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Effects of soil surface mulching on soil organic carbon and its
fractions in a wheat field in loess plateau China

LIANG Yi-cang' WANG Jun' LIU Quan-quan' LUN Wen-hao’
(1. College of Urban and Environment Science Northwest university Xi’an Shaanxi 710127  China;
2. Institute of Soil and Water Conservation Chinese Academy of Sciences and Ministry of resources Yangling Shaanxi 712100 China)

Abstract: A winter wheat field experiment was conducted to detect the effect of soil surface mulching on soil
organic carbon ( SOC) and its active fractions. Five treatments were included as control treatment ( CK)  straw
mulching at a rate of 9 000 kg * hm ~>( M1) and 4 500 kg * hm ~*( M2) and plastic film mulching( PM) during
growing season and straw mulching during summer fallow( SF) . The results showed that averaged across 0 ~30 cm
soil layer compared with CK treatment M1 significantly increased soil organic carbon by 7.4% treatment M1 M2
and SF increased potential carbon mineralization by 37.8% 23.9% and 7.2% significantly treatment M1 and M2
significantly increased microbial biomass carbon by 59.9% and 42.3% treatment M1 M2 and SF significantly in—
creased carbon management index by 53.1% 35.6% and 13.9% in 2012 respectively. Treatment M1 increased
carbon management index by 16. 1% in 2010 significantly compared with CK. Other treatments had no significant
impact on soil organic carbon and its index was found when compared with CK. Different soil surface mulching have
great influence on soil organic carbon and its index and decreased as the soil layer deepen. The carbon manage—
ment index increased significantly after 4 years of experiment. The proportion of PCM and MBC in SOC showed the
same trend with the contents of PCM and MBC  soil organic carbon and its index significantly related with each oth—
er. In general Treatment M1 can increase soil organic carbon and its active fractions and the plastic film mulc—
hing has less effect to soil organic carbon accumulation.

Keywords: soil organic carbon; potential carbon mineralization; microbial biomass carbon; carbon manage—

ment index; surface mulching; Loess Plateau
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1.3 CK 9.8%.7.3%
2010 7 1 2012 7 14 11.6% .9.5% ( P <0.05) SF PM CK
( ) “g” 10 ~20 cm 2012  PM
0~10 ¢cm.10 ~20 cm+ CK 7.4% 2010 2012
20 ~30 ecm 5 7 20 ~30 em 2012 Ml
45 CK 11.3% 2010 2012
0.25 mm SOC 70 ~30 cm 2012 M1
2 mm PCM  MBC. CK 7.4% 2010 2012
SOC 7, o
PCM Haney ° 1 30C
2 mm 10 ¢ Table 1  Effects of soil surface mulching on soil organic carbon
50% 2 ml 0.5 mol
N SOC/(g+kg™")
L NaOH 1L Year Treatment
0~10cm 10 ~20cm 20 ~30cm 0 ~30cm
20 ml 21C
10 NaOH co, 0 CK 8.55hb  8.28a  8.23a  8.35a
MI 9.39a  8.46a  8.33a  8.73a
NaOH 1.5 mol « L7 2010 M2 9.17a  8.30a  8.46a  8.6da
BaCl, 0.1 mol+L™" HCI NaOH SF 8.88ah  8.40a  8.38a  8.55a
CO, PCM . MBC Jenkinson PM 8.48b  8.23a  8.25a  8.32a
Powlson " CK 8.74b  9.48a  7.60b  8.6lb
PCM 10 Ml 9.75a  9.56a  8.46a  9.25a
24 2 ml 0.5 mol 2012 M2 9.57a  9.32ab  8.06ab  8.98ab
«L-"  NaOH SF 8.41b  9.57a  8.29ab  8.76ah
10 Co,. PM 8.61b  8.78b  8.05ab  8.48b
P <0.05
20 . Note: Different small letters mean significant difference at P <0. 05
CPMI = CPI x LI x 100 (1) Mmoo bdow
CPI = SOC x SOC (2) 2.2
LI = L/L (3) 0~10 em M1 2010 2012
I = LOC/NLOC (4) CK 24.2%  30% M2 2012
LOC = PCM + MBC (5) CK 15.6% ( P <0.05) 2010
NLOC = SOC - LOC (6) 2012 ;10 ~20 cm
CMI CPI SOC 2010 2012 ;o 20~
LI L 30 c¢m 2010 PM CK 19.2%
Lex LOC (P <0.05) 2010 2012
NLOC ;0 ~30 cm 2012  M1.M2.SF
CK 37.8% 23.9% \7.2% 2010
CK 2012 ( 2.
2.3
1.4 0 ~10 cm M1 2010 2012
Excel 2003 MBC CK 53% 75.6% M2
SPSS 20 o 2012 CK 74.9% (P <0.05); 10 ~
20 cm 2012 M1 MBC CK
2 63.2% 2010 2012
2.1 ;20 ~30 c¢m 2010 2012
0~10 cm 2010 2012 M1.M2 ;0 ~30 cm 2012
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M1 M2 MBC CK 59. 0~10 cm 0 ~30 cm
9% 42.3% 2010 2012 16.2% 28.4%; CK M1 MBC
( 3) . 10 ~20 cm 0 ~30 cm 20.1%
) 47.9% M2 0~10 em CK 59
Table 2 Effects of soil surface mulching on potential 6% o 2010 2012 PCM MBC
carbon mineralization CK °
PCM/( mg * kg™")
Year  Treatment o _10uy 10 ~20cm 20 ~30em 0 ~30em
2
CK 360b 283ab 291a 324ab °
M1 447a 305a 290a 369a 3
2010 M2 425ab 293ab 270ab 347ab Table 3  Effects of soil surface mulching on
SF 384ab 290ab 261ab 319b microbial biomass carbon
PM 389ab 260b 247b 318b 1
MBC/(mg* kg™")
ek 360c 233ab - 16la 2le Year  Treatment o _joen 10 ~20em 20 ~30cm 0 ~30cm
MI 468a 302a 269a 346a
CK 368b 369a 441a 393ab
2012 M2 416b 254ab 263a 311ab
M1 563a 417a 388a 456a
SF 352¢ 219b 235a 269b
2010 M2 477ab 419a 344a 414ab
PM 359¢ 200b 195a 251¢
SF 456a 393a 339a 396ab
PM 445b 290a 320a 351b
2.4
4 CK 303b 269h 243a 272¢
Ml 532a 439a 334a 435a
’ 2012 M2 530a 319ab 310a 387ab
/SOC x 100% - 2010 .
Sk 399ab 314b 259a 324bc
M1 MBC 0 ~10 cm CK PM 380ab  234b 2292 281he
39.2% 2010
CK - 2012 M1 PCM
4 R /%
Table 4  Effects of soil surface mulching on the proportion of PCM and MBC to SOC
PCM MBC
The proportion of PCM The proportion of MBC
Year Treatment
0 ~10cm 10 ~20cm 20 ~30cm 0 ~30cm 0 ~10cm 10 ~20cm 20 ~30cm 0 ~30cm
CK 4.20a 3.40a 3.54a 3.88ab 4.31b 4.45a 5.39a 4.71a
M1 4.77a 3.60a 3.48a 4.22a 6.00a 4.91a 4.66a 5.22a
2010 M2 4.63a 3.53a 3.20a 4.02ab 5.21ab 5.04a 4.10a 4.80a
SF 4.32a 3.46a 3.12a 3.72b 5.13ab 4.69a 4.04a 4.63a
PM 4.58a 3.17a 2.99a 3.81ab 5.26ab 3.54a 3.87a 4.24a
CK 4.13b 2.46ab 2.09a 2.92b 3.49b 2.84b 3.19a 3.17b
M1 4.80a 3.17a 3.18a 3.75a 5.45ab 4.61a 3.93a 4.69a
2012 M2 4.34b 2.72ab 3.29a 3.46ab 5.57a 3.43ab 3.88a 4.32ab
SF 4.19b 2.29b 2.80a 3.06b 4.75ab 3.28ab 3.14a 3.70ab
PM 4.18b 2.28b 2.43a 2.97b 4.39ab 2.68b 2.86a 3.32b
2.5 8% ;10 ~20 cm M1 CK 52.
2010 M1 0~10 cm 4% ;0 ~30 cm M1.M2.SF CK
0~30 cm CK 42.5% 53.1%35.6%13.9% ( 5) .
16.1% . 2012 0~10 cm M1.M2.SF.PM 9 000 kg * hm 2
CK 56. 3% .46. 8% .15. 2% .13. 2010 0~10 cm
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0~30 cm 2012 10 ~ 20 cm o

5

Table 5 Carbon pool management index under different soil surface mulching

0 ~10cm 10 ~20cm 20 ~30cm 0 ~30cm
Year Treatment CPI cMI CPI cMI CPI cMI CPI cMI
CK 1.00cd 100. 00b 1.00a 100. 00ah 1.00a 100.00a 1.00a 100. 00b
M1 1.10a 142. 46a 1.02a 111.40a 1.01a 92.56a 1.05a 116.11a
2010 M2 1.07ab 125. 94ab 1.00a 110.78a 1.03a 83.65a 1.03a 106. 48ah
SF 1. 04be 116. 86ab 1.01a 105.53ab 1.02a 82.65a 1.02a 99.49h
PM 0.99d 116.33ab 1.00a 84.58h 1.00a 78.03a 1.00a 92.84b
CK 1.00abe  100.00c 1.00ab  100.00b 1.00a 100.00a 1.00ab  100.00c
M1 1.12a 156. 34a 1.01a 152.35a 1.12a 162.36a 1.08a 153. 11a
2012 M2 1. 10ab 146.79ab 0.98ab  117.39ab 1.07a 157.79a 1.05ab  135.63ab
SF 0.9¢ 115.18b 1.01a 106.61b 1.10a 129. 64a 1.02ab  113.94b
PM 0.99he 113.84b 0.93h 88.33b 1.06a 110.22a 0.99h 102. 34¢
2.6 o
( 6) .
6

Table 6  Correlation analysis of soil organic carbon and its fractions

Item Soil organic Potential carbon Microbial biomass Carbon pool
carbon mineralization carbon management index
Soil organic carbon 1.000
Potential carbon mineralization 0.671** 1.000
Microbial biomass carbon 0.592" 0.89% % 1.000
" Carbon pool management in- 0.745** 0.948** 0.961** 1.000
ok * % o

Note: * means the correlation coefficient between the two cross numbers reaches a significant positive correlation * * means the correlation coeffi—

cient between the two cross numbers reaches a very significant positive correlation.
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