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The biology and population ecology of B. tabaci under field and laboratory conditions 
were determined in different agro-zones of Sindh province of Pakistan during 2000-2005. 
 
              The investigations on the biology of the whitefly on musk melon and cucumber in 
laboratory conditions (30.8±2.13 0C) revealed that the egg to adult longevity was higher 
(27.96±2.60♀ and 23.63±1.33♂) days on cucumber than musk melon (29.56±2.59♀ and 
25.06±1.12♂) days. However, the fly laid more eggs on musk melon (88.00±7.96). The result of 
biology under temperature regimes 10, 15,20,25,30 and 35 0C showed that the highest fecundity 
and development was recorded at 30 0C and adult lived longer at 10 0C whereas at 350C no 
hatching of the eggs was recorded. Under field conditions, lesser fecundity and more hatching was 
recorded at 23.31±2.790C than 31.57±4.250C. Investigations on starvation capacity of 1st instar 
crawlers indicated that 100% mortality was recorded with in 4.5 hours on dry blotting paper and 
no mortality was observed on wet blotting paper plus melon leaves. However, the LT 50s 
differences between moistened blotting paper and green leaf treatments were not significant at 
95% confidence limits. Studies on distribution of immature stages on melon leaf showed that the 
proximal leaf sectors had significantly (P<0.01) more egg-density whereas distal sectors had more 
nymphal density.  The investigations on effect of melon leaf maturity on nymphal mortality 
revealed that the fly laid more eggs on 3rd node leaf and maximum nymphal survival percentages 
(97.65% of 1st plus 2nd instars) and (94.69% of 3rd plus 4th instars) were recorded on 4th node leaf, 
respectively. Maximum adult emergence (95.03%) was recorded on 4th leaf node. The highest 
mortality rates (0.102) in eggs, (0.088) in 1st plus 2nd instar nymphs on 3rd node leaf and (0.088) in 
3rd plus 4th instar nymphs were recorded on 4th node leaf, respectively. The k-values 0.042, 0.064 
and 0.908 were recorded for nymphs of 3rd, 4th and 5th node leaves, respectively. The 3-year life 
table studies indicated that more than 20% mortality occurred in egg and 1st instar nymphs and 
less than 20% was recorded in 2nd, 3rd, and 4th instar nymphs, respectively. Similarly, maximum 
mean mortality percent (48.30±5.36) in all life stages was brought by the activities of predators 
followed by EMDFM (13.02±2.26), temperature (12.15±7.91), HFDH (8.30±1.60), parasitism 
(6.14±1.26), NTDH (3.89±1.20), fungal attack (1.10±0.50), abnormal adults (0.69±0.36) and wind 
plus rain (0.66±0.62), respectively. Seasonal abundance of parasitoids at Dadu , Tandojam and 
Thatta revealed that Aphelinid parasitoids, two species of genus Encarsia and three species of 
Eretmocerus were found parasitizing the nymphs of the whitefly at all agro-zones with parasitoid: 
whitefly ratios (1.7.93), (1:8.25) and (1:18.33) in spring and in summer as (1:8.26), (1:9.71) and 
(1:24.41) at Dadu, Thatta and Tandojam, respectively. Studies on sampling and distribution of the 
whitefly adults revealed that cylindrical shaped yellow sticky trap captured significantly (P<0.01) 
maximum (22.87 ± 2.69) flies followed by flat and round shape; cylindrical trap at 6  above the 
ground level caught maximum (14.37 ± 2.02) flies. The highest population (6.56 ± 1.34) per leaf 
of B. tabaci was recorded on the 2nd-node leaves. More activity (6.56 ± 1.34 flies per leaf) was 
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recorded at 8.00 a.m. than (4.03 ± 0.83) at 12.00 noon. Studies on preferential distribution on 
cucurbit and non-cucurbit crops indicated that the population of B. tabaci was significantly 
(P<0.01) more on cucurbit crops than on the non-cucurbit crops except brinjal.  The whitefly 
population was positively correlated (r=0.66) with the pH of the crops. The results on seasonal 
population variation of B. tabaci in different agro-zones of Sindh during 2000-2001revealed that 
musk melon, cucumber and Indian squash retained the highest population of the fly at Thatta in 
spring and summer followed by Badin, Dadu, Sakrand and Tandojam. Studies further showed that 
mixed and continuous cropping system favored the activities of the whitefly. It is concluded that 
musk melon and cucumber equally favored the development of B. tabaci. Temperature at 30 oC 
enhanced rate of development, starved 1st instar crawler lived for 5 hours on dry blotting paper, 
more eggs were laid on proximal leaf sector and maximum nymphs were found on distal sector, 
maximum k-value was recorded on 5th node leaves, maximum mortality (dx) was recorded in egg 
and 1st inster nymph and the most effective mortality factors (dxf) were predation followed by 
EMDFM and temperature, higher ratio of parasitoids: whitefly were observed at Dadu and Thatta 
in spring, cylindrical shaped trap mounted at 6" above ground level gave more catches and the 
highest adult population of B. tabaci was recorded on the 2nd- node leaves at 8.00 a.m., cucurbit 
crops and brinjal were preferred hosts and the seasonal population due to mixed and continuous 
cropping was recorded more in spring and summer seasons than autumn in Thatta followed by 
Badin, Dadu, Tandojam and Sakrand.  
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CHAPTER-I 
 

INTRODUCTION 
 
 

The sweet potato whitefly, Bemisia tabaci (Gennadius) was explained over a century ago 

as a pest of tobacco in Greece and has since become one of the most important members of the 

family Aleyrodidae for its serious impact on tropical and subtropical agriculture. The fly is a 

polyghagus insect and has been recoded on different plant species including numerous field crops, 

ornamentals and weeds (Horowitz, 1986; Dowell, 1990).   

   B. tabaci has a host-range of well over 500 plant species (Greathead, 1986), high 

reproductive rate (Gerling et al., 1986), the cosmopolitan ability to disperse among hosts (Pimpale 

and Summanwar, 1884) and more than 10 generations year-round (Basu, 1995), and a tendency to 

develop resistance to many classes of insecticides (Dittrich et al., 1990) have made it a serious 

threat to agriculture. Previous distributions of this insect were limited to some regions. However, 

in the past two decades, B. tabaci is found every part the world (Cock, 1986 and 1993).    

      In addition to direct damage by feeding on plant sap, the insect is known to vector 

more then hundred plant viruses, causes incapacitating plant disorders of unknown etiology. It 

excretes honeydew that reduces the products of plants by disturbing the photosynthesis (Basu, 

1995). Excretion of honey dew by all its life stages during heavy colonization encourages growth 

of sooty mould a fungus that can cause serious indirect damage to some crops. Accumulation of 

honey dew on leaf or fruit surface, which affect yield both in quantitative and qualitative term 

(Horowitz et al., 1984 and Henneberry et al., 1998). 
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                   Although B. tabaci is known as a key pest, quantitative data on the damage or 

economic threshold are conspicuously scarce. Large population of nymphs and adults can greatly 

reduce plant vigor by sucking sap. At the result, chlorotic spots appear on leaf surface, that follows 

wilting and leaf shedding that influenced the yield of host plants to great extend. Mourad (1996) 

reported that due to the fly infestation yield of cotton was serious reduced i.e., decreased number 

of bolls and decline in weight of seed and lint per boll. Byrne et al. (1996) cited an estimated 

population of 80 million adult per hectare on defoliated cotton. However, direct damage due to 

feeding would not appear to have been a matter of such concern, as reflected by the general lack of 

attention to this aspect.  

 Its lower levels of population can cause huge damage to host crop plants by 

transmitting various viral diseases i.e. yellow tomato leaf curl virus (Sastry and Singh, 1973) 

estimated 20-95% loss to tomato yield due to TLCV disease in India), cucurbit yellow stunting 

disorder virus, okra yellow vein mosaic, bean golden mosaic. Bock (1982) reported 40-100% yield 

loss), cotton leaf crumple, squash leaf curl, lettuce infectious yellows virus. Duffus et al. (1986) 

reported 100% infection) cassava in African cassava mosaic virus (50-70% loss), tomato necrotic 

dwarf virus etc, (Duffus, 1987; Holt et al., 1989; Harrison, 1994 and Basu, 1995). In fact, 

agriculturists are much more concerned about the role of whitefly as a vector than as a pest, due to 

colossal losses caused to various economic crops such as cassava, tobacco, grain legume, tomato, 

chilies, squash, melon, and various cucurbits, lettuce and papaya. Fauquet and Fargette (1990) 

estimated that the total reduction rose from disease cuttings, is at least 50%. Yadav and Dahiya 

(2004) mentioned mung bean yellow mosaic virus (MYMY) of mung bean (Phaseolus aureus) 

and black gram (P. mungo) is transmitted by B. tabaci, that is a major constraint to the cultivation 

of grain legumes in India. Verma and Singh (1989) estimated loss of over $300 million by MYMV 
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in black gram, mung bean and soybean. Brown and Bird (1992) have pointed out the disease 

prevalence as well as distribution of whitefly-borne viruses during the last decade. Yield losses 

range from 20-100%, depending on the crop, season, vector prevalence and many other factors.  

1.2      Taxonomy 

 Mound and Halsey (1978) reported that the majority of Bemisia species cannot be 

identified by the morphological characters of the adults. Taxonomy to Genera and species are 

usually defined according to the structure of the fourth nymphal instar, the so-called “pupal case”. 

The species Trialeurodes vaporariorum (Westwood) and B. tabaci can be recognized through the 

shape and size of their pupal case, depending on the cuticle of the host plant on which they feed. 

This host-correlated morphological variation and host-plant diversity has led to a large number of 

synonyms of B. tabaci as mentioned by (Lopez-Avila, 1986). It is reported that invasion of B. 

tabaci  induced silverleaf syndrome of squash, and irregular ripening of tomato fruits (Matsui 

1992a, Bharathan et al., Schuster et al., and Yokomi et al. in 1990). Owing to deceptive 

infestation of the whitefly that causes squash silver leaf disease, Perring et al. (1993) have 

proposed that this whitefly, which is morphologically indistinguishable from B. tabaci, is a 

distinct species on the basis of allozymic frequency analyses, crossing experiments, and mating 

behavior studies. They refer it to the previously called the Poinsettia strain, as “silver leaf 

whitefly”. The whitefly which causes irregular ripening of tomato fruits may also be the same. 

However, they are not convinced that it is a separate species. 
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1.3      Biotypes 

 

Due to evolutionary changes, strain, biotype, species and species-complex of B. tabaci are 

under consideration (Brown et al., 1995). Allozyme research suggested that the B-biotype belongs 

to the Old World and the A-biotype to the New World group (Brown et al., 1995). Some areas of 

Asia and Africa do not have the B-biotype (Frohlich and Brown, 1994). Many researchers did not 

distinguish its biotypes, but the host plant and the origin. In cases where the biotype was not 

distinguished, the procedures of Costa and Brown (1991), Costa et al. (1993a, b) and Deguine et 

al (1998) were used. Similarly, Bethke et al. (1991), Powell and Bellows (1992a, b) and Quintero 

et al. (1998) used Bemisia populations from the Imperial Valley in California, USA during the 

1980s before the introduction of the biotype B. The biotype of these populations was not 

identified, but might be biotype A. These populations probably have been competitively displaced 

by biotype B and no cryogenic specimens are available for genotypic identification (Basu, 1995).  

 

1.4     Life history 

           The whitefly has no quiescent or diapauses stage and its immature are immovable, the 

adults breed round the year by moving sequentially among various cultivated and non-cultivated 

host plants. In winters in affected areas of Sindh, whitefly is found on broccoli, cauliflower and 

lettuce, cucurbits and various winter weeds. It also appeared on cantaloupes, vegetables, and 

weeds in late winter and early spring. Cotton is the most abundant and favored host during the 

summer; and fall cucurbits and vegetables help it to complete the yearly cycle. The suitability for 

various host plants for reproduction and survival of the whitefly varies considerably. For, 

example, many cucurbits are a highly favored and nutritious host, brinjal is a somewhat marginal 
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host plant. Populations are at their lowest and most vulnerable during winter and reach outbreak 

levels during summer. Similar seasonal cycles where the fly persists year-round as mentioned by 

Baloch et al. in 1994).                                                                                                                                                

Because B. tabaci is a multiple-crop pest, development of sustainable, ecologically-based 

management strategies will depend on a mechanistic understanding of the factors governing pest 

population development in host crops and wild hosts. This seasonal cycle is highly complex and is 

governed by a broad array of spatially and temporally varying biotic and abiotic factors. The fly 

must disperse amongst and settle in to a patchwork of potential hosts. These host habitats vary not 

only spatially but temporally, because many consist of annual plant species or crops that grow 

during brief periods of the year. Once a new host has been located the insect must successfully 

develop and reproduce before the host or host plant parts perish. This species presents different 

challenges. The fly may differ in seasonality, population level and suitability. It may react  

differentially to environmental factors on various host species (e.g. frost tolerance), and support a 

different complex of natural enemies (Basu, 1995). 

The present research has been conducted to understand the biology and ecology of B. 

tabaci for developing economically-efficient and environmentally-sound integrated management 

systems against this pest. We have largely concentrated on cucurbits the secondary host of the fly 

in spring, summer and autumn. However, successful management is closely tied to an 

understanding of pest dynamics crops other than cotton’s primary host in summer. A great number 

of mortality factors affect the survival of B. tabaci; one such is natural enemies, weather, or host-

plant effects. The man-made factor is exemplified by insecticides or cultural manipulations within 

managed systems. An understanding of the timing, spatial distribution and magnitude of these 
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mortality factors is central to the study of population dynamics and is also key source to predicting 

pest outbreaks and developing better pest management systems. 

 Life tables are a convenient and robust method for describing mortality in a population 

and for quantifying probabilities of death from various causes. In the present study life table 

approach was used to study the dynamics of B. tabaci populations in melon during all four seasons 

of the study years, and the complementary role of abiotic and biotic factors in pest suppression. 

The goal was to compare and contrast the mortality factors at different times of the year. 

We hoped to better exploit weak links in the insect’s seasonal cycle leading to improved 

and more sustainable pest control. Study sites were established in three geographically and 

climatically distinct areas in Sindh. In each area “cucurbit agro-ecosystems” consisting of a 

sequence of 4-5 representative cucurbit hosts of winter, spring, summer and autumn crops were 

worked out. Within each of these host plants the population of whitefly and its associated 

arthropod natural enemies were observed. The studies were aimed to identify and quantify the 

mortality factors for eggs and nymphs of B. tabaci on melon crop. The overall research is an 

attempt to understand the complex dynamics of B. tabaci. The results of the study may improve 

models for forecasting population growth and outbreak of the whitefly and help to improve control 

the pest.  
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1.5     Objectives 

1). To evolute the biology of B. tabaci on two different hosts of cucurbitaceous. 

2). To determine the impact of constant temperatures on fecundity, hatching and 
development of B. tabaci and compare the same with two different regimes of 
field temperatures. 

3). To evaluate starvation capacities of newly hatched crawlers of B. tabaci. 

4). To determine distribution of premature stages of B. tabaci on melon leaf. 

5). To determine the effect of leaf age on oviposition and nymphal mortalities. 

6). To study life table of B. tabaci.   

7). To ascertain the suitable timing for counting B. tabaci adults and their dispersal 
in the melon field. 

8). To evaluate seasonal abundance of parasitoids on B. tabaci at different agro-
zones of Sindh  

9). To evaluate preferential distribution of B. tabaci on cucurbit and non-cucurbit 
crops 

                      10). To determine seasonal population variation of B. tabaci on various cucurbit                 
creepers at different agro-zones of Sindh. 
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  A field visit 
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CHAPTER-II 

REVIEW OF LITERATURE 

 

2.1 Biology of B. tabaci 

 

De Barro (1995) and Salas and Mendoza (1995) mentioned the duration in days from egg, 

to nymphs and transitional forms were: egg (7.30± 0.5), 1st instar (4.01±1.0), 2nd instar 

(2.70±1.10), 3rd instar (2.5±0.7) and 4th instar-pupa (5.8 ± 0.3) at 25 oC and 65% R.humidity. The 

total life cycle (egg to adult) lasted for 22.30 days. Adult lived female lived 19.0± 3.3 for days. 

The before oviposition the females lasted 1.4± 0.7 days and oviposition 16.7± 3.20 days. Egg-

laying was more than 194 plus minu 59.1 eggs/female with 86.5 % fertility. Sex ratio was  1♂ 

:♀2.7. Parthenogenesis occurred in virgin females. Morphometric measurements recorded from 

4th-instar nymphs of B. tabaci reared on cassava (Manihot esculenta) showed distinct 

diamorphisms i.e. (i) the small insects were male and (ii) the large ones female (Fishpool et al., 

1996). Viscarret and Botto (1997) reported that egg reached to "pupa" in 15.8±0.9 days and to 

adult in 17.7±1.0 days. The survival rate for the two nymphal instars, under the experimental 

conditions used in this study, was higher on eggplant [aubergines]. B. tabaci preferred melon to 

oviposit more eggs than cotton during a 6-h period though cotton was more preferred in previous 

experiments (Veenstra and Byrne, 1998). Abdullah and Singh (2004) reported longer period of all 

life stages at lower temperature. Pereira et al. (1996) reported that in a temperature controlled 

room, the average period for development from the egg stage to the adult was 27.2 days at 

25.7±0.7 oC and 14-hour photo phase. The average eggs incubation period, nymphal period, adult 

longevity, in the survival to adulthood ratio and the ratio of females and males were non-
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significant. Average fertility was significantly greater for females reared and ovipositing on 

tomato, P. vulgaris and E. pulcherrima (P <0.05) as well as for mature leaves compared to young 

leaves (P <0.05). Generation time (egg-egg) was significantly greater on tomato and P. vulgaris (P 

<0.05). The overall intrinsic rate for population increase (rm) was 0.095 ± 0.02 individuals per 

individual per day, with the greatest rate on tomato when reared in laboratory conditions. The 

same developmental period for B. argentifolii (= B. tabaci B-biotype) was mentioned by Villas-

Bôas et al. (2002). The slower developmental period 79.2 days at 15ºC, 21.8 days at 30ºC, and 

64% and 90% viability, respectively was observed by Albergaria and Cividanes (2002) and 

Sánchez et al. (1997). Viscarret and Botto (1997) determined the development of 2nd instar 3 days 

(between days 7 and 9 of development); 3rd instar 2 days (between days 10 and 11 of 

development) and 4th instar, 11 days (between days 12 and 21, as maximal emergence time for 

adult). At 25-28 0C, RH: 40-60% and 14: 10 day degree. Developmental time from egg to "pupa" 

was 15.8 ± 0.9 days and from egg to adult were 17.7 ± 1.0 days. The survival rate (1x) for the two 

nymphal instars was higher on eggplant [aubergines] than that on other host plants. In another 

attempt, EL-Helaly et al. (1971) and Li et al. (2003) studied the impact of seven constant 

temperatures (17, 20, 23, 26, 29, 32 and 35 oC) on development. The developmental periods from 

egg to adult varied from 48.7 days at 17 oC to 13.9 days at 29 oC and the linear regression was 

12.4 oC, which was estimated for a generation developmental threshold. The optimum temperature 

for its population growth was 26 oC, both extremely low (<17 oC) and high temperature (>32 oC) 

ayed the development. Egg to adult survival was 67.3%, 27.6% and 29.0% at 26, 35 and 17 oC, 

respectively. The longevity of females ranged 39.6 to 12.8 days at 20 and 35 oC, respectively, and  

fecundity ranged from 164.8 (20 oC) to 78.5 eggs (32 oC). There were significant differences 

(P<0.05) in longevity and oviposition at different temperatures and the highest rm was observed at 
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29 oC. The best temperature range for development was 25C to 30C as reported by (Butler et al., 

1983). Ghahari and Hatami (2000) reported   the egg to adult lasted 24.12 ± 0.51 days at 24 ± 1 

C, 65 ± 5% RH and 16:8 (L: D). At 30 C and LD 14:10, both egg load and levels of vitellogenin 

and vitellin increased when 2 to 3-day-old females of Bemisia tabaci were deprived of host plants 

in the laboratory (Veenstra and Byrne, 1998). Bosco and Caciagli (1998) maintained the 

developmental period on bean (Phaseolus vulgaris) plants at 9 constant temperatures (15, 16, 17, 

20, 23, 26, 29, 32 or 35 C). The developmental time from egg to adult varied from 70 days at 16 

C to 22 at 26 C and higher temperatures. A thermal requirement for egg-to-adult development of 

30.7 day-degrees was calculated, based on a lower developmental threshold of 11.53 C. The 

survival of B. tabaci at 0, 2, 4 and 6 C on broad bean for periods of 1-8 days indicated that adult 

was the most cold-sensitive stage, while the egg and nymph showed a similar level of cold 

resistance. The whitefly took 5 to 8 more days to develop at low temperatures. In an experiment 

on eggplant, Solanum melongena, Ghahari and Hatami (2000) reported that the egg, 1st, 2nd, 3rd 

and 4th nymphal instars took mean 7.33 ± 0.48, 3.37 ± 0.52, 3.25 ± 0.45, 2.51 ± 0.26 and 7.66 ± 

0.83 days, respectively. The female laid an average of 5.93 ± 1.67 eggs in a day. Life-span of the 

female and male ranged between 20 to 28 and 19 to 23 with an average of 26.44 ± 1.17 and 20.88 

± 1.54 days, respectively. Four nymphal instars were identified and three sub stages for the 4th 

nymphal instar were determined. There was a positive correlation between nymphal instars and 

average body length and width at 24 ± 1 C, 65 ± 5% RH and 16:8 (L:D) while it was slightly 

different on Lantana camara, at 25 ± 2 C, 70-90% RH and 14:10 (L:D) photoperiod reported by 

Ghahhari et al.(2001). In multiple choice tests in field cages, the highest fecundity by B. tabaci per 

100 cm2 was recorded on eggplant followed by cocklebur (weed), spanich Flag (ornamental plant), 

cotton, devil’s horsewhip (medicinal plant) and tetragona (wild cucurbit). Development of nymphs 
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was highest on tetragona and eggplant followed by others. In no choice test, 23 plant species 

including three crops, three fruit and forest plants, five ornamental plants and twelve weeds were 

compared for their preference for oviposition and development. Oviposition preference was in the 

order of Hamelia patens followed by S. melongena, L. camara, Morus alba, G. hirsutum and 

others. Citrullus tetragona proved most suitable host for the development and survival of B. tabaci 

followed by Cucumis melo, Physalis allkakengi [Physalis alkekengi], L. camara, Celosia argentia 

[Celosia argentea], G. hirsutum, S. melongena and others. Mean total developmental period varies 

from 18.5 to 22.5 days, minimum on L. camara and maximum on Withania somnifera followed by 

others (Attique et al., 2001). Ahn et al. (2001) investigated development and reproduction of B. 

tabaci under different temperatures (15, 20, 25 and 30 oC) and host plants. The developmental 

period from egg to pre-adult of whiteflies was 86.2 days at 15 oC and 17.0 days at 30 oC. The 

effective temperatures for development of egg, nymph and for the total development (egg to 

emergence) were 10.1, 11.6, and 11.1 oC and 110.3, 204.7 and 317.3 degree-days, respectively. 

The hatching and emergence rates were 87.0 and 76.7% at 25 and 20 oC, respectively. Adult lived 

for 23.6 days at 20 oC and 14.0 days at 30 oC. The highest average fecundity per female was 103.3 

at 25 oC, but there were no significant differences among the temperatures. The maximum intrinsic 

rate of natural increase was 0.196 at 30 oC and the highest net reproduction rate was 97.33 at 25 

oC. Development period from egg- pre-adult stage was observed on tomato, red pepper, aubergine 

and poinsettia. It was observed that maximum developmental period from egg to pupae was taken 

red pepper (28.1 days) and minimum on tomato (21.2 days). Colkesen and Sekeroglu (1987) and 

Lopez Avila (1986) worked on fecundity and found highest oviposition at 25oC in cotton crop. 

Wang and Tsai (1996) studied the development, survival and reproduction of the aleyrodid 

Bemisia argentifolii on eggplants [aubergines] at 6 constant temperatures (15, 20, 25, 27, 30 and 
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35 oC).  The development time from egg to adult varied from 105 days at 15 oC to 14 days at 30 

oC. The survivorship from egg to adult was 89% at 25 oC, and at 15 and 35 oC the survival 

percentages were 40 and 37, resp. The average longevity of adult females ranged from 44 days at 

20 oC to 10 days at 35 oC. The oviposition (eggs/female) of B. argentifolii varied from 324 at 20 

oC to 22 at 35 oC. Fekrat and Bor (2005) studied the biology of B. tabaci on three cultivars of 

eggplant.   

 

Chaudhuri et al. (2001) observed high infestation levels from mid-February to mid-March 

when temperature, relative humidity (RH), sunshine h per day and rainfall were 17.07-22.13 C, 

65.29-72.78%, 7.79-8.9 h per day and 5 mm, respectively. Under laboratory conditions, pest 

activity was higher in October-November than in other months. Developmental stages were longer 

in duration (40 days) during December-January when temperature was rangimg from 21.13-25.60 

C and RH from 60.58%, respectively. Developmental stages were shorter in duration (19.57) 

days during October-November at a temperature of 26.98-29.20 C and RH of 71.87%. Life cycle 

was negatively correlated with temperature and RH. B. tabaci developed significantly faster on 

tomato, tobacco and cucumber than on sweet pepper and cotton at 18 C, while it developed 

significantly faster on cotton and slower on tobacco at 30 C. The highest mean longevity of males 

(19.25 days) and females (24.5 days) at 18 C was recorded on cucumber and cotton, respectively. 

The highest mean longevity of males (8.55) days and females (11.7) days at 30 C was recorded 

on sweet pepper and cucumber, respectively. Increasing the temperature from 18 to 30 C 

increased the fecundity of B. tabaci on all host plants. Fecundity was highest on cucumber (47.1 

eggs) and cotton (46.3 eggs) at 18 C and on tobacco (98.1 eggs) at 30 C (Al-Zyoud and 

Sengonca, 2004). Powell and Bellows et al. (1988) reported that under constant temperature the 
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mean numbers of eggs laid on cotton and cucumber was 171.56 and 73.75, respectively. Abdullah 

and Singh (2004) mentioned that adult live longer with decreased temperature. 

 

2.2 Temperature 

 

Aspiazu et al. (1995) described the life cycle of Bemisia tabaci on tomato under laboratory 

conditions at 22.4 ± 5.4 C and 78.5 ± 5.1% RH. Gupta et al. (1998) reported that minimum 

temperature and evening relative humidity were significantly correlated with the whitefly 

population over time. The effects of constant temperatures of 20, 25, 30, 35 and 40 C on 

development of Bemisia tabaci were investigated in the laboratory. The amount of time spent in 

the different instars varied at different temperatures (Balaji and Veeravel, 1995). Wagner (1995) 

mentioned that the development times of eggs, nymphs, and the combined immature stages were 

temperature-independent. Umar et al. (2003) stated that the population of whitefly was positively 

correlated with temperature and relative humidity. Cabrera-Asencio and Bastidas-López (2000) 

applied Wedelia trilobata extract to control Bemisia tabaci population in the greenhouse at 31 C 

and 72% RH. Berlinger et al. (1996) suggested that survival potential was directly proportional 

with temperature conditions prevailing during the previous 10 h. Ninety percent survival of 

whitefly after 2 h exposure was observed at 25 C and 100% RH and at 41 C and 20% RH it was 

<2%. Cent percent mortality of whiteflies was recorded if the exposure was more than 2 h at 41 C 

and 20% RH. Survival rates decreased slightly after experimental whiteflies were kept in a cage 

with food a further 20 h at 25 ± 2 C, 55 ± 5% RH. on bean (Phaseolus vulgaris) plants at 9 

constant temperatures (15, 16, 17, 20, 23, 26, 29, 32 or 35 C).  Longer development of 70 days 

was recorded at 16 deg C and than 22 days at 26 C. A thermal requirement for egg-to-adult 
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development of 30.7 day-degrees was calculated, based on a lower developmental threshold of 

11.53 C. The survival of all life stages of whiteflies was determined at 0, 2, 4 and 6 C on broad 

bean (Vicia faba) for periods of 1-8 days, which resulted that the adult was the most cold-sensitive 

stage, while the egg and nymph showed a similar level of cold resistance. Hindered % mortality 

was observed in B. tabaci when exposed to 44 0C for 30 minutes (Furuie, 2006). Bonato et al. 

(2006a) recorded development time 20 and 56 days at 30 and 17 °C, respectively. 10.2°C was the 

lowest thermal threshold and the optimal temperature for immature development was 32.5 °C. 

Average eggs per female were laid 105.3 and 41 at 21 and 35 °C. The longevity decreases with 

temperature increase. The rm were estimated 0.0450 and 0.123 at 17 and 30 °C, respectively. 

 

 Vetten and Allen (1983) noted pronounced effect of seasonal temperatures on B. tabaci. 

von Arx et al. (1983a) show a great diversity in whitefly population due to increase in temperature 

and decrease in RH %. Further, that temperatures and RH are highly detrimental to egg hatching 

and mortality of crawlers and young nymphs. The whitefly species was found in open field 

conditions on tomato, eggplant and French bean in Italy in the areas, which are having by less than 

5 frost days per winter and by annual mean temperatures >16 C. (Bosco and Caciagli, 1998). Bao 

Li et al. (2006) reported the optimum temperature for B. tabaci population growth was 26 oC, both 

extremely low (<17 oC) and high temperature (>32 oC) delayed the development. Egg to adult 

survival was 67.3% at 26 oC, 27.6% and 29.0% at 35 oC and 17 oC, respectively. The females 

lived for 39.6 mean days at 20 oC and 12.8 mean days at 35 oC and so as oviposition, which varied 

from 164.8 -78.5 eggs at 20 to 32 oC, respectively. Both the longevity and oviposition were 

significantly different (P<0.05) at different temperatures, and the rm at 29 oC was the highest. E. 

formosa parasitized all 4 instars of the B. tabaci on tomato at 25 oC in the laboratory (Xu et al., 
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2003). Lacey et al. (1999) studied the effects of temperature on incubation and duration on the 

survival of B. argentifolii eggs and red-eyed nymphs. Hatching of the eggs on rooted cabbage 

leaves when to 94-56% when stored at 10 oC for 3-28 days, respectively, whereas the viability of 

eggs incubated at 5 oC declined rapidly after 3 days. Control eggs on rooted cabbage leaves held at 

24 oC had 96% hatches. Mortality of red-eyed nymphs increased when incubated at 2, 5, and 10 oC 

for 3-13 days. 

 

2.3 Starvation 

 

Nair and Nene (1973) Virus acquisition and inoculation feeding by Bemisia tabaci each 

required a minimum period of 15 minute. Starvation, particularly before acquisition, increased 

transmission efficiency. The incubation period in the vector was >3 h. Disease expression was the 

same irrespective of the number of vectors. The virus was retained by the vector until its death (10 

days) but transmission decreased with period of retention. Murugesan and Chelliah (1977) 

revealed that a single viruliferous example of Bemisia tabaci (Gennadius) was able to transmit 

successfully yellow mosaic virus of green gram [Vigna radiata]. Maximum percentage infection 

was obtained when there were 10 examples/test plants, and when the vector was given a pre-

acquisition starvation period of 3 h and an acquisition feeding period of 24 h. The hatching of eggs 

took 8 h. High percentage infection results when the transmission feeding period of the vector was 

24 h. The virus was retained by the vector for a maximum period of 4 days. There was no 

transovarial transmission, and first-instar nymphs could not acquire or transmit the virus. 

Muniyappa and Reddy (1983) studied individual adults of Bemisia tabaci (Gennadius) acquired 

cowpea mild mottle virus (CMMV) after an acquisition feed on infected soybean plants and 
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transmitted it within 5 min to healthy soybean plants. Starvation before the acquisition feed had no 

influence on transmission, but starvation after the acquisition feed decreased transmission 

frequency. Irrespective of the length of the acquisition feed, the ability to transmit CMMV was 

retained for only 4 successive inoculation access periods of 5 min each, but adults that lost the 

ability to transmit the virus could acquire and transmit it again. CMMV was not detected by 

enzyme-linked immunosorbent assay in adults that had been provided with access to infected 

plants for 1-8 h. Berlinger et al. (1996) described the ability of B. tabaci to survive in a range of 

environmental conditions in the laboratory. The range of temperature and humidity corresponds 

summer migration of B. tabaci in Israel. A logistic regression model was described when adult 

whiteflies were closely exposed to combinations of temperature (25, 30, 35, and 41 C) and 

relative humidity (20, 50, 80, and 100%) for periods of 2, 4, or 6 h by using stepwise regression. 

Survival reached 90% at 25 0C for 2 h exposure as compared to <2% survival at 41 C and 20% 

RH.  Mortality rates increased slightly 20 h at 25 ± 2 C, 55 ± 5% RH. Hunger and infection by 

TYLCV both increased mortality. Nauen et al. (1998) mentioned that mean survival times of >48 

h for female adults placed on agar without leaf discs. Veenstra and Byrne (1998) reported that the 

females starved as well as denied the opportunity to oviposit had an effect on fecundity and 

reproductive physiology. The females removed from plant for 24 h had impact on vitellogenin and 

vitellin, which increased by 69% per female and egg load increased two-fold in approximately 4.5 

h. However, lipid content decreased significantly over an 8 h period. Thus, lake of nutrients has no 

impact on vitellogenin synthesis and the formation of mature eggs. They further reported that 

females built up both vitellogenins and lipids when restricted on old leaves rather young leaves. A 

pre-acquisition starvation period of 3 h gave 100% transmission of pumpkin yellow vein mosaic, 

but post-acquisition starvation reduced the transmission efficiency (Jayashree et al., 1999 and 
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Surendran et al., 2000). El-Halim et al. (2000) showed that the females of a predaceous mite 

Euseius scutalis tolerated starvation for 6.60 days during which no eggs were laid. Females lived 

for 19.90 days and fecunded a mean of 15.50 eggs when starved for 4.00 day and then sate. 

Starvation or dehydration under settling deterrence or no-choice conditions caused greater 

mortality in adults. The effects of some bio-oils of vegetable (seed), groundnut, cottonseed, castor, 

soybean and sunflower, on all life stages of the sweet potato whitefly (B. tabaci) were studied in 

the laboratory. Settling deterrence due to these oils was noted that eventually had impact on 

oviposition and caused mortalities in all life stages. No difference in the behavior of the adults 

survived on oil residues and those which survived after starvation was recorded (Fenigstein et al., 

2001).  

 

2.4       Dispersal and distribution 

Bemisia tabaci is a week flyer and hence dispersed mainly by the action of the wind. Most 

movement takes place with in a crop at a low level to locate fresh feeding or oviposition sites. The 

fly tried to select suitable plant and leaf to oviposit (Ekbom and Xu, 1990).  Mohanty and Basu 

(1987) believed that the distribution of immature varied widely. The stages were correlated with 

climate, particularly, temperature, Relative Humidity %, host plant canopy and host chemistry. 

This was endorsed by Horowitz (1986) who mentioned that eggs and young nymphs were found 

on leaves of the uppermost plant strata. Melamed-Madjar et al. (1982) reported that due to 

seasonal variation the most of the populations of immature whitefly remained on sixth to the 

eighth leaf node. Gerling et al. (1980) found the most pupae on these leaves, and von Arx et al. 

(1984) reported the most population of nymphs and pupae was found on the leaves of the main 

stem.  
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Yellow/green surfaces are a source of attraction for adult whiteflies (Lenteren and Noldus 

1990). Therefore the use of yellow sticky traps become a common tool, which is frequently used 

in scouting the populations of adult B. tabaci (Ohnesorge and Rapp 1986), however, its reliability 

is to be ascertained mentioned by Horowitz (1986). Later on in 2010 Naranjo et al. emphasized the 

use of yellow sticky trap for monitoring adult population of B. tabaci. Melamed-Madjar et al. 

(1982) found no significant differences between the number of adults caught by yellow traps and 

sampled on cotton leaves. The same correlation was observed by Matsui (1992b) on tomato grown 

in a greenhouse. Gerling and Horowitz (1984) and Horowitz (1986) mentioned that there was no 

difference in the population count of adults caught by vacuum cleaner and sampled directly on the 

leaves of cotton in field. Sampling of adult population through yellow sticky traps was reliably 

carried out by Hirano et al. (1995) in soybean and mung bean.  

 

Murugan and Uthamasamy (2001b) studied the dispersal behavior of adults of B. tabaci on 

cotton, using yellow sticky traps with commercial grade castor oil as an adhesive continued for 17 

weeks in the winter season crop and for 16 weeks in the summer season crop. They concluded that 

the traps caught more when placed horizontally than vertically and more when on the ground than 

above the ground. Gerling and Horowitz (1984) reported that the whiteflies within the cotton field 

flew near the ground, whereas in barren fields they flew >2 m above the ground; between 0600 

and 0900 h.  A greater number of aleyrodids was trapped in melon plots, suggesting movement or 

dispersal from lettuce to melon plots (Costa et al., 1991 and Byrne et al., 1996). When whitefly 

becomes out numbered in the field it starts dispersing to the neighboring field (Berlinger, 1986). 

Abdel-Megeed et al. (1994) evaluated the efficiency of yellow sticky traps for detecting and 
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monitoring Bemisia tabaci on cucumber during autumn. Considering trap height, the highest 

numbers of B. tabaci were trapped with yellow sticky traps at 0.5 m above the ground. Veenstra 

and Byrne (1999) mentioned that the whiteflies that dispersed out of fields and were flying at 

approx equal to 0.1 m above the soil surface, exhibited a reproductive physiology that was not 

significantly different from whiteflies that remained in cotton fields. Murugan and Uthamasamy 

(2001a) monitored whitefly, Bemisia tabaci, with yellow cylindrical sticky traps in a cotton based 

garden land cropping system revealed that the population of whitefly showed the same level of 

dispersal behavior for the entire period of observation during1991-94. Borad and Puri (1995) 

investigated the correlation between trap catches and temperature as well as morning vapor 

pressure was found to be positive and significant, whereas it was negative and significant with 

wind velocity. The effect of relative humidity and sunshine hours on adult dispersal was not 

significant. Nuessly et al. (1994) Yellow sticky card traps and cotton leaf samples were used to 

monitor adult and immature stages, resp. Adults trapped on yellow sticky traps (13 x 21 cm) 

placed horizontally 13 cm from the soil surface in cotton fields peaked at 5200 and 12800/card per 

week in two consecutive years respectively. Isaacs and Byrne (1998), Byrne (1999) and Isaac et 

al. (1999) reported that the marked whiteflies were trapped at four heights between 0 and 7.2 m 

above fallow ground, and at six distances between 0 and 100 m from the insect source. In the 

summers of 1995 and 1996, it was observed that after beginning the flight, the adults of B. tabaci 

were caught during a 2-3 h period, however, a negative exponential relationship between height 

and aerial distribution, and distance and aerial distribution was also observed. Tawfik and 

Ghabbour (1999) mount yellow sticky traps to monitor the dispersal of the sweet potato whitefly, 

Bemisia tabaci, from cotton fields to citrus, which also attracted adult male Aonidiella aurantii 

and its parasitoid Aphytis sp.   
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  Population of B. tabaci on different plant strata was well discussed by (Gerling and 

Horowitz, 1984). They mentioned that Red-eyed nymph stage of B. tabaci reached to a density of 

nearly 10/half leaf on 6th and 12th main stem node leaves, and 62/quarter leaf on 7th main stem 

node leaves. Naranjo and Flint (1995) reported the abundance of adult flies consistently more on 

mains tem leaves from the top stratum of cotton plants than on main stem leaves from the middle 

and bottom strata. The population of adult B. tabaci was maximum on 5th node leaves than the 

other node leaves till 7th node leaf on main strata of the plant. Musuna (1986) confined adult 

sampling unit that comprises the first two fully expanded main terminal leaves and one leaf at mid 

level of the plant. Ohnesorge and Rapp (1986b) found third and fourth instars in high number 

disproportionately on distal sectors of cotton leaves. Rao et al. (1991) they reported that nymphs 

and eggs were abundant on the lateral half of the cotton leaf Sectors A and D. Ohnesorge and 

Rapp (1986a) found significantly more nymphs inhabiting cotton leaves near the stem. This is 

because nymph crowded around sectors B and C of proximal part. 

 

Polston et al. (1996) mentioned the dispersion patterns of adult B. tabaci, which was 

fluctuated throughout the season with values of Morisita's index ranging from <1 (suggesting a 

uniform dispersion pattern) to >2 (suggesting an aggregated pattern). B. tabaci is able to disperse 

quickly over new areas and get used to plants of local flora (Sukhoruchenko and  Velikan, 2005). 

Hou et al. (2007) reported within-plant distribution of Bemisia tabaci on winter 

cucumber, Cucumis sativum L. The eggs, nymphs and pupae were non-significantly abundant 

form node leaf 6-9, 6-12 and 8-11, respectively, whereas adults were on leaves 8–12. 
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2.5       Leaf age 

 

Age and morphological characters of leaves such as color, hairiness and shape are major 

factors influencing host selection by Bemisia tabaci. Leaf age is a major factor influencing host 

selection by B. tabaci since the females prefer young leaves for oviposition (Ohnesorge et al., 

1980), she laid more eggs on   young leaves of soybean than on mature ones (Rossetto et al., 

1977). Horowitz (1983) obtained ample indication  of the effect of age structure of cotton leaves 

on fecundity, which has drastically reduce in September compared to that in June. Mound (1983) 

reported the better acquisition of virus by whiteflies from young leaves suggest better feeding 

behavior on such sources that contain the highest concentration of soluble nitrogen. This could be 

due to higher nitrogen contents and pH of their leaves (Jackson et al., 1973). Ven Boxtel et al.  

(1978) noted that B. tabaci probes with its stylet almost any surface on which they alight. If they 

happen to land on favorable pH-level crop, they stay on it for feeding and egg lying. If the pH is 

an unfavorable (of less pH value) host the fly migrates to neighboring host (Van Sas et al., 1978). 

Harr et al. (1980), Berlinger et al. (1983) and Cain et al.  (1985) found that crop canopy and pH 

values of host play a major role in the pest abundance. The adults oB. tabaci discriminate host 

plants having a difference of 0.25 in pH values of 6.0- 7.254.  von Arx et al. (1983a) found 

fecundity to be dependent on leaf age. Site selection for feeding and oviposition are strongly 

interlinked. Young leaves may serve as the best compromise, meeting nutritional requirement of 

the adults and providing condition or optimal development of the immature (van Lenteren and 

Noldus, 1990). Oviposition preferences based on leaf age, leaf height, surface orientation and the 

presence of insecticide residues were determined for B. tabaci on Lantana camara. Young leaves 

at high levels were more preferred for oviposition than lower levels old leaves so as the abaxial 
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leaf surfaces than adaxial, although this preference was by reversing the normal leaf position, that 

is, by placing old leaves at high levels and young leaves at low levels. Preference for the abaxial 

leaf surface did not increase after reversing the orientation. Ghahhari et al. (2001) mentioned that 

leaf age and height did not significantly affect sex ratio and pupal size (body length), but affected 

the longevity, survival and fecundity, which were fewest on lower and old leaves. Omran and El-

Khidir (1978) studied on the oviposition of Bemisia tabaci (Gennadius) on cotton showed that the 

whitefly attached its eggs to the base of the leaf hairs. This appears to be the reason for the 

resistance of smooth-leaved cotton varieties to this species, as compared with the susceptibility of 

hairy-leaved varieties, is that the insect requires hairs on which to attach its eggs. Baloch et al. 

(1982) and Sippell et al. (1983) investigated the characters conferring resistance to Bemisia tabaci 

(Gennadius) in cotton, low leaf-hair density and deeply lobed cotton leaves reduced infestation, 

the 2 characters conferring 40 and 20%, respectively. Host searching and attack by a parasite on 

the aleyrodid is known to be more successful on smooth than hairy foliage, and leaf shape 

influenced the microclimate. Similarly, Flint and Parks (1990) mentioned that leaf trichomes 

(ranging from 2 to 98/cm2) had the greatest numbers of nymphs (ranging from 0.4 to 11.3 

nymphs/leaf). Kishaba et al. (1992) suggested that trichome configuration (density and 

arrangement of different lengths) could be a factor in reduction of whitefly oviposition on L. 

siceraria. Balaji and Veeravel (1994) reported that B. tabaci laid the greatest number of eggs on 

MDU-1 (9.2) of brinjal with the greatest number of hairs (7200/cm2), and group of hairs (1200) 

compared to other varieties. The multiple correlation of oviposition preference with plant physical 

character was r = 0.974. Ashraf et al. (1999) reported that leaf morphology plays vital role in 

avoiding or restricting the whitefly.  

 



 24

Butter and Vir (1989) correlated the population of B. tabaci between hair density and leaf 

thickness, they mentioned that the population was positively correlated with hair density and leaf 

thickness, and a positive correlation was also found between the adult population and gossypol 

glands on stem internodes. Sparsely hairy genotype was found to be more resistant to B. tabaci 

than velvety hairy. The thinner and glabrous leaved cotton varieties had minimum infestation. 

However, these observations had a little contrast with Ayyasamy and Baskaran (2005) who 

showed the occurrence of B. tabaci was positively correlated with hairy varieties and negative 

with the leaf thickness on brinjal. Byrne and Draeger (1989) provided strong evidence of the 

nutritional status of the host on crawler mortality, which was cent per cent on mature lettuce 

leaves, compare to 58.10% on young leaves. Since eight out of 10 crawlers penetrated phloem 

tissue of both young and old lettuce plants, the absolute mortality on mature lettuce plants was 

attributed to poor nutritional status of the phloem tissue. Rao et al. (1990) reported the mean 

number of stellate hairs was 14.2/cm2, lamina thickness, and higher distance between the abaxial 

epidermis and phloem tissue were the main characters in resistant genotypes. Egg, nymphs and 

adult densities were negatively correlated on leaf position from under leaf surfaces to the centers 

of nearest minor vascular bundles of cotton leaves (Chu et al., 1999). Mohanty et al. (1996) 

observed no relationship between cultivar preference, leaf pigmentation and leaf hair density, but 

cultivars with a spongy leaf texture and smooth, less hairy leaves were preferred. Since whitefly 

nymphs are sessile except for a brief period after hatching, oviposition on young leaves that will 

outlast the period of immature development is essential for survival of the progeny. Rote and Puri 

(1991) reported a highly significant positive  correlation between whitefly population and nitrogen 

content of the cotton leaf. 
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2. 6      Life table 

 

Naranjo and Ellsworth (2001) have identified a large number of species of natural enemy 

from various agricultural systems, which act mortality agents of B. tabaci. In most of the systems, 

the intraguild predation and host plant influence the biological control of B. tabaci (Naranjo, 

2007a). Melamed-Madjar et al. (1979) and van Gent (1982) observed that under most agro-

climatic systems, melon creepers are inhospitable for biological studies in field conditions. 

Similarly, von Arx et al. (1983b), (Horowitz et al., 1984) and Baumgartner and Yano (1990) have 

suggested that reasonable repetition and designing model help to determine main mortality factors. 

von Arx et al. (1983a) in Sudan, Horowitz, et al. (1984) in Israel, and Borad and Puri (1991) in 

India reported the significance of life table analysis on cotton and brinjal crops. Very little work 

has been reported with regards to the role of natural enemies in regulation of B. tabaci population 

dynamics in any system (Naranjo and Ellsworth, 2001). Baumgartner and Yano (1990) 

emphasized for repetition of work to prepare a models for main mortality factors. Ren et al. (2002) 

reported that N. oculatus is a predator of whiteflies including Bemisia tabaci and B. argentifolii. N. 

oculatus performed well as mortality factor for B. tabaci at optimum temperature 26 0C in 

greenhouses. Huang et al. (2008) reported Axinoscymnus cardilobus (Coleoptera: Coccinellidae) 

one of the major mortality factors for all life stages of B. tabaci. Albergaria et al. (2003) collected 

leaf samples of soybean during eight generations of the whitefly for parasitoid Encarsia spp. The 

number of living, dead and parasitized insects, and the age distribution were registered for each 

leaf. The correlation coefficients for egg mortality (0.1954), first-instar crawler (0.5610) and 

pupae (0.168) were not significant, but those for second- and third-instar nymphs were significant 

(0.7978 and 0.8641, respectively). Samih et al. (2003) studied the life table parameters of 
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populations of cotton whitefly, Bemisia tabaci (Hom.: Aleyrodidae). The x (Lx) started at the 24th 

day that ended at the 48th day. The 1st qx recorded at the 22nd day, which went to the peak at the 

49th day. At the initiation of development, the life expectancy (ex) was 26.9 that went to zero at 

the 28th day. Higher survival from birth to exact ages x (Lx) was recorded at the College of 

Agriculture (23) than at Gonbad (8) populations. Similarly, ex was higher in the College of 

Agriculture than Varamin populations.  

 

 Horowitz et al. (1984) and Horowitz (1986) studied the population dynamics of Bemisia 

tabaci (Gennadius) in cotton fields in Israel for 3 consecutive seasons (1977-80). Discrete 

generations of the pest were maintained by artificial infestation of plants in the field on 5 or 3 

successive dates during each season. The data were analyzed after constructing 11 life tables for 

the field and compared with data obtained under controlled conditions. The greatest mortality 

occurred during the crawler and 1st-instar larval stages. Parasitism was observed but was not a key 

mortality factor. Simulation life table studies indicate that weather conditions are suitable for the 

pest until late autumn, host-plant quality is an important factor in the life system of the pest 

(Baumgärtner et al., 1986). In another field study in cotton and aubergines, Borad and Puri (1991) 

reported that the highest mortality of Bemisia tabaci was recorded in the egg and crawler stages 

than pupal stage in all 5 generations. Weather factors were the main factors responsible for 

mortalities during different developmental stages, which is the endorsement of the work carried 

out by Ohnesorge et al. (1981) they found the rainfall pattern as the main factor affecting B. 

tabaci. 
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 In a life table studies Abou-Awad and Elsawi (1993) reported that the eggs of B. tabaci 

were preferred to those of C. pulcher. The number of eggs consumed daily by a female predator 

averaged 17, 12, 7 and 9 on the 4 prey species, resp. Azab et al. (1971) variation in longevity of 

adults depends on seasonal fluctuations of temperature. González Zamora and Gallardo (1999) 

studied the development and survival of immature stages, and the longevity and fecundity of 

females of the sweet potato whitefly, Bemisia tabaci on sweet pepper (Capsicum annuum) at three 

temperatures (20, 25 and 30 oC) in laboratory. The development time (egg to adult) was 36.85, 

19.78 and 19.90 at, (in two different assays) and 19.63 day at 20, 25 and 30 oC, respectively. 

Survival from egg to adult was 22.1% at 20 oC, 83.5 and 82.8% at 25 oC (in two different assays) 

and 38.30 percent at 30 oC. The mean longevity of females was 24.31, 14.13 and 7.68 days at 20, 

25 and 30 oC, respectively. The mean number of eggs laid per female was 60.47, 88.24 and 41.95 

at 20, 25 and at 30 oC, respectively.  Life table parameters rm and Ro were (0.062 and 22.68) (at 20 

oC), (0.152 and 71.92) and (0.122 and 16.60) at 20, 25 and 30 oC, respectively. The mean 

generation time (T) varied from 50.34 to 2, 02 days at 20 and 30 oC, respectively. It was concluded 

that for the proper development of B. tabaci on sweet pepper 25 oC is the most suitable 

temperature. Similar effects of temperatures were shown by Wang and Tsai (1996). Byrne and 

Draeger (1989) reported that the nutritional status of the host had stronger effect on crawler 

mortality. Due to poor nutritional value cent percent mortality was observed on mature lettuce 

leaves, compare to (58.1%) on young ones. .Life-tables of an experimental population of B. tabaci 

feeding on seven species of host plants (cucumber, aubergine, tomato, tobacco, pepper, cabbage 

and bean) at 25 oC were produced. Higher mortalities occurred during the 1st and 2nd nymphal 

instar and adult stages. The intrinsic rate of increase (rm) varied from 0.2445 to 0.3424 with rm 

higher on tomato and cucumber and lower on bean plants (Xu et al., 2003). Nawar et al. (2001) 
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mentioned Phytoseius plumifer (Canestrini & Fanzago) as one of the mortality factors of B. tabaci. 

The fungal infection was heavy on 4th instar. A very few researchers have reported pathogen on 

aleyroids (Nair and Nambiar, 1984; Fransen, 1990). Naranjo and Ellsworth et al. (2005) reported 

that the predation is of the most key factors, which attributed in the highest mortality during the 

4th nymphal stadium, the average survival rate over 14 generations was 6.6%. Wind, rainfall, and 

predator densities were associated with displacement, and predation rates were positively 

correlated with the population of Geocoris spp., Orius tristicolor (White), Chrysoperla 

carnea Stephens, and Lygus hesperus Knight. A little density-dependence disturbance was 

observed. Moreover, Naranjo et al. (2010) reported the influence of these abiotic and biotic factors 

on birth, death, immigration and emigration rates of B. tabaci. Kutuk et al. (2008) mentioned 

Serangium parcesetosum Sicard one of the best predators of B. tabaci. Sengoneca at el. (2004) 

reported the same beetle as one of the mortality factors in life table studies of B. tabaci. Podoler 

and Rogers (1975) observed predators avoided whitefly crowds. They identified it one on the key 

factors in two to three seasons. Naranjo (2007b) estimated survival rates of crawler stage of 

Bemisia tabaci between still-air and artificial wind treatments in the greenhouse, which was non-

significant. Survival of the crawler was relatively high under both greenhouse and field conditions. 

A very little portion of the population of the crawler could not settle on the original leaf surface on 

which the eggs laid. Mansaray and Sundufu (2009) mentioned that the overall developmental 

period was lesser on soybean than garden bean. More fecundity and longevity in soybean were 

recorded at 26.0 ± 0.5 oC, 70 – 80% RH and a photoperiod of 14:10 (L: D) under laboratory 

conditions. Demographic parameters revealed that soybean is a better host plant than garden bean.  



 29

2.7      Predators  

 

Rasmy et al. (2003) investigated the effects of diet on the biology and predation capacity 

of the phytoseiid mite Amblyseius zaheri. The predatory mite developed and reproduced when fed 

with nymphs of the whitefly, Bemisia tabaci; the developmental period increased and reproduction 

decreased on an artificial-pollen diet, the citrus brown mite Eutetranychus orientalis and  B. 

tabaci. During the oviposition stage, A. zaheri female consumed daily five individuals of B. tabaci 

(Abou-Awad et al., 1998). Seif (1981); Sharaf (1982a); Horowitz (1983); Gerling et al. (1986) 

they mention predators which were responsible for nympal mortality were anthocrides, coccinellid 

beetles, chrysopid and acarines.  El-Kareim (1998) evaluated the searching rates of the predators, 

Chrysoperla carnea and Coccinella undecimpunctata on stems of Latania camara at different 

ratio of prey and predators in the laboratory at 30 ± 2.2 oC and 66±3.2% RH (August), 2 5± 3.2 oC 

and 68 ± 4.0% RH (October), and 20 ± 2.5 oC and 76 ± 33.5% RH (December), with Bemisia 

tabaci as prey. The natural enemies were tested at densities of 1, 3, 5, 7 and 9 individuals/stem 

with 50 2nd-instar prey larvae. Chrysoperla carnea had a higher searching rate than Coccinella 

undecimpunctata. Key factor analysis proved that 1st-instar larvae had the highest sensitivity to 

mortality of the immature prey stages. Zulfiqar et al. (1999) studied the biology of B. suturalis 

under semi-natural conditions. This predator remained active from June to October, feeding on B. 

tabaci. 

 

  Urbaneja et al. (2003) found mirid bug, N. tenuis (Cyrtopeltis tenuis) a polyphagous 

predator feeding on four different preys including the nymphs of B. tabaci. Benuzzi and Mosti 

(1994) and  Albajes et al., 1996) mentioned several species of mirids as native polyphagous 
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predators in the Mediterranean basin, and among them, Dicyphus tamaninii is of particular interest 

which preying on whiteflies, B. tabaci. Abboud and Ahmad in 1998 investigated the effect of 

temperature and four prey species of whiteflies on development of the immature stages of the 

predator, Serangium parcesetosum. The predator took lesser time to develop when fed on B. 

tabaci as compared to Aleurothrixus floccosus and Dialeurodes citri, at 25 0C, respectively. The 

suitability of Aphidoletes aphidimyza and Chrysoperla carnea for the biological control of B. 

tabaci was evaluated by (Bene et al., 1993). Longevity of Deraeocoris pallens on B. tabaci at  25, 

30 and 35 0C, LD 16:8 and 65% RH was recoded 39.5, 16.7 and 14.5 days, respectively (Ghavami, 

1994). Petitt (1992) reported the biological control of Bemisia tabaci by Chrysoperla rufilabris. 

Gerling et al. (1997) reported big-eyed bugs (Geocoris pallens), Delphastus pusillus, several 

parasitic Hymenoptera as biocontrol agents. Similarly, entomogenous fungi were reported by 

(Becker et al., 1992). Coccinellid predator, Axinoscymnus cardilobus showed good potential for 

biological control of B. tabaci, especially in greenhouse situations (Alomar et al., 2003) and on 

tomato crops (Jazzar and Hammad, 2004). Bonato et al. (2006b) mention that the predator 

Macrolophus caliginosus Wagner (Heteroptera: Miridae) preferred late instars and adults of B. 

tabaci. Huang et al. (2006) mentioned eggs were more preferred by the adults of Delphastus 

catalinae(Horn) (Coleoptera: Coccinellidae). Huang et al. (2008) also reported Axinoscymnus 

cardilobus (Coleoptera: Coccinellidae) predating all life stages of B. tabaci. Legaspi et al. (2006) 

and Naranjo (2007a) obseved intraguild predation of Geocoris punctipes (Say), Orius insidiosus 

(Say), and Hippodamia convergens Gu rin-M neville, on fourth instar nymphs of B. tabaci. 

Kutuk et al. (2008) mentioned that release of lady beetle Serangium parcesetosum Sicard gave 

better management of B. tabaci on eggplant. Sengoneca at el. (2004) reported the same beetle as 

one of the mortality factors in life table studies of B. tabaci. Lin et al. (2008) discovered a total of 
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13 natural enemy species in association with B. tabaci including the most active species such as 

Chrysopa sinica Tjeder, Leis axyridis Pallas, Propylaea japonica Thunberg, Orius similis Zheng, 

Misumenopos tricuspiaata, Deraeocoris punctulatus and Scolothrips takahashii. Tellez et al. 

(2009) reported the positive functional response of the "hunter fly" (Coenosia attenuata Stein) to 

adult B. tabaci.  

 

2.8      Parasitoids 

 

Goolsby et al. (1996) evaluated 19 strains of the genera Eretmocerus and Encarsia as 

potential parasitoids of the aleyrodid, Bemisia tabaci infesting melons.  Otim et al. (2006) reported 

Eretmocerus mundus and Encarsia sophia on B. tabaci on cassava. No overall significant 

difference in parasitism percentages was observed except on some dates. Encarsia sophia is a 

parasitoid of new and old world (Heraty and Polaszek, 2000). Hoelmer (2007) found three species 

of Eretmocerus i.e. E. harati, E .mundus and E. emiratus against B. tabaci on cantaloupe. Karut 

and Kazak (2007) reported that Encarsia lutea pupae were usually higher than Eretmocerus 

mundus cropping season on cotton leaves. Er. mundus is found in different agro-ecosystems 

through out the Egypt (Abd-Rabou 1998a, 1998b). Ciomperlik and Goolsby (2008) released thirty 

species of Eretmocerus and Encarsia parasitoids in multiple agricultural crops and garden 

plantings. Only Eretmocerus hayati was predicted to do well by over wintering, dispersing and the 

high attack rate.  

 

 Legget (1993), Steiner (1993), Stenseth (1993) and Amoroso, (2007) in different 

experiments proved that the aphelinid, Encarsia formosa preferred Bemisia tabaci in a pure 
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population and a mixed population with Trialeurodes vaporariorum. Lin and Stansly (1996) 

distinguished the age specific effect on oviposition, development, and survivorship of Encarsia 

pergandiella on B. tabaci, while Donnell and Hunter (2002); Lin and Stansly (2004) mentioned 

the influence of egg yolk content on developmental rates of E. pergandiella and E. formosa in B. 

tabaci hosts that were parasitized as 1st or 4th instars. Similarly, Harvey et al. (1999); Hu and 

Vinson (2000); Hu et al. (2002) described the parasitoid's perception for age and size of host 

suitability. Boethel and Eikenbary (1986) observed that searching efficiency of parasitoid wasp on 

the plant is hampered by host morphological characteristics. The better growth and development 

of a parasitoid was observed in later nymphal stages that are larger and nutritionally richer than 

younger stages, but the effect of host age vary with the parasitoid-host system under investigation 

(Hu and Vinson, 2000 and Hu et al., 2002). Hu et al. (2003) the parasitoid, Encarsia formosa 

demonstrated significantly slower development on 1st or 2nd instar than 3rd or 4th instars of B. 

tabaci. While Greenberg et al. (2008) mentioned that Er. mundus preferred and successfully 

parasitized the younger host instars than older ones as compared to En. Pergandiella. 

 

Adam et al. (1997) evaluated a species of Encarsia nr. pergandiella from Brazil appeared 

to be the most promising exotic aphelinid parasitoid of B. tabaci infesting melons. Pavis et al. 

(2003) found Encarsia Sophia the most common species on B. tabaci. Simmons and Abd-Rabou 

(2005) released E. sophia in a vegetable cropping system i.e. cabbage, cucumber, and eggplant for 

better management of B. tabaci.  Devine et al. (2000) and López and Andorno (2009)  mentioned 

E. mundus and Ardeh et al. (2005) considered Eretmocerus eremicus and Eretmocerus mundus the 

most effective parasitoids in dry tropical regions to control B. tabaci. Stansly et al. (2005) released 

Eretmocerus mundus and E. eremicus species against B. tabaci on pepper in 12 greenhouses to 
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compare their ability. E. mundus quickly replaced E. eremicus. E mundus only penetrate their eggs 

in 4th instars of the whitefly (Gelman et al., 2005a and b).  

 

Sharma and Batra (2003), Antony et al. (2004) and Bao Li et al. (2006) described Encarsia 

bimaculata as a potentially useful parasitoid of Bemisia tabaci. The parasitoids Eretmocerus 

mundus and E. mundus killed 30% and 5.7% of whitefly nymphs respectively. In summer towards 

autumn E. mundus was found on cotton as reported by (Birnie and Denholm, 1992). Fecundity of 

Eretmocerus mundus was measured by Urbaneja et al. (2006) on all instars of B. tabaci, which 

was more on pepper than tomato leaves. Meanwhile E. haldemani was observed to parasitising 

colonies of B. tabaci on greenhouse Abutilon indicum, Cestrum auranticum, Solanum jasminoides, 

S. sisymbriifolium and Lantana camara (Chumak, 2003).  However, investigatios of Sharma et al. 

(2003) revealed E. lutea as the pupal parasitism of B. tabaci attacking cowpea, green gram, kidney 

bean (Phaseolus vulgaris), black gram (Vigna mungo), soybean (Glycine max) and cotton 

(Gossypium hirsutum) while on soybean, black gram and cotton the parasitism percentages ranged 

from 3.70 to 7.69, 5.00 to 17.64 and 6.67 to 45.11%, respectively, depending upon the climatic 

conditions. Studies conducted by Enkegaard (1993) on ovipositional preference of E. Formosa, 

4th-instar larvae and pre-pupal stages of B. tabaci were preferred more as compared to 2nd- and 

3rd-instar larvae. The preference for the pupal stage was low.  Videllet et al. (1997) reported   that 

Encarsia pergandiella preyed relatively more on third-instar nymphs (N3) of B. tabaci than fixed-

second- and fourth-instar nymphs. Since N3 is also the preferred host nymphal instar for 

oviposition. WeiHong et al. (2003) reported that E. formosa parasitized all 4 instars of the 

whitefly, but preferred the 3rd and pre-4th instars on tomato at 25 0C. Greenberg et al. (2000) and 

Tullet et al. (2004) studied temperature-dependent life history of Eretmocerus eremicus on two 
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whitefly hosts.  Bene and Landi (1991) mentioned that the aleyrodids Trialeurodes vaporariorum 

and Bemisia tabaci were controlled by 4 releases of the aphelinid, Encarsia formosa (6 

individuals/m2), starting in February, as long as the minimum temperature was 20 0C.Yoldas 

(1995) released E. formosa at the rate of 1 parasitoid per 5 whiteflies per leaf gave effective 

control against B. tabaci. Lacey et al. (1999) reported that the pupae of E. formosa parasitoid of 

the whitefly held at 10 0C for 3-13 days responded with 90-55% exclusion, respectively, whereas 

survival of those held at 2 and 5 0C  declined rapidly after 3 days (Zhang ShiZe Guo et al., 2004). 

Hoelmer and Simmons (2008) reported the paralleled population relation of parasitoid, 

Eretmoserus emiratus and B. tabaci on spring cantaloupe melons. Over the season, 23-84% the 

fourth instars of B. tabaci was visibly parasitized by E. emiratus. 

  

Gerling (1986) mentioned three species of the same in Pakistan. Li et al. (1987) Romeis 

and Zebitz (1997) and Chu et al. (2003) found no difference between the responses to honeydew 

excreted by adult and L3/L4 of B. tabaci while assessing habitat and host-searching behavior of 

females of Encarsia formosa using an airflow olfactometer and a filter paper test. The very young 

Eretmocerus larvae moved actively into the capsule, squeezing their bodies through a narrowing 

entrance hole. It was assumed that 1st-instar parasitoid larvae probably injected materials into the 

host to regulate capsule formation and to prevent normal host development. It is thought that 

developing within a capsule that is produced by host epidermis permits Eretmocerus to exploit the 

internal environment of the host without eliciting its internal defense reactions (Gerling et al., 

1991and Piron et al., 2002). Cohen (1982); Greathead and Bennett (1981); Bellows and Arakawa 

(1988) advocated that minimization of pesticides creates an environment in which natural enemies 

could thrive and multiply to our advantage. 



 35

 The populations of Bemisia tabaci and its parasitoid Eretmocerus mundus on cucumber 

(Cucumis sativus) cv. Rawa were examined during autumn and spring.  Negative correlations 

between temperature, plant factor and the rate of parasitism by E. mundus were found (Nguyen 

and Bennett, 1995) and Hunter et al., 1996). El-Ghany et al. (1992) reported that Eretmocerus 

mundus and Prospaltella lutea (Encarsia lutea)   reduced egg, larval, and pupal populations of the 

aleyrodid by more than 66%, resp. whereas, De Barro et al. (2000) measured rate of parasitism per 

day, and total parasitism performance of five aphelinid species parasitizing Bemisia tabaci on 

cotton, hibiscus, rockmelon (Cucumis melo), soybean and tomato. Two Eretmocerus spp., gave 

the highest levels of parasitism on each of the plant host species, parasitism were positively 

correlated with whitefly population. McCutcheon and Simmons (2001) shown the activities of 

parasitoids at different plant surfaces of various host plants. The parasitism % varied from 45-90.  

They further mentioned the temperature range (25-35 0C) was optimum for parasitism by 

Eretmocerus. Burger (2002) reported whitefly density and E. Formosa life expectancy had a 

positive effect on optimum host-feeding ratio.  Bellamy et al. (2003) found no effect of three 

different release rates of Eretmocerus eremicus Rose on Bemisia tabaci (Gennadius) populations 

in open-field on cantaloupe, Cucumis melo. Otoidobiga et al. (2004) discussed the impact of 

augmentative release of Eretmocerus spp. (Hymenoptera: Aphelinidae) on the population 

dynamics of the whitefly.  

 

   Another Aphidinelid, Encarsia transvena is a potentially useful parasitoid in all nymphal 

stages but the highest percentages of parasitization occurred in third instar and fourth (early) instar 

of B. tabaci at 25-30 0C and 70-75% RH (Antony et al., 2003). Natarajan (1990) reported the 

population density of Bemisia tabaci and its parasitoids Eretmocerus mundus and Encarsia shafeei 
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[E. transvena] on 8 cotton genotypes with different densities of leaf hairs. Enkegaard (1994) 

presented temperature-dependent handling time and temperature-independent search rate, which 

was 0.033 leaves/h search rate and handling times of 1.54, 2.86 and 20.1 h at 28, 22 and 16 0C 

resp. Lin et al. (2008) discovered Eretmocerus sp and Encarsia Formosa as natural enemies of B. 

tabaci. Several authors have reported that larval parasitism is density-dependent (Benuzzl et al., 

1990 and Gerling, 1990). Lal (1981) recorded 29.05% parasitism with host-parasitoid ratio 2.10:1 

and lowest (6.81 %) with 24.00:1 ratio. 

 

Among entomopathogens, certain fungi, bateria and virus also play role in diminishing 

population of Bemisia tabaci on different host plants. Cherkasov (1986) attempted mass culturing 

of Verticillium to control the whitefly (Bemisia tabaci) on cucumber. Osborne and Landa (1992) 

discussed the potential of Aschersonia aleyrodis, Verticillium lecanii and Paecilomyces 

fumosoroseus against B. tabaci. Smith (1993) mentioned that the Paecilomyces fumosoroseus is 

the only species known to cause population-controlling epizootics in the field during the rainy 

season. Landa et al. in 1994 have developed vivo bioassay to assess and evaluate various features 

and characteristics of entomogenous fungi associated with Aleyrodidae, particularly Bemisia 

tabaci and Trialeurodes vaporariorum. The development of particular fungal pathogens was 

assessed based on (FDGI). Azevedo et al. (2000) detected and confirmed bands of double-

stranded RNA (dsRNA) in three out of twelve isolates of Paecilomyces fumosoroseus against the 

whitefly Bemisia tabaci. Fungi are more effective against B. tabaci on perennial plants (Oliviera et 

al., 2003). Zhen and Ren (2004) reported the utilization of A. aleyrodis and V. lecanii against 

aleyrodids and of P. fumosoroseus against Bemisia tabaci.    
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2.9      Host plants 

  

Bemisia tabaci is a highly polyphagus pest and has been recorded on very wide range of 

cultivated and wild plants (Basu, 1995 and Oliveira et al., 2001). It is one of the most devastating 

and universal agricultural pests having a broad range of hosts from crop plants, weeds and 

ornamental crops (Boykin el at., 2007). Othman et al. (2002) reported 49 plant species belonging 

to 17 families; most of them belonged to Solanaceae (9), Leguminosae (8), Cucurbitaceae (5), 

Malvaceae (4) and Euphorbiaceae. The tobacco whitefly was detected in 13 counties (Masten et 

al., 2004). Hsieh et al. (2006) reported more than 50 host plant species from 15 families in eastern 

Asia. Erol et al. (2006) found B. tabaci to colonize 152 plant species from 43 plant families in 

Turkey. Herren and Löhr (2001) described B. tabaci is one of the key insect pests of brassicas, 

onion and tomato. Simmons (2002) mentioned cantaloupe, collard, cowpea, Wallpepper, and 

tomato as host of B. tabaci. Herakly and El-Ezz (1970) reported that whitefly was found to begin 

in spring, and population increased during the summer, reaching maximum levels in September-

October. Infestation was heaviest on egg-plant [Solanum melongena], followed in decreasing 

order by potato, marrow, cabbage and tomato; broad beans [Vicia faba] were only slightly 

attacked. Whereas, Blua et al. (1995) reported that in choice and non-choice host such as marrow, 

cabbage and sugar beet, B. tabaci liad lower proportion of eggs on cabbage.  In an experiment on 

cucurbits (including marrow, melons and squash) no significant differences in susceptibility were 

found. Populations were significantly lower on watermelon sown early than on those sown 

late. During the last week of September 1994 in Haryana, India, Bemisia tabaci assumed outbreak 

proportions on cotton and aubergines. By October 1994, tomatoes, cucumbers and ornamental 

crops were also heavily infested (Sharma and Batra, 1995 and Ghosh et al., 2004); legume crops 
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are the most preferred in intercropping (Natarajan et al., 1991).  Muzammil et al. (2004) reported 

Bemisia tabaci on some cucurbit crops, i.e. watermelon (Citrullus lanatus), Indian squash; by 

(Paris et al., 1993) on squash melon (Citrullus vulgaris var. fistulosus [C. lanatus var. fistulosus]), 

melon (Cucumis melo), and by Nyoike et al. (2008) on summer squash (Cucurbita pepo). These 

cucurbit species were affected by the whitefly. On lettuces and melons the air temperature 

correlated positively with the whitefly population, whereas, relative humidity displayed negative 

association to the pest. At 27±5 0C, 65±5% RH no significant difference between oviposition rates 

was recorded. However, significantly greater survival of offspring was recorded on melons (Costa 

et al., 1991). Moreno et al. (1993) evaluated range of cucurbit species and genera, including 

Cucumis melo, C. sativus and wild Cucumis spp., Citrullus lanatus and its wild relatives C. 

colocynthis, Lagenaria, Momordica, Trichosanthes, Benincasa, Cucurbita, Ecballium and Luffa 

were under conditions of natural infestation in the greenhouse. The wild species of Cucumis varied 

in susceptibility but complete resistance was found in 3 Cucumis metuliferus entries. Citrullus 

colocynthis was somewhat less seriously damaged than the highly susceptible watermelon. Luffa 

cylindrica [L. aegyptiaca] was resistant and E. elaterium; M. balsamina and Trichosanthes 

cucumerina were free of B. tabaci. Sever damage on pumpkin and cucumber was recorded by 

(Zhang et al., 2005).   Secker et al. (1998) mentioned that B. tabaci has the ability to colonize over 

600 different plant species and vector over 60 different plant viruses is the cause for great concern 

within agricultural regions of the world. Monsef and Kashkooli (1978) mentioned that with 

increase in temperature at the end of February, the over wintering pupae gave rise to adults, which 

flew to weeds then to cotton in 1st week of June when the crop had developed to a vulnerable stage 

for infestation. The populations reached their peak in August on early cotton crops (Zhou et al., 

2005) and in September on late ones (Luo et al., 1989).  Kisha (1981) observed natural infestation 
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by whitefly on 29 October, 25 November and 5 January on tomato. The population dynamics of 

the immature stages of Bemisia tabaci were studied on 15 food plants during early summer, 

summer and winter. Cucumber was the most infested food plant in all seasons, followed by 

marrows in summer and winter, and egg plant in winter (Singh et al., 2003). In early summer 

heavy infestations were generally found on cucumbers, tomatoes, pepper (Capsicum annuum) and 

okras (El-Sayed et al., 1991and Leite et al., 2005). Zaki et al. (2002) reported that Bemisia tabaci 

had no effect on the spring cultivated cucumbers as compared to autumn cultivated cucumbers. 

This was endorsed by Nguyen and Bennett (1995) and Hunter et al. (1996) they reported that high 

infestation occurred during autumn 1993 (429.75 eggs/20 leaves) with a peak of 79.25 eggs/20 

leaves on 55-day-old plants and 302.00 nymphs and 321.25 adults/20 leaves with a peak of 77.50 

adults/20 leaves on 95-day-old plants. Low infestation took place on spring plantations that 

received relatively low numbers of eggs, nymphs and adults with delayed population peaks. 

Significant and positive correlations were observed between temperature and relative humidity in 

the plastic house with B. tabaci populations. Patel and Jhala (1992) reported the population 

increased from August and peaked in December. Thereafter, numbers fell gradually and the 

aleyrodids were absent during May-July. November-January was the most favorable months for 

the reproduction and survival of B. tabaci. Sunflowers, brinjal [aubergines], sesame, Indian bean 

(Dolichos labalab [Lablab purpureus]) and mustard were the most preferred host plants, whereas 

black gram [Vigna mungo], cowpea, sweet potato and groundnuts were the least preferred host 

plants. The highest number (95.0) of the whitefly (immatures/cm2) was observed on cucumber 

crops grown in the field as compared to the greenhouse (10.7). Tomato had the 2nd highest 

population in the greenhouse. In the field, however, aleyrodid population appeared similarly on 

tomato and okra. C. annuum was the least preferred at both the situations. Byrne and Houck 
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(1990) and Horowitz (1996) mentioned that the population fluctuation (buildup) is directly 

proportion to early seasons, host quality and quantity. Aslam and Gebara (1991and 1995) and 

Baloch et al. (1994) recorded the incidence and abundance of the pest on chili during the summer 

season. While, El-Khayat et al. (1994) mentioned that cucumber was by far the most heavily 

infested crop, while, okra was the least infested crop in summer. El-Serwiy et al. (1984) studied 

the population density of Bemisia tabaci on autumn cucumber crops, they mentioned that 

maximum adult population was in September and immature were more in October and November. 

In winter planted crops, marrows and peas were the most preferred hosts. Greater infestation rates 

to summer crops were observed during May and sometimes July or August and the heaviest 

infestation levels were detected during November followed by December in winter. Gerling 

(1984) mentioned that in mild seasons B. tabaci did not diapause and continued to develop mainly 

in immature stages throughout all seasons. The population of whitefly reached the outbreak 

condition on cotton and soybean crops during November-February. Murugan and Uthamasamy 

(2001a) mentioned that the crops rose before, after and or along with cotton such as sunflower and 

groundnut assisted the whitefly to sustain; pulses (cowpea, green gram and black gram (Vigna 

mungo)) and sesame helped to establish its population during different months. Rabi and winter 

season sown crops recorded heavy population build ups owing to the favorable weather factors 

prevailed during these crop stand periods. El-Sayed et al. (1994) investigated the relationship 

between 3 weather factors (daytime temperature, night temperature and relative humidity in winter 

and summer). The relationships were in most cases significantly positive or negative, indicating 

simple correlation values between the 2 plantations. Furthermore, Bosca and Caciagli (1998) and 

Kumawat et al. (2000) observed that maximum temperature was significantly correlated with 

whitefly density on okra. Whiteflies started in the fourth week of July and reached peaks in the 
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second and fourth weeks of September, respectively. Safdar et al. (2005) reported that minimum 

temperature and relative humidity had significant correlation with whitefly population and severity 

of OYVMV disease. Whitefly population decreased with increase in the relative humidity. Singh 

et al. (1994) reported that cotton intercropped in citrus orchards exhibited more severe disease 

symptoms and higher incidence of its vector, Bemisia tabaci. Potatoes, sunflowers, tomatoes, 

chilies [Capsicum], cucurbits and rape were the main crops harboring the vector during the Rabi 

season. Ying et al. (2008) reported that the most preferred host was poinsettia followed by 

flowering Chinese cabbage, sweet potato, cabbage and tomato when tested together. 

 

               Lecoq et al. (2000) reported that cucumber vein yellowing virus (CVYV) is widespread 

in cucurbits in the Middle East. CVYV was transmitted by Bemisia tabaci in the semi-persistent 

mode. Livieratos and Coutts (2002) reported that of Bemisia tabaci is responsible for transmission 

of (CYSDV) RNA 2, in cucurbits. Abu- Jaawdah et al. (2000) and Dogimont (2001) screened the 

cucurbit yellow stunting disorder virus (CYSDV) and bright yellowing older leaves of melon 

(Juarez et al., 2004) transmitted by B. tabaci. Whereas, Yellow vein mosaic disease symptoms 

occur frequently in pumpkins [Cucurbita moschata] and bhindi (Muniyappa et al., 2003, Maruthi 

el al., 2007), TYLCSV-ES in tomato (Ioannou, 1992; Decoin, 2003;; Gangatirkar et al., 2004; 

Jiang et al., 2004). Dawood (1999) significantly differentiated between the mean numbers of 

adults per leaf and juveniles (egg, larvae and pupae) per square inch on squash and cucumber 

cultivars during both seasons. Cotillon et al. (2005) reported that interveinal yellowing on older 

leaves of cucurbits is provoked when Bemisia tabaci transmit Cucurbit yellow stunting disorder 

crinivirus in a semi persistent manner and cause significant economic losses in cucumber crops. 

Morales and Jones (2004) mentioned 30 distinct species of geminiviruses that are transmitted by 
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the whitefly, Bemisia tabaci infect common bean, tomato, pepper, cucurbits and other horticultural 

crops.  Palumbo et al. (2000) mentioned that the abundance of B. argentifolii and B. tabaci strain 

B, on lucerne during August-September harvests delayed crop maturity and significantly reduced 

forage yields by 13-18%. McCreight (1995) tabulated information on silver leaf whitefly (Bemisia 

tabaci B strain) resistance in 266 wild melons. Isaacs et al. (1998) found slower feeding rate of B. 

tabaci on the stressed melon plants than unstressed and the production of trehalulose varied in 

both the conditions. Influence of melon plant chemistry on life-history traits and flight activity of 

Bemisia tabaci was discussed by Blackmer and Byrne (1999) they reported that quantity of amino 

acids in phloem had great impact on developmental time and duration of flight time increased. 

Sultanova et al. (2002) reported that Bemisia tabaci damage cotton cultivars 108-F and 9883-I, as 

well as melon, watermelon, rose, aubergine, tomato and weed plants. García Carrasco et al. 

(1996) tested cucurbitaceous plants for virus, almost all plants of each species showed symptoms 

of disease transmitted by B. tabaci. L'Argentier et al. (1996) found Aleurothrixus aepim, Bemisia 

tabaci and Trialeurodes vaporariorum on Phaseolus vulgaris crops and associated weeds on 

samples taken from February to July. The virus was transmitted by Bemisia tabaci to 24 plant 

species in 6 families. Hosts included Phaseolus vulgaris, Capsicum, tobacco, tomato and several 

weeds, almost all of which developed leaf curl. This was endorsed by (Nateshan et al., 1996). In 

1998 and 1999 geminivirus-like symptoms were observed in Bemisia tabaci-infested pumpkins, 

honeydew melon and musk melon in Arizona and Texas, USA and in Coahuilla, Mexico. The 

causal organism was identified as cucurbit leaf curl virus (Brown et al. (2000). 

 

Tonhasca et al. (1994), Sukhoruchenko et al. (1995) and Barbosa et al. (2001) reported 

that the preferred crops of B. tabaci are melon aubergine, cabbage, Broussonetia and Hibiscus. 
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Overwintering on greenhouse crops or on weeds such as nightshade [Solanum] and burs 

[Xanthium], on which it also lives throughout the year, it reaches high numbers outdoors in the 

2nd half of the summer. There are 5-7 generations a year, 3-5 of them on cotton, and the summer 

generations lasting lesser days, than autumn ones. Similarly, males and females live longer in 

autumn. Females laid more eggs in summer than autumn. Attique et al. (2001) mentioned that B. 

tabaci laid maximum eggs per 100 cm2 on Solanum melongena followed by Xanthium 

strumarium, Lantana camara, Gossypium hirsutum, Achyranthes aspera and Citrullus tetragona. 

C. tetragona was the most preferred host for development and survival followed by Cucumis 

melo, Physalis allkakengi [Physalis alkekengi], L. camara, Celosia argentia [Celosia argentea], 

G. hirsutum, S. melongena and others. Similarly, Hamelia patens had the highest oviposition in no 

choice plant species including crops, fruit, forest, ornamental and weeds. (Singh and Singh (2004) 

evaluated six cultivars of Mentha arvensis (Gomti, Himalaya, Kalka, Kosi, MAS-1 and Shivalik) 

for their resistance to B. tabaci.  

 

Pereira et al. (1996) reared Bemisia tabaci on rooted leaves of soybeans. Men et al. (1997) 

determined the effect of weather on the abundance of Bemisia tabaci on sunflowers (var. Surya). 

The peak abundance occurred during the 51st and 1st week of each year. They also mentioned that 

B. tabaci variously responded to the ambient weather factors. Similar observations were recorded 

by (Prasad and Logiswaran, 1997) on brinjal and (Dhawan and Simwat, 1998) on cotton, 

respectively. Sánchez et al. (1997) carried out laboratory study on the bionomics of Bemisia 

tabaci on 5 host plants (Phaseolus vulgaris, tomato, cotton, Hibiscus rosa-sinensis and Euphorbia 

pulcherrima). No significant differences were found in the development of all life stages. 

Muhammad (2006) recorded the occurrence of Bemisia tabaci on various host plant year around. 
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The fly appeared on S. melangena, B. pupurea, L. camara, A. aspera, M. alba, C. pepo melopopo, 

C. arvensis, G. max, A. lebbek, H. annus and C. melo from March to May, on Gossypium 

hirsutum, Solanum melangena, Bauhinia pupurea, Lantana camara, Achyranthus aspera, 

Convolvulus arvensis, Glycine max, Albizzia lebbek, Helianthus annus and Cucumis melo from 

June-October and from November to February on S. melangena, B. pupurea, L. camara, A. 

aspera, M. alba, C. pepo melopopo and Convolvulus arvensis. Rafiq et al. (2008) studied 

population dynamics B. tabaci for six years on oilseed, pulses, sugar, fodder and vegetable crops 

in cotton growing areas of the Punjab, Pakistan. In winter, Solanum melongena, S. incanum, 

Mentha viridus, Ipomoea batatus and Ricimus communis were the main hosts, and in spring 

vegetables, Citrullus spp., Cucumis spp. Solanum spp. and pulse, Glycine max, crops before 

cotton.  
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CHAPTER-III 

MATERIALS AND METHODS 

 

3.1     Biology of Bemisia tabaci (Genn.)  

 

3.1.1 Culture development 

 

         Three days before laying out the experiment for laboratory and field conditions, a branch 

was collected from melon crop, stripped off all leaves except a pair that contained sufficient 

number of crawlers/ pupae on it to develop laboratory culture of B. tabaci. The branch was placed 

in a small plastic beaker (8 cm dia) with adequate water supply in it. The beaker was covered with 

a plastic lid having a hole in it and the branch was dipped in the beaker through that hole. In order 

to facilitate viewing the remaining portion of the branch was placed in a cylindrical plastic tube. 

The dimensions of the tube (cage) were 15 cm length and 10 cm dia. Two 4-cm dia holes opposite 

to each other were made in the middle of the tube, and it was horizontally laid. These holes were 

covered with a muslin mesh for ventilation. A net shirt was attached around the creeper branch 

with a thread and a wire frame. The tube cage was rested onto two wooden bars for support. The 

posterior end of the tube was covered with a white transparent plastic lid (a 4-cm hole in the 

middle covered with mesh). The idea of cage positioning was to simulate field condition for the 

crawlers (Fig. 3.3a). 
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3.1.2 Biology on melon and cucumber 

 

             Melon and cucumber creepers were grown in clay pots (18 cm height x12 cm width, and 

8cm base); these pots were placed in six ( three each for melon and cucumber) rectangular wooden 

cages (60cm.x 60 cm x 60 cm high).  To avoid entry of any non-test whitefly, the two sides and 

the top of the cages were covered with nylon net.   The third side was also covered with nylon but 

it used as a window for the pot. The fourth side was covered with a transparent glass the bottom of 

the cage was sealed with a wooden sheet. All the four cages were kept in the open field for further 

growth of the creepers.  

          

  The creepers grown in the clay pots were removed from wooden cages and placed in 

laboratory condition. Al1 branches of the creepers were removed except one branch that contained 

four leaves behind the branch tip. The branches were placed in a plastic tube cages (as described 

above for culture development, except it has a hole of 1.5 cm dia in addition at the posterior end 

for releasing male and female adults and covered with scotch tape) to observe the biology of 

whitefly (Fig. 3.3b).  

 

          The whitefly males and females ( the male and female used in the experiments were 

identified according to the method described by (Li et al., 1989) less than 15 hours old emerging 

from pupae of laboratory culture already maintained on melon and cucumber were collected with 

the help of an aspirator and introduced into Pasteur pipettes for further observations. Male and 

female B. tabaci were released on the branches grown in clay pots. 
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  The experiment was laid into five replicates for each creeper. In each tube cage single 

female and two males of whitefly were released. After five days the male and female adults were   

removed carefully so that these are not injured or killed.  If any female fly was dead or killed due 

to mishandling the entire practice of the particular replicate was repeated, the same numbers of 

adults were released back into the cage.  This was repeated until the death of the test whitefly. 

Eggs laid by one female in her lifetime were counted by using a stereomicroscope. After counting 

the eggs, the branches were again placed in the same cages for subsequent development of the 

eggs, first, second, third and fourth instars (pupae). The observations were taken daily until the 

emergence of adults.  

 

3.2      Fecundity, egg hatching and development of Bemisia tabaci under constant condition  

 

3.2.1    In laboratory 

 

A branch was collected from melon crop, stripped off all leaves except a pair that 

contained sufficient number of crawlers/ pupae on it to develop laboratory culture of B. tabaci. 

The branch was placed in a small plastic beaker (8 cm dia) with adequate water supply in it. The 

beaker was covered with a plastic lid and a holed in it and the branch was dipped in it. In order to 

facilitate viewing the remaining portion of the branch was placed in a cylindrical plastic tube. The 

dimensions of the tube (cage) were 15 cm length and 10 cm dia. Two 4-cm dia holes opposite to 

each other were made in the middle of the tube, and it was horizontally laid. The cage was covered 

with a muslin mesh for ventilation. A net shirt was attached around the creeper branch with a 

thread and a wire frame. The tube cage was rested onto two wooden bars for support. The 
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posterior end of the tube was covered with a white transparent plastic lid (a 4-cm hole in the 

middle covered with mesh). The idea of cage positioning was to simulate field condition for the 

crawlers. 

 

            Five branches were also brought in the laboratory from the same experimental field of 

melon crop. Stripped off all except two leaves one each from third and fourth-node of the branch. 

It was ensured that there were no eggs and nymphs of B. tabaci on them. These branches were 

separately placed in the same tube cages. Less than 24 hours old male and female of B. tabaci 

were taken from laboratory culture and released in pairs into the cages placed in incubators 

maintained at 10, 15, 20, 25, 30 and 35oC with 16h day-length. 

 

            After 24 hour number of eggs laid was recorded. Hatching success and subsequent 

development periods of egg and nymphs were also recorded. There was considerable variation in 

temperature within each incubator. As such, the experiment was repeated in the incubator 

maintained at 10 to 35oC. 

 

3.2.2    In field  

 

Less than 24 hours old male and female (five pairs) of B. tabaci were taken from laboratory 

culture and released into five tube cages each having a branch of melon creeper. After 24 h the 

number of eggs laid was recorded. Hatching success and subsequent development of egg and 
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nymphs were recorded. These were winter and summer 2001-2002, studies during which the mean 

temperatures 23.212.79 and31.57 4.25 Celsius were recorded respectively.  

 

3.3       Starvation capacity of newly hatched B. tabaci crawlers 

 

Investigations were carried out in laboratory to  determine the effect of starvation on the 

survival  of  10  newly  hatched  (not  settled down on leaf  to  feed) crawlers  of whitefly. These 

crawlers hatched at 31.92 + 0.53 oC in laboratory culture. The crawlers were counted under 

stereomicroscope with the help of a fine camel hair brush and put in to 9 cm (dia) Petri dishes 

under following treatments: 

 

1.   Dry blotting paper. 
 
2.   Moistened blotting paper with distilled water. 
 
3.  Green melon leaf. 
 
4.   Moistened blotting paper plus green melon' leaf. 
 

 

The dead crawlers in each Petri dish (treatment) were ascertained at a half-hr interval until 

all of them were dead. An ambient moisture percentage was maintained with the help of a 

moistened blotting paper and changed when necessary. The time required to kill 50% (LT 50) of 

the crawlers in each treatment  was  estimated  by  transferring  mortality  data  to probits,   

transferring  time to logarithms, and  calculating  the regression of probits on time (Bus vine, 

1971). 
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3.4      Distribution of premature stages of Bemisia tabaci on musk melon leaves 

 

Investigations were conducted at Experimental Field. Faculty of Crop Protection, Sindh 

Agriculture University, Tandojam. Melon creepers were sown in March 2001, and zero 

insecticides were applied. When the crop was fully grown, a 30- leaf sample from the third and 

fourth node of selected creepers from each plot were plucked from the randomly selected creepers. 

The leaves were tentatively sub-divided into four Sectors i.e. A, B, C and D (sectors A and D from 

proximal and B and C from distal region of leaves), which were delineated by main leaf vein 

(Fig.3.1). Naranjo and Flint (1994) has adopted more or less the same procedure of dividing the 

creeper leaf as disc (Sector) in cotton crop. In the investigation each melon leaf was cut up into 

four Sectors such that it fitted with major leaf veins. Each Sector was thus numbered from left to 

right and the under side of the leaf was twisted up to facilitate observations for each sector of 

whitefly egg and nymphs were separately counted with the aid of a binocular dissecting 

microscope (10x). All nymphal stages from crawlers through terminal stage (pupae) were noted. 

 

 The worth counting leaves were observed on the day of the collection and preserved in 

plastic bags and kept at 6C. In general, all counts were completed within two days. Sector and 

total leaf area were examined for 10 leaves per node. This procedure was repeated after a 15-days 

interval till the harvest of melon crop. 
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Fig. 3.1 Division of melon leaf into four sectors 
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3.5        Effect of leaf maturity on oviposition and nymphal mortality of Bemisia tabaci 

 

 

 This experiment was conducted in melon field at Sindh Agriculture University, Tandojam 

during 2001. The Whiteflies were collected from melon crop used in this experiment. The crop 

was cultivated on Faculty field. S.A.U., Tandojam. A branch collected from melon crop was 

stripped off all leaves except a pair that contained sufficient number of crawlers/ pupae. The 

branch was placed in a small plastic beaker (8 cm dia) with adequate water supply in it. The 

beaker was covered with a plastic lid and holed for the creeper branch to be dipped in. The 

remaining portion of the branch was placed in another cylindrical plastic tube in order to facilitate 

viewing. The dimensions of the tube (cage) 15 cm long and 10 cm dia. Two 4-cm dia holes 

opposite to each other were made in the middle of the tube, which was horizontally laid. The cage 

was covered with a muslin mesh for ventilation. A net shirt was attached around the creeper 

branch with a thread and a wire frame. The tube cage was rested onto two wooden bars for 

support. The posterior end of the tube was covered with a white transparent plastic lid. (4-cm hole 

in its middle) covered with mesh. The idea of cage position was to simulate field condition for the 

crawlers. 

 

  B. tabaci male and female (<24th old) emerging from pupae in the cage were collected 

with the help of an aspirator and introduced into Pasteur pipettes. Before releasing the whitefly, 

the host creepers were grown in clay pots, each measuring 18 cm high x 12 cm wide and 8 cm of 

their base. These pots were placed in 15 rectangular cages, 60 cm x 80 cm x 60 cm high. To avoid 

any non-test whitefly entrance, the two sides and the top of the cages were covered with nylon net. 

The third side was covered with nylon but used as a window for clay plot. The fourth side was 
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covered with a transparent glass and the bottom of the cage was sealed with a wooden sheet. All 

the 15 cages were kept in the open air. In each cage two clay pots were placed separately. Before 

laying out the experiment, all creeper, kept in cages were taken out from the cages. 

 

 All thirty clay pots (containing creepers) were placed randomly in between ridges of melon 

field. Ten leaves from varying positions (3rd, 4th and 5th  nodes) were kept in clip cages as 

described by (Costa and Brown, 1991) (Figs. 3.2a and b). In the present experiment, the 

measurement of clip cages was different, in all, 30 nodes were observed: One female and two 

males were confined to lower surface for 72 hours in each cage. Clip cages were made from 15 cm 

diameter by 3 cm deep (15 ml) clear plastic cups fitted with a foam seal on one edge and an 

ordinary (stiff muslin) window on top for ventilation. The portion of the cage was backed with 

thin square of balsa wood and an aluminum wires were glued to the balsa wood to tie the clip cage 

with wooden stand when needed. When attached to the leaf the cage exposed 15 cm2 of lower leaf 

surface to the white files. Whiteflies were then placed in each leaf of the node (3rd, 4th and 5th) of 

the melon creepers. Each node leaf was replicated ten times. After three days the clip cage and 

adults whiteflies (male and female) were removed and the number of eggs deposited on each leaf 

were counted and recorded. This procedure was repeated with five-day intervals until nymphal 

stage reached. The nymphs were caged for further observation. 
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Fig. 3.2a. Whitefly population on various leaf nodes of melon creeper. 

Fig. 3.2b. Melon leaves of various nodes.  
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3.6       Life table studies of whitefly Bemisia tabaci in field conditions 

 

 The studies were started in the last week of February 2000 on melon creepers at the 

experimental field, Sindh Agriculture University, Tandojam. The adults (male and female) of the 

first generation on melon creepers were reared in laboratory condition as described below. 

 

 A 5-node branch of melon leaves was brought from melon field. It was stripped off all 

leaves except a pair on which were present sufficient number of crawlers and pupae. The branch 

was placed in a small plastic beaker (8 cm dia) with adequate water supply in it. The beaker was 

covered with a plastic lid (1.5 cm dia) held for the creeper branch to be dipped in. The remaining 

portion of the branch was placed in a cylindrical tube/cage. The cage consisted of a transparent 

plastic tube in order to facilitate viewing. The dimensions of the tube cage were 15 cm long and 10 

cm diameter, two 4-cm dia holes opposite each other were made in the middle of the horizontally 

laid tube-cage. The opposite holes were covered with a muslin mesh for ventilation. A netting shirt 

was attached to the anterior of the tube closed around the creeper branch with a tread, and a wire 

frame. The tube-cage was rested onto two wooden bars for support. The posterior end of the tube 

was covered with frame. The tube-cage was rested onto two wooden bars for support. The 

posterior end of the tube was covered with a white transparent plastic lid, with a 4-cm-hole in its 

middle, and covered with a mesh (Fig 3.3a). The idea to lay the tube/cage in horizontal position 

was to simulate field condition for crawlers. Bemisia tabaci, (males and females<17 h old) 

emerging from pupae in the cage were collected with the help of an aspirator and introduced into 

Pasteur pipettes for biological studies (life table). 
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 One female and two male in a conical cage, mounted on a circular metal ring measuring 15 

cm diameter x20 cm high cone, with a pair of 1.5 cm dia holes made in order to releasing adults. 

The two 4-cm (dia) holes opposite to each other were covered with muslin cloth for cross 

ventilation. Before releasing the whitefly adults from the stock culture, five clay pots having two 

week old healthy melon plants were placed in the cucurbit field. Each pot was covered with two 

wooden plates having semi-circular (2-cm) C-shaped curvatures in the centre of the pieces 

(wooden plates). This was so contrived that the hole facilitated the creeper to emerge into the open 

air. The two C-shape collars, when joined together and put over the pot served as a platform for 

installing the conical cage. Water requirements were taken care of as needed (Fig. 3.4). 

 

 The male and female emerged in laboratory were collected and released in order of one-

female and two-males in the cages in test field. The male and female adults used in the 

experiments were identified according to their body size and in gelatin capsules shape, as 

described by Li et al. (1989). 

 

 The experiment was laid into replications. After oviposition the adults were removed with 

the help of an aspirator. As ovipositions were completed each conical cage was removed and total 

number of eggs deposited on the leaves of the creeper in each replication (clay pot) were counted 

with the help of a magnifying glass (10xx) and recorded separately. On each subsequent day the 

number of surviving eggs and crawlers of each instar were recorded. The dead eggs and crawlers/ 

nymphal stages were noted for various factors responsible for mortality. Finally, the fourth last 

instars (3-day-old pupae) were observed for their emergence. 
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 The number of parasitoids emerging from the nymphs and pupae were noted down. 

Missing, damaged or dead crawlers and pupae were also noted. The male and female adults 

emerged intact and healthy were caged by the same procedure to obtain further generations of 

2000. Similarly, the life table studies were carried out for three consecutive years i.e. 2000, 2001 

and 2002.  

 

3.6.2    Preparation of life table 

 

 The column heading used in life table have been taken from Morris and Miller (1954); 

Smith and Smith (1998) with arrangement from left to right. The breakup is as fallow. 

 

x Age in appropriate unit stated as interval. 

Lx The number survivors at the beginning of age interval stated in the x column. 

dx the number dying within the age interval stated in the x column. 

qx  the number dying in the age interval divided by number of survivors at the beginning of 

 the interval, rate of morality. Percent mortality was calculated by qx= dx/lx  

 

The data of life table studies are present in pie Charts.  
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Fig. 3.3. Tube cage for culture development of B. tabaci. 
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Fig. 3.4. Conical cage for  life table study of B. tabaci 
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3.7      Seasonal abundance of parasitoids on Bemisia tabaci at Dadu, Tandojam and     
           Thatta 
 
 
 

The abundance of parasitoids was assessed at Dadu, Tandojam and Thatta. In the spring 

and summer 2001, the study was carried out with a two-week interval after first sampling on 

untreated melon crops at three sites. The sampling was made on 7th and 21st March, 5th and 20th 

April and 5th May at Dadu, 5th and 20Th March, 4th and 19th April and 4th May at Tandojam and at 

Thatta 11th and 25Th March, 9th and 24th April and 9th May for spring. In summer, the sampling 

was done on 16th, 30th May, 14th and 29th June and 14th July at Dadu (Fig. 3.5), 20th May, 4th and 

19th June and 4th  and 19th July at Tandojam and 19th May, 3rd and 18th June and 3rd and 18th July at 

Thatta for summer, respectively.  

 

On each date all leaves on melon creepers were stripped off except a single leaf, which was 

placed in the tube/ cage. These tube cages were placed in laboratory under mean temperatures 

30.190.23 and 33.111.92°C in spring and summer respectively. The method to ascertain the 

abundance of parasitoids and their host density in both seasons was adopted as suggested by Costa 

et al. (1991). The nymphs from 1st instar to red eye nymphs (late fourth instar) of whitefly were 

counted from top to bottom surfaces of each leaf replication. Leaves of each replicate (10 leaves of 

each sampling date) were placed in Petri dishes in laboratory to observe any emergence. Fourth 

instars were counted (using microscope 10x) as parasitized when distinctly distorted outlines were 

found on the host instars and emerging parasitoid adults were counted, sorted up to species 

determined. The white flies (host) were also counted as an indirect measure of parasitism. On the 

basis of Parasitoid- host population, the parasitism percentage, correlation of parasitoids with host 

population, temperature and relative humidity and population ratio were ascertained. 
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Fig. 3.5. Selection of melon leaf for abundance of parasitoids at Dadu.   
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3.8       Dispersal of Bemisia tabaci adults in melon field 

 

3.8.1    At different ground levels 

 

            The investigation on dispersal of whitefly adult was conducted in a cucurbit field at 

Tandojam in spring 2001. Melon crop was sown on a half acre area. The whitefly adults in melon 

field were sampled by using yellow sticky traps. Yellow cylindrical traps: two near the sides and one 

in the center of cucurbit field were placed and mounted at 6", 12" and 18" height above the ground. 

The traps were coated with adhesive grease.  Observations on population count were taken twice a 

week.  After each observation the grease was changed.    

 

3.6.2     On melon creeper 

   

Population density of whitefly was estimated by direct count of adults on melon leaves.  

The sampling unit per leaf comprised of fully expanded leaves of 2nd, 3rd, and 5th nodes of a 

melon creeper. Thirty leaves of different creepers were randomly selected and examined twice a 

week for whitefly population.  The counting time was around 8.00 a.m. 

 

To ascertain the suitable timing for B. tabaci population, the data were taken on the leaves 

of the same nodes as mentioned above at two different times i.e. observations were taken at 8.00-

9.00a.m. then 12.00-1.00p.m. The suitable timing was ascertained on behalf of the population 

count.  

 



 63

3.9       Preferential distribution of Whitefly, Bemisia tabaci on cucurbit and non-cucurbit    
            crops. 
 

 To observe preferential abundance of B. tabaci on multiple cropping on the population 

development of whitefly, a field was selected at Rahooki, about four kilometer west of Sindh 

Agriculture University Tandojam. This test farm belongs to a progressive landlord. The landlord, 

whishes to cultivate vegetables and other short lived crops with out using toxic chemicals 

especially insecticides. In these study 14 different crops, namely melon, water melon, bitter gourd, 

sesame cucumber, ridge gourd (Fig. 3.7), pumpkin, Indian squash, cotton, cluster bean, brinjal, 

okra chilies and cowpeas were grown in 2nd week of March and cotton was grown in last week of 

March 2001. Each crop was replicated four times. In all 56 plots were arranged in a completely 

randomized block design. The block under study was 50x260 feet. All crops were seed sown on 

both sides of ridges except brinjal and chilies crops of three to four weeks old nursery were 

transplanted. The distance of five feet from row to row and two feet from plant to plant was 

maintained except for cluster bean and chilies and okra where it was 9” to one feet distance 

between plant to plant was maintained. The crops were given usual cultural practices such as 

thinning, proper irrigation, fertilization, etc. previously the land was kept fallow during autumn. 

The crops listed above were sown after one year on the same piece of fallow land. 

 

 Observations were taken at 6 to 8 days intervals soon after germination and transplanting 

(chilies and brinjal). For each observation 30 leaves from each crop were randomly selected (10 

leaves from each row). It was to see host preference of whitefly adults. This procedure was 

continued up to cucurbit harvest i.e. March to June. The temperature data were recorded from 
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Tandojam weather station. The mean maximum and minimum temperatures were 35.410.17C 

and 29.411.13C. 

 

 In each sample the whitefly adults were directly (visually) counted (as discussed earlier). 

This method was based on the fact that adults on leaves provide more accurate and practical 

method to estimate field population on cucurbit crop (personal observation). Leaves were gently 

turned over and the number of whitefly adults was recorded (Fig. 3.6). Scouting was made early in 

the morning hours (8-10 a.m.).The observations were made when the temperatures were cool and 

pest was easy to handle. 

 

 Nymphal (crawler) populations were observed on the same leaves with the same 

procedures as described previously in seasonal population. On various cucurbit crops, except for 

the crops of narrow leaves (chilies and peas), whole leaf canopy was recorded and total leaf area 

of the same leaf was calculated with the help of mm2 graph paper. For determining the total 

nymphal density on each leaf area, leaf population was taken as a comparative method to obtain 

the pest abundance on the small and narrow leaves on chilies and peas. For recording the pH- 

value of the leaves of each crop, the leaves were brought in the laboratory, Dept. of Entomology. 

These leaves were ground separately of each crop in electric grinder. The ground leaves were 

squeezed in muslin cloth to have sap of the leaves. pH- values were then taken by using pH meter. 

The jug of the electric grinder was rinsed after receiving the paste of the leaves of each crop.      
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Fig. 4.6.  B. tabaci population on cotton leaf 

 

 

3.10      Seasonal population variation of whitefly, Bemesia tabaci on various    

             cucurbit crops in different agro-zones of Sindh 

 

The investigations were carried out on cucurbit crops grown at various experimental 

farmer’s fields at different agro-zones i.e. Dadu, Hyderabad (Tandojam), Badin and Nawabshah 

(Sakrand) during, winter- spring 2000-2001. The over lapping seasons i.e. summer and summer 

plus autumn crops were also observed. Several sampling methods as suggested by Gameel 1970, 

Garling et al.1980, Melamed-Madijar et al.1982, Tonhasca et al., 1994 were used and different 

life stages considered in studies on the population ecology of B. tabaci. Whitefly adults were 

sampled by visual count (Hill, 1968). This method was based on the fact that adults on leaves 

provide more accurate and practical method estimate field population on cucurbit crops.  



 66

 
 

Eighty-hundred sprouting leaves of creepers were selected and observed for whitefly 

infestation. The presence of adults on the leaves was noted on second-fourth nodes of the creepers. 

The leaves were gently turned over and both surfaces were observed. Scouting was from 8-10 am 

made when the temperatures were cool and pests handy to study. Weekly scouting was made for 

all seasons from all research sites of various agro-zones. 

 

Similarly, nymphal (crawler) population was observed on the same node leaves; however, 

a metal ring measuring 2.5 cm2 diameter was tossed at the centre of the leaf, i.e. between proximal 

and distal ends of the leaf. The nymphs easily visible through the magnifying (10x) glass were 

counted and their population recorded. The population of B. tabaci (nymph +adult) was recorded 

on 50 randomly selected leaves from node 2nd to 4th of cucurbit creepers at different agro-zones. 
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Fig. 3.7. Whitefly observation on ridge gourd 
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CHAPTER-V 

 

EXPERIMENTAL RESULT 

 

4.1      Biology of Bemisia tabaci on cucurbits 

 

4.1.1   On cucumber 

 

Biology of B. tabaci was recorded in the field conditions. Table-4.1 reveals that the 1st, 2nd, 

3rd, and 4th plus pupae lived for 2.7±0.18, 2.43±0.20, 2.14±0.14 and 2.86±0.14 days respectively. 

The mean fecundity (77.43±8.28 eggs) per female was recorded on cucumber with their hatching 

percent 89.36±1.55. The male and female longevities were 17.83±1.55 and 13.50±0.67 days, 

respectively. 

 

4.1.2   On musk melon  

 

A little variation in biology of B. tabaci was observed when reared on musk melon than on 

cucumber. Table-4.2 reveals that the 1st, 2nd, 3rd, and 4th plus pupae lived for 2.57±0.20, 2.43±0.20, 

3.00±0.00 and 3.28±0.18 days, respectively. The mean fecundity (88.00±7.96 eggs) per female 

was recorded on musk melon with their hatching percent 86.14±2.96. The male and female 

longevities were 18.28±2.01 and 13.78±0.54 days, respectively. 
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Egg-laying, longevity, hatching   percentage, instars development period of each instar on 

cucumber and musk melon were subjected to T-test, which showed no significant differences T11, 

at 0.07 (P>0.05). The females of B. tabaci laid approximately 13.65 percent more eggs on musk 

melon than in cucumber. This difference in egg lying could be due to plant characters. The range 

of egg lying was 65-120 eggs per female on musk melon and 45-108 on cucumber. 

 

Male longevity on musk melon ranged from 12 to 16 days and 11 to 15 days on cucumber 

respectively; whereas, In the case of female 10 to 26 and 13 to 18 days on musk melon and 

cucumber, respectively. Mean longevity of both male and female was not significantly different 

T11 = 1.9 (P≥0.05) in both experiments. 

 

 The present study indicates that the longer a female lived the less number of eggs she laid. 

From egg-laying up to the appearance of the adult the duration was 15.99 days musk melon and 

15.28 days on cucumber.  
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Immature lived for 10.13±0.66, adult female (27.96±2.50) and male (23.63±1.33) days on cucumber 
Immature lived for 11.28±0.58, adult female (29.56±2.59) and male (25.06±1.12) days on cucumber 
 
Fig. 4.1.1. Life span of different stages of B. tabaci on cucumber and musk melon. 
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Female laid 6.67% more eggs on musk melon 
Fig. 4.1.2. Mean fecundity of B. tabaci on cucumber and musk melon. 
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Fig. 4.1.3. Hatching % of eggs of B. tabaci on cucumber and musk melon.  
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Fig.4.1.4. Total survival period (egg- adult) of B. tabaci on cucumber and musk melon. 
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4.2        Fecundity, egg hatching and development of Bemisia tabaci under constant  
             condition  

 

4.2.1    Constant temperatures (Laboratory)         

 

The mean longevity, fecundity and hatching percentage of whitefly under constant 

temperatures are shown in Figures 4.2.1-8 and Table 4.2.1.  The analyses of variance show that 

there were highly significant differences in longevity (F=40.2576, DF= 5, P<0.001), egg laying 

(F=37.2881, DF= 5, P<0.001) and hatching percentage (F=7.9284, DF= 5, P<0.001).  

 

The means fecundity at six constant temperatures is shown in Figs. 4.2.1 and 4.2.2. The 

female laid fewer eggs (6.00±0.63) with incubation period 14.6±1.14 days at 10oC, Mean 

fecundity was the highest (60.00±3.14) with 74.77±1.88 hatching percent at 30, oC a remarkable 

fall occurred at 35oC. Although, higher hatching percentage (86.12± 1.76) was recorded at 20oC 

than other temperature levels. Adult longevities 14.6± 1.14, 12.80±0.37, 10.4±0.70, 8.20±0.86, 

6.40±0.39 and 4.40±0.24days were recorded at 10, 15, 20, 25, 30 and 35 oC, respectively (Fig. 

4.2.3).  

 

  The development time and rate of development of various life stages under constant 

temperatures are graphically shown in Table- 4.2.1. Development of eggs and nymph took longer 

time at 10 and 15 oC. Nymphs did not survive at 10 oC and at 35 oC hatching of the eggs failed. 

Maximum hatching time 23.0±1.23 was recorded at 10 oC followed by 15 oC (19.68±1.19), 20 oC 

(16.46±1.72) 25 oC (5.23±0.66 and 30 oC (4.72±1.33), respectively.  
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The time of eggs transformation to nymphs decreased at the temperature increased from 

15-30 oC. 1st instar crawler took 9.48±1.60 days at 15 oC and non-significantly at 20 oC 

(6.33±1.71) and 20 oC (6.17±1.29). Minimum time 4.25±1.21days was taken by 1st instar crawler 

to transform in to 2nd instar. No survival of the 1st instar was recorded at 10 oC. The active range 

was 15-30 oC for nymphal transformation. However, 30 oC was the optimal temperature. The 2nd 

instar took minimum time 7.23±1.48 days at 15 oC to transform in to next stage. Followed by 25 

oC (6.24±1.19 days), 20 oC (6.08±1.24 days) and 30 oC (4.17±1.31) oC, respectively. 3rd instar 

went for 7.25±2.01, 6.75±1.69, 5.89±1.33 and 3.71±1.09 days at 15, 20, 25, and 30 oC, 

respectively. Fourth instar transformed in to adult in 6.11± 1.88, 5.09±1.81, and 5.81±1.51 and 

4.00±1.73 days at 15. 20,25, and 30 oC, respectively.  

 

The rate of development is presented in Figs. 4.2.4 -8. The rates of development 0.043, 

0.051, 0.061, 0.19 and 0.21 for egg stage were computed at 10, 15, 20, 25 and 30 oC, respectively. 

Similarly for 2nd instar nympfs these were 0.105, 0.157, 0.162, and 0.235, respectively on these 

constant temperatures. As none of the 2nd nymphs survived at 10 and 35 oC, therefore, 

development rates were not computed for respective temperatures. The development rates 0.138, 

0.148, 0.169 and 0.269 of 3rd instars were computed at 15, 20, 25, 30 oC, respectively. Whereas the 

development rates 0.164, 0.169, 0.172, 0.250 of 4th instars were computed at the same temperature 

levels. 
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4.2.2    Field temperature 

 
The mean fecundity maintained in field is shown in Fig. 4.2.9. The female oviposited 

fewer eggs (41.0±3.70) at 23.31±2.79oC than the eggs (59.6±3.02) deposited 31.57±4.25oC. The 

hatching percent (87.27±1.40) was higher at 23.31±2.79oC.  The longevity in days was (27.2 ± 

0.37) longer than (17.00 ± 0.31) recorded at31.57±4.25oC.  

 

Figer-4.2.10 showed the development period of egg, 1st, 2nd, 3rd and 4th instars, which were 

recorded 3.72±0.97, 3.89±0.86, 2.89±0.73, 3.13±0.91 and 3.04±0.89, days at 31.57±4.25 oC, 

respectively.  At the mean temperature 23.21±2.97 oC the development period took longer time to 

transform in to next stage than at t31.57±4.25oC. Therefore, the development period 6.89±1.31, 

7.78±1.36, 6.01±1.06, 5.88±1.81 and 5.32±1.28 for egg, 1st, 2nd, 3rd and 4th instar nymphs were 

recorded, respectively. 

 

  In conclusion, this study reflects slight differences with those reported by other workers. 

This might be related to different sets of physical and biotic variables. Temperature and 

development of young stages on host plants have been studied in detail. The findings of the 

present experiment allow some generalizations regarding egg laying and developmental thresh-

hold temperatures, the lower and upper limits of which appear to be 15oC and 30o Celsius, 

respectively.  The prevalence of whitefly in higher field temperature is presumably due to 

favorable microclimatic conditions at nighttime. 
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Fig. 4.2.1.  Mean fecundity (± S.E.) of B. tabaci under costant temperatures. 
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  Fig. 4.2.2.  Hatching percentage (x ± s.e.) of B. tabaci under constant temperatures. 
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Fig. 4.2.3. Mean longevity in days (± s.e.) of B. tabaci under constant temperatures. 
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 Fig.4.2.4. Time in days and rate of development (± s.e.) of eggs of B. tabaci at  constant       
                 temperatures. 
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 Fig. 4.2.5. Time in days and rate of development (± s.e. ) of 1st instars of B. tabaci at constant     
                  temperatures. 
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  Fig. 4.2.6. Time in days and rate of development (± s.e. ) of 2nd instars of   B. tabaci at constant  
                   temperatures. 
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Fig. 4.2.7. Time in days and rate of development (± s.e. ) of 3rd instars of B. tabaci at constant   
                 temperatures. 
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Fig. 4.2.8. Time in days and rate of development (± s.e.) of 4th instars of B. tabaci at constant     
                 temperatures. 
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Table. 4.2.1. Development period (days) of immature stages of B. tabaci at constant temperatures. 

Temperature o C Egg Nymphal instar 

  1st 2nd 3rd 4th 

10 23.0+1.23 Not survived    

15 19.68+1.19 9.48+1.60 7.23+ 7.25+2.01 6.11+1.88 

20 16.46+1.72 6.33+1.71 6.08+1.24 6.75+1.69 5.90+1.81 

25 5.23+0.66 6.17+1.29 6.24+1.19 5.89+1.33 5.81+1.51 

30 4.72+1.33 4.25+1.21 4.17+1.31 3.71+1.09 4.00+1.73 

35 Not hatched     
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         Fig. 4.2.9.  Fecundity, hatching percentage and longevity (days) of B.tabaci in field  

                           conditions. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

    Fig.4.2.10. Development period (days) of immature stages of B. tabaci in field.  
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4.3        Starvation capacity of newly hatched whitefly crawlers 
 
 

The mortality percentages of the newly emerged crawlers of B. tabaci in each treatment are 

shown in Table 4.3.1. The regression of equation and the estimated lethal time (LT50) at which 

crawler died percent for each treatment is shown in (Figs. 4.3.1-3).  There were no significant 

differences between LT50 ratios in each treatment. No mortality was found in 4th treatment 

(moistened blotting paper plus green melon leaf).  The LT50 for dry blotting paper treatment were 

lower than those on moist blotting paper and melon leaf. Total mortality occurred with in 2 – 4.30 

hours of starvation in dry blotting paper treatment followed by 2.30-5.30 hrs in moist blotting 

paper, 4 – 8.30 hrs in green melon leaves and no mortality was recorded in melon green leaves 

plus moist blotting paper treatment till the end of 1st instar crawler.  But the LT50 differences 

between moistened blotting paper and green leaf treatments were not significant at 95% 

confidence Limits (Table 4.3.2). Hundred percent mortalities was recorded after 4.30 h in dry 

condition; 5:30 and 8.30 h with moistened blotting paper and moistened blotting paper plus green 

melon leaf respectively. The X2 tests   for   homogeneity showed   no   significance heterogeneity 

(P>0.05) for al1 treatments. Probit analysis showed the positive correlation between mortality and 

time period (Figs. 4.3.1-3). 
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         Table. 4.3.1. Mean mortality of young crawlers of B. tabaci at different time intervals starved in  
                              laboratory (32.4 ±0.23 0C). 

 
 

              Table 4.3.2. Mortality (LT50) in hours of newly emerged crawlers of B. tabaci in laboratory. 

 
 

 

 
 

 

 

 

 

 

 

Condition Starvation period (hrs.) 
0.30 1.30 2.0 2.30 3.0 3.30 4.0 4.30 5.0 5.30 6.30 7.30 8.0 8.30 

Dry 
blotting 
paper 

0 0 (10%) (20%) (50%) (60%) (80%) (100%)       

Moistened 
blotting 
paper 

0 0 0 (10%) (30%) (40%) (50%) (80%) (90%) (100%)     

Green 
melon leaf 

0 0 0 0 0 (10%) (20%) (30%) (50%) (60%) (70%) (80%) (90%) (100%) 

Moistened 
blotting 
paper + 
Green 
melon leaf 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Treatments (LT 50 h.) 95% confidence limits 

Upper  Lower 

Dry paper  3.0 3.40 2.70 

Moistened paper  3.69 4.05 3.32 

Leaf 6.0 6.49 5.67 
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Fig. 4.3.1. Regression analysis of mortality survival VS time interval of 1st  instar starved  
               crawlers of B. tabaci on dry blotting paper. 
                                               

Fig. 4.3.2.  Regression analysis of mortality VS time interval of 1st  instar starved  
                crawlers of B. tabaci on moist blotting paper. 
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Fig. 4.3.3.  Regression analysis of mortality VS time interval of 1st  instar starved             
                  crawlers of B. tabaci on green melon leaf. 

 

 

4.4        Distribution of premature stages of Bemisia tabaci on melon leaf 

 

 The whitefly, Bemisia tabaci eggs densities on each leaf Sector are given in (Fig. 4.4.1). 

The overall means of 30 leaves of four Sectors as A (32.88±2.55), B (20.76±1.82), C (17.10±1.30) 

and (24.58±1.71), respectively. The proximal Sectors having longer surface area and closeness to 

petiole favored slightly larger number of eggs than the distal ones. Egg-density on the proximal 

leaf Sectors A and D showed 34.49% and 25.78% respectively. It was more than the sector B and 

C (21.78%) and (17.93%), respectively (Fig. 4.4.2). 

 

 The population percentages of nymphs (Fig. 4.4.4) on sectors A.B.C. and D were: 21.09% 

26.92%, 29.35% and 22.62%, respectively, which was vise versa to the egg densities. The reason 
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was that the 1st insatr nymphs move a bit and left the densest area of the eggs. The overall means 

of 30 leaves of four Sectors as A (121.73±9.29), B (155.37±10.71), C (169.41±11450) and 

(130.59±11.39), respectively (Fig. 4.4.2. log 10 of the data). These means were subjected to the 

ANOVA. This showed that whitefly eggs were generally distributed significantly (F=17.5, DF=3, 

P<0.001) on Sector A and D than on B and C. Also a significant difference was found between 

date and Sector interactions (F=0.45, DF=3, P>0.05) and confirmed by applying Duncan’s 

Multiple Range test (Fig. 4.4.1). On each sampling date the number of B. tabaci was significantly 

more on Sectors A and D than B and C. However, the nymphs were significantly more in number 

on Sector B and C than on A and D (F=5.92, DF=3, P<0.05). It was also conformed by DMR test 

that the nymphs of B. tabaci were differently infesting on all four Sectors (Fig. 4.4.3).  
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 Fig. 4.4.3. Population of nymph ± s.e of B. tabaci on different sectors of melon leaf. 
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Fig. 4.4.4. Percentage of nymphs of B. tabaci on different sectors (A, B, C and D) of melon leaf. 
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4.5      Effect of leaf maturity on oviposition and nymphal mortality of Bemisia tabaci 

 
 

 Egg laying and nymphal survival of B tabaci on different leaf positions from the top (3, 4 

and 5 nodes) of melon creepers as observed in field conditions. The means of eggs (19.802.08) 

were laid on fifth leaf (36.802.10) on fourth and (37.90.0.92) on third leaf nodes (Fig. 4.5.1).  

 

 The nymphal mortality percentages of the instars (1st plus 2nd and 3rd plus 4th) on 3rd, 4th 

and 5th leaf nodes were (89.39 and 92.79%), (97.65and 94.69%) and (89.75 and 50.46%), 

respectively. The adult emergence percentages were 95.03%; 90.76% and 38.93% (Fig. 4.5.2) as 

calculated from survivors located on third, fourth and 5th leaf node. 

 

 Mortality rates 0.102, 0.035 and 0.101 were calculated for the eggs laid by the female on 

the leaves of node 3, 4, and 5, respectively. Similarly, the mortality rates 0.088, 0.042 and 0.505 of 

1st and 2nd instar nymphs were recorded on the leaves of node 3, 4 and 5, respectively.  The 

mortality rates 0.061, 0.088 and 0.75 of 3rd and 4th instar nymphs were recorded on the leaves of 

3rd, 4th, and 5th nodes. The maximum mortality in egg and all the nymphal stages was recorded on 

the leaves of 5th node (Fig. 4.5.3)   

 

The decrease in nymphal survival depended on leaf shape and structure from top to bottom 

of melon creepers and varied over time. The shape and structure may also have some effect on the 

fecundity of B. tabaci. The number of eggs laid, the nymphal survival (1st plus 2nd instars and 3rd 

plus 4th instars) and number of nymphs developed into adults (3rd plus 4th instars) according to 
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different leaf age at different nodes of the creeper were significantly different as egg (F =19.88, 

DF =02, , P<0.05), 1st plus 2nd instar nymphs (F = 8.570, DF =02, P<0.01), 3rd plus 4th instar 

nymphs (F =44.58, DF = 02, P<0.01) and adult emergence (F =46.95, DF = 02, P<0.01). Further, 

it was confirmed by using DMR test. The results indicate that survival of egg, nymphs and adults 

emerged from pupae were significantly less on the older leaf (5th) than those of third and fourth 

node leaf   (Table 4.5.1). The percentage of dead and k-value of nymphs of B. tabaci in third, 

fourth and fifth leaves are presented in (Table 4.5.2).  
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Fig. 4.5.1. Eggs (X ±S.E) laid by B. tabaci on various node leaves on melon.    
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Fig. 4.5.2. Survivorship % of B. tabaci on various node leaves on melon creeper. 
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Table 4.5.1. Duncan’s Multiple Range Test for egg density, survivorship of nymph and  
                    adult emergence on different node leaves on melon creeper 
Node leaf 
No. 

Mean egg density 
per leaf 

Survivorship of nymph Adult emergence % 
1st & 2nd instars 3rd & 4th instars 

3 
 

37.9a 89.7a 81.79a 76.78a 

4 
 

36.8a 97.65a  92.39a 84.23a 

5 
 

19.8b 89.89a 44.44b 11.11b 

The same letter bearing mean value in the same column of each node is not significantly 
Different at P<0.05   
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Leaf 
Position 
(node) 

Nymphs 
emerged 
from 
total 
eggs 

Log10N Total 
number 
died 

Percentage 
died 

Total 
number 
survived 
(adult 
emerged) 

Log10N K-value 
Log10N 

Log10S 

3 
 

320 2.505 29 9.06 291 2.463 0.042 

4 
 

359 2.555 49 13.64 310 2.491 0.064 

5 
 

178 2.250 156 87.64 22 1.342 0.908 

Table 4.5.2. Calculation of K-Value for mortality on melon leaf position (nodes) of  nymph  
                     of B. tabaci 
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4.6        Life table studies of B. tabaci in field condition 
 
 
4.6.1 Egg mortality 
 
 

During 2000-2002 studies, the first and most important factor of egg mortality in whitefly 

was predation by acarines, heteropterans, formicids (black ants) and coleolpteran predators that 

puncture the cuticle of the prey. The second important factor is low relative humidity percentages 

(< 40 % and > 65 %) and air temperatures. Due to these environmental factors hatching failure 

was recorded in B. tabaci eggs.  

 

4.6.2    Larval Predation and Parasitism 

 

The first instars (crawlers) were divided on the basis of early mortality in the first 24 hours 

since hatching and subsequent predation. During 1st 24 hours the newly hatched nymphs started 

crawling to reach an appropriate site on the leaf for feeding. Searching for appropriate site, they 

could not reach the site and many of them blown away due to wind, some of them reached at 

awkward site, and some of them were taken by the ants and predaceous mite before adhering them 

self on the leaf .   

 

In the present  life table studies the nymphal/larval and adult stages of anthocrides, 

coccinellid beetles, chrysopid, and acarines found attacking the immature stages of B. tabaci 

(Figs.4.6.24 -32). The searching ability of adults and young stages of the predators for eggs and 

nymphs of whitefly were observed.  These predators run about and around the inside of the leaves, 

tapping the surface with their antennae till they locate the prey of different stages. 
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 Predaceous mites, Amblvseius sp. and Typholodromus sp. appeared in a sizeable number 

moving very fast over the leaves, searching for eggs and nymphs, particularly 1st and 2nd instars of 

the whitefly. Some of these mites were found to rupture central portion of host nymph. Sometime 

they simply injured them.  

 

Black ants, Formica sp. were also abundant on the leaves particularly those which were 

heavily infested by B. tabaci (4.6.31). The black ants (as discussed earlier) locate their prey (eggs 

and nymphs) and after capturing took them away immediately. These ants preferred 3rd and 4th 

instars. Fungal attack (sooty mold) was also one of the mortality factors. The fungal infection was 

heavy on 4th instar. Rainfall increases the relative humidity (R.H.) percentage, which encouraged 

fungal attack on the young stages of whitefly. Relative humidity also played role in transformation 

of various life stages. Two species of aphilinid parasitoid i.e. Eretmocerus and Ancarsia were also 

found emerging from the nymphs of B. tabaci (4.6.33 and 34). 

 

The conclusions of the quantitative and qualitative population data of this experiment show 

that highest mortality took place during early stages, i.e. eggs and crawler, and to a lesser extent 

during pupal stage of whitefly. Climatic factors such as temperature were mainly responsible for 

mortality during the different developmental stages in the generations, which passed through 

wormer months. Parasitism was found to be moderate and not a decisive mortality factor. 
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4.6.3.   Life table 2000 
 
 
 
 The aim of working on life table was to identify major factors of mortality, mortality 

percent due to these factors, mortality percent in various life stages and survivorship percent. The 

life table studies from 1st generation to 8th generation are shown in Figs.4.6.1abc-8abc. 

 

 The result of  life table studied in 2000 (Figs.4.6.1a, b and c)  indicated that during 1st 

generation maximum mortality caused by predators (64.81%) which was followed by EMDUF 

(early mortality due to feeding mechanism) (19.26%), by parasitism (2.96%) and least mortality 

(1.48%) due to fungal attack was recorded. Activities of predators was recorded as the main dxf 

during all life stage that caused 21.11, 11.11, 12.96, 12.22 and 7.41 percent mortality in egg, 1st, 

2nd, 3rd and 4th instar crawlers, respectively. The mortalities 28.15%, 30.37%, 12.96%, 14.07% and 

11.11% due to all mortality factors (dxf) were recorded in egg, 1st, 2nd, 3rd and 4th instars crawler, 

respectively. The adult survival was recorded 3.44%.  

 

 In second generation (Figs.4.6.2a, b and c) the maximum mortality 48.27% was recorded 

due to predator in all life stages. However, 21.67, 21.18 were recorded due to hatching failure and 

EMDFM (early mortality due to feeding mechanism). Parasitism caused the least mortality 1.97% 

in 4th instar only. Maximum mortality 29.06% was recorded in 1st instar followed by 28.27% in 

egg stage and the minimum mortality 8.37% in 3rd instar. The adult survivorship was recorded 

3.43%. 
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 In 3rd generation, temperature was the main mortality factors, caused 36.64% mortality in 

all life stages. Mortality due to predation 21.72% was next to the temp. A little more mortality 

(3.6%) than the previous generations was recorded due to parasitism. The total mortality 28.96% 

was recorded in 1st instar crawler followed by 4th instar (25.78%) and egg stage (20.81%), 

respectively (Figs.4.6.3a, b and c). 

 

The life table studies of 4th generation Figs.4.6.4a, b and c. showed that the same dxf such 

as predation, parasitism, hatching failure, EMDFM, NTDRH (not transformed due to relative 

humidity) and temperature were found responsible for the mortality. Due to these factors the 

mortality percent 23.68, 1.75, 6.14, 7.89, 5.26 and 50.85, respectively were recorded. The most 

deaths were occurred in 3rd instar crawlers (20.18%) followed by 4th instar (20.16%). Adult 

survival was recorded 4.40% only.  

 

 Life table studies of 5th generation (Figs.4.6.5a, b and c) showed that the same factors 

were found responsible for mortalities except temperature. Predation was the main mortality factor 

that caused 60.21% mortality followed by EMDFM (23.04%). Adult survival was 3.33% only. 

 

Similar trend of mortality was recorded during 6th generation (Figs.4.6.6a, b and c). 

However, a little more parasitism was recorded than the previous generation. Deaths (0.82%) due 

to fungal attack were also recorded. A little more survival (6.18%) of the adults was recorded in 

this generation than the previous generations.  
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During 7th generation the factors such as predators, fungal attack, and parasitism brought 

more mortality than the life studies of previous generations.  Mortality due these factors (64.60%), 

(8.43%) and (1.12%) were recorded, respectively. The adult survival was 6.75%. Mortalities 

(24.73%) in egg and (23.03%) in 4th instar were a little more than the mortalities occurred in 1st, 

2nd and 3rd instars (Figs.4.6.7a, b and c). 

 

 Life table studies of 8th generation (Figs.4.6.8a, b and c) showed that maximum mortality 

(70.59%) caused by predation followed by parasitism (9.15%). The stage wise mortalities 

(18.95%), (18.95%), (13.73%), (18.30%) and (20.92%) in egg stage, 1st, 2nd, 3rd, and 4th instar 

crawlers were recorded, respectively. Consequently (9.15%)  adults were survived.  
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 Fig. 4.6.1a. Percent mortality in B. tabaci from egg-adult caused by different  

                    mortality factors (df) during 1st generation in Feb.-March, 2000.   

   
   

   
   

N
o.

 o
f 

in
di

vi
du

al
 d

ie
d 

 
 Fig. 4.6.1b. Mortality in various life stages of B. tabaci due to different mortality factors (df)  

                     during 1st generation 2000.   
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 Fig. 4.6.1c. Percent mortality recorded in various life stages of  B. tabaci during 1st  
                   generation 2000.   
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 Fig. 4.6.2a. Percent mortality in B. tabaci from egg-adult caused by different  
                    mortality factors (df) during 2nd generation in March-April, 2000.   
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 Fig. 4.6.2b. Mortality in various life stages of B. tabaci due to different mortality  

                   factors (df) during 2nd generation 2000.   
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 Fig. 4.6.2c. Percent mortality recorded in various life stages of  B. tabaci during 2nd 

                   generation 2000.   
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 Fig. 4.6.3a. Percent mortality in B. tabaci from egg-adult caused by different  

                   mortality factors (df) during 3rd generation in April-May, 2000.    
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 Fig. 4.6.3b. Mortality in various life stages of B. tabaci due to different mortality  
                   factors (df) during 3rd generation 2000.   
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 Fig. 4.6.3c. Percent mortality recorded in various life stages of  B. tabaci during 3rd 
                   generation 2000.   
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 Fig. 4.6.4a. Percent mortality in B. tabaci from egg-adult caused by different  

                   mortality factors (df) during 4th generation in May-June, 2000.    
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 Fig. 4.6.4b. Mortality in various life stages of B. tabaci due to different mortality  
                   factors (df) during 4th generation 2000.   

 

 
 Fig. 4.6.4c. Percent mortality recorded in various life stages of  B. tabaci during 4th  
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 Fig. 4.6.5a. Percent mortality in B. tabaci from egg-adult caused by different  

                   mortality factors (df) during 5th generation in July-August, 2000.    
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 Fig.4.6.5b. Mortality in various life stages of B. tabaci due to different mortality  

                  factors (df) during 5th generation 2000.   
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 Fig. 4.6.5c. Percent mortality recorded in various life stages of  B. tabaci during 5th  
                   generation 2000.   
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 Fig. 4.6.6a. Percent mortality in B. tabaci from egg-adult caused by different  
                   mortality factors (df) during 6th generation in September, 2000.    
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 Fig. 4.6.6b. Mortality in various life stages of B. tabaci due to different mortality  

                   factors (df) during 6th generation 2000.   
 

 Fig. 4.6.6c. Percent mortality recorded in various life stages of  B. tabaci during 6th  
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 Fig.4.6.7a. Percent mortality in B. tabaci from egg-adult caused by different  
                  mortality factors (df) during 7th  generation in Oct.-Nov., 2000.    
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 Fig.4.6.7b. Mortality in various life stages of B. tabaci due to different mortality  
                  factors (df) during 7th generation 2000.   

 

 

 Fig.4.6.7c. Percent mortality recorded in various life stages of B. tabaci during 7th   
                  generation 2000.   
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 Fig.4.6.8a.  Percent mortality in B. tabaci from egg-adult caused by different  

                   mortality factors (df) during 8th  generation during Nov-Dec., 2000.    
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 Fig.4.6.8b. Mortality in various life stages of B. tabaci due to different mortality  
                  factors (df) during 8th generation 2000.   
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 Fig. 4.6.9.Total mortality percentage recorded in egg-adult of B. tabaci due to  

                 different mortality Factors (df) during eight generations in 2000.    
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 Fig. 4.6.10. Survival ship of B. tabaci in various life stages recorded during 8  

                    consecutive generations in 2000.   
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 Fig.4.6.11. Curves showing total mortality and survival of B. tabaci per generation  

                  during eight generations in 2000.   
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 Fig.4.6.12. Total mortality percentage of B. tabaci due to different mortality   factors (df)  

                      from generations. 1-8 in 2000.   
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 Figure- 4.6.12. showed that the most effective mortality factor was predation that brought 

50.77 ± 6.62% overall mortality in all generations of 2000, which was followed EMDFM (13.49 ± 

2.74), temperature (10.94 ± 7.27), HFDH (8.47 ± 2.01), parasitism (5.48 ± 1.24), NTDH (4.76 ± 

1.31) and fungal attack (0.59 ± 0.23), respectively. However, temperature remained more effective 

mortality factor than predation only in two generations i.e. 3rd and 4th generations, in which 

temperature brought 36.64 and 50.88% mortality, respectively. During the life table studies of 

generations 3 and 4, the extremes of temperature were recoded (i.e. maximum day temp. ranged 

42-48 oC). 

   

4.6.5    Life table 2001 

   

During 2001 life table studies a little variation in survival and mortality was observed. The 

data of 1st generation (Figs.4.6.13 a, b and c) depicted that predation was the main mortality factor 

which bought 57.12% mortality in all life stages. However, non-significant mortality 12.82 and 

12.39% was recorded in egg and 4th instar crawler, respectively. The maximum mortality 14.1% 

was recorded in 3rd instar crawler. EMDFM was next to the predation, which brought 14.96% 

mortality in 1st instar crawler. Parasitism and fungal attack caused 5.99 and 1.28 percent mortality, 

respectively. It was recorded that all factors brought 91.45% mortality that indicates 8.55% 

survival of whitefly in 1st generation of 2001.  

 

  The data of life table studies of 2nd generation 2001 showed non-significant 

difference in the mortality present of 1st generation. The maximum 50.52% mortality was brought 

by the activities of predators followed by HFDH (14.65%), NTDH (10.61%), EMDFM (10.1%) 
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and parasitism (7.07%), therefore, the total mortality 92.95% was recorded in the generation. 

Hence, survival of whitefly was 7.05%. It was observed that the mortalities in egg and nymph 

stage were recorded 23.24 and 67.71%, respectively (Figs. 4.6.14 a, b and c).    

 

  The data in Figs.4.6.15 a, b and c.  showed variation in mortality percent in 

different life stages of B. tabaci by different factors during 3rd generation. As the  life table studies 

of 3rd generation were conducted during warm months, therefore, temperature was key mortality 

factor which brought 35.85% mortality throughout life cycle followed by predation (23.21%), 

EMDFM (14.46%) HFDH (3.80%), NTDH (3.38%) and parasitism (2.96%). 

 

 The temperature was the most effective mortality factor, which caused 59.37% mortality 

in life table studies of 4th generation and the most affected life stages were 2nd and 3rd instars 

having 14.58% and 13.54% deaths, respectively. Following to the temperature, predation brought 

28.14%, HFDH (4.17%) EMDFM and abnormal adult (2.08%).The least mortality (1.04%) was 

recorded by parasitism. Total mortality 96.88% was recorded in the life table studies of 4th 

generation. The survival was 3.12% which was the minimum during all life table studies of the 

year 2001 (Figs. 4.6.16 a, b and c). 

 

 Much diversity in mortalities due to different factors was observed in the life table studies 

of 5th generation (Figs. 4.6.17 a, b and c). Predation seemed the most effective mortality factor that 

brought 43.03% mortality throughout the life table. Feeding mechanism (EMDFM) caused 

20.35% mortality in 1st instar crawlers. Rainfall brought 13.95% mortality specifically in 2nd 
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instars. Mortality due to parasitism, NTDH, HFDH and abnormal adults were 6.39%, 5.82%, 

3.49% and 2.33%, respectively. 

 

 During 6th generation studies total mortality and survival were (93.60%) and (6.40%), 

respectively.  life table studies of sixth generation indicated that the least mortality 1.98% brought 

by fungal attack and maximum 58.92% by predation, next to the predation was EMDFM (12.81%) 

followed by parasitism 7.39%, HFDH 8.37% and 4.43% abnormal adult was emerged (Figs. 

4.6.18 a,b and c ) 

 

The minimum over all mortality (83.68%) due to all dxf was recorded during life table 

study of 7th generation of 2001. Therefore, the highest survival (16.32%) was recorded. The 

maximum mortality 56.52% was brought by the activities of predators followed by parasitism 

(11.08), HFDH (4.89%), EMDFM (4.89%), NTDH (3.8%) and fungal attack (2.72%) (Figs. 4.6.19 

a, b and c).  

 

 During the year 2001 life table studies were successfully carried out only for 7 generations. 

It was due to some environmental condition such as wind velocity and rainfall which hindered the 

process of study.                         
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 Fig.4.6.13a. Percent mortality in B. tabaci from egg-adult caused by different        

                    mortality factors (df) during 1st generation in Feb-March, 2001.   
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 Fig.4.6.13b. Mortality in various life stages of B. tabaci due to different mortality  
                    factors (df) during 1st generation 2001.   

 

19.23% 4TH 
INSTAR

22.65% 3RD 
INSTAR

8.97% 2ND 
INSTAR

21.8% 1ST 
INSTAR

22.64%  EGG 

Stage vise mortality 
Gen. 1(2001)

 
 Fig.4.6.13c. Percent mortality recorded in various life stages of  B. tabaci during 1st  

                    generation 2001.   
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 Fig.4.6.14a. Percent mortality in B. tabaci from egg-adult caused by different  

                    mortality factors (df) during 2nd generation in March-April, 2001.   
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 Fig.4.6.14b. Mortality in various life stages of B. tabaci due to different mortality  

                    factors (df) during 2nd generation 2001.   
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 Fig.4.6.14c. Percent mortality recorded in various life stages of  B. tabaci during 2nd  

                    generation 2001.   
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 Fig.4.6.15a. Percent mortality in B. tabaci from egg-adult caused by different  
                    mortality factors (df) during 3rd generation in May, 2001.    
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 Fig.4.6.15b. Mortality in various life stages of B. tabaci due to different mortality  

                    factors (df) during 1st  generation 2001.   
 

  
 Fig.4.6.15c. Percent mortality recorded in various life stages of  B. tabaci during 1st  
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 Fig.4.6.16a. Percent mortality in B. tabaci from egg-adult caused by different  
                    mortality factors (df) during 4th  generation in May- June, 2001.    
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 Fig.4.6.16b. Mortality in various life stages of B. tabaci due to different mortality    

                    factors (df) during 4th generation 2001.   
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 Fig.4.6.16c. Percent mortality recorded in various life stages of  B. tabaci during 4th  

                    generation 2001.   
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 Fig.4.6.17a. Percent mortality in B. tabaci from egg-adult caused by different  
                    mortality factors (df) during 5th  generation in July August, 2001.    
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 Fig.4.6.17b. Mortality in various life stages of B. tabaci due to different mortality  
                    factors (df) during 5th generation 2001.   
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 Fig.4.6.17c. Percent mortality recorded in various life stages of  B. tabaci during 5th   

                    generation 2001.   
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 Fig.4.6.18a. Percent mortality in B. tabaci from egg-adult caused by different  

                    mortality factors (df) during 6th generation in Oct., 2001.    
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 Fig.4.6.18b. Mortality in various life stages of B. tabaci due to different mortality  

                    factors (df) during 6th generation 2001.   
 

 Fig.4.6.18c. Percent mortality recorded in various life stages of  B. tabaci during 6th  
                    generation 2001.   
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 Fig.4.6.19a. Percent mortality in B. tabaci from egg-adult caused by different  

                    mortality factors (df) during 7th  generation in Dec., 2001.   
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 Fig.4.6.19b. Mortality in various life stages of B. tabaci due to different mortality  

                    factors (df) during 7th generation 2001.   
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 Fig.4.6.20.Total mortality percentage recorded in egg-adult of B. tabaci due to  

                  different mortality factors (df) during eight generations in 2001.    
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 Fig.4.6.21. Survival ship of B. tabaci in various life stages recorded during 8  

                   consecutive generations in 2001.   
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 Fig.4.6.22. Curves showing total mortality and survival of B. tabaci per generation  

                  during eight generations in 2001.   
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 Fig.4.6.23.Total mortality percentage of B. tabaci due to different mortality  factors  
                 (df) from generations. 1-8 in 2001.   
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and 2nd instar (16.03 ± 1.64). In this way it can be concluded that the highest mortality was 

observed in 4th instar crawler and the least in 2nd instar crawler.  

 

 As far as, the highest mortality throughout 7 generations during 2001 is concerned, it was 

observed that 96.88% mortality occurred during 4th generation and the least 83.68% in 7th 

generation. Similarly, 3.12% of adult survival was recorded in 4th generation and 16.32% in 7th 

generation, respectively (Figs. 4.6.21 and 22). 

 

 The most effective mortality factor was predation that brought 46.23 ± 4.65% overall 

mortality during 2001, which was followed by temperature (13.60±8.56), EMDFM (11.56±2.27), 

HFDH (8.78±1.59), parasitism (6.35±1.40), NTDH (4.53±1.40), wind and rain (1.99±1.86), 

abnormal adult (1.26±0.62) and fungal attack (0.85±0.40), respectively. However, temperature 

remained more effective mortality than predation in only two generations i.e. 3rd and 4th 

generations, in which temperature brought 35.85 and 59.37% mortality, respectively (Fig. 4.6.23). 
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Fig. 4.6.24. Staphylinid beetle feeding on eggs and nymphs of B. tabaci. 

 
Fig. 4.6.25. Aphilinid parasitoid on melon leaf for B. tabaci. 

 
Fig. 4.6.26. Geocoris sp. on melon leaf to feed on young stage of B. tabaci.  
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Fig. 4.6.27. Brumus sturalis feeding on eggs and nymphs of B. tabaci. 

 
Fig. 4.6.28. Coccinelid beetle on B. tabaci nymphs. 

Fig. 4.6.29.  Coccinelid beetle feeding on B. tabaci eggs and nymphs. 
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Fig. 4.6.30. Delphastus sp. on young leaf of  
                    melon in search of B. tabaci. 

Fig. 4.6.31. Black ant carrying away young   
                    stages of B. tabaci. 

Fig. 4.6.32. Brumus searching for B.tabaci on  
                    Young leaves of melon creeper. 

 
Fig. 4.6.33a. A nymph of B. tabaci parasitized by  
                      Ancarsia sp. 
 

 
Fig. 4.6.33b. A nymph of B. tabaci parasitoid by  
                      Eretmocerus sp. 

a. The parasitoids, Eretmocerus mundus 

 
b. The parasitoid, Ancarsia formosa  
Fig. 4.6.34. Aphilinid parasitoids emerging from    
                    Nymphd of B. tabaci.  
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4.6.7     Life table 2002 

 

  The life table studies during 2002 showed almost the same trend of mortalities and 

survivals as recorded during previous works of 2000 and 2001. The life table study of 1st 

generation indicated that the maximum mortality 58.1% was occurred due to the activities of 

predators followed by EMDFM (23.32%), parasitism (7.11%), HFDH (5.93%), NTDH 95.26% 

was (0.40%) and fungal attack (0.40%). Total mortality (95.26%) was recorded throughout life 

cycle. Adult survival was recorded 4.74% (Figs. 4.6.35a, b and c).  

 

 The mortality factors such as EMDFM and HFDH brought 17.26% and 5.04% mortalities, 

respectively in life table studies of 2nd generation of 2002. 3.98% individuals were failed to 

transform into next stages during transformation process from 1st instar to adult stage. The biotic 

factors such as predation of parasitism brought 52.21 and 7.52% mortality, respectively. During 

this generation the total mortality was increased by 0.75% as compared to 1st generation (Figs. 

4.6.36a, b and c).  

 

 The total mortality 95.52% occurred by all mortality factors in the life table of 3rd 

generation. As the study was carried out in warmer months, therefore, highest mortality 41.08% 

was observed due to temperature. Predators were observed less active during this generation 

period; however, they brought 31.29% mortality in all life stages of B. abaci. The least mortality 

1.63% was due to NTDH. Mortality due to parasitism was recorded 4.06% only (Figs. 4.6.37a, b 

and c). Fourth generation study was carried out in the most warm months, therefore, temperature 

was the most effective factor which brought 54.23% mortality throughout lift Table study. It was 
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also found that the predators and the parasitoids were the least active during this generation period. 

Both factors brought 22.54% and 1.41% mortality, respectively. Total mortality throughout life 

cycle in all stages was recorded 94.38%. The adult survival 5.62% was recorded (Figs. 4.6.38a, b 

and c).    

 

 . The maximum mortality 61.20% was recorded by predators and 0.50% abnormal adults 

were emerged during the life table studies of 5th generation (Figs. 4.6.39a, b and c). Reactiveness 

in parasitoids was found during this generation of B. tabaci, they brought 6.97% mortality. The 

total mortality and survival was recorded 95.04% and 4.96%, respectively.  

 

Almost the same trend of mortality and survival was recorded during 6th generation studies 

(Figs. 4.6.40a, b and c). Parasitoids was observed the most  active than the previous generations 

which brought 12.75% mortality that was the highest mortality percent recorded during all the life 

table studies of 2002. The mortalities 54.58%, 13.94%, 5.58%, 3.99%, 3.19% and 1.59% were 

recorded due to predators, EMDFM, HFDH, fungal attitude, ab. adults and NTDH, respectively. 

Total mortality 95.62% was recorded through the generation. During seventh generation period, 

the effective biotic factors responsible for mortality were predation, parasitism and fungal attack 

these factors collectively brought 69.06% mortality (51.05%, 7.17% and 5.84%, respectively). The 

remaining mortality 30.04% was recorded due to HFDH, EMDFM, NTDH and abnormal adults, 

respectively. Adult survival 11.65% was recorded during 7th generation studies (Figs. 4.6.41a, b 

and c).  
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 Similarly, during 8th generation studies (Figs. 4.6.42a, b and c), maximum mortality 

54.40% was due to predation followed by EMDFM (15.54%), parasitism (5.70%), HFDH (4.66%) 

and fungal attack (4.66%). Total mortality 84.96% was recorded during 8th generation which kept 

highest survival of adults that was 15.04%.  
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 Fig.4.6.35a. Percent mortality in B. tabaci from egg-adult caused by different mortality 
                   factors (df) during 1st generation in Feb.-March, 2002.   
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 Fig.4.6.35b. Mortality in various life stages of B. tabaci due to different mortality  
                    factors (df) during 1st generation 2002.   
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 Fig.4.6.35c. Percent mortality recorded in various life stages of  B. tabaci during 1st   
                    generation 2002.   
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 Fig.4.6.36a. Percent mortality in B. tabaci from egg-adult caused by different mortality 
                   factors (df) during 2nd generation in March, 2002.   
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 Fig.4.6.36b. Mortality in various life stages of B. tabaci due to different mortality  
                    factors (df) during 2nd generation 2002.   
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 Fig.4.6.36c. Percent mortality recorded in various life stages of  B. tabaci during 2nd   
                    generation 2002.   
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 Fig.4.6.37a. Percent mortality in B. tabaci from egg-adult caused by different  
                    mortality factors (df) during 3rd generation in May, 2002.    
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 Fig.4.6.37b. Mortality in various life stages of B. tabaci due to different mortality  
                    factors (df) during 3rd generation 2002.   

 

  
 Fig.4.6.37c. Percent mortality recorded in various life stages of  B. tabaci during 3rd   
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 Fig.4.6.38a. Percent mortality in B. tabaci from egg-adult caused by different  
                    mortality factors (df) during 4th generation in May-June, 2002.    
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 Fig.4.6.38b. Mortality in various life stages of B. tabaci due to different mortality  
                    factors (df) during 4th generation 2002.   

 

 Fig.4.6.38c. Percent mortality recorded in various life stages of  B. tabaci during 4th  
                    generation 2002.   
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 Fig.4.6.39a. Percent mortality in B. tabaci from egg-adult caused by different  
                    mortality factors (df) during 5th generation in August- Sept., 2002.    
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 Fig.4.6.39b. Mortality in various life stages of B. tabaci due to different mortality  
                    factors (df) during 5th generation 2002.    
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 Fig.4.6.39c. Percent mortality recorded in various life stages of  B. tabaci during 5th   
                    generation 2002.   
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 Fig.4.6.40a. Percent mortality in B. tabaci from egg-adult caused by different  
                    mortality factors (df) during 6th generation in Sept.- Oct., 2002.    
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 Fig.4.6.40b. Mortality in various life stages of B. tabaci due to different mortality  
                     factors (df) during 6th generation 2002.   

 

 Fig.4.6.40c. Percent mortality recorded in various life stages of  B. tabaci during 6th   
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 Fig.4.6.41a. Percent mortality in B. tabaci from egg-adult caused by different  
                    mortality factors (df) during 7th generation in Oct. Nov., 2002.    
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 Fig.4.6.41b. Mortality in various life stages of B. tabaci due to different mortality  
                    factors (df) during 7th generation 2002.   
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 Fig.4.6.41c. Percent mortality recorded in various life stages of  B. tabaci during 7th  
                    generation 2002.   
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 Fig.4.6.42a. Percent mortality in B. tabaci from egg-adult caused by different  
                    mortality factors (df) during 8th generation in Nov.-Dec., 2002.    
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 Fig.4.6.42b. Mortality in various life stages of B. tabaci due to different mortality  
                    factors (df) during 8th generation 2002.   

 

 Fig.4.6.42c. Percent mortality recorded in various life stages of  B. tabaci during 8th  
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 Fig.4.6.43. Total mortality percentage recorded in egg-adult of B. tabaci due to  

                   different mortality factors (df) during eight generations in 2002.    
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 Fig. 4.6.44. Survival ship of B. tabaci in various life stages recorded during 8   

                    consecutive generations in 2002.   
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 Fig.4.6.45. Curves showing total mortality and survival of B. tabaci per generation  

                  during eight generations in 2002.   
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 Fig.4.6.46.Total mortality percentage of B. tabaci due to different mortality  factors  
                 (df) from generations. 1-8 in 2002.   
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2nd instar (14.76±1.09). It can be concluded that the highest mortality was observed in 1st instar 

crawler and the least in 2nd instar crawler.  

 

  The life table studied of 8 generations of 2002 indicated that the highest mortality 

(96.01%) occurred during 2nd generation, and the least 84.96% in 8th generation. Therefore, adult 

survival in 2nd generation and 8th generation was 3.99% and 15.04%, respectively (Figs. 4.6.44 and 

45). 

  The most effective mortality factor was predation that brought 47.90±4.83% overall 

mean mortality percents in 2002 followed EMDFM (14.01±1.79), temperature (11.91±7.90), 

HFDH (7.66±1.21), parasitism (6.59±1.15), NTDH (2.40 ±0.90), fungal attack (1.89±0.89) and 

abnormal adult (0.81±0.48), respectively. However, temperature remained as more effective 

mortality factor than predation in two generations only i.e. 3rd and 4th generations, in which 

temperature brought 36.64% and 50.88% mortality, respectively (Fig. 4.6.46). 
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4.6.9    Comparative mortality and survival from 2000-2002 

 

   Fig. 4.6.47 showed comparative survival from 2000-2002 in various life stages of B. 

tabaci, however, Fig. 4.6.48 showed the overall maximum mortality 22.48 ± 1.52% in egg stage 

during all generation studied in 2000 which was followed by 2002 (21.51 ± 1.00) and 2001 (20.37 

± 1.37), respectively. In 1st instar crawler, overall maximum mortality 23.82 ± 1.98 in 2000 and 

minimum 19.32 ± 1.98 in 2001. A little difference in mortality was observed in 2nd instar crawler, 

maximum overall mortality (16.84 ± 1.14) was recorded in 2001 and minimum (13.84 ± 1.19) in 

2000. Similar, pattern was recorded in 3rd instars. Maximum overall mortality 17.75 ± 1.66 was 

recorded in 2001 and minimum 14.58 ± 1.73 in 2000. Mortality percent varied in 4th instar 

crawler. In 4th instar minimum mortality percent (16.25 ± 1.63) was recorded during 2002 and 

maximum 19.68 ± 1.74% in 2001. The maximum mortality brought by predation during 3-year 

work followed by temperature and EMDFM. The minimum mortality was due to fungal attack 

(Fig. 4.6.49). 

   

  Fig. 4.6.50. showed overall mortality and survival ratio. Maximum mortality (94.84 ± 

0.67%) was recorded in all life stages in 2001 followed by 93.11 ± 1.46 in 2002 and 90.4 ± 0.65 in 

2000, respectively. Therefore, the highest survival percent (9.60 ± 0.63) was recorded during 2000 

followed by 2002 (6.86 ± 1.16) and 2001 (4.74 ± 0.53) respectively.   
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4.6.10  Over all mortality and survival of various life stages 2000-2002 

 

Fig. 4.6.47. shows survival of different life stages during 3-year studies. It was observed 

that survival from egg to adult went 196.5±17.6,  151.6±12.89, 102.75±7.16, 76.62±7.55, 

48.62±5.21 and 10.12±1.15 of the eggs, 1st, 2nd, 3rd, 4th instar crawlers and adult stage, 

respectively. Similarly, in 2001 it was 189.14±17.97, 151.14±14.95, 113.00±9.26, 83.71± 8.40, 

51.00±6.45 and 9.14±1.43 in egg, 1st , 2nd, 3rd, 4th instar crawlers and adult stage, respectively. The 

stage wise survival in 2002 was recorded 216.87±13.27, in egg stage, 1st instar crawler 

(170.00±10.24), 2nd instar (119.00±6.82), 3rd instar (86.75±5.63), 4th instar (49.75±6.06) and adult 

stage (14.50±2.88). Therefore the highest survival of adult stage was recorded in 2000.   

 

The overall mean mortality in 3- year studies indicated that maximum mortality 

22.18±1.67 was recorded in 1st instar nymph followed by egg (21.45±1.29), 4th instar 

(19.24±1.64), 3rd instar (16.51±1.58) and 2nd instar (14.87±13.0), respectively (Fig. 4.6.51). 

Similarly, Fig. 4.6.52 shows maximum mean mortality percent (48.30±5.36) was brought by the 

activities of predators followed by EMDFM (13.02±2.26), Temperature (12.15±7.91), HFDH 

(8.30±1.60), parasitism (6.14±1.26), NTDH (3.89±1.20), F. attack (1.10±0.50), Ab. Adult 

(0.69±0.36) and wind and rain (0.66±0.62), respectively in all life stages in all generations during 

2000-2002. 

 

 Analysis of variance showed highly significant difference in mortalities in life stages of B. 

tabaci (F=209.56, DF=5, P<0.01), significant difference in years (F=10.63, DF= 2, P<0.05) and 

non- significant difference between the generations. The Duncan’s multiple range tests also 
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showed significant difference in the mortalities occurred in all life stages of B. tabaci in all 

generations of 2000 – 2002. However, the generation vise over all mortalities, the DMRT showed 

non-significant difference in 4th, 5th and 8th generations, and 3rd and 7th  generations at (P<0.05). 

Similarly, non-significant difference was observed in over all mortality of all generations of 2000 

and 2002.  
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 Fig. Fig.4.6.48. Total mortality recorded in egg-adult of B. tabaci in eight generations  
                          duing 2000-2002.   
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 Fig.4.6.49. Over all mortality of B. tabaci due to different mortality factors (df) in       
                  eight generations during 2000-2002.   
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Fig.4.6.51. Mean mortality percent recorded in various life stages of  B. tabaci in all  
                  generations during  2000-2002. 

 

Fig.4.6.52. Over all mean mortality (qx) of B. tabaci due to different mortality factors (df) in all   
                  generations during 2000-2002. 
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4.7       Seasonal abundance of parasitoids on Whitefly, Bemisia tabaci at Dadu, Tandojam      

            and Thatta 

 

 The parasitoids, two species of genus Encarsia and three species of Eretmocerus, 

(Aphelinidae) were found at in B. tabaci nymphs Dadu, Tandojam (Hyderabad) and Thatta on 

melon creepers cucurbit crops. The mean number of whitefly larvae on each observation date and 

season were recorded at Dadu, Tandojam and Thatta (Figs. 4.7.1- 6). The mean of parasitoid 

population per leaf for each season and parasitization percentages from each location are shown in 

(Figs. 4.7.1- 6). The over all means per leaf of whitefly in spring (126.66±8.47) and in summer 

(137.12±7.93) were recorded at Dadu. Where as the mean population of parasitoids were 

(15.88±1.32) and (16.16±3.11) in both the seasons, respectively. Similarly, the over all mean 

population of whitefly (114.74±5.87) was recorded in spring season at Tando jam, which was less 

than the population appeared in summer season (128.42±7.98). At Tando jam the over all mean 

populations 6.26±0.95 and 5.26±0.80 parasitoids were recorded in spring and summer seasons, 

respectively.    

 

  The population trend of whitefly at Thatta was more or less the same as it was in Dadu. At 

Thatta the over all mean populations, (137.2±8.46) and (161.9±7.61) were recorded in spring and 

summer seasons, respectively. The parasitoid appeared on nymph of whitefly at Thatta had the 

same trend of population as it was in Dadu. The mean parasitoid populations, (16.6±0.93) and 

(16.66±2.09) were recorded in spring and summer seasons, respectively. It was observed from the 

results that the least parasitoid’s activities were found at Tandojam as compared to Dadu and 

Thatta. The result also indicated that more parasitoid activities were found in summer season as 

compared to spring. This could be due to huge cultivation of cucurbits (melon creeper) in those 
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zones in summer season, besides that cotton crop also supported the whitefly population in 

summer season.   

 

Fig. 4.7.1.  Regression analyses of parasitoid V/S B. tabaci population, temperature, and   
                  relative humidity in spring at Dadu. 
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Fig. 4.7.2.  Regression analyses of parasitoid V/S B. tabaci population, temperature, and   
                  relative humidity in summer at Dadu. 

Fig. 4.7.3.  Regression analyses of parasitoid V/S B. tabaci population, temperature, and   
                  relative humidity in spring at Tandojam. 
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Fig. 4.7.4.  Regression analyses of parasitoid V/S B. tabaci population, temperature, and   
                  relative humidity in summer at Tandojam. 
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whereas between seasons it was non-significant. This was confirmed by Duncan’s Multiple Range 

test that shows non- significant difference in parasitoid population at Thatta and Dadu.  

Fig. 4.7.5.  Regression analyses of parasitoid V/S B. tabaci population, temperature, and   
                  relative humidity in spring at Thatta. 
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Fig. 4.7.6.  Regression analyses of parasitoid V/S B. tabaci population, temperature, and   
                  relative humidity in summer at Thatta. 
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respectively (Fig. 4.7.7).  Figure (4.7.8) shows almost similar trend of parasitism percentages in 

summer season at Tandojam. During summer the parasitism percentages 7.00 on 20th May, 5.14 

on 14th June, 4.00 on 19th June, 3.43 on 4th July and 19th July were recorded.   

 

At Thatta the parasitism percentages were remained less fluctuated through out the spring 

season. The parasitism percentages 12.27, 12.15, 12.23, 11.89 and 12.01 were recorded on 11th 

March, 25th March, 9th April, 24th April and 9th May, respectively (Fig. 4.7.7). As compared to 

spring much fluctuation in parasitism percentages was recorded in summer season at Thatta. 

Initially it was higher then reduced in late observations. The Maximum parasitism 14.29% was 

recorded on 3rd June followed by 11.95% on 19th May, 10.86% on 18th June, 8.74% on 3rd July and 

6.21% on 18th July (Fig. 4.7.8). Figure (4.7.9) shows the overall parasitism percentages in both the 

seasons at all three zones. It reveals that more parasitism was observed in summer season than in 

spring. The over all parasitism percentages 11.74±2.22 and 12.71±1.08 were recorded in spring 

and summer seasons, respectively at Dadu. At Tandojam it was 4.27±0.86 in spring and 5.48±0.81 

in summer seasons. The over all mean percentages 10.41±1.37 and 12.11±0.07 were recorded in 

spring and summer seasons, respectively at Thatta. It was observed that the fluctuation in 

Parasitoid’s population was directly proportioned with B. tabaci population at all three zones. 

However, lesser fluctuation was recorded in spring than summer. It was due to more wind velocity 

in summer than in spring. It is noteworthy that wind velocity in lower Sindh particularly Thatta 

and Tandojam (Hyderabad) is very high during (May and July) until the monsoon. Similarly, air 

temperature at Dadu ranged 35-45C. These extremes may have drastic effect on parasitization 

percentage of the parasitoids found at the test crops in summer at the test zones.  
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Fig. 4.7.7.  Percent parasitism on B. tabaci at different agro-zones zones in spring season. 
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Fig. 4.7.8. Percent parasitism on B. tabaci at different agro zones in summer   
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Fig. 4.7.9.  Mean parasitism % on B. tabaci at different agro- zones in summer season. 

 

 

4.7.2    B. tabaci and parasitoids ratio 

 

With regards to the nymphal population of B. tabaci the parasitoid’s population ratio was 

different in the seasons and the zones. The whitefly/parasitoids ratio 1:7.93, 1:18.33 and 1:8.26 

were recorded in spring at Dadu, Tandojam and Thatta, respectively. Where as in summer it was 

1:8.26, 1:24.41 and 1:9.71 at Dadu, Tandojam and Thatta, respectively (Fig. 4.7.10). It was 

observed from the data that lesser ratio of B. tabaci/parasitoids was recorded at Tandojam as 

compared to Dadu and Thatta.    

 



 156

Fig. 4.7.10.  B. tabaci and parasitoid ratio in spring and summer seasons at different agro-     
.                    zones 
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4.8      Dispersal (sampling) of  Bemisia tabaci adults in melon field 

 

4.8.1   Indirect Count 
 
 

Population of B. tabaci was estimated on melon from germination until harvest of the crop. 

Figure -4.8.1. shows that at initial growth stage of the creepers the number of adults caught in the 

traps was very low.  The first adult catches on the different traps were recorded during 1st week of 

March just after crop germination. During initial catches 5.00±0.94, 2.66±0.72 and 1.00±0.47 

adults per trap were recorded on cylindrical, flat and round traps, respectively.   

 

Population of B. tabaci fluctuated later on and showed two peaks. The first population 

peak was observed during 4th week of March, where the adults caught on cylindrical, flat and 

round traps were 50.00±4.11, 38.00±4.32 and 26.33±2.59 per trap, respectively. The second peak 

was recorded during 4th week of April, where 42.33±3.56 adult B. tabaci were recorded on 

cylindrical trap, 26.33±4.00 on flat and 18.66±3.13 on round trap.  The average adult B. tabaci 

count on cylindrical trap was 22.87±2.68, on flat trap was 14.37±2.02 and on round trap was 

9.24±1.39.  

 

Results show that the use of cylindrical traps is better than flat and round traps. B. tabaci 

adults were trapped from all directions on the cylindrical traps in the melon crop. This indicates 

that B. tabaci population was equally distributed in the melon field. The results showed that 

population of adult B. tabaci caught on three traps were highly significant.  
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Fig. 4.8.1.  Mean catches per trap of Bemisia tabaci on various types of yellow sticky traps mounted 
in melon field during spring season. 

 

 

4.8.2   Whitefly activity at different ground levels 

 

Figure- 4.8.2. shows that the population of B. tabaci varied at the different ground levels. 

At initial growth stage, activity of B. tabaci was higher at 6" above ground level than at12" and 

18". The activity of B. tabaci depended proportionately on the growth of creeper. Two peaks 

namely, the 1st during 4th week of March, and the 2nd during 4th week of April were observed. 

At 1st peak the count of adult B. tabaci was 38.00±4.32, 25.00±3.09, and 7.00±0.94 adults/trap at 

6", 12" and 18" respectively. At the second peak the count of adult B. tabaci was 26.33±4.00, 

17.33±4.83 and 13.33±2.88 per trap, respectively. The mean total count of adult B. tabaci at 6", 

12" and 18" was 14.37±2.02, 7.81±1.43, and 3.61±0.68, respectively.   
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The result of this experiment indicates that in melon field the flight and dispersal activities 

of B. tabaci adults were maximum at 6" above ground level, and lower at 18". It clearly shows that 

B. tabaci retain their activities mostly up to the height of melon creepers (Fig. 4.8.2).    
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Fig. 4.8.2. Mean counts/trap of Bemisia tabaci on yellow sticky traps   mounted at 6", 12" and 18"  
                 above ground level in melon field during spring season.  
 

 

4.8.3   Direct Count 

 

In the direct count, numbers of B. tabaci on 2nd, 3rd and 5th node on leaves were recorded 

(Figure 4.8.3). In this experiment, adult B. tabaci were counted on melon leaves from early March 

till 20th May. The population of B. tabaci increased with the growth of melon creepers.  Two 

population peaks, during 4th week of March and 3rd week of April, were observed. The highest 

mean density was recorded during the 2nd peak.   
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Density of adults B. tabaci was significantly higher at the 2nd node with 14.90±1.54 

individuals/node than 6.36±0.94 at 3rd node and 6.54±0.75 at 5th node. Mean total density of the 

adults was 6.56±1.34 at 2nd node, while lower number 2.52±0.55 individuals at 5th node. The 

result indicates that adults prefer 2nd nodes of leaves, because they are fresh and broader in size.  
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Fig. 4.8.3.  Mean density/leaf of B. tabaci recorded on 2nd, 3rd and 5th node leaves of melon creeper  
                  during spring season 
 

4.8.4    Suitable timing of B. tabaci sampling 

  

 Like the indirect and direct count of adult B. tabaci on the melon leaves, the data in Table-

4.8.1 shows similar trend of population growth, i.e., two population peaks: first in 4th week of 

March and the 2nd in 3rd week of April.  The data of the number of B. tabaci adults was 
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significantly different at the two timings (T=3.73, P<0.01). Mean total density of adult fly at 8.00 

am was 6.56±1.34, while 4.03±0.83 at12.00 noon.  

 

Table 4.8.1.  Mean density/leaf of B. tabaci recorded on 2nd node leaves at  
                     8.00 a.m. and 12.00 noon on melon creeper during spring season 

 
  

  

 

 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

 
Observation 

Date 
 

2nd node 
8.00 a.m. 

2nd node 
12.00 noon 

Mean ± SE Mean  ± SE 

04- March 2.00 ± 0.29 1.27 ± 0.24 
11 4.18 ± 0.61 2.72 ± 0.38 
18 8.54 ± 0.88 4.90 ± 0.74 
25 13.45 ± 1.86 7.45 ± 0.89 
01- April 4.00 ± 0.52 2.90 ± 0.58 
08 9.81 ± 0.96 8.09 ± 0.61 
15 11.81 ± 1.56 4.36 ± 0.56 
22 14.90 ± 1.54 10.1 ± 0.82 
29 3.54 ± 0.67 2.54 ± 0.35 
06- May 2.72 ± 0.47 1.45 ± 0.23 
13 2.00 ± 0.35 1.45 ± 0.23 
20 1.81 ± 0.31 1.09 ± 0.20 
Mean 6.56 4.03 
SE 1.34 0.83 
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4.9       Preferential distribution of Bemisia tabaci on cucurbit and non-cucurbit     
            crops 
  

Contrary to the hypothesis that in multiple cropping system might have encouraged 

preferential behavior and the decrease in the population abundance of B. tabaci on cucurbit 

creepers. The result shows that both the stages were significantly more on cucurbit creepers than 

on the non-cucurbit crops except on brinjal and the cluster bean. The total population was less on 

some cucurbit crops i.e. ridge gourd, pumpkin, watermelon and biter gourd. This preferential 

difference could be attributed to colour texture morphology of the leaves and host chemistry. 

 

 Fig. 4.9.1. showed the whitefly population on cucumber and melon was higher (70% to 

80%) than on non-cucurbits namely, chilies (18.20%) cowpea (18.06%) and bitter gourd 

(18.30%), pumpkin (28.51%) sesame (28.95%) and okra (26.10%), water melon (27.90%) and 40-

50% on other crops i.e. ridge gourd (39.25%), Indian squash (49.10%), cluster bean (49.63%) 

cotton (45.31%). The increase in the whitefly population on cucumber and melon could be due to 

level of pH in the leaves (Table 4.9.2), better protection from wind because of denser canopy of 

these plants. In the present work the higher the pH the more abundant was the pest population (Fig 

4.9.2). 

 

 The ANOVA was used to test differences in abundance of whitefly population on all 14 

test plants. The analyses on population abundance showed that the population were significantly 

higher (F =19.72, DF = 13, P>0.01) on cucumber, melon, brinjal, Indian squash and cluster bean 

(Fig. 4.9.1 and Table 4.9.1) confirmed by Duncan’s Multiple Range (DMR) test on mean 
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population of adults and nymphs and their total population. Regression analysis showed that the 

population of B. tabaci positively correlated with the pH of different host plants (Fig. 4.9.2).  
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 Fig. 4.9.1. Mean population of B. tabaci ( nymphs+adults) on cucurbit and non-cucurbit  
                  crop.  
 
Table.4.9.1. Duncan’s multiple range test for comparison of means  
Crop Respective Letter in 

Histogram 
Duncan’s  Homogeneous group 

Cowpea A A 
Chilies B A 
Bitter gourd C A 
Okra D Ab 
W. melon E abc 
Pumpkin F abc 
Sesame G abc 
Ridge gourd H bcd 
Cotton I Cd 
Indian squash J D 
Cluster bean K D 
Brinjal L E 
Melon M Ef 
Cucumber N F 
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 Fig. 4.9.2. The effect of pH on population abundance of B. tabaci  on cucurbit and non- 
                  cucurbit crop. 
 
Table 4.9.2.  pH values of various cucurbit and non-cucurbit crops. 

Date Crop Crop-age    
(days) 

Temperature       
x=s.e. pH x=s.e 

19-9-98 Cucumber  60  32.060.07  7.440.08 

14-9  Melon   65  30.400.04  7.630.01 

17-9  Ridge gourd  70  31.140.14  6.860.01 

18-9  Indian squash  60  32.180.02  7.300.04 

18-9  Water melon  60  32.200.00  6.520.08 

16-4-01 pumpkin  70  31.190.01  6.270.03 

16-4  Bitter gourd  70  30.120.02  6.010.01 

20-4  Cowpeas  63  30.190.01  6.270.09 

26-4  Cluster Bean  70  32.110.04  6.510.09 

28-4  Brinjal   90  30.590.02  6.640.12 

30-4  Okra   60  29.880.19  6.530.14 

18-6  Cotton   95  30.420.13  6.680.09 

18-6  Chilies  85  30.880.15  6.520.81  
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4.10     Seasonal population variation of whitefly, Bemesia tabaci on various cucurbit crops in             

different agro-zones of sindh 

 

4.10.1   Population variation during 2000 
 

Both nymphs and adults of tobacco whitefly, B. tabaci were counted on various cucurbit 

creepers and considered as total whitefly population. 

       

4.10.1a.        The population of whitefly on musk melon creepers in various seasons 

 
a.1.      Spring season   
 

  The initial whitefly population was more or less similar at Dadu, Tandojam (Hyderabad), 

Thatta and Badin except for Sakrand where the population was 21.03±2.36 insects per leaf. The 

highest populations (12.68±1.34) on March 19, (22.17±3.42) on May 3, (16.23±2.41) on March 5, 

(21.03±2.36) on February 13 and (10.78±1.62) on March 17 were recorded at Hyderabad 

(Tandojam), Badin, Thatta, Sakrand and Dadu, respectively. The over all mean populations 

(5.35±1.06), (11.46±1.31), (8.01±1.27), (7.74±0.88) and (7.71±0.64) per leaf of the whitefly were 

recorded at Tandojam (Hyderabad), Badin, Thatta, Sakrand and Dadu, respectively (Figs. 4.10.1 

and 2).  

 

a.2       Summer season 

 

In the case of summer melons, the over all mean populations (10.93±2.57), (11.65±0.83), 

(13.27±2.16), (7.03±0.73) and (8.77±0.73) per leaf were recorded at Hyderabad, Badin, Thatta, 

Sakrand and Dadu, respectively, with the highest peaks 2.580±3.76 (June 8), 16.61±2.08 (July 22), 
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23.33±3.01 (Sept.16), 9.63±1.54 (June 23) and 10.94±1.86 (June 29), respectively (Figs. 4.10.1 

and 2).   

 

a.3       Autumn season 

 

 The population of whitefly on melon in autumn (fall) was more or less similar to that of 

summer. The similarity of trend in the population in summer and autumn could be due to dispersal 

of whitefly on the neighboring host plants.  The occurrence and abundance of B. tabaci in melon 

field at Thatta and Hyderabad (Tandojam) was more or less the same with over all means 

(4.37±0.81) and (4.45±0.84) whiteflies per leaf, respectively. The population at Badin (7.22±1.27) 

was slightly higher than that of recorded at Sakrand (5.73±0.71). It was observed that field 

populations of B. tabaci in spring and summer seasons were higher on creepers at lower Sindh 

than those grown in central Sindh i.e. Sakrand (Nawabshah), Dadu and Hyderabad. On autumn 

grown melon the peaks in population 8.45±0.74 (July 24), 15.27±1.64 (Sept. 1) 8.71±1.24 (Sept. 

19) and 5.73±1.08 (Sept. 19) were recorded at Hyderabad, Badin, Thatta and Sakrand, respectively 

(Figs. 4.10.1 and 2) B. tabaci showed positive correlation with temperature at Badin and Dadu and 

negative correlation with RH at Badin and Thatta. In summer, the fly population was positively 

correlated with temperature at all the sites and negatively correlated with RH only at Sakrand. In 

autumn negative correlation with both the factors was recorded only at Thatta (Table -4.10.1). 
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 Fig. 4.10.1. Mean population of B. tabaci on melon creepers recorded in different seasons  
                   at different agro-zones of Sindh in 2001. 
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Fig. 4.10.2.  B. tabaci on melon creeper 2000. 
 

 

4.10.1. b.   Population of whitefly on Indian squash (Tinda) creepers 

  

 The creepers of Indian squash were grown in various seasons at Sakrand, Dadu and Thatta. 

The whitefly population in the beginning was more or less the same for all seasonal crops of I. 

squash grown at the three agro-zones.  

 

b.1       Spring season 

 

 The population buildup in spring peaked (15.63 ± 3.42) on 5-3-2000 at Thatta. There was 

another smaller second peak (11.11 ± 1.03) on 27-4-2000. At Sakrand maximum population 10.59 

± 0.86 whitefly per leaf was recorded on 1.3.2002. The whitefly showed its much activity in later 

stage of the crop with highest population (9.97 ± 1.00) on 31-3-2000 at Dadu. Over all mean (8.15 
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± 0.90), (7.55 ± 0.60) and (7.23 ± 0.87) whitefly per leaf was recorded at Thatta, Dadu and 

Sakrand, respectively (Figs. 4.10.3 and 4). The whitefly population was negatively correlated with 

temperature at Thatta and Badin. With RH, it was negatively correlated at Thatta and Badin 

(Table-4.10.2).  

 

b.2       Summer season 

 

 In summer, the population of whitefly began with a small average of (1.6±0.41) per leaf on 

17th May. It gradually increased to a peak of (24.3 ±2.34) on 14th June and then declined and rose 

up again to 24.73 ± 2.86 per leaf on 28th June. It went on declining as 0.84 ± 0.13 9th August at 

Thatta. It was more than 25 % at Sakrand and Dadu, respectively as indicated by over all means 

i.e. 11.67 ± 2.65, 76.65 ± 0.78 and 7.51 ± 0.77 at Thatta, Sakrand and Dadu, respectively (Figs. 

4.10.3 and 4). However, its population was negatively correlated with temperature at Thatta and 

Sakrand, with RH at Thatta and Dadu (Table-4.10.2).  

 

b.3       Autumn season 

 

Figs. 4.10.3 and 4. reveal that Indian Squash was successfully grown at Sakrand only but 

population trend was as similar as it was recorded in spring and summer seasons. The peak 

population (12.18±1.76) was recorded on August 27. The overall population (7.01±0.89) per leaf 

was recorded at Sakrand. The effect of weather condition indicated that the whitefly population 

was negatively correlated with temperature and RH at Sakrand (Table-4.10.2). 
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 Fig. 4.10.3. Mean population of B. tabaci on Indian squash creepers recorded in different     
                   seasons at different agro-zones of Sindh in 2001. 
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Fig. 4.10.4. B. tabaci on Indian squash creeper in 2000. 
 
 

4.10.1.c.    Population of whitefly on water melon creepers 

 

 

c.1       Spring and summer seasons 

  

 

The population buildup was more or less the same in spring and summer at Sakrand, Dadu 

and Hyderabad. Except the initial population (7.92 ± 0.76) per leaf, this was recorded in spring 

season only at Sakrand. The whitefly population appeared less in number on water melon than on 

I. squash (Tinda) and musk melon crops as discussed earlier. This difference could be due to 

morphological characteristics and chemical composition of the leaves. The pH values are less in 

watermelon leaves than in melon leaves, Tinda and cucumber. The over all means showed that 

whitefly appeared 2.22 ± 0.64, 2.94 ± 0.56 and 2.15 ± 0.26 per leaf at Hyderabad, Sakrand and 

Dadu, respectively in spring and 1.84±0.18, 1.86±0.26 and 1.77±0.52, respectively in summer 

(Figs. 4.10.5 and 6). The population of the whitefly showed its negative correlation with 
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temperature and positively with RH at all three sites in spring. In summer, it was negatively 

correlated with temperature only at Dadu (Table-4.10.3).   
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Fig. 4.10.5. Mean population of B. tabaci on water melon creeper recorded in different     
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Fig. 4.10.6.  B. tabaci on water melon creeper in Sindh in 2000. 
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 4.10.1.d.   Population of whitefly on cucumber creepers 

 

d.1       Spring season 

  

The initial whitefly population on cucumber crop in spring at Dadu was 9.15 ± 0.87 per 

leaf which increased up to 14.51 ± 1.05 on 15.3.2000. Later, the population declined gradually to a 

minimum of 1.24 ± 0.26 per leaf in third week of May 2000. The decline in the pest population 

may be agedness/ unpleasantness of the creepers as described early in melon and Tinda crops. The 

over all mean 7.68±1.13 per leaf was recorded in spring (Fig. 4.10.7 and 8). 

 

d.2      Summer season 

 

In the cucumber crop the whitefly population was 4.62±0.36 per leaf on 7.6.2000. It shot 

up to 20.13 ± 1.74 per leaf on 14.6.2000; and again rose up to 22.23 ± 3.46 on 24.7.2000. Then it 

decreased down sharply to 0.90 ± 0.02 on 9.8.2000. It was the time of last fruit picking. At Dadu 

the summer population of whitefly was more than the population recorded in spring. The over all 

mean 12.99±2.56 per leaf was recorded in summer (Fig. 4.10.7 and 8). 

 

d.3      Autumn season 

 

 In autumn, very low population of whitefly appeared on cucumber creepers 2.2 ± 0.31 per 

leaf on 5.9.2000, which increased to 4.9 ± 0.24 per leaf on 19.9.2000. Then again it decreased to 

2.9 ± 0.22 on 2.10.2000 and rose up to 4.53 ± 0.41 on 11.10.2000. This trend was due to 
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immigration of adult whitefly from cucumber to neighboring tomato, cole, lettuce, sugar beets 

crops. These crops are traditionally grown in Thatta region. The over all mean 3.45± 0.42 was 

computed in autumn (Figs. 4.10.7 and 8). The whitefly population was negatively correlated with 

temperature in spring and summer, and positively correlated with RH in summer and autumn 

(Table-4.10.4).  

 

4.10.1.e.    The population of whitefly on ridge gourd (Tori) creepers 

 

e.1       Spring, summer and autumn seasons 

 

 Figs. 4.10.7 and 8 depicted the population trend of B. tabaci in all three season (spring, 

summer and autumn) on ridge gourd (Tori), which was more or less similar at Hyderabad 

(Tandojam). However, in spring season the maximum population (2.88 ± 0.27) per leaf was 

recorded on 1.4.2000 with over all mean (1.76±0.08). In summer season the population of whitefly 

on the same crop was more or less similar except in the first week of June it was (2.32 ± 0.36) per 

leaf. Again in autumn season the initial average population of whitefly on Tori was 1.9 ± 0.24 per 

leaf, which increased to 2.1 ± 0.12 on 11.8.2000. The population declined to 1.6 ± 0.11 per leaf on 

3.8.2000; again it arose up to 3.46 ± 0.52 per leaf on 26.9.2000, and then declined gradually to 1.5 

± 0.08 per leaf on the last observation. The low trend of population appearance on Tori could be 

due to its morphological characters, food quality and leaf chemistry as discussed earlier. Over all 

mean populations in both the season were 1.40±0.15 and 1.99±0.20, respectively. The population 

of whitefly was negatively correlated with temperature and positively with RH in spring, whereas, 

it was negatively correlated with RH in summer and autumn seasons, respectively (Table-4.10.5).     
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4.10.1.f     The population of whitefly on bottle gourd (Kadu) creepers 

 

 The average population of whitefly recorded on bottle gourd (Kadu) shows that population 

trend of the fly in spring and summer seasons at Tandojam (Hyderabad) remained more or less the 

same. The average population in spring was 1.95 ± 0.06 per leaf on 11.3.2000. In summer, the 

populations were peaked twice at 1.18 ± 0.12 per leaf on 6.6.2000 and 22.6.2000, respectively 

were recorded then declined further to 0.86 ± 0.04 whitefly per leaf on 21.7.2000. The low number 

of population recorded on Kadu creeper could be due to the same reasons, already discussed in the 

presentation of water melon and Tori crops. However, the over all mean 0.88±0.15 and 0.99±0.06 

recorded in spring and summer, respectively. Linear regression showed positive correlation with 

temperature and RH in both the seasons (Figs. 4.10.7 and 8) and (Table-4.10.6). 
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4.10.1.g   Population of whitefly on bitter gourd (karella) creepers 

 

g.1      Spring and summer season 

 

 The population of B. tabaci on bitter gourd at Hyderabad peaked (6.97 ± 0.42) per leaf on 

1.4.2000 in the spring then it was declining. In summer more activities of B. tabaci were recorded 

than spring. However, maximum population 12.65 ± 1.01 per leaf was recorded on 21-6-2000. 

This number decreased to 2.34 ± 0.41 per leaf on 10.7.2000. The over all mean populations 

3.42±0.59 and 5.76±0.71 were recorded in spring and summer, respectively. Initially the whitefly 

population on bitter gourd at Thatta was 6.08 ± 0.78 and shot up to 16.0 ±2.44 on 26.2.2000, 

which declined continuously to the end of crop. In summer the 1st peak 21.6 ± 1.86 per leaf in 
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population was recorded on 7.6.2000 and the second peak 22.13 ± 2.04 14.7.2000 after that the 

population kept declining to the end of the crop. In Thatta over all mean population 6.88±0.63 was 

recorded in spring and 11.75±2.40 in summer seasons. The whitefly population was negatively 

correlated with temperature at Thatta in spring only, whereas it was positively correlated with RH 

at Hyderabad in spring season only (Figs. 4.10.9 and 10) and (Table-4.10.7). 
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Fig. 4.10.10.  B. tabaci on bitter gourd creeper in 2000. 
 

 

The statistical analyses showed significant differences between the seasonal means (Table 

4.10.8) of each crop recorded in each agro-zone were analyzed using Chi square test. The results 

thus obtained show that melon crop sown at different zones are not significantly different (P> 

0.05) during spring, summer and autumn at Dadu, Sakrand, Badin and Hyderabad, and Thatta. The 

statistical test shows that the population at these zones was significantly (P< 0.05) more in 

summer crops of melon than the population recorded in spring and autumn (Table 4.10.8). 

 

 Similarly, the population of whitefly on Indian squash was non-significant (P>0.05) in all 

seasons at Thatta and Sakrand. Populations of whitefly on cucumber were significantly (P<0.05) 

more in spring and summer than in the autumn season. (Table 4.10.8). The overall means of the 

three seasons of 2000 for the whitefly populations on each crop at Sakrand, Dadu, Tandojam 

(Hyderabad), Thatta and Badin were analyzed with the help of Duncan’s Multiple Ranges Test ( 
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Table (4.10.9). DMR test shows that average populations of whitefly on melon crop at Sakrand 

and Badin were non-significant from that of recorded at Thatta. The population of whitefly on 

Indian squash at Dadu was higher; however, no- significant difference was recorded between 

Dadu, Sakrand and Thatta. The populations of whitefly on watermelon at Dadu, Tandojam 

(Hyderabad) and Sakrand were non- significant. At Tandojam the population of whitefly appeared 

non- significantly on cucumber and musk melon. 
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Table  4.10.1. Linear regression of B. tabaci population VS weather factors on melon at different  
                      agro-zones of Sindh in 2000. 

 
 
 
Table  4.10.2. Linear regression of B. tabaci population VS weather factors on Indian squash at    
                       different agro-zones of Sindh in 2000. 
 

 
 
Table  4.10.3. Linear regression of B. tabaci population VS weather factors on water melon at  
                       different agro-zones of Sindh in 2000. 

 
 

Season Zones Temperature Relative humidity 
Spring Hyderabad Y =9.09171-0.17117X (r=-0.198)ns Y=-47.1089+0.75086X (r=0.615)ns 

Badin Y=2.3106+0.4572X (r=0.454 )ns Y=42.0735-0.41545X (r=-0.293)ns 
Thatta Y=15.0193-0.38001X (r=-0.4572)ns Y=26.230-0.25062X (r=-0.227)ns 
Sakrand Y=27.2118-0.74662**X (r=-0.773 ) Y=12.031+0.34665X (r=0.411)ns 
Dadu Y=3.76616+0.17652X (r=0.400ns) Y=5.162+0.04056X (r=0.100 )ns 

Summer Hyderabad Y=9.57677+0.035443X (r=0.01)ns Y=40.0022-0.42204X (r=-0.171)ns 
Badin Y=2.15458+0.35315X (r=0.255)ns Y=21.3369-0.13262X (r=-0.184)ns 
Thatta Y=-13.1587+0.92662X (r=0.549)ns Y=71.7630-0.82078X (r=-0.420)ns 
Sakrand Y=-1.53915+0.254990X (r=0.265)ns Y=-8.48224+0.29309X (r=0.336)ns 
Dadu Y=-0.65036+0.08860X (r=0.294)ns Y=5.26108-0.04705X (r=-0.225) ns 

 
Autumn 

Hyderabad Y= -13.4130+0.64956X (r=0.463)ns Y=5.13436-7.146E-64X (r=-0.0007) 
Badin Y=-10.4425+0.7936X (r=0.624)ns Y=-10.5465+0.2634X (r=-0.693)ns 
Thatta Y=8.76821-0.17868X (r=-0.245)ns Y=13.1804-0.11634X (r=-0.164)ns 
Sakrand Y=6.08707+0.00640X (r=0.008)ns Y=1.5462+0.17213X (r=0.4267)ns 

Season Zones Temperature Relative humidity 
Spring Thatta Y=15.53275-X0.39017** (r=-0.857) Y=8.20594-0.36724X (r=0.1565)ns 

Sakrand Y=16.3638-0.38972**X (r=-0.708 ) Y=-21.2151+0.45325X** (r=0.940) 
Dadu Y=2.06507+0.24548X (r=0.600ns) Y=10.10556-0.04751X (r=0.013 )ns 

Summer Thatta Y=25.4084-0.51087X (r=0.119)ns Y=-0.40928+0.16662X* (r=0.67) 
Sakrand Y=-2.13254+0.30263X (r=0.327)ns Y=54.3119-0.86024X* (r=0.653) 
Dadu Y=6.96285+0.01617X (r=0.013)ns Y=4.93313-0.04928X (r=0.0515)ns 

Autumn Sakrand Y=27.5246-0.63202X (r=0.452)ns Y=37.5931-0.64072X (r=0.337)ns 

Season Zones Temperature Relative humidity 
Spring Hyderabad Y =4.07743-0.08089X (r=-0.237)ns Y=-2.13814+0.0.0635X (r=0.137)ns 

Sakrand Y=8.18005-0.20645*X (r=-0.503 ) Y=-2.29642+0.0.0853X (r=0.213)ns 
Dadu Y=2.96726-0.03649X (r=-0.441) ns Y=-0.44964+0.04166X (r=0.589 )ns 

Summer Hyderabad Y=-0.65036+0.08860X (r=0.294)ns Y=5.26108-0.04705X (r=-0.223)ns 
Sakrand Y=1.34808+0.01258X (r=0.114)ns Y=0.87476+0.01705X (r=0.174)ns 
Dadu Y=2.51435-0.02197X (r=-0.135)ns Y=-3.85797+0.10876*X (r=0.782) 
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Table  4.10.4.  Linear regression of B. tabaci population VS weather factors on cucumber at Dadu  
                        in different seasons 2000. 
Season Zones Temperature Relative humidity 
Spring Thatta Y=20.7912-0.66497X** (r=-0.77) Y=31.0786-0.31851X (r=0.741 )ns 
Summer Thatta Y=64.7488-1.92656X (r=-0.497) ns Y=0.88787+0.16847X (r=0.078 )ns 
Autumn Thatta Y=-0.11707+0.15758X (r=0.453)ns Y=-13.3506+0.23488X (r=0.800)ns 
 
 
 
 
Table 4.10.5. Linear regression of B. tabaci population VS weather factors on ridge gourd at  
                      different agro-zones of Sindh in 2000. 

 
 
 
 
Table 4.10.6. Linear regression of B. tabaci population VS weather factors on bottle gourd at  
                      different agro-zones of Sindh in 2000 

 
 
 
Table 4.10.7. Linear regression of B. tabaci population VS weather factors on bitter gourd at   
                    different agro-zones of Sindh in 2000 
 

 
 

 

 

 

Season Zones Temperature Relative humidity 
Spring Hyderabad Y=1.83806-0.00347X (r=-0.022)ns Y=-3.61522+0.07716X (r=0.388 )ns 
Summer Hyderabad Y=-0.09449+0.04967X (r=0.229) ns Y=7.35924-0.08533X* (r=-0.519 ) 
Autumn Hyderabad Y=5.54638+0.13017X** (r=-0.728) Y=8.73989-0.09743X** (r=-0.762) 

Season Zones Temperature Relative humidity 
Spring Hyderabad Y=0.81245+0.00375X (r=-0.030)ns Y=-3.48117+0.06213X (r=0.375 )ns 
Summer Hyderabad Y=0.94422+0.00165X (r=0.018) ns Y=0.08361+0.01294X (r=0.235 ) ns 

Season Zones Temperature Relative humidity 
Spring Hyderabad Y =3.11284+0.01388X (r=-0.029)ns Y=-6.10776+0.13731X (r=0.205)ns 

Thatta Y=16.8140-0.51300**X (r=-0.771) Y=15.5344-0.11748X (r=0.009)ns 
Summer Hyderabad Y=5.70473+0.00182X (r=0.001)ns Y=32.3686-0.37910X (r=-0.380)ns 

Thatta Y=4.7801+0.25838X (r=0.078)ns Y=47.0603-0.49058X (r=-0.244)ns 
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Table 4.10.8.   Seasonal population average (nymphs+ adults) of B. tabaci on various cucurbits  

                        crops at different agro-zones of Sindh in 2000. 

 

   Crop  District     Season  

      

      1  2  3  Chi 2 

 

 Melon  Dadu  7.71  8.24  ---  0.118ns  

  Sakrand  8.95  7.04  6.29  0.508ns 

  Jati(Badin) 11.68  11.87  7.52  1.17ns  

  Thatta   7.82  12.13  5.02  4.72ns 

  T. jam (Hyd)    5.35  10.59  4.80  2.9ns  

Indian squash Dadu  7.56  7.51  ---  0.009ns 

  Sakrand 7.23  7.65  7.02  0.05ns 

  Thatta  8.15  11.68  ---  1.10ns 

Watermelon Dadu  2.15  1.77  ---  0.037ns 

  Sakrand 2.98  1.86  ---  0.256ns 

  T. jam (Hyd)    2.22  1.84  ---  0.037ns 

Cucumber Thatta  7.61  8.79  4.65  4.52ns 

   

Bitter gourd Thatta  7.61  8.79  ---  0.085ns 

             T. jam (Hyd)    3.42  5.87  ---  0.647ns 

  T. jam (Hyd)    1.76  1.40  1.99  3.20ns 

Bottle gourd T. jam (Hyd)    0.89  0.99  ---  0.012ns   

 

The idea of sampling nymphs was to have a better and foreseeable measure of actual density of 
whitefly population in field. Nymph’s population trend helps to predict future of whitefly 
emergence. 
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Table 4.10.9. Mean population of B. tabaci nymphs+ adult on various cucurbit crops in               
different agro-zones (site) of Sindh in 2000. 

 
     Site  
Crop  
   Sakrand Dadu  Tandojam Thatta   Badin  
 
Melon  4.7463d 3.7527c 3.8932c 5.8506d        4.5271d 
 
Indian squash 4.7625d 5.4214d       --  4.4221d   -- 
 
Watermelon  1.095b   1.3777b 0.9062ab     --     -- 
 
Bitter gourd    --      --  2.5533c 4.6789d    -- 
 
Bottle gourd             --      --  0.4157a      --                 -- 
 
Tori      --      --  1.2561b      --       -- 
 
Cucumber      --                 --  3.2734c      --        -- 
 
1sd  at 0.05 level for districts = 0.78 
1sd  at 0.05 level for crops = 0.75 
Mean sharing letters (DMRt) a, b, c, d, e are not significantly different 1sd at (P= 0.05) 
 
 

 

4.10.2   Population variation in 2001 

 

  

Nymphs as well as adults were both considered as the total whitefly population on four 

economically important vegetable crops i.e. cucumber, Indian squash, water melon and musk 

melon. The pest population values recorded on various dates and seasons are presented in Figs. 

4.10.11- 14.  
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4.10.2. a   Whitefly on cucumber  

 

a.1       Spring population  

 

The population of whitefly on cucumber creepers appeared more or less similar at Badin, 

Thatta and Tandojam (Hyderabad) than at Sakrand (Nawabshah) and Dadu. The maximum 

populations (18.27±1.73) on April 3, (16.22±2.18) June 6, (18.45±2.09) March 18, (11.32±1.32) 

April 8 and (10.92±1.62) on April 29 were recorded at Badin, Thatta, Tandojam, Sakrand and 

Dadu, respectively. The over all means showed (Fig. 4.10.15) that maximum activities of whitefly 

were recorded at Badin (11.79±1.25) followed by Tando Jam (10.92±1.36), Thatta (10.08± 1.36) 

Sakrand (6.49±0.77) and (6.20±0.88) at Dadu. The fly population was positively correlated with 

temperature at Badin and Sakrand. The population was also positively correlated with relative 

humidity at Sakrand and Dadu only (Table 4.10.10). 

 

a.2       Summer Population 

  

 On summer cultivated cucumber at all five zones, the fly behaved more or lees similarly at 

Badin Tandojam and Sakrand. But at Badin it appeared with low population. The maximum 

population per leaf of the fly 14.17±2.29 on June 13, at Badin, 16.71±2.05 on June 07 at Thatta, 

14.92±1.97on June 17 at Tandojam, 17.86±2.16 on July 22 at Sakrand and 3.89±0.62 on June 22 

at Dadu were recorded through out summer season. The over all mean populations (Fig. 4.10.15) 

10.32±1.30, 9.75±1.18, 9.65±1.11, 12.00±1.44, 3.31±0.60 were recorded at Tandojam, Badin, 

Thatta, Sakrand and Dadu zones, respectively. Regression analysis showed that in summer 
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cultivated cucumber the whitefly population was negatively correlated with temperature at Badin 

and Thatta but it showed positive correlation with RH at all the zones (Table 4.10.10).  

 

a.3       Autumn Population 

 

 The cucumber creeper cultivated in autumn showed significant lower population level at 

all zones except Dadu, which had 6.64±0.70 whiteflies per leaf. The lowest over all population 

(Fig. 4.10.15) 4.46±0.58 per leaf was recorded at Thatta followed by Tandojam (5.94±0.80), 

Sakrand (6.37±0.87) Badin (6.45±0.90), respectively. During autumn the highest peaks in 

population (1.25±1.01) on September 9, (8.48±1.19) on December 12, (8.48±1.13) on September 

13, 7.17±0.81 on August 5, and (10.72±1.53) on September 05 were recorded at Dadu, Sakrand, 

Tandojam, Thatta and Badin, respectively. Regression analysis showed that in autumn cultivated 

cucumber the whitefly population was negatively correlated with temperature at Badin and 

Sakrand. With relative humidity negative correlation was observed at Tandojam and Sakrand 

(Table 4.10.10).  
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      Fig. 4.10.11. Mean population of B. tabaci on cucumber grown in different seasons at different agro- 
                           zones of Sindh in 2001. 
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4.10.2. b    Whitefly population on Indian squash 

 

b.1      Spring population    

 

The whitefly population appeared on creepers of Indian squash in all agro-zones in all 

three seasons.  However, in spring the fly displayed their more activities at Badin, the peaks in 

population (24.90±2.70) and (24.4±2.43) were recorded on March 14 and April 3, respectively. 

The over all mean population 16.16±170 was recorded at Badin. Similar fluctuation in population 

was recorded in other zones. However, maximum populations 24.019±285, 16.44±2.25, 

17.25±1.97, 15.90±2.77 whiteflies per leaf were recorded at Thatta, Tandojam, Sakrand and Dadu, 

respectively. The over all mean populations14.96±1.68, 10.52±1.28, 10.50±1.23, 10.10±1.30 were 

recorded at Thatta, Tandojam, Sakrand and Dadu, respectively (Fig. 4.10.16). The fly population 

showed its negative correlation with temperature only at Tandojam and positively correlated with 

RH at all zones (Table 4.10.11). 

 

b.2      Summer population 

 

On summer cultivated Indian squash, the highest activities of the fly were recorded at 

Thatta and the least at Dadu. The Highest per leaf population 19.76±2.27, 26.99±3.73, 15.10±1.66, 

22.85±2.40 and 7.99±1.15 was recorded on June 13 at Badin, May 27 at Thatta, June 17 at 

Tandojam, July 22 at Sakrand, June 7 at Dadu, respectively. The over all mean populations at 

these zones were: 12.31±1.42, 16.77±1.88, 10.12±1.26, 14.14±1.55, 6.13±0.94, respectively (Fig. 
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4.10.16). The fly population was negatively correlated with temperature at Badin, Thatta and 

Tandojam and positively correlated with RH at all the zones. (Table 4.10.11). 

 

b.3      Autumn population  

 

Like cucumber, the fly showed its lesser population in autumn season in all zones. The 

highest peaks in population were (13.48±1.49) on 8th August at Badin, (14.94±1.92) on 23rd 

September at Thatta, (8.89±1.23) on 14th August at Tandojam, (13.16±1.20) on 26th October at 

Sakrand and (18.00±2.33) on 19th September at Dadu, respectively (Fig. 4.10.16). The over all 

mean populations 8.49±1.11, 8.79±1.24, 5.77±0.68, 8.94±1.01 and 11.84±1.41per leaf were 

recorded in these zones on Indian squash, respectively.  At Badin the fly population was 

negatively correlated with temperature, with RH the negative correlation was computed at Sakrand 

and Badin only (Table 4.10.11).   
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      Fig. 4.10.12. Mean population of B. tabaci on Indian squash grown in different seasons at different     
                           agro-zones of Sindh in 2001. 
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4.10.2. c    Whitefly population on water melon 

 

The fly showed its least preference to W. melon creeper, and it behaved differently in three 

seasons. At Badin maximum activities were recorded in spring then summer and least in the 

autumn. The population of the fly did not go beyond 5 per leaf in all the seasons. However, the 

over all mean populations 4.02±0.68, 2.89±0.61 and 1.89±0.24 were recorded in spring, summer 

and autumn seasons, respectively.  Similar trend in population was recorded at Thatta. However, 

the population hardly went to 7.74±0.91 on June 19 on summer cultivated water melon. The over 

all mean 5.26±0.99, 4.79±0.68, 2.86±0.49 was recorded in spring, summer, and autumn season, 

respectively. (Fig. 4.10.17). 

 

At Tandojam the population of the fly did not go beyond 5 flies per leaf in all three 

seasons. The over all mean populations 2.77±0.66, 2.33±0.59 and 2.06± 0.37 were recorded in 

spring, summer and autumn, respectively (Fig. 4.10.17) Almost the same population trend of 

whitefly was recorded at Sakrand and Dadu. The fly population hardly reached at 5.78±0.69 per 

leaf on August 19 that was early stage of the creeper in autumn at Dadu. The over all mean 

populations 2.36±0.33, 3.66±0.62 and 3.04± 0.46 were recorded in spring, summer and autumn, 

respectively at Sakrand and 2.01±0.48, 1.35±0.36 and 4.53± 0.63 at Dadu in these seasons, 

respectively  (Fig. 4.10.17). 

 

In all the three seasons the whitefly population was negatively correlated with temperature 

in all the seasons at Badin and Hyderabad in spring, at Thatta in summer and at Sakrand in autumn 
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season. Whereas with RH the fly showed negative correlation at Badin, Thatta and Hyderabad in 

spring, in summer at Hyderabad and in autumn at Hyderabad, Sakrand and Dadu (Table 4.10.12).   
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Fig. 4.10.13. Mean population of B. tabaci on water melon grown in different seasons at  
                     different agro-zones of Sindh in 2001. 
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4.10.2. d         Whitefly population on musk melon  

   

d.1        Spring population 

 

Fig. 4.10.14. shows the population trend of the fly in spring at different zones. The highest 

peaks in population (23.93±2.76) on April 3, (15.73±2.05) on May 6, (17.21±2.09) on March 18, 

(12.42±1.30) on May 22 and (8.96±1.25) on May29 were recorded at Badin, Thatta, Tandojam 

Sakrand and Dadu, respectively. The over all mean populations (Fig. 4.10.18) 17.00±1.98, 

10.07±1.27, 10.16±1.33, 7.73±0.92 and 6.76±0.88, respectively were recorded in these zones. In 

spring the fly population showed its negative correlation with temperature at Thatta and 

Hyderabad, with RH negative correlation was recorded at Badin, Thatta and Tandojam (Table 

4.10.13).  

 

d.2      Summer population 

  

Almost the same population trend was shown by the fly in summer season as it was in 

spring. However, the over all mean populations 12.69±1.54, 11.97±1.60, 9.82±1.25, 11.24±1.38 

and 5.38±0.83 were recorded at Badin, Thatta, Tandojam, Sakrand and Dadu, respectively (Fig. 

4.10.18). In summer the fly showed negative correlation with temperature at Badin, Thatta and 

Tandojam and negative correlation with RH only at Badin (Table 4.10.13).   
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d.3           Autumn population 

 

    Usually the whitefly showed its lesser activities in autumn season almost on all creepers 

in all the zones. Its peak populations 19.30±1.86 on September 5 at Badin, 12.60±1.56 on August 

27 at Thatta, 14.02±1.64 on August 14, at Tandojam, 14.12±1.37 on December 6, at Sakrand and 

14.29±1.62 on August 19 at Dadu were recorded, respectively. The over all mean populations 

11.80±1.47, 7.57±1.01, 8.83±1.08, 8.97±1.07 and 9.89±1.17 were recorded at Badin, Thatta, 

Tandojam, Sakrand and Dadu, respectively (Fig. 4.10.18). In autumn the fly showed negative 

correlation with temperature only at Badin and with RH at Sakrand and Dadu (Table 4.10.13). The 

population means of whitefly recorded from various experimental zones from 2000-2001 were 

analyzed statistically by using (ANOVAs) and DMR tests (Appendices i-iv). 

 

The overall analyses showed that there were highly significant differences in whitefly 

population recorded at each zone and season on cucumber (P<0.01). DMRT showed non-

significant difference in the population appeared at Badin, Tandojam, Sakrand and Thatta 

(P<0.05), with regards to seasons, non-significant differences was also observed in spring and 

summer population (P<0.05). On Indian squash ANOVA showed the same difference in the fly 

population at zones and seasons (P<0.01), however, DMRT showed non-significant difference in 

summer and spring population. ANOVA showed that the fly population on water melon had no 

significant difference in season (P<0.01). This was endorsed by DMRTat P>0.05, While DMRT 

also showed non-significant population of whitefly appeared on water melon at Sakrand, Badin, 

Dadu and Tandojam (P<0.05). Similarly, ANOVA showed non-significant difference in the 

population of whitefly on musk melon at all zones (P<0.01), however, seasonal populations were 
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non-significant. The DMRT showed the same non-significant difference in the population on 

musk melon in all seasons (P<0.05). 
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 Fig. 4.10.14. Mean population of B. tabaci on melon grown in different seasons at different agro-   
                      zones of Sindh in 2001.                       
 

 

  



 195

 

0
2
4
6
8

10
12
14
16

Badin Thatta Dadu Sakrand Tandojam

Zone

B
.t

ab
ac

i 
p

er
 le

af
Spring 
Summer
Autumn 

 

Fig. 4.10.15. Overall Mean population of B. tabaci on cucumber grown in different seasons at  
                     different agro-zones of Sindh in 2001.                       
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Fig. 4.10.16. Overall Mean population of B. tabaci on Indian squash grown in different  
                     seasons at different agro-zones of Sindh in 2001.                       
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Fig. 4.10.17. Overall Mean population of B. tabaci on water melon grown in different seasons  
                      at different agro-zones of Sindh in 2001.                       
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Fig. 4.10.18. Overall mean population of B. tabaci on M. melon grown in different seasons at  
                      different agro-zones of Sindh in 2001.                       
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Table 4.10.10. Linear regression of B. tabaci population VS weather factors on cucumber at      
                         different agro-zones of Sindh in 2001. 

 
 
 
Table 4.10.11. Linear regression of B. tabaci population VS weather factors on Indian squash at  
                         different agro-zones of Sindh in 2001.  
Season Zones Temperature Relative humidity 
Spring Badin Y =12.1647+0.12937X (r=0.142)ns Y=38.1030-0.34028X** (r=-0.703) 

Thatta Y=5.81741+0.29578X (r=0.035 )ns Y=39.4740-0.38022X** (r=-0.766) 
Hyderabad Y=16.5543-0.17744X* (r=-0.506) Y=13.0848-0.04365X (r=-0.137)ns 
Sakrand Y=3.31089+0.18184X (r=0.744 )ns Y=-60.4018+1.30372X (r=0.475)ns 
Dadu Y=4.70059+0.113377X (r=0.191) ns Y=-48.8034+1.08710X (r=0.526 )ns 

Summer Badin Y=12.3717-0.00168X (r=0.001)ns Y=10.8868+0.01949X (r=-0.015)ns 
Thatta Y=31.7283-0.42303X (r=0.153)ns Y=5.46178+0.15495X (r=0.161)ns 
Hyderabad Y=15.0506-0.12674X (r=0.148)ns Y=-15.4192+0.36746X (r=-0.495)ns 
Sakrand Y=11.0744+0.07730X (r=0.064)ns Y=2.81412+0.24241X (r=0.187)ns 
Dadu Y=-6.64104+0.30331X (r=0.492)ns Y=-15.2599+0.41420X (r=0.424)ns 

Autumn Badin Y=11.1108-0.08253X (r=0.110)ns Y=-8.43134+0.22090X (r=0.208) 
Thatta Y=-14.1423+0.70774X (r=0.702)ns Y=-37.9506+0.61158X (r=0.656)ns 
Hyderabad Y=4.44315+0.03908X (r=-0.074)ns Y=-2.93625+0.11882X (r=0.158)ns 
Sakrand Y=2.72601+0.214350X (r=0.339)ns Y=11.9459-0.06541X (r=-0.153)ns 
Dadu Y=-0.66608+0.34087X (r=0.309)ns Y=12.7946-0.02259X (r=0.021)ns 

 
 
 
 
 
 

Season Zones Temperature Relative humidity 
Spring Badin Y =8.27105+0.11375X (r=0.155)ns Y=33.1283-0.33101X** (r=-0.699) 

Thatta Y=10.7594-0.02190X (r=-0.042 )ns Y=22.8890-0.19863X** (r=-0.716) 
Hyderabad Y=12.6154-0.04971X (r=-0.075)ns Y=17.6805-0.11483X** (r=-0.723) 
Sakrand Y=3.79885+0.068812X (r=0.122 )ns Y=-25.6922+0.59180X (r=0.312)ns 
Dadu Y=2.21792+0.09873X (r=0.185ns) Y=-32.9984+0.72349X (r=0.457 )ns 

Summer Badin Y=24.9418-0.43181X (r=0.365)ns Y=-10.1971+0.27266X (r=0.297)ns 
Thatta Y=17.8529-0.23204X (r=-0.125)ns Y=2.38270+0.09955X (r=0.153)ns 
Hyderabad Y=5.67039+0.11957X (r=0.095)ns Y=-22.7410+0.47576X (r=0.437)ns 
Sakrand Y=-0.34205+0.31147X (r=0.296)ns Y=-14.8429+0.57469X (r=0.514)ns 
Dadu Y=-1.35200+0.011104X (r=0.464)ns Y=-4.31743+0.14795X (r=0.390)ns 

Autumn Badin Y=11.1509-0.14843X (r=-0.225)ns Y=-12.5761+0.24825X (r=0.266)ns 
Thatta Y=-6.23562+0.33008X (r=0.658)ns Y=-11.9356+0.21453X (r=0.321)ns 
Hyderabad Y=3.70616+0.06570X (r=-0.151)ns Y=7.52847-0.02164X (r=0.034)ns 
Sakrand Y=6.77618-0.01389X* (r=0.44)ns Y=9.60016-0.07023X** (r=-0.57) 
Dadu Y=2.81832+0.10425X (r=0.178)ns Y=3.75822+0.06813X (r=0.121)ns 
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Table 4.10.12. Linear regression of B. tabaci population VS weather factors on water melon at  
                         different agro-zones of Sindh in 2001. 

 
 
 
Table 4.10.13. Linear regression of B. tabaci population VS weather factors on melon at different  
                         agro-zones of Sindh in 2001. 
Season Zones Temperature Relative humidity 
Spring Badin Y =14.2201+0.09024X (r=0.104)ns Y=41.6216-0.38174X** (r=-0.892) 

Thatta Y=12.4652-0.07960X (r=-0.128 )ns Y=31.0849-0.32695X** (r=-0.807) 
Hyderabad Y=14.3781-0.12392X* (r=-0.614) Y=13.2505-0.05250X* (r=-0.570)ns 
Sakrand Y=3.43347+0.10862X (r=0.187 ) Y=-25.2628+0.60661X (r=0.306)ns 
Dadu Y=4.89403+0.04620X (r=0.130) ns Y=-13.0201+0.36504X (r=0.349 )ns 

Summer Badin Y=22.2149-0.27074X (r=-0.014)ns Y=1.75148+0.14938X (r=0.105)ns 
Thatta Y=14.4155-0.15391X (r=-0.075)ns Y=15.9822-0.05491X (r=-0.076)ns 
Hyderabad Y=22.0567-0.31451X (r=-0.269)ns Y=1.06214+0.12598X (r=-0.123)ns 
Sakrand Y=-2.43333+0.34489X (r=0.372)ns Y=-2.63869+0.29703X (r=0.301)ns 
Dadu Y=-1.86444+0.17268X (r=0.477)ns Y=-8.72915+0.27380X (r=0.478)ns 

Autumn Badin Y=19.2600-0.23535X (r=-0.208)ns Y=-10.1422+0.28636X (r=0.178)ns 
Thatta Y=-11.3686+0.57830X (r=0.648)ns Y=-39.5561+0.61400X (r=0.517)ns 
Hyderabad Y=4.31115+0.13280X (r=0.184)ns Y=-2.36968+0.15282X (r=0.174)ns 
Sakrand Y=5.33230+0.12552X (r=0.214)ns Y=17.3509-0.18237X** (r=0.761) 
Dadu Y=-2.71077+0.34359X (r=0.363)ns Y=10.3090-0.00982X (r=0.010)ns 

 

 

 

 

Season Zones Temperature Relative humidity 
Spring Badin Y =5.74988-0.06134X *(r=-0.581)ns Y=8.03402-0.06483X* (r=0.539) 

Thatta Y=4.99027+0.00870X* (r=0.503 ) Y=12.0909-0.10596X** (r=-0.823) 
Hyderabad Y=2.99463-0.00650X (r=-0.026)ns Y=5.02056-0.03819X (r=-0.287)ns 
Sakrand Y=0.39355+0.04978X (r=0.253 )ns Y=-14.7563+0.31476X (r=0.468)ns 
Dadu Y=1.83784+0.00429X (r=0.032) ns Y=-4.95727+0.12861X (r=0.032 )ns 

Summer Badin Y=6.38783-0.09933X (r=0.304)ns Y=-1.21455+0.05615X (r=0.221)ns 
Thatta Y=7.83586-0.08603X (r=0.102)ns Y=0.37576+0.06053X (r=-0.206)ns 
Hyderabad Y=0.81454+0.03892X (r=0.152)ns Y=-1.07591-0.04900X (r=0.220)ns 
Sakrand Y=0.35236+0.08340X (r=0.356)ns Y=2.74683+0.01951X (r=0.078)ns 
Dadu Y=-0.74070+0.04970X (r=0.550)ns Y=-0.69600+0.03960X (r=0.277)ns 

Autumn Badin Y=2.43105-0.01704X (r=0.079)ns Y=-5.32809+0.09422X (r=-0.309)ns 
Thatta Y=-0.27188+0.09672X (r=0.281)ns Y=-11.4442+0.18719X (r=0.409)ns 
Hyderabad Y=1.93729+0.00346X (r=0.034)ns Y=2.08909-4.651E-04X (r=0.003)ns 
Sakrand Y=3.80041-0.02373X** (r=-0.769) Y=3.86261-0.01633X** (r=-0.772) 
Dadu Y=0.64988+0.10575X (r=0.360)ns Y=5.21865-0.01629X (r=-0.057)ns 
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 On over all population bases, Duncan’s multiple range tests showed non-significant 

difference in the population of whitefly at Badin and Thatta; Sakrand and Tandojam in all three 

seasons on all crops. Similarly, no significant difference was also observed between whitefly 

population appeared in spring and summer. Musk melon and cucumber had significantly the same 

population (Appendix v).  
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   CHAPTER-V 

 

                                                             DISCUSSION 

 

5.1       Biology of Bemisia tabaci (Genn.) on musk melon and cucumber 

 

 The result of the present investigations revealed that the Egg-laying, longevity, hatching   

percentage, instars development period of each instar on cucumber and musk melon were 

subjected to T-test, which showed no significant differences. However, the females of B. tabaci 

laid approximately 6.67 percent more eggs on musk melon than cucumber. Egg-adult took 

10.13±0.66 and 11.28±0.58 days on cucumber and melon, respectively. Whereas, adult 

longevities17.83±1.94 and 13.50±0.67 were recorded on cucumber, and 18.28±2.01 and 

13.78±0.54 were recorded on musk melon. The results are in agreement with those of De Barro 

(1995) and Salas and Mendoza (1995) who reported biology of B. tabaci on tomato. The total life 

cycle from egg to adult emergence was 22.3 days. Adult longevity was 19.0±3.3 and 19.4±5.8 

days for females and males, respectively. The periods of preoviposition and oviposition were 

observed 1.4±0.7 and oviposition days, respectively. A female laid an average of 194.9±59.1 eggs 

with 86.5% viability. Sex ratio was 1:2.7 males and females. Whereas more or less similar time 

spent by different life stages of B. tabaci was reported by Viscarret and Botto (1997) they 

mentioned developmental time from egg to "pupa" was 15.8±0.9 days and from egg to adult was a 

17.7±1.0 day. The survival rate for the two nymphal instars was higher on eggplant [aubergines]. 

B. tabaci deposited significantly more eggs during a 6-h period on melon than on cotton, 

regardless of which host species they were previously confined on. Veenstra and Byrne (1998) 

mentioned that reproductive physiology had nothing to do with the effects of previous host plant 
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exposure on oviposition. It was due to behavioral differences.  The biology of B. tabaci on tomato, 

red pepper, aubergine and poinsettia was studied by Ahn et al. (2001) they supported the variation 

in biological parameters due to host plant differences, the developmental period from egg to pre-

adult 21.2, 28.1, and 22.2 and 25.5 days, respectively were recorded on these host plants. 

Oviposition preference was highest on Hamelia patens followed by S. melongena, L. camara, 

Morus alba, G. hirsutum and others as mentioned by (Attique et al., 2001). (Al-Zyoud. and 

Sengonca, 2004) compared the fecundity of B. tabaci on some host plants. They reported highest 

fecundity on cucumber (47.1 eggs), cotton (46.3 eggs) and on tobacco (98.1 eggs). Pereira et al. 

(1996) reported that no significant differences were found in the average time for eggs to hatch, 

for nymphal development, for adult longevity, in the survival to adulthood ratio and the ratio of 

females to males on tomato, P. vulgaris and E. pulcherrima in a controlled room experiment. The 

work of Pereira et al. (1996) was carried out in controlled conditions; therefore, their results were 

absolutely non-significant.   

 

Results also indicated that longevity range of male on musk melon from 12 to 16 days and 

11 to 15 days on cucumber respectively; whereas, in the case of female 10 to 26 and 13 to 18 days 

on musk melon and cucumber, respectively.  More or less similar range of longevity was reported 

by some researchers, Chaudhuri et al. (2001) mentioned that longevity of male and female varied 

when reared on sweet pepper and cucumber at 30 0C. Ghahhari et al.(2001 who mentioned the 

life-span of the male ranged between 19 to 23 with an average of 20.88 ± 1.54 and that of the 

female varied 20 to 28 with an average of 26.44 ± 1.17 days on Lantana camara. Al-Zyoud and 

Sengonca (2004) mentioned the highest mean longevity of males (19.25 days) and females (24.5 

days) at 18 0C was recorded on cucumber and cotton, respectively. Mean total developmental 
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period varied from 18.5 to 22.5 days, minimum on L. camara and maximum on Withania 

somnifera followed by others (Attique et al., 2001).  

 

5.2      Fecundity, egg hatching and development under constant condition  

 

5.2.1    In laboratory  

 

The results showed that the female of whitefly deposited fewer eggs at low temperature. 

The fecundity increased as the temperature increased, reached to maximum at 30 oC. Beyond 35 

oC fecundity rate declined. Previous reports are inconclusive on fecundity, Colkesen and 

Sekeroglu (1987) and Lopez Avila (1986) worked on fecundity and found highest oviposition at 

25oC in cotton crop. Powell and Bellows et al. (1992b) reported that under constant temperature 

the mean numbers of eggs laid on cotton and cucumber was 171.56 and 73.75, respectively. De 

Barro (1995) and Salas and Mendoza (1995) reported maximum fecundity at 25 0C. Variation in 

oviposition with regards to temperature is well illustrated by Li et al.(2003), they mentioned that 

female laid 164.8 at 20 0C to 78.5 eggs at 32 0C. Both the longevity and oviposition at different 

temperatures were significantly different. Al-Zyoud and Sengonca (2004) reported that raising 

temperature from 18 to 30 0C increased the fecundity. 

 

 Similarly longevity was inversely related with temperature. Hatching percentage was 

higher at 20oC and lower at 15 and 30oC respectively. The development period and rate of 

development of young stages revealed that eggs and nymphs took longer at 10oC and 15oC. Larvae 

did not survive at 10oC and at 35oC. These findings are in agreement with those of (Butler et al, 
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1983) who reported that B. tabaci completes its life cycle in 14-21 days in April to September 

when the temperature changed 37 to 29 oC. The time to develop from egg to adult varied from 70 

days at 16 oC to 22 at 26 oC higher temperatures. Gerling et al. (1986) mentioned that the 

longevities of insects varied greatly at fluctuating temperatures (22-30 oC). Bellows et al. (1988) 

reported that egg- adult took 15.99 days in field and 15.28 days in the laboratory at same 

temperature. Aspiazu et al. (1995) they described that Bemisia tabaci thrived well in tomato in 

laboratory at 22.4 ± 5.4 oC and 78.5 ± 5.1% RH. Balaji and Veeravel (1995) in a laboratory 

experiment endorsed the variation in development of Bemisia tabaci due to different temperatures 

regimes (20, 25, 30, 35 and 40 oC). De Barro (1995); Salas and Mendoza (1995) mentioned adult 

longevity at 25 deg 0C and 65% R.H was 19.0 ± 3.3 and 19.4 ± 5.8 days for females and males, 

respectively. Li et al. (2003) studied the impact of seven constant temperatures, 17, 20, 23, 26, 29, 

32 and 35 0C on development. The females lived for 39.6 days at 20 0C and 12.8 at 35 0C, 

respectively. Ghahari and Hatami (2000) reported the life-span of the male and female ranged 19 

to 23 and 20 to 28, with an average of 20.88 ± 1.54 and 26.44 ± 1.17 days, respectively. Chaudhuri 

et al. (2001) observed the highest mean longevity of males and females 19.25 and 24.5 days at 18 

0C on cucumber and cotton, respectively. While, Wang and Tsai (1996) mentioned the average 

longevity of adult females ranged from 44 days at 20 0C to 10 days at 35 0C. The oviposition 

(eggs/female) of B. argentifolii varied from 324 at 20 0C to 22 at 35 0C. Umar et al. (2003) found 

positive correlation between whitefly population and abiotic factors such as temperature and RH. 

The amount of time spent in the different instars varied at different temperatures (EL-Helaly et al. 

(1971), Gerling et al. (1986), von Arx et al .(1983a) and Butler et al. (1983). Their analyses are 

based on the relationship between development rates of each stage under the established 

temperature. The works of Lopez-Avila (1986) and Coudriet et al. (1985) showed very marked 
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variations in the development of young stages of B. tabaci. Viscarret and Botto (1997) determined 

developmental time from egg to "pupa" was 15.8 ± 0.9, and from egg to adult it was 17.7 ± 1.0 

days. The slower developmental period 79.2 days at 15ºC, 21.8 days at 30ºC, and 64% and 90% 

viability, respectively was observed by Albergaria and Cividanes (2002).  

5.2.2    Field conditions 

 

The female laid fewer eggs at 23.31±2.79 oC than at 31.57±4.25oC. The hatching percent 

was higher at 23.31±2.79oC and the shorter longevity was recorded at 31.57±4.25oC. In 

conclusion, present study reflects a slight difference in works carried out by other workers. This 

might be related to different sets of physical and biotic variables. The findings of this experiment 

allow some generalizations regarding egg laying and developmental thresh-hold temperatures, the 

lower and upper limits of which appear to be 15 and 30 oC, respectively.  The prevalence of 

whitefly under higher temperature of field is presumably due to favorable microclimate at 

nighttime. Butler et al. (1983) observed that B. tabaci completes its life cycle in 14-21 days during 

April to September when the temperature changed 37 to 29 oC.  

 

The result of present work indicated that the immature of B. tabaci took longer time at 

23.21±2.7 oC than 31.57±4.25 oC. The findings are in agreement with those of Berlinger et al. 

(1996) who reported that the time to develop from egg to adult varied from 70 days at 16 oC to 22 

at 26 oC. The development of egg 5.14±0.14, 1st 2.7±0.18, 2nd 2.43±0.20, 3rd 2.14±0.14 and 4th 

instar 2.86±0.14, and egg 4.71±0.18, 1st 2.57±0.20, 2nd 2.43±0.20 3rd 3.00±0.0 and 4th instar 

3.28±0.18 were recorded in laboratory and field, respectively.  Viscarret and Botto (1997) 

determined the development of 2nd instar, 3 days (between days 7 and 9 of development); third 
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instar 2 days (between days 10 and 11 of development) and fourth instar, 11 days (between days 

12 and 21, as maximal emergence time for adult) at 25-28 oC, RH: 40-60% 14 L:10 D. Bosco and 

Caciagli (1998) reported that fecundity and development time of egg to adult varied at 16 to 26 oC 

and higher temperatures. Ghahari and Hatami (2000) reported that the post embryonic 

development took 7.33 ± 0.48, 3.37 ± 0.52, 3.25 ± 0.45, 2.51 ± 0.26 and 7.66 ± 0.83 days for egg, 

1st, 2nd, 3rd and 4th nymphal instars, respectively to transform into adult stage. Li et al. (2003) 

reported that oviposition varied from 164.8 eggs at 20oC to 78.5 eggs at 32oC. Both the longevity 

and oviposition of females at different temperatures were significantly different (P<0.05). 

Developmental time from egg to "pupa" was 15.8 ± 0.9 days and from egg to adult was 17.7 ±1.0 

days (Sánchez et al., 1997). Hundred percent mortalities were observed in B. tabaci when exposed 

to 44 0C for 30 minutes (Furuie, 2006). Bonato et al. (2006a) recorded development time 20 and 

56 days at 30 and 17 °C, respectively. The development of immature ceased at 10.2°C LTT and 

32.5 °C OT. Average eggs 105.3 and 41 per female were laid at 21 and 35 °C, respectively. The 

longevity decreases when temperature increases. The intrinsic rates of increase 0.0450 and 0.123 

at 17 and 30 °C were estimated, respectively.  

 

5.3        Starvation capacity  

 

  The results of starvation capacity revealed that the newly hatched crawler survived for 2 -

4.30 h. There were no significant differences between LT 50 of each treatment.   No mortality was 

found in 4th treatment i.e. moistened blotting paper plus green melon leaf.  The LT 50s for dry 

blotting paper were lower than those for moist blotting paper and melon leaf. Total mortality 

occurred with in 2 – 4.30 h of starvation in dry blotting paper treatment followed by 2.30-5.30 h in 
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moist blotting paper, 4 – 8.30 h in green melon leaves and no mortality was recorded in melon 

green leaves plus moist blotting paper treatment till the end of 1st instar crawler. Nauen et al. 

(1998) mentioned that mean survival times of >48 h for female adults placed on agar without leaf 

discs. Veenstra and Byrne (1998) reported the effect of starvation on oviposition and reproductive 

physiology of Bemisia tabaci. The females were starved and denied the opportunity to oviposit. 

The combined amounts of vitellogenin and vitellin per female were increased by 69% when they 

were removed from plants for 24 h. The egg load increased two-fold in approximately 4.5 h. The 

result also indicated that the LT 50s differences between moistened blotting paper and green leaf 

treatments were not significant at 95% confidence. El-Halim et al. (2000) reported that longer than 

6 days starvation the females of a predaceous mite Euseius scutalis laid no eggs but survived. The 

females lived for 19.90 days and laid an average of 15.50 eggs when starved for 4 days only and 

than satiety. The female lived for more than 30 days and laid an average of 32.00 eggs when fed 

usually. 

 

5.4      Distribution of premature stages 

 

 

The result of the present investigation indicated that more egg-density was recorded on the 

proximal leaf sectors A and D than on B and C (distal) and more nymphal density on B and C. 

This difference is probably due to preference of proximal sectors of the host leaves by adult 

females that are nearer to the leaf petiole then the newly emerged crawlers after a little movement 

find their place away from the area which had more egg density. It is in agreement with those 

Gerling et al. (1980). They mention that the population of immature was disproportionally greater 

on distal parts than of eggs on proximal. This was due to the behavior of newly hatched crawlers, 
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which started crawling on leaf sheath to locate appropriate place and adhering on host leaves. 

Ghahhari et al. (2001) reported that oviposition preferences are based on leaf age, leaf height, and 

surface orientation. Ohnesorge and Rapp (1986b) found third and fourth instars in high number 

disproportionately on distal Sectors of cotton leaves. However, the result is partially disagreed 

with those (Rao et al., 1991) who reported that nymphs and eggs were abundant on the lateral half 

of the cotton leaf Sectors A and D. Ohnesorge and Rapp (1986a) found significantly more nymphs 

inhabiting cotton leaves near the stem. This is because nymph crowded around sectors B and C of 

proximal part. 

 

5.5      Effect of leaf maturity on oviposition and nymphal mortality 

 

Leaf age and morphological characters such as color, hairiness and shape are influencing 

host selection by whitefly. The result of present studies show that the fly oviposited more eggs on 

young leaves of node 3 of melon creepers, as the young leaves were to grow towards maturity till 

that time the whitefly had to complete its life cycle. These findings are in agreement with those of 

Ashraf et al. (1999) who reported that leaf morphology played a role in avoiding or restricting the 

whitefly. Ghahhari et al. (2001) mention that leaf age and height did not significantly affect sex 

ratio and pupal size (body length), but the longevity, survival and fecundity, which were fewer on 

lower and older leaves. Ohnesorge et al. (1980) and von Arx et al. (1984) reported that females 

prefer young leaves for feeding and ovipositioning. The result further indicated that the highest 

mortality in nymphs and the least emergence of adult were recorded on the leaves of node 5.  

Byrne and Draeger (1989) mentioned that nutrition obtained from host showed cent percent 
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mortality of the crawler on mature lettuce leaves against 58.1 % on young ones. Horowitz (1983) 

found highly significant differences in fecundity due to age structure of the leaves.  

 

5.6        Life table studies 2001-2002  

 

The main purpose of working out life tables was to identify major sources of mortality in 

the life cycle of B. tabaci in Sindh. Because very partial work have been carried out by a few 

researchers in the Sudan and Israel. von Arx et al. (1983); Horowitz et al. (1984) worked on the  

life tables analysis on cotton crop, but their methods are not significant or use for major insect 

pests of cotton, especially B. tacaci. In 3- year work it was observed that the greatest mortality was 

occurred in egg to immature stages. Horowitz et al. (1984) mentioned that egg and nymphal stages 

were the most vulnerable to mortality due to climatic condition. This was well supported by 

Horowitz (1986) who mentioned that maximum mortality occurred in 1st and subsequent instars.  

 

The result of present studies further indicated the major factors responsible for the whitefly 

mortality and these factors were: predators, parasitoids, hatching failure due to moisture, and early 

mortality due to feeding mechanisms, which caused mortalities in all generations around the year. 

However, temperature, relative humidity, wind, rainfall,   fungal attack was occasional factors 

with regards to their prevalence or upper and lower extremes. Some mortality factors were stage 

specific such as hatching failure due to moisture (HFDM) in egg stage and early mortality due to 

feeding mechanism (EMDFM) in newly hatched crawlers. The result is in agreement with those of 

gamely (1970) and Vetted and Allen (1983). They mention that climatic conditions are perhaps the 

most important factors influencing population dynamics of B. abaci. Horowitz et al. (1980) and 
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Horowitz (1986) reported high temperatures (43-45oC), low relative humidity (8-17%) and rain-

fall as mortality factors for all stages of B. tabaci. Similarly, there are numerous findings 

mentioning that extreme weathers; particularly high temperature (30-33C) and rainfall caused 

mortality in all stages of B. abaci (Shari, 1982). Board and Purim (1991) studied life table in 

cotton and aubergines fields, the highest mortality of Bemisia tabaci was recorded in the egg and 

crawler stages in all 5 generations followed by pupal stage. The main factors responsible for 

mortality during different developmental stages were climatic factors. However, some of the 

researchers suggested some hurdles, which influenced the appropriation of the results. Melamed-

Madjar et al. (1979) and Van Gent (1982) observed that under most agro-climatic systems, melon 

creepers are inhospitable for biological studies in field conditions. Similarly von Arx et al. 

(1983b), Horowitz et al. (1984) and Baumgartner and Yano (1990) have suggested that reasonable 

repetition and designing model help to determine main mortality factors. von Arx et al.1983 a) in 

Sudan, Horowitz, et al. (1984) in Israel, and Borad and Puri (1991) in India reported the 

significance of  life tables analysis on cotton and brinjal crops. But their methods are not much 

popular for major cotton and other crops pests as recorded during course of present studies. 

 

The results of the present experiments also indicated that during 3-year work, the activities 

of the predators were found as one of the most effective factors, which brought maximum 

mortality in all life stages of B. tabaci in all generations except the generations which passed 

through warmer days. The predators such as Acarines, Heteropterans, Coleopterans and Formacid 

ants were found the most active in diminishing whitefly population. Due to predators activities the 

over all minimum mortality 23.68% and maximum 70.59% in warmer and colder months, 

respectively were recorded in the life table studies of all generations of 2000.  Similar pattern was 
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observed in 2001. The minimum mortalities 23.21% and maximum 58.62% were recorded. This 

pattern was well confirmed during the life table studies of 2002. In 2002, the mortalities due to 

predation were 22.54% minimum and 61.20% maximum in wormer and colder days, respectively.  

It was also observed that none of the life stages of B. tabaci were found safe from predation. 

Similarly, Bene et al. (1993) evaluated Aphidoletes aphidimyza and Chrysoperla carnea for the 

biological control of B. tabaci. ShunXiang et al. (2002) reported that N. oculatus and other 

coccinelids are predators of whiteflies including Bemisia tabaci and B. argentifolii. The research 

conducted by Seif (1981), Lal (1981), Sharaf (1982a), Horowitz (1983) and Gerling et al. (1986) 

also endorsed the  predators such as anthocrides, coccinellid beetles, chrysopid and acarines 

responsible for nympal mortality. Besides that the work of Elbadry (1968) specified two species of 

predatory mites Amblvseius sp. and Typholodromus sp. which appeared in a sizeable number 

moving and running about very fast over the leaves, searching for eggs and nymphs, particularly 

1st and 2nd instars of the whitefly. Basu (1995) reported the same species of mites responsible for 

mortality in egg and nympal stages. He further reported that the black ant, Formica sp. was also 

abundant on the leaves heavily infested by B. tabaci. Abou-Awad and Elsawi (1993) reported that 

the eggs of B. tabaci were preferred by the predatory mite, Agistemus exsertus. Rasmy et al. 

(2003) and Momen et al. (2004)reported that the phytoseiid mite, Amblyseius demarki Zaheri was 

also a main mortality factor of whitefly nymphs. Becker (1992), Petitt (1992) and Ghavami (1994) 

reported that Chrysoperla rufilabris, the big-eyed bugs (Geocoris pallens), Delphastus pusillus, 

several parasitic Hymenoptera and entomogenous fungi were investigated as dxf B. tabaci. El-

Kareim (1998) evaluated the searching rates of the predators, Chrysoperla carnea and Coccinella 

undecimpunctata on stems of Latania camara at different prey and predators ratios at 30 ± 2.2 oC 

and 66 ± 3.2% RH (August), 25 ± 3.2 oC and 68 ± 4.0 % RH (October), and 20 ± 2.5 deg C and 76 
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±33.5% RH (December), with Bemisia tabaci as prey. The natural enemies at densities of 1, 3, 5, 7 

and 9 individuals per stem with 50 2nd-instar prey larvae, Chrysoperla carnea had faster 

searching rate than Coccinella undecimpunctata. The key factor analysis proved that 1st-instar 

larvae highly vulnerable to mortality of the immature prey stages. Urbaneja et al. (2003) reported 

that a mirid bug, N. tenuis (Cyrtopeltis tenuis) is a polyphagous predator feeding nymphs of the 

sweet potato whitefly. Coccinellid predator, Axinoscymnus cardilobus showed good potential for 

biological control of B. tabaci, especially in greenhouse situations on tomato crops (Alomar et al., 

2003, Jazzar and Hammad, 2004). Bonato et al. (2006b) mention that the predator, Macrolophus 

caliginosus Wagner (Heteroptera: Miridae) preferred late instars and adults of B. tabaci. Huang et 

al. (2006) and Naranjo (2007a) observed intraguild predation of Geocoris punctipes (Say), Orius 

insidiosus (Say), and Hippodamia convergens Gu rin-M neville, on fourth instar of B. tabaci 

nymphs. Macrolophus caliginosus Wagner (Heteroptera: Miridae) found on Bemisia tabaci 

However, eggs were more preferred by the adults of predator, Delphastus catalinae(Horn) 

(Coleoptera: Coccinellidae) (Legaspi et al., 2006). Kutuk et al. (2008) mentioned that release of 

lady beetle Serangium parcesetosum Sicard gave better reduction in B. tabaci population on 

eggplant. Lin et al. (2008) discovered Chrysopa sinica Tjeder, Leis axyridis Pallas, Propylaea 

japonica Thunberg, Orius similis Zheng, Deraeocoris punctulatus, Scolothrips takahashii and 

Misumenopos tricuspiaata (Araneae: Thomisidae) as mortality factors for B. tabaci. Tellez et al. 

(2009) reported the positive functional response of the "hunter fly" (Coenosia attenuata Stein) to 

adult B. tabaci.  

 

 The present studies also revealed that next to predation, temperature (upper and lower 

extremes) were also found the key factor, which brought mortality from 36.64% to 50.88% in the 
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generations of wormer days of 2000. During wormer seasons at experimental site the temperature 

fluctuated between 35-49 0C and remained a dominant factor to bring mortality. In 2001, the same 

trend of mortality due to temperature extremes was observed. The over all mortality ranged from 

35.85-59.37 percent. The life table studies in 2002 further confirmed the over all mortality range 

of previous years (2000 and 2001). The mortality due to temperature extremes was ranged from 

41.06 to 54.23 percent in 2002. It was also observed that the generations which passed through the 

wormer days were well influenced by temperature extremes and no such effect of temperature was 

observed for other generations. Horowitz (1986) reported very high mortality in immature of B. 

abaci occurred due to extreme high temperatures. Wagner (1995) mentioned the development 

times of eggs, nymphs, and the combined immature stages were temperature-independent. Berliner 

et al.(1996) suggested that survival potential was dependent of temperature conditions existing 

during the previous 10 h. B. abaci survival after 2 h exposure ranged from approx equal to 90% 

survival at 25 0C and 100% RH, to <2% survival at 41 0C  and 20% RH. Beyond 2h exposure at 

these latter extremes of temperature and humidity caused 100% mortality in whitefly.  Lacey et al. 

(1999) studied the survival of red-eyed nymphs incubated at 2, 5, and 10 0C for 3-13 days declined 

rapidly at all 3 temperatures.  Bao Li et al. (2003) reported the optimum temperature for B. tabaci 

population growth was 26 0C, both extremely low (<17  0C) and high temperature (>32 0C) 

delayed the development. Survival from egg to adult was 67.3% at 26 0C, 27.6% and 29.0% at 35 

0C and 17 0C, respectively. 100 % mortality was observed in B. tabaci when exposed to 44 0C for 

30 minutes (Furuie, 2006). Bonato et al. (2006a) recorded development time 20 and 56 days at 30 

and 17 °C, respectively. the Lowest thermal threshold was 10.2°C and 32.5 °C was found the best 

for immature development.  
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During present studies the  parasitims was also found one of the mortality factors during 3-  

year  life table works. The most affected instars were 3rd and 4th instars of B .tabaci. the most 

active species of parasitoids were belonging to the genus Ancarsia and Eretmocerus. Similarly to 

the predators, the parasitoids were found more active in colder days. In 2000 the over all 

parasitism percent ranged 1.75-10.70 in all 8 generations studied. More or less the same 

percentage was recorded in 2001, the mortality percent ranged from 1.04-7.39 in all 7 generations 

of 2001. A little higher mortality percentage due parasitisms was recorded in 2002. The parasitism 

ranged from 1.41 to 12.75 percent in 2002. The Result are in agreement with those of Horowitz et 

al. (1984) who reported that parasitism was not a key factor to bring maximum mortality. 

Albergaria et al. (2003) collected leaf samples of soybean randomly at three-day intervals during 

eight generations. The number of living, dead and parasitized insects, and the age distribution 

were registered for each leaf. The correlation coefficients for egg mortality (0.1954), first-instar 

nymphs (0.5610) and pupae (0.168) were not significant. However, for the second- and third-instar 

nymphs the coefficients were: (0.7978 and 0.8641, respectively). But the kf was identified. The 

parasitoid Encarsia spp. was the most important mortality factor in the pupae stage of B. tabaci B-

biotype. De Barro et al. (2000) compared rate of parasitism of 5 aphelinid species two of them 

indigenous to Australia parasitizing Bemisia tabaci on cotton, okra, rockmelon, soyabean and 

tomato on daily basis. The indigenous species belong to genus Eretmocerus gave highest 

parasitism on each of the plant host species. Zaki et al. (2002) found no attack of Bemisia tabaci 

population on the spring cultivated cucumbers in 1996 and 1997 but the autumn cultivated crops 

had enough effect. In chemical free greenhouse cultivation, the parasitoid Eretmocerus mundus 

killed 30% and 15.7% nymphal population on cucumbers and tomato crops, respectively. Videllet 

et al. (1997) reported that Encarsia pergandiella preyed third instar nymph (N3) relatively more 
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than fixed-second- and fourth ones.  N3 was also for oviposition. The age-specific interaction 

between the parasitoid, Encarsia formosa and its host, B. tabaci was analysed by Hu et al. (2003). 

They reported  the parasitoid development faster on 3rd or 4th instars than 1st or 2nd instar of B. 

tabaci. Antony et al. (2004) recently described Encarsia bimaculata as a potentially useful 

parasitoid. The best survival rate of the predator immatures was recorded when they were fed on 

B. tabaci, at 25 oC. However, Greenberg et al. (2008) disagreed with Hu et al. by mentioning that 

Er. mundus preferred and successfully parasitized the younger host instars than older ones as 

compared to En. Pergandiella. Ardeh et al. (2005) considered Eretmocerus eremicus and 

Eretmocerus mundus are the most effective parasitoids in dry tropical regions to control B. tabaci. 

Stansly et al. (2005) compared the ability of Eretmocerus mundus and E. eremicus species in 

supressing B. tabaci population on pepper by augmentation in 1:1 combination in 12 commercial 

greenhouses. E. mundus quickly dominated E. eremicus. Bao Li et al. (2006) described Encarsia 

bimaculata as a potentially useful parasitoid of Bemisia tabaci. Egg lying capacity of Eretmocerus 

mundus was measured by Urbaneja et al. (2006) on all instars of B. tabaci, which was more on 

pepper than tomato leaves.  During the same period E. haldemani were parasitising colonies of the 

whitefly (Bemisia tabaci) on greenhouse Abutilon indicum, Cestrum auranticum, Solanum 

jasminoides, S. sisymbriifolium and Lantana camara. Hoelmer and Simmons (2008) reported the 

paralleled population relation of parasitoid, Eretmoserus emiratus and B. tabaci on spring 

cantaloupe melons. Lin et al. (2008) discovered Eretmocerus sp., Encarsia Formosa parasitizing 

late instars of B. tabaci. Over the season, 23-84% the fourth instars of B. tabaci was perceptibly 

parasitized by Eretmocerus.  E mundus only penetrate their eggs in 4th instars of B.tabaci (Gelman 

et al., 2005a and b; López and Andorno, 2009). 
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During present work very little mortalities were recorded due to fungal attack. The 

mortalities due to fungus were recorded in those generations which were passing through cooler 

days and ranged from 1.12% to 1.48%, 1.28% to 2.72% and 0.40% to 5.48% in 2000, 2001, and 

2002, respectively.  The fungal infection was heavy on 4th instar. A very few researchers have 

reported pathogen on aleyroids (Nair and Nambiar, 1984 and Fransen, 1990). Cherkasov (1986) 

controlled the whitefly (Bemisia tabaci) on cucumber by mass culturing of Verticillium. Osborne 

and Landa (1992) discussed the potential of Aschersonia aleyrodis, Verticillium lecanii and 

Paecilomyces fumosoroseus for the control of polyphagous aleyrodids. Smith (1993) mentioned 

that the only pathogen that has been identified was Paecilomyces  fumosoroseus which controlled 

population of epizootics in the field during the rainy season. Landa et al. in 1994 have developed 

vivo bioassay to assess and evaluate various features and characteristics of entomogenous fungi 

associated with Aleyrodidae, particularly Bemisia tabaci. Azevedo et al. (2000) detected and 

confirmed bands of double-stranded RNA (dsRNA) in three out of twelve isolates of P. 

fumosoroseus against the whitefly. Emphasis has been placed on biological control of B. tabaci. 

However, Oliviera et al. (2003) reported that fungi are more effective against B. tabaci on 

perennial plants. Zhen and Ren (2004) reported the utilization of A. aleyrodis and V. lecanii 

against aleyrodids and of P. fumosoroseus against Bemisia tabaci. 

 

As precipitations ratio at Tandojam, (Hyderabad) is not good enough, therefore, the 

mortalities due to rainfall and wind were occurred once during 3-year work. More precipitations 

could cause more mortality with regards to generations passing.  Due to rainfall the mortality 

13.95% was recorded in 5th generation of 2001. The affectees were 2nd instar nymphs of B. tabaci. 

Rainfall increased the relative humidity (R.H.) percentage, which encourages fungal attack on the 
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young stages and adults of whitefly (Gameel, 1970). Similarly, Ohnesorge et al. (1981) found the 

rainfall pattern as the main factor affecting B. tabaci. 

 

The results of life table studies of 2001 indicated that the survival trend in each generation 

was more or less the same as recorded in previous year. Mortality percentage in eggs, 1st, 2nd, 3rd 

and 4th instars in all generations was also more or less similar except in the egg stage of 1st 

generation and 1st instar of 3rd generation that had higher mortality percentages. In the case of the 

4th instar, the highest mortality was recorded in all seven generations. However, the overall 

mortality in all generations was as similar as 95% during 1st year work. 

 

In (2002), the third year of investigation, the survival trend in each generation was more or 

less similar. Mortality in eggs, 1st, and 2nd instars was also more or less similar.  In the case of the 

3rd and 4th instars, it was the highest in all the seven generations. Overall mortality was not less 

than 95 percent. The aim of repeating the work on  life table was to identify and confirm mortality 

factors for B. tabaci population on melon creepers in Sindh. The main mortality factors in 3-year 

work were climatic components, predators, parasitoid and pathogens.  

 

5.7       Seasonal abundance of parasitoids 
 

The result of present work showed that five parasitoids 2 species of genus Encarsia and 3 

species of Eretmocerus were recorded at Dadu, Tandojam and Thatta. Goolsby et al. (1996) 

evaluated 19 strains of parasitoids in genera Eretmocerus and Encarsia as potential biological 

control agents of Bemisia tabaci infesting melons. Poswal el al. (1996) recorded Eretmocerus 

mundus and two species of Encarsia parasitizing whitefly in cotton. Gerling (1986) mentioned 
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three species of the same in Pakistan. WeiHong et al. (2003) found E. formosa  parasitized all four 

but preferred the 3rd and pre-4th instars. Encarsia bimaculata is a potentially useful parasitoid of 

Bemisia tabaci (Antony et al., 2004).  

 

The results also revealed that the parasitism percent ranged 4-12% at all the zones. This 

could be due to temperature and wind velocity. Zaki et al. (2002) reported that the parasites 

Eretmocerus mundus killed 30% and 5.7% nymphs on cucumbers and tomato, respectively. 

Sharma et al. (2003) mentioned E. lutea a pupal parasitoid of B. tabaci, its parasitization 

percentages 3.70 to 7.69, 5.00 to 17.64 and 6.67 to 45.11% were recorded on soybean, black gram 

and cotton, respectively, depending on the climatic conditions. At higher temperatures the 

parasitoid females require more energy for searching her hosts. The work of McCutcheon and 

Simmons (2001) endorsed the statement and reported that 25-35 0C is optimum for Eretmocerus 

sp. to parasitize B. tabaci. Enkegaard (1994) reported that at 28 C, 22C and16C parasitoisation 

by Encarsia formosa was maximum at higher temperature. It is noteworthy that wind velocity in 

lower Sindh particularly Thatta and Tandojam (Hyderabad) is very high (April to July) until the 

onset of monsoon. Similarly, air temperature at Dadu ranged 33-45C. These extremes may have 

had drastic effect on parasitization in the test crops and test sites. In our experiment non-

significant variation occurred in parasitism in spring and summer samples. The samples from 

different sites showed that the nymphs collected from Thatta were significantly less parasitized 

than those from Dadu. This could be due to high humidity and wind velocity at Thatta. Li et al. 

(1987) asserted that high wind velocity disturbs the movement and mobility of parasitoids that is 

why they take longer time to locate and parasitize their host on cucurbit leaves. Similarly, Basu 

(1995) and Boethel and Eikenbary (1986) observed that searching efficiency of parasitoid wasp on 
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the plant is hampered by host morphological characteristics. They further observed that leaves 

covered with honey-dew may abort parasitization of whitefly nymphs. At Tandojam, the result 

showed that the parasitism fluctuation was more or less constant and than gradually reduced 

towards summer. It may be due to higher wind velocity in summer at Tandojam. At Dadu 

parasitism remained more or less constant in spring and summer and rose to a peak in the last 

week of May. The constant parasitism at Dadu may be due higher temperature and lesser 

pesticides application. Cohen (1982), Greathead and Bennett (1981) and Billows and Arakawa 

(1988) advocated that minimization of pesticides creates an environment in which natural enemies 

could thrive and multiply to our advantage. The result indicates that there was a significant sign 

that parasitoids in each season were density-dependent. Several authors have reported that larval 

parasitism is density-dependent (Benuzzi et al. (1990) Gerling (1990) and Enkegaard (1994)).  

Burger (2002) evaluated host-handling behaviour of parasitoid, E. formosa and suggested that 

both host density and parasitoid life expectancy had positive effect on optimum host-feeding ratio. 

The results also indicated maximum variation in parasitoid and whitefly ratios, which ranged 1: 8-

25 in different zones. Lal (1981) recorded 29.05% parasitism with host-parasitoid ratio 2.10:1 and 

lowest (6.81 %) at a 24.00:1 ratio.  

 

5.8        Dispersal of adults in melon field. 

 

 5.8.1    At ground levels 

 

 Bemisia tabaci is a week flyer and its dispersal is mainly happening by wind current. The 

most movement at low flights occurs to locate fresh feeding or oviposition sites. Our result 
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indicates that whitefly population recorded on melon leaves was positively correlated with the 

population caught on traps. Both the methods   i.e. in situ and yellow trap catches can be used to 

estimate the population of whitefly. Berlinger (1980) reported that B. tabaci was strongly attracted 

to yellow color surface.  Butler et al. (1985) stated that yellow sticky traps became a major tool in 

monitoring of B. tabaci population. Murugan and Uthamasamy (2001b) concluded that the 

population monitored on yellow sticky traps and counted on leaves was positively correlated. The 

results further showed that maximum catches were recorded on the traps mounted at 6´´ above the 

ground indicated the dispersal level of B. tabaci in melon field. The results are in agreement with 

those of Abdel-Megeed et al. (1994) who evaluated efficiency of yellow sticky traps for detecting 

and monitoring the fly in cucumber during autumn. Traps coated with vaseline were superior, 

followed by motor oil or a plastic sticker. As for trap height was concerned, the highest numbers 

of B. tabaci were captured with yellow sticky traps 0.5 m above the ground. Whiteflies dispersed 

out of fields and flew at approx equal to 0.1 m above the surface. Nuessly et al. (1994) used 

yellow sticky card traps and cotton leaf samples to monitor adult and immature, respectively. 

Adults were trapped in yellow sticky traps (13 x 21 cm) placed horizontally and 13 cm from the 

surface of cotton fields. Isaacs and Byrne (1998) reported that B. tabaci were trapped at four 

heights i.e. 0 and 7.2 m above fallow ground, at six distances between 0 and 100 m from the insect 

source. Sharaf (1982a) reported that horizontally placed traps gave higher catches than those placed 

vertically.  Traps fixed at ground level gave higher catches in fallow than in a cotton field (Gerling 

and Horowitz, 1984). However, our results are in contrast with those of Melamed Madjar et al.  

(1984) who reported that when the traps were placed at plant height the whitefly catches within field 

and a meter away were the same. In present experiment cylindrical shape of sticky trap gave highest 
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catches of B. tabaci. However, Byrne et al. (1986) and Youngman et al. (1986) reported that 

cylindrical shapes of yellow sticky traps have given better result.  

 

5.8.2  On melon creeper 

 

In present studies the highest population of B. tabaci on 2nd and lowest on 5th node leaves 

was recorded. This proved that 2nd node leaves were preferred by the fly because they were fresh 

and have to be grown in broader size. As the leaf grows in size it supports immature to grow into 

adults. It is in agreement with that of Naranjo and Flint (1995) who reported uniform distribution 

of adults on node-leaves 2-7 of main stem, however, the most preferred 2nd node leaves.  Musuna 

(1986) confined adult sampling unit that comprises the first two fully expanded main terminal 

leaves and one leaf at mid level of the plant.  The present result also indicated that mean total 

density of adults fly was recorded more at early morning that late morning. The present results are 

in agreement with those of Gerling and Horowitz (1984) they reported that direct count should be 

made early in the morning when adults are least mobile.  Musana (1986) found similar trend of B. 

tabaci adult sampling. According to him B. tabaci adult count was higher during 9.00- 1200h than 

during 17.00-1800h, although the difference was not significant at P=0.05.   

 

5.9       Preferential distribution on cucurbits and non-cucurbits  
 
 
 

The result shows the total population of both stages was significantly more on cucurbit 

creepers than non-cucurbit crops, except on brinjal and cluster bean. Lesser population was 

recorded on ridge gourd, bitter-gourd, pumpkin, watermelon and biter gourd. Sharma and Batra 



 222

(1995) noted the heaviest infestation on egg-plant [Solanum melongena], and cotton followed in 

decreasing order by potato, marrow, cabbage and tomato. The result of present studies also reveals 

that whitefly population was significantly more on cucumber and melon than on watermelons. 

This preferential difference could be attributed to color, texture, leaf morphology and host 

chemistry (Baloch et al., 1982; Sippell et al., 1984; Van Lenteren and Noldus 1990). Moreno et al. 

(1993) evaluated a wide range of cucurbit species and genera, melon varieties and the cucumber 

were severely affected by B. tabaci. Mound and Halsey (1978) observed that whitefly is a 

notorious pest of many crops including cucurbit and non-cucurbit. It did not infest equally to all 

host plant species (Horowitz, 1986). The analysis of population abundance of both stages (adult 

plus nymphs) showed the number of the whitefly was significantly higher on cucumber, melon, 

brinjal, Indian squash and cluster bean (El-Sayed et al., 1991). Sukhoruchenko et al. (1995) and 

Barbosa et al. (2001) reported that melon, aubergine, cabbage, Broussonetia and Hibiscus are 

preferred crops. Aslam and Gebara (1995) also mention cucumber as the preferred crop. 

 

The result of this experiment further indicated that more the pH-value of the creeper more 

the infestation of the fly. It is in partial agreement with these workers. It was observed that the fly 

infestation was positively correlated with pH-level on the crops tested. That means the higher the 

pH-level of the crops, more the infestation by the fly. This could be due to higher nitrogen 

contents and pH of their leaves (Jackson et al.1973). Ven Boxtel et al.  (1978) noted that B. tabaci 

probes with its stylet almost any surface on which they alight. If they happen to land on favorable 

pH-level crop, they stay on it for feeding and egg lying. If the pH is an unfavorable (of less pH 

value) host the fly migrates to neighboring host (Van Sas et al., 1978). 
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5.10    Seasonal population variation of B. tabaci on cucurbit creepers during 2000 and      

            2001 

       

5.10.1   Seasonal population variation in 2000 

 

In 2000 cucurbit creepers viz. Melon, Indian squash, water melon, bitter gourd, bottle 

gourd, ridge gourd and cucumber were grown in spring, summer and autumn seasons. Due to 

some reasons only musk melon was successfully grown in all the seasons at all the zones. The 

results of the investigation indicated that all cucurbit crops were infected by whitefly from 

germination till harvest in all seasons at all experimental zones, however, lot of variation was 

found in the activities of B. tabaci with regards to seasons and zones. This has been well supported 

by Moreno et al. (1993) evaluated range of cucurbit species and genera, including Cucumis melo, 

C. sativus and wild Cucumis spp., Citrullus lanatus and its wild relatives C. colocynthis, 

Lagenaria, Momordica, Trichosanthes, Benincasa, Cucurbita, Ecballium and Luffa were under 

infestation of B. tabaci in the greenhouse. Basu (1995) and Othman et al. (2002) reported 

cucurbitaceous is one of the families of plants the fly prefers as hosts. Benjmin and Legaspi (1998) 

reported that B. tabaci attacked many vegetables, cole, oil and seed crops of 70 botanical families. 

In eastern Asia, the host range goes to 51 plant species of 15 families (Hsieh et al., 2006). Erol et 

al. (2006) found B. tabaci to colonize 152 species from 43 plant families in Turkey. Simmons 

(2002) mentioned Cucumis melo L.; cowpea, Vigna unguiculata (L.) as host of B. tabaci. The 

result further revealed that maximum activities were found in summer season followed by spring 

and autumn. The highest activities were recorded at Thatta and Badin, the least at Sakrand. This 

could be due to mild temperature and cultivation of other vegetable crops that served as alternate 



 224

host for the whitefly. The air temperature correlated positively with the whitefly population on 

melon in summer, whereas, relative humidity displayed negative association to the pest. The 

population trend on various cucurbit creepers showed that musk melon had maximum non-

significant population at Thatta and Badin, minimum population at Dadu. Costa et al. (1991) 

reported that offspring survival was significantly greater on melons. Gerling (1984) mentioned 

that in mild seasons B. tabaci did not diapause and continued to develop mainly in immature 

stages throughout all seasons. Nyoike et al. (2008) mentioned that cucurbit species were affected 

by the whitefly round the year.  

 

 On Indian squash maximum population was recorded at Sakarand and minimum at Dadu. 

Bitter gourd retained more population at Thatta than Tandojam (Hyderabad). Cucurbit creepers 

grown at Hyderabad had non-significant population of B. tabaci on melon and cucumber followed 

by ridge gourd and bottle gourd. The results are in agreement with those of Paris et al. (1993) who 

mentioned squash and melon as preferred host of B. tabaci. Sever damages to pumpkins and 

cucumbers were recorded by (Zhang et al., 2005). Whereas, Singh et al. (2003) mentioned that 

cucumber was the most infested food plant in all seasons. Sharma and Batra (1995) and Ghosh et 

al (2004) mentioned that cucumbers were heavily infested. According to Byrne and Houck (1990) 

and Horowitz (1996) the population fluctuation (buildup) is directly proportion to early seasons, 

host quality and quantity. Aslam and Gebara (1991) and Baloch et al. (1994) recorded the 

incidence and abundance of the pest on chili in the summer season. While, El-Khayat et al. (1994) 

observed greater infestation rates to summer crops in May and sometimes July or August. Sharma 

and Batra (1995) described that in the last week of September, B. tabaci assumed outbreak 

proportions on cotton and aubergines. By October, tomatoes, cucumbers and ornamental crops 
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were infested heavily. Horowitz (1986) described four phases of whitefly population (1) 

establishment in May-June, because of migration of females and presence of a few adults per 

plant; (2) buildup in July. In early August it was a local exponential growth; (3) peak population at 

the end of August and in early September, and (4) the decline phase occurred at the end of 

September and in early October. Tonhasca et al. (1994), Sukhoruchenko et al. (1995) and Barbosa 

et al. (2001) reported that the preferred crop was melon. Over wintering on greenhouse crops or on 

weeds, it reaches high numbers outdoors in the 2nd half of the summer.  

 

During present test lot of fluctuations (Population inclined and declined) in whitefly 

population was observed on all cucurbits from early age to the end of the creepers in all 3- season. 

It is in agreement with the finding of (Ghahhari et al., 2001) who reported that leaf age did 

significantly affect the longevity, survival and fecundity of whitefly. Ohnesorge et al. (1980 and 

1981) and Sharaf (1999) reported that a decline in whitefly population in tomato crop was due to 

leaf age. In the present investigations the whitefly population remained stable in cucumber in 

autumn at Dadu only. As by Horowitz (1983) the pest maintained the same status in the same crop 

in the same season. Migration from neighbor crops to cucumber may be the reason. Berlinger 

(1986); Mound and Helsey (1978) observed that when B. tabaci population increased above 

certain thresholds it migrated to neighboring host. In field the females of the same brood lived 

longer and the emergence of nymphs continued became overlapping adults and became abundant 

on cucurbit creepers. According to Azab et al. (1971) variation in longevity of adults depends on 

seasonal fluctuations of temperature. Mohanty and Basu (1987) believed that the distribution of 

immature varied widely. The stages were correlated with temperature, Relative Humidity %, host 

plant canopy and host plant chemistry. 
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5.10.2  Population variation 2001 

 

  In 2001 four cucurbit creepers were grown at Thatta, Sakrand, Dadu and Tandojam 

(Hyderabad) in spring, summer and autumn seasons.  The more activities of B. tabaci was 

recorded in spring followed by summer and autumn on all creepers at all 3-zone. It was recorded 

that the highest population appeared on cucumber at Badin and lowest at Dadu. The overall season 

wise population means of B. tabaci at all test agro-zones were highly significant during spring, 

summer and autumn. However, during spring and autumn the pest was not significantly different 

on melon crops. This may be due to favorable temperatures (28.62.19 and 30.182.88C) in 

spring.  Our findings are in agreement with those of Mohanty and Basu (1987) according to them 

the seasonal factors had profound effect on population abundance of the fly. The best temperatures 

for development were between 25C to 30C as reported by Butler et al. (1983) and Horowitz 

(1983). Patel and Jhala (1992) reported the population increased from August and peaked in 

December. Thereafter, numbers fell gradually and the aleyrodid was absent during May-July. 

November-January was the most favorable months for the reproduction and survival of B. tabaci. 

Men et al. (1997) determined the effect of weather on the abundance of Bemisia tabaci on 

sunflower. He mentioned that B. tabaci variously responded to the ambient weather factors. 

Muthukumar and Kalyanasundaram (2003) mentioned that the population of B. tabaci was 

positively correlated with R.H. and negatively with temperature on brinjal from January to July. 

 

 Maximum and non-significantly population of B. tabaci was appeared on Indian squash at 

Thatta and Badin and minimum at Hyderabad. Next to Indian squash, melon also retained 

maximum population at Thatta and Badin and minimum at Dadu. Little variation in the population 
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of B. tabaci was observed on melon. Among cucurbit creepers minimum population of B. tabaci 

appeared on water melon at Thatta followed by Sakrand, Dadu and Hyderabad. On overall 

population bases at all 3-zone, it was concluded that B. tabaci showed maximum preference to 

Indian squash followed by musk melon, cucumber and water melon. The maximum activities of 

the fly were recorded at Badin followed by Thatta, Sakrand and Dadu. The lowest population on 

watermelon was due to inadequate pH level and morphological characteristics of watermelon 

leaves. This is dully supported by Butler and Vir (1989) and Ilyas et al. (1991) they mentioned 

that trichome density and length, midrib thickness, nitrogen content and leaf pH were positively 

correlated with resistance. Hair density and hair length are equally important characteristics that 

influence whitefly population (de Ponti et al., 1990). Van Emden (1974) and Berlinger (1986) 

reported that hairiness vs globrousness, sticky glandular trichome, internal chemistry and pH of 

the leaf sap played a decisive role in population buildup. Harr et al. (1980) and Berlinger et al.  

(1983) found that adults of B. tabaci discriminate host plants having a difference of 0.25 in pH 

values of 6.0- 7.254. Blua et al. (1995) reported that in choice and non-choice host on cucurbits 

(including marrow, melons and squash) no significant differences in susceptibility were found. In 

our studies the population of whitefly was more are less similar at Dadu, Thatt, Badin, Sakrand 

and Tandojam on all cucurbit tested in spring 2000. The population declined rapidly by more than 

90 % on melon. This difference may be due to seasonal fluctuations in temperatures, RH % and 

plant canopy. Ohnesorge et al. (1980), Berlinger et al. (1983 b) and Cain et al.  (1985) found that 

crop canopy and pH values of host play a major role in the pest abundance.  

 

Similar trend in population was observed in summer and autumn grown creepers, at all 

agro-zones. This could be attributed to dispersal of whitefly on overlapping cultivation of crops. 
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The highest activities of the fly were recorded in early June at Sakrand followed by Hyderabad.  

This could be due to mild environmental conditions. At 27±5 oC, 65±5% RH no significant 

difference between oviposition on lettuces and melons reported by Avidov (1965). van Arx et al. 

(1983a), Horowitz et al. (1984) and Gerling et al. (1986) reported a great diversity in whitefly 

population  due to increase in temperature and decrease in RH %. Further, that temperatures and 

RH are highly detrimental to egg hatching and mortality of crawlers and young nymphs. Kumawat 

et al. (2000) observed that maximum temperature was significantly correlated with whitefly 

density on okra. Whiteflies appeared in the fourth week of July and reached peaks in the second 

and fourth weeks of September. Safdar et al. (2005) reported that minimum temperature and RH 

had significant correlation with whitefly population. 

 

5.10.3  Comparative population 2000 and 2002 

 

 The season-wise comparison between 2000 and 2001 indicates the trend of pest 

population density behaved differently in different seasons in both the years. In 2000 maximum 

activities of B. tabaci were recoded on summer grown cucurbits. Whereas, in 2001 it was 

observed that the fly demonstrated its maximum activities in spring season.  The population of B. 

tabaci was higher on cucumber at Dadu in 2001 than in 2002. This is in agreement with Vetten 

and Allen (1983) who noted pronounced effect of seasonal temperatures.  Cohen (1982) observed 

that the adults died soon after coming in contact with preheated surfaces to (35oC) of experimental 

site.  
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Cucumber was successfully grown at Thatta only in 2000, and had the whitefly population 

similar to cucumber grown at Badin, Hyderabad, Sakrand and Thatta except Dadu in 2001. In 

2000 the least activities of B. tabaci were recorded on water melon at Hyderabad, Badin and Dadu 

However, in summer at Tandojam (Hyderabad) it was slightly higher. In 2001 little bit higher 

population on water melon was recorded at these zones than 2000. However, Badin had more 

activities. On musk melon more activities of B. tabaci were recorded at Thatta and Badin than 

other zones, which had more or less the same population in 2000, whereas, musk melon grown at 

Sakrand had maximum population in 2001. B. tabaci population on Indian squash was more or 

less the same in both the test years at all the zones except at Badin that had maximum activities in 

2001.  This difference could be due to climate and host plant canopy. Mohanty and Basu (1987) 

observed that the distribution of the whitefly varied widely.  They reported that whitefly life stage 

development was correlated with temperature, RH %, host plant canopy and host chemistry. 

Aslam and Gebara (1991) and Baloch et al. (1994) recorded B. tabaci abundance on chili in 

summer. El-Khayat et al. (1994) reported that in summer cucumber was by far the most heavily 

infested crop.  Safdar et al. (2005) reported that minimum temperature and RH had significant 

correlation with whitefly population.  Mohanty and Basu (1987) reported that seasonal factors had 

profound effect on population abundance.  The best temperatures for the pest development were 

between 25oC to 30oC as reported by Butler et al. (1983) and Horowitiz (1983). We observed 

significant differences in crops, seasons and test sites. These findings are in agreement with those 

of Mohanty and Basu (1986) who reported that variation in abundance of whitefly occurred due to 

morphological differences in host crops, temperatures and RH%. Besides that nitrogen level in 

host foliage also influences its occurrence (Avidov, 1956; Butler et al., 1983; Gerling et al., 1986). 
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CHAPTER-VI 

SUMMARY, CONCLUSIONAND RECOMMEDATIONS 

 
 
6.1       Summary  
 

 
The investigations on biology of the whitefly, B. tabaci on musk melon and cucumber 

creepers; fecundity, egg hatching and development under constant temperatures and field 

conditions; starvation capacities of crawlers; distribution of premature stages on melon leaf 

sectors; effect of leaf maturity on oviposition and nymphal mortality;  life tables; seasonal 

abundance of parasitoids of B. tabaci at Dadu, Tandojam and Thatta; dispersal of adult on cucurbit 

leaves and ground levels; preferential distribution on cucurbit non-cucurbit crops; population 

variation of Bemisia tabaci (Gennadius) infesting cucurbit creepers cultivated at Badin, Thatta, 

Tandojam (Hyderabad), Sakrand (Nawabshah) and Dadu were carried out during course of study. 

 

Biology of B. tabaci on musk melon and cucumber reveals that mean fecundity 

(77.43±8.28) per female and hatching percent (89.36±1.55) was recorded on cucumber with male 

and female longevities 17.83±1.55 and 13.50±0.67 days, respectively. The mean fecundity 

(88.00±7.96) per female and hatching percent (86.14±2.96) was recorded on musk melon. The 

male and female longevities were 13.78±0.54 and 18.28±2.01 days, respectively. Nymphal periods 

10.13±0.66 and 11.28±0.58 were recorded on cucumber and musk melon, respectively.  

 

The means fecundity at six constant temperatures was (6.00±0.63) eggs with incubation 

period (23.0±1.23 days at 10oC), (22.4±2.22 eggs with incubation period 19.68±1.19 days at 

15oC), (41.00±3.70) eggs with incubation period (16±1.72 days at 20oC), (50.6±0.63) eggs with 
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incubation period (5.23±0.66 days at 25oC), (60.00±3.14) eggs with incubation period (1.33±1.14) 

days at 30oC and (35.0±0.39) eggs not hatched at 35oC. Adult longevities 14.6± 1.14, 12.80±0.37, 

10.4±0.70, 8.20±0.86, 6.40±0.39 and 4.40±0.24 days were recorded at 10, 15, 20, 25, 30 and 35 

oC, respectively.   The development time and rate of development of various life stages under 

constant temperatures indicated that development of eggs and nymph took longer time at 10 and 

15 oC. Nymphs did not survive at 10 oC and at 35 oC hatching of the eggs failed. The time of 

transformation of nymphs to adult 30.07±6.97, 25.06±6.45, 24.11±5.32 and 16.13±5.34 days were 

recorded at 15, 20, 25 and 30 oC, respectively. The total development rate from egg to 4th instars 

nymph 0.596, 0.699, 0.853 and 1.203 were computed for 15, 20, 25 and 30 oC, respectively. In 

field conditions, lesser fecundity (41.0±3.70 per female) was recorded at 23.31±2.79 oC than 

(59.6±3.02) at 31.57±4.25oC. Hatching percent 87.27±1.40 and 72.96±2.06 were recorded at these 

temperature levels. Similarly, total development period 16.67±4.36 and 31.88±6.86 days were 

recorded at these temperature levels in field conditions, respectively.  

 

The result on the effect of starvation on the survival of 50 newly hatched crawler of B. 

tabaci at 31.92 + 0.53 oC., showed that the total mortality occurred with in 2 – 4.30 hours of 

starvation in T1 (dry blotting paper) followed by 2.30-5.30 hrs (T2= Moistened blotting paper 

with distilled water), 4 – 8.30 hrs (T3= Green melon leaf) and no mortality was recorded in T4 

(moistened blotting paper plus green melon' leaf) till the end of 1st instar crawler.  But the LT 50s 

differences between moistened blotting paper and green leaf treatments were not significant at 

95% confidence limits. 100 percent mortality was recorded after 4.30 h in dry condition, after 

5:30h (moistened blotting paper) and 8.30 h (green melon leaf), respectively. The X2 tests   for   
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homogeneity showed   no   significant heterogeneity (P>0.05) for al1 treatments. Probit analysis 

showed the positive correlation between mortality and time period.  

 

Distribution of premature stages of B. tabac on leaf sectors revealed that the overall mean 

number of eggs on sector A (32.88±2.55), B (20.76±1.82), C (17.10±1.30) and D (24.58±1.71) 

were recorded. Egg-density on the proximal leaf sectors A and D was 34.49% and 25.78%, 

respectively, which was more than the distal leaf sector B (21.78%) and C (17.93%). The 

population percentages of nymphs on sectors A, B, C and D were: 21.09% 26.92%, 29.35% and 

22.62%, respectively. The overall mean number of nymphs on sector A (121.73±9.29), B 

(155.37±10.71), C (169.41±11450) and D (130.59±11.39), respectively were recorded. The 

Analyses of variance showed that whitefly eggs were significantly more on A and B and nymphs 

on sector B and (P<0.05).  

 

The result of the experiment on effect of leaf maturity on egg laying and nymphal survival 

of B. tabaci on different leaf positions from the top (3, 4 and 5 nodes) of melon creepers showed 

that B. tabaci laid mean number of eggs, i.e. (19.802.08), (36.802.10)  and (37.90.0.92) on 3rd 

4th and 5th leaf nodes,  respectively. The nymphal survival percentages of the instars (1st plus 2nd 

and 3rd plus 4th) on 3rd, 4th and 5th node leaf were (89.39 and 92.79%), (97.65and 94.69%) and 

(89.75 and 50.46%), respectively. The adult emergence percentages were 95.03%; 90.76% and 

38.93% as calculated from survivors located on 3rd, 4th and 5th node leaf. The mortality rates 

0.102, 0.035 and 0.101were recorded in the eggs on 3rd, 4th and 5th node leaf, respectively, and 

0.088, 0.042 and 0.505 in 1st plus 2nd instar nymphs on the same node leaves. Similarly the 

mortality rates 0.061, 0.088 and 0.75 in 3rd plus 4th instar nymphs were recorded on 3rd, 4th, and 5th 
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node leaf, respectively. Analyses of variance showed significant differences in egg laid by the 

females, nymphal survival and adult emerged (P<0.01) and confirmed by DMR test. The k-values 

0.042, 0.064 and 0.908 were recorded for nymphs of third, fourth and fifth node leaf, respectively.   

 

The  life table studies in 2000 indicated the maximum mean dx 23.82 ± 1.98% was 

recorded in 1st  instar crawler followed by egg stages (22.48 ± 1.52%), 4th instar crawler (19.68 ± 

1.74%), 3rd instar (14.58 ± 1.73%) and 2nd instar (13.48 ± 1.19%). The highest dx (96.66%) and 

least 93.00% with lx values (3.33%) and (6.74%) adults were recorded in 1st and 7th generations, 

respectively. The most effective dxf was the predation that brought overall mean dx (50.77 ± 6.62 

%) in 2000 followed EMDFM (13.49 ± 2.74%), temperature (10.94 ± 7.27%), HFDH (8.47 ± 

2.01%), parasitism (5.48 ± 1.24%), NTDH (4.76 ± 1.31%) and fungal attack (0.59 ± 0.23%) 

respectively. In 2001, the maximum mean dx (21.80± 1.56%) was recorded in 4th instar crawler 

followed by egg stages (20.37 ± 1.37%), 1st instar crawler (19.32 ± 1.98%), 3rd instar (17.75 ± 

1.66%) and 2nd instar (16.03 ± 1.64%), respectively. The least dx (93.90%) was recorded in 7th 

generation with lx value (6.10%). The most effective dxf was predation in all generation of 2001, 

which gave overall mean dx (46.23 ± 4.65%) followed by temperature (13.60±8.56%), EMDFM 

(11.56±2.27%), HFDH (8.78±1.59%), parasitism (6.35±1.40%), NTDH (4.53±1.40%), wind and 

rain (1.99±1.86%), abnormal adult (1.26±0.62%) and fungal attack (0.85±0.40%) respectively.  In 

2002, the maximum mean dx (23.41±1.07%) was recorded in 1st instar crawler followed by egg 

stages (21.51±1.00%), 3rd instar (17.22±1.35%), 4th instar crawler (16.25±1.63%) and 2nd instar 

(14.76±1.09%), respectively. The least dx (84.96%) was recorded in 8th generation with lx value 

(15.04 %%). The most effective dxf was predation that caused over all mean dx (47.90±4.83%) 

followed EMDFM (14.01±1.79%), temperature (11.91±7.90%), HFDH (7.66±1.21%), parasitism 
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(6.59±1.15%), NTDH (2.40 ±0.90%), fungal attack (1.89±0.89%) and abnormal adult 

(0.81±0.48%), respectively.  The comparative dx in 2000-2002 in various life stages of B. tabaci 

indicated that the overall maximum dx (22.48 ± 1.52%) was observed in egg stage in 2000 

followed by 2002 (21.51 ± 1.00) and 2001 (20.37 ± 1.37), respectively. In 1st instar crawler 

maximum (23.82 ± 1.98%) in 2000 and minimum (19.32 ± 1.98) in 2001. similarly, dx in 2nd 

instar crawler (maximum 16.84 ± 1.14 in 2000) and (minimum 13.84 ± 1.19) in 2000 was 

recorded. Maximum dx (17.75 ± 1.66) in 3rd instars and minimum (14.58 ± 1.73) were recorded 

2001 and 2000, respectively. In 4th instar maximum dx (16.25 ± 1.63%) was observed during 2002 

and minimum (19.68 ± 1.74%) in 2001. The most effective dxf was predation followed by 

EMDFM and temperature. The over all dx percentages 90.4 0.65, 94.84 0.67 and 93.41 1.46, were 

recorded in 2000, 2001 and 2002 with lx values 5.17±0.63, 4.73±0.53 and 6.86±1.16 respectively. 

Sampling adult population of B. tabaci on melon in spring revealed that the highest catches of the 

adult whitefly (22.87 ± 2.69) per trap were recorded on cylindrical followed by flat trap 

(14.37±2.02) and round trap (9.24±1.39). Traps mounted at 6" above ground level gave 

(14.37±2.02) catches as compared to (7.81±1.43) at 12" and (3.61±0.68) at18", respectively. The 

highest population of B. tabaci (6.56 ± 1.34) per leaf was recorded on the 2nd- node leaves as 

compared to 3rd (2.62 ±0.52) and 5th-node (2.52±0.56). More activity (6.56±1.34) per leaf was 

recorded at 8.00 a.m. than (4.03±0.83) at 12.00 noon. Population counts in all three techniques 

were highly significant (P<0.01). 

 

Seasonal abundance of Bemisia tabaci parasitoids was assessed on melon at different 

zones of Sindh i.e. Dadu, Tandojam and Thatta in the spring and summer 2005. Two species of 

parasitoids belonging to genus Encarsia and three species of Eretmocerus, (Aphelinidae) were 
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found in melon field. The over all mean number, (126.66±8.47) per leaf of whitefly in spring and 

(137.12±7.93) in summer with mean numbers of parasitoids (15.88±1.32) and (16.16±3.11) were 

recorded at Dadu, respectively. Similarly, mean numbers of the whitefly (114.74±5.87) and 

(128.42±7.98) with (6.26±0.95) and (5.26±0.80) parasitoids were recorded in spring and summer 

seasons at Tandojam, respectively. At Thatta the mean number (137.2±8.46) and (161.9±7.61) of 

the whitefly were recorded in spring and summer seasons with (16.6±0.93) and (16.66±2.09) 

parasitoids, respectively. The over all parasitism percentages were (11.74±2.22), (4.27±0.86) and 

(10.41±1.37) in spring and (12.71±1.08), (5.48±0.81) and (12.11±0.07) in summer at Dadu, 

Tandojam and Thatta, respectively. The whitefly/parasitoids ratios, 1:7.93, 1:18.33 and 1:8.26 in 

spring and 1:8.26, 1:24.41 and 1:9.71 in summer were recorded at Dadu, Tandojam and Thatta, 

respectively. Regression analyses showed that parasitoid population was negatively correlated 

with temperature in summer at Tandojam and Thatta, in spring at Tandojam only. At Dadu it was 

negative with RH in spring and at Thatta in summer. Analysis of variance showed highly 

significant difference between zones and seasons (P<0.01).  

 

Preferential distribution of B. tabaci on cucurbit and non-cucurbit crops indicated the 

population of both stages of whitefly (adult and nymph) was significantly more on cucurbit crops 

than on the non-cucurbit crops except on brinjal and the cluster bean. The whitefly population on 

cucumber and melon was higher (70% to 80%) than other crops. This was followed by cluster 

bean (49.63%), Indian squash (49.10%), cotton (45.31%), sesame (28.95%), water melon, 

pumpkin (28.51%),  (27.90%), okra (26.10%), bitter gourd (18.30%), chillies (18.20%),  and 

cowpea (18.06%), respectively. The increase in the population on cucumber and melon could be 

due to higher level of pH in their leaves. The analysis of variance on all 14 tested plants showed 
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that the population abundance of B. tabaci was significantly higher on cucumber, melon, brinjal, 

Indian squash and cluster bean which was confirmed by Duncan’s Multiple Range (DMR) test. 

Regression analysis showed that the population of B. tabaci positively correlated with the pH level 

in the leaves of different host plants.  

 

During the experiment in 2001, The height populations (12.00±1.44) and (16.16± 1.69) per 

leaf of the fly were recorded on cucumber and Indian squash, respectively at Badin in summer. On 

water melon the activities of B. tabaci were more or less the same in all three seasons. However, 

the highest population (5.25±0.99) was recorded at Thatta and lowest (2.01±0.47) at Dadu in 

spring season. The activities of B. tabaci on melon were highest in spring with maximum 

population (17.00±1.98) at Badin. X2 test showed non-significant different in B. tabaci population 

at all the zones and the seasons. B. tabaci showed highly significant negative correlation with 

temperature (at Sakrand (r=-0.773) on melon, (r=0.503) on water melon and (r=-0.708) on Indian 

squash), (at Thatta (r=-0.557) on Indian squash, (r=-0.077) on cucumber, (r=-0.571) on bitter 

gourd) and (r=-0528) on bottle gourd at Hyderabad in spring 2000. Similar correlation between B. 

tabaci and RH (r=-0.662) was recorded on bottle gourd at Hyderabad in autumn.  During the 

seasonal population investigations 2001, highly significant correlation was observed with RH in 

spring season on cucumber at Badin (r=- 0.609), (r= 0.516) at Thatta and (r=-0.323 at Hyderabad). 

The same correlation were observed on Indian squash (r=-0.503) and (r=-0.503) at Badin and 

Thatta,  respectively in spring. On water melon it was (r=-0.623) at Thatta in spring and (r=-0.172) 

at Hyderabad in autumn. On melon with RH (r=- 0.492) at Badin and (r=- 0.707) at Thatta in 

spring and in autumn (r=- 0.461) at Sakrand. The highly significant correlation (r=- 0.116) with 
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temperature was also observed at Sakrand on water melon only. Analysis of variance showed 

highly significant difference in B. tabaci populations at all agro zones.  

 

6.2 Conclusions 

 

It is concluded from the results that:  

i. Musk melon and cucumber equally favored the development of B. tabac. 
However, the male and female lived longer on cucumber and more eggs 
were laid on musk melon; the highest fecundity and development rate was 
recorded at 30oC. Adult lived longer at 10 oC and shorter at 35 oC; Hundred 
% mortality in starved 1st instar crawlers was observed with in 4.5 hours on 
dry blotting paper  

   
ii. In field conditions, lesser fecundity and more hatching percent was recorded 

at 23.31±2.79 oC than at 31.57±4.25oC on musk melon. More egg-density 
on the proximal leaf sectors and higher nymphal density  was recorded on 
distal leaf sector of melon leaf. Maximum k-value was recorded on 5th node 
leaves of melon creeper. Maximum mortality (dx) was recorded in egg and 
1st inster nymph and the most effective mortality factors (dxf) were 
predation followed by EMDFM and temperature; higher (parasitoids: 
whitefly) ratios were observed at Dadu and Thatta in spring. Cylindrical 
shaped trap mounted at 6" above the ground level gave more catches and 
the highest population of adult was recorded on the 2nd- node leaves at 8.00 
a.m in melon field. Cucurbit crops and brinjal were the most preferred hosts 
and the seasonal population due to mixed and continuous cropping was 
recorded more in spring and summer seasons than autumn in Thatta 
followed by Badin, Dadu, Tandojam and Sakrand. 

 
 
 
6.3 Recommendations 
 
 

On the basis of results achieved the following recommendations are made: 
 
 
i. B. tabaci flourish more if the average temperature lies between 25-30 oC 

with 45-70 RH% with succulent crop conditions. Regular monitoring 
should be emphasized and measures should be taken to manage the 
population of B. tabaci particularly in the areas where cucurbit creepers are 
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grown under alone and mixed continuous cropping pattern by the farmer 
communities. 

 
ii.  Sampling unit should be confined to node leaf 2, 3 and 4 of the main stem 

of the cucurbit creepers to monitor eggs, nymph and adult population. For 
eggs proximal leaf sectors and for nymphs distal sectors should be 
examined ccarefully. 

 
iii. The cylindrical shaped yellow sticky trap at 6 above the ground should be 

installed to monitor adult population in cucurbit field.  
 

 
iv. The activities of predators and parasitoids also suppress B. tabaci 

population during spring and summer seasons. Therefore, eco-friendly 
insecticide should be applied in severe conditions. 

  
 
v. Avoid the most preferred crops such as cotton, Indian squash, cluster bean, 

brinjal, melon and cucumber in a mixed cropping system.  
 

 
vi. Prophylactic measures are recommended in the districts of Thatta, Badin 

and Dadu where cucurbit are grown at large scale. 
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Appendices 

 

Appendix I.  Analysis of Variance for B. tabaci on cucumber crops in different seasons  and agro 
zones of Sindh in 2001. 
Source  df S.S M.S. F-ratio Sigf. Level 
Agro-zones 4 353.578 88.3945 6.28 0.0001 
Seasons 2 379.394 189.697 13.49 0.0000 
Residual 173 2433.50 14.0665   
Total 179 3166.47    
Duncan’s Multiple Range test. 

Agro-zones L. S. Mean Homogeneous groups 
Badin 9.3264 A 
Tando jam 9.0633 A 
Sakrand 8.2894 A 
Thatta 8.0642 A 
Dadu 5.3833 B 
Season L. S. Mean Homogeneous groups 
Spring 9.0968 A 
Summer 9.0063 A 
autumn 5.9728 B 

The same letter bearing mean values in the same column  

of each agro-zone is significantly different (P<0.05) 
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Appendix II.   Analysis of Variance for B. tabaci on Indian squash crops in different   seasons  and 
agro-zones of Sindh in 2001. 

Source  df S.S M.S. F-ratio Sigf. Level 
Agro-zones 4 563.592 140.898 5.85 0.0002 
Seasons 2 471.332 235.666 9.79 0.0001 
Residual 173 4163.5513    
Total 179 5198.47    
Duncan’s Multiple Range test. 

Agro-zones L. S. Mean Homogeneous groups 
Thatta 13.508 A 
Badin 12.323 AB 
Sakrand 11.192 BC 
Dadu 9.3403 CD 
Tando jam 8.8028 D 
Season L. S. Mean Homogeneous groups 
Spring 12.446 A 
Summer 11.886 A 
Autumn 8.7678 B 

The same letter bearing mean values in the same column  

of each site is significantly different (P<0.05) 
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Appendix III.  Analysis of Variance for B. tabaci on water melon crops in different seasons and 
agro-zones of Sindh in 2001. 

Source  df S.S M.S. F-ratio Sigf. Level 
Agro-zones 4 80.0587 20.147 8.93 0.0000 
Seasons 2 4.10364 2.05182 0.92 0.4048 
Residual 173 387.858    
Total 179 472.020    
Duncan’s Multiple Range test for sites. 

 
Agro-zones L. S Mean Homogeneous groups 
Thatta 4.3056 A 
Sakrand 3.0439 B 
Badin 2.8792 B 
Dadu 2.6283 B 
Tando jam 2.3858 B 
Season L. S Mean Homogeneous groups 
Spring 3.2577 A 
Summer 3.0038 A 
Autumn 2.8900 A 

The same letter bearing mean values in the same column  

of each zone is significantly different (P<0.05) 
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Appendix IV.  Analysis of Variance for B. tabaci on musk melon crops in different  seasons and 
agro-zones of Sindh in 2001. 

Source  df S.S M.S. F-ratio Sigf. Level 
Agro-zones 4 806.827 201.707 10.73 0.0000 
Seasons 2 32.95662 16.4783 0.88 0.4207 
Residual 173 3251.11 18.7925   
Total 179 4090.89    
Duncan’s Multiple Range test for sites. 

 
Agro-zones L. S Mean Homogeneous groups 
Badin 13.832 A 
Thatta 9.7836 B 
Tando jam 9.6036 B 
Sakrand 9.3117 BC 
Dadu 7.3442 C 
Season L. S. Mean Homogeneous groups 
Spring 10.332 A 
Summer 10.220 A 
Autumn 9.3733 A 

The same letter bearing mean values in the same column  

of each site is significantly different (P<0.05) 
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Appendix V. Analysis of Variance for B. tabaci on cucurbit crops in different agro-                     
                      zones and seasons and creepers during 2001. 
Source  df S.S M.S. F-ratio Sigf. Level 
Creepers 3 6771.19 2257.06 141.39 0.0000 
Agro-zones 4 1006.22 251.555 15.06 0.0000 
Seasons 2 587.8785 293.939 18.41 0.0000 
Residual 710 11333.8 15.9630   
Total 719 19699.0    
Duncan’s Multiple Range test for sites. 

 
Agro-zones L. S Mean Homogeneous groups 
Badin 9.5902 A 
Thatta 8.9153 A 
Sakrand 7.9592 B 
Tando jam 7.4639 B 
Dadu 6.1740 C 
Season L. S. Mean Homogeneous groups 
Spring 8.7817 A 
Summer 8.7289 A 
Autumn 6.7510 B 
Creeper L. S. Mean Homogeneous groups 
Indian squash 11.033 A 
Melon 9.9750 B 
Cucumber 8.0253 B 
Water melon 3.0485 C 

The same letter bearing mean values in the same column  

of each zone is significantly different (P<0.05) 
 
 


