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Differences in the spatial closeness of natural enemies and Empoasca vitis in five
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Abstract; In order to clarify the types of natural enemies that are closely related in Empoasca vitis at space, and to provide
scientific basis for rational use and protection of natural enemies. Therefore we here use geostatistics analysis method to
calculate the statistics of semivariogram of Empoasca vitis and its main 6 natural enemies in Baihaozao Tea Garden,
Huangshan large-leaf Tea Garden, Nongkangzao Tea Garden, Pingyangtezao Tea Garden, and Wuniuzao Tea Garden in
autumn and winter. We firstly use the gray system analysis method to analyze the gray correlation degree of the calculation
results, and then used the analysis results are standardized. The standardized closeness index is used to judge the closeness
of the spatial relationship between natural enemies and Empoasca vitis. The result is that: 1) the top three natural enemies
that are closely related to the Empoasca vitis in Huangshan large-leaf Tea Garden and Nongkangzao Tea Garden are the

Clubiona japonicola, Teiragnatha squamata, and Oxyopes sertatus, but they have different orders. 2) The top three natural
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enemies of Baihaozao Tea Garden are the Tetragnatha squamata, Oxyopes sertatus, and Tetragnatha maxillosa. The first two
species of natural enemies are the same as the Huangshan large-leaf Tea Garden and Nongkang Zao Tea Garden. 3) The top
three natural enemies of Pingyangtezao Tea Garden are Tetragnatha squamata, Clubiona japonicola, and Erigonidium
graminicolum. The first two species of natural enemies are the same as Huangshan large Leaf Tea Garden and Nongkang zao
Tea Garden. 4) The top three natural enemies of Wuniuzao Tea Garden are Clubiona japonicola, the Erigonidium
graminicolum and Misumenops tricuspidatus. Among the six dominant species of natural enemies, only the Clubiona
Japonicola is the same as Huangshan large-leaf Tea Garden and Nongkangzao Tea Garden natural enemy species. According
to the sum of the close indices of the natural enemies’ species in the five tea gardens and the ranking of the same species of
natural enemies, the natural enemies closely related to the Empoasca vitis are all the Tetragnatha squamata, Clubiona
Japonicola and Oxyopes sertatus. After our investigation and research, we came to the conclusion that the change in the
ranking of natural enemies is mainly caused by the change in the ratio of the number of pests to natural enemies. The smaller
ratio of the number of individual pest to the number of individual natural enemy, the closer of follow-up relationship between

natural enemies and pests is. The close reason is related to the shortage of bait resources.

Key Words: tea garden; FEmpoasca wvitis; natural enemies; spatial relationship; geostatistics analysis method;
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F1 FEEBRMEMHEREFERBOMBENS (/30 HIT)

Table 1 Population dynamics of Empoasca vitis and their main natural enemies in tea gardens ( head/30 squares)

A HHI(H-H) Y X, X, X, Xy Xs X
Tea garden Date ( Month-day)
4 2 . Baihaozao 09-27 1 0 3 0 3 5 0
10-09 49 4 0 13 0 4 5
10-20 25 4 2 2 0 1 6
10-28 31 2 3 1 0 7
11-10 36 5 7 10 5 2 1
11-20 274 9 2 6 4 0 1
Py 416 24 17 38 13 12 20
PN 09-27 9 5 0 10 6 11 3
Huangshan Large leaf 10-09 138 4 1 7 17 11
10-20 122 2 2 10 20 18 12
10-28 102 2 0 15 27 19 15
11-10 218 14 6 19 29 7 10
11-20 239 29 14 21 32 7 10
z 828 56 23 82 119 79 61
RHR 09-27 127 0 0 0 20 1
Nongkangzao 10-09 96 4 0 11 1 8 8
10-20 170 1 6 5 12 15
10-28 46 3 5 14 13 42
11-10 74 19 9 9 17 4 25
11-20 304 24 2 4 7 1 32
z 817 56 15 35 44 58 123
AR 09-27 53 4 0 2 1 9 0
Pingyang tezao 10-09 74 1 0 15 3 0 13
10-20 89 2 2 4 22
10-28 73 7 2 8 2 12 25
11-10 104 13 12 3 3 23
11-20 193 17 4 6 8 2 32
z 586 47 20 37 19 30 115
1 2 FL 09-27 191 2 0 0 4 3 0
Wuniuzao 10-09 120 2 0 3 3 3 2
10-20 86 1 1 3 3 3 9
10-28 33 2 1 7 2 5 8
11-10 56 10 4 4 6 2 5
11-20 64 15 3 9 6 1 5
) 550 32 9 26 24 17 29

w (2 BACEA 15 MR IEUE ; Y IBIR/NGR Empoasca vitis ; X, 820 Y Tetragnatha squamata ; X, HEME M W Tetragnatha maxillosa ; X 5 &
[B]/NEBR Erigonidium graminicolum ;X , = 5L Wk Misumenops tricuspidatus ; X K558 Sk Clubiona japonicola ; X RSN Oxyopes sertatus

®2 HERFEERNEHESEXYHFEREHFESH

Table 2 Semivariogram characteristic parameters of Empoasca vitis and its natural enemies in Baihaozao Tea Garden

WHELCH-H) o ag EREC e
Time ( Month-day) Species Model C €2 Cs Cs Variation Decisive Distributed
factor
09-27 Y BRI -0.007 0.0113 -0.0497 0.0802 3.2442 0.8519 A
X, BRIE 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 A
X, BRIE 0.0014  -0.0222 0.0743 0.0999 2.0868 0.9493 A
X, BRIE 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 A
X, BRIE 0.0010  -0.0177 0.0648 0.0940 2.2880 0.7917 A
X; BRIE -0.0012 0.0199 -0.0889 0.2334 3.0404 0.9516 A
X 294 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 A
10-09 Y BRI -0.0312 0.3205 -0.8199 4.4423 1.7033 0.8440 A
X BRIE -0.0004 0.0063 -0.0372 0.1411 3.5500 0.7844 A
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Wl (H-E) A o g PEREC e
Time ( Month-day) Species Model “ €2 Cs Cs Variation Decisive Distributed
factor
X, BRIE 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 A
X, BRIE -0.0061 0.0894 -0.3961 0.8344 3.3724 0.9032 A
X,y BRIE 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 A
X BRIE -0.0017 0.0234 -0.0988 0.2578 3.3105 0.6678 A
Xg BRIE -0.0018 0.0230 -0.0763 0.1809 2.2545 0.7197 A
10-20 Y BRIE -0.0123 0.1813 -0.9269 2.6111 6.1000 0.9334 A
X, BRIE -0.0002 0.0049 -0.0399 0.1629 6.1788 0.5111 A
X, BRIE 0.0006  -0.0074 0.0187 0.0476 1.5448 0.7029 A
X, BRIE 0.0005  -0.0085 0.0284 0.0396 2.0913 0.9771 A
X, BRIE 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 A
X BRIE 0.0002  -0.0032 0.0089 0.0293 1.6732 0.8531 A
X BRIE -0.0016 0.0271 -0.1599 0.4792 3.9566 0.5035 A
10-28 Y BRIE -0.0336 0.5475 -3.0486 8.0982 4.0000 0.6274 A
X, BRIE 0.0005 -0.0085 0.0284 0.0396 2.0913 0.9771 A
X, BRIE -0.0009 0.0120 -0.0605 0.2166 4.1000 0.8511 A
X, BRIE 0.0011 -0.0123 0.0024 0.3206 0.0996 0.7198 A
X, BRIE -0.0005 0.0071 -0.0337 0.0697 3.8733 0.8420 A
X; BRIE 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 A
X BRIE -0.0017 0.0282 -0.1582 0.4083 7.4000 0.6368 A
11-10 Y BRIE -0.0323 0.4937 -2.4616 6.1682 4.3549 0.6680 A
X, BRIE -0.0017 0.0236 -0.0946 0.2056 2.9677 0.9421 A
X, BRIE -0.0060 0.0847 -0.3482 0.6946 3.0368 0.6849 A
X BRIE -0.0048 0.0695 -0.3119 0.7027 3.5563 0.7903 A
X, BRIE -0.0012 0.0159 -0.0553 0.1307 2.3779 0.9006 A
X BRIE 0.0005  -0.0085 0.0284 0.0396 2.0913 0.9771 A
X BRIE 0.0000 0.0001 -0.0028 0.0269 8.8500 0.7918 A
11-20 Y BRIE 0.0750  -0.8680 0.3687 23.2778 2.4845 0.8298 A
X, BRIE -0.0054 0.0838 -0.4314 1.1011 2.8781 0.9211 A
X, BRIE -0.0011 0.0186 -0.1147 0.4574 5.0000 0.5787 A
X, BRIE 0.0006  —-0.0089 -0.0153 0.5293 1.8536 0.7780 A
X, 29I 0.0127  -0.1750 0.5049 0.9924 4.0420 0.6634 A
X BRIE -0.0014 0.0219 -0.1192 0.3264 0.0000 0.9182 A
X BRIE -0.0031 0.0450 -0.1994 0.4778 6.1000 0.9268 A

* A REEI , Aggregated ; AE S s BB AIAY Semivariogram theory model :y=C, X*+ C,X*+ C,X+ C,

F3 BLAH#HEE RREFE, FHESERE. 4 EXFEERR/NEHEBESEXBHLERRBFESH
Table 3  Semivariogram characteristic parameters of Huangshan large-leaf Tea Garden, Nongkangzao Tea Garden, Pingyangtezao Tea

Garden, Wuniuzao Tea Garden Empoasca vitis and its natural enemies

LA A bR AT SRR 4
Al H-H) Yk Huangshan large-leaf Nongkangzao Pingyangtezao Wuniuzao

Time ( Month-day) Species Tea Garden Tea Garden Tea Garden Tea Garden
09-27 Y 3.8500 0.8386 2.5557 0.8363 1.5049 0.6991 4.7040 0.7521
X, 9.0000 0.8392 4.5030 0.8862 4.3250 0.7367 3.9486 0.6439
X, 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
X5 4.2863 0.9289 0.0000 0.0000 3.3567 0.8881 0.0000 0.0000
X, 3.0763 0.8871 0.0000 0.0000 6.3230 0.6520 6.6580 0.8208
Xs 6.3500 0.9146 2.4665 0.9572 2.6817 0.4733 1.3925 0.9541
X 2.0623 0.9348 1.6732 0.8531 0.0000 0.0000 0.0000 0.0000
10-09 Y 5.2000 0.7410 5.1150 0.9054 1.7872 0.9688 3.6188 0.6882
X, 6.1350 0.5981 2.6889 0.8613 8.0950 0.7918 1.1629 0.9009
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LKAl et A TR A 4L
mHAH-H) Yifh Huangshan large-leaf Nongkangzao Pingyangtezao Wuniuzao
Time ( Month-day ) Species Tea Garden Tea Garden Tea Garden Tea Garden
ER RERN R WERN BR  JERM AR RERM
X, 3.8733 0.8420 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
X, 0.6806 0.8852 0.0162 0.9019 2.2025 0.9250 1.0366 0.8028
X, 6.0000 0.8021 1.5667 0.8922 0.0000 0.0000 8.9556 0.5367
Xs 4.4250 0.5224 3.2519 0.1370 0.0000 0.0000 8.7750 0.5573
Xg 7.1000 0.8056 3.6235 0.7144 0.0000 0.0000 1.3574 0.6156
10-20 Y 4.2552 0.9123 2.4621 0.5393 4.1510 0.7789 5.6886 0.5110
X, 3.3567 0.8881 2.4396 0.9809 1.7612 0.8928 1.5667 0.8922
X, 3.9973 0.8978 6.1520 0.6520 2.2139 0.8525 1.6732 0.8531
X, 8.8560 0.7447 4.7000 0.5390 1.6732 0.8531 3.4520 0.8936
Xy 3.8116 0.6256 2.5139 0.9542 4.7689 0.9008 3.3903 0.9144
X 5.1456 0.7404 3.7621 0.8087 6.4920 0.6419 4.0550 0.6465
X 4.3910 0.9027 4.4000 0.8931 1.0859 0.9257 1.8955 0.8627
10-28 Y 3.0251 0.7004 1.8189 0.9497 1.2590 0.4631 8.5575 0.7985
X, 3.2123 0.7145 1.6732 0.8531 1.1561 0.9162 1.1259 0.9469
X, 0.0000 0.0000 9.0000 0.7832 5.4856 0.6152 3.5791 0.9007
X 3.6471 0.7508 0.8513 0.4900 1.6565 0.9008 3.3278 0.8552
Xy 6.7500 0.9424 5.7580 0.9703 7.8110 0.7388 3.3567 0.8881
Xs 3.3224 0.8299 5.9000 0.8408 7.8560 0.2733 3.6662 0.6478
Xe 8.9500 0.6535 3.8139 0.8256 3.8953 0.7742 3.9080 0.8822
11-10 Y 2.9207 0.7322 5.3000 0.7127 3.2859 0.8708 5.3398 0.5940
X 3.8909 0.6096 5.2000 0.8747 2.1000 0.9284 3.9413 0.9263
X, 5.5350 0.7914 3.0497 0.9062 8.9520 0.5640 5.8870 0.6847
X; 0.7470 0.9476 5.5800 0.8689 3.9791 0.8103 1.4761 0.7210
Xy 9.0000 0.8038 4.0665 0.7496 1.9011 0.9427 6.2280 0.8190
Xs 2.9540 0.9646 3.7032 0.7257 3.9670 0.8857 5.5843 0.6152
X 3.9868 0.6506 1.3858 0.1966 5.8490 0.7988 6.1145 0.9297
11-20 Y 0.2186 0.8298 1.0351 0.6002 4.7880 0.9371 0.0089 0.9457
X, 4.8622 0.9211 7.1000 0.5908 5.7960 0.5106 6.1180 0.7382
X, 5.6104 0.5787 8.5350 0.7918 2.0551 0.9848 4.4750 0.8650
X; 5.5000 0.7780 4.0242 0.9296 7.6110 0.7417 4.2905 0.6508
X, 1.7949 0.6634 6.2000 0.9607 0.5410 0.8581 4.5578 0.8719
Xs 4.1150 0.9182 2.2376 0.9402 3.2123 0.7145 3.8733 0.8420
X 3.4854 0.9268 0.9365 0.7372 2.9500 0.7251 4.6879 0.7445

HIZ2 2 B 11 7 20 HHEIE 4 2128 5 sR HORIS R 1 e R R BN, 0.5787,R 4 0758853 3
LR ARSI 10 A 9 H AR Sk A2 5 o BOMIR B (1 T E 28X R B/, R* R 0.5224 )R O 0.7228 5 3%
3 rhfeht sl 10 A 28 H Ffa] /Iy ik 2 A48 S ok B AR AU P e R R BN, DEAE R R 0.4900, R 2K
0.7000; 3 3 1P B FLA5 R 10 H 28 HOBRAE SLlk i1~ S R BB R R R B0 R BN, DR R RO 0.2733
R 790.5228;3 3 1110 H 9 H 4= RIS el fE AR /N o - wif gl e 48 S o BORE AR R R AL R e/, UOE BB R
9 0.5110,R 9 0.7148, df=26 B}, r 0 =0.374,r,, =0.478, F£ 2 5£ 3 hE 2B R R HHI KT ry,
(0.478) RIS 55V & BER R . B BB R
2.2 TRNZRE 2 1) G R /)N i s i) R O 2R R R JEE ) 25 5

K 5 Bl Bel RS (MR /N 0 M~ S 22 A S R BCIE TR ) ) K € DG TER B2 AR DR B8 T 36 4, 51
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Fig.1 Semivariogram model and fitting curve of Empoasca vitis and its 6 natural enemies in Baihaozao Tea Garden ( November 10)
Y BRAR/INGEM 88 Empoasca vitis ; X | 8550 4 1 Tetragnatha squamata; X, HENE M W Tetragnatha maxillosa ; X5 518 /N Erigonidium graminicolum;

X, =B AW Misumenops tricuspidatus ; X K785 Bk Clubiona japonicola ; X ¢ BHEUM W Oxyopes sertatus

HRR /NS Wi ] S5 22 3 DA AT =7 R B, 222 el e S 80 14 L 4 O R AR ek 3 L DRI o 2 ol ) 2
B Bk R P I AN SON s AT A PRI KA SRR R SO R R P 5 S B A 25 el e [] /N PR |
B SRR BREL 1 0 5 0 A= 2R Dol 2 = S AE Mk R a] /N R MUERAS B0 o A 5 b 25k el [) o X i) 4 U045 KK

http ; //www.ecologica.cn



8304 JAE = 41 4

BRI -
25.00 - Empoasca vitis
- 3_ 2
—~2 2000 L »=0.0750x* - 0.8680x
3 0.00 +0.3687x +23.2778
@ E 1500 | ‘Rz =0.8298
LSl
=]
E S 1000 | .
B *
%ﬁ- 3 5.00
0 1 1 1 1 J
0 2 4 6 8 10
2 ¥ HHERSE ¥4
0.80 Tetragnatha squamata 050 Tetragnatha maxillosa
060 L »=-0.0054x3+ 0.0838x> 0.40 * »=-0.0011x>+0.0186x>
: -0.4314x + 1.1011 -0.1147x + 0.4574
. R?=0.9211 030 ¢ R?>=0.5787
0.40
0.20
020 010 k .
O 1 J O 1 J
° 0 5 10 0 5 10
=1
g LAV ZRABME Bk
g 0.60 Erigonidium graminicolum 250 1 Misumenops tricuspidatus
5 .
2 0501 ¢ »=10.0006x> - 0.0089x2 2.00 | *  $=00127 - 0.1750x°
£ o0 b ®-0.0153x +0.5294 +0.5049x +0.9924
QE) ' R>=10.7780 1.50 R>=0.6634
2030
~ *
s 1.00
= 020 f o o2
i *
= L * 0.50
§ 0.10 . <
m 0 1 J 0 1 J
= 0 5 10 0 5 10
=
bR Sk PR
025 Clubiona japonicola 040 Oxyopes sertatus
»=-0.0014x>+ 0.0219x> y=-0.0031x*+ 0.0450x2
020 - ~0.1192x + 0.3264 -0.1994x + 0.4778
R2=09182 030 1 R2=0.9268
0.15
020
0.10
0.05 F 0.10
O 1 J 0 1 ]
0 5 10 0 5 10

JH B Distance A/m

2 BKMHMEEERRNEHESHE 6 MABWETRRHEBERHEML (11 H20H)

Fig.2 Semivariogram model and fitting curve of Empoasca vitis and its six natural enemies in Huangshan large-leaf Tea Garden ( November 20)
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Fig.3 Semivariogram model and fitting curve of Empoasca vitis and its six natural enemies in Nongkangzao Tea Garden ( November 20)
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R4 ANFEFERERFZENKREXKESETEY

Table 4 Gray correlation degree and close index between pests and natural enemies in five tea gardens
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