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Spatial distribution patterns of Tuta absoluta eggs and larvaein
greenhouses and open fields and sampling techniques
for monitoring their abundance

WANG Hai-Xu™~ YUAN Ling DING Jia-Xin XUE Yu
LIU Si-Yuan GU Xin WANG Xin-Pu'

(School of Agriculture, Ningxia University, Yinchuan 750021, China)

Abstract [Aim] To determine the spatial distribution patterns of eggs and larvae of Tuta absoluta in greenhouses and open
fields, develop optimal theoretical, sequential, sampling models to improve the precision of monitoring, occurrence prediction,
prevention, and control measures for this pest. [Methods] Surveys were conducted in 2023 in tomato growing areas in
Yinchuan and Shizuishan, Ningxia. The interlaced and five-point sampling methods were used to assess the density of T.
absoluta. Data analysis was performed using an aggregation index and the Iwao regression model, leading to the establishment
of theoretical sampling models and sequential sampling models. [Results] Based on the diffusion coefficient, the negative
binomial distribution K index, diffusion index, clumping index, and mean crowding of the eggs and larvae in both greenhouse
and open field conditions, our findings demonstrate an aggregation distribution pattern. Specifically, we observed a mean
aggregation number (1) greater than 2 in the greenhouse environment while 1 was less than 2 in the open field. Linear
regression equations were derived as m" = 4.01 + 0.46m and m” = 2.11 + 0.93m for eggs and larvae in the greenhouse
respectively; whereas for open field samples, the equations were m" = 2.00 + 2.75m and m" =7.38 + 0.48m for eggs and larvae

respectively. [Conclusion] The results revealed that the eggs and larvae of 7. absoluta had an aggregated distribution in both
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greenhouses and open fields. For an egg density of 2 eggs per leaf in open fields or greenhouses, we recommend sampling 310

or 190 specimens, respectively, whereas for a larval density of two per leaf, we recommend sampling 350 or 140 specimens,

respectively.

Key words Tuta absoluta; spatial distribution pattern; aggregation distribution; sampling technique
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Tablel Determination index of spatial distribution pattern of Tuta absoluta eggsin greenhouses and open fields

i) i} ‘ ]
g PHEEC ik PO R g Tt
ﬂ'ﬂ)ﬁ * 7‘7% S2 C Negative Ef m* */f\‘ I 1:7}\‘ m*/m .
. Mean . o s . . . Population
Locations number Variance Diffusion  binomial  Average Cluster C, Agglomeration i
coefficient distribution crowding index index index aggregation
mean
value
# 1 Greenhouse 1 1.10 2.92 2.65 0.37 30.30 2920 1.50 27.55 2.67
# 2 Greenhouse 2 3.70 5.80 1.57 3.10 5.85 2.15  0.15 1.58 5.07
# 3 Greenhouse 3 3.05 4.31 1.41 5.86 5.15 2.10 0.14 1.69 2.22
# 4 Greenhouse 4 1.90 2.71 1.43 5.50 491 3.01 023 2.59 3.84
B 5 Greenhouse 5 2.30 3.69 1.60 2.74 5.14 2.84 0.26 2.23 0.80
M 1 Open field 1 0.10 0.32 3.16 0.21 - 0.26 -036 21.62 - 2.60 1.11
FEH 2 Open field2  0.90 1.91 2.12 0.79 -1822  -19.12 1.25 - 20.24 0.48
& 3 Open field 3 1.50 2.12 1.41 5.85 5.74 424 0.28 3.83 0.40
F&H 4 Open field 4 1.10 1.52 1.39 6.86 16.34 1524  0.35 14.85 0.48
& H 5 Open field 5 3.30 4.83 1.46 4.65 5.40 2.10 0.14 1.64 0.40

R 2 BIREMEY REXHIR BN A E = E 56BN E R R

Table2 Determination index of spatial distribution pattern of Tuta absoluta larvae in greenhouses and open fields

7 T4y ; 1
- FHEN ik TEUE MRS G mpgm TR
i‘lﬂ 5 :F‘iéjﬁ ﬁ% SZ . * — . * 73#& )v
A C Negatlve BE'F m )F/—]_\‘ 1 */j‘ m/m .
Locations Mean Variance Diffusion i i Aggl ti Population
number ! binomial  Average Cluster Ca gglomeration aggregation
coefficient distribution crowding index index index
mean
value
B 1 Greenhouse 1 4.75 6.61 1.39 6.52 6.51 1.76 0.08 1.37 0.61
Bl 2 Greenhouse 2 5.85 8.04 1.38 7.14 7.51 1.66 0.06 1.28 2.22
B 3 Greenhouse 3 9.20 12.58 1.36 7.41 10.73 1.53 0.04 1.17 1.18
B 4 Greenhouse 4 4.50 6.16 1.37 7.35 6.26 1.76 0.08 1.39 3.84
1 5 Greenhouse 5 3.30 4.55 1.38 6.97 5.28 1.98 0.12 1.60 2.42
FEH 1 Open field 1 1.10 1.60 1.45 4.84 17.05 15.95 0.41 15.50 0.40
FEH 2 Open field2  1.70 2.36 1.39 6.63 5.07 3.37 0.23 2.98 0.48
#&H 3 Open field3  1.10 1.66 1.51 3.86 17.73 16.63 0.47 16.12 0.48
&M 4 Open field4  0.80 1.14 1.42 5.54 - 4.88 -5.68 0.52 - 6.10 0.48
FEH 5 Open field 5 1.70 2.31 1.36 7.77 5.00 3.30 0.21 2.94 1.67

PRI 1, PRIIEE . AR 22 BRRTEIAN RRERE M

PR BEN RIS (> 0, 120, 'lm >y gy s, i HARBRIZ
Do FASRMBERIATTR R BN (PHR oo comems s 1 > 2 U808 LR 36
HOC> 1 BRI 0 < Ko< 8 FTHOREC penpag 11 s 05 o R0 14 38 60 1T 1
Ca>0). oA~ B2 BNy A 5 B P B2
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- 0.52]F1 N = (¢YD)*[(3/m) + 1.75].

25 KR

BT BN 2l T SRR Y, At
AT FEAAE R (3R 53K 8).

T, = nmy + tn[5.01m, - 0.54m3] (KA ),
T, = nmy %ty n[3.11my - 0.07m3] (KAl ),
T, =nmy * t\yn[3my -1.75m3] (GEH#HN ),

Ty = nmo + ty[n[8.38my - 0.52n3 ] ( FEHANI R ),
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Table3 Sample numbers of Tuta absoluta eggsin greenhouses and open fields with different allowable errors

FIFIRZ Allowable error

Bpas (/)

Density of eggs 01 02 03
(grain/leaf) K 7 K HEHh K HEHh
Greenhouse Open field Greenhouse Open field Greenhouse Open field
0.1 19 038 12 197 4760 3049 2116 1355
0.2 9416 6435 2354 1 608 1 046 715
0.3 6208 4514 1552 1128 690 502
0.4 4 604 3553 1151 888 512 395
0.5 3642 2977 910 744 405 331
0.7 2542 2319 636 580 282 258
0.9 1931 1953 483 488 215 217
1.0 1717 1825 429 456 191 203
1.5 1076 1 440 269 360 120 160
2.0 755 1249 189 312 84 139
2.5 562 1133 141 283 62 126
3.0 434 1056 109 264 48 117
3.5 342 1002 86 250 38 111
4.0 274 960 68 240 30 107
4.5 220 928 55 232 24 103
5.0 177 903 44 226 19 100
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Table4 Sample numbers of Tuta absoluta larvae in greenhouses and open fields with different allowable errors

AVFIRZE Allowable error

BERE (/i
z}gijt}ri(f lﬂa:r/v:e) 0.1 0.2 0.3
(ind./leaf) PN 7 PN e PN 5
Greenhouse Open field Greenhouse Open field Greenhouse Open field
0.1 11 920 31993 2 980 7 998 1325 3555
0.2 5947 15897 1487 3974 661 1766
0.3 3956 10 531 989 2 633 440 1170
0.4 2 960 7 848 740 1962 329 872
0.5 2 363 6239 591 1 560 263 693
0.7 1 680 4399 420 1 100 187 489
0.9 1301 3377 325 844 145 375
1.0 1168 3019 292 755 130 335
1.5 770 1 946 198 487 86 216
2.0 570 1410 143 352 63 157
2.5 451 1 088 113 272 50 121
3.0 372 873 93 218 41 97
3.5 315 720 79 180 35 80
4.0 272 605 68 151 30 67
4.5 239 516 60 129 26 57
5.0 212 444 53 111 23 49

®5 HMEMEINERMER (XH)

Table5 Tuta absoluta eggs sequential sampling table (greenhouse)

ZUF R B/ ) Economic threshold (grain/leaf)

JHA Y

P 0.4 0.8 1.2 1.6 2.0
Number of FMFE EFR EETFR fiAe L FR fifAe FER ke BRR hAE TRR ke EBR e TER ke ERR e TR

blades Upper Lower Upper Lower Upper Lower Upper Lower Upper Lower

investigated limit of limitof limitof limitof limitof limitof Ilimitof Ilimitof limitof limitof
sampling sampling sampling sampling sampling sampling sampling sampling samplingt sampling

20 20 1 33 1 44 4 55 9 65 15
40 33 1 56 8 76 20 96 32 115 45
60 45 3 77 19 107 37 135 57 163 77
80 56 8 98 30 136 56 173 83 209 111
100 67 13 118 42 165 75 210 110 255 145
140 88 24 156 68 221 115 284 164 345 215
180 108 36 194 94 276 156 356 220 434 286
200 118 42 213 107 303 177 391 249 478 322
240 138 54 250 134 357 219 462 306 565 395
280 157 67 287 161 411 261 532 364 652 468

300 167 73 305 175 438 282 567 393 695 505
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Table6 Tuta absoluta larvae sequential sampling table (greenhouse)

2558 (3k/M) Economic threshold (ind./leaf)

o) 0.4 0.8 1.2 1.6 2.0
ik H 4

Number of THIFE LR FlAE TRR flree B BR flde T RR SAe BB AhRE AR ke BRR SRE TR ke BRR ke TR
blades Upper Lower Upper Lower Upper Lower Upper Lower Upper Lower

investigated limit of  limit of limitof limitof Ilimitof Ilimitof limitof limitof limitof limit of
sampling sampling sampling sampling sampling sampling sampling sampling sampling sampling

20 17 1 30 3 41 8 52 13 62 19
40 6 030 3 52 13 72 25 92 37 111 50
60 41 8 72 25 101 43 129 63 157 83
80 52 13 91 38 129 63 166 90 203 117
100 62 19 121 51 157 83 203 117 248 152
140 82 31 149 76 212 124 275 173 337 223
180 102 42 185 103 266 166 346 230 424 296
200 111 49 204 117 293 187 281 259 468 332
240 130 63 240 145 346 230 451 317 554 406
280 148 76 276 173 398 274 520 376 640 480
300 158 82 293 187 425 295 554 406 683 517

RT7 BB T RMER (M)
Table7 Tuta absoluta eggs sequential sampling table (open field)

VrBME R/ )  Economic threshold (grain/leaf)

P ALY

i 0.4 0.8 1.2 1.6 2.0
Number of HAFELFR flEETER fiee LFR il R ER Shke RR fEe N ER A LFR flee TRR filke BER e T ER

blades Upper Lower Upper Lower Upper Lower Upper Lower Upper Lower

investigated limit of  limitof limitof Ilimitof limitof limitof limitof limitof limitof limit of
sampling sampling sampling sampling sampling sampling sampling sampling sampling sampling

20 16 0 26 6 33 15 37 27 42 38
40 28 4 46 18 61 35 71 57 82 78
60 39 9 65 31 88 56 105 87 122 118
80 49 15 84 44 114 78 138 118 162 158
100 59 21 102 58 140 100 171 149 202 198
140 78 34 138 86 192 144 237 211 282 278
180 97 47 174 114 243 189 303 273 362 358
200 107 53 191 129 269 211 336 304 402 398
240 125 67 226 158 320 256 401 367 482 478
280 143 81 261 187 370 302 467 429 562 558
300 153 87 278 202 395 325 499 461 602 598

A Btk W R AR 4T, HLIRAE AT R R A

s i

3 &HRSwiE PR | I R G2 RS 22 03 R A
ASCE AR T B IE T B bR - T EL SUTIREI R R R AR A A 2

VER IV ik 1) BN &0 OB, R TR R Tk ek B D 4 , Izl T BN B AN R T 1 fol B S

S E T B AN B B A R X s [ A AERRORUT SRRSO
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Table8 Tuta absoluta larvae sequential sampling table (open field)
2207 R{H/ B/ ) Economic threshold/(grain/leaf)
I 0.4 0.8 1.2 1.6 2.0
e
Number of HAFE R SAETER ilhe BB FlAe TR fike BRR fhee TR Slke BRR SR RR ke B BR ilke TR
blades Upper Lower Upper Lower Upper Lower Upper Lower Upper Lower
investigated limit of  limitof limitof limitof limitof limitof Ilimitof Ilimitof limitof limit of
sampling sampling sampling sampling sampling sampling sampling sampling sampling sampling
20 24 1 38 1 51 1 62 2 74 6
40 38 1 63 1 86 10 107 21 127 33
60 51 1 86 10 118 26 149 43 178 62
80 64 1 108 20 149 43 189 67 227 93
100 75 5 129 31 180 60 228 92 275 125
140 98 14 171 53 239 97 305 143 369 191
180 120 24 210 78 296 136 379 197 461 259
200 130 30 230 90 325 155 416 224 506 294
240 151 41 269 115 381 195 490 278 596 364
280 171 53 307 141 436 236 562 334 686 434
300 181 59 326 154 464 256 598 362 730 470

AR« S VT4 (2021 ) X #rsm R iy &
Tt v e g A bR S ) oA iR AT T RIS, R
TiCTER BB ILRIEET, 2 RES
i, ABFERARE T 234955040 o sKIGFHRI RS 28
B (12023 ) 388 32 08 7 731 VR P e 2 ] - A B 38 5
FERSS: , & BRI P 7 At v o e 8 A B 23 (1) 53 A
NEEESIG . Coceo 55 (2015 ) XFERYIR 2= i
TR Ik 7 2 1) oA U A, R B PR AT AR B] 22
R . ABEFE, AT R DN AN G AR
BP0 25 6] o A Ak R B 2 R AR 41 A, SRR
PG ALAE (2021) KskinBHAE (2023 ) BFSE
50— MeAh, FahvER -k BR AN ) AR TR R
b T AL AR DX 123 [R] 53 A A% St S SR AR 4T, X
— 4t B 5 Venkataramanaiah 25 (2021 ) 7FE1E H
i) ] P 5 1 — 350 o T 5T Pk g L () 3 A 9
TR, HLAE I N 25 8] 43 A1 A% Jmy B2 R BH I
M SRR BE (BRI F A VTAE, 2021) Ak, W
oy H A PR 5 25 AT B8 X e vk o e 1) o A A
JR RN L PR AR ABIEgE R, R R Bk
FH 3 5t Vs - 0 B N 40y g SR AR R R O B AT
FEREE IR AL M 51, Hrh BREE T RS2 52 1
HREMFEEA,

PRI A R P 5 AR R AR B i 3 B

6 T SRz BAIARE D7 o AR SCRR 98 % A B
25 b, v i - e B AN ) R B R R A 3 A
B B R4y B RO R 2 i PR FhAE =K (B
N = (U/DY[(5.01/m) - 0.54], N = (UDY[(3/m) +
1.75; #hi. N = U/DY[(3.11/m) - 0.07], N =
(/D)’[(8.38/m) - 0.52] ), it B AL B B 1
AL FRVFIR 22 RN AE /KT, THE S B R KA
B, W0 A T DR I TR ] sk St A
BEFR AN B (2023 ) WA Iwao FAEEIRL,
A T EAE H P E MRS Sitona cylindricollis
B NG B A EERAE R A, JESIH T B
BRI A2/0AR4E (2022) il Twao [IFEALAH
FEHI AR, BHEf T Bk EE Conogethes punctiferalis
FEAN[RS BT Y BREHIAEE, IR T )7 SLimRE
(IR RIS, Cocco 45 (2015) FEXHRZE
e v g A ST R R R B, T
FAE S H AR

A SO T B A A e i85 b 3 At A X
F14) 7 Tt v P i B RN 4y H ) 8 R S0 A A SR it AT T
ARG, JFEH T Bab eSO A . S T2
IS R R E AR ZE , A SR A TR
e (AR B A ) )2 A0 T - i o0 A1 1
B, XTI B AEAR R 2= AF A SRS T R
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