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ABSTRACT

Isolation and identification of arbuscular mycorrhizal fungi (AMF) in cashew plants was
carried out in Datah Village, Abang District of Karangasem Regency. This study aims to
determine the diversity of mycorrhizal spores in the cashew rhizosphere and AMF infections
in the roots of cashew plants. The result in microscopic observations found 5 genera of AMF
spores such as Glomus, Racocetra, Entrophospora, Septoglomus, and Acaulospora and the
population of the genus Glomus were found most dominant in the rhizosphere of cashew
plants. The result of staining root with trypan blue obtained the internal structure of AMF in
the form of vesicles, arbuscules and hyphae found in root tissue of cashew plants. The result
of AMF DNA amplification with primer NS31 and AML2 showed 560 bp bands in

electrophoresis with 1% agarose gel determined AMF infection in root of cashew plants.
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INTRODUCTION

Cashew (Anacardium occindentale L.)
is one of the commodities that have been
known by the people of Indonesia, especially
the people of Bali. Cashew is one of Bali’s
main commodities besides coconut, coffee,
and cocoa (Dinas Perkebunan Provinsi Bali,
2013). Based on the statistics of Dinas
Perkebunan Provinsi Bali in 2014, the area of
cashew plantation in Bali is 12,285 ha with
production of 3,498,72 tons or productivity
of 445 kg / ha. Karangasem regency became
the largest cashew production center in Bali
with plantation area of 9,480 ha. Karangasem
as the center for cashew production is located
in three sub-districts with the largest area of

cashew plantations are Kubu, Abang, and
Karangasem.

Abang sub-district has the largest dry
land in Karangasem regency, which is 12,658
ha followed by Kubu, Rendang, and
Karangasem sub-districts. Low potential dry
land (marginal land) in terms of fertility and
low rainfall are mostly found in the sub-
districts of Kubu, Abang, and Karangasem
2003).  The

development of cashew plants in areas with

(Bappeda  Karangasem,
marginal and dry climate conditions show
that it is can compete with other plantation
crops. However, cashew resilience against
drought led to the production of only the
range of 2-3 kg / tree / year. (Trisilawati et
al., 2012).
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The existence and use of mycorrhizal
fungi as biological tool in agriculture can
improve plant growth, productivity and
quality without degrading the quality of soil
ecosystems. In addition, the application of
arbuscular mycorrhizal fungi (AMF) can
assist in the rehabilitation of critical land and
increase the productivity of agricultural
crops, plantations, forestry on marginal lands
(Syah et al., 2007). Utilization of arbuscular
mycorrhizal fungi (AMF) is one of the ways
in the development of cashew plants on
critical land. The use of adaptive mycorrhiza
to critical and dry land was needed therefore
identify
microscopically  or

it is necessary to isolate and

mycorrhizal  either
molecularly on cashew plant in critical and
dry land.

This study aims to determine the
diversity of mycorrhizal spores in the cashew
rhizosphere and AMF infections in the roots

of cashew plants.

MATERIALS AND METHODS
The
December

research was conducted on
2016 February 2017.

Samples of soil and root of cashew were

until

collected by diagonal sampling at the cashew
plantation in Datah Village, Abang district,
Karangasem. Analysis of the2 samples
obtained was carried out at the Udayana
University's Genetics and Biomolecular
Resource Laboratory. AMF spores were

isolated from 100 g soil samples by wet

sieving technique and were analyzed under
compound microscope. Spore identification
was done manually based on INVAM (at
http://invam.caf.wvu.edu) in relation to
morphological characteristics as shape, size,
colour, presence of structures like sporiferous
saccule, and subtending hypha.

Internal structure of AMF on root were
observed using 25 pieces (1 cm) of the
cashew roots. The roots were subjected to
bleaching in a solution of KOH 10 % at
100°C for 45 min, washed in water and
subsequently immersed in H202 3% at 100°C
for 45 min, washed in water and
subsequently immersed in HCI 1 % for 30
min, followed by staining in 0.05 % trypan
blue for 24 h thereafter remove the 0.05 %
trypan blue then add lactoglycerol heated at
250°C for 5 min and were analyzed under
compound microscope. The percentage of
root infections by AMF was calculated with
the slide method (Brundett et al., 1996). The
colored roots were cut into 1 cm long pieces
and arranged in a row of glass preparations 5
roots each sample. Infected root by AMF are
known by the structure of AMF (vesicles,
arbuscules, and hyphae) on roots.

Analysis infection of AMF in the
roots with PCR technique analyzed using
primer NS31 and AML2. Approximately 1 g
of roots for each sample were ground in
liquid nitrogen with mortar and pestle to

break the cell wall and DNA was extracted
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with a Geneaid Genomic DNA Mini Kit
(Plant) according to the manufacturer’s
instructions. Each PCR mixture (20 ul)
contained 1 pul DNA, 1 ul each primer), 5 pl
PCR master mix solution, and 2 pul free
water. An initial denaturation for 3 min at
94°C was followed by 30 cycles of 30 sec at
94°C, 1 min at 40°C and 1 min at 72°C and a

final extension for 10 min at 72°C.

RESULT AND DISCUSSION

The results of microscopic observation
of AMF spores in this study found 5 genera
of AMF spores such as Glomus, Racocetra,
Entrophospora, Septoglomus, and
Acaulospora. The population of Glomus
were found most dominant in the cashew
rhizosphere. According to Walker et al.
(1992 in Warouw and Kainde, 2010) AMF

spore populations are high when there are 14-
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160 spores / 100 g of soil. The number of
spores obtained in each sample can be seen
in the Table 1.

In each sample was found 2-4 different
types of the AMF genera. The AMF genera
found in sample 1 are 3 genera namely
Glomus, Racocetra and Entrophospora. In
sample 2 there are 4 genera of spore that are
Glomus, Racocetra, Entrophospora and
Septoglomus, in sample 3 found 2 genera
namely Glomus and Acaulospora, in sample
4 there are 3 genera of AMF that is Glomus,
Acaulospora and Septoglomus, and in sample
5 are 2 genera spores that are Glomus and

Racocetra. The diversity of the genera of

AMF spores found in cashew tree
rhizosphere namely Glomus, Racocetra,
Entrophospora, Septoglomus, and

Acaulospora showed that cashew plants can

associate more than one genus of AMF.

Table 1. Number of spores and Genera of AMF in 100 g Soil Samples

Sample Total Genus Number of Number of Spores
Spores Spores 212 um 106 pum 53 um

Sample 1 61 Glomus 38 - 25 13
Racocetra 20 20 - -

Entrophospora 3 3 - -

Sample 2 55 Glomus 30 - 15 15
Racocetra 18 18 - -

Entrophospora 2 2 - -

Septoglomus 5 1 4 -

Sample 3 59 Glomus 44 - 23 21
Acaulospora 15 - 15 -
Sample 4 46 Glomus 32 - 18 14
Acaulospora 9 - 9 -

Septoglomus 5 2 3 -

Sample 5 54 Glomus 32 20 12
Racocetra 22 22 - -
X Spores 275 68 132 75
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According to Barker and Weeks (1991 on
Wulandari et al., 2013) site differences and
rhizosphere lead to difference in species
diversity and population of fungi.

The genus Glomus is the most
dominant spore of the AMF on cashew
rhizosphere compared to other

According to Husin et al. (2007) Glomus

spores.
spores are found dominant in various
rhizosphere in the critical land of Sumatra.
Suamba et al. (2014) reported Glomus spores
were also found to be dominant in citrus

plant rhizosphere in Kerta Village, Payangan

District, Gianyar Regency. According to
Brundrett et al. (1996 in Delvian 2010), the
genus Glomus has an excellent adaptability
to various environmental conditions. One of
the advantages of adaptation of the genus
Glomus in the environment is the spores
germitate faster. Glomus spores only take 4-6
days of germination. Wang and Jiang (2015)
report, the dominant number of Glomus
spores in the rhizosphere is due to the spores
of the genus Glomus can produce more
spores compared to other AMF genera in the

same environment.

Fig. 1. AMF spores in the cashew tree rhizosphere.
A=Glomus, B=Racocetra, C=Septoglomus, D=Acaulospora, E=Entrophospora

The results of microscopic observation
on AMF spores in cashew root in this study
found that there were infection of AMF on
all samples. According to Wulandari et al.
(2013), infection of AMF can be known with
the presence of the internal structure (hypha,
vesicles, and arbuscules) that was formed by

AMF. The percentage of root infections by

AMF based on the calculation using the slide
method, obtained AMF infection that occurs
in the roots of cashew plants is 100%.
(2006).,

increase plant

According to Aldeman et al.,
mycorrhizal infection can
growth and its ability to utilize the nutrients
present in the soil, especially P, Ca, N, Cu,
Mn,

K, and Mg elements. Mycorrhizal
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colonization of plant roots can expand the
root absorption plane in the presence of
external hyphae that grows and develops
through roots (Mosse, 2001). The precentage
of AMF infection on cashew roots can be
seen in the Table 2.

Internal structure of AMF on cashew
root in this study found that the vesicles were
round, slightly round, oval, and dark blue
INVAM (2017),

vesicles were generally are oblong to

colored. According to

elliptical in shape and usually stain darkly in
trypan blue or other stain. Arbuscules were
found to be shaped as colonization of
branched trees on plant root cells. According
to INVAM (2017), the shape of the arbuscula
may vary within the same root or between
roots depending on the homogeneity of stain
diffusion and the reactivity to the stain.
Arbuscules is a colonizing unit that has
cortical cells and

reached the deeper

penetrates the cell wall to forms a complex
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hyphae branch system, they usually seen as a
small tree with branches (Gunawan, 1993 on
Setiadi and Setiawan 2011). Internal hyphae
were found shaped as blue thin threads on
root tissues . According to INVAM (2017),
internal hyphae are commonly found
branched or unbranched and interconnected,
they usually stain darkly in trypan blue and
other stains. Pictures of the internal structure
of AMF on cashew roots can be seen in Fig.
2.

According to Smith and Read (2008)
the most important structure in a symbiotic
system with plant roots is arbuscules.
Arbuscules are structures formed by internal
hyphae and connect fungi with root cortical
cells. This structure plays a role in nutrient
traffic from fungi to plants and vice versa.
The size of the infection, the development of
external hyphae, and the production of spores
depend on the environmental conditions of

an area.

Tabel 2. Precentage of AMF Infection on Cashew Roots

Sample Infeks_,i Struktur Internal AMF (5 potong akar) Infeksi AMF

Vesikula Arbuskula Hifa (%)

Sample 1 5 . 2 100
Sample 2 5 . 5 100
Sample 3 5 . 1 100
Sample 4 5 1 2 100
Sample 5 5 1 1 100
z 25 2 11 100
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Fig. 2. Internal Structure of AMF Structure on Cashew Root.
X = vesicules, y = arbuscules, dan z = internal hypha.
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The result of DNA isolation on cashew
roots obtained DNA genome. The DNA
genome is the entire genetic material found
in a plant. The results of DNA genome
isolation were electrophoresed on 1%
agarose gel showed that DNA genome on
cashew roots were succesfully obtained by
the of DNA bands on the
electrophoresis. The obtained DNA genome
then further observed by amplify the DNA
genome that obtainbed before. The result of
amplified DNA then
electrophoresis of 1% agarose gel. The

the

present

the continued to

results of electrophoresis showed
presence of DNA bands in columns 1-5,
indicating the presence of AMF infections in
all roots of cashew tree samples. While in
column K no bands were found because only
The DNA bands of

electrophoresis signifies the AMF DNA

contain free water.

reacts positively to the specific primers NS31
and AML2 of AMF and showed the 560bp
band.  The size of band that obtained in
this study was 560bp, which is a fragmental
measure for the Glomeromycota gene.
Mycorrhizal of Glomeromycota phylum is a
group of rhizosphere microorganisms that
can symbiosis with at least 80% of plants that
live on land. The latest classification of
Glomeromycota has nine families, namely
Glomeraceae, Archaespoceae,
Paraglomeraceae, Diversisporaceae,
Pacisporaceae, Acaulosporaceae,

Gigasporaceae, Claoroideo-Glomeraceae and
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Ambisporaceae. The results of amplified

DNA electrophoresis can be seen in Fig. 3.

<«— 560 bp

Fig. 3. Electrophoresis of amplified DNA
K = Control, 1 = Sample 1, 2 = Sample 2, 3 =
Sample 3, 4 = Sample 4, 5 = Sample 5
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