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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 e¢m and 10—20 cm soil
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layers; soil microbial biomass carbon and phosphorus in the shaded lower slopes were higher 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 Hills; erosion environment; soil microbial biomass; enzyme activity
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Table 1 Information of sampling sites
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, ) IR 2R LA B R T B
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1.3 g5k

- G W B RCR T S B 25K, SO R IEN s AR ik SR A TOC U 2 5 Bl A8 40 o /R A i e
4 A L B R AR L FE K 220 nm F1 275 nm (AT B K TN E (UV-2450 SAMMERETD . +
2 IR 8 R YA 13 U SR A L €2 0k 5 L A NH-N mg /g (37 °C .24 h) s H IR R T 3.5 Zff KK
W 8 b 0,32 I L AR 450 mg/g (37 °C .24 h) o 5 A HEm o 0 9 iR FH W R K Bl Lo (B AT & i mg/g
(37 °C,10 Y FRY . AEMRZ B BT + B S A B Ak M 0L 3% 2.

®2 TEEABEUER

Table 2 Soil basic physicochemical characters

0
o R A LT 25
(i FR 12 &k i A e Ao Total
. . . pH Bulk density/ Organic matter/ Total nitrogen/
Erosion environment layers/cm Moisture/ % o , phosphorus/
(g/cm?®) (g/kg) (g/kg)

(g/kg)
[H ¥4 3 0—10 1.3740. 35a 8.05+0. 06a 1.16+0. 05a 5.54%+0.90a 0.55%£0..90ac 0.55%0. 04a
Sunny lower 10—20 1.4640.48a  8.16+0.05a 1.25+0.04a 4.3340.70a 0.44+0.07ac 0.53%+0.05a
FH %2 51 3 0—10 1.2740. 22a 8.04+0.03a 1.26+£0.06b  4.0440.76b 0.44+0.07b 0.55740.07ab
Sunny middle 10—20 1.3940.40a 8.184+0.03a 1.29+0.09a 2.9440.58b 0.31+0.06b 0.537+0. 06a
5§ TR 0—10 1.2240.08a  7.9940.06a  1.20%0.05ab 5.93£0.85a 0.53%0.04a 0.57£0. 06ab
Hill top 10—20 1.3340.09a 8.1240.02ab 1.26+0.04a 4.11+0.38a 0.39740.05a 0.557+0.07ab
9 2% i 3 0—10 1.3340.11a  8.0040.04a  1.23+0.07ab 6.99+2.13c 0.6240. 16¢ 0.59+0.07b
Shady middle 10—20 1.3040.15a  8.10%+0.04b  1.25%+0.07a 4.80741.48a 0.4740. l4c 0.5740.07ab
[ 4 3% 0—10 1.4140. 38a 8.03+0.02a 1.214+0.05ab 5.494+0.87a 0.54740.04a 0.60=+0.05b
Shady lower 10—20 1.604+0.61la 8.10+0.03b  1.257+0.07a 4.22740.49a 0.43+0. Odac 0.59+0.05b

AN PR A — 2R R AR R R BT T 22 57 W 3k (P<C0.05)

1.4 Hdsabrg

BCHE b 38143 7 R B Microsoft Excel 2007 F1 SPAS 18. 0 #fh, #47 (One-Way A NOVA) 5 243 Hr Fil
OGS BT - Z H HL R LSD i,
2 RS54
2.1 A[FEMZUREREE T 560k W i 10 o A FRAE
2,11 RFEMZ IS T 3504 Y5 0k 1 7 A FR1E

AR5 £ G W B 0 A R AE AN B 2 /R s 76 R TRl ik IR 5T - ik 2 4 o ok 5 2 AR Ak
FEI7E 122.54-—380. 18 mg/kg Z [, Jf A K% + 2 A IMEEI AN 0—10 cm JZ2KF 1020 cm 2, B AEY) &
B i 0 DN o AN TR A AR D AR B L A A A e O L B AN [R) L FE 010 em - 2R E R & AR Ak
FEI7E 278.93-—380. 18 mg/kg Z [H] , i KAE A& e /ME Y 1. 36 5. 4 25 0 101. 25 mg/ kg, F 30K B V5 3 L BH 74 3
= PG B > BH R b B L 5 T 78 1020 em 4 )2 HHERAE W ik AR ALV I AE 122, 54-—208. 81 mg/kg
Z ] d5g RAB A e /IMELY 1. 70 A%, B 22 2 86. 27 mg/ kg, 22 I Ay B VA 38 | BH 70 3k = ) % b 33k = b Tt B 22 b 34
LSV B E YRR 010 cm £ 2R 1020 em 4 222 M R 2, H B YA 3 R0 61 T 4 5 B 2
17T BH 22 513 3 0 B % 5 3 25 S N W 3
2.1.2 RFEMZMIAEE T H 360 Y i 00 5 A6 FRAE

MY R R G R IE R 2 iR, 7E R 4R R BT R . B R i A AR Ak v L T
27.58—76.17 mg/kg Z[A], H-Bi % 1 2 0 VR AR ) 0 A i B N . XS TR A ik R B L R [] A 2 1 i
NASTR] AE 0—10 em 4 23 A= ¥ i A fe/IME FHR KAA 43 5112 69. 31 mg/kg Fil 76. 17 mg/kg. # 22 J£6. 86, %
B Ay B 98 3 e K B B B de /N, 5 PR I IR B 22 R 35 . 1020 em 2 + HEfAE W i R i /ML RN I
KAH 27.58—38.51 mg/kg M 2% 10. 93, F I Ay BH I8 Ik 55 A BH 2 6 3¢ R0 B 08 B e /D . 3R W R i
BARFI A 0—10 em HEKRF 1020 em + 2, H2E R B, 22500 20 A [ 42 0h % x4 9 &
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Fig. 2 Soil microbial biomass C and N content in different erosion environment

AFEK NG FREFER 0—10 ecm(10—20em) I A A2 IR T 25 5 B3 (P<<0.05)

R ML/ AL 10—20 em 2 5 A= 8 500 BH VA 35 5 BH 5% it 3 0 B 98 A 4 3% 22 S 1k
2.1.3  AFEMRIRIREET S A Wy i WY o3 A R AR

B R A A I 3 R . R A Y 16
B (0~10cm
(R TR 55 T+ - 8 B 0 B i A R 1L 78 )

10.19 mg/kgzz ], H 0—10 em 4 J2 £ B2 4 W) & 0
FREEST 10—20 cm + )2, HAEH . 7 0—10
em - J2 B0A W o O SR KA MR /M 43 R 5. 25
mg/kg Ml 10. 19 mg/ kg, H i K{E 2 H/MER 1. 94 f%.
TEAS[R] A9 42 PR R BE I 1o A o 98 26 90 A B3 7 e = ) 3%
1 33 > b T > BH 3% 5 3k > PH A 3 . ELBA S A i e :
BHRTHE. 1020 em + 2 4 W &8 0 & B &Rl 2

(G
Microbial biomass P/(mg/kg)
o e = t3
I T L) 1
—
-
==
}
gm
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o

=

Flde/IME 537 R 5. 85 mg/kg F1 1. 84 mg/kg., fix KAIH J& 0

M3 28§t Il Y10 B K TSR 0 R ¥p H: Ep Ms  p
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WIARE. Fig.3 Soil microbial biomass P content in different erosion
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TR - 18 JIR B 056 P A ED 0—10 em + )28 F 1020 em + 2, 7F 0—10 cm + )2, IR 7 b 55 A 1 AR /)
Hr A 1.14 mg g ' 24 h'f10.612 mg g ' 24 h™ ', N [A) A 4=l B 55 1 IR I8t 2% By B 392 6 Bk == o T > [H 7
3> B b 3 > BV 3, LA B IR Al & 52 K TR . 78 1020 em + )2, - HERMEG i R H )2 0. 734 mg g ' 24
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A TREOME ol T S - B b B B R B SR B AR S SRR IR E EE AR . EAER IR T +
HERERE IO A ARAE AN SR 3 s, BEE LZHME.0—10 em +)2E T 1020 em £ 2. # 010 em £
2 ERKAE SR 22,469 mg g ' 24 h™ ' H/MEJE 9. 230 mg g~ 24 h ', BN B 3% b B A KL PHZR 1 3 /) .
fE 1020 em 42, B RMEZ 9. 69 mg g ' 24 h ' /MBS 2. 458 mg g ' 24 h ', 5 AR IR EE Y AE L 5 0
10 em +)2 M2 —3. BEMEATEN.0—10 em +JZ ARG I 5 H A 4 AR IR BRI B3 10 22 51k
1020 em - JZ 51 To | BF 5% b 35 01 9 V) 35 5 B 5% 67 38R0 BH 98 3 A 1 3 110 22 S 1k

A Bl TR A R K 3 v A LB A S W O A R W A W OR) FE B T ML A W X6 - g b 1 40 B
AEEMIEM . N3 3 PR AEARR R MAEET 0 8% 5 5 093G PER I 0—10 em L2 & F 10—
20 em +J2. 76 0—10 cm + 2R A M0 A5 LG FEI7E 0. 264—0. 332 mg g ' 10 h™',10—20 cm + 2 B2 (1
ASALHEFAE 0. 1180, 198mg g 10 h™' .5 F R FREE F BHEBSMRATAE 010 cm £J2 5 1020 cm /2
A5 {3 ¥ I BT K PR SR 2 SRR S BT T L HERPERE RN (E 5 FI PSR T 2% 5
ZNTE

£3 TEFRMFET L HEEBE NS HHIE

Table 3  Soil enzyme activities during different erosion environment

o 3R R em i IR iy
Erosion environment Soil layers Urease/ Invertase/ Alkaline phosphatase/
(mgg '24h 1) (mgg '24h 1) (mg g '10 h™ 1)
[H ¥4 B 0—10 0.93040. 320a 10. 57044, 046bc 0.31040.067a
Sunny lower 10—20 0.69540. 258a 4.32742.537bc 0.18040. 042a
H 222 i 3¢ 0—10 0.63340.195b 9.23043.527¢ 0.26440. 044a
Sunny middle 10—20 0.27840.108b 2.45840.902¢ 0.11840.014b
b T8 0—10 1. 0830, 244a 12. 95022, 303be 0.285%0.078a
Hill top 10—20 0.70440. 186a 6.477+2. 153ab 0.18470.045a
99 4% B iz 0—10 1.1440.578a 22.46924-10.571a 0.33240.122a
Shady middle 10—20 0.734740. 415a 9.690+7. 185a 0.1984+0..101a
[ a1 3% 0—10 0.61240. 236b 14.578+2.916b 0.33140.086a
Shady lower 10—20 0.35840.189b 7.46843.659ab 0.16640. 034a

A /NG FREFIR 010 em(10—20em) A R A BE T 22 55 B 3 % (P<<0.05)

2.3 HIEBUEY RS B AR DGR

B A TRMZ R+ Rl My i e WS LGS PR 2E 4T Pearson MHCHYE T S5 R WK 4 Pros. Al
VAE b S A Wy i 5 e S I P 22 [ A B I A SR L e SR A W e i R BRI =2 ] S A
A IEAROG o HL - S A= Wy i e S0 W2 5 SRR L W T8 R e R IS M R B T B R O IE ARG .
JUR T | TR T | R0 W R AT PR R (AL R B AR B R E AR O, XU IR E Y S RS R R
Gib)E N NI 5

x4 ITEBEVESTEBFENEXESN

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

v =y WA W= e MAEDER Tl A ) e . B e 1
fﬁ}t%\i& . Microbial Microbial Microbial MR Bk Bl Alkaline
Correlation coefficients . . . . Urease Invertase

biomass C biomass N biomass P phosphatase
T Wy % Microbial biamass C 1 0.763** 0. 807** 0.421** 0.577** 0.508**
T4 ¥y = A& Microbial biamass N 1 0. 634** 0.550** 0.511** 0.595**
¥4 Wy s Microbial biamass P 1 0. 314%* 0.433%* 0.399%**
KB Urease 1 0.699** 0.667**
ARG Invertase 1 0.762%*
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v =y WA = e MY ER Tk Y e Bl T
A UL PULII R UL Wt HEHEA FHRRG
N . . Microbial Microbial Microbial Alkaline
Correlation coefficients . . . . Urease Invertase

biomass C biomass N biomass P phosphatase
TP 5 FR ¥ Alkalinephosphatase 1

** P<0.01; n=90
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BN BB T BH I » X — T77 T 2 52 4 28 R 00 5 W L A7 AF 5 3 T AR i 2 00 AR ) A v 9 5 T A
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AT HURR 75 ek 149 3¢ BB T FF 3, 06 W I 38 A 2 R o RSB A 1 K A S A L A o L R SR SR ER B A
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ARG BRI BB 57 03 5 AR AR A i B0 . b SRR W R R A A SR R S B
A R A S R A o PR 58 e B R — B, A R ST T, N A B v B A R LR R S
XS AT SERAART o AW 5 b FH V8 3l 040 A 0 i 2 2 USR03 v D 2 A A v LR 2 ol ) AR T
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