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Abstract: In order to clarify the responses of soil enzyme activities to changing precipitation regimes in des-
ert steppe, we carried out this study based on field experiments (started in 2014) of different gradient

changes of precipitation (50% reduction, 30% reduction, control, 30% increase and 50% increase) in a
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desert steppe in Ningxia. The sampling time was from May to July in 2016. The activities of soil enzymes
were studied after two years of treatments, their relationships with plant biomass, microbial biomass C :
N : P ecological stoichiometry, and soil physicochemical properties were analyzed too. The results showed
that: (1) compared with natural precipitation, the 30% reduction in precipitation did not significantly af-
fect the three soil enzyme activities (P >> 0. 05), while the 50% reduction in precipitation significantly de-
creased the invertase activity (P < 0. 05). Increased precipitation significantly increased the activities of
invertase and phosphatase (P <C 0. 05), whereas no significant effect on urease activity (P > 0.05). (2)
Decreased precipitation had little effect on plant biomass (especially 30% reduction), whereas it reduced
microbial biomass C, N, P and increased microbial biomass C ¢ N and C ¢ P to varying degrees. Increased
precipitation increased plant biomass and microbial biomass C, N, P to certain degrees. (3) Mostly, the
activities of soil invertase and phosphatase increased with the increasing plant and microbial biomass. The
soil factors that had significant influences on soil enzyme activities included water content, NO; -N,
NH, '-N, C: P, organic C, total N, C ¢ N, and pH (P <C 0.05). The results of this study suggest that
short-term reduction in precipitation (especially 30% reduction) would have little influences on soil enzyme
activities in the studied desert steppe; increasing precipitation could promote plant growth and microbial
activity, and then improve the activity of invertase. However, with the increase of plant biomass accumu-
lation, more organic C is sequestrated in soils, the activity of phosphatase in soils increased corresponding-
ly and promoted the mineralization of organic P, resulted in the aggravation of P limitation of microbes.
Key words: changing precipitation regimes; desert steppe; enzyme activities; plant biomass; microbial bio-
mass ecological stoichiometry
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Table 1 Precipitation from May to September in 2014 —2016 in the studied area/mm
Ay 5 A 6 S 7H 8 A 91 A PP/ %
Year May June July August September Whole year
2014 13.2 35.5 61.8 58.4 85.8 346. 2 73.6
2015 36.7 11.8 46. 8 81.6 84.2 365. 6 71.4
2016 27.3 20.3 61.0 111.3 41.0 347.7 75.0

TE:PPARFR 5—9 F Rk i 5 A 4F Rk &2 19 0 4 Lk

Note: PP represents the percentage of precipitation from May to September in the annual precipitation
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Table 2 Two-way ANOVA of soil enzyme activities
25 5 5 Y A B TR Tt 3 UK T8 1 Tl 2 Tl 05
S '13"{ (/ X Degrees of Invertase activity Urease activity Phosphatase activity
Sources of variation freedom J(mgeg ' +h b J(mgeg e h D) J(mgeg e h D)
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H 1 Month () 2 1.102 10. 806 " 85.559™"
f& 7K 5 X Ay Interaction of a and B 8 1.567 0.584 3.2497"

T R F AL« A ox 205K B PR/ 0,05 A0, 015 R I

Note: The data in the table are F values; * and ** represent that significance levels are less than 0. 05 and 0. 01, respectively; The same as below
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Table 3 Two-way ANOVA of plant biomass
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A1 Month (8) 2 35.168"" 14. 624" 10.233"" 15.160 "
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Fig. 3 Effects of precipitation on microbial biomass C ¢ N ¢ P ecological stoichiometry in May, June and July
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Table 4 Two-way ANOVA of soil microbial biomass C ¢ N : P ecological stoichiometry

% EL S A B
SR Degrees of MBC MBN MBP C: N, C:P, N:P,
Sources of variation froedom
[ 7Kt Precipitation (o) 4 15.853"" 9.850"" 14. 727" 25.497 " 3.396" 1.635
H 1 Month (B 2 154. 925" 36.554 " 14. 634" 10. 048 " 92, 288" 18.861""
[ 7k 2 X H {3 Interaction of « and 8 2.588" 3.230"" 2.435" 1.024" 5.506"" 1. 190

#: MBC.MBN ,MBP.C: N, .C: P, # N:P silfREMEDEHE CNP.C: N.C: PRIN:P
Note: MBC, MBN, MBP, C: N_, C: P_, and N : P represent microbial biomass C, N, P, C: N, C: P and N : P, respectively
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IA, UA, and PA represent invertase, urease and phosphatase activities, respectively; The same as below

Fig. 4 The relationships between soil enzyme activities and plant biomass
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Table 5 Conditional effects of each soil physicochemical factors in redundancy analysis
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P 0.002 0.002 0.008 0.018 0.024 0.028 0.032 0.046 0.128 0.128 0.418
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,C:P,SOC, TN, C: N, pH, N: P, AP and TP represent soil water content, NO,

T-N.NH, "-N.C: P.i#l C. 4 N.C:

“-N, NH,"-N, C: P,

organic C, total N, C: N, pH, N : P, available P and total P, respectively; The same as below
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