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Abstract - Root endophytic fungi are found in natural 

ecosystems, but little is known about their impact on plant 

growth. This study reports the impact of the three isolates of dark 

septate endophytic fungi isolated from Pulau Dua Sanctuary, 

Banten on its potential activity in Chinese cabbage growth. In 

vitro assay was performed to analyze the contribution of those 

isolates on the growth promotion of Chinese cabbage. The results 

indicate that Chinese cabbage seedlings inoculated with the 

Humicola sp. isolate compared to those inoculated with 

Aureobasidium sp. and Basipetospora sp, showed better response 

in plant growth and the increased biomass was two times higher. 

The analysis regarding the effect of pH on the growth of the 

plants showed a significant influence of Humicola sp.treatment on 

acidic-neutral but not alkaline conditions. The Humicola sp. 

isolate could utilize Val, Leu and Phe, but Leu was the most 

effectively used amino acid. The results suggest the occurrence of 

fungal utilization of the amino acids by the fungus and 

subsequent transfer of N to the host plant. In  addition, three 

isolates of Humicola sp, Aureobasidium sp. and Basipetospora sp, 

can produce auxin-like compound in the liquid culture in the 

presence of tryptophan. 

Keywords : Amino acid, auxin, dark septate endophytic fungi, 

pH, plant growth promotion 

I. INTRODUCTION

The optimization of crop production can be assisted 

through the incorporation into the plants the maximum amount 

of available fertilizer nutrients during the growth stage. 

Unfortunately, losses of applied fertilizer which can be 

attributed in a large part to low efficiency of plant nutrient 

uptake, lead to the contamination of surface and ground water. 

In fact, fertilizer leaching has been seen as inevitable in 

agriculture production [1, 2, 3, 4] Therefore, reducing the 

negative impacts of chemical fertilizers and the use of low 

chemical input systems are currently being promoted. The 

ideal agronomic system should improve nutrient-use efficiency 

through a combination of natural and artificial plant nutrients 

for increased crop productivity in an efficient and 

environmentally responsible manner that will not sacrifice the 

productivity of future generation [5]. 

In nature, abundant microorganisms flourish in soil, 

especially in the rhizosphere of plants. It is well known that a 

considerable number of bacterial and fungal species possess 

functional relationships and constitute a holistic system within 

plants. These microorganisms confer beneficial effects on 

plant growth [6]. There is well documented evidence that 

beneficial microorganisms participate in many key ecosystem 

processes such as those involved in the biological control of 

plant pathogens, nutrient cycling and the establishment of 

seedling nursery system. Therefore, these systems deserve 

particular attention for use in agriculture or forestry [7].  

Among the most influential members of the soil 

microbiota are the mycorrhizal fungi, which are responsible 

for establishing mycorrhizas with most of the vascular plant 

species on earth [8]. Mycorrhizas are symbiotic associations 

established between soil fungi and most vascular plants, where 

both partners exchange nutrients and energy [9]. It is now 

widely accepted that mycorrhizal symbioses are fundamental 

for improved plant nutrition and health and soil quality [10]. 

Plant growth-promoting fungi (PGPF) are ubiquitous soil fungi 

including rhizospheric non-symbiotic beneficial fungi from the 

Deuteromycetes and non phatogenic soil-borne filamentous 

fungi that have beneficial effects on plants [11]. Studies of 

PGPF have focused on the mechanisms behind plant growth 

stimulation. PGPF have been reported to produce substances 

such as plant hormones [12], to allow plants to utilize 

decomposing organic matter through mineral solubilization 

[13] and to suppress plant pathogens in the rhizosphere

through antagonistic mechanisms. Endophytic fungi are also

considered to be mutualists that contribute to plant growth.

Among the endophytic fungi are a group called dark septate

endophytic fungi (DSE) which are characterized by their

morphology of melanised, septae hyphae and sometimes

produce a structure like microsclerotia. This group is

likely paraphyletic and contain conidial as well as sterile fungi
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that colonize roots intracellularly or intercellularly, also confer 

the ability to improve plant performance through enhanced 

nutrient uptake, and increased ability to withstand adverse 

environmental conditions [14]. This growth promoting effect 

is at least in part due to the production of plant growth-

promoting hormones, such as indole-3-acetic acid (IAA) [15]. 

Furthermore, DSE fungi can protect host plants, suppress plant 

diseases and increase their tolerance against pathogens directly 

and indirectly by producing antifungal metabolites, fungal 

parasitism or inducing plant systemic resistance [16, 17, 18].  

This paper evaluates a DSE fungus isolated from Pulau 

Dua Nature Reserve, Banten as a potential biofertilizer. Pulau 

Dua nature reserve which is located in Banten Bay North 

Coast Banten Province is one of the wetland areas which has 

been designated as the main area for conservation of many 

species of birds and migratory birds since 1937 [19, 20]. It is a 

lowland with total area of 30 ha.Vegetation that grows in the 

area is a mangrove community, 60% is dominated by 

Rhizopora apiculata and  Avicenia marina in the southern  and 

eat part of the island respectively. Therefore, in vitro 

experiments were carried out to observe potential contribution 

and the effect of DSE isolates from Pulau Dua nature reserve 

on the growth promotion   of Chinese cabbage in order to 

elucidate the promotion mechanism. 

II. MATERIALS AND METHODS

The research conducted in Laboratory of Biology 

Education, Faculty of Teacher Training and Education 

University of Sultan Ageng Tirtayasa during February- 

October 2017. 

Fungal isolates 

Three DSE isolates from Pulau Dua Nature Reserve 

selected from the culture collection of the Laboratory of 

Biology Education, Faculty of Teacher Training and 

Education, University of Sultan Ageng Tirtayasa, were tested 

in this study. All the isolates belong to different species and 

include: Aureobasidium sp. Basipetospora sp and Humicola 

sp. To prepare inoculum, the isolate was grown on oatmeal 

agar (OMA) [oatmeal, 10 g L−1 and Bacto agar, 18 g L−1] 

enriched with [MgSO4·7H2O, 1 g L−1; KH2PO4, 1.5 g L−1; and 

NaNO3, 1 g L−1] in 90-mm diameter Petri dishes. 

In vitro assay on DSE isolates growth promotion of 

Chinese cabbage 

The three isolates of DSE were used to inoculate Chinese 

cabbage (Brassica campestris L.). The seeds were surface 

sterilized by immersion in a 70% ethanol solution for 1 min 

and sodium hypochlorite (1% available chlorine) for 5 min. 

The seeds were subsequently rinsed three times with sterilized 

distilled water. The seeds were dried overnight and placed on 

1.5% Bacto water agar in Petri dishes. After 2 days, the 

axenically grown seedlings were transplanted, three seedlings 

per plate, onto growing fungal colonies on the OMA medium. 

The seedlings transplanted onto non-inoculated media were 

used as controls, and all of the samples were placed into sterile 

culture bottles and incubated for 2 weeks at room temperature 

with 18 h:6 h (L:L) regime at radiant flux density of 74 µmol 

m-2 s-1. All experiments were conducted using the axenic

culture systems with agar, thus, no contamination by other

microbe was observed in this study. Three replicates were used

in this experiment.

Determination of growth and symbiotic parameters 

At harvest time, 3 weeks after planting, Chinese cabbage 

root systems were separated from the shoots and the dry 

weights were recorded after drying at 60°C. For fungal 

colonization analysis, roots were cleared in 10% KOH at 80°C 

for 20 min, neutralized in 1% HCl at 80°C for 20 min and 

stained with 0.05% cotton blue in 50% acetic acid. Stained 

roots were mounted on a slide and observed under a light 

microscope. Roots were checked for colonization by the fungi. 

Stained roots were examined along grid lines to estimate the 

percentage of colonization. Each grid cell was designated as 

either colonized or non-colonized [21].  Data were analysed 

with one-way analysis of variance (ANOVA). Differences 

among treatment means were detected with a Tukey HSD test 

which was carried out with SPSS software (SPSS for Windows 

11.5). 

pH effect on the growth of plants 

To test the effect of pH on the growth of Chinese 

cabbage seedlings inoculated with  three isolates of DSE, OM 

medium supplemented with nutrients was prepared with 10 g 

oatmeal, 18 g Bacto agar, Difco, 1 g MgSO4·7H20, 1.5 g 

KH2PO4 and 1 g NaNO3 per liter) in 55 mm diameter Petri 

dishes. The pH of the medium was adjusted to 3.0, 6.0 and 9.0 

using 1N HCl and 1N NaOH. The three isolates of 

Aureobasidium sp. Basipetospora sp and Humicola sp. were 

grown in these media for two weeks at room temperature. 

Axenic seedlings of Chinese cabbage were prepared as 

described previously. Three axenic seedlings were 

transplanted to each fungal colony in the culture bottles. All 

seedlings were incubated in a growth chamber at 23°C under a 

16:8 L:D cycle, approximately 180 µmol m-2 s-2). After 30 

days, dry weights of the seedlings were measured. The 

experiments were repeated three times. 

Nitrogen utilization assays 

To test the nitrogen use of Chinese cabbage seedlings 

inoculated with three isolates of DSE, basal agar OM medium 

was prepared as earlier stated. Different nitrogen sources 

[NaNO3, and 20% of amino acids (Val, Leu and Phe)] were 

added to the medium. Each amino acid was filter-sterilized and 

amended with autoclaved basal medium. Glucose was added 
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and adjusted to a final C:N ratio of 10:1, depending on each N 

source. The growth of Chinese cabbage seedlings on these 

media was evaluated using the same methods as for the pH 

study earlier. 

Quantification of auxin-like compound (IAA) production 

DSE isolates were grown on potato dextrose broth 

amended with 1000 µg ml-1 L-tryptophan and incubated at 

30°C on a rotary shaker (Taitec Bio Shaker BR-300 LF, 

Japan) at 150 rpm. After 1 week incubation, 1.5 ml of each 

culture isolate was centrifuged at 15,000 rpm for 15 min, and 1 

ml of supernatant was mixed with 2 ml of Salkowski’s reagent 

(2% 0.5 M FeCl3 in 35% perchloric acid) and incubated at 

room temperature for 20 min. The absorbance was measured at 

540 nm using a spectrophotometer. The same treatment was 

conducted every week during 5 weeks incubation. A standard 

curve was calculated for comparison to determine IAA 

production by isolates using IAA (Wako, Japan) as a standard. 

Three replicates were used for each treatment.  

III. RESULTS AND DISCUSSION

In the present study, we demonstrated that DSE fungi 

isolated from Pulau Dua Nature Reserve have the ability to 

enhance Chinese cabbage and potential to be applied as 

bioferilizer agent in the future. Previously Aureobasidium sp., 

Basipetospora sp, and Humicola sp. isolated within 15 days of 

placing root segments of mangrove plant, Avicena marina on 

the medium. The Colonies of 3 isolates, Aureobasidium sp., 

Basipetospora sp , and Humicola sp. and colonial growth on 

OMA medium were similar (Fig. 1).  

Fig.  1. Dark septate endophytic fungi isolates colony and 

conidia. A. Aureobasidium sp., Basipetospora sp , and 

Humicola sp. Arrow indicates a conidia. Bars 10 µm  

Aureobasidium sp colonies becoming dark occasionally with 

sparse aerial mycelium hyphae with septate, hyaline and thin-

walled when young, frequently becoming melanized and thick-

walled with age, may develop into chlamydospores. 

Conidiogenous cells undifferentiated, intercalary, rarely 

terminal, mostly on hyaline hyphae, producing conidia. 

Humicola sp colonies were glabrous to slightly cottony in the 

center, flat, and cream to pale brown, becoming brown to dark 

brow.  The fungi produce phialidic conidiahyaline, and 

obovate, with slightly truncate ends, arranged in long dry 

chains on the apex of the conidiogenous cells  

In vitro assay of DSE isolates growth of Chinese cabbage 

The inoculation of Aureobasidium sp. and 

Basipetospora sp isolates had no visible effect on the growth 

of Chinese cabbage compared with the uninoculated control, 

whereas Humicola sp. inoculated plant showed visible 

increases in growth. Inoculation of Chinese cabbage with 

Humicola sp. isolate in vitro gave the highest shoot dry weight 

(Table 1) which was significantly greater than the uninoculated 

control, while Aureobasidium sp. and Basipetospora sp 

showed no significant differences compared with the control. 

The mean root dry weight ranged from 7.8 for the 

Basipetospora sp. inoculated plants to 14.88 mg for the 

uninoculated control but did not differ between treatments 

(Table 1). 

Table 1. The effect of DSE isolates inoculation on Chinese 

cabbage growth, and fungal colonization. 

Treatment 

Dry weight (mg) Fungal 

colonization 

(%) 
Shoot Root 

Control 
26.68 ± 

6.23a 

14. 881 ±

5.15b 0a 

Aureobasidium 

sp. 

27.84 ± 

5.13a 

8. 125 ±

1.27a 38.2 ± 8.38b 

Humicola sp. 
36.38 ± 

15.90b 

12.912 ± 

1.35a 
66.0 ± 5.83c 

Basipetospora sp. 
27.58 ± 

6.34a 

7.813 ± 

1.20a 
42.8 ± 3.25b 

Values are the mean of three replicates ± the standard error. 

Values with different letters within column differ significantly 

p<0.05. 

The roots inoculated with the fungal isolates were stained 

with 0.05% cotton blue to examine the degree of colonization. 

The root colonization pattern was nearly similar in Humicola 

sp and Aureobasidium sp., but the degree of fungal 

colonization of Aureobasidium was the lowest compared with 

that of Humicola sp.and Basipetospora sp. Figure 2 shows the 

dense networks of hyphae observed on the entire surface of 

Chinese cabbage roots which were colonized by Humicola sp. 

Intercellular infections with Humicola sp. hyphae were 

observed in semi-thin cross sections of the root. Although the 

intercellular hyphae developed parallel to the longitudinal root 

axis, they were restricted and present only in the cortical cells. 

The fungus did not invade the vascular cylinder.  

pH effect on the growth of Chinese cabbage 

In this research, three different pH media (3.0, 6.0 and 

9.0) were chosen to provide a pH range from acidic to alkaline 

conditions. The effects of DSE isolates were observed on plant 

growth. Inoculation with Humicola sp. significantly increased 

plant dry weight compared with the uninoculated control at pH 

3.0 and 6.0 but not at pH 9.0 (Fig. 2). The other two isolates, 
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Aureobasidium sp. and Basipetospora sp. did not promote 

plant growth compared with the control at any of pH levels. 

Fig. 2 The effect of pH (acid, neutral and alkaline) on the 

growth of Chinese cabbage inoculated by DSE isolates. Values 

with different letters differ significantly at p<0.05. 

Treatment with Humicola sp. effectively promoted 

plant growth under acidic and neutral conditions.  Changes in 

pH can also cause many other abnormalities in the soil, 

particularly the activity and availability of mineral elements 

for plant absorption [22]. According to [23] soil acidity and 

alkalinity cause severe stress in agriculture worldwide and are 

important cause of yield and quality reduction in crops. Thus, 

the presence of DSE fungi may enable plant growth in 

conditions where nutrients are unavailable. When the external 

pH is up to 7.5, a passive influx of OH- ions occurs, and the 

cytoplasmic pH increases with increasing external pH. [24] 

suggesting that the external pH could directly influence the 

cytoplasmic pH. At pH 8.1, primary root growth is obviously 

suppressed [25]. High-pH conditions (alkaline pH) can have 

considerable effects on fungi and its adaptation to various 

environmental conditions. Many researchers have reported 

relatively narrow ranges of pH for the presence or activity of 

specific AM fungi in soils [26]; however, information 

concerning AM fungal adaptability over broad soil and growth 

media pH ranges is limited. 

Nitrogen source 

Chinese cabbage seedlings inoculated with three 

isolates of DSE were transplanted onto agar media containing 

three different nitrogen (N) sources, including NaNO3, and 

three different amino acids (Val, Leu and Phe). Figure 4 shows 

that Chinese cabbage without endophytic fungi inoculation 

could use NaNO3 as nitrogen source, but could not use amino 

acids (Val, Leu and Phe) as effectively, as demonstrated by 

their dry weight, which was significantly decreased in the 

amino acid treatment. The growths of Leu-treated plants 

inoculated with the Humicola s isolate were significantly 

different and showed the optimal growth followed with the Val 

compared to the control. When Phe was amended in the 

medium, the plant inoculated with Humicola s isolate was 

significantly improved but not for plants inoculated with 

Aureobasidium sp. and Basipetospora sp. 

Figure 3. The effect of amino acids as a nitrogen source on the 

growth of Chinese cabbage. NO3 was used as a control. Values 

with different letters within each nitrogen source differ 

significantly at p<0.05. 

In a previous study, [21] showed that the Chinese 

cabbage could not effectively use an organic nitrogen source 

such as Gly, Leu, Phe and Val, but H. chaetospira-treated 

plants were able to use all four amino acids effectively and the 

plant dry weight was increased. In the present study Humicola 

sp. the three amino acids (Val, Leu and Phe), with Leu as the 

most effective. The other two isolates showed a similar 

response in the utilization of Leu, as demonstrated through the 

increased dry weight.  These results suggest that the fungal 

utilization of amino acids and subsequent transfer of N to the 

host plant occurred. The release of ammonium (NH4
+) into the 

culture medium might explain the positive influence of the 

fungus on plant growth. Without fungal inoculation, Chinese 

cabbage could not use Val, Leu and Phe. Indeed, in several 

plants, the end product from amino acids metabolism inhibited 

growth [27]. Whether the relationship between these amino 

acids and DSE inoculation significantly have effects on growth 

of Chinese cabbage seedlings has not been determined. 

Auxin-like compound production analysis 

The production of an auxin-like compound by DSE 

isolates was detected, after a one-week incubation, with 

Humicola sp. and Aureobasidium sp. and IBA K45. It reached 

a maximum level after 3 weeks and subsequently decreased 

slowly as shown in Figure 4. In the absence of tryptophan, the 

three isolates did not produce the auxin-like compound. 

However, with tryptophan, the estimated concentration was 50 
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to 280, 25 to 75, and 29 to 34 µg.ml-1 for Humicola sp . 

Aureobasidium sp . and Basipetospora sp., respectively.  

Fig. 4 Effect of the incubation period on auxin-like compound 

production by DSE isolates. The data are given as the means 

of three replicates. 

The different ability of DSE isolates to promote plant 

growth was demonstrated, as the Humicola sp. isolate 

produced more auxin-like compound than Aureobasidium sp. 

and Basipetospora sp. also showed the greatest plant biomass. 

Previous research have been reported on Humicola sp. 

Aureobasidium sp and Basipetospora sp. as endophytic fungi 

colonized and give positive response on Oryza sativa [28], 

Brassica chinensis [29], common bean [30] respectively.  [31] 

and [32] observed a similar response for Piriformospora 

indica which also produced auxin. Auxin is known as a plant 

growth hormone in flowering plants that play an important role 

in root growth, tropism, apical dominance, and plant 

senescence and is involved in cell expansion, division, and 

differentiation [33]. The most important member of the auxin 

family is IAA. Bacteria and fungi have been reported to 

produce a substance similar to auxin. [34] demonstrated role 

of auxin signaling for plant growth promotion by Trichoderma 

virens. In addition, [35] reported that one of the members of 

the dark-septate endophytic fungi, Piriformospora indicai, 

which have been shown to improve plant growth also, has the 

capacity to produce IAA. Previous studies have also indicated 

that DSE fungi enhance plant growth through the production 

or induction of plant growth hormones without any facilitation 

of host nutrient uptake and metabolism [36, 37]. The auxin-

like compound produced by DSE isolates was dependent on 

incubation period and tryptophan availability. The fungus does 

not expend energy to synthesize the amino acid because the 

plant tissue provided the tryptophan. In return DSE isolates 

will convert tryptophan to IAA and confers a benefit to the 

plant which can be considered as mutual interaction.  

IV. CONCLUSIONS

Dark Septate Endophytic fungal associations with 

crops offer benefits such as the promotion of plant Growth. 

Our findings indicated that Chinese cabbage inoculated with 

DSE fungi increased in biomass. DSE fungi utilizated of the 

amino acids transfered to the host plant and produce auxin-like 

compound. However, a more detailed understanding of 

biochemical and molecular DSE-tomato interactions is still 

needed. This study is still at an experimental level, and moving 

from the lab or greenhouse to the field should be encouraged 

to determine the effectiveness of DSE isolates for further 

application in plant responses 
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