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Spatial distribution patterns and sampling techniques of tomato leafminer
Tuta absoluta larvae on tomatoes in greenhouses

Zhang Zhike" Nan Ziyao

(Institute of Plant Protection, Ningxia Academy of Agriculture and Forestry Sciences, Yinchuan 750002,

Ningxia Hui Autonomous Region, China)

Abstract: To provide a theoretical basis for the scientific prediction and precise control of tomato
leafminer Tuta absoluta, the population density of 7. absoluta was investigated using Z-shaped sam-
pling method in Xixia District, Yinchuan City, Ningxia Hui Autonomous Region, in 2022. Spatial distri-
bution patterns of 7. absoluta were analyzed using the ¥ test for spatial distribution fitness, aggregation
index, and Iwao regression analysis. A theoretical sampling model and a sequential sampling technology
model based on larval density control indicators were established in this study. The results showed that
the population density of 7. absoluta larvae on greenhouse tomato leaves in Xixia District ranged from
0 to four per leaf, with the highest frequencies being 0 and one per leaf. The frequency was negatively
correlated with insect population density. The spatial distribution pattern of 7. absoluta followed the
negative binomial distribution and Neyman pattern, as determined by y* fitting for spatial distribution
fitness, and exhibited an aggregation distribution according to the aggregation index test. Further analy-
sis with m"—m regression showed that individuals of 7. absoluta attracted each other, and the individual
components of distribution formed distinct groups. Establishing a theoretical optimal sampling number
model and a sequential sampling model can guide the prevention and control of 7 absoluta in the field.
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T 1 Tuta absoluta & 530 H 22 Bt , 25
FHY TSGR SR TR RARE R T
BE AR FERE BEACRH IR SERLAE 11 R 50 Z 80 (5K
B4, 2022a) o % ORI T R SEUIPE AR &, A
20 tHE22 50 4R 2 420 i i Jre by th SRk 2 ()
AA5,2023) . 2017 4F 8 F T vkt ik A 238 =B
SEAEE R FIA X ALG B 5 A 3R N CIREE SR 45,
2019),20184F 3 J1iZFH B e = B A Im v i i O
b A A SRy Bt 12 1 0l DA PG R ARG L ) AR ]
T T A S (BRI 45, 2019) , HETE 7EFRIE
SN IR YLPE TP P A s A 13 (X))
&M R (Zhang et al., 2020; Jif A5, 2021 5 5K 4
J845,2022b) o [ 2021 45T B B A iR X (FAR T
) W02 L LAk F 0 7 1 e 2 i s Ok )
% 80% LA b (HIARFEE, 2022) , P MR T 7 i
My B v B SR o e i gk B R L AR R R
54 (Sadique et al., 2022) , [R5 4 HUFBEASARGL )N, e
PIEUI , 25 5 B st B i e AR CRR I 6 46, 20195 5K
FEZFAE,2020) , I HIZ 3 U 478 2 i HL R 9 3 1Y)
i b O, R T AR AR (B K- A 7T
85,2021) . ARV RA O] S E A KB BB
Tl AT ARTER AL, 7™ E 5 0 2 5w 1) R (. ok Rl
85,2022) o PRI, 38 A 2 2 i - g P A R 0
A T TR - B 1 25 ) AT REAE B R AR X By
FEZFERAAEEE L,

F AR [ A8 AH ELAE FH RO A 35 25 1 B3 AN
A, B AR AN R 23 (8] 73 At o 23 (8] 2 A 29
FRAE— 38 A AE AT 23 R B A T 0 o2 R R
PR B2 m M2 — % A =X =2 A
G3AT E IR AT AR I A R IR R
BEAL ST A Y5 oA AR AL A3 A o R SRR 3 A
EAGEH R A BT Rt R B A E
T LA B A A 5 56 AR B S AR [ e 1) (3
kg, 1987 ; EBFE45, 2014 (A4, 2018) . NSk
8 FEARIHE RG22 1 7 vk ORBaE f R AL B
Fabrik ) SR Ge 22 i Hb Be T2 7 T e R R
530, HRTC e T —S8 R W 2s [ 24, 4o
A6 1 it 5 SR L B P AR A 5 Frankliniella occi-
dentalis W75 [0 3 A 456 2% 2 0 A AV 3003 4, )
TR, E A 7 B E R GGRIAFHE,
2018) ; H ¥ H i H B - H Diorhabda tarsalis % HL
B 23 [ o0 AR AF A 0 30050 A, L 23 T e A 75
WU o A AR 3505304, Yo SRR O3 A (BKRIG R
2005) ; [EVMHEY Vb v 4 W Chrysolina aeru-

ginosa %3 [B] 3 A A5 B 3505 A J& SR AR 43 A1 , 1>
P TRIAR 0 5 |, A % B AR Pk S AR A CIRIG B4
2007) ; T Kk H N Bk &E IR Conogethes punctiferalis %))
WSR3 A A7 G 00 3000, Ja TSR A (20
AB5E 2022) 3 A AOEIL Dasineura jujubifo-
lia %)) L (%723 [8) 43 AT S SR AL S0 AT 44T I A 1L 53R
ANARTAE E S | (Fa) 6 A ,2022) 5 7E HE A2 A I
v 5 B VA /N B Tomicus brevipilosus 5 FEHL 53 1
(RN, 2020) s 7EAR L v BE AV BEAR A AR =
BER 2 Batocera lineolata 1) RN 1Y) 2 8] 43 A A5 Y
53 R v AR BRI R R BRI, HAT B 1
23 [T (T IRAE, 2023 ) s ZEFL SR AT /NI
B Procontarinia fructiculi 4f] 5 B 404, RAE
JE SRR B AR L (BT 245 ,2021) 455 T H TG
TRV i Y 2% 8] 43 AT S AR A s

Syt — LW T O G v s
(8] 73 A7 BT SR BBCRH NE 1) B 28 15, AR 5% T 2022 4F
6 H b7 AR T P4 21X el kb RN 42 B A7 15 it 7
b I 1 R A T A, R AR e g
I iEA AT 23 (B 0 AR A, FE T Twao [ SRR 57
FCRRPS AR BOR P BRI | DU Ry 7 750 0 i i
FH TRDAR ERE I Ay FitE 25 B2 40 B B 2B 4 4 it
FB A

1 HR57FE

1.1 #F#

LAY - ot s o Bk —5 B K T
SCRBEAN Bl A VR AR
1.2 Ak
1.2.1 T Ri&kE A L&k eyia s

2022 4F 6 H 787 BAR I TP E X 7 £ % (106°
86'40" E, 38°39'21" N, ik 1 075.5 m) Fl %2 H i
(106°79'12" E, 38°32'15" N, ¥4k 1 069.0 m ) 5 it 7
TR B S I Y e T 7 o 51 B T v = =
12 KA T A, B KA R 600~700 m?,
ATKANVER LR, BIREMD 1~FE L 12, 20224F2 1
JE—3 AW R AR BB — 5 #REE N 35 em  ATHE N
45 cm, PR MRk R A 160~200 cm I, 45> 15 it KAl
K Z IR B 12 BT, P B o A B3R
v i H R, B H R x, Rk TR 2L
A6 it Ho b o R LA 2 Ao R, e SR
AN [R) H % R B AR, B SRR £, R Ex-
cel 2016 FIEW GE 1T #44 DPS 17.10 X 1 A %5 45 ik
T3
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122 Frdretk =0 oA A ey iE A F A T

R A VA A 5 R A RAT T i v e i o 1 4 1Y
TR 3 AT 2%, THE A A b 38 0t 0k P g ol 1 %85 B P
A m FREA Ty 25 57 AR P BRSO 53 A 8 23
BRSNS AT T I A (RS R
BOARTE AR A A L) TR A A I A
SRS oA B BRI AR, o I3 A = B A A
TARS A SR AL oA, HoAl Y 8 TR A . (il H]
DPS 17.10 4 X BRAS TR 5 SRR f AT 7 *a
B, A5 RS, S T A b 2 i - o 7 2 1)
A RTEL
1.2.3 &t sk 2 8 oA AL 04 RAE L AR ARie Ih

IR G, RN ESSIR T RIS E A
BPEE C, P TR B C M 0 5 A 8 bk K 55 R 4R
FEFe ot T Bt A i L et - w4y UG o3 A R
TEDEFF 8T . IWAEFRRR I=s¥/m—1 5 24 I<O i} R 5] 43
A, 5 =0 B REHL T, S 1 >0 B R E M. R

Q Q
YA R = (3, 1) / S A

xR A RE T RV EEANARZL, O R 888 Y
RUAEE<1 I 510040, YR PFR =1 I BEAIL
I3 YRR B B R E A . ABHHEEC=
(s*=m)/m’*; X5 C<O BRI 5345, Y C=0 By Fifi L
O3S CO B R AT . ¥ R C=s"/m; 4
C<1 W I E1 A5, 24 C=1 B ML, 24 C>1 B
FREES . I A e K=m’/ (s'=m) ;4 K<0
B R85 5340, 5 0<K<8 BSR40 A1, M KT
55 K RIARA 734
1.2.4 &t s 8 o A AL 04 &bk =) )2 0y A2 A0 B

SR Twao 48 H (14 m—m 8107153 B X5 2 it vk -
0% 1) 223 18] 3 A BU A T, B m'=octpm , b o R 53
AT YA B3 0 A3 AR BT, B R B3 ) 245 ) 43 A ]
Ko Y a<OBf, MARAEHEF , 2 a=0 B, 54 1)
FEAR AT R BRAAK 2 00 B0 A B9 R R
AMRRE R EA TR, Y p<1 B35 04, >4
=1 BENLIT AT, 21 f>1 I R AL 341
1.2.5 &0 # et ik 69 & o] 22 4 Fh AR 4

R 45 B e il AE R B, B Twao (1972) 19 48
OO ok # o B il B B BT AL, B N=

(at ”/”;j“’ " Dp S NI RS D SRR

25 N PRIE AT SEME SRR 959% S T I IEAS B 25 1A .
B 1.2.4 RS a (A BELACA, RIV AT A5 30 BHLE 4 A
B . FHZAIH A e iR 2E B anint

W AR AR
1.2.6 &k o s AR

K Iwao(1972) )7 ST B HE N 58, T =
nmget [n] (@ + Dmy + (B = D | 21 7,09 2t il
B b FRAE AN FRAE, m, A3k 31 28 55 B (R 1 A A 2%
B, n Ry HH ) RARAE R, 4 1.2.4 S o fEFD B{EAR
A LSRN AR AR SRR A Y, AT A
AN R85 150 L A ] A v 50Rn e, RIVE Y B
o MRYEP IR A H R e L KT Rl
) E PR T BB v s 7 A (T 23
BB MRNFFEERIA o H e i b 1 22
HOE)_ERRANTR BR 2 (8], 32 B IR 7 Ak 2 HhRE

2 BEREHMH

2.1 HEFEMHETESHEMNSEER]E

T X 12 AN b R A 0 2 v e 0 B 2R A 7
FEIRAGBNTR S3A 2 , I rb 28 50 v o Py oL 10 2%
R 0~4 S/, v e 28 B SR O R 1 Sk /i A AR TR A8
Z (R 1) T i ikt 171 %5 B (R
BIBORMFEAR T 22 (R 2 KB B 0A0 458 ARy
A B I AR (KR ) L 0 A (B A%
O O I () AR A IS
HFEEIK

25 P KB, 12 AN REHE 3543 A5 il BRI A Yk 5 5
T AL A 17 <0.0011 , 22 BH 35 75t v - ik ) 2% 1]
OIATATT G I3 A0 3 48 0 K, B 7 AR 3 FIAE 3
10, HATEE b IARA 5047 (1 BRIS TR 5 S0 AT K 1 4R
FAEH/NT 0.050, LB FEHL 1 R 2 KR 7 Kb 8
FIVREHIL 12 AP 4 A1 Y B A VK 5 S0 A Uk A0 HE =%
EYI/NF0.010, 26 B 008 I 1) 25 8] 3 A AT
TR 3 48 0 K, 12 R R 2 0 i A g AR
O3 B A I A 4 i R BRI 1 (4 B AR
5 SEATR (I RAE A KT 0.050 , B 3 in vk - ik
(28 M A A A 2 A g ARG I B — 30
O3 A B R SR TE AR A3 A0 5 48 0 K, B T AR b
3FREH 4, AL M 71— T50 43 A5 4 ZE 45 580 A 1 1
SRS SR RS Y KT 0.050, I
TivEs I 1) 28 8] 3 A AR T 3000 A (R A )
Moo i b, T E Uil L A i v ik 4l d
R IREEI G (R 3)
2.2 EfnEMHE E S HENREEERGIE

12 /N b P9 25 751 08 I i 4y HL A A AR R B8 R
T 0 RBHEHII KT 1.000 A BHEEII KT 0.9
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BUREII KT 1.000 50 I 50 A de AR KT 0,455
SEPEFRPR AT 5 AL AT I ZR SOk 5 7 B it

B I AR PR AR E /)N, U B R AR Ak,
PR 1 RE L 2 RE M 4 FIAE M 8 S H BE R A

o LT A U TR AT 12

K,EIRT1.000(5£4),

®1 TEREEMN LB RE RS HR

Table 1 Frequency distribution of Tuta absoluta on greenhouse tomatoes in Ningxia

FUsL 353 FEHb 1 Sample plot 1 FEH 2 Sample plot 2 £} 3 Sample plot 3 F£H 4 Sample plot 4
ey K S SR e
(head/lcaf) Measured  fx fx Measured  fx fx Measured  fx fx Measured  fx )oa
frequency f frequency f frequency f frequency f
0 50 0 0 1 2 3 41 0 0 42 0 0
1 12 12 12 14 14 14 21 21 21 18 18 18
2 6 12 24 4 8 16 6 12 24 7 14 28
3 4 12 36 4 12 36 4 12 36 4 12 36
4 - - - 1 4 16 - - - 1 4 16
o] FEHDL 5 Sample plot 5 £} 6 Sample plot 6 -} 7 Sample plot 7 F£Hb 8 Sample plot 8
ey K SR SR SR
(head/lcaf) Measured  fx fx Measured ‘ fx fx Measured o fx fx Measured  fx )oa
frequency f frequency f frequency f frequency f
0 50 0 0 47 0 0 53 0 0 56 0 0
1 14 14 14 18 18 18 12 12 12 10 10 10
2 6 12 24 4 8 16 5 10 20 3 6 12
3 2 6 18 3 9 27 2 6 18 2 6 18
4 - - - - - - - - - 1 4 16
EASE s ¥ 9 Sample plot 9 FEHb 10 Sample plot 10 FEih 11 Sample plot 11 #3412 Sample plot 12
oy K L L SR
(head/lcaf) Measured  fx = f¥° Measured  fx = f¥ Measured  fx = f¥ Measured  fx e
frequency f frequency f frequency f frequency f
0 50 0 0 53 0 0 51 0 0 56 0 0
1 15 15 15 13 13 13 15 15 15 10 10 10
2 5 10 20 5 10 20 4 8 16 4 8 16
3 2 6 18 1 3 9 2 6 18 2 6 18
F2 TEHIEESM EBEMETER OZENETHBRERTE
Table 2 Mean and variance of Tuta absoluta population density on greenhouse tomatoes in Ningxia
R, HAYIE AT 2% FEHb HAYIE AT 22
Sample plot Mean of sample ~ Variance of sample Sample plot Mean of sample  Variance of sample
1 0.500 0.761 7 0.389 0.551
2 0.528 0.873 8 0.361 0.657
3 0.625 0.745 9 0.431 0.559
4 0.667 0.930 10 0.361 0.459
5 0.444 0.588 11 0.403 0.526
6 0.486 0.620 12 0.333 0.507
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Table 3 Fitness test of the spatial distribution of Tuta absoluta on greenhouse tomatoes in Ningxia

1 T4 4ii Negative binomial distribution
58 ARV -
AN =

REIA T Neyman  BOGHAE , , el
Lo Neman e Mamum  SPORAME K Poisson - Binomial
FEH distribution distribution probability Zero frequency Moment distribution distribution
Se;)rlrzile method method method
BERAE BERME BEARAE BERME ERAE BERAE A
2o 4wy 2wy 7 iy 7 iy F abiy £ b
value value value value value value value
1 1.381 1.000 1.094 1.000 0.802 1.000 0.999 1.000 1.691 1.000 13.882 <0.001 48.960 <0.001
2 2149 0.143 2.085 0.149 2246 0.134 3.449 0.063 2.507 0.113 17.880 <0.001 71.127 <0.001
3 0.930 1.000 0.941 1.000 0.770 1.000 - - 0.828 1.000 3.371 0.066 20.118 <0.001
4  0.864 0353 0.770 0.380 0.882 0.348 4.953 0.026 0.998 0318 6455 0.040 28.747 <0.001
5 0.617 1.000 0.485 1.000 0.530 1.000 2.800 1.000 0.725 1.000 4.881 0.027 18.612 <0.001
6 1.045 1.000 1.108 1.000 0.874 1.000 4.249 1.000 0919 1.000 5355 0.021 26.073 <0.001
7 0518 1.000 0.361 1.000 0.405 1.000 1.502 1.000 0.678 1.000 7.486 0.006 27.378 <0.001
8 0471 0493 0.707 0.401 0.390 0.532 0.550 0.459 0.584 0.445 35.048 <0.001 229.635 <0.001
9 0.241 1.000 0.201 1.000 0.138 1.000 2.760 1.000 0.249 1.000 4.080 0.043 18.514 <0.001
10 0.615 1.000 0.502 1.000 0.629 1.000 2.976 1.000 0.717 1.000 3.265 0.071 10.767  0.001
11 0.289 1.000 0310 1.000 0.167 1.000 2.643 1.000 0.237 1.000 4.626 0.032 21.727 <0.001
12 0462 1.000 0.316 1.000 0.295 1.000 0.580 1.000 0.655 1.000 11.716 0.001 42.539 <0.001
x4 TEIEEEN LERBTEHTE S HREAOREERERMCE
Table 4 Aggregation index test of Tuta absoluta on greenhouse tomatoes in Ningxia
R TREMSE AR mwdem ey DRORE U UM
Sample lot  Crowding degree  Clumping index  Patchiness index Kuno index lffuspn Ne.:ga.nve.bmf)mlal
coefficient distribution index
1 1.021 0.521 2.042 1.042 1.521 0.959
2 1.181 0.653 2.237 1.237 1.653 0.808
3 0.817 0.192 1.306 0.306 1.192 3.263
4 1.061 0.394 1.592 0.592 1.394 1.691
5 0.768 0.324 1.729 0.729 1.324 1.372
6 0.761 0.274 1.565 0.565 1.274 1.771
7 0.806 0.417 2.071 1.071 1.417 0.934
8 1.179 0.818 3.266 2.266 1.818 0.441
9 0.728 0.297 1.690 0.690 1.297 1.450
10 0.633 0.272 1.753 0.753 1.272 1.328
11 0.708 0.305 1.757 0.757 1.305 1.321
12 0.855 0.521 2.564 1.564 1.521 0.640

2.3 HFmBITEE ESHEMNEERF ARG a3 A B U 7 B2 R mT =0.614+0.569m (R*=
FIHES P BT BE m' FOREAS IR m AT 26 0E 0.821) ., HMZRMERIA AT 0=0.614,5=0.569., o>
PRI 0] 9 434, 45 0 76 2 DX i 2 o L e n v ik 0, F B R vk ik kA AR (R AH B S|, 43 A B AR R
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TR RAREE >0, RUIT I O REE DA, R [R SR VFR2E T A v A R AR R (5

R A R — 2 5)c HFRvFiRZEA RN, SRRl i v i I
2.4 EfREITRAV RIS HhEE JEE R34 T Dol ) 5 254 28 Tt o o s FEE A R, iR

FRIG 0=0.614 FE 7 Fo i v gk [ (R BLS AR BEFE FCVFIR 22 AN i ok, 2 B HH [a) B Fh AL R
R B N=(1.614/m—0.431) /D%, F| FH M A8E 7 1538 5 R VFR 2 U Y R AR .
%5 RERIFZE THBIEHL B AR

Table 5 Sampling number of Tuta absoluta larvae under different allowable errors

FoVFR2E Tt s BE/ (S /i) Density of Tuta absoluta/(1arvae/leaf)
Allowable
error 0.1 0.2 0.3 0.4 0.5 0.7 0.8 0.9 1.0 1.5 2.0 2.5 3.0 3.5
0.1 6036 2935 1901 1385 1075 720 610 523 455 248 145 83 41 12
0.2 1509 734 475 346 269 180 152 131 114 62 36 21 10 3
0.3 671 326 211 154 119 80 68 58 51 28 16 9 5 1
2.5 HANE I HHh B AR R T ikl P STRRE R (3R 6) o 7E BRI HIAE A,

LA R T R B AR T, = RS B S8 O B R BN R B B S R i
nm 1 [n[1.614m, - 0431m; | HARHIR, 1550 %

&6 HAnEM A REF REER

Table 6 Sequential sampling of Tuta absoluta larvae

2T R (Sk/mT) PEA A F 8L No. of surveyed leaves
Economic threshold/
(larvae/leaf) 20 40 60 80 100 120 140 160 180 200 220 240 260 280
0.4  hFE FRR 15 25 36 45 55 64 74 8 92 101 110 119 128 137
Upper limit of sampling
AT BR 1 7 12 19 25 32 38 45 52 59 66 73 80 87
Lower limit of sampling
0.8 kLR 25 44 63 82 100 118 135 153 171 188 205 223 240 257
Upper limit of sampling
AR TR 7 20 33 46 60 74 89 103 118 132 147 161 176 191
Lower limit of sampling
1.2 dlkE ERR 34 62 89 116 142 169 195 220 246 272 297 323 348 374
Upper limit of sampling
T IR 14 34 55 76 98 119 141 164 186 208 231 253 276 298
Lower limit of sampling
1.6 ke LFR 43 79 114 149 184 218 252 286 320 354 387 421 454 488
Upper limit of sampling
AT BR 21 49 78 107 136 166 196 226 256 286 317 347 378 408
Lower limit of sampling
2.0  fhEELIR 51 95 139 182 224 266 308 350 392 434 476 517 559 600
Upper limit of sampling
AT IR 29 65 101 138 176 214 252 290 328 366 404 443 481 520

Lower limit of sampling

3 g B I AT ANARA AR, TATG R, ARSI
5 S FEE - o [ 585 e Ay =

Bk A AL QO BTSRRI Fk RO B
R R 5 1) 40 A T T A R, FBOK I A2 VT4 (2021) WFFE S5 2R W)
PR SRR, ARGl S MR AR 2 B AR IR B T s ) A B T AR 2L 9
R 6 5 B, VR M P 2 TS I P s (D AR A AN BROIANIRTIELEE ™ T - ) 0 A 2 T A0 A Bl
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A fE 23 A [A] (Mohamed et al., 2022) , & — 2 a] LAX}
T 22 55 K W AN [R) 48 1) 2 on Vs - i =35 i) 43 A1 28U i
T4

AHIF ST I 2ok A FE AR AR A e R I 12 SRR A
ARV e &)y U AR HE B KT 0 R LR 5y
KT 1.000 AFFHREEB KT 0V HAELH KT
1.000 . 11 I A Fabn I K T 0, & R R IR 7T
AR LR BRI e T B i v
M-k 4y WU TR AR A, HLAS R MBI 1 355 A 4
PRI, BT HRE K, 5 8P Aedes al-
bopictus WL (VFIESE,2021) | BT vk (£ /N
25,2018 ) Fll =M BEVEME Liriomyza trifolii (H WV SCAE,
2016) 55 125 (8] 4347 RURFARL, 22 I 26 a5 v - 17
> MR e A e B A ARARL , 2 h T k1 LA
TREAR S AT DUE Sk 2 R BIR RmG . AF5E
I m —m (A1 5T 2B, 200 0 A (AR [ A B
g1, A AR R IMAEE , 23 ) oA [ Xk SR 4R
O3 X ST A A A T LA B e i
WA= B BUCE AR AR TG S MRS VARG, AT R T T
I TN | AR B B B AR SR R AR A

ARG T B AR T V5 2 X Bt & A o i
T o0 0 I 0k 114 23 [ 43 A RV PRI ST, HL I RS 3 0 7%
R g L B S i i P2 1 S N [ K W 7 o
SIS T [a) A5 RN 50t P A8 R i 0 o
(1423 (] 53 A7 B AR TR A AR, X515 2] iy A5
AT IR e AL, DA B 38 5 5 b %) 3 50 -
FEVRAT LA, DT B 4 45 5 F i vk 0 1) 7 42 T
Y BTSN T B A At b 9 e o e e o
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