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Effect of Erosion on Soil Microbial Biomass and Enzyme Activity in the Loess

Hills
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Abstract: Erosion directly affects soil characteristics and has a significant effect on the formation and stability of the soil
microbial community. Soil microbial biomass not only plays a significant role in energy flow and nutrient cycling, but it also
shows great sensitivity to changes in soil environment. Soil enzyme activities are indicative of the functional diversity of the
soil microbial community, as they are closely associated with soil microbial biomass. To reveal the effect of different erosion
environments on soil microbial biomass and soil enzyme activities, soil samples were collected from the Chengjiawa
watershed , located in the Yanhe watershed of the hill and gully region of Ansai County, Yan’ an, Shaanxi Province, China.
Soil samples were collected from five erosion environments in the valley, at depths of 0—10 cm and 10—20 cm. We studied
the characteristics of soil microbial biomass including carbon, nitrogen, and phosphorus, soil enzyme activities including
soil urease, invertase, and alkaline phosphatase, and correlations between soil microbial biomass and enzyme activities. The
results showed that; (1) Soil microbial biomass carbon, nitrogen, and phosphorus were significantly different between the

0—10 c¢m and 10—20 c¢m soil layers; soil microbial biomass carbon and phosphorus in the shaded lower slopes were higher
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than in the other tested environments, whereas in the sunny middle slope and the hill top they were lower than in the other
tested soil environments. The difference between the shaded lower slopes and sunny hill top were significant. Soil microbial
biomass nitrogen in the sunny lower slope was significantly higher than in the other tested soil environments. Overall, soil
microbial biomass of the ditch slope was higher than in the other tested environments. This suggested that the erosion affects
the soil microbial properties, and that soil nutrient accumulation and mineralization ability of soils on the downhill slope
were higher than in other tested locations. (2) Soil urease, sucrase, and alkaline phosphatase activities were higher in the
0—10 cm layer than in the 10—20 cm layer. In different erosion environments, soil enzyme activities were higher in the
shaded middle slope than in any other tested environments, while they were the lowest in the sunny middle slopes. Soil
alkaline phosphatase activity did not significantly differ between different soil environments. Soil invertase activity in the
shaded middle slopes was significantly different from the other four types of erosion environments. The difference in soil
urease activity between the shaded lower slope and other tested environments was significant. Comparisons showed that the
environment exposed to erosion affected the properties of soil enzyme activities; the responses of soil invertase and urease
were more sensitive to changes in the soil environment. (3) Pearson correlation analysis showed that soil microbial biomass
carbon, nitrogen, and phosphorus were significantly positively correlated with each other, as were the soil urease, sucrase,
and alkaline phosphatase activities. There was a significant positive correlation between soil microbial biomass and soil
enzyme activities, which suggested that these two properties were closely linked and inseparable components of the soil
microbial community. Different environments exposed to erosion have diverse levels of soil organic matter content, different
physicochemical properties of the soil, diverse forms of soil microbes, and differ in the amount of soil microbial biomass and

soil enzyme activities. These differences were reflected in the soil quality, vegetation types, and resistance to soil erosion.

Key Words: Loess Plateau; Erosion environment; Soil microbial biomass; Enzyme activity
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Table 2 Soil basic physicochemical characters

e X0
- , o A JBt EAE
BT 12 aokit . G Total

: ) i pH Bulk density/  Organic matter/ Total nitrogen/
Erosion environment layers/cm Moisture/ % N phosphorus/
(g/cm”) (g/'kg) (g/kg)
(g/kg)

FH 74 3% 0—10cm 1.37£0.35a 8.05+0.06a 1.16+0.05a 5.54£0.90a 0.55+0..90ac 0.55+0.04a
Sunny lower 10—20cm 1.46+0.48a 8.16+0.05a 1.25+0.04a 4.33+0.70a 0.44+0.07ac 0.53+0.05a
FHZE b 3 0—10cm 1.2720.22a 8.04=0.03a 1.26+0.06b  4.04x0.76b  0.44+0.07b 0.55+0.07ab
Sunny middle 10—20cm 1.39+0.40a 8.18+0.03a 1.29+0.09a 2.94+0.58b 0.31+0.06b 0.53+0.06a
G T 0—10cm 1.22+0.08a 7.99+0.06a 1.20+0.05ab 5.93+0.85a 0.53+0.04a 0.57+0.06ab
Hill top 10—20cm 1.33+0.09a 8.12+0.02ab 1.26+0.04a 4.11+£0.38a 0.39+0.05a 0.55+0.07ab
2 5 3¢ 0—10cm 1.33+0.11a 8.00+0.04a 1.23+0.07ab 6.99+2.13¢ 0.62+0.16¢ 0.59+0.07b
Shady middle 10—20cm 1.30£0.15a 8.10+0.04b 1.25+0.07a 4.80+1.48a 0.47£0.14c¢ 0.57+0.07ab
ikeapsia 0—10cm 1.41+0.38a 8.03+0.02a 1.21£0.05ab 5.49+0.87a 0.54+0.04a 0.60+0.05b
Shady lower 10—20cm 1.60£0.61a 8.10+0.03b 1.25£0.07a 4.22+0.49a 0.43+0.04ac 0.59+0.05b
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Fig.2 Soil microbial biomass C and N content in different erosion environment
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20 cm )R —B, BRI I BRSSO, R I e /N . 22 Mo i 3R W], LIRS PE R R B AE 5 Al R

MRS T 2R A WE
F3 AERMARET LIEEEENS ST
Table 3 Soil enzyme activities during different erosion environment

Erosion environment Soil layers (me/s - 24 b) (me/s - 24 h) (me/s - 10 h)
PR3 0—10cm 0.930+0.320a 10.570+4.046bc 0.310+0.067a
Sunny lower]0—20c¢m 0.695+0.258a 4.327+2.537he 0.180+0.042a

IFH 2% 1 31 0—10cm 0.633+0.195h 9.230+3.527¢ 0.264+0.044a
Sunny middle 10—20cm 0.278+0.108b 2.458+0.902¢ 0.118+0.014b
53 T5 0—10cm 1.083+0.244a 12.950+2.303bc 0.285+0.078a
Hill top 10—20cm 0.704£0.186a 6.477+2.153ab 0.184+0.045a
3% 5 3k 0—10cm 1.14+0.578a 22.469+10.571a 0.332+0.122a
Shady middle 10—20cm 0.734£0.415a 9.690+7.185a 0.198+0..101a
93735k 0—10cm 0.612+0.236h 14.578+2.916h 0.331+0.086a
Shady lower 10—20cm 0.358+0.189b 7.468+3.659ab 0.166+0.034a

ANE/INE FAEFR R 0—10 em(10—20em ) TR RRMIREE T 22 5 8 &% (P<0.05)

2.3 IR YRS S PR A SCE 2 A

BEARR IR IAEE T IR E YR i R WS TSRS PEIEAT Pearson AHOCHE M SR INZKE 4 P, W]
VA G, A W S A 2 T A A 3 A S e b e A i SR R = ) S A
AIEARSG , H A SR Wi R W IR R A A R G R B TR B R IEA G R
JUR e NG B LRI TE R Z R R B TR IR A G . XU SR A W S RS A R
WA, A El

x4 TEFEMESTEEEENAXESN

Table 4 Correlation coefficients of soil microbial biomass and soil enzyme activities

- MR BUEBRA SRR A e BB
HER A ROy BUERER R Hen LR

. . Microbial Microbial Microbial Alkaline
Correlation coefficients . K . Urease Invertase

biomass C biomass N biomass P phosphatase

1A W Bk Microbial biamass C 1 0.763 " 0.807 ** 0.421*" 0.577 " 0.508 **
T3 A W) % Microbial biamass N 1 0.634*" 0.550 " 0.511*" 0.595*"
TAEY LW Microbial biamass P 1 0.314** 0.433** 0.399 **
JIk# Urease 1 0.699 ** 0.667 **
AR Invertase 1 0.762 "

R PEBERRE Alkalinephosphatase 1
** P<0.013 n=90
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