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Effects of maize straw returning amount on soil enzyme activity, microbial biomass, and bacterial community
in lime concretion black soil

LIU Gaoyuan', HE Ailing', DU Jun', YANG Zhanping' , PAN Xiuyan®, XU Jidong’, ZHENG Nian®, ZHANG Yuting"

(1. Institute of Plant Nutrition and Environmental Resources, Henan Academy of Agricultural Sciences, Zhengzhou 450002, China;
2. Suiping Experimental Station of Agricultural Sciences, Zhumadian 463100, China)

Abstract: To investigate the effect of the amount of straw returning on the biological characteristics of lime concretion black soil, we used
the wheat—corn rotation system as a research object and analyzed the changes in the enzyme activity, microbial biomass, and bacterial
community of the soil under the conditions of 0(CK), 1/3(S3), 2/3(S6), and 100% (S9) returning amounts of maize straw. The results
showed that the S6 and S9 treatments significantly increased the contents of organic carbon (by 12.9% and 14.4%, respectively ), alkali-
hydrolyzable nitrogen (by 21.4% and 25.6%, respectively), available phosphorus (by 17.9% and 20.5%, respectively), and available
potassium (by 25.9% and 29.8%, respectively) in the soils. All the straw returning treatments significantly increased the activities of urease

and cellulase and the content of microbial biomass carbon by 22.5%~44.6%, 23.9%~52.1% and 16.6%~46.7%, respectively. Moreover, the
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S6 and S9 treatments significantly increased the xylanase activity (by 32.7% and 21.2%, respectively) and the content of microbial biomass
nitrogen (by 53.5% and 54.4%, respectively). Compared with the CK treatment, the S6 and S9 treatments significantly increased the
bacterial community diversity, whereas the S3 treatment did not. Actinobacteria, Proteobacteria, Acidobacteria, Chloroflexi, and Firmicutes
were the dominant bacterial phyla. The relative abundance of Acidobacteria significantly decreased by 2.6~4.7 percentage points under the
straw returning treatments, whereas the relative abundance of Proteobacteria significantly increased 3.8 and 4.9 percentage points under
the S6 and S9 treatments, respectively. Acidothermus, Bryobacter, and Bacillus were the dominant bacterial genera. The relative abundance
of Bacillus significantly increased by 1.2~2.9 percentage points under siraw returning treatments, whereas the relative abundance of
Bryobacter significantly decreased by 1.4 and 1.8 percentage points under the S6 and S9 treatments, respectively. The RDA result showed
that organic carbon, microbial biomass carbon, and urease were the key factors affecting the bacterial community. In conclusion, 2/3(6 000

kg« hm™) and 100% (9 000 kg - hm™) returning amounts of maize straw in lime concretion black soil can improve soil nutrients and

biological characteristics of soil. The returning amounts of maize straw can be selected according to local conditions.

Keywords : maize straw; straw returning; enzyme activity; bacterial diversity; microbial community; RDA
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Figure 1 Soil nutrient contents under different treatments
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Table 1 Soil enzyme activities under different treatments(U-g™")

T W RN ARWN W
Treatment Urease Cellulase Xylanase Laccase
CK 166.2+12.4b  11.7+0.9¢  5.2+0.19b  12.7+1.8a
S3 203.6+14.7a  14.5+1.4b  5.6+0.08b  15.9+2.6a
S6 240.4+23.3a  17.8+1.2a  6.9+047a  17.1+4.2a
S9 235.1+16.8a  16.6+1.6a  6.3+0.16a  16.7+3.7a

T : FSIARLING 7B R b PR 22 57 i 2 (P<0.05) » R IRl
Note: Different lowercase letters in the same column indicate

significant differences among treatments (P<0.05). The same below.

— 1036 —

ERNEEL/b - P PSP TE =
24 EXABFIEHEXN HIEMAE oSNNI

A) T K AH FFAA FH AL EE R A0 B a— 2 AR
FRAE (6 2) W, 55 CK AL FEAR He , R AR HH b B - 5
T FETE T 5 BEHE 80 (Chaol $850F1 ACE 4550 L &
FAAL, BIFRSFEAA B X = S 4 B T V5 =F 5 B2 1 5 M 4
/No BRI X T L RN R 7 2 AE P4 20 (Shannon 45

[=))
(=
(=]

[0 MBC a

| O MBN a _I_

b
& 0O UL

- —_— — a

W
(=
(=]

B
(]
(=]

A\

40 F b
30
20 F
10 +

LIEBEY Y

Soil microbial biomass/( mg* kg‘1 )

CK S3 S6 S9
Qb FE Treatment
MBC A1 MBN 3 Al My A Wy e Wi . T A
MBC and MBN represent microbial biomass carbon and nitrogen ,
respectively. The same below

2 AEAMETHERMEMENSHR ENERSE
Figure 2 Contents of soil microbial biomass C and N under

different treatments

http://www.aed.org.cn



XA , A5 - FORAE AT T i X 0 28 38 I 1k AU 0 A i R A TR R 7 B 2 )

20224F9 H

A1 Simpson 850 > Uk, 5 CKARIEAH FL , S6 11 S9 4b
PH Shannon 8 250 0. 3 T+ 57 . Simpson $56 550 0 2 T [, B
2/3 1 100% K FEFFIA H 25 i 25 4w 7 340 e
HEVE ZAEPE. e mT D0 RS T3 HO6 3R s A5 =F
BRI TG A FRAA i — e R L B R
e IR R I 2
2.5 EAXFEFIFHEN HIEMEEEEMNOTN

XF AT VR AL 1KE B 74028, 4 b B
IEAH 304, X FEE=1% BT 1H 94 (F 3), I
HRCZR AT ] TR ) JRRAT AT ] 25 AT ) R SR BE TR
FTRAOESTT, M B b 87.290~89.4% ., 5 CK Ab#f
FH LG, RS AT A FH AR PR N TR A B T TR 2 B AR T
2.6~4. T4 43 55, S6 F1 SO Ab B R AR T B 1) AH X =
A3 B E N T 3.8, 4.9 E 43 p, AN R AR 3T oA
MV Z R FEEEFIANRE . X o
M, 4 BRI 637 48 Hih AR 1 8 A EC AT
P JE 2R R i E o s (B 4) . 5 CK AL BEAH
LU, R AT A AR BT 2R R0 P ARG = B 2 T
1.2~2.9 4N F 43 1, S6 1S9 b F T A7 FCAT B & AH Xt 3=
JE 43 B B RRAR T 1.4 1 1.8 /1N 435, AN ) b 33 4
1% O J AR 2 25 e R B

AN T) e KRS A A8 FH AL HL R - 398 400 R R 2
1 OTU K bR B 2 2 48 R 70 Bt (NMDS ) 25
([ 5)FM, 5 CK AL FRAR L, F P4 H AL 2R 8 52 0
T AN REIE LA, R R T AN R A B T 2 ) 2
P o Hirp,S6 SO Ab HE - HE 4 B B V5 25 ] 45 4 A8 1k
HERE—3, H S CKAR P22 A0 K
26 TEAFRBHEARSHEEFZEANXR

P& 6 A AN ] 5 Kl FF 348 FH Ak BT 4 398 400 R B
VA S 5 B T RDA 25 51, WA HE 7 i 2L i B
T 81.8% - IRAM I AL 22 5% . Hor 5 —HE)F
Hh ST ER AR 69.2% H. % (F=13.93, P<0.05) 500 1
AN TR LN, R T AN PR AL 7
A MLk (F=6.42, P<0.05) 25 90 A W Bk (F=5.51,
P<0.05) IR (F=4.85, P<0.05) B 540 , FLA# B Ak

1001
O HAth Others

O IFFE ] Bacteroidetes

0O wps-2

O 8 # [ ] Planctomycetes

O ZFHAEEET ] Gemmatimonadetes
@ JEEET ] Firmicutes

O 2455 ] Chloroflexi

O BRATE#T ] Acidobacteria

B 2] Proteobacteria

W R T ] Actinobacteria

801

60

401

FHXF = Relative abundance/%

201

CK S3 S6 S9
Kb P Treatment

3 AEAET TR EEEIKE LA EE
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Table 2 Soil bacterial a—diversity under different treatments

b FH EEF5HL Richness index ZREEFE S Diversity index
Treatment Chaol ACE Shannon Simpson
CK 2 080.9+324.5a 2 050.5+154.3a 5.72+0.02b 0.007 8+0.000 3a
S3 2 101.7+217.4a 2 081.7+162.9a 5.73+0.03b 0.007 6+0.000 2a
S6 2 106.9+396.7a 2121.1+241.8a 5.78+0.02a 0.007 1+0.000 1b
S9 2 108.8+417.2a 2 118.5+187.4a 5.81+0.02a 0.007 0+0.000 2b
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Figure 5 The NMDS of soil bacterial community structure at OTU

level under different treatments
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alkali-hydrolyzable nitrogen , available phosphorus, and available
potassium, respectively. The blue and red arrows indicate the distribution
of soil environmental factors and bacterial communities , respectively
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