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This study aims to determine the abundance of peat lands Fungi Mikoriza Arbuskula (FMA) for oil palm 
plantations, conducted in 4 (four) locations in East Kotawaringin Regency. Roots and Soil sampling in a 
composite five (5) point of soil sampling at a depth of 20 cm in each location as well as replicates. The 
sample weight of each point is 500 gr, so the total soil sample for each observation plot is 2.500 gr. Soil 
samples for each point in a plot are mixed in one place until they are homogeneous to represent a plot of 
observation, then taken 100 g per point. The research findings show the structure of infection that forms 
the FMA structure in the form of hyphae and vesicles, whereas the FMA structure in the form of 
arbuscular is not found. The highest spore density (100 g of peat soil) occurs on peat land for palm oil 
plantations with a planting age of less than 4 years (320,40), The lowest spore density in natural peat 
forest (152,20). The identification results of FMA spores find twelve (12) species of the genus Glomus sp 
FMA Spores. The genus Glomus sp FMA Spores is the only type of FMA spore, either in natural peat 
forests and peat lands for oil palm plantations of various ages. The highest average abundance of 
Genus Glomus sp FMA spores (100 g of peat soil) on peat land for  palm oil plantations with less than 4 
years of planting age (112,80) while the lowest average on peat land for  palm oil plantations with 
planting age greater than 10 years (47,40). The highest relative abundance of Genus Glomus sp FMA 
Spore (100 g peat soil) is in natural peat forest (42,64%), and the lowest average on peatland for  palm 
oil plantations with the planting age over than 10 years  (22,48 %). This study recommends the 
conversion of peatland for oil palm plantations which in its management keep prioritizing the 
sustainability of peat ecosystems by taking into account the physical, chemical and biological 
characteristics of peat soil. 
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INTRODUCTION 
The conversion of peatlands into palm oil 
plantations is faced with challenges related to the 
physical, chemical and biological properties 
inherent in peat, this is categorized as a global 
problem. The problem of peat soil lies in the high 
acidity and lack of mineral supplies needed for 
growth, so it is feared that it will produce 
unfavorable results for oil palm plants. Deru,  et 

al., (2019); Liimatainenet al., (2018); Mi et al., 
(2018); Smith et al., (2018); Riddleet al., (2018); 
Khaled&Fawy (2011); Glaseret al., (2002); and 
Sarwar et al., (2008); stated that the chemical 
properties of peat soil can be improved through 
fertilization, if physical improvement in peat soil is 
sufficient. The giving of normal nutrients to peat 
soil will not be enough to stimulate the activity of 
soil microorganisms because microorganisms 
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such as mycorrhizae fungi also need an 
appropriate physical environment which usually 
leads to a neutral reaction.   
Mycorrhizae is a symbiotic association between 
plant roots and fungi (Hoeksema, et al., 2018; 
Neuenkamp et al., 2018; Cosme ett al., 2018; 
Jiang,  et al., 2018; Akiyamaet al., 2005; 
Hajoeningtijas, 2012; Smith & Gianinazzi, 1998, 
and  Johnson et al., 1997), can be symbiotic with 
more than 80% of plants including palm oil (Phosri 
et al., 2010). These fungi contribute to the nutrient 
cycle (Sasli and Ruliansyah, 2012) and increase 
plant resistance to environmental conditions that 
are less supportive for plant growth, such as 
drought (Hapsoh et al., 2006), and acid (Rohyadi, 
2008), contaminated with heavy metals ( Bhaduri 
and Fulekar, 2012) and can protect plants from 
pathogens (Budi and May, 2013). Mycorrhizae not 
only develop in well-drained soils, but also in 
flooded soils. Even in very poor environments or 
environments contaminated with hazardous 
waste, mycorrhizae fungi can still show its 
existence (Usman et al., 2018; Kong, 2017; 
Harms et al., 2011; Chaudhry et al., 2005, and 
Khan et al., 2000). One form of environment that 
reflects such conditions can be found in histosol 
soil types or more commonly called peat soils 
(Hanafiah, 2004). 

The benefits of mycorrhizae fungi are clearly 
seen if the soil conditions are poor in nutrients or 
dry conditions, whereas in fertile soil conditions 
the role of fungi is not so real (Setiadi, 2001; 
Lakitan, 2003). Mycorrhizae is important for the 
resilience of an ecosystem, the stability of plants, 
and the maintenance and diversity of plants and 
increasing crop productivity (Moreira et al.,2007). 
At least there are five benefits of mycorrhizae for 
the development of plants that host them, namely 
increasing nutrient absorption from the soil as a 
biological barrier to root pathogen infections, 
increasing host resistance to drought, increasing 
growth booster hormones, and ensuring the 
implementation of biogeochemical cycles. In this 
symbiotic relationship, fungi get nutritional 
benefits (carbohydrates and other growth 
substances) for their life needs from plant roots 
((cosme et al., 2018; Gerz et al., 2018; Menzel et 
al., 2018; Hoeksema et al., 2018; Brundrett & 
Tedersoo, 2018; and  Lambers, 2008; Noli et al., 
2011). 

Fungi mikoriza arbuskula (FMA) has four 
functional roles, namely: (1) bioprocessor; able to 
act as a pump and live pipe because it can help 
plants to absorb nutrients and water from 
locations that are not reached by the hair roots; 

(2) bioprotector or life shield because it can 
protect plants from biotic (pathogens, pests, and 
weeds) and abiotic (temperature, soil density, and 
heavy metals) stress; (3) bioactivator because it is 
proven to be able to help increase carbon 
deposits in the rhizosphere thus increase 
microorganism activity to run biogeochemical 
processes; and (4) bioagregator because it is 
proven to be able to increase soil aggregation 
(Nobre et al., 2018; Mallmannet al., 2018; Barros 
et al., 2018; Back et al., 2018; Hidayatet al., 2018, 
and Nusantara et al.,2012). 

Mycorrhizae fungi get the supply of reduced 
carbon provided by plants. Plants get the benefits 
obtained from mycorrhizae fungi, in the form of: 
(1) the roots of mycorrhizae stimulate nutrient 
uptake and water from the soil because external 
mycelia can explore a wider range of land 
compared to non-mycorrhizal roots; (2) fungi 
absorb low concentrations of nutrients more 
efficiently than roots that are not mycorrhizal; and 
(3) fungal hyphae produces various hydrophilic 
enzyme that releases nitrogen and phosphorus 
from organic compounds that were previously 
unavailable to plants (Handayanto and Hairiah, 
2007). 

The conversion of peat forest areas to the 
management of oil palm plantations will certainly 
lead to changes in the ecosystem of peat soils 
due to differences in treatment than before. 
Certain changes in ecosystems will also have an 
impact on the physical and chemical properties of 
peat soils which will eventually lead to the 
development of microorganisms such as Fungi 
Mikoriza Arbuskula (FMA). The purpose of this 
study was to determine the abundance of 
peatlands Fungi Mikoriza Arbuskula for oil palm 
plantations. 
 
MATERIALS AND METHODS 
 
 Location and Time of Research 

The study was conducted in East 
Kotawaringin Regency, Central Kalimantan 
Province with the determination of 4 (four) 
research locations, respectively namely : (1) 
Natural peat swamp forest in Kota Besi Subdistrict 
(1120 41' 35.73" BT, 20 22' 0.57" LS), (2) 
Peatlands for oil palm plantations with a planting 
age  less than 4 years in Parenggean Subdistrict 
(1120 42' 27.53" BT 20 6' 28.54" LS); (3) 
Peatlands for oil palm plantations with a planting 
age  between 4-10 years in Cempaga Subdistrict 
(1120 54' 42.58" BT 20 16' 10.71" LS); and (4) 
Peatland for oil palm plantations with a planting 
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age  more than 10 years in Sub-district of 
Mentawa Baru Ketapang (1120 42' 27.53" BT 20 6' 
28.54" LS). 
Analysis of peat soil was carried out at the Soil 
Laboratory of the Faculty of Agriculture, Brawijaya 
University and University of Palangka Raya, while 
the analysis of Fungi Mikoriza Arbuskula (FMA) 
was carried out in the Laboratory of Plant Disease 
/ Hama Penyakit Tanaman (HPT), Faculty of 
Agriculture, Brawijaya University. The time of 
research starting from preparation to data 
processing is carried out for 10 (ten) months, 
starting from June 2017 to March 2018. 

Materials and Tools 
The material used is a sugar solution 

(glucose) 60%, a solution of Polyvinyl Alcohol 
Lactic acid Glycerol (PVLG) as a spore 
preservative and Melzer's solution as a coloring 
agent, aquadest, clear nail paint, tap water, plastic 
strap, plastic bag and label paper. Tools for soil 
sampling land are hoes or shovels, while 
laboratory testing equipment are a set of 600 µm , 
250 µm, 106 µm, 53 µm, and 38 µm multilevel 
sieve, 1000 mL goblet, 100 erlenmeyer bottles, 
petri dishes, spore tweezers, glass slide, glass 
covers, stereo microscopes, compounds 
microscope, tea filters, tweezers, analytical 
scales, hot plates, scissors, digital cameras, and 
calculators. 

Plot Making 
Observation plots sized 20 m x 20 m are 

made according to the ICRAF method (Ervayenri 
et al., 1999). Determination of observation plots 
was conducted randomly as many as 3 (three) 
plots and 5 (five) soil sampling points in each 
location. Total of soil sampling amounted to 60 
points.  

Soil Sampling 
Composite roots and soil sampling on 5 (five) 

points as replicates in each plot at a depth of 20 
cm. The weight of the soil taken every point is 500 
gr, so the total soil samples taken for each plot 
are 2.500 gr. Soil samples for each point in a plot 
are mixed in one place until they are 
homogeneous to represent one observation plot, 
then taken 100 g per point or 500 gr for each plot.  

Spore Extraction 
FMA spore extraction using a wet filter 

technique and continued with centrifugation 
technique. The working procedure of wet filter 
technique was first carried out by mixing 50 g of 

soil samples with 200-300 ml of water and stirring 
until the soil grains were destroyed. Then filtered 
in a set of 600 µm , 250 µm, 106 µm, 53 µm, and 
38 µm multilevel sieve sequentially from top to 
bottom. From the upper sieve sprayed with tap 
water to facilitate the escape of filter material. 
Then the upper sieve is removed and the second 
filter/ sieve is sprayed again with tap water. After 
the second filter/ sieve is removed a number of 
residual soil left in the bottom filter is transferred 
into the centrifuge tube. 

The making of spore microscope slide set 
using the Melzer's coloring agent. FMA spores 
obtained from extraction after calculated the 
numbers then placed in Melzer's solution. Then 
the spores are broken carefully by pressing the 
cover glass of the slide using the end of the stick. 
The discoloration of the spores in Melzer's 
solution is one of the determinants indicator of 
existing spore types. 

Spore Isolation 
Spore isolation was done in order to separate 

the spores from the soil samples so that the 
characteristics of the FMA spores and the amount 
can be known. Isolation of FMA spores was 
conducted by wet filter pouring technique 
(Pacioni, 1992 in Brundrett et al., 1996) dan 
dilanjutkan dengan teknik sentrifugasi (Brundrett 
et al., 1996). 50 g of soil is dissolved in 500 ml of 
water and stirred for ± 15 minutes until the soil 
grains were destroyed. Furthermore, the soil 
suspension was filtered with a multilevel sieve 
sized 600 µm, 250 µm, 106 µm, 53 µm, and 38 
µm using running water until clear. The filter/ sieve 
results then transferred to a centrifuge tube and 
centrifuged for 3 minutes at 2.500 rpm.  

Supernatant the result of centrifuge was 
removed, and the deposit was resuspended with a 
60% glucose solution and centrifuged again for 1 
minute at 2.500 rpm. The remaining deposits in 
the filter/ sieve were poured into a petri dish and 
then observed under a binocular microscope for 
calculating the spore density and the making of a 
microscope slide set to identify the existing FMA 
spores. The spores are harvested by filtering the 
supernatant using a 38 µm sieve.  

Identification of Spores  
Identification of FMA spores was carried out 

by observing the structure of FMA spores, 
diversity of FMA spores, and spore morphology, 
including: shape, size, and color of spores and 
spore reaction after Melzer's solution was 
dropped. Observation of spore morphology was 
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carried out using a binocular microscope based 
on the state of the spores on a slide and also 
based on observations of the structure of the FMA 
(intraradical hyphae, vesicles, and arbuscular). 
The foundation of identification is a guidebook of 
“Manual for The Identification of VA Mychorhizal 
Fungi” (Schenk and Ferez, 1990). Identification of 
spores is carried out until the determination of the 
spore genus. Spores placed on microscope slide 
set, then dripped with Melzer's solution. Spores 
are destroyed to see the reaction between lipids 
inside the spore with Melzer's solution. Spores are 
taken with spore tweezers and transferred to the 
glass of microscope slide set in the same shape 
and color, then respectively given one drop of 
PVLG preservative and Melzer's coloring by 
leaving a place for the label. the glass of 
microscope slide set was covered with a slip 
cover with glue on each side using nail polish. 
 
Statistical analysis 

Data analysis was conducted by descriptive 
method and assisted by figures, graphs, and 
tables. The abundance of FMA is described 
sequentially as follows: (1) Structure of FMA, (2) 
Diversity of FMA Spores, (3) FMA Density, (4) 
FMA Spore Abundance; and (5) Relative 
Abundance of FMA Spores. 
 
RESULTS AND DISCUSSION 

Structure of Fungi Mikoriza Arbuskula (FMA)  
Fungi Mikoriza Arbuskula (FMA) in general it 

has several structures to survive inside plant roots 
and in the soil. Research by Puspitasari et al., 
(2016),  Proborini et al., (2013),  Indriani et al., 
(2011), Saidi et al., (2014), and  Dewi (2007) 
stated that the main structures of FMA are 
arbuscular, vesicles, external hyphae, and spores. 
The association between FMA and a plant can be 
identified by the presence or absence of infection 
in the root with the discovery of arbuscular, 
vesicle, external hyphae.  

Figure 1, findings of this study namely 
infections in the roots of oil palm plants found in 
the structure of infection that forms the structure 
of FMA in the form of hyphae and vesicles, while 
the FMA structure in the form of arbuscular is not 
found. Branched hyphae like the letter H is the 
characteristic of Glomus. The germinated spores  
then extend the hyphae into the plant roots and 
swell to form spores (right). Vesicles located at 
the tips of the hyphae, shaped like a bag and 
distend. FMA colonization indicated by the 
presence of structures such as hyphae, 

arbuscular, and vesicles is significantly affected 
by plantation processing systems.  The findings of 
previous research conducted by Nobre et al., 
(2018); Tuheteru et al., (2017); Costa et al., 
(2016); Kivlin et al., (2011); Cruz (2015); Lara-
Pérez etal. ( 2014),  and Corryanti et al.(2007);  
that the presence of FMA spores is influenced by 
environmental factors and host plants. 

Fungi Mikoriza Arbuskula (FMA) Spores 
Density 

Spore density is the number of spores in 100 
grams of peat soil. The average of Spore Density 
(100 g) in each study location can be seen in 
Table 1. 

The research findings show that the average 
density of spores (100 g of peat soil) sequentially 
is the highest in peatlands for palm oil plantations 
with a planting age less than 4 years (320,40), 
palm oil plants aged between 4-10 years (276,20), 
and followed by palm oil plants with the aged over 
than 10 years (211,20). The lowest occured in 
natural peat forests (152,20). 

Forest conservation for agricultural land will 
reduce the diversity of species and number of 
propagules of fungi due to changes in plant 
species, amount of organic matter produced, 
nutrients, and soil structure. Multi-species forest 
transformed into monoculture forest with a uniform 
age greatly influences the number and diversity of 
mycorrhizae (Gilbertet al., 2016; Setiadi, 2001; 
and Meijer & Govers, 2007). FMA spore density is 
influenced by the management system (Higo et 
al.,2013). The highest number and type of FMA in 
the Tetragastris sp. plant rhizosphere. aged 5 
years (Herre et al., 2007).    

Fungi Mikoriza Arbuskula (FMA) Spore 
Diversity 

The diversity of FMA spores is the result of 
identification of FMA spores to the genus level by 
looking at the morphological characteristics of 
spores that have been preserved with polyvinil 
alcohol lactid acid glycerol (PVLG). Identification 
of FMA spores is conducted through microscope 
documentation with 40x magnification. 

Figure 2,  identification results showed 12 
(twelve) species of genus Glomus sp. FMA spores 
which has types and characteristics that are not 
the same in each genus. FMA spores of the 
genus Glomus sp is the only type of FMA spore, 
either in natural peat forests and peatlands for 
palm oil plantations of various ages.  
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External hyphae on FMA Vesicles on FMA 
Figure 1. The structure of FMA external hyphae and FMA vesicles 

Table 1. FMA Spore Density (100 grams) 

Peatlands 
Replicate Amount 

 (100 g) 
Average±SD 

I II III IV V 

Natural peat forest 178 123 149 153 158 761 152,20±17,68 

Palm oil plants aged 
less than 4 years 

315 322 301 327 337 1.602 320,40±12,06 

Palm oil plants aged 
between 4-10 years 

286 271 264 270 290 1.381 276,20±10,01 

Palm oil plants aged 
above 10 years 

208 211 204 217 216 1.056 211,20±4,87 

   
Glomus sp 1 Glomus sp 2 

Glomus sp 3 

  
 

Glomus sp 4 Glomus sp 5 
Glomus sp 6 

   

Glomus sp 7 Glomus sp 8 
Glomus sp 9 

   

Glomus sp 10 Glomus sp 11 
Glomus sp 12 

Figure 2. Types of Genus Glomus sp. FMA Spores 
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Table 2:Spore Morphology of  genus Glomus sp. Fungi Mikoriza Arbuskula (FMA) (100 g) 

Genus 
 identification 

Spore Characteristic of Fungi Mikoriza Arbuskula (FMA) 
Reaction of  

Melzer's. Color Shape 
Size 
(µm) 

Wall  
Thickness 

Surface  
Texture 

Hifa's  
stalk 

Glomus sp 1 Brown 
Oval 

 round 
152,15 

2 layers 
Fine None Unreacted 

3,4 µm 

Glomus sp 2 
Dark 

 brown 
Oval  
round 

150,22 
2 layers Very  

coarse 
None Unreacted 

3,1 µm 

Glomus sp 3 Brown 
Oval 

 round 
152,02 

2 layers Coarsely  
speckled 

Clots Unreacted 
3,7 µm 

Glomus sp 4 Brown Oval 151,45 
2 layers 

Fine Straight Unreacted 
2,7 µm 

Glomus sp 5 Brown Oval 149,65 
2 layers Very coarse  

speckled 
Straight Unreacted 

3,2 µm 

Glomus sp 6 Brown Oval 148,24 
2 layers Coarsely  

speckled 
None Unreacted 

2,9 µm 

Glomus sp 7 Brown Round 147,38 
2 layers Coarsely  

speckled 
None Unreacted 

4,2 µm 

Glomus sp 8 
Dark 

 brown 
Round 142,20 

2 layers Finely  
speckled 

None Unreacted 
4,5 µm 

Glomus sp 9 
Dark  

brown 
Round 144,37 

2 layers Very coarse  
speckled 

Clots Unreacted 
5,5 µm 

Glomus sp 10 
Dark  

brown 
Round 134,31 

2 layers Coarsely  
speckled 

None Unreacted 
3,5 µm 

Glomus sp 11 
Light  
brown 

Oval 
 round 

139,22 
2 layers 

Very fine Straight Unreacted 
5,3 µm 

Glomus sp 12 Brown 
Oval 

 round 
132,17 2 layers 

Finely  
speckled 

Straight Unreacted 

 
 
This is in line with the research of Cahyani et 

al., (2014) which showed Glomus was the 
dominant FMA spore compared to Acaulospora 
and Gigaspora in Alluvial soil in Pamekasan 
Madura Regency.  

Glomus is a type of FMA that has a fairly good 
adaptability to the environment either in acidic and 
neutral conditions, so its existence tends to be 
more dominant compared to other genus (Delvian, 
2006). Glomus is a genus that dominates 
agricultural land, and has a higher resistance to 
environmental stress compared to other genus. 
Glomus has a fairly high level of adaptation to 
various environmental conditions and has a wide 
distribution (Shi et al., 2007). This genus can 
develop at a pH of less than 5.00 to neutral, and 
on the texture of sandy clay loam to clay soil. 
Spore Morphology of  genus Glomus sp. Fungi 
Mikoriza Arbuskula (FMA) (100 g) in Table 2. 

Glomus sp. is the mycorrhizae genus from the 
family of  Glomeraceae. Glomus sp. is a genus 
that has the highest diversity of others. Some 
characteristics of  Genus Glomus sp. Fungi 
Mikoriza Arbuskula (FMA) Spore namely the 
spores are formed individually or in pairs in the 
non gametangium hyphae terminal which is 
undifferentiated in the sporocarp. At adulthood, 
the spores are separated from adhesive hyphae 

by a septum. Spores in the form of globose, sub-
globose, ovoid, or obovoid with spore walls 
consisting of more than one layer, hyaline to 
yellow colored, brownish red, brown and black, 
sized between 20-400 µm (Morton, 2014). 

The Abundance of genus Glomus sp. FMA 
Spores 

The abundance of Genus Glomus sp FMA 
Spores is the number of  Genus Glomus sp FMA 
Spores at 100 grams of peat soil. The average 
abundance of FMA spores can be seen in the 
following Table 3. 

The highest average abundance of Genus 
Glomus sp FMA Spores (100 g of peat soil) is 
located on peatland for palm oil plantations with 
planting age less than 4 years (112,80), followed 
by peatlands for palm oil plantations with planting 
age between 4-10 years (104,10), then natural 
peat forests (64,20. The lowest average 
abundance of a Genus Glomus sp FMA Spores 
(100 g of peat soil) is on peatland for palm oil 
plantations with the planting age over than10 
years (47,40). Plant age greatly affects the FMA 
population in the soil (Widiastuti, 2006), Symbiosis 
of FMA and host plants is influenced by soil 
properties, type and age of host plants 
(Nusantara, 2011).  
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The Relative Abundance of Genus Glomus sp. 
FMA Spores 

Relative abundance is the percentage 
comparison between genus Glomus sp FMA 
spores and the total of FMA spores. The average 
abundance of FMA spores can be seen in the 
Table 4. 

The highest average of relative abundance of 
genus Glomus sp FMA Spore (100 g peat soil) is 

in natural peat forest (42,64%), then peatlands for 
palm oil plantations with planting age between 4-
10 years (37,69%), peatland for palm oil 
plantations with planting age less than 4 years 
(35,34%). The lowest average is in peat land for  
palm oil plantations with planting age over than 10 
years (22,48%) 

 

 
Table 3. The Abundance of Genus Glomus sp. FMA Spores (100 g) 

 

Peatlands 
Replicate Amount 

 (100 g) 
Average±SD 

I II III IV V 

Natural peat forest 62 59 63 68 69 321 64,20±3,76 

Palm oil plants aged less 
than 4 years 

109 111 125 122 97 564 112,80±10,01 

Palm oil plants aged 
between 4-10 years 

137 98 102 97 87 521 104,10±17,23 

Palm oil plants aged 
above 10 years 

42 48 56 48 43 237 47,40±4,96 

 
Table 4. The Relative Abundance of Genus Glomus sp. FMA Spores. (%) 

 
Peatlands  Replicate Amount 

 (%) 
Average± 

SD I II III IV V 

Natural peat forest 34,83 47,97 42,28 44,44 43,67 213,20 42,64±4,33 

Palm oil plants aged less 
than 4 years 

34,60 34,47 41,53 37,31 28,78 176,70 35,34±4,16 

Palm oil plants aged 
between 4-10 years 

47,90 36,16 38,64 35,93 29,83 188,45 37,69±5,87 

Palm oil plants aged above 
10 years 

20,19 22,75 27,45 22,12 19,91 112,42 22,48±2,71 

 
 

CONCLUSION 
Planting finds an infectious structure that 

forms FMA structures in the form of hyphae and 
vesicles. The highest spore density (100 g of peat 
soil) is  on peatland for palm oil plantations with a 
planting age  less than 4 years, while the lowest in 
natural peat forest. The identification results found 
12 (twelve) species of genus Glomus sp. FMA 
spores which is the only type of FMA spore found 
in either natural peat forests and peatlands for 
palm oil plantations of various ages. The highest 
average abundance of Genus Glomus sp FMA 
Spores (100 g of peat soil) is on peatland for  
palm oil plantations with planting age less than 4 
years (112,80), while the lowest is on peatland for 
palm oil plantations with the planting age over 
than 10 years. The highest average of relative 
abundance of genus Glomus sp FMA Spores (100 
g peat soil) is in natural peat forest and the lowest 
is on peatland for palm oil plantations with the 

planting age over than 10 years. 
 
RECOMMENDATION 

This study recommends the conversion of 
peatland for oil palm plantations which in its 
management keep prioritizing the sustainability of 
peat ecosystems by taking into account the 
physical, chemical and biological characteristics of 
peat soil. 
 
CONFLICT OF INTEREST 

The authors declared that present study was 
performed in absence of any conflict of interes. 
 
ACKNOWLEGEMENT 

Thank you to Mr. Teguh Patriawan as 
President Director of the Palm Oil Plantation 
Company PT. Nusantara Sawit Perdana and also 
colleagues staff at Center for International 
Cooperation in Sustainable Management of 
Tropical Peatland (CIMTROP) Palangka Raya 
University for cooperation and assistance during 



Rahmawati et al.,              The Abundance of peatland fungi mikoriza arbuskula (FMA) for palm oil plantation  

 

    Bioscience Research, 2019 volume 16(1): 66-76                                                             73 

 

research activities on peatland management in 
convertion land use in oil palm plantations running 
well. 
 
AUTHOR CONTRIBUTIONS 

The article is part of the Dissertation of 
Doctoral and all the authors have contributed: RR 
conducted experiments, data collection, data 
analysis and writing manuscript, Prof. S 
contributed to the experimental design, the 
determination of the research treatment, Prof. EN 
and Prof. SP contributes to experimental design, 
determination of research treatment and review of 
manuscripts. 
 

Copyrights: © 2019 @ author (s).  
This is an open access article distributed under the 
terms of the Creative Commons Attribution License 
(CC BY 4.0), which permits unrestricted use, 
distribution, and reproduction in any medium, 
provided the original author(s) and source are 
credited and that the original publication in this 
journal is cited, in accordance with accepted 
academic practice. No use, distribution or 
reproduction is permitted which does not comply 
with these terms. 

 
REFERENCES   
Akiyama, K., Matsuzaki, K. I., & Hayashi, H. 

(2005). Plant sesquiterpenes induce hyphal 
branching in arbuscular mycorrhizal fungi. 
Nature, 435(7043), 824. 

Back, M. M., Altmann, T., & Souza, P. V. D. D. 
(2016). Influence of arbuscular mycorrhizal 
fungi on the vegetative development of citrus 
rootstocks1. Pesquisa Agropecuária 
Tropical, 46(4), 407-412. 

Back, M. M., Fedrizzi, G., & Souza, P. V. D. D. 
(2018). Growth and physiology of the 
citrange ‘Fepagro C37 Reck’rootstock 
innoculated with arbuscular mycorrhizal 
fungi. Revista Ceres, 65(4), 356-363. 

Barros, V., Frosi, G., Santos, M., Ramos, D. G., 
Falcão, H. M., & Santos, M. G. (2018). 
Arbuscular mycorrhizal fungi improve 
photosynthetic energy use efficiency and 
decrease foliar construction cost under 
recurrent water deficit in woody evergreen 
species. Plant Physiology and Biochemistry, 
127, 469-477. 

Bhaduri, A.M. dan M. H. Fulekar. (2012). 
Assessment of arbuscular mycorrhizal fungi 
on the phytoremediation potential of Ipomoea 
aquatica on cadmium uptake. 3 Biotech 

2:193–198 
Brundrett, M. C., & Tedersoo, L. (2018). 

Evolutionary history of mycorrhizal 
symbioses and global host plant diversity. 
New Phytologist. 

Brundrett, MN., B. Bougher, T.G. Dell, danN. 
Malayczuk. (1996). Working withMicrorhizas 
in Forestry andAgriculture. ACIAR 
Monograph 32.Australian Centre for 
InternationalvAgriculture Research Canberra.  

Budi, S.W. dan N. L. May.  (2013).  Bacteria from 
arbuscular mycorrhizal fungi spores 
Gigaspora sp. and Glomus sp.: Their 
antagonistic effects towards soil borne fungal 
pathogens and growth stimulation of 
Gigaspora sp. In vitro. Biotropia Vol. 20(1): 
38 - 49 

Cahyani, N.K.M.D., S. Nurhatika, dan A. 
Muhibuddin.   (2014).  Eksplorasi mikoriza 
vesikular arbuskular (MVA) indigenous pada 
tanah Aluvial di Kabupaten Pamekasan 
Madura. Sainsdan Seni Pomits Vol. 3(1): 
23373520 

Chaudhry, Q., Blom-Zandstra, M., Gupta, S. K., & 
Joner, E. (2005). Utilising the synergy 
between plants and rhizosphere 
microorganisms to enhance breakdown of 
organic pollutants in the environment (15 pp). 
Environmental Science and Pollution 
Research, 12(1), 34-48. 

Corryanti, S., B. Rajagukguk, Soedarsono, J dan 
S.M. Widyastuti. (2007). Perkembangan 
mikoriza arbuskula dan pertumbuhan bibit 
jati (Tectona grandis L.) yang diinokulasi 
spora fungi mikoriza arbuskula asal tanah 
hutan tanaman jati. Pemuliaan Tanaman 
Hutan, 1: 2-3. 

Cosme, M., Fernández, I., Van der Heijden, M. G., 
& Pieterse, C. M. (2018). Non-mycorrhizal 
plants: the exceptions that prove the rule. 
Trends in plant science. 

Cosme, M., Fernández, I., Van der Heijden, M. G., 
& Pieterse, C. M. (2018). Non-mycorrhizal 
plants: the exceptions that prove the rule. 
Trends in plant science. 

Costa, H. A. O., Stürmer, S. L., Ragonezi, C., 
Grazziotti, P. H., Grazziotti, D. C. F. S., & 
Silva, E. D. B. (2016). Species richness and 
root colonization of arbuscular mycorrhizal 
fungi in Syngonanthus elegans, an endemic 
and threatened species from the Cerrado 
domain in Brazil. Ciência e Agrotecnologia, 
40(3), 326-336. 

Cruz, A. F. (2015). Effects of plant root extracts on 
growth of Trifoliate orange rootstocks 

https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/


Rahmawati et al.,              The Abundance of peatland fungi mikoriza arbuskula (FMA) for palm oil plantation  

 

    Bioscience Research, 2019 volume 16(1): 66-76                                                             74 

 

inoculated with arbuscular mycorrhizal 
fungus under salinity conditions. Citrus 
Research and Technology, 36(1), 1-7. 

Delvian. (2006). Dinamika Sporulasi Cendawan 
Mikoriza Arbuskula. Karya 
Ilmiah.Departemen Kehutanan. Universitas 
Sumatera Utara. Medan. 

Deru, J. G., Bloem, J., de Goede, R., Hoekstra, 
N., Keidel, H., Kloen, H., ... & Brussaard, L. 
(2019). Predicting soil N supply and yield 
parameters in peat grasslands. Applied Soil 
Ecology, 134, 77-84. 

Gerz, M., Guillermo Bueno, C., Ozinga, W. A., 
Zobel, M., & Moora, M. (2018). Niche 
differentiation and expansion of plant species 
are associated with mycorrhizal symbiosis. 
Journal of Ecology, 106(1), 254-264. 

Gilbert, L., Christen, C. A., Altrichter, M., Longino, 
J. T., Sherman, P. M., Plowes, R., ... & 
Phillips, P. (2016). The Southern Pacific 
lowland evergreen moist forest of the Osa 
Region. University of Chicago Press: 
Chicago, IL, USA, 360-411. 

Glaser, B., Lehmann, J., & Zech, W. (2002). 
Ameliorating physical and chemical 
properties of highly weathered soils in the 
tropics with charcoal–a review. Biology and 
fertility of soils, 35(4), 219-
230.Hajoeningtijas, O. D. (2012). 
Mikrobiologi Pertanian. Graha Ilmu. 
Yogyakarta. 197 hal. 

Hanafiah, K. A. (2004). Dasar-dasar Ilmu Tanah. 
Volume ke-2, Dasar-dasar Ilmu 
TanahLanjutan. Palembang. 

Handayanto, E dan K. Hairiah. (2007). Biologi 
Tanah Landasan Pengelolaan. Tanah Sehat. 
Pustaka Adipura. Yogyakarta. 195 hlm 

Hapsoh, S.  Yahya, T.M.Hanafiah Oelim, dan B.  
S.  Purwoko.  (2006).  Respons fisiologi 
beberapa genotip kedelaiyang bersimbiosis 
dengan MVA terhadap berbagai tingkat 
cekaman kekeringan. Hayati   Vol. 13(2): 43-
48. 

Harms, H., Schlosser, D., & Wick, L. Y. (2011). 
Untapped potential: exploiting fungi in 
bioremediation of hazardous chemicals. 
Nature Reviews Microbiology, 9(3), 177. 

Herre, E.A., L.C. Mejia, D.A. Kyllo, E. Rojas, Z. 
Maynard, A. Butler, dan S.A. van Bael. 
(2007). Ecological implications of anti-
pathogen effects of tropical fungal 
endophytes and mycorrhizae. Ecology. 88 
(3): 550558. 

Hidayat, C., Setiati, Y., & Gustini, P. (2018). 
Growth and yield of chili on post-mine 

sandpits treated by Arbuscular Micorhizal 
fungi and organic matter. In IOP Conference 
Series: Materials Science and Engineering 
(Vol. 434, No. 1, p. 012110). IOP Publishing. 

Higo, M., K. Isobe, M. Yamaguchi, R. A. Drijber, 
E.S. Jeske, dan R. Ishii. (2013).Diversty and 
vertical distribution of indigenous arbuscular 
mycorrhizalfungi under two soybean 
rotational systems. Bio Fertil Soils. 49: 
p.1085-1096 

Hoeksema, J. D., Bever, J. D., Chakraborty, S., 
Chaudhary, V. B., Gardes, M., Gehring, C. 
A., ... & Lajeunesse, M. J. (2018). 
Evolutionary history of plant hosts and fungal 
symbionts predicts the strength of 
mycorrhizal mutualism. Communications 
biology, 1(1), 116. 

Hoeksema, J. D., Bever, J. D., Chakraborty, S., 
Chaudhary, V. B., Gardes, M., Gehring, C. 
A., ... & Lajeunesse, M. J. (2018). 
Evolutionary history of plant hosts and fungal 
symbionts predicts the strength of 
mycorrhizal mutualism. Communications 
biology, 1(1), 116. 

Indriani, N. P., Mansyur, I. S., & Islami, R. Z. 
(2011). Peningkatan produktivitas tanaman 
pakan melalui pemberian fungi mikoriza 
arbuskular (FMA). Pastura, 1(1), 27-30. 

Jiang, Y., Xie, Q., Wang, W., Yang, J., Zhang, X., 
Yu, N., ... & Wang, E. (2018). Medicago AP2-
Domain Transcription Factor WRI5a Is a 
Master Regulator of Lipid Biosynthesis and 
Transfer during Mycorrhizal Symbiosis. 
Molecular plant, 11(11), 1344-1359. 

Johnson, N. C., Graham, J. H., & Smith, F. A. 
(1997). Functioning of mycorrhizal 
associations along the mutualism–parasitism 
continuum. New phytologist, 135(4), 575-
585. 

Khaled, H., & Fawy, H. A. (2011). Effect of 
different levels of humic acids on the nutrient 
content, plant growth, and soil properties 
under conditions of salinity. Soil and Water 
Research, 6(1), 21-29. 

Khan, A. G., Kuek, C., Chaudhry, T. M., Khoo, C. 
S., & Hayes, W. J. (2000). Role of plants, 
mycorrhizae and phytochelators in heavy 
metal contaminated land remediation. 
Chemosphere, 41(1-2), 197-207. 

Kivlin, S. N., C.V., Hawkes dan K.K., Treseder. 
(2011). Global diversity anddistribution of 
arbuscular mycorrhizal fungi. Journal Soil 
Biology &Biochemistry 43: 2294-2303. 

Kong, M. (2017). Biodiversity of arbuscular 
mycorrhizal fungi from extreme petroleum 



Rahmawati et al.,              The Abundance of peatland fungi mikoriza arbuskula (FMA) for palm oil plantation  

 

    Bioscience Research, 2019 volume 16(1): 66-76                                                             75 

 

hydrocarbon contaminated site. 
Lakitan, Benyamin.  (2003).  Dasar-dasar Fisiologi 

Tumbuhan.  PT. Raja Grafindo Persada,  
Jakarta. 

Lambers, H., Raven, J. A., Shaver, G. R., & 
Smith, S. E. (2008). Plant nutrient-acquisition 
strategies change with soil age. Trends in 
ecology & evolution, 23(2), 95-103. 

Liimatainen, M., Voigt, C., Martikainen, P. J., 
Hytönen, J., Regina, K., Óskarsson, H., & 
Maljanen, M. (2018). Factors controlling 
nitrous oxide emissions from managed 
northern peat soils with low carbon to 
nitrogen ratio. Soil Biology and Biochemistry, 
122, 186-195. 

Liimatainen, M., Voigt, C., Martikainen, P. J., 
Hytönen, J., Regina, K., Óskarsson, H., & 
Maljanen, M. (2018). Factors controlling 
nitrous oxide emissions from managed 
northern peat soils with low carbon to 
nitrogen ratio. Soil Biology and Biochemistry, 
122, 186-195. 

Mallmann, G. C., Sousa, J. P., Sundh, I., Pieper, 
S., Arena, M., da Cruz, S. P., & Klauberg-
Filho, O. (2018). Placing arbuscular 
mycorrhizal fungi on the risk assessment test 
battery of plant protection products (PPPs). 
Ecotoxicology, 1-10. 

Meijer, H. J. G., & Govers, F. (2007). 
Characterization of extracellular 
phospholipase D activity in Phytophthora. In 
Book of Abstracts XXIV Fungal Genetics 
Conference, Pacific Grove, California, USA, 
20-25 March 2007 (pp. 145-145). 

Menzel, A., Hempel, S., Davison, J., Moora, M., 
Pyšek, P., Rillig, M. C., ... & Kühn, I. (2018). 
Widely distributed native and alien plant 
species differ in arbuscular mycorrhizal 
associations and related functional trait 
interactions. Ecography. 

Mi, W., Sun, Y., Xia, S., Zhao, H., Mi, W., 
Brookes, P. C., ... & Wu, L. (2018). Effect of 
inorganic fertilizers with organic amendments 
on soil chemical properties and rice yield in a 
low-productivity paddy soil. Geoderma, 320, 
23-29. 

Moreira, Dilmar dan Tsai SM. (2007). Biodiversity 
dan distribution of arbuscular mycorrhizal 
fungi in Araucaria angustifolia forest. Journal 
agriculture vol. 64 : 393-399.  

Morton, Joseph. (2014). LSC: INVAM, An 
International Culture Collection of 
ArbuscularMycorrhizalFungi. West Virginia 
University Research Corporation, 
Morgantown, WV, UnitedStates. 

Neuenkamp, L., Moora, M., Öpik, M., Davison, J., 
Gerz, M., Männistö, M., ... & Zobel, M. 
(2018). The role of plant mycorrhizal type 
and status in modulating the relationship 
between plant and arbuscular mycorrhizal 
fungal communities. New Phytologist. 

Nobre, C. P., COSTA, M. G. D., Goto, B. T., & 
Gehring, C. (2018). Arbuscular mycorrhizal 
fungi associated with the babassu palm 
(Attalea speciosa) in the eastern periphery of 
Amazonia, Brazil. Acta Amazonica, 48(4), 
321-329. 

Nobre, C. P., COSTA, M. G. D., Goto, B. T., & 
Gehring, C. (2018). Arbuscular mycorrhizal 
fungi associated with the babassu palm 
(Attalea speciosa) in the eastern periphery of 
Amazonia, Brazil. Acta Amazonica, 48(4), 
321-329. 

Noli, Z. A., Netty, W.S., E.M. Sari. (2011). 
Eksplorasi Cendawan Mikoriza Arbuskula 
(CMA) Indigenous yang Berasosiasi dengan 
Begonia resecta di Hutan Pendidikan dan 
Penelitian Biologi (HPPB). Prosiding Seminar 
Nasional Biologi : Meningkatkan Peran 
Biologi dalam Mewujudkan National 
Achievment with Global Reach. Departemen 
Biologi FMIPA Universitas Sumatera Utara, 
Medan.  

Nusantara, A.D., Rr.Y.H. Bertham, dan H.I. 
Mansur. (2012). Bekerja dengan 
FungiMikoriza Arbuskula. Seameo Biotrop. 
IPB, Bogor. 

Oki, Y., Goto, B. T., Jobim, K., Rosa, L. H., 
Ferreira, M. C., Coutinho, E. S., ... & 
Berbara, R. L. L. (2016). Arbuscular 
Mycorrhiza and Endophytic Fungi in 
Ruspestrian Grasslands. In Ecology and 
Conservation of Mountaintop grasslands in 
Brazil (pp. 157-179). Springer, Cham. 

Phosri C, Põlme S, Taylor AFS, Kõljalg UK, 
Suwannasai N, Tedersoo L. (2012). Diversity 
and community composition of 
ectomycorrhizal fungi in a dry deciduous 
dipterocarp forest in Thailand. Biodivers 
Conserv. 21:2287–2298. 

Proborini, M. W., Sudana, M., Suarna, W., & 
Ristiati, N. P. (2013). Indigenous vesicular 
arbuscular mycorrhizal (VAM) fungi in 
cashew nut (Anacardium occidentale L.) 
plantation of North East-Bali island-
Indonesia. J Biol Agric Healthc, 3(3), 114-
121. 

Puspitasari, R. T., Elfarisna, Y. S., & Pradana, N. 
T. (2016). Funneliformis geosporum of Ujung 
Genteng Coastal Forest Sukabumi: It’s 



Rahmawati et al.,              The Abundance of peatland fungi mikoriza arbuskula (FMA) for palm oil plantation  

 

    Bioscience Research, 2019 volume 16(1): 66-76                                                             76 

 

Symbiosis and Potency as Biofertilizer. First 
published in March 2016 by:© Faculty of 
Mathematics and Natural Sciences, 
Banjarbaru 2016 All rights reserved 
Compiled by Aprida Siska Lestia and Rani 
Sasmita Edited by Sasi Gendro Sari, 88. 

Riddle, M., Bergström, L., Schmieder, F., 
Kirchmann, H., Condron, L., & Aronsson, H. 
(2018). Phosphorus Leaching from an 
Organic and a Mineral Arable Soil in a 
Rainfall Simulation Study. Journal of 
environmental quality, 47(3), 487-495. 

Saidi, A., Husin, E. F., Rasyidin, A., Eddiwal, E., & 
Ismon, L. (2014). Selection of Aruscular 
Mycorrhizal Fungi (AMF) Indigeneus in 
Ultisol for Promoting The Production of 
Glmalin and Aggregate Formation 
Processes. International Journal on 
Advanced Science, Engineering and 
Information Technology, 4(6), 430-435. 

Sarwar, G., Schmeisky, H., Hussain, N., 
Muhammad, S., Ibrahim, M., & Safdar, E. 
(2008). Improvement of soil physical and 
chemical properties with compost application 
in rice-wheat cropping system. Pakistan 
Journal of Botany, 40(1), 275-282. 

Sasli, I. dan A. Ruliansyah. (2012).Pemanfaatan 
Mikoriza ArbuskulaSpesifik Lokasi untuk 
EfisiensiPemupukan pada Tanaman Jagung 
diLahan Gambut Tropis. Agrovigor 5 
(2)September (2012).  

Schenk, N.C. dan Yvone Perez. (1990).  Manual 
for The Identification of VA Mycorrhizal 
Fungi.  Gainesville. U.S.A. 

Setiadi, Y. (2001). Peranan Mikoriza Arbuskula 
dalam Rehabilitasi Lahan Kritis di Indonesia. 
Disampaikan dalam Rangka Seminar 
Penggunaan Cendawan Mikoriza dalam 
Sistem Pertanian Organik dan Rehabilitasi 
Lahan Kritis. Bandung 23 April (2001).  

Shi ZY, Zhang L, Feng G, Tian CY, Christie P. 
(2007). Diversity of arbuscular mycorrhizal 
fungi associated with desert ephemerals in 
plant communities of junggar basin, North 
West China. Journal Applied Soil Ecology 
(35):10-20 

Smith, K. A., Ball, T., Conen, F., Dobbie, K. E., 
Massheder, J., & Rey, A. (2018). Exchange 
of greenhouse gases between soil and 
atmosphere: interactions of soil physical 
factors and biological processes. European 
Journal of Soil Science, 69(1), 10-20. 

Smith, S. E., & Gianinazzi-Pearson, V. (1988). 
Physiological interactions between symbionts 
in vesicular-arbuscular mycorrhizal plants. 

Annual review of plant physiology and plant 
molecular biology, 39(1), 221-244. 

Tuheteru, F. D., & Arif, A. (2017). Arbuscular 
Mycorrhizal Fungi and Plant Growth on 
Serpentine Soils. In Arbuscular Mycorrhizas 
and Stress Tolerance of Plants (pp. 293-
303). Springer, Singapore. 

Usman, K., Al-Ghouti, M. A., & Abu-Dieyeh, M. H. 
(2018). Phytoremediation: Halophytes as 
Promising Heavy Metal Hyperaccumulators. 
In Heavy Metals. IntechOpen. 

Widiastuti, H. (2006). Infektivitas dan efektivitas 
propagul mikoriza arbuskula yang diisolasi 
dari beberapa rhizosfer kelapa sawit. 
Agronomi. 10: 33-36. 

Zacharias, M. (2014). Marine policy: an 
introduction to governance and international 
law of the oceans. Routledge. 

 
 

 
 
 
 
 
 
 
 


