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Abstract: Soil micro-organisms constitute a significant part of soil fertility and play a critical role in maintaining soil ecological
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functions. Micro-organisms also are key indicators for soil quality and productivity. No-tillage and mulching cultivation indirectly
affect the composition of soil microbial community by changing plant physiological characteristics and root exudates. The two agro-
nomic practices can also improve soil environment by increasing the total amount of micro-organisms in the soil. By analyzing the
composition of soil microbial community under no-tillage, mulching and organic cultivation of winter wheat in the southern moun-
tain areas of Ningxia, the effects of agricultural management activities on soil microbial community structure and arbuscular mycor-
rhizal (AM) fungal diversity were determined in this paper. The study aimed at providing theoretical basis for the promotion of
long-term no-tillage, mulching cultivation, sustainable use of farmlands and maintenance of soil microbial diversity. Short-term test
on conservation tillage (no-tillage) was done for three consecutive years in Longde County, Guyuan. Four soil treatments were se-
lected including no-tillage and straw mulching without organic fertilizer application (NC), no-tillage and straw mulching with organic
fertilizer application (NF), traditional tillage and no-mulching without organic fertilizer application (TC) and traditional tillage and
no-mulching with organic fertilizer application (TF). By using Illumina Miseq high-throughput sequencing platform and phospholip-
id fatty acids (PLFAs) analysis methods, soil microbial community composition, AM fungi community composition and diversity and
soil environmental factors were analyzed after three years cultivation of winter wheat. The results showed that continuous no-tillage,
mulching and organic fertilizer application increased soil microbial community biomass characterized by PLFA. Traditional tillages
significantly improved microbial community biomass (P < 0.05) of gram-positive (G") and negative (G) bacteria in the soil. With
increasing years of management of no-tillage and straw mulching, soil AM fungi biomass significantly increased. Also biomass ratios
of 16:1w5c¢ neutral lipid (NLFA) to 16:1m5c phospholipid lipid (PLFA) significantly increased (P < 0.05). Under no-tillage and straw
mulching, the application of organic fertilizer increased soil AM fungi richness index (Chaol index and ACE index), but reduced soil
AM fungi diversity (Shannon index and Simpson index). The results of principal component analysis showed that biomass of AM
fungal spores (16:1®5 c neutral fat) was positively correlated with soil contents of organic matter, and easily extracted glomalin.
While AM fungi richness index was positively correlated with soil organic matter content, AM fungi diversity index was positively
correlated with soil total nitrogen content and urease activity. AM fungi richness and diversity were affected by soil physical and
chemical properties and soil biological differences. Also soil microbial biomass changed along with AM fungal diversity and richness.
It was concluded that no-tillage and straw mulching cultivation increased soil AM fungi diversity. The proportion of NLFA to PLFA
biomass of AM fungi was also significantly affected by the application of organic fertilizer, and changed distribution of biomass car-
bon between AM fungi spores and mycelium.

Keywords: No-tillage and straw mulching; Organic cultivation; Winter wheat; Microbial community; Arbuscular mycorrhizal

fungi (AMF); Environmental factors
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Table 1 Effects of continuous no-tillage, straw mulching and organic fertilizer application of winter wheat on soil microorganisms

communities
. . . / Gram positive Gram negative !
Year Treatment ](3:;:2‘; (}lj;ng%ll) Actzﬁ(;lzylc:)etes Fungi/bacteria bacteriaﬁ(ICﬁ) bacteriaﬁ(le) GG
(ngg) (hgg )

2015 NC 26.98+2.79a 8.56+1.16b 6.96+1.08a 0.32+0.02ab 8.76+1.07a 18.21+1.91a 0.48+0.04a
NF 30.53+3.77a 8.77+0.78ab  7.87+0.98a 0.29+0.02b 10.19£2.03a 20.34+1.95a 0.50+0.06a
TC 27.88+3.60a 8.24+0.95b 7.76+1.39a 0.30+0.01b 9.45+1.31a 18.43+2.34a 0.51+0.02a
TF 28.94+5.57a  10.25+0.86a 8.50+0.84a 0.36+0.05a 10.14+1.18a 18.88+4.74a 0.54+0.14a

2017 NC 31.67+2.74ab  6.29+0.48b 7.59+0.38ab 0.20+0.20a 14.43+1.37ab 17.24+1.68b 0.84+0.07ab
NF 29.59+5.90b 6.63+1.68ab  7.35+1.52b 0.22+0.01a 12.99+2.55b 16.60+3.38b 0.78+0.03bc
TC 32.22+3.80ab  6.47+0.38ab  7.50+0.26ab 0.20+0.02a 15.18+2.79a 17.04+1.55b 0.89+0.13a
TF 36.21+5.60a 7.75+1.18a 8.48+0.91a 0.22+0.01a 15.62+3.39a 20.59+2.61a 0.76+0.07¢

0.05 NC: ; NF: ; TC:
; TF: Different lowercase letters indicate significant differences among treatments at 0.05 level. NC: no-tillage and

straw mulching without organic fertilizer application; NF: no-tillage and straw mulching with organic fertilizer application; TC: traditional tillage and
no-mulching without organic fertilizer application; TF: traditional tillage and no-mulching with organic fertilizer application.

2.2 AM s 16:1w5¢
(NLFA)/PLFA ,
2 , AM TC>TF NC>NF
AM PLFA 2 (2017 ), AM PLFA
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Table 2 Effects of no-tillage, straw mulching and organic fertilizer application of winter wheat on soil AM fungal community

structure
AM AM AM / AM /
Year  Treatment AMEF PLFAs AMF NEFA Total A,IIVIF Total PLFAs
(ugg ) (hgg™) (ngg™) NLFA / PLFA (g AMF / total PLFAs
2015 NC 2.20+0.24a 0.87+0.01a 3.07+0.66a 0.40+0.00a 45.23+5.22a 0.07+0.10a
NF 2.47+0.35a 0.76+0.38a 3.23+0.72a 0.30+0.11a 50.74+6.02a 0.06+0.01a
TC 2.38+0.30a 1.24+1.03a 3.62+1.25a 0.52+0.39a 47.83+6.94a 0.08+0.07a
TF 2.59+0.21a 0.60+0.33a 3.19+0.44a 0.23+0.13a 51.25+6.85a 0.07+0.01a
2017 NC 2.17+0.19ab 16.84+4.53a 19.01+4.65a 7.72+1.74a 64.56+6.21a 0.29+0.50a
NF 2.13+0.15b 7.62+4.47b 9.75+4.35b 3.64+2.28b 53.32+5.61b 0.19+1.28a
TC 2.15+0.26ab 6.66+4.94b 8.81+5.12b 3.03+1.97b 54.99+5.95b 0.16+2.01a
TF 2.45+0.34a 9.54+7.08ab 11.99+6.96b 4.01+3.41b 65.37£9.91a 0.18+2.70a
0.05 NC: ; NF: ; TC: ;
TF: Different lowercase letters indicate significant differences among treatments at 0.05 level. NLFA: neutral lipid acid. NC:

no-tillage and straw mulching without organic fertilizer application; NF: no-tillage and straw mulching with organic fertilizer application; TC: traditional
tillage and no-mulching without organic fertilizer application; TF: traditional tillage and no-mulching with organic fertilizer application.

2.3 AM Shannon 8.40%
3.67%; Simpson
AM 2.11% 3.26% , AM
(Chaol ACE) TF>TC NF>NC( 3), (Shannon Simpso)
AM (Shannon Simpson) s
(Chaol ACE) AM

>

®3 ZNEGHBENLIEAMEREEEMS HFEEROZME

Table 3  Effects of no-tillage, straw mulching and organic application of winter wheat on soil AM fungal richness and diversity

Chaol ACE

Treatment Simpson index Shannon index Chaol index ACE index

NC 0.95+0.02a 5.95+0.45a 668.99+99.77a 696.34+127.06a

NF 0.93+0.03a 5.45+0.38a 682.03+£166.58a 714.67+£195.47a

TC 0.92+0.03a 5.45+0.26a 702.53+67.55a 754.21+81.15a

TF 0.89+0.05a 5.25+0.67a 742.02+178.85a 783.18+178.96a

0.05 NC: ; NF: ; TC:

; TF: Different lowercase letters indicate significant differences among treatments at 0.05 level. NC: no-tillage and

straw mulching without organic fertilizer application; NF: no-tillage and straw mulching with organic fertilizer application; TC: traditional tillage and
no-mulching without organic fertilizer application; TF: traditional tillage and no-mulching with organic fertilizer application.

2.4 AM AM :
(9, AM
AM (P<0.05); AM
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(P<0.05); AM (Simpson (P<0.05); AM
) (P<0.01), (ACE ) AM (P<0.05)

%4 Mantel 8 TIE AM EEHEEME AM ERSHMES HIEENK., EYFEREHER

Table 4 Correlation between community structure and diversity of AM fungi and soil physical and chemical biological characteristics

/ AM

AM AM ACE Chaol
Variable AMF Total Simpson  Shannon ACE Chao 1
NLFA AMF NLFA AMF index index index index
/PLFA PLFA
Soil organic matter -0.01 0.51 0.07 0.09 —-0.44 -0.12 0.57 0.62
Total nitrogen 0.61 —-0.68 0.57 0.55 0.85 0.89" -0.77 -0.69
Total phosphorus -0.32 0.48 -0.24 -0.23 -0.60 -0.38 0.68 0.78
Available nitrogen 0.50 -0.77 0.45 0.42 0.85 0.83 -0.79 —-0.68
Available potassium -0.05 -0.94" -0.12 -0.15 0.68 0.43 -0.71 —-0.54
pH 0.52 0.22 0.57 0.58 0.08 0.44 0.08 0.10
Available phosphorus 0.08 -0.33 0.02 0.01 0.35 0.10 -0.47 -0.57
Urease -0.53 0.87 -0.46 -0.44 -0.96" -0.87 0.93 0.86
Catalase 0.17 -0.83 0.07 0.05 0.77 0.45 -0.86 -0.85
Alkaline phosphatase -0.70 0.37 -0.69 —-0.68 —-0.65 -0.84 0.52 0.47
Easily extracted glomalin 0.86 0.42 0.91" 0.92° 0.16 0.54 -0.02 -0.17
Total extracted glomalin 0.79 0.52 0.84 0.85 0.05 0.41 0.05 -0.13
* k% 0.05 0.01 * and ** respectively represent significant correlations at 0.05 and 0.01 levels. NLFA: neutral lipid
acid.
NC ,TF NF AM
AM AM ,
AM AM (ACE
s (  la-b): 1 2 Chaol) ; AM
90.48% 4.44% ,
AM AM ,
( 1la) , , AM
, , AM , AM (Shannon  Simpson)
s >
la , AM ( AM
)
HAM 3 e
P
;. AM ( ) AM 3.1
NLFA/PLFA pH
PLFA
[20]
2 (2017 ) ;
, AM >
( lb) 1 , [21] [22]
2 41.45% 28.65% > )
AM > )
; (pseudo-F=4.8, P=0.006), (TF) (TO)
; 1
AM Mathew 12" , /
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Fig. 1 Multivariate analysis of AM fungal biomass (a), AM fungal diversity (b) with soil physical, chemical and biological charac-

teristics
TN TP AP AN AK OM ; URE ALP CAT EE-GRSP T-GRSP
; AMN AMP AMT NLFA/PLFA AM
AM AM ; Chaol ACE Shannon Simpson Chaol ACE
NC 3 (1~3), NF 3 (1~3),
TC 3 (1~3), TF 3 (1~3) TN, TP, AP, AN, AK and OM refer to total nitrogen,

total phosphorus, available phosphorus, available nitrogen, available potassium and organic matter; URE, ALP, CAT, EE-GRSP, T-GRSP
refer to urease, alkaline phosphatase, catalase, easily extracted glomalin and total extracted glomalin; AMN, AMP, AMT, NLFA/PLFA refer
to AM fungi neutral lipid acid, AM fungi phospholipid acid, AM fungi total biomass, neutral lipid acid and phospholipid acid ratio; Chaol,
ACE, Shannon and Simpson refer to Chao 1 index, ACE index, Shannon index, and Simpson index, respectively. Each shape in the figure
represents a sample. NC represents three replicates of treatment of no-tillage and straw mulching without organic fertilizer application (1-3),
NF represents three replicates of treatment of no-tillage and straw mulching with organic fertilizer application (1-3), and TC represents three
replicates of treatment of traditional tillage and no-mulching without organic fertilizer application (1-3), TF shows three replicates of treat-
ment of traditional tillage and no-mulching with organic fertilizer (1-3).
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