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ABSTRACT
Downy mildew caused by Peronosclerospora spp. is a major disease of maize (Zea mays L.), and 
Trichoderma spp. are widely used as biological control agents against this pathogen. This study 
aimed to determine the effect of two Trichoderma spp. isolates propagated on different media 
on the incidence of downy mildew in maize. The study was conducted at the Biological Control 
Agent Laboratory of the West Java Plantation Protection Agency and in a field in Pasirbiru Village, 
Rancakalong District, Sumedang Regency, from April to May 2025. A Completely Randomised 
Factorial Design with two factors, isolate type (Trichoderma spp. from BBPOPT and BBPPTP) and 
propagation medium (cracked corn and rice bran), replicated five times, was used in the laboratory.  
At the same time, a Randomised Block Design was applied in the field to evaluate effectiveness 
against downy mildew. The propagation medium significantly affected the reduction in medium 
weight before and after inoculation, with rice bran reducing medium weight by up to 1.20 g. The 
BBPOPT and BBPPTP isolates grown on maize medium produced the lowest numerical AUDPC 
values (128.33 and 122.50, respectively) and the highest numerical disease suppression (42.8% and 
45.40%, respectively), although differences among treatments were not statistically significant. These 

results indicate that Trichoderma spp. treatments 
delayed early-stage disease development but did 
not significantly suppress overall downy mildew 
progression. As field evaluation was conducted 
at only one location and season, further multi-
location, multi-season studies are needed to 
confirm the consistency of these effects
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INTRODUCTION

Downy mildew is one of the most important diseases affecting maize.  This disease is caused 
by several species belonging to the genera Peronosclerospora and Sclerospora (Muis et al., 
2016; Rashid et al., 2013).  Yield losses caused by downy mildew in maize, particularly in 
susceptible varieties, may reach 90-100% (Nirwanto & Sutikno, 2024).  Such high yield 
losses can result in significant economic damage if the disease is not properly managed.

The most common method for controlling downy mildew is the application of synthetic 
chemical fungicides.  Fungicides containing metalaxyl as the active ingredient are widely 
used for controlling downy mildew (Prasetyo et al., 2021).  However, continuous application 
without proper dosage consideration may lead to several negative impacts.  Pesticides 
can contaminate the environment and non-target organisms, including beneficial soil 
microorganisms, and their residues may pollute soil and water resources (Aktar et al., 
2009).  Excessive pesticide application may also cause residue accumulation in agricultural 
products, posing risks to human health (Kurniasih et al., 2013).  Furthermore, studies by 
Widiantini et al. (2017) indicated the emergence of resistance to metalaxyl fungicides in 
Peronosclerospora spp.  Therefore, environmentally friendly alternative control strategies 
are required to reduce the negative impacts of synthetic pesticides.

One alternative control strategy is the use of biological control agents (BCAs).  BCAs 
are living organisms that can suppress plant pests and diseases by predation or parasitism 
(Muley & Chavan, 2023).  One of the potential BCA is Trichoderma spp., a saprophytic 
fungus commonly found in soil, air, and plant surfaces (Gusnawaty et al., 2017; Wang 
et al., 2022; Yao et al., 2023).  Trichoderma spp. suppress plant diseases through several 
mechanisms, including antibiosis, competition for space and nutrients, and parasitism 
(mycoparasitism or hyperparasitism) (Gusnawaty et al., 2014; Prasad et al., 2023).  In 
addition, Trichoderma spp. can indirectly induce plant resistance and promote plant growth 
(Nakkeeran et al., 2018). 

Previous studies reported that Trichoderma spp. effectively controlled several plant 
pathogens, such as clubroot in pak choi, white root rot in rubber seedlings, and vascular 
streak dieback (VSD) in cocoa seedlings (Amaria & Wardiana, 2014; Harni et al., 2017; 
Yudha et al., 2016).  Trichoderma spp. have also been reported as biological control agents 
against insect pests (Poveda, 2021).  Isolate T. harzianum T019 increased ergosterol 
production, which induced defence-related genes in common bean against Rhizoctonia 
solani infection (Mayo et al., 2015).  The combination of T. asperellum and betel leaf 
extract was reported to suppress downy mildew incidence in maize (Prasetyo et al., 2021).

 The physiological quality of Trichoderma spp. inoculum, such as conidial density 
and viability, which can influence characteristics and the propagation media, is considered 
an important factor influencing its potential performance as a biological control agent. 
Trichoderma spp. require carbohydrates, proteins, and other nutrients to support their 
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growth (Jaya et al., 2023; Novianti, 2018).  To date, maize and rice are commonly used 
as substrates for mass propagation of Trichoderma spp.  However, these substrates are 
relatively expensive, necessitating the use of alternative, more affordable, and readily 
available propagation media.  Several studies reported that rice, maize, rice bran, rice 
husk, sawdust, sweet potato, cassava, bran, potato, tofu waste, and millet can be used as 
substrates for mass propagation of Trichoderma spp. (Gusnawaty et al., 2017; Kansrini, 
2015; Novianti, 2018; Safitri et al., 2023; Suharni et al., 2023; Utami et al., 2023). Therefore, 
this study evaluated two Trichoderma spp. isolates propagated on different media for their 
effectiveness in reducing downy mildew (Peronosclerospora spp.) incidence in maize. 

MATERIALS AND METHODS

This study was conducted using an experimental method at two locations: the Biological 
Control Agent Laboratory of the West Java Plantation Protection Agency and a field site in 
Pasirbiru Village, Rancakalong District, Sumedang Regency, at an altitude of 850 metres 
above sea level.  The experiment was conducted from April to May 2025.

Laboratory equipment included a digital balance, beakers, cooking pots, stirrers, stove, 
Petri dishes, inoculating needles, Bunsen burner, steamer, wooden spatula, trays, electric 
fan, glass jars, cork borer, test tubes, micropipettes, glass funnels, test tube racks, Laminar 
Air Flow cabinet (LAF), autoclave, Erlenmeyer flasks, vortex mixer, hemocytometer, hand 
counter, syringe, microscope slides, cover slips, scalpel, and microscope.  Field equipment 
included 10 kg polybags, stakes, and hoes.

Materials used in the Laboratory included pure cultures of Trichoderma spp. obtained 
from the Indonesian Plant Protection Forecasting Center (BBPOPT) Karawang and the 
Center for Seed and Plantation Crop Protection (BBPPTP) Surabaya, sterile distilled water, 
Potato Dextrose Agar (PDA), 70% alcohol, spiritus, toothpicks, cotton, tissue paper, and 
propagation media consisting of cracked maize and rice bran.  Field materials included 
maize seeds of the Bisma variety, planting media (rice husk, manure, and soil), and maize 
plants infected with downy mildew.

Experimental Design 

Laboratory Experiment

The laboratory experiment employed a Completely Randomised Design Factorial pattern 
with two factors.  The first factor was the Trichoderma spp. isolate, consisting of BBPOPT 
isolate (t1) and BBPPTP isolate (t2).  The second factor was the propagation medium, 
consisting of cracked maize (m1) and rice bran (m2).  Each treatment was replicated five 
times, with two Petri dishes per replication, resulting in 40 experimental units.  Observations 
included fungal growth parameters (incubation period and medium weight loss before and 
after incubation) and conidial quality parameters (conidial density and viability).
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Field Experiment

The field experiment was arranged in a Randomised Block Design (RBD).  Treatments 
consisted of combinations of two Trichoderma spp. isolates propagated on different media 
that had previously been tested under laboratory conditions to evaluate their effectiveness 
against downy mildew incidence.  Five treatments were applied: A = control, B = t1m1 
(BBPOPT isolate on cracked maize), C = t1m2 (BBPOPT isolate on rice bran), D = t2m1 
(BBPPTP isolate on cracked maize), and E = t2m2 (BBPPTP isolate on rice bran).  Each 
treatment was replicated five times.  Each replication consisted of 16 plants grown in two 
polybags, resulting in a total of 400 observed plants.  Observations included downy mildew 
incidence and the Area Under the Disease Progress Curve (AUDPC).

Propagation of Trichoderma spp. Isolates on PDA Medium	

The Trichoderma spp. isolates utilised in this experiment were first propagated on Potato 
Dextrose Agar (PDA) medium.  PDA is a commonly used medium for culturing various 
fungi and supports mycelial growth effectively (Devi et al., 2018).  The PDA medium used 
was instant PDA, prepared by dissolving 42 g of PDA powder in 1 L of distilled water 
in a beaker.  The solution was heated using the double-boiling method until boiling.  The 
boiled medium was subsequently transferred to an Erlenmeyer flask and sterilised in an 
autoclave at 121 °C for 45 minutes under 1 atm.  Following sterilisation, approximately 
10 mL of the medium was aseptically dispensed into Petri dishes.

After solidification, the PDA medium was inoculated with Trichoderma spp. within a 
Laminar Air Flow (LAF) cabinet that had been sterilised using 70% alcohol and ultraviolet 
light for 15 minutes.  Inoculation was performed by transferring an agar plug containing 
mycelia and spores of Trichoderma spp. from an actively growing culture to a fresh 
PDA medium using an inoculating needle. The inoculated cultures were incubated for 
approximately 7-14 days, or until the fungal mycelium evenly covered the medium surface. 

Propagation of Trichoderma spp. on Cracked Maize and Rice Bran Medium

The preparation of cracked maize medium for Trichoderma spp. propagation followed the 
method commonly used by BPP.  The maize grains were washed, steamed until partially 
cooked, and then air-dried using a fan.  Meanwhile, the rice bran medium was prepared 
according to the method described by Day et al. (2022), with modifications.  Rice bran 
was mixed with water at a 1:2 ratio until the moisture content reached approximately 
30%, as indicated by the absence of free water release and the formation of clumps when 
the medium was compressed by hand (Day et al., 2022).  Each medium was weighed at 
20 g and placed into a Petri dish (Uruilal et al., 2012).  The media were then sterilised in 
an autoclave at 121 °C for 60 minutes at 1 atm.  After cooling, the media were inoculated 
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with Trichoderma spp. by placing one 5-mm agar plug containing the fungal isolate at the 
centre of the medium surface.

Growth of Trichoderma spp. on Propagation Medium

The observed parameters included fungal growth, assessed using the average incubation 
period and the difference in medium weight before and after incubation.  The average 
incubation period was determined for all treatment combinations by recording the day on 
which fungal growth was first observed on the propagation media, calculated from the time 
of inoculation (Gusnawaty et al., 2017).  The difference in medium weight before and after 
incubation was measured by weighing the medium before inoculation and after incubation, 
when the entire medium surface had been fully colonised by Trichoderma spp., using a 
digital balance.  These measurements were conducted for all treatment combinations.

Conidial Quality Test of Trichoderma spp.

The quality of Trichoderma spp. conidia produced on the propagation media were evaluated 
based on conidial density and viability.  Samples were randomly collected from each 
fungal culture grown on each type of propagation medium.  The conidial assessment 
followed the method established by BBPOPT (2023).  For conidial density determination, 

Figure 1. Application of conidial suspension onto the 
counting chamber
*Source: Center for Forecasting of Plant Pest 
Organisms (BBPOPT) (2023)

each sample was homogenised by shaking 
or stirring.  One gram of each sample was 
weighed and placed into a sterilised 100 mL 
Erlenmeyer flask.  Distilled water was added 
to reach a volume of 100 mL, followed by 
the addition of one drop of Tween 80.  The 
flask was covered with aluminium foil, and 
the conidial suspension was homogenised 
using a vortex mixer for 15 minutes, 
resulting in a 10⁻² dilution.  A Neubauer 
Improved hemocytometer was placed on the 
microscope stage and covered with a cover 
glass.  The counting chamber was located at 
100× magnification, and the 0.2 mL aliquot 
of the 10² diluted suspension was then 
observed at 400× magnification. A 0.2 mL 
aliquot of the 10⁻² diluted suspension was 
taken using a micropipette and introduced 
into both the upper and lower channels of 
the hemocytometer (Figure 1). 
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The suspension was allowed to stand for 
one minute to stabilise the conidia.  Conidia 
were counted diagonally in squares a, b, c, 
d, and e on both counting chambers using 
a hand counter. Only conidia within the 
counting squares and those touching the 
left and upper boundary lines were counted 
(Figure 2). 

After obtaining the conidial count 
from both the upper and lower counting 
chambers, the number of conidia per 
millilitre was calculated using Equation 1.

Figure 2. Counting of fungal conidia: (A) conidia 
included in the count and (B) conidia excluded from 
the count
*Source: Center for Forecasting of Plant Pest 
Organisms (BBPOPT) (2023) the following Equation 1: 

S = X�

L×t×d
× 103       [1] 

 
Note 

                           [1]

Where:
S : Conidial density (conidia/mL)S  : Conidial density (conidia/mL) 

𝑋𝑋�  : Average number of conidia counted in the upper and lower chambers 

L  : Counting area 0.04 mm² 

T  : Chamber  

: Average number of conidia counted in the upper and lower chambers
L : Counting area 0.04 mm²
T : Chamber depth (0.1 mm)
D : Dilution factor
103 : Volume conversion factor (1 ml = 103 mm3)

Conidial viability testing was conducted as a continuation of the conidial density 
assessment.  PDA medium was prepared in Petri dishes and cut into agar discs (0.5 cm 
diameter) using a cork borer.  Three agar discs were placed on a sterile microscope slide 
as replicates.  The 10⁻² conidial suspension was re-homogenised using a vortex mixer for 
3 minutes and subsequently applied to each agar disc using a 1 mL syringe.  Each disc 
received one drop of the suspension and was covered with a cover glass.  The prepared 
slides were placed inside Petri dishes supported by two toothpicks, and two rolls of moist 
cotton were added to maintain humidity.  The Petri dishes were sealed with cling wrap and 
incubated in the dark.  Conidial viability was observed after 16 hours of incubation using 
a microscope at 400× magnification.  Conidia were considered germinated when the germ 
tube length reached at least half the length of the conidium (Sinclair & Dhingra, 1995).  
Viability was calculated using Equation 2.Sinclair & Dhingra, 1995).  Viability was calculated using the following Equation 2: 

 
Viability = Σ Germinated conidia

Total observed conidia
 x 100%     [2] 

 

7.  Test of Two Trichoderma spp. Isolates Against Downy Mildew Incidence in Maize 

This test was conducted as a continuation of the  

	 [2]
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Test of Two Trichoderma spp. Isolates Against Downy Mildew Incidence in Maize

This test was conducted as a continuation of the conidial quality assessment.  Five 
treatments were applied: control (A), BBPOPT isolate on maize medium (B), BBPOPT 
isolate on rice bran medium (C), BBPPTP isolate on maize medium (D), and BBPPTP 
isolate on rice bran medium (E).  The maize seeds were prepared by soaking them in water 
for 24 hours, then draining and incubating in plastic boxes lined with moist tissue paper 
for another 24 hours.  Seed treatment with Trichoderma spp. was performed by preparing 
a 50 mL conidial suspension with a known density and adding 12.5 g of granulated sugar 
(Turnip, 2015).  The conidial suspensions used for seed treatment were prepared based 
on the measured conidial density from each treatment.  Equal suspension volumes were 
applied to seeds to maintain consistency among treatments.  The maize seeds were soaked 
in the suspension for 30 minutes, while the control seeds were soaked in water containing 
the same concentration of sugar.  Following treatment, the seeds were then drained and 
placed in plastic boxes according to treatment codes, lined and covered with moist tissue 
paper to stimulate germination.  The seeds were incubated for an additional 48 hours before 
inoculation with downy mildew.

Downy mildew inoculation was performed using the leaf-insertion method (Adhi et 
al., 2019).  Each treated seed, including the control, was inoculated by inserting maize 
leaf tissue infected with Peronosclerospora spp. into the seed.  The inoculated seeds were 
incubated for 24 hours and subsequently planted at a density of eight seeds per polybag.  
Observations were conducted from one to five weeks after planting to assess downy mildew 
incidence.  Disease incidence was calculated using Equation 3 (Adhi et al., 2019).following Equation 3 (Adhi et al., 2019): 

Disease incidence (%) = Number of infected plants
Total number of observed plants

 x 100%   [3] 

 The Area Under the Disease Progress Curve (AU 

	 [3]

The Area Under the Disease Progress Curve (AUDPC) is a single value that describes 
disease development and is derived from integrating multiple observations of disease 
intensity, disease incidence, or both (Simko & Piepho, 2012). AUDPC was calculated 
using Equation 4 (Landeo, 1999, in Kurniawan et al., 2018).(Landeo, 1999, in Kurniawan et al., 2018): 

𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 = ∑ (𝑋𝑋𝑡𝑡+1 + 𝑋𝑋𝑡𝑡)(𝐷𝐷𝑡𝑡+1 − 𝐷𝐷𝑡𝑡)𝑛𝑛
𝑖𝑖=1        [4] 

Note. 
Xt : Percentage of downy mildew incidence at time 𝑡𝑡  

Xt+1 : Percentage of downy mildew incidence at the subsequent observation 

time 𝑡𝑡 + 1 

(Dt+1 - Dt) : Observation interval between two consecutive assessments 

 

Data were further analysed using Duncan’s Multiple  

	 [4]

Where:
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Data were further analysed using Duncan’s Multiple Range Test (DMRT) at the 5% 
significance level to compare treatment means.

RESULTS AND DISCUSSIONS

Growth of Two Trichoderma spp. Isolates on Different Propagation Medium 

Incubation Period
DAI (Figure 3).  

 
 

 

 

 

 
 
 
 
 
 
 
Figure 3.  Growth of two Trichoderma spp. isolates on different  Figure 3. Growth of two Trichoderma spp. isolates 

on different propagation media at 10 Days after 
Inoculation (DAI)
*Source: Personal documentation (Ida Nurhelawati, 
2025)

Both Trichoderma spp. isolates showed 
visible growth on both propagation media 
at 2 days after inoculation (DAI) (Table 
1).  Fungal growth was characterised by 
the emergence of hyphae spreading from 
the inoculation point toward the surface 
of the propagation medium.  Both isolates 
completely colonised the surface by 10 
DAI; in contrast, on rice bran medium, full 
colonisation occurred between 10 and 18 
DAI (Figure 3). 

Table 1 
Average incubation period of two Trichoderma spp. 
isolates on different propagation Media (Days)

Treatment Incubation Period (Days)

t1m1 2

t1m2 2

t2m1 2

t2m2 2

Based on the average incubation period, both isolates began to grow at 2 DAI, 
indicating that both propagation media supported Trichoderma spp. growth. However, 
fungal growth was faster on maize medium compared to rice bran medium.  Complete 
colonisation occurred uniformly at 10 DAI on maize medium, whereas colonisation on 
rice bran medium was more variable. These differences are likely attributable to variations 
in nutrient composition between the two media.  Fungal growth is strongly influenced 
by the availability of essential nutrients such as carbohydrates and proteins (Basu et al., 
2015).  Maize contains a higher carbohydrate content, reaching up to 75.64% (Lalujan et 
al., 2017), whereas rice bran contains approximately 34-62% carbohydrates (Chakraborty 
& Budhwar, 2018).  The higher carbohydrate content in maize likely contributed to the 
faster mycelial growth of Trichoderma spp. observed in this study.
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Difference in Medium Weight before and After Inoculation
The difference in medium weight was determined by subtracting the weight before 
inoculation from the weight after fungal colonisation. Statistical analysis indicated no 
significant interaction between fungal isolates and propagation media on the difference in 
medium weight.  However, a significant main effect of propagation medium was observed 
(Table 2).  The results indicated that rice bran medium (m2) exhibited the greatest reduction 
in medium weight (1.20 g), compared with maize medium (0.88 g).

Table 2 
Effect of two Trichoderma spp.  isolates grown on different propagation media on the difference in medium 
weight before and after inoculation

Treatment Weight Before Inoculation (g) Weight After Inoculation (g) Weight Difference (g)
Fungal Isolate

t1 20 18.75 1.03 a
t2 20 18.94 1.06 a

Propagation Medium
m1 20 19.12 0.88 a
m2 20 18.80 1.20 b

Note. Different letters indicate a significant difference based on Duncan’s Multiple Range Test (DMRT) at 
the 5% significance level

The greatest reduction in medium weight was observed in the rice bran treatment, with 
a value of 1.20 g.  This finding is consistent with those of Gusnawaty et al. (2017), who 
also observed the greatest weight reduction in the rice bran medium. The difference in 
medium weight before and after incubation reflects the metabolic activity of Trichoderma 
spp.  The greater weight loss observed in the rice bran medium suggests that its nutrient 
composition is well suited to the nutritional requirements of Trichoderma spp., enabling 
more rapid substrate decomposition (Gusnawaty et al., 2017).

Rice bran contains major carbohydrate components, including hemicellulose (8.7-
11.4%), cellulose (9-12.8%), starch (5-15%), and β-glucan (1%) (Astawan & Febrinda, 
2010).  Trichoderma spp. degrades substrates such as starch, pectin, and cellulose by 
producing extracellular enzymes, including amylase, pectinase, cellulase, and chitinase, 
which facilitate nutrient utilisation for growth (Yparraguirre & Galliani-Pinillos, 2020).  
The high reduction in medium weight therefore further indicates that Trichoderma spp. 
have strong potential as effective organic matter decomposers.

Conidial Quality of Two Trichoderma spp. Isolates on Different Propagation Media

Conidial Density
Statistical analysis showed no interaction and no significant main effects of fungal isolates 
or propagation media on conidial density (Table 3).  All treatments produced similar conidial 
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densities, averaging 10⁸ conidia mL⁻¹.  The 
highest conidial density was observed in 
the BBPPTP isolate (t2), with 2.55 × 10⁸ 
conidia mL⁻¹. However, this value was 
not significantly different from t1 (2.25 × 
10⁸ conidia mL⁻¹), maize medium (m1), 
or rice bran medium (m2), both of which 
produced 2.40 × 10⁸ conidia mL⁻¹.  These 
results indicate that both propagation media 
supported the sporulation of Trichoderma 
spp. effectively. 

The assessment of conidial density for 
two Trichoderma spp. isolates grown on 

Table 3 
Effect of two Trichoderma spp. isolates grown on 
different propagation media on conidial density (10⁸ 
conidia mL⁻¹)

Treatment Conidial Density (10⁸ conidia mL⁻¹)
Fungal isolate

t1 2.25 a
t2 2.55 a

Propagation medium
m1 2.40 a
m2 2.40 a

Note. Same letters indicate non-significant differences 
based on Duncan’s Multiple Range Test (DMRT) at 
the 5% significance level.

different propagation media resulted in an average density of 10⁸ conidia mL⁻¹.  These 
findings indicate that both isolates produced comparable amounts of conidia across the 
two types of propagation media tested.  Furthermore, the conidial densities obtained in this 
study exceeded the minimum standard established by the Badan Standardisasi Nasional 
(2014), which requires ≥10⁶ conidia mL⁻¹.  High conidial density is closely associated with 
Trichoderma spp.'s ability to suppress pathogen development.  This is consistent with the 
findings of Nabila et al. (2021), who reported that a conidial density of 10⁷ conidia mL⁻¹ 
was capable of suppressing Fusarium wilt by more than 50%.

Conidial Viability

a 

b 

(Sinclair & Dhingra, 1995) (Figure 4). 

  

 

 

 

 

 

Figure 4.  Conidia of Trichoderma spp.: (a) Germinated conidia and (b) Non-germinated 

conidia 
Figure 4. Conidia of Trichoderma spp.: (a) Germinated 
conidia and (b) Non-germinated conidia
*Source: Personal documentation (Ida Nurhelawati, 
2025)

Conidial viability of Trichoderma spp. was 
observed microscopically after 16 hours 
of incubation.  Conidia were considered 
germinated when the germ tube length 
reached at least half the length of the 
conidium (Sinclair & Dhingra, 1995) 
(Figure 4).

Statistical analysis revealed a significant 
interaction between fungal isolates and 
propagation media on conidial viability 
(Table 4).  The highest conidial viability was 
observed in the BBPOPT isolate propagated 
on maize medium (t1m1), at 98.61%, and 
was not significantly different from that 
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of the BBPPTP isolate on maize medium (t2m1), at 96.47%.  However, both treatments 
differed significantly from t1m2 and t2m2.  The lowest conidial viability was recorded for 
the BBPOPT isolate propagated on rice bran medium (t1m2), at 82.70%.

Conidial viability reflects the ability of conidia to germinate and grow normally 
under optimal conditions (Utami et al., 2023).  In this study, an interaction was observed 
between two Trichoderma spp. isolates and different propagation media on fungal conidial 
viability.  The highest viability was recorded in treatments t1m1 and t2m1, reaching 98.61% 
and 96.47%, respectively.  These values exceed the minimum conidial viability standard 
for Trichoderma spp., set at≥ 60% by the Badan Standardisasi Nasional  (2014).  The 
corn-based medium had a significant effect on the conidial viability of both Trichoderma 
spp. isolates.  According to Utami et al. (2023), conidial viability is influenced by several 
factors, including culture age, nutrient content of the growth medium, and environmental 
factors such as light, temperature, and moisture. Nutrients present in the propagation 
media can affect fungal survival, sporulation, and antagonistic ability (Mufida et al., 
2023).  Furthermore, high conidial viability is crucial for supporting fungal growth and 
development as a biological control agent (Nurbailis & Martinius, 2011).

Effect of Two Trichoderma spp. Isolates on Downy Mildew Incidence in Maize

Incidence of Downy Mildew Disease in Maize Plants

Downy mildew disease was first observed one week after planting (WAP).  Disease 
symptoms appeared on newly emerging leaves, characterised by elongated chlorotic streaks 
parallel to the leaf veins (Figure 5a).  In the early morning, white conidial masses were 
observed on the abaxial surface of infected leaves.  Microscopic observations revealed that 
the conidiophores of the downy mildew pathogen exhibited three levels of branching, were 
equipped with sterigmata bearing terminal conidia, and had a spherical to sub-spherical 
shape.

At one week after planting (WAP), the highest percentage of downy mildew incidence 
was observed in the control treatment (3.93%) and based on statistical analysis, was not 

Table 4 
Effect of two Trichoderma spp. isolates grown on different propagation media on conidial viability (%)

Factor t
Factor m

m1 m2

t1
98.61 a

B
82.70 a

A

t2
96.47 a

B
91.46 b

A

Note. Different letters indicate significant differences based on Duncan’s Multiple Range Test (DMRT) at the 
5% significance level.
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significantly different from that in treatment t1m2 (1.43%) (Table 5).  However, disease 
incidence in the control treatment (3.93%) was significantly higher than in treatments t1m1, 
t2m1, and t2m2, which showed no symptoms of downy mildew infection (0%).  At the second 
WAP, downy mildew symptoms were detected in all treatments; however, the percentage 
of disease incidence was significantly lower than in the control.  At 3, 4, and 5 WAP, the 
percentage of disease incidence in the control was not significantly different from that of 
the other treatments, although the control consistently showed higher disease incidence.  At 
the final observation (5 WAP), downy mildew incidence in the control treatment reached 
13.04%, while the lowest disease incidence was recorded in treatment t2m1.

three levels of branching, were equipped with sterigmata bearing terminal conidia, and had a 

spherical to sub-spherical shape. 

 

 

 
 
 
 
 
 
 
 
 
 
 
          

(a)    (b) 
Figure 5.  Downy mildew disease: (a) Symptoms of downy mildew  
Figure 5. Downy mildew disease: (a) Symptoms of downy mildew at 1 week after planting (WAP) and (b) 
Conidiophores and conidia of Peronosclerospora spp
*Source: Personal documentation (Ida Nurhelawati, 2025)

Table 5 
Effect of two fungal isolates grown on different propagation media on downy mildew incidence (%)

Treatment
Downy Mildew Incidence (%)

1 WAP 2 WAP 3 WAP 4 WAP 5 WAP
A (control) 3.93 b 6.61 b 7.86 a 9.11 a 13.04 a
B (t1m1) 0.00 a 2.68 a 5.28 a 6.51 a 7.76 a
C (t1m2) 1.43 ab 2.68 a 5.18 a 7.68 a 10.36 a
D (t2m1) 0.00 a 1.22 a 5.00 a 7.50 a 7.50 a
E (t2m2) 0.00 a 2.58 a 5.17 a 7.75 a 7.75 a

Note. Values followed by different letters indicate significant differences according to Duncan’s Multiple Range 
Test at the 5% significance level
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Based on the experimental results, the lowest percentage of downy mildew incidence 
was observed at 1 week after planting (WAP), during which disease symptoms were detected 
only in the control and treatment t1m2.  At 2 WAP, all treatments exhibited symptoms of 
downy mildew; however, the percentage of disease incidence in all treated groups remained 
lower than that in the control.  At 3, 4, and 5 WAP, no significant differences in disease 
incidence were observed among treatments.  These results indicate that the two Trichoderma 
spp. isolates propagated on different media suppressed downy mildew incidence only during 
the early growth stage of maize, specifically within 1-2 WAP.  This early suppression may 
be attributed to Trichoderma spp.'s ability to delay the pathogen's incubation period during 
the host plants' initial growth phase.  The relatively high disease incidence observed at 3, 4, 
and 5 WAP may be influenced by environmental conditions that favour the development and 
spread of downy mildew.  This observation is consistent with the findings of Purwanto et 
al. (2016), who reported that environmental factors play a critical role in the dissemination 
of downy mildew disease.  In the present study, the temperature during the observation 
period ranged from 24.5 °C to 29 °C, with relative humidity between 98% and 99%.  
The optimum temperature for downy mildew development is below 24 °C with relative 
humidity around 90% (Semangun, 2008).  Although the temperature conditions during the 
experiment were not ideal for downy mildew development, the high relative humidity and 
continuous availability of susceptible host plants supported pathogen establishment and 
disease development.  Therefore, under environmental conditions conducive to disease 
development, the treatments applied in this study were insufficient to suppress downy 
mildew incidence at later growth stages effectively.

Area Under the Disease Progress Curve (AUDPC)

Statistical analysis showed that AUDPC values among all treatments were not significantly 
different (Table 6).  The highest mean AUDPC value was observed in the control treatment 
(224.35), while the lowest was recorded in treatment t2m1 (122.50).  The highest downy 

Table 6 
AUDPC values and percentage of downy mildew suppression

Treatment
AUDPC Means 

AUDPC
Inhibition 

(%)1 WAP 2 WAP 3 WAP 4 WAP 5 WAP
A (control) 196.88 224.95 174.93 218.75 306.25 224.35 a 0.00
B (t1m1) 0.00 175.00 116.73 175.00 174.93 128.33 a 42.80
C (t1m2) 175.00 218.75 131.25 0.00 224.95 149.99 a 33.15
D (t2m1) 109.38 109.38 0.00 175.00 218.75 122.50 a 45.40
E (t2m2) 109.38 186.66 0.00 163.42 218.75 135.64 a 39.54

Note. Values followed by different letters indicate significant differences according to Duncan’s Multiple Range 
Test at the 5% significance level
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mildew suppression was observed in treatment t2m1 (45.40%), whereas the control treatment 
showed no suppression (0%).

The results of the evaluation of two Trichoderma spp. isolates propagated on different 
media indicated no significant differences in AUDPC values compared with the control.  
The highest AUDPC value was observed in the control treatment (224.35), while the 
lowest was recorded in treatment t2m1 (122.50). A higher AUDPC value indicates greater 
disease development, whereas a lower AUDPC value indicates reduced disease progression 
(Suganda, 2001 in Kurniawan et al., 2018).  The AUDPC value was inversely related to 
the percentage of disease suppression; lower AUDPC values were associated with higher 
levels of disease suppression. The highest suppression of downy mildew was observed in 
treatment t2m1 (45.40%).

CONCLUSION
The propagation medium had a significant independent effect on the reduction in medium 
weight before and after inoculation with Trichoderma spp. Using rice bran media reduces 
medium weight by up to 1.20 g. 

The combination of two Trichoderma spp. isolates and different propagation media 
had no significant effect on conidial density, which ranged from 2.25 × 10⁸ to 2.55 × 10⁸ 
conidia mL⁻¹.  However, it had a significant effect on conidial viability.  The highest conidial 
viability was recorded in Trichoderma spp. isolates originating from BBPOPT and BBPPTP, 
propagated on maize medium, with viability values of 98.61% and 96.47%, respectively.

The BBPOPT and BBPPTP isolates on maize medium showed the lowest numerical 
AUDPC value (128.33 and 122.50) and the highest numerical disease suppression (42.8% 
and 45.40%). However, the differences among treatments were not statistically significant.  
It indicates that the Trichoderma spp. treatments delayed disease development during the 
early growth stage but did not significantly suppress overall downy mildew progression.

IMPLICATIONS OF THE STUDY
This study demonstrates that using local agricultural by-products, such as cracked maize, 
for the mass production of Trichoderma spp. offers a highly viable, eco-friendly alternative 
to synthetic fungicides in maize farming.  These findings provide a low-cost, sustainable 
framework that empowers resource-limited farmers to produce effective biocontrol agents, 
supporting green agriculture initiatives.

The implications of this study are expected to show that Trichoderma spp. isolates 
propagated on corn media, both originating from BBPOPT and BBPPTP, have potential 
as biological control candidates due to their ability to produce high-quality inoculum.  
However, further validation through multi-location and multi-season field experiments is 
required before recommending their practical application for downy mildew management 
in maize production.
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LIMITATIONS AND RECOMMENDATIONS FOR FUTURE RESEARCH

This study demonstrated the potential of Trichoderma spp. propagated on different 
substrates to improve conidial quality and suppress downy mildew development in maize.  
However, several limitations should be acknowledged.  First, the experiment was conducted 
under a single agroecological condition and within a single planting season, which may 
limit the broader applicability of the findings across different environmental conditions, 
cropping systems, and pathogen pressures.  The efficacy of biological control agents 
is strongly influenced by environmental factors, including temperature, humidity, soil 
physicochemical properties, and indigenous microbial communities, all of which can affect 
the establishment and antagonistic performance of Trichoderma spp. under field conditions.  
Second, the study evaluated disease suppression primarily through disease incidence 
and AUDPC parameters without further investigation of physiological, biochemical, or 
molecular plant responses associated with induced resistance mechanisms.  Consequently, 
specific pathways underlying antagonistic interactions between Trichoderma spp. and 
Peronosclerospora spp. remain insufficiently understood.  Third, although conidial density 
and viability were assessed, additional indicators of inoculum quality, including shelf life, 
rhizosphere colonisation ability, enzymatic activity, secondary metabolite production, and 
persistence under field conditions, were not examined.  Furthermore, the study used only 
two isolates and two propagation substrates, which may not fully represent the diversity 
of Trichoderma strains or the locally available organic substrates with potential for large-
scale bioformulation development.

Future studies should therefore focus on multi-location, multi-season field evaluations 
to determine the consistency and stability of Trichoderma-based biological control 
across diverse environmental conditions. Further investigations integrating molecular, 
transcriptomic, and metabolomic approaches are also required to elucidate the mechanisms 
underlying induced systemic resistance, pathogen inhibition, and plant-microbe interactions.  
In addition, future research should explore optimisation of carrier formulations, shelf-
life stability, and compatibility with other integrated disease management strategies to 
enhance field efficacy and commercialisation potential.  Screening additional indigenous 
Trichoderma isolates and low-cost agricultural by-products as propagation substrates 
may also provide opportunities to develop more adaptive, economically feasible, and 
environmentally sustainable biocontrol technologies for maize production systems.
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