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An investigation on the insects in the jujube ecosystem in Taigu District of Shanxi Province, Northern China
showed that more species and individual numbers of pest, predatory and neutral insects were found on the tree
than on the ground. The ratio of the species and individual numbers of predatory and neutral insects to those of
pest insects fluctuated from year to year. Homoptera, Coleoptera and Lepidoptera were the dominant groups of |
pest insects, while those of predatory insects were Coleopteran, Hemiptera, Diptera and Hymenoptera. The verti-
cal distribution of the community structure of the same or different subcommunity was different in different sea-
sons, as was the case of the same or different subcommunity in the same season. The diversity indexes of pest,
predatory and neutral insects fluctuated with seasons, and the populations of predatory and neutral insects had a
significant correlation (r =0.9833, P<0.05) with the fluctuation of pest insects. There was also a significant
correlation between the pest, predatory and neutral insects in different stratums of tree canopy, especially in the
middle stratum of tree canopy {r =0.9887, P<0.01).

Key words Community structure, Pest insects, Predatory insects, Neutral insects, Jujube tree.

1 INTRODUCTION

In China, a wide range of pest insects can attack
jujube tree, and their management almost exclusively
depends on repeated ‘application of synthetic insecti-
cides 12378 11.15,25,31] Tha ouer reliance on synthet-
ic insecticides is undesirable, because of insecticide re-
sistance, environmental pollution, occupational health
and safety risks, production costs, and disruption to
the activity of natural enemies! 13- 28730,33]

Some natural enemies, predatory insects in par-
recorded in jujube

ticular, have been €cosys-

tem! L6 14’25], but their potential value has not been
fully exploited in integrated pest management of ju-
jube tree, due to the lack of understanding their com-
munity structure and dynamics. For the long-term
sustainability of jujube fruit production in China, it is
crucial to develop an integrated pest management
(IPM) program which places much more emphasis on

the role of natural enemies of jujube tree pest insects,

* The study was supported by National Natural Science Foundation of
China (30179759, 30571506) and funds from Canadian Forest Service.
* * Corresponding author.
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and minimizes insecticide use. To effectively utilize
natural enemies, it is crucial to put in place the strate-
gies that can establish and concentrate the predatory
insects in the jujube tree crop ecosystem. Such an
TPM program should be developed in a step-wise fash-
jon, commencing with the methods of establishing,
concentrating and stabilizing natural populations, fol-
lowed by integrating other control methods which are
the least disruptive to natural enemy activity. In such
an IPM system, understanding the community struc-
ture and dynamics of pest, predatory and neutral in-
sects in jujube tree crop ecosystem is obviously very
important“’ 27,32,351

In this paper, the community structure and its
dynamics of pest, predatory and neutral insects in ju-
jube ecosystem in Taigu District of Shanxi Province,
Northern China, as well as their relationships with e-
cological environment were investigated, aimed to un-
derstand the dynamics of these insect commurities,
and the functions of beneficial insects in controlling

pést insects.
2 MATERIALS AND METHODS

2.1 Investigation sites

The investigation was carried out in the jujube field at 2.5
km of west Taigu (112°8°E, 38°9'N, 780 m elevation) . The ju-
jube trees were 10 years old and in full fruit production, with a
height of 5 m and a shading-degreevof 0.4~0.6. The field was
intercropped with wheat ( Triticum aestivum L.). Before
2001, the sampling site was managed as other jujube orchards in
this area, where insecticides, acaricides and herbecides were ap-
plied 7 times or more annnally. Pesticides were applied when
overwintering pest insects resumed their activity in late March.
During growth season, insecticides were sprayed 4 times ta con-
trol the pest insects feeding on buds, leaves, blooms, and devel-
oping fruits. To control fruit borers, insecticides were sprayed in
late July and mid August. From 2001 to 2002, pesticides were
sprayed 4 times every year. The area of sampling site was at
least 6 667 m?.
2.2  Sampling methods

In investigation sites, five trees were chosen according to
the chessboard sampling method, The trees were monitored ev-
ery 10 days from March 1st to October 30th every year. On each
sampling date, 5 trees at each site were observed in 4 directions
(East, West, South and North). In each direction, three stra-

tums of canopy (upper, middle and lower) were monitored,

where the investigators spent approximately 2 min to look for
pest insects and record the numbers observed, Flitting pest in-
sects were captured with a sweep net (30 cm in diameter and 50
cm in depth, made with white nylon yarn). The net-captured
pest, predatory and neutral insects were brought back to the lab-
oratory for identification. Furthermore, three 50 cm twigs were
chosen at each canopy stratum to check the presence of these in-
sects. From ]ul& to October, 15 fruits were checked at each
canopy stratum on each sampling date to monitor the pest in-
sects in jujube fruits, Non-destructive sampling protocols were
used. In the case of difficulty encountered in identifying rare
species, an identical specimen was located from another tree in
the site, and brought back to the laboratory for identification.
For unemerged insects, the- hosts of the insects were brought
back to the laboratory, and reared in petri dishes (10 c¢m in di-
ameter and 2 ¢m in height) under an ambient photoperiod of
13:11 (L:D) h, with room temperature fluctuating between 18
and 23 T and a relative humidity of 60% + 10% . Once e-
merged, the insects were identified!16~241

Besides sampling on trees, the soil under sampling trees was
also checked for insects during sampling days. Four samples
were taken from each of 5 sampled trees at each site. Fach sam-
ple consisted of the top 20 cm soil from a 100 ¢cm X 100 cm
area. The sampled soil was observed for the presence of insects,
and then sieved. Any insects extracted from the soil were
recorded! 7]
2.3  Statstical analyses

All species and individuals of each insect species observed
during each sampling date in each year were calculated as the
total numbers per 5 trees. The original data were converted into
monthly average per sampling site. ‘

Shannon-Wiener diversity index (H) was applied to mea-

sure the species diversity of pest insect communities:

H=- D pInp;(i =1,2,3,,5)
=l

where p; = N;/ N, N; is the total number of the ith species, N
is the total number of all species, and s represents the ith
species.

A different stratum similarity index (I) of pest, predatory

and neutral insects in jujube site was calculated:

s

I=1-1/2( 2 tai-61)

1
where s is any species in the community, a; and &; are the

structural proportion of species between upper and middle, mid-
dle and lower, or upper and lower strata. All data were analyzed
by one-way ANOVA followed by Tukey’s test to compare the
differences in the investigation sites at P =0.05 or P =0.01

level of significance!® 12:26:351,



82 M &

&

& % M 17 %

3 RESULTS

3.1

pest, predatory and neutral insects on ground and tree

Dominant species and individual numbers of

Over 2 years of investigation, it was found that
there were different species and individual numbers of
pest, predatory and neutral insects within the jujube
site, both on the ground and on the tree in each year.
The ratio of the species and individual numbers of
predatory and neutral insects to those of pest insects

fluctuated between years (Table 1).

Table 1 Community structure of pest, predatory and nebtral insects in
jujube ecosystem

Insect group Year On ground and tree On ground On tree
No. (%) No. (%) No. (%)
Pest NS 2001 52 55.3 17 51.5 35 57.4
2002 49 52.1 15 51.7 34 50.7
N1 200110234 88.5 1395 74.5 8839 91.2
2002 9896 85.6 1103 72.3 8793 91.3
Predator NS 2001 28 29.8 11 33.3 17 27.9
2002 31 33.0 8 27.6 23 34.3
NI 2001 876 7.6 264 14.1 612 6.3
2002 832 7.2 233 15.3 599 6.2
Neutral NS 2001 14 14.9 5 15.2 9 14.8
2002 16 17.0 6 20.7 10 14.9
NI 2001 453 3.9 213 11.4 240 2.5
2002 428 3.7 189 12.4 239 2.5
Total NS 2001 94 100 33 100 61 100
2002 96 100 29 100 67 100
N1 2001 11563 100 1872 100 9691 100
200211156 100 1525 100 9631 100
RS 2001 1:1.238 1:1.06 1:1.35
2002 1:1.043 1:1.07 1:1.03
NI 2001 1:7.701 1:2.92 1:10.37
2002 1:7.854 1:2.61 1:10.49

NS:Numbers of species; NI: Numbers of individuals; Neutral insects were those
that did not belong to pest and predatory insects; RS: Ratio of the species numbers
of neutral and predatory insects to pest insects; RI: Ratio of the individual numbers
of neutral and predatory insects to pest insects; (% ); Insect group number/ Total
insect group number. The same below.

In the jujube site, the subcommunity of pest in-
sects consisted of Orthoptera, Homoptera, Coleoptera,
Hemiptera, I.epidoptera, Diptera and Acarina. On the
ground of the jujube site, the dominant species of pest
insects were Gryllotalpa unispina Saussure, Acrida
chinensis ( Westwood ), Agriotes fuscicollis Miwa,
Holotrichia diomphalia Bates, and Agriotis ypsilon
Rottemberg, while those on the tree were Pseudococ-
cus comstock Kuwane, Quadraspidiatus perniciosus
Comstock, Scythropus yasumatsui Kono et Morimo-
to, Adelphocoris fasciaticollis Reuter, Lygus lucorum
Meyer-Dur, Chihuo zao Yang, Ancylis sativa Liu,
cinnabarinus

Contarinia sp., and Tetranychus

(Boisduval ). The dominant groups of pest insects
were Homoptera, Coleoptera and Lepidoptera. In the
jujube site, the individual numbers of pest insects fluc-
tuated between the positions on jujube tree ( Table
2). A comparison of the results in Table 2 and Table 3
indicated that there were more groups in the predato-
ry insect subcommunity th‘an in the pest insect sub-
community. On the ground of the jujube site, the
dominant species of predatory insects were Labidura
japonica DE Geer, Carabus maderae chinensis Kir-
by, Orius. minutu L., Lasius fuliginosus Latr.,
Chrysopa shansiensis Kuwayama, Anax parthenope
Selys, and Paratenodera sinensis Saussure, while
those on the tree were Coccinella septempunctata
(Linn.), O.

(Fabricius), Lasius fuliginosus Latr., Inoccllia sp.,

minutu .., Metasyrphus corollae
C. shansiensis Kuwayama, A . parthenope Selys, and
P. sinensis Saussure. The dominant groups of preda-
tory insects were Coleopteran, Hemiptera, Diptera and
Hymenoptera ( Table 3). The individual numbers of
predatory insects were higher on the tree canopy than
on the ground, because of the corresponding higher
individual numbers of pest insects on the tree canopy.
There were 3 groups in the subcommunity of neutral
insects, i . e., Dermaptera, Coleoptera and Hemiptera.
The dominant species of neutral insects were little
beetles, Sarcophaga carnaria (linn.),and Apis cer-
ana Fabricius, both on the tree and on the ground
(Table 4).
3.2 Temporal dynamics of similarity index of pest,
predatory and neutral insects in different stratum of
jujube site
Table 5 suggested that the vertical distribution of
the community structure of the same or different sub-
community was different in different seasons, as was
the case of the same or different subcommunity in the
same season. The similarity index in pest insect group
varied from 0.25 % 0.15 to 0.69 £ 0.06, with corre-
sponding index from 0.27 £0.03 to 0.50 £ 0.07 in
predatory insect group, and from 0.24 +0.06 to (.47
+0.02 in neutral insect group, depending on the sea-
sons and stratum structures. In general, the vertical
stratum structures of the three subcommunities were

obvious, and the average values of similarity index in
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cach stratum were between 0.35 + 0.05 1o 0.61 £ . was the highest (P<0.05) in pest insect group, and
0.03. The similarity index value between two strata the lowest ( P<<0.05) in neutral insect group.
Table 2 Subcommunity structure and dominant species of pest insects in jujube site
Group Year On ground On ground Tree canopy On ground  On tree
and tree Upper Middle Lower
NI (%) NI (%) NI (%) NI (%) NI (%)
Orthoptera 2001 42 0.41 31 12.35 0 0.00 0 0.00 11 0.31  G.unispina
2002 38 0.38 28 13.15 0 0.00 0 0.00 10 0.29  A.chinensis
Homoptera 2001 4338 42.39 121 48.21 1347 42.01 1444 44.06 1426 40.74 P. comstock
2002 4309 43.54 89 41.78 1242 43,59 1436 42.70 1542 44.43 A, fuscicollis Q. perniciosus
Coleoptera 2001 3643 35.60 56 22.31 1124 35.06 1142 34.85 1321 37.74  H.diomphalia S.yasumatsui
2002 3556 35.93 48 22.54 1021 35.84 1242 36.93 1245  35.87  H.diomphalia S.yasumatsui
Hemiptera 2001 290 2.83 11 4.38 57 1.78 113 3.45 109 311 A fasciaticollis
2002 303 3.06 21 9.86 63 2.21 98 2.91 121 3.49 L. lucorum
Lepidoptera 2001 1078 10.53 32 12.75 327 10.20 287 8.76 432 12.34  A. ypsilen C. 20
2002 940 9.50 27 12.68 248 8.70 336 9.99 329 9.48 A. ypsilon A. sativa
Diptera 2001 390 3.81 0 0.00 138 4.30 129 3.94 123 3.51 Contarinia sp.
2002 347 0.04 0 0.00 102 0.04 117 0.03 128 0.04 Cnntarini’a sp.
Acarina 2001 453 0.04 0 0.00 213 0.07 162 0.05 78 0.02 T. cinnabarinus
2002 403 0.04 0 0.00 173 0.06 134 0.04 9% 0.03 T. cinnabarinus
Total 2001 10234 100 251 100 3206 100 3277 100 3500 100 .

2002 9896 100 213 100 2849 100 3363 100 3471 100

Table 3 Subcommunity structure and dominant species of predatocy insects in jujube site

Group Year On ground On ground Tree canopy On ground On tree
and tree Upper Middle Lower
NI (%) NI (%) NI (%) NI (%) NI (%)
Dermaptera 2001 18 2.055 16 10.26 0 0.00 0 0.00 2 0.69 L. japonica
2002 16 1.923 13 9.09 0 0.00 0 0.00 ¢ 3 1.03 L. japonica
Coleoptera 2001 162 18.49 11 7.05 38 20.99 45 18.15 68 23.37  C.maderae chivensis C . septempunciata
002 166 19.95 13 9.09 32 17.49 39 18.22 82 28.08  C.mackroe chinensis C . seprempunciata
Hemiptera 2001 75 8§.562 14 8.97 17 9.39 21 8.47 23 7.90  O.minutu O, minutu
2002 72 8.654 11 7.69 21 11,48 19 8.88 21 7.19 0. minutu 0. minutu
Diptera 2001 71 8.105 5 3.21 23 12.71 21 8.47 22 7.56 ' M. corollae
2002 64 7.692 4 2.80 19 10.38 15 7.01 26 8.90 M. corollae
lymenoptera 2001 168 19.18 84 53.85 21 11.60 32 12.90 31 10.65 L. fuliginosus L. fuliginosus
2002 172 20.67 83 58.04 35 19.13 26 12.15 28 9.59 L. fuliginosus L. fuliginosus
Rhaphdiodae 2001 156 17.81 0 0.00 31 17.13 56 22.58 69 23.71 Inocclfia sp.
2002 136 16.35 0 0.00 29 15.85 51 23.83 56 19.18 Inoccllia sp.
Neuroptera 2001 13 12.9 7 4.49 25 13.81 39 15.73 4?2 14.43 (. shansiensis C. shansiensis
2002 95 11.42 4 2.80 24 13.11 32 14,95 35 11.99  C. shansiensis (. shansiensis
Odonata 2001 30 3.425 8 5.13 5 2.76 11 4.44 [ 2,06 A.parthenope A, parthenope
2002 27 3.245 6 4.20 6 3.28 6 2.80 9 3.08 Al parthenope  A. parthenope
Mantodea 2001 83 9.475 1 7.05 21 11.60 23 9.27 28 9.62  P.sinensis P. sinensis
2002 84 10.1 9 6.29 17 9.29 26 12.15 32 10.96  P. sinensis P. sinensis
Total 2001 876 100 156 100 181 100 248 100 291 100
2002 332 100 143 100 183 100 214 100 292 100

Table 4 Subcommunity structure and dominant species of neutral insects in jujube site

Group Year Om ground On ground Tree canopy On ground On tree
and tree Upper Middle Lower
NI (%) NI (%) NI (%) NI (%) NI (%)
Dermaptera 2001 121 26.71 46 38.02 21 20.59 23 18.55 31 29.25 Little beetle Little beetle
2002 106 24.77 53 44.17 18 21.43 16 14.81 19 16.38  Little beetle Little beetle
Coleoptera 2001 16t 35.54 52 42.98 45 44.12 36 29.03 28 26.42 S.carnaria S. carnaria
2002 143 33.41 46 38.33 38 45.24 38 35.19 21 18.10  S.carnaria S.carnaria
Hemiptera 2001 171 37.75 23 19.01 36 35.29 65 52,42 47 44,34 A.cerana A . cerana
2002 179 41.82 21 17.50 28 33.33 54 50.00 76 65.52 A.cerana A . cerana
Tatal 2001 453 100 121 100 102 100 124 100 106 100

2002 428 100 120 100 84 100 108 100 116 100
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Table 5 Similarity index (meant SE of 2 yrs) of pest, predatory and neutral insects in different stratum of jujube site
Month Pest insects Predatory insects Neutral insects

A B C A B C A B C

Mar 0.26£0.12 0.25+£0.15 0.46%£0.11 0.38£0.05 0.35£0.02 0.27£0.03 0.43£0.03 0.28%£0.06 0.3420.03
Apr 0.36£0.08 0.62+0.06 0.54%0.04 0.40+£0.06 0.31+£0.02 0.30£0.02 0.24%0.06 0.32+0.02 0.4710.02
May 0.35+£0.04 0.30+0.02 0.50%0.10 0.44+0.03 0.37+0.01 0.28+0.04 0.40£0.07 0.33+£0.03 0.34%0.03
Jun 0.59+0.11 0.62%0.03 0.54%0.01 0.49+£0.04 0.27%£0.03 0.40£0.03 0.35+0.10 0.37£0.04 0.45%£0.04
Jul 0.69+£0.06 0.60+0.08 0.68+0.09 0.50+£0.07 0.44+£0.03 0.48+0.01 0.43£0.04 0.4020.05 0.4310.01
Aug 0.32+0.02 0.42+0.04 0.52%£0.02 0.41£0.06 0.48+£0.02 0.38+0.02 0.44+£0.06 0.45+0.10 0.32%0.05
Sep 0.28+£0.05 0.4410.11 0.59%£0.03 0.34+0.03 0.40+£0.04 0.4710.02 0.38%0.04 0.41%0.03 0.4220.03
Oct 0.57+0.13 0.53%0.02 0.55%0.04 0.2720.03 0.40%+0.02 0.38%0.04 0.40£0.07 0.24%0.04 0.31%0.02
Average 0.43+0.08 0.52%0.07 0.61%0.03 0.46+0.05 0.38+0.02 0.37+0.03 0.38+0.06 0.35+0.05 0.39%0.03

A. Upper and middle canopy strata; B. Middle and lower canopy strata; C. Lower and upper canopy strata.

3.3 Temporal dynamics of diversity index of pest,
predatory and neutral insects

Figure 1 indicated that the diversity index of
pest, predatory and neutral insects in the jujube site
fluctuated with seasons. In March, most of the insects
were in overwintering stage, and thus, their diversity
index values were small. From April, the diversity in-
dex values became larger and larger, because overwin-
tering insects resumed their activity and began to feed
and breed with developing plants. In June and July,
the diversity index values were the largest (P <
0.05), and then became smaller and smaller. From
March to August, pest insects had the largest (P <
0.05) diversity index values, followed by predatory
(P <0.05) and neutral (P <0.05) insects, but in
September and October, the diversity index values of
pest insects became smaller (P<0.05), and those of
predatory (P <0,05) and neutral (P <0.05) insects

became larger.
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Fig.1 Seasonal fluctuation of diversity indices of dest, dredatory and neu-
tral insects in iuiube site.

3.4

pest, predatory and neutral insects

Temporal dynamics of individual numbers of

Figure 2 showed that from March to QOctober,
the individual numbers of pest, predatory and neutral

insects in the jujube site increased first, and then de-

creased. Pest insects had the largest (P <0.05) fluc-
tuation, while neutral insects had the smallest (P <
0.05) one. There was a significant (P <0.05) differ-
ence in the fluctuation between predatory and neutral
insects from March to August. The individual num-
bers of pest insects increaséd gradually from March to
June and decreased then, while those of predatory and
neutral insects increased until August and then began
to decrease. In general, the predatory and neutral in-
sects followed closely behind pest insects, and there
was a significant ( =0.9833, P <0.05) correlation
between them. There was a significant (~ =0.9887,
P < 0.01) correlation between the pest and the
predatory or/and neutral insects in different places of
tree canopy, especially in the middle of tree canopy

(Table 5).
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Fig. 2 Seasonal fluctuation of individual number of pest, predatory and
neutral insects in jujube site.
Ordinate is natural logarithm values of individual number of pest, preda-
tor and neutral insects.

4 DISCUSSION

The composition of insect community structure
was rich in the jujube site. A total of 94~ 96 insect
species and 11 563 ~ 11 156 insect individuals were
recorded over the 2 years (2001 —~ 2002) investiga-

tion. More insects were found on the tree than on the
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ground. Sucking pest insects constituted the majority,
followed by leaf-feeding and fruit-boring pest insects.
Neutral insects were not harmful to jujube trees, and
some of them were used as replenishing food lor bene-
ficial insects!®). The results clearly demonstrated that
the species and individual numbers of pest, predatory
and neutral insects in the jujube site fluctuated be-
tween years and between the strata of tree canopy.
The species and individual numbers of these insects,
and the ratio of the species and individual numbers of
neutral and predatory insects to pest insects were sig-
nificantly larger (P <0.05) on the tree.than on the
ground.

Most pest control decisions are made on the basis

(34.35] rother than the ratio of natural

of pest number
enemies to the pests. With the increasing adoption of
pest management program (IPM) worldwide, the use
of both pests and natural enemies and neutral insects,

especially predator-to-pest ratios, as the thresholds in

pest management programs is-becoming increasingly

important[s’lo'zo]. The question how mény predators
and neutral insects are required to maintain the pests
such as C. zao below thresholds is frequently being
asked. Thus, the knowledge of predatory and neutral
insects-to-pests ratio is crucial to enable the activities
of predatory and neutral insects to be incorporated in-
to decision-making protocols in IPM, while this inves-
tigation is the first report to study the predatorykand
neutral insects-to-pests ratio in jujube orchards.

Qur results clearly demonstrated the community
structure and its dynamics of pest, predatory and neu-
tral insects in jujube tree crop ecosystems, which may
be useful to explore the integrated pest management
of jujube trees. Further investigations are needed to
understand how the predatory insects act on pest in-
sects, how the neutral insects affect predatory and
other insects, and how many predatory and neutral in-
sects to pests are required to maintain pests such as

C. zao below thresholds.

Acknowledgements: We are grateful to R. Bruce, PP, Holly and
B. Lois for reviewing and significantly improving an earlier ver-
sion of the manuscript. We also thank the National Natural Sci-
ence Foundation of China Grant 30170759 and the Canadian

Forest Service for financial support. Helpful editorial comments

from C.Ryan and D. M. Stone are highly appreciated.

REFERENCES

10

11

12

13

14

15

16

17

18

Chen Y-J(BrTf4), He X-S(ff#4E), Chen M-L(BEEHK), ez ol .
1991.An Introduction to Chinese Jujube Tree. Beijing: China Sci-
ence and Technology Press. (in Chinese)

Chen Y-J(BRUG4), Ma F-X(Z %), Zhang Y-L(3K EH), er
al .1993. Jujube Disease and Pest and Their Control. Beijirig : China
Science and Technology Press. (in Chinese)

Han B-Y(#6E#i), Li Z-Z(FEHE ), Wang C-L(ERM), et al.
1997. Numeral, temporal and spatial patterns of animal and ento-
mogenous fungus communities in Masson pine stands with reason-
able chemical control. Chin J Appl Ecol (R B 25248), 8(1):65
~69(in Chinese)

Jiang G-F(HEF), Yan Z-G(HH ), Cen M(F  H).2000.
Insect community and its diversity of Mangrove forest at Yingluo
Bay of Guangxi. Chin J Appl Ecol (7 FIHEZRSEMR), 11(1):95~
98(in Chinese) '

JiW-R(HIH), Liv X-Q(XIFEH), Shi G-LUTHIR), et af.
1999. The bicassay and field efficacy tests of the nuclear polyhedro-
sis virus of Chihuo zao Yang. Sei Silvae Sin (BN f}2£), 35(6) ;
81~ 85(in Chinese)

LiL-C(E#EB), Li LZ(EHK), Fan Y-LOEAR), e al.
1992. Chinese Jujube Pests. Beijing: China Agricultural Press. (in
Chinese)

Liu X-Q(XI¥t k), Shi G-LMHEHR), Li SH(FEMIR), er al.
1995.Study on the spatial distribution and sampling techniques of
jujube looper larvae. Sci Silvae Sin (FRALFHE), 31(1):17~22(in
Chinese)

Liu X-Q(ABE#), Jing Y3 ), Wang M-Q(EMH£), ez al.
1998. Studies on determining control action threshold by frass-drop
amount of Sucra jujuba . For Res (FRLFZBF ), 11(2): 192~
197(in Chinese)

Ma Y-H(SHE#), Lu ZH(M 5 18), Mo H-D(F B H) 1999.
Field Experiment and Statistical Method. Beijing : China Agricultur-
al Press. (in Chinese)

Mensah RK.2002. Development of an integrated pest management
program for cotton. Part 1: Establishing and utilizing natural ene-
mies. Intern J Pest Man,48(3):87~94

Mu J-Y(RETC), Xu H-T(H #IH), Li H-J(E X ). 1997, En.
tomology Ecology and Forecast of Agricultural Pest, Beijing; China
Agricultural Science and Technology Press. (in Chinese)

Odum EP. 1983. Basic Ecology. New York: Saunders College
Press.

Sheng X-B(EEEM), Dai Z-H(E B 4), Sun J-Z(IMED), e al.
1998. Geological characteristics of eco-environmental in Leling ji-
jithus producing area. Chin J Appl Ecol (/R A S248), 9(5).
487 ~490(in Chinese)

Shi G-LOUJBYER), Li L-C(ZEED), Zhang Y-M (K EHE), et af.
1992. A preliminary study on Inocellia sp. An important natural
enemy of jujube pests. ] Skanxi Agric Univ (L PG el K 2 2
), (supp.):21~23(in Chinese)

Shi G-LU3R), Ma F-L(T5 48 ), Huang L(¥ W), e al.
2003. The sustainable method of ecological regulation and manage-
ment of jujube yard pests. J Shanzi Agric Univ (10T H ) K&k 28
#2),23(3):220~223(in Chinese)

Shi G-L(JBRR), Cao H(H  #), Ge F(E 1), er al.2002.
Studies on the diversity and insect community in different inter-
cropped and marnaged jujube yard ecosystems. Sci Silvae Sin (FRMb
F4),38(3) :94~101(in Chinese)

Shi G-LUTHHR), Cao H(H ), Ge F(E  #), er al . 2002.
The dynamics of diversity and the composition of nutrient classes
and dominant guilds of arthropod community in different intercrop-
ping and managing jujube yard ecosystems. Sci Silvae Sin (A AL F}
2£),38(6):79~86(in Chinese)

Shi G-L(Ji¥6#R), Cac H(W ), Xi Y-BUBRE), er a/.2003.
The seasonal dynamics of vertical distribution of the dominant
guilds and their relationship in arthropod community in inter-



86

A -

PARY

¥ 4t

17 48

19

20

21

22

23

24

25

26
27

28

cropped and managed jujube yard ecosystems. Sci Silvae Sin (FRL
#14),39(4) .78 ~83(in Chinese)

Shi G-L(JY64R), Lin X-QURH#), Li J(F  $8), et al . 1995,
Studies on the life table of Ancylis sativa . Sci Silvae Sin (FlH
2),31(6):520~ 527(in Chinese)

Shi G-LOUHYEHR), Lin X-QUAUBEH), Li J(FF $8), er 2l . 1997.
Study on the bionomics of Quadraspidiotus perniciosus and its in-
festation pattern. Sci Siluae Sin (PRMLE}2),33(2): 161 ~167(in
Chinese)

Shi G-L(JX6#R), Liv X-Q(X$ #), Li L-C(FEEAR), et al.
1997. Study on natural population life table of the Ziziphus ge-
ometrid and its use in prediction. Sci Silwae Sin (FOLFL%), 33
(3):234~241(in Chinese)

Shi G-LUE Y63, Liu X-Q(XI$ #), Wang M-Q(ERI &), et
al.1998. Studies on the structure of the insect community and the
effect of integrated pest management. Sci Silvae Sin (FOWFHEE),
34(1):58~64 (in Chinese)

Shi G-LOJY63# ), Liv X-Q(XI B ), Zhao H-JGEAT &), e al.
1999. Effect of sex pheromone on bhehavior of adult Ancylis sativa
Liu and control of the pest in jujube forest. Sci Silvae Sin (MK
££),35(2):70~74(in Chinese)

Shi G-LUWEYE#), Xi Y-B(FEHE), Wang HX(EH®E), ez al.
2003. The niche of important pests and natural enemies and compe-
tition among the species in jujube orchard ecosystem, Sci Silvae Sin
(FAF2),39(5):78 ~86 (in Chinese)

Shi G-L(JHG3#), Zheng W-Y (X E L), Dang Z-P(REE), e
al.1994. Fruit Pests. Beijing; China Agricultural Press. (in Chi-
nese)

Simpsom EH. 1949, Measurement of diversity. Nature, 163:688
Simpson BB, Cracraft J. 1995. Systematics; The science of hiodiver-
sity. BioScience, 45(10) :670~ 672

Wu J-C{RE7) . 1994 . Regulation and control function on neutral
insects of rice field to food wet of community. Acta Ecol Sin (£
£38), 14(3): 381 ~386(in Chinese)

29

30

31

32

33

34

35

Yin X-Q(EEHE), Li J-D(ZFERF) . 1998. Diversity of soil animals
community in Leymus chinensis grassland. Chin J Appl Ecol (W H
A5 R), 9(2):186~ 188(in Chinese)

Yu F-A(RRAE), Peng Z-H(E IR, Jiang Z-HTLHER), et al .
1998. A preliminary evaluation on management model of agro-
forestry system on low hills in Hubei Province. Chin J Appl Ecol
(B FAEAR2ER), 9(4) 1376~ 378(in Chinese)

Zhang J-GOEARD, Xue - B(EEHRE), Shi G-LUTIHR), et af.
2004a. Structure and dynamics of arthropod community in different
intercropped and managed jujube yard ecosystems. J Shanxi Agric
UniwOGLTTAE K22 4]), 24(2) 176~ 182(in Chinese)

Zhang Y-Q(¥ K R), Ahmed D, Wei S-G(FEEH), er al. 2001.
The community structure, dynamics of pest and predacious arthro-
pod in a banana field. Acza Ecol Sin (AE#%3R), 21(5):639~645
(in Chinese)

Zhao H-J(BAT4E), Li L-Y (M), Kong W-NCFLEESR), et ol
2004 . Research on the structure characteristic and diversity of in-
sect community in jujube yards. J Shanxi Agric Univ( Pl K
224R),24(1) :37~40(in Chinese)

Zhao Z-M (B HL), Guo Y-Q (¥R R 3 ). 1990. Principle and
Method of Community Ecology. Beijing: Science Technology Litera-
ture Press. (in Chinese)

Zou Y-D(4Big B, Bi SD(HEFI), Zhou X-Z(AHZ), et al.
2003. Dynamics of the pest and natural enemy communities in
peach orchards. Chin J Appl Ecol (RLFIHEERE4R), 14(5): 717~
720(in Chinese)

BT LR, B, 1960 4, L, B ML ESW,
FTENTERASEEHESHRETNR, £F B 110 &
B2 5 T Tel: 0354-6225344, 13753418518 E-mail; glshi
@126. com, gl. shi@163. com, glshi326@ yahoo. com. cn

HiEmE N

a




