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Effects of Different Cucurbit Species and Temperature on
Selected Life History Traits of the ‘B’ Biotype of Bemisia
tabaci

E. Bayhan,*! M.R. Ulusoy?and J.K. Brown?

The development time and survival rate were determined at three constant temperatures for
the ‘B’ biotype of Bemisia tabaci on cucumber (Beit Alpha F1), cantaloupe (Anzer Fi),
squash (Sakiz F1), and watermelon (Galactica F1). The development time for immature
stages at 20, 25 and 30 £ 1°C was, respectively, 33.5, 19.3 and 16.8 days on cucumber; 36.5,
20.8 and 19.60 days on cantaloupe; 37.2, 20.1 and 19.8 days on squash; and 38.9, 23.8 and
21.9 days on watermelon. At 20, 25 and 30°C, the respective percentage survival of immature
instars was 73.2, 83.2 and 72.9% on cucumber; 72.9, 84.9 and 75.6% on cantaloupe; 52.1,
76.1 and 57.5% on squash; and 37.6, 64.8 and 40.1% on watermelon.
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INTRODUCTION

Bemisia tabaci (Gennadius) is increasingly problematic in subtropical climate regions
of the world where vegetable and cotton crops are cultivated, and is of particular importance
where cropping in multiple seasons is practiced (1-3,13,15). The ‘B’ biotype is among the
most damaging of biological variants (biotypes) of B. tabaci, because it causes damage
to plants due to feeding and also because of its ability to transmit several genera of plant
viruses (4-7,12). Feeding by the *B’ biotype has been shown to result in phytotoxic-like
responses in several plant species, including foliar silvering in Cucurbita spp. (9-11,26),
irregular ripening in tomato (27), yellowing and stem blanching of lettuce and mustard
cabbage (19), and stem whitening in Brassica spp. (10). In addition, sooty mold fungi
utilize as a substrate the whitefly honeydew, which is deposited on leaves and fruits, thereby
reducing overall quality.

The host range of the B biotype has been reported to span potentially over 500 species
(16), although the majority of populations (haplotypes) or biotypes of B. tabaci do not
colonize all species that have been reported as hosts, nor do they exhibit the same degree
of reproductive success on all colonized species (18). Although certain species are known
to be more desirable B. fabaci hosts than others, based on reports for several well studied
biotypes, it is not understood whether a period of adaptation upon switching hosts is an
important factor in the life history of B. tabaci on some or all hosts.

The objective of this study was to determine the effects of a range of temperatures and
of different cucurbit hosts, the latter of which have been found to support colonization of
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the ‘B’ biotype, on its development time from egg to adult, and on survivorship. These
questions are particularly relevant to establishing effective whitefly control practices in
southern Turkey because the ‘B’ biotype has recently invaded the region (31) and is now
especially problematic on cucurbit crops, which are widely grown there in the summer
months. Studies were conducted using three constant temperatures and four cucurbitaceous
species.

MATERIALS AND METHODS

Test plants Seeds of the test plants cucumber, cantaloupe, squash and watermelon were
germinated in a climate-controlled chamber at 25+1°C and 60-80% r.h., and a photoperiod
of 16:8 L:D. The life history traits for the ‘B’ biotype were determined using six test plants
at the 4-5 leaf stage for each of four cucurbit cultivars at three constant temperatures.

Whitefly sources Adults of Bemisia tabaci ‘B’ biotype were identified as such based on
the mitochondria cytochrome oxidase I sequence (31). Adults were collected following
their eclosion from the pupal case on field-colonized Cucurbita pepo L. squash plants
at Yesiltepe, Tarsus, in southern Turkey during the autumn of 1999. Adult ‘B’ biotype
whiteflies were used to establish a colony in the laboratory of the Plant Protection Division
at Cukurova University, Adana. From this colony, a sub-colony was established on each
of four cucurbit species: cantaloupe (Cucumis melo), cucumber (Cucumis sativus), squash
(Cucumis pepo) and watermelon (Citrullus vulgaris), and thereafter maintained by serial
transfer on the respective species at 25°C. After ten generations, adults reared on these
different cucurbit species were used for the study described here.

Development of immature life stages Adult males (n=50) and females (n=50) collected
from each whitefly subcolony were aspirated into a cylinder cage (12x35 cm) placed
separately over a test plant at 20, 25 and 30£1°C. Six caged plants were used for each
temperature regime. The caged adults were held in the climate-controlled chamber at 20, 25
and 30£1°C and given a 24-h oviposition period. After oviposition, whitefly development
was monitored from the egg through the fourth instar (pre-red-eye nymph) stage.

Following eclosion, and after the crawlers (157 instar) had settled on the leaf surface
to feed, the crawler for each was marked with a (unique) number using a nontoxic felt tip
waterproof pen. Using a stereoscopic binocular microscope to view whiteflies, whitefly
development was monitored and data were recorded daily for each individual at the three
constant temperatures. The appearance of the empty exuviae was used to determine time
of eclosion of the final stage, or the red eye nymph.

Data analyses and statistics The effects of different temperatures and host plants on
development time and survivorship of all immature stages were assessed by SPSS 10.0
version for Windows (30), and differences in development times and percent survival
for each immature stage among temperatures and the four different host species were
determined using Tukey’s range test. Differences at the probability level of P<0.05 were
considered significant.

RESULTS AND DISCUSSION

Effects of temperature on the development of immature whitefly stages Significant
differences were observed for the development of whiteflies from the egg to adult stages
for all host plants at all temperatures examined, except for cantaloupe and squash at 30°C.
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TABLE 1. Development time (days+SE) of immature stages of Bemisia tabaci ‘B’ biotype on
different cucurbit hosts at 20°C

Host Immature stage
n Egg Ist instar 2nd instar 3rd instar 4th instar Total
Cucumber 183 12.0£0.04a* 4.8+0.05a 4.1£0.04c 3.0£0.03c 9.6£0.06a 33.5£0.05a
Cantaloupe 156 12.6%£0.05b  5.5£0.07c 3.440.05b 2.14+0.03a 11.6+0.07b  36.5+0.07b
Squash 161 14.0+0.05d 5.140.03b 2.9+0.01a 2.9£0.02¢c 12.1£0.02c  37.240.08c
Watermelon 172 13.6£0.04c  5.6%0.05c 3.440.06b 2.71£0.05b 12.5+0.05d  38.940.15d
#Within columns, means followed by the same letter do not differ significantly at P<<0.05 (Tukey’s range test).

TABLE 2. Development time (days+SE) of immature stages of Bemisia tabaci ‘B’ biotype on
different cucurbit hosts at 25°C

Host Immature stage
n Egg Ist instar 2nd instar 3rd instar 4th instar Total
Cucumber 188 5.4+0.04a*  4.040.04c 2.1£0.03a 2.1£0.03b 5.7£0.06b 19.3£0.08a
Cantaloupe 168 6.610.04c 3.5£0.05a 2.3£0.04b 1.8+0.03a 6.5+0.05¢ 20.8+0.06¢
Squash 162 6.31+0.05b 3.4£0.04a 2.8+0.03d 2.8£0.05d 5.5£0.04a 20.1£0.09b
Watermelon 169 6.740.04c 3.840.04b 2.7£0.04c 2.4£0.04c 7.0£0.04d 23.8+0.09d
#Within columns, means followed by the same letter do not differ significantly at P<<0.05 (Tukey’s range test).

TABLE 3. Development time (daysSE) of immature stages of Bemisia tabaci ‘B’ biotype on
different cucurbit hosts at 30°C

Host Immature stage
n Egg Ist instar 2nd instar 3rd instar 4th instar Total
Cucumber 164 4.9£0.05a*  4.2+0.03b 2.0+0.01a 2.14+0.02b 4.910.03a 16.81+0.08a
Cantaloupe 183 5.2+0.04b 3.940.01a 2.9£0.02b 1.940.05a 6.0£0.03b 19.6£0.05b
Squash 162 5.0+0.05a 4.24+0.02b 3.0+0.06b 2.940.09¢ 6.0+0.01b 19.84+0.07b
Watermelon 173 6.14+0.04c 4.8+0.01c 2.940.02b 2.940.01c 5.940.01b 21.940.06¢
#Within columns, means followed by the same letter do not differ significantly at P<<0.05 (Tukey’s range test).

At20°C, all test species had significant effects on the development time of whitefly eggs
and/or of one or more of the whitefly instars (Table 1). The mean incubation time for eggs
ranged from 12.0 (cucumber) to 14.0 (squash) days, with whitefly egg development being
significantly faster on cucumber than on the three other test plants (Fig. 1A). First instars
developing on cantaloupe and watermelon did not show significant effects with respect
to the mean development time among the four test species. However, the development
time of 1% instars was greatly prolonged on watermelon (5.6 days), compared with on
the other test plants (Table 1), and was most rapid on cucumber (4.8 days) (Fig. 1B).
The development time of the 2" instar ranged from 2.9 to 4.1 days at 20°C for the four
cucurbit hosts examined here; it did not vary significantly on cantaloupe and watermelon.
For the 3" instar, development time ranged from 2.1 (cantaloupe) to 3.0 (cucumber) days
at 20°C (Fig. 1C,D). Significant effects of host species on development time were observed
for the 4" instar, being longest on watermelon (12.5 days) and shortest on cucumber (9.6
days) (Fig. 1E). At 20°C the development time from egg to 4" instar of the whitefly was
significantly faster on cucumber (33.5 days) than on the three other species (Table 1, Fig.
1F).
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Fig. 1. Development rates for eggs (A), I. nymph (B), II. nymph (C), III. nymph (D), IV. nymph (E),
and total development pre-adult (F) on the host plants at different constant temperatures.

At 25°C, significant effects of all host plants were observed with respect to the
development time of whitefly eggs, 15, 274, 37 and 4" instars (Table 2). The mean
incubation time (oviposition to hatch) for whitefly eggs ranged from 5.4 (cucumber) to
6.7 (watermelon) days. The development time of the 15! instar was greatly prolonged
on cucumber (4.0 days) and fastest on squash (3.4 days). The particular host plant had
a significant effect on the mean development time for the 1%¢ instar on cucumber and
watermelon but not on cantaloupe or squash. At this temperature the development of
the 2 instar ranged from 2.1 (cucumber) to 2.8 (squash) days. The development of the
374 instar ranged from 1.8 (cantaloupe) to 2.8 (squash) days (Table 2). The host plant
had a significant effect on the development time of the 4¢" instar, which was longest on
watermelon (7.0 days) and shortest on cucumber (5.7 days). Development time from egg
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TABLE 4. Percent survival for egg to adult stages of Bemisia tabaci ‘B’ biotype on four cucurbit
hosts

Host Temp. Immature stage
°O)

Egg Ist instar 2nd instar 3rd instar 4th instar Total
Cucumber 20 95.24+0.32a® 96.7£0.92a 94.2+0.88a 91.5+0.32b 94.4£0.78b 73.24+2.42b
25 95.1£0.32a  96.7£0.92a 94.2+0.88a 98.0£0.92a 97.9+0.44a 83.2%1.34a
30 93.8+0.42b 92.44+0.32b 95.4+1.16a 92.54+1.24b 95.3£0.78b 72.941.44b
Cantaloupe 20 89.3+£0.92c  91.6+0.38b 97.14+0.88a 96.5+£0.82b 95.1+0.28b  72.9+£2.34b
25 97.0£0.32a 93.7£1.36a 97.8+£0.88a 98.3£0.82a 97.1£0.28a 84.9£1.62a
30 91.3+£0.92b 92.3£1.36ab 97.1+£0.88a 96.01+0.82b  96.3£0.28ab 75.643.24b
Squash 20 82.24+1.54b 85.0£1.22b 94.01+0.82b 94.6£0.32b 83.9+1.44c 52.142.34c
25 89.24+1.22a 93.7£0.92a 96.0+0.82a 97.1£0.56a 97.6+0.20a 76.1£2.34a
30 81.7+1.68b 81.7£1.22c 91.240.82c  92.5£0.72c  93.7+0.62b  57.1£2.34b
Watermelon 20 60.7£2.08b 81.3£2.12b 89.8£1.58b 95.6+0.56a 88.7£2.04b 37.6£3.28b
25 82.84+1.24a 93.5£1.76a 95.5+1.36a 93.3£0.44b 93.9+0.82a 64.8£3.28a
30 61.14+2.12b  83.3£2.12b 94.54+1.32a 91.8£0.46c 90.6+2.04b 40.1£3.28b
#Within columns, on each plant host, means with a common letter do not differ significantly at P<<0.05 (Tukey’s
range test).

to 4*" instar was shortest (19.3 days) on cucumber and longest (23.8 days) on watermelon
(Table 2).

At 30°C, significant effects of plant host were observed for eggs, 1°¢, 274 374 and
4th instars (Table 3). The mean development time of the egg was shortest (4.9 days) on
cucumber and longest (6.1 days) on watermelon. First instar development was prolonged
greatly on watermelon (4.8 days). The development time of the 2" instar ranged from
2.0 (cucumber) to 3.0 (squash) days (Table 3), and that of the 374 instar ranged from 1.9
(cantaloupe) to 2.9 (watermelon) days. At this temperature the host plant significantly
affected the development time of the 4" instar, which was longest on cantaloupe and
squash (6.0 days) and shortest on cucumber (4.9 days). Egg to 4" instar development
at this temperature ranged from 16.8 days on cucumber to 21.9 days on watermelon (Table
3).

At all temperatures, the collective development times for immature stages were shorter
for whiteflies reared on cucumber than on the other species. The collective development
times for nymphal stages on cantaloupe were in agreement with those reported by Nava-
Camberos et al. (24) at 20° and 25°C, whereas in the present study, at 30°C, a longer
development time was observed. The overall development times for the ‘B’ biotype
nymphs reared on cucumber in this study were slightly slower than those for the New
World ‘A’ biotype reported by Powell and Bellows (25).

The rate of development for eggs in this study was faster than that observed for the 15,
274 and 3¢ nymphal stages at all constant temperatures. This observation was reported
also for several non-B biotypes of B. tabaci in studies by Hendi et al. (22), Powell and
Bellows (25), Sharaf et al. (28) and Sharaf and Batta (29).

Effects of temperature on survival of immature instars Significant effects of the host
plant were observed on the rate of survival for the egg, 1st, 2nd, 3rd and 4th instars at all
three temperatures (Table 4). Survival was greatest (84.9%) on cantaloupe at 25°C and was
higher than for the three other hosts at all temperatures.

At 20°C, immature instar survival was lowest (37.6%) on watermelon and highest
(73.2%) on cucumber. At 25°C, it was lowest (64.8%) on watermelon and highest (84.9%)

Phytoparasitica 34:3, 2006 239



on cantaloupe. At 30°C, survival was lowest (40.0%) on watermelon and highest (75.6%)
on cantaloupe (Table 4). Immature instar survival observed in this study for cantaloupe was
similar to but slightly lower than the figures reported by Nava-Camberos et al. (24). The
total survival of immature stages on cucumber was higher at 20° and 30°C, but lower at
25°C, than that reported for the ‘A’ biotype by Powell and Bellows (25). In comparison,
survival reported for immature instars of the ‘B’ biotype studied in Florida (USA) (33)
differed only slightly from the results reported in the present study.

In conclusion, among the four cucurbit species examined under these experimental
conditions, cucumber and cantaloupe were the most suitable host species — based on the
shortest development time and the highest rate of survival for the ‘B’ biotype of B. tabaci
— compared with watermelon, which was the poorest — because it required the longest
development time and had the lowest survival rate. Squash was intermediate with respect
to these same parameters. Thus, development time and rate of survival for the ‘B’ biotype
differed even among cucurbitaceous species, although it was capable of completing its life
cycle on all four hosts.

Three of these four ‘B’ biotype hosts have their centers of diversification in the Old
World, where the ‘B’ biotype is also thought to originate (7,11). However, no evidence
is provided by this study that the New World host, squash, provides an overall less fit
habitat for this highly polyphagous variant of B. fabaci, although it is possible that the
‘B’ biotype adapted to squash later in evolutionary time than holds true for the three Old
World cucurbit hosts. In any case, it is interesting that among the four cucurbits examined
here, only the New World species Cucurbita pepo L. develops the silvering phenotype
(17) following ‘B’ biotype colonization (17,24), and therefore perhaps some degree of
tolerance to this apparently phytotoxic, ‘defensive’ reaction known only for the New World
Cucurbita species, might exist in Old World cucurbits.

Whiteflies collected from field-infested squash plants underwent at least ten generations
following their transfer to each of the three additional test species; hence, the life history
results reported here probably do not reflect variation due to short-term adaptation that
might have been required for interspecific generational host switching. The fact that the
B. tabaci complex (20) occurs worldwide in the subtropics/tropics indicates that it is
highly adapted to a variety of ecological niches that are found in both the Old and New
Worlds (5-8). How these differences affect population establishment, fecundity, dispersal
in subsequent generations, or development of epidemics caused by plant viruses transmitted
by this whitefly have not been well studied. However, it would not be surprising to find
that life history traits are important factors underlying population upsurges and/or virus
spread (5,6,8). The fact that at least certain haplotypes/biotypes are highly plastic in their
ability to colonize a large number and variety of eudicot species which are dicotyledonous
species (1,3,15,16), suggests a fundamental reason for the long-term success of this cryptic
whitefly species (9,11,14,20,21,32), which apparently is readily equipped to undergo
genetic and ecological adaptations that are nonetheless overtly reflected in analogous
external morphological changes (21,23).

In this study, it was found that development time and rate of survival of the ‘B’ biotype
on the hosts are different. The data obtained provide new information regarding the
relationship between B. tabaci ‘B’ biotype development time and temperature on the hosts.
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