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Abstract: To provide a scientific basis for proper application and conservation as well as utilization of the dominant natural
enemies, in this paper, the quantity, time and space framework of Sogatella furcifera (Horvath) , Laodelphax striatellus

(Fallen) , Nilaparvata lugens ( Stdl) and their predatory natural enemies were systematically studied using grey system
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analysis, ecological niche analysis and aggregated-intensity index analysis of spatial patterns in both control and non-control
paddy fields of rice variety “Two Excellent 0923”. The same methods were also used to analyze the impact of pesticides on
predatory natural enemies of three species of planthoppers. The synthetic ranking results indicated that, in non-control
field, the orders of main natural enemies of Sogatella furcifera (Horvath) , Laodelphax striatellus( Fallen) and Nilaparvata
lugens (Stdl) were, respectively, Plexippus setipet ( Karsch) , Erigonidiun graminicolum ( Sundevall ) and Tetragnatha
maxillosa ( Thoren) ; Theridion octomaculatum ( Boes et str. ), Neoscona theisi ( Walckenaer) and Tetragnatha maxillosa
(Thoren) ; Marpissa magister ( Karsch) , Singa pygmaea ( Sundevall) and Cyriorhinus lividipennis ( Reuter). In control
field, the orders of main natural enemies of Sogatella furcifera (Horvath) , Laodelphax siriatellus(Fallen) and Nilaparvata
lugens (Stdl) were, respectively, Plexippus setipet ( Karsch), Erigonidiun graminicolum ( Sundevall ) and Teiragnatha
maxillosa ( Thoren) ; Pirata subpiraticus ( Boes et Str), Singa pygmaea ( Sundevall) and Erigonidiun graminicolum
(Sundevall) ; Cyrtorhinus lividipennis ( Reuter) , Pirata subpiraticus( Boes et Str) and Singa pygmaea (Sundevall). The
comparing analyses showed that the top three dominant natural enemies of Sogatella furcifera (Horvath) were identical, and
in those of Nilaparvata lugens (Stal) only Cyrtorhinus lividipennis (Reuter) and Singa pygmaea (Sundevall) were same,
whereas those of Laodelphax striatellus( Fallen) were completely different between the control field and non-control field by
beat-pan method. Compared to the beat-pan method, the top three dominant natural enemies of Laodelphax striatellus
(Fallen) were identical, whereas there were two same kinds of natural enemies, i.e. Tetragnatha maxillosa ( Thoren) and
Singa pygmaea ( Sundevall) in those of Sogatella furcifera ( Horvath), and Marpissa magister ( Karsch) and Plexippus
setipet (Karsch) in those of Nilaparvata lugens ( Stil) between the control field and non-control field. The differences of
these dominant natural enemies between two kinds of paddy fields were mainly caused by using pesticides, which kill and
wound the three species of planthoppers, so pesticides affected the occurrence of natural enemies. In the non-control field,
there was only a same kind of natural enemy ( Tetragnatha maxillosa (Thoren) ) in the top three dominant natural enemies
of Sogatella furcifera ( Horvath ) and Laodelphax striatellus ( Fallen ) , and Marpissa magister ( Karsch) in those of
Nilaparvata lugens (Stal) between beat-pan method and sweep net method. However, in the control field, the same natural
enemies in the top three dominant natural enemies of Sogatella furcifera ( Horvath) was only Tetragnatha maxillosa
(Thoren) , but no same natural enemies were found in those of Laodelphax siriatellus ( Fallen) and Nilaparvata lugens

(Stal). The difference seems to be mainly caused by the two different investigation methods.

Key Words: planthoppers; predatory natural enemy; population dynamics; dominant natural enemy
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Table 1 The t values of planthopper and their natural enemies of non-control field and control field

771 Methods zyi Y Y, Ys X, X, X3 Xy Xs

%54A Basin-beat method 4.01"" 2.43" 1.18 0.88 1.61 0.44 0.29 0.87 1.22
1™ Sweep net method 2.85" 2.93*% 1.49 1.15 0.12 0.95 1.00 1.12 1.63
75 Methods X X; Xq Xy X0 Xy X, X3 X4
x| 1.31 0.21 0.38 0.18 0.77 0.34 0.90 0.45 1.37
HK 1.08 0 0.79 1.00 0 0.94 0.91 0.94 0.94

df=8 B, 1y 05=2.31,65 0, =3.36; * * EFRWEBE, « EREE,

Y, A REGY, ROCEG Y, 8 CEG X, RN X, HERE X, A\ BERRIE R X, AR X AR X SR BUME IR ; X, B bl ik
Xg VU SEHE R Xy BUKIRSK X BIF SR X, BRSO I X, PRENET X 3 B0 X, S0 b ik

Y, Sogatella furcifera (Horvath) ; Y, Laodelphax striatellus ( Fallen) ; Y5 Nilaparvata lugens (stal) ; X, Erigonidiun graminicolum ( Sundevall) ; X,
Tetragnatha maxillosa ( Thoren ) ; X5 Theridion octomaculatum ( Boes et str. ) ; X,Marpissa elongata ( Katseh) ; XsMarpissa magister ( Karsch) ;
X¢ Plexippus setipet (Karsch) ; X, Neoscona theist ( Walckenaer) ; Xg Singa pygmaea (Sundevall) ; Xy Pirata subpiraticus (Boes et Str) ; X, Cyrtorhinus
lividipennis (Reuter ) ; X, Tetragnatha squamata ( Karsch); X, Plexippus paykulli ( Savigny et Audouin); X,;Pantala flavescens ( Fabricius ) ;
X14Neoscona doenitzi (Boes et Str. ).
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Fig.1 Correlation degree of planthoppers and their natural enemies
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Table 2 Time niche overlaps index ( /) and niche proportional similarity (/) of planthoppers and their natural enemies

FiH K A

Paddy field Planthopper  Items A = = X X X % A % Ko

JEBIA I Y, H 0.5290  0.6115  0.5713  0.3292  0.0588  0.6687  0.2779  0.2983  0.2452  0.2537

Non-control field M 0.5310  0.6176 ~ 0.5742  0.3365  0.0576  0.6898  0.2744  0.2990  0.2482  0.2621
Y, H 0.8946  0.9014  0.9291 0.6095  0.0374  0.2112  0.9886  0.8738  0.2968  0.0307

M 0.8425 0.8958 0.9137 0.5945 0.0375 0.2019 1.0034 0.8282 0.2892  0.0306

Y, H 0.4197 0.1310 0. 1509 0.2981 0.9921 0.8145 0. 1060 0.5389 0.4808  0.0416

M 0.4143 0.1327 0.1518 0.3018 0.9910 0.8220 0. 1069 0.5330 0.4837  0.0407

By H Y, H 0.6113 0.8171 0.1319 0.2093 0.5948 0.9885 0.3086 0.2252 0.1886  0.0167
Control field M 0.5822 0.8213 0.1316 0.2148 0.6280 0. 9846 0.3181 0.2228 0.1900  0.0168
Y, H 0.5082 0.7427 0.4140 0.9563 0.1614 0. 1849 0.9765 0.9164 0.9345  0.8713

M 0.4743 0.7378 0.4095 0.9771 0. 1683 0. 1862 1.0024 0.8978 0.9369  0.8882

Y, H 0.4720 0.259 0.5601 0. 1868 0.3953 0.1272 0.1295 0.4062 0.2291 0. 8935

M 0.4787  0.2674  0.5638  0.1907  0.4298  0.1183  0.1324  0.4085  0.2291  0.8378
H A AR, M AR S R AR L L 7]

®3 TESEXFzEBAPZEESLCERIER(H) FEMERSI(M)
Table 3 Space niche overlaps index (/) and niche proportional similarity (/) of planthoppers and their natural enemies in the paddy field

i Kl HiH

Paddy field Planthopper ~ Ttems A % X X s X X X X o
AeB7iA M Y, i 0.4626  0.2297  0.2480  0.1337  0.1619  0.4834  0.1121  0.5213  0.3406 0
Non-control field M 0.7420  0.3919  0.2776  0.1527  1.4589  1.1256  1.0100  0.9043  0.6782 0
Y, i 0.2303  0.3272  0.4897  0.4184 0 0.1028  0.2930  0.3109  0.5906 0
M 0.2872  0.4204  0.5662  0.7265 0 0.7547  0.2869  0.3527  1.0237 0
Y, i 0.5619 0 0.0577  0.3002  0.5941  0.3322 0 0.7826  0.2721 0
M 0.8095 0 0.6943  3.6105 0.7693  0.4647 0 0.9665  0.3461 0
Wit Y, Vi 0.4820  0.2000 0 0 0.0842  0.2737  0.1031  0.3979  0.0421 0
Control field M 0.9199  0.2078 0 0 0.8538  0.8110  1.2807  0.9068  0.4269 0
Y, Fii 0.3359  0.1814  0.2517 0.0649 0 0 0.0161  0.2816  0.2808 0.3099
M 0.9102  0.3228  0.4437  0.139%4 0 0 0.0188  0.3686  0.4308 0.4799
Y, Vi 0.0738  0.0174  0.1685 0 0 0 0 0.3650  0.5967 0.4953
M 0.1091  0.0741  0.2880 0 0 0 0 0.4219  3.1111 0.5608

B e FH A, 55 QR A FE P s ) AR 2o T B i ORIARMRUE O 1026 — (6 A9 X, e QU8 23301 g e [l /s
RN (07 Pl R 5 KRR PR 12 2 ] /N R 5 48 R EU R O KRBk
2.5 FANE 3 A RES HOCHOE RO IR A0S (B 0GR LR G T

Hi 3 M REUS H IR R I 28 S R IS BB REA T ARl A 0 4 DR 58 AR 45 4 DR B AP
TR, R IZ KRR 25 6 A B 5 RECC R B U, 2R T 2 BB A M, REET =2 K8, H
T ORI AR SO LR | ()N JE ORI HE R 0 5 R U R/ REBR IR Wk 28 €005 el Aok R . 1 A5 7 R EU Y 2
GNIRIEIN | VY 55 MR W T R % 0
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Fig.2 Standardized parameter values of planthopper and their natural enemies
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Fig.3 Correlation degree of planthopper and their netural enemies ( sweep net mothod)
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R PG H b, B b5 TREOCHR BE R AT =0 K, B CEAY S B0 1 (0. 8551) (HEE 1 1
TR SO IR 5 IR S HERE P 0 | SR SO P2 0 DU S MR R 5 18 R U 2 AR 0 IR R (M PR R B

379 0 3 4y I 1] A4 25057 B % 48 BORAR R LU 19181 T35 4 ZEERIT A FABIA L ob 5 R E e (8] A 25 A0
BT BRI FEA R AR 265 — (2 R, 7 LAY 7 ) e DU 5 R R R 1 o 5 R\ S R P 0 5 AR B
It PP S8 R o ) A 253 T A SRR AR A9 B8 58— (3 K a3 SR A IR DY i R ek, By 1
H I PR A B A SR B T

FEBI A FAIB A 2 18], 459 190 12 ) "R R =37 A9 R b AR ] B9 R, 1 QU A 2 I R I I
W 5 KRR =L FCHOR [7] | B M 1 0 D e R ok AR 8 5 1 9, L AR ) 5 469 U ) 2 0 2% e I 0 25
L)

*4 IRASEXBZENEESMEERH(H) MBOUELLG (M) (FME)
Table 4 Time niche overlaps index (H) and niche proportional similarity (/) of planthoppers and their natural enemies( sweep net method )

Fa KE HiH

Paddy field Planthopper Items = % X A i i s Aie
JEB IR 1 Y, H 0.5874 0.5416 0.4133 0.8159 0.5809 0.3099 0.4639 0.4438
Non-control field M 0.4897 0.5439 0.3765 1.1080 0.4777 0.2539 0.4114 0.4771
Y, H 0.9824 0.2384 0.3418 0.4900 0.9789 0.1583 0.1232 0.1845
M 0.9544 0.2384 0.3434 0.5528 0.9452 0.1526 0.1225 0.1935
Yy H 0.0081 0.8286 0.7516 0.7981 0.0042 0.7650 0.2937 0.4968
M 0.0074 0.8481 0.7326 1.0071 0.0038 0.6904 0.2807 0.5390
B Y, H 0.8847 0.6970 0.5613 0.8538 0.8905 0.2120 0.5001 0.4403
Contro! field M 0.8176 0. 8568 0.6815 0.7524 0. 8648 0.1825 0.5034 0.5006
Y, H 0.9497 0.7663 0.6138 0.9205 0.8893 0.2698 0.3230 0.4150
M 0.9168 0.9103 0.7389 0.8562 0.8952 0.2461 0.3318 0.4758
¥y H 0.0642 0.7289 0.8512 0. 0067 0.1042 0.8899 0. 3806 0.6213
M 0.0633 0.8557 1.0229 0. 0064 0. 1067 0.8336 0.3949 0.7161

FAREA WL AT A B R B I ) T3 5 Mgk 6, IFR 5 FISR 6 Bt Mt ) P-4~ Jy 1 A9
PIRECZ Y 5 W AR A B 20 A sk e A 1 3 e QU = AR R Y R, 1 REURTR R
AR HE RS 1 0 5 48 KRR AR MM SR SO PR, 7EBITIA AR S0 3 A R0 3 T U Ay iy =3 B B A
[RIRE, A KRR 0, K RERGHT = A AR R ® 46 R EUAT — (57 Kbt A A R R

x5 FWEHICEAXRBABMLE

Table 5 The dominant natural enemies of basin-beat method

5
ff;iy field Planift;per Il)eri A = X X s X X A X Ao
JEpiiA H Y, P 2.4759  2.8089  2.6666  1.8493  0.9783  2.9941  1.6893  1.7129  1.5959  1.5999
Non-control field K5 4 2 3 5 10 1 7 6 9 8
Y, P 2.6425  2.7441  2.794  2.0666  0.8263  1.1796 3 2.5917  1.4009  0.7984
i) 4 3 2 6 9 8 1 5 7 10
Y, P 1.6339  1.0148  1.0733  1.39%61 3 2.5027  1.0319  1.9575  1.822  2.6571
F5 6 10 8 7 1 3 9 4 5 2
B34 1 Control field Y, ) 2.0646  2.5514  1.0197  1.2505  2.0934 3 1.4748  1.254 1.1757  0.8973
iz 4 2 9 7 3 1 5 6 8 10
Y, ) 1.8166  2.3503  1.6245  2.9201  1.1165 1.2145 3 2.7462  2.8325  0.8257
5 6 5 7 2 9 8 1 4 3 10
Y, by 1.9893  1.4258  2.1942  1.3504  1.8593  1.134 1.1616  1.8656  1.448 3
¥ 3 7 2 8 5 10 9 4 6 1
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F6 HMZER CRARBMBFILE

Table 6 The dominant natural enemies of sweep net method

it il TiH

Paddy field Planthopper  Items = x5 X A i X s Aia
JepiaH Y, P 2.0526 2.064 1.729 3 2.0259 1.4523 1.8292 1.8375
Non-control field =3 3 2 7 1 4 8 6 5
Y, 3 1.3432 1.5866 1.9406  2.9772 1.1646 1.0717 1.2304
F5 1 5 4 3 2 7 8 6
Y, P 0.8453 2.8421 2.5624 2.9276 0.8299  2.5516 1.5217 2.0351
s 7 2 3 1 8 4 6 5
B34 1 Control field Y, % 2.9195 2.7109 2.3723 2.7734 3 1.2902 2.0752 1.9518
75 2 4 5 3 1 8 6 7
Y, p 3 2.7513 2.4144 2.8648  2.8516 1.4007 1.5439 1.8416
5 1 4 5 2 3 8 7 6
Y, p 0.9884 2.5785 2.9565 0.8437  1.0898 2.7839 1.7576 2.3347
5 7 3 1 8 6 2 5 4
3 itig

3 B RE LR BRI B a] | 23 (8] 5C R b AR FH O 600G B2 3 AT s A A 2862 40 Wik e A T 4 B, 240
P B G FEAEE BT H 20,3 R ECET = B R ECT AR R A R, (Y RELTE AR R, KR EVE A AR [ R
4 ) 2 B S U A G 2 Ik 5 45 X IR A 1 B 3R R R B TG T 22 18], 3 QAT = A5 i AR [ R
B, 1 CELA SRR A S I R, K RELSE A R 48 R BV R SRR A SR SGE i . ATE B
AR i 2 RIS AR A i, BRAAATE A (A REVAT =07 KECHR A8, A g 225 s R R 5
RGBT ANTREA I, RECZ A A 2P A7 A 22 5, 3 Bl T 508 S BRSO g0 % Sk A
REALER 7 H 20 HZE 8 H 6 HyHE/NEER HEEH® &7 H 20 HE 8 A 22 HRHE CEUHK KAl
DA 9 H7 HZE9 H 23 Hiy# CEl, LR A HEGE W2 K TRG |, RUIFE KR AR 8 g # v Biid | Ry
THiG3 M EET 7 H 12 H—8 H 20 H X% 8 A 24 H—27 H /G Wit T 20% 54 A4 H Ik + L MUk 25, 5%
o] 24 PR YR+ JB T VR 109 JB37 B+ S8 MU F BRI AIG 1 3 P U R e o [ /N R ok R S 1 o P i, RV
IR X KRB T3/ AR T BhG B 3 Fh R EU AT AR R KRR A v B R R D S R B
PHACE TS B R S B R R AR Bh A R, B G FRNEE B iR A A 25 S50 B T AR 24 B,

WA VAR 5 2 00 b, AR B I6 B A AR A Ik 2 1a] 3 A CECET =07 A AR [R] KL, 1175 REVRTK K
PP HENE 0 4 R ELA R AR ; B 36 T P Fh o A D7 i 45 SR 2 0], 1 R a2 HE I 1 I, KR EUR
Hiy REUHT = A KRB A A R R, 58 i PR A0 8 A 1) 2RO Rk v R AR, 45 A TR A ) 2
Feibk b3 R HAE I Ak BBy 2s 8], i TR A RO AR A RADANA] R ki | Fo e 3 A 7E R ik T S
B Sk RS> AR TEAEAR A0 L, Sk BRI R RIS SR E I P H S B A AR REAR T, B ik
IR 3 A, (A1 CEURHE CE B e Rk i R L G () SRk A DU i B ek 2 A0
HE T M

PPN E R TR | B5 e 3 3 i 5 H R B R s ia) |25 (8] 0 T 56 2R A 3 DD AR R B R Bkt I A
HOFE =y T R A B s AR R e e A MBI IRFE] S A A R — O AN KRR B RE T
FHRH S % 2 AR B 23 96 20 T S 80HE T 2 28 A PE A KRG 4G 2070 30 0 A 45 40 56 5 50bn e
bR OIHE B, 4 VIR B AR /N E AR 3 U = B RO E ASCRA T e —Fhorsk x5 5
A SEHE T TS AN B AR L, AT s AR S S AU 25 7 K s R 2%

BT RRRME R 2= 2010 ZAE ARV 5 A A ik 5 R0t 176 i LA B2 e S U9 R 2= i R AR R I S 0 T 2
FH (] 8 2 A2 P9 TAR R b 20
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