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Effects of no-tillage and different stover mulching amounts on soil microbial community and microbial resi-
due in the Mollisols of China. LYU Fuze'>’, YANG Yali'?*, BAO Xuelian'’, ZHANG Changren*, ZHENG
Tiantian' , HE Hongbo'®, ZHANG Xudong'*, XIE Hongtu' ('Institute of Applied Ecology, Chinese Academy of
Sciences , Shenyang 110016, China; *>University of Chinese Academy of Sciences , Beijing 100049, China; °Liaoning
Province Key Laboratory of Conservation Tillage and Ecological Agriculture, Shenyang 110016, China; *College of
Geographical Sciences, Liaoning Normal University, Dalian 116029, Liaoning, China).

Abstract: To investigate the effects of no-tillage and different amounts of stover mulch on soil microbial community
composition and their residues, we set up a field experiment of different amounts of stover mulch under no-tillage on
the long-term maize conservation tillage station located in the Mollisols area of Northeast China (built in 2007) ,
including without stover mulch (NTO), 1/3 stover mulch (NT1/3), 2/3 stover mulch (NT2/3) and full stover
mulch (NT3/3), and the conservation tillage ( plowing without stover mulch, CT) as control. We analyzed phos-
pholipid fatty acid, amino sugar biomarker and soil physicochemical properties at different soil layers (0-5 cm, 5-
10 em, 10-20 cm). The results showed that compared to CT, no-tillage without stover mulch (NTO) did not affect
soil organic carbon (SOC) , total nitrogen (TN) , dissolved organic carbon and nitrogen ( DOC, DON) , water con-
tent, microbial community and their residue. The main effects of no-tillage and stover mulch were found in the top-
soil. Specifically, the NT1/3, NT2/3 and NT3/3 significantly increased SOC content by 27.2%, 34.1% and
35.6% , respectively, phospholipid fatty acid content was significantly increased under NT2/3 and NT3/3 by 39.2%
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and 65.0%, respectively, and NT3/3 significantly increased the content of microbial residue-amino sugar by 47.2%
in the depth of 0—5 em compared with CT. The variations in soil properties and microbial community induced by no-
tillage and different amounts stover mulch decreased with soil depth, with almost no difference in the 5-20 cm soil
layer. SOC, TN, DOC, DON, and water content were the main factors influencing the composition of the microbial
community and the accumulation of microbial residue. Microbial biomass was positively correlated with microbial
residue, particularly fungal residue. In conclusion, all stover mulch treatments promoted SOC accumulation to dif-
ferent degrees. When there is sufficient stover, it is advisable to opt for no-tillage with full stover mulch, as it is
most conducive to the increases of soil microbial biomass, microbial residue and SOC. In case when the amount of
stover is inadequate, however, no-tillage with 2/3 stover mulch can still improve soil microbial biomass and SOC
content. This study would provide practical guidance for stover management in conservation tillage and sustainable

agricultural development in the Mollisols area of Northeast China.

Key words: amount of stover mulch; soil organic carbon; microbial biomass; microbial residue.
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Table 1 Microbial group assignments of phospholipids fat-
ty acid (PLFA) biomarkers

WE IR IR

Microbial group Biomarkers

B2 B 140 is0; 15:0 iso; 15; 0 anteiso; 15: 1 iso

Cram—p()silive bacteria (C*) wb6e;16:0 is0;17:0 iso; 17:0 anteiso; 17; 1
iso w9¢

B2 [ A 16:1 w7c;16:1 w9e; 17:1 w8c; 17:0 cyclo

w7c¢;18: 1 wSe;18:1 w7¢;19:0 cyclo w7c;
19:0 cyclo w9¢;21:1 w3e

Gram-negative bacteria (G~)

B RARECE 16:1 we

Arbuscular  mycorthizal ~ fungi

(AMF)

e e VAN ) 18:1 w9c;18:2 woc

Saprophytic fungi (SF)/fungi

A 16:0 10-methyl ;171 w7c 10-methyl ;170 10-

Actinomycetes methyl; 18:0 10-methyl;18:1 w7¢ 10-methyl
HAth 2 15:0 DMA; 14;0;15.0;16;0;17.0;18;0;
Other bacteria 20.0
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Table 2 Soil physicochemical properties under different tillage modes

L7 G5 L <IN S ER BAEIL RN AR ESA SR pH FKE

Soil layer Treatment Soil Total N C/N Dissolved Dissolved NH,*-N NO,™-N Water

(cm) organic_? (g-kg™h) mrgani(',_CI organic E\Jl (mg-kg™") (mg-kg™h) content

(g-ke™) (mg-kg™) (mg-kg™) (%)

0~5 CT 13.8+0.5b 1.3£0.1c 10.4+0.2b  101.9+8.7ab  4.7x1.1b 11.6+0.6b 11.6+1.4a 7.2£0.1a 18.0+0.6b
NTO 14.5+0.6b 1.420.1¢ 10.5+0.2b  118.1x19.2a  7.5x1.4ab 12.0+0.7ab  15.8+1.3a 7.3£0.4a 18.0+0.3b
NT1/3 17.5+0.6a 1.8+0.0ab 9.7£0.1¢ 98.8+11.2ab 15.2+1.7a 12.8+0.3ab  20.4+6.2a 6.6+0.3a 18.0+0.8b
NT2/3 18.5+0.6a 2.0+0.1a 9.4+0.1c 75.2+4.5b 12.5+3.3ab 13.7+0.8a 16.3+2.4a 6.5+0.2a 18.0+1.2b
NT3/3 18.7+0.3a 1.7+0.0b 11.0+0.1a  121.6+5.6a 10.6+4.2ab 11.9+0.5ab  16.9+5.8a 7.0£0.2a 23.0+0.2a

5~10 CT 13.2+0.4a 1.3£0.0a 10.2+0.1ab  88.8+15.6ab  7.9x1.6a 11.8+0.2a 22.1+4.6a 7.3£0.3a 22.0+0.6a
NTO 12.2+0.1a 1.2+0.0a 10.1+0.2b 99.7+13.6a  4.8+0.9a 11.3+0.4a 12.7+1.4a 7.3£0.5a 20.0+0.2b
NT1/3 12.7£0.5a 1.2£0.0a 10.4£0.2ab  62.0+7.4b 9.3+2.8a 12.1+0.4a 22.9+4.1a 6.7£0.3a 21.0+0.2ab
NT2/3 13.0£0.4a 1.2+0.0a 10.6+0.2a 56.4+11.3b  13.4+6.3a 11.9+0.6a 17.3+3.9a 6.9+0.1a 21.0+0.4ab
NT3/3 12.9+0.5a 1.3£0.0a 10.3+0.1ab  104.7+9.1a 4.1+1.5a 10.9+0.4a 18.1+2.1a 7.5£0.1a 22.0+0.2a

10~20 CT 12.2+0.4a 1.1£0.0ab 10.7£0.5a 70.2+12.4a  6.0x1.7a 10.6+0.2b 16.3+1.2a 7.8+0.0a 22.0£0.2a
NTO 11.6+0.2a 1.1£0.0ab 10.3+0.1a  104.6+14.0a  5.7+1.0a 11.1+0.1ab  17.3x1.5a 7.2£0.2b 22.0+1.7a
NT1/3 11.5+0.1a 1.1+0.0ab 10.1+0.3a 62.8+7.4a 9.1£3.2a 10.2+0.2b 27.5+4.2a 7.3£0.1b 21.0+0.2a
NT2/3 11.8+0.3a 1.1+0.0b 10.8+0.2a 64.3+4.8a 11.1+4.2a 11.6+0.6a 21.6+5.7a 7.5£0.0b 21.0+0.5a
NT3/3 12.0£0.4a 1.2£0.0a 10.3+0.4a  131.3+43.9a  3.7x1.6a 10.9£0.1ab  18.8+3.0a 7.2+0.1b 21.0£0.4a

CT: fEGHHE Conservation tillage; NTO. H#i+ RS 35 No-tillage without stover mulch; NT1/3: %+ 1/3 5 # 7 238 H No-tillage with 1/3
stover mulch; NT2/3. f#f+2/3 F5 #7735 34 H No-tillage with 2/3 stover mulch; NT3/3 . S+ #5774 3518 H No-tillage with full stover mulch.
[A]— 4 J2 R F A ) 71 2 7R Ak R A) 22 57 i 2 ( P<0.05) Different letters in the same column indicated significant difference among treatments in the

same soil layer at 0.05 level. T [F] The same below.
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Fig.1 Soil phospholipid fatty acid (PLFA) contents under different tillage modes.

CT. fE4#HE Conservation tillage; NTO. T+ TR AT 5 No-tillage without stover mulch; NT1/3, e dk+1/3 FEFT 7 558 No-tillage with 1/3
stover mulch; NT2/3. S bE+2/3 FE AT 54 H No-tillage with 2/3 stover mulch; NT3/3, S Bk + SRS FF A 554 No-tillage with full stover mulch.
TPLFA . #AENE T R Bt Total phospholipid fatty acid; Ba: 4 # Bacteria; Fu: L Fungi; Ac: TR R Actinomycetes; G* . 2 TG PR AN
Gram-positive bacteria; G~ : 2 G B EA Gram-negative bacteria; AMF; M EL# Arbuscular mycorrhizal fungi; SF. A ELR Saprophytic
fungi. [ri]— - J2 AN [R) F ) e on b B ) 22 57 B 3 ( P<0.05) Different letters indicated significant difference among treatments in the same soil layer at 0.05

level. T[] The same below.
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Fig.4 Redundancy analysis (RDA) of soil phospholipid fatty acids and soil physicochemical properties under different tillage modes.
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Table 3 Correlation coefficients of microbial community structure and soil physicochemical properties
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organic C organic N
0~5 039" " 024" 0.11 0.06 -0.03 -0.05 -0.14 0.04 030" "
5~10 0.07 -0.05 0.27** 0.13* -0.03 -0.10 -0.14 -0.01 0.00
10~20 0.05 0.01 0.04 0.10 -0.05 -0.10 -0.06 -0.02 -0.06
#* P<0.05; * % P<0.01. [[A] The same below.
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Fig.5 Redundancy analysis (RDA) of soil amino sugars and soil physicochemical properties under different tillage modes.
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Table 4 Correlation coefficients of microbial residues and soil physicochemical properties
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