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treatments toward the jujube trees that were all in 10-years old and in full fruit production in a jujube plantation that is
located 2.5 km west of Taigu (111°32'E, 37°26'N, 781.9 m elevation) in Shanxi Province, China. Among the four
different treatments, two of them applied intercropped herbage treatment ( Lotus comiculotus), and other two without
herbage treatment. In each treatment, five trees chosen by the chessboard sampling method were used to monitor and record
the population dynamics of natural predators in every 10 days. Each treatment was performed in triplicate. The natural
enemies were distinguished based on their trophic relationships and taxonomy. Abundance and dominance of species,
diversity indices of community were used to analyze and compare the successions of natural enemies in the four different
treatments.

Compared with conventional management jujube field intercropped with herbage, integrated pest management jujube
field without herbage, and conventional management jujube field without herbage, we found that the species of natural
enemies of Ancylis sativa in the jujube plantations intercropped with herbage and applied IPM increased by 37.2% , 84.4%
and 118. 5% , respectively; and the individual number of natural enemies of Ancylis sativa by 39. 2% , 91. 0% and
187.4% , respectively. Parasitic ratio of the larvae and pupa of Ancylis sativa increased by 46. 94% and 31. 27% ,
35.21% and 21.99% , and 116.42% and 60.33% respectively. Abundances of lacewings and parasite natural enemies of
Ancylis sativa in the jujube plantations under the integrated pest management were significantly larger than the chemically
controlled jujube plantations ( P <0.05). On the contrary, the abundances of spiders and ladybirds were significantly
smaller than their respective counterparts (P <0.05). Also in the jujube plantation with the herbage treatment, predatory
bugs and other predators were significantly larger (P <0.05) than those in without intercropped herbage.

The velocity of comeback and rebuild of natural enemies of Ancylis sativa in the jujube plantations with intercropped
herbage enhanced by 50% —81% compared with those in without intercropped herbage. Standard error of diversity in the
jujube plantations with intercropped herbage was significantly smaller than its counterpart (P <0.05). Further statistical
analysis revealed a close correlation ( P <0.01) of the dynamic changes of the dominance, diversity and evenness between

functional groups of natural enemies and species in the investigated jujube plantation.

Key Words: jujube forestry; Ancylis sativa ; functional groups of natural enemy; dynamic

HORG L (Ancylis sativa) RIERZHI EHESERMBEEF L EWEMEWTITERN, AR XU RE
BARE B O SR RS TR E R AR, TARE M, KA B AL T MR AR
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M EEEROTRE BRI A/NT 666m” , LEABIAEHR LTRSS B R HRIN B K 755 B R AR T 2T
WHE AR RE R & BB B, W R IR A B R B R S & b, /R TR B R 8 (6 A
15~16 H) 5RRPIECH (8 A 22 ~23 H) RIFTRM FAIR KB 1638 1, 455 18 it AL 23 5 W e 2K 41 ik 1
£ (20% B 25) 100ml -666m ~* KA PR A W1k 25 (IR I8 & ) 120ml/666m” &£ — K AT . HHBHIAENE
EAEFZE 5 K, 1 AR R ZERTHIRG 4 B 22 ~23 H B 20% AR £ (Imidacloprid ) 30ml/666m” ; 55 2 WK 7E
R RIS A8 ~9 HME2. 5% KR BIE R ( Deltamethrin) FLiH 50g; 55 3 WAEERITIEL RN 6 A 22 ~
23 HWBE 44% ¥ B3 ( Cypermethrin) 3L 7H] 30g +50% $£/R 52 ( Torque ) FLiH 100g/666m” ; 5 4 YA R K
B 7 B 26 ~27 HmE2.5% 1 =4 853515 ( Cyhalothrin ) 2.7 50g +5% R FE 7% Cascade) 10g/666m> , 55 5 Y 7E
R AN 8 B 24 ~25 H B 20% [ K 33 F] ( Meothrin ) 3,7 50g + 73% 5143 ( Propargite ) 100/666m” , &
W2 5k, R X A TR R E S AR R U EA 3
1.2 HEHFE

RS B REAE , EFYArH T, R A AR 7 5 A AR R TR S Bk, A 2005 43 A
10 HIF#RZ 9 A 30 H 41k, 5% 10d 4 1k, 3521 K, REF AR LAk REXBER MR, &
MW 2R 0 B b 4 AT BT 3 AR, B SR A TERE b HOR, B R s R R B R R TR
W _EBTA ROk KB, XA BE KA R IR AR S RECR A B A&, DR HM L E ;X ET L
1 BBRRY K ECR A MIR E: , BpZE 2 MR 5 3R, DR Ak 5 5E Y,
1.3 ¥dRabs

ORGSR E T BE B R 0 AR RORS B B RBURIE RE R EHARF A, 2B g gk Eig
K MR HERBEE R R FEEREAN KL, B LZHME (biodiversity) 84 H' . EBE P ILHE
188 D S e 4 J’, RA] Shanon-Winner {5 B 21880 THE L. FrA AR SPSS(1999) Bk 4H4b 3,
A RALFRE 2 F HBOR A Duncan 3717
2 BRE5Hm
2.1 ARG HRECRP SR ZH AL

FEAESGRZIPEHTR R KRR R 9 B 27 BL59 #, KBk, & BB MBI &5 8 6, MISkA
14 B, FFHEMRECY 1S #o NYBEORE , RS S G EAREOR R R R R HE 3 Fabka 518
37.2% (B) .84.4% (C)F1 118.5 &A% (D) , NMMEEOEE , 43 B30 39.2% (B) ,91.0% (C) 1 187.4% (D) ,
FEEEE EHWIY Inoccllia sp. \FIEH Propylaea japonica Thungberg., DLW Leis axyridis (Pallas) \ K
£15( W Rodolia rufopilosa Mulsant ., #§ WY Lasius fuliginosus Latr. | £1. W5 WY Tetramorium sp. . M A E & Chrysopa
phyllochroma Wesmael , F B C. sinica Tjeder, KE W C. septempunctata Wesmael , B E W& C. shansiensis
Kuwayama 33 H P. aed erus sp. {545 N. abis sp. J/NEYE Oriusminutus Linnaeus . S5 ¥ Campylomma
diversicornis Reuter $=8 Sk Clubiona japonicola Bosenberg et Stran., 2 $J#k Pardosa astrigera L. Koch R ¥k P.
ardosatinsignita Boes. et Str. | EL[R]/NRB R Erigonnidium graminicolum Sundevall , %MWk Dictyna sp. . = 4Lk
Misumenopos tricuspidata Fahricius ., B B R & Wk Thanatus formicinus Clerck . {82 75 Wk Achaearanea tepidariorum
Koch, B2 {8 Bk Singa hamata Clerck, %5 B 2788 Frontina sp. | % M WK /NIE & Megasty sp. | M8 #% 7R iR &
Trichogramm aconfusum Viggian {354 #& Microplitis mediatar Halidag. 15 [§ i Campoletis chlorideae Uchida %5
JEBk/NE&E Litomastix sp. %5,
2.2 FMRRERENSE
2.2.1 HEEXEEERESDT

MREREY, MELZS PG (A) MR E WHE 3 #Esk518m 41.9 % (B).103.8 %
(C)M1221.3 % (D) , FpEFHMPNEEAR(B) R REEE LARF R AR FHE N 43.6 % (C) 1 126.5%
(D), MAMERZESBIIE TR (C) ARFPER FH G EMA (D) 30 57.7% ., NEEBREFHTKE (B
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1),3 ALAZE 6 APASZAPEERHEREBREH AR
—Hig EF#E, 6 520 HFI8 A 30 HLREMAEEK
B E NI BR”, BETHA IS RASA PGS
WG, B— R R 4 ~5d, B SR P BT RHEE
HREEBWRE T 57. 1% 7 38. 1% , B Fp 2 J5 KA
HEREST 50% ; ME KGN 7 ~8d, HES
RMPERRBEERUBERE T 52.8% f129.2%
BPRE G KRB EERRE T 81% ; #h 7 M PG Ak
KRE, HTHEARE, M XEBEET B, TR
BEURBEBERNRE SEEZERTEHEAEERX,
{UCHEEBE X 37.3% F122.6% . BT WL, bk EIFP
BERMUARNTRERBEOFPEEE, FR7EZ R
FHE BRI RENRE SEE,
2.2.2 KEOIRBEHENE

W 4 PR R AL HE A [ R, B KB B B Y 4 A B
F&E 1, BR1EREN, ARLEER MU S EREFHBHZR (P <0.05) , MNRETIRER A&
Bk B , MESESTHATNRE > FEEHAPHEENRR > FARHEESPIIGEARR > ARHERHHPIIGEEAR, A
4 FREHEMA F R EIRER I E R R E , S A G ER X ER B MEFERRBE RN HPENB KT
(P <0.05) £ Biia B Ak, T B 28 5 ik X MIBA B/ F (P <0. 05) L# PG M Ak, R iR S H Bl
BN EMERRR KR TFRAERAKR , B W, ERF SR BT KR R EEEE, Wit R 2
X B RN AR A R B R R A, ko T e R B R R R

AR ¥ Individual

04-20 05-30 07-10
05-10 06-20 07-30

1A% H 3 Sampling date (month-day)

08-20 09-30
09-10

B1 AR AHRERBEERNETHE
Fig. 1 Seasonal dynamics of predators in integrated pest management
jujube field intercropped with herbage( A) , conventional management
jujube field intercropped with herbage ( B ), integrated pest
management jujube field without herbage ( C), and conventional

management jujube field without herbage(D)

F1 FRALEEREHOARYEEDAYBRCL/H) RESE(% ) LR
Tablel The comparison of the total number and abundance of natural enemy functional groups of Ancylis sativa per plant in the jujube forestry

of different treatments

FH Lem b3 Treatments
A B o D
B 412K Ladybirds AMEH Individuals 114.0 £4.177a 100.7 +7.343b 68.7 +6.185¢ 78.3+£2.143¢
FEREF Rich degree 0.150 £0.005¢ 0.227 £0.012b 0.173 £0.016¢ 0.296 +0. 009a
A B 1% Predatory bugs AMEF Individuals 121.3 +£9.365a 82.3 £5.168b 48.3 £3.791c 35.0£1.764d
FEREF Rich degree 0.160 £0.013a 0.152 £0.012ab 0.122 £0.010c 0.132 £0. 006bc
B2k Lacewings AEF Individuals 132.3 +8.342a 66.7 £5.966¢ 109.0 +6.438b 25.3+1.953d
FEREF Rich degree 0.174 £0.011b 0.121 £0.009¢ 0.274 £0.016a 0.096 +£0.007d
Wik Spiders AMEH Individuals 114.7 +8.846a 109.3 £3.421b 32.7+1.171d 61.3 £0.962¢
FEREF Rich degree 0.151 £0.012¢ 0.201 £0. 008b 0.082 £0.003d 0.232 £0.004a
HeEWMaERE% AEF Individuals 115.3 +7.351a 62.3 £5.796b 34.7 £3.097¢ 22.3+1.388d
Other predators FBXE Rich degree 0.152 £0.010a 0.115+0.012b 0.087 +£0.008¢c 0.085 +0.006¢c
B R LS Parasite AEF Individuals 162.0 +7.638a 124.3 £7.820b 104.3 +2.365¢ 42.0 +2.906d
FEREF Rich degree 0.213 £0.010b 0.184 £0.011¢ 0.262 £0.005a 0.159 £0.011d

A FpE 224 Bj 14 Integrated pest management jujube field intercropped with herbage; B: B % #LB}5 i& Conventional management jujube field
intercropped with herbage; C: AFhE 454 B 14 Integrated pest management jujube field without herbage; D: A #h B % 3B {4 Conventional management
jujube field without herbage; [f] —fTH) a,b,c. d TR AR ALFETZE 5% KFE LK BE 27 Different lowercase in the same row represents significant

difference at p<<0. 05 between treatments in same year; | [A] The same below
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2.2.3 REIREAMENZET KESE

¥ 4 FACBERRERAE R RECT R E TR, REHTR SN B BIOF SRS B KB
BI%E B R R R 2, B AR AR RRBAME N TN RAESNSEAMEFE ERHESS
BB MK, bR 2 I ZEJa KA B s sh , K ShBE R 8 & BB L BOF 38, FAEMEREH B T 4 i,
SrAES 10 H.S A20 H.8 H20 HA9 A 20 B, MR XEEEETHRTHEH, A 4 AhaF s
HEST A, WHZY S -10d JE RECHRERI IR R F , TR > FFA PR3 > MIgkaE > R duiEde > kR
>SHERER, HEEESIWKES 0.225 + 0.012,0.188 + 0.014.0.183 =+ 0.017.0.164 + 0.021.0.152
+ 0.009 71 0.143 + 0.O018;FEFEHMPAGEME , b TALERANER , BUE KBRS B REZ 1 2 ik
BOR, LR FIZY G BB, IR 2, oAk, B Bhss 2 Km0, 73 B 7E 6 A 20 718 H 20 H, %k i
o 2 il o HI7ET B 10 M9 A 20 Ho MFHIZS 5 ~ 10d J RECHRER K EDE R E , B/ TR E 45
BEHAX, FFHRE > MR > FFAEML > R liBR > Tk > HEMRR, HEFR IRy 0. 112
+0.015.0.099 + 0.016.0.098 +0.006.,0.078 + 0.012.0.057 £0.007 F10.056 + 0. 008 ; 7E R FhELE A B
B, KRR S 2 R BT, B SRHITF 7 5 10 HAT8 A 20 H B 2 Ik, MAZYS ~10
KIG R AR MR R ERTE , AR > TSR > AR > | AR > Jkk > HEMR R, HEEE
ArAPRE$] 0.293 £ 0.005.,0.219 £0.013.,0.170 + 0.014.0. 146 +0.003.,0.098 + 0.002 F10.074 +0.019;
FEARFPEFABIE LA, Bl Blad 3 Wi, 7 HI#E 4 20,6 A20 F19 A20 Ho MAZES ~10d JGREL
DHERHI IR E ERAE , PSR > MIBRE > R HUAk > AR > HEMR R > BlRK  HEFR S HIRE
F0.137 £0.014.,0. 119 + 0.024.0.109 +0.017.,0.063 £0.014 0. 037 0. 021 F10.036 +0.017 ; \&fk FF,
LA BHE TR K S BERI VR R BE B0 B Oy BB R 53 A MR, T A2 Bl A AR IX O B L SR A M K

—o— Bt 2% Ladybirds —— B Other predators —x— Wik Spiders
—— B Lacewings —a— fr 1 Predatory bugs —o— ZF k2 Parasite

o 0 1 1 1
03-10 04-20 05-30 07-10 08-20 09-30 03-10 04-20 05-30 07-10 08-20 09-30
03-10 05-10 06-20 07-30 09-10 03-10 05-10 06-20 07-30 09-10

AR
Average number per tree

1 R < S T s £ 1 0 L1 1 L1 | 1 L1
0 04-20 05-30 07-10 08-20 09-30 03-10 04-20 05-30 07-10 08-20 09-30
03-10 05-10 06-20 07-30 09-10 03-10 05-10 06-20 07-30 09-10

A% H # Sampling date (month-day)

B2 ARAMETAREISBALRNFENTREDS
Fig. 2 Seasonal dynamics of natural enemies functional groups in integrated pest management jujube field intercropped with herbage ( A),
conventional management jujube field intercropped with herbage (B) , integrated pest management jujube field without herbage(C) , and conventional

management jujube field without herbage(D)

2.2.4 FEMEXEHEREM
AEERRYN, A FLLBERN, KRBT R FEROARMR (F2) . BR2 TR, HEEGHET
AR RS 55— R4 BRI Y AP AR R BT HE 3 FACERMR , N3 A REAR IR R R , RIP T X B
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BRFAELRK ; T HEEAE BT RUEFHELESIIETRX > AR ELSEPHEERR > ik
FHPRETME > AR HHLBTEEMRX o i v I, Bt FH A Sk 2 %o 2 A 1 KR B S8 B 60 T R e, i

BRI T 88 B KB e R A

£2 TRLEERREHDLH)ANFOFEE(% ) HLLR
Table 2 The comparison of parasitic rate (% ) of Ancylis sativa larvae, pupa in per tree in the jujube forestry of different treatment

I H Item

Ab 3 Treatments

A

B

C

D

ZhH Larvae £5—fX, 1 generation

45— 4% 2™ generation

45 =4 3™ generation

&7t Total (3F35%) (mean+ SE)

4 Pupa £5—fX, 1 generation
45— 4% 2™ generation
# =4 3 generation

&7t Total (F35%) (mean + SE)

13.997 £0.095a
16.150 +£0. 108a
20.610 +£0.217a
16.919 +1.124a

8.633 +0.171a
11.653 £0.227a
15.787 £0.218a
12.024 +1.197a

11. 860 +0. 056b
9.587 +£0.236¢
13.097 +£0. 062¢
11.514 +£0.593b
7.607 £0. 155b
8.530 £0.153¢
11.343 +0.236¢
9.160 +0. 649b

9.347 +£0.240¢
11.537 £0.196b

16.657 £0.291b
12.513 £1.251b
6.453 +£0.242¢
9.550 £0.232b
12.567 £0.169b
9.8567 +0.857b

7.457 £0.173d
6.390 +0. 159d

9.607 +£0.216d
7.818 +£0. 546¢
5.650 +£0.208d
7.420 +£0.179d
9.430 +0. 200d
7.500 +0. 630¢

2.3 iR REREREN
2.3.1 KEThRERZH %

MRELGE PG X PR EYORE KRB N (8. 17 2. 24) F, MEHON (36 £0. 529) 4>, FEE H AL
BIE X (6. 67 £2.35) B, MASLN (26 £0. 524) 4>, RFPELE B N (5. 13 £3.10) B, A% R (19 +
0. 335) 4™, ARFEHMBIIEX (3. 89 £3.11) B, MK (13 £0.317) A, FMELES PR EMRKX RETI6E
BRI AEAEEON (2. 968 +0.156) , (LHE 3 FRALBEIR MG 38. 5% (B) \69.3% (C) f1132.4% (D) , H
B 3 PR AR KD RER P X SR B B (2. 143 £0.191) (B) L (1. 753 +0.2134) (C) A (1.277 =
0.276) (D) ; PR LR G B E AR X KL BRI XIS B35 20 (0. 432 0. 043 ) | L HE 3 FpAbBLA MR A
9.43% (B).\17.71% (C) M 23.13 % (D) , H'E 3 FpAb B R K E IR H ¥ B AR Er 5108 (0. 477 +
0.039)(B).(0.525 £ 0.041) (C) F(0.562 £0.033) (D) ; FELEE PHGE MR X KT REEF 335 H I
A(0.685 £0.042) , b HE 3 FrACHEAMIE N 11.9% (B) .26.4% (C) 1 108.84% (D) , H'E 3 FpALBEMNEK
& T BB ¥ LT B F 4 (0.612 £0.024) (B) . (0.542 +0.042) (C) F1(0.328 £0.037) (D) ; N
A EZ AT DIE H, SRAEEIER N BRSSPI > FEFHPTETAREK > AR RS BIHE MK
X > AFEFERBETARK . FEEWE TR, FERARX b TRER#G, 5 RS FHRETERIA,
ZRAER T R, SR B R BB s Bt R 205 2R B AR,

2.3.2 DREHI A SR SR CR

FAOR X ES BRI S YR SR AT R SR8 53R 3, 3R 3 ZRRY 4 PR ERMOTR, B
RECIRER SYIFPRILEE SR SRR RS BN — 3, R B3 (P <0.01) M3¢, W A Th Rl
R ARE Wb FEAT MR KBRS B R YISE AT AT R, O R R M R R BB BN . RFPE HALBIA X >
REEFEMPGX > HEFAPNEX > HESSHIEX . BT REIRBER N T XEEFHEE,
FRAEMH BRI ERREY BN ERIRREZ — X PR R B R F B8 B R 2L T/
B TSR 1 R B 5 ML BB R R B T BB R B IR i 22534
3 HAigHitie

R M A R TR AU 35 B ARBER, BUE ARSI, SV A P R R R AR EAE YA SR
sErARueR" RERASAINEH BT R R, TEBE R S BRSO £ 8
R AASCRBIIT SR I, AR B USR R T HOM s R BE R O R, R LR B T MF
AP RECOTRER TR AR AR St . 7041, WK L R BT RE B M S W Fh S A S M g A
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WARBHE Y — B, W) WL AAORS KBS B R R BE17 0k R B i S BRSBTS T 47 89, E T LA
WP R ZHEIRE R R TR EL S &6 PG A OO T MM S, 7R T 20k B K8 T e A
HAESE R, ANFEMAAT 1305 B RTR, B0 TR ESHE, ST AR T R AR, X
BANET A MESUEN R —ENHLE

£3 FHARTDEASHESHHSHENHEXRY

Table 3 Related coefficients of diversity between functional groups of natural enemies and species

I H Item #XIME Related items FHR RS Related coefficients #EZR{H Probability
A D, -D, 0.87563 ** 0.0013
H, - H, 0.78945 ** 0. 0010
Ji-1T, 0.67589 ** 0.0012
B D, -D, 0.90023 ** 0.0011
H, - H, 0.88967 ** 0.0014
Jv= T, 0.91011 ** 0. 0012
C D, -D, 0.87868 ** 0.0013
H, - H, 0.85324 ** 0. 0015
Jv= T, 0.89021 ** 0. 0012
D D, -D, 0.95876 ** 0.0011
H, - H, 0.92231** 0. 0016
Jv= T, 0.94368 ** 0. 0012

D Ai#YE dominance , H' ; : £ diversity, J': 35§ evenness; 1: ) 8] functional groups,2: 4 #f species; * + Z2FFE B E (P <0.01)
Double asterisk means significantly differences (P <0.01)

EEMETRET , TR RE G EFRE SKEIIRA RN AR A A ESS, ERZENRN N HRE
THl. MR REMRR, EEIAFEHRRATAETWERZBIR, TRHBRALGTEX 1FE4E3 ~4 11,
PASI 2% , DR oA TR B2 S e e P (A M R Bl D R O I B3N, RS — R R E 2N F
B, RAETE 4 AIRAS A0, ISR LR R AL 2R 25 T ML A 3 A A ORS s R B BB T AP R R B i 7
HOE TR KA RA AR EIR B R0 BIG TR, A OUR T 208 R3] R R R R R S g 1
P, AT A BRREER R ERM FREPH BEFRFHEE. S ATAE6 A LAR—RTWIER
S, RO S A4l O T Y I, S A MR R A I T A R A ) R A AR Y B, B
A B 5 A SR R B SR A PR A, R T R B AR A RS R A R B R A R R B B R A - 8
RIRRAREAE G, R = TR 4 U R A E M, MRS S 55 PHE RN, EREF AT
R B S R FIIRE R, BUI A0 2R 45 & N TR R BOFAE SR 251G , A OUR T R R R BRI KB, X4 0
A ELTHE GRS S IR REE BB E A
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