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a  b  s  t  r  a  c  t

Arbuscular mycorrhizae (AM) fungi play a crucial role in the growth of soybean; however,

the  planting system employed is thought to have an effect on AM fungal communities in

the  rhizosphere. This study was performed to explore the influence of continuous soybean

cropping on the diversity of Arbuscular mycorrhizal (AM) fungi, and to identify the domi-

nant  AM fungus during the seedling stage. Three soybean cultivars were planted under two

and  three years continuous cropping, respectively. The diversity of AM fungi in the rhizo-

sphere soil at the seedling stage was subsequently analyzed using polymerase chain reaction

(PCR)-denaturing gradient gel electrophoresis (DGGE). The results showed that an increase

in  cropping years improved the colonization rate of AM in all three soybean cultivars. More-

over, the dominant species were found to be Funneliformis mosseae and Glomus species. The

results  of cluster analysis further confirmed that the number of years of continuous cropping

significantly affected the composition of rhizospheric AM fungal communities in different

soybean cultivars.

© 2017 Sociedade Brasileira de Microbiologia. Published by Elsevier Editora Ltda. This is

an  open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).

Introduction

Soybean is the fourth most important grain cultivar in the
world, and an important oil crop in China. Soybean contains
active substances that are beneficial to human health such
as soy proteins, isoflavones, saponins and oligosaccharides.1
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Considerable attention has recently been directed toward the
increasingly severe problem of root rot in soybean under
intensified cultivation. Continuous cropping has resulted in
an increase in diseases and pests, poor soil chemical and
physical properties, a drastic reduction in yield and, in some
cases, total crop failure.2–4 Tackling the yield reductions result-
ing from continuous cropping has therefore become a key
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issue in the soybean industry. Recent studies suggest that
continuous cropping of soybean leads to drastic changes in
the rhizosphere microflora, with a gradual transition from
bacterial-dominant highly fertile soil to fungal-dominant low
fertile soil, and therefore, microbiota dominated by fungi.5

Moreover, the concentration of root exudates such as pheno-
lic acids is significantly correlated with fungal quantity, while
increased levels of soil organic compounds (sugars, amino
acids and organic acids) as a result of continuous cropping
play a facilitative role in the growth of root rot pathogens.
Since soil sterilization treatments have no effect on fungal
spores, a gradual transition to a dominant fungal community
is subsequently observed.6

Arbuscular mycorrhizae (AM) fungi are the most important
type of endotrophic mycorrhiza, and are associated with the
majority of terrestrial plants. AM fungi are a group of ubiq-
uitous microbes in nature, and are one of the major types
in the rhizosphere,7–10 significantly improving the absorption
and utilization of nutrients by host plants. AM fungus also
stimulate growth, increase stress and disease resistance, and
promote community succession and ecosystem stability.11

AM fungi are known for several effects and can be used as
bio-fertilizer.12–16 Application of AM fungi is widely recog-
nized as important for many  crops including soybean.17,18

AM fungi applied to soybean can improve the absorption of
nutrients in the host plants, improve the nitrogen fixation
capability in Rhizobia and also the colony structure of the rhi-
zospheric econiche, thus increasing the yield and economic
benefits of soybean.19,20 The antagonistic effects of AM fun-
gus on the problems associated with continuous cropping
have therefore been examined.21,22 However, the diversity of
AM fungi in rhizospheric soil with different soybean cultivars
under different continuous cropping regimes remains largely
unknown.

In this study, three typical soybean cultivars (Heinong
37, Heinong 44 and Heinong 48) grown widely in Hei-
longjiang province, China, were selected to examine the
diversity of AM fungi in the rhizosphere during continuous
cropping. Polymerase chain reaction-denaturing gradient gel
electrophoresis (PCR-DGGE) was employed with the aim of
identifying dominant AM Fungi communities. The findings
provide a theoretical basis for further studies of the relation-
ship between AM fungi and soil-borne pathogens.

Materials  and  methods

Experimental  plots

This study was carried out at the Experimental Station of
the Research Institute of Sugar Industry, Harbin Institute of
Technology, China (125◦42′–130◦10′E, 44◦04′–46◦40′N). Soybean
cultivars were planted in the same plot and subjected to two
or three years continuous cropping, respectively. Management
techniques in the trial field were the same as those in standard
production fields. Organic matter, potassium, phosphorus and
nitrogen contents of the soil were determined using the Igni-
tion method, NaOH melt-flame photometry method, alkali
fusion-Mo-Sb Anti spectrophotometric method and Kjeldahl
method, respectively.

Soybean  cultivars

Three typical soybean cultivars planted widely in Heilongjiang
Province were used: ‘Heinong 44’ (high oil, 36% average protein
content, 23% average fat content, designated HN44), ‘Heinong
37’ (intermediate cultivar, 40% average protein content, 20%
average fat content, designated HN37), and ‘Heinong 48’ (high
protein, 45% average protein content, 19% average fat con-
tent, designated HN48). Each cultivar was subjected to two
and three years continuous cropping, respectively, as follows:
2 years continuous cropping of HN37 (designated C2HN37), 2
years continuous cropping of HN44 (C2HN44), 2 years contin-
uous cropping of HN48 (C2HN48), 3 years continuous cropping
of HN37 (C3HN37), 3 years continuous cropping of HN44
(C3HN44) and 3 years continuous cropping of HN48 (C3HN48).
The protein content of the soybean seeds was determined
using the Kjeldahl method and the fat content determined
using the Soxhlet extraction method.

Harvesting  and  processing  of  samples

Soybean samples were collected after 30 d (at the seedling
stage) along with soil samples. Three soybean plants per
cultivar were randomly selected from each treatment by dig-
ging to a depth of 10–20 cm.  The plants were shaken gently
and any soil adhering to the root surface 1–3 mm removed
using a brush as rhizosphere soil. The three soil samples per
treatment were subsequently mixed as a collective sample.
Samples were then air dried then stored at 4 ◦C until use.
The roots were then washed for soil sample collection, and
three randomly selected segments removed with scissors and
used as a collective sample. All treatments were sampled
in triplicate. Roots were then washed in distilled water and
placed in FAA fixative and the level of AM fungal coloniza-
tion determined microscopically. Roots were stained using
alkali hydrolyzable and acid fuchsin, then stored at 4 ◦C until
use. Root and soil samples from each cropping system were
denoted RL2 and RL3, and SL2 and SL3 to represent 2 and 3
years continuous cropping, respectively.

Determination  of  the  rate  of  AM  fungal  colonization

Fifty fibrous root segments from each root sample were
selected randomly, stained, prepared on slides and examined
microscopically to observe the level of AM colonization. Col-
onization rates of each fibrous root segment were assigned
values of 0, 10, 20, 30, 40 and 100% based on the microscopic
observations and the colonization frequency (F) of each culti-
var under each cropping system calculated as follows:

F (%) = number of colonized root segments/total number

of root segments.

AM colonization intensity (M)  was then calculated statis-
tically for each fibrous root segment as follows23:

M (%) = (0% × number of root segments + 10% × number of

root segments + 20% × number of root segments + . . .100% ×
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