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Effect of Temperature and Host Plant on Development and
Reproduction of the Sweetpotato Whitefly, Bemisia tabaci
(Homoptera: Aleyrodidae)

o714 - 0]7|% - 2ol H - UM - PP
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Jeong-Wha Kim' and Gil-Hah Kim'#*

Abstract - Development and reproduction of the sweetpotato whitefly, Bemisia tabaci (B biotype)
were investigated under different temperatures and host plants. Developmental periods from egg to
pre-adult of whiteflies were measured under four constant temperatures: they were 86.2 days at 15°C
and 17.0 days at 30°C. Lower threshold temperature and total effective temperature for the
development of egg and nymph, and for the complete development (egg to emergence) were 10.1,
11.6, 11.1°C and 110.3, 204.7, 317.3 degree days, respectively. The hatching and emergence rates
were 87.0% at 25°C and 76.7% at 20°C, which were higher than the results of other temperatures.
The adult longevity was 23.6 and 14.0 days at 20°C and 30°C, respectively. The highest average
fecundity per female was 103.3 at 25°C. But there were no significant differences among the
temperatures. The highest intrinsic rate of natural increase (#,,) was 0.196 at 30°C and the highest net
reproduction rate (R,) was 97.33 at 25°C. Developmental periods from egg to pre-adult of whiteflies
were 21.2 on the tomato, 28.1 on red pepper, 22.2 on eggplant and 25.5 days on poinsetia. The
hatching was highest (90.3%) on red paper and emergence rate was highest (89.6%) on eggplant.
The longest longevity of adult fernale was 26.5 days on eggplant, and the average fecundity per
female was greater on tomato and eggplant than on other host plants. The intrinsic rate of natural
increase (r.,) was the highest on tomato as 0.165 and the net reproduction rate (R,) was the highest
on eggplant as 106.1. As a result, the optimum range of temperature for the growth of B. tabaci was
between 25°C and 30°C, and the optimum host plants were tomato and eggplant among the plants
tested.

Key Words - Bemisia tabaci, Developmental zero point, Total effective temperature, Intrinsic
rate of natural increase
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etal., 1999).

il 7hRol e HAAA T 7|7kl ol AFAe 2
gt ko] 7137} gelx|Ew AbZa] Ak dR
o] &2 FFEol wlsle] wiaA Ebd shsAdE
Auar e g7 8] ARFA] A UE2
F7121 A, 7hepe) o] B A, s ¥ 2 o] =], IGRA ¥
at o} FH 2o AEE v e FE o] =A AbE
Al A= 2aFAd o] A E o] WAl oBle&
Z 3l )} (Elhag and Horn, 1983; Prabhaker et al.,
1992; Dennehy and Wiliams, 1997; Devine et al.,
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Table 1. Mean &SI duration of egg and nymphal period of B.
tabaci under various temperatures

Temp. Fgg Nymph Egg+
o) Ist 2nd  3rd  4th  Total Nymph
237 134 83 120 289 625 862

15 1072 £05 +08 422 +11 +25a +53a
o 106 75 36 39 100 250 357
+08b +05 +05 +03 +07 +09b +10b
;s 73 36 22 22 59 139 213
405c +06 +05 +06 %05 +07c +12¢
o 56 32 15 22 44 14 170

+04d 04 +05 X£04 +08 £08d *+1.1d

‘Means followed by the same letters arc not significantly different (p =
0.05; Duncan's mulriple range test [SAS Institare, 1991])

Table 2. Developmental zero point (T) and total elfective tem-
perature (K) for the development of each stage of B. tabact

Developmental Regression equation T K
stage & r? (°C) (degree day)

Egg V=0.00908t—0.0913 »=0.991 10.1 110.3

Nymph V=0.00496t—0.0576 2=0.984 11.6  204.7

Eggto V=0.00320t—0.03552=0.983 11.1 3173
emergence




206 Korean J. Appl. Entomol.

40(3), September 2001

Table 3. Effect of constant temperatures on the duration of adult longevity and fecundity of B. tabaci under various temperatures

o Preoviposition £ longevity Fecundity/ Fecundity/ Hatchability =~ Emergence rate (%)
Temp. ("C) n period® (day) (day) L 2 /day (%) (hatch to emergence),
20 23 2.8+0.6a 23.6+52a 88.5+358a 34 85.2a 76.7a
25 25 12+0.1b 15.6+29b 1033+30.3a 6.1 87.0a 71.5a
30 25 10+£0.3b 14.0+4.0b 91.1132.8a 6.1 78.0a 43.1b

* Days from emergence to the first oviposition

b Means [ollowed by the same lctiers are not significantly different (p=0.05; Duncan’s multiple range test [SAS Institute, 19917)
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Fig. 1. Number of eggs per day of B. tabaci under various
lemperatures.
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Table 4. Comparison of life table parameters of B. tabaci under
various temperatures

Temp. (°C) Rg T Tm
20 76.38 48.64 0.089
25 97.33 27.67 0.165
30 85.65 22.76 0.196

R, : Net teproductive rate per generation
7': Mean generation time in day
7 - Intrinsic rate of natural increase
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Table 5. Mean £ SD duration of egg and nymphal period of B.
tabaci under varjous host plants

Host plant Egg

Nymph Pre-adult stage

Red pepper

Capsiciom annum 844072 19.7£09a 28.1+09%a

Poinsetia
Euphorbia pulcherrima

Tomato
Lycopersicon esculentum

7.7£0.7ab 178+135b 255+1.8b

73+05b 139+£09c 212*12c

Eggplant
Solanum melongena

4 Meuns followed by the same letters are not significantly different (p=
0.05; Duncan’s multiple range test [SAS Institute, 1991])

81£13a 14.1+18c 222+28¢c
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Fig. 2. Number of eggs per day of B. tabaci under various host
plants.

" : Fecundity/ Hatchability =~ Emergence rate
Host plant n £ longevity - Fecundity/ § 9 /day (%) (%)
Capsicum annum 20 13.24+3.8b 5641 10.6b 43 90.3a 14c
Euphorbia pulcherrima 20 17.5+5.6b 84.5£32.2ab 4.8 83.7a 31.9b
Lycopersicon esculentum 20 1561290 103.3+3032 6.6 §7.0a 71.5a
Solanum melongena 20 2654+3.2a 106 4+15.0a 40 89.7a 89.6a

2 Mcans followed by the same letters are not significantly different (p=0.05; Duncan’s multiple range test [SAS Institute, 1991])
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Table 7. Comparison of life table parameters of B. rabaci under
various host plants

Host plant R, h T Tin
Capsicum annum 39.97 3334 0.111
Euphorbia pulcherrima 73.16 3291 0.130
Lycopersicon esculentum 97.33 27.67 0.165
Solanum melongena 106.08 30.54 0.153

R, : Net reproductive rate per generation
T : Mean generalion time in day
Fu » Intrinsic tate of natural increase

40(3), September 2001

Ae 28 7157 2oF gL vAH, PP
A B o] F 244 A 2=9de
7% BrkRE~5997) A
o2 vehdet. Jsu o] Aibe ATE 4% 7
FAEel Hat AAolme 715 Age Bl
o ¥Fsttm A= ok 138 A
FRAA A=) Yook B Aoz YdHn

Literature Cited

Berlinger, J.M., S. Lebiush-Mordechi, R. Dahan and R.A.J.
Taylor. 1996. A rapid method for screening insecticides in the
laboratory. Pestic. Sci. 46: 345~353,

Bethke, J.A., T.D. Paine and G.S. Nuessly. 1991. Comparative
biology, morphometrics, and development of two population
of Bemisia tabaci (Homoplera: Aleyrodidae) on cotton and
poinsetia. Ann. Entomol. Soc. Am. 84: 407~411.

Brown, J K., D.R. Frohlich and R.C. Rosell. 1995. The sweetpo-
tato or silverleaf white(lies: biotypes of or a species complex?
Annu. Rev. Entomol. 40: 511~534.

Butler, G.D. Jr., T.J. Henneberry and T.E. Clayton. 1983.
Bemisia tabaci (Homoptera: Aleyrodidae): development, ovi-
position and longevity in relation to temperature. Ann. Ento-
mol. Soc. Am. 76: 310~313.

Coudriet, D.L., N. Prabhaker, A.N. Kishara and D. Meyerdirk.
1985. Variation in development rate on different hosts and
overwintering of the sweetpolalo whitefly Bemisia tabaci
(Homoptera: Aleyrodidae). Environ. Entomol. 14: 516~519.

Dennehy, T.J. and L. Williams. 1997. Management of resistance
in Arizona cotton. Pestic Sci. 51: 398~406.

Devine, G.I., I. Ishaaya, A.R. Horowilz and 1. Denholm. 1999,
The response of pyriproxyfen-resistant and susceptible Bemi-
sia tabaci (Homoptera: Aleyrodidae) to pyriproxyfen and
fenoxycarb alone and in combination with piperonyl butoxide.
Pestic. Sci. 55: 405~411.

Elhag, E.A. and D.J. Horn. 1983. Resistance of greenhouse
whitefly (Homoptera: Aleyrodidae) to insecticides in selected
Ohio greenhouses. J. Econ. Entomol, 76: 945~948.

Gergis, MLF. 1994a. Thermal requirements, developmental rates
and prediction models of whiteflies in relation o temperature
and host plants. Beltwide cotton conference. New Orleans.
1207~1210.

Gergis, M.F. 1994b. Population growth and life table analysis of
whiteflies in relation to lemperature and host plants. Beltwide
cotton conference. New Orleans. 1229~1230,

Greathead, A.H. 1986. Host plants. pp. 17~25. Jn M.J.W. Cock
[ed.], Bemisia tabaci-A Literature Survey on the Cotten
Whitefly with an Annotated Bibliography, 121 pp. FAO/CAB,
Ascot, UK.

Harborne, J.B. 1988. Insect feeding preferences. pp. 147~185. In
Introduction to ecological biochemistry. 356 pp. Academic
Press. New York.

Horowilz, AR., Z. Mendelson. M. Cahill and I. Ishaaya. 1999.
Managing resistance to the insect growth regulator, pyri-
proxyfen, in Bemisia tabaci. Pestic. Sci. 55: 272~276.

Kim, G.H., Y.8. Lee, LH., Lee and K.S. Ahn. 2000. Susceplibi-
lity of sweetpotato whitefly, Bemisia tabaci (Homoptera:
Aleyrodidae) to commercially registered insecticides in
Korea. Korean I. Pestic. Sci. 4: 51~58 (in Korean).

Lee, M.L. and P.J. De Barro. 2000, Characterization of different
biotypes of Bemisia tabaci (Gennadius) (Homoptera: Aley-
rodidae) in South Korea based on 16s ribosomal RNA



Ahn er al.: Development and Reproduction of Sweetpotato Whitefly 209

sequences. Korean J. Entomol. 30: 125~130.

Lee, M.L., S.B. Ahn and W.S. Cho. 2000. Morphological
characteristics of Bemisia tabaci (Gennadius) (Homoptera:
Aleyrodidac) and discrimination of their biotypes in Korea by
DNA markers. Korean J. Appl. Entomol. 39: 5~12.

Matsui, M. 1992. Trregular ripening of tomato fruit caused by the
sweetpotato whitefly, Bemisia tabaci (Gennadius) in Japan.
Jpn. J. Appl. Entomol. Zool. 36: 47~49 (in Japanese).

Miller, J.R. and T .A. Miller. 1986. Insect-plant interactions. 342
Pp. Springer-Verlag New York Berlin Heidelberg.

Perring, T.M., A.D. Cooper, R.J. Rodriguez, C.A. Famrar and
T.5. Bellow, Jr. 1993. Tdentification of a whitefly species by
genomic and behavioral studies. Science 259: 74~77.

Prabhaker, N., N.C. Toscano, T.M. Perring, G. Nuessly, K. Kido
and R.R. Youngman. 1992, Resistance monitoring of the
sweetpotato whilelly (Homoptera: Aleyrodidae) in the Im-
perial Valley of Calilomia. J. Econ. Entomol. 85: 1063~1068.

Price, P.W. 1997. Demography: population growth and life
Tables. pp. 305~340. In Insect ecology. 3rd ed., 874 pp. John
Wiley & Sons, Inc. New York.

Pruess, K.P. 1983, Day-degree methods for pest management.

Environ. Entomol. 12: 613~619.

Rubinstein, G., 5. Morin and H. Czosnek. [999. Transmission of
tomato yellow leal curl geminivirus to imidacloprid treated
tomato plants by the whitefly Bemisia tabaci (Homoptera:
Aleyrodidae). J. Econ. Entomol. 92: 658~662.

Salas, J. and O. Mendoza. 1995. Biology of the sweetpotato
whitefly (Homoptera: Aleyrodidae) on tomato. Florida Ento-
mol. 78: 156~160.

SAS Institute. 1991, SAS/STAT User’s Guide: Ststistics, version
6.04. SAS Institute, Cary, N.C.,US A.

Wagner, T.L. 1995. Temperature-dependent development,
mortality, and adult size of sweetpotato whitefly biotype B
(H) on cotton. Environ. Entomol. 24: 1179~1188.

Zalom, F.G., E.T. Natwickand N.C. Toscano. 1985. Tempera-
ture regulation of Bemisia tabaci (Homoptera: Aleyrodidae)
population in Imperial Valley cotton. J. Econ. Entomol. 78:
61-64,

(Received for publication 16 February 2001; accepted 23 April
2001)



