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Differences among population quantities and community structures of pests and

their natural enemies in tea gardens of different altitudes

KE Shengbing' , DANG Fenghua', BI Shoudong'*, ZOU Yunding', YU Kun',ZHAO Xuejuan', XU Jinfeng’
1 College of Forestry and Gradening, Anhui Agricultural University, Hefei 230036, China
2 Plant Protection Station of Qianshan, Anging 246300, China

Abstract: In order to understand the differences among population quantities and community structure of pests and their
natural enemies in tea gardens of different altitudes, and to provide a scientific basis for integrated pest management (1PM)
in tea gardens, in the present work, systematical investigations were conducted at three tea gardens of different altitude
heights (i.e. 698.6 m (high), 270 m (medium) and 46 m (low)) by using the survey method of parallel jumping
sampling. Analysis of variance showed that pests of significant differences among the three tea gardens of different altitude
heights were Empoasca vitis ( Gothe) , Dialeurodes citri ( Ashmead) , Brevipalpus theae (Ma et Yuan) , Scirtothrips dorsalis
(Hood) , Ricania cacaonic (Chou et Lu) and Holochlora nawae ( Matsumura et Shiraki) , and their F values were 39.97,
21.09, 8.29, 21.10, 6.24 and 46.27, respectively; whilst enemies of significant differences among the three tea gardens
of different altitude heights were Theridion octomaculatum ( Boes. et Str.), Tetragnatha maxillosa ( Thorell ),

Enoplognatha japonica (Boes. et Str. ), Neoscona theisi ( Walckenaer) , and their F values were 7.49, 8.00, 18.61 and

ELWE 15 A AR (30871444)  TRUK #0775 H (KI2008A139) 5 Z2#U4 FIAARR 3L 4 VE BT H (11040606 M71) 5 615X 973
141 (2010CB126206 )

Y5 B #A:2010-05-13 ; f&iTHH#5:2010-09-15

# WM IHAEH Corresponding author. E-mail ; bishoudong @ 163. com

http ://www. ecologica. cn



4162 A E = 31 &

17. 36, respectively. The statistical analyses further showed that the first main pests were Empoasca vitis ( Gothe ) ,
Dialeurodes citri ( Ashmead) , Brevipalpus theae (Ma et Yuan) and Holochlora nawae ( Matsumura et Shiraki) in high-
altitude tea garden; and Scirtothrips dorsalis (Hood) and Ceroplastes rubens ( Maskell ) in mid-altitude tea garden. Whilst
the first natural enemies were Tetragnatha maxillosa ( Thorell ) and Theridion octomaculatum ( Boes. et Str.) in high-
altitude tea garden; and Clubiona japonicola ( Boes. et Str. ) in mid-altitude tea garden; as well as Neoscona theisi
(Walckenaer ) and Enoplognatha japonica ( Boes. et Str. ) in low-altitude tea garden. Furthermore, the results
demonstrated that the main pests also have Scirtothrips dorsalis ( Hood) and Ricania cacaonic ( Chou et Lu) in high-altitude
tea garden; and Empoasca vitis ( Gothe ) and Brevipalpus theae ( Ma et Yuan) in mid-altitude tea garden; as well as
Empoasca vitis ( Gothe) , Scirtothrips dorsalis (Hood) , Dialeurodes ciiri ( Ashmead) and Ceroplastes rubens ( Maskell ) in
low-altitude tea garden. Whilst the main natural enemies also have Erigonidium graminicolum ( Sundevall) , Neoscona theisi
(Walckenaer) and Enoplognatha japonica ( Boes. et Str.) in high-altitude tea garden; and Theridion octomaculatum
(Boes. et Str. ), Erigonidium graminicolum ( Sundevall ), Tetragnatha maxillosa ( Thorell ), Lycosa pseudoannulata
(Boes. et Str. ) and Misumenops tricuspidatus ( Fabr. ) in mid-altitude tea garden; as well as Theridion octomaculatum
(Boes. et Str. ), Tetragnatha maxillosa (Thorell) , Erigonidium graminicolum ( Sundevall) , Clubiona japonicola ( Boes.
et Str. ) and Lei axyridis (Pallas) in low-altitude tea garden.

Specially, the results of F-testing showed that there were highly significant differences in community diversity index
(F=17.57), individual numbers ( ¥ =5.27) and evenness of arthropod community ( F=23.46) among the three tea
gardens of different altitudes (all F>F;, =4.79). However, no statistically significant differences existed in numbers of
species among the three tea gardens of different altitudes ( F'=2.32 <F, s=3.07). The result indicated that the community
diversity index in low-altitude tea garden was greater than that in high and medium-altitude tea garden. Furthermore,
community diversity index and species numbers of phytophagous sub-communities in the three tea gardens of different
altitudes also were further surveyed. The statistical results indicated that the F values for community diversity index and
species numbers were, respectively, 1.70 and 1.74, indicating that no statistically significant differences existed in them
(all F values<F,,s=3.07). In contrast, there were highly significant differences in individual numbers ( F=11.55) and
evenness (F'=7.87) among the three tea gardens of different altitudes (all F values > F ,, =4.79). Whilst statistically
significant differences in community diversity index ( F=5.13) , species numbers (F=6.76) and individual numbers ( F=
8.78) of predacious sub-communities also existed in the three tea gardens of different altitudes (all F values>F, , =
4.79). The above three indexes in low-altitude tea garden was greater than those in high and medium-altitude tea garden.
In addition, no statistically significant differences existed in evenness among the three tea gardens of different altitudes ( F=
1. 06<F, ;s=3.07). These above results indicated that the total community diversity index and the relative stability values

of communities in low-altitude tea garden were greatest in the three tea gardens of different altitudes.

Key Words: different altitudes; pests; natural enemies; variation analysis
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Table 1 Population quantities of phytophagous insects in tea gardens of different altitudes

LYl Species High-altitude Mid-altitude Low-altitude F

tea garden tea garden tea garden
X RIE Ectropis obliqua Warren 6 11 17 1.3930
21 i gy Ceroplastes rubens Maskell 1 109 14 7.0100 **
B HR /N2t - i Empoasca vitis Gothe 553 236 128 39.966 **
RIS AUEWE Ricania cacaonic Chou et Lu 15 5 2 6.2400 **
ZRIEH] T Scirtothrips dorsalis Hood 23 352 296 21.0990 **
S5 2 Brevipalpus theae Ma et Yuan 35 29 4 8.2870 "
%4 B\ Dialeurodes citri Ashmead 245 19 48 10. 0800 **
Lk Holochora nawae Mats. et Shiraki 51 1 1 46.2670 "

N, =2,N, =87 ,Fq 45 =3.07,Fy o, =4.79

2.2 N[riER S e R EC PR 14 22 5

HEAN ) AR 8k el 3 S RIS B 22 WO AN )R 2 () 0 7 22 40 BT 4 2R 90 T3k 2 AT LU Y 8
R VR R A5 P 32 R A HE IR W Tetragnatha maxillosa Thorell | /\ f5 BRI& ¥k Theridion octomaculatum Boes. et
Str. FIEE[E] /N2 ik Erigonidium graminicolum Sundevall,,ﬁ‘{ﬁ(ﬂﬂ%@%ﬁ [& Wk Neoscona theisi Walckenaer . H 4<1&
W Labidura japonica De hocan S#OBIH Lei axyridis Pallas 55 ; 7E PR 4% el A 32 22 R ECHERT 3 47 10 kR4 51
Wk Clubiona Japonicola Boes. et Str. | 3 [A] /)N Bk A0 N S BRI Wk , HRCONHENE MW =28 48 ik Misumenops
tricuspidatus Fabr. 55 ; (II4k 2% bel H 32 BORBOMRF B HERT 3 07 194 /\ S BRI ek | 255 €030 153 ok 0 R 5 g, L
UCOR HABRIE R B IR] /N RR A8 SERATE X 3 Fhiigfic % el 3 R B P AR 2 ) 22 S AT 07 22 007, O
HEMWEEIITZE I N, =2,N,=87,F, s=3.07,F, ,, =4.79, HEME 4 W 7E 3 FfE 4k 25 e =2 i) 22 540 5
E(F=8.0030,F>F, ), dig 55 il 5 i ARk 5 e =22 ] 22 i 35 (P {E 4 0. 0002 F110.0159) ,
IR IR AS e Z [A) 22 5 AN .25 (P =0. 1365 ), iy A0 el R 1 S 400 fe 22 5 HAS BRI R AE 3 it 44 2% bl 22 1]
2R B E (F=18.6110,F>F, ) , Horpr IRk 2% bel 55 v g B4R 5 Bl 2 1) 22 S A% 2. 35 (P (B 0. 0001 F11
0.0001) , H iR R FE Z A 25 5% A8 .35 (P =0. 8150 ) ARk 25 bl H A BRI AR e 22 5 25 (BT R R A 3 b
TR R P Z 18] 22 S 35 (F=17. 3590, F>F, o, ), Ho AR R B 5 b s T 4k bl 22 ) 22 el 3 (P
40.0001 10.0001) , 5  HOIEHR AR Z [0 22 2 R85 (P=0.4865) , KPR A5 el 4% (08 R bk A0 e 22 5 B
HLRTE 3 FhIFIRAS I 22 18] 22 S0 .3 (F=18. 6110, F>F, ), Herfr RIS FE 5 b i 25 el =22 1) 22 S
23 (P AE20.0001 F10.0001) , H | iBEHR Pel 22 [ 22 528\ 35 (P =0. 8150) , HHIESAC 3% Dl B 5 ik i ot
2 3 /NI BRI RAE 3 Bl SRR T Z M) 22 R R (F =7. 49, F>Fy ) , Hert, il ok el 45 e M4 el 2 ) 2%
S (P {E29 0.0002) , 5 KR A e 2 (0] 22 573 35 (P =0.0428) , i RIS 2 57 AN 8 (P =
0. 0731) ARIHFHACR el /\ BRI SR AR 22 3 OB K 3 R e el 2 ) 22 5 A Wk 2
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MEBCZ IR F AR 5.2680,F>F, ,,(4.79) , 225400 B 2, Hod 3k A5 el 5 i v 3 A5 Bl 7 B sh iR ke 2.
8] 25 54 25 (P=0.0017) , P 2R e 5 E RIER SR Z M 22 5 A B (P {EM 0. 1118 F10. 1047) |, &
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Table 2 Population quantities of natural enemies in tea gardens of different altitudes

Wy F:'?‘UX% EP@:JI&%:C R A 25 el
Species High-altitude Mid-altitude Low-altitude F

tea garden tea garden tea garden
H AW Labidura Japonica De hocan 7 0 0 6.4300
B[] /N gk Erigonidium graminicolum Sundevall 10 15 16 0.4860
J\ IS ERIEWE Theridion octomaculatum Boes. et Str. 11 15 76 7.49 "
HENE ¥ W5 Tetragnatha maxillosa Thorell 44 15 33 8.0030 **
EVBZ AW FLYR Lycosa pseudoannulata Boes. et Str. 3 8 2 1.6260
H A BRI % Enoplognatha japonica Boes. et Str. 1 23 18.6110 "
KA Neoscona theisi Walckenaer 8 35 17.3590 **
VI 3R Misumenops tricuspidatus Fabr. 3 8 8 1.1830
K R Clubiona Japonicola Boes. et Str. 1 33 16 18.6110 **
BE T8 Statilia maculata Thunberg 5 7 1.3710
ST Lei axyridis Pallas 6 12 0. 9060
215 JEE H Chilocorus kuwanae Silvestri 0 8 7.8640

R3 3 WIBRFET MR EMIEE(22S5)

Table 3 Index of arthropod community structure in tea gardens of different altitudes

A Ecological type Sp Sh Sn Sa Ss Si

5 E4K High-altitude tea garden 4.37+£1.27  31.83%11.06  3.00x1.44 4.23+2.34 7.47+1.74 36.20+10.92
FHiEK Mid-altitude tea garden 3.87+1.36  26.43+14.00  3.47+1.68 4.87+2.34 7.33+2.09 31.30+13.67
{34 Low-altitude tea garden 3.80+1.21 18.07+7.52 4.37+1.25 8.03+5.61 8.30+1.80 26.30+10.61

Sp: A B R R Species of phytophagous insect;Sh: A B B MK Individual numbers of phytophagous insect; Sn S E TR EC R AL
Species of Predatory natural enemies; Sa: i B P K &4~ A %L Individual numbers of Predatory natural enemies; Ss: & B 7% 9 # 44 Species of total

community ; Si : EHEVE MAZL Individual numbers of total community

3 PR A e A 1k B SRR W R B ] FAAE R 1. 7480, F<F, ((3.07) , 2 %A 2 MEEZ [ F
fH 0 11.5490 , F>F, ,(4.79) , 22 50 0 3, P IR Ak el 5 v | PRV i A% el =2 0] 25 S i e 2 (P {EA 0. 0001
F10.0047) , 7 IR AR Z [ 22 2R B35 (P {H0 0. 0647 ) |, BifER AR A vk R MR 2, Kb
BZIE] F N 6.7560, F>F, (4.79) , 22 5 i 3, Hoh ARVER S bl 5 v | i dk s el 22 R) 22 il i 3% (P (A
40.0194 F10.0005) , if SRR B 25 3 AR W3 (P =0.2203)  RHEER R R R RO 2 KECIMAS 2 18] F
B4 8.7820,F>F, ,(4.79) , 225t b &, Horp RSB S b |k s el =2 ) 22 S dl 1 2 (P (EK 0. 0016
F0.0002) , iR AR B Z 0] 26 57 AN 3 (P =0. 5162) fIRHF4k 2% el KRR MARR 22

VAN [T 2% el 45 B B ) e v R 1k B ER R R B M R RO AV 30 MR R B A g A 1A
B Z AR89 T3% 4, AT R ARG 38 el S B E VR Z AR B oK, U g gk s e . A B vk B OB
75 A B P R BRI 10 2 FEE R RO 2 il ik B oK, iR s Wﬁﬁéﬁaﬁﬂzﬁﬁ%ﬁﬁﬁﬁﬁﬂiﬁ R
SR AR MR /NS R R A A UK B 22 Pl 380, IR TR (47l 2 1 RSO IV AR PR AR RO AR 320 /U BRI R A 2%
o [ ik Fi i 22 T S,

2.4 R[RNERZE B RS YRR 2R AR A

FEARRIEEFR AS e 30 ASFE 7 115 I s MRV S5 A 1R 508 T3 5, %8 30 AR Th AR B 1 R O AE S Al
PR RO R I5 RSBV 1) Z AR A8 B0 ST 5 22500 Rl AT 2 i, 3 PR ak A5 el W i sh P Sk 5
H ZFEEFE B R F AR 17,5670, F>F, ,(4.79) , 2= 50 B 3, Horp (R R R 5 rh | @ik A e 2 ) 2
S B3 (P EN 0.0002 F10.0001) , H | Rk R el 2 [B] 25 S5 AN B3 (P =0. 0663 ) |, {IRIE 3R A5l 19 i sh i 2
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FEVE R 0T LUE 2 REME R 22 5 E 2R MBS SO R, 3 Rl A e hl 2 1k B AW TR 22 (R i AR P
fHM 1.6970,F<F, (s(3.07) , 22 512 ;3 Flifgdh 45 bel Z (B4 & PE R B R V% Z AR F (B 5. 1250, F>
Fo o (4.79) 22500 2 Horr v IR S el 2 1) 22 5 0 2% (P =0. 0284 ) AIK | iy V4R 5k el 22 [) 25 Sl b 3%
(P=0.0026) , " iR ASTE Z [0 22 AN 3% (P=0.3837) , IR AR I 2R 5

x4 AREBRFEVENDDFE A EER S EEER
Table 4 Species, individual numbers and diversity index of arthropod community in tea gardens of different altitudes

iENEY EHE IR RS AR

Phytophagous insect Predatory natural enemy

ST

A )
* T - . Total arthropod community
Ecological type sub-community sub-community

Sp H' Sh Sn H', Sa Ss H' Si
Al 13 1.7947 948 16 3.1840 127 32 2.5544 1086
ngh altitude tea garden
LP@%T b 16 2.1305 788 16 3.4701 146 35 3.0055 939
Mid-altitude tea garden
fReity 3R %A 17 2.0469 542 13 3.0434 241 31 3.2840 789

Low-altitude tea garden
H' | A R B RV 2B F5 X Diversity index of phytophagous insect sub-community; H', ; i &1 KBV 7% 2 BEPEFE 2L Diversity index of
Predatory natural enemies sub-community; H': SV B sl ZFEPEHEEL Diversity index of total arthropod community

x5 EEHEMBIAEEHSHMEER (xS MBAE (5 REER

Table 5 Diversity index, evenness and difference of total arthropod community and sub-community

N E e RR 3 EHNENE PN SRR
e Phytophagous insect sub-community Predatory natural enemy sub-community Total arthropod community
Parameter {[IR15Z74 ENGEL IR {iRZ7 SRGE1 R {R(Z7 eI IR
Low-altitude ~ Mid-altitude High-altitude Low-altitude ~Mid-altitude High-altitude Low-altitude =~ Mid-altitude ~ High-altitude
x+Sy 1.49+0.47 1.31+0.54 1.28+0.40 1.89+0.55 1.49+0.84 1.74+0.69 2.50+0.43 2.05:0.48 1.84+0.40
F 1.6970 5.1250 " 17.5670 "
P(a-b) :0.0284 P(a-b) :0.0002
P P(a-c) :0.0026 P(a-c):0.0001
P(b-c) :0.3837 P(b-c) :0.0663
E 1.14£0.18 0.96+0.33 0.90+0.21 1.29+0.29 1.13+0.29 1.22+0.43 1.19+0.12 1.05+0.16 0.93+0. 16
venness
F 7.8710" 1.0630 23.4560 **
P(a-c):0.0001
P(a-b) :0.0051 PE;“’;'g 88(3)2
P P(a-c) :0.0003 e

P(a-bh) :0.
P(b-c) :0.3531 (a-b):0.0003

2.5 OR[ANEHRZE T RS YRR 5 B AR A

P[RR 25 Bl 1 SRS R V& S A0 FE A8 500 T 36 5, % 30 AMRETT A 1k d WP TS v K HOT R
VALV B S B R T O 22000 P T 2 e, M E TR RO REE ST EETE 3 PR 2R I 2 ) 2
SRR E(F=7.8710, F>F,, ), i QR AR 5 b m ik 25 e 2 0] 22 A% 0 3% (P {H 28 0. 0051 Al
0.0003) , o EVEIR A e 2 [0 22 S AN B (P=0.3531) i3k 4% el A 2 Pk Bt 4450 B K A 1k R v
VRIS REAE 3 PR AR I 2 0] 22 5 AR 35 (F =1.0630) 5 BB EVE 5] FEFR BUTE 3 PR AT el 22 1) 22 S A
F(F=23.4560) , Hor | w4k 2 el 55 v AR 2% el 22 ) 25 S0 8 2 (P {6k 0..0032 F10..0001 ) , i fIRI4&
25 bE 22 W) 25 S . 25 (P {H2M 0..0003) | ISR 2% el 245 50 BE K
2.6 AN[EIERAR ST T BBl R v AR R AR e

B o 2

EVE R B P A 01 K — 0 BT A5 5 BT S0, e BRI e b R R ™7 i i
245115 I IR o bR B SRS ML AL OB 52 4% 1, PR 404 IR B (o) 5 S MR (Si) 2 1

IR IR (Sn ) FIAE B PE R IR R B (Sp ) 22 HE SR IR T A AH X AR A BE, A AT THE 247 4% A BT i A5 14
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PR PR RIS AT AR T AR — S 9 FUAE, T HL S e T 44 R SR R v 21 A 22
PEAEEL , 25 Ss/Sic HLAERR I e MW AP RCR 2 T AR BRI  B5/0, B e 1 o ) it B il 294 . Sn/Sp I
I Y VR A TS I 24 G 2R R R A MR SR 20 O REBE | DR PRI v B 2 LU AN ATE SR

R AN TR A 24 el 3 e st 49y el PR v Bt 1 B S TR v R £ 1k BB AR O A A MRS T3k 6, )
VIF IR ECUAE (Sn/Sp) MR HUAE (Sa/Sh) B 1R B B A BRI R B L (B (Sp/Sh) K AV i b
BOMAARBA FCAEL (Ss/Si) #RRARIMGEIR AR w85, RIVAHXTRSE 1k frg -, T4l 2 1R By A BRI A AR UL ( S/
Sa) , H | e iR A Bl A I ELIS o2 TR TR AR bl A AT, AR TR R el A AU P i T v s AR B,
IR R S AT A R — B,

£6 EEENENEEMLE (S,

Tabel 6 The relative stability values of communities

H: 2 Ecological type Sn/Sp Sa/Sh Sp/Sh Sn/Sa Ss/Si

= P25 [ High-altitude tea garden 0.74+0.38 0.15+0.11 0.15+0.06 0.75+0.22 0.22+0.07

FRH A5 [E Mid-altitude tea garden 1.19+1.29 0.29+0.30 0.18+0.10 0.75+0.22 0.27+0.13

I ASIE Low-altitude tea garden 1.25+0.53 0.48+0.27 0.24+0. 10 0.65+0.22 0.35+0.12
3 #ig

(1)3 Fifgdhe v 25 S0 2 L0 J T30 — i A 0 b - 4R A5 Il 3 R (RO /N i i AL 493 1L 25
D0 1 o s W, SRR A R 1 R\ BRI 5 v VR S e R Ry A B T LT Wy SRR RS Sk KT
PRASIE R ECH A% 3 R RN H A BRI ik

(2) LAFETT R B 3 Finifg 4k 4% el 22 [B) 15 FC Bl v 22 REPEHR BORMA IR 58022 Sl B 38, e g 4R A Tl 2 1
FRBORMAREOR 53 P4k 2% Il 22 [0 AE B 1k R ARV 1 2R R ARl s S R B 3 53 Ak 2 [l
22 [ AP B A 5 110 2 R4 50 RO AR B 25 S Y B 3 IOV A el 3 R B Bk

(3) SRS 22 BEVE 8 BUIR Vi 0 5% el o A, W1 P SO R % R 9 £ P I 1) 22 P 34 0 DA P i 3 4K Il
=K,

(4) FHE TR RO £ B HU A DR B LU (Sn/Sp) AMAKE(EL (Sa/Sh) BB B By Fklc (Sp ) R
IREL(Sh) HAEL(Sp/Sh) K B BETE PIFPEL(Ss) FIAARE HUAE ( Ss/Si ) AR AR $R A5 el v , IR 4 4% el A X A e
PER .

KT 2R SREMERIE R, doak "™ 5 H TR TS 1 25 4 BE 1 0100 ol 18] 414 24k L 1 2 ke OE 7 i 17 100 6
SRR T sl A R B AT A5 b 2 B 1A R B SR R VR AR E R B R E R ke WA A
FEAFHAEAR Tk K R EEAE R G AR R — VR S 19 S Sh W BV A e PR s 2R 5 R g 45 SR 3
i) 5 FE AT R S eV A 1 ) R T, B I SR )5 Wi 2 ) A B U e ) SRR TR 7, 2% 2R AR R 3 4y, O
RO R AE ok GRS BRI AN R 28 R AT AR SR Sh W R 5 2 B0, B AT Al IR sh W v B0 R e
BERT AR ISRASH , BT 2 AR T 2 A & v B SR e sh BERE A0 3 A Fh b 35718 261N
h, Bt 7K e AR e TR R R /N2 5 T e FE 15 e s e s A MR 38— L IR, AR5 3 Fh 2R B2 el 5 R sh
TEERRE PRSI, e HL R R P BB TN, ZFp AR S AR RS g R DB 8 SR, & i
% BB A CAARINGES , 18 TR AL 25 5 RE R R R ARV R I T IR R
AMARBOR LT A RS T 2R R RO R, B & AR A O m A AR &, iR
HR /NG i W5 T BV Y 45 P T R 2R B IR N 17—28°C , il T 20—26°C , e F AR A5 bl 2 At ffr | 5 4 45 24
ZOFIMRES [RIVE S Bl | 2% Bel X (B R /N i 75, IR R 45 (RO T v AR AR A Bl iy AR AR /NS - i 5 i bl 22
T IR, MR R EUE A TR AR R ELE BN, R I T AR R, b IR
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