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Effects of simulated rainfall on soil nutrient contents and enzyme activities in the

Gurbantunggut Desert, China
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Abstract: Soil enzymes actively participate in the nutrient transformation of soil system and are the key link between plants
and soil nutrients. Soil enzyme activity is sensitive to the changes in rainfall patterns, particularly in deserts where rainfall is
generally low and highly spatially and temporally variable. Little is known about how the timing and amount of rainfall affect
soil nutrient contents and soil enzyme activity in areas where soil moisture is driven by snowmelt, particularly in early spring

following complete snowmelt. We examined soil nutrient contents and enzyme activity at three times ( Days 10, 20 and 30)
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and three rainfall amounts (5 mm, 10 mm, 15 mm) after complete snow melt, the period of maximum plant growth in the
Gurbantunggut Desert in western China. We found no response under the lowest rainfall treatment (5 mm) at any times. The
addition of 10 mm of rainfall stimulated a positive response in soil nutrients (e.g., nitrogen, phosphorus) but the 15 mm
addition of rainfall had the greatest promotion effect on most soil indices such oxidase, phosphatase, and peroxidase
activity, particularly 10 and 20 days after complete snow melt. Our results show that delaying of first rainfall time and
addition of 15 mm rainfall after snowmelt can significantly increase soil microbial activity and nutrient transformation. These
treatments can compensate for the inhibition effect of drought on nutrient transformation for a certain time period and

enhance soil nutrients supply capacity in the growth period of desert ephemeral plants in early spring.

Key Words: Gurbantunggut desert; first rainfall time; first rainfall amount; soil enzyme activities; soil nutrient
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Table 1 Soil basic physicochemical characteristics in the study site

+2 " £ 2R 2 24 HRA R R
Soil depth P TC/(g/kg) TN/ (g/kg) TP/ (g/kg) TK(g/kg) AN/ (mg/kg) AP/ (mg/kg) AK/(mg/kg)
0—5 cm 8.81+0.04 2.55+ 0.08 0.17£0.01 0.85+0.02 20.11+ 0.12 26.20+ 1.17 4.46+0.39 151.5+8.97

TC, 48K total carbon; TN, 2% total nitrogen; TP, 4 total phosphorus; TK, 44 total potassium; AN, HA{& available nitrogen; AP, #X{(# available phosphorus;
AK, R available potassium

1.3 IR
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difference ) I T2 E HLE(P = 0.05) ., Sil A H R 3.5.0 software (R Development Core Team 2017) 5%
B, IR R A ggplot2 £, 58 i - 18 Wi 1% 14 A i A ) i e 50 ST 23 ), B psyeh 07 FT corrplot 41,7
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Table 2 Two-way ANOVA analysis of effects of first rainfall time and amounts on soil physicochemical characteristics and enzyme activities

+3Em Ak iE bR o3 £ ot R s ] I I £ < W 1]
Soil physical and chemical index R T RxT
A% (TN) 2.99 0.21 1.68
2 (TP) 2.66 0.07 2.56
B/BE(N/P) 5.02* 0.13 1.82
AR (TK) 0.79 14.99 ** 0.36
HAA(AN) 2.82 4.49" 3.41°
B (AP) 3.01 0.60 0.57
T E M L (AN/AP) 1.43 4.00* 1.07
AN (AK) 0.33 2.20 0.31
pH {H 0.83 1.81 3.59*
A (TC) 1.18 8.96"" 0.54
+ 5L m A AL (S-PPO) 8.04 " 0.35 3.62%
+- Y3t AL Y (S-POD) 473" 0.24 0.37
- HETREBERE (S-SC) 1.86 1.85 4.79**
- T B I 1 ( S-ALP) 436" 0.44 2.24

+ IR ( S-UE) 0.75 0.56 0.55
B Yy LR (SMBC) 14.27** 10.15** 6.43"*
T IEE Yy A (SMBN) 0.79 8.66 " 9.87**
IR Wi A LE (SMBC/SMBN) 19.75** 4.63" 11.95**

FPBUE N FRIME; = P < 0.05; % % P <0.01;T; ¥ URMEFIME first rainfall time;R; FEFHAF first rainfall amount; RXT; FETH & 5 14 UK BRI
[BIZCH. first rainfall amountxfirst rainfall time interaction;N/P; &/ total nitrogen/total phosphorus; AN/AP; AU/ HELH available nitrogen/ available
phosphorus;; S-PPO: +IEZEELEF soil polyphenol oxidase;S-POD . Il LW soil peroxidase;S-SC: +IEREHEEF soil sucrase;S-ALP . 01
MR soil alkaline phosphatase; S-UE; 1 HE IR soil urease; SMBC: 4 HEfi: ¥ 6% soil microbial biomass carbon; SMBN; + HEf A= )i %( soil
microbial biomass nitrogen; SMBC/SMBN . 364 Wyt filk/ 1- 364 M1t &( soil microbial biomass carbon/soil microbial biomass nitrogen
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Fig.1 Effects of rainfall change after snow completely melted on activities of soil polyphenol oxidase, peroxidase, sucrase, alkaline
phosphatase and urease ( mean + SE)
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Fig.2 Effects of rainfall change after snow completely melted on soil microbial biomass carbon and nitrogen ( mean+SE)
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[a)
z = £ M Z & X éé%ggsg
= = 2 B~ < < < mcu 8 ©n (7] 1%} (%) %) %) %)
1.0
TN [ 1 |-0.26 0.91]0.35] 0.72] 0.89] 0.22[-0.38] 0.47| 0.56] 0.5 | 0.39]-0.03] 0.15] 0.76| 0.1
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Fig.3 Correlation analysis of soil nutrient, enzyme activities and microbial biomass
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