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Effects of wheat cultivation and fertilization on soil microbial biomass carbon soil

microbial biomass nitrogen and soil basal respiration in 26 years
ZANG Yifei' HAO Mingde' > ZHANG Liqiong' > ZHANG Haoqing'

1 College of Natural Resources and Environment Northwest Agriculture and Forestry University Yangling 712100 China
2 Institute of Soil and Water Conservation Northwest Agriculture and Forestry University Yangling 712100 China
3 College of Agriculture and Life Sciences Ankang University Ankang 725000 China

Abstract: Soil microbial properties play important roles in soil quality changes and nutrition cycling. The relationship
between soil microbial properties and soil quality changes as a result of climate conditions soil types tillage and fertilizer.
Lots of studies had been done; however there are not too many reports on loessial soil. Loessial soil is one of the main types
of soil on loess plateau. The study about loessial soil plays an important role in getting better soil environment and increasing
productivity of dryland on loess plateau. In this paper the relationship between soil quality and soil microbial properties
such as soil microbial biomass carbon soil microbial biomass nitrogen and soil basal respiration was studied in order to
illustrate the function of soil microbial properties as bio-indicators of soil health. The long-term experiment was set up in
1984 in Changwu county Shaanxi province China. We collected samples from the 0—20 c¢m soil zone of the long-term
wheat cultivation and fertilization system. Nine treatments were carried out in this study: 1) fallow ( F) ; 2) no fertilization

as control ( CK); 3) nitrogen ( N); 4) phosphorus ( P); 5) manure( M); 6) nitrogen + phosphorus ( NP); 7)
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phosphorus + manure ( PM) ; 8) nitrogen + manure ( NM) ; 9) nitrogen + phosphorus + manure ( NPM) . The chemical
properties such as pH organic matter total nitrogen and total phosphorus content were analyzed in order to determine to
the effects of long-term wheat cultivation and fertilization on soil nutrients. The soil microbial biomass carbon soil microbial
biomass nitrogen basal respiration and the derivative indices of the arable soil in different long-term fertilization systems
were also analyzed. The results showed that different fertilization on loessial soil in 26 years significantly affected soil
chemical and microbial properties. Long—time combined application of organic and mineral fertilizers had more effect on soil
organic matter total nitrogen and total phosphorus content than mineral fertilizers alone. All these properties in treatment
with fertilizers input NPM were the highest. In different fertilization treatments the contents of soil microbial biomass carbon
changed between 254.65 mg/kg and 745.26 mg/kg and the contents of soil microbial biomass nitrogen changed from 31.70
mg/kg to 120.54 mg/kg. Long-term fertilization and planting increased the content of soil microbial biomass carbon and soil
microbial biomass nitrogen. Especially organic fertilizers can significantly enhance soil microbial biomass content.
Compared with CK the treatments with organic fertilizers input increased soil microbial biomass carbon soil microbial
biomass nitrogen and soil basal respiration. The soil basal respiration of treatments with organic fertilizer was increased by
15.91% to 75.73%. In the meantime chemical fertilizer had no promotion on the soil basal respiration and decreased the
metabolic quotient. Some of soil microbial properties ( Soil microbial biomass carbon Soil microbial biomass nitrogen Soil
basal respiration) were significantly correlated with soil organic matter and soil total nitrogen contents. Soil basal respiration
was also significantly correlated with soil total phosphorus content. The correlations between microbial quotient and soil
nutrients metabolic quotient and soil nutrients were not obvious. These results indicate that soil microbial properties reflect

the changes of soil quality and thus can be used as biological indices in the evaluation of soil fertility.

Key Words: long-term cultivation and fertilization; soil microbial biomass carbon; soil microbial biomass nitrogen; soil

basal respiration
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Table 1 Effects of continuous fertilization on soil chemical properties
C/N
H /(8/ke) /(8/ke) /(8/ke) Organic matter/
Treatments b Organic matter Total nitrogen Total phosphorus & .
Total nitrogen
F 7.90+0.04 a 12.40+1.24 ¢ 0.85+0.06 e 0.73+0.03 d 8.43+0.53 ab
CK 7.88+0.04 ab 12.69+0.58 ¢ 0.87+0.09 e 0.68+0.02 d 8.45+0.55 ab
N 7.85+0.04 ab 12.76+0.27 ¢ 0.94+0.06 cde 0.68+0.01 d 7.87+0.50 b
P 7.89+0.03 ab 12.45+0.37 ¢ 0.89+0.03 de 0.92+0.04 b 8.13+0.41 ab
NP 7.85+0.05 ab 15.21+0.76 be 1.06+0.03 bed 0.88+0.03 be 8.29+0.25 ab
M 7.89+0.06 ab 18.52+0.85 ab 1.24%0.07 ab 0.83+0.04 be 8.69+0.35 ab
NM 7.83+0.04 ab 20.37+0.42 a 1.31£0.04 a 0.87+0.03 be 9.04+0.09 ab
PM 7.88+0.03 ab 17.29+5.85 ab 1.07+0.23 be 0.92+0.11 b 9.21x1.14 a
NPM 7.82+0.04 b 20.98+0.98 a 1.40£0.14 a 1.03+0.05 a 8.72+0.79 ab
+ P<0.05; F: Fallow; CK: Control Check; N: Nitrogen; P: Phosphorus; NP: + Nitrogen +
Phosphorus; M: Manure; NM: + Nitrogen + Manure; PM: + Phosphorus + Manure; NPM: + + Nitrogen

+ Phosphorus + Manure
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. . (C/N)
CK 1.89%—6.86% C/N o pH
2.2 N
. 254.65—745.26 mg/kg
31.70—120.54 mg/kg(  2) . CK .
293 380 . CK N
o N N CK o
CK o
N 62.15% 48.12%.
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15-17 CK s
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Table 2 Effects of continuous fertilization on microbial biomass C and microbial biomass N
/(mg/kg) /(mg/kg) .
Treatments Microbial biomass C Microbial biomass N Microbial quotient/% Microbial biomass C/N
F 254.65+38.09 e 31.70+4.08 f 3.47+0.07 d 8.18+2.25 a
CK 478.29+46.23 d 67.75+2.04 6.33+0.55 ab 7.07+ 0.90 ab
N 427.34x1.58 d 71.93 £1.99 e 5.78+0.19 be 5.94+0.14 ab
P 415.77£5.93 d 74.19 +0.00 e 5.69+0.24 be 5.60+0.08 b
NP 459.60+7.47 d 81.38 +2.02 d 5.10£0.15 ¢ 5.65+£0.23 b
M 690.73+71.73 ab 120.54+4.26 a 6.29+0.81 ab 5.74+0.80 b
NM 574.58+24.52 ¢ 107.52+2.08 b 5.16+0.62 ¢ 5.34+0.13 b
PM 649.07+£27.50 b 86.94 +2.09 d 6.72+0.03 a 7.46+0.13 ab
NPM 745.26+18.40 a 99.45+4.14 ¢ 6.21+0.21 ab 7.50+0.50 ab
+ P<0.05
23
15.91%—75.73% »
1),
5 ( 2
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Fig.1 Soil basal respiration in different fertilization treatments 2
50, CF Fallow: Fig.2 Soil microbial metabolic quotient in different
CK: Control Check; N: Nitrogen; P: Phosphorus; fertilization treatments
o
NP: + Nitrogen +Phosphorus; M: Manure; NM: 3%
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Table 3 Linear correlation coefficients among soil microbial biomass C microbial biomass N

chemical properties

soil basal respiration rate and soil

Microbial Soil Metabolic Total
Item Microbial Microbial luo_bld _OI X etal-)o 1 Organic matter Total nitrogen oa
biomass C biomass N quotient respiration quotient phosphor
1.00
Microbial biomass C
87 1.
Microbial biomass N 0.87 00
5" 0.62 1.00
Microbial quotient 075
Soil respiration 0.95** 0.87** 0.68" 1.00
Metabolic quotient 0.57 0.62 0.68" 0.73" 1.00
Organic matter 0.86** 0.817** 0.33 0.84** 0.43 1.00
Total nitrogen 0.84** 0.83** 0.31 0.86** 0.49 0.98** 1.00
Total phosphor 0.62 0.52 0.28 0.70" 0.52 0.67" 0.67" 1.00
ro.05 =0.666 1y =0.798 n=9; * * k
3
(1) 26a (pH N )
( ) o CK 36.25%—
65.33% . 18
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