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Arachis hypogaea L. (Fabales: Fabaceae), a vital palawija
commodity in Indonesia, has seen declining production in Jawa
Timur in recent years. Among agricultural challenges, biotic factors
like pest and disease infestations significantly impact yield.
Damping-off, caused by the fungal pathogen Sclerotium rolfsii, is a
major disease impacting groundnut cultivation. Biocontrol agents
offer a promising alternative to synthetic fungicides for managing
plant pathogens. This study evaluated the effectiveness of various
Trichoderma spp. isolates in controlling S. rolfsii damping-off disease
in Bison groundnut variety based on four key parameters: incubation
period, disease incidence and severity, and control efficacy. The
results demonstrated that all tested Trichoderma spp. isolates had the
ability to suppress damping-off disease. Notably, isolate TBO1
exhibited the best performance significantly prolonging the
pathogen's incubation period, reducing disease incidence and
severity in both pre- and post-emergence phases, and demonstrating
the highest control efficacy 47.95% “sufficiently capable”. This study
highlights the potential of Trichoderma spp. as a sustainable and eco-
friendly biocontrol agent for managing S. rolfsii damping-off in
groundnut cultivation. The successful application of isolate TBO1
offers a promising approach for farmers seeking effective disease
control strategies with minimal environmental impact.
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INTRODUCTION

Arachis  hypogaea L. (Fabales:

groundnut is an important legume crop with a high

Fabaceae) or

economic value. It contains 25-30% protein, making it a
good source of plant protein (Sastrahidayat, 2019).

According to data from the Ministry of Agriculture of
the Republic of (2022),
production in East Java has declined for three

Indonesia, groundnut

consecutive years. In 2019, groundnut production
decreased to 131,161 tons. This decline continued in the
following years, with production falling to 124,784 tons
in 2020. Groundnut production fell again in 2021 to
108,913 tons.

The decline in groundnut production can be
attributed to a several of factors, including biotic and
abiotic stresses. Damping-off disease is one of the major
biotic diseases that can affect groundnut plants (Kalay
et al., 2018). It is caused by the soil-borne pathogen S.
rolfsii (Prasad et al., 2017). This pathogen can infect

groundnut plants at the seedling and young plant
stages. Symptoms of damping-off disease include
wilting, yellowing, and rotting of the stem base (Billah
et al., 2017). The stem base of infected plants may also
have white mycelium and brown irregular spherical
bodies called sclerotia (Hawaladar et al., 2022).
Infection by S. rolfsii can reduce groundnut

production by 25-50%, with yield losses of up to 80%
(Ma’ruf & Munif, 2020). This pathogen is difficult to
control because sclerotia can survive in the soil for long
periods of time (Bhamra & Borah, 2022). Chemical
pesticides are the most common method used to control

damping-off disease. However, the use of chemical
pesticides can have a number of negative impacts,
including environmental pollution, development of
resistance in pathogens, and harm to beneficial
microorganisms and soil fauna (Naufal & Purwantisari,

2020). Biological control using microbial antagonists is
an alternative approach to controlling damping-off
disease. (Anggraeni & Usman, 2015).

Trichoderma spp. is a type of microbial antagonist
that has been shown to be effective in controlling
disease in a variety of crops (Adnan et al, 2019).

Trichoderma spp. can suppress the growth of pathogen
through a number of mechanisms, including antibiosis,
parasitism, and competition (Ayyandurai et al., 2021).

Research on Trichoderma spp. has been widely carried
on Rhizoctonia solani, Fusarium oxysporum, and S. rolfsii
that can inhibit producing lytic enzymes such as
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chitinase, which can affect the cell membrane of the
pathogenic fungi, causing the hyphae exocytosis
(Elsharkawy et al., 2022; Kalay et al., 2018; Putri &
Majid, 2019; Tantawizal & Rahayu, 2017).

Application of Trichoderma spp. can be done

through a variety of methods, including seed treatment,
foliar sprat, and soil application. Biological seed
treatment is a method of seed treatment that uses
beneficial microorganisms, such as fungi and bacteria,
to protect seeds from pathogens (Lamichhane et al.,
2022). One common method of biological seed
treatment is to soak seeds in a microorganism solution.

The active ingredients in the solution will adhere to the
seed surface or be absorbed through the process of
imbibition (Supriadi, 2018). The microorganisms that

adhere to the seed surface will colonize the seed and
protect it from pathogen (Wohel et al., 2022).

Based on the potential benefits of Trichoderma
spp. and biological seed treatment. This study aims to
systematically evaluate the effectiveness of different
Trichoderma spp. isolates against S. rolfsii damping-off in
Bison groundnut variety seeds using the seed treatment
method. The findings of this research will contribute
valuable knowledge towards implementing a
sustainable and eco-friendly approach to managing S.
rolfsii damping-off, potentially benefiting both farmers

and the environment.
MATERIALS AND METHODS

The research was conducted at the Microbiology
Laboratory of the Department of Biology Education and
the Green House of the Faculty of Teacher Training and
Education, University of Jember,
September 2023.

S. rolfsii isolate. Fungal isolate was obtained

from May to

from groundnut plants that showed symptoms of the
disease in the field (Lat-8.167509° - Long 113.654628°).
The groundnut plants were surface sterilized, cut 5-10
mm in size, inoculate on PDA media, and characterized
(Mindarsusi et al., 2015)

Trichoderma spp. isolates. Fungal isolates were

obtained from four sources: Laboratory of Mycology,
BBPPTP Surabaya (KNO3); Laboratory of Biological
Control, LPHP TPH Tanggul (BP01, JS02); Laboratory of
Microbiology, Education Biology FKIP UNE] (TB01);
Exploration bamboo plantation in Sumbersari District,
East Java, Indonesia (CN01). The isolates were renewed



E. Chairunnisa et al.

on potato dextrose agar (PDA) media for 7 days and
characteristics were observed.

Pathogenicity test. Five days before planting,
pieces of PDA media that had been grown with S. rolfsii
were placed on sterile potting media. Three groundnut
seeds were planted in each polybag, with four
replications. Observations were conducted until the
plants showed symptoms of the disease.

Antagonism test. The antagonism test was
conducted using a dual culture method. The method
involves growing the Trichoderma spp. isolates and S.
rolfsii on the same plate of PDA media.

Trichoderma spp. spore density. The density of
Trichoderma spp. spores can be calculated using a serial
method and
Hemocytometer Neubauer Improved type (Ruliyanti &
Majid, 2020) under a microscope Olympus CX21LED.

Soil preparation. The soil

dilution observed with

used for the
experiment was a mixture of soil and compost in a ratio
of 2:1. The soil was sterilized using a steam sterilizer at
121°C for 20 minutes. The sterilized soil was then placed
in trays (Febriyanti et al., 2015).

Selection and surface sterilization of groundnut
Seeds. Groundnut seeds are selected for their quality
and viability. The seeds are then surface sterilized to
remove any pathogens or other contaminants
(Temesgen & Chala, 2020).

Pathogen

inoculation. The pathogen was
inoculated 5 days before planting by placing colonies of
the pathogen on the culture medium using a cork borer.
Two pieces of culture medium containing S. rolfsii
mycelium were placed in each planting hole in the

seedling tray (Sofiani et al., 2016).

Seed treatment with suspension Trichoderma
spp. isolates. The Trichoderma suspension was at a
density of 10°spores/ml (Turnip et al., 2015; Wahdania

et al., 2016). Seeds treatment with immersion for 30
minutes (Wulandari et al., 2022).
Groundnut planting and maintained. Each

treatment was planted with 30 groundnut seeds, where
1 groundnut seed was planted in each hole of the
seedling tray. The maintain includes watering and
weeding.

Research design. The research design used in
this study was a Completely Randomized Design
(CRD) with 6 treatments and 4 replications. The
treatments were used to soak the groundnut seeds.
Treatment (P0) dH2O sterile/ control, (P1) KNO3 isolate,
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(P2) BP01 isolate, (I’3) JS02 isolate, (P4) TBO1 isolate, (P5)
CNO1 isolate. Observed parameter are incubation
period, disease incidence, disease severity, control
efficacy.

Incubation period. The timeframe between
planting and the appearance of disease symptoms,
categorized as pre-emergence or post-emergence
damping-off (Bedine Boat et al., 2020); Disease

Incidence. The percentage of plants exhibiting pre-
emergence or post-emergence damping-off symptoms
(Bedine Boat et al., 2020); Disease Severity. The degree

of disease symptoms on affected plants according to an
equation Rajput et al, (2019), scored using a
standardized scale by Muslim et al., (2014); Control
Efficacy. The percentage reduction in disease severity

compared to the control group without Trichoderma spp.
application (Putri & Majid, 2019), with rating category:
0% not capable, 1-20% very poor, >20-40% less
>40-60% >60-80%
capable, >80% very capable.

Statistical Analysis. Analysis of variance
(ANOVA) was employed to identify statistically
If ANOVA
significant effect, Duncan's Multiple Range Test
(DMRT) was performed at the 95% confidence level.

capable, sufficiently capable,

significant  differences. indicated a

RESULTS AND DISCUSSION

Sclerotium rolfsii as a pathogen of groundnut
Characteristic. S. rolfsii isolates were obtained
from infected groundnut plants in the field (Figure 1.).
The infected plant parts were isolated and observed for
their macroscopic and microscopic morphology. The
isolates were multiplied by inoculating sclerotia that
grew on PDA media. Macroscopic observations showed
that S. rolfsii had a white colony that resembled fine
threads like cotton. The appearance of white dots on the
surface of the colony that then turned brown to dark
brown occurred on day 12 after inoculation. Sclerotia
that were inoculated on PDA medium could germinate
to produce mycelium through the sides of the sclerotia.
Microscopic observations showed that S. rolfsii had
hyaline hyphae and clamp connections. This is in
accordance with the identification according to
Hawaladar et al., (2022); Watanabe, (2002), that S. rolfsii
has a white colony that is tightly arranged, sclerotia-

shaped brown to dark brown that spread on the surface
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of the colony, and hyphae with a clamp connection
structure.

Pathogenicity. Pathogenicity tests showed that
the fungus S. rolfsii was pathogenic to groundnut plants.
S. rolfsii can cause symptoms in the pre-emergence and
the pre-
emergence phase are characterized by the presence of

post-emergence phases. Symptoms in
mycelium and sclerotia on the soil surface and
groundnut seeds (Figure 2.) Infected seeds then rot and
cannot germinate. Symptoms in the post-emergence
phase are characterized by the wilting condition of the
plants and the presence of mycelium and sclerotia

around the base of the groundnut plant stem. In
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addition, brown lesions were found on the base of the
plant stem. In addition, brown lesions were found at the
base of the plant stem.

Groundnut seeds that were infected in the post-
emergence phase at the base of the stem had brown
lesions. These symptoms are in accordance with those
described by Lamichhane et al., (2017), namely

groundnut seeds that are infected in the pre-emergence
phase will become soft and then rot, so they fail to
germinate, and seeds that are infected in the post-
emergence phase at the base of the plant stem have
lesions and can be accompanied by stem rot, which
causes plant growth to be inhibited.

Figure 1. Characteristics of S. rolfsii fungus isolates. a) Symptomatic plants, b) Fungal colonies, c) Sclerotia that

appear on fungal colonies, and d) Clamp connections (400x magnification).

Figure 2. Pathogenicity test of S. rolfsii on groundnut plants. a) Pre-emergence damping-off symptoms, b) Post-
emergence damping-off symptoms, and d) Lesions at the base of the plant stem.
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Figure 3. Morphological characteristics of Trichoderma spp. a) Isolate KN03, b) Isolate BP01, c) Isolate JS01, d)
Isolate TBO1, and e) Isolate CNO1. (100x magnification)

Table 1. Morphological characteristics of Trichoderma spp isolates.

Trichoderma Colony Conidiophore Phialide Conidia phialide size Conidia
isolate Branching Form Form (um) Size
(um)

KNO3 White to greenis  Branching Thin and Globose 7.22 3.45
concentric and pointy
dense

BPO1 White to green Branching Thin and long ~ Globose 7.73 3.20
concentric

Js02 Green and Branching Short Subglobose 8.16 3.35
concentric thickened

TBO01 Irregularly Branching Thin and long  Globose 6.90 3.29
shaped green

CNO01 White to dark Branching Short Globose 6.43 2.54
green and dense thickened

Trichoderma spp. as a biocontrol agent

Characteristic. Trichoderma spp. isolates obtained
from the collections and exploration were reisolated
and observed for their macroscopic and microscopic
morphology (Figure 3.). The macroscopic observations
of each isolate showed that they had green colonies that
formed concentric circles, spread, or were dense.
Microscopic observations showed that each isolate had
branched conidiophores, slender or short-thickened

phialides, and subglobose and globose conidia that
were located at the tips of phialides. This is in
accordance with the morphological characteristics of
Trichoderma spp. as described by Igbal et al., (2022);
Nurhayati et al., (2021), that Trichoderma spp. has a
green colony that forms concentric circles, hyaline

hyphae, pyramidal conidiophores with branched
phialides, and green spherical conidia.
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Isolate JSO2 has a longer phialide size than the other
isolates, which is 8.16 um. Isolate KNO3 has a larger
conidial size than the other isolates, which is 3.45 um.
Isolate CNO1 has a shorter phialide size and smaller
conidia than the other isolates, which are 6.43 um and
2.54 pum, respectively (Table 1). According to Kumar et
al., (2020), T. harzianum has a phialide size of 7.2-11.2 ym
and a conidial size of 2.8-3.1 um, T. asperellum has a
phialide size of 6.2-10.6 pm and a conidial size of 2.8-3.1
um, and T. virens has a phialide size of 5.3-11.6 ym and
a conidial size of 3.0-3.2 pm.

Antagonism in vitro. Five Trichoderma spp.
isolates were found to have antagonistic capabilities
against the pathogenic fungus S. rolfsii (Figure 4.). Based
on the results of the study, all five Trichoderma spp.
isolates were able to suppress the pathogenic fungus S.
rolfsii in vitro (Table 2.). Treatment P4 (isolate TB01) had
the highest inhibition value of 61.18%. The results of the
observation of antagonistic mechanisms showed that
Trichoderma spp. hyphae were seen attaching to and
coiling around S. rolfsii hyphae (Figure 5.). The
observations also showed that Trichoderma spp. could
cause S. rolfsii hyphae to become abnormal (curled).
This proves that Trichoderma spp. can suppress the
pathogenic fungus S. rolfsii by the mycoparasite
mechanism. The results of the observation of
antagonistic mechanisms showed that Trichoderma spp.
hyphae were seen attaching to and coiling around S.
rolfsii hyphae. According to Bedine Boat et al., (2020),
Trichoderma spp. can produce degrading enzymes that

can destroy the cell wall of pathogenic fungi such as
cellulase

Incubation period in vivo. The early symptoms
of S. rolfsii infection in groundnut plants can be divided
into two phases: pre-emergence and post-emergence
(Figure 6.) The early symptoms that appear in the pre-
emergence phase are the presence of mycelium and
sclerotia grains on the plant seeds or soil surface, which
can cause the seeds to rot. In the post-emergence phase,
the symptoms are characterized by wilted plants with
mycelium and sclerotia grains at the base of the plant
stem. These symptoms are consistent with those
described by Lamichhane et al., (2017).

The treatment

of groundnut seeds with
Trichoderma spp. did not have a significant effect on the
pre-emergence phase. Treatment PO (control) had the
shortest incubation period of 6 days after sowing (DAS)

in the post-emergence phase. The longest incubation
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period occurred in treatment P4 (isolate TB01), which
was 12 DAS in the post-emergence phase (Table 3.). The
longer incubation period of the pathogen was due to the
ability of isolate TBO1 to produce high spore density,
which can protect groundnut plants from the pathogen.
This is supported by the research of Erdiansyah &
Anugerah, (2023), the results of a correlation between

spore density and antagonistic activity of Trichoderma
spp. showed that the higher the spore density of
Trichoderma spp., the higher its antagonistic activity.

Disease Incidence

Pre-Emergence Damping-off. Seeds that are infected
with pre-emergence damping-off are characterized by
the presence of mycelium that envelops the surface of
the seed (Figure 7.). The percentage of seeds infected
with pre-emergence damping-off increased in all
treatments over the 6 days of observation. Treatment PO
(control) showed the highest percentage of infected
seeds, at 24.17%, and treatment P4 (isolate TBO1)
showed the lowest percentage of infected seeds, at
1.67% (Table 4.).

The incidence of disease in the pre-emergence
phase in treatment PO (control) had a higher percentage
of infected seeds than the other treatments. The high
percentage of infected seeds in treatment PO (control)
was due to the absence of Trichoderma spp. as the
treatment, so the pathogenic fungi could more easily
infect the plant seeds. (Table 4.)

Treatment P4 (isolate TBO1) had the lowest
percentage, this is thought to be because the spores
carried by the seeds during the soaking time more
quickly colonize the seeds so that the seeds can be
protected from pathogen attacks in the soil. This is in
accordance with the statement of Shams et al., (2023),

that Trichoderma spp. can colonize the surface of the seed
and release bioactive compounds around the seed to
protect the seed from pathogens. The presence of
infected seeds in each treatment is thought to be due to
the small amount of Trichoderma spp. spores carried on
the surface of the seeds during the soaking time. This is
supported by the statement of Shofiyani & Budi, (2013),
the number of Trichoderma spp. spores carried during

soaking is less, so the seeds become not fully protected
from pathogen attacks. Soaking seeds with Trichoderma
spp. can also help plants to activate plant growth
hormones so that plants can germinate faster
(Mukhopadhyay & Kumar, 2020).
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Figure 4. Inhibition test. a) Control, b) Isolate KNO3, c) Isolate BP01, d) Isolate JS01, e) Isolate TBO1, and f) Isolate
CNO1.

Table 2. Inhibitory power and spore density of Trichoderma sp isolates.

Treatment Pathogen Colony Radius Inhibitory (%) Spore Density (108)
(cm)

Control 4.25 - -

P1 2.9 31.76 a 21.25a

P2 25 41.18 b 26.33 a

P3 24 43.53b 37.58 b

P4 1.65 61.18 ¢ 38.58 b

P5 2.55 40.00 b 28.67 ab

Note: Numbers followed by the same letter in the same column indicate that they are not significantly different in the
Duncan test at the 95% confidence level.

Figure 5. Antagonistic mechanism of Trichoderma spp. Isolate TBO1 a) Winding of S. rolfsii hyphae by Trichoderma
sp hyphae. and b) Abnormal S. rolfsii hyphae (400x magnification).
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Figure 6. Early symptoms of S. rolfsii damping-off disease in groundnut plants. a) Pre-emergence, b) Post-

emergence.

Figure 9. Symptoms of S. rolfsii damping-off disease in groundnut plants based on scoring values. a) Score 0, b)

Score 1, c) Score 2, d) Score 3, e) Score 4, and f-g) Score 5.
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Post-Emergence Damping-off. Seeds that are
infected with post-emergence damping-off are
characterized by the presence of mycelium and sclerotia
clusters at the base of the plant stem (Figure 8.). The
percentage of seeds infected with post-emergence
damping-off increased in all treatments. Treatment PO
(control) showed the highest percentage of infected
seeds, at 32.97%, and treatment P4 (isolate TBO1)
showed the lowest percentage of infected seeds, at
18.65% (Table 5.).

The incidence of disease in the post-emergence
phase in treatment PO (control) had a higher percentage
of infected seeds than the other treatments (Table 5.).
Treatment P4 (isolate TB01) had the lowest percentage
of infected seeds. The low percentage of infected seeds
compared to the control is thought to be due to
Trichoderma spp. being able to compete antagonistically
with the pathogenic fungus S. rolfsii in the soil. This is
supported by the statement of Raja et al., (2023),

Trichoderma spp. can colonize plant roots, which can
reduce the growth of S. rolfsii by producing enzymes
such as chitinase, -1,3-glucanase, and protease.

Disease Severity. The calculation of the severity of
damping-off disease is seen from the severity of the
symptoms in each groundnut plant. The symptoms
calculated by observing the development on plants
using a scoring system (Figure 9). Disease severity
continued to increase in all treatments. Each treatment
showed different increases in disease severity.
Treatment PO (control) showed the highest disease
severity value compared to other treatments, at 37.67%.
The lowest disease severity was shown by treatment P4
(isolate TB01), at 12.63% (Table 6).

The severity of disease in the plants in treatment
PO (control) had a higher value than the other
treatments. Treatment P4 (isolate TB01) had the lowest
severity of disease. This is supported by the statement
of Bedine Boat et al., (2020), that seed treatment with

Trichoderma spp. can prevent plants from being infected

and delay the onset of disease symptoms caused by
pathogens.
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Treatment P4 (isolate TBO1) had the lowest
severity of disease. This is supported by the statement
of Bedine Boat et al., (2020), that seed treatment with
Trichoderma spp. can prevent plants from being infected

and delay the onset of disease symptoms caused by
pathogens. The symptoms that appear on groundnut
plants are caused by the hyphae of S. rolfsii, which
produce cellulolytic and oxalic acid enzymes that can
soften plant tissues, making it easier for the hyphae to
penetrate the plant tissues (Masnilah et al., 2023).

Control Effectiveness. The application of Trichoderma
spp. with the seed treatment method had different
efficacy values for controlling damping-off disease
(Table 7). Treatment P4 (isolate TBO1) had an efficacy
value of 47.95% for damping-off disease, which is
classified as ‘"sufficiently capable". Efficacy was
obtained from the value of disease severity that was
observed previously.

The difference in efficacy values for each
Trichoderma spp. isolate can be caused by the growth
ability and competitiveness of Trichoderma spp. against
the pathogen S. rolfsii. This is supported by the
statement of Karim et al., (2020), that one of the factors
affect the
microorganisms to control plant pathogens is having

that can ability  of

antagonistic
rapid growth so that they are able to compete.
CONCLUSION

Based on the results of this study, all isolates of
Trichoderma spp. were able to suppress S. rolfsii
damping-off disease in Bison groundnut variety. The
best isolate obtained from this study was isolate TBO1.
Treatment of groundnut seeds with isolate TBO1 was
able to extend the incubation period of the pathogen by
6 days longer than the control, reduce the incidence of
disease in the pre-emergence phase by 1.67% and in the
post-emergence phase by 18.65%, reduce the disease
severity by 12.63%, and the efficacy of control by 47.95%
with the category "sufficiently capable".
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Table 3. Incubation period of S. rolfsii damping-off disease on groundnut plants
Incubation Period (DAS)

Treatment
Pre-emergence Post-emergence
PO 2a 6a
P1 3a 9abc
P2 3a 8ab
P3 5a 10bc
P4 5a 12c
P5 3a 9abc

Note: Numbers followed by the same letter in the same column indicate that they are not significantly different in the Duncan
test at the 95% confidence level.

Table 4. Percentage of infected seeds in pre-emergence damping-off at 6 DAS

Treatment Percentage of Infected Seeds in Pre-emergence Damping-off (%)
PO 24.17c

P1 10.83b

P2 8.33ab

P3 4.17a

P4 1.67a

P5 6.67ab

Note: Numbers followed by the same letter in the same column indicate that they are not significantly different in the Duncan
test at the 95% confidence level.

Table 5. Percentage of infected seeds in post-emergence damping-off at 20 HST

Treatment Percentage of Infected Seeds at Post-emergence Damping-off (%)
PO 32.97¢

P1 24.34b

P2 23.68b

P3 21.69ab

P4 18.65a

P5 22.37b

Note: Numbers followed by the same letter in the same column indicate that they are not significantly different in the Duncan
test at the 95% confidence level.

Table 6. Severity of damping-off disease at 20 DAS

Treatment Severity of Damping-off Disease (%)
PO 37.67¢c
P1 22.17b
P2 19.00b
P3 14.21a
P4 12.63a
P5 13.50a

Note: Numbers followed by the same letter in the same column indicate that they are not significantly different in the Duncan
test at the 95% confidence level.

10
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Table 7. Assess the effectiveness of controlling damping-off disease

Treatment Effectiveness Value (%) Category

P1 35.05 Less capable

P2 28.83 Less capable

P3 39.21 Less capable

P4 47.95 Sufficiently capable
P5 38.68 Less capable

Note: Numbers followed by the same letter in the same column indicate that they are not significantly different in the Duncan

test at the 95% confidence level.
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