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B E [B®) NEHEAHARY KR, #2566 Frankliniella intonsa %3 18] ¢ 72 % V) ) 2R F
i, [FE] MHKESCEEE | H2Eg bk MBI E0L T T 4 FhAciE 76 o 5 L iR
Fezs o] FOCR, LRE AN SRR D23 RIDCR B UINET 30 K%, [&HR] fAEmILRM R RyrH
FIFPHAR R AT p, SR8 D23 (A 6 R BV AV AT 3 P R EUR S Y W Tetragnatha squamata (V18505
2% 1.000 0, 1.000 0 F1 0.9955) . 45:4% S8k Clubiona japonicola( BV 5 0.987 6. 0.968 2 1 0.992
8) Rk Oxyopes sertatus (B VIHE% 70 0.976 8, 0.976 3 #11.0000) , {H 3FhRKEAE ik 3 Fh
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FLEI /N TA 6 (P REEE ., (48] 4 FhASRIEHE D8R 5, Sl S5EH DR BB
149 PR - 5 AR S R A G, AR SCRIFIR 4 SR BLORAP FIOR P A9 KR (Ut d S i R Ak B
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Spatial relationships between Frankliniella intonsa and
itsnatural enemiesin four tea gardens
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Abstract [Objectives] To make rational use of, and protect, the natural enemies of Frankliniella intonsa and clarify the
natural enemies that exist in close proximity to this pest. [Methods] Using grey correlation, geostatistics and a closeness
index, the spatial relationships between F. intonsa and its predatory natural enemies were systematically analyzed in four tea
gardens. The three natural enemies with the closest spatial relationship to F. intonsa were comprehensively evaluated.
[Results] According to the closeness index, in a ‘Huangshan large leaf’ tea garden, the three natural enemies with the
closest spatial relationship to F. intonsa were Tetragnatha squamata (1.000 0), Clubiona japonicola (0.987 6) and Oxyopes
sertatus (0.976 8). In a‘Agricultural anti-zao’ tea garden, the first three natural enemies with the closest spatial relationship to
F intonsa were T. squamata (1.000 0), O. sertatus (0.976 3) and C. japonicola (0.968 2). In a‘Pingyangtezao’ tea garden, the
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first three natural enemies with the closest spatial relationship to F. intonsa were O. sertatus (1.000 0), 7. squamata (0.995 5)
and C. japonicola (0.992 8). In a ‘Baihaozao’ tea garden, the three natural enemies with the closest spatial relationship to F.
intonsa were O. sertatus (1.000 0), T squamata (0.989 8) and T. maxillosa (0.986 3). The same three natural enemies had the
closest spatial relationship to F. intonsa in all four tea gardens, however, their ranking in terms of spatial relationship differed
from garden to garden. In terms of the ratio of numbers of individual £ infonsa to specific natural enemies, the species with
the closest spatial relationship to F. intonsa in the ‘Huangshan large leaf’ tea garden was 7. squamata, and the sixth was T.
maxillosa, with ratios of 37.29 and 83.90, respectively. The natural enemy with the closest spatial relationship to £ intonsa
in the ‘Agricultural anti-zao’ tea garden was 7. squamata, and the sixth was Erigonidium graminicolum, with ratios of 8.84 and
22.11, respectively. The natural enemy with the closest spatial relationship to £ intonsa in the ‘ Pingyangtezao’ tea garden was
O. sertatus, and the sixth was E. graminicolum with ratios of 8.24 and 34.68, respectively. The ratio of the first natural enemy
is an order of magnitude less than that of the sixth. The first natural enemy with the closest spatial relationship to F. intonsa in
the ‘Baihaozao’ tea garden was O. sertatus, and the sixth was C. japonicola, with ratios of 19.67 and 88.50, respectively.
[Conclusion] The factors responsible for a close spatial relationship between F. intonsa and its natural enemies appear to be

those that promote an abundance of F. intonsa. These results provide an important scientific basis for the rational protection
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and utilization of natural enemies of F. intonsa.

Key words Frankliniella intonsa; natural enemies; spatial relationship; grey correlation
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Fig. 1 Population dynamics of Frankliniella intonsa and six natural enemiesin four tea gardens
Y. BT X BELCEMY; X HERRFMY; X FEENRER; X =5EEENK;
Xs: BREHIR; Xe: RHEUMITR; T EIF,
Y: Frankliniella intonsa; X1: Tetragnatha squamata; X,. Tetragnatha maxillosa; X3. Erigonidium graminicolum;
X4: Misumenops tricuspidatus; Xs. Clubiona japonicola; Xe. Oxyopes sertatus. The same below.

*1 AZERFERHSEHEXBNETREMRERE
Tablel Variablerange and coefficient of determination of Frankliniellaintonsa and
its natural enemiesin ‘Baihaozao’ tea garden

WO c. c, . . g ERN
Date (month-day)  Species Variation factor

10-28 Y - 0.058 8 0.5512 -1.656 3 18.314 7 25129 0.9070

X1 0.000 5 - 0.008 5 0.028 4 0.039 6 2.0913 0.9771

Xz - 0.0009 0.0120 - 0.060 5 0.216 6 41000 0.8511

X3 0.0011 -0.0123 0.002 4 0.3206 0.099 6 0.7198

Xy - 0.000 5 0.007 1 -0.0337 0.069 7 3.8733 0.8420

Xs 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

Xe -0.0017 0.028 2 - 0.158 2 0.408 3 7.4000 0.636 8
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4E3R 1 (Table 1 continued)
A PLE A

H# (H-H) P

Date (month-day)  Species € C2 Cs Ca Variation thz:(itsci) \r/e
11-10 Y -0.5888 85775 - 36.0389 75.034 8 3.0734 0.8830
X1 - 0.0017 0.0236 - 0.094 6 0.205 6 2.967 7 0.9421

Xz - 0.006 0 0.084 7 -0.3482 0.694 6 3.036 8 0.684 9

X3 - 0.0048 0.069 5 -03119 0.702 7 3.556 3 0.790 3

X4 - 0.0012 0.0159 - 0.0553 0.1307 2.3779 0.900 6

Xs 0.0005 - 0.0085 0.028 4 0.039 6 2.0913 09771

Xe 0.000 0 0.000 1 - 0.0028 0.026 9 41399 0.7918

11-20 Y 0.0123 - 0.1392 - 0.1010 38116 7.8818 0.9259
X1 - 0.0030 0.0433 - 01752 0.404 1 2.8781 05775

X» - 0.0001 0.002 0 -0.0122 0.065 6 5.000 0 0.249 0

X3 - 0.0012 -0.0182 0.055 3 0.1426 1.8536 0.7879

X4 - 0.0016 0.0232 - 0.108 6 0.291 3 4.0420 0.863 4

Xs 0.000 0 0.000 0 0.000 0 0.000 0 0.000 0 0.000 0

Xg - 0.0003 0.003 7 -0.0182 0.052 4 6.100 0 0.652 0

Y. AEET Xy BRECHW; Xoo HEMEHUE; X BEEDNEBR: X, ZSEEWNG Xoo B HK: Xe: RIGUN;
LE3CB

Y: Frankliniella intonsa; Xi. Tetragnatha squamata; Xj. Tetragnatha maxillosa, Xs. Erigonidium graminicolum; Xy:
Misumenops tricuspidatus; Xs. Clubiona japonicola; Xg. Oxyopes sertatus. The same below.

x2 BLXMHMEEHBSEEXBNERIRE R
Table2 Variablerange and coefficient of determination of Frankliniellaintonsa and
itsnatural enemiesin ‘Huangshan large leaf’ tea garden

HCA-RD . c c, . g ERA
Date (month-day)  Species Variation factor

10-28 Y 0.036 8 - 5.0238 336369  130.4380 3.4810 0.839 3

X1 - 0.0021 0.0316 -0.1370 0.2517 32123 0.7145

Xz 0.000 0 0.000 0 0.000 0 0.000 0 0.000 0 0.000 0

X3 - 0.0037 0.057 7 -0.2732 0.7125 36471 0.750 8

X4 0.001 2 - 0.0160 -0.0127 0.629 6 9.4298 0.942 4

Xs - 0.0089 0.134 4 - 05973 1.080 0 33224 0.829 9

Xe 0.000 9 0.000 3 -0.1070 0.752 7 6.1738 0.6535

11-10 Y - 0.689 2 117727  -61.9986  174.0771 41339 0.292 2

X1 - 0.0013 0.0212 -0.1043 0.358 6 3.8909 0.609 6

Xz - 0.000 4 0.004 5 -0.0353 0.254 0 5.535 0 0.791 4

X3 0.002 6 -0.0418 0.058 1 1.0471 0.747 0 0.947 6

X4 0.001 3 0.005 2 -0.2547 1.518 3 6.844 5 0.803 8

Xs - 0.001 4 0.017 8 - 0.069 4 0.210 6 2.954 0 0.964 6

Xs - 0.007 1 0.106 4 - 0.5103 11357 3.986 8 0.650 6
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£E3R 2 (Table 2 continued)

B (H-H) wp  DGERM

Date (month-day)  Species € C2 Cs Ca Variation Dggi \r/e
11-20 Y 21305 - 33.3306 82.7610 5314511 1.4405 0.8348

Xy - 0.005 4 0.0838 -04314 11011 4.862 2 09211

Xz -0.0011 0.018 6 -0.1147 0.457 4 5.6104 0.578 7

X3 0.000 6 - 0.008 9 -0.0153 0.529 3 10.407 0 0.7780

X4 0.0127 -0.1750 0.504 9 0.992 4 1.7949 0.663 4

Xs -0.001 4 0.0219 -0.1192 0.326 4 41150 0.918 2

Xe -0.0031 0.0450 -0.1994 0.4778 3.4854 0.926 8

®3 RMBEFEFEHHSEEXBNETRERTRERE
Table3 Variablerange and coefficient of determination of Frankliniellaintonsa and
itsnatural enemiesin ‘Agricultural anti-zao’ tea garden

HWCH-H) wE  UERK
Date (month-day)  Species € C2 Cs Ca Variation szc(;tso \r/e
10-28 Y -0.6385 10.576 0 - 49.456 5 102.797 7 3.3612 0.834 4
X1 0.000 8 -0.0126 0.0355 0.1173 1.6732 0.8531

Xz 0.000 5 - 0.004 0 - 0.0001 0.1385 9.0000 0.7832

X3 0.000 4 - 0.004 7 0.007 3 0.1238 0.8513 0.4900

X4 - 0.0038 0.0600 -0.3473 1.049 2 5.7580 0.9703

Xs - 0.0034 0.0490 -0.2543 0.796 7 5.9000 0.8408

Xe -0.0487 0.7505 - 3.6004 7.2527 3.8139 0.8256

11-10 Y -0.020 4 0.4192 - 22160 5.348 6 35791 0.900 7
X1 -0.0021 0.0338 - 0.206 8 0.8327 5.2000 0.8747

Xz -0.0017 0.020 4 -0.0772 0.300 8 3.0497 0.906 2

X3 - 0.002 7 0.0450 - 0.260 2 0.6890 5.580 0 0.868 9

X4 -0.0158 0.247 8 -1.2292 2.662 4 4.066 5 0.749 6

Xs -0.0011 0.016 5 -0.0776 0.1878 3.7032 0.7257

Xe 0.003 3 -0.0318 0.069 1 1.156 5 1.3858 0.196 6

1120 Y - 23332 38.8610 - 199.650 5 480.066 2 4.0353 0.389 1
X1 -0.0031 0.0538 -0.3359 1.0600 7.1000 0.590 8

Xz 0.000 2 0.000 3 -0.0113 0.1077 41399 0.7918

X3 -0.0011 0.0179 -0.0898 0.2100 4.024 2 0.929 6

X4 0.000 3 - 0.0037 -0.0231 0.3130 9.605 4 0.960 7

Xs 0.0005 - 0.0077 0.026 7 0.0135 2.2376 0.9402

Xe 0.008 9 -0.1159 0.193 8 2.0535 0.936 5 0.737 2
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Fx4 FHHEREREHIESEEXBNTENMRERE
Table4 Variablerange and coefficient of determination of Frankliniellaintonsa and
itsnatural enemiesin ‘Pingyangtezao tea’ garden
I
ImOLE) wR o oo EELS
-day)  Species Variation factor
10-28 Y 0.403 3 -7.0408 43609  257.4565 0.318 4 0.9342
X1 0.001 0 -0.014 4 0.029 4 0.224 5 1.156 1 0.916 2
Xs -0.0003 0.005 6 -0.0340 0.1037 5.485 6 0.6152
X3 0.001 0 -0.0143 0.0392 0.1623 1.656 5 0.900 8
X4 -0.0003 0.004 9 -0.0306 0.099 4 7.8110 0.7388
Xs -0.0003 0.0030 0.0010 0.1854 6.876 2 0.2733
Xe - 0.008 4 0.1294 -0.626 1 1.446 1 3.8953 0.7742
11-10 % -0.0190 -0.8385 1.2447 69.576 5 0.7243 0.8717
X1 0.000 1 - 0.0056 0.0228 0.288 5 2.100 0 0.928 4
X5 0.000 2 0.009 2 -0.1241 0.5625 5.609 1 0.564 0
X3 -0.0012 0.0190 -0.0931 0.2384 39791 0.8103
X4 0.000 5 -0.0081 0.0257 0.0747 1.901 1 0.9427
Xs - 0.0002 0.0032 -0.0251 0.1356 3.967 0 0.8857
Xe -0.0023 0.0316 -0.190 4 0.968 9 5.849 0 0.798 8
11-20 Y -1.5946 240589 -1144361  321.0122 3.8579 0.870 4
X1 -0.0035 0.043 4 -0.197 4 0.8381 5.796 0 0.5106
Xs 0.001 1 -0.0161 0.0523 0.080 0 2.0551 0.984 8
X3 0.000 1 -0.0009 -0.0130 0.1685 9.6777 0.7417
X4 0.000 8 -0.0122 0.0125 0.357 9 0.541 0 0.858 1
Xs -0.0011 0.0158 -0.0685 0.1259 32123 0.7145
Xe -0.0018 0.009 6 -0.0829 1.346 8 2.950 0 07251
x5 AMEXEFEREXRFZEANKEXEESEEY
Table5 Gray correlation degree and close index between pests and
natural enemiesin four tea gardens
%5pdl Teagarden 15 H Project X1 X5 X3 X4 Xs X
HZ R JEGEERRE Gray correlation degree 0.8672 08641 0.8572 0.8604 0.8490 08761
‘Baihaozao' FYIHE%L Close index 09898 09863 09784 09821 09691 1.0000
¥R Serial number 2 3 5 4 6 1
ElIpNL i KA IR Gray correlation degree 0.6433 06267 0.6284 06272 0.6353 0.6284
;';a}’:"‘”gs*‘a“ large w14 %t Close index 10000 09742 09768 09750 09876 09768
{7 YR Serial number 1 6 3 5 2 3
AR KA R Gray correlation degree 07261  0.6887 0.6855 0.6906 0.7030 0.7089
Agriodtura FYIHE AL Close index 10000 09485 09441 09511 09682 09763
{7 ¥k Serial number 1 5 6 4 3 2
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£E3 5 (Table 5 continued)

2%l Teagarden i H Project X3 X, X3 X4 Xs Xe
- PH AR KA EEREE Gray correlation degree 0.6367 0.6317 0.6055 0.6292 0.6350 0.6396
PINGYangIeza’ iyt Close index 09955 09876 09467 09837 09928 1.0000
¥R Serial number 2 4 6 5 3 1
#HFEEA T Sum of close index 39853 3.8066 38460 3.8919 39177 3.9531
ZYIFEEE 1 HE Sum order of close index 1 4 6 5 3 2
PR EEA 1T Sun of serial numbers 6 18 20 18 14 7
MALAER Total serial number 1 4 5 4 3 2
R 5 A, HACE] H2s E] O R B VIRET 37K o, B LA RECREESCH M (X)L 55 6 i KEK

B, 2 RS R RSO R (X ) | 820 H I ( Xq)
FAERE I (X)) , BPIF UK IE 1.000 0,
0.989 8 F1 0.986 3; 111 K H-Fh 2% el J2 i 5 14 Wi
(X1) . FREHEK (Xs) MBSO (Xe)
B EUR OE 1.000 0, 0.987 6 Fl1 0.976 8; 4
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