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ABSTRACT 

The whitefly Bemisia tabaci (Genn.) is an important 

vector of plant viruses in many parts of the world. Knowledge 

of whitefly biology and behavior is essential to understanding 

whitefly-virus epidemiology. 

oviposition rates and offspring survival on a variety of 

healthy and virus-infected plants were compared (cotton with 

cotton leaf crumple virus, pumpkin with watermelon curly 

mottle virus (WCMoV), zucchini with WCMoV, cantaloupe with 

lettuce infectious yellows virus (LIYV), lettuce with LIYV, 

and tomato with chino del tomate virus). The proportion of 

offspring surviving to adulthood varied among the six healthy 

crop species. Ranking of percent immature survival was as 

follows: zucchini > cantaloupe > cotton > pumpkin > lettuce 

> tomato. There was no correlation between oviposition rate 

and the rate of immature survival of B. tabaci. 

It appears that virus infection of plant host can have 

a significant effect on oviposition and survival rates of 

whiteflies. Pumpkin plants infected with WCMoV showed the most 

severe disease symptoms of all virus-host combinations, and 

also showed a significant increase in the proportion of 

offspring surviving on the virus-infected host versus the non

infected host. LIYV-infection showed no direct impact on 

oviposition or survival rates in either lettuce or cantaloupe, 
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while virus-infection in other combinations (with the 

exception of pumpkin) showed detrimental effects on offspring 

survival. 

Greenhouse studies comparing movement of whiteflies from 

LIYV-infected pumpkin to lettuce and cantaloupe plants 

indicated that whiteflies were initially attracted to lettuce 

plants (likely due to color), but subsequently accumulated in 

cantaloupe. Although total offspring production in this study 

was lower on lettuce plants, a portion of the whitefly 

population fed and oviposited on this host of relatively lower 

suitability, even when a host of higher suitability was 

accessible. 

Populations of whiteflies taken from different host 

sources behaved differently in dispersal studies. When 

whiteflies were taken from a cotton source, the proportion of 

whiteflies leaving a cotton plant in 24 hours was 

significantly lower than the proportion leaving a cantaloupe 

or lettuce plant. When taken from a pumpkin source, the 

proportion leaving a pumpkin plant was significantly lower 

than the proportion leaving a cotton or lettuce plant. This 

suggests that dispersal time is related to the host source of 

the whiteflies and not to host suitability. Differences in 

behavior due to host source may have a serious effect on virus 

epidemiology and should be considered when conducting any 

behavioral studies. 
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INTRODUCTION 

Whiteflies (Homoptera: Aleyrodidae) are important as 

agricultural pests, and more recently as pests of crops grown 

under protected cultivation, in many parts of the world (Byrne 

et al. 1990). These insects are of tropical origin whose range 

has continually expanded. They have a broad variety of hosts 

including many crop and weed species (Mound and Halsey 1978) . 

Whiteflies are all believed to be phloem-feeding insects 

(Walker 1985,1987) capable of causing direct feeding damage 

to host plants. Immature and adult feeding results in loss of 

fluids causing stress to plants and reducing yields (Lloyd 

1922). In severe situations of high population levels, 

whitefly feeding has been associated with leaf shedding. 

Nymphal feeding is associated with loss of chlorophyll as 

evidenced by circular yellowish spots (Pollard 1955). 

In addition to direct damage from feeding, whiteflies 

produce honeydew as excreta which is primarily composed of 

carbohydrates (Byrne and Miller 1990). Honeydew falls from 

the feeding site on the underside of the leaf onto the upper 

surfaces of leaves below, as well as onto other plant parts. 

Heavily infested plants are often blackened due to Capnodium 

spp., as well as other fungal genera, that utilize the 
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honeydew as substrate. Fungal growth likely interferes with 

plant growth by decreasing photosynthesis in the leaf. In 

cotton, lint quality may be reduced if it is contaminated by 

honeydew and/or sooty mold, resulting in a price reduction. 

Whiteflies are of primary importance as vectors of 

numerous viral pathogens (Muniyappa 1980). Three species of 

whiteflies are known to transmit plant viruses; however, the 

sweetpotato whitefly, Bemisia tabaci (Gennadius), is by far 

the most important vector species. In Arizona, B. tabaci is 

responsible for transmitting cotton leaf crumple virus (Brown 

and Nelson 1984, 1987), lettuce infectious yellows virus 

(Duffus et al. 1986), and squash leaf curl/watermelon curly 

mottle virus complex (Brown and Nelson 1989) among others. Two 

other whitefly species, Trialeurodes vaporariorum (Westwood) 

and T. abutlionea (Haldeman.), which are known to vector plant 

viruses in other parts of the world, are of minor importance 

as vectors in the Southwestern united states. 

comparisons to other Homopterans 

There are two subfamilies of whiteflies in the family 

Aleyrodidae. The subfamily Aleurodicinae is considered the 

more primitive and less widespread than the subfamily 

Aleyrodinae (Mound 1983) . The Aleurodicinae are also generally 

larger in size and have less reduced wing venation than the 

Aleyrodinae. The three whitefly species reported as plant 

virus vectors belong to the subfamily Aleyrodinae. 
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Whiteflies are closely related to other homopterans in 

the suborder sternorrhyncha, which also includes aldegids, 

aphids, coccids and psyllids. Though all of these insects have 

common characteristics, there are some critical differences 

in the morphology and the biology of whiteflies relative to 

the other members of this group. 

Morphology 

The mouthparts of Homopterans are remarkably similar. 

This is associated with the presence of piercing and sucking 

feeding habits (Forbes and MacCarthy 1969). The feeding 

structure consists of two pairs of stylets corresponding to 

the maxillae and mandibles of other insects. The mandibles 

are situated laterally (outside) the maxillae. Each maxillary 

stylet has two open longitudinal grooves which run the length 

of the stylet. When these two stylets are in close contact 

with one another they form two narrow channels. The smaller 

posterior one conducts saliva, and a larger anterior one is 

responsible for the passage of the food from the leaf 

(Hargreaves 1915; Gupta 1970). B. tabaci most often penetrate 

the epidermis intercellularly, but intracellular and stomatal 

modes of entry also occur (Pollard 1955). Stylets primarily 

follow an intercellular path through the parenchyma to phloem 

tissue (Walker and Ghord 1989). Forbes (1972) found that a 

central duct in each mandibular stylet of the greenhouse 

whitefly, T. vaporariorum, contains two dendrites, likely 



15 

chemoreceptors, which are undoubtedly of fundamental 

importance in the selection of hosts and feeding sites. Walker 

(1989) found dendrites on the labium of B. tabaci. 

Morphologically, whiteflies most closely resemble 

psyllids (Mound 1973; Richards and Davies 1977; Mound 1983). 

Both groups have sedentary scalelike immature stages, and 

adults have a dorsal anus. In whiteflies, the dorsal position 

of the anus is found in all stages, and is thought to be an 

adaptation to living on the lower surface of leaves. In the 

whitefly, the anus opens in a unique structure called the 

vasiform orifice. This apparatus appears to facilitate the 

removal of the excreta (honeydew). Droplets of honeydew fill 

the vasiform orifice and are flicked from the anal opening by 

a finger-like organ, the ligula (Hargreaves 1915). In 

contrast, the dorsal anus is found only in adult psyllids 

(rarely in the immatures) and is thought to be the result of 

displacement by enlarged genitalia (Mound, 1983). 

The wing venation of B. tabaci is greatly reduced. The 

costal and subcostal veins in the forewing are fused together 

and run marginally towards the distal end. The radial sector 

is more prominent and is slightly arched in the middle. 

Another vein, originates just below the radial sector and runs 

towards the margin up to the middle region. The hind wing 

bears only a radial sector (Gupta 1972). 
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Biology 

Although whiteflies are morphologically most similar to 

psyllids, their biology is more closely resembles coccids and 

aphids. These families are frequently parthenogenic and in 

several instances exhibit polyphagy (Mound 1983). Conversely, 

psyllids are no~ parthenogenic and are usually monophagous 

(rarely oligophagous). 

Moderate host specificity (oligophagy) is probably the 

primitive host relationship of Sternorrhyncha (Mound 1983). 

From this, psyllids developed a monophagous life history, 

while a few whitefly species developed moderate to extreme 

polyphagy. Whitefly species that utilize herbaceous hosts may 

have been forced to develop polyphagy in order to have 

actively growing hosts available throughout the year. ~ 

tabaci has been recorded from 300 species in 63 families, and 

T. vaporariorum from over 400 species in 82 families (Mound 

and Halsey 1978). These two highly polyphagous species have 

several cultivated crop and weed hosts. This type of extreme 

polyphagy is considered an unusual life history for most 

whiteflies, but likely increases the potential of these 

species to serve as vectors. 

B. tabaci is widespread in the Old World tropics, and 

also extends into tropical North and South America, southern 

Europe and the USSR (Mound and Halsey 1978). The country of 

origin was probably in the Orient where related species occur 

(Mound 1983). 
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A review of the autecology of B. tabaci by Gerling et 

al. (1986) summarizes a great deal of information available 

on whitefly biology. The fecundity of a single female varies 

with plant host, population source and environmental 

conditions (Burnett 1948; Avidov 1956; Azab et al. 1971; 

Butler et al. 1983; von Arx et al. 1983; and Dittrich et al. 

1985). The number of eggs per female on cotton in the 

laboratory varied from 72 (Butler 1983) to 309 (Dittrich 

1985) . 

Females of B. tabaci are arrhenotokous, thus virgin 

females are capable of initiating field populations. Sex 

ratios in the field populations vary throughout the season. 

The number of males was found to exceed the number of females 

for several months of the year (March through August) (Pruthi 

and Samuel 1942), but the mechanisms controlling this change 

is unknown. The sex ratio of offspring produced cannot be 

determined from field populations alone, since females usually 

live longer than males (Mound 1983). 

Reports of longevity of adults are variable. Gerling 

et al. (1986) suggested a 10-15 day lifespan for summer field 

longevity of females. Reports of longevity in the field 

ranged from 3 to 34 days for males (Avidov 1956) and 8 days 

(Pruthi and Samuel 1942) to 57 days (Azab 1971) for females. 

Metamorphosis 

The metamorphosis of Aleyrodidae is unique (Bemis 1904; 
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Quaintance 1913; Weber 1934). Whiteflies along with thrips, 

and male scale insects, have metamorphosis that is 

distinctive, between hemimetabolous and holometabolous 

insects. Thus, a controversy exists over the terminology of 

the developmental stages of whitefly immatures. The term 

"pupa" has often been used in the literature to describe the 

final whitefly immature stage. Several authors providing 

descriptions of whitefly development have expressed concern 

over the use of the term since the whitefly "pupa" is not the 

same as the pupa of Endopterygota (Bemis 1904; Quaintance 

1913; Weber 1934; Hinton 1948; Nechols and Tauber 1977; 

Richards and Davies 1977). Hinton (1948) describes the pupa 

as a distinct ins tar between the last larval stage and the 

adult stage. He states that in the Endopterygota there are two 

molts between the last larval instar and the imago. The first 

to transform the insect into a pupa, and the second to 

transform it from a pupa to an adult. with whiteflies, there 

are four immature instars. The legs and antennae degenerate 

after the first moult and the remaining immature instars are 

oval, flattened, and sedentary. During the first part of the 

fourth ins tar the insect feeds in the same manner as the 

earlier immatures. Towards the end of the period, however, the 

fourth instar becomes gradually thicker, more opaque and 

inactive. The pharate adult becomes clearly visible within the 

outer case at the end of the fourth instar (Bemis 1904; 

Quaintance 1913; Weber 1934; Richards and Davies 1977). 
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Because there is no evidence that a separate instar exists 

between the fourth instar and the adult, and thus the term 

"pupa", as defined by Hinton, is not appropriate. Because the 

term "pupa" has been widely used in the literature to describe 

the latter developmental stage of the fourth instar, this 

term, though technically inappropriate, will be used in this 

dissertation to describe the final immature stage before adult 

emergence. In addition, the exuviae remaining after adult 

emergence will be referred to as the empty pupal case. 

The following experiments were designed to investigate 

aspects of whitefly biology and behavior which are essential 

to understanding the impact that B. tabaci has on virus 

disease epidemiology. certain other experiments were designed 

to investigate oviposition rates and offspring survival of ~ 

tabaci on healthy and virus-infected host plants. Others were 

designed to study the influence of plant host species on 

patterns of B. tabaci oviposition, dispersal and virus 

transmission. 
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I. HOST PLANT SUITABILITY 

Plant species differ greatly in suitability for insect 

growth, survival and reproduction (Soo Hoo and Fraenkel 1966a 

and b; Slansky and Feeny 1977; Edmunds and Alstad 1978; 

Scriber and Feeny 1979). Recent studies with B. tabaci 

demonstrate differences in reproductive suitability and 

developmental rates of this whitefly on various plant species 

(Coudriet et ale 1985, 1986). Developmental times on carrots 

and broccoli were longest (oviposition to adult eclosion) with 

29.8 and 29.7 days, respectively, followed by tomato (27.3 

days), pepper (23.4 days), cantaloupe and watermelon (both 

with 22.3 days). B. tabaci developed faster on cotton (21.7 

days) than any of the vegetables listed above, but lettuce and 

sweetpotato gave the fastest developmental rate, requiring 

only 19.4 and 18.7 days, respectively (Coudriet et ale 1985). 

Developmental rates are important to provide clues to the 

potential number of generations of whiteflies that can be 

produced in one season. In order to better estimate population 

growth potential on different plant species, it is also 

necessary to know the oviposition rate and the average 

proportion of eggs which survive to adulthood. 

For B. tabaci the number of eggs and survival of progeny 
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can vary with host species and host age (Byrne and Draeger 

1989). Although the mean number of eggs deposited by 40 

females in one week on young (3 leaf stage) lettuce (372.5) 

was not significantly different from the mean number of eggs 

laid on cotton (303.8), the number of eggs deposited on mature 

( >25 leaf stage) lettuce (19.8) was significantly less than 

the number laid on either cotton or young lettuce. In 

addition, 19.3% of eggs laid on cotton survived to adulthood, 

while for young and mature lettuce, survival was 2.2% and 

zero, respectively. This suggests differences in host 

suitability between plants of different species and different 

physiological ages. Further evidence was provided by the 

observation that failure of immature whiteflies to survive to 

adulthood was not likely due to an inability to reach the 

phloem, since first instars were able to reach phloem tissue 

of both old and young lettuce. Thus, high mortality associated 

with mature lettuce may be related to nutritional factors 

(Byrne and Draeger 1989). 

Virus infection of a plant may also alter its suitability 

as a host. Studies of disease-induced changes in host plants 

have often involved homopterous insects. For example, a 

population of the aphid Aphis fabae Scopoli grew faster on 

diseased sugarbeet plants which contained a mosaic virus than 

on healthy plants (Kennedy, 1951). Baker (1960) found that 

several species of aphids preferred sugar beet leaves which 

exhibited the most severe virus symptoms. Additionally, these 
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aphids bred more rapidly and lived longer on leaves with 

symptoms than on healthy leaves. Severin (1946) showed that 

nine species of leafhopper vectors completed the nymphal 

stages on celery or asters infected with the aster yellows 

virus, but that the adults died when reared on healthy celery 

or asters. The feeding response of two aphid species, 

Schizaphis graminum (Rodani) and Rhopalosiphum padi L., was 

investigated using an electrical monitoring system for aphid 

probing behavior (Montllor and Gildow 1986). s. graminum fed 

better on barley yellow dwarf virus (BYDV)-infected oats than 

on healthy oats. There was no difference in feeding behavior 

of R. padi on healthy versus infected oats. BYDV infection 

increased population growth of S. graminum on infected oats 

relative to healthy oats, but had no effect on population 

growth of R. padi. 

Differences in feeding and reproductive suitability of 

healthy and virus-infected plants may involve changes in 

nutritional quality of host plants for whiteflies. Most 

Homopterans, including leafhoppers, aphids and whiteflies are 

vascular tissue feeders and respond to levels of soluble 

nutrients. There are examples where phloem sap composition has 

been shown to affect the behavior, gro\,lth, development, 

reproduction, excretion and survival of aphids (Auclair 1965, 

Barlow and Randolph 1978). It has been suggested that changes 

in soluble nitrogen and free amino acid concentrations in 

virus infected plants may be responsible for differences in 
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insect reproduction rates (Markkula and Laurema 1964; Laurema 

et al~ 1966; van Emden and Bashford 1969, 1971; Singh et ale 

1978; Horsefeld 1977, Hare and Dodds 1987). Thomas and Stodart 

(1980) found that during senescence carbohydrate levels 

decrease while amino acid levels increase in leaf phloem sap. 

In a variety of plants, virus infection appears to mimic 

senescence; increases in the amount of nitrogen (especially 

free amino acids) have been observed in virus-infected 

compared to healthy plant tissues (White 1984). Examples of 

this phenomenon include barley infected with BYDV (Jensen 

1969), cassava infected with cassava mosaic virus (Thankapan 

and Chacko 1970), soybean infected with either or both soybean 

mosaic virus and bean pod mottle virus (Tu and Ford 1970), 

tomato and tomato leaf curl virus (Lodh et ale 1971). 

The response to changes in host suitability induced by 

virus infection are not consistent, and can vary with insect 

species, host plant species, or the virus isolate. The 

reproduction of R. padi was found to increase with increasing 

concentrations of free amino acids on oats infected with bean 

yellow mosaic virus, while two other species of aphids showed 

no change in reproduction (Markkula and Laurema 1964). 

Reproductive rates in Acyrthosiphon pisum (Harris) increased 

on BYMV-infected red clover, but were not altered on BYMV

infected pea (Markkula and Laurema 1964). In some cases viral 

infection of the host plant decreased fecundity of aphids 

despite the increase in free amino acids in infected plants. 
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The number of R. padi progeny on oat sterile dwarf virus 

(osDv)-infected oats was significantly lower than on healthy 

plants although the concentration of free amino acids was 

higher on infected plants (Laurema et al. 1966). An optimal 

concentration of total free amino acids is required for growth 

and survival of A. pisum (Auclair 1965; Srivastava and Auclair 

1974; Srivastava 1987); lower or higher levels resulted in 

fewer aphids reaching the adult stage. Thus, a positive 

correlation does not always exist between host nutritional 

status and host suitability, because optimal levels, ratios 

or combinations of particular amino acids and/or other 

nutrients may be required. 

In Arizona, B. tabaci populations are often exposed 

to, and required to feed and reproduce on, virus infected 

plants in the field. Population levels may be affected by 

virus induced changes in host suitability. Plants which are 

not typically considered good hosts of whiteflies in the 

field, may in fact become more suitable hosts when infected 

with a virus, or, the converse may be true. 

The objective of this study was to determine if there 

were differences in the rates of oviposition and immature 

survival of B. tabaci on a variety of healthy and virus

infected plant species. The results could provide insight into 

the potential effects of virus infection on whitefly 

population levels in the field. 
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METHODS 

six plant species were inoculated with one of four 

different viruses: cotton cv. "DP70" (Gossypium hirsutum L.) 

with cotton leaf crumple virus (CLCV) (Brown and Nelson 

1984,1987); pumpkin cv. "Big Max" (Cucurbi ta maxima) with 

watermelon curly mottle virus (WCMoV) (Brown and Nelson (1989) ; 

zucchini cv. "Fordhook" (Cucurbita pepo L.) with WCMoV; 

cantaloupe cv. "Topmark" (Cucumis melo L.) with lettuce 

infectious yellows virus (LIYV) (Duffus et al. 1986); lettuce 

cv. "Empire" (Lactuca sativa L.) with LIYV infected; and 

tomato cv. "Pole Boy" (Lycopersicon esculentum Mill.) with 

chino del tomate virus (CdTV) (Brown and Nelson 1988). 

oviposition and survival rates for healthy controls were 

compared to virus infected plants. 

Healthy and infected seedling plants (2 to 5 leaf stage) 

were inoculated with the listed virus using viruliferous 

B.tabaci adults. Whiteflies were given a 48 hour acquisition

access feeding period on virus source plants followed by a 3-

day inoculation access feeding period on test plants. 

Whiteflies were confined to plants with cages and killed by 

fumigation with nicotine sulfate. Inoculated plants were 

transferred to a greenhouse (27 0 C days and 21 0 C nights). 

Approximately two weeks after inoculation, symptoms were 

observed on inoculated plants. Ten non-viruliferous female 

whiteflies were confined in a clip cage (3.5 cm diameter, 2.5 

cm height) to the lower leaf surface of plants for 48 hours. 
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Whiteflies were confined to the youngest leaves which were of 

adequate size to accommodate clip cages. The test plants were 

transferred to a growth chamber (27 0 C and day/night 

photoperiod 12:12) for the remander of the study. The number 

of plants and clip cage replicates were adjusted to 

accommodate the variability in plant availability and loss of 

leaves which occurred during the test period (Tables 1.1 and 

1.2). After removal of the clip cages, the number of eggs laid 

during the 48-hour period was recorded. Approximately three 

weeks later the number of empty pupal cases was recorded and 

used as a measurement of successful emergence of adult 

progeny. 

To determine soluble free amino acid composition of 

infected and healthy control plants, leaf tissue analysis was 

conducted on symptomatic and uninoculated leaves. Leaf tissue 

(approx. 4-5 grams per sample) was ground in boiling double 

distilled water at a 1: 10 dilution (weight/volume) with a 

mortar and pestle. Samples were boiled for 10 min, strained 

through cheesecloth, concentrated by flash evaporation, and 

reconstituted in methanol (1: 2 weight:volume). Amino acid 

content was determined by high pressure liquid chromatography 

(HPLC) using a reverse phase C18 column and a fluorometric (0-

phthalaldehyde) detector. Three replicates were run for each 

sample. Fifteen amino acids were analyzed: aspartic acid, 

glutamic acid, serine, histidine, glycine, threonine, 

arginine, alanine, tyrosine, methionine, valine, 
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phenylalanine, isoleucine, leucine, and lysine. The percent 

of the sample, by weight, of each amino acid was calculated 

for healthy and virus-infected plants. 
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comparison of healthy species 
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A comparison of the mean proportion of offspring 

surviving to adulthood on healthy hosts is shown in Table 1.3. 

The greatest proportion of immatures survived to adulthood on 

zucchini (0.83 ± 0.03, mean ± SE of the mean), while lettuce 

(0.26 ± 0.05) and tomato (0.17 ± 0.02) ranked lowest. 

Cantaloupe (0.59 ± 0.04), cotton (0.55 ± 0.05) and pumpkin 

(0.52 ± 0.06) showed no significant difference in proportion 

surviving. 

A comparison of the mean number of eggs laid by 10 

females in 48 hours on healthy host plants is shown in Table 

1.4. Zucchini (128.29 ± 12.14) had the highest mean number of 

eggs, while cantaloupe (41.33 ± 4.93) had the lowest mean. 

Cotton (78.55 ± 11.73), lettuce (76.62 ± 10.45), tomato (64.12 

± 5.33) and pumpkin (59.94 + 6.93) were not significantly 

different in number of eggs laid. 

Healthy versus infected plants 

The mean number of offspring surviving to adulthood was 

significantly (P=O. 0393) higher on WCMoV infected pumpkin 

(0.75 ± 0.05) than on healthy pumpkin (0.52 ± 0.06) (Table 

1.1). All other pairs showed either no significant difference 

in proportion surviving between healthy and infected hosts, 

or, greater survival on healthy hosts compared to infected 

plants. 
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Healthy zucchini (0.83 ± 0.03), tomato (0.17 ± 0.02) and 

cotton (0.55 ± 0.05) had significantly more eggs than virus 

infected zucchini (0.72 ± 0.03), tomato (0.08 ± 0.03) and 

cotton (0.35 ± 0.05) respectively, while there was no 

significant difference between the number of eggs laid on 

healthy and virus infected lettuce, cantaloupe or pumpkin 

(Table 1.2). 

Amino Acid Analysis 

The levels of individual amino acids varied greatly among 

healthy hosts (Figures 1.1-1.6). Results of leaf tissue 

analysis indicated, in general, that the levels of free amino 

acids were higher in virus infected plants that in healthy 

plants (Figures 1.1 to 1.6, Table 1.5). There was a 

significantly higher level of total soluble amino acids in 

virus-infected plants (0.0599 ± 0.0125) than in healthy 

controls (0.0209 ± 0.0054) (P=0.0360). 
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DISCUSSION 

The proportion of eggs surviving to adulthood varied 

significantly among the six crops tested. The mean proportion 

of immatures surviving to adulthood is taken as an indication 

of differences in host suitability for reproduction. It is 

apparent that differences in survival rate could directly 

affect population development 

crops. Although it may not 

of whiteflies 

be immediately 

in different 

possible to 

extrapolate this information directly to the field, it is most 

important to consider this parameter with generation time, to 

make estimates about the potential for population growth as 

whiteflies move from crop to crop throughout the season. 

Previously reported survival rates on young lettuce were 

found to be relatively low (2.2 %, Byrne and Draeger 1989). 

In this study, however, the survival rate on lettuce is higher 

than any previous reports for that crop. Possible explanations 

may be that a different whitefly population was used in this 

study, or that controlled conditions in the growth chamber 

resulted in the observed increase in survival. It has been 

suggested (Byrne, pers. comm.) that frequent handling required 

to determine developmental rates may have been responsible for 

low survival rates previously reported by Byrne and Draeger 

(19,]9). It is clear that under certain conditions lettuce 

plants are capable of, and have the potential to, support 

whitefly populations. 

Comparisons of paired healthy and infected hosts showed 
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some changes in survival rates (Table 1.1). Zucchini, tomato, 

and cotton had both a significantly lower oviposition rate and 

a significantly lower survival rate of immatures on the virus

infected hosts. Lettuce and cantaloupe showed no significant 

difference in either oviposition rate or survival rate on 

LIYV-infected hosts or non-infected hosts. Pumpkin was the 

only host on which an increase in survival was observed for 

virus-infected plants; however, there were no differences in 

the rates of oviposition. There appears to be a relationship 

between the number of eggs laid and the suitability of the 

host for offspring survival within host pairs. This suggests 

that female whiteflies may have some ability to determine 

plant suitability for offspring and regulate their oviposition 

rate. 

It might be expected that if a host is poorly suited for 

offspring survival, female whiteflies would be less likely to 

oviposit, resulting in fewer total eggs deposited on that 

host. This appears to be the case when comparing pairs of 

virus-infected and non-infected plants species which differ 

in suitability. However, no correlation was observed between 

number of eggs laid and survival among healthy host species 

(n=6 r=0.5010, b=0.0041, P=O.3114, correlation procedure, 

Costat 1985). Females laid the same mean number of eggs on a 

host of low suitability, as they did on one of relatively high 

suitability. For example, though the proportion of offspring 

surviving in healthy lettuce (0.26 ± 0.05) and tomato (0.17 
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± 0.02) was significantly lower than in cotton (0.55 ± 0.05) 

and pumpkin (0.52 ± 0.06) (table 1.3), the number of eggs laid 

in healthy lettuce (76.62 ± 10.45) and tomato (64.12 ± 5.33) 

were not significantly different from cotton (78.55 ± 11.73) 

and pumpkin (59.94 ± 6.93) (Table 1.4). 

These results indicate that the suitability of a host 

plant species for offspring survival did not effect 

oviposition rate. Females failed to respond to differences in 

suitability among host species. This suggests that B. tabaci 

females were not able to determine the suitability of a plant 

species prior to oviposition. This is not consistent with 

results reported for T. vaporariorum where host plant 

suitability was found to correlate well with host-plant 

preference and oviposition rate (van Lenteren 1990). 

The majority of whitefly species studied are 

oligophagous, and only a few species are truly polyphagous. 

It appears that B. tabaci not yet developed the ability to 

successfully determine host suitability for offspring survival 

on all plant species. studies on T. vaporariorum indicate that 

increases in fecundity occurred after transfer between host 

species (van Lenteren 1990) . Whitefly strains originating from 

tomato and reared for three generations on pepper had a higher 

fecundity on pepper than the original strain. similar 

increases in fecundity occurred when B. tabaci popUlations 

were transferred from lantana to cotton for three generations 

(van Lenteren 1990). Selection may eventually result in an 
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increased ability of B. tabaci to determine host suitability 

(as with T. vaporariorum), or an increase in the survival 

rates when exposed to hosts which are initially less favorable 

for survival of immatures. 

Factors which remain unidentified may be involved in the 

regulation of egg laying. Adult whiteflies may cue in on host 

plant factors which they perceive as signals for host 

suitability. There may, however, be a mortality factor in some 

plant species (lettuce and tomato) which affects only the 

immature stages, and cannot be detected by the adult. The 

result is that the female lays eggs on a plant which appears 

to be suitable with respect to adult feeding, yet results in 

high mortality of immatures. 

Free amino acid levels were compared using rank 

correlation to see if there was any simple correlation between 

total free amino acids and the number of eggs laid or the 

survival rate, but no such correlations were found (Table 

1.6). Closer examination of individual amino acids failed to 

show any clear pattern between levels of any individual amino 

acids and survival rates. For example, tyrosine is clearly the 

amino acid found in the highest concentration in zucchini 

(Figure 1.1-1. 6), the host with the highest survival rate 

(Table 1.3). However , it is also found in similarly high 

levels in tomato (Figure 1.1-1.6) which ranked the lowest in 

survival (Table 1. 3). The possibility exists that certain 

amino acids, or combinations of amino acids, will result in 
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an increased rate of survival. Nutritional studies on the pea 

aphid (h. pisum) have reported an optimal level of total amino 

acids. Diets with concentrations above or below this level 

resulted in reduced reproduction and survival (Auclair 1965; 

srivastava and Auclair 1974; Srivastava 1987). More in depth 

studies on whitefly nutrition are required to define an 

optimal diet for B. tabaci. 

Pumpkin plants infected with WCMoV showed the most severe 

disease symptoms of all virus-host combinations. Pumpkin 

leaves died sequentially from the base toward the growing tip 

of the plant. Symptoms induced by this same virus on zucchini 

plants were not as severe as symptoms induced in pumpkin. 

Pumpkin infected with WCMoV showed a greater relative increase 

in the level of most amino acids, including three which were 

previously found to be essential to the aphid A. pisum 

(histidine, threonine and arginine) (srivastava et ale 1985). 

This was also the only crop which showed a significant 

increase in the proportion of offspring surviving on the 

virus-infected host. Infection of zucchini with this same 

virus showed no such incr~ase in free amino acids or in host 

suitability. This suggests that increases in these free amino 

acid concentration in infected pumpkin plants are not simply 

a result of the presence of the virus alone, but possibly a 

result of the severity of symptoms and leaf senescence induced 

by the virus in pumpkin. The increase in free amino acids, 

and/or other direct or indirect changes resulting from virus 
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infection in pumpkin plants, may be responsible for the 

increase in host suitability. 

It appears that virus infection can have significant 

impact on the reproductive potential of whi tefl ies . For 

example, there appears to be no direct impact of LIYV

infection on oviposition or survival rates of whiteflies on 

lettuce or cantaloupe plants. Virus infection does however 

have a detrimental effect on both oviposition and survival 

rates of wCMov-infected zucchini, CdTV-infected tomato, and 

CLcv-infected cotton. In contrast, wCMoV-infection has a 

positive effect on survival on pumpkin, but no effect on 

oviposition rate. Since virus-infection may alter plant 

reproductive suitability for whiteflies, the incidence of 

virus infection 

attempting to 

in the system should be considered when 

make estimates of potential reproductive 

capacities of whiteflies on various hosts. 
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Table 1.1 Mean proportion of immature whiteflies surv1v1ng to 
the adult stage on healthy and virus-infected plants. Viruses 
are lettuce infectious yellows virus (LIYV), watermelon curly 
mottle virus (WCMoV), Chino del tomate virus (CdTV), and 
cotton leaf crumple virus (CLCV). 

crop Infection N Mean ± BE Probabili tya 

Lettuce Heathy 8 0.26 ± 0.05 0.5768 

LIYV 10 0.32 ± 0.07 

Cantaloupe Healthy 11 0.59 ± 0.04 0.7689 

LIYV 10 0.60 ± 0.07 

Zucchini Healthy 14 0.83 ± 0.03 0.0405 

WCMoV 10 0.72 + 0.03 

Tomato Healthy 15 0.17 ± 0.02 0.0054 

CdTV 11 0.08 + 0.03 

Cotton Healthy 11 0.55 + 0.05 0.0048 

CLCV 13 0.35 ± 0.05 

Pumpkin Healthy 14 0.52 ± 0.06 0.0393 

WCMoV 7 0.75 ± 0.05 

a SAS GLM procedure, SAS Institute 1985, using arcsine 
transformed data 
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Table 1.2 Mean number of eggs laid on heal thy and virus
infected plants by 10 females in 48 hours. Viruses are lettuce 
infectious yellows virus (LIYV), watermelon curley mottle 
virus (WCMoV), chino del tomate virus (CdTV) and cotton leaf 
crumple virus (CLCV). 

crop Infection N Mean ± SE Probability' 

Lettuce Healthy 8 76.62 ± 10.45 0.8560 

LIYV 10 72.60 ± 6.97 

Cantaloupe Healthy 12 41. 33 ± 4.93 0.1032 

LIYV 11 56.82 ± 7.46 

zucchini Healthy 14 128.29 ± 12.14 0.0335 

WCMoV 10 85.80 + 12.09 

Tomato Healthy 16 64.12 + 5.33 0.0044 

CdTV 16 35.94 + 8.08 

Cotton Healthy 11 78.55 ± 11. 73 0.0323 

CLCV 13 47.92 + 6.80 

Pumpkin Healthy 17 59.94 ± 6.93 0.4413 

WCMoV 13 51. 38 + 5.89 

a SAS GLM procedure, SAS Institute 1985, using square root 
transformed data. 
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Table 1.3 Mean proportion of immature whiteflies surviving to 
the adult stage. 

Crop N Mean ± SED 

Zucchini 14 0.83 ± 0.03 a 

Cantaloupe 11 0.59 ± 0.04 b 

Cotton 11 0.55 ± 0.05 b 

Pumpkin 14 0.52 ± 0.06 b 

Lettuce 8 0.26 ± 0.05 c 

Tomato 15 0.17 ± 0.02 c 

°Means followed by the same letter are not significantly 
different (Tukey option in SAS GLM procedure, SAS Institute 
1985) • 
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Table 1.4 Mean number of eggs laid on healthy hosts by 10 
females in 48 hours. 

crop N Mean ± SED 

Zucchini 14 128.29 ± 12.14a 

cotton 11 78.55 ± 11. 73 b 

Lettuce 8 76.62 ± 10.45 b 

Tomato 16 64.12 ± 5.33 bc 

Pumpkin 17 59.94 + 6.93 bc 

Cantaloupe 12 41. 33 ± 4.93 c 

aMeans followed by the same letter are not significantly 
different (Tukey option in SAS GLM procedure, SAS Institute 
1985) . 
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Table 1.5 Percent of total free amino acids by weight. 
Viruses are lettuce infectious yellows virus (LIYV), 
watermelon curley mottle virus (WCMoV), chino del tomate virus 
(CdTV), and cotton leaf crumple virus (CLCV). 

Crop 

LIYV Lettuce 

WCMoV pumpkin 

CdTV Tomato 

WCMoV Zucchini 

Healthy Tomato 

CLCV Cotton 

Percent of tissue sample 
by weight 

0.1095600 

0.0784795 

0.0601248 

0.0477901 

0.0455164 

0.0397513 

Healthy Zucchini 0.0257858 

LIYV cantaloupe 0.0238150 

Healthy Cantaloupe 0.0152649 

Healthy Lettuce 0.0144529 

Healthy pumpkin 0.0125443 

Healthy Cotton 0.0115966 
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Table 1.6 Rank correlation tests of all host-virus 
combinations between a. survival and free amino acid 
concentration b. number of eggs and amino acid concentration 

variable 1 Variable 2 N Spearman r Probability 

a. Survival total free 12 -0.06993 a .8290 ns 
amino acids 

b. Eggs total free 12 -0.18881 .5567 ns 
amino acids 

a Spearman rank correlation procedure (CoStat 1985) 



Figure 1.1 Levels of free amino acids in 
watermelon curly mottle virus-infected 
and healthy zucchini, reported as percent 
of sample by weight. 
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Figure 1.2 Levels of free amino acids in 
lettuce infectious yellows virus-infected 
and healthy cantaloupe, reported as 
percent of sample by weight. 
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Figure 1.3 Levels of free amino acids in 
cotton leaf crumple virus-infected and 
healthy cotton, reported as percent of 
sample by weight. 
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Figure 1.4 Levels of free amino acids in 
watermelon curly mottle virus-infected 
and healthy pumpkin, reported as percent 
of sample of weight. 



lL.) 
C'J 
o 

o C
\J 

o 
M

 
o o 

C
\J 
~
 

0 
- 0 0 

3
l
d
~
V
S
 

jO
 
I
N
3
J
~
3
d
 

4
5

 

V
"l 

:= 

=
 

~
 

-
-
' 

'--' 
..... 

,
~
 ~ 

~ 
':S 

0 -
E

 
U

 
<

! 
...: 
:cr: 

0 
~
 

Z
 

I I 
~
 

~
:
 

<
! 

C
$

 

:= =
 ti"l 

=
 

d ~
 

0 

F
ig

u
r
e
 

1
.4

 



Figure 1.5 Levels of free amino acids in 
lettuce infectious yellows virus-infected 
and healthy lettuce, reported by percent 
of sample by weight. 
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Figure 1.6 Levels of free amino acids in 
chino del tomate virus-infected and 
healthy tomato, reported as percent of 
sample by weight. 
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II. INFLUENCE OF VEGETATION DURING DISPERSAL 

Any attempt to develop effective management strategies 

for a virus-vector complex must include an understanding of 

the mechanisms .and patterns of dispersal of the vector. 

Although a great body of work exits concerning dispersal 

patterns of aphids and other homopterans (review Johnson 1969, 

Taylor 1985), little information is available on the 

dispersal habits of whiteflies. In several cases, whitefly 

flight characteristics were found to be quite different from 

those of aphids. For example, in a trapping study by Broadbent 

(1948) the major portion of aphids (52%) was trapped on sticky 

traps placed at heights of 157-188 cm, while Byrne et ale 

(1986) captured the majority of whiteflies (81%) on sticky 

traps placed at 0-15 cm from ground level. In addition, 

whiteflies differ from aphids in both wing loading (body mass 

per unit wing area) and wingbeat frequency (Byrne et al. 

1988). Aphids were found to have higher wing loading values 

than whiteflies, yet had significantly lower wingbeat 

frequencies. In general, animals such as bats, birds and 

larger insects have been found to compensate for high wing 

loading with higher wingbeat frequency (Greenewalt 1962, Byrne 

1988). Whiteflies, however, are reported to have a lower wing 

loading but higher wingbeat frequency. These data led Byrne 

et ale (1988) to conclude that although these two families are 
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closely related, they employ different methods of flight. As 

a consequence, one cannot draw conclusions about whitefly 

dispersal based on what is known about the dispersal habits 

of aphids. 

The periodicity of whitefly flight has been studied on 

a diel basis and has also been found to differ from that of 

aphids (Gerling and Horowitz 1984; Byrne et al. 1987). Aphids 

most often show a bimodal pattern of flight activity (Johnson 

1969) while B. tabaci and T. abutilonia exhibit a unimodal 

flight pattern (Gerling and Horowitz 1984; Byrne et al. 1988). 

Details of the long range flight activity of whiteflies 

are almost unknown. Cohen (1986) used fluorescent dust to mark 

B. tabaci in order to monitor their long distance movement. 

One labeled whitefly was captured as far as 7 km from the 

dusted fields. Adult whiteflies have been captured in 

aircraft-mounted nets at heights 60 m above the ground (Rainey 

1976). This indicates that passive transport may playa role 

in whitefly dispersal, however , neither of these studies 

indicated if these individuals were alive when captured. No 

evidence is available concerning the ability of whiteflies to 

endure these presumably rigorous conditions. It is speculated 

that much of the long distance transport of these insects is 

human-aided. 

Although little is known about the dispersal habits 

of B. tabaci, even less is known about how they select hosts 
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for feeding and reproduction during dispersal phases. One of 

the areas that has been studied at length, however, is the 

role of color perception. Vaishampayan et ale (1975a, b) found 

that the greenhouse whitefly, Trialeurodes vaporariorum 

(Westwood), initially selects a plant by visual response to 

color, but does not necessarily remain on the plant. Other 

plant characters such as plant species, leaf shape and 

olfactory cues showed no influence on initial host selection 

by T. vaporariorum (Vaishampayam et ale 1975a, b; van Lenteren 

and Noldus 1990). Lloyd (1922) used the term colortropism when 

he first reported that T. vaporariorum was trapped in greater 

numbers on yellow cards (51%) as compared to orange (approx. 

20%), green (approx. 12%), red « 5%), blue «10 %), indigo 

«5%) or violet « 5%). Whiteflies also distinguished 

different portions of the photo spectra and are particularly 

attracted to yellow (MacDowall 1972; Vaishampayan et ale 1975 

a and b; Verschoor-van der Poel and van Lenteren 1978; Affeldt 

et ale 1983; van Lenteren and Noldus 1990). Vaishampayan et 

ale (1975a) showed that the T. vaporariorum responded 

differently to light of various wavelength compositions. 

Yellow-green light (520-610 nm) was strongly attractive, while 

blue or red were inhibitory. The leaves of most plants are 

some shade of green or yellow green with a maximum range of 

reflection between 500 and 600 nm (Kennedy et ale 1961, 

Moericke 1966, Woolley 1971). Thus, color may playa role in 

orientation of whiteflies to host plants. Studies by Coombe 
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(1982) suggested visual behavior of T. vaporariorum to be more 

complex than simple attraction to yellow surfaces. These 

whiteflies are most likely to orient toward 400 nm (sky) when 

in flight, but will tend to stay longest on a 550 nm (green 

plant) surface. 

Movement within and between plants has also been studied 

in T. vaporariorum (Vaishampayan et al. 1975 b; Verschoor-van 

der Poel and Van Lenteren 1978; Noldus et ale 1985; 1986). 

whiteflies adults emerging on tomato plants were found to 

leave the leaflet on which they had emerged and move upward 

to an average position 2.5 leaves from the top of the plant. 

The majority of the insects were found to leave the plant on 

which they emerged within the first 24 h following eclosion 

(Noldus et al. 1985). Noldus et al. (1986) concluded that 

whiteflies did not distinguish between tomato leaves of 

different age from a distance. Selection appeared to occur 

after landing and after some evaluation of the leaf (Noldus 

1986; Walker and Ghord 1990). Verschoor-van der Poel and van 

Lenteren (1978) concluded that there is some selection of ~ 

vaporariorum among hosts before landing, which they believe 

may be attributed to differences in host-plant color. In 

addition, whiteflies were frequently observed to leave poor 

quality host plants, while they were not observed to leave 

good quality host plants as often. 

Host selection by ovipositing females is especially 

important in insects such as whiteflies where immatures have 
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limited mobility, thus primarily remain on the plant upon 

which they were deposited as eggs. It is often assumed that 

females prefer to lay eggs on hosts which are best suited for 

survival of their offspring. Rausher (1983) suggests that 

based on current predictions of the optimal foraging theory: 

"The simplest hypothesis about the evolution of host 

ranking is that natural selection produces behavior 

that causes females to rank host species in order 

of decreasing suitability for offspring survival 

and reproductive success". 

studies on T. vaporariorum report that host preference was 

associated with higher oviposition rates, higher female 

longevity, shorter developmental time (egg to adult) and lower 

mortality. The preference of this whitefly reflects the 

suitability of the host. 

Correspondence between adult host preference and 

suitability for offspring survival has, hO~Tever, been found 

to vary from good (singer 1972, 1983; Rausher 1982) to poor 

correspondence (Chew 1977; Legg et al. 1986; Courtney 1981; 

Williams 1983). There are several hypotheses which explain 

poor correspondence between oviposition preference and 

offspring performance. In general, there must be some 

advantages to individuals which do not follow the expected 

pattern of host selection based on suitability. Thompson 

(1988) recently reviewed the relationship between oviposition 

preference and performance of offspring in phytophagous 
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insects and discusses hypotheses on selection pressures which 

have been proposed to explain poor relationships between 

oviposition preference and offspring performance. Two of these 

theories appear applicable to whiteflies. 

The first is the time hypothesis. When novel plants or 

insects are first introduced to one another, it may take 

several generations for selection to act and reduce the 

tendency of females to oviposit on plants that are unsuitable 

for immatures. As a result, our evaluations of oviposition and 

survival rates of whitefly offspring on relatively new hosts, 

does not appear logical, since selection has not yet had time 

to act. Selection acting on whiteflies exposed to these new 

hosts may eventually increase the ability for immatures to 

survive and subsequently colonize the host, or, select for 

females which ultimately reject the host (Chew 1977; Futuyma 

1983; Legg et ale 1986; Thomas et ale 1987). 

The second hypothesis deals with patch dynamics. 

Geographic variations in plant community structure may 

influence host selection. The relative abundance of a 

particular host may affect oviposition activity on hosts that 

are less suitable, simply because that host is encountered 

more frequently than more suitable species. Rausher (1980) 

suggests that females with limited lifespans may increase 

their total fecundity by laying eggs on the most abundant host 

species rather than spending time searching for a more 

suitable, but rarer host (Williams 1983; Thompson 1982,1985). 
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In this study the general patterns of B. tabaci movement 

relative to host plants, and the relationships between 

whitefly host preference and host suitability were examined 

under greenhouse conditions. The objectives of this study 

were: 

1) To determine if whiteflies show an ability to 

distinguish between hosts (lettuce or cantaloupe) during 

their initial approach. 

2) To determine if there are different rates of feeding 

and oviposition on a host of high-suitability as compared 

to one of low-suitability. 
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METHODS 

survival and oviposition 

To determine rates of survival and oviposition on 

cantaloupe and lettuce, a clip cage study was conducted using 

the same procedure as previously described (Section I), except 

that the plants remained in a greenhouse rather than a growth 

chamber. Ten adult females were confined in clip cages to the 

lower leaf surface of plants for 48 hours. The number of eggs 

and the subsequent number of empty pupal cases were recorded 

(empty pupal cases were accepted as proof of survival to 

adulthood). 

Experimental design 

An experimental design was used which allowed whiteflies 

to choose a host under a situation that simulated field 

conditions. Lettuce infectious yellows virus (LIYV) was used 

to compare transmission efficiency to two different hosts. The 

virus was also used as a visual indicator of whitefly feeding 

based upon virus symptom development. Lettuce (Lactuca sativa 

L.) and cantaloupe (cucumis melo L.) were used because these 

hosts differ in their reproductive suitability for whiteflies 

(Section I), and, they readily show symptoms of LIYV. 

Small alternating plots of lettuce, cv. II Empire" (4-6 

leaf stage) and cantaloupe, cv. "Topmark" (3-5 leaf stage) 

were placed in the greenhouse (Figure 2.1). Each plot 

consisted of 25 pots (10 cm in diameter). Each pot contained 
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two plants, and pots were arranged on benches in 1 . 5 m 

squares. A whitefly population which had been reared 

continuously on i?umpkin during a five year period, were 

transferred to LIYV- infected pumpkin plants and allowed an 

acquisition access feeding period of several days. Symptomatic 

whitefly infested pumpkin plants (release plants) were 

arranged in a row down the center of the greenhouse (Fig. 

2.1). water was withheld from release plants in order to 

force adult whiteflies to disperse from wilting pumpkin plants 

to the adjacent lettuce and cantaloupe plots. Release plants 

were removed from the greenhouse after five days. 

square traps 

Flat yellow sticky traps (Scm x 5cm) were placed on the 

edge of each host plot facing the release plants. Traps were 

positioned to trap whiteflies as they approached plots and 

were used as an indication of pre-alighting host selection. 

The traps were replaced daily (24 h intervals) during the 

release period. 

cylindrical traps 

cylindrical traps (5cm high, 6 cm diam.) were placed 

within the canopy of the plots. These traps were positioned 

to monitor whitefly activity within plots after the initial 

selection of host-plants and were replaced daily for 12 days 

subsequent to, and during the release period. 
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Emergence 

Preliminary studies showed that under greenhouse 

conditions (27 0 C ± 5 C, 65% ± 5 RH), the majority of eggs 

laid on lettuce and cantaloupe reached eclosion (adult 

emergence) in 25 days. Thus, twenty-five days after whitefly 

release, the number of empty fourth instar or 'pupal' cases 

were counted on each plant and used as a measurement of 

successful progeny survival. 

Virus symptoms 

Symptom readings for LIYV were made by visual inspection 

of plants at the end of the study (28 days after release). 
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RESULTS AND DISCUSSION 

survival and oviposition 

There was no significant difference between cantaloupe 

and lettuce (P= 0.0619) in the mean number of eggs laid in 

clip cages (lettuce 87.29 ± 32.99 = mean + SE of the mean; 

cantaloupe 57.62 ± 20.37 Table 2.1a). The mean proportion of 

eggs successfully emerging as adul ts, however, was 

significantly (P = 0.0005) greater on cantaloupe (0.94 ± 0.33) 

than on lettuce (0.56 ± 0.21, Table 2.1b). These data were 

similar to those obtained from previous studies in the growth 

chamber (see section I) in which there was approximately a two 

fold difference in progeny survival on cantaloupe and lettuce. 

The survival rate reported here on lettuce (56%) was higher 

than any previously reported (Byrne and Draeger 1989). Thus, 

under certain conditions lettuce may serve as a better host 

than generally thought. Likewise, given a choice, under 

natural conditions, oviposition rates may vary. 

Plot Entrance 

The mean number of whiteflies caught per day on square 

sticky traps on lettuce benches (7.05 + 0.70) was 

significantly higher (P=.0003) than the mean number caught on 

traps on cantaloupe benches (4.52 ± 0.54) (Table 2.2a). These 

results have several implications: more whiteflies moved 

toward lettuce vs. cantaloupe from the release pumpkin plants, 



59 

that pre-alighting selection was not random, and that lettuce 

plots attracted more whiteflies than cantaloupe plots. It is 

possible that this behavior results from a response to color 

differences between plants, in a manner similar to that 

displayed by T. vaporariorum (Vaishampayan et al. 1975; 

Verschoor-van der Poel and van Lenteren 1978). Further, this 

study suggests that B. tabaci can distinguish between hosts 

during their initial approach to a crop. In this study, it is 

possible that lettuce was approached more frequently because 

its color spectrum more closely approaches the preferred 

yellow range. Thus, whiteflies did not appear to avoid the 

host of documented lower reproductive suitability. 

within-plot movement 

cylindrical traps captured significantly (P=0.0021) 

greater numbers of adults in cantaloupe canopies (4.85 ± 0.58) 

compared to lettuce canopies (2.60 ± 0.19), suggesting that 

there were either more whiteflies present in cantaloupe, or 

that a greater proportion of whiteflies were moving in 

cantaloupe plots following the initial release period (Table 

2.2b). since more whiteflies were caught initially entering 

lettuce plots, it appears that some adults moved readily from 

lettuce plants to cantaloupe plants within a few days after 

landing. 
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Emergence 

In Figure 2.2 the black circles represent plants upon 

which empty pupal cases were observed (half-filled circles 

indicate that only one plant in the pot had pupal cases). 

Several plants lacked empty pupal cases; the majority of these 

occurred in lettuce (40 lettuce plants versus 3 cantaloupe). 

The mean number of empty pupal cases per plant was 

approximately 7 times higher on cantaloupe (139.4 ± 0.58) than 

on lettuce (19.8 ± 2.21, Table 2.2c). From these data alone 

it is impossible to tell if this difference is due to numbers 

of whiteflies laying eggs on each host, or to differences in 

survival rates of offspring on each host. When these data are 

considered with the results from the clip cage study, however 

(Table 2.1a and b), it is clear that the two fold difference 

in survival rates alone does not account entirely for the 

difference in numbers emerging, and further suggests that more 

whiteflies accumulated in cantaloupe plots (Figure 2.3). This 

corroborates the results of cylindrical trap catches in which 

a greater number of whiteflies were caught on traps in the 

cantaloupe compared to lettuce plots. 

Virus symptoms 

Virus symptom readings 28 days after release indicated 

that all plants exposed to LIYV exhibited symptoms of LIYV. 

ThUS, adult feeding occurred and was adequate for virus 

transmission to occur on every plant. Thus, this suggests that 
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for several plants upon which empty pupal cases were not 

found, whiteflies fed but did not oviposit, or were deposited 

but the progeny did not survive to adulthood. Because virus 

transmission was more efficient than expected (every plant was 

infected) it was impossible to determine if differences in 

efficiency of virus transmission occurred between lettuce and 

cantaloupe. However, symptom development in 100% of the test 

plants indicates that all plants were visited by whiteflies 

released from the virus source plants, and that whiteflies 

were moving freely throughout all plots of both cantaloupe and 

lettuce. 

Many whiteflies were observed on the lettuce plants for 

several days following the release period despite the 

accessibility of cantaloupe. This observation combined with 

virus symptom readings and the empty pupal case counts 

indicate that whiteflies not only visited every plant, but 

remained on lettuce long enough to transmit the virus and 

oviposit some eggs. The apparent movement of whiteflies in 

lettuce and cantaloupe plots as evidenced by trap catch and 

virus symptom data, also demonstrates that, in general, 

whiteflies did not remain on the plant on which they first 

landed. 

As previously stated, one expects that natural selection 

should result in greater oviposition on the host that is most 

suitable for offspring survival (here cantaloupe), yet there 
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was no difference in the number of eggs laid on each host in 

the greenhouse clip cage experiment. This conflicts with the 

results found for T. vaporariorum (Vaishampayan et ale 1975a; 

Verschoor-van der Poel and van Lenteren 1978) in which there 

was a positive correlation between host suitability and 

oviposition. In the study described here whiteflies were 

ini tially attracted to the lettuce, but thereafter accumulated 

on the cantaloupe when allowed to choose a host freely in the 

greenhouse. The apparent accumulation of adults on cantaloupe 

appears to support a theory of correspondence between host 

preference and suitability. Though the level of reproduction 

was significantly higher in cantaloupe plots, some 

reproduction did occur in lettuce plots. About 15% of the ~ 

tabaci population oviposited on this host which was found to 

be poorly suited for offspring survival. 

In cropping situations where a relatively poor 

reproductive host (such as lettuce) constitutes the majority 

of available host tissue, it may be in the best interest of 

a female to lay her eggs on that host rather than spend time 

searching for a more suitable host (Thompson 1988). At certain 

times during the growing season in Arizona, lettuce is the 

most abundant host available and easily accessible to 

whiteflies. Eggs are laid on lettuce and the resulting 

offspring, even though they may only constitute a small 

fraction of the population, may be selected for survival on 

lettuce. If this occurs over several successive generations, 
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selection may result in a population more suited to survival 

on lettuce. 
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Table 2.1 Sweetpotato whitefly oviposition and survival in 
the greenhousea

• 

a. Mean number of eggs laid by 10 female whiteflies in 48 h. 

Crop N Mean ± BE mean F-Value Probability 

Lettuce 7 87.29 ± 32.99 4.93 0.0619 

Cantaloupe 8 57.62 ± 20.37 

b. Mean proportion of immature whiteflies surviving to the 
adult stage. 

Crop N Mean ± BE mean F-value Probability 

Lettuce 7 0.56 ± 0.21 37.37 0.0005 

Cantaloupe 8 0.94 ± 0.33 

a(SAS, GLM procedure, SAS Institute 1985) 
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Table 2.2 Trap catches and eclosion of sweetpotato whitefly 
in the greenhousea

• 

a. Mean number of whiteflies caught per day on square sticky 
traps placed at the edge of plots. 

Crop N Mean ± BE F-Value probability 

Lettuce 96 7.05 ± 0.70 8.95 0.0032 

cantaloupe 96 4.52 ± 0.54 

b. Mean number of whiteflies caught per day on cylindrical 
traps placed inside the plot. 

Crop N Mean ± BE F-Value probability 

Lettuce 192 2.60 ± 0.19 9.59 0.0021 

Cantaloupe 192 4.85 ± 0.58 

c. Mean number of empty pupal cases per plant. 

Crop N Mean ± BE F-value probability 

Lettuce 200 19.89 ± 2.21 410.49 0.0001 

Cantaloupe 200 139.44 ± 0.58 

a (SAS, GLM procedure, SAS Institute 1985). 



Figure 2.1 Configuration of greenhouse 
study. Total dimensions of configuration 
approximately 12m x 4m. o = 4" pot with two plants . 

• = cylindrical trap . 
• = square trap. 
E9= release plant (LIYV-infected pumpkin) . 
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Figure 2.2 Plants upon which empty pupal 
cases were observed. 

61= release plants 

i = no pupal cases observed on either plant 
= pupal cases observed on both plants. 
= pupal cases observed on one plant. 
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Figure 2.3 Estimation of the number of 
female whiteflies per plant on lettuce 

. and cantaloupe in the greenhouse. 



Females Eggs Pupae Pupae 
------- x ------- x ------ = -----
Plant Females Eggs Plant 

For lettuce: 

(X) (87/10) (56/100) = 20 
X = 4.2 

The estimated mean number of females per 
plant on lettuce was 4.2 

For cantaloupe: 

(Y) (58/10) (94/100) = 
Y = 

140 
25.7 

The estimated mean number of females per 
plant on cantaloupe was 25.7 

Figure 2.3 

68 
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III. HOST SELECTION: CLIP CAGES 

The clip cage trials described in previous sections 

forced whiteflies to oviposit on selected hosts. Oviposition 

rates are likely more realistic if female whiteflies are given 

a choice for oviposition. The two hosts selected for the 

greenhouse study, lettuce and cantaloupe, were shown to differ 

significantly in terms of their suitability for immature 

survival. These same two hosts were used in this study to 

determine if the difference in suitability would affect 

oviposition rates. The amount of time they spent on each host 

was also recorded. 

METHODS 

Clip cages (Fig. 3.1) were designed to allow simultaneous 

exposure of equal leaf surface areas of two plant species to 

adult female whiteflies. The cages also permitted leaves to 

remain attached to the rest of the plants. The clip cages used 

in this section were similar in design to the ones used in the 

suitability study. Each cage was fitted with an acetate strip 

which exposed whiteflies to a 2 cm circle of the lower leaf 

surface of each of the two host plants (Figure 3.1). Leaves 

of young plants of each host (2-3 leaf stage cantaloupe, 5-6 

leaf stage lettuce) were slipped into the cages. Twenty-five 
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female whiteflies were released into each cage and exposed to 

equal leaf areas (approx. 3.5 sq. cm.) of lettuce and 

cantaloupe plants. Two experiments with six replicates each 

were conducted. Experiments were conducted in growth chambers 

under conditions of constant temperature (27 C) and 

photoperiod (12:12). 

The total number of eggs laid on each exposed leaf was 

recorded at the end of a 24 h period. In addition to egg 

counts, the number of females present on each exposed leaf 

circle was recorded at various time intervals to determine if 

there was a difference in the number of females visiting each 

host. The number of whiteflies on each host was recorded at 

2 min., 15 min. 1 h, 2 h, 4 h, 8 hand 24 h after release. 

Adults not found on leaf sections were found on the walls of 

the cage. 
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RESULTS AND DISCUSSION 

Number of eggs. 

Under these conditions, female whiteflies laid the same 

number of eggs on a less suitable host (lettuce) as they did 

on a host of higher suitability (cantaloupe) (Table 3.1). 

Number of adults. 

There was no significant difference between the mean 

number of adult females present on lettuce or cantaloupe at 

any time other than one hour after release. At that time there 

was significantly more whiteflies found on cantaloupe (4.25 

± 0.75) than on lettuce (1.58 ± 0.63) (Table 3.2, Figure 3.2). 

This trend did not continue, however, as the numbers of 

whiteflies increased on lettuce. The number of insects 

increased on both hosts for the first eight hours indicating 

that whiteflies were moving from the cage walls during this 

period and not from one host to the other. 

Yellow sticky trap catches in the greenhouse study 

indicated a significant initial attraction to lettuce and 

subsequent accumulations of whiteflies on cantaloupe. These 

data show no indication of an initial attraction to lettuce 

or an accumulation of whiteflies on cantaloupe. One possible 

explanation for the difference in behavior between the 

greenhouse and the clip cages studies is that whiteflies in 

the greenhouse study were initially attracted to lettuce plots 
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because of some physical plant characteristic such as color 

which was not a factor in the clip cages. The clip cages used 

in this study had solid bases which reduced light transmission 

and thus reduced any effects of leaf color. An initial 

attraction to lettuce would not be realized in a trial such 

as this since the whiteflies were using only close range 

selection of the host. 

Another possible explanation is that differences in time 

frame may be important. Whiteflies in the greenhouse study may 

not have moved from lettuce to cantaloupe within the first 24 

h, and a continuation of the clip cage study may have shown 

different results. Even if the whiteflies would eventually 

have left the lettuce, they had already laid eggs on lettuce 

at the same rate as they did on the cantaloupe. It appears 

that whiteflies do not leave lettuce immediately upon landing, 

but remain and lay eggs, at least for the first 24 hours, even 

if there is a more suitable host available. 
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Table 3.1 Mean number of eggs laid on equal areas of leaf 
surface of lettuce and cantaloupe plants simultaneously 
exposed to 25 female whiteflies for 24 h.a 

Crop N Mean ± BEM Probability 

Lettuce 12 59.00 ± 12.86 0.8372 ns 

Cantaloupe 12 54.33 ± 13.75 

aCT-test options in SAS Means procedure, SAS Institute 1985). 
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Table 3.2 Mean number of female whiteflies found on equal 
sized areas of lettuce and cantaloupe simultaneously exposed 
to 25 whiteflies for 24 h.a 

Time 
(h) 

0.03 

0.25 

1.00 

2.00 

4.00 

8.00 

24.0 

N 

12 

12 

12 

12 

12 

12 

12 

Lettuce 
Mean ± SEM 

0.33 ± 0.26 

0.67 + 0.22 

1.58 ± 0.63 

3.83 ± 0.92 

6.25 ± 1.21 

9.33 ± 1.57 

8.75 ± 1.51 

Cantaloupe 
Mean ± SEM 

0.67 + 0.28 

1. 58 ± 0.69 

4.25 + 0.75 

4.92 ± 1.03 

4.50 + 1.20 

6.42 + 1.46 

5.75 ± 1.47 

Probability 

0.3741 ns 

0.5821 ns 

0.0290 ** 

0.5624 ns 

0.3269 ns 

0.2888 ns 

0.1693 ns 

a Difference between paired means at each time period tested 
against zero using sign rank difference option in SAS 
Univariate procedure, SAS Institute 1985. 



Figure 3.1 Clip cage used to test host 
preference for lettuce and canteloupe. 





Figure 3.2 Mean number of whiteflies 
present on lettuce or cantaloupe in a 24 
hour period. Error bar indicates standard 
error of the mean. 
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IV.HOST LEAVING TIME 

When a whitefly lands on a host it must decide whether 

to remain or search for another host. In theory, ovipositing 

whiteflies should remain longer on a plant of higher 

suitability for offspring survival. Therefore, a highly 

suitable plant should have a higher number of whiteflies 

remaining on it than a plant of low suitability. Verschoor

van der Poel and van Lenteren (1978) reported that when female 

greenhouse whiteflies were offered isolated leaves, the mean 

number of take-offs was higher on low quality plants than on 

high quality plants. They concluded from these and other 

observations that whiteflies detect the quality of the host 

after landing. Similar conclusions were made by van Lenteren 

and Noldus (1990). This section examines the question of how 

long whiteflies will remain on hosts of differing suitability 

as measured by offspring survival. 

In Arizona, sweetpotato whiteflies 

populations on cotton during the summer. 

build to large 

In the fall when 

irrigation is terminated and cotton is defoliated, whiteflies 

are forced to disperse from cotton to available hosts, such 

as lettuce and cantaloupe. In order to simulate this movement, 

whiteflies were reared on cotton and then exposed to other 

plant species. 
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METHODS 

Whiteflies from a greenhouse colony reared on cotton 

(more than 1.5 years) were taken from plants and moved onto 

three host plants: cotton, cantaloupe and lettuce (varieties 

as described in section I). The latter two hosts were chosen 

in order to relate these results to data obtained in previous 

experiments. 

Clear acetate sheets were painted with clear 'sticky 

stuff' (Olson Products, Medina, Ohio) and rolled to form clear 

acetate cylinders approximately 60 cm tall and 25 cm in 

diameter. The sticky material coated the inside surface 

(Figure 1). Fine mesh organdy was placed on the bench surface 

and was also used to cover the top of the cylinder to allow 

air circulation while excluding unwanted whiteflies. 

Young plants (cotton 2 leaves, lettuce 4-5 leaves, 

pumpkin 2 leaves), free of adult whiteflies, were placed in 

the canopy of the cotton colony plants which were disturbed 

to induce whiteflies to move to the young plants. Two minutes, 

or less, were allowd to collect whiteflies on the young 

release plants. Release plants were centered in the cylinder 

one at a time. Whiteflies leaving the release plant were 

trapped on the sticky interior surface of the cylinder. The 

number of whiteflies caught on the sticky surface was recorded 

2 min, 5 min, 15 min, 1 h, 2 h, 3 h, 4 h, 8 hand 24 h after 

being placed in the cylinder. The number of whiteflies 

remaining on the plant at the end of 24 hours was recorded and 
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the proportion of whiteflies leaving the plant during each 

period was calculated. This experiment was replicated six 

times for each host. 

RESULTS AND DISCUSSION 

Dispersal patterns became significantly different 15 min 

following release (Table 4.1, Figure 4.1). The mean proportion 

of whiteflies leaving cotton in 24 h was significantly lower 

than the proportion leaving lettuce and cantaloupe. There was 

no significant difference in percent leaving lettuce and 

cantaloupe. These results were unexpected. Cantaloupe was not 

found to differ from cotton in terms of suitability for 

offspring survival (Section I), yet significantly more 

whiteflies left cantaloupe than cotton. In addition, lettuce 

was found to differ significantly from cantaloupe in terms of 

host suitability for offspring survival, yet these host were 

not found to differ in proportion of whiteflies leaving. There 

does not appear to be any relationship between host 

suitability for progeny and the proportion of whiteflies 

remaining on the host. 

It has been found that some insects show a preference 

for a food on which they have already been feeding. Dethier 

(1982) termed this an induction of food preference. From the 

above experiment it appeared that the adult whiteflies reared 

on continuously on cotton developed a feeding preference for 

this host. To test this hypothesis, whiteflies reared in a 
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pumpkin colony were exposed in a similar manner to pumpkin, 

cotton and lettuce plants. 

Whiteflies taken from the pumpkin colony showed a 

different pattern of dispersal than those from the cotton 

colony (Fig 4.2, Table 4.2). Here, the mean proportion of 

whiteflies leaving pumpkin in 24 h was significantly lower 

than cotton and lettuce. This pattern became significant after 

only one hour of release time, but there was no significant 

difference in leaving time between cotton and lettuce. Again 

there does not appear to be any correlation between host 

suitability and proportion of adults dispersing from a 

particular host. A significantly greater proportion of 

whiteflies remained on pumpkin, the host on which they were 

reared. 

The whiteflies used in all the previous sections were 

taken from a pumpkin colony. Since these results indicate that 

the whiteflies tend to remain longer on the host of origin, 

the possibility exists that previous host selection and 

survival rates may be biased in favor of pumpkin. 

The amount of time spent on a host after landing effects 

the potential number of hosts which can be visited. This in 

turn potentially impacts the spread of virus though the plant 

community. The epidemiology of LIYV serves as a good example 

to illustrate this point. 

Viruliferous whiteflies lose their ability to transmit 

LIYV in 3 days or less (Duffus et al. 1986). In theory, a 
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lower mean feeding time per plant would allow an increase in 

the maximum number of plants that could be visited 

(i.e. inoculated ) in this time period. In addition, a positive 

relationship has been found between feeding time (inoculation 

access) and transmission rates (Duffus et ale 1986). Thus, an 

increase in feeding time increases the probability of virus 

transmission, but decreases the number of plants that can be 

visited in 72 h. There must be a theoretical optimal feeding 

time at which the maximum number of plants are inoculated in 

the 72 hour period. Of the time periods tested, an access 

feeding time of 3 hours (60% infection rate) would allow the 

maximum number of plants to be infected with the virus (14.4) 

in 72 hours. The mean amount of time spent on lettuce by 

whiteflies from cotton was 2.5 hours. This approximates the 

time that would result in the maximum spread of this virus. 

If this type of behavior takes place in the field, it may 

partially explain why whiteflies moving from cotton fields to 

new hosts spread LIYV through fields so rapidly. 

The host source of whiteflies appears to greatly 

influence host acceptance, and this should be carefully noted 

in any host selection study. Further studies are needed to 

determine the time period required to induce a host preference 

and to measure the persistence of the preference. 
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Table 4.1 Cumulative proportion of whiteflies from a cotton 
source leaving test plants over time. a 

N Plant Mean ± BE 

Time = 0.03 h 6 Lettuce 0.167 + 0.027a 
Cantaloupe 0.165 + 0.051a 
Cotton 0.093 ± 0.032a 

Time = 0.08 h 6 Lettuce 0.330 ± 0.042a 
Cantaloupe 0.275 ± 0.056ab 
Cotton 0.137 ± 0.041b 

Time = 0.25 h 6 Lettuce 0.473 ± 0.039a 
Cantaloupe 0.385 ± 0.067a 
Cotton 0.187 ± 0.046b 

Time = 1 h 6 Lettuce 0.658 ± 0.040a 
Cantaloupe 0.541 ± 0.081a 
Cotton 0.235 ± 0.045b 

Time = 2 h 6 Lettuce 0.737 ± 0.033a 
Cantaloupe 0.625 + 0.085a 
Cotton 0.288 + 0.047b 

Time = 3 h 6 Lettuce 0.790 ± 0.320a 
Cantaloupe 0.742 ± 0.059a 
Cotton 0.352 ± 0.04Jb 

Time = 4 h 6 Lettuce 0.847 ± 0.033a 
Cantaloupe 0.808 ± 0.044a 
Cotton 0.393 + 0.039b 

Time = 8 h 6 Lettuce 0.890 ± 0.026a 
Canteloupe 0.890 ± 0.021a 
Cotton 0.452 ± 0.034b 

Time = 24 h 6 Lettuce 0.922 + 0.023a 
Cantaloupe 0.922 + 0.023a 
Cotton 0.518 ± 0.033b 

aMeans followed by the same letter are not significantly 
different. (Tukey option, GLM procedure, SAS institute, 1985) 
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Table 4.2 Cumulative proportion of whiteflies from a pumpkin 
source leaving test plants over time. 8 

N Plant Mean ± BE 

Time = 0.03 h 6 Cotton 0.080 ± 0.019a 
Lettuce 0.047 ± O.Olla 
Pumpkin 0.043 ± 0.010a 

Time = 0.08 h 6 Cotton 0.158 ± 0.034a 
Lettuce 0.113 ± 0.022ab 
Pumpkin 0.070 ± 0.012b 

Time = 0.25 h 6 Cotton 0.248 ± 0.046a 
Lettuce .0.170 + 0.029ab 
Pumpkin 0.092 ± 0.015b 

Time = 1 h 6 Cotton 0.367 + 0.059a 
Lettuce 0.310 ± 0.050a 
Pumpkin 0.120 ± 0.018b 

Time = 2 h 6 Cotton 0.457 ± 0.066a 
Lettuce 0.413 + 0.022a 
Pumpkin 0.143 + 0.055b 

Time = 3 h 6 Cotton 0.532 + 0.064a 
Lettuce 0.513 ± 0.047a 
Pumpkin 0.162 + 0.024b 

Time = 4 h 6 Cotton 0.593 + 0.071a 
Lettuce 0.570 ± 0.046a 
Pumpkin 0.168 + 0.027b 

Time = 8 h 6 Cotton 0.710 + 0.063a 
Lettuce 0.703 + 0.033a 
Pumpkin 0.197 + 0.031b 

Time = 24 h 6 Lettuce 0.792 + 0.023a 
Cotton 0.767 + 0.060a 
Pumpkin 0.213 ± 0.029b 

aMeans followed by the same letter are not significantly 
different. (Tukey option, GLM procedure, SAS institute, 1985) 



Figure 4.1 Acetate cylinder used to trap 
whiteflies as they leave test plants. 
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Figure 4.1 



Figure 4.2 B. tabaci from a cotton 
source. Proportion of whiteflies leaving 
test plants in 24 hours. Each point 
represents the mean of 6 replicates. Bars 
indicate the standard error of the mean. 
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Figure 4.3 B. tabaci from a pumpkin 
source. Proportion of whiteflies leaving 
test plants in 24 hours. Each point 
represents the mean of 6 replicates. Bars 
indicate the standard error of the mean. 
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v. LETTUCE FIELD STUDY 

It has been reported that whitefly eggs are often 

observed on lettuce plants in the field but there are no 

immatures present, indicating no egg survival (K. Kido, per 

comm. ) • These observa tions, however, have not been 

experimentally documented. The reports conflict with the 

survival rates of eggs on lettuce observed in the 

growthchamber and greenhouse (Sections I and II) in which a 

range of 26-56% survival of eggs was observed on young (4-6 

leaf) lettuce plants. 

Byrne and Draeger (1989) reported that whiteflies 

survived on young lettuce (2% survival on 3 leaf stage) but 

not on mature lettuce (0 % on > 25 leaf stage). It is possible 

that factors related to plant age may be responsible for death 

of immatures on lettuce. Their report also demonstrated that 

first instars were capable of penetrating the phloem tissue 

of both old and young lettuce, suggesting that nymphal 

mortality on mature lettuce was not due to an inability to 

reach the phloem tissue, and suggested that mortality was 

likely related to nutritional factors. Plant growth stage and 

tissue age have been found to effect amounts and ratios of 

soluble amino acids which in turn may influence aphid and 

whitefly reproduction (van Emden and Bashford 1971, Laurema 
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et al. 1966, Byrne and Draeger 1989). This experiment was 

designed to determine the importance of plant age in the 

survival of whitefly immatures on lettuce under field 

conditions. 

METHODS 

Three sets of lettuce (cv. Empire) were hand planted, 

at approximately two week intervals, in a field plot located 

in Tucson, AZ at approximately two week intervals. Ten plants 

from each of age three categories were selected for use in the 

study: 1) plants with 13-16 leaves, 2) plants with 8-10 leaves 

and 3) plants with 4-6 leaves. 

Adult whiteflies were collected from a lettuce field at 

the Maricopa Agriculture Center, Maricopa, AZ. Clip cages were 

used to force whiteflies to oviposit on the selected plants. 

The youngest leaves large enough to accommodate clip cages 

were used. Fifteen female whiteflies were released into clip 

cages placed on the underside of the leaves, and allowed to 

deposit eggs for 48 h. After the adults were removed, the 

number of eggs on each leaf was recorded. The number of 

immatures present three weeks later was also recorded. 

RESULTS AND DISCUSSION 

Egg deposition rate was not influenced by the age of the 
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lettuce plant (Table 6.1). These data conflict with those 

found in a previous study (Byrne and Draeger 1989) where 

significantly less eggs were deposited on mature lettuce than 

on young lettuce. 

No immature whiteflies were found on lettuce plants three 

weeks after adults were removed from the clip cages. Immature 

whiteflies were, however, observed on cotton plants located 

approximately 100 m from the lettuce plots, indicating that 

general environmental conditions were acceptable for immature 

survival. 

These results support observations in which eggs are 

present on lettuce in the field, despite the subsequent lack 

of immature survival. In this study, the age of the lettuce 

plant was of no importance. There was a 100% mortality, even 

on young plants. This conflicts with previous greenhouse and 

growth chamber studies (Section I, II, Byrne and Draeger 1988) 

which show survival to adulthood on young lettuce plants. 

There may be some factor or factors that increases mortality 

on lettuce of all ages if grown under field conditions. These 

factors likely involve either microclimate conditions (leaf 

surface temperature or humidity) of lettuce in the field, or 

environmentally induced physiological changes in the plant 

which negatively effect survival. 

Greenhouse and growth chamber studies have 

demonstrated that lettuce can support whitefly immatures to 

adulthood under certain conditions. In the study by Byrne and 
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Draeger (1989), the mature lettuce plants used were taken from 

the field, while the young plants were grown in the 

greenhouse. This difference in host growing conditions may 

have been partially responsible for the difference in survival 

rates and not plant age alone. Since their study was not 

conducted in the field, the effects of field microclimate on 

developing immatures could not ha.ve been responsible for the 

high mortality rate on the mature plants. This suggests that 

there may be some physiological changes in the lettuce plant 

during growth and development in the field. These effects may 

have been maintained in the plants even when subsequently 

moved to the greenhouse for survival studies. 

To clearly separate plant age mortality factors from 

physiological mortality factors induced by growth in the 

field, whitefly survival rates must be compared on field and 

greenhouse grown lettuce plants of the same age. 
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Table 5.1 Number of eggs laid on field lettuce by fifteen female 
whiteflies in 48 hours. B 

Plant stage N Mean ± SE 

13-16 leaves 10 43.6 ± 4.4 a 

8-10 leaves 10 45.9 + 5.2 a 

4-6 leaves 10 36.7 ± 17.6a 

aMeans followed by the same letter are not significantly different. 
(Tukey option in SAS GLM procedure, SAS Institute 1985) 



92 

REFERENCES 

Affeldt, H. A.(1983) Response of the greenhouse whitefly 
(Homoptera:Aleyrodidae) to Photospectra. J. Econ. Entomol. 
76: 1405-1409. 

Auclair, J. L. (1965~ Feeding and nutrition of the Pea Aphid, 
Acyrthosiphon plsum (Homoptera: Aphidae), on chemically 
defined diets of various pH and nutrient levels. 

Avidov, z. (1956) Bionomics of the tobacco whitefly (Bemisia tabaci 
Gennad.) in Israel. Ktavim 7: 25-41. 

Azab, A. K., M. M. Megahed, and D. H. EI-Mirsawi (1971) On the 
biology of Bemisia tabaci (Genn.) (Hemiptera-Homoptera: 
Aleyrodidae) Bull. Soc. Entomol. Egypte 55: 305-315. 

Baker, P. F. (1960) Aphid behaviour on healthy and on yellows
virus-infected sugar beet. Ann. Appl. BioI. 48: 384-391. 

Barlow, C. A. and P. A. Randolph (1978) Quality and quantity of 
plant sap available to the pea aphid. Annals of the 
Entomological Society of America 71: 46-48. 

Bemis, F. E. (1904) The aleyrodids, or mealy-winged flies, of 
California, with references to other american species. 
Proceedings U. S. National Museum 27: 471-537. 

Broadbent, L. (1948) Aphis migration and the efficiency of the 
trapping method. Ann. Appl. BioI. 35: 379-394. 

Brown, J. K. and M. R. Nelson (1984) Geminate particles associated 
with cotton leaf crumple disease in Arizona. Phytopathology 
74: 987-990. 

Brown, J. K. and M. R. Nelson (1987) Host range and vector 
relationships of cotton leaf crumple virus. Plant Disease 71: 
522-524. 

Brown, J. K. and M. R. Nelson (1988) Transmission, host range, and 
virus-vector relationships of chino del tomate virus, a 
whitefly-transmitted geminivirus from Sinaloa, Mexico. Plant 
Disease 72: 866-869. 

Brown, J. K. and M. R. Nelson (1989) Characterisation of watermelon 
curly mottle virus, a geminivirus distinct from squash leaf 
curl virus. Ann. Appl. BioI. 115: 243-252. 

Butler, G. D., Jr., T. J. Henneberry, and T. E. Clayton (1983) 
Bemisia tabaci (Homoptera: Aleyn..didae) : Development, 
oviposition and longevity in relation to temperature. Ann. 
Entomol. Soc. Am. 76: 310-313. 



93 

Byrne, D. N., T. S. Bellows and M. P. Parrella (1990) Whiteflies 
in agricultural systems. IN Whiteflies: Their bionomics, pest 
status and management. (D. Gerling ed.) Intercept 
Publications, Dorset. 

Byrne, D. N., S. L. Buchman and H. G. Spangler (1988) Relationship 
between wing loading, wingbeat frequency and body mass in 
Homopterous insects. J. Exp. BioI. 138: 9-23. 

Byrne, D. N., and P.K. von Bretzel (1987) Similarity in flight 
activity rhythms in coexisting species of Aleyrodidae, Bemisia 
tabaci and Trialeurodes abutilonea. Entomol. exper. et Applic. 
43:215-219. 

Byrne, D. N., P. K. von Bretzel, and C. J. Hoffman (1986) Impact 
of trap design and placement when monitoring for the 
bandedwinged whitefly and the sweetpotato whitefly. Environ. 
Entomol. 15 : 300-304. 

Byrne, D. N. and 
oviposition 
(Homoptera: 
432. 

E. A. Draeger (1989) Effect of plant maturity on 
and nymphal mortality of Bemisia tabaci 

Aleyrodidae). Environmental Entomology 18: 429-

Byrne, D. N. and W. B. Miller (1990) Carbohydrate and amino acid 
composition of phloem sap and honeydew. J. of Insect 
Physiology (in press). 

Chew, F. S. (1977) Coevolution of pierid butterflies and their 
cruciferous food plants. II. The distribution of eggs on 
potential food plants. Evolution 31: 568-579. 

Cohen, S. and R. Ben-Joseph (1986) Preliminary studies of the 
distribution of whiteflies (Bemisia tabaci) using fluorescent 
dust to mark the insects. Phytoparasitica 14:152-153. 

Coombe, P. E. (1982) Visual behavior of the greenho~se whitefly, 
Trialeurodes vaporariorum. Physiological Entomology 7: 243-
251. 

coStat (1985) A statistical package for microcomputers. B. Simons 
ed. 

Coudriet, D. L., D. E. Meyerdirk, N. Prabhaker, and A. N. Kishaba 
(1986) Bionomics of sweetpotato whitefly (Homoptera: 
Aleyrodidae) on weed hosts in the Imperial Valley, California. 
Environ. Entomol. 15: 1179-1183. 

coudriet, D. L., N. Prabhaker, A. N. Kishaba, and D. E. Meyerdirk 
(1985) Variation in developmental rate on different hosts and 
overwintering of the sweetpotato whitefly, Bemisia tabaci 
(Homoptera: Aleyrodidae) Environ. Entomol. 14: 516-519. 



94 

Courtney, S. P. (1981) Coevolution of Pierid Butterflies and their 
Cruciferous Foodplants. III Anthocharis cardmines (L.) 
survival, development and oviposition on different hostplants. 
oecologia 51: 91-96. 

Dethier, V. G. (1982) Mechanism of host plant recognition. Ent. 
expo appl. 31: 49-56. 

Dittrich, V., S. o. Hassan, and G. H. Ernst (1985) Development of 
a new primary pest of cotton in the Sudan: Bemisia tabaci, 
the whitefly. Agric. Ecosystems Environ. 17: 137-142. 

Duffus, J. E., R. C. Larsen and H. Y. Liu (1986) Lettuce infectious 
yellows virus- a new type of whitefly-transmitted virus. 
Phytopathology 76: 97-100. 

Edmunds, G. F. and D. N. Alstad (1978) Coevolution in insect 
herbivores and conifers. Science 199: 941-945. 

Emden, H. F. van, and M. A. Bashford (1969) A comparison of the 
reproduction of Brevicoryne brassicae and Myzus persicae in 
relation to soluble nitrogen concentration and leaf age (leaf 
position) in the brussels sprout plant. Ent. expo appl. 12: 
351-364. 

Emden, H. F. van, and M. A. Bashford (1971) The performance of 
Brevicoryne brassicae and Myzus persicae in relation to plant 
age and leaf amino acids. Ent. expo appl. 14: 349-360. 

Forbes, A. R. (1972) Innervation of the stylets of the pear psylla, 
Psylla pyricola (Homoptera: Psyllidae), and the greenhouse 
whitefly, Trialeurodes vaporariorum (Homoptera: Aleyrodidae). 
J. Entomol. Soc. Brit. Columbia, 69: 27-30. 

Forbes, A. R. and H. R. MacCarthy (1969) Morphology of the 
Homoptera, with emphasis on virus vectors. IN Viruses, 
Vectors, and Vegetation. K. Maramorosch (ed.) Interscience, 
New York. 

Futuyma, D. J. (1983) Selective factors in the evolution of host 
choice by phytophagous insects. IN S. Ahmad (ed.) Herbivorous 
insects: host-seeking behavior and mechanisms. Academic, New 
York. pp 227- 244. 

Gerling, D. and A. R. Horowitz (1984) Yellow traps for evaluating 
the population levels and dispersal patterns of Bemisia tabaci 
(Gennadius) (Homoptera: Aleyrodidae). Annals Entomol. Soc. 
Amer. 77: 753-759. 

Gerling, D., A. R. Horowitz, and J. Baumgaertner (1986) Autecology 
of Bemisia tabaci. Agic. Ecosystems and Environ. 17: 5-19. 



95 

Greenewalt, C. H. (1962) Dimensional relationships for flying 
animals. smithsonian Misc. Collections 144: 1-46. 

Gupta, P. C. (1970) Studies on the mouth parts and feeding of 
Bemisia gossypiperda M. & L. (Homoptera: Aleurodidae). 
Zoologische Beitrage 17: 466-472. 

Gupta, P. C. (1972) External morphology of Bemisia gossypiperda 
(M. & L.) a vector of plant virus diseases (Homoptera: 
Aleurodidae). Zoologische Beitrage 18: 1-23. 

Hare, J. D. and J. A. Dodds (1987) Survival of the Colorado potato 
beetle on virus-infected tomato in relation to plant nitrogen 
and alkaloid content. Entomol. expo appl. 44: 31-35. 

Hargreaves. E. (1915) The life-history and habits of the greenhouse 
white fly (Aleyrodes vaporariorum Westd.) Ann. Appl. BioI. 
1:303-334. 

Hinton, H. E. (1948) On the origin and function of the pupal stage. 
Trans. R. Ent. Soc. Lond. 99: 395-409. 

Horsfeld, D. (1977) Relationships between feeding of Philaenus 
spumarius (L.) and the amino acid concentration in the xylem 
sap. Ecolog. Entomol. 2: 259-266. 

Johnson, C. G. (1969) Migration and dispersal of insects by flight. 
Methuen and Co. Ltd. London 763 pp. 

Kennedy, J. S. (1951) Benefits to aphids from feeding on galled 
and virus-infected leaves. Nature 168: 825-826. 

Kennedy, J. S., C. O. Booth, and J. Kershaw. (1961) Host finding 
by aphids in the field. III. visual attraction. Ann Appl. 
Biol. 49: 1-21. 

Laurema, S., M. Markkula, and M. Raatikainen (1966) The effect of 
virus diseases transmitted by the leafhopper Javesella 
pellucida (F.) on the concentration of free amino adids in 
oats and on the reproduction of aphids. Ann. Agric. Fenn. 
5:94-99 

Legg, D. E., T. C. Schenk and H. C. Chiang (1986) European corn 
borer (Lepidoptera: Pyralidae)oviposition preference and 
survival on sunflower and corn. Environ. Entomol. 15: 631-634. 

Lenteren, J. C. van and L. P. J. J. Noldus (1990) Behavioural and 
ecological aspects of whitefly-plant relationships. IN 
Whiteflies: Their bionomics, pest status and management. (D. 
Gerling ed.) Intercept Publications, Dorset. 



96 

Lloyd, L. (1922) Notes on the colour tropism of Asterochiton 
(Aleurodes) vaporariorum, Westwood. Bulletin of Entomological 
Research 12, 355-359. 

Lodh, S. B., P. Ravel and S. Singh (1971) Studies on nitrogen 
metabolism in tomato (Lycopersicum esculentum Mill) infected 
with tomato leaf curl virus. Indian J. expo BioI. 9:281-283. 

MacDowall, F. D. H., (1972) Phototactic action spectrum for 
whitefly and the question of colour vision. Canadian 
Entomologist. 104: 299-307. 

Markkula, M., and S. Laurema (1964) Changes in the concentration 
of tree amino acids in plants indu ed by virus diseases and 
the reproduction of aphids. Abb. Agric. Fenn. 3:265-271. 

Moericke, V., H. Schneiders and B. Vogt (1966) Flughemmung und 
Fallerefleshaltung als Reaktion auf Gelbreiz bei Trialeurodes 
vaporariorum (Westwood). Zeitschrift for Pflanzenkrankheiten 
und Pflanzenschutz. 73: 6-14. 

Montllor, C. B. and F. E. Gildow (1986) Feeding responses of two 
grain aphids to barley yellow dwarf virus-infected oats. 
Entonol. Exp. Appl. 42: 63-69. 

Mound, L. A . ( 1973 ) 
Invertebrates. A. 
Amsterdam. 

Thrips and whitefly. IN Viruses and 
J. Gibbs (Ed.) Van Nostrand-Reinhold, 

Mound, L. A. (1983) Biology and identity fo whitefly vectors of 
plant pathogens. IN. Plant Virus Epidemiology. R. T. Plumb 
and J. M. Thresh (eds.) Blackwell Scientific publications, 
Oxford. 

Mound, L. A. and S. H. Halsey (1978) Whitefly of the World. John 
Wiley and Sons. New York. 340 pp. 

Muniyappa, V. (1980) Whiteflies. IN Vectors of Plant Pathogens (K. 
F. Harris and K. Maramorosch eds.) pp. 39-85. Academic Press, 
New York. 

Nechols, J. R. and M. J. Tauber (1977) Age-specific interaction 
between the greenhouse whitefly and Encarsia formosa: 
influence of the parasite on host devilopment. Environ. 
Entomol. 6: 207-210. 

Noldus, L. P. J. J., X. Rumei and J. C. van Lenteren (1985) The 
parasite-host relationship between Encarsia formosa Gahan 
(Hymentoptera: Aphelinidae) and Trialeurodes vaporariorurn 
(Westwood) (Hornoptera: Aleyrodidae) • XVII Within-plant movement 
of adult greenhouse whiteflies. Z. Ang. Ent. 100: 494-503. 



97 

Noldus, L. P. J. J., X. Rumei and J. C. van Lenteren (1986) The 
parasite-host relationship between Encarsia formosa Gahan 
(Hymentoptera: Aphelinidae) and Trialeurodes vaporariorum 
(Westwood) (Homoptera: Aleyrodidae). XIX Feeding-site 
selection by the greenhouse whitefly. J. Appl. Ent. 101:492-
507. 

Pollard, D. G. (1955) Feeding habits of the cotton whitefly, 
Bemisia tabaci Genn.(Homoptera:Aleyrodidae) Ann. Appl. Bioi. 
43: 664-671. 

Pruthi, H. S. and C. K. Samuel (1942) Entomological investigations 
on the leaf curl disease of tobacco in Northern India. Indian 
J. Agric. Sci. 12:35-57. 

Quaintance, A. L. (1913) Classification of the Aleyrodidae, Part 
I. Technical Series, Bureau of Entomology, U. S. D. A. No. 
27. 93pp. 

Rainey, R. G. (1976) Flight behaviour and features of the 
atmospheric environment. IN Insect Flight. R. C. Rainey, Ed. 
Toyal Entomological Society Symposium no. 7. Blackwell 
Scientific Publications, Oxford: 75-112. 

Rausher, M. D. (1982) Population differentiation in Euphydryas 
editha butterflies: larval adaptation to different hosts. 
Evolution 36: 581-590. 

Rausher, M. D. (1983) Ecology of host-selection behavior in 
phytophagous insects. IN Variable Plants and Herbivores in 
Natural and Managed Systems. R. F. Denno and M. S. McClure 
eds. Academic Press, New York 

Richards, o. W. and Davies, R. G. (1977) Imm's General Textbook of 
Entomology. Volume 2: Classification and Biology. Tenth 
edition. John Wiley & Sons, New York. 

Scriber, J. M. and P. Feeney (1979) Growth of herbivorous 
caterpillars in relation to feeding specialization and to 
growth form of their food plants. Ecology 60: 829-850. 

Severin, H. H. P. (1946) Longevity, or life histories, of 
leafhopper species on virus-infected and on healthy plants. 
Hilgardia 17: 121-137. 

singer, M. C. (1972) Complex components of habitat suitabilty 
within a butterfly colony. Science 176: 75-77. 

Singer, M. C. (1983) Determinants of multiple host use by a 
phytophagous insect population. Evolution 37: 389-403. 



98 

Singh, H. C., B. R. Singh and R. Gangulee (1978) Metabolism of 
cowpea leaves infected with southern bean mosaic. II. Effect 
on nitrogen metabolism. Acta Bot. Indica 6: 204-205. 

Slansky, F. and P. Feeny (1977) Stabilization of the rate of 
nitrogen accumulation by larvae of the cabbage butterfly on 
wild and cultivated food plants Ecol. Monogr. 47: 209-228. 

Soo Hoo, C. F. and G. Fraenkel (1966a) The selection of food plants 
in a polyphagous insect Prodenia eridania (Cramer). J. Insect 
Physiol. 12: 693-709. 

Soo Hoo, C. F. and G. Fraenkel (1966b) The consumption, digestion, 
and utilization of food plants by a polyphagous insect, 
Prodenia eridnia (Cramer). J. Insect Physiol. 12: 711-730. 

srivastava, P. N. (1987) Nutritional Physiology. IN Aphids: Their 
Biology, Natural Enemies, and control. World Crop Pests Volume 
2A. A. K. Minks and P Harrewijn eds. p. 99-121. Elsevier, New 
York. 

srivastava, P. N. and J. L. Auclair (1974) Amylase acti-'vity in the 
alimentary canal and honeydew of the pea aphid Acyrthosiphon 
pisum (Harr.) J. of Insect Physiology 8: 349-355. 

Srivastava, P. N., Y. Gau, J. Levesque and 
Differences in amino acid requirements 
of the pea aphid, Acyrthosiphon pisum. 
603-606. 

J. L. Auclair (1985) 
between two biotypes 
Can. J. Zoology 63: 

Taylor, R. A. J. (1985) Migration behavior in the Auchenorrhyncha. 
IN The Leafhoppers and Planthoppers. L. R. Nault and J. G. 
Rodrigues eds. pp. 259-288. John Wiley & Son, New York. 

Thankappan, M. and C. I. Chacko (1970) Changes in free amino acids 
and amides induced in cassava plants by cassava mosaic virus. 
Indian J. of Plant Physiol. 13: 99-105. 

Thomas, C. D., D. Ng, M. C. Singer, J. L. B. Mallet, C. Parmesan 
and H. L. Billington (1987) Incorporation of a European weed 
into the diet of a North American herbivore. Evolution 41:892-
901. 

Thomas, H. and J. L. Stoddart (1980) Leaf Senescence. Ann. Rev. 
Physiol 31: 83-111. 

Thompson, J. N. (1982) Interaction and coevolution. Wiley, New 
York. 



99 

Thompson, J. N. (1985) Within-patch dynamics of life histories, 
populations, and interactions: selection over time in small 
spaces. IN S. T. A. Pickett & P. S. White (eds.) The ecology 
of natural disturbance and patch dynamics. Academic Press, New 
York. pp 253-264. 

Thompson, J. N. (1988) Evolutionary ecology of the relationship 
between oviposition preference and performance of offspring 
in phytophagous insects. Entomol. Exp. Appl. 47:3-14. 

Thrower, S. L. (1967) The pattern of translocation during leaf 
ageing. Symp. Soc. EXp. BioI. 21: 483-506. 

Tu, J. c. and R. E. Ford (1970) Free amino acids in soybeans 
infected with soybean mosaic virus, bean pod mottle virus, or 
both. Phytopathology 60: 660-664. 

Vaishampayan, S. M., M. Kogan, G. P. Waldbauer, and J. T. Woolley 
(1975a) Spectral specific responses in the visual behaviour 
of the greenhouse whitefly, Tialeurodes vaporariorum (Homop
tera: Aleyrodidae). Ent. EXp. Appl. 18: 344-356. 

Vaishampayan, S. M., G. P. Waldbauer, and M. Kogan (1975b) Visual 
and olfactory responses in orientation to plants by the 
greenhouse whitefly Trialeurodes vaporariorum (Homoptera: 
Aleyrodidae). Ent. EXp. Appl. 18: 412-422. 

Verschoor-van der Poel, P.J.G. and J. C. van Lenteren (1978) Host
plant selection by the greenhouse whitefly Trialeurodes 
vaporariorum (Westwood) (Homoptera: Aleyrodidae). Med. Fac. 
Landbouww. rijksuniv. Gent, 43: 387-396. 

Von Arx, R., J. Baumgaertner, and V. Delucchi (1983) Developmental 
biology of Bemisia tabaci (Genn.) (Sternorrhyncha, 
Aleyrodidae) on cotton at constant temperatures. Bull. Soc. 
Entomol. suisse, 56: 389-399. 

Walker, G. P. (1985) Stylet penetration by the bayberry whitefly, 
as affected by leaf age in lemons, citrus limon. Ent. expo 
appl. 39: 115-121 

Walker, G. P. (1987) Probing and ovipostion behavior of the 
bayberry whitefly (Homoptera: Aleyrodidae) on young and mature 
lemon leaves. Ann. Entomol. Soc. Am. 80: 524-529. 

Walker, G. P. and Ghord, G. (1989) The occurrence or apical labial 
sensilla in the Aleyrodidae and evidence for a contact 
chemosensory function. Entomol. Exp. appl. (in press) 

Weber, H. (1934) Die postembryonale Entwicklung der Aleurodinen 
(Hemiptera-Homoptera). Ein Beitrag zur Kenntnis der 
Metamorphosen der Insecten. Z. f. Morph. u. Okol. 29: 268-305. 



100 

Weber, H. (1935) Der Bau der Imago der Aleurodinen. Ein Beitrag 
zur vergleichenden Morphologie des Insecktenkorpers. Zoologica 
33: 1-71. 

White, T. C. R. (1984) The abundance of invertebrate herbivores in 
relation to availability of nitrogen in stressed food plants. 
Oecologia 63: 90-105. 

Williams, K. S. (1983) The coevolution of EuphydJ..··7~schrv '=!:::dona 
butterflies and their larval host plants. III. (I'!iposition 
behavior and host plant quality. oecologia 56: 336-340. 

Woolley, J. T. (1971) Reflectance and transmittance of light by 
leaves. Plant Physiology 47: 656-662. 


