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Effect of no-tillage on soil aggregate and organic carbon storage

JIANG Xue-Bing'?, LI Yun-Sheng', OUYANG Zhu', HOU Rui-Xing'?, LI Fa-Dong'

(1. Institute of Geographical Sciences and Natural Resources Research, Chinese Academy of Sciences; Key Laboratory of Ecosystem Net-
work Observation and Modeling, Chinese Academy of Sciences; Yucheng Comprehensive Experiment Station of Chinese Academy
of Sciences, Beijing 100101, China; 2. Graduate University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract No-tillage (NT) is an increasingly agronomic practice in China. Tillage practices deeply affect soil quality and organic
carbon (SOC) accumulation. The effect of NT, as a form of conservation tillage, on soil organic carbon storage had remained highly
contentious. To shed further view on the effect of NT on soil structure and quality in the Huang-Huai-Hai Plain (HP), a long-term
no-tillage experimental site for the main crop rotation — winter wheat (7riticum aestivum L.) and summer maize (Zea Mays L.) —
was investigated. The experimental site belongs to the Yucheng Comprehensive Experimental Station (YCES) of Chinese Academy
of Sciences (CAS) and has been used in studying the changes in soil aggregates and organic carbon storage under different tillage
systems for 7 years now. NT, no-tillage with removed residue and organic fertilization (NTRR) and conventional tillage (CT) treat-
ments were set up in the study. The impact of the three tillage systems on total soil organic carbon content and storage, water-stable
aggregate stability, water-stable aggregate SOC content and storage, and relationship between total SOC content and water-stable
aggregate SOC content were analyzed. Compared with CT, SOC content and storage, and water-stable aggregate mean weight di-
ameter (MWD) and geometric mean diameter (GMD) along with macro-aggregate organic carbon content and storage in the 0~20 cm
soil layer significantly increased in NT and NTRR treatments. This was possibly due to reduced soil disturbances and residue mulch
and organic fertilizer applications. No tillage plots with residue mulch stored more SOC and macro-aggregate organic carbon than

those with applied organic fertilizer. For the treatments, the order of the content of SOC and macro-aggregate organic carbon in the
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20~60 cm soil depth was NT < NTRR < CT. In comparison with NT and NTRR, CT limited deep-soil organic carbon accumulation.
Compared with straw mulch, the application of organic fertilizer enhanced deep-soil organic carbon accumulation under no tillage.
On the average, SOC storage in NT and NTRR was lower than in CT in the 0~60 cm soil depth. There was a significant positive cor-
relation between SOC and 0.25~2 mm aggregate organic carbon, indicating that the 0.25~2 mm soil macro-aggregates could be used
as a proxy for changes in SOC. In conclusion therefore, no-tillage significantly improved the distribution and stability of surface soil
water-stable aggregates. While no-tillage significantly increased the storage of surface total SOC in the 0.25~2 mm soil aggregates,
reduced it in deep soil layers. Compared with organic manure, straw mulch promoted the accumulation of SOC in surface soils and
reduces it in deep soils under no tillage practice.

Key words No-tillage, Straw mulching, Organic fertilization, Soil organic carbon, Water-stable aggregate, Organic carbon storage
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Table 1  Soil pH and buck density at each depth under different tillage treatments
NT NTRR CT
Soil depth (em)  pH Buck density (g-cm™) pH Buck density (g-cm™) pH Buck density (g-cm™)
0~5 7.82b 1.28a 7.99b 1.27a 8.35a 1.30a
5~10 7.99b 1.52a 8.12ab 1.44b 8.33a 1.43b
10~20 8.17a 1.56a 8.38a 1.45b 8.4la 1.54a
20~40 8.53a 1.48a 8.59a 1.41b 8.54a 1.48a
40~60 8.71a 1.44a 8.84a 1.43a 8.56a 1.46a
NT: No tillage; NTRR: No tillage with straw removing and organic fertilization; CT: Con-
ventional tillage. 0.05 Different small letters indicate significant difference at the 0.05 level;
same below. pH 2010 6 pH and buck density were measured in June 2010.
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Table 2 Soil organic carbon (SOC) and total N (TN) contents under different tillage treatments
Soil depth (cm) Item NT NTRR CT
0~5 SOC (g'kg™) 13.78+0.78a 10.7240.62b 8.13+0.49¢
TN (gkg™") 1.39+0.00a 1.27+0.01ab 1.1320.15b
C/N 9.93+0.56a 8.44+0.57ab 7.31£1.34b
5~10 SOC (gkg™) 10.830.06a 7.75%0.96b 7.76+0.40b
TN (g'kg™) 1.14+0.04a 0.970.09b 1.00+0.10ab
C/N 9.49+0.37a 8.00+0.30b 7.82+1.10b
10~20 SOC (g-kg’l) 7.12+0.45a 6.18+0.80a 7.01£0.73a
TN (g'kg™) 1.010.06a 0.77+0.10b 0.94+0.01ab
C/N 7.20+0.18a 8.02+0.04a 7.49+0.84a
20~40 SOC (g'kg™) 4.74+0.36b 5.74+0.14a 6.14£0.04a
TN (g'kg™) 0.54+0.05¢ 0.74+0.05b 0.94+0.01a
C/N 9.72+0.01a 7.74+0.35b 6.55+0.12¢
40~60 SOC (g-kg") 3.15+0.07b 3.68+0.03b 5.46+0.53a
TN (g'kg™) 0.40+0.04b 0.49+0.03b 0.73%0.06a
C/N 7.96+0.60a 7.56+0.43a 7.52+1.15a
*3 TREHEARXLIEHHKESOC). ER(TNMEE
Table 3  Storage of soil organic carbon (SOC) and total N (TN) under different tillage treatments Mg~hm72
Soil depth (cm) Ttem NT NTRR CT
0~5 SOC 8.95+0.51a 6.97+0.40b 5.28+0.32¢
™ 0.90+0.00a 0.83+0.01ab 0.73£0.10b
5~10 SOC 8.24+0.05a 5.90+0.73b 5.90+0.30b
TN 0.87+0.03a 0.74+0.07b 0.76+0.08ab
10~20 SOC 11.11+0.69a 9.64+1.24a 10.94+1.14a
™ 1.58+0.10a 1.20+0.16b 1.46+£0.02a
20~40 SOC 13.99+1.08b 16.96+0.41a 18.18+0.12a
™ 1.59+0.15¢ 2.20+0.15b 2.77+0.04a
40~60 SOC 9.19+£0.20b 10.74+0.09b 15.91+1.56a
™ 1.16x0.11c 1.42+0.07b 2.13+0.19a
0~20 SOC 28.30+0.64a 22.50+1.41b 22.12+1.76b
TN 3.35+0.07a 2.76+0.23b 2.96+0.20b
20~60 SOC 23.18+0.87¢ 27.70+0.50b 34.09+1.44a
™ 2.75+0.04¢ 3.62+0.13b 4.91+0.15a
0~60 SOC 51.48+0.90b 50.20+1.88b 56.21+0.32a
™ 6.11+0.10b 6.39+0.27b 7.87+0.05a
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Fig. 1 Mean weight diameter (MWD) and geometric mean diameter (GMD) of soil aggregates under different tillage treatments
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Table 4 Storage of soil organic carbon (SOC) in different size water-stable aggregates under different tillage treatments
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Storage of soil organic carbon in water-stable aggregates
Soil depth (cm) Aggregate size (mm) NT NTRR CT

0~20 0.25~2 14.93+0.42a 12.3740.14b 11.16+0.35¢
0.05~0.25 4.87+0.31b 4.88+0.66b 5.76+0.12a

<0.05 3.18+0.20a 2.85+0.22a 2.90+0.21a

20~60 0.25~2 12.07+0.40b 13.36+0.74b 15.08+1.87a
0.05~0.25 5.43+0.24c 6.41+0.44b 7.27+0.41a

<0.05 4.01+£0.31b 4.26+0.10ab 4.51+0.23a

0~60 0.25~2 27.00+0.03a 25.74+0.88a 26.24+1.56a
0.05~0.25 10.30+0.44b 11.2940.87b 13.02+0.52a

<0.05 7.20+0.12a 7.1240.17a 7.424+0.40a
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Table 5 Correlations between total soil organic carbon (SOC) and water-stable aggregate SOC at each depth
0.25~2 mm 0.05~0.25 mm <0.05 mm
Soil depth (cm) SOC in 0.25~2 mm aggregate SOC in 0.05~0.25 mm aggregate SOC in <0.05 mm aggregate
0~5 0.982" —0.650 0.965"
5~10 0.913" 0.362 0.238
10~20 0.760" 0.481 0.231
20~40 0.719 0.785" -0.470
40~60 0.874" 0.905" 0.438
* ok 0.05  0.01 * and ** indicate significant correlation at 0.05 and 0.01 levels, respectively.
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