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ABSTRACT

Iron (Fe) is an essential metal whose presence in excess can pollute the environment, cause toxic effects on plants,
and degrade soil quality. Efforts have been made to overcome this by remediation using secondary metabolites of
Trichoderma harzianum T10. This study aimed to determine the potency and appropriate concentration of T.
harzianum T10 secondary metabolites as a remediator for Fe-contaminated soil and its effect on the growth and yield
of spinach grown on remediated soil. The research was conducted at the Screen House, Soil Laboratory, and Plant
Protection Laboratory, Faculty of Agriculture, Universitas Jenderal Soedirman for four months. A randomized block
design was used with treatment consisting of control and secondary metabolites application of T. harzianum T10
concentrations of 25, 50, 75, and 100%, repeated five times. The secondary metabolites were applied in the afternoon
by pouring it on the soil in polybags and letting it stand for 10 days in tightly closed conditions. The variables observed
were Fe content in the soil, plant height, number of leaves, shoot fresh weight, fresh root weight, and root length of
spinach plants. The results showed that the secondary metabolites of T. harzianum T10 have the potential to
remediate iron-congested soil. The content of Fe in the soil is 823 ppm. The appropriate concentration of T.
harzianum T10 secondary metabolites as a remediator for Fe-contaminated soil is 50%, which can reduce the content
of Fe (iron) by 46% compared to controls. The application of T. harzianum T10 secondary metabolites has not
affected the growth and yield of spinach, which was grown on remediated soil, although there is a tendency to be
better.
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PENDAHULUAN Efforts can be made to reduce Fe content in the soil,

The content of heavy metals in soil is naturally very  which can cause these negative impacts, including by
low unless the soil is polluted (Chibuike and Obiora chemical means (Lindsay and Schwab 1982), salinity
2014). Metals can enter the soil through different (Shrivastava and Kumar 2015), phytoremediation (Yan
sources, becoming pollutants. Fertilizers, pesticides, et al. 2020), and bioremediation (Kapahi and Sachdeva
added organic and inorganic materials, waste residues, 2019). Remediation is the development of
and activated sludge contain some heavy metals environmentally friendly biotechnology by utilizing
(Alengebawy et al. 2021). Fe (iron) metal is an essential various processes to control pollution (Kensa 2011).
metal whose presence in excessive amounts can have a  Bioremediation is a technology that removes or converts
toxic effect (Abbaspour et al. 2014). Excess Fe deposits hazardous pollutants, such as heavy metals, into less
in the soil can reduce soil quality (Strezov and hazardous substances and/or removes toxic elements
Chaudhary 2017). High levels of Fe metal also affect from polluted environments, or decomposition of organic
humans, such as poisoning (vomiting), intestinal matter and final mineralization of organic matter into
damage, premature aging to sudden death, arthritis, carbon dioxide, water, nitrogen gas, and others using
bleeding gums, cancer, cirrhosis, constipation, diabetes, dead or living biomass (Kapahi and Sachdeva 2019). De
diarrhea, dizziness, fatigue, hepatitis, high blood Oliveira and Tibbett (2018) mentioned that
pressure, and insomnia (Myers [date unknown]). bioremediation of soil contaminated with heavy metals
Cd and Zn uses ectomycorrhiza. In general, remediation
is carried out using living materials, both macro- and
microbes, while the use of secondary metabolites
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The results of Li et al. (2015) research stated that the
liquid of Trichoderma spp. was able to absorb Fe metal
of 30 %. Trichoderma harzianum (T. harzianum) can
produce bioactive metabolites, such as chitinase and [3-
1,3 glucanase enzymes, antibiotics, toxins, and growth
hormones (Vinale et al. 2009). Secondary metabolite
compounds of T. harzianum T10 have never been used
to remediate Fe metal in soil and test their effectiveness
in plants. So far, the secondary metabolites of T.
harzianum T10 have been applied to overcome plant
disease problems (Soesanto et al. 2020; Soesanto et al.
2022). This study aims to determine the appropriate
concentration of T. harzianum T10 secondary
metabolites as a remediator of Fe-contaminated soil and
its effect on the growth and yield of spinach plants grown
in remediated Fe-contaminated soil.

BAHAN DAN METODE

The research was conducted in a screen house with
preparation in the Soil Laboratory and Plant Protection
Laboratory, Faculty of Agriculture, Universitas Jenderal
Soedirman for 4 months.

Preparation of T. harzianum T10 isolate

T. harzianum T10 isolate isolated from ginger root
(Soesanto et al. 2005), was maintained on PDA and
incubated for 5 days at room temperature.

Production of
harzianum T10

Secondary metabolites of T. hazrainum T10 were
produced by using a PDB medium, by inserting 2 cork
drill colonies of T. harzianum T10 into a 250 mL
Erlenmeyer containing 100 mL PDB. Then, it was shaken
using an orbital shaker (Daiki) at a speed of 150 rpm for
7 days at room temperature. After shaking was complete,
the conidia density was calculated wusing a
hemocytometer until a density of 1x107 conidia mL* was
obtained. The solution was then centrifuged to separate
the fungal propagules at 3000 rpm for 9 minutes and
continued with filtration using Whatman filter no. 1. The
supernatant formed from a density of 1x107 conidia mL-?
was used for further research as a 100% concentration.

secondary metabolites of T.

Preparation of Fe-contaminated soil

The ultisol soil used had a cation exchange capacity
of 13%, moisture content of 33.17%, field capacity
moisture content of 50%, and FeSOs of 34.19 ppm.
FeS04.7H20 was applied to reach a minimum content of
200 ppm (control) as a criterion for Fe contamination, as
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much as 1.744 g for 1.4 kg of soil, which was dissolved
in 170 mL of water. The solution was poured evenly on
the planting media and then incubated for 2 hours for
ionization, namely the change of FeSOa4 into Fe ions
(Zhou et al. 2018). Ready-to-use soil was placed in
polybags as much as 3 kg polybag-?.

Secondary metabolites application

Secondary metabolites of T. harzianum T10 were
applied every five days in a 10-day remediation period.
The concentrations used in this test were 0 (control), 25,
50, 75, and 100% by adding water. The application was
done in the afternoon by pouring into the soil polybags
and allowed to stand for 10 days under tightly closed
conditions. This study was designed with a group
randomized design with 5 treatments and 5 replications,
so there were 25 experimental plot units and each
experimental unit contained 3 spinach plants.

Spinach plant preparation

The spinach seeds used were of the Maestro variety.
The seeds were sown first in a medium of soil mixed with
sand (1:1), and moistened with water if needed. Spinach
seedlings that grow with two leaves are ready for use.

Planting of spinach plants

Ultisol soil  after incubation was  mixed
homogeneously with 37.5 g of mature cow manure per
polybag. Next, three planting holes were made in each
polybag, and spinach seedlings were planted.
Maintenance was carried out by watering if necessary
and manual weed management.

Variables observed

The observed variables included Fe content in the soil
(ppm), plant height (cm), number of leaves (strands), root
fresh weight (g), crown fresh weight (g), and root length
(cm). Fe content in the soil was observed using the
method according to Ferreira et al. (2018) and
Dusengemungu et al. (2022) with an atomic absorption
spectrophotometer (SSA/AAS) brand UV-VIS (V-1100 D)
at a wavelength of 515 nm.

Data analysis

Data were analyzed with the F test. If significantly
different, followed by DMRT (Duncan's Multiple Range
Test) at a 5% error level.

HASIL DAN PEMBAHASAN
The results of Fe content analysis in the soil after
FeSO4 application are shown in Table 1.

Table 1. Fe content in the soil before and after FeSO4 application

Variable

Before

After Percentage gain

Fe content in the soil

34.19 ppm 823 ppm

96%
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It appears that the Fe content in the soil has increased
and has contaminated the soil. Adding FeSQOa4.7H20 to
the soil can increase the iron content to 96%. This means
that iron in the soil has reached a critical stage for plant
growth and soil ecology. Fe content in the soil has
increased and has contaminated the soil after adding
FeS04.7H20 at 823 ppm (Table 1). This is in accordance
with the lowest limit of Fe content in the soil according to
WHO/FAO, which is 300 mg kg-1 or 300 ppm (Chiroma
et al. 2014). The contamination of soil by Fe can have an
impact on plants grown on the soil or land (Zahra et al.
2021). Crops planted on the land must first be tested for
Fe levels. Fe in the soil can reduce soil productivity and
overall soil yield. This is in accordance with the opinion
of Rout and Sahoo (2015) also with Gambus and
Wieczorek (2012), which states that the accumulation of
metals in the soil because of the application of chemical
fertilizers can result in decreased microbial activity,
fertility, soil quality, and the entry of toxic materials into
the food chain. Furthermore, Zahra et al. (2021) stated
that Fe poisoning causes severe morphological and
physiological disorders in plants, including a decrease in
germination percentage, disrupting enzyme activity,
nutrient imbalance, membrane damage, and chloroplast
ultrastructure. In addition, it also causes severe toxicity
to important biomolecules, leading to ferroptosis cell
death and impacting structural changes in the
photosynthetic apparatus, resulting in delayed carbon
metabolism.

The application of secondary metabolites of T.
harzianum T10 had a very significant effect on the
effectiveness of Fe absorption, which led to a decrease
in Fe content in the soil and can be seen in Table 2. The
best percentage reduction in Fe content in the soil was
found in the application of secondary metabolites T.
harzianum T10 50% by 46% when compared to the
control and higher Fe reduction than other treatments.
Although the doses of secondary metabolites of T.
harzianum T10 were not significantly different and all
were able to reduce Fe content in the soil, the 50% dose
of secondary metabolites of T. harzianum T10 was the
highest in reducing Fe content in the soil (Table 2). The
application of secondary metabolites of T. harzianum
T10 50% in the soil is the right concentration in
remediating soil contaminated with Fe. Fe remediation
using secondary metabolites of T. harzianum T10 is a
new type of remediation. In general, remediation of
heavy metal-contaminated soil uses plant material
(phytoremediation) (Wang and Chao 2020) or microbes
(bioremediation) (Mishra 2017). Biosorption, which
depends on the specialized structure of the cell wall, was
found to be the main mechanism (Jin et al. 2018).
Biosorption is the removal of metals from a solution using
biological materials. Heavy metal removal occurs
through passive binding to non-living biomass from a
solution (Hansda et al. 2015; Redha 2020). Remediation
has been carried out using plant secondary metabolites
compounds. Plants use different strategies and a
complex array of enzyme and non-enzyme anti-oxidative
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defense systems to overcome the overproduction of
ROS caused by heavy metals entering their cells through
the leaf and/or root systems (Lajayer et al. 2017).
Accordingly, microbial secondary metabolites, in this
case from T. harzianum T10, also overcome Fe
contamination using enzyme and non-enzyme oxidative
compounds. This is thought to be because the
application of secondary metabolites of T. harzianum
T10 has not been able to increase the number of leaves,
in accordance with the statement of Herliana et al. (2018)
that the application of secondary metabolites of T.
harzianum T10 has not been able to increase the number
of leaves and leaf width. This is because the content of
hormone compounds in the secondary metabolites of T.
harzianum T10 is very small so the effect is not yet
visible.

Fe concentration in the soil can decrease in addition
to being caused by the remediation of secondary
metabolites of T. harzianum T10. Fe can also be
absorbed by plants. According to Zahra et al. (2021), iron
toxicity is characterized by the appearance of symptoms
of ferric iron (Fe3+) deposits that settle on the outer layer
of the roots. As a result, plant roots become few, coarse,
and short so that the fresh weight of the roots decreases.
Increased iron concentration in the nutrient solution
medium can inhibit root elongation (Guo et al. 2022). The
presence of Fe deposits can also inhibit the absorption
of nutrients, such as P, which causes deficiencies in the
crown of the plant so that the fresh weight of the crown
decreases (Mimmo et al. 2014).

Effect of remediator on spinach.

Based on the analysis results (Table 3), the
application of different secondary metabolites of T.
harzianum T10 did not show significant differences in all
spinach growth variables. It is suspected that the Fe
content in the soll is still relatively low so the effect of T.
harzianum T10 secondary metabolites application has
not been seen. However, spinach plants grown in soil
applied with secondary metabolites T. harzianum T210
tended to have higher growth than the control, although
the difference was not significant.

Plant growth variables showed no significant
differences between treatments (Table 3). In the control,
the plant height was normal, there were no symptoms of
morphological damage to the plant stem and it was
suspected that the presence of Fe only inhibited spinach
growth, and did not cause poisoning in spinach plants.
Other variables, such as the number of leaves, crown
fresh weight, root fresh weight, and root length in each
treatment either with the addition of secondary
metabolites of T. harzianum T10 or control showed
results that were not significantly different (Table 3). This
condition is in line with the plant height data. The
secondary metabolites of T. harzianum T10 can affect
spinach growth. The application of secondary
metabolites of Trichoderma sp. can be utilized to help
plant growth in environments containing heavy metals.
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Table 2. Effectiveness of secondary metabolites of T. harzianum T10 as the remediator

of iron content in the soil

Soil application with secondary Fe contentin the Remediation
metabolites of T. harzianum T10 (%) soil (ppm) effectiveness (%)
No treatment 823 0

25 759 8

50 448 46

75 682 17

100 659 20

Table 3. Growth of spinach planted in the soil remediated by a secondary metabolite of T. harzianum

T10

Soil application with secondary Crop Height = Number of Crown Fresh Root Fresh  Root Length
metabolites of T. harzianum T10 (%) (cm) Leaves Weight (g) Weight (g) (cm)

No Treatment 20.45 2.68 1.78 0.96 2.89

25 2.95 2.80 1.91 0.97 3.08

50 22.75 2.92 2.00 0.99 2.93

75 20.85 2.72 1.71 0.95 2.95
100 20.85 2.82 1.81 0.97 2.90

Note: Numbers followed by the same letter in the same column indicate the effect is not significantly different based on DMRT at 5%

error level

According to Zahra et al. (2021), excess Fe
accumulated causes a decrease in plant height.
Shiwachi et al. (2006) also argued that yam (Dioscorea
spp.) plants treated with 60 mg L-1 Fe can reduce plant
height by 65%. The application of secondary metabolites
T. harzianum T10 at 50% concentration tended to be
better than other treatments. This condition is thought to
be the result of the decrease in Fe contamination in the
soil and the result of the influence of growth hormones
contained in secondary metabolites. It is known that
bioactive compounds produced by T. harzianum include
growth regulators (Cai et al. 2013; Al-Askar 2016).

CONCLUSIONS

The right concentration of T. harzianum T10
secondary metabolite as a remediator of Fe-
contaminated soil is 50%, which can reduce the Fe
content in the soil by 46%. The application of secondary
metabolites of T. harzianum T10 does not affect the
growth and yield of spinach plants grown in remediated
soil.
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