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Spatial-following relationship between thrips and their natural enemies
in the Baihaozao and Wuniuzao tea gardens in Hefei

LIU Aiguo' QIAN Guangjing' SONG Xueyu'? ZHANG Shuping' ZOU Yunding’ BI Shoudong"

(1. School of Science, Anhui Agricultural University, Hefei 230036, Anhui Province, China; 2. School of Forestry and
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Abstract: In order to use natural enemies to effectively control thrips, two tea gardens (Baihaozao and
Wuniuzao) in the Agricultural Science and Technology Experimental Base of Anhui Agricultural Uni-
versity were selected for experiment in 2015 and 2016. The numbers of thrips and their natural enemies
in the two tea gardens were investigated, and the geostatistics method and grey correlation method were
used to comprehensively analyze the natural enemy species closely related to thrips in spatial-following
relationships. The results showed that there were 2 408 thrips, and 12 156 predatory natural enemies in
Baihaozao tea garden in 2015 and 2016. The most four natural enemies closely related with the thrips in
spatial-following relationships were Tetragnatha maxillosa, Neoscona theisi, Clubiona japonicola and
Erigonidium graminicolum, with a total closeness index in two years of 1.952, 1.843, 1.800 and 1.751,
respectively. There were 6 540 thrips, and 12 376 predatory natural enemies in Wuniuzao tea garden in
2015 and 2016, and the most four enemies closely related with the thrips in spatial-following relation-

ships were Theridion octomaculatum, Harmonia axyridis, N. theisi and T. maxillosa, with a total close-
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ness index in two years of 1.863, 1.829, 1.762 and 1.759, respectively. The comprehensive analysis

showed that T maxillosa, N. theisi, H. axyridis and E. graminicolum were the most four enemies closely

related with thrips in spatial-following relationships in Baihaozao and Wuniuzao tea gardens in 2015
and 2016, with a total closeness index of 3.710, 3.605, 3.512 and 3.473, respectively.
Key words: thrip; tea garden; spatial-following relationship; geostatistics
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Table 1 Quantities of thrips and eight natural enemies in Baihaozao tea garden in 2015 and 2016

T TR ) BEACH N HERR MY REENRSR SRR \BERRIESR RV ZRETRN Sk

Year  Date "lihrip Tetragnatha Telragnalha Eriggm_'dium M.isume.nops Theridion .C'lubif)na Neosc.()fta Harm(.m.ia
squamata  maxillosa graminicolum tricuspidatus octomaculatum japonicola  theisi axyridis

2015 3-28 1 273 119 15 80 59 5 33 8
4-11 1 187 85 1 54 12 8 26 2
4-26 5 117 82 14 33 14 9 31 7
5-10 0 80 33 25 8 2 11 13 3
5-24 0 69 48 21 13 5 15 36 1
6-08 0 79 60 9 7 36 25 34 5
6-20 8 55 102 15 19 28 19 10
7-04 12 49 141 9 14 16 48 26 13
7-19 25 82 118 7 10 5 35 21 12
8-02 6 32 50 5 10 49 20 0
8-16 35 8 36 4 43 8 0
8-30 37 7 30 0 4 53 12 6
9-13 49 24 35 6 12 70 6 5
9-26 101 16 49 6 12 23 57 7
10-11 51 62 61 4 10 104 32 12 19
10-28 225 138 142 6 41 140 36 19 44
11-14 390 136 141 2 5 120 6 21 4
“it 946 1414 1332 149 310 586 530 346 146
Total

2016 3-27 34 149 140 20 52 86 3 27 7
4-11 36 61 88 9 59 14 12 19 11
4-28 22 49 72 7 35 12 13 49 24
5-12 27 63 47 25 13 20 25 46 12
5-30 28 58 90 31 12 25 19 52 4
6-14 90 43 91 22 1 29 26 33 5
6-29 146 62 169 17 19 38 39 25 17
7-14 99 114 165 30 14 26 53 21 4
7-29 98 23 100 10 6 18 29 17 0
8-13 31 12 31 3 2 24 7 0
8-28 12 6 33 9 3 6 11 13 6
9-12 26 8 19 2 1 13 5 2
9-25 53 24 36 3 5 25 32 17 11
10-10 43 36 55 7 4 110 24 16 3
11-02 193 47 101 7 17 248 26 23 1
11-19 524 40 150 10 25 187 7 27 4
A 1462 795 1387 212 268 856 356 397 111
Total
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Table 2 Semivariogram theoretical model and parameters for thrips and eight natural enemies in
the Baihaozao tea garden in 2015 and 2016

g fmit AR Heg W3t R
Gl PyFh A ##e B Varia- s PyF A W% B Varia-

Year Species Date Nugget Partial tion Year Species Date Nugget Partial tion

constant  sill  range/m constant  sill  range/m
2015 #ij o 9-13 2241 0.781 4.083 0.542 2016 %L 6-29 26.406 14.572 4.737 0.738
Thrip 9-26 1375 0.683 3.207 0.453 Thrip 7-14  2.096 0.798 3.059 0.636
10-11  2.167 1.132  2.829 0917 729 7312 1559 4314 0.648
10-28 0204 0.102 3.316 0.576 11-02  0.176 0.193 4.104 0.576
11-14  0.109 0.048 3.144 0.466 11-19  1.160 0597 4.415 0.903
B 14 i 9-13  0.701 0437 4.614 0.809 B2 1 6-29 0939 0.172 8.863 0.772
Tetragnatha 9-26  3.099 1.905 4304 0.894 Tetragnatha 7-14  1.046 0203 1.930 0.925
Squamata 10-11 0217 0.100 6.038 0.933 Squamata 729 0.827 0.631 1.896 0.910
10-28 0320 0.171 3.493 0.889 11-02 0964 0439 2349 0.977
11-14 28.583 8.838 5311 0.855 11-19 8212 2.640 3.466 0.869
HEN 1 9-13 1279 0.762 4.416 0.816 L 6-29 4.658 1229 1.392 0.935
Tetragnatha 9-26 2.103 1.037 3.590 0.926 Tetragnatha 7-14 5978 2.071 3.724 0972
maxillosa 10-11 0153 0022 2291 0.881 maillosa 729 0.809 0489 4514 0.890
10-28 0220 0.082 4.136 0.814 11-02 0424 0.070 4.504 0.987
11-14 1385 0.643 3.845 0.744 11-19  1.008 0.663 4.716 0.838
e A] /)N R 9-13 1910 0.607 3.332 0.703 ]/ A 6-29 2252 1236 4.015 0.926
Erigonidium 9-26  0.805 0.551 4.985 0.775 Erigonidium 7-14  0.647 0.062 4203 0.867
graminicohim 10 11 (213 0042  2.099 0.663 graminicolum 5 59 (235 0161 2.159 0.973
10-28 11.035 1274 5.642 0913 11-02  9.793 6396 8.634 0.994
11-14 4819 3260 3.949 0.802 11-19  1.020 0285 5242 0.934
Y% LN 9-13 2434 0502 2995 0.801 AR 6-29 3.589 1.591 3.724 0.660
Misumenops 9-26  0.075 0.004 0.594 0917 Misumenops 7-14 0258 0266 1.558 0.970
fricuspidatus 1011 0370 0193 5464 0871 fricuspidatus 559 0338 0251 5475 0.922
1028 2.616 0364 4.841 0.708 11-2  0.837 0459 5590 0.955
11-14  1.620 0.960 4.587 0.970 11-19  1.616 0.693 1.684 0.971
J\BEER I ik 9-13  0.745 0221 4.521 0.901 J\BEER I ik 6-29 0938 0.282 1.236 0.802
Theridion 926 0.899 0.573 5347 0.972 Theridion 7-14  0.000 0.000 4.615 0.784
octomaculatum 1o 11 94777 9809 1785 0.704 octomaculatum 5 59 35 905 15990  5.353 0.966
10-28 6359 3.010 5.457 0.963 11-02  2.851 0.099 5254 0.804
11-14  9.122  6.151 4412 0912 11-19 10.085 1.049 0.254 0.832
Fns ik 9-13  0.752 0.551 4.832 0.945 Foas ik 6-29 0289 0.097 3.587 0.904
Clubiona 9-26  1.444 0.097 0220 0.987 Clubiona 7-14 1447 0984 4.047 0.705
Japonicola 44 11 3650 1011 3.384 0817 Japonicola 7-29 14.633 6.606 5847 0.957
10-28 1.654 1.033 4.897 0.942 11-02 1253 0.884 8.536 0.948
11-14  0.679 0361 4.647 0.884 11-19  1.238  0.642 4.875 0.949
AR R 9-13 1433 0581 3.495 0.860 R0 [ ok 6-29 0.027 0.005 2.098 0.927
Neoscona theisi 926 118.837 30.841 3.646 0.906 Neoscona 7-14 99.575 30.042 2.147 0.970
10-11  7.901 5280 4.267 0.860 theisi 7-29  1.147 0408 4.026 0.887
10-28 9.264 4.044 4.632 0913 11-02  9.791 5882 5341 0.881
11-14  0.097 0.056 5.451 0.697 11-19 0483 0300 5014 0.949
Sam 9-13  0.167 0.096 5.821 0.915 S 6-29 1.651 0.722 5351 0.922
Harmonia 9-26 4494 4.027 8.407 0.892 Harmonia 7-14  7.196 3244 4352 0.858
axyridis 10-11 0388 0303 7.113 0.932 axyridis 729 0224  0.000 0.000 0.000
1028 1.137 0.614 5.543 0.829 11-02  1.187 0.622 4.140 0.890
11-14  0.134 0.036 1346 0.729 11-19 0214 0.151 4816 0.894
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Table 3 Correlation grades and closeness indices of thrips and eight natural enemies in the Baihaozao tea garden in 2015 and 2016

BRECH NS HEREEAY EEEDNRME SSEERRR \BERRIEER BRI ZSERE SFaBhR

o A Tetragnatha Tetragnatha Erigonidium Misumenops  Theridion  Clubiona  Neoscona Harmonia
Year Parameter . .. . . . . .. L.
squamata  maxillosa  graminicolum tricuspidatus octomaculatum japonicola theisi axyridis
2015 OCHKEE 0.767 0.886 0.729 0.611 0.757 0.710 0.786 0.697
Correlation
grade
HHEEL 0.865 1.000 0.822 0.690 0.854 0.800 0.886 0.787
Closeness index
2016 JCHKEE 0.706 0.782 0.764 0.721 0.590 0.822 0.786 0.737
Correlation
grade
IR 0.859 0.952 0.929 0.877 0.717 1.000 0.957 0.896
Closeness index
AR AN 1.725 1.952 1.751 1.566 1.571 1.800 1.843 1.683

Sum of closeness
index for two years
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Y T H 2015 4R %00
222 B L5840 £ & R E AL BALA R A
ArI%E 2015458 H 16 H .9 A 26 H 10 A 11 H |
10428 H .11 H 14 H,20164£3 27H . 7H 14 H .
9H25H 11 H2H .11 H 19 H#] D f H g fp 5K
BB AT M2 F B T2 5 B, A9 801 28 S pR g
PR LAY 18 R BROARAE A y (h) , BRIEBEAL y (h) =

c, +C
3h 1 h %5 HWIARIR S K n
Co+C(7a—§(g)3)

F 5 20154FH1 2016 4F BT 3 A 700 4 4H 06 2254 -
IR T 0.485>r,, 7 B FIr A3 A% IS 455 700 34 55 52 o

W5 R



NEREAE: AL 2R A R R AL S 8 L 1 2 (] BRI G R

441

T4 2015FEFM2016 E 4 BEXEH S EESHMETEXRHNHE

Table 4 Quantities of thrips and eight natural enemies in Wuniuzao tea garden in 2015 and 2016

T RSCF I HERR 1 %‘Eﬂ/lf% j%%%ﬂﬂ% /\ﬁﬂﬁﬁﬁ‘ﬁk *?%";%ﬁ‘ék AR R E@?JR$
Year Date  Thrip Tetragnatha Tetmgnatha Erzgo.nz.dzum M‘lsumefnops Theridion Clubz?na Neasc.afla Harm(.)n.za
squamata  maxillosa graminicolum tricuspidatus octomaculatum japonicola  theisi axyridis
2015 3-28 9 307 100 13 52 48 8 43 0
4-11 7 229 106 3 48 9 6 34 3
4-26 4 99 74 3 29 2 14 25 16
5-10 11 104 50 26 7 1 19 21 8
5-24 1 122 81 46 8 11 16 10 4
6-08 10 99 83 33 1 34 25 1 3
6-20 43 84 111 21 3 10 44 8 4
7-04 64 98 125 21 7 9 53 40 1
7-19 139 107 193 11 7 8 90 26 4
8-02 38 56 140 7 4 0 34 23 4
8-16 305 33 105 4 1 5 43 20 1
8-30 183 23 70 12 0 6 55 20 2
9-13 300 46 102 15 0 20 51 39 5
9-26 586 100 86 14 8 60 49 36 5
10-11 549 129 132 12 12 189 36 54 13
10-28 312 176 105 7 24 98 8 31 43
11-14 3214 185 140 9 14 193 10 39 18
ik 5775 1997 1 803 257 225 703 561 470 134
Total
2006 357 g4 162 12 5 18 35 3 39 4
4-11 50 65 41 2 34 23 12 30 11
4-28 0 47 46 6 12 7 8 23 20
5-12 14 83 52 23 3 14 14 28 14
5-30 24 89 84 27 3 27 23 32 10
6-14 24 83 86 10 3 21 12 10 12
6-29 29 51 97 9 5 15 28 6 7
7-14 124 128 149 14 19 58 29 7
7-29 28 116 240 9 10 8 62 16 1
8-13 0 24 78 5 7 5 49 12 1
8-28 1 7 54 5 2 22 53 21 1
9-12 3 6 26 2 0 5 23 9 2
9-25 71 17 38 4 5 18 65 14 5
10-10 40 36 60 15 8 72 36 14 18
11-02 165 40 89 5 10 98 25 23 6
11-19 108 36 93 10 18 89 13 25 11
At 765 990 1345 151 144 478 484 331 130

Total
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Table 5 Semivariogram theoretical model and parameters for thrips and eight natural enemies
in the Wuniuzao tea garden in 2015 and 2016

Ay YyFh H 4] TR S8 Varia- Yy Hi ®# &0 Vara-

Year Species Date Nugget  Partial tion Species Date Nugget Partial tion

constant sill range/m constant _ sill  range/m
2015 #ij 8-16 110354 70319 3.701 0.884 | 2016 i) 3-27 13399 8.844 4.578 0.816
Thrip 9-26 1.541 0.737 2.463 0.918 Thrip 7-14  6.863 0.134 4.491 0.899
10-11 4537  3.615 1.025 0.947 9-25 3.881 2.835 5.207 0.984
10-28 0.102  0.018 3.975 0.957 11-02  0.083 0.059 4.755 0.783
11-14 0.029  0.007 2.783 0.705 11-19  0.684 0.538 1.836 0.942
AL 14 i 8-16 0.466  0.358 6.925 0.710 B 1 1 3-27 1015 0.329 0.647 0.921
Tetragnatha 926 1.952  1.006 5341 0.978 Tetragnatha 7-14  0.132  0.077 4.193 0.961
Squamata 10-11 0.701 0221 0.324 0.806 squamata 9-25 0.915 0.618 8.335 0.932
10-28 0.052  0.030 4368 0.771 1102 0.162 0.107 1.880 0.974
11-14 487527 223399 4.014 0.915 11-19 11.748 2.820 4.143 0.747
HERE 1 8-16 3.863 2319 6.183 0.919 HEIE 1 3-27  9.078 5317 7.062 0.952
Tetragnatha 926 4.156  3.125 7.815 0.925 Tetragnatha 7-14  7.643 5.108 7.867 0.821
maxillosa 10-11 0711 0381 1.630 0.932 maxillosa 925 0569 0.016 3.742 0.909
10-28 0.470  0.034 0.897 0.934 11-02 0202 0.094 4.015 0915
11-14 1.603  0.016 3.933 0.632 11-19  0.683 0282 4314 0.778
FE[] /R 8-16 0.745 0.618 1.701 0.936 H[E) /N 3-27 1236 0.011 2.056 0.950
Erigonidium 9-26 1.659 1.112 4.875 0.908 Erigonidium 7-14  0.881 0.221 0.970 0.976
graminicolum 1 1y 0342 0222 4876 0.970 graminicolum g 55456 0325 4.474 0.784
10-28 162352 1.907 5.348 0.754 11-02 4237 3.648 3.826 0.922
11-14 5.820  0.019 4.541 0.924 11-19  0.562 0490 4.715 0.792
=GRk 8-16 3.808  0.759 1.673 0.924 = AL IE Ik 3-27 2.795 2.009 7.427 0.939
Misumenops 926 0.551 0358 1.081 0.785 Misumenops ~ 7.14  0.096 0.016 5.142 0.858
tricuspidatus 1411 0907  0.619 4572 0.939 fricuspidatus g »s (239 0002 0415 0.931
10-28  20.589  13.311 4.896 0.779 11-02 0330 0.133 5.674 0.848
11-14 1.122  0.663 5.147 0.946 11-19  3.603 1.753 4.651 0.934
J\BESK N ek 8-16 0.833 0.726 3.370 0.975 J\BEERIIE Ik 3-27 0.878 0.705 5.014 0.897
Theridion 9-26 0.322 0.016 0.537 0.971 Theridion 7-14  0.143  0.073 4.257 0.985
octomaculatum 1o 11 114804  67.586 4.357 0.914 octomaculatum g »s 76 956 52,655 2394 0.485
10-28 16182 9.129 4.659 0.894 11-02 1414 0413 4.169 0.904
11-14 4355  0.182 2.818 0.960 11-19 9253 4.194 1374 0.940
Frag ik 8-16 0241  0.146 4.542 0.781 Fag ik 3-27 0308 0230 5312 0.960
Clubiona 926 1.198  0.668 2365 0.849 Clubiona 7-14 0355 0243 0.478 0.596
Japonicola 10-11 5320 3.525 8.403 0.778 Japonicola 9-25 5554 4.104 2.945 0.826
10-28 0.241  0.138 5.648 0.796 11-02  0.991 0.001 0.198 0.985
11-14 1234 0.879 5.548 0.488 11-19 1240 0.968 1.432 0.820
PR LR 8-16 1.765 0.610 1.730 0.985 PR IR 3-27 0.195 0.021 7.614 0.958
Neoscona 9-26 16 507.287 8 249.396 5.880 0.942 Neoscona 7-14 16274 4782 2.032 0.904
theisi 10-11 28646 20716 2.804 0.952 theisi 9-25 2483 1.677 4.584 0.958
10-28 6393 2.125 7.072 0.790 11-02 4793 1.669 6.672 0.886
11-14 0.420  0.198 4.743 0.778 11-19  0.534 0306 4.543 0.944
S0, o 8-16 0.726  0.491 4.256 0.807 Sl 3-27 0964 0.598 6.257 0.880
Harmonia 926 6.691 1.848 3.857 0.733 Harmonia 7-14 5448 0912 3.469 0.881
axyridis 10-11 0346  0.150 2.382 0.953 axyridis 9-25 0317 0011 7.940 0.651
10-28 2940  1.403 5.041 0.877 11-02 1228 0.723 1212 0.957
11-14 0921  0.526 4.287 0.919 11-19 0244 0.001 0.358 0.909
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#) L b5 8 3 B K G £ IR JE Ao B ds
20154F, fE2s [a]_b 5 i s R BRI T 447
R S (0 S0 A S 50 M 2% €0 52 ok A \ B
BRI Wk, HLOCHK B 43 1) 4 0.860, 0.783 ., 0.755 FlI
0.742, H: % I 5 %4 43 % 4 1.000. 0.910, 0.878 Fl
0.863. 20164, 7E25 [] I 55 i) Hh B IR e K i
4L R BRI\ BEER N Wk | — 5 (LR Wk A 5 i

223

FZS 5 I ik, LS IBE B 0 5124 0.847.,0.760.0.759
10749, H 25 U148 504 5124 1.000., 0.898 . 0.897 Fll
0.885. 24EBYIFE L Fngh iR, FE 245 1) | b i
I 25 U 18 B R R 457 KBRS /\ BEBR I Wk |
ST A G IR IR R 1, L DS £ )
}1.863.1.829.1.762 F11.759, 2 4E th i 4 fi K F#h
FRTRN ) R/ BREBR I R AL BT [k (R 6) .
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Table 6 Correlation grades and closeness indices of thrips and eight natural enemies in the Wuniuzao tea garden in 2015 and 2016

A it H

BRACH N HERE MY REENRSR OB\ BERRIE R

ERAE R RO S @Bk

Tetragnatha Tetragnatha Erigonidium Misumenops — Theridion Clubiona  Neoscona Harmonia
Year Parameter , L. . . . . .. .
squamata  maxillosa graminicolum tricuspidatus octomaculatum japonicola theisi axyridis
2015 IR 0.783 0.742 0.729 0.665 0.742 0.698 0.755 0.860
Correlation
grade
HYIREL 0.910 0.862 0.848 0.773 0.863 0.812 0.878 1.000
Closeness index
2016 FRIRE 0.679 0.759 0.746 0.760 0.847 0.650 0.749 0.702
Correlation
grade
HUHREL 0.802 0.897 0.874 0.898 1.000 0.768 0.885 0.829
Closeness index
2R YIE RN 1.712 1.759 1.722 1.671 1.863 1.580 1.762 1.829

Sum of closeness
index for two years

23 FEXBSEDZ=EREXRZNESTH

F VTR A TER BT, 2 Fh 2k el 2 4F
L] Th 7S () 56 R VIR 4 07 REUR UGS HEE
W 0 IR ke | S € SO0 R R ) /N B L D) 4
B35k 3.710..3.605 ,3.512 F13.473

3 i

K5 % RS ) FIRBEC R B 56, 5
S RGO 3 U R T RIS, S 9 RO 3
BEHRERN T ENEZ — T o] A4 3
LIPSV E PNk P I N =P Iy
PR AnARr i e A5 (2011) iz FH 25 [R] A= A H
R BUFAR L R BOEAE T A 1L X 55 el KB 5 45 8
i I Scirtothrips dorsalis )25 [BIERFE G 2R 5 &5
(2016) F 25 VI8 EER 5 23 (R A= A S HR BURTAH
RUPE R 7 A AR A Bl v A ] s ] G
BT AR (2019) SR R (5 R G 43 M 05 HE A A 25
BLoT BT 1 2 5255 el v A0 5 2= B3 el v ] £ 1)
FFREL; FHGFE(2009) - G0 T F 27 A5 30 HLA%
M T RS K K Laodelphax streatellus 55 1)
W AR 23 Bl 2 DL R i 5 K R LA 25 (] R B OC R

ARG R FH A G 47 5 K A0 DI VA AR 25
BT, VAN T B — 2R AN I BB IX 125
(A ey A S e 5 LRI ] B VIR

AN T T A 28] ) 55 87 233 (i) R Bl G 2R 3 DT
KA 25 . AR S A G ka5 6
TR AD, ST I B 25 B 10 7 2015—2016 4F [ 22 7 25 el
1 A RS el 5 ] 2 4 () R 56 2 28 VD R T 4030 K
TR L Y A € [ ik | S e BB R R R /N R
Wk FTEERESE(2011) iz F 28 [ A 540 TR S5 5O A
RLZR B RO Ly X5 el R A B 1 4 (]
S ot 5K 22 U0 P T 4 37 R k43 i) s/ \ BRE BRI e
(] /N PR | S o SR R RE I 1 O 5 45 (2016)
88 B 2 R A S F S AR BURAR BIPE R 4k
Wi, 547 A A Il v A 23 ] G R %6 VD R
4V R EOR KRG B | B (R] /N R | St S0 R
W, BT (2019) R ARG R G T A A
AL TIEA A P2 A8 Tl i o ) R EUR
BEERNE Wk HE TG S 0 L S50 1 i S (8T (R vk, 2R
TR el ] ) R R/ \ BRI e I i g
S (o SR RN B I 5 T H A (2009) F 22 G0
A HLRS 2240 H 1 RS TR R LS ik ) b 23 Bl 4%
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AT GAL VA AT 1 22 A el 2 2 % [l
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