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(HOMOPTERA :AL EY RODIDAE) B BIOTY PE L IFE STAGES FROM
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Abgract 9ze and weight measurements were made for dl the life dagesof Bemisia tabaci ( Gennadius) B
biotype from field grown ocotton ( Gossypium hirsutum L .) and cantaoupe ( Cucumis meloL. , var. cantal upersis)
in Phoenix, AZ and Fargp , ND , USA in 2000 and 2001. Nynpha volumeswere derived from the measurements.
The average nympha volume increase for settled 14 to the late 4th indar was exponertid . The greated increase in
body volume occurred during development from the 3rd to early 4th indar. Nynphson cotton leaves were wider ,
but not longer conmpared with those on cantdoupe. Ventra and dorsd depth ratios of nympha bodies from 14 to
late 4th indars from cantdoupe |eaves were sgnificantly grester conpared with those from cotton leaves. During
nynmpha development from 1¢ to 4th ingar , the average (from the two hogt ecies) ventra body haf volume in-
creased by nearly 51 times compared with an increase of 28 timesfor the dorsd body hdf volume. Adult femde
and male average lengths, from heads to wing tips, were 1 1264 m and 953 m, reectively. Average adult fe-
male and male weightswere 39 and 17U g, regectivdy. Averagewidths, lengths, and weightsof eggsfrom cotton
and cantaloupe were, 99U m, 197U m, and 0. 8U g, reectively. Average widths, lengths, and weightsfor exu-
viae of ron-paradtized nynmphsfrom both cotton and cantaloupe were 49210 m, 673U m, and 1. 20M g, regpective
ly; and widths, lengths, and weights of parastized nynph exuviae were 4520 m, 6650 m, and 3. 624 g, regpec-
tivey. Both exuiae from ron-paradtized and paradtized nynphs from cotton leaves were wider , longer , and
heavier than those from cantaloupe |eaves.
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gread to other parts of the United Sateswith poirnr

Bemisia tabadi ( Gennadius) B-biotype ( = B.
argentifolii Bellows and Perring) ,has been an eco-
momic pes o fiedd and ornamenta crop plants in
the United Sates Snce 1991. Resaulting agricultura
losses of over one hdf hillion dollars have occurred
(Perring e al. 1993). Speculation is that the B
biotype fird occurred in Horida in 1986, and then

settia( Euphorbia pulcherrima L.) shipments (Gl
1992) . The B biotype (referred to heredter as B.
tabaci) is nore cold tolerant , developsfager , and
isfive times nore prolific than the A biotype (Qll
1992) . Numerousfactors, such as tenperature and
hog gecies, irfluence the developmenta rates of
B. tabac from eggsto adults (Butler et al. 1983,
Qoudriet e al. 1985, Wagner 1995, Dawish e
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al. 2000) . Hog plant dfects on norphometrics of
each developmenta dage are poorly documented.
However , Mound (1963) found in afield cage sudy
that B. tabad nynph exuviaon tobacoo ( Nicotiana
tabacum) were longer and narrower than those from
cassva (Manihot esculenta) . Bethke et al. (1991)
reported that in a led-cage sudy, B. tabad
nymphs were larger when reared on ootton than when
reared on poinsettia. Liu and Oetting (1993) de
scribed and measured norphologica  characters of
three pecies o whitdlies including B. tabad from
greenhouse grown plants. No irformetion is available
o hod dfectson Sze and weight of B. tabad de
veloping in the fidd. We reported earlier that canta
loupe (Cucumi moL. , var. cantalupensis) was a
prferred hog of B. tabac conpared with cotton
( Gossypium hirsutumL.) and some other plant e
cies (Chu e al. 1995) . Different plant ecies have
different leef topogrgphies as well as nutritiond val-
ues that may irfluence B. tabaci devdopment. The
objectives of this survey were to examne Sze dimenr
dons, weights, and body wolumesdf B. tabaci de
velopmenta dages and exwvia from ron-paradtized
and paradtized nynphs sanpled from fidd grown
ootton and cantaoupe.

2 MATERIALS AND METHODS

2.1 Fiedd Hots

(otton cv. Soneville (ST) 474 (Soneville
Pedigreed Seed (. , Maricopa, AZ) and cantar
loupe cv. Top Mark (Abbot & Gobb Inc. , Brav
ley, CA) seedswere planted in April and July, re-
gectivdy, in 2000 and 2001. The il type was
Awondde loam (Kimball et al. 1992) .

2.2 Sampling and Measurement

Bemisia tabad irfeded led samples from ter-
mind seven led nodeson main gemsdf plants dur-
ing Augud to October of each year were randomly
slected, detached , and immediately placed in wa
ter filled flord tubes a gpproximatdy 0530 h. The
flord tubeswith led sanmpleswere placed in a Sy
rofoam ocooler and shipped overnight to Fargp, ND
for further processng. Forty groups of B. tabaci
were randomly selected from the underlest surfaces

d the sampled leaves and rermoved with an anatomi-
cad needle. Each group consged of three each of
egos, sttled 14 and 2nd indar nynphs; one each
o 3rd, early 4th, and late 4th indar nynmphs; one
each o mae and femde adults; and one each of
exwiae from romrrparadtized and paradtized
nymphs.
2.2.1 Nymphs Nymphd indars were desg
nated as sttled 14 , 2nd, 3rd, early 4th, and late
4th indars when they measured 230 —289, 290 —
379, 380—579, >579um, and > 579U m with
diginctive recteyes, regectively (James Buckner ,
unpublished data) . The sanples of each life sage
were weighed with a Mettler Toledo MT/UMT Mi-
crobadance (CH8606 Qeitensee, Switzerland).
Measurements of lengths and widths of the live
nymphs, and exuvia were made usng an image
andys s program (OPTIMAS, Medina Cybernetics,
Slver Sring, MD) . Each individud life sage was
placed a one edge of a microsoope cover gass. The
oppodte edge of the cover gass was attached to a
microsoope dide with a piece of sootch tgpe. The
lengths and widths of nymphs were measured from a
dorsd view (Fig. 1A) . The depthsdf nynphswere
measured from the dde a the nymph gylet base
pat of nymph body by raisng the hinged cover
dases at 90° andes to the microsoope dide surfac
es. The depths of nymph bodies were further divid
ed into the dorsa and ventra body halves by mea
suring the digance from the dorsal and ventra
nymph surfaces to a horizonta reference line dravn
in the submargna cuticle area extending from ante-
rior to pogerior of the nynph bodies (Fg. 1B, lat-
erd view) . For settled 1¢ and 2nd indars, one i
dividua was randomly sdected form a st of three
nymphs for measurement.
2.2.2 Calculation o nymph body volumes
Nynph body wolumes were edimated usng the
dlipoid nodel of Lethold (1972) . The mode de-
scribes a quadratic surface that gppears to fit the
nympha body shape. The dlipid node is4/3 X1t
XX xYxZ,where X, Y, and Z are the nynph
lengths , widths , and depthsfor ether the ventra or
the dorsd haf , regectively. Snce the length and
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the width are twice the radius, the equation is re-
duced to :
(4/3 xTU x X/2 x Y/2 x Z/2 (= dorsd
height) ) /2 for the volume of dorsal body half ,
(4/3 x1U x X/2 x Y/2 x Z/2 ( = ventrd
height) ) /2 for the volume of ventral body half , and
1/6 XTt x X x Y x Z (totd height) for totd
body volume.
2.2.3 Adults, eggs, and exuvia For mde

A. Dorsal View

or female adults, each individud was weighed and
length from head tip to wing tip was measured. For
live eggs, three eggs in each group were weighed
and one egg was randomly selected for measure:
mentsof heights and widths (a the widest parts) .
For the exuvia, each individud was weighed and
length and width (at the location adjacent to the
adult exit holes) were measured usng a scanning
electron microsoope (SEM) .

Length Anterior
measurement
Margin
Submarginal
— area
S B. Lateral View
/SN
SN |
_ Tota Dorsal body half
Width measurement
measurement
Ja
Posterior gl Tt e —
Anterior-posterior Ventral body half
mid-body line measurement
Stylet

Fig.1 Generdized Bemisa tabad body sructure diagram showing (A) dorsd view :wicth and length ,and
(B) sde view :depth ,dorsd and ventra hdf body measurement areas.

2.3 Data analyses

All measurements were square root transormed
and analyzed with oneway ANOVA. The paired
means from cotton and cantaloupe were separated
using t-tegs (MSTAT-C 1989). Mean weights of
three eggs, and thee sttled 14 or 2nd indars were
used for the andyses. Meansof untrangormed mea
surements are presented. Mean nyrmph body volume
va uesfor ocotton and cantaoupe for each life sage

from the sttled 14 to late 4th ingars were analyzed
usng regresson analyss and a generdized growth
curve was condructed.

3 RESWTS

3.1 Nymphs

Mean tota body volumes for nynphsfrom cot-
ton and cantaloupe combined increased 3. 4 times,
1.8 times, and 5. 8 times during 1¢ to 2nd , 2nd to
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3rd, and 3rd to early 4th indar development , re
oectively. Body volumes decreased 1. 3 times dur-
ing early 4th to late 4th ingar development (n =80
for each life dage, F=474.4, P<0.001, o =
4 ,395) (Fg.2). The average body wolume of early
4th ingar nynphs was 35. 6 X the average volume
o 1g indar settled nymphs.
50

40

30

20

10

Total body volume (x 10° pm®)

Nymph stages

Fig.2 Mean = SE( n = 80) Bemisia tabaci wvolumes o

nymph bodies in the 14 to early 4th(4E) and late 4th(4L)

ingars on fiedd grown cotton and cantaloupes, ( F = 474. 4,
P<0.0001 ,d =4,395) .

The average totd body volumes were ot Sg
nificantly different from the different hods for 14,
2nd, and late 4th ingars (F =1.2, 0.7, and
1.4; P=0.285, mone, and 0. 248, repectivey;
d=1,78) (Table 1) , but the average totd body
wvolumes of 3rd and early 4th ingars from ootton
were dgnificantly less and ggnificantly greater ,

ton and cantdoupe , Proenix , AZ, USA 2000 and 2001

regectively , than for nynmphs from cantaoupe ( F
=10.1and 8.1, and P =0.002 and 0.006, re-
pectively; o =1, 78). Theaverage wolumes of
dorsal body halves were ot sgnificantly different
from the different hogsfor 2nd, 3rd, and late 4th
indars (F=1.1,2.7,and <0.1; P=0.295,
0.102, and rone, repectivey; d =1, 78) , but
the average wolume of dorsd body halves of the 1g
and early 4th ingars from ootton were dgnificantly
greater than nynphs from cantaloupe ( F=9. 1 and
21.9;P=0.004 and < 0.001, repectivdy; d =
1, 78) . The average volumesdf ventra body halves
from ootton were ggnificantly lessfor 1¢ , 2nd, and
3rd ingars, not dgnificantly different in early 4th
ingar, and ggnificantly greater in late 4th indars
than nynphs from cantaowe ( F = 17.1, 4.9,
14.2,0.6,and 4.1; P= <0.001, 0.030, <
0.001, rone, and 0.047, repectivdy; & =1,
78) . The ratiosof ventra and dorsa body half vol-
umesfrom 14 to early 4th ingars from cotton were
dgnificantly less than from cantaloupe , but greater
for the late 4th ingar (F =24.9, 9.2, 12.1,
16.6,and5.7; P<0.001,0.003, <0.001, <
0.001, and 0.020, regectively; & =1, 78). As
nymphs developed from 14 to early 4th indars, the
overdl averages of ventrd body haf wvolumes from
ootton and cantdoupe increased about 48 times
(71 % nore) compared with 28 timesfor the dorsal
body haf volumes.

Tablel Mean + SE lengths, widths, body wolumes, and
weights of Bemisia tabadi ingars developing onfidd grown cot-

Ingtar Hog un? Volume ( x 10°U n?) V/D (x100)
Weight (U @) Width Lengh Depth Totd Dorsd Ventra

1¢ Qotton ~ 135+2* 250+2*  57+2° 10+0° 7+0Q° 3+0° 50+4° 0.9+0.1°
Catdowpe 129+3° 244+4*  66+2*° 11+0° 6+0° 5+0° 115+14* 1.0+0.12
2nd Qotton  214+8 3B5+12°  76+3°  34+3F  21+2*  13+2° 70+7°  3.1+0.3°
Catdowpe 192+6° 350+10° 98+4% 38+4°® 18+2* 20+2* 156+39° 3.6+0.3°
3rd Qitton 270+ 9*  434+13° 71+5° 51+5° 29+2* 23+3° 82+8  4.9+0.3
Cantdoupe 267 +10° 456+14° 123+8* 79+8* 36+3% 43+5° 133+12% 8.4+1.0°
Early 4th (otton 498+9% 724+11%° 214+7° 409+18* 215+10° 195+10° 92+4° 32.5+1.4°
Catdowpe 413+10° 603+12° 258+9% 339+16° 154+9° 185+10° 127+7* 30.0+1.2°
Late 4th Qotton 445+8 664+10° 193+5 305+15% 173+9° 132+8° 79+4% 28.0+1.3°
Cantalowpe  409+6° 636+8° 204+6% 282+13% 171+8* 111+7° 66+4° 29.7+1. 3

# Means+ SE (n=40) within each ingtar in a column rot followed by the same letters are dgnificartly different(t-tes, P=0.05) .



Chu C.C. e a. : Szesand weights of whitefly

125

Regresson andyss dowed tha for cotton,
ventral body half volumes increased 4. 3 times, 1. 8
times, and 8.5 times and for cantaoues 4.0
times, 2.2 times, and 4. 3 times during develop-
ment from 14 to 2nd, 2nd to 3rd, and 3rd to early
4th indars, repectively (F=308.1and 212.0; P
<0.001, repectivdly; f = 3,156, Table 1).
Dorsd body haf volumes for nymphs on cotton i
creased 3.0 times, 1.4 times, and 7.4 times and
on cantaouwe 3.0 times, 2.0 times, and 4.3
times, in each cazefor 14 to 2nd, 2nd to 3rd , and
3rd to early 4th indars development , regectively
(F=348.6 and 202.1; P<0.001, repectively;

d =3, 156). The largeg differences in increases
of body volumes between cotton and cantaoupes oc-
curred during development from 3rd to early 4th in
dars. For cotton, the ratios of ventra body haf to
dorsal body haf volumesfor nymphs on cantaloupes
were 2.3 times, 2.2 times, 1.6 times, and 1.4
timesfor 14, 2nd, 3rd, and early 4th indars, re
Pectivdy. For cantaoupes, the ratios of ventra
body half to dorsa body haf growth rate increased
only for sttled 1¢ to 2nd ingar nynphs and de-
creased during 3rd to early 4th and early 4th to late
4th ingar development.

Fig.3 Abaxid plant lef sufaces and Bemisia tabaci nynmphs. (A) cotton and (B) cantaloupe

Nynmphs from cotton leaves were dgnificantly
longer in the early 4th and late 4th ingar stages ( F
=51.7 and 5.0; P<0.001 and 0.028, regpec
tivdy; d =1, 78) and wider in each ingar gage
(F=4.3t042.9; P<0.001, repectivdy; & =
1, 78) except the 3rd ingar compared with nynphs
from cantdoupes (Table 1). However , nymphd
doroo-ventra depthsfor 14 , 2nd, 3rd and early 4th
ingars from cantadoupe leaves were dgnificantly
greater conpared with ocotton ( F = from 14.6 to
40.7; P=0.002 to <0.001, regectivdy; d =
1,78).

Weights of each indar dage from cotton or
cantaloupes were not dgnificantly different , except

for the 3rd ingars that were heavier from cantar
loupes conpared with cotton ( F = 14.9; P <
0.001; f =1, 78) (Tablel).

3.2 Adults, eggs, and exuviae

The average adult length from head to tip of
wing for femade was 18 % longer compared with
maes (F=546.0, P<0.001, d =1,78) (Table
2) . The average adult female weighed over 2 times
nmore heavier than the average male, ( F=697.9,
P<0.001, d =1, 78). The overdl averages
(cotton and cantaloupe) for widths, heights, and
weightsdof eggswere 99U m, 1974 m, and 0. 8U g,
repectively. Differences between egg widths and
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weights from cotton and cantaloupe were not 9 gnifi-
cantly different (F=3.2and 0.6; P=0.077 and
rone, reectively; =1, 78). The average egg
length from cantaloupe was longer than for ootton
(F=4.2, P=0.044, d =1, 78). The average
weight of exuvia from paradtized nynphs was 3

times heavier than from non-paradtized nynphs ( F
=149.3, P<0.001, d =1, 158). Exwiae of
norrparadtized and parastized nymphs from cotton
leaves were dgnificantly wider , longer , and heavier
oconpared with cantaloupe ( F =from 8.8 to 71.8,
P<0.001,d =1, 158).

Table2 Meant SElenghs, widths, and weights of Bemisia tabaci adults, eggs, and exuviae developed on fied grown cotton and

cantaloupes, Phoenix , AZ, 2000 and 2001

Gm® .
Sl Hod Width Lengh Weight
Adult
Mde Qotton and cantaloupe 953 +5° 17.0+0.3°
Femde Qotton and cartaloupe 1126 + 6 39.0+0.8°
Egg Qotton 84+1° 179 +2° 0.81+0.04%
Cantalowpe 113 +18° 215 + 20° 0.84+0.02°
Exwiae
Norrparastized Qotton 532 +10° 697 +10% 1.4+0.1°
Cantaloupe 452 + 9P 648 +9° 1.0+0.1b
Parasitized Qotton 502 + 112 714 £ 12° 4.5+0.3%
Cartaloupe 401 +5° 616 + 12° 2.8+0.2°
Mean Non-parasitized 492 + 8° 673+ 7° 1.2+0.1°
Parasitized 452 +8° 665 + 10° 3.6+0.2°

®Means+ SE (n=40) o aninsect gage within a column rot followed by the sare letters are Sgnificantly different , (t-tes , P =

0.05).

4 DISCUSSION

Bemisia tabaci nymph growth has been report-
ed to be influenced by the topogrgphy of abaxial led
surfaces (Ned and Bentz 1999, Quershon and Ger-
ling, 2001) . As nynphs grow , more pace is needk
ed. Fg. 3 dows norma shaped nymphs on cotton
compared with deformed nynphs on cantaloupes.
Deformed 4th ingar nynphs a0 found on a water-
melon plants (Rosdl et al. 1997) . Although spec
ulative, it gopears that nymph ddormities may oc
cur because of the high trichome densty on abaxia
led surfaces of cantaloupe that interfere with the
gowth of nynphs. Results sugges nynph width
growth on cantaloupe leaves may be conpensated by
depth growth but the weightsdf nymphswere smilar
on the two hogs. Further sudy under field condi-
tions is needed to verify our observations. During
gowth from 14 to early 4th indar , nynmph ventra
body haf wvolume increased 71 % nore than the
dorsal body half volume even though settled (feed

ing nynphs are sessle and the ventrad body ao-
presed to led surfaces (Freeman e al. 2001) .

Lengths and widths of Bemisia nynphs have
been reported to vary on different hogs under sm-
lar environmenta oconditions (Mound 1963 , Bethke
e al. 1991). Usng greenhouse grown green bean
plants, Gdman & al. (2002) showed tha T. va
porariorum nynph body depth increased during subr
gdages 1 to 5 (ocorregponding to our early 4th ingar)
but remained the same during nynph subdages
6 —9 (correponding to our late 4th indar) . The
results differ from our fiedd survey where nynph
widths, lengths, and volumes decreased during the
late 4th ingar nymph development. The reasons for
the difference are not known.

Gdman e al. (2002) suggeded that the
product of length X width, rather than mean
lengths and wi dths gave nore accurate i dentification
o oonsecutive dagesdf T. vaporariorum indar de-
velopment. The body vol ume measurements (length
xwidth x depth) as shown in our sudies may a o
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Fig.4 Dissected Bemisia tabac exuvia exposng the developing paradtized and norrparadtized nynmphs: (A and B,
parasitized nymphs) and (C and D ,nonrparasitized nynph) . Sectiond tubes gppear to be the parasitoid remains ,are
vishle in exuvia from the paradtized nynph ,but lacking in the exuvia from ronrparastized nynph.

be an aternative for identification of indars &ter
verification of the accuracy and potentia use of the
method.

Adult femdesin our gudies, smilar to report
o Bethke e al. (1991) were larger and heavier.
The difference in Sze may be related to the repro-
ductive function of femdes. Egg sze measurements
from ootton and cantaloupe hogs were not ggnifi-
cantly different. The results may be due to dipersa
between crops or Snply that eggs are not dfected
by hog asociation.

Bxuviae from nymphs that developed on cotton
were longer, wider , and heavier conpared with
cantaloupes. The results agree with those of Mound
(1963) that dzes of exwiae from different host

plant gecies varies. Exuviae from paragtized
nynphs were dgnificantly smaler conpared with
norrparagtized nymphs. This may occur because
paragtiam redricts nymph growth. However , exuvi-
ae from paradtized nynmphs were 3 times nore
heavier than non-paradtized nynphs. Fossbly be
cause the exuviae from paradtized nymphs contain
Bemisia remains and nmolting tissues and meoconium
from paradtoids (Fg. 4A - 4D).

Mean nynmph lengthsfromfield grown cotton in
our gudieswere srdler than those reported by Be-
thke e al. (1991) on greenhouse grown ootton.
Limited nutritional supply and urfavorable environ
mental conditions in the field may acocount for the
gze differences.
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5 CONCL USION

A survey o Bemisia tabaci B biotype from

field grown cotton and cantaloupe was conducted at
the deserted outhwed in the United Saes. Reaults
dowed that the increase of nynpha body volumes
from the =ttled 14 to the late 4th ingar followed an
exponentid growth curve. Ventral body haf volume
increased about 51 times compared with 28 timesfor
the dorsa body haf wolume. The greastes increase
in body volume wasfrom the 3rd to early 4th indar.
Ventrd and dorsa depth ratiosdf nymphd bodies of
al gages on cantaoupe were greater than those on
ootton. On average for the two crops,the adult fe
mae was 20 % longer but nore than twice heavier
compared with the males. Average widths, lengths,
and weightsof eggsfrom cotton and cantaloupe were
9 m,190um,and 0.8 g, repectively. Average
widths ,lengths ,and weightsof exuviae for nor-parar
dtized nymphs were 4921m,673m,and 1.2Qu g,
regoectively; and 4521 m,66% m,and 3. 621 g,re-
ectively for paradtized nynph exuviae. Both exur
viae from non-paragtized and paragtized nynphs
from cotton were wider , longer , and heavier than
those from cantaloupe. The differences of nynpha
body growth and exuvia Sze between cantaoupe and
ootton sugged that trichome dendty dfected devel-
opment of nympha body shepes, but other plant
functions e. g. nutritiona levels may a be in
volved.
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