E3S Web of Conferences 444, 04006 (2023) https://doi.org/10.1051/e3sconf/202344404006
1ConARD 2023

The Role of Trichoderma in The Early Growth of
Rice and Soybean in Saline Soils

Sutarman”, Andriani E. Prihatiningrum, Noviana Indarwati, Risalatul Hasanah, and Agus
Miftahurrohmat

Department of Agrotechnology, Faculty of Science and Technology, Universitas Muhammadiyah
Sidoarjo, Sidoarjo, Indonesia, 61215

Abstract. Optimizing the use of marginal saline soils to improve food
security requires solutions that involve exploiting local potential resources,
including the use of biological agents. This research aims to determine the
ability of Trichoderma sp. Tc-31 and Aspergillus sp. As-27 to overcome
salinity stress in rice and soybean seedlings. Both isolates were tested for
their ability to grow in vitro in saline soil. Next, the ability to overcome
saline soil stress during germination and initial growth of rice and soybean
seedlings was tested. The experiment consisted of three types of treatment,
namely the use of As-27, Tc-31, and the use of husks treated with complete
basic fertilizer. The average inhibitory power of saline soil against As-27
and Tc-31 was (-)62.50£16.68% and (-) 52+3.54% respectively at 48 days
of incubation. The application of biological agents had an effect on
germination in rice 94.10-94.46% and soybeans 74.49-77.04%. Biological
agents also influence the height growth of rice and soybean seedlings.
These two fungal isolates have the potential to be used as biological agents
to help rice and soybean seeds overcome salinity stress.

1 Introduction

Some consider saline land to be marginal land, yet it has the potential to be used for
agricultural expansion while also posing a threat to crop production and food security [1],
including rice and soybean commodities grown on saline land. The amount of saline land in
Indonesia is 12.02 million hectares, or 6.20% of total land area [2], and it is part of a global
saline soil with a depth acceptable for ploughing layers for food crops of 4,240,000 km2
[3]. Meanwhile, salinity is typically produced by natural and human forces such as wind-
borne salt, sea level rise or tidal inundation, and seawater intrusion [4-5], as well as bad
agricultural practises [6-7]. Moderate to high salinity has been proven to result in yield
losses of up to 50% of agricultural productivity, threatening global food security [8]. To
avoid further losses, measures must be made to rehabilitate the soil, including the addition
of organic matter from agricultural waste, such as rice husks, in the form of biochar [9-10].
Biological agents such as Trichoderma and Aspergillus, cosmopolitan fungi, on the
other hand, have been shown to be able to act as biofertilizers to help plant growth,
including in conditions of facing biotic and abiotic stresses [11-12] and provide protection
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from pathogenic disturbances [13-14]. Aspergillus sp. has the ability to decompose organic
matter, remediate pollutants in fields, and can also be used as a biocontrol agent for certain
disease-causing pathogens due to its ability to produce various secondary metabolites
including organic acids and various enzymes [15], in addition to assisting plants in
overcoming abiotic stresses and remediating land [16 -17].

Meanwhile, little progress has been made in overcoming salinity stress by the
application of efficient fungus in lowland rice cultivation in conditions of water availability
and in soybean production as crop rotation during limited water or dry season. Among the
applications are the use of rhizobacteria microbes, which can produce PGPR-mediated
growth promotion that is beneficial for plants to increase plant resistance in overcoming
salinity stress [18-19] and can produce one or more auxin compounds and their derivatives,
cytokinins, gibberellins, and abscisic acid [20]. Some Trichoderma isolates, on the other
hand, have the potential to overcome salinity in plants [21-22], while some Aspergillus
isolates can aid plant growth in salinity stress [23-24].

However, there hasn't been much testing of beneficial microorganisms as single isolates
or consortia on saline soils, particularly those with lowland rice and soybean production
potential. As a result, the purpose of this study was to test the adaptability of Trichoderma
sp. and the Aspergillus sp. isolates obtained from suboptimal wetlands in coastal areas for
saline soil conditions in vitro, as well as their ability to promote germination and early
growth of plants as a critical phase of plants. The ability of plant seeds and sprouts to build
tolerance and resist salt stress is critical to rice plant performance in surviving
environmental stress [25] during the germination phase and subsequent stages of production
in rice plants [26] and soybeans [27]. The findings of this test are expected to offer
preliminary data on the possibility of these two isolates to be utilised in a formula intended
as a biofertilizer to assist plants in overcoming saline soil stress.

2 Method

2.1 Preparation of test isolates

In this experiment, two biofertilizer candidate isolates from the LBM-UMSIDA collection
were used: Trichoderma sp. Tc-27 (from Trimulyo village, Juwana District, Pati Regency,
Central Java) and Aspergillus sp. 31 (from Tanjungsari village, Jabon District, Sidoarjo
Regency, East Java). These two potential fungal isolates for biofertilizer biological agents
were reproduced by cultivating them on Potato Dextrose Agar-chloramphenicol (PDA-c)
media for 10 days before being used in in vitro and in vivo experiments [28].

2.2 Test for growth in sludge media

With a 96-hour incubation period, the growth ability test on medium containing saline soil
was performed to determine the percentage of inhibition of the media on the activity of the
two candidate fungal isolates. Soil samples were collected and used as growing media
materials from land in Tlocor, Jabon District, Sidoarjo that had never been planted with rice
or soybeans. The suspension formed by combining 500 grammes of diluted soil with 500
ml of distilled water was filtered through a vacuum funnel using Whattman No 1 filter
paper. The filter products were mixed with 500 ml of PDA-c media in a 1:1 ratio, and the
pH and salinity [29] were measured, yielding an average of 4.3 dS/m and a pH of 6.5-7.0.
The ability of both fungal isolates to respond to growth media in saline soil was examined.
The testing mechanism is comparable to the inhibition test, which is often performed by
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growing the isolate in a dual culture model and growing one isolate alone as a control.
Samples of propagule isolates collected with a 5 mm cork borer were placed in a cup with
PDA-c-soil saline 1:1, 3 cm from either side of the petri dish, and cultured in an incubator
at 25°C for 4 24 hours. Every 24 hours, the percentage of inhibition is computed using
formula (1).

IP =(rl-r2)/rl x100% (1)

With the provisions: IP is the percentage of inhibition, rl and r2 are the colony radii of
biological agents on PDA-c media and PDA-c media containing saline soil at a 1:1
concentration ratio, respectively; IP is positive, and if it is negative (-), it indicates the
percentage of support for biological agent growth.

2.3 Germination support test

This experiment was conducted in Tlocor, Jabon-Sidoarjo District, in a pond region with an
average salinity of 4.3 dS/m and a pH of 6.5-7.2. The rice seed germination test was
performed by placing 20 seeds of the Trisakti variety in polybags that had been treated
with: (i) complete NPK fertiliser, (ii) previously treated soil mixed with 400 g of
biofertilizer Trichoderma sp. per polybag for two weeks before conditioning to become
macak-macak, and (iii) previously treated soil mixed with 400 g of biofertilizer Aspergillus
sp. For ten days, the percentage of germination was measured. Furthermore, each polybag
with a capacity of 10 kg was kept alive by two sprouts until 14 days after planting, or until
the rice seedlings sprouted new shoots. The soybean seed germination test was carried out
by planting up to 20 Detap 1 rice seeds in polybags with a capacity of 8 kg that had been
treated in the same way as the rice experiment. The polybags were then kept alive by two
sprouts until 21 days following planting, or when the plants formed their first trifoliate
leaves.

3 Result and discussion

3.1 Test the ability to grow in the sludge media

The results of growing two candidate isolates of biological agents projected as biofertilizer
active ingredients on saline soil growth media and on PDA-c for 96 hours of incubation
period are shown in Figures 1 and 2.

In the three isolates tested it appears that since 21 HAI the growth of colonies grown on
muddy media is faster than that grown-on PDA-c media. Thus, the inhibition of saline soil
sludge on colony growth becomes negative (Table 1).

Table 1. Percentage of inhibition of PDA-c media — 1:1 saline soil against two candidate isolates of
biological agents during 96 hours of incubation.

Observation time

Treatments 24 HAI 48 HAI 72 HAI 96 HAI
Aspergillus sp. As-27 (-)11.90+1.98 (-)62.50£16.68 0 0
Trichoderma sp. Te-31 | (1)36.5044.95 | (1)47.50£10.61 | (934.50=13.44 | (-)52.50+3.54

All colonies grew perfectly on PDA-c growth medium saline soil 1:1, and the colony's
diameter reached the border of the petri dish faster than normal conditions, which took 96
hours (Figure 1-2). However, the media's reaction to the mud material was not the same
(Table 1). The negative indication suggests that saline soil sludge does not limit colony
formation but rather stimulates it. In this situation, both types of isolates have taken use of
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the mud's resources, which are promptly converted for the growth of their colonies. These
three varieties of fungi appear to benefit from the mineral content of the mud in order to
expand their colonies faster than those cultivated solely on PDA-c. Trichoderma Tc-31, in
particular, appeared until the last day of the incubation period, when the colonies had filled
the plate and showed a strong growth rate with growth support ranging from 34.50 to 52.50
to 96 HAL

o

Fig. 1. Colony growth of Aspergillus sp. As-031 on PDA-mud media 1:1 (top) and on PDA-c media
(bottom) for 96 hours incubation

Fig. 2. Colony growth of Trichoderma sp. Tc-027 on PDA-c-mud media 1:1 (top) and on PDA-c
media (bottom) for 96 hours incubation

From colony samples, each isolate grown on PDA-c mixed media and saline soil with a
ratio of 1:1 was observed under a microscope, especially for the shape and dimensions of
the spores, as shown in Fig. 3.
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Fig. 3. Observations of post-growth biological agent spores on PDA-c medium saline soil 1:1:
Aspergillus sp. As-27 (left), Trichoderma sp. Tc-31 (right)

Morphological observations (Fig.3) of isolates cultured on PDA-c-saline soil media 1:1
revealed no change in form or size. Aspergillus sp. discovered along the shore of Sidoarjo
(East Java) had a constant form with spore dimensions of 2.37+0.51 um. Trichoderma sp.
isolates from Trimulyo village, Juwana District, Pati Regency (Central Java) originating
from the rhizosphere of soybean plants during the dry period of suboptimal wetlands with
an average size of 3.22 um for hyphae diameter, 3.38 pum for phialid hyaline oval, and
2.45+ 0.73 pm for spore diameter.

The results of observations of Tc-31 isolates showed morphological characteristics
including septa on hyphae, conidiophores, fialids and oval conidia similar to isolates
determined as 7. asperellum [30-31]. For Aspergillus sp. As-27 has similarities with
Aspergillus tamarii [32] which effectively acts as a biofertilizer [33]. It is necessary to
determine the Tc-31 and As-27 isolates using molecular markers that are enhanced by their
phylogenetic arrangement [34] to see their closeness in kinship with known species.

The lack of changes in shape and size implies that the developing environment, in this
case the growth media in the petri dish, is not exerting any pressure. Rapid growth indicates
that the sludge has more nutrients than PDA-c. This result (Fig. 1-3 and Table 1) indicates
that the candidates for biofertilizer biological agents in the two fungal isolates were not
only able to adapt to salinity, but were also able to utilise the nutrients present in the sludge.

3.2 In vivo test

The two fungal isolates as candidates for biological agents did not significantly affect the
germination percentage of both rice and soybean seeds. The average percentage of
germination of rice and soybean seeds is shown in Table 2.

Table 2. Germination percentage of rice and soybean seeds grown on saline soil

Rice seed germination Soybean seed germination
Treatments
percentage percentage
Saline soil + basic fertilizer 91.14+6.05 76.28+7.20
Saline soil + Trichoderma 94.46+6.95 74.49+£8.91
Saline soil + Aspergillus 94.10+7.41 77.04+6.14
Laboratory conditions 96.5743.26 92.71+2.87

In terms of rice seeds, it appears that the germination percentage of seeds planted on soil
planting media containing the biological agent candidate fungal isolate formula (91.14-
94.10%) is nearly identical to laboratory germination, with an average of 96.57+3.26. In
contrast, the percentage of germination of soybean seeds treated with biological agents was
substantially lower (74.49-77.04%) than in laboratory settings. This suggests that the two
biological agents, which are potential biofertilizer agents, were less able to maintain high
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germination rates. The use of biological agent fungus from saline soils had a substantial
influence on rice shoot growth in 14 DAS but had no effect in 21 DAS. Meanwhile, Tc-31
and As-27 isolates had a substantial effect on the growth of soybean sprouts until the
appearance of the first trifoliate leaves, although As-27 had the lowest reaction from the
sprouts. Tables 3 and 4 indicate the average growth of each sprout.

Table 3. The average effect of the application of biological agents on the length of rice sprouts grown
on saline soil media until tillers appeared

Treatments 14 DAS 21 DAS
Saline soil + basic fertilizer 13.92+2.19b 28.15+4.51
Saline soil + Trichoderma 16.46£1.57 a 27.86+4.27
Saline soil + Aspergillus 14.08+1.74 b 26.39+2.88
HSD 5% 1.56 ns

Note: letters accompanying the mean value of different treatments in one column indicate
different effects; ns = not significant

Table 4. The average effect of the application of biological agents on the length of rice sprouts grown
on saline soil media until the first trifoliate leaves appear

Treatments 14 DAS 21 DAS 28 DAS
Saline soil + basic fertilizer 11.64+1.25b 13.97+£0.72 b 26.43+4.13 a
Saline soil + Trichoderma 13.64+1.74 a 18.14+0.48 a 25.60£1.01 a
Saline soil + Aspergillus 12.86+2.17b 12.70+0.96 ¢ 18.73£1.13 b
HSD 5% 1.40 0.59 0.87

Note: letters accompanying the mean value of different treatments in one column indicate different
effects

Isolate Tc-31 exhibits the general characteristics of Trichoderma, including the ability to
produce extracellular compounds such as acid phosphatase, cellulolytic enzymes, and
encouraging microbial activity that aids plant growth [35], the ability to produce various
plant growth regulators such as IAA and siderophore [36], and the ability to help plants
cope with stress in the environment, including overcoming salinity [37]. One of the A. niger
strains can manufacture secondary metabolites and compete for space and nutrients [40], in
addition to creating antimetabolites against pathogenic fungus [41].

Tc-31 isolate improved the performance of rice sprouts up to 14 DAS, but had little
influence on growth at 21 DAS when compared to no biological agents and As-27 therapy.
The same thing happened to soybean sprouts till 21 DAS. This demonstrates that the
extracellular chemicals produced by Tc-31 benefit both types of sprouts. However, when
new shoots grow in rice and trifoliate leaves appear in soybeans, this effect does not
provide a consistent response.

Trichoderma swiftly exploits the saline soil's resources, but the mineral pressure in the
saline soil puts more strain on the sprouts. In saline soils, roots will have reduced water
intake, as well as increased osmotic pressure and Na+ and Cl- ions, which will damage and
poison root cells [42-43]. Mechanical impedance to sprout emergence, decreased soil
aeration around roots, and suppression of root growth are all unfavourable impacts of saline
soils on seedlings [44-45].

Organic husks utilised as carriers in biological agent formulation appear to have little
effect on salinity stress. Although husk provides several advantages [46], its large particle
size (40 mesh) and low ash content do not assist sprouts resist saline stress very well [47].
Small organic matter particles with a high ash content, such as biochar, have a high cation
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exchange capacity and specific surface area, which are beneficial for improving soil quality
and reducing the overall effect of salinity stress [48-50] and providing plant protection from
salinity stress [51]. The slow growth response in the final phase of sprout growth (Tables 3
and 4) indicates that salinity stress is stronger than the contribution of the two biological
agents in this experiment to shoot growth in rice (21 DAS) and early trifoliate leaf growth
on soybeans (28 DAS). Except for isolate As-27, it appears that Tc-31 has future
development potential, given that a Trichoderma isolate comparable to Tc-31 has
demonstrated to be beneficial in saline soils [52-53].

4 Conclusion

At 24, 48, 72, and 96 days, the average inhibition of saline soil against Aspergillus sp. As-
27 was (-)11.90+1.98 and (-)62.50+16.68%, respectively, and against Trichoderma sp. Tc-
31 was (-) 36.50+4.95%, (-) 47.50+1.61%, (-) 34.50+13.44%, and (-) 52.50+3.54%. Both
biological agents can develop in vitro on saline soil substrate, and saline soil promotes the
growth of As-27 and Tc-31 isolates. The two biological agents had an effect on rice and
soybean germination, however under laboratory settings, it was between 94.10-94.46% for
rice and 74.49-77.04% for soybean. These two biological agent candidate isolates had an
effect on rice sprout development 14 days after germination (DAS) and soybean growth up
to 21 DAS. Rice sprouts reached 16.46+1.57 cm and 27.864+4.27 cm at 14 and 21 DAS,
whereas soybean sprouts reached 13.64+1.74, 18.14+0.48, and 25.60+1.01 cm at 14, 21,
and 28 DAS. Trichoderma sp. Tc-31 and Aspergillus sp. As-27 have the potential to be
used as biological agents to help rice and soybean plants overcome stress in the early phase
of growth.
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