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Correlations between the natural landscape heterogeneity and the conservation
and ecological control efficiency of predatory natural enemies in rice fields
in hilly regions of the central Hunan Province

Liu Yufang" Yang Fei Xie Meiqi Tian Tengteng

(College of Life Sciences, Hunan University of Science and Technology, Xiangtan 411201, Hunan Province, China)

Abstract: In order to determine the correlation between the heterogeneity of natural landscapes and the
conservation and ecological control efficiency of predatory natural enemies in rice fields, the lower
reaches of the Lianshui River Basin in Xiangtan City, Hunan Province were selected as the study re-
gion. The rice fields with different degrees of landscape heterogeneity under natural conditions were
studied; the diversity of predatory natural enemies in rice fields was investigated, and their pest control
efficiency was analyzed. The results showed that the species richness of predatory natural enemies in
the highly heterogeneous landscape rice field (HHL) were 26.13 and 18.88 in the early and late rice
stages, and the number of individuals were 253.96/m’ and 75.58/m’, respectively. The species richness
of predatory natural enemies in low-heterogeneity landscape rice field (LHL) was 25.00 and 18.25, and

the number of individuals was 302.50/m’ and 59.04/m” in the early and late rice stages, respectively.
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The predator-prey ratio in terms of species richness in HHL was 1.33 times and 1.01 times as much as
that in LHL. The predator-prey ratio in terms of number of individuals in HHL was 1.40 times and 1.53
times as much as that in LHL in the early and late rice stages, respectively. The landscapes with too low
or too high compositional heterogeneity were not conducive to the conservation of predatory natural en-
emies. Good patch connectivity was beneficial for maintaining predatory natural enemies and improv-
ing their ecological control efficiency. Too low or too high landscape compositional heterogeneity led to
lower species richness and individual number of predatory natural enemies in rice fields. The study sug-
gested that, for protecting predatory natural enemies in rice fields and strengthening their ecological
pest control efficiency, not only the moderate compositional heterogeneity of landscape should be con-
sidered, but also more attention should be paid to the increase of the connectivity in landscape, habitat
patches or enhanced corridor connections, which was conducive to the migration of predatory nature en-
emies and thus achieving the goal of sustainable ecological control of rice pests.

Key words: landscape heterogeneity; predatory natural enemies; ecological control efficiency; hilly

region of the central Hunan Province
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Table 1 Heterogeneity levels of landscapes and the patch connectivity

FoUL A 5 PE Landscape heterogeneity

B4 38 M Patch connectivity

M4 Location RERERE R £ =11 FLREI g

Patch richness Patch density — Level Early rice Late rice
#4713 Zheshitang 10 33 HHL GPC PPC
" 4£ Shanghua 6 16 LHL GPC PPC
T-J% Wangtang 8 26 HHL GPC PPC
HH ] Tianyuan 7 30 HHL GPC GPC
HMiyEIKZEINT Under the dam of Zhetang reservoir 8 24 HHL GPC GPC
5 )2 Xujialiaowu 7 35 HHL PPC GPC
% 7 1. Yangjiawuli 5 12 LHL GPC PPC
£1#F Shigiao 6 20 LHL GPC PPC
1 EE FL Hupingli 6 9 LHL PPC PPC
H# VDI Huangshaling 5 13 LHL GPC PPC
44 Tugiao 6 21 LHL GPC GPC
2313 Yunhutianhe 6 18 LHL PPC GPC
Bii5) Shuihu 6 17 LHL PPC PPC
HEAIF Paixiangiao 8 25 HHL PPC PPC
& B Qilipu 8 26 HHL PPC GPC
20 i 1) Bitang’ ao 7 26 HHL PPC GPC

HHL Y5 LHL 435113875 i 7 BT s W5 I = Bt 5o, GPC 5 PPC 435138 B R A AR SR sl e b il PR A L sc 2 A B
o B 7% 38 E A9 RS [ . HHL and LHL represent high heterogeneity and low heterogeneity landscapes, respectively. GPC and PPC

indicate good and poor habitat or patch connectivity, respectively.
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Table 2 Comparison of the characteristics community parameters of predatory natural enemy in rice fields in HHL and LHL landscapes

¥ Parameter %#/ﬂ;ﬁ . ‘ f S 0 i et .%W;
Sampling period High-heterogeneity landscape Low-heterogeneity landscape
WyFh=F & FE Species richness FAFE Early rice 26.13+0.99 a 25.00+1.43 a
WA Late rice 18.88+1.82 a 18.25+1.84 a
MAEE Individual numbers/m® .5 Early rice 253.96+25.72 a 302.50+45.17 a
WA Late rice 75.58+13.84 a 59.04+10.06 a
Z TR Diversity index 78 Early rice 1.60+0.10 a 1.5840.08 a
WA Late rice 2.09+0.13 a 229+0.10 a

P B A YRR o [RAT A R B R ST BEAR ¢ K 56 EE A IR FE P<0.05 /K JE 22 5% .35 . Data in the table

are mean+SE. Same letters in same column indicate no insignificant difference at P<0.05 level by independent sample ¢ test.

2.2.2 PR R PERTA R R BB E R AR

HL R A 355 sl B e 3 v A L B RE
AR B =T (CRRE, P<0.05) sl 3% = T
(MRAE I, P<0.01) L4525 A 45 sl B B i 38 1 A

TR R R A A 5 b SRR 3 A T 8 e

Wi T EL A 2 AR B s B B i Sl R R L (HIRA
XS MR I R A Bl B 3 3 P A 1Y)
Yreh 4 B W i T R S A S e Al R A R
M (P<0.05)(%£3).
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Table 3 Comparison of the characteristics community parameters of predatory natural enemy in rice fields with GPC and PPC

H R A S sl R I B A s el bR 4 1 A T

B *#ﬁﬁ . Paddy fields with good habitat or ~ Paddy fields with poor habitat or
Parameter Sampling period .. .
patch connectivity patch connectivity

WyFh=FE & FE Species richness FAFg Barly rice 25.89+1.17 25.29+1.30

A% Late rice 21.57+1.96" 16.22+1.19
A% Individual numbers/m? A FF Early rice 340.78+30.55 230.86+21.01

WA Late rice 95.09+10.96" 45.70+£6.26
ZREMEFE AU Diversity index T K5 Barly rice 1.59+0.06 1.59+0.12

i Late rice 2.18+0.14 2.19+0.08

PP AR A TR Ao IR 2 FAs H 2 ST AR R R B0 A P<0.05 F11 P<0.01 /K- 255+

2%, Data in the ta-

ble are mean+SE. * or ** indicates insignificant difference in two rice fileds at P<0.05 or P<0.01 level by independent sample 7 test.
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S S S R S A 2 A TR g e R B 11 28 P A
R H RAE Y B KT 0.5, Bda SRR 0L 1 44

25, 7 R FR SR I B R P>0.05; 76 ML R U A1
TRy R R, R R2<0.5, B F KR P<0.05
(1), Ze300 R = & B R B A 8
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Fig. 1 Correlations between the patch richness and the community characteristics of predatory natural enemies in rice fields
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Fig. 2 Correlations between the patch density and the community characteristics of predatory natural enemies in rice fields
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P R A 358 el 3 P T 2 v T R

A g el R PR RO AE T (P<0.05) (R 5) .

R4 SRRUESVSREAESUEEPHRMERBIEE BRI
Table 4 Comparative analysis of the pest insect control potential of predatory natural enemies in paddy fields in HHL and LHL

SR8 KA

Sampling period High heterogeneity landscape Low heterogeneity landscape

Parameter

[EERi =l

RS Bt S

Y= R A L

in terms of species richness S,

AMRBCR £ L

in terms of individual numbers N,,

FL7H Early rice
Ratio of beneficial natural enemies to pest insects [ffF Late rice

FFE Early rice
Ratio of beneficial natural enemies to pest insects HffF Late rice

2.84+0.35a 2.14+0.17 a
1.65+0.11 a 1.64+0.23 a
2.23+0.30 a 1.60+0.17 a
2.07+0.48 a 1.35+0.34 a

L PR A bR ELR . [RA TR RN 2 ST FEAR (G 6 G I P<0.05 /K- T2 55+ 1 3% . Data in the table are

mean+SE. Same letters in the same row indicate no insignificant difference at P<0.05 level by independent sample ¢ test.

x5 ERFAEESMREEHESEREE BN MREEEBHPHEERBIEEBRILE ST
Table 5 Comparative analysis of the pest insect control potential of predatory natural enemies in paddy fields with GPC and PPC

HRUES SR E AT BB sl s i A 1

28 REEY] , , . .
. . Paddy fields with good habitat or Paddy fields with poor habitat or
Parameter Sampling period . .
patch connectivity patch connectivity

YR RS L FLF Early rice 2.47+0.19 a 2.55+0.43 a
Ratio of beneficial natural enemies to pest [fiF5 Late rice 1.96+0.21 a 1.38+0.08 b
insects in terms of species richness S,

AR AR T L FLFF Early rice 2.19+0.25a 1.7740.19 a
Ratio of beneficial natural enemies to pest [fF5 Late rice 2.43+0.48 a 1.14+£0.27 b

insects in terms of individual numbers N,

R R RS . [T AN IRNG TR RIR S ST AR AS K R TR A S0 TE P<0.05 /K22 5+ 2.3 . Data in the table

are mean+SE. Different letters in the same row indicate insignificant difference at P<0.05 level by independent sample ¢ test.
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Fig. 3 Correlations between the patch richness and the pest control efficiency of predatory natural enemies in rice fields
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Fig. 4 Correlations between the patch density and the pest control efficiency of predatory natural enemies in rice fields
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