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Abstract: As the main Chinese grassland region and part of the world’s largest contiguous arid and semi—arid steppe
ecosystem, the desert steppe of Inner Mongolian plays an increasingly important role in environmental conservation and
global climate change. However, this ecosystem has been severely degraded in recent decades due to poor management and
increasing human pressures. As a typical desert steppe, stipa breviflora steppe is mainly located in the drought area in Inner
Mongolia. Since nitrogen is an important limiting factor in desert steppe of Inner Mongolian, the application of nitrogen may
be a useful approach to restore degraded grasslands and increase carbon sequestration. However, the uptake of applied
nitrogen mainly depends on water availability. In arid and semiarid ecosystems, rainfall is often the first limiting factor for
plant growth and productivity, in which case nitrogen fertilization may only be effective at increasing rangeland production in
wet years. Soil respiration is a very important indicator in evaluating soil surface carbon dioxide flux and carbon cycle of
terrestrial ecosystems. However, limited studies can be found to address how the water and nitrogen affect the soil respiration
in desert steppe. In the present study, the main objectives were to investigate the response of soil respiration rate to soil

water content and nitrogen fertilizer application and to study the interactive effects of water and nitrogen on soil resperation
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rate in the stipa breviflora steppe. A comparative study of different water and nitrogen treatments was conducted in the
Desert Steppe of Siziwang County in Inner Mongolia, P. R. China in 2011. The randomized complete block design was used
with three replications and two nitrogen levels and three water treatments. The nitrogen rates were 0 and 100 kg N/hm”. The
three water treatments consisted of control (local annual average rainfall) , 70% of control and 130% of control. Under the
nature condition, the soil respiration rate was measured by using LI-8100( Li-8100, Li-COR, Lincoln, NE, USA)in the
stipa breviflora steppe. The relationship between soil water content, applied nitrogen rate and soil respiration rate was
established by the regression analysis. The results showed that: 1) water addition significant increased the soil respiration
rate (P<0.05), and the maximum value of soil respiration was observed during the period of the highest siol water content
(in the early of August) in the whole growing season; 2) in the whole growing season, supplementary nitrogen showed a
negative effect on soil respiration rate in the same precipitation, whereas nitrogen addition slightly promoted soil respiration
rate in the season of relatively low precipitation (from end of May to middle of June and October); 3) Compared with
linearly and exponentially model, a better significant quadratic function model was observed for the relationship between soil
water content and soil respiration rate. The actual change of soil respiration rate was better explained by a quadratic model.
The changing global climate and the predicted increasing frequency of extreme weather in Inner Mongolia in the coming
years may result in changes in resource availabilities. Therefore, our research results have important implications for better

managing grassland in Inner Mongolia.

Key Words: rainfall control; nitrogen addition; Stipa breviflora steppe; soil respiration rate
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R1 TRKERFHETLEFREZATN
Table 1 Diurnal variation of soil respiration rate under different rainfall and nitrogen conditions ( pmolCO, m™2 s™")
] Time
AL EE Treatment

07-02

08-15

AT i %0 Water addition and supplementary nitrogen
T Water addition

I i %0 Water reduction and supplementary nitrogen
U8 TN Water reduction

Jifi %, Supplementary nitrogen

X H& Comparison

WN

RN

N

CK

0.743+0.072Ba
0.848+0.071Ba
0.524+0.043Ca
0.554+0.036Ca
1.177+0.089Aa
0.756+0.063Aa

1.787+0.225Ab
2.054+0.242Aa
1.010+0.143Bb
1.379+0.228Ba
1.875+0.216Ab
1.954+0.229Aa

TR R IR T Mean+SE ; K5 ¥R P<0.05 B [Fl— KA K /340 B F 1922 5 W3 /NS S8 P<0.05 B [F]— KAH R K 43 A 3T

ANTF R AL BRI 22 57 B

T RS HAEN 7 HH),CK W N Ft WN AL3 £
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e R IR B e RME (&1 3) . 8 HRIE] 9 A rphy, 44 E1 ARAGEHETHREREREEWHHES
P 3 SR TFUARAR , 10 H P N A3 A + 3 IF I %K Fig.l  Seasonal variation of soil respiration rate under different

rainfall and nitrogen conditions
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R2 TEMREZRSTESKEZ EMEIRGE

Table 2 Regression equations on soil respiration rate against soil water content

ihs ik S -+ O e .
o Measured soil . L R p
Treatment . Measured soil respiration rate
respiration rate

HATN Water addition W 8 Rg= 3.209 — 0.374W+ 0.014W? 0.727  0.039
AT i %l Water addition and supplementary nitrogen WN 8 Rg= 3.001 - 0.356W¢+ 0.014W? 0.636  0.08
U8 TN Water reduction R 8 Rs= 1.365 — 0.147W+ 0.007W? 0.472  0.202
Y i %l Water reduction and supplementary nitrogen RN 8 Rg= 1.655 — 0.206W¢+ 0.009W? 0.495 0.181
Jifi%l Supplementary nitrogen N 8 Ry= 1.603 - 0.137Wg+ 0.007W?3 0.567 0.123
X H& Comparison CK 8 Rg= 2.650 — 0.338W+ 0.014W? 0.765 0.027

Ry : 3R # % Soil respiration rate, W : 137K Soil water content

£3 BRHFERELETRR AHTETFRERILER

Table 3 Comparison of soil respiration rate between each dealing with different month in the Stipa breviflora grassland ( wmolCO, m™2 s™")

A 15 Month WOTRNEZ WN %L RN % N TR W JEFN R Xt R CK P
5 1.29+0.09ab 0.57+0.05d 1.02+0.11bc 1.43+0.16a 0.55+0.09d 0.91+0.12c¢d 0.0001
6 0.93+0.09ab 0.55+0.05b 1.35+0.29a 1.03+0.09ab 0.93+0.09ab 1.17+£0.17a 0.041
7 0.72+0.04b 0.43+0.02¢ 0.99+0.13a 0.91+0.06ab 0.69+0.08b 0.81+0.10ab 0.0006
8 2.06+0.18ab 1.53+0.22b 2.04+0.22ab 2.63+0.22a 1.66+0.20b 2.50+0.27a 0.008
9 1.02+0.09ab 0.78+0.08b 1.04+0.09ab 1.17+0.13a 0.91+0.09ab 0.96+0.11a 0.181
10 1.02+0.15a 0.95+0.13a 1.12+0.17a 1.00+0.17a 1.15+0.16a 1.09+0.19a 0.962
Fe PR F R TN Mean=SE ; Rl —1 T AR R FHE0 P<0.05 B 4540 B 2 8] 19 25 57 8 35k
3.3 KRN TR S A 45,
B E R (B 2R R A MR TR o £ 39
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5 LAV [ 5 T RERCHE Y. A REME B 5 S 20
I 3 B K RSB R TR b S8, B o}
TR UH AT, 55 5 R IR R [
B (PR 5—I&1 7)), AT A AR i o R T A A z 2 232 2 232 Z 2 2
() 47%—T71% (£ 2) . # 3 R, B EKE W CK 4 H W Date
BRI 3 (P<0.05) , R AL BEXFIG I A 3EIF I HRA  ma BEMEESFMTHERRERNESHHEE
o %‘O Fig.4  Seasonal variation of soil respiration rate under less

rainfall and nitrogen conditions
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