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Abstract: [ Objective ] In this study, effects of dry-wet alternation on diversity, abundance and structure of the soil microbial
community in the black soil of a long-term stationary field experiment in Dehui of Jilin on tillage modes, no-tillage or ridge

tillage, were investigated. So far few reports were detected in the literature about responses of the soil microbial community in the

* R ARBIFIELL T H (41401332 ) FIIL T4 A SRFF2= I 41140 #5501 H ( 20170540794 ) %5 Bl Supported by the National Natural Science
Foundation of China ( No. 41401332 ) and the Natural Science Foundation of Liaoning ( No. 20170540794 )

+ MIRA/E# Corresponding author, E-mail: zhangbin84@yeah.net
EHRIA: R 28 (1993—), 5B, WTamA, BiHisnd:, FENSE LIS H AR . E-mail: 505062917@qq.com
Wk B3 2018-08-23; W EIMEECH HIW: 2018-11-08; fiib iR B ( www.cnkinet): 2018-11-26

http://pedologica.issas.ac.cn



13 K AR AR 2T B b Gl MR 0 R S B i 207

soil subjected to drying-wetting alternation under no-tillage or ridge tillage. In this paper, soil samples were collected for analysis
by means of high-throughput sequencing in laboratory. This research was expected to be of great significance to prediction of
impacts of drought on soil functions under different tillage practices. [ Method ] No-tillage and ridge tillage plots in the field
experiment had been cultivated with maize (Zea mays L.) for 13 years. Soil samples were collected with a T sampler, ground to
pass a 4-mm sieve, and then packed separately into PVC pipes with a sealing film at the bottom of each pipe to make the soil in
the pipe the same in bulk density as that in the plot under no-tillage or ridge tillage. The amount of soil packed into the pipe for
no-tillage was 115.75 g and for ridge tillage, 113.04 g. Five dry-wet treatments different in frequency and intensity were designed
and implemented: (1) CK as control; (2) MDW1, one round of moderate dry-wet alternation; (3) VDW1, one round of very
dry-wet alternation; (4) MDW3, three rounds of moderate dry-wet alternation; and (5) VDW3, three rounds of very dry-wet
alternation. Soil microbial communities were investigated by means of [llumina Miseq sequencing. Soil available phosphorus and
available potassium were determined with conventional analysis methods. Soil pH was determined with a composite electrode.
And soil water ratio was set as 1: 5. For measuring carbon and nitrogen, a part of each treated soil sample was ground to pass a
0.85 mm sieve. Total carbon and total nitrogen of the soils were determined with the Vario Max produced by the German
Elementar Company. [ Result ] Results show that dry-wet alternation significantly reduced microbial diversity in the soils under
no-tillage, and the effect was amplified with rising frequency and intensity of the dry-wet alternation. However, dry-wet
alternation did not affect microbial diversity in the soils under ridge tillage. Compared to the control, the treatments under dry-wet
alternation significantly increased the relative abundances of Planctomycetes and Verrucomicrobia in the soils under no-tillage
and significantly reduced the relative abundances of Saccharibacteria and Parcubacteria in the soils under either no-tillage or
ridge tillage, and increased the relative abundance of Gemmatimonadetes in the soils under ridge-tillage. Relative abundances of
Proteobacteria and Acidobacteria were significantly lower in the soils under ridge tillage than in the soil under no-tillage, while
that of Actinobacteria was significantly higher in the soils under ridge tillage. Relative abundances of Firmicutes and phyla in the

“Others” did not vary much between the two tillage modes. Frequency of dry-wet alternation did affect structure of the soil
microbial community. However, intensity of drought in the treatments did not have much effect on structure of the soil microbial
community. So soil microbial community structure is significantly altered by frequency of the alternation, but not by intensity of
the drought in the dry-wet alternation. Redundancy analysis was conducted with available phosphorus, readily available
potassium, total N, total C and pH of soil as explanatory variables and 11 phyla of microbes in the soils under no-tillage and ridge
tillage as response variables. Readily available potassium was the main environmental factor affecting the distribution and
quantity of soil microorganisms. [ Conclusion ] Dry-wet alternation has certain significant effects on soil microbial communities,
but such effects are dependent on tillage practices and frequency of the dry-wet alternation. This study is expected to provide a
theoretical basis for predicting effects of arid climate on soil ecological functions.

Key words: Tillage practice; Dry-wet alternation; Soil microbial community; Black soil; Illumina Miseq sequencing
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PVC & A 250 mL B85 FEM A, 0 s
1A 2D 7K 4328 S i [R) s A s IR 48025 1. BRI T
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Isolation Kit i3 & ( Mo Bio %], £H ), XA 1%
B R ARHEE S B UK A1 Nanodrop 2000 43566 BE T4
JIrEEH DNA 1 e, K5 T —20°CAIRALE .

XA E 16s rRNA ) V3-V4 X I i#E47 PCR P71,
fr 151 ¥ 2 338F (5-ACTCCTACGGGAGGCAGC
AG-3" )1 806R( 5’-GGACTACHVGGG TWTCTAAT-
3’ ). PCR Wi fA& R (25 uL ) 434§ 2.5 uL 10xPyrobest
Buffer, 2 pL dNTPs (5 mmol-L™"), 1 uL 338F/806R
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A 30s, 55°CIEK 30s, 72°CHEfH 60s, 25 ME
s 72°CHE{H 10 min.
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R IMREAR, P SRGAE P AR 3 B A R R e 3
WK T R —Be /K A T P 3K 3] 55.9%( Saccharibacteria )

F1 89.3% ( Parcubacteria ). ##k 1 33 dr JSE BE B[]
( Firmicutes ) S AW TAOAIXT F AR L ANH & .

F1 TREFERELEN %M NZIE L RIB U RAFME

Table 1 Effect of drying and wetting alternation on soil physical and chemical properties under no-tillage or ridge tillage

‘ Eoes) e B Available HELHN Readily
G (iE b3
pH Total nitrogen Total carbon phosphorus available potassium /
Tillage mode Treatment
/ (gkg') / (gkg') / (mgkg") (mg-kg!)
CK 4.9+0.1a 1.6+0.6a 20.3+0.7a 83.3+5.6a 261.4+4.2a
- MDWI 4.9+0.3a 1.6+0.6a 20.2+0.9a 86.6+7.6a 249.5+3.2b
VDW1 4.9+0.3a 1.7£0.3a 20.54+0.5a 88.2+7.7a 233.146.5¢
No-tillage
MDW3 4.9+0.3a 1.7+0.6a 21.2+0.9a 88.6+4.5a 220.7+4.6d
VDW3 4.9+0.9a 1.7+0.6a 20.6+0.3a 89.3+5.9a 205.1+3.9¢
CK 5.2+0.9a 1.6+0.6a 20.6+0.3a 91.3+3.3a 168.4+3.1a
MDWI 5.3+0.5a 1.6+0.1a 20.6+0.2a 92.2+4.5a 159.4+5.3b
&1k
VDW1 5.2+0.7a 1.6+0.5a 20.440.5a 89.2+5.2a 155.8+2.4bc
Ridge tillage
MDW3 5.2+0.6a 1.6+0.2a 20.7+0.3a 94.7+10.4a 152.1+2.3¢
VDW3 5.2+0.6a 1.6+0.5a 20.6+0.6a 95.4+3.7a 144.3+2.2d

TE: CK, Xff; MDWI, 1 X &T R —POKIEN; VDWIL, 1 TR —50KIEH; MDW3, 3 (Rt &T R —PeKIE¥; VDW3,
3T R —VAKIEIR o R FI AR NG B R iz B Oy U] T &% b B 22 53 3% (P<0.05), T ¥{H )& M M B+ s % . T IA . Note:
CK, Control; MDWI1, one round of moderate dry-wet alternation; VDW1, one round of extreme dry-wet alternation; M DW3, three rounds
of moderate dry-wet alternation; VDW3, three rounds of extreme dry-wet alternation. Different lowercase letters in the same row indicate

significant difference between treatments ( P<0.05 ), means + standard deviations. The same below.

®2 FREFEXRBAENGHMEZELRMEYS HFERTM

Table 2 Effects of drying and wetting alternation on soil microbial alpha diversity in the soil under no-tillage or ridge tillage

f#F No-tillage ZE4F Ridge-tillage

b3
Chaol #5%k AR F R Chaol 54X AR S
Treatment

Chaolindex Shannon index Strip number Chaolindex Shannon index Strip number
CK 830+1a 7.0+£0.2a 26 103+5 704ab 1 145+11a 7.740.1a 3379648 115a
MDW1 793+13bc 6.6+0.2b 33 02046 894a 1 145+13a 7.4+0.6a 26 969+4 665a
VDW1 797+9bc 6.4+0.1bc 25 198+3 521b 1 147+9a 7.4+0.2a 30 20743 602a
MDW3 817+27ab 6.4+0.1bc 26 91144 599ab 1 119+27ab 7.3+0.4a 23 78645 125a
VDW3 774+4¢ 6.3£0.2¢ 22 805+1 820b 1 090+4b 7.1+0.3a 27 26544 724a

ZENE - A A B S T E O AE T 1K R AE
XPEEAWE b s . BAF LR AR R
( Proteobacteria ) FIFZFTEEI ] ( Acidobacteria ) [AHXT
FE I T A B (P<0.05 ), TR R T
( Actinobacteria ) Y A X 4 B B 2 & T 0 Bk -
(P<0.05 ). Z£JEH1] ( Proteobacteria ) £ Z21E+HE Y

AR F B, T H AR 2 BEFE XS BRAR TR 1K
18 3 AT Dok Ab B iy . TS Ja 284 1
e Saccharibacteria [ ]l Parcubacteria [] (4 A X} 3= B
BETRE, MZFRMET] ( Gemmatimonadetes ) Y
X 2 4 . JREREB ] ( Firmicutes ) S oAb
[IREROE S AR A N R
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TEZEAE IR B 5 TR (14%~21% ). 5
XPHOA K, ZBAE L EDE AR R EE
( Sphingomonas ) F1 Groundwater metagenome B )& Fifi
TR AR B 003 R B 179 1 i AR X 3= BRI, i
TR ( Gemmatimonas ) W% T3S Hr A%
Ui B Ay S8 e A X F RN . WME R
( Rhizomicrobium ) %5 HAWH BB A B .

[ Other

B Parcubacteria

B Verrucomicrobia
[[] Planctomycetes
B Firmicutes

[ ] Gemmatimonadetes
B Saccharibacteria
Bl Bacteroidetes

B Chloroflexi

] Actinobacteria
B Acidobacteria
[ Proteobacteria

0 0
CK MDW1 VDWI MDW3 VDW3 CK  MDWI VDWI MDW3 VDW3
Qb ¥ Treatment Qb ¥R Treatment
a) b)
K1 R TR B Seft (a) FIZEME (b)) LIERUEYITET 1KF B ROARRS 32
Fig. 1 Relative abundance of soil microorganisms at the phylum level in the soil under no-tillage (a) or ridge tillage (b ) relative to dry-wet
treatments
100
.Other 100
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< 60 .I)yella =3 Rhizomicrobium
g Rhizomicrobium -% 60 . Groundwater metagenome
% 50 .Bryobacler g 50 |:| Bryobacter
- |:|Pseudolabrys E . Pseudolabrys
& 40 .Gemmaﬁm()nax &) 40 . Dyella
i 30 .Granulicella iy 30 .Acidobacterium
;Hi .Mizugakiibacter 4 . Gemmatimonas
g; 20 [H4cidobacterium = 20 W Sphingomonas
= 10 =A:'J[;l:;n§;l:—tlzzas = 10 . Unidentified
0
CK MDWI1 VDW1 MDW3 VDW3 CK MDWI VDW1MDW3VDW3
AbFiTreatment b ¥ Treatment
a) b)
2 ARTHRASR LS b (a) FIZEAE (b) IERUAYITEIE A BARXT F

Fig. 2 Relative abundance of soil microorganism at the genus level in the soil under no-tillage and ridge tillage relative to dry-wet treatments
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TEVE BOR2ME, A PEAOBF D7 280 J2 0 73 B JET S
2,

Hi1E 3w, Gk T oy A 4 R s

A (PC1) FIEE — 34y (PC2) MY TTHRR
SR 48.8%F1 13.9%, ZE4E+HE PC1 Al PC2 B 5T
HRRATH 36.6%H1 18.6% . Wi FhHE1E 5 X R i £ 4%
TR R XoF AN [] 1 5 Ak 38y i o7 R 5y —
Ho SXFRALL, TR R T A
WL REE LS, R R A b2 TR A
BRI FE B, 82 TR AC R 1 B A S M 4 /N o
1 IR T R—PKIERRA 3 KT R—K G A FE Y
TR E YIRS A B 2 5, SR E A R A3
RUEKIGHT , AR50 A0 5 Ak B 5 b 4 4 ek
A= YRR S5 R A AT B R

I LT( X CK
L o
2 FT* 2 AMDWI
- B ] o B | vowl
S X
& © © OMDWS3
8 g [JVDW3
=% =%
“1k A “1F
1
2L 2F é
v 4
1 1 1 1 1 1 1 1
2 -1 0 1 2 2 -1 0 1 2

PC1(48.8%)
a

PC1(36.6%)
b

K3 RSB ERPE (a) FIZBME (b) TIERUEVREEI T80t
Fig. 3 Principal component analysis of the soil microbial community in the soil under no-tillage (a) and ridge tillage (b) relative to dry-wet
treatments
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Fig. 4 Redundancy analysis of microbial communities in the soil under no-tillage (a) and ridge tillage (b) as explained by environmental factors
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