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Spatial distribution pattern of Tuta absoluta ( Meyrick)
( Lepidoptera: Gelechiidae) eggs in tomato canopy

WEI Yuhong, ZHOU Zhaoxu, LIU Yueying, LUO Jincang"

Institute of Plant Protection, Gansu Academy of Agricultural Sciences, Lanzhow, Gansu 730070, China

Abstract; [ Aim] To clarify the spatial pattern and sampling technology of Tuta absoluta eggs in the canopy of tomato plants, there-
by providing a basis for the early monitoring and control of this pest. [ Method] The potted tomato plants (each with 9 compound
leaves) in the vegetative growth stage were placed in indoor insect-rearing cages (one plant per cage) , and 5-15 pairs of 3-day-old
moths were released into each cage. After 3 days, the number of eggs in different parts of the plant canopy was investigated and re-
corded. The spatial distribution characteristics of eggs in plant canopy were analyzed based on the proportion of eggs, aggregation in-
dex, Iwao’s regression method, and Taylor’s power law. The relative variance (RV) and the determination coefficient (R*) were
calculated to determine the optimal sampling method. [ Result] In the canopy, most eggs were on leaves, accounting for 78.0%
(54.3% on the adaxial surface and 23.7% on the abaxial surface) of eggs on the whole plant, which was significantly higher than
that on petioles (9.1%) , stems (6.8%) , and apexes (6.1% ). The number of eggs on the adaxial surface was significantly higher
than that on the abaxial surface, and there was no significant difference in the number of eggs among petioles, stems, and apexes.
Regarding the vertical distribution of eggs in the canopy, the number of eggs in the middle part (49.7% ) was the highest, which
was significantly higher than that in the upper part (29.8%) and lower part (20.5% ). The number of eggs on the middle leaves was
the highest (48.4% ), which was significantly higher than that on the lower leaves (19.2%) and had no significant difference from
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that on the upper leaves (32.4% ). There was no significant difference in the number of eggs hetween upper and lower leaves, or be-
tween petioles, stems, and apexes. In terms of the horizontal distribution of eggs on canopy leaves, the number of eggs in the outer
layer (46.2%) was significantly higher than that in the middle layer (31.0%) and the inner layer (22.8% ). The results of the ag-
gregation index, Iwao's regression method (m* =-0.125 5+3.558 3m, r=0.903 6, p<0.01), and Taylor's power law (1gS*=
0.488 7+1.344 2lgm, r=0.950 3, p<0.01) all showed that the eggs presented aggregated distribution in the canopy of plants, with
repelling between individuals. The reason of the aggregated distribution was positively correlated with density (m) (A =-0.187 6+
4.439 Sm, r=0.946 8, p<0.01). Among several sampling methods, randomly selecting 2—5 leaves from the upper, middle, and
lower parts of the plant canopy can be used for field sampling. This method showed the relative variance (RV) (28.9%-29.7% )
close to that of whole sampling (30.9% ) and the R* of 0.864-0.924, being suitable for field sampling. [ Conclusion] In the tomato
canopy, the eggs of T. absoluta demonstrate aggregated distribution, and the number of eggs on leaves is significantly higher than
that on petioles, stems, and apexes. The number of eggs is higher in the middle part than in the upper and lower parts of plants, and

higher in the outer layer than in the middle and inner layers of the canopy. The suitable sampling method is randomly selecting more

than 2 leaves from each of the upper, middle, and lower parts.
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A Tuta absoluta ( Meyrick ) J& 5 H
Lepidoptera # B} Gelechiidae , 427 4F & [ B & #L
E KRR AR E R, ZIRT 1917 AELERE P
PRI 20 4l 60 AFARY BRI RS, I AR
e € M F i Solanum lycopersicum L. I 5 HL B K
P E 22 — (Biondi et al.,2018; Desneux et al.,
2010) , H 2006 475 P4 PE A 745 ) 55 4 90k B
LUK (Urbaneja et al., 2007 ) , 20 1 i i 110 5 78 KK
PH AT HE R I Hb X 38L& JE ( Desneux et al.,2010) ,
FEHRE AR AR AN YN | A 42 3R i 7l 1Y 3
Z R (Biondi et al.,2018; Pandey et al.,2023)
2017 4530 FE 7E RS AL 0 X 1 R B (RSN 4R
2019) , ZM O BUERE E 22 M (T AR A
BETT) R A T AR A AR AR 95.7% (ZEVF
4% .2025) .,

Fon v it gk LA gl R R 4l OBEAR S TR
B s RS2 AE AL (Desneux et al.,2010) , G FE
RS, i 22 A8 Bk 56 2 1Y JRE B 4 T (o ke 2F 55,
2018; Biondi et al.,2018) , % HL— H 3 A 0 FEH AL
o3 T I PRI R A A0 4 o 2 g e Ay
() B XS DR AR 4 I B IG . it — e
ST T 2 50 v - 0% B 7E A AR 7 )2 ((Galdino et al.
2015; Leite et al., 1995; Shiberu & Getu, 2017;
Torres et al.,2001) FIFE#E E] (BT K - A yT 4%,
2021; EiFfESE 2024 ; Gonring et al.,2020; Martins
et al.,2018) W2 A1) AR AL , S 7 i 98 P 0 390 1
NP 7 SN ZE G By P R s ) ) S B PSR

e A1 A T 30 VS P 0 ) W AT R Dy T A
BIVEY) (BKAEZRSE 20225 Tdriss et al.,2020) . i

L H PRI /N (i g, AR T 24 500 0
o2 T A v R B VG B OB 1, PRk, AR S
BRI B AAEAR , BIFSE T 50 Vs i ik B9 AE
FEAR S )22 1 25 () 3 AR AR, DA A 2 S 0 T R B
BRI

1 #RE5FE

1.1 k&

PECFR o A o B LR gh A A T
B (F 20 em, EHAE 20 em) 11, 5% Faria et al.
(2008) J5 ik , i LS AT (4 1 1) BIR
B, B R R TR E P A,
TR T EFRAERK BB, A2 B W2 50 d, bR & 29 55
~60 cm, 1 9 NEM  HAEMAERA 5~13 A A
S
1.2 ik RiE

AR B B S 08 Galdino et al. (2015) FIJ7%, A
AR AR AR R B, U S 25 °C
ST 12 h AXHREEZ) 55% , W4T ACE T
FEHZPH (70 emx70 emx70 cm) H
1.3 A%

U bR TR BB D (1K) , R
JBCS ~15 X v I R (29 3 H i) ,3 d 54t
TR PRAEAR ™ DR gc . MRERR V0 T 46, 9% &2
ZE2H BN E MR E g A
YK 5 T A N T A0S 23 ] R A A s T2
RS [RI7 25 A A e (IR T ) B AR
KRR Hie PR O AEAR AR b A9 20 A0 07 B 2 1 Hh AR AR A
A4 BR 14345 1K ( Faria et al.,2008) .
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(S?) , R S8 bRk AT 50 M (Twao 1119
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2021; T 4K, 1994; TS 2024; ik i,
1987 ) 1 5 7 i vk Il O A 3 ok ML e e )22 114 28 [
A e
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B]c,) BYSEE (m " /m) M I A S 80(K)
GRERIRER , TR A AR 1,
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Table 1 Calculation formula and criterion of aggregation index

FI5FRUE Criterion of discrimination

RERIRIR AR B i Bt AW FEMLA> A
Aggregation index Computing formula Aggregation Uniform Random
distribution distribution distribution

VEFEE(T) Clumping index 1=(S*/m)-1 1>0 1<0 1=0
I B E(K) Negative binomial distribution index — K=m?2/(S%*~-m) 0=<K<8 K<0 K>8
ABFHEEL(C,) Kuno index C,=1/K C,>0 C,<0 Cc,=0
RYFEE(m ™ /C,ym) Patchiness index m*/m m* /m>1 m* /mel m m=1
SEEEFE (m* ) Meancrowding m* =m+(S*/m)-1 / / /

(2) Iwao FIH T :m ™ =a+Bm, 1EF- I
BE(m™ ) TR (m) WEER R, 0 HE
BT BIFEAS I3, B O HEAS I 3 1 25 [8] 3 A B
M a=0 W, A B FEA L S A AN Y a>0
I ASRIRIRHELIR G|, 70 A1 B JEAS I3 D A A 5 24
a<O B AMRBEFT AT . 24 B<1 I, A3 517301 ;
M p=1 Wt NEEHL ;3 B>1 B, R

(3) Taylor FE#: M. 1gS* =1ga +blgm, 4 lga>0
H o>1, FE IR A S A, SR 2% BE M 5 1ga>0
H b=1, il 2 R, (B I0 3 BEAR BN 5 190 <0
H o<1, PRS2 5] 0 A, 62 3 B 30 A
¥ey,

(4) BRENZR T, RIEREL(N) TR
HAEIRERHF . A =mr/ (2K) ,m FFH % B
K A Z T A S8, r 9 A R 2K X o fEL
<2 i, BB A SR th PR AE S R 24 N
=2 I, B IRAR A9 JEL Ay B HR A B Y ) PR R PR
WER T RSP Z—5]E,

1.43 A7 A8 B MRISEEREEA Y R AR
AR, SRR B P RS RE LR 12
3.4.5 DR RAEAERRA b b AL 4 BE AL
12,3 4.5 A0 GETHBORE A 19 2 3

JE(m+SE, UMt R A AL ) o (5 IR BE (ARG
7 7% relative variance, RV) FUREVEARHE(R?) PEHY
Lty
MY BE A XS 7 22 (RV) /NT 25% I, 3%
TNIZIURE 7 3RS i Ak B AR IR . A
ZZ(RV) BTN RV =100x (SE/m) , X,
RV =AHIX1J5 25 (%) ,SE =345 FE (AR fE IR 22, m =
SHREAHYF- X945 B (m) 5 B R O 22 () 2
WA E R B0 R ) 5 3% 1IEAH 96 (P<0.05) A,
FORIZIHRE T IS G T REE
2 HRESW
2.1 EAnE I EE RS RS ST
2.1.1 AMMKRTRESAAY »F JHELREEN
(1), Z i gk B A 25 A AR AS [R) R A7 L iy 43
AR 2 5 3 (F, 55 =29.57,p<0.001) , LA B 1E
T BR  (54.3% ) e 22, .35 = T 1 (23.7% ) |
T2E(6.1%) 4R (9.1% ) FIZ5FF (6.8% ) LA BRI &
(p<0.001) ; FLYR Jy w55 1f7 5 T0 28 ZEAF FHAR 1 1Y
B A H 22 AR B 25 (p>0.05)
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Fig.1 The proportion of 7. absoluta eggs
in different position of tomato plant
P B S T B E AR R AN NS FRERR
1E P<0.05 /K225 8 % ( Duncan [T EWELE) .
The data in the figure are means+SE. Different lowercase letters

indicate significant differences at 0.05 level (Duncan’s).

212 AEMKEEWNEE > HRE 2 WAL FE
TR P e B R e 2 ) 2 B3 A 25 R T (F
=10.21,p<0.001) , A1 v i ik P LA vp &8 43 A 19 4
BREZ, 5 eWINEn 49.7%, B EHT L (&
29.8%;t=2.23, df =15, p=0.042) Fl F % ( &
20.5%;t=4.06, df=15, p=0.001) [ Up &, L &BAI
T 2ZES AR FE (1=0.16, df=15, p=0.264) ,
ZEFFFNAR L (% OF S AR AR AR L R RN A
oA 25 AR 3 (Z5FF . F, 5, =0.11, p=0.897; 0}
Wi:F,,,=0.61, p=0.551), M H EAYON R 255
F(Fb=7.66, p=0.001), LI op & fix £
(48.4%) , W3 = T PRI (19.2%,1=4.01, df=
15, p=0.001) , 115 L #BON & (32.4%) 25 AN 0 3%
(1=1.45, df=15, p=0.168) ; L #F oI & 5 T #op &
ERABE(1=1.51, df=15, p=0.151) (E 2),
213 WEMEKDESF WA F2H HES3
AT, T A0 i i B AE AR AR e 2 i R K A
SR (F,,,=10.74, p<0.001) , LASLE 53 1)
GUIE (46.2% ) %, W& = T N2 (22.8%,1=3.83,
df=14, p=0.002) F1H)Z (5 31.0%,:=2.18,df =
14, p=0.047) ; NE ST EMINEER AR E (1=
1.45, df=14, p=0.170),
2.2 EBmMEMHHINEEKEENSEIEE
221 REEMHFMELER WESERER(F
2) FEPAR 16 NHEA T NAEFEEL (1) FI A B 45
BCHBIRT 0 BISEE (m " /m) KT 1 512

WA SE(K) KT 0 /NT 8, 32 B 7 A 1k i ik B
FERE MRS 2 v SR ERAE T

2.2.2 Iwao B m" —m B A A7 XEPHBEE
(m™ ) GBI (m) SATLRAEDE 158 W H J7
Fm* =-0.125 5+3.558 3m (r=0.903 6,p<0.01),
HBH a=-0.125 5<0.8=3.558 3>1, %W & i &
I BT CEAPLRR 8 2 0 40 A A Sy 52 SR AR A0 AT, AN
) AR B HE PR
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Fig.2 Vertical distribution of 7. absoluta eggs
on tomato plant canopy
Bl R E bR R, ARG FREROR
TE P<0.05 /K22 53 .35 ( Duncan [WHI W 2ETE) o
The data in the figure are means=SE. Different lowercase letters

indicate significant differences at 0.05 level (Duncan's).
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Fig.3 Horizontal distribution of T. absoluta eggs
on tomato plantcanopy leaves
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The data in the figure are means+SE. Different lowercase letters
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2.2.3  Taylor B &N X Taylor & FR 1gS” =lga+
blgm $045 A5 T7 2 (S7) S BIBBE (m) 19 I35
T 1gS* = 0.488 7+1.344 2lgm (r=0.950 3,p<
0.01), H:Z% 190 =0.488 7>0 .b=1.344 2>1, %]
T it v e O A AT e J2 1 0 A A SR A — )
YRR B AR R B R () BG RE n

224 REHZ 240 W3R 2 a] 0, F v i ik o
TERE PR 2 M R b 5 SR A A (9 S IR R B 1 )
PRSI SRR A, TEHA R 16 e,
A9 MR REE(A) >2, Horh 7 DREA YK
BISEEEAE 0.70 ~3.02 KL - M1 2 NREAR Y2 %

JE43 1 0.29 F10.57 Ki - M1 A7 7 MREARR R
P (A) <2, PR3 0.58 Hi - MH'UF, X —
GERRW R0 IR AR 5 A G, MR
RN SR (m) Z AT RERE 15
F|KEAK A=-0.187 6+4.439 5m (r=0.946 8, p<
0.01) , RIAWH Z R BFIEME, K rA=21A
TR AR A =2 BB m=0.49 K - M1 EPY
m<0.49%0 « MU R AR R IR R R SR Y
M m=0.49 ki - U LR R AT R SR R A
S 2] PR R 5 R s b 2 —5 i,

&2 EBEMEMEINEEMEREENHREERER
Table 2 Aggregation index of T. absoluta eggs in tomato plant canopy

i g g/ - SFRISEE AEFER YRR IESREL RTINS R

No. of Leaflet (i - if~') . Mean Kuno Patchiness Clumping Negative binomial Aggregation
Sample  number Density Variance crowding index index index distribution index mean
1 146 0.57 1.22 1.71 2.00 3.00 1.14 0.50 2.19
2 69 0.58 0.79 0.94 0.62 1.62 0.36 1.60 1.50
3 101 0.99 2.90 2.95 1.95 2.95 1.93 0.51 3.82
4 77 1.32 3.00 2.59 0.96 1.96 1.27 1.04 3.84
5 137 2.71 17.33 8.11 1.99 2.99 5.40 0.50 10.41
6 94 3.02 34.55 13.46 3.46 4.46 10.44 0.29 15.94
7 31 0.48 0.92 1.40 1.88 2.89 0.91 0.53 1.81
8 37 1.05 3.44 3.32 2.15 3.15 2.26 0.46 4.20
9 53 1.00 2.62 2.62 1.62 2.62 1.62 0.62 3.51
10 60 0.08 0.11 0.42 4.08 5.08 0.34 0.24 0.48
11 32 0.06 0.12 1.06 16.00 17.00 1.00 0.06 1.01
12 52 0.17 0.30 0.92 4.33 5.33 0.75 0.23 1.00
13 64 0.70 1.23 1.45 1.06 2.06 0.75 0.94 2.14
14 41 0.32 0.37 0.49 0.55 1.55 0.17 1.83 0.79
15 73 0.29 1.51 4.55 14.81 15.81 4.26 0.07 4.09
16 48 0.52 0.94 1.32 1.53 2.53 0.80 0.65 1.80

2.3 HHEAKEE

H 2 3 AT, BRTEAEAR B BEALIER 1 F1 2 0
2 Py A, HoAth JLRRBURE 7 =S AR /22 (RV) 3
15T 25% , W ] BEAZ EARREZR (CRERRIR] ) 1R 22 158
Wi, ASYRBIESE R, B 16 AR T A AEAS A BR 7 7
~430 ki - R, FFIBP A (98.27£30.39) i -
R M 20 30.92%, 5 ERREA (RV) FUAH
X7 ZEAR L, _EFR AT B ALIBORE LA R B rp R
[] B BBURE A J LA URE D7 XA AR X 5 22 (RV) 5 8 A
FEA B 0, JUH R 5 #H WA X 7 22 (RV) R
27.48% ~29.73% , 55 SRR A () A X T 22 T AR —
H, B 5 R 25% WA T S 8025 A K, Witk
MR 2% 1, b e I e ERORE 1 O 2 3

ToRHAE, JURRERE T FRHORE J7 A A X 7 22 (RV)
H 42.33% ~53.90% , 1t 15 T HURE SRR 9 3R 25 1R
PRFEA B AN 7 22, PSR AR

MARTAERRUE (R ) KT, LA bl LR
1) = A LR 7 i RE(R?) B8 T
B EASE, A R EMAL, fiem HA 0.735, I,
R EBBENLAS I 2.3 4 A1 50X 4 FpEORE D7 =LY
R* Y3k B0 B K- (P<0.05) , HAR{ETE 0.864 LA
I RIS BARREA A ST

LA TG RGO (FEXT 22 RV) FAR SR e br e
(R*) WHE LS R  Ferakk b b T 380750 51 45 B AL
FHEC 2 AN DL 5 i ERURE 5 =R T DA 2 i
R T2 2 i s Ik B 2 19 e A BURE O =X
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Table 3 Comparison of sampling methods for evaluating egg density of 7. absoluta in tomato plants

AT ke (1) R/ (R - ik AHXS Tr 2% i RAX
Sampling site Sampling quantity Density Relative variance/% Determination coefficient
3 Upper 1 1.67+0.36 21.66 0.249
2 1.13+£0.24 21.80 0.331
3 1.09+0.34 30.84 0.624 "
4 1.00+0.30 30.00 0.637"
5 1.11+0.30 26.95 0.735 ™"
HER Middle 1 1.07+0.33 31.21 0.125
2 1.37+0.44 32.44 0.657 **
3 1.49+0.54 36.06 0.550 "
4 1.05+£0.27 25.71 0.431
5 1.16+£0.46 39.29 0.586 "
TS Lower 1 1.87+0.97 51.97 0.501
2 1.23+0.66 53.90 0.255
3 0.91+0.38 42.33 0.537"
4 0.98+0.47 47.79 0.405
5 0.92+0.41 44.94 0.450
EHE 1 1.54+0.44 29.00 0.544 "
Upper, middle and 2 1.29+0.38 29.73 0.924**
lower, respectively 3 1.16+0.34 29.19 0.864 "
4 0.96+0.26 27.48 0.872 "
5 1.06+£0.31 28.89 0.922 "
*. P<0.05; ** . P<0.01.
3 it (2001) i3, 7E T 3 AR E I (ERT RISE BRI

XoF e 90 0 P e B g 0 Sy L B s o AR A
BEIRTT  BORE W A T 0] 25 5 e B 1 % B
IR S R A REAE . ASBIF 5T 2 B, 0 i i ik
GO 2o An Tk R b, JLORE Y 78% (M E TH
54.3% Mt T 23.7%) , 100 10 ZFE (6. 1%) | ZEFF
(6.8% ) FIIT 4% (9.1%) I 1Y 5P & 4 /0 H 2% 5 AN B
. XA RS T e A —F, Shi-
beru & Getu (2017) #if , F A v 0H gk op LAt 7 b
w25 95.77% (" IE TR 60.56% M1 35.21%) ,
ZEFF(0.85%) AE(1.41%) FIRSZ(1.97%) b Hy o0
K ; Desneux et al. (2010) ¥ 38 , 75 h 1 -k
Ml SETE T R B OR (5 73% ), FR A I KR B
ZE(H 21%) R (5%) Mgk (1%) F ) OP i
;s Faria et al. (2008) HfziE , 7 it v i ik P 42 22 7
TR b, oy EZE A KT, X R E
WY, B it e B 2 2 T A b X AR S H AR
VoA G, T i i ik 4y e 32 DA g
AL, 1.2 W4 ALk e 2 UK ELAS B RE
7% (Galdino e al.,2015) | BR7=Fif B A F TG
A R R AR S AR

TG R , A i v e DR AE AR AR L R 3
o AR L R ERARE, S
Torres et al. (2001) HL5RIEEA —F, Torres et al.

MR L F G ) AR LI EAE - b U 3 #5041
Bl ARWFF R, 725 F I F AR L, it B
b DB R PR 2, W TR TR A B
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