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Resource Restflctlons in a Tert‘ace on the Loess Plateau

WU Qhun x;ao "2 "GAO Xiao- feng  YAN Ben- shual1 2f LIANG Cal-qun CHEN Jia-rui® WANG Guo-liang' % LIU Guo-bin'**
(1. Institute of Soil and' Water Conservation, Chinese Académy of Séiences dn(.l_‘Mm‘l‘stIy of Water Resources, Yangling 712100, China; 2. University of Chinese Academy of
Sciences, Beijing 100049 ,China; 3. Institute of Soil and Water Consenfal.i-oh, Northwest A&F University, Yangling 712100, China)

Abstract; Long-term fertilization has an important effect on soil fertility and soil microbial activity. In order to explore the effects of long-term fertilization on soil extracellular
enzyme activities and nutrient characteristics in a terrace on the Loess Plateau, we based our investigation on the long-term nutrient localization plot of Ansai Soil and Water
Conservation Experimental Station, Chinese Academy of Sciences. We measured the soil physicochemical properties, microbial biomass, and extracellular enzyme activities of
six fertilization treatments, which included no fertilization ( CK) ; manure and nitrogen fertilization (MN) ; manure and phosphate fertilization (MP) ; manure, nitrogen, and
phosphate fertilization (MNP) ; manure (M) ; and nitrogen and phosphate fertilization (NP). The results showed that all fertilization treatments significantly increased soil
nutrient content and soil extracellular enzyme activities compared with that in CK. Correlation analysis showed that extracellular enzyme activity and soil physicochemical
properties had an extremely significant correlation. The redundancy analysis indicated that soil nutrient and soil microbial biomass could explain 79. 66% and 74. 87% of the
variation in soil extracellular enzyme activity and its stoichiometric ratio, respectively. Thus, the effects of fertilization on soil fertility were primarily through influencing soil
extracellular enzyme activities indirectly. M, MN, MP, and MNP significantly improved soil organic carbon (SOC) ; soil total nitrogen (STN); and carbon (C), nitrogen
(N), and phosphorus (P) source enzyme content; however, MNP changed the soil pH, which had an inhibitory effect on microbial activities. Vector analysis showed that the
microbial communities of all treatments were in the condition of P limitation. Although MNP could alleviate the extent of P limitation, there was no significant difference
between M and MP. Our study indicated that long-term application of manure [ 7 500 kg« (hm*-a) ="' ] could meet the nutrient requirements of dryland crop growth, and long-
term application of manure combined with phosphorus fertilization could alleviate the resource constraints faced by microorganisms. Consequently, our results provide a new
insight into improving regional nitrogen excess.

Key words: Loess Plateau; long-term fertilization; stoichiometry; enzyme activity; terrace
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Table 1  Fertilization of different treatments/kg+hm ~2

N

s 45 (BESN) e B P(P,0s) AHHLAE
At A CK JBEF 0 0 0 0
A HLAEFI R IR MN JEEF- 20. 8 76.7 0 7500
A HLUAEFI AL R MP e+ 0 0 75 7500
AL ZAE AR i MNP JBEF 20. 8 76.7 75 7 500
Pt HLAE M JBEF 0 0 0 7500
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1.2 FEACRE 1.3 FERFEFRIE
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Table 2 Basic information on the soil extracellular enzymes
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Table 3 Soil physicochemical properties of long-term fertilization

b SwWC SBD_3 ol w( SO(E? w( STI\I? ( STfi)l SCN SCP SNP

/% /gecm ™ /g kg /g-kg /g-kg
CK  0.18 £0.004c 1.28 £0.02a 8.6 x0.02a 7.21 £0.19¢ 0.39 +0.02¢ 0.58 +0.01d 18.71 £0.52a 12.36 =0.45¢ 0. 66 +0. 04¢c
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MP  0.20 +£0.009abc 1. 17 £0.05b 8.5 +0.03b 15.42 +0.45a 0.90 £0.02a 1.08 +0.0la 17.18 £0.25b 14.26 +0. 34bc 0. 83 =0. 02b
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M
NP

0.22 +0.009a 1.15 +0.01b
0. 18 £0.003bc 1.20 +0.02b

8.4 £0.01b 15.59 +0. 62a

0.86 +0.03a 0.62 +0.01d
8.5+0.01b 8.94 +0.28b 0.51 £0.01b 0.91 +£0.05¢

18.18 0. 11ab 24.87 +1.09a 1.37 £0.05a
17.62 £0.37ab  9.93 +0.81d 0.56 0. 04c

1) SCN 7R R LU, SCP FoR 1S LU, SNP 378 AR LL s Bl I {E = ARHELR (n =4) , ARR/NE FHEFR R )t AL b 2] [7] —

AR 22 R W (P <0.05) , FIF

®4 TEFWREFSRETELRY
Table 4  Soil dissolved nutrient properties and stoichiometry of long-term fertilization
A7 ©(DOC)/mg-kg ! ©(DON)/mg-kg™!  w(SAP)/mg-kg ! DCN DCP DNP
CK 143.57 +25.68¢ 8.62 +1.45d 2.78 £0.43d 18.17 +3.98a 54.45 +11.93a 3.49 +1.04a
MN 200.57 +26.31abc 14.27 £0. 64c 8.66 +0.90d 14.36 £2.45ab 23.78 £3.75b 1.72 £0.23b
MP 244.14 +24.73a 11.22 +0.97cd 160.28 +2.03a 22.49 +3.30a 1.53 0. 16¢ 0.07 £0.01c
MNP 178.88 +13.37abc 23.35 +£1.20b 107.03 +16.68b 7.77 £0.81b 1.81 £0.33¢ 0.24 £0.05be
M 231.98 +21.93ab 32.96 +1.51a 10.19 £2.04d 7.03 +0.55b 26.36 +6.22b 3.61 +0.64a
NP 162.54 +28.52bc 11.10 £0.65¢d 53.59 +2.44c¢ 14.79 £2.71ab 3.05 +0.53¢ 0.21 £0.02be
1) DCN SR AT PRI A LL , DCP 7R AT M- 1 647 2808 L, DNP SR T MR -5 1 A 280 Lt
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Table 5 Soil microbial biomass and stoichiometry of long-term fertilization

LB ©(MBC)/mg-kg™'  w(MBN)/mg-kg™' w(MBP)/mg-kg™! MCN MCP MNP
CK 100.91 £17.06d 24.01 +£2.36¢ 4.67 £0.37d 4.37 +0.81d 21.50 +3.00a 5.30 £0.78a
MN 421.48 £14.38b 55.38 £3.45a 26.89 £2.70b 7.65 +0.23cd 16.19 +1.74a 2.12+0.23b
MP 574.58 £32.67a 44.14 +2.53b 32.07 £2.74b 13.02 +0.23ab 18.13 £1.17a 1.40 £0.11b
MNP 357.27 +11.02b 47.37 +3.59ab 47.06 £4.39a 7.70 £0.72cd 7.84 £0.91b 1.02 £0.04b
M 627.65 +75.74a 44.18 +4.75b 32.32 £1.70b 14.60 £2.26a 19.73 £2.83a 1.36 £0.11b
NP 229.43 +31.26¢ 22.03 £1.02¢ 15.31 £1.1l¢ 10.58 +1.79hc 15.61 +3.30a 1. 46 +.9“10b
1) MCN 277 3000 40 90 BER ARG, MCP 2200 MR W A R L MNP 75 0 0 ) Lt H-*”
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Fig. 1 Soil extracellular enzyme activity and stoichiometry of long-term fertilization
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Fig. 2 Vector analysis of soil extracellular enzymes
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Table 6  Correlation analysis of soil physicochemical properties with microbial biomass and soil extracellular enzymes stoichiometric ratio

SBD pH SWC S0C SIN STP SCN

SCP SNP DOC DON SAP DCN DCP DNP

MBC  -0.551™ -0.250  0.602* 0.860 ™ 0.839*  0.190
MBN ~ -0.450" -0.090  0.390 0.768 ™ 0.808 = 0.030

MBP  -0.525"" -0.643™ 0.545" 0.752" 0.781™  0.466" -0.460" 0.320 0.370 0.310 0.588 *
-0.060 0.300 0.280 0.370 0.430"  0.290 -0.120 -0.400 -0.150
0.429* 0.130 0.070 0.040 -0.100 -0.300  0.180  0.406*  0.426 "
0.350 -0.210  -0.240
-0.463 " 0.645™ 0.684™ 0.438* 0.532"* 0320 -0.280 -0.538" -0.290
-0.240 0.3 0.645* 0.553™ 0.501*  0.260 -0.140 -0.220 -0.140
-0.407 " 0.721
-0.430" 0.110 0.160  -0.050 0.160 0.130  -0.250 -0.537" -0.260
-0.320  0.000 0.010  -0.100 0.260 0.360 -0.380 -0.745"* -0.466"
0.160 -0.160  -0.200 -0.030 0.180 0.310 -0.200 -0.260 -0.240

MCN  -0.443"  -0.300 0.421"  0.523™ 0.482" 0.270
MCP 0.260 0.492* -0.180  -0.190 -0.250 -0.405 "
MNP 0.653"*  0.544 -0.390  -0.651"" -0.660 " -0.558 "
BG+CBH -0.721" -0.290 0.559 ™ 0.910™ 0.921**  0.240
NAG +LAP -0.570 ™ -0.310 0.290 0.848 ™ 0.832*  0.170
AP -0.549 " -0.030 0.290 0.800 ™ 0.829** -0.010
fEC:N  -0.270  -0.060 0.439"  0.220 0.260 0. 160
FC:P o -0.360  -0.408* 0.441%  0.310 0.320 0.426 "
MNP -0.140  -0.491* -0.010 0.120 0. 060 0.380

-0.250 0.649™ 0.653** 0.530" 0.584** 0.310 -0.180 -0.370  -0.080
-0.4727 0.664 ™ 0.721™ 0.360 0.429*  0.130 -0.240 -0.250 -0.070

0.461* -0.370 -0.550 " -0.340
-0.432" -0.443"

-0.466" 0.19  0.6127 0.484"

0.770 ™ 0.582* 0.370 0.110 ~ 0.000 -0.120  -0.070

1) * Fmik B B E KT (P <0.05), * FmikFIH R EKF(P<0.01)

TR Y RIS O AL A e R
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Fig. 3 Redundancy analysis (RDA) of soil extracellular enzyme stoichiometry, soil physical properties, soil nutrient stoichiometry,

soil dissolved nutrient stoichiometry and soil microbial biomass stoichiometry
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