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Arbuscular mycorrhizal (AM) fungi improve the uptake of phosphate from soil through 
symbiotic associations with plant roots. The introduction of winter crops has been 
shown to increase nutrient uptake and yield of subsequent crops, and may result 
from increased AM fungal biomass in the soil. However, there is little information 
regarding the effects of different winter crops on AM fungal communities of 
subsequent crop roots. The present study evaluated the impact of various winter 
crops on AM fungal community structure in the roots of subsequent soybean. 

1. Introduction

2. Materials & Methods

2) Root samples of soybean crops were also taken at full-flowering stages for AM colonization and 
DNA analysis 

1) A two year field experiment was conducted at Nihon University in Kanagawa, Japan. Replicated 
plots of winter sown wheat, spring sown wheat, canola and fallow were established in 2007, and 
wheat, red clover, canola and fallow were established in 2008. After the winter crop, soybean was 
sown in all plots  (Table 1) in the andosol.

3) The community structure of indigenous AM fungi was characterized on the basis of the large 
subunit ribosomal DNA (LSU rDNA) allowing the identification of phylotype. 

4) DNA was extracted directly from  dried crop roots. A nested PCR reaction (First PCR: Universal 
primer LR1/FLR2 (Trouvelot et al., 1999), second PCR: Glomeromycota specific primer  
FLR3/FLR4) (Gollette et al., 2004) was used to select for AMF specific LSU rDNA. Twenty-four 
AMF libraries of LSU rDNA genes were established.  

Red clover

Winter wheat 

Canola Canola

Fallow Fallow
(No weeds) (No weeds)

2008-2009
Summer cropsWinter crops Winter cropsSummer crops

Soybean Soybean

Table 1. Cultivation summary of cropping systems.

Spring wheat

Wheat

2007-2008

Soybean Soybean

Soybean

Soybean

Soybean

Soybean

5) In this study, about 90 sequence samples were analyzed in each clone library. The rarefaction 
curves on the basis of analyzed sequence numbers in each clone library almost reached a plateau 
(Data is not shown).

 G.intraradices SI141(AF396797)

 G.intraradices (DQ273828)

 G.intraradices Gint05 (AY970836)

 G.sp.MUCL43205 (AJ854606)

 G.sp.MUCL43207 (AJ854633)

 FSB531

 CSB303

 G.sp.hr16 (AM040388)

 u.glomeromycete (DQ468732)

 4WSB358

 11WSB198

 11WSB337

 G.intraradices BEG193 (AY541905)

 G.manihotis BEG112 (AY541868)

 FSB576

 G.manihotis BEG112 (AY541869)

 G.manihotis BEG112 (AY541870)

 u.Glomus (AM109873)

 CSB301

 G.microaggregatum BEG56 (AF389021)

 11WSB275

 CSB365

 G.sp.rp65 (AM040417)

 G.sp.rp10 (AM040419)

 4WSB5

 4WSB28

 11WSB090

 FSB559

 CSB376

 u.Glomus (AM109876)

 u.fungus (EF066652)

 u.fungus (EF066683)

 u.fungus (EF066710)

 CSB378

 G.coronatum (AF304965)

 G.mosseae BEG185 (AY541917)

 G.mosseae (AJ459412)

 G.mosseae BEG84 (AF145738)

 11WSB248

 4WSB91

 FSBD464

 CSB315

 u.fungus (EF066658)

 CSB384

 FSB544

 11WSB231

 A.spinosa BEG10-05 (AF378433)

 A.tuberculata BEG41-05 (AF378440)

 11WSB024

 S.sp.acp28 (AJ459339)

 S.gregaria LPA48 (AJ510232)

 FSB568

 4WSB1

 11WSB240

 S.erythropa hrE (AM086173)

 4WSB58

 FSB590

 11WSB345

 Gi.sp.S135 (AB206246)

 CSB334

 4WSB369

 G.rosea Grn (AM040348)

 FSB586

 G.rosea BEG143-06 (AF378454)

 G.gigantea (AY900504)

 G.margarita (AJ852013)

 4WSB92

 CSB410

 11WSB285

 4WSB254

 CSB417

 uncultured glomeromycete (AB280097)

 11WSB377

 G.etunicatum (AM039992)

 G.etunicatum BEG146 (AY541850)

 G.etunicatum (AY451888)

 4WSB49

 G.claroideum Gl3 (AM040313)

 G.claroideum Gl3 (AM040316)

 G.claroideum BEG23 (AY541848)

 G.etunicatum S329 (AY541829)

 G.etunicatum (AM039991)

 G.claroideum (AM040312)

 G.claroideum Gl3 (AM040315)

 G.claroideum Gl3 (AM040317)

 Mortierella verticillata (AF157199)

98
99

99

99

97

96

99

96

98

99

89

91

91

98

96

98

91

84

97

97

8499

86

90

98

99

82

84

97
97

88

88

0.1

Glo1

Glo2

Glo10

Glo7

Glo4

Glo3

Glo5

Glo6

Aca2

Scu2

Scu1

Giga2

Giga3

Giga1

Glo9

Glo8

0.1

 G.intraradices (DQ273828)

 G.sp.MUCL43205 (AJ854606)

 G.intraradices SI141 (AF396797)

 G.intraradices Gint05 (AY970836)

 G.sp.MUCL43207 (AJ854633)

 CSB171

 FSB206

 u.glomeromycete (DQ468732)

 RSB226

 WSB057

 u. Glomeromycota (AB280188)

 CSB173

 FSB230

 G.intraradices BEG193 (AY541905)

 G.manihotis BEG112 (AY541868)

 G.manihotis BEG112 (AY541869)

 G.manihotis BEG112 (AY541870)

 CSB189

 G.microaggregatum BEG56 (AF389021)

 WSB224

 FSB238

 RSB216

 G.sp.rp10 (AM040419)

 G.sp.rp65 (AM040417)

 RSB179

 WSB161

 FSB180

 G.mosseae BEG185 (AY541917)

 CSB138

 G.mosseae BEG84 (AF145738)

 G.mosseae (AJ459412)

 G.mosseae BEG185 (AY541909)

 G.deserticola BEG73 (AJ746249)

 RSB218

 CSB038

 FSB255

 WSB030

 u.Glomus (AM109876)

 u.fungus (EF066652)

 u.fungus (EF066683)

 RSB050

 CSB032

 G.sp.(AM040414)

 G.sp.hr11 (AM040407)

 G.sp.lpp17 (AJ459361)

 u.fungus (EF066658)

 FSB259

 CSB129

 RSB154

 WSB205

 G.margarita (AJ852013)

 RSB200

 CSB130

 FSB204

 WSB020

 G.gigantea (AY900504)

 RSB192

 WSB059

 FSB107

 S.sp.acp28 (AJ459339)

 S.gregaria LPA48 (AJ510232)

 G.margarita Gigmar58 (AF396783)

 Gi.sp.S135 (AB206246)

 WSB087

 CSB112

 RSB208

 FSB258

 uncultured glomeromycete (AB280097)

 RSB147

 WSB208

 G.etunicatum BEG146 (AY541850)

 G.etunicatum (AM039992)

 G.etunicatum S329 (AY541829)

 RSB235

 G.etunicatum (AY451888)

 FSB264

 G.claroideum Gl3 (AM040313)

 WSB084

 G.claroideum Gl3 (AM040316)

 CSB020

 G.claroideum (AM040312)

 G.claroideum BEG23 (AY541848)

 G.etunicatum (AM039991)

 A.tuberculata BEG41-05 (AF378440)

 CSB124

 A.spinosa BEG10-05 (AF378433)

 A.longula1 (AM039983)

 A.longula3 (AM039981)

 A.longula2 (AM039980)

 RSB079

 FSB036

 G.cf.eburneum (DQ350453)

 RSB071

 Mortierella verticillata (AF157199)

98

99

99

95

97

97

92

99

96

94

86

80

86

99

95

96

80

100

87

82

99

94

96

91

99

92

99 99
83

96

92

Glo1

Glo2

Glo7

Glo5

Glo4

Glo11

Glo6

Giga1

Scu2

Giga2

Glo9

Glo8

Aca2

Aca1

Div1

Winter wheat Spring wheat Canola Fallow

Glo1 + + + +
Glo2 + +
Glo3 +
Glo4 + + + +
Glo5 + + + +
Glo6 + + +
Glo7 + + + +
Glo8 + + +
Glo9 +
Glo10 +

Scu1 +
Scu2 + + + +
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Giga2 + + + +
Giga3 + +
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Phylotype
2008

Table 2 Detected phylotype in the roots of soybean 
in 2008

Wheat Red clover Canola Fallow

Glo1 + + + +
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Glo6 + + + +
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Glo8 + + + +
Glo9 + +
Glo11 + +

Scu2 + + +
Giga1 + + + +
Giga2 + + + +

Aca1 + +
Aca2 +
Div1 +

Phylotype
2009

Table 2 Detected phylotype in the roots of soybean in 
2009

Fig. 1 Neighbor-joining tree of partial LSU rDNA sequences from AM fungi, isolated from soybean root samples, including known AM fungal 
sequences from DDBJ database for comparison. Bootstrap values (only values > 80 are shown) were estimated from 1,000 replicates. 
Representative sequences from roots are incorporated. Each individual sequenced sample is labeled with a prefix (In 2008, 11WSB, 4WSB, 
CSB and FSB denote the soybean roots of winter wheat, spring wheat, canola and fallow plots, respectively. In 2009, WSB, RSB, CSB and 
FSB denote the soybean roots of wheat, red clover, canola and fallow plots, respectively ) followed by sample number. 
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Fig.2. Bar plot showing the relative abundance of the different phylotype observed in the soybean 
roots from each plot, in 2008 and 2009. 
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Fig. 3. Redundancy analysis (RDA) plot of AM fungal communites in  the roots of soybean after the cultivation of various winter crops   in 2008 
and 2009.  Percentage of total explained variance by  first two axes are given in parentheses. Effects of winter crops on the AM fungal community 
structure were tested in RDA with Monte Carlo 1000 permutation tests.

2008, P = 0.09 ns 2009, P = 0.009 **
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4) In RDA, the AM fungal communities in the roots of soybean was not significantly difference in 2008 (P = 0.09 ns) but 
was significantly difference in 2009 (P = 0.009**) by Monte carlo permutation test. 
    There was significantly difeerence relationship betwwen various winter crops and AM fungal communities of  the roots 
in 2008 (Winter wheat: ns, spring wheat: r2 = 0.604, P < 0.03*,  canola: ns, fallow: r2 = 0.623, P = 0.01* ). In 2008, there 
was also significantly difeerence betwwen various winter crops and the AM fungal communities of the roots (Wheat: r2 = 
0.694, P = 0.003**, red clover: r2 = 0.804, P < 0.001***, canolar: ns, fallow: r2 = 0.560, P = 0.01* ).  
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In the present study, choice of winter crop has the potential to change the community 
structure of AM fungal communities in the roots of soybean. 
    We will continue to examine the impacts of crop rotation on AM fungal community 
and their dynamics to determine if a correlation exists between the crop growth and  
specific AMF community.

 1) Phylogenetic analysis revealed that 19 AM fungal phylotypes including eleven Glomus, 
three Gigaspora, two Scutellospora, two Acaulospora, one Diversispora were 
found in the roots of soybean. 

2) The number of phylotype in soybean roots was not difference among various 
winter crops, but Glomus was dominant in roots of soybean regardless of 
winter crops.

3) In general, Glomus was dominant in the roots in 2008 and 2009. The community of canola 
and fallow was similar tendency both year.

3. Results

4. Conclusion


