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Adaptability of agricultural ecosystems in the hilly areas in Southern China.

a case study in Hengyang Basin
ZHOU Songxiu* , TIAN Yaping, LIU Lanfang

Department of Resource Environment and Tourism Management, Hengyang Normal University, Hengyang 421002, China

Abstract; Adaptability is the response to external pressures or actions that people make efforts to reduce the adverse effects
caused by global change with the aim of harmoniously inhabiting the environment. In studies focused on global change,
adaptability has attracted great attention. There have been many studies on the ecological adaptability of plants under global
change. The model of water ecological adaptability of upland crops has been discussed, and the eco-environment adaptability
under changing climates in the past decade has been investigated. However, little research has been conducted on
agricultural ecosystem adaptability ( AEA). Agricultural ecosystem adaptability is affected by the natural environment, as
well as by social and economic factors. Different factors have different driving or restraining effects on AEA values. The rice
farming regions of the hilly area in the Hengyang basin in southern China is the basis for our AEA study. Our study on AEA
values is quantitative and applies principal component analysis to analyze the main driving factors affecting adaptability in
the different regions of our study area. Based on the calculation of the size of the driving force and AEA values, we analyzed
the adaptability of the different regions. The AEA concept helps maintain sustainable agricultural development. Sustainable
agricultural development is more likely to recover quickly from environmental disasters ( such as floods or droughts) or

economic (i.e. poor, lack of food, fluctuations in commodity prices) crises. Based on natural, social and economic factors,
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we establish the AEA indexes for different regions in the Hengyang Basin. Our findings show that AEA is highest in
Hengyang. In the other regions, the central parts of the basin have low adaptability and the surrounding regions have high
adaptability. Good economic conditions are the main driving factors of a high AEA, and good hydrothermal and irrigation
systems induce high adaptability. Hengyang is the economic, political and cultural center of the Hengyang Basin. The per-
capita net income of farmers in Hengyang is the highest in region, and the farmers’ Engel coefficient is the lowest.
Nevertheless, the use of pesticides and chemical fertilizers are still prevalent in Hengyang. Changning and Leiyang have
good hydrothermal and irrigation systems. Flood and drought disasters seldom occur in these cities and this contributes to a
high adaptability. Population size and the conservation of soil and water are the primary driving factors in low adaptability
areas. Extreme heat and harsh terrain conditions lead to the lowest agricultural ecosystem adaptability. The application of
pesticides and chemical fertilizers result in a temporary high AEA, which cannot be sustained. High AEAs resulting from
good hydrothermal and irrigation systems are sustainable. The development potential of a region with high AEAs is greater
than that of regions with low AEAs. The low adaptability areas can improve their AEA ratings by not only using the natural
environment in a sustainable way, but also improving social and economic factors. Increasing the production of good crop
strains, improving irrigation and drainage conditions and developing advantageous agricultural policies are very effective

ways of enhancing adaptability.
Key Words:; agricultural ecosystems; adaptability; driving factors; principal component analysis; Hengyang Basin
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Table 1 Twenty-two evaluation indexes of agricultural ecosystem adaptability
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Table 2 The eigenvalues and the contribution rate of principal component

F FHEAH TURRA/ % e
Principal component Eigenvalues Contribution rate Cumulative contribution rate
1 10.3734 47.15 47.15
2 3.6685 16.68 63.83
3 2.7880 12.67 76.50
4 2.2005 10.00 86.50

®3 EHSHEE
Table 3 Loadings matrix in principal component

B EROERAE 2 BAUTETE W3 BROAEE 54 TR0 AT E

Hfr Loadings matrix Loadings matrix Loadings matrix Loadings matrix
Loadings matrix in the first principal  in the second principal in the third principal  in the forth principal
component component component component
X, SFH oK
v PR o 0.4166 ~0.4541 ~0.6015 0.3315
Average annual precipitation
X, 7 H
2 M -0.3551 0.6871 0.2349 -0.2969
Torrential rain days
X, :4—6 JI oK LT
} . F:FJ( . . 0.0778 -0.3451 0.7776 0.1820
Precipitation ratio from April to June
X,:7—9 -RIR%
¢ A E'?i -0.2003 -0.6645 -0.2184 -0.3257
Palmer index from July to September
X. . PSR
s PR 0.7106 -0.3505 0.4291 -0.1325
Annual average temperature
Xo: XT=10 CHUR
0.2974 0.8767 0.1703 0.2157
> T=10 C accumulated temperature
Xo 3BE > 150 TR Ay i AR L
! 0.5537 0.3696 -0.1719 -0.4472
Account of more than 15 ° slope area to total area
Xg 5060 L IR
S . 0.6272 -0.5553 -0.0915 0.3033
Purple soil area
X, AMEE
o AL -0.0543 -0.6416 0.3491 -0.2699
Forest coverage rate
X : 15—25° (3t st i A
1 Mol 0.8154 -0.3154 -0.2468 -0.1905
15—25° Sloping area
Xy 7Ky Bl i FR L
K B A -0.4128 -0.2818 0.5855 -0.2163
Paddy ratio in cultivated area
X KA IR B
i K kA ik ) -0.5337 -0.1527 0.7956 0.1347
Reservoir pond density
X :)\ A1k i
B3 ﬁﬁ: i -0.9314 -0.1549 -0.1404 0.0362
Per-capita area
Xg: NABEE
" i -0.9268 -0.1961 -0.1747 0.0359

Population density
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81 B EAT A2 FRMERAME B3 Er A A 4 B EAE
i Loadings matrix Loadings matrix Loadings matrix Loadings matrix
Loadings matrix in the first principal  in the second principal  in the third principal  in the forth principal
component component component component
X5 : W RER HETEAR R
s R AL S A B A L -0.9404 -0.1776 -0.0034 -0.0162
Ratio of second rice in all rice area
X, A P B = e
1o AR B E ST o -0.7681 0.2565 0.1711 0.1993
Rural Households Investment in fixed assets
X, AR A4l A
o RN 0.8974 0.0426 0.3631 0.0329
Per-capita net income of farmers
X REBREIR AR
1 AL '{‘%ﬁ 0.8343 -0.3235 0.1873 0.2171
Engel coefficient of farmer
X o : R HALNE R
1 - 0.9863 0.1204 0.0240 -0.0535
Chemical fertilizer application
Xog R T HURHHE A ]
iR 4@ ; " -0.3637 0.3198 0.0532 0.1852
Consumption of plastic film
X, AR {H i
2 AR i 0.9349 0.2117 0.2399 0.0501
Consumption of pesticides
Yo TR
= o 0.9642 0.2268 0.0397 -0.0464

Rice yield
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Table 4  Adaptability degree of the eight evaluated areas

X 35 IV e I FREL LY AW X 3k L) VAW k1 SEANAI WA
Regional Adaptive capacity index  Adaptability degree Regional Adaptive capacity index Adaptability degree
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Table 5  The driving score of the main driving factors
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