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Abstract. Trichoderma harzianum is effective for controlling soil-borne pathogenic fungi and producing secondary metabolites. When
applied in the field, the raw secondary metabolites are quickly decreased directly by sunlight. This research aimed to obtain the most
effective concentration of tapioca flour in development of raw secondary metabolites of Trichoderma harzianum T10, its effect on
damping-off and growth of cucumber. This research was carried out at the screen house and the Plant Protection Laboratory, Faculty of
Agriculture, Jenderal Soedirman University. The study was conducted in two stages, i.e., in vitro and in planta. The in vitro stage used
completely randomized design with five repetitions and five treatments consisted of T. harzianum T10 in Potato Dextrose Broth, and in
0.5; 1; 1.5; and 2% of tapioca flour media. In in planta, randomized block design was used with five repetitions and six treatments
consisted of control, T. harzianum T10 in PDB, and in 0.5; 1; 1.5, and 2% of tapioca flour media. Variables observed were density of
conidia, disease incubation period, disease incidence, AUDPC, maximum growth potential, germination ability, plant height, canopy
fresh weight, root length, and fresh root weight. Result of the research showed that the highest conidial density (1.23 x 107 conidia mL™)
of T. harzianum T10 was found in 2% tapioca flour with an increase of 63.28% compared to the PDB. The tapioca flour of 1 and 2%,
and PDB could suppress the disease incidence by 81.82%. The lowest AUDPC was at 2% tapioca flour. The raw secondary metabolites
could not delay the incubation period significantly and increase cucumber plant growth. Tapioca flour with the right concentration to
produce high conidia density and high raw secondary metabolites. The benefits are to find other cheaper ingredients in promoting
antagonistic fungal growth and the use of antagonistic fungal bioactive compounds to control plant pathogen
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INTRODUCTION

Trichoderma sp. is considered as potential antago-
nistic fungus that is often used for biological control
(Munir et al., 2013; Ghazanfar et al., 2018). Tricho-
derma sp. works against fungal phytopathogens either
indirectly by competing for nutrients and space, modi-
fying environmental conditions, promoting plant
growth and plant defensive and antibiosis mecha-
nisms; or directly through mechanisms such as myco-
parasitism. One spesies of Trichoderma spp. is T.
harzianum Rifai (Chaverri et al, 2015). T. harzianum
has been isolated from various plant rhizospheres and
tested for its effect on several diseases. For example,
T. harzianum T10 isolated from ginger rhizosphere
against Fusarium wilt (Soesanto et al., 2013) and Phy-
tophthora wilt (Soesanto et al., 2019). Trichodema sp.
has the ability as a mycoparasite (Bouziane et al.,
2016) and antibiotics (Vinale et al., 2014), as well as
producing extracellular compounds that can be toxic
to pathogens (Al-Taweil et al., 2009) and enzymes
that can degrade pathogen cell walls (Bae et al.,
2017).

T. harzianum is effective for controlling soil-borne
pathogenic fungi (Munir et al., 2013; Ghazanfar et al.,
2018). One of the soil-borne fungi is Pythium spp.
which with their wide distribution and host range
causing damping-off to cucumber (Rostami et al.,
2015; Lamichhane et al., 2017). Efforts to control
damping-off that have been carried out, including
using soluble silicon (Si) (Fayadh & Aledani, 2011;
Yassin et al., 2016), cultivars resistance (Rostami et
al., 2015), and biological control (Soekarno et al.,
2014; Aljarah, 2017). Synthetic chemical pesticides
have been used as well, but this approach is likely to
be limited due to negative impacts on human health
and the environment (Keswani et al., 2019). The sec-
ondary metabolites produced by agriculturally im-
portant microorganisms have an important role in
improving the quality of the crops. T. harzianum as a
biological control agent can produce secondary me-
tabolites (Mukherjee et al., 2012; Vinale et al., 2012;
2014).

Microbes, included biological agents, when ap-
plied in the field are quickly decreased in population
directly by sunlight (Rashid et al., 2016) and by
chemical substances (Li et al., 2017; Muturi et al.,
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2017) so as to limit their ability. One strategy to avoid
the degradation is the use of raw secondary metabo-
lites in liquid formula (Pathma et al., 2011; Mutawila
et al., 2015). Several studies have utilized carriers for
liquid formulation of Trichoderma sp. biofungicides,
such as talc (Sriram et al., 2011; Mukherjee et al.,
2013; Patel and Patel, 2014), compost (Panahian et
al., 2012; Damiri et al., 2014), and molasses (Rahna-
ma, 2012). However, the use of tapioca flour for lig-
uid formulations is still limited for biological control.

This study aimed to determine the most effective
concentration of tapioca flour in development of raw
secondary metabolites of T. harzianum T10, the effect
of T. harzianum T10 in the formula on damping off
and on growth of cucumbers. The benefits are to find
other cheaper ingredients in promoting antagonistic
fungal growth and the use of antagonistic fungal bio-
active compounds to control plant pathogen

METHODS

Preparation of Pythium spp.

Pythium spp. were isolated from damping-off
symptomatic chilli seedlings at Sikapat Gandatapa
Village, Sumbang District, Banyumas Regency. The
infected seedling was cut 1-2 cm, then aseptically
grown on the PDA (potato dextrose agar) for identifi-

cation (Patil & Rathore, 2018). The culture was puri-
fied and maintained for further studies.

Preparation of T. harzianum T10

T. harzianum T10 grown on PDA was propagated
on cracked corn media by taking isolates using cork
drill £ 5 mm in diameter. Inoculated cracked corn
media with T. harzianum T10 was incubated for 6-14
days until the spores and mycelium grew evenly
(Heydari & Pessarakli, 2010; Gushawaty et al., 2014).

Preparation of raw secondary metabolites

Raw secondary metabolites of T. harzianum T10
were made in potato dextrose broth (PDB) with tapio-
ca flour as the carrier. The liquid media of tapioca
flour (5, 10, 15, and 20 g L™) was made by mixing the
flour with sugar 10 g L™ and heated to boiling. Each
medium was filled into a sterile glass bottle for 100
mL, cooled, and added with T. harzianum T10 from
the cracked corn media with a density of 10° conidia
mL™. Furthermore, each treatment was shaken using a
shaker with a speed of 150 rpm for 7 days at room
temperature (Han et al., 2012). The mixture was cen-
trifuged at 13000 rpm for 5 min. at room temperature.
The supernatant was then transferred into sterile bot-
tle (Figure 1) (Wu et al., 2017).

Figure 1. Raw secondary metabolites of T. harzianum T10 in different media. Note: A0 = PDB, Al-A4 = tapi-
oca flour at concentration of 0.5; 1; 1.5; and 2%, respectively.

Application of raw secondary metabolites

In the planting hole, two cork drill Pythium spp.
were placed. The planting media were composed by
soils mixed with cow manure (1:1, w/w). Cucumber
seeds were then placed on top and covered with thin
layer of soils. The raw secondary metabolites of T.
harzianum T10 according to the treatment were
dripped on the seeds as much as 50 mL. As a control,
Pythium spp. was inserted into the hole, covered with
soil, then cucumber seeds were placed on it and cov-
ered with soil again. The experiment was carried out
in the screen house.

In vitro experiment

In vitro experiments were arranged in a completely
randomized design consisting of five replications and
five treatments (A0 = raw secondary metabolites
made in PDB, and A1-A4 = in tapioca flour of 5, 10,
15, and 20 g L™, respectively).
In planta experiment

In planta experiments were arranged in a random-
ized block design with five replications and six treat-
ments (control, T. harzianum T10 secondary metabo-
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lites in PDB, and in tapioca flour with concentrations
of 5, 10, 15, and 20 g L™).

Observed variables

The conidial density was calculated by preparing a
conidial suspension and by using a haemocytometer.
The conidial suspension was taken as much as 1 mL
using the eyedropper while stirring. The suspension
onto the haemocytometer was covered with a glass
cover and waited up for 1 minute until the suspension
was stable. Conidial density was calculated using a
microscope with a magnification of 100 x on the
haemocytometer (a + b + ¢ + d + €). The calculation
was repeated four times and the density was calculat-
ed using formula as follows:

S =[(tx d)/(b x 0.25)] x 10°

Where: S = number of conidia per gram of media
culture, t = the number of conidia calculated on the
count media (a, b, c, d, €), d = degree of dilution, n =
the number of small squares observed (i.e. 5x 16 = 80
small squares), and 0.25 = correction factor (Akagi et
al., 2015).

The disease incidence was calculated according to
the formula:

P = % 100%

Note: IP = disease incidence, n = number of
plants attacked, N = number of plants observed
(Noordzij et al., 2010).

AUDPC (area under the disease progress curve)
were calculated by the rule that approximate the area
under a curve by dividing the area into a number of
strips of equal width. Then, the sum of approximate
area of each strip by the area of the trapezium formed
will give the approximation of area under the curve.
The formula used is according to Ling et al. (2017).
Plant growth parameters observed included maximum
growth potential, germination ability, plant height
difference, canopy wet weight, root length, and root
wet weight.

Data analysis

Data were analyzed by analysis of variance
(ANOVA) at 5% level of significance. The significant
different results between treatments were further test-
ed using HSD at 5% significance level.

RESULT AND DISCUSSION

Conidial density

Based on Figure 2, the best concentration for
growth and development of T. harzianum T10 was
tapioca flour at 2% concentration with an increase of
63.28% compared to PDB. This was presumably be-
cause at this concentration the available nutrient con-
tent supports the growth of T. harzianum T10 so that
the amount of conidia produced is more than other
treatments.
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Figure 2. Density of T. harzianum T10 conidia. Note: A0 = PDB, Al-A4 = tapioca flour at concentration of

0.5; 1; 1.5; and 2%, respectively.

Mishra & Khan (2015) reported that differences in
the number of T. viride conidia formed is possible
closely related to the nutritional content of substrate.
Borin et al. (2015) suggested that the growth of T.

reesei and Aspergillus niger rely heavily on the avail-
ability of carbohydrates that is used as an energy
source for growth.
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One of the nutrients contained in tapioca flour
(Rose Brand) is carbohydrates by 87.95% (AOAC,
1999). The carbohydrate content is quite high. Patil et
al. (2018) reported that the high carbohydrate content
in an ingredient can be a potential source of nutrients
and carbon for the growth of the T. harzianum fungus.
In accordance with a study by Ezeonu et al. (2016),
carbohydrates, especially sugar, are mostly used by
fungi on a large scale for their metabolic processes.

Incubation period

The statistical analysis results in Table 1 show that
raw secondary metabolites did not significantly influ-
ence the incubation period. It means that the raw sec-
ondary metabolites produced by T. harzianum T10

have not been able to significantly delay the incuba-
tion period of Pythium spp. This is allegedly due to
environmental conditions that support the develop-
ment of Pythium spp. and the fungus could adapt to
the new location immediately. In accordance to Sut-
ton et al. (2006), the initial (primary) inoculum in root
rot epidemics is chiefly zoospores produced from
sporangia formed by germinating oospores, or per-
haps by mycelium in plant residues, soil, hydroponic
pipes and tubing, and other inoculum sources in the
crop environment. This is in line with the report of
Muthu (2016) that physical and nutritional factors
play an important role in governing reproductive
phases of Pythium sp.

Table 1. The effect of treatments on pathosystem component

Treatments Incubation period (dai) Disease incidence (%) AUDPC
control 11.0a 55a 327.5
T. harzianum T10 + PDB 17.2a 10b 50

T. harzianum T10 + flour 0.5% 16.4a 20 ab 155
T. harzianum T10 + flour 1% 16.2a 20 ab 90

T. harzianum T10 + flour 1.5% 19.0a 10b 75

T. harzianum T10 + flour 2% 19.0a 10b 5

Note: Numbers followed by the same letter in the same column show no significant difference in HSD with an
error rate of 5%. dai = days after inoculation. Data on incubation period were transformed to Vx, data on dis-

ease events were transformed to arcsin Vx.

The average incubation period of the disease in
plants applied with the raw secondary metabolites of
T. harzianum T10 seems to be delayed by 32.10-
42.11% compared to controls. In general, the treat-
ments tended to delay the incubation period compared
to the control even though statistically the difference
was not significant. T. harzianum secretes a well-
balanced cellulolytic complex in tapioca, which effi-
ciently hydrolyzes cellulosic substrates into mono-
meric glucose. Maximum cellulose activity was ob-
tained with banana flour (168 U/ml) followed by po-
tato and tapioca flours (Rubeena et al., 2013).

Disease incidence

The results of the statistical analysis in Table 1
show that the raw secondary metabolites had a signif-
icant influence on the incidence of the disease and
was in line with the incubation period. PDB and tapi-
oca flour concentration of 1.5 and 2% were able to

reduce the incidence of disease by 81.82%. The
treatment of flour concentrations of 0.5 and 1% can
reduce the incidence of the disease by 63.64%.

In general, the raw secondary metabolites could
reduce the disease incidence even though the results
of treatment using flour concentrations of 0.5% and
1% were not significantly different compared to con-
trol (Figure 3). The raw secondary metabolites play a
role in suppressing the disease incidence. Trichoder-
ma spp. are well known for their ability to produce a
wide range of antibiotic substances and for their abil-
ity to parasitize the other fungi. Trichoderma spp.
produce at least three classes of compounds (peptides,
proteins and low-molecular-weight compounds) that
generate plant defense responses (Keswani et al.,
2019). Secondary metabolites produced in vitro may
have antimicrobial activity at high concentration so
that the disease incidence will be decreased (Kohl et
al., 2019).
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P I guld

Figure 3. Growth of cucumber after apliation of the treatments.

AUDPC

The AUDPCs were calculated numerically using
the trapezoidal rule and were plotted for successive
assessment dates. Based on Figure 4, the highest
AUDPC value occurs in control crop and this is in
line with the disease incidence in Table 1. This condi-
tion is due to the absence of secondary metabolites
resulted in the greater attack of Pythium spp. than of
in the treatment. Plants classified as experiencing
disease in this study are exposed to fall and only de-
velop symptoms. According to Gilbert & Parker
(2010), in control plants, the average plants experi-

enced the highest disease incidence. The highest dis-
ease incidence in control is caused by activity of the
pathogens which are more quickly enter and infect
plant tissue, and the absence of a mechanism of plant
resistance to pathogen infection. This is because of
pathogen recognition to crop structure in a several
defense responses to inhibit pathogen invasion. One
of the first structural barriers that fungal pathogens
have to break and enter to their hosts is cell walls. The
cell walls are mainly composed of carbohydrates
(Rodriguez-Moreno et al. 2017).
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Figure 4. AUDPC value of cucumber seedling damping off. Note: AP = Control, A0 = PDB, A1-A4 = tapioca
flour at concentration of 0.5; 1; 1.5; and 2%, respectively.

Based on Figure 4, an increase of Pythium spp. in-
fection was seen on the last day of observation. Suf-
fert & Guibert (2007) stated that the Pythium spp. can
also attack after sprouts appear on the ground surface.
In older plants, this pathogen can cause injury to the
stem. Part of the wound infected with Pythium spp.
turns pale and runny causing significant damage to
yields.

In general, the raw secondary metabolites of T.
harzianum can suppress disease progression well.
This condition is seen in AUDPC values that because
of the raw secondary metabolites, the plants are less
likely to develop disease than controls. Mukherjee et
al. (2012) and Vinale et al. (2014) stated that T. har-
zianum produces antibiotics that can reduce the
growth of phytopathogenic fungus such as Phytium
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sp. Antibiotic compounds produced by T. harzianum
are trichorzins and harzianins (Marik et al., 2019).
Both types of compounds are secondary metabolites
that are thought to inhibit the growth of pathogenic
fungi (Khan et al., 2020).

The lowest AUDPC value was found at 2% tapio-
ca flour concentration. This is assumed because the
2% concentration is the highest flour concentration
which produces the highest conidia density so that the
metabolite compounds produced are thought to be
more than the flour concentration lower than the 2%.
Hanudin et al. (2013) explained that the lower the
AUDPC value, the more effective the treatment is in
controlling plant pathogens.

Table 2. The effect of treatment on growth component

Growth components

The results of the statistical analysis in Table 2 and
Figure 2 show that the raw secondary metabolites did
not significantly influence the growth components
including maximum growth potential, germination
ability, plant height, canopy wet weight, root length,
and root wet weight of cucumber. The maximum
growth potential of the control group was 95%, while
it was more than 95% in the treatment with raw sec-
ondary metabolites. The germination ability of control
was 95%, while it was more than 85% in the treat-
ment with secondary metabolites.

Treatments MG (%) GA (%) PH(cm) RL(cm) CW(g) RW (9)
Control 95a 95a 37.27a 29.12a 19.8la 1.77a
T. harzianum T10 + PDB 100a 95a 34.90a 36.75a 18.57a 1.78a
T. harzianum T10 + flour 0.5% 100a 90a 38.37a 27.85a 20.40a 1.83a
T. harzianum T10 + flour 1% 100a 100a 38532 31.23a 16.14a 2.15a
T. harzianum T10 + flour 1.5% 95a 85a 32.00a 27.48a 18.8l1a 1.65a
T. harzianum T10 + flour 2% 95a 90a 37.45a 29.12a 19.8la 1.71a

Note: Numbers followed by the same letters in the same column show no significantly different results in the
5% HSD after being transformed to Vx. MG = maximum growth potential, GA = germination ability, PH =
plant height, CW = canopy wet weight, RL = root length, RW = root wet weight.

The percentage of germination consisting of max-
imum growth potential and germination ability in the
experiments is quite high. This is presumably because
the seeds planted have a good vigor. Good vigor is
supported good aeration in control and treatment
plants so that the raw secondary metabolites do not
have a significant effect. These results are in line with
the study by Finch-Savage & Bassel (2016) that
showed that seeds are able to grow normally, even
though the natural conditions are not optimum are
called seeds that have a good vigor.

Statistical analysis (Table 2) shows that the raw
secondary metabolites do not significantly influence
the plant height. This is presumably because organic
fertilizer given at the beginning of planting is directly
responded by the plant as a source of nutrition to
stimulate its growth. These results are in line with the
research of Shofiyani & Budi (2014), that explained
that the provision of organic fertilizer at the beginning
of planting had a direct influence on the availability
of nutrients needed by plants during the study so that
the role of biological agents had no significant effect.

Cow manure provides essential macro- and micro-
nutrients that are necessary for plant growth. The
provision of cow manure can increase the availability
of nutrients and absorption of N elements that are
needed in the vegetative growth of plants (Sriyanto et
al. 2015). Furthermore, Tola et al. (2007) explained
that cow manure contains a number of nutrients and

organic matter that can improve the physical, chemi-
cal, and biological soil properties. Rifgifauzi (2014)
stated that an appropriate level of aeration and nutri-
ent availability is able to support the development of
rooting. The development of a good root system de-
termines the vegetative growth of plants which ulti-
mately determines the reproductive phase and yield of
plants.

The optimum temperature is thought to support
photosynthesis. Cucumber is a thermophilic and frost-
susceptible crop, growing best at a temperature above
20°C (Singh et al. 2017). The daily temperature ob-
served during the study (28.5°C) is included in the
optimum temperature category.

The novelty of this research is the use of antago-
nistic fungi in terms of raw secondary metabolites or
bioactive compounds and not conidia based. In addi-
tion, the discovery of tapioca flour with the right con-
centration could be used to produce high conidia den-
sity and high raw secondary metabolites or bioactive
compound.

The benefits of the results are to find other cheaper
ingredients in promoting antagonistic fungal growth
and the use of antagonistic fungal bioactive com-
pounds to control plant pathogen.
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CONCLUSION

In conclusion, the most effective tapioca flour
concentration for T. harzianum growth was 2%,
indicated by the highest conidial density (1.23 x 10’
conidia mL™) with an increase of 63.28% compared
to PDB. Tapioca flour concentration of 1%, 2% and
PDB could reduce the incidence of disease by
81.82%. The lowest AUDPC value was found in flour
concentrations of 2% and the raw secondary
metabolite of T. harzianum was not been able to
significantly delay the disease incubation period. The
raw secondary metabolites of T. harzianum was not
been able to increase the cucumber growth.
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