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Abstract. Oil palm (Elaeis guineensis Jacq.) is one of the promising crop plants which has
been used as raw material for producing daily products. In agricultural ecosystems, crop plants
could develop a plant-fungal association with arbuscular mycorrhizal fungi (AMF). The
objectives of this study were to determine the AMF biodiversity and mycorrhizal infection
percentage (MIP) from field-collected soil samples of three oil palm plantations from Nong
Khai, Surat Thani, and Chiang Rai provinces of Thailand. Soil characteristics (moisture
content, pH, and available phosphorus) were also measured. Thirteen AMF species belonging
to seven genera were identified from all soil samples, whereas Glomus spp. and Acaulospora
spp. were most commonly found species. AMF biodiversity value from Chiang Rai was
statistically different from other two provinces (p < 0.05). MIP value of soil samples from
Surat Thani was statistically different as well. Furthermore, soil pH showed a positive
correlation with AMF biodiversity. These results confirmed that AMF normally occurs in oil
palm plantations, but at different levels of biodiversity possibly due to different environmental
factors in each plantation. Nevertheless, this information could be useful for using AMF in
plant growth promoter and pathogen resistance programs in order to achieve the agricultural
sustainability, especially in oil palm plantations.

1. Introduction

Oil palm has become an economically important crop plant among Southeast Asian and African
countries. For example, the Royal Thai government made a decision on massive land expansion for oil
palm plantations during the last 20 years. Most terrestrial plants have a mutualistic association with
arbuscular mycorrhizal fungi (AMF) where these fungi develop their structures within the cortical
cells of plant roots and give beneficial values such as improving the nutrient content, especially for
phosphorus and water absorption [1]. Obtaining the beneficial effects of AMF application could be an
alternative solution for minimizing the chemical fertilizer and pesticide demand for oil palm expansion
[2]. However, information on the biodiversity of AMF directly associated with oil palm is limited. In
this study, we determined the biodiversity of AMF in field-collected soil samples from oil palm
plantations of three provinces in Thailand (Nong Khai (NK), Surat Thani (ST) and Chiang Rai (CR))
by applying wet-sieving method and determined the mycorrhizal infection percentage (MIP) by using
these soil samples as starting inocula and sorghum as host plants [3].
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2. Materials and methods

2.1. Study site

Soil samples for this experiment were collected from three oil palm plantations in Thailand: 1)
Rattanawapi Sub-district, Rattanawapi District, Nong Khai province; 2) Saisopa Sub-district, Phra
Saeng District, Surat Thani province; and 3) Pa Tueng Sub-district, Mae Chan district, Chiang Rai
province. The detailed information about these oil palm plantations is shown in table 1.

Table 1. Land use history of oil palm plantations.

Land use before

Province Coordinate oil palm Fertilizer application Herb1c1f1 ©
. application
plantation
NK 18°12°31.3"N Rice field ¢ Inorganic fertilizers Yes
103°10°56.9”E e Organic fertilizers (animal
manure)
ST 8°35°5.9634”N Rubber ¢ Inorganic fertilizers Yes
99°4°55.3116”E plantation e Organic fertilizers (empty
fruit bunch of oil palm)
CR 20106’40‘9”N Rice field ¢ Inorganic fertilizers No
99 45°17.9”E

NK = Nong Khai, ST = Surat Thani and CR = Chiang Rai.

2.2. Soil sampling

All soil samples were collected between late November 2014 and early March 2015. For each
plantation, 5 samples were taken from 5 randomly placed one-square-meter plots that were separated
by at least 5 m apart. Within each plot, 5 subsamples (approx. 300 cc) were randomly collected down
to the soil depth of 15 cm before being mixed together to obtain a pooled sample for each plot. A total
of 15 pooled soil samples of approx. 1.5 liter were collected. All soil samples were stored in plastic
bags and kept at room temperature until used.

2.3. Soil characteristics analyses

Soil moisture content was calculated from each soil sample as percentage oven-dry weight of soil by
drying at 105 °C for 48-72 h. Soil pH was measured in water (1:2, wt/vl). Available phosphorus (P)
was extracted with Bray 2 solution [4].

2.4. AMF spore extraction

AMF spores obtaining from each air-dry soil sample (50 g each) were extracted by wet sieving,
decanting and a 60% sucrose gradient centrifugation [3,5]. The supernatant was rinsed with tap water
for 2 min in a 38-um sieve and transferred to 9 cm petri dishes for observation. Healthy spores were
observed under a stereomicroscope (Olympus SZX-ILLB200) at 40-100X magnification. Then, 5-10
spores of each spore type collected from each soil sample were mounted on slides with polyvinyl
alcohol-lactic acid-glycerol (PVLG) or PVLG mixed 1:1 (v/v) with Melzer’s reagent and observed
under a light microscope (Olympus CH2) at a magnification of up to 400X. Identification was based
on the morphological descriptions provided by the International Culture Collection of Arbuscular and
Vesicular-Arbuscular Mycorrhizal Fungi, INVAM: http://invam.caf.wvu.edu.

The AMF biodiversity was calculated by Shannon-Wiener (H’) index. Furthermore, it was
calculated from the following equation (2), where pi is the proportion of individuals found in the ith
species (pi is calculated from ni/N, [where ni is the number of individuals in the ith species and N is
the total number of individuals]) [6].
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H = —Ypi(npi) (1)

2.5. MIP test

The MIP test for each soil sample was conducted using field-collected soil samples as starting inocula
and sorghum as the host plants. Sorghum seeds were grown into the growth substrate, consisting of
rhizosphere soil (15 mL) from oil palm plantations and sterilized diluents (1:10, v/v). Sterilized
diluents consisted of a mixture of soil and sand (1:2, v/v) (autoclaved for 2 h at 121 °C and repeated
two times after a 24-h interval). Each soil sample was conducted in triplicate for a total of 45 MIP
tests. The seeds of sorghum were previously surface-sterilized with 3% NaClO; for 2 min and used at
5-8 seeds for each pot. They were maintained with watering as needed for 28 days after shoots
appearance. At the end of the test, plant shoots were discarded and roots were gently detached from
the growth substrate and washed clean with water.

The mycorrhizal colonization of sorghum roots was assessed on 20 root pieces (approximately 1-
1.5-cm segments) from each replication. The root segments were cleared in pre-boiled KOH (10%,
w/v; 10 min), rinsed in tap water, acidified with HCI(1%, v/v; 30 min), stained in pre-boiled Trypan
blue (0.02%, w/v; 15 min) and de-stained in acetic glycerin for at least 12 h. The stained roots were
mounted on slides in PVLG with coverslips, oven-dried for 24 h at 60 °C, observed under a light
microscope at 400X for quantification and scoring. Colonization percentage was scored based on the
presence or absence of mycorrhizal structures (mycelium, vesicles, and arbuscules) of AMF observed
in the stained roots. The colonization percentage by AMF was calculated using the following formula

[7]:

total number of root segments colonized

MIP =

total number of root segments studied x 100 (2)
2.6. Statistical analyses

All data in this experiment were reported as the mean value of three replications from each soil
sample. The differences in soil samples from different plantations on the soil characteristics (soil
moisture content, pH, and available P) and AMF values (AMF biodiversity and MIP) were calculated
by univariate ANOVA tests. The significance of differences between the samples from different
plantations in soil characteristics and AMF values were tested using Least Significant Difference test
(LSD) at P<0.05. The relationships between soil characteristics and AMF biodiversity and between
AMF values (AMF biodiversity and MIP) were calculated through Pearson correlation coefficients.
Statistical procedures were conducted with the software package SPSS 16.0 for Windows.

3. Results and discussions

3.1. Soil characteristics

No significant difference was found among moisture contents (%) and pH(s) of soil samples from all
provinces (figure la and 1b). However, available phosphorus values were significantly different
between soil samples from the three provinces (p < 0.05) (figure 1c).
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Figure 1. Mean values of (a) moisture content (%); (b) soil pH; (c) available phosphorus from all
provinces. *Mean value followed by the same letters are different significantly (p <0.05). NK = Nong
Khai, ST = Surat Thani and CR = Chiang Rai. Standard deviation (moisture content and pH) and
standard error (available P) of each province are indicated by error bars.

Soil moisture contents might vary in the range of a few percent in drier soils to excess than 100%
in higher-plasticity clays [8]. In this study, the soil moisture contents were low (13.587 — 16.860%)
(figure 1a). Soil pH(s) in arable land is commonly within the range of 5.0 to 6.2 [9]. Soil pH(s) in this
study were within this range (figure 1b). Moreover, available P concentrations in soils might vary
from less than 11 to more than 25 ppm [10]. Thus, the available P concentrations in this study were
very low and ranged from 0.81 to 6.14 ppm (figure 1c).

3.2. AMF biodiversity and root colonization by AMF

We identified 13 species belonging to 7 genera from three different oil palm plantations. The
mycorrhizal genera were Gigaspora, Funneliformis, Glomus (3 species), Acaulospora (3 species),
Dentiscutata, Scutellospora and Rhizophagus (3 species) (figure 2). The number of species found in
this study was slightly low when compared with other studies: twenty five AMF species from soil
samples of two date palm plantations and its surrounding areas [11]; thirty four AMF species from
rhizospheric samples of physic nut in Thailand [12]; sixteen AMF species from soil samples in dune
and twenty four AMF species from soil samples in salt marsh of Mediterranean ecosystems [13].



1st International Conference on Tropical Studies and Its Application (ICTROPS) IOP Publishing
IOP Conf. Series: Earth and Environmental Science 144 (2018) 012010  doi:10.1088/1755-1315/144/1/012010

Number of species
o [l N w

)
S & cg’% S &o &Q;& QQ&“*
B BN & S &9 < P
& 3 R 3 & & >
& & S & & ¢
R < ° <
AMF species

Figure 2. A number of mycorrhizal species observed from oil palm plantations, Thailand.

Glomus and Acaulospora were commonly found mycorrhizal genera from soil samples in this
study. The remaining genera (Rhizophagus, Gigaspora, Funneliformis, Dentiscutata, and
Scutellospora) were also present in this study, but in low frequency. Similar to our results,
Scutellospora, Acaulospora, Gigaspora, and Glomus were mycorrhizal genera which could be found
in disturbed and natural habitats in tropical Australia [14]; from the hot-dry valley of the Jinsha River,
southwest China [6]; in mined soil samples [15].

AMF biodiversity of Chiang Rai was significantly different when compared to the other two
provinces (p < 0.05) (figure 3a). These values of soil samples from three different oil palm plantations
varied from low (0.81) to slightly moderate (1.33 — 1.51) (figure 3a). Other studies found AMF
biodiversity in various numbers: AMF biodiversity within four shrub plants in a semi-arid
Mediterranean ecosystem after revegetation was (.78 [16]; from soil samples of physic nut in Thailand
was 0.28 - 0.83 [12]; from soil samples in five host plants of rhododendron species were 1.75 - 2.40
[7]. The AMF biodiversity value could be determined from a mutual selection between mycorrhizal
fungal communities and environmental factors [17]. For example, the two areas of Yungas forest have
various values of AMF biodiversity where these values were significantly affected by seasonal
changes. The higher values of AMF biodiversity were obtained in spring (wet season) [18]. Moreover,
the highest value of AMF biodiversity from mountain grassland, Cordoba, Argentina was obtained in
wet seasons (summer and spring) [19]. In this study, the relatively low value of mean AMF
biodiversity values could be because these samples were collected in a dry season.

Moreover, mycorrhizal infection percentage (MIP) value of soil samples from Surat Thani was
significantly different as well (figure 3b). MIP values give information about the activity of
mycorrhizal community in certain ecosystems [20] and information on whether certain plants are
mycorrhizal dependent or not [21]. Overall, the MIP values of soil samples from oil palm plantations
were low for each province (3.00 — 9.63%) (figure 3b). Moreover, MIP values might vary within
seasonal changes. The MIP values in soil samples from conventional and organic apple orchards in
Brazil ranged from 43.70 — 59.70 (dry season) and 17.50 — 24.60 (wet season). In this study, we
conducted MIP test in rainy period (wet season). In addition, the low number of MIP values might be
due to mycorrhizal spores in soil samples have less adaptation level to different soil and climate
conditions [22].
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Figure 3. Mean values of (a) AMF biodiversity and (b) MIP from all provinces. *Mean value
followed by the same letters are different significantly (p <0.05). NK = Nong Khai, ST = Surat Thani
and CR = Chiang Rai. Standard errors of each province are indicated by error bars.

3.3. Relationships between soil characteristics, AMF biodiversity, and MIP values

There is a significant negative correlation between soil moisture content (%) and available phosphorus
values from all samples (p < 0.05) (figure 4a). Furthermore, soil pH(s) have positive correlation with
AMF biodiversity (p < 0.05) (figure 4b).
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Figure 4. Correlation between (a) soil moisture contents (%) and available P and (b) soil pH and AMF
biodiversity values from all samples.

Soil characteristics could be significantly affecting the arbuscular mycorrhizal fungal communities
in diverse habitats [14]. Furthermore, the relationship between soil characteristics and AMF values
might be affected by land use history such as fertilizer and herbicide applications in plantations. The
non-significant correlation between AMF biodiversity and MIP values was comparable with several
studies which showed no significant correlation between AMF biodiversity found in the samples and
MIP of host plants: from rhizospheric soil samples of rhododendron species in Kumaun region of the
Indian Central Himalaya [7] and from both transects in arid grassland [23].

4. Conclusion

Thirteen AMF species were found from the rhizosphere of oil palms. They were placed in seven
genera: Gigaspora, Funneliformis, Glomus (3 species), Acaulospora (3 species), Dentiscutata,
Scutellospora and Rhizophagus (3 species). Glomus spp. and Acaulospora spp. were the predominant
species because they were found in all soil samples. This result indicates that both mycorrhizal genera
(Glomus and Acaulospora) might have significant values such as improving the plant nutrient uptake
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and protecting oil palms from pathogens. This study also showed low to slightly moderate AMF
biodiversity in the rhizosphere of oil palms from three different plantations with the highest AMF
biodiversity from Nong Khai province. The root colonization of AMF was highest from Chiang Rai
soil samples; however, it was not significantly different from Nong Khai soil samples. Moreover, this
study found a positive correlation between AMF biodiversity and soil pH and this correlation might be
affected by land use history (fertilizer and herbicide applications) in oil palm plantations. Indeed, the
difference in soil characteristics may determine the difference in AMF communities. Nevertheless, the
results from this study support the potential for exploiting the AMF species in plant growth promoter
and pathogen resistance programs in order to achieve the sustainability, especially in oil palm
plantations.

Acknowledgments

The authors wish to thank the Scholarship of East Kalimantan from the Government of Indonesia,
Double Degree Program of Forest Resources and Renewable Energy Management, Faculty of
Forestry, Mulawarman University and Faculty of Science, King Mongkut’s University of Technology
Thonburi for supporting the first author’s exchange study abroad and Department of Microbiology,
Faculty of Science, King Mongkut’s University of Technology Thonburi for financing this
experiment.

References

[1] Bever J D, Schultz P A, Pringle A and Morton J B 2001 Arbuscular mycorrhizal fungi: More
diverse than meets the eye and the ecological tale of why Bioscience 51 (11) pp 923-31

[2] Phosri C, Rodriguez A, Sanders I A and Jeffries P 2010 The role of mycorrhizas in more
sustainable oil palm cultivation Agriculture, Ecosystems and Environment 135 pp 187-93
doi:10.1016/j.agee.2009.09.006

[3] Sylvia D M, Kaonongbua W and Bever J D 2007 Isolation, culture and detection of arbuscular
mycorrhizal fungi Manual of Environmental Microbiology 3™ ed, ed C J Hurst (Washington
D C: ASM Press) pp 627-37

[4] Frank K, Beegle D and Denning J 2011 Phosphorus Recommended Chemical Soil Test
Procedures for the North Central Region ed ] R Brown (North Central Regional Research
Publication) No 221 pp 21-30

[5] Kaonongbua W, Morton J B and Bever J D 2010 Taxonomic revision transferring species in
Kuklospora to Acaulospora (Glomeromycota) and a description of Acaulospora colliculosa
sp. nov. from field collected spores Mycologia 102 (6) 1497-509 DOI: 10.3852/10-011

[6] Dandan Z and Zhiwei Z 2007 Biodiversity of arbuscular mycorrhizal fungi in the hot-dry valley
of the Jinsha River, Southwest China Applied Soil Ecology 37 118-28
doi:10.1016/j.aps0il.2007.06.003

[7] Chaurasia B, Pandey A and Palni, L M S 2005 Distribution, colonization and diversity of
arbuscular mycorrhizal fungi associated with Central Himalayan Rhododendrons Forest
Ecology and Management 207 315-24 doi:10.1016/j.foreco.2004.10.014

[8] Kalinski, M E 2006 Measurement of moisture content Soil Mechanics Lab Manual (USA:
Wiley-John Wiley & Sons Inc) pp 7-9

[9] Faithfull N T 2002 Lime application rates for arable land Methods in Agricultural Chemical
Analysis: A Practical Handbook (Aberystwyth: CABI Publishing) pp 226

[10] Wijanarko A and Taufiq A 2008 Penentuan kebutuhan pupuk P untuk tanaman kedelai, kacang
tanah dan kacang hijau berdasarkan uji tanah di lahan kering masam ultisol Bul. Palawija 15
pp 1-8

[11] Al-Yahya’ei M N, Ochl F, Vallino M, Lumini E, Redecker D, Wiemken A and Bonfante P 2011
Unique arbuscular mycorrhizal fungal communities uncovered in date palm plantations and
surrounding desert habitats of Southern Arabia Mycorrhiza 21 195-209 doi 10.1007/s00572-
010-0323-5



1st International Conference on Tropical Studies and Its Application (ICTROPS) IOP Publishing

IOP Conf. Series: Earth and Environmental Science 144 (2018) 012010  doi:10.1088/1755-1315/144/1/012010

[12]

[13]

[17]

[18]

[19]

[20]

(21]

[22]

(23]

Charoenpakdee S, Phosri C, Dell B and Lumyong S 2010 The mycorrhizal status of indigenous
arbuscular mycorrhizal fungi on physic nut (Jatropha curcas) in Thailand Mycosphere 1 (2)
pp 167-81

Estrada B, Beltran-Hermoso M, Palenzuela J, Iwase K, Ruiz-Lozano J M, Barea J] M and Oehl
F 2013 Diversity of arbuscular mycorrhizal fungi in the rhizosphere of Asteriscus maritimus
(L.) Less., a representative plant species in arid and saline Mediterranean ecosystems
Journal of Arid Environments 97 pp 170-5 http://dx.doi.org/10.1016/j.jaridenv.2013.05.019

Brundrett M, Abbott L K, Jasper D A and Ashwath N 1995 Mycorrhizal associations in
disturbed and natural habitats in tropical Australia Int. Symp. and Workshop: Mycorrhizas
for Plantation Forestry in Asia (Kaiping Guangdong Province P R China) pp 34-40

Singh A K and Jamaluddin 2011 Status and diversity of arbuscular mycorrhizal fungi and its
role in natural regeneration on limestone mined spoils Biodiversitas 12 (2) pp 107-11

Alguacil M M, Torres M P, Torrecillas E, Diaz G and Roldan A 2011 Plant type differently
promote the arbuscular mycorrhizal fungi biodiversity in the rhizosphere after revegetation
of a degraded, semiarid land Soil Biology & Biochemistry 43 167-73
doi:10.1016/j.50ilbi0.2010.09.029

Yang A N, Lu L and Zhang N 2011 The diversity of arbuscular mycorrhizal fungi in the
subtropical forest of Huangshan (Yellow Mountain), East-Central China World J Microbiol
Biotechnol 27 2351-58 DOI 10.1007/s11274-011-0702-x

Becerra A G, Cabello M N and Bartoloni N J 2011 Native arbuscular mycorrhizal fungi in the
Yungas Forests, Argentina Mycologia 103 (2) 273-9 DOI: 10.3852/10-193

Lugo M A and Cabello M N 2002 Native arbuscular mycorrhizal fungi (AMF) from mountain
grassland (Cordoba, Argentina) I. seasonal variation of fungal spore diversity Mycologia 94
(4) pp 579-86

Sturmer S L, Sturmer R and Pasqualini D 2013 Taxonomic diversity and community structure
of arbuscular mycorrhizal fungi (Phylum Glomeromycota) in three maritime sand dunes in
Santa  Catarina  State, South  Brazil  Fumgal Ecology 6 pp 27-36
http://dx.doi.org/10.1016/j.funeco.2012.10.001

Tao L and Zhiwei Z 2005 Arbuscular mycorrhizas in a hot and arid ecosystem in Southwest
China Applied Soil Ecology 29 135-41 doi:10.1016/j.apsoil.2004.11.005

Purin S, Filho O K and Sturmer S L 2006 Mycorrhizae activity and diversity in conventional
and organic apple orchards from Brazil Soil Biology & Biochemistry 38 pp 1831-9
doi:10.1016/j.s0ilbi0.2005.12.008

Jacobson K M 1997 Moisture and substrate stability determine VA-Mycorrhizal fungal
community distribution and structure in an arid grassland Journal of Arid Environments 35
pp 59-75




