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The structure and dynamics of pest insect communities in jujube sites of

different intercropped systems
SHI Guang-Lu''?, ZHAO Li-Lin!'®, MIAO Zhen-Wang*, LIU Su-Qi', CAO Hui', LI Shi-You®, Bruce
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diseases and insect pests control station of Shanxi province, Taiyuan 030012, China; 5. Natural Resources Canada, Canadian Forest Service, Pest
.Management Centre, Ottawa, ON Canada K1A 0C6). Acta Ecologica Sinica,2005,25(9):2263~2271.

Abstract : Studies on the structure and dynamics of pest insect communities in five jujube sites with different Intercropped
systems were conducted in the suburb of Taigu Cbunty, Shanxi Province, China from 2000~ 2002. There were different
numbers of families, species and individuals of pest insects, as well as different indices of diversity, evenness and Berger-
Parker in the jujube sites of different intercropped. There were larger (»p<C0. 05) numbers of families and species in the jujube
site with herbage and weeds than in those with wheat, soybean and mono-cultivated jujube site. The smallest (p<<0.05)
numbers of pest insect individuals were found in the jujube site wifh herbage and weeds, the largest (»<C0.05) in the mono-
cultivated jujube site. Larger (p<C0.05) indices of Shannon-Wiener and evenness were recorded from the jujube site with

herbage and weeds than in those with wheat, soybean and the mono-cultivated jujube. However, larger (»<{0.05) indices of

Berger-Parker were in the mono-cultivated jujube site than in the other four jujube sites. The temporal dynamics of the insect
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pest individuals went through continuous change with the change of seasons. There were larger (»<C0.05) numbers of insect
pest individuals from April to August than in March, September and October. The results suggested that intercropped crops,

herbage or properly remaining weeds were beneficial not only in making full use of field space but also in reducing the number
of insect pest individuals and increasing net income in the jujube sites.

Key words ; jujube sites; pest insects; community structure; dynamics

The structures and dyhamics of community of pest insects in jujube orchards intercropped with grain crops or herbage is
more complex than those in mono-cultivated forestry or crop eco-systems. Management of the jujube orchards is different from
that of forestslor crop fields because not only the yield is considered but also the quality of both crop and jujube during the
whole jujube-developing period"~#. Therefore, in the course of managing jujube orchards, people usually interfered and
injured the natural jujube orchard eco-system upon which insects and other animals depended. This management caused the
jujube ecological conditions to become extremely unstable and the species and numbers of pest insects to fluctuate frequently.
The management made controlling jujube tree pest insects difficult'®*~*), It is necessary that the structures and dynamics of pest
insects of jujube tree in different intercropped and managed jujube orchard ecosystems be better understood before Iexploring
integrated pest management (IPM) of pest insects of jujube tree. Shi er al. (2002) reported on the insect community and
diversity in different intercfopped and managed jujube orchard ecosystems!!)., However, the structures and dynamics of pest
insects of jujube tree in such orchards are still poorly understood. To better understand these aspects, the establishment of the
investigation into different intercropped and managed jujube orchards is essential. Our objectives' were to evaluate the influence
of differently managed jujube orchards on the community structures and dynamics of pest insects, so as to provide a reliable
basis for an ecologically based regulation technology both for control of pests and for prc;tection of beneficial insects.

1 Materials and Methods

1.1 Experimental Sites

The investigations were carried out in a jujube field located 2.5 km west of Taigu (112°8'E, 38°9'N, 780 m elevation).
Jujube trees were 18~ 20 yrs old and in full fruit production, with a height of 5 m and a shading-degree of 0.4~0.6. Five
treatments of experimental jujube orchards were set up. Each treatment was replicated three times, each replicated was at least
2666. 7 m%. First one of five treatments was intercropped with wheat (Triticum aestivum), and second one was intercropped
with soybean (Glycine max), and third one was i{ltercropped with herbage (Lotus corniculatus), and fourth one had weeds in
jujube orchards, and fifth one was mono—cultivated jujube. Before 2000, treatments were managed as any other jﬁjube orchards
in the area, using conventional management methods where insecticides, acaricides and herbcides were used 7 or more times per
year. Pesticides were applied when overwintering pests resumed activity at the end of March. During the growing season,
insecticides were sprayed 4 times to control insects that fed on buds, leaves, blooms and developing fruit. To control fruit
borers, insecticides were sprayed in late July and again in the middle of August. From 2000 to 2002, pesticides were sprayed
four times every year in the treatments. The treatments were located in the general area with similar natural conditions such as
topography, geographical features and soil texture except for different intercropped strategies.

1.2 Samplied Methods

In each of these replicated sites, five trees were chosen according to the chessboard samplied method to monitor population
dynamics of pest insects. The trees were monitored every 10 d from March 1st to October 30th in 2000, 2001 and 2002. On
each samplied date, each of five trees at each replicated site was observed from four different directions (L:i~1. West, South
and North). At each direction, three levels of canopy (upper, middle and lower) were monitored. At each canopy level, the
investigators spent approximately 2 min to look for pest insects and record numbers observed. Flitting pest insects were
captured with a sweep net (diameter: 30 cm, 50cm deep, made with white nylon yarn). The net-captured pest insects were
brought back to the laboratory for identification. In addition, three 50 ¢cm twigs were chosen at each canopy level to check the
presence of pest insects. From July to October, 15 fruits were checked at each canopy level on each samplied date to monitor
pest insects in the jujube fruits. For unemerged pest insects, hosts of the pest insects were brought back to the laboratory and

reared in petri dishes (10 cm in diameter, 2 cm in height) under an ambient photoperiod of 13 : 11 (L : D) h, with room

temperature fluctuating between 18'C and 23C and a relative humidity of 60% + 10%. Once emerged, pest insects were
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identified*,

Besides samplied on trees, soil under the samplied trees was also checked for pest insects on each samplied date. Four
samples were taken from each of five samplied trees at each site. Each sample consisted of the top 20 cm of soil from a 100 by
100 cm area. The sampled soil was observed for the presence of pest insects, and then sieved. Any pest insects extracted from
the soil were recorded. After counting, all pest insects were returned to the soil at their original sampled sitel!!.

Jujube fruit, wheat, soybean and herbage in each treated plot were harvested at the end of the season and the averaged
yield of 3 yrs was transformed into the net income (RMB (¥ ) / 666.7 m*) and then compared.

1.3 Statistical Analyses |

All species and individuals of each species of pest insects observed on each samplied date during 3 yrs were calculated as

total numbers per 5 trees. The original data were converted into monthly average per samplied site. The Shannon-Wiener

diversity index (M) was applied to measure the species diversity of pest insect communitiest®~%, H = — E pielnp, (i =1,2,
=]

3y¢c48)sp; = N,/N, N; was the total number of the ith species; N was the total number of all species; and s reﬁresented :th
species. The species evenness (E) of pest insect communities was .measured with the formula: E = H/InS, S was the number
of species. Dominant degree index of Berger-Parker'®~!®) was calculated: I = Npyuw/NT, N, was the total number of the
dominant species and NT was the total number of all species including the dominant species. All data were analyzed by a one-
way ANOVA followed by Tukey’s test to compare the differences among the five different experimental sites at the p=0. 05

level of significance'!.

2 Results
2.1 Comparison of Families, Species and the Number of Pest Insect Individuals in the Different Jujube Sites

In this 3 year study, 31 families, 56 species and 33498 individuals of pest insects were found in the jujube site with wheat;
while the corresponding numbers were 31, 58 and 35862 in the jujube site with soybean; 41, 114 and 25606 in the jujube site
with herbage; 31, 52 and 42951 in the jujube site with weeds; and 39, 96 and 24101 in the mono-cultivated jujube site. These
findings indicated that the numbers of families, species and individuals within different jujube sites were not the same.

The result from Fig. 1 showed that significantly more (£<C0. 05) families and species were in the jujube sites with herbage
and weeds than in those with wheat, soybean or the mono-cultivated jujube site. However, there were no significantly different
numbers of families and species between the jujube sites with herbage and weeds, or between jujube sites with wheat and
soybean or and the mono-cultivated jujube site. 'l!’he largest (p<C0.05) number of pest insect individuals was found in the
mono-cultivated jujube site and smaller (p <{0.05) numbers in the jujube sites with herbage and weeds. There were no

significantly different numbers of pest insect individuals between the jujube sites with herbage and weeds, or between jujube

sites with wheat and soybean.
140 — Family @3 Species O Number of individuals

2.2 Comparison of the Groups of Pest Insects in the Different 120 - a
Jujube Sites , 100 - E b
The pest insects in the jujube sites were in seven orders, E «o = b % b
. : E a z a%'?'
1. e. Homopterans, Coleopterans, Lepidopterans, Orthop- 40 b §% b
| . 20 %
terans, Hemipterans and Dipterans from the class Insecta as o N1 | N |, ,é . |
well as Acarina from the class Arachnida because Tetranychus I I I\ v
Type of jujube orchard

cinnabarinus (Boisduval) and Tetranychus fruncatus Ehara were

important jujube tree pest mites. The results from Table 1 Fig. 1 Comparison of Families, Species and the Number of Pest

indicated that there were no significant differences of family . .. ¢ individuals in the Different Jujube Sites

number in the groups of Orthopterans, Dipterans and Acarinain |  Jyjube site with wheat, I  Jujube site with soybean, I
different intercropped jujube sites. However, significantly Jujube site with herbage, N Jujube site with weeds, ¥V  mono-
larger (p<C0.05) family numbers of Lepidopterans, cultivated jujube site; All Numbers of individual insect pests were

Homopterans and Hemipterans were recorded in the jujube Site trasformed by (.I'/SOO);T].’]E same bar fOllOWEd by the same lEttEl’
means not significantly different ( ANOVA f{followed by LSD,

»<<0.05)

with herbage, and significantly larger (»<C0.05) numbers of

Coleopteran families were recorded in the jujube site with
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weeds. There were no significant differences in numbers of families of Lepidopterans, Coleopterans, Homopterans and
Hemipterans between the jujube sites with wheat, soybean or the mono-cultivated jujube site (Table 1).

The number of species in the groups of Orthopterans, Dipterans and Acarina was not significantly different among the
different intercropped jujube sites. However, significantly larger (p<C0. 05) species numbers of Homopterans and Coleopterans
were recorded in jujube sites with herbage or weeds, and the smallest (p<C0. 05) number of species was from Coleopterans in
the mono-cultivated jujube site. There were no significant differences in species number in Homopterans in the jujube sites with
wheat, soybean or the mono cultivated jujube trees, or in the group of Coleopterans in the jujube sites with wheat or soybean.
In the group of Hemipterans, the largest (»p<0. 05) species number was found in the jujube site with herbage, and the smallest
(»<<0. 05) in the mono-cultivated jujube site, with no significant differences in species number between the jujube sites with
wheat and soybean. In the group of Lepidopterans, the largest (p<C0.05) species number was found in the jujube site with
herbage, followed by the jujube site with weeds. There were no significant differences of species number between the jujube

sites with wheat, soybean or the mono cultivated jujube trees (Table 1).

Table 1 The comparison of pest insect groups in five different jujube sites

Index Sites Orthoptera Homoptera Coleoptera Hemiptera Lepidoptera Acarina Diptera
Number of I 3X0.12a 9+0.12b 6+0.12b 240.12b 6+0.12c 2+40. 00a 140. 00a
families I 340.12a 9+ 0. 24b 6+0.12b 24+0.12b 81+ 0. 24b 24+0.12a 140. 00a

I 3%90.00a 1240. 24a 710. 00ab 440.12a 1210. 12a 2+ 0. 00a 14-0. 00a

N 3%0.00a 1140. 12ab 9-1+0.12a 3+0.12ab 9+ 0. 00b 21 0. 00a 1+0. 00a

V  2+0.20a 94+0.12b 6+0. 20b 2+0. 00b 710. 24bc 2+0.12a 1+0. 00a
Number of I 6+ 0. 20a 1540. 31b 14+0. 20b 6 +0.24b 1110. 24¢ 340.12a 1=x0. 00a
species | 61+0. 31a 13+0.12b 154+0.12b 7+0. 31b 123 0. 24c 3-+0.12a 11 0. 00a

B 730.20a 271+0.59a 29+0.4]a 1010. 20a 3610. 35a 4+40. 00a 1+0. 00a

VN  740.12a 2510. 24a 284-0. 24a 7+0.20b 244 0. 54b 4+0. 00a 1+0. 00a

v 540. 31a 144+0.12b 10+0. 31c 440.12c 11+0. 31c 44+0.12a 1+0. 00a
Number of I 32+0. 74c 4568111. 95¢ 3188+12. 04b 373+1. 39 1930+68. 71b 767+ 34.22b 30849.47b
individuals I 3540. 74c 6233+22.15b 23531 16. 84c 403+5. 56b 2030+ 24. 09b 653+ 25.69b 247 1+15.50¢

E 54+1.31b 35881 20. 24d 2188+4-12. 43d 31841. 23c 1668+15. 67c¢ 521+ 3. 92c 198+9. 63d

N 171x1.08a 33941 3. 2%¢ 2207+ 21. 85d 311x£2. 26c . 1139+25. 27d 5761 6. 84c 236+ 4. 56¢d

v 18+1.12d 66331 35. 93a 35631 31. 95a 4501 24. 09a 23561-75. 22a 8554 34. 51a 442+ 61. 92a

I Jujube site with wheat, T  Jujube site with sogbean, K Jujube site with herbage, NV  Jujube site with weeds, V  mono-cultivated

jujube site; Results from Table 1 are the mean3:-SE of 3 a; Number of families, species or individuals within columns followed by the same letter

means not significantly different (ANOVA followed by LSD, p<{0.05)

The largest (»p<<0.05) numbers of pest insect individuals from six groups and the smallest from a single group were
collected in the mono-cultivated jujube site (Table 1). In the Orthopterans group, the largest (<C0. 05) number of pest insect
individuals was recorded from the jujube site with weeds, followed by the jujube site with herbage, and the smallest from the
mono-cultivated jujube site. There was no significant difference between the jujube sites with wheat and soybean (Tablel). A
significantly larger (»<{0. 05) number of pest insect individuals from the Homopteran group was recorded from the jujube site
with soybean than from that with wheat, this was followed by the jujube sites with herbage and weeds (Tablel). In the groups
of Coleopterans and Dipterans, significantly larger (»<C0. 05) numbers of pest insect individuals were found in the jujube site
with wheat than in that with soybean, this was followed by the jujube sites with herbage and weeds with no significant
differences between the latter two. Significantly larger (p»<{0.05) numbers of pest insect individuals from Hemiptera and
Acarina were found in the jujube sites with wheat and soybean than in those jujube sites with herbage and weeds, but there
were no differences between the jujube sites with wheat and soybean or between those with hérbage and weeds. Significantly
larger (»p<C0.05) numbers of pest insect individuals from the Lepidoptera were recorded in the jujube sites with wheat and
soybean than in the jujube sites with herbage and weeds, with the smallest (»<{0. 05) number was in the jujube sites with

weeds. There were no differences between the jujube sites with wheat and soybean (Table 1).
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2.3 Temporal Dynamic of Number of Pest Insect Individuals in Different Jujube Sites

A significantly smaller.(F =19.79, df =4, p<<0.05) number of pest insect individuals were collected from these jujube
sites in March (Fig. 2) because they were in the overwintering stages. However, there were significantly larger (p<C0. 05)
‘numbers of pest insect individuals from soybean and mono-cultivated jujube sites than in those jujube sites with wheat and

weeds, with the smallest (»p<C0. 05) numbers in the jujube site with herbage (Fig. 2).

O Jujube site with wheat

4000 . .
a Jujube site with herbage
3500 & Mono-cultivating jujube site
a 2 Jujube site with soybean
= 3000 | Jujube site with weeds
.'§ 2500 |- é'{ b E
. N He B %
g N dsacks s
2 2000 |- . [IN TR & K 2
5 = N [HN Al B, B
1500 - ] | EAN] | AR | . K
: . BTN | LN | el 18 E
A C R SNE] | FEARRS 4 K
< 1000 |k ?§ 4%5:3 O] | e E
AN | AR | | N | b é\
N | IN | IN] | TN | [
500 NI | IN TN | TN | TN
N | FARE | AR | FERE] | LA
0 N TN | LN || TN é% !
Mar. Apr. May June July Aug
Sampling date

Fig. 2 Temporal Dynamics of Number of Individuals of Pest Insects in Different Jujube Sites. The same bar followed by the same letter

means not significantly different (ANOVA followed by LSD, p<C0. 05)

The significantly larger (F=23. 82, df =4, p<{0.05) numbers of pest insect individuals coincided with resumption of
insect development'®in April than in March (Fig: 2). The largest (p<C0. 05) number of pest insect individuals was found in the
mono-cultivated jujube site. Significantly larger (»<{0. 05) numbers of pest insect individuals were recorded in the jujube sites
with wheat and soybean than in those with herbage and weeds. There were no obvious differences of numbers of pest insect
individuals between the jujube sites with wheat and .soybean or between those with herbage and weeds (Fig. 2).

Many leaf-eating pest insects began to cause injklry to jujube trees when they sprouted in May, therefore, numbers of pest
insect individuals were the largest (¥ =191. 82, df%4 s p<<0.00) for the whole year. The results from Fig. 2 indicated that the
largest (p<C0.05) number of pest insect individuals was found in the mono-cultivated jujube site. A significantly larger
(p<<0.05) number of pest insect individuals was recorded in the jujube sites with wheat and soybean, but there were no

obvious differences in the numbers of pest insect individuals between the jujube sites with wheat and soybean. The smallest

(p<<0.05) number of pest insect individuals was collected in the jujube site with weeds, followed by the jujube site with
herbage (Fig. 2).

A significantly larger (F=74.26, df=4, p<{0.00) number of .pest insect individuals eating blossoms and young fruits
occurred during June than in July (Fig. 2). Significantly smaller (»<C0. 05) numbers of pest insect individuals were obtained in
the jujube sites with weeds, herbage and wheat, but there were no differences between the three samplied sites. The number
of the pest insect individuals in the mono-cultivated jujube site was still the largest (p<C0. 05), followed by the jujube site with
soybean (Fig. 2).

In July (F=50.49, df=4, »p<{0.00), the number of pest insect individuals found in the mono-cultivated jujube site was
the largest (»p<C0.05). A significantly larger (»<C0. 05) numbers of pest insect individuals occurred in the jujube site with
soybean than in those with herbage and weeds. There were no differences between those with herbage and weeds. In August
(F=33.27, df =4, p<<0.05), some pest insects began to diapause, for example S. jujuba, and S. yasumatrui-**. The mono-
cultivated jujube site still had the largest (»<C0. 05) number of pest insect individuals. There were no differences between the
jujube sites with wheat and soybean, but the numbers of pest insect individuals in these jujube sites were significantly larger

(p<<0.05) than in those with herbage and weeds. There were no differences between these numbers in the jujube sites with

herbage and weeds (Fig. 2).
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In September (F=21.24, df=4, p<<0.05) and October (F=19.67, df=4, p<{0.05), most pest insects in the jujube
sites entered diapausest?). However, there were significantly larger (»<C0. 05) numbers of pest insect individuals in the jujube
sites with wheat, soybean and in the mono-cultivated jujube site than in those with herba'ge and weeds, but no differences
between the jujube sites with wheat, soybean and the mono-cultivated jujube site. The smallest (p<C0.05) number of pest
insect individuals were recorded in the jujube sites-with herbage and weeds, with no differences between them (Fig. 2).

2.4 The Temporal Dynamics of the Insect Pest Community Indices in Five Different Jujube Sites

With the changes in season, the index of the diversity, evenness and the dominant degree of insect pest communities all
went through continuous change.. The results in March and April from Table 2 showed that the smallest (p<{0. 05) diversity
index was from the mono-cultivated jujube site, and the largest (p<C0. 05) indices were recorded from those sites with herbage
and weeds, followed by the jujube sites with wheat and soybean. However, there were no differences between the jujube sites

3~4]

with herbage and weeds. In May, the jujube sites resumed their development, and most arthropods began feeding”®~*, there

were no differences of diversity index in the jujube sites with wheat, soybean, herbage and weeds. However, because there
was no intercrop, a significantly smaller (p<C0. 05) diversity index was found in the mono-cultivated jujube site than in the
other four jujube sites,

In June, the largest (p<C0. 05) diversity index was shown in the jujube site with weeds, while the smallest (p<{0. 05) was
from the mono-cultivated jujube site. There were no obvious differences of the index in the jujube sites with wheat, soybean or
herbage. In July, there was a significantly larger (»<C0. 05) diversity index in the jujube sites with weeds than in those with
wheat and soybean. A significantly smaller (p<C0. 05) diversity index was still recorded in the mono-cultivated jujube site than
in the jujube sites with weeds, herbage and wheat. There were no differences of diversity index between the jujube site with
soybean and the mono-cultivated jujube site. In August, there were no differences of diversity index among the jujube sites
with weeds, herbage and soybean, or the mono-cultivated jujube site, and the jujube sites with wheat and soybean. However,
significantly larger (p<C0.05) diversity indexes were recorded from the jujube sites with weeds and herbage than in the site
with wheat and the mono-cultivated jujube site. In September and October, diversity indexes from the jujube sites with weeds,

herbage and soybean, or between the jujube site with wheat and the mono-cultivated jujube site, or between the jujube sites

with wheat and soybean had no differences. But significantly larger (»<C0. 05) diversity indexes were recorded from the jujube

sites with weeds and herbage compared to that with wheat and the mono-cultivated jujube site (Table 2).

Table 2 Diversity indexes of pest insect communities in five different jujube yards

Index Sites Mar. Apr. May Jun. Jul. Aug. Sept. Oct.
Shannon I 1. 87+ 0.02ab1.48+0.01b 1.83+0.05a 2.244+0.04b 2.10x0.02b 1.67+0.02b 1.93+0.07bc 1.87% 0.02ab
-Wiener I 1.694+0.04b 1.494+0.01b 1.9240.01a 2.214+0.01b 1.98+0.03bc 1.9240. 0lab 2.04+0.03ab 1.69+0.04b

i 1.9840.04a 1.774+0.01la 1.91+0.01a 2.28+0.03b 2.23%0.02ab 1.9740.02a 2.14+0.08a 1.98+0.04a
N 1.88+0.01a 1.73+0.02a 2.1930.02a 2.52+0.05a 2.4630.02a 2.0840.03a 2.08+40.02a 1.88x0.01a
\Y 1.354+0.01c 1.29%0.01c 1.5540.04b 2.10+£0.02¢ 1.634+£0.02¢c 1.654+0.01b 1.754+0.07c 1.35%0.01c
Evenness [ 0.81+0.03b 0.624+0.02b 0.62+0.03b 0.77+0.02bc 0.68+0.01b 0.63+£0.03b 0.7310.03bc 0.8110.03b
I 0.77+0.02bc 0.66+0.03b 0.66+0.01b 0.74+0.01b 0.78+0.01la 0.641+0.04b 0.7440.04b 0.77%0.02bc
I 0.88+0.03a 0.743+0.02a 0.73+0.04a 0.854+0.02a 0.79+0.02a 0.73+0.03a 0.79+0.04a O.8810.03a
N 0.90+0.02a 0.71+0.01la 0.76+0.02a 0.8940.02a 0.85+0.01a 0.73+0.03a 0.83+0.04a 0.9010.02a
V 0.7440.01c 0.544+0.0lc 0.54+0.0lc 0.68+0.01c 0.57+0.01lc 0.623+0.03b 0.70+0.02¢ 0.7430.01c
Berger-Parker 1 0.26+0.02b 0.544+0.02b 0.29+ 0.01c 0.26+0.03b 0.38+0.03b 0.57+0.02a 0.41-+0.03b 0.2610.02b
I 0.2440.01b 0.60+0.03b 0.39+ 0.03b 0.31+0.02b 0.47+0.02b 0.48+0.03b 0.414+0.02b 0.24+0.01b
I 0.2240.01lbc 0.414+0.02c 0.27+ 0.02¢c 0.2340.01bc 0.3440.01bc 0.40+0.02bc 0.40 +£0.03b 0.2240. 0lbc
N 0.194+0.01lc 0.42740.01c 0.22%+ 0.01d 0.17+0.01¢c 0.2430.01c 0.36x£0.04c 0.284+0.02c 0.19=x0.01c
V 0.49+4+0.01la 0.81%+0.03a 0.51+ 0.02a 0.41%0.03a 0.60+0.0la 0.58*+0.02a 0.50+%0.04a 0.49x0.0la

[ Jujube site with wheat, I Jﬁjube site with soybean, I  Jujube site with herbage, N  Jujube site with weeds, V  mono-cultivated
jujube site; Results from Table 2 are the mean+SE of 3 a; H, E or I values within columns followed by the same letter means not significantly

different (ANOVA {ollowed by LSD, p<C0. 05)

Evenness indexes in jujube sites with weeds and herbage were larger (p<{0.05) than the other three jujube sites, and
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there were no differences between jujube sites with wheat and soybean or the soybean and the mono-cultivated jujube site in
March (Table 2). From April to May, the largest (»<0. 05) evenness index was still recorded in the jujube sites with herbage
and weeds, and the smallest (p<C0. 05) evenness index in the mono-cultivated jujube site. There were no differences between
jujube sites with wheat and soybean or with herbage and weed.s (Table 2). In June and September, significantly larger (p<<C
0. 05) evenness indexes were still found in the jujube sites with herbage and weeds. There were no differences between jujube
sites with soybean and wheat or the latter and the mono-cultivated jujube site. In July, the smallest (»<C0. 05) evenness index
was still recorded in the mono-cultivated jujube site, this was followed by the jujube site with wheat. There were no differences
between jujube sites with soybean, herbage and weeds. Significantly larger (»<C0. 05) evenness indexes were still found in the
jujube sites with herbage and weeds, there were no differences between the jujube sites with soybean and wheat or and the
mono-cultivated jujube site in August. In October, largest (»<C0. 05) evenness indexes were recorded from the jujube site with
herbage, There were no obvious differences between jujube sites with wheat, weeds and soybean or the soybean and the mono-
cultivated jujube site (Table 2).

The Berger-Parker index was largest (p<{0. 05) in the mono-cultivated jujube site, and there were no differences between
jujube sites with wheat, soybean and herbage or the latter and with weeds in March, June, July and October. The index was
still largest (»<C0.05) in the mono-cultivated jujube site, and there were no differences between jujube sites with wheat and
soybean or with herbage and weeds in April. In May, there were no index differences between jujube sites with wheat and
herbage or with soybean and weeds, but a significantly larger (»<C0.05) index still appeared in the mono-cultivated jujube
site. In August, significantly larger (»<C0. 05) indexes were recorded in the mono-cultivated and with wheat jujube site. There
were no differences between jujube sites with soybean and herbage or the latter and with weeds. In September, the largest
(p<C0. 05) index was still recorded from the mono-cultivated jujube site and the smallest (p<T0.05) from the jujube site with
weeds. There were no differences between jujube sites with wheat, soybean and herbage.

2.5 Comparison of the Net Income in the Different Jujube Sites

Significantly higher (p<<0.05) net income was obtained from the jujube plot with wheat ((3201. 64+34.53)¥/ 666. 7 m?)
than from that with herbage ((2901.4421.98) ¥ /666.7 m?). The latter net income was significantly higher (p<C0. 05) than
the soybean jujube site ((2721.7+29.34) ¥ / 666.7 m®). The mono-cultivated jujube site ((2711. 0= 26. 87) ¥ / 666.7 m®)

had higher (»<C0.05) net return than the jujube plot with weeds ((2612.3+41.12) ¥ / 666.7 m?).
3 Discussion

Jujube trees are grown in the North of China as a major economic crop. In most of the jujube-growing area, the
surrounding natural vegetation is sparse. As a result, jujube trees serve as a major host crop for some pest insects during the
developing season. Beneficial insects also fly onto jujube trees to look for food. Developing an integrated pest management
(IPM) program that utilizes natural enemies as basic components for such an agro-ecosystem is very difficult due to lack of
ecological diversity. Artificially increasing the habitat diversity in the jujube ecological system by interplanting crops gives
beneficial insects a permanent refuge during and after the jujube tree season'!'* 2] Qur study indicated that through the
interplanting of wheat, soybean and herbage, or by properly retaining weeds within jujube sites, the community diversity and
species abundance of pest insects were increased, but the number of pest insect individuals and dominant pest insect species
decreased.

Previous studies have shown that there were 67 spec'ies of jujube tree pest insects found in jujube orchards'®l. In our
study, the numbers of jujube tree pest insect species varied from 52 to 114 species depending on the intercropped crops (Table
1). Larger (»<C0.05) numbers of families and species, and indices of diversity and evenness, and smaller (»<{0.05) numbers
of pest insect individual and indices of Berger-Parker were in the jujube sites with herbage and weeds than the other three
jujube sites. Homoptera, Lepidoptera and Coleoptera were important groups of pest insects. The occurrence and injuries of
jujube tree pest insects were mainly from May to August. Our study results found that sucking pest insects preferred to feed in
areas where the jujube trees were intercropped with herbage or weeds, and that natural insect enemies of these pest insects
correspondingly increased!': ¥, Many authors stated that vegetationally diverse habitats supported a larger diversity of prey
and thus had more stable populations of beneficial insectst* ™ '8, Qur results support this because there were smaller

($<C0. 05) numbers of pest insect individuals in intercropped jujube sites than in the mono-cultivated jujube site. Outbreaks of
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pest insects are less likely to occur because larger numbers of natural insect enemies have been maintained in the diverse
ecosystem. Weeds and herbage in the ecosystem may provide the diversity'! 11 The results from this study suggest that
herbage and weeds could provide more nectariferous sources, coverage, living spaces and "medial hosts” for arthropods than a
single crops. Therefore, there was no increased competition between arthropod species because the herbage and weeds enlarged
ecological capacity'?™in this ecosystem. This study also suggested that herbage would be beneficial if intercropped in jujube
sites, not only in making full use of space but also in reducing the number of pest insect individuals present. From the present
study, we do not know how temperature and precipitation influenced the structure and dynamics of the pest insects because
there were different dominant pest insect species present throughout the study, especially some outbreak pest insects such as

Helicoverpa armigera (Hiibner).

(21 ~

Combinations of different plants may have different effects on yield 23] | but past research does not evaluate economic

returns for the decrease of pest population caused by different plant combinations‘?. Our study suggest that intercropped crops
or herbage in jujube sites is more beneficial not only in getting a larger net return but also in increasing diversity and evenness

and decreasing the Berger-Parker index of pest insects (Table 2). However, intercropped methods and the most effective

interplanted crops need to be further investigated.
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