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ABSTRACT : Fungi have been shown to synthesize various plant hormones, including gibberellin, abscisic acid (ABA) and

cytokinin. This study aimed to determine the ability of rhizosphere fungi from the jabon Merah stand to produce IAA and GA
3
.

Samples were collected from the jabon Merah stand of Sidrap provenance, South Sulawesi. IAA and GA3 assayed of the fungi

were carried out at Biotechnology and Tree Breeding Laboratory, Faculty of Forestry, Universitas Hasanuddin. Eight fungi

isolates were used in the experiment. IAA assay showed that the highest IAA concentration was from JCS 6 isolate, 17.95 ppm.

Similarly, JCS 6 isolate also had the highest GA
3
 concentration (4.20 ppm) by GA

3
 assay. This study will be followed by

macroscopic and molecular identification of the JCS 6 isolate. The detection is needed in order to develop the mass production

of fungi as biological agents.
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INTRODUCTION

The rhizosphere is a layer of soil covering the surface

of plant roots that is still influenced by surface root

activities and acts as an external defense for plants

against root pathogens. This soil layer shows the part of

the soil affected by plant roots, which is characterized

by more microbiological activities compared to in the soil

located deeper from the roots. The rates of metabolic

activities of rhizosphere microorganisms are different

from that of non-rhizosphere soil (Rao, 2010).

The presence of plant roots mainly determines the

important role of the rhizosphere. The more and denser

plant roots in the soil, the richer the content of organic

matter in the rhizosphere, and the denser the population

of soil microbes. One of the microbes that inhabit the

soil is a fungus. Soil fungi can survive in an unavailable

host state as a saprophyte on decayed or dormant organic

matter in the form of spores or sclerotium (Tambingsila,

2016).

Gibberellin (GA) and indole-acetic acid (IAA) are

important secondary metabolites that are commercially

produced from fungi for the agricultural and horticultural

industries (Hasan, 2002). IAA and GA
3
 have in common,

namely increasing cell elongation, flowering, and

parthenocarpy. The difference between both hormones

is that the auxin is polar transport, while gibberellin

transport is nonpolar. Based on these two statements, it

can be assumed that auxin and gibberellins can work solely

or together, depending on the type of plant and

environmental conditions of plant growth. Gibberellins play

a role as hormones in plants, affecting growth and

differentiation in highly regulated organs (Hedden, 2020).

Based on the above considerations, the identification

of rhizosphere fungi isolates on jabon Merah

(Neolamarckia macrophylla) is a wood-producing tree

as a community and industrial forest plant because of its

characteristics (fast-growing, deciduous, and self-pruning)

and high adaptability to various environmental conditions

has good prospects (Danu and Subiakto, 2015; Mompewa

et al, 2019). Jabon Merah has the potential to be developed

and conserved (Arif et al, 2019; Batti et al, 2020;
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Larekeng et al, 2019). Thus, the information about the

potential rhizosphere fungi producing IAA and GA
3

hormones is needed later as plant growth formulations to

increase the optimal growth of superior plants and forest

plant seedlings.

MATERIALS AND METHODS

The soil samples collection was conducted at Jabon

Merah stand in Pitu Riase, Sidrap district, South Sulawesi,

Indonesia. In vitro isolation and identification were at

Biotechnology and Tree Breeding Laboratory, Faculty of

Forestry, Universitas Hasanuddin, Makassar, Indonesia.

The research materials were rhizosphere soils, PDA

(Potatoes Dextrose Agar) medium, PDB (Potatoes

Dextrose Broth) medium, chloramphenicol, sterile

aquadest, salkowski solution, 70% alcohol, agar, heat-

resistant plastic, aluminum foil, and so on.

Collection of soil samples and Isolation of soil fungi

Soil samples collection were performed by collecting

soil at three points of each location at a depth of 5-20 cm

and as many as 10 grams and then put into a sample

container (given the sample code identity). The samples

were then stored at a -300C up to -400C in the freezer at

the laboratory. The microbial isolations were carried out

using the dilution method by making a series of dilutions

(10-1 and 10-2). The medium used was a modified PDA

medium with antibiotics for growing and isolating the fungi.

The incubation process was at room temperature of 27°C

for ± five days and the growth was observed. The

selection of purified microbial colonies was based on the

differences in the colony morphology in terms of color,

elevation, surface texture so that pure isolates were

obtained. Purification of fungal isolates was performed

by moving the fungi using the point method on the media

(Elias et al, 2016).

Indole Acetic Acid assay

Screening of IAA-producing fungi was tested

qualitatively by colorimetric using Salkowski reagent

(Iradhatullah et al, 2015). The positive isolates for the

qualitative test were then continued with quantitative

analysis using the spectrophotometric method (Gravel et

al, 2007). The isolates were grown on PDA media and

added with tryptophan and then incubated. After

incubation, the absorbance value of the supernatant was

measured using a UV-Vis Spectrophotometer with a

wavelength of 520 nm. This wavelength was chosen

based on the color produced by the interaction between

Salkowski’s reagent and IAA (Glick, 1995), which

produces a pink color. The absorbance results were

entered into the IAA standard curve equation. The IAA

concentrations of the samples were calculated based on

a standard curve with pure IAA standards (Gravel et al,

2007).

Gibereline Acid (GA
3
) assay

GA
3
 hormone-producing fungi were measured using

the (Borrow et al, 1955) method. Fungal isolates were

grown on PDB media and incubated for seven days, and

then shake. The supernatant was taken as much as 5 ml,

added 5 ml of 30% chloric acid, and incubated at room

temperature for 74 minutes. The absorbance was

measured using a spectrophotometer at a wavelength of

254 nm and the blank using 5% chloride acid. The GA
3

concentrations of the samples were calculated based on

the standard curve with the GA3 standard.

RESULTS AND DISCUSSION

Macroscopic identification showed that eighteen

isolates of the fungi were found in the rhizosphere of

jabon Merah. The morphological characterization of

eighteen fungal isolates identified the variations in color,

texture, and surface elevation of the fungi. The colors of

the colony were dominated by green and white, while

the texture majority were velvety and cotton-like. The

macroscopic characteristics of each fungal isolate are

described in Table 1.

The phytohormones production assays and

physiological characterization on eighteen isolates of fungi

showed the capability to produce phytohormones IAA

and GA
3
. The concentrations of IAA and GA

3
 produced

by isolates are presented in Table 2. The eighteen

rhizosphere fungi isolates had the capability to produce

IAA with concentrations of 1.05 ppm to 17.95 and GA3

production with concentrations of 2.50 ppm to 4.20 ppm.

The capability of the microbes to produce IAA and

GA
3
 hormones is influenced by species. The IAA

production capability assay on eighteen rhizosphere fungi

isolates showed the variation in the color. The color

change indicates the capability to produce IAA, the

darker the color produced after adding the Salkowski

reagent solution, the higher the IAA concentration

produced by the fungi.

The highest IAA production was produced by JCS6

isolate with 17.95 ppm IAA, followed by JCS4 (2.52

ppm), and the third-highest was JCS 16 (1.88 ppm). All

the evaluated fungi were also able to produce Gibberellin

(GA
3
) hormone. Gibberellins are the growth hormones

that play vital roles in stimulating cell division, stem

elongation, flowering, and fruit growth. JCS6 isolates

produced the highest concentration of GA
3
 hormone

compared to other fungi, 4.20 ppm, followed by JCS18

isolate (4.16 ppm) and JCS 15 (4.05 ppm). Based on the

IAA and GA
3
 produced by Rhizosphere fungi isolates,
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the most potential rhizosphere fungus in producing

phytohormones were the JCS6 isolate.

The  IAA produced by Trichoderma isolates was

9,656 ppm with an incubation period of 3 days, but after

seven days of incubation, the IAA concentration

decreased to 4,049 ppm. The 17,95 ppm of IAA

concentration produced by JCS 6 is higher than that

reported by Ramadhani (2007). Similar results were

reported by Gravel et al (2007). Trichoderma atraviride

produced the highest IAA levels (6.2 ug mL-1, 9.8 ug

mL-1 and 38,55 ug mL-1) in the presence of 200 g mL-1 of

tryptophan, tryptamine and tryptophol, respectively. Apart

from the JCS 6 isolate, the results obtained in this study

are lower than Subowo’s (2013) results with an IAA

concentration of 2.46 ppm for the genus Aspergillus

isolates after five days of incubation. The results obtained

in this study are higher than the results obtained by Abri

(2015), which were 0.055 to 2.19 mg/L IAA concentration

in the rhizosphere fungi of the Tanatoraja aromatic rice.

Some isolates in this study have the low capability to

produce IAA hormone, but they can be utilized as

biological agents and microbial constituents for

biofertilizers.

The GA
3
 concentration of JCS 6 (4.20 ppm) in this

study is higher compared to the study reported by

Wisdawati (2020), who tested 62 rhizosphere fungi isolates

that had the capability as PGPF in Taro sapphire with

GA3 concentrations of 6.2, 9.8, and 3.93 ug mL-1 ppm to

5.05 ug mL-1 ppm. Moreover, Bhalla et al (2010) reported

that F. solani isolate had the highest capability to produce

GA
3
 with a concentration of 2.26 ppm. Pandya et al

(2018) obtained 19.56 ppm to 184.11 ppm of GA3

concentration from genus Aspergillus, which is higher

than this study.

Fungi synthesize IAA as secondary metabolites under

suboptimal growth conditions or when a precursor in the

form of the amino acid tryptophan is available (Li et al,

2019). IAA and GA
3
 are exogenous hormones produced

Table 1 : The macroscopic characteristics of the fungal isolate from Jabon Merah rhizosphere.

Macroscopic morphology
Sample code

Top Base Texture Surface

JCS 1 White margin, green center Yellow Velvety Flat

JCS 2 White margin, green center White Velvety Flat

JCS 3 White margin, green center White, Yellowish Velvety Flat

JCS 4 Greenist white Greenist white Cotton-like Convex

JCS 5 White Brownist white Cotton-like Convex

JCS 6 Greenist white White, green, yellowish Cotton-like Convex

JCS 7 Green Yellowish white Velvety Flat

JCS 8 Greyish black White Velvety Flat

JCS 9 White green Greenist Cotton-like Convex

JCS 10 Greyish black White Velvety Flat

JCS 11 White margin, blueish green Yellowish white Velvety Flat

JCS 12 White White Cotton-like Flat

JCS 13 Green White green Velvety Flat

JCS 14 White margin, yellow center Brown yellow Velvety cotton-like Flat

JCS 15 Greenist white Greenist white Cotton-like Convex

JCS 16 Blues white Brownist white Fine cotton-like Flat

JCS 17 Brownist white Brownist white Cotton-like Dome-shape

JCS 18 White margin, white green center Yellowish white Velvety cotton-like Convex

Table 2 : Physiological characterization of fungi isolate.

Sample code GA
3
 (ppm) IAA (ppm)

JCS 1 4.02 1.14

JCS 2 3.87 1.33

JCS 3 3.84 1.27

JCS 4 3.38 2.52

JCS 5 4.03 1.11

JCS 6 4.20 17.95

JCS 7 4.04 1.05

JCS 8 3.16 1.38

JCS 9 3.35 1.70

JCS 10 2.89 1.56

JCS 11 2.48 1.72

JCS 12 2.50 1.23

JCS 13 3.99 1.23

JCS 14 3.70 1.05

JCS 15 4.05 1.23

JCS 16 3.88 1.88

JCS 17 2.88 1.20

JCS 18 4.16 1.16



5398 Sri Wahyuni Jufri et al

by fungi that are able to accelerate plant growth by

stimulating the differentiation process in roots in forming

hairy roots (Imaningsih et al, 2021).  Larekeng et al (2019)

stated that the higher the concentration of tryptophan

added to the media, the higher the concentration of IAA

produced. The differences in the hormone concentration

produced are also affected by the conditions of sampling

location, the microbial type, the nutritional content,

incubation time, growth rate and the capability to convert

L-tryptophan contained in the media. The capability of

microbes to produce IAA and GA
3
 hormones is influenced

by incubation time, growth rate, tryptophan concentration,

supernatant culture and dissolved oxygen concentration

(Bose et al, 2013).

Beneficial microbes can be used to aid in plant growth

promotion strategies. As a result, we believe it has the

potential to play a role in promoting plant growth in

practical applications (Jufri et al, 2021). Some studies

about IAA and GA
3
 function as plant growth regulators,

bamboo in tissue culture (Gusmiaty et al, 2020; Larekeng

et al, 2020), in Zizania latifolia (Li et al, 2019), Sedum

alfredii Hance showed the results indicated that spraying

IAA/GA
3
 alone or in combination with OA increased

plant growth (Liang et al, 2021).

CONCLUSION

Based on the ability assays to produce IAA and GA
3

hormones by Rhizosphere fungi isolates, the most potential

rhizosphere fungus in producing phytohormones was JCS6

isolate. This research will be expanded to determine the

isolate’s type and function.
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