentages of population 
density of B. tabaci by about 48.30% or 38.09% respectively compared with that recorded after adding 
recommended dosage; while adding over-recommended dosage (2X) of NPK increased the population density 
of B. tabaci by about 26.53%. A significant positive correlation among the total protein content of whitefly 
adults and different levels of NPK fertilization of tomato plants was recorded. The mean TPC of B. tabaci adults 
emerged from immature stages reared on non-fertilized tomato plants was 0.0219±4.8-4 mg/insect, while the 
mean TCP of whitefly adults emerged from immature stages reared on tomato plants supplied with a double 
recommended level of NPK fertilizer was 0.038±8.3-4 mg/insect. On the other hand, pupal exuviae of B. tabaci 
developed on different NPK fertilized tomato plants were larger than those reared on non-fertilized plants. The 
mean SAPE of whiteflies reared on tomato plants fertilized with doubled NPK recommended dosage was 
0.41±0.01mm2, while the mean SAPE of those reared on non-fertilized plants was 0.31±0.01mm2. Different 
levels of NPK fertilizer increased the leaf thickness of tomato plants. The mean leaf thickness of tomato plants 
supplied with double recommended dosage of NPK was increased by about 216.66% more than that of non-
fertilized tomato plants.  The effects of different NPK fertilization levels on fecundity of whitefly females and 
the egg hatchability were studied. The mean number of daily laid eggs by B. tabaci females fed on tomato plants 
supplied with a double recommended dosage of NPK was significantly increased by about 244.44% more than 
the mean number of daily laid eggs by whitefly females fed on non-fertilized plants. On the other hand, different 
NPK fertilization levels did not affect hatchability. The obtained results showed that adding recommended 
dosage of NPK to tomato plants is an obligatory issue to minimize the infestation with the cotton whitefly B. 
tabaci.   
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Introduction 
 

Applying of soil chemical fertilizers especially nitrates increases leaf area which improves radiation 
intercepted by the crop and results a high rate of photosynthesis (Varela and Seif, 2004). Adding chemical 
fertilizers to the soil influences with the survival, development and reproduction of an insect (van Emden, 1966; 
Auclair, 1976; McClure, 1980; Minkenberg and Fredrix, 1989). Plant leaf nitrogen concentration is generally 
considered an indicator of food quality (Scriber and Slansky, 1981) and one of the limiting factors affecting host 
selection by phytophagous insects (McNeill and Southwood, 1978; Mattson, 1980). Many studies have shown a 
positive effect on insect density or performance (fecundity, development, growth and survivorship) when plant 
nutrient status is enhanced through fertilization. The addition of fertilizers, particularly nitrogen, in crops of 
cotton, tomato, lettuce, chrysanthemum and poinsettia, favors the attack of B. tabaci, B. argentifolii and T. 
vaporariorum (Purohit and Deshpande, 1991; Skinner and Cohen, 1994; Jauset et al., 2000; Bi et al., 2001). 
Plants supplied with high fertilization levels tend to be more susceptible to the attack of whiteflies, due to the 
fact that their sap contains a high amount of free amino acids, sugars and nitrates, which make them more 
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attractive. The present study was conducted to assess the effects of NPK fertilizer levels in tomato plants, on the 
population density of B. tabaci adults, total protein content of emerged adults, surface area of B. tabaci pupal 
exuviae, leaf thickness of tomato plants and preference of B. tabaci females for egg laying under greenhouse 
conditions.  

 
Materials and Methods 

 
The laboratory culture of the cotton whitefly Bemisia tabaci: 

Adults of the cotton whitefly Bemisia tabaci (Gennadius) (Order: Hemiptera, Suborder: 
Sternorrhyncha, Family: Aleyrodidae) were reared on healthy tomato plants at Department of Applied 
Entomology, Faculty of Agriculture, Alexandria University. The mother colony of whiteflies was identified by 
Dr. Jon Martin, Insect/Plant Division, Department of Entomology, the Natural History Museum, UK.  

 
Recommended level of Nitrogen, Phosphorus and Potassium (NPK) fertilization of tomato plants: 

According to The Egyptian Ministry of Agriculture and Land Reclamation instructions, the 
recommended amount of “NPK fertilizer” consists of ammonium nitrate, super phosphate and potassium sulfate 
at rate of 400, 300 and 150 kg respectively/Feddan. The recommended NPK fertilization level per kilogram soil 
weight equals 400 mg ammonium nitrate, 300 mg super phosphate and 150 mg potassium sulfate.  

 
Supplying of tomato plants with different levels of Nitrogen, Phosphorus and Potassium (NPK) fertilization: 

Seeds of tomato plants (Lycopersicon esculentum Miller, cultivar CastleRock, Family: Solanaceae) 
were sown in trays; when tomato seedlings had 3 leaves they were individually transferred to pots (25 cm 
diameter) with two kg soil. After two weeks, plants were arranged in a complete randomized design and divided 
into four groups assigned to fertilization treatments (0.00%, 50%, 100% and 200% of the recommended amount 
of NPK fertilizer) in a greenhouse (30±5°C, 65±5%RH) under natural light conditions. Each treatment consisted 
of five plants. The required amount of fertilizer was dissolved in 100 ml of tap water and applied to each pot. 
The plants were grown in whiteflies proof greenhouse for a couple of weeks to be sure that fertilizer was uptake 
by tomato plants. 
  
Influence of different levels of NPK fertilization of tomato plants on B. tabaci attraction: 

 Five leaves per each plant were randomly chosen for each treatment. The numbers of attracted 
whiteflies/cm2/plant were daily recorded and calculated as a mean of daily record (a replica). To avoid whitefly 
movement, the counting was done gently at early morning. The experiment was replicated for five successive 
days (5 replicas).  

 
Influence of different levels of NPK fertilization of tomato plants on B. tabaci total protein content:  

Tomato plants were transferred, after removing B. tabaci adults by shaking the plants, to an insect-
proof greenhouse just to keep the isolated plants free from a newly infestation of whitefly adults. Each plant was 
fully covered with muslin cloth until the emergence of B. tabaci adults. Ten emerged adults (5 males and 5 
females) from each treatment were collected to determine protein content in the whole body homogenate by 
using the method of Lowry et al. (1951) at 750 nm wavelength using bovine serum albumin (BSA) as standard 
protein. Protein content was calculated as a mean of three replicas.  
 
Calculation of B. tabaci pupal exuvia surface area reared on tomato plants supplied with different levels of 

NPK fertilization:  

 The length and width of five B. tabaci pupal exuviae per a plant for each treatment were measured 
under a stereomicroscope with an ocular micrometer. Surface area of the pupal exuviae was calculated as an 
ellipse using the formula that used for calculation of an oval shape. The equation is [(L × W) ÷ 4] π, where L is 
the length of pupal exuvia and W is its width. Surface area of the pupal exuvia was calculated as a mean of five 
replicas. 
 

Leaf thickness of tomato plants supplied with different levels of NPK fertilization:  

 The leaves blades thicknesses were measured using an electronic digital vernier caliper (Vogel, 
Germany), calibrated in millimeters. Thickness measurements were taken in three leaves for each plant at the 
same location. The tomato plant leaf thickness was calculated as a mean of five replicas. 
 
Effect of different levels of NPK fertilization of tomato on egg laying and hatchability of B. tabaci: 

 To study the effects of different NPK fertilization levels on egg laying of whitefly females and the egg 
hatchability, five plants of each treatment were covered with glass lanterns and each plant was infested with 
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twenty B. tabaci adults at the natural sex ratio (2 males : 3 females) for four days to allow the ovipositon. After 
removing the adults by shaking the plants, the laid eggs/plant were recorded and calculated as a mean of five 
replicas. Plants were transferred to an insect-proof greenhouse. To keep the isolated plants free from a newly 
infestation of B. tabaci adults, each plant was fully covered with a glass lantern until egg emergence, and then 
the percentage of hatchability was recorded and calculated as a mean of five replicas.  
 
Statistical analysis: 

 Statistical analysis of the obtained data and all the probable comparison combinations were analyzed in 
a Randomized Complete Blocked Design (RCBD) by using SAS procedures (1997) at probability level of 0.05. 

 

Results and Discussion 
 
I. Effect of supplying tomato plants with different levels of NPK on the population density of the cotton 
whitefly B. tabaci adults:      

Statistical analysis of the obtained data proved that there was a positive correlation between NPK 
concentrations added to tomato plants and the percentages of the attracted B. tabaci adults. As shown in Figure 
(1) and Table (1), the attraction percentages of B. tabaci adults were increased in tomato plants supplied with 
high concentrations of NPK fertilizer. Tomato plants supplied with 50% of the recommended amount of 
fertilizer attracted 18.2±1.40% of B. tabaci adults, while non-fertilized plants attracted 15.2±0.60% of 
whiteflies. The attraction percentage of B. tabaci was significantly increased to reach 29.4±0.95 after supplying 
tomato plants with the recommended amount of NPK fertilizer. When the quantity of NPK fertilizer was 
doubled, tomato plants were significantly more attractive to whiteflies; the percentage of attraction increased to 
reach 37.2±1.30 of released whiteflies. As illustrated  in Table (1) the increase rate of the mean attracted number 
of B. tabaci on tomato plants fertilized with doubled NPK recommended dosage was about 144.74 % more than 
the mean attracted number of whiteflies counted on non-fertilized plants. On the other hand, Figure (2) shows 
the effects of sub-recommended (0 or 0.5X) and over-recommended (2X) dosages of NPK added to tomato 
plants on the attraction percentages of B. tabaci adults. Obtained data clearly proved that adding the sub-
recommended dosages (0 or 0.5X) of NPK decreased the percentages of population density of B. tabaci by 
about 48.30% or 38.09% respectively compared with that recorded after adding recommended dosage; while 
adding over-recommended dosage (2X) of NPK increased the population density of B. tabaci by about 26.53%. 
The obtained results were in agreement with many other authors. It is well established that plant nitrogen 
content is a limiting factor affecting host selection by phytophagous insects (McNeill and Southwood, 1978; 
Mattson, 1980). Similar results were also obtained by Sseruwagi et al. (2003). They stated that B. tabaci 
populations were significantly increased by NPK fertilizer on cassava. Habibibullah et al. (2007) found that 
maximum dose of nitrogen on cotton resulted in a higher population of B. tabaci as compared to minimum dose. 
Jauset et al. (1998) reported that the nitrogen content of plants was directly related to the level of nitrogen 
fertilization, and it affected distribution of T. vaporariorum adults on tomato plants. Ortega (2002) observed that 
the increase in the populations and severity of damage of T. vaporariorum ornamental plants is attributed to an 
increase in the application of fertilizers, particularly nitrogen. It could be concluded that, plants developed with 
high nitrogen levels tend to be more susceptible to the attack of whiteflies, due to the fact that their sap contains 
a high amount of free amino acids, sugars and nitrates, which make them more attractive to whiteflies (Herzog 
and Funderburk, 1986; Natarajan, 1986; Cisneros and Godfrey, 2001). According to Bentz and Larew (1992), 
and Boissot and Pavis (1998), the nutritional levels of plants affect the whitefly populations in susceptible 
cultivar. Bi et al. (2005) reported that increased numbers of B. argentifolii adults on both early and late cotton 
plantings occurred with increasing amounts of applied nitrogen. The low nitrogen content in the host plant has 
been associated with resistance in Gossypium sp. to B. tabaci (Reddy and Rao, 1989; Rao et al., 1990; Ilyas et 
al., 1991). Similarly, increasing nitrogen fertilization reduces resistance to some Coleopteran and Lepidopteran 
species (Barbour et al., 1991). Bi et al. (2003) observed a positive correlation between nitrogen application rates 
and the numbers of adults and immature stages of B. argentifolii appearing during population peaks. In general, 
nitrogen fertilizer treatments significantly increased population densities of whiteflies (Bentz et al., 1995; 
Slosser et al., 1997; Godfrey and Leser, 1999; Godfrey et al., 1999). It has been hypothesized that nitrogen 
fertilization of plants may increase the availability of these dietary nitrogenic compounds for phloem feeding 
insects, which may in turn affect the population growth of these insects (Jansson and Smilowitz, 1986; Jauset et 
al., 2000; Godfrey et al.,1999). Athar et al. (2011) declared that increasing nitrogen level in okra plants 
increased the biosynthesis or accumulation of protein, free amino acid, and sugars that might have attracted 
more B. tabaci for feeding. 
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Fig. 1: Effect of different levels of NPK on the attraction of 
the cotton whitefly B. tabaci.  
 

Fig. 2: Effect of different levels of NPK dosages on the 
percentage of the cotton whitefly B. tabaci attraction; Data 
were attributed to the value of the recommended dosage of 
NPK (100%). 
 

 
Table 1: Effects of NPK fertilization levels in tomato plants on the B. tabaci adult’s population density, total protein content 

of emerged adults, surface area of the pupal exuvia, leaf thickness of tomato plants and preference of B. tabaci 
females for egg laying.  

Dosages of  
NPK fertilizer* 

Percentage 
of attraction 

[%] 

Total protein 
content 
{TPC} 

[mg/insect]** 

Surface area 
of pupal exuvia 

{SAPE} 
[mm2] 

 

Tomato leaf 
thickness 

[mm] 

Number of 
eggs/female/day 

 

Percentage 
of hatchability 

 [%] 
 

0.0X [0%] 
15.2±0.6 

C 
0.0219±4.8-4 

D 
0.31±0.01 

C 
0.12±0.01 

D 
1.8±0.09 

D 
93.7±1.9 

A 

0.5X [50%] 
18.2±1.4 
(19.73) 

C 

0.0247±3.53-4 

(12.78) 
C 

0.32±0.01 
(3.22) 

C 

0.16±0.01 
(33.33) 

C 

3.1±0.10 
(72.22) 

C 

95.4±0.6 
(1.8) 

A 

1X [100%] 
29.4±0.95 

(93.42) 
B 

0.0312±4-4 

(42.46) 
B 

0.34±0.003 
(9.67) 

B 

0.21±0.01 
(75.00) 

B 

4.3±0.20 
(138.88) 

B 

93±1.2 
(-0.75) 

A 

2X [200%] 
37.2±1.3 
(144.73) 

A 

0.038±8.3-4 

(73.51) 
A 

0.41±0.01 
(32.22) 

A 

0.38±0.01 
(216.66) 

A 

6.2±0.30 
(244.44) 

A 

94.4±0.7 
(0.74) 

A 

*To apply the recommended dosage [1X or 100%] of NPK fertilizer per pot, 800 mg ammonium nitrate, 600 mg super 
phosphate and 300 mg potassium sulfate were dissolved in 100 ml tap water and added to 2 kg soil/pot. 
Values are means of 5 replicas ± S.E. 
**Values are means of 3 replicas ± S.E. 
Data between curved brackets are percentages of increase after adding different dosages of NPK to the tomato plants. 

Means followed by the same letter(s) within the same column are not significantly different at 0.05 probability level. 
 

II. Effect of supplying tomato plants with different levels of NPK on the total protein content (TPC) of the 
cotton whitefly B. tabaci adults:  

Statistically, a significant positive correlation among total protein content of B. tabaci adults and 
different levels of NPK fertilization of tomato plants was recorded. Table (1) and Figure (3) show the effect of 
different levels of NPK fertilization of tomato plants on total protein content (TPC) of B. tabaci adults. As 
illustrated in Table 1, the TPC of B. tabaci adult emerged from immature stages reared on non-fertilized tomato 
plants was 0.0219±4.8-4 mg/insect. When tomato plants were supplied with a half recommended dosage of NPK 
fertilizer, the mean TPC of B. tabaci adults emerged from immature stages reared on these plants was 
significantly increased to be 0.0247±3.53-4 mg/insect. The TPC of whiteflies emerged from immature stages 
reared on tomato plants supplied with the recommended level of NPK fertilizer was significantly increased to 
reach 0.0312±4-4 mg/insect, while the mean TPC of whiteflies emerged from immature stages reared on tomato 
plants supplied with a double recommended level of NPK fertilizer was significantly increased to reach 
0.038±8.3-4 mg/insect. The rate of increase in the mean TPC of B. tabaci adults emerged from immature stages 
reared on tomato plants supplied with a double recommended level of NPK was about 73.5 % more than those  
adults emerged from immature stages reared on non-fertilized tomato plants (Table, 1).  

Figure (4) shows the effects of sub-recommended (0 or 0.5X) and over-recommended (2X) dosages of 
NPK added to tomato plants on the percentages of TPC of B. tabaci adults. It seems clearly that adding the sub-
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recommended dosages (0 or 0.5X) of NPK decreased the total protein content of B. tabaci adults by about 
29.80% or 20.83% respectively compared with that recorded after adding recommended dosage; while adding 
over-recommended dosage (2X) of NPK increased the TPC of B. tabaci adults by about 21.79%.  

The present data are in agreement with many other researchers. It is well established that nitrogen 
content of a plant is a limiting factor affecting the host-plant selection, survival, development and reproduction 
of phytophagous insects. Within Fam. Aleyrodidae, high nitrogen levels applied to the plants significantly 
increased adulthood in T. vaporariorum and decreased nymphal development time of T. vaporariorum (Bentz 
and Larew, 1992) and of B. argentifolii (Blua and Toscano, 1994). On the other hand, Bentz et al. (1996) 
declared that the nitrogen content of whitefly pupae reared on plants treated with ammonium nitrate was higher 
than those reared on non-treated plants. Facknath and Lalljee (2005) proved that increases in nitrogen in the 
potato leaves increased the length and body weight of pupae and adults of Liriomyza trifolii.  

 

  
Fig. 3: Effect of different levels of NPK on protein content of the 
cotton whitefly B. tabaci adults. 

Fig. 4: Effect of different levels of NPK dosages on 
the percentage of total protein content of the cotton 
whitefly B. tabaci adult; Data were attributed to the 
value of the recommended dosage of NPK (100%).  
 

 

III. Effect of supplying tomato plants with different levels of NPK on the surface area of pupal exuvia of the 
cotton whitefly B. tabaci:    

It is well established that the insect pupal exuvia area is an indicator of the pupal size (Wilson and 
Bright, 1973). Surface area of the pupal exuvia (SAPE) was calculated as an oval shape. Figure (5) and Table 
(1) show the effect of different fertilization levels on B. tabaci pupal exuvia areas. It was observed that pupal 
exuvia areas of whiteflies developed on different NPK fertilized plants showed a significant quantitative 
response. Pupal exuvia of B. tabaci developed on different NPK fertilized tomato plants were larger than those 
reared on non-fertilized plants. As illustrated in Figure (5) the mean SAPE of whiteflies reared on 0.5X NPK 
fertilized plants was 0.32±0.01mm2. It was insignificantly larger than the mean surface area of those reared on 
non-fertilized plants (SAPE = 0.31±0.01mm2). Increasing of NKP level to reach the recommended dosage 
leaded to significant increase in the pupal exuvia (SAPE = 0.34±0.003mm2). Consistent with these results, when 
whiteflies were reared on tomato plants fertilized with doubled NPK recommended dosage, an augment in the 
area of whitefly pupal exuvia was noticed (SAPE = 0.41±0.01mm2). The rate of increase in the mean SAPE of 
whiteflies reared on tomato plants fertilized with doubled NPK recommended dosage was about 32.22 % more 
than the mean pupal exuvia areas of those reared on non-fertilized plants.  

Figure (6) shows the effects of sub-recommended (0 or 0.5X) and over-recommended (2X) levels of 
NPK added to tomato plants on the percentages of B. tabaci pupal exuvia areas. Adding the sub-recommended 
dosages (0 or 0.5X) of NPK decreased the pupal exuvia areas of B. tabaci by about 8.82% or 5.88% respectively 
compared with that recorded after adding recommended dosage; while adding over-recommended dosage (2X) 
of NPK increased the pupal exuvia area by about 20.58%.  

Similar results were obtained by other authors. Minkenberg and Fredrix (1989), and Minkenberg and 
Ottenheim (1990) found that pupal sizes of Liriomyza trifolii were increased with increasing nitrogen levels. 
Ross and Strong (1991) found that leaf hoppers reared from first instar to adult on highly fertilized plants were 
significantly larger (had higher dry body weight) than those reared on non-fertilized or minimally fertilized 
plants. Jauset et al. (2000) reported that high nitrogen fertilization increased size of pupal exuviae of T. 
vaporariorum. Aqueel et al. (2014) reported that, the increasing of nitrogen application improved nitrogen 
contents of the plants and also the size of cereal aphids, Rhopalosiphum padi feeding on them. Additionally, the 
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heavier host prey influenced by the plant nutrition had an effect on the larval duration, pupal weight, pupal 
duration, fecundity, and male and female longevity of aphids’ predators. These parameters were significantly 
affected by the level of nitrogen fertilization to the aphid's host plants. 

 

  
Fig. 5: Effect of different levels of NPK on the surface area of 
pupal exuvia of the cotton whitefly B. tabaci. 

Fig. 6. Effect of different levels of NPK dosages on the 
percentage of the cotton whitefly pupal exuvia surface 
area; Data were attributed to the value of the 
recommended dosage of NPK (100%). 

 
IV. Effect of supplying tomato plants with NPK different levels on the thickness of tomato leaves:  

The thickness of tomato plant leaves was obviously affected by the levels of NPK applied to the plant 
(Table, 1 and Figure, 7). Plants that received the highest fertilization levels (doubled concentration) significantly 
had a thicker leaflet (0.38±0.01mm). Table (1) illustrates that the leaf thickness of tomato plants supplied with 
double recommended dosage of NPK was increased by about 216.66% more than that of non-fertilized tomato 
plants. Leaflet thickness were dramatically decreased by reduction of fertilization levels to optimum and half 
optimum levels to be 0.21± 0.01mm (75% thicker more than the leaf of non-fertilized tomato plants)  and 
0.16±0.01mm (33.33% thicker than the leaf of non-fertilized tomato plants) respectively. Statistical analysis of 
the obtained data proved that there were significant differences among NPK concentrations added to tomato 
plants and the thickness of tomato leaves (Table, 1).   

Figure (8) shows the effects of sub-recommended (0 or 0.5X) and over-recommended (2X) dosages of 
NPK added to tomato plants on the percentages of tomato leaves thickness. It seems clearly that adding the sub-
recommended dosages (0 or 0.5X) of NPK decreased the thickness of tomato leaves by about 42.85% or 23.80% 
respectively compared with that recorded after adding recommended dosage; while adding over-recommended 
dosage (2X) of NPK increased the thickness of tomato leaves by about 80.95%.  Borowski et al. (2000) found 
that the relative leaf thickness and transpiration rate in glasshouse tomato increased more under the influence of 
potassium chloride. 

 

Fig. 7: Effect of NPK different levels on tomato plant leaf 
thickness under greenhouse conditions. 

Fig. 8: Effect of NPK different dosages on the 
percentage of tomato leaf thickness; Data were 
attributed to the value of the recommended dosage of 
NPK (100%). 
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V. Effect of supplying tomato plants with different levels of NPK on the egg laying and hatchability of the 
cotton whitefly B. tabaci:  

Effects of different NPK fertilization levels on fecundity of whitefly females and the egg hatchability 
were studied. The cotton whitefly adults at natural sex ratio (2M : 3F) were reared on different NPK fertilized 
tomato. Then egg laying and hatchability were calculated. The obtained results from statistical analysis referred 
to significant positive correlation between levels of fertilization and oviposition rate. 

As shown in Figure (9), numbers of laid eggs/female/day were increased by elevating NPK fertilizers 
levels. Whiteflies fed on tomato plants supplied with half recommended NPK, laid 3.1±0.1 eggs/female/day 
which was significantly higher by about 72.22% more than the mean number of laid eggs by whiteflies fed on 
non-fertilized plants (1.8±0.09 eggs/female/day). The efficiency of egg laying was significantly increased by 
females fed on recommended fertilized plants (4.3±0.2 eggs/female/day). The mean number of laid eggs by B. 
tabaci females fed on tomato plants supplied with double recommended dosage of NPK was significantly 
increased to reach 6.2±0.3 eggs/female/day (244.44% more than the mean number of laid eggs by whiteflies fed 
on non-fertilized plants). The present study showed that adult fecundity of B. tabaci was positively correlated 
with the level of NPK added to tomato plants. Figure (10) shows the effects of sub-recommended (0 or 0.5X) 
and over-recommended (2X) dosages of NPK added to tomato plants on the percentages of the mean numbers of 
laid eggs per B. tabaci female per day. Generally, adding the sub-recommended dosages (0 or 0.5X) of NPK 
decreased the mean numbers of laid eggs per B. tabaci female per day by about 58.13% or 27.90% respectively 
compared with that recorded after adding recommended dosage; while adding over-recommended dosage (2X) 
of NPK increased the mean numbers of laid eggs per B. tabaci female per day by about 44.18%. 

These findings agree with many other studies on other insects, such as the greenhouse whitefly T. 
vaporariorum on tomato (Jauset et al., 1998), and Aphis gossypii on cotton (Nevo and Coll, 2001). Iheagwam  

  

 

 
Fig. 9: Effect of different levels of NPK on the daily 
mean number of laid eggs by B. tabaci females. 
 

Fig. 10: The effect of different levels of NPK dosages on the 
percentage of the daily laid eggs/B. tabaci female; Data were 
attributed to the value of the recommended dosage of NPK 
(100%). 
 

 
Fig. 11: Effect of different levels of NPK on the hatchability of laid eggs by B. tabaci females.  
 
(1981) also reported that fecundity of Aleyrodes brassicae increased as the nitrogen content of the cabbage leaf 
increased. The number of eggs laid by T. vaporariorum on chrysanthemums and the number of adults emerging 
were greater on plants treated with high concentrations of fertilizer, and were correlated with nitrogen content of 
leaves (Bentz and Larew, 1992). Bentz et al. (1995) showed that more B. tabaci adults were found on fertilized 
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Euphorbia pulcherrima than on non-fertilized plants. Higher oviposition on ammonium nitrate treated plants 
than on non-fertilized or calcium nitrate treated plants suggested that acceptability of a plant by the whitefly was 
in response to plant cues which reflected changes in nitrogen content and were perceived during probing of the 
leaf surface by female whiteflies. Ortega et al. (2006) proved that the number of eggs of T. vaporariorum 
increased significantly as the supply of nitrogen increased.  Park et al. (2009) showed that T. vaporariorum laid 
eggs more on leaves of plants with higher nitrogen at the upper stratum. 

 In contrast, nitrogen fertilization had no effect on the fecundity of the mesophyll-feeding leafhopper 
Zyginidia scutellaris on Holcus lanatus (Prestidge, 1982), the Russian wheat aphid on wheat (Moon et al., 1995) 
and the azalea lace bug on azaleas (Casey and Raupp, 1999). 

The present results showed that the fertilization had no effects on hatchability of eggs (Figure, 11). 
Regardless of the concentration of fertilization applied to plants, hatchability did not differ significantly neither 
among treatments nor control. 

Generally, the effect of applied nitrogen rate on pest populations has been the subject of scientific 
interest in numerous crops (Bentz and Larew, 1992; Jauset et al., 1998; El-Rafie, 1999; Berlinger and 
Wermelinger, 2001; Ortega et al., 2006). The increase in the populations and severity of damage of the 
whiteflies is attributed to an increase in the application of fertilizers, particularly nitrogen (Ortega, 2002; Ortega 
et al., 2006). The addition of fertilizers, particularly nitrogen, in crops of cotton, tomato and lettuce favors the 
attack of species such as B. tabaci, B. argentifolii and T. vaporariorum (Purohit and Deshpande, 1991; Skinner 
and Cohen, 1994; Jauset et al., 2000). Bi et al. (2001) found that peak populations of whitefly adults and 
nymphs increased in response to increasing nitrogen levels in large plots of cotton. Therefore, there may be 
some potential to manipulate whitefly populations through fertilization practices. 
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