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Abstract: To verify the effect of long-term conservation tillage and subsoiling on arbuscular mycorrhizal fungi (AMF) diversity in dry
areas in northern China, a comparative analysis of species richness, spore density, Shannon diversity index and colonization rate of AMF
among no-till with straw mulching (NTS), no-till with straw mulching after subsoiling (SNTS) and traditional tillage treatment (TT) were
conducted in 2014 at a long-term (22 years) positioning test base for conservation tillage in Linfen, Shanxi Province. In the study, 9 AMF
species belonging to 7 genera were isolated and identified in soil samples of NTS and SNTS treatments, including two species each of
Rhizophagus and Funneliformis and one species each of Glomus, Claroideoglomus, Acaulospora, Sclerocystis and Septoglomus. Also 8
AMF species belonging to 6 genera were isolated and identified in soil samples of TT treatment. The AMF species in the TT treatment
were the same with those in NTS and SNTS treatments, except that there was no Acaulospora. The dominant species of AMF in NTS,
SNTS and TT treatments were the same. The dominant species of AMF in the 0-40 cm soil layer were mainly Fu. mosseae and G
versiforme, the 40-80 cm soil layer were Fu. mosseae, G. versiforme and Rh. aggregatum, and the 80—120 cm soil layer was RA.
aggregatum. Below the 120 cm soil layer, the dominant AMF species was Rh. aggregatum, which was found only under NTS and SNTS
treatments. Species richness, spore density and Shannon diversity index of AMF in NTS and SNTS treatments in the same soil layers
were higher than those in TT treatment, and those in SNTS treatment were higher than those in NTS treatment. Species richness, spore
density and Shannon diversity index of AMF decreased with increasing of soil depth under the same treatment. The maximum species
richness, spore density and Shannon diversity index of AMF were all in the 0—20 cm shallow soil layer. The colonization rate and spore
density of AMF at different growth stages of wheat in NTS and SNTS treatments were all significantly higher than that in TT treatment.
Colonization rate of AMF in NTS, SNTS and TT treatments was the highest at jointing stage of wheat and was respectively 14.9%,
16.1% and 10.6%. AMF spore density of soil was the highest at maturity stage of wheat and was respectively 111.7 spores-(100g) ",
125.0 spores-(100g)™" and 90.3 spores-(100g)™". The study showed that long-term no-till with straw mulching improved AM fungi
diversity, especially under no-till with straw mulching after subsoiling. The results provided the scientific basis for the full play of AMF
role and reasonable application of conservation tillage in dry farmland ecosystems in northern China.

Keywords: Arbuscular mycorrhizal fungi (AMF); No-till with straw mulching after subsoiling; AMF species richness; AMF

diversity; Colonization rate; Spore density
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1 #MR5FZE
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Table 1  Soil physical-chemical characteristics under different tillage treatments
. . -3
Treatment pH Organic matter Total N Alkali-hydrolysi ~ Available P Available K Soil bulk density (g-cm )
(gkg™) (gkg™) sN(mgkg')  (mgkg) (mgkg ™) 0~10 cm 10~20 cm
TT 8.48+0.02a 14.56+0.63b 0.75+0.01b 57.74+2.40b 49.34+1.48b 214.35+9.82b 1.29+0.31 1.35+0.40
NTS 8.35+0.01b 18.23+0.43b 1.02+0.01a 91.00+7.00a 63.60+3.28a 362.73+17.66a 1.214£0.26 1.47+0.42
SNTS 8.36+0.01b 23.82+1.76a 1.10+£0.03a 86.75+2.83a 74.21£1.20a 318.16+15.22a 1.19+0.22 1.45+0.42
NTS: ; SNTS: s TT: (P<0.05) TT: traditional tillage;

NTS: no-till with straw mulching; SNTS: no-till with straw mulching after subsoiling. Different lowercase letters in the same column indicate
significant differences at 0.05 level among different treatments.
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(relative abundance, RA) 1.6
AMF , SPSS 20 ,
RA=(AMF / )x100% (1) Duncan’s ,
Shannon (H):
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Table 2 Species distribution and relative abundance of arbuscular mycorrhizal fungi (AMF) in different soil depths at wheat

maturation period under different tillage treatments %
Acaulospora Claroideoglomus Funneliformis Glomus
Soil depth
(cm) Ac. scrobiculata CL etunicatum Fu. mosseae Fu. geosporus G. versiforme

NTS SNTS TT NTS  SNTS TT NTS SNTS TT NTS  SNTS TT NTS SNTS TT

0~20 0.3bB 0.5cA  0.0aC 9.8aA 8.8aB 6.9aC 32.2aA 31.3aA 32.0aA 3.4aB 3.6bB 5.6bA 30.3aA 27.2aB 31.4aA
20~40 0.3bB 0.5cA  0.0aC 9.8aA 8.8aB 6.9aC 32.2aA 31.3aA 32.0aA 3.4aB 3.6bB 5.6bA 30.3aA 27.2aB 31.4aA
40~60 0.6aB 1.7aA 0.0aC 7.2bA 3.8bC 5.6bB 24.3bA 24.6bA 25.7bA 4.0aB 6.1aA 6.5aC 24.1bA 23.9bA 19.5bB
60~80 0.0cB 1.2bA  0.0aB 7.2bA 2.7¢C 5.6bB 243bA 17.7cB 25.7bA 4.0aA 4.4bA 6.5aB 24.1bA 23.2bA 19.5bB
80~100  0.0cA 0.0dA  0.0aA 0.0cA 0.0dA 0.0cA 183cB 16.5cB 24.0bA 0.0bA 0.0cA 0.0cA 0.0cB 8.5cA 0.0cB
100~120  0.0cA 0.0dA  0.0aA 0.0cA 0.0dA 0.0cA 18.3cB 16.5cB 25.0bA 0.0bA 0.0cA 0.0cA 0.0cB 8.5cA 0.0cB
120~140  0.0cA 0.0dA  0.0aA 0.0cA 0.0dA 0.0cA 0.0dA  0.0dA 0.0cA 0.0bA 0.0cA 0.0cA 0.0cA 0.0dA 0.0cA
140~160  0.0cA 0.0dA  0.0aA 0.0cA 0.0dA 0.0cA 0.0dA 0.0dA 0.0cA 0.0bA 0.0cA 0.0cA 0.0cA 0.0dA 0.0cA
160~180  0.0cA 0.0dA  0.0aA 0.0cA 0.0dA 0.0cA 0.0dA 0.0dA 0.0cA 0.0bA 0.0cA 0.0cA 0.0cA 0.0dA 0.0cA
180~200  0.0cA 0.0dA  0.0aA 0.0cA 0.0dA 0.0cA 0.0dA 0.0dA 0.0cA 0.0bA 0.0cA 0.0cA 0.0cA 0.0dA 0.0cA

Rhizophagus Sclerocystis Septoglomus
Soil depth
(cm) Rh. aggregatum Rh. intraradices Sc. sinuosus Se. constrictum
NTS SNTS TT NTS SNTS TT NTS SNTS TT NTS SNTS TT

0~20 10.1dAB  12.8¢A 7.8cB 10.4aB 9.3aC 12.4aA 0.6bB 1.4cA 0.2aC 2.9bC 5.1aA 3.7aB
20~40 10.1dAB  12.8¢A 7.8cB 10.4aB 9.3aC 12.4aA 0.6bB 1.4cA 0.0bC 2.96C 5.1aA 3.7aB
40~60 25.8cA 27.9dA  32.4bB 8.3bA 8.1bA 7.3bB 1.3aB 3.0aA 0.0bC 4.4aA 4.1bA 3.0bB
60~80 25.8cB 39.8cA 32.4bC 8.3bA 5.8cB 7.3bC 1.3aB 2.2bA 0.0bC 4.4aA 3.0cB 3.0bC
80~100  72.4bA 66.0bB 76.0aA 9.3bA 9.0aA 0.0cB 0.0cA 0.0dA 0.0bA 0.0cA 0.0dA 0.0cA
100~120  72.3bB 66.0bC 75.0aA 9.3bA 9.0aA 0.0cB 0.0cA 0.0dA 0.0bA 0.0cA 0.0dA 0.0cA
120~140 100.0aA  100.0aA 0.0aB 0.0cA 0.0dA 0.0cA 0.0cA 0.0dA 0.0bA 0.0cA 0.0dA 0.0cA
140~160 0.0eB  100.0aA 0.0dB 0.0cA 0.0dA 0.0cA 0.0cA 0.0dA 0.0bA 0.0cA 0.0dA 0.0cA
160~180 0.0cA 0.0fA 0.0dA 0.0cA 0.0dA 0.0cA 0.0cA 0.0dA 0.0bA 0.0cA 0.0dA 0.0cA

180~200 0.0eA 0.0fA 0.0dA 0.0cA 0.0dA 0.0cA 0.0cA 0.0dA 0.0bA 0.0cA 0.0dA 0.0cA
NTS: ; SNTS: ; TT: (P<0.05);
(P<0.05) NTS: no-till with straw mulching; SNTS: no-till with straw mulching after subsoiling; TT: traditional tillage.

Different small letters in the same column mean significant differences among different soil layers in the same treatment at P < 0.05, and different
capital letters in the same row mean significant differences in the same soil layer among different treatments at P < 0.05.

7 9 , (Rhizophagus) (Sclerocystis) (Septoglomus) 1
(Funneliformis) 2 (Glomus) (TT) AMF 6 8 ,
(Claroideoglomus) (Acaulospora)
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NTS SNTS TT AMF 2.2 AMF
0~40 cm , (A.
scrobiculata) (Sc. sinuosus) 3 , 0~120 cm , AMF
, SNTS NTS , NTS NTS SNTS TT , SNTS
TT ; (CL. etunicatum) NTS AMF
, NTS SNTS , SNTS , , 0~40 cm
TT ; (Rh. aggregatum) AMF 40~80 cm , 40~80 cm
(Se. constrictum) , SNTS 80 cm
NTS TT ; (G. , AMF NTS SNTS
versiforme) , SNTS NTS TT , SNTS NTS
TT ; (Fu. mosseae) AMF R
, NTS SNTS TT3 ; AMF
(Fu. geosporus) (Rh. , NTS AMF 140 cm,
intraradices) , TT NTS SNTS 160 cm, TT 120
SNTS cm, AMF
NTS SNTS TT AMF ,
0~40 cm , NTS SNTS TT AMF Shannon , NTS SNTS
AMF , 40~80 TT , SNTS NTS
cm AMF Shannon R
, 80~160 cm , 160~200 cm , NTS AMF Shannon
AMF 0.77~1.79, SNTS 1.0~1.83, TT 0.54~1.67

R3 NEFBHTEMERR TARBEREFEWAMOYMEE . ATFEEMS FIEER
Table 3 Species richness, spore density and diversity index of arbuscular mycorrhizal fungi (AMF) in different soil depths at wheat
maturation period under different tillage treatments

Shannon
Species richness Spore density [spores-(100g)”'(soil)] Shannon diversity index
Soil depth (cm) NTS SNTS T NTS SNTS T NTS SNTS T

0~20 7.3aA 7.7aA 5.3aB 111.7aAB 125.0aA 90.3aC 1.79aA 1.83aA 1.67aB
20~40 7.0aA 7.3aA 5.0aB 47.7bAB 57.3bA 43.7bC 1.75aA 1.77abA 1.65aA
40~60 3.7bB 4.7bA 3.0bC 22.3cAB 28.7cA 15.7¢C 1.69aA 1.77abA 1.08bB
60~80 3.3bB 4.0bA 2.3cC 11.0dA 11.7dA 7.3dB 1.69aA 1.65bA 1.08bB
80~100 2.7¢B 3.3cA 1.7dC 7.7¢eAB 12.0dA 4.3eB 0.77bB 1.0cA 0.55¢C
100~120 1.0dA 1.0dA 0.7¢eB 4.7¢fB 11.0dA 1.7¢B 0.77bB 1.0cA 0.54cC

120~140 0.7dA 1.0dA 0.0fA 2.3fgAB 4.0eA 0.0eB 0.0cA 0.0dA 0.0dA

140~160 0.0eA 0.7dA 0.0fA 0.0gA 3.0efA 0.0eA 0.0cA 0.0dA 0.0dA

160~180 0.0eA 0.0eA 0.0fA 0.0gA 0.0fA 0.0eA 0.0cA 0.0dA 0.0dA

180~200 0.0eA 0.0eAS 0.0fA 0.0gA 0.0fA 0.0eA 0.0cA 0.0dA 0.0dA

NTS: ; SNTS: ; TT: (P<0.05);

(P<0.05) NTS: no-till with straw mulching; SNTS: no-till with straw mulching after subsoiling; TT: traditional tillage.

Different small letters in the same column mean significant differences among different soil layers in the same treatment at P < 0.05, and different
capital letters in the same row mean significant differences in the same soil layer among different treatments at P < 0.05.

2.3 AMF 14.9% 16.1% 10.6%, AMF
4 , 0
, NTS SNTS AMF TT AMF , NTS SNTS
, 3 AMF TT , SNTS NTS
; SNTS AMF NTS 3 NTS SNTS TT
AMF , AMF , 111.7 -(100g)™'( )
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x4 TRAMEERETNETREERARBEREEAMI)RRZRMLIRBAFEE
Table 4 Colonization rate and soil spore density of arbuscular mycorrhizal fungi (AMF) under different tillage treatment at different
growth periods of wheat

AMF Colonization rate of AMF (%) Spore density [spores-(100g) ™' (soil)]
Growing period NTS SNTS TT NTS SNTS T
Seedling 6.6bA 7.6bA 6.1bA 76.7cA 82.0dA 46.0cB
Returning green 7.2bAB 8.6bA 6.3bB 70.7cA 80.7dA 43.7¢B
Jointing 14.9aAB 16.1aA 10.6aB 81.3cAB 94.3cA 53.3¢C
Filling 13.8aAB 15.6aA 10.1aB 97.7bA 108.7bA 73.0bB
Maturity 0.0cA 0.0cA 0.0cA 111.7aAB 125.0aA 90.3aC
NTS: ; SNTS: ; TT: (P<0.05);

(P<0.05) NTS: no-till with straw mulching; SNTS: no-till with straw mulching after subsoiling; TT: traditional tillage.

Different small letters in the same column mean significant differences among different soil layers in the same treatment at P < 0.05, and different
capital letters in the same row mean significant differences in the same soil layer among different treatments at P < 0.05.

125.0 -(100g)™'( ) 90.3 -(100g)'( ), (24] ,
,  43.7~82.0 -(100g)'( ) , 4 ,
s , 4 1
3 itig
AM
[32-33] ’
, 25% ,
22 (NTS SNTS)
AMF 7 9 (TT)
AMF 6 8 AMF : AMF
AMF Shannon
AMF 160 cm ,
, AMF ,
AMF , , AMF
22 AMF AMF
, [19] 3 [34-35] [36]
AMF AMF
, , AMF
, Shannon AMF
; 2o 14
AMF ,
AMF
, ) AMF
AMF AMF
AMF
4 i
AMF Shannon 1) ,
AMF AMF Shannon
, AMF 160 cm, AMF , AMF
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