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ABSTRACT 

The rising claim for more environmental friendly and healthy agriculture is a strong incentive to find alternative strate- 
gies to replace the use of mineral fertilizer and pesticide. Arbuscular mycorrhizal fungi (AMF), a main component of 
soil microbiota, represent a promising tool as providers of key ecological services. The present work represented one of 
the first attempts to study, under a morphological and molecular point of view, the AMF communities associated to 
some strategic crops in Vietnam. The findings about the AMF morphotypes dominant in different crop systems could be 
a starting point for the development of well performing and adapted inocula suitable for the application in field. 
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1. Introduction 

Plants, as traditionally component of the human diet, 
contain bioactive factors promoting physiological effects 
beyond nutrition with a positive impact on human health 
[1]. However at present the most part of crops in agri- 
cultural systems has been raised with significant input of 
mineral fertilizers and pesticides, resulting in a negative 
impact on the environment and a matter of concern for 
the consumers. A growing awareness of benefits from 
sustainable agriculture, as high-quality food, and more 
information on how food is produced, are pushing now- 
adays to a demand for reduced chemical inputs in agri- 
culture. Among the initiatives towards improvement in 
low-input farming, the utilization of soil biota, providers 
of key ecological services, is one of the most promising 
strategies. Arbuscular mycorrhizal fungi, belonging to 
the phylum Glomeromycota, are a main component of 
soil microbiota and probably represent the most impor- 
tant terrestrial symbiosis [2,3]. Since about three decades 
these organisms have drawn the attention of researchers 
because of their ability to form intimate associations with 
70% - 90% of plant species [4], improving the mineral 
nutrients and water uptake in the plants [5] in exchange 
of photosynthetates [6]. Because of the wide diffusion 
AM symbiosis is believed to contribute significantly to 
global phosphate and carbon cycling and influence pri- 
mary productivity in terrestrial ecosystems [3]. Further-  

more the establishment of this mutualistic association can 
stimulate, via activation of antioxidant, phenylpropanoid 
and carotenoid pathways [7], the synthesis of plant sec- 
ondary metabolites which are important for increased 
plant tolerance to abiotic and biotic stresses [8,9] or 
beneficial to human health through their antioxidant ac- 
tivity [10,11]. In recent years, much effort has been paid 
to obtain suitable formulations for AM fungal inocula 
and appropriate ways for their application to the field 
[12]. The development of inocula based on AM fungi has 
to take in account the adaptation ability in a contest of 
indigenous AMF populations. The native communities in 
fact show generally a better fitness in the environmental 
conditions of their eco/agro-system in comparison to 
foreign species [13] and this could compromise the effi- 
ciency on AMF inocula application. In addition, as AM 
fungal inoculants are most often of foreign origin, atten- 
tion has to be paid about the possibility of invasive 
spreading after release to the field and further negative 
ecological consequences [14]. The study and selection of 
isolates from endemic AMF communities could represent 
an alternative to the use of not native organisms, also in 
the aim of restocking those soils with a microflora de- 
pleted by intensive agricultural practices. 

With the present work we may extend the knowledge 
of native AMF population associated to typical Viet- 
namese crops. The AM propagules in the rhizosphere  
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were investigated by both a morphological and molecular 
approach, and the dominant strains isolated in pure cul- 
tures. 

2. Materials and Methods 

2.1. Study Site and Sampling 

Rhizosphere soil and roots of rice (Oryza sativa), maize 
(Zea mays), peanut (Arachis hypogaea), croton (Croton 
tonkinensis Gagnep) and tomato (Lycopersicon esculen- 
tum) were collected at June 2011 at Bắc Ninh and Hà Nội 
provinces in Vietnam. In rice seedlings started in seed- 
ling beds and, after 30 to 50 days, were transplanted by 
hand to the fields, which had been flooded by rain or 
river water. During the growing season, irrigation was 
maintained by dike-controlled canals or by hand watering. 
The fields were allowed to drain before cutting. Addi- 
tional information about the soil characteristic and time 
of cultivation are provided in Table 1. 

2.2. Spore Abundance 

AMF spores were isolated from 50 g air-dried soil sam- 
ples by wet sieving [15] through 200 and 30 µm sieves, 
followed by sucrose gradient centrifugation [16]. After 
centrifugation, spores and spore clusters were transferred 
into Petri dishes and counted in three replications under 
stereomicroscope at 100× magnification. Spore abun- 
dance was expressed as the number of AMF spores per 
gram soil. 

2.3. Morphological Analyses 

Spores were analyzed under stereomicroscope at 100× 
magnification and divided in groups in relation to mor- 
phological characteristics as shape, size, colour, presence 
of structures like sporiferous saccule, subtending hypha. 

2.4. Trap Cultures 

Part of the soil sampled was used to set up trap cultures, 

mixed with sand and black peat (1:1:1). 
The aims of the cultures were to maintain a living col- 

lection of the organisms in study and obtain fresh spores 
to set up monospore cultures. Maize was chosen as sym- 
biotic partner, because of its high mycorrhizal depend- 
ency. Low phosphate (32 μM) Long Ashton solution was 
used for watering. 

2.5. DNA Extraction and Amplification 

Eight spores from the most represented groups were 
chosen and the DNA was extracted from single spores. 
Each spore was crushed under stereomicroscope in 10 μl 
volume (5 μl 5× GoTaq PCR buffer and 5 μl distillated 
water) and then boiled for 15’. After 5’ centrifugation at 
14 Krpm, 2 μl of supernatant were used as template for 
the PCR. To enhance the PCR yield NS1 (5’-GTA GTC 
ATA TGC TTG TCT C-3’) and NS4 (5’-CTT CCG TCA 
ATT CCT TTA AG-3’) universal primers [17] were used 
in the first amplification followed by nested amplifica- 
tion with Lee primers pair AML1 (5’-ATC AAC TTT 
CGA TGG TAGGAT AGA-3’) and AML2 (5’-GAA 
CCC AAA CAC TTT GGT TTC C-3’) [18]. PCR ampli- 
fications were performed using GoTaq polymerase (Pro- 
mega) in 20 μl final volume mixture following the ther- 
mal profile described for each couple of primers. PCR 
products of the expected size (~800 bp) were then 
checked and purified from agarose gel with GFX PCR 
DNA and Gel Band Purification Kit (GE Healthcare, 
Amersham Biosciences, Amersham, UK). 

2.6. Cloning and Restriction Analyses 

Purified fragments were cloned into pGEM®-T Easy 
Vector (Promega, Madison, WI, USA) and transformed 
into Escherichia coli DH5α. Positive transformants were 
checked by PCR for the presence and size of the insert. 

Four clones for each transformation were character- 
ized by restriction pattern, cutting the PCR fragment with 
HinfI (Fermentas) for 3 h at 37˚C. Restriction products  

 
Table 1. Summary of the informations related to the crops in study: sampling place, cultivation period and characteristics of 
the rhizosphere soil. 

Cultivation time 
Crop Sampling place 

Spring 
Summer 
autumn 

Autumn 
winter 

Moisture 
% 

pH Soil type 

Croton Co Nhue, HaNoi Anytime in the year 30 - 40 6 Fine red clay 

Rice Dong Anh, HaNoi 
November 

January 
June 
July 

 100 6 - 6.5 Acrisol 

Tomato TrauQuy, Ha Noi 
December 
January 

June 
July 

October 
November 

65 - 70 6 - 6.5 Alluvial soil 

Peanut BacNinh 
January 
February 

June August September 70 - 80 5.5 - 7 Clay with sand 

Maize BacNinh 
December 
January 

May June August September 65 - 70 6 - 7 Alluvial soil 
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were analyzed after 30’ run in 1× TBE agarose gel 2.5%. 

Plasmids from clones representative of each restriction 
profile were extracted with the Wizard® Plus SV Mini- 
preps DNA Purification System Kit (Promega, Madison, 
WI, USA) and sent for sequencing to the BIOMI Kft., 
Gödöllő, Hungary. 

2.7. Editing and Phylogenetic Analyses 

Sequence similarities were determined by BLASTn pro- 
vided by GenBank. Only sequences belonging to Glo- 
meromycota were selected for the subsequent analyses 
and the others were discarded. Sequences editing was 
performed manually using MEGA 4.0 [19] and Chromas 
Lite 2.01. The sequences were deposited at the National 
Centre for Biotechnology Information (NCBI) GenBank 
with accession numbers KC182580-KC182586. 

Sequences were aligned by MUSCLE with those iden- 
tified by the BLASTn search and with reference se- 
quences of the major groups of Glomeromycota. MEGA 
4.0 software assessing Kimura-2p model as distance 
method and 1000 replicates of non-parametric bootstrap- 
ping was used to construct a Neighbor-joining (NJ) con- 
sensus tree. 

2.8. Statistical Analyses 

The data from spores number assessment were analyzed 
using R software package version 2.13.2  
(www.R-project.org). General log-linear modelling was 
carried out to estimate correlations among different crops 
at p = 0.05 significance level. 

3. Result and Discussion 

Spore abundance in the rhizosphere of the different crops 
analyzed is shown in the Figure 1. Tomato and peanut 
owned the highest number of spores per gram (11.32 ± 
1.00) without significant difference, followed by croton 
(7.12 ± 0.65), maize (5.15 ± 0.13) and rice (2.61 ± 1.41). 
In general results about spore abundance were found to 
be in agreement with those from other studies on arable  
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Figure 1. Spore abundance as number of spores per gram of 
soil. Each value was calculated as the mean of three repli- 
cates. The bars represent the 95% confidence level for each 
measure. 

lands with intermediate or high input [20]. This could be 
due to the intensive utilization of the soil with 2 - 3 har- 
vesting per year. Rice appeared to be the poorest crop as 
AMF potential soil inoculum. These data could find an 
explanation in the flooding regime the crop was sub- 
jected to. As reported in several publications flooding has 
a negative impact both on root colonization and spore 
abundance in the soil, probably to the anoxic environ- 
ment [21,22]. Other studies showed that AMF can colo- 
nize roots of aquatic plants depending on the affiliation 
to monocots or dicots species [23]. Monocot species are 
generally not mycorrhizal. The higher proportion of ae- 
renchyma in the monocot roots, through a high O2 and 
H+ release into soil, may play a role in facilitating P up- 
take and this increased P uptake would be responsible for 
a decrease in colonization. 

Despite an oxic environment suitable for AMF growth, 
the root colonization would be depressed with a cones- 
quent reduction of the presence of spores in the soil. Also 
in croton, the spore density was found low despite this 
species was perennial and no soil disturbance occurred. 
Content of nutrients and pH didn’t differ significantly 
from the soil of the tomato, maize and peanut. Only the 
moisture percentage of the soil was found about half of 
that measured for tomato, maize and peanut rhizosphere. 
Soil moisture could affect AMF sporulation [24] with a 
different effect depending on the fungal species [25]. 

Spores isolated from soil were divided in groups on 
the basis of morphological characteristics. In rice and 
peanut the dominant type was characterized by yellow- 
brown spores, mostly globose, with a size ranging from 
70 - 100 µm and in some case with a hyaline sporiferous 
saccule. In croton dominant spore type was subhyaline, 
globose, 70 - 100 µm size range and with a hyaline spo- 
riferous saccule. In maize dominant spore type was or- 
ange-brown, subglobose, 120 - 190 µm size range. In 
tomato the three types mentioned above were detected, 
also if the third type only occasionally. 

Due to the little amount of DNA per single spores 
about 50% of PCR amplifications were successful. In the 
RFLP analyses every group of spores resulted character- 
ized by a single restriction profile. When, in a single 
event of transformation, a clone showed a different pro- 
file from the other clones, it was considered as a con- 
tamination and discarded. Totally three restriction pro- 
files were found (Figure 2), one shared by rice, peanut 
and tomato (RP1), one shared by croton and tomato (RP2) 
and one shared by maize and tomato (RP3). Overall 
seven clones were sequenced, one for each restriction 
profile found in each crop system. In the phylogenetic 
tree the sequences with the same restriction pattern clus- 
tered together (Figure 3). The phylotypes associated to 
the profile RP1 (rice, peanut, tomato) clustered together 
with the species Acaulospora longula, RP2 (croton and  
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tomato) with an uncultured Acaulospora while RP3 
(maize and tomato) with Funneliformis mosseae. The 
genus Acaulospora, generally is not frequent in the ar- 
able lands [20,26], because not disturbance tolerant. In 
our work it appeared o be well represented, also in a par- 

 

RP1 RP2 RP3

 

Figure 2. Comparison of the RFLP profiles associated to the 
morphotypes isolated. The products of enzymatic restric-
tions were run in a high resolution agarose gel (2.5%) with 
a 100 bp ladder. RP1 (rice, peanut, tomato) and RP2 (cro-
ton and tomato) showed similar patterns but except for the 
heaviest band equal to 400 bp in RP2 and slightly lower in 
RP1. RP3 (maize and tomato) differed clearly from the 
other patterns. 

ticular condition like rice grown in flooding regime, 
where members of the family Glomeraceae (Funneli- 
formis, Rhizophagus ...) were expected [22]. The uncul- 
tured Acaulospora sequence phylogenetically related to 
RP2 was obtained in an unpublished study on rice culti- 
vation in Thailand. In the BLASTn analyses as well as in 
the phylogenetically analyses no morphospecies belong- 
ing to the genus Acaulospora were found related to such 
sequence, so the presence of a species, at the moment 
morphologically not characterized, endemic of the Indo- 
chinese peninsula, is plausible. 

Spores likely related to Funneliformis mosseae were 
found the dominant type only in the rhizosphere of 
maize. 

In conclusion this work represented one of the first at- 
tempts to study, under a morphological and molecular 
point of view, the AMF communities associated to some 
strategic crops in Vietnam. The resulted obtained should 
extend the knowledge of native AMF population in the 
perspective of selection and development well perform- 
ing and adapted inocula. 
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Figure 3. Neighbor-joining phylogenetic tree showing the relationships among the AML1/AML2 rDNA sequences from the 
morphotype isolated and reference sequences from GenBank. Numbers next the nodes indicate the bootstrap values (above 
70%, 1000 replicates) of the neighbor-joining analysis. Paraglomus occultum NG 017179.1 was used to root the tree. 
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