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Sugarcane Rhizosphere In South Sulawesi
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Abstract: A survey considering the occurence of arbuscular mycorrhiza (AM) fungi in sugarcane plantation field in South Sulawesi were conducted with
the aim to exploit the site spesific genetic resources in relation to plant growth promotion. Eleven soil samples were collected from sugarcane
rhizosphere in three districts of South Sulawesi province, Indonesia. Six samples of sugarcane varieties CM 2012, PS 862, PS 864, TK 386, BL, and
Triton were taken from Takalar district; two samples of sugarcane varieties, CM 2012 and TK 386 were from Jeneponto district; and three samples taken
from Gowa district were varieties of PS 862 and TK 386. The study informed that ten different types of AM fungi were found in three districts of South
Sulawesi province included three families of the fungi i.e. Glomaceae, Acaulosporaceae, and Gigasporaceae. Glomus and Gigaspora genera have
similiar abundance and spores characteristics in three districts and indicate that these genera have a wide spread in and have high capability associated
with sugarcane. The greatest mycorrhizal diversity was in Gowa district with four types of mycorrhizal genera found i.e. Glomus, Gigaspora, Acaulospora

and Sclerocystis.

Index Terms: Arbuscular Mycorrhizal Fungi, Rizosphere, Sugarcane, diversity.

1. INTRODUCTION

Sugarcane in South Sulawesi has been maintained
intensively since 31 years ago in conjunction with
establishment of sugar industry that supervised by PT.
Perkebunan Nusantara XIV in 1981 (Pusat Informasi BUMN,
2012)[1]. Sugarcane land area of about 7000 ha located in
three districts, i.e. Gowa, Takalar, and Jeneponto. The land is
generally acidic (pH <5) with low soil fertility (C-organic and
% saturation) and limited irigation systems (Rismaneswati,
2005)[2] led to low crop productivity (Toharisman, 2007)[3].
This condition is often overcome by the increasingly use of
conventional chemical fertilizers. Monoxenic cultivation
technologies are now a reality and provide significantly high
and economically attractive options to chemical fertilizations
(Adholeya et. al., 2005)[4]. The use of mycorrhiza is
considered one of the effective ways to improve and enhance
the nutrient status of plants and environmentally safe to use.
Mycorrhizal fungi, particularly Arbuscular Mycorrhiza (AM),
are ubiquitous in soil and create symbiotic associations with
most terrestrial plants including agricultural crops, cereals,
vegetables, and horticultural plants (Smith and Read, 1998;
Siddiqui and Pichtel, 2008)[5,6].
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In agriculture, several factors such as host crop dependency
to mycorrhizal colonization, tillage system, fertilizer
application, and the potential of mycorrhizal fungi inoculant,
affect plant responses and plant benefits from mycorrhiza.
Interest in AM fungi propagation to be used for sustainable
agriculture is increasing due to its role in the promotion of
plant health, and improvements in soil fertility and soil
aggregate stability. This fungi can be utilized effectively for
increasing yields while minimizing use of pesticides and
inorganic fertilizers (Siddiqui and Pichtel, 2008)[6]. Studies on
the presence of arbuscular mycorrhizal fungi on sugarcane
rhizosphere in Indonesia are still limited. Adinurani and
Hendroko (2005)[7] reported some types of indigenous AM
fungi found in PG Tolanghula sugarcane planting area,
Gorontalo in the northern part of Sulawesi. These fungus
indentified as Glomus sp., Gigaspora sp. and Acaulospora
sp. A further study on use of these fungus shows that among
the three species of mycorrhizas applied, Glomus sp. gave
the best effect in increasing sugarcane production. The
exploration of natural plant root colonization of the AM fungi is
essential to address the problem of nutritional management
for stressed soil where crop rotation system is absence for
many years (Datta and Kulkarni, 2012)[8] Therefore, it is
important to undertake an assesment to identify the
occurence of AM fungi associated to sugarcane plant in order
to obtain isolates to be utilized to improve the uptake of plant
nutrients particularly P.

2. MATERIAL AND METHODS

Soil samples were collected from eleven sites located in three
districts of South Sulawesi province, i.e. Takalar, Jeneponto
and Gowa. The soil samples consisted of six samples from
Takalar region with sugarcane varieties of CM 2012, PS 862,
PS 864, TK 386, BL, and Triton; two samples from varieties
of CM 2012 and TK 386 taken in Jeneponto district, and three
samples from two varieties, PS 862 and TK 386 were taken
from Gowa district. A total weight of about one kilogram of
four to five soil sub samples was taken sistematically from
each site at a depth of 0-20 cm and then mixed evenly. From
the mix, three to five samples were taken to a total weight of
one kilogram and air dried. Hence, 100 g of soil from each
sample was used for spore identification. Isolation of
mycorrhizal spores was conducted by wet sieving and
centrifugation method with 48% sucrose (Walker et. al.,

201

1JSTR©2013
Www.ijstr.org


mailto:zahraeni.km@gmail.com

INTERNATIONAL JOURNAL OF SCIENTIFIC & TECHNOLOGY RESEARCH VOLUME 3, ISSUE 1, JANUARY 2014

1982)[9]. Identification of the AM fungi content in the sail
sample was carried out at Laboratory of Cryptogame, Biology
department of Indonesian Science Institute. Mycorrhizal
spores obtained were prepared by preserving them on slides
in polyvinyl alcohol-lactic acid-glycerol (PVLG) and then
observed under a compound microscope for spore details
(100-1000x). Identification of species based on morphological
characteristics and size of the spores. In addition, the
numbers of spores were counted for each sample.
Observation was also made for mycorrhizal infection in
sugarcene root tissue. Sugarcane root samples taken from
the field were washed in situ with water then placed in a 80
ml bottle filled before with alcohol 50%. The samples were
taken to the laboratory to examine the colonization of the
fungi on the plant rhizosphere by a modified root staining
method (Koske and Gemma, 1989)[10].

3. RESULTS AND DISCUSSION

In this study, eleven different types of AM fungi were found in
three districts of South Sulawesi province that consisted of
three fungi families, Glomaceae, Acaulosporaceae, and
Gigasporaceae (Table 1). The types associated with
sugarcane varieties of CM 2012, PS 864, PS 862, TK 386, BL
and Triton found in Takalar district were indentified as
Glomus sp.1, Gigaspora sp.1, and genus Acaulospora that
consisted of three types: Acaulospora scrobiculata, A.
tuberculata, and A. foveata. In Jeneponto region, several
types of mycorrhiza fungi associated with sugarcane varieties
of CM 2012 and TK 386 identified as Glomus sp.2, Gigaspora
sp.2, and Acaulospora genus from only one species i.e.
Acaulospora tuberculata. Similarly, types of mycorrhiza fungi
found in the sugarcane area in Gowa district were Glomus
sp.,Gigaspora sp., G. sensulatu, Acaulospora scrobiculata
and Sclerocystis rubiformis. These types are associated with
sugarcane varieties of PS 862 and TK 386. Observation on
population and characteristics of types of mycorrhiza found in
the rhizosphere of sugarcane in this study shows similarity in
almost three regencies. Mycorrhiza from Glomus, Gigaspora
and Acaulospora genus were found in all research sites. This
shows that the three genus have a wide spread and capable
to associate with sugarcane plant.

Table 1. Population and characteristics of mycorrhiza spores
associated with sugarcane from three districts in South
Sulawesi Province.

The Origin Population :
No. of Soil Species (spores/100 g Colour Dl[atsne;a
Samples of soil) o
T Takalar Glomus sp. 1 =100 Hyalme_ yellow, | 29-150x36-
district brownish vellow : 130
Gigasporasp. SO-T00 Yellow, LAAE
yellowish-brown : 210-286
Acaulospora
tuberculeata 10-30 Brown 186x186
A Serobicilaia <10 Bowish allow e E TN
120
i Yeneponto ™ A Foveaia <10 Brown T80 = T80
district
Glomus sp. 1 30-100 Hyaline, vallow, ™ 43 90%96-
brownish yellow @ 137
Gigasporasp. S 1050 Golden brown 0-M3%
220-240
37 Gowa Acaulospora
district tuberculeata 10-30 Brown 130x 150
Glomus sp.3 50-100 Hyzline, vellow © 75-20x90-
243
Gigasporasp3 30-100 Yellow, 143-240x
yellowish-brown | 240-243
Gigaspora
sensulan =10 Brown 180x240
Sclerocysts
rubiformis 33 Yellowishbrown : 180-193x
210-225
A scrobiculata <1l Yellow 103 x 103
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The greatest population found is from genus Glomus which
similar to study by Widiastuti and Karmadibrata (1992)[11]
that explored the AM fungi occurence in acid soil in West
Java. The Glomus population was found as the highest
compare to other mycorrhizal genus in the acid soil where
reeds, corn and little bit cocoa are generally overgrow the
land. On the other hand, Acaulospora genus also found in all
the three districts, but with a limited number of spore
population, whereas Gigaspora sensulatu only found in Gowa
district with a population of 35 spores. This finding support
the previous study that detected the indigenous fungi in soil of
sugarcane planting area in North Sulawesi province
(Adinurani and Hendroko, 2005)[7]. Mycorrhizal diversity was
greatest in Gowa district where four types of mycorrhizal
genera found in the soil sample taken from this region. Those
types are Glomus, Gigaspora, Acaulospora and Sclerocystis
genera, whereas in Takalar and Gowa region the genera
found only from 3 to 4 kinds of the fungi. This diversity might
be caused by soil characteristics as distribution and
abundance among species and strain of AM fungi is known to
be differed in response to soil properties (Sjoberg, 2005)[12].
This could be related to the characteristic of the soil in Gowa
regency such as pH. The acidity level in the sugarcane
planted area is reported to be low within the range of 4.7 - 5.5
while higher figures are correspond to the other two
regencies, 5,9 - 6,2 and 5 — 7 for Takalar and Jeneponto,
respectively. Great variability of the AM fungi also found by
Chairani et. al. (2002)[13] in the rhizosphere of Durian in the
acid soil with pH of 4.2. In addition, variability of mycorrhiza in
this region is similar with Kramadibrata et. al. (1985)[14] that
isolated mycorrhiza fom the rhizosphere of Maize in Lampung
and West Java. The previous research also found four types
of different mycorrhiza with more varied species for each
genus.

Fig. 1 Spores of Mycorrhiza from Sugarcane rhizosphere in
South Sulawesi. a) Glomus sp.1; b) Gigaspora sp.; ¢) Glomus
sp.2)(hyaline);d) Acaulospora tuberculata; e) A. scrobiculata;
f) A. foveata; g) A. tuberculata; h) Sclerocystis rubiformis; i) A.

scrobiculata

The spores of A. foveata succesfully isolated in the recent
study (Table 1 and Fig. 1) has similar colour and shape to the
spores found by Janos and Trappe (1982)[15] in the sites
planted with sugarcane only much smaller (180 x 180 um) in
size compare to those found before (185-310 x 215-350 pm).
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Fig. 2 Sugar root infection of mycorrhizal arbuscular a)
internal hyphae; b) external hyphae; c) vesicles; d) hyphae
and spore found in rhizosphere of sugarcane

In addition to the occurence of several type of AM fungi
spores, infection of AM fungi in the root tissue of sugarcane
was also observed. Fig. 2 shows eksternal, interselular and
ekstraselular hyphae inside the root tissue and form a typical
mycorrhizal structure (Brundrett et al.1996)[16]. Mycorrhiza
spores and vesicle in the root shown in the figure indicates a
highly simbiotic activities of the fungi in fungi-plant interaction
and some life cycles of the fungi in the plant root system
Result of the recent study implies the chance for isolating the
indigenous mycorrhizal fungi from the soil of sugarcane
planting area and use it for promoting the plant growth. A
further study needs to be undertaken to study the ability of
those fungi species found in this study to interact with
sugarcane root system and establish a simbiotic plant-fungi
association that in turn will give advantage to the plant as in
promoting plant growth.

4. CONCLUSION

The study informed that eleven different types of arbuscular
mycorrhizal fungi was found in three districts of South
Sulawesi province that includes three families, Glomaceae,
Acaulosporaceae, and Gigasporaceae. Glomus and
Gigaspora genera have similar abundance and spores
characteristics in three districts and indicate these genera
have a wide spread high capability associated with
sugarcane. The greatest mycorrhizal diversity was found in
Gowa district with four types of mycorrhizal genera they are
Glomus, Gigaspora, Acaulospora and Sclerocystis.
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