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Abstract: In dryland regions, conservation tillage has the advantages of reducing soil erosion, maintaining soil structure, improving soil
physical and chemical properties, and promoting microbial reproduction, compared with traditional farming methods. Up to now, the
effect of long-term conservation tillage on soil prokaryotic microbial community has not been adequately reported for the China’s Loess
Plateau region. To understand the effects of long-term conservation tillage on soil prokaryotic microbial community diversity and soil
fertility in dryland wheat fields on the Loess Plateau, the Illumina Hiseq 2500 high-throughput sequencing and physicochemical test
methods were used to analyze the effects of different tillage measures on soil physical and chemical properties and the diversity of soil
prokaryotic microbial community in the wheat fields in Linfen City, Shanxi Province. Tillage measures adopted in the study area for 26
years included no-tillage with stubble (NTS), no-tillage with stubble after subsoiling (SNTS) and traditional tillage (TT1). The results
showed that: 1) while soil contents of total nitrogen, available nitrogen, available phosphorus, available potassium, and soil water storage
capacity and water content under NTS and SNTS treatments were significantly higher than those under TT1, soil pH under NTS and
SNTS was lower than that under TT1. NTS and SNTS treatments reduced soil bulk density in the 0—10 cm soil layer, but increased it in
10-20 cm soil layer compared with TT1 treatment. Meanwhile, SNTS treatment significantly increased soil organic matter content. 2)
The results of the Illumina Hiseq high-throughput 16S rRNA gene sequencing in area V4 indicated that: SNTS treatment significantly
reduced the relative abundance of Chloroflexi, compared with TT1 treatment. NTS treatment significantly reduced the relative abun-
dance of Verrucomicrobia and Chloroflexi, compared with SNTS treatment. NTS treatment significantly increased the diversity of soil
prokaryote community, but not significantly changed the abundance of prokaryote community. SNTS treatment not significantly changed
the diversity and richness of prokaryote community. Biomarkers under NTS treatment were higher than under other treatments. The rela-
tive abundance of other prokaryotes at the phylum division was not significantly different among three treatments. 3) UPGMA analysis
showed that prokaryote community structures of NTS and SNTS were significantly different from those of TT1, and the differences be-
tween NTS and SNTS were small. 4) CCA analysis showed that soil pH, contents of organic matter, available nitrogen, available phos-
phorus and available potassium were important for changes in genetic diversity of soil prokaryote communities. Although NTS and
SNTS treatments could change soil prokaryotic microbiome structure greatly, there was still structural similarity among the soil prokary-
otic microbiomes among three treatments. To sum up, long-term conservation tillage had obvious positive effects on soil microbial diver-
sity, richness and soil fertility in dryland wheat fields on the Loess Plateau.

Keywords: Conservation tillage; No-tillage with stubble; No-tillage with stubble after subsoiling; High-throughput sequencing; Soil

prokaryotic microbiome
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TT1 TT1
SPSS 20.0 , ,NTS SNTS ,3
R , Canoco NTS>SNTS>TTI1; 0~10
cm TTI>NTS>SNTS, 10~20 cm
N NTS>SNTS>TT1 s
2 HERELHH
b
2.1 ,
1 , 0~20 cm , NTS pH,
SNTS 2 ; , ,
TT1 , pH , 0~10 cm ,
TT1, SNTS NTS 10~20 cm
z1 KEFTEAMEARXNTLIEMELMER
Table 1  Soil physical-chemical characteristics under different long-term tillage treatments
rani . Soil bulk density
pH Organic Total N Available N Available P Available K Soil water content (%) (gem™)
Treatment matter (ek ,1) (ma'k ,1) (mg'k ,1) (ma'k ,1) g
(gke™ 858 EXE E%e EXE 0~10cm  10~20cm  0~10cm  10~20 cm
NTS 8.32+0.01a 18.12+0.45a 1.08+0.01b 91.00+7.00b 63.30+3.25b 368.54+20.15b  9.47+£1.69b 15.454+2.44b 1.2240.29a 1.46+0.47b
SNTS 8.33+0.00a 24.08+£1.99b 1.14+0.03b 86.33+2.33b 75.80+1.07b 326.13+£11.62b  8.56+1.20b 14.95+2.58b 1.214+0.20a 1.44+0.48b
TT1 8.46+0.02b 14.91+0.61a 0.77+0.02a 58.33+2.33a 49.87+1.48a 220.05+10.12a  7.08+1.35a 8.89+1.61a 1.30+0.35b 1.34+0.41a
(P<0.05) NTS: ; SNTS: ; TTI: Different lowercase letters in the

same column indicate significant differences at 0.05 level. NTS: no-tillage with stubble; SNTS: no-tillage with stubble after subsoiling; TT1: tradi-

tional tillage.

2.2 7.60% 3
3 , TT1 NTS
, OTU 5138 , TTl  SNTS OTU
( OTUs ), , 5010 , NTS SNTS OTU ,
, 5271
1 1 , 2.4
, OTU, ,
, 3 3 , 3
3 ,
S 10 (Proteobacteria,
31.45%) (Acidobacteria, 16.51%)
2.3 (Actinobacteria, 14.94%) (Firmicutes,
3.69%) (Bacteroidetes, 8.74%)
OTU (Gemmatimonadetes, 6.51%)
2 , 3 9235 OTU, (Planctomycetes, 3.09%) (Thaumarchaeota,
OTU 4 466, OTU 2.87%) (Verrucomicrobia, 3.08%)
48.36% , NTS 7257 OTU, SNTS (Chloroflexi, 2.65%),
6547 OTU, TT1 6384 OTU NTS 92.43%~93.84% ,
OTU 1314 | OTU 14.23%; , 3
SNTS oTu 732 OTU 10% , NTS 3
7.93%; TT1 oTu 702 OTU 34.24% 13.23% 14.06%, SNTS 28.02%
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Fig. 1 Soil bacterial rarefaction curves under different long
term tillage treatments

NTS: ; SNTS: ; TT1:
NTS: no-tillage with stubble; SNTS: no-tillage with stubble after
subsoiling; TT1: traditional tillage.

NTS TT1

SNTS

2 KATRREHEA X T LIBEZMEY Venn
Fig.2 OTUs Venn of soil bacteria in the soil samples under
different long term tillage treatments

NTS: ; SNTS: ; TT1:
NTS: no-tillage with stubble; SNTS: no-tillage with stubble after
subsoiling; TT1: traditional tillage.

18.48% 17.02%, TT1 32.07% 17.83%
13.73% )3
(P>0.05) 7
: 10.0%
, NTS  SNTS
(P<0.05),
NTS SNTS NTS TTI
(P<0.05) ,
3
, 6.47%

> 5 ~
&L <
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FERYE BB FEE
Fig. 3 Soil bacterial community composition and relative
abundance at phylum level under different long term tillage
treatments
NTS: ; SNTS: ; TT1:

NTS: no-tillage with stubble; SNTS: no-tillage with stubble after
subsoiling; TT1: traditional tillage.

4 ,3
5.0%,
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TT1 ,
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£ Others
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Fig. 4 Soil bacterial community composition and relative
abundance at genus level under different long term tillage
treatments
TT1: ; NTS: ; SNTS: TTI:
traditional tillage; NTS: no-tillage with stubble; SNTS: no-tillage
with stubble after subsoiling; TT1: traditional tillage.
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Qiime Unifrac , 22
Weighted Unifrac UPGMA , 3
2.5
( 95 ,3 2 Chaol ACE ,
, NTS SNTS ;
s ,TT1 Shannon Simpson
Shannon
s s 4 , Simpson ; Coverage
[20-22]
TT1
2
2 , 3
NTS 98% ,
Chaol ACE Shannon Simpson
SNTS
, 3
: NTS>SNTS>TT1 ,3
0" 04 ' 0.66 Chaol ACE

Weighted unifrac distance

B 5 KHFARHMEAR T LIERGREMESZRER 25
Fig. 5 Similarity tree of soil bacterial communities under
different long term tillage treatments > ;
NTS: ; SNTS: ; TT1:
NTS: no-tillage with stubble; SNTS: no-tillage with stubble after
subsoiling; TT1: traditional tillage.

#2 KHATRAHEAXN T LEERHEMRZNS 1S

Table 2 Diversity and richness of soil bacteria communities under different long term tillage treatments

Chaol ACE Shannon Simpson
Treatment Chaol index ACE index Shannon index Simpson index Good’s-coverage
NTS 5839.393 0+£592.538 8a 6241.998 0+730.496 8a 10.286 7+0.023 4b 0.996 4+0.000 6b 0.980 8+0.004 0a
SNTS 5033.266 0+171.921 9a 5325.330 3+203.092 8a 9.961 1£0.099 6a 0.996 5+0.000 4a 0.985 0+0.001 Oa
TT1 4897.630 7+31.920 0a 5159.809 3+35.957 2a 9.925 1+0.047 9a 0.997 9+0.000 Oa 0.985 7+0.000 3a
(P<0.05) NTS: ; SNTS: ; TTI: Different lowercase letters in the

same column indicate significant differences at 0.05 level. NTS: no-tillage with stubble; SNTS: no-tillage with stubble after subsoiling; TT1: tradi-
tional tillage.

2.6 Steroidobscte 2 , NTS
Sphingomonas Estrella
LEfSe , Pontibacter 3

Biomarker, 2.7

[23]
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Biomarker, NTS [24-25]
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TT1 1 ( ) ,
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Fig. 6 Histogram (A) and cladogram (B) based on LEfSe analysis of soil bacterial communities under different long term tillage treatments
NTS: ; SNTS: ; TTIL: NTS: no-tillage with stubble; SNTS: no-tillage with stubble after subsoiling;
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TT1: traditional tillage.
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Fig. 7 Canonical correspondence analysis (CCA) ordination NIV
biplot between bacterial community structure and soil environ- 3 itig
mental factors at phylum level under different long term tillage [26]
treatments
TN AN AP AK OM Dolan " Filho P¥ ,
NTS: ; SNTS: 26
; TTI: TN, AN, AP, AK and OM represented total 0~20
N, available N, available P, available K and organic matter, respec- ’ ~ cm
tively. NTS: no-tillage with stubble; SNTS: no-tillage with stubble R
after subsoiling; TT1: traditional tillage.
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