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Effects of long-term fertilization on soil humus carbon and nitrogen fractions
in a wheat-maize cropping system
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Abstract The contents of soil humus including humic acid fulvic acid and humin and labile humus including la-
bile humic acid and fulvic acid carbon and nitrogen fractions in 0 — 20 em soil layer were studied on a long-term fertil-
ization field under wheat-maize cropping rotation in north-central China. The long-term fertilization experiment was de-
signed to include 7 treatments fertilizer NPK NPK  organic manure OM  half organic manure with fertilizer NPK
1/20MN  fertilizer NP NP fertilizer PK PK  fertilizer NK NK and control CK . After 18 years fertilization
all the manure and fertilizer treatments showed higher contents of humic acid carbon Cy, and nitrogen Ny, fulvic
acid cartbon Cp, and nitrogen Npy  humin carbon Cyy  and nitrogen Nyy  labile humic acid carbon Ciy,  and
nitrogen Ny,  and labile fulvic acid carbon Cipy and nitrogen Nipy  and higher proportions of Cyy  Cpa Cipa
and Cjy, in total organic carbon Cp and of Ny Npa  Niga and Nipa in total organic nitrogen Ny . The increased
rate of contents of soil labile humus C and N fractions were higher than that of soil humus C and N fractions respective-
ly. Among the fertilization treatments treatment OM has the highest contents of soil humus and labile humus carbon and
nitrogen fractions followed by treatment 1/20MN and the treatments of applying chemical fertilizer alone. Balanced ap-

plication of fertilizers treatment NPK showed higher contents of soil humus and labile humus carbon and nitrogen frac-
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tions than imbalanced use of fertilizers treatments NP PK and NK . It was suggested that applying organic manure or
its combination with fertilizer NPK and the balanced application of fertilizer NPK could be the keys for the increase of soil
Ciua Cra Cow Cima Cira Nga Npa NCpyy Nppga and Njps contents  soil labile humus C and N fractions were
more sensitive to fertilization practices than soil humus C and N fractions respectively.

Key words long-term fertilization soil humus labile humus organic carbon and nitrogen fractions

35°00'N 114°24'E

605 mm
! 7 9 1875 mm
13.9C 220 d
2 0—20 cm
5.83 g/kg 0.445 g¢/kg
0.50 g/kg 18.6 g/kg 1.93 mg/kg
78.8 mg/kg  pH 8.65
3 1989 —
7 1 NPK
4 2 oM 3 +
5 1/20MN 4 NP 5
6 PK 6 NK 7 CK
4 47.5 m?
NPK N 150
kg/hm? P,0s 75 kg/hm’ K,0O
150 kg/hm? N 150
7 kg/hm? P,05 60 kg/hm’ K,0 150
/5  kg/hm? NPK OM  1/20MN
3/4 4/5° NP PK  NK NPK
’ 0 ! 100:40:45 2
9
1.2
2007
0—20 cm
Cr Ny
3
HA FA
HM
1
0.1 mol/L 0.1 mol/L

1.1 12



1247

0.1 mol/L
12 0.25 mm 5¢ 250 ml.
100 mL
180 r/min 5 min 60
min
0.05 mol/L
12
2007
11
SPSS10.0
ANOVA SSR
2
2.1
HA
FA
14 FA
HA HA
HA
15 HM
16 1
Cha
Cra Chm CK
OM 1/20MN Cia
194.7% 116.0% NPK NP PK NK

65.6% 50.4% 35.1%
Cra 162.1%
50.5% 36.9% 26.2%

PK NK
8.7% OM
80.4%
18.4% 15.8%
Cia Cpa Gy

1/20MN

12.7%

13.0% OM  1/20MN
94.2% NPK NP

CHM

47.5% NPK NP PK NK

3.2%

NPK  Cyy Cpy PK  NK
Cam
17
Cria Crra 1
CK OM  1/20MN  Cups
295.9% 164.9% NPK NP PK NK
98.6% 73.0% 43.2% 14.9% OM 1/2
OMN Cira 218.2% 122.7%
NPK NP PK NK 65.2% 51.5%
31.8% 10.6% Cia Cipa
NPK Gy PK
NK NPK NP PK Gy
Chia
Cra Cra/Cra
18
19 |
Cua/Cpa 1.27~1.4
Cria/ Cipa 1.14~1.41
Cha/Cra Crna/Cipa
Crna/Crpa Cia/ Cra
2.2
Nia
Npa Nim 2
CK OM 1/20MN Nia
160.9% 100.6% NPK NP PK NK
53.4% 42.0% 29.3% 8.6% OM
1/20MN Nra 120.8%  70.8%
NPK NP PK NK 35.4% 27.1%
20.8% 6.2% OM 1/20MN Nuum
74.4% 42.3% NPK NP PK NK
16.7% 13.1% 10.1% 3.0%
Nia Nea Niw
NPK Nix PK
NK Nea Niw



1248

15

1

Table 1 Effects of fertilization on soil humus C and labile humus C fractions

Humus C fractions

Labile humus C fractions

Cr
Treatment g/lig Cia Cra Civ G/ Cun/Cr Cpa/Cr Cuy/Cr o Cipy Cira G/ Cia/Cp Crpa/Cor
gke  gkg  g'kg Cra Yo Yo Yo g/'keg  g/kg Crra % %
NPK 559¢ 2.17¢ 1.55¢ 1.87c¢ 1.40a 38.8abc 27.7a 33.5de 1.47¢ 1.09¢ 1.34ab 26.4b 19.6 ab
NP 52lced 1.97c¢d 1.41 ¢d 1.83¢c 1.40a 37.9bc 27.1a 35.0cd 1.28 cd 1.00 ¢ 1.28 ab 24.6 bc 19.3 ab
1/20MN 7.16 b 2.83b 2.00b 2.33b 1.43a 39.6ab 28.0a 32.4e 1.96b 1.47b 1.34ab 27.5 ab 20.6 ab
oM 94la 38a 2.70a 2.85a 1.44a4l.1a 28.6a 30.2f 2.93a 2.10a 1.41a 31.2a 22.4a
PK 4.85de 1.77d 1.30de 1.78 ¢ 1.36a 36.5cd 26.9a 36.7bc 1.06 de 0.87 ¢cd 1.23 ab 21.8 ¢d 17.9 b
NK 423 ef 1.48e 1.12ef 1.63c 1.32a 34.9de 26.6a 38.5ab 0.85ef 0.73d 1.17b 20.2d 17.5b
CK 3.92f 131e 1.03f 1.58c¢ 1.27a 33.5e 26.4a 40.1a 0.74f 0.66d 1.14b 19.0d 16.9b
Note  C— Total soil organic C Cy— Humus acid G Cpy— Fulvic acid C Cyy— Humin C Cypyy—
Labile humus acid C C;py— Labile fulvic acid C P<0.05 Values fol-
lowed by different letters within a column mean significant difference among treatments at 0.05 level. The same as other tables.
NLHA NLFA NPK NLHA PK
13 NK NPK NP PK Niga
Nipa Nipa 2 Crua
CK OM  1/20MN Nisa Crra Nima Nipa
173.0% 106.3% NPK NP PK NK Cur Cia Nix  Nia
59.5% 44.1% 30.6%  12.6% OM
1/20MN Ny 140.0% 86.7%
NPK NP PK  NK 43.3% 36.7% 13
23.3% 10.0% Niga Nipa
2
Table 2 Effects of fertilization on soil humus N and labile humus N fractions
N Humus N fractions Labile humus N fractions
Treatment g/lZg Nha Nia Niy Nua/Nr Npa/Np Nuw/Np Nipa Nira Nipa/Np - Nipa/Np
g/kg g/kg g/kg % % % g/kg g/kg Yo %
NPK 0.528¢c  0.267c¢ 0.065c¢ 0.196c¢ 50.7abc 12.3a 37.0cd 0.177c¢ 0.043c 33.6ab 8.2a
NP 0.498 cd 0.247 c¢d 0.061 cd 0.190 ¢ 49.6 be 122a 38.2bed 0.160 cd 0.041 ¢ 32.1abc 8.2 a
1/20MN 0.670b 0.349b 0.082b 0.239b 51.9 ab 123a 355ec¢d 0.229b 0.056b 34.4 ab 8.4a
oM 0.853a 0.454a 0.106a 0.293a 53.4a 124a 34.2d 0.303a 0.072a 35.7a 8.4a
PK 0.468d 0.225d 0.058 cd 0.185c¢ 48.0 cd 12.3a  39.6abc 0.145d 0.037cd 31.1abc 8.0a
NK 0.413e 0.18 e 0.051 cd 0.173 ¢ 45.8 de 124a 41.7ab 0.125e 0.033 de 30.3 be 7.9 a
CK 0.390e 0.174e 0.048d 0.168c 44.5e¢ 12.2a 433a 0.111e 0.030e 28.4c¢ 7.6 a
note  Np— Total soil organic N Nyy— Humus acid N Np,— Fulvic acid N Nyy— Humin N Njja—
Labile humus acid N Njpy,— Labile fulvic acid N.
2.3 18 20
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C/N NPK
C/N
OM 1/20MN
NPK C/N
C/N C/N
oM C/N C/N F =
615.799 Sig. = 0.000 C/N
2 C/N C/N C/N
C/N C/N
C/N C/N C/N
F =238.388 Sig. =0.000 C/N
C/N C/N
2.4 C/N C/N
3 C/N C/N F=1.841 Sig.
=0.187
C/N
Table 3 Effects of fertilization on C/N ratio of soil humus and labile humus
Treatment Bulk soil ~ HA FA  Total extractable humus HM Labile humus acid  Labile fulvic acid Total labile humus
NPK 10.7a 8.1la 243a 11.2 a 9.7 a 8.3 abe 25.3 ab 11.6 be
NP 10.5a 8.0a 23.4a 1.1 a 9.7 a 8.1 be 25.0 ab 11.4 be
1/20MN 10.7a 8.2a 24.7a 11.3 a 9.8 a 8.6 ab 26.5 ab 12.0 ab
oM I1.1a 85a 25.8a 11.7 a 10.0 a 9.7 a 29.3 a 13.5a
PK 10.4a 7.9a 22.7a 10.9 a 9.6 a 7.3 be 23.6 ¢ 10.5 be
NK 10.3a 7.8a 21.9a 10.8 a 9.5a 6.8 ¢ 2.5¢ 10.1 ¢
CK 10.1a 7.6a 22.1a 10.7 a 93 a 6.8 ¢ 22.2¢ 10.0 ¢
3 %
20
19
21
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NPK NP
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