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Table 1 Soil physical and chemical properties of plant communities at different depths of groundwater level

R KR /m Eistun +J)Z/em 5 ZEEIEE
0.5 pH 0—10 8.54+0.16" 8.64+0.18%
10—20 8.67+0.05" 8.710.13%
20—40 8.54:0.34 8.69+0.08%
FHLKR/ (g-kg™) 0—10 5.12+0.384 4.15+0.665
10—20 4.90£0.61% 2.76+0.25%°
20—40 3.600.79% 2.77+0.51%
2%/ (g kg™) 0—10 1.110.084 0.75+0.024
10—20 0.82+0.09" 0.540.01%
20—40 0.76+0.07" 0.51£0.01%
2/ (g-kg™) 0—10 0.20+0.02% 0.13+0.014°
10—20 0.16+0.02 0.08£0.01°
20—40 0.15:£0.02% 0.10+£0.01A"
- o 4R A 0—10 0.020.001* 0.04+0.0024
10—20 0.10:£0.004* 0.04+0.0024
20—40 0.120.030* 0.09£0.0014
1.0 pH 0—20 8.560.14 8.550.22%
20—40 8.65+0.114 8.59:0.144
40—60 8.61+0.18" 8.65+0.16"
60—80 8.74+0.094 8.52:0.40%
F PR/ (g kg™) 0—20 4.43+0.78" 3.56+0.32
20—40 3.710.394 3.100.53%
40—60 3.36+0.29% 2.49£0.80%
60—80 3.44+0.26" 2.29:£0.20%
2% /(g-kg™) 0—20 0.93+0.02% 0.53+0.074%
20—40 0.74+£0.094B 0.45+0.014%
40—60 0.64+0.08"* 0.09+0.015®
60—80 0.64+0.055 0.09:£0.01%"
L/ (g-kg™) 0—20 0.18+0.014 0.1120.02%°
20—40 0.15+0.017P 0.10+0.02%°
40—60 0.13+0.005" 0.09+0.01%°
60—80 0.13+0.002" 0.09+0.014°
e R HE R 0—20 0.008+0.0095 0.05+0.0045
20—40 0.08+0.006* 0.01:£0.008"C
40—60 0.05+0.0054 0.12:£0.0044B
60—80 0.19+0.003* 0.16+0.0014
2.0 pH 0—20 8.48+0.30" 8.65+0.09%

20—40 8.49+0.19% 8.70+0.15%
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k1

HbF K HE R /m i + )2 /em FIE 72 [ I
2.0 pH 40—80 8.62:0.22% 8.440.35%
80—100 8.58+0.134 8.620.09
100—120 8.66+0.16" 8.66£0.13
ALK/ (g-kg™) 0—20 4.5420.28% 3.5420.604
20—40 3.89+0.60% 2.76+0.50%
40—80 2.92+0.208 2.19:£0.20%
80—100 3.2040.238 2.0.6£0.35%
100—120 3.48+0.20% 1.93+0.23%
2% /(g kg") 0—20 0.90+0.36 0.69+0.234
20—40 0.75+0.10 0.60:£0.19%
40—80 0.62+0.05 0.07£0.015
80—100 0.58+0.034 0.09+0.01%
100—120 0.62+0.084 0.10:£0.02"

2/ (g-kg™) 0—20 0.17+0.014 0.12:£0.006*°

20—40 0.13+0.015 0.11£0.006%

40—80 0.120.006% 0.07:£0.004"

80—100 0.14+0.01% 0.09:£0.0054B°

100—120 0.14+0.01% 0.10£0.014%
- o a4 A 0—20 0.16+0.01 0.17£0.024

20—40 0.12+0.014 0.02+0.001%

40—80 0.11£0.006* 0.04+0.0028

80—100 0.04+0.0035 0.02+0.0015

100—120 0.010.0015 0.01:£0.003"

IRV S FR AR R A J2 A R S T 0] 22 57t 35 (P<0.05) , ANTRI RS S 38 [R) R AN ] 2 i 22 57 1. 3% (P<0.05) o
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TR A 9 S 7Y 4b # G - S5 e G e S s B AL e R
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o R KR 0.5 m oAk B )+ SRS v S 1 e
FTE TR (CQD R IEAHX, 5 4% (TN) F14:#% (TP)

AL SR,
3 itig

BRI R ., T KR 1.0 m ZbBE ) - 584501k
W RS CQI AL IEAA G, + /K it i 5 -+ B4 HLAK
(SOC) TNFITP ZIEAHK K FR . TEHL F/KIETR 2.0 m
AR+ HER AR IR S SOC TN TP Al CQI £ 1E
A, BK RS pH 2 IEA G, 78 25 EUIRE B
YR R K HEVR 0.5 m Ak LAY S TG M5 CQI
SEIFAE, 5 SOC TN I TP A KR, #H Tk
PEVR 1.0 m &b 2 7Y + 38 S Ak id J5 i 5 CQI & 1EAH
K, BHOKf#EE S5 SOC TN FI TP £ FAHC K R, Hb
FOKHETR 2.0 m Ab R A 4 G 4 5 SOC . pH TN,

e TR 38 ek B 0 S A g R e
PR IR o MR K B RAE I AR v, R KA B 8h
A2 L K I3 e AR O i HEK O3 R R
T HEREE PR R SCHE N B o AN TR A2 A S I A
X K A3 B M AR [R]S ASBIFTE R 22 A
[ei) T K ST A B RO R A BLAK L R
SR ES T EOEERKCR D, L2
TRIEE BTN T B, 46 75 AN TR 3t T 7K B R AR B
IR B R AR S T v A T B AR — B
ABIFTELERR BETE 70 M e B 7K BERAE A XS AN ]
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Table 2 Vertical changes of soil enzyme activities in Pennisetum centrasiaticum and Artemisia halodendron
P PRV W e it WA CBREIREE Lo ERESER WL i 4 Al S
T e (AP) (BG) T (NAG) fiti LAP) (POX) (cL)
/(nmol-g'+h™")  /(nmol-g'+h™') /(nmol-g'-h™') /(nmol-g'-h') /(nmol-g'-h”') /(nmol-g'-h™")
HH 0.5 0—10 45.5743.67° 50.69+5.12° 55.98+2.78 53.64+5.29° 0.64%0.39° 2.3240.35
10—20 63.88+4.99° 69.09+4.51° 61.88+5.94° 64.71+5.10° 1.59+0.23° 3.47+0.217
20—40 46.58+4.89° 58.99+3.38° 54.38+3.85% 53.44+4.34° 1.27+0.21° 2.71£0.52°
1.0 0—20 43.05+2.46° 45.21+3.13° 53.75+0.86* 51.24+5.40° 0.79+0.12° 1.64+0.35°
20—40 46.33+3.65% 47.74+3.66° 51.15+4.72* 43.98+4.90° 1.46+£0.41° 2.61+0.43°
40—60 30.14+5.19¢ 41.02+4.99° 41.26+5.80° 45.84+2.50° 0.92+0.62° 2.48+0.30°
60—80 53.60+3.45* 57.60+2.26* 57.87+3.84* 62.55+2.47* 2.71+0.50° 2.234+0.46%
2.0 0—20 43.64+4.43 47.80+£6.16™ 56.79+4.34° 52.77+2.88° 2.23+0.57* 3.67+0.46*
20—40 47.37+5.99* 54.01+2.16* 52.17£5.91° 51.48+4.93° 1.96+0.69* 2.00+0.70°
40—80 54.44+3.43° 55.73+£3.61° 65.88+2.60° 64.88+2.96" 1.78+0.60 3.2240.55%
80—100 39.95+5.27% 42.69+5.50° 48.96+4.02° 47.66+6.76° 0.91+0.42° 2.61+0.36®
100—120 47.45+2.35% 53.54+3.00* 57.95+2.24% 53.1942.22° 0.86+0.13° 2.30+0.67°
Pl 0.5 0—10 35.67+4.60* 40.87+3.32° 45.36+2.59* 44.76+5.69* 0.88+0.44° 1.55+0.39°
Lo 10—20 38.59+3.93* 40.90+7.14* 49.18+5.49* 45.76+2.36* 1.01+0.38° 2.17+0.77%
20—40 35.2442.58* 41.77+2.34* 43.94+1.80* 45.02+2.66* 1.58+0.46° 2.64+0.34°
1.0 0—20 45.00+3.03* 55.99+3.01* 61.52+1.28* 59.24+5.65° 1.24+0.26% 2.35+0.45*
20—40 45.10+1.46* 55.3245.822 51.92+3.54° 59.46+4.92° 0.78+0.20¢ 1.07+0.53°
40—60 47.61£5.69° 53.23+2.10° 65.09+3.45° 60.61+2.98° 1.75+0.35% 1.73+0.19%
60—80 50.67+6.08" 61.99+7.34* 67.86+4.66° 71.33+4.76* 2.26+0.18° 1.52+0.31°
2.0 0—20 62.69+4.36* 63.94+3.90* 66.02+4.02* 67.23+4.66* 2.36+0.29* 2.24+0.51°
20—40 48.98+3.09° 53.24+3.45° 58.03+4.88® 57.83+3.44° 1.04+0.10° 1.47+0.15%
40—80 35.49+3.22¢ 34.48+3.63° 46.19+3.25°¢ 49.99+4.41° 0.64+0.17¢ 0.98+0.32°
80—100 35.4242.14° 47.92+4.74° 51.32+0.84% 52.57+4.45° 0.64+0.06¢ 1.88+0.72%
100—120 53.09+2.18° 52.37+6.63° 53.93+7.66* 58.79+£3.23%® 0.23+0.05° 1.63£0.50®

NI F AR ] b K R ARAL AN [7] - )2 6] 22 57 1. 3 (P<0.05) .
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T 22 LML RS, o AE 4 Al T /K B S Al X
TR e v 04 e B PR A 52 e LA S T
OR A e LS 4 s ] L JEE ) S L, DATR A
B8 MR KAV 728 A o A [ AR ) A % 1 398 2 A
iR A AF A — BRI

b oK A A A R i 2 R 2B ) i Bk S 0

R o T e S 2 b SR O3 R B S ST E AR
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P, 17 L K TG R A A AN 3 AR
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Fig.1 Principal component analysis results of soil enzyme activities and soil physicochemical properties under each treatment
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Effects of groundwater depth on soil enzymatic activities of
typical plant communities in semi-arid area

Su Tianyan', Liu Zihan', Cong Anqgi’, Mao Wei', Yang Qiu'
(1.College of Ecology and Environment, Hainan University, Haikou 570228, China; 2.Northwest Institute of Eco-Envi-

ronment and Resources, Chinese Academy of Sciences, Lanzhou 730000, China)

Abstract: Soil enzymatic activity is a key indicator reflecting soil function, especially in semi-arid areas where
soil water is restricted. The changes of soil enzyme activities driven by soil water can change soil nutrient turn-
over and affect soil carbon quality. However, changes in soil water movement caused by changes in groundwater
depth on soil enzymatic activities of typical plant communities in semi-arid areas are still unclear. Therefore, we
carried out two typical plant communities (Pennisetum centrasiaticum and Artemisia halodendron) in the semi-
arid sandy grassland of Horqin and established the underground water level manipulate experiment. The manipu-
late groundwater depth as 0.5 m, 1.0 m, and 2.0 m. We analyze the soil physical and chemical properties and soil
enzymatic activity of different soil layers, and explore the change characteristics of soil enzymatic activities in
different groundwater depth gradients and the two different vegetation types. The research results showed that:
four kinds of soil hydrolase (acid phosphatase, glucosidase, acetylglucosaminidase and L-leucine aminopepti-
dase) and two kinds of oxidoreductases (catalase and polyphenol oxidase) were affected by the treatment of
groundwater depth and vegetation types, with the increase of groundwater depth, soil enzyme activities under
the communities of Pennisetum centrasiaticum and Artemisia halodendron showed insignificant and significant
differences, respectively. At the same time, the soil enzyme activity decreased with the increase of soil depth in
each treatment. With the increase of groundwater depth, soil enzyme activity is mainly affected by soil organic
carbon. Our results indicated groundwater depths affect the soil hydrolase and oxidoreductase activities pattern.
The ratio of soil hydrolase and oxidoreductase activities have also affected the soil carbon quality, especially in
Pennisetum centrasiaticum and Artemisia halodendron communities. It is suggested to consider the differences of
adaptation strategies in various plant communities according to the change of groundwater level when vegetation
restoration is carried out in future semi-arid regions, so as to better restore the relevant overground and under-
ground ecosystem functions.

Key words: semi-arid region; underground water level; vegetation types; soil enzymatic activity



