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Effects of different long—term nitrogen addition on soil microbial diversity of Stipa baicalensis steppe in Inner
Mongolia, China

LIU Hong-mei, ZHANG Hai—fang, HUANGFU Chao-he, LI Jie, ZHOU Guang—fan, YANG Dian-lin"

(Agro—Environmental Protection Institute, Ministry of Agriculture, Tianjin 300191, China )

Abstract : To reveal the responses of soil microbial biomass carbon, soil microbial nitrogen and functional diversity of soil microbe to long
term nitrogen additions in Stipa baicalensis steppe, chloroform fumigation extraction method and Biolog Ecoplate were used to study the
changes in soil microbial diversity under different N treatments, including NO(0 kg N+-hm™), N15(15 kg N-hm™2), N30(30 kg N-hm™),
N50(50 kg N-hm™2), N100(100 kg N-hm=), N150(150 kg N -hm=2), N200(200 kg N-hm=), N300(300 kg N -hm=). Soil samples were
separately collected from the 0~10 ¢cm and 10~20 cm soil layer. The results showed that long—term applications of inorganic nitrogen re—
duced the soil microbial biomass carbon, while higher nitrogen treatments enhanced the microbial biomass nitrogen, thus significantly re—
duced the microbial quotient. The AWCD values of the soil microbial communities in 0~10 c¢m soil layer varied as follows : NSO>N30>N100>

N15>N0>N200>N150>N300. Within same nitrogen treatment, soil microbial biomass carbon and microbial biomass nitrogen and the overall
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trend AWCD value in 0~10 c¢m soil layer was higher than those in 10~20 one. At 0~10 cm soil layer, higher nitrogen treatments (N100,

N150, N200, N300 ) reduced the Shannon index and increased the evenness index, but not for dominance index. Principal component analy—

sis showed that there were very significant differences between higher nitrogen treatments and lower nitrogen treatments and the control in

the carbon utilization ability of soil microbial community. Soil parameters, including pH, total nitrogen, total phosphorus, microbial biomass

N, microbial quotient, microbial biomass C/N and nitrate nitrogen, had close relationships with microbial functional diversity. Moreover, 100

kg N-hm™ was the threshold with which the effect on microbial activity shift from stimulation to inhibition after long—term nitrogen addition

in the study area.

Keywords: Stipa baicalensis steppe; nitrogen addition; soil microbial biomass; soil microbial diversity
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Table 1 Soil chemical properties in different nitrogen addition treatments
43 Treatment oH ALK ] o) ] T Lo ﬁﬁ"fﬁ ] %ﬁ"fﬁ ] AR ]
Total organic C/g-kg” Total N/g-kg"  Total Plg-kg” NO-N/mg-kg' NHi-N/mg-kg' Available Pimg-kg
0~10 ¢cm NO 6.98+0.16a 39.4310.47cd 2.31+0.21a 0.43+0.02a 1.82+0.04e 27.42+1.28¢ 4.58+0.14¢
N15 6.85+0.03a 38.79+0.22d 2.41+0.39a 0.42+0.01a 1.92+0.23e 21.11+£0.43d 3.89+0.28d
N30 6.54+0.01b 35.70+0.77d 2.26+0.22a 0.39+0.00b 2.93+0.24e 30.97+2.24¢ 4.03£0.14¢
N50 6.43+0.03b 39.75+0.58cd 2.27+0.20a 0.39+0.01b 2.82+0.07e 66.26+2.06a 3.89+0.28d
N100 5.99+0.12¢ 40.04+£0.41¢ 2.50+0.38a 0.43+0.02a 9.9+0.13d 61.16+3.88b 5.69+0.14b
N150 5.77+0.09d 44.57+0.43b 2.56+0.09a 0.41+0.02ab 37.67+0.48¢c 27.60+0.85¢ 6.94+0.28a
N200 5.70+0.06d 44.87+0.5b 2.33+0.13a 0.38+0.01b 48.09+1.46b 29.25+1.05¢ 5.28+0.56b
N300 5.19+0.05e 61.42+0.50a 2.39+0.56a 0.39+0.01b 66.21+0.98a 30.32+080¢ 5.83+0.48b
10~20 ¢m NO 6.80+0.05a 28.27+0.87f 2.46+0.10a 0.39+0.03a 1.78+0.09¢ 15.77+0.98e 2.36+0.42¢
NI15 6.62+0.02a 34.54+0.65¢ 1.77+0.10b 0.37+0.02abc 1.50+0.24e 15.27+0.79 4.99+0.27d
N30 6.72+0.26a 30.69+0.48e 2.26+0.11ab 0.33+0.01d 1.91+0.07de 25.37+2.75be 2.36+0.42¢
N50 6.64+0.08a 32.08+0.89d 2.47+0.16a 0.34£0.01cd 2.22+0.06de 23.54+1.37cd 1.67+0.22¢
N100 6.30+0.08b 29.29+0.53f 2.28+0.19ab  0.36+0.02abed  3.08+0.09d 43.47+1.8a 5.46+0.64cd
N150 6.38+0.04b 32.59+0.75d 1.97+0.38ab 0.38+0.02ab 15.33+0.16¢ 27.12+0.42b 7.47£0.23a
N200 6.32+0.03b 38.34+0.30b 2.23+0.42ab  0.35+0.01bed  24.26+0.38b 24.65+0.16cd 6.11+0.28bc
N300 6.11+£0.01c 39.47+0.25a 2.19+0.44ab 0.34+0.01cd 29.90+1.80a 22.50+0.34d 6.72+0.61b
T SR F R R 22 57 . 3% (P<0.05) . A,
Note: Different letters within the same column indicated significant difference among treatments(P<0.05). The same below.
R2 AEARNTLERENER K
Table 2 Soil microbial biomass C, N in different nitrogen addition treatments
B R WA W BRI AL
48 Treatment  Microbial biomass C/mg-kg”’  Microial biomass N/mg-kg” Microbial quotient/% Microbial biomass C/N
0~10 cm 10~20 c¢m 0~10 c¢m 10~20 ¢m 0~10 cm 10~20 c¢m 0~10 ¢m 10~20 ¢m
NO 641.32£0.93a  457.58+6.93a  37.25+3.57e 33.44+3.47¢ 1.63+0.02a 1.62+0.06a 17.32+1.69a 13.77+1.23b
NI15 522.72+6.34d  425.19+16.52b  38.30+1.39%¢ 37.20+1.62¢ 1.35+0.01c 1.23+0.04¢ 13.66+0.33¢ 11.46+0.94¢
N30 434.02+10.30f  302.74+0.40e 33.77+2.05e 20.09+1.50d 1.22+0.03d 0.99+0.02e 12.90+1.09¢ 15.12+1.11b
N50 567.07+2.58b 343.13x11.48d  36.63t1.94e 16.03+0.35d 1.43+0.02b 1.07+0.03d 15.51+0.75b 21.41+0.25a
N100 421.94+5.55g 450.85+12.87a  56.19+3.43d 38.02+2.81¢ 1.05+0.01e 1.54+0.06b 7.52+0.36d 11.92+1.22¢
N150 537.77£9.11¢ ~ 388.28+6.23¢  72.34+0.68¢ 47.80+6.17b 1.21+0.03d 1.19+0.02¢ 7.43+0.06d 8.20+0.94d
N200 463.91+2.18¢  453.05+2.00a 86.93+4.23b 66.79+0.86a 1.03+0.02e 1.18+0.021¢ 5.35+0.29¢ 6.78+0.06d
N300 470.25+6.53¢  358.58+8.21d  123.24+3.58a 68.23+3.02a 0.77+0.01f 0.91+0.02f 3.82+0.06f 5.25+0.11e
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Figure 1 Changes of soil average well color development of soil microbe community with time under different
nitrogen addition and soil depths
xR 3 FEERNT LEREMRTE S MR
Table 3 Diversity indices for soil microbial communities in different nitrogen addition
Shannon $5%% Shannon index(H) ML EEFE %L Dominance index(D) I EEFE AL Evenness index(E)
AP Treatment
0~10 cm 10~20 cm 0~10 cm 10~20 cm 0~10 cm 10~20 cm
NO 3.971£0.109a 3.860+0.011ab 0.978+0.003a 0.976+0.010a 0.966+0.031b 0.977+0.030a
NI15 4.010+0.039a 3.462+0.020d 0.978+0.009a 0.964+0.020a 0.972+0.020b 0.999+0.040a
N30 4.084+0.060a 3.740+0.040bc 0.980+0.050a 0.971+0.035a 0.971+0.030b 0.942+0.039a
N50 3.928+0.050a 3.649+0.051¢ 0.977+0.010a 0.967+0.042a 0.955+0.042b 0.964+0.021a
N100 3.911+0.120a 3.955£0.110a 0.976+0.112a 0.977+0.044a 0.980+0.041ab 0.970+0.058a
N150 3.380+0.122¢ 3.650£0.119¢ 0.948+0.112a 0.967+0.040a 0.994+0.029ab 0.965+0.061a
N200 3.675+0.151b 3.455+0.132d 0.970+0.002a 0.961+0.045a 0.989+0.040ab 0.980+0.023a
N300 3.634+0.040b 3.240+0.174e 0.963+0.030a 0.948+0.020a 1.039+0.011a 0.962+0.030a
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Figure 2 Principal components analysis for carbon utilization of soil microbial communities in different nitrogen addition
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Table 4 Correlation analysis between soil chemical properties and soil microbial communities diversity indices

Shannon 5% Shannon index(H )

3 HE %8 Dominance index(D)

5 BEHE ST Evenness index(E)

Wi H Ttem
0~10 c¢m 10~20 c¢m 0~10 c¢m 10~20 ¢m 0~10 cm 10~20 ¢m
pH 0.748%* 0.475* 0.216 0.223 -0.470* 0.371
A ML Total organic C -0.568%%* —-0.853%%* -0.078 0.187 0.679%* -0.145
4% Total N -0.025 0.517%* 0.476* 0.342 0.592%* 0.669%*
4> Total P 0.386 0.405* 0.434* 0.690%* 0.226 0.522%*
THAE ) A= sk Microbial biomass C 0.017 0.204 0.003 0.350 -0.245 0.093
WA YA )R & Microbial biomass N -0.678%* —-0.571%%* -0.118 0.140 0.655%* -0.150
T84 W1 Microbial quotient 0.432% 0.653%* 0.059 0.134 —0.604%** 0.146
YA YRR A L 0.661* 0.482* 0.126 -0.093 ~0.552 0.150
Microbial biomass C/N
25 % NOs--N —-0.747%%* —-0.674%%* -0.135 —-0.001 0.628+* -0.209
B NHi-N 0.218 0.453* 0.127 -0.051 -0.160 0.174
SR Available P —0.747%* -0.371 -0.058 0.250 0.574%* -0.021

% TR BEAR(P<0.05) , % FRil i M 56 (P<0.01)

Note: *indicated significant correlation( P<0.05 ), **indicated highly significant correlation(P<0.01).
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