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Abstract: To understand the influence and action evaluation of the scale insects and functional groups of natural enemies on
jujube trees by intercropped herbage at jujube forestry, a systematic survey was made at the jujube forestry with different
treatments located west of Taigu (111°32'E, 37°26'N, 788.9 m elevation) , Shanxi Province in 2007. The three of the
four different treatments at jujube forestry were intercropped with herbage ( Astrugalus complanatus) and managed with
IPM, conventional pest management and without any pest management separately. The fourth one wasn’t intercropped with
any herbage and with conventional pest management. In each of the all different treatments of jujube forestry, five trees
were chosen according to the chessboard sampling method to monitor the population dynamics of the natural enemies and
pests. The trees were monitored every 10 days from March 10th to September 30th. Each of all four treatments was
replicated three times. The natural enemies and scale insects were distinguished based on their trophic relationships and

taxonomy. Indices of abundance and diversity of the functional groups of natural enemies and scale insects were used to
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analyze and compare the influence and action evaluation of the enemy functional groups and scale insects for all different
treatments. Breadth and overlapped of two-dimensional temporal-spatial niches and relational grade were compared.

The systematic survey showed that there were significant difference (P <0.05) of the diversity and abundance and
breadth and overlapped of two-dimensional temporal-spatial niches and relational grade of the scale insects and functional
groups of natural enemies on the trees at the different types of jujube forestry. The result suggested that jujube forestry with
herbage have obvious effect to the structure and dynamics of the scale insects and functional groups of natural enemies on
jujube trees. The jujube forestry with herbage could improve the population of functional groups of natural enemies which
had been severely reduced by spraying of the widespectrum insecticides. The controlling abilities of parasitic natural
enemies to scale insects was better in jujube forestry with herbage than that without herbage. So the jujube forestry with
herbage is of great benefit to the biological control of the pests. The results from relational grade suggested that the
controlling abilities of the enemy functional groups to the pests were better in the jujube forestry with herbage than that
without herbage. The result from relativity mensuration showed that study of the scale insects and natural enemy community

could be conducted by using functional groups in stead of species.

Key Words: jujube field intercropped with herbage; community of scale insects; natural enemy functional groups;

diversity ; niche; relational grade
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ANERAL , W5 FR 3 B He 7R B[] 25 (B A E SR SE TR R A B AR B 3E 4, JUHZEA [R) 2R AU RO 3 i 45
PP A AR 10 22 e, My e ) SRR BE L B A TR R s [ A S 1k o B O, AR SR BB AR 25 2 Y IR B 5
T, G5 R L R AR AR AR, X () RS R bRy H B U 25 ) B LR ) R 1 DA 5 [ e ) R BE 64T
FEMES E BT, A A ROhLR G A B B fa F IR IR R R
1 HREFH=E
1.1 {5 XA

PRI B AE LG KA (111°32'E, 37°26'N, #4k 788.9 m) 13 4E4: bR 04T, 1050 X iy B 26 2
BEAEFE G JEY Quadraspidiotus perniciosus | Ji EH ) Pseudococcus comstock \ELJE AR Drosicha corpulenta . H 2%
kg Wy Ceroplastes japonicus, & BR W Wy Eulecanium gigantea . & B ¥} Wy Heliococcus ziziphi, FL FH F J& B
Lepholeucaspis japonica .JK RZW Parthenolecanium corni 28280, N THHHEMRBIEHEWLME T, AET Hsh
VIR TR S S AR AL AR, e I B I 22 il e X 4 AR 3 (A) FRELER & B ie——IH Fl R 22 8 1
Astrugalus complanatus S & 5 REUEE & BIIGTHENE ; (B) M ECH LB —— A 22305 e & 5 REUE
LRI B VAT ; (C) FHECRBA—E R 2285 b & 5 A RBUE AT B BIG I ; (D) AR R AL BT
BN E R R 2R A B AT A S B R CREUE B2 AT, BBk 3 N ER, 1
A A MR AU RN T 666m” o Z54 BIA IR FI I 256 B VA TE I AR A Z 25 A 1B BT R B2 (BT Huk A
B A B SR T I AR IR 258 DARRAR A 3 B A, R R 2RI R B MR R R 1A SR i 2F
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GERR I, AR R R REF R Y P. comstock BT JERY Q. perniciosus . H A FliEHy C. japonicus
PAKEE B Ay D. corpulenta, Wy B K &3 68 H B L #Fh B 4L SR B B . Chilocorus kuwanae . #5 W Lasius
Sfuliginosus FEEWEHE Inoccllia sp. \FELHE Chrysopa shansiensis \ 4L 2k Heptathela sinensis ,FHEJRWE Lycosa
sinensis M4/ N Anysis saissetiae Ky i = Bk/NE Clausenia purpuria 55, TEAR|EESEH KR RET RS
H, B RS RET AR S MEABE A RIBRENZF (P <0.05) . B A Em S, ESEEHIRR S
A6 DX B S K TR R AR X S AR B E A BIE X, B e MR =, R R E RLBIR X > R R
HBIA X > FELZR G BHA X > PR R BG X gl B R B BRI & , TTie WA BOE 2 AR, FhER BT IR X
KB (P <0.05) KT HAth 3 Fisb A, TARF R H MBGIA X R (P <0.05) /NFHA 3 Fh LB X, Hitt
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FEHABHA X > LR BIA X > FhE A X, 207 HAREDR A MEE , R 5 MBI X A 35 3h e B 4%

Table 1 Comparison of the species of scale insect and functional groups of natural enemy at the jujube forestry of different treatments

F1 TRSBFEKRGBEEEXHIIGEFADMHBALLE

Kb P Treatments

i H Item ¥3 Number
A B C D

LS YiFh %L Species 12.00 £0.33a 9.00 £0.33b 13.00 £0.33a 6.33 £0.19¢
Scale insects AMAEL Individuals 6041.33 +61.40¢ 7075.33 £76. 12a 5337.00 +51.01d 6596. 33 +83.56b
AR YR EL Species 8.00 +0.33a 6.00 £0.33b 9.00 £0.33a 4.67 £0.19¢
Parasitic wasps AMEE Individuals 95.67 £2.83b 71.00 +4.81c¢ 122.33 +3.34a 38.00 £3.84d
g s EEW YiFh %L Species 6.00 £0.33b 4.67 £0.19¢ 8.33 +£0.19a 3.67 £0.19¢
Lacewings & Inoccllia  MA%} Individuals 90.67 £1.17a 69.00 +£1.53b 105.67 +2.27a 52.33 £1.90b
FEiLVS YR EL Species 7.00 £0.33b 5.67 £0.38bc 9.67 £0.38a 4.67 £0.38¢
Predacious bugs AMEE Individuals 56.33 £3.24b 39.33 +1.39¢ 78.67 £1.02a 27.67 £1.35d
[ 412 Ladybirds YiFh %L Species 9.00 £0.33a 6.00 £0.33b 11.00 £0.33a 4.33£0.19b

AMAEL Individuals 106.33 +2.46b 61.33 £4.99¢ 124.33 +2.36a 38.67 +2.01d
k& Thecridiidae YiFh %L Species 13.33 £0.69b 8.00 £0.33c 16.67 £0.19a 6.00 +£0.33¢

AMAEEL Individuals 106.67 +2.36b 75.67 £6.20c 121.67 £2.22a 36.00 £2.52d
HEwmak YR EL Species 9.67 £0.84b 7.00 +0.33bc 16.00 £0.33a 5.33 +0.19¢
Other predators A% Individuals 76.00 +2.73b 44.00 +2.52¢ 107.67 +3.02a 33.00 +4.81d

A Fh BELE 4G B 14 Integrated pest management jujube field intercropped with herbage; B: F 5 % #L B 34 Conventional management jujube field
intercropped with herbage ; C ; Fi B AR Bl IA Non-management jujube field intercropped with herbage ; D : KA 5 ¥ HLB5 1A Conventional management jujube

field without herbage ; T[] The same below
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B A TR R TR BOR D SN H7 F ARV R A 5 0, T ELXT Sl B9 2R, 8 R A B3R5
REXHEATHREER.

B 2 SRR W R S KRB R M S REERE S T S A B 25 (P <0.05) o 1EPUFFA R AL 2
AR o S R B R B S SRR B AR B BLRE , R AN B IR X > R LR G BIA X > Fi
FHHBAX > R MEIA X, /T, R AR X S M RGP, TTie R R R R H) e
W HARE R 5 A 5 3 A BB B/ N TR PR BT el o 5 SR — 2 R, I A 2 AR 2 0 P B,
HRALREPIATAR AT Y SRR R AR A

A —O—B —&A—C—>—D

32 iy Ht Scale insects
25 A A oS "A A
24 : ‘i_’.’iih“'l N
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Fig.2 Diversity dynamics of scale insect community and functional groups of natural enemy at the jujube forestry of different treatments

2.3 RIRALFHACHR G B B K B RE A ) s — A A S SE I AN B

KA R B AR B R R B BB T A B 28 e A 07 TE E B B AT TSRS TR 2. H
K 2 AL, A [RIAE A ARl BB VR SR RO RE AT i 2= — 4 A 25 SE EE M B A AR o iy BB v i
ZE YRS , EARE X S ELRE PHA X R (P <0.05) KT H MBTIA X 5 R A& H M
BIA X s it BBV 5 K B BE T A 28 — 4R AR S T B ok, W US55 77 A e R O E B (HLAE AP T AR
HX SFELZE B X ISP E (P <0.05) RTHEREINAER , (AFEFEH HLET 16 X -5 R E W HLBA X 4
AR R B(E N Fe ), TR R SRR E R ESH R (P <0.05) KT HEREIIAER ; Wi B
& SRRt 2= AR B A P EEMERERE , MEANAX > FELREHIAX > FE L)
X > REFEHEMPNE X . &8 EITIR, P 455 458 PRt it , 554 F T 27 A2 1 K 50 BE A B fR4 A
A
2.4 R[RIAEFEACHR I O -5 IR B BB 1A B R B MO TR BE Y EL B AT

B AN T b B ACPR Y R A -5 K R RE A O B B BE A SRR BE 3B 45 R 81 3% 3,

SRR, W AR S R o BB P SCIBR BE (X HE P 5 T | 2 [ AR 2507 A B b 25 — 4k A 25 B B (E Y
Fp 7R — B0, U Y B B RS B A X g AR B R ()25 [R30) 7 5 R VPR 2 DA 5%, JHE v i ol
FEVE 5 H R FL Rl A A [ 9 R] 25 ek A 22 s [ TR 3 P ke R 0 ol o e P A S B K EL/E AN R4 38
kA i B S RO BRI R P A MRER A R (P <0.05) W25, Bl (i AR S AL AP E &
{ERFPEAPEIGX (0.489 £0.010) > FFEELZESFHIAIX (0.323 £0.011) > RFEH HBHIAIX (0.292 £0.032)
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> FhEHHLBTIA X (0. 247 +0.003 ) , 17 Af (8] A= 2557 A 28— 2k A 25457 1 44 B B {1 DA B SRR BE ) F- 249 LR 7o
BEARBHAX (43510 0. 568 +0.021.0. 448 +0. 031 F1 0. 967 +0.063) > & Lx A BiiA X (451K 0. 561 =
0.038.0.379 +0.048 1 0.821 +0.017) > FHELH MG X (435N 0.335 £0.030.0.314 0. 060 71 0. 761 +
0.030) > RAFEH HBIEX (435124 0.270 £0.045.,0.301 0. 046 F10.731 +0.084) ,

*2 FAEABEEXBIIGEANMNE _SESMUEEMERENR
Table 2 The breadth and overlapped index of two dimension temporal-spatial niches of scale insect community and functional groups of natural
enemy at the jujube forestry of different treatments

A s F, F, F, F, Fs Fy
S 0.440 0. 055
F, 0.508 +0.067  0.661 +0.041

F, 0.413 +0.032 0.506 +0.049 0.873 +0.019

F, 0.320 £0.039 0.499 +0.080 0.661 +0.082 0.595 +0.066

F, 0.300 +0.025 0.494 +0.023 0.776 £0.034 0.724 £0.017 0.746 +0.068

Fs 0.397 +0.044 0.665 +0.067 0.827 +0.025 0.745 +0.017 0.730 +0.047 0.660 +0.035

Fe 0.334 +0.034 0.298 +0.071 0.449 +0.086 0.667 +0.038 0.461 +0.036 0.774 +0.003 0.561 +0.026

B S Fy F, F3 F, Fs Fg
S 0.290 +0.022
F, 0.280 +0.019 0. 464 +0.060

F, 0.175 +0.022 0.390 +0.027 0.463 +0.067

F, 0.254 +0.037 0.490 +0.003 0.667 +0.022 0.476 +0.057

F, 0.496 +0.041 0.465 +0.031 0.623 +0.042 0.678 +0.040 0.457 +0.038

Fs 0.301 +0.029 0.521 +0.025 0.509 +0.006 0.507 +0.030 0.487 +0.018 0.394 +0.036

Fe 0.319 +0.078 0.473 +0.040 0.422 +0.069 0.455 +0.072 0.370 +0.051 0.349 +0.059 0.482 +0.019

C S Fy F, F3 F, Fs Fg
0.463 +0.044
F, 0.575 +0.023 0.550 +0.052

F, 0.541 +0.044 0.597 +0.046 0.534 +0.066

F, 0.386 +0.049 0.404 +0.055 0.596 +0.026 0.627 +0.048

F, 0.355 +0.034 0.514 +0.035 0.841 +0.030 0.835 +0.020 0.570 +0.062

Fs 0.422 +0.065 0.663 +0.028 0.761 +0.027 0.708 +0.015 0.670 +0.054 0.618 +0.025

Fe 0.409 +0.086 0.571 +0.030 0.789 +0.032 0.860 +0.015 0.633 +0.046 0.575 +0.013 0.368 +0.031

D S Fy F, F3 F, Fs Fg
0.280 +0.038
F, 0.160 +0.010 0.464 +0.035

F, 0.259 +0.012 0.386 +0.022 0.355 +0.013
F, 0.310 +£0.005 0.320 +0.023 0.516 +0.017 0.383 +0.024
F, 0.472 +0.027 0.248 +0.044 0.360 +0.058 0.365 +0.061 0.351 +0.055
Fs 0.328 +0.037 0.416 +0.039 0.561 +0.008 0.463 +0.046 0.470 +£0.039 0.348 +0.018
Fe 0.339 +0.010 0.307 +0.056 0.312 +0.027 0.490 +0.014 0.475 +0.025 0.298 +0.015 0.315 +0.018
S: W H12% Scale insect, F1: 2f4E#2 Parasitic wasps; F2.; W4 BEU8 2 Lacewings & Inoccllia; F3: £ Hi#%2 Predacious bugs; F4. Zf Hi2k
Ladybirds; F5: ¥k Thecridiidae; F6 H B3l &% Other predators

2.5 A[RALEACHRY R AR -5 R D RE F Z 18] 2R PE AR ST

R SRR SRR A S T4 RS T 3% 4o

K 4 S5 RRWT, LSRR 5 Wk Z [E] BOAR G MR , AR SR BRI SRIR BERRIA B B3 (P <0.01)
Ko TERNFLER G PR E SRNG5S RE R (] M BOBEVE S YRR AR SRR B3 (P >
0.05) , i XSEFE NFAKH, [F]—JZ R A& A AR IR A VI ETE , IR AL T 2 8 A Wy 18] 4 B ) B0 31358 2 I 19 57
Btk FERPEHMBIAE SARMEIGE , & IR 5 RER RS 3R E -5 YR E] B A S M R B R B 2
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(P <0.01) , 352 i T2 el il FF P 2 25 (i e LRI 96 el ) BB el AR B8 — SUBE AL AR 25 CR AW Bl i
Bl ) , 3 RV I R TR B, DL A 3t (57 BT S 2R o, DA TR 17 o Kb e v L R B Sh RE AT\ o 2 ) i 22
5o WRERIRARIE R GU 028 ERIBL B E R A S [ JR) R (VR BE A A ), 2 WOk B S 7 4% I T ) 4 A= )
FES, XRKREAL TREMTH R BItaT L, 2R 2 R B Fh S AR SEAT v 9 2R 1
M AT R YISE AT o

®3 TELEBEWGRFEESXUEAEREMRBEENLE

Table 3 Comparison of niche overlap and relational grade of scale insect community and functional groups of natural enemy at the jujube

forestry of different treatments

i H hb B i [E) A 27 R 23 [ A S R DRt R VA (e )3 R BE
Item Treatments Temporal niche overlap Spatial niche overlap Temp-spat niche overlap Relational grade
F, A 0.511 £0.025a 0.414 +£0.046a 0.508 +0.067a 0.994 +0.001a
B 0.312 +£0.030b 0.238 £0.132b 0.280 +0.019b 0.857 £0.019b
C 0.466 +0.021a 0.517 +0.086a 0.575 +0.023a 1.042 £0.031a
D 0.418 +0.029a 0.126 +0.084b 0.160 +0.010c 0.689 +0.032¢
F, A 0.348 £0.015ab 0.428 +0.104b 0.413 £0.032b 0.841 +0.066b
B 0.271 £0.033b 0.154 £0.059d 0.175 £0.022¢ 0.689 +£0.140c
C 0.401 +0.009a 0.681 +0.076a 0.541 +0.044a 1.075 £0.014a
D 0.351 £0.017a 0.330 +0.070c¢ 0.259 +0.012¢ 0.698 +0.080c
F; A 0.581 £0.077a 0.359 +0.085b 0.320 +0.039ab 0.846 +0.014b
B 0.384 +0.079¢ 0.139 +£0.025¢ 0.254 £0.037¢ 0.614 £0.055¢
C 0.433 +£0.025b 0.458 +0.050a 0.386 +0.049a 0.999 +0.010a
D 0.279 +0.013d 0.231 +0.055¢ 0.310 +0. 005be 0.550 £0.015¢
F, A 0.893 +0. 106a 0.215 +£0.068d 0.300 +0.025b 0.746 +0.008b
B 0.405 +0.023c¢ 0.643 +0.087a 0.496 +0.041a 1.089 +0.010a
C 0.600 +0.019b 0.487 +0.001¢ 0.355 +0.034b 0.762 £0.017b
D 0.326 +0.054c 0.512 £0.002b 0.472 £0.027a 0.914 £0.009a
Fs A 0.524 +0.008b 0.259 +£0.002a 0.397 +0.044a 0.785 +0.001b
B 0.308 +0.051¢ 0.112 +0.005b 0.301 +0.029b 0.645 £0.001c
C 0.789 +0.032a 0.320 +0.001a 0.422 +0.065a 0.929 +0.029a
D 0.108 £0.014d 0.243 +£0.002a 0.328 +0.037b 0.695 £0.032¢
Fe A 0.511 £0.027b 0.260 +£0.015bc 0.334 +0.034b 0.713 +0.001¢
B 0.329 +0.019¢ 0.193 +0.006¢ 0.319 +0.078b 0.673 £0.063c
C 0.717 £0.010a 0.470 +0.003a 0.409 +0.086a 0.996 £0.017a
D 0.137 £0.010d 0.312 +£0.004b 0.339 +0.010b 0.837 £0.003b
*4 FELBFEETEIVAREREZEBSHENEXRE
Table 4 The related coefficient between different nutritional classes in the jujube fields of different treatments
- I ) N
i H Item Ak Scale ﬁfcffeuﬁlitjijiiagmups ﬁ’ﬁfﬂ-%ﬂ’ . Fﬁi%iﬂzgioﬁﬂf
Treatments . Scale insect -Species . .
of natural enemies natural enemies -species
EZ=2:3 A -0.19260 -0.21700 0.85485**
Diversity B 0.71940 ** 0.81133 ** 0.97374**
C -0.278780 -0.34983 0.87796 **
D 0.81730 ** 0.74627 ** 0.89165 **
FRERE A -0.23110 -0.07880 0.95358 **
Abundance B 0.93900 ** 0.85373 ** 0.88179 **
C -0.198080 -0.10347 0.98285 **
D 0. 84990 ** 0.87560 ** 0.92956 **
KRR A 0.11520 -0.12647 0. 88567 **
Relational grade B 0.97600 ** 0.93590 ** 0.81574 **
C 0. 15250 -0.26803 0.91046 **
D 0.83180 ** 0.83297 ** 0.812 55**

w o 22534 B3 (P <0.01) Double asterisk means significantly differences (P <0.01)
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3 #FigEitie

WRIEFFFEEREN, FEARIEE SEBREKEMESRE T, YR 5 KB AW A B AR S F
AARFRBRERZSR (P <0.05) , AR FRE B2 IR (LB sh , A A B AR A9 3 S BE 45 A M )
FHEMRE SRR (P <0.05) RF N B Ak, HE BB E (P <0.05) 2/ AL, RAMLEDIIRH
HAREA BN R B BB AR S E A, JUHCX A AR MR B AR H ) T BE O AL, b B Bl I MR A1
YRR RS AR (B BUR R B & T 256 B a5 W ALBG AR (R L 55 SCIRGE) o B BRVE 5
RETREH B 25 4R ) 52 B BOR AR , 7 FL25 6 BA A, 35 AR PR KD REFT (8. (P <0.05)
RTFHABHEZR, AT, ZRFE L5 256 B 16 B 32 R A bR Ar AR M KB RE A O AP ARE R, 30 K T A 3
T SR AR R TR, B BRI ) AR S S M E B B BN TR ABE R, BB FHE THRTE
REC AR A I B0 PR AR BE A VR 18R T A PE R o R R RE 0 o I VS 5 K
BEFISRHRBE M LU BORE , #E—2P ULHA T RECH BRI i BV O S IVE AT o I RV 5 RECh BE et 18
RO S AT 45 SRR T, ZERE T P AT LA Zh BE A A BT 5 AU b B IE 5 , AT 8 A 0 b ] B2 4% F) I 2% 5%
Ro MHEFRBEFRNERXRS THREMRE, A B TREA FEY AR A IRE R, HlEFRKE
DYBULEL, 38 U5 AT B B A E AR X SR o TR AR — NN B AR AR S RS, A AU
Wt RV SR B R M AL AR T BN 25 S AT TRIRIT, A S mUBRE S5 H A B M R R,
KB RE F S Hofth A 55 B sh i M i A, oAt R sh A ag b S HR B e 2 i 5 A e 4 JE Vi —
I o
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