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Effects of straw return depth on soil organic carbon, nitrogen content, and soil enzyme activity of spring
maize field

WANG Zheng-yu, LIAN Hong-li, SUN Yue, MA Zi—qi, TIAN Ping, QI Hua, JIANG Ying"

(College of Agronomy, Shenyang Agricultural University, Shenyang 110866, China)

Abstract: This study aimed to determine the effect of straw return depth on soil physicochemical properties, enzyme activity, and the
relationship between them under different straw return depths. A field micro—plots experiment was conducted for 3—year(2016—2018) in
northeast China, and totally six treatments were set as following: straw incorporation with rotary tillage for 10 ¢cm(S;D;), 20 em(S,D,) and
30 em (SiDs) of soil depth, and straw removal with rotary tillage in the same soil depth (S;D;, S:D, and S:D;), respectively. Individual and
interaction effects on physical and chemical properties of soil and enzyme activity of spring maize field were determined in this study.

Results indicated that the soil organic carbon (SOC) was significantly affected by rotary tillage depth (D) and its interaction with straw (S)
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treatment (P<0.05). SOC contents under S;D; and S;D; were 1.2%~16.0%, respectively, higher than those under S,D; treatment at 0~20 cm

soil layer, and the highest SOC content at 20~40 cm soil layer was observed in S;D; treatment. Soil nitrate (NO5-N) and ammonium
(NH:-N) contents and invertase and catalase activities were significantly influenced by straw and rotary tillage depth treatments and their
interactions (P<0.05). Across 0~40 cm soil layer, S, treatment increased soil NO;—N contents under D, and D conditions by an average of
46.9% and 34.9%, respectively, but lowered soil NH:—N contents by an average of 31.6% and 4.4%, respectively, compared with S,
treatment. Among treatments of rotary tillage depth, S; treatment enhanced soil invertase and urease activities at 0~20 cm layer and
decreased catalase activity at 20~30 cm layer, compared with S, treatment. Correlation analysis revealed that SOC, soil TN, NO3=N and
NH4=N content, and invertase activity were significantly positive correlated. Both SOC and TN were highly negatively correlated with soil
pH and soil water content (SWC). Principal component analysis (PCA) suggested that SOC, TN content and enzymes aclivily were more
obviously affected by SiD, treatment in 0~40 ¢m and 0~20 cm soil layer, respectively, compared with S;D; treatment. Overall, soil nutrients
level and enzymes activity at 0~40 c¢m layer were improved by SiD, treatment, and might be considered as a suitable straw incorporation

method for improving soil fertility in maize field within the study area.

Keywords: straw incorporation; rotary tillage; straw return depth; soil organic carbon; soil enzyme
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Table 1 Variance analysis of straw treatment and rotary—till depth on soil physicochemical properties and enzymes activity (F)

Qb T A Bl 2R SR BASA K FHE L it IR I i A A
Treatments TN NO;-N NHi-N SWC pH Invertase Urease Catalase
S 1.36ns 1.25ns 40.77%%* 38.23%*%* 0.09ns 408.09%*% 3 441 .23%%* 7.33% 50.63 %%
D 35.65%%% 2.27ns 201.52%:#* 45.70%#* 4.31%* 44,07 #%* 386.39%:#* 0.73ns 45,33k
SxD 27.69% %% 8.76%* 272.3] %% 52.58 %% 4.09%* 3.80ns 1430.23%** 9.03%* 7.28%:*
S REFFAL B D EHRREE s * P<0.05;%* P<0.01;*+%P<0.001;ns: A2, Il
Note:S:Straw treatment; D : Rotary—till depth;* P<0.05;** P<0.01;***P<0.001 ;ns: No significant effects. The same below.
%2 RAFMEAEHRES HEENBNE RS BOYM (o k)
Table 2 Effects of straw treatment and rotary—till depth on soil organic carbon and total nitrogen content (g-kg™)
F5H7 Index Kb FH Treatments 0~10 cm 10~20 cm 20~30 cm 30~40 cm
EERiIRTS SiD, 14.96+0.88a 12.78+0.41a 11.66+0.98b 8.92+0.37¢
Organic carbon SiD, 14.31x0.77ab 12.89+0.53a 12.27£0.75ab 10.34£0.62b
SiD; 12.52+0.05¢ 12.82+0.52a 12.61+0.29ab 9.26+0.94bc
S:Dy 13.09+0.47bc 10.03+0.63b 10.07+0.40¢ 10.58+0.96b
S:D» 12.20+0.82¢ 10.19+1.00b 12.30+0.43ab 8.57+0.49¢
S:Ds 11.75+0.99¢ 12.37+0.68a 13.39+0.65a 12.31+0.85a
B SiDy 1.39:0.04ab 1.0720.02a 0.95+0.06b 0.90+0.06hc
Total nitrogen SHI 1.35+0.05h 1.15+0.06a 1.06+0.06a 1.08+0.08a
SiDs 1.39+0.05ab 1.15+0.05a 1.09+0.02a 0.87+0.06¢
S:D, 1.46+0.03a 1.07+0.03a 0.91+0.03b 1.01+0.06ah
S:D, 1.35+0.09b 1.18+0.09a 1.05+0.07a 0.91+0.07be
S:Ds 1.19+0.11¢ 1.13+0.04a 1.07+0.06a 0.89+0.05bc

TE: S AL H 5 S, FEFFAZBR s Do D D BEBHAE 10,2030 em; [RJFIA Rl 7 8E R [R]— 4 )2 A 3 A] 22 57 i 35 (P<0.05) o R[]
Note: S;: Straw incorporation;; S, : Straw removal; Dy, D2, Ds: Rotary=till depth at 10,20 and 30 ¢m soil depth respectively; Different letters in the same

row indicate significant differences among treatments at the same soil depth (P<0.05). The same below.
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Table 3 Effects of straw treatment and rotary—till depth on soil nitrate and ammonium contents (mg-kg™")

847 Index JbFE Treatments 0~10 em 10~20 em 20~30 ecm 30~40 cm
M SiD, 17.51+0.78a 11.3420.43bc 8.57+0.41b 8.65+0.08¢
Nitrate nitrogen S, 12.02:0.14c 11.72+0.67h 10.66+0.43a 10.75+0.42h
SiDs 14.98+0.86b 10.66+0.53¢ 10.85+0.59a 8.58+0.27¢
S,D, 8.58+0.19d 8.77+0.25d 6.79+0.38¢ 7.22+0.40d
S:D, 8.12+0.05d 9.22+0.20d 8.62:0.80b 7.50+0.05d
S:Ds 17.31+0.84a 16.02+0.65a 8.16+0.13b 11.87+0.47a
AR SiD, 5.67+0.30c 2.5420.10d 2.98+0.39b 4.90+0.23a
Ammonium nitrogen SiD, 9.70+0.15ab 4.46+0.51bc 2.43+0.12b 3.29+0.34c
SiDs 9.09+0.34h 4.71+0.37be 2.80+0.29h 3.21+0.25¢
S:D, 9.94+0.40a 5.76+0.80a 3.95+0.40a 3.88+0.29h
S.D, 9.66+0.39ah 4.18+0.21c 3.74+0.44a 3.22+0.27¢
S:Ds 9.09+0.47h 4.92+0.53ab 3.8240.17a 3.76+0.10b
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Different letters in the same soil layer indicate significant differences among treatments ( £<0.05). The same below
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Figure 1 Effects of straw treatment and rotary—till depth on soil water content and pH
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Figure 2 Effects of straw treatment and rotary—till depth on soil enzymes activity
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Figure 3 Principal component analysis of variations in soil physicochemical properties and enzymes activity
under straw treatments and rotary—till depth
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