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Abstract: To use and conserve reasonably natural enemies for comprehensive control of Bemisia tabaci, in this present
work , the quality, time and spatial framework of Bemisia tabaci and its predatory natural enemies was further studied using
grey system analysis, ecological niche analysis and aggregated-intensity index analysis of spatial patterns. The synthetic
ranking result indicated that the order of main natural enemies of Bemisia tabaci adults was Clubiona japonicola, Therdiong
octomaculatum , Erigonidium graminicola and Orius minutes. The numbers of Bemisia tabaci adults during spring-summer
and autumn-winter season in pepper fields was compared using T-test (T = 7.9063, ¢ >t,, = 2.85), which showed a
highly significant difference. In addition, there were also highly significant differences in the numbers of predatory natural
enemies, i. e. Therdiong octomaculatum (T = 4.8553, t >t,,, =2.85), Harmonia axyridis(T = 3.1780, ¢t > t,, =
2.85), Clubiona japonicola(T = 3.6550, t >¢,, =2.85), Erigonidium graminicola ( T =4.7893, ¢t >t,, =2.85),
Propylaea japonica(T = 3.2325, t >¢,, =2.85), and Tetragnatha maxillosa(T =2.1009, ¢ >t,,s =2.09) between the
two seasons in pepper fields. The further T test showed that the numbers of Bemisia tabaci adults population in autumn-
winter season existed significant difference (T =2.4564, ¢t >, =2.09), while no significant difference was found in

spring-summer season (T'=1.4628, ¢ <1, , =2.09) between pepper and tomato fields. The results indicated the amounts
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of Bemisia tabaci adults in tomato fields were apparently higher than that in pepper fields. Above results may provide clues

for protecting natural enemies and optimizing control strategies of Bemisia tabaci adults.

Key Words: pepper; tomato; Bemisia tabact adults; predatory natural enemies; dynamics of population; mathematic

analysis

HE 3 B\ ( Bemisia tabaci) f& il FF R HI X B FH M2 — 27010 TR R U AR R DA 19
56 MMEZFHX , 25 A 74 B 500 LF0 20 HE4E 90 AR LASK, A EARLE B TR B B3 BT AL
SRR EEE R R 2002 AR LUK A AR BV S E B AR INE , B B SRR A L A
HEE W B BB A B . R B EE K R A MBRRPTR A REIRE, KN
LI ATk ARG S HIRIE T AR A E AR B a2 B A, M E R B LT,
SRR HEREA 17 #1' . BEI%" F SCAR FRiC B8 & v R B2, BI# T 551 /)N BB itk ( Erigo-
nidium graminicola) . 35 #& 3§ Bl Wk ( Neoscona doenizi) . Z: W./N{EWE ( Orius sauteri) | 8,202 W ( Propylaea japoni-
ca) S EIH ( Harmonia axyridis) \EEEFBE[H ( Scymnus hoffmanni) . KE WS ( Chrysopa septempunctata ) FITF B
1% ( Chrysopa formosa) MR B & HER B, T 76638 i B 8] S B dth it P fh 24 R 24, & 38R AR 47
FERE, HL A AR E R FERBR AN T BB b AR B R E R R 3)
2, DASCH S BARCR B B 2B RO S, e T J 17 BRORSUR 78 730 A A TR o B HC A M R R A 3 285 S B
HEky B 5 H R = (B FE RO (B TE) 25 8] B 56 R 9RST , DA Ol 24 P AR S A B & A SRR AT BRA
FH KR B DL SR K B, & BROR PP AR B AR R, 64T BRBURN 263t FE A LA AR B TR AR HE R 2 k4R
1 HREH=E
1.1 5 h B A 5L

AL LR B B SRR TE B b AT , 156 0 0 o B - B AR - I ZE BN B il o HE 3k i
¥l E EA1E 903 , HHABb M Fh B - R B 0 EH EH ML K-Z TR 2 5, F-E T HAUN A ¥ 0 55
ARG B 0.1 hm? ; BK-A ZUM & o KRS , A3 5108 0. 1 hm s BBURMF AL 1T REX 4 0. 4
m, BRIEHN 0.4 m, H-HEHBAMFMBLZE2 H25 HER 4 A 15 HBRGHK-AFEMHET A25 HEH .8
H 20 BB PIZERBRURZR ik F 4% 3 AR i 2, (H— At A A 2= % 3R
1.2 #AEHE

A ZE BRBURN 7 730 A BUSGR B R B R R TR A 2R RSP AT BRBR ., BEHLER 4 17 (BP 4 MR , BT
25 #k, 3£ 100 Bk, JEZAES 435124 2007 4-4 H 30 H ~7 A 10 HF12007 4£8 A 30 H ~11 A 8 H,#2&% 7d
AWK, IEE 11 R, SRTEZE, TC B BB 3R R B BRI A4
1.3 BeEorirnik
1.3.1 JMESKREERE EXRBRERKAREMT BN R AR EBERUEE A EERS, B
i EHCE (Y1) DA REMRE (S HRERZHRE) (R)ERZRENSRIFS] . AR R E
MEMBEAERARMREEEERN Vi 5§ X 7258 b R ERSCRBE, #TSUFFI R R Yi= {Yi(1),Y
(2),,Yi(n) },i=1,2;X={Xj(1), Xj(2),, Xj(n)} ,j=1,2, .M

SRIRENES:

yi= Ayi(1), 5(2) 0y, () ti=1,250= {2,(1) %,(2),-,%(n)}j=1,2, M

Y, 5 XAE5 kS B RERREL

r;(k) =[min minly,(k) - x,(k) | +pmax max ly,(k) - (k) 1]/ [y,(k) — x;(k) | +pmax max ly,(k)
- % (k) 1], k=12 ,n K ,p HPEREGHUEX B0 -1],—ME p =0. 5,8 T I RILFRES M E
ZIAI SRR R B 2200, T AT T , A S p = 0. 8,A5(k) = y,(k) - »,(k) Ny, 5 » FFHTESR b R LR
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XHEZ sminly, (k) - (k) |2 1 Rl/ME, RAaKE y, 5« JFFIXS R A 22 E P &/ 22 ; T min min
ly, (k) — x;(k) 1282 Ffe/has, Foamde 1 R/ NERER B IR B AP B/, max 1y, (k) - (k)1 5
max max |y, (k) — x;(k) 53500 1 9000 2 Fdec Rz, Hod 5 BiRB/NEMM. R(Y,, X)) =1/nXr (k) BIh
557 R REL(X;) 500k B R (1)) B AR R S A0 g (V) MSRIKBE , LR/ B X%t Y, BB 2R B e
EJEO
1.3.2  BfE &AL

i Levins"™! iy 4 2507 58 BEFE B .

1
Sy P
K, B YR A 2S00 T8 B s PO AR FI SR ¢ SRR 5 R A S SRR I L ] 5 S TR RSN IS8
He ASAEAR I A5 F Morisita AHUPE R 2K -
2 z": PP,
Cjk i = n
2 Pil(ny = 1)/(r = 1)1 + 3 Pyl (my = 1)/(N, = 1)]

S Py PSP IR,k 25 § ARV S0, n, 2 b BRAE | B ORCRE  ny ) 1)
FTE | BRE EWBE, N, N AR j ORI kR S EEE Z

H A E AR Levins' ™ A S EBIEH

Lij = Biipih 'PjhﬁLﬁ = Bjipih 'Pjh

R Ly i XU B G TE R P, B P, S MR EVEIRFFURY S h 3L L R L, B, o i @02k
BALTERE
1.3.3 MR

SR P SR 4R 5 BE 4 H I 28 AR B\ B HE R B 25 () Z3 AR 46 JRy , 433 R A Poisson 3 BUREL C 1A I3 7 i1 K
T840 David S552 B I ANAEFEARER 1 IR PPETR 8 1, A BT84 C, 5 Fh R AR BEHR BUER B /Al 2 ik B 5
HREHZ R

1

o T SITAR B R IR I R R 9225 A David A1 Moore'” #2140 = —-In|

S%/%,
52/2)’
2,82k, 2, A B R RN B T 2 RIIB, B lw ] >2.5 /n— 1, W3 5% /K TN MW B2E AR, F Arbous
Fil Kerrich '™ $8 ! g BE IR B2 7500 2 A 2—k o, TR AR EE R RERRE, R k=2/(S -7),

SHIE v N A HEET 2k B x5 518
2 HRESW
2.1 AIRIE AR Al H 2 I8 Mk B R 22 57

e B -H FFRK-E B B AR B R B S50 TR 1 FR 2, REREF B Pk 4 3
Ve LRk B AP REECR A R, B - E B S Bl R BV B M ZE R A B (1= 1. 4628 ,1 <1y45,df =20) ,
TRk -2 2225 AL ARk TV R R TR (¢ = 2. 4564 ,1 > 1, 05) , I Z 18] 22 5 .35 5 A [ 7 300 B0 B L, R
MEWFHFAEBFER B ES, K-LFZHM LR R MR BENR THEREZ(1=7.9063,df =20 i,
t>10) (R1.E2),

MR 3 TR I, AISRABOEREMN , K-LENREBEIR L, ME-EENRBEEYR L, BEH-E
ZE 2R AR L Ry T P R TR () /N R R R O L\ BRI Wk L = SR BB ik B BLUR AN/ N R R R 2 [A)
TR 5, HoeE KK M0, 7752 .2. 3318 .0. 7161 ,0. 8288 .3. 1645 F10. 9031 ,df =20HF 1,5 =2. 09,
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F1 H-EFHWMEMRDEHEFMEREXZBESNS(K/100 #)
Table 1 Dynamics of the amounts of B. tabaci population and its natural enemies in pepper and tomato fields in spring-summer season ( unit/
100 plants)

YyFl

b
=

. 4.30 5.7 5.14 5.21 5.28 6.4 6.11 6.18 6.25 7.2 7.10 Nb
Species Type

X, A 60 38 38 25 8 7 12 12 7 4 0 0.54160
B 0 0 0 0 0 0 3 1 0 0 0

X, A 4 7 16 14 25 6 15 47 44 32 24 0. 6660
B 0 1 0 2 0 15 29 43 39 29 0

X3 A 1 0 1 0 2 0 1 0 1 8 2 0.3947
B 0 0 0 0 0 12 15 14 12 19

X, A 1 2 44 55 93 194 143 91 162 157 166 0.6749
B 0 0 0 0 3 57 60 169 220 238 0

X A 54 1 4 7 23 11 34 18 9 15 8 0.5176
B 0 0 0 0 0 8 2 0 0 0

X A 0 4 0 0 0 4 0 5 12 26 5 0.4953
B 0 0 0 0 1 2 6 1 6 12 0

X; A 0 1 3 9 19 54 64 45 79 102 63 0. 6002
B 0 0 0 0 0 1 5 8 3 15 0

Xg A 0 8 22 24 0 0 1 54 30 1 0 0.4943
B 0 0 0 0 0 0 0 0 0 0 0

Xy A 0 0 5 2 1 0 19 6 29 24 36 0.5343
B 0 0 0 0 0 1 11 4 21 27 0

X0 A 0 0 0 0 0 0 0 0 0 0 0
B 0 0 0 0 0 0 0 1 0 2 0

Y, A 0 26 12 86 384 452 1411 1105 841 1263 173 0.5117
B 0 0 59 381 326 933 2885 2925 1575 1775 0

Y, A 60 38 44 55 93 194 143 91 162 157 166
B 0 1 0 2 3 57 60 169 220 238 0

X, ROIH H. axyridis; X, R [a)/NBk E. graminicola; X;4E 41 Tetragnatha maxillosa; X, )\BEERIE K Therdion octomaculatum ; Xsf,8050
i P. japonica; Xq =2 1L ik Misumenops tricuspidatus; X, k% $L9k Clubionidae japonicola; Xgq K ¥ W% Chrysopa septempunctata; Xo /NAEWE Orius
minutus ; X,o#EBkIk Sitticus clarator; Y, MUMIE B. babaci; Y, PHAE {3 Fh KL Superior natural enemies. A BH{H B i FH Nb 4= 507 5 A Pepper
field B Tomato field Nb Time niche breadth; T[] the same below

R2 B-ZFHMMEMNDEREFEREXZBESNS(K/100 #)
Table 2 Dynamics of the amounts of B. tabaci population and its natural enemies in pepper and tomato fields in autumn-winter season (unit/100

plants)
%ﬁ‘ R 8.30 9.6 9.13 9.20 9.27 10.4 10.11 10.18 10.25 11.1 11.8
Species Type
X, A 0 0 4 5 1 0 2 0 0 0 0
B 0 0 0 0 0 0 0 0 0 0 0
X, A 0 0 0 0 0 0 0 0 0 0 0
B 0 0 0 1 0 0 0 0 0 0 0
X, A 0 2 2 0 0 2 0 0 0 0 0
B 0 1 0 1 0 0 0 0 0 0 0
X; A 0 0 2 4 2 1 0 0 0 0 0
B 0 0 0 0 0 0 0 0 0 0 0
X6 A 0 0 3 0 0 1 0 0 0 0 0
B 0 0 2 3 0 0 0 0 0 0 0
Xg A 0 0 12 4 0 2 45 31 0 0 0
B 0 0 0 0 0 0 0 0 0 0 0
X, A 2 1 1 12 10 4 13 35 0 0 0
B 0 0 0 0 0 0 0 0 0 0 0
Xy A 0 0 0 0 0 0 0 0 0 0 0
B 0 0 1 0 0 0 0 0 0 0 0
Y, A 1587 3170 7035 5670 4525 3530 7240 5455 4160 6290 4370
B 1390 3266 7553 7949 7592 7035 27120 40455 36850 10740 14395
Y, A 2 2 12 12 10 4 45 35 0 0 0
B 0 1 2 3 0 0 0 0 0 0 0
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to.or =2. 85, ATt , MU il _b R 18] /D FRIR \BEBR MR K | = SR AE R IR /N6 15 5088 WA i 3 i o ) 22 5 A
B OB HER Y RSO bR SRR E R IR A R 225 B, X LM R B B B3
TN, AT AE R A L A B L2 Al E BB DR 2 — o

x3 HWMMEBEMZEAEBRRXBL ¢ E
Table 3 T values of B. babaci and its natural enemies between pepper and tomato fields

3 Type Y, X, X, X, X, Xs X6 X, X Xy
I 1.4628 3.1494** 0.7552 2.3318* 0.7161 3.1226** 0.8288 3.1645** 2.3745** 0.9031 df=20
I 2.4564* 1.9943 1. 0000 - 1.6058 2.0435 0.2169 - 1.8510 2.2327* t.05 =2.09
I 7.9063**3.1780**  4.7893** 2.1009*  4.8553**3.2325** 1.9825 3.6550** 0.5910 0.7799 to.01 =2.85

I F-HFHWAFMN 0 TR-LFHMMFNZ 0 TH-EFRK-LFHMZE; “ -7 PR O8ES R0 ] Comparision between
pepper and tomato field in spring-summer season; [I Comparision between pepper and tomato fields in autumn-winter season; I Comparision between

spring-summer and autumn-winter season in pepper field; ¢ -’ : Popution quantities are zero

2.2 F-EHEHHMBEHESHEXBEZEHEEXR

By DPS 341155t R BEE S5 M B R Z E SRR, BP ORI B R(Y,, X,) PR & 4 [F 3 AR 3
P REBE MR R(Y, X)) , 25 RFF 3R 4, 5108 BUECE QI B3 R B R BUK IR ks $ 5k (0. 8746) |
J\BEEKIE Wk (0. 8292) (L [E] /MR ik (0. 8186) /NIEHE (0. 8026 ) (f8U B (0. 7993 ) Fl =S AL HE WK (0. 7915)
STHAR AR S R BB B 6 TR B A O R B Uk A A\ BEER JE Wk (0. 9553) R Sk (0. 8912) | B ] /N BB itk
(0.8738) a4 E 41 (0.8307) /NEWE (0. 8300) Fl =28 fE A2 ik (0. 8034 ) ,

*4 Z-EFHMENRSIYZENXEKE

Table 4 correlation degree of B. babaci and its natural enemies in pepper fields in spring-summer season

X, X, X, X, X, X, X, X X,
Y, 0.6642 0.8186 0.7340 0.8292 0.7993 0.7915 0.8746 0.7071 0.8026
Y, 0.7453 0.8738 0.8180 0.9553 0.8307 0.8034 0.8912 0.7288 0.8300

2.3 H-HEHHUEK RBP4 207
2.3.1 EHESHEXEZ E R RESMTES

FE 1 H R B S L R A e I A A 5 B PR AR BRI T B R B R B R i 3R 2R B
AN IE] BB A A A A) , AR S L R 0. 5117 \BEERIE Wk . 18] /N B Wk ke i SLUR 5 A1) FH T ek ) %
BIFFRZE%R, BB s, £ BEE 7518 0. 6749 0. 6660 F10. 6002 , KB 3 F R EF B EETE
F B SR A 4], 3 B & A R E K, RS AR EURR B R TR SR

RS EHARERFHHEESLES

Table 5 Time niche overlaps of B. babaci and its natural enemies

S S, S; S, Ss S6 S Sg Sy Sio
M 0.2409 0. 8205 0. 6364 0.8213 0.6128 0.7020 0. 8983 0.5275 0. 6976
S, 0.3921 0.2174 0.2844 0.7157 0. 1637 0.2103 0.4271 0. 1736
S3 0. 5875 0. 8183 0.5511 0. 6959 0. 8390 0.7822 0.7616
S, 0.6121 0.4384 0. 8785 0. 7444 0. 0995 0. 6530
Ss 0. 5609 0.6772 0. 9468 0. 4424 0.8128
S 0.3040 0.5323 0.2988 0.4126
S, 0. 8367 0.3259 0.7023
Sg 0.4309 0. 8789
So 0.3541

Sio
Sy: MK I B. babaci; S,: FE A H. axyridis; Sy: R /N E. graminicola; S,: #EJE M WY T. maxillosa; Ss: \BEERIE Wk T.
octomaculatum ; Sg : A ZLEN B P. japonica; S, : =2 LMWk M. tricuspidatus; Sg: ¥ Sk C. japonicolay Sy : K¥HWE C. septempunctata; Sy :/NEWE

0. minutus; T [F] the same below
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HERY BV R SR |/ \ BEBR R Wk | B /N TRk = SR AEBER AN/ IN T8 i (8] AR 25 (0 BB 1S 5l KB/ MR g
0.8983.0.8213 0. 8205.0.7020 1 0. 6976 , R EMN K AN FBYI G , AP MR R . KERE Rk \BERR
R SR A B[] /) PR A P 2 [ A L B A B R , R P T TR R I B ) P [ 25, o AR A L b B R AT
GBI
2.3.2 MRy ESH R B[] s 18] AR S AR

B SRS AR TS ) A S AEAR I R B (R 6) , O 0. 9019, HY B[] /) JR itk (0. 8309 ) ( \BERR
JE#k (0. 8131) HI/NIERS (0.7073) , 3 BH 4 Kl A Az iof 18] AR A7 B8 A B 18] B[R] 2

®6 IHMERHERXE AR 8 & 2GR U b 5

Table 6 Time niche Proportional similarity of B. babaci and its natural enemies

Sl SZ S3 S4 SS S6 S7 Ss S9 SIO
S, 0. 2437 0. 8209 0. 6840 0. 8131 0. 6207 0.7022 0.9019 0. 5265 0.7073
S, 0. 3989 0.2348 0. 2862 0.7343 0. 1643 0.2139 0. 4285 0.1775
S, 0. 6138 0. 8328 0. 5640 0. 6717 0. 8524 0.7597 0. 7631
S, 0. 6335 0. 4720 0.9785 0. 7931 0. 1096 0.7192
S5 0. 5678 0. 6476 0.9516 0. 4256 0. 8042
Se 0. 3037 0. 5433 0. 2988 0. 4236
S; 0. 8269 0. 3366 0.7222
Sg 0. 4265 0. 8895
S, 0. 3620

2.4 A ESHR B [E AR R R R
N T AT AR B R BN 2 A i SR B LR AR AR 22 57 K AR UK LA KRR i B 6 A 25 B AN 7
H 2 HEREBEISBBI TR T, WA H AR BRI E SR PIRERE REM R, R B R ER R — R A%

®7 HEHBRSHIYHRERERY

Table 7 Aggregation intensity indices of B. tabaci and its natural enemies

|
]l;la;u; Si%:ts ! b Ca K ¢ twl x A Pistﬁﬁiigtiypes
06-25 S, 0.8979 1.1068 0.1068 9.3635 1.8979 - 8.41 3.7454 A
S, -0.0600 0.1429  -0.8571 -1.1667 0. 9400 0.3513 0.07 0.0416 B
S; -0.0211 0.9520  -0.0480 -20.8333 0.9789 0.3310 0.44 0.3098 B
M 0. 0000 1..0000 0. 0000 - 1.0000 0.3204 0.01 - B
Ss 8.8489 6.4623 5.4623 0.1831 9.8489 0.8233 1.62 2.0128 A
Se -0.0811 0.0988 -0.9012  -1.1096 0.9189 0.3627 0.09 0.0564 B
S; 0. 0575 1.4792 0.4792 0.8681 1.0575 0.2924 0.12 0.096 A
Sg 0.4141 1.5241 0.5241 1.9000 1.4141 0.1471 0.79 0.6979 A
S 5.5657 19.5522 18.5522 0.0539 6.5657 0. 6206 0.30 1.2662 A
Sio 0.3441 2.1867 1.1867 0.8427 1.3441 0.1725 0.29 0.2385 A
07-02 S, 0.7637 1. 0605 0. 0605 16.5289 1.7637 - 12.63 11.1829 A
S, -0.0300 0.2500  -0.7500  -1.3333 0.9700 0.2989 0.04 0.0355 B
S, 0. 0656 1.2051 0.2051 4.8756 1.0656 0.2519 0.32 0.3065 A
S, -0.0712 0.1094  -0.8906 -1.1228 0.9288 0.3206 0.08 0.0493 B
Ss -0.0317 0.9798 -0.0202 -49.5047 0.9683 0.2998 1.57 0.4652 B
S 0.5320 4.5467 3.5467 0.2800 1.5320 0.0704 0.15 0.3713 A
S, -0.0973 0.6257 -0.3743 -2.6716 0.9027 0.3349 0.26 0.2117 B
Sg 0.3464 1.3396 0.3396 2.9446 1.3464 0. 1350 1.02 0.9266 A
Sg 0. 0000 1..0000 0. 0000 - 1.0000 0.3837 0.01 - B
S0 -0.1483 0.3819  -0.6181 -1.6179 0.8517 0.3640 0.24 0.1755 B

A BEE/M i Aggregated distribution ; B #1434 Random distribution
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SRR —YGEAUBERUAR R , R B 5 SR AR R LA R o | EEER, SRAG Y L | 29/NTF 24. 87 , R BTERY &5 L
FREREE A1 () RG2S ) RAEFRE 22 R AN B35 . Blachith' ™™ 3 32 H FARREESRAEI9BO A 1 R/NFT K 743 AT SR 42
BRI, A /T 25X R SRR TP ERSE A RN T AN 2T Sl BT A , A KT 2 siE 2, R UK SR 4R
el B R ESREREM—FHERTE. 6 H25 BT A2 B ERMERESL A EHRT 2, R0H
RERMHE A FIFEEILHI. 6 A 25 HABERRIEIRE A HERAT 2, RAHRERALFEFFHER . WHE
Ry R\ BESRIE R AT & AR R BE RIS, A B, 6 A 25 B \BESRIRUR AR EE B BE N 1. 62 Sk/%k, A fH N
2.0128,7 A 2 H\BEBRIESRAOFPREEEE D 0. 15 SK/8k, A fHN 0.3713, THARREM A EHE/NTF 2, RHAH
RERM THERAR (AFEERERT) E—HTFIIERN.
3 Fit5ifit

(1) BB M A B S H R BORP A 2 18] B 56 R K (B R GE Ak AR S L A ik A SR 8 5 B 7 A ik it AT
ST, B Ja R ERCR e AR 1) 25 (60 A% R 3 T TS HE R , BRORUEE JEAS B A EZE R OB Sk L /\ BBk
JEIR FLIE] /N R R AN TR o

(2) XEBH_E A AL _E AR B H R BR8] B 22 5 64T ¢ A0, W ZRBOR H 22 (] B /NAE BB A1, R
AMKBREZFYBE  K-LFRMBAE R BE 2, BRI R > F-R %0 B
Z M KRR 2 5 A B, K -4 B R i P 2 ) A 22 el S, i A EBSR fB E  T R
.

FREORGREF ORI E T X EEW T, RS SRR A E AR KA X", F
S FIR €8 R GE AT 7 0 25 VMG SR 4T 0 i R A A5 3T 4 Jr VP R PR s ™~ B3 B EEAR
TAEHESE IR, W REBIR G BER AR, B E ROEHIER, R BARE e B R R RIE S E R
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