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The response of agro-ecosystem productivity to climatic fluctuations in the

farming-pastoral ecotone of northern China: a case study in Zhunger County
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Abstract: Global climate change affects the structure and function of regional ecosystems. The response of agro-ecosystem
productivity to fluctuations in climate continues to be a worthwhile research topic globally. Precipitation and average
temperature during the growing season are the most important meteorological indicators affecting crop climatic yield. In the
farming-pastoral ecotone of northern China, the effects of precipitation and temperature are very obvious. The objective of
this study is to address two questions: (1) How does climatic fluctuation affect climatic impacts on crop yield? (2) Which

crops have significant responses to fluctuations in precipitation or average temperature? Zhunger Counties in Inner Mongolia
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Autonomous Region was selected as a typical region in the farming-pastoral ecotone where the growing season of crops is
mainly from May to September. Using long-term observational data collected by the Bureau of Meteorology during 1961 —
2009 in Dongsheng and Zhunger Counties of Inner Mongolia, and Hequ County of Shanxi Province, we found obvious inter-
annual and intra-annual fluctuations in precipitation and average temperature. Net primary productivity ( NPP) of agro-
ecosystem is a comprehensive indicator reflecting the ability of crops to act as carbon sinks. Statistical Yearbook data,
including crop yield and the extent of the area planted during 1961—2009, were used to evaluate NPP of agro-ecosystem
using conversion formula. Results showed the rise of NPP had stages of volatility. During the first stage, NPP rose slowly
from 1961 to 1981. During the second stage, 1982—1998 , NPP rose obviously with the implementation of the household
contract responsibility system, promotion of agricultural science and technology, and the application of large amounts of
pesticides and fertilizer. The third stage, 1999 to 2009, was varied. During 1999—2001, NPP declined sharply in a
period with less precipitation; after 2002, NPP rebounded slowly because some farmland was being converted into forest or
grassland. If the effects of human society, science and technology are removed, climatic productivity was very consistent
with climatic fluctuations during this time period. Based on crop yield and planting area, we calculated crop yield per unit
area. To remove effects of society, science and technology on crop yield, we evaluated crop technological yield ( trend
yield) using linear or nonlinear models, and calculated crop climatic yield, which obviously reflected changes in crop yield
caused by climatic fluctuation. We used SPSS13. 0 to quantify the correlation between crop climatic yield and climatic
fluctuation. Results showed grain climatic yield was affected by inter-annual fluctuations in precipitation in the semi-arid
Loess Plateau of China. These effects were particularly obvious in July and August. Specifically, there was an obvious,
positive correlation between crop climatic yield and inter-annual fluctuations in precipitation for millet, broomcorn millet,
maize, potatoes, soybeans and oil crops. During the growing season, intra-annual fluctuations of precipitation negatively
affected climatic yield of millet and broomcorn millet. So, developing water-harvesting ecological agriculture is very
important for efforts to improve the crop response to changing conditions related to water, fertilizer and heat, and for
enhancing the stability of agro-ecosystem in the farming-pastoral ecotone of northern China. Similarly, there was an obvious
negative correlation between crop climatic yield and inter-annual fluctuations in average temperature for millet, broomcorn
millet, potatoes, soybeans and oil crops. During the growing season, the intra-annual fluctuation of average temperature
negatively affected climatic yield of millet, broomcorn millet, soybeans and oil crops. Since rainfall and heating occur in the
same seasons, and temperatures show an increasing trend in Zhunger County, it is important to select crop varieties with
longer growing periods or to take effective protective tillage measures such as using no-till methods with straw cover. In
short, the effects of multi-scale climatic fluctuations on productivity were very different for different crops; the effect of
monthly-scale changes was the most obvious. In Zhunger County, climatic fluctuations, superimposing natural driving forces
and mankind’s activities, would obviously affect the sensitive regional ecosystem and aggravate the degradation of land
productivity. So, it is very necessary to reduce the adverse effects of climate change on crop yield by taking appropriate

engineering, biological and agricultural measures.
Key Words:; agro-ecosystem productivity; climatic fluctuations; climatic yield; the farming-pastoral ecotone
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Table 1 Harvest index and water content of major crops

VeI oK WAL YEHZE A ok WAL
Crop type Water content/% Harvest index Crop type Water content /% Harvest index
/NFZ Wheat 12.5 0.387 4AF Millet 14.0 0.382
2 Potato 80.0 0.600 F7# Buckwheat 12.5 0.400
Tk Maize 13.5 0.433 K& Soybean 12.5 0.436
JEEZ& Broomcorn millet 13.0 0.415 TPk Oil crops 13.5 0.251
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Fig.1 The inter-annual fluctuation of precipitation in Zhunger County (1961—2009 )
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Fig.3 The fluctuation of average temperature during the growing season in Zhunger County (1961—2009)
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Fig.4 The NPP and climatic productivity of agro-ecosystem in
Zhunger County (1961—2009 )
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Table 2 The correlation between climatic yield and inter-annual fluctuation of precipitation

Rk o AR B i 3l A% & Climatic yield

The inter-annual fluctuation A INEE BT BEZ B S K K5 Tk
of precipitation Grain Wheat Millet Broomcorn millet Maize Potato Soybean 0il crops
424F The whole year 0.458 ** - 0.380 " 0.361" 0.394 ** 0.375*" 0.340" 0.354"
H: K 7% The growing season 0.459 ** - 0.313* 0.335* 0.417** 0.381** 0.305* 0.321*
5H May - - - - - - - -

6 H June — — — — — — — 0.332"
7 H July 0.348 * — - - 0.351°* — — —

8 H August 0.282" — - - - - - -

9 J1 September — — — — — — _ _
* FRRAE 0. 05 7KF FRFFIC; =« FIRLE0.01 P b ARG SRR OCHEAR B 2

@ AT E AR, B R _E SRR R AR X K P2 IR Bl A o
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Fig.6 The actual and climatic yield of grain and major crops(1961—2009)
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Table 3 The correlation between climatic yield and intra-annual fluctuation of precipitation
Rk A7 P i 2l S 7= Climatic yield
The intra-annual fluctuation A INEE KT BEZ EK P K5 Tk
of precipitation Grain Wheat Millet Broomcorn millet Maize Potato Soybean 0il crops
£4F The whole year — — —0.301* — — — — —
H: K7 The growing season — — —0.324* —0.288" — — — —

* FIRTE 0.05 KL 8B FHI e s—FOr M CHEA 2.
4.2.3 SEFFRSFETIRESIHCR
iz i SPSS13. 0 XA M EELRAEY) R 55 56,7 .8 19 A B-F-H T AR PR sl 70 B A T R SG VR o
B IBATHR LR 4,
£4 SEFESFHSRERRDOERE

Table 4 The correlation between climatic yield and inter-annual fluctuation of average temperature

TR IRAE BRI B S A7 Climatic yield

The inter-annual fluctuation W NG BT BEZ ok Bk K R
of average temperature Grain Wheat Millet Broomeorn millet Maize Potato Soybean 0il crops
5 A May - - - - — -0.327*  -0.332*% -

6 A June -0.386** - -0.508 ** -0.482** - -0.382%*  -0.432**  -0.501*"
7 A July -0.418** - -0.537** -0.438** - -0.529%*  —0.542%"  -0.545%"
8 A August -0.365** - -0.403 ** -0.334" - -0.425%*  -0.361%  -0.441*"

9 H September — — — — — — _ _
* FIRTE 0.05 /KPR ARG + + FIRTE 0. 01 K b AH G ; —FoR AR PEA 1 3

FA4 R B LR S AR U i 8 SO AR PR B Sl A 2 5 2 AR SG BT AE R TR 4
AR PRUESBOR , AR AN R AR B Y ) fci R AN A AR A RO, MR e = i vl REFEAIR i
IR 5 AR AR B SR AR PR I Sl S PR AR K e i R N VR R = AR e Vel . Herp 5 AR
PR PRI B X RS A R 56 .7 8 H P G AR PRSI BR/NE | FORSM AR S
Ik v AR E

[FIH 32 ) SPSS13. 0 XA K 2 ZEAAEY) U™ 10 19 88 A KP4 SR AF N Sttt A i et e, 32
AR S

R5 SBEFESTFHSKEFNEINNEXE

Table 5 The correlation between climatic yield and intra-annual fluctuation of average temperature

TR IRAE B S A& Climatic yield

The intra-annual fluctuation iRy INEE poEd BEZ ER.S Bk NG e
of average lemperature Grain Wheat Millet Broomcorn millet Maize Potato Soybean 0il crops
H: 4K 7% The growing season — — -0.442 " -0.293 " — — -0.361" -0.351"

# FIRTE 0. 05 K- BERE; + # FIRTE0.01 K LB A, — LW R B

M5 ATLE AR R PR N IS, B R 1 B R 5 A 6 3 Ak I 3l
IR i A A () A S0 94 i JL B8 RS 2 0 PR, AN R AR AR R MR U0 ™ 8 vl E e AR i
JRIR™ e MRS B R
5 Zr5itie

TP XA A SR — N RS- S E R E RS RWAES RS A 1523 AR KA
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55 A AR

(2) WG IR AV A 35 R Ge A 7™ 7 S B IH 0 A 38 sl L T 3, KRB 43 3 BB . 1961—1981 4, 212
R 51982—1998 4, 32 FEBEHK 7 AR A TR T A A BUR AR B AT I S - R i A 24 A0 AT iy it 4 1)
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T N PE 45
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