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The Effect of Trichoderma on N, P, K Soil and Corn Plants
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ABSTRACT

The use of Trichoderma is one effort to manage healthy and environmentally friendly plants. This fertilizer is part
of organic fertilizer; which farmers do not widely practice yet. This fertilizer has an impact that can increase
nutrients and soil fertility. This study examined the impact of using Trichoderma in combination with NPK fertilizer
on soil nutrient, nutrient uptake, and growth of corn plants. A Completely Randomized Block Design consisting
nine treatments with three replicates was applied. The treatments were Control (A), standard NPK (Urea 350 kg ha-
!, SP-36 200kg ha! and KC1 75kg ha') (B), %4 NPK + 5 kg ha'! Trichoderma (C), % NPK + 5 kg ha™! Trichoderma (D),
% NPK + 5 kg ha'! Trichoderma (E), 1 NPK +5 kg ha' Trichoderma (F), % NPK +1.25 kg ha! Trichoderma (G), % NPK
+2.5 kg ha! Trichoderma (H), % NPK + 3.75 kg ha'! Trichoderma (I). The results showed that NPK fertilizer accom-
panied by Trichoderma increased soil total N by 84.21%, available P by 36.25%, and available K by 142.22%. The
same treatment also increased corn plants’N, P, and K nutrients by 52.71%, 106%, and 61.53%. The growth of maize
plants from applyingTrichoderma up to 5 kg ha' has not reduced the use of NPK fertilizer yet. However, applying

Trichoderma could improve soil fertility.
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INTRODUCTION

The earth’s population continues to grow and
is expected to reach 9 billion by 2025. Due to
population growth, mass food production is required
to meet the food demand (Raza et al., 2019).
Therefore, food availability must be increased while
ensuring that food supplies are produced sustainably
without compromising the resources provided by
nature. Intensification programs developed to meet
food demand require high external inputs such as
chemical fertilizers and pesticides. It will result in
various adverse impacts such as environmental
damage, such as water shortages, destruction of
biodiversity, increased greenhouse gas levels, and
decreased soil fertility, which threaten agricultural
productivity and food security (Pandey et al., 2017).
One way to improve crop production and increase
resistance to various environmental stresses is by
utilizing microbes in the soil. The microbe that widely
used is Trichoderma. However, it has not be widely
practiced by farmers yet. Trichoderma fertilizer is
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an organic fertilizer that has benefits to plant growth,
increases nutrients, and improves soil fertility.
Trichoderma is a fungus found in soil and is widely
distributed in different parts of the world (Rodriguez
et al., 2020); it is currently used in agriculture. It is
inseparable from its role in regulating pathogens
through metabolic substances, decomposing organic
matter to increase soil fertility (Kusparwanti et al.,
2022), increasing nitrogen use efficiency and
photosynthetic efficiency of plants, and indirectly
playing a role in improving soil structure indirectly
(Amir and Dermawan, 2019). Trichoderma
colonization ability expands the contact area
between the rhizosphere and the soil and also
increases the secretion of enzymes such as sucrase,
urease, phosphatase, and organic acids (Isnaini et
al., 2012; Halifu et al., 2019). Various studies
have highlighted the role of Trichoderma in
stimulating different plant growth-promoting
substances (Singh et al., 2019), biological control in
soil (Pratama, Mardhiansyah, and Oktorini, 2015),
increasing photosynthesis (Oktasari et al., 2021),
increasing nutrient uptake by secreting organic acids
to dissolve minerals and activate nutrients in the soil
(Halifuetal., 2019). This study examined the impact
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of using Trichoderma in combination with NPK
fertilizer on nutrient conditions, nutrient uptake, and
growth of corn plants.

MATERIALS AND METHODS

Site description

Field research was conducted in Trayu Village,
Banyudono, Boyolali, Central Java (Figure 1). Soil
type is Inceptisols. The research location is an
agricultural area with food crop commodities,
including corn and rice. Corn production in
Banyudono District is around 6.82 t ha! (BPS
Boyolali, 2022). Trayu Village has relatively high
rainfall, namely 2000 mm yr'.

The research conducted from May to August
2022. A Randomized Completely Block Design
(RCBD) with three replications were applied. The
treatments applied were were A = control, B =
standard NPK, C = % NPK + 1 Trichoderma, D =
5 NPK + 1 Trichoderma, E = % NPK + 1
Trichoderma, F = 1 NPK + 1 Trichoderma, G =%
NPK + 1/4 Trichoderma, H = % NPK +1/2
Trichoderma, I = % NPK + 3/4 Trichoderma as
completely described in Table 1.

Experimental design

The research included preparation, planting,
fertilization, maintenance, observation, and
harvesting. Preparation was done by making a 20
m? plot of land and arranging it according to the

experimental layout. Corn seeds were planted by
digging the soil to a depth of + 3 cm. Basic fertilizers
(Urea, SP-36, KCl) were applied during planting.
Urea fertilization was carried out three times which
was at planting time, 14 days after planting (DAP),
and 28 DAP. Trichoderma fertilization is carried out
at 7 DAP. Fertilizers were given according to the
dosage for each treatment, as seen in Table 1.
Maintenance carried out in the field includes
watering, replanting, thinning, weeding, and
controlling pests and diseases. Observations of corn
plant growth were carried out at 2, 4, 6, 8, and 10
DAP, including plant height, number of leaves, and
stem diameter.

The soil used for the experiment had a pH of
6.1, total N 0.09%, available-P 6.36 mg kg,
available exchangeable-K 0.4 cmol (+) kg!, and
organic-C 0.5%. Soil samples were taken at a depth
of 0-20 cm when the plants reached the maximum
vegetative phase, and at the same time, plant samples
were taken on the fifth leaf from the top. Soil
properties observed included total-N (Kjehdahl
method), available-P (Olsen method, this suits high
pH soils), available-K (25 % HCI Extract method,
measures total K,O), plant NPK using the Kjeldhal
method for N, Wet Soaking with HNO, and HCIO,
for P and K.

Data analysis

A one-way ANOVA (analysis of variance) test
was used to determine the effect of treatment on
nutrient levels in soil and plants. If there is a

Figure 1. Research site.



J Trop Soils, Vol. 29, No. 3, 2024: 159-166 161

Table 1. Treatment structure.

Code  Treatment Trichoderma NPK fertilizer (Kg ha™!)
(Kg hat) Urea SP-36 KCl
A Control 0 0 0 0
B NPK standard 0 350 200 75
C 4 NPK + 1 Trichoderma 5 87.5 50 18.75
D 15 NPK + 1 Trichoderma 5 175 100 37.5
E % NPK + 1 Trichoderma 5 262,5 150 56.25
F 1 NPK + 1 Trichoderma 5 350 200 75
G ¥ NPK + % Trichoderma 1.25 262.5 150 56.25
H % NPK + % Trichoderma 2.5 262.5 150 56.25
I % NPK + % Trichoderma 3.75 262.5 150 56.25

significant effect, then continued by Contrast
orthogonal to distinguish between variable
treatments. Correlation tests to determine the
relationship between the observed variables were
also done. Parameters observed included plant
growth (number of leaves, height, and stem
diameter) and nutrients (N, P, K) in soil and plant
tissues.

RESULTS AND DISCUSSION

The soil used for the experiment has the
chemical properties as shown in Table 2.

Table 2 shows that the soil at the research site
is infertile. According to (Hardjowigeno, 2003), the
soil is said to be infertile, seen from a slightly acid
pH and then followed by a low content of total N,
available P, organic C, and exchangeable K. pH can
be an early indicator in assessing soil fertility.

The application of Trichoderma with NPK
fertilizer significantly affected soil total N, soil
available P, soil available K, soil organic C, soil pH,
and N, P, K of plant tissues.

The results of the orthogonal contrast test in
Table 3 indicate a highly significant difference
between the application of NPK fertilizer, as well

Table 2. Preliminary analysis of the Inceptisols in the research location.

No  Parameters Method Unit Result Level
1 pH H,O Potentiometric - 6.1 Slightly acid
2  pHKCI Potentiometric - 5.8 Slightly acid
3 Organic C Walkley and Black % 0.5 Very low
4  Total N Kjeldahl % 0.09 Very low
5 AvailableP  Olsen ppm 6.36 Low
6  Available K  Extract HCI me 100g’! 0.4 Medium
Table 3. Soil chemical properties.
Total N Available P Available K Organic C
Treatment pH H>O
(%) (ppm) (me 100g™") (%)
A vs BCDEFGHI 0.70%* 10.9%* 1.09%* 0.94%%* 6.84%*
B vs CDEFGHI 0.68%* 9.93% 0.91%* 0.93* 6.85%*
CDEF vs GHI 0.68* 9.28%* 1.01%** 1.00* 6.87*
CF vs DE 0.66* 1.00* 1.05* 1.10%** 7.00%**
CvsF 0.70%** 9.60%* 1.09™ 1.20* 7.00m
DvsE 0.67* 8.50" 0.95" 0.90™ 6.76™
GH vs 1 0.63™ 8.25% 0.76n™ 0.85™ 6.85%
GvsH 0.64* 8.90* 0.83% 0.80%* 6.77™

Remarks: Based on Contrast orthogonal; ** = very significant; * = significant; ™ = not significant
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Table 4. N, P, K levels of plant tissues.

Treatment N©®) P (%) K (%)
Avs BCDEFGHI  3.65%* 0.33*%*  (.25%*
B vs CDEFGHI 3.60%  0.32*%*  (.24*
CDEF vs GHI 3.58%  0.30%*  0.24*
CF vs DE 3.58%  0.29* 0.23*
CvsF 3.65%%  0.31**  0.25*%
DvsE 3.48%*%  0.28™ 0.21*
GH vs 1 3.27*%%  0.23* 0.22*
GvsH 3.20%  0.24* 0.21%*

Remarks: Based on Contrast orthogonal; ** = very
significant; * = significant; " = not significant.

as NPK combined with Trichoderma, compared to
the control in parameters of total N, available P,
available K, Organic C, and pH H,O (Table 3). The
same pattern is observed in the nutrient uptake
parameters of plants (Table 4), indicated by P-values
less than the significance level of 0.05. It suggests
fertilizer application can enhance soil nutrient

availability (Liu et al., 2009) and stimulate higher
nutrient uptake (Kaya et al., 2020). The contrast
orthogonal test results also show that the application
of NPK fertilizer combined with Trichoderma
significantly differs in terms of total N, available P,
available K, organic C, and pH H,O (Table 3), as
well as N, P, K of plant tissues compared to the
application of NPK fertilizer alone (Table 4). It
indicates that adding Trichoderma can increase
nutrient availability in the soil and nutrient uptake in
plant tissues.

Trichoderma facilitates the availability of
nutrients to plants through various processes,
thereby improving soil properties and microbial
activity, and maintaining soil fertility longer than
chemical fertilizers. Trichoderma can be applied
independently or with other chemicals and
biofertilizers (Bhandari et al., 2021). The application
of Trichoderma reduces the use of chemical NPK
fertilizers, enhances micronutrient uptake, and aids
in phosphate solubilization (Kamala, 2018).
Trichoderma harzianum can improve nitrogen

Table 5. Plant height at 2, 4, 6, 8, and 10 weeks after planting (WAP).

Code Plant height (cm)

2 WAP 4 WAP 6 WAP 8 WAP 10 WAP
A 3r.6m 724%™ 132.2m™ 189.5™ 198.9™
B 41.7%* 96.7** 218.7%* 250.6%* 261.0%**
C 41.9%* 90.1%* 213.7%* 256.7%* 261.1%*
D 42.6%* 93.8%* 191.5% 245.2%* 246.9%*
E 46.5%* 96.9%* 222.1%* 249.3%x* 258.5%*
F 42.6%* 95.8%* 224 .5%* 260.8%* 258.7%*
G 40.0* 85.4% 213.6%* 251.4*%* 243.0%**
H 41.4%* 91.9%* 220.1%* 247 4% 251.1%*
I 42.1%* 93.3%** 212.1%* 254.2%* 243.6%**

Remarks: ** = very significant; * = significant; ™ = not significant

Table 6. Number of leaves at 2, 4, 6, 8, and 10 weeks after planting (WAP)

Number of values

Code 2 WAP 4WAP 6 WAP 8 WAP 10 WAP
A g1 7.9m 1050 1120 1020
B 9.5% 8.9% 11.6* 13.5%% 10.6
C 11.4%% 9.5%x 11.7% 13.4%% 12,35
D 12.2%% 9.2%x 12.3%% 13.5%% 1320
E 12.6% 9.9%x 12.5%% 13,50 12,5
F 13,2 9.2 12.4%% 14,15 13.2%%
G 11.4% 9.4 11.5% 12.3% 11.4%
H 11.6%* 9.7 11.2% 13,17 11.5%
I 11.8%x 8.9% 11.3% 12.5% 11.5%

Remarks: ** = very significant; * = significant; ™ = not significant
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Table 7. Stem diameter at 2, 4, 6, 8, and 10 weeks after planting (WAP).

Stem diameter (cm)

Code = Wap 4 WAP 6WAP  SWAP 10 WAP
A 0.18™ 1.23m™ 1.95™ 1.97® 290™
B 0.33** 1.56* 2.75%* 3.23%** 3.03*
C 0.22%* 1.94%% 2.73%* 2.59% 3.27**
D 0.26%* 1.84%* 2.67** 2.73%* 3.50%**
E 0.33%* 2.17%* 2.81%* 2.88%* 3.16%*
F 0.29%* 2.10%* 2.773%* 2.62%* 3.52%*
G 0.23%* 2.19%%* 2.42% 2.47% 3.26%*
H 0.31%* 1.81%* 2.54%%* 2.59% 3.14%%*
I 0.24%%* 2.10%* 2.55%%* 2.54% 3.54%*

Remarks: ** = very significant; * = significant; ™ = not significant

utilization efficiency in maize plants (Singh et al.,
2018). These findings align with the research by
Zin and Badaluddin (2020), indicating that
Trichoderma-inoculated compost has higher
compositions of N, P, and K compared to the control
due to Trichoderma’s ability to accelerate
decomposition, thus increasing nutrient availability
in the soil.

Contrast orthogonal test on Trichoderma
application at 5 kg ha! with NPK fertilizer resulted
in significant differences in total N, available P,
available K, organic C, pH H,O (Table 3), and also
N, P, K of plant tissues (Table 4) when compared to
Trichoderma treatments with lower rates. These
results are in line with the research conducted by
Sofyan et al. (2023), which showed that the
combination of NPK fertilizer and Trichoderma at
2 kg ha' gave higher total N and C-organic content
in the soil compared to lower Trichoderma doses. It
is related to the role of Trichoderma in accelerating
the decomposition of organic matter in the soil, thus
affecting the availability of nutrients in the soil.
Similarly, the same NPK dose treatment
accompanied by different doses of Trichoderma (G,
H, I) significantly affected the parameters of soil
available P and P, K of plant tissues, especially in
the comparison of treatments with lower doses of
Trichoderma. Meanwhile, in the contrast orthogonal
test of the same Trichoderma dose treatment (C, F,
D, E), the different doses of inorganic fertilizer also
had a significant effect on the parameters of total
N, available P, and C-organic (Table 3), as well as
N, P, K of plant tissues (Table 4). It shows that the
addition of inorganic fertilizers in the application of
Trichoderma also affects the availability of nutrients.
It can be caused by the synergistic effect of
Trichoderma, which can facilitate the availability of

N, P, and K nutrients by adding inorganic fertilizers
(Sani et al., 2020).

The application of NPK fertilizers combined
with Trichoderma fertilizer significantly differs in
height, number of leaves, and stem diameter at 2, 4,
6, 8, and 10 WAP. This shows that the use of
trichoderma is still supported by the use of inorganic
fertilizers (NPK). Other studies have shown that
the use of biological fertilizers combined with
inorganic fertilizers has an effect on corn crop yields
(Jati Purwani and Nurjaya, 2020).

Based on the ANOVA test above, the data of
the research results, namely plant height, leaves
number, and stem diameter at 10 WAP, are
significant at 0.05. Based on these results, it can be
seen that the application of Trichoderma combined
with NPK has a significant effect on plant height (F
Count=5.069 >0.002), number of leaves (F Count
=37.025 > 0.000), and stem diameter (F Count =
76.557 > 0.000). It shows the role of Trichoderma
in increasing nutrient uptake (Lyu and Huang, 2022),
which is used for stem and leaf development.
According to Nugroho (2015), plant growth is
influenced by the availability of nutrients and
sufficient water in the soil.

Based on Tables 5, 6, and 7, applying
Trichoderma combined with NPK showed plant
height (Figure 2), number of leaves, and stem
diameter significantly different from the control.
However, it was not significantly different compared
to treatments with different doses. Based on the
preliminary soil analysis results, the research area
includes less fertile soil. According to BPS Boyolali
(2022), the soil type in the research location is
Inceptisol soil. Inceptisol includes immature soil
where the profile development is weak, so using
this soil for agriculture and non-agriculture depends
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Figure 2. Plant height at 2, 4, 6, 8, and 10 weeks after planting (WAP). === : 2 WAP, s : 4WAP,
16 WAP, s : SWAP, s : 10 WAP.

on the environmental conditions where inceptisol is
formed (Rajamuddin and Sanusi, 2014). The
application of Trichoderma combined with NPK
fertilizer can increase nutrients in the soil.
Trichoderma can regulate pathogens through
metabolic substances and decay of organic matter
to increase soil fertility (Kusparwanti et al., 2022),
increase nitrogen use efficiency and photosynthetic
efficiency of plants, and indirectly play a role in
improving soil structure indirectly (Amir and
Dermawan, 2019).

Trichoderma treatment combined with NPK was
able to increase total N, available P, and available
K. However, the increase in soil nitrogen levels did
not significantly increase compared to treating
Trichoderma with different doses. According to
Tycekiewicz et al. (2022), Trichoderma has a role in
increasing the solubility of nutrients contained in the
rhizosphere, including phosphate, Fe**, Cu*", Mn*,
Zn0, and can fulfill the necessary elements (nitrogen,
phosphorus, potassium). Some of the studies explain
that Trichoderma is able to encourage plant growth
and development. This mechanism is explained by
increased regulation of photosynthesis-related
proteins, which results in better photosynthetic rates,
plant nitrogen use efficiency, and increased plant
nutrient uptake (Abdullah et al., 2021). In the
Trichoderma treatment combined with NPK
fertilizer with the highest dose, the available P results
were low compared to the standard NPK treatment.
The low available P is due to the lack of a
Trichoderma dose and the condition of the research

location, where the soil is sslightly acidic. The
application of Trichoderma is, in fact, suitable for
use in acidic soils because it can bind metals (Fe,
Al, Mn) which is very useful when applied to acidic
soils with the condition that P is bound to Al and Fe
so that it becomes insoluble in the soil (Elita et al.,
2021).

Applying Trichoderma affects NPK of plant
tissues. According to Abdenaceur et al. (2022),
Trichoderma can produce ammonia and nitrogen
binding, which is critical in promoting growth. The
increase in P of plant tissue follows the research of
Promwee et al. (2014), who found an increase in
phosphorus in cucumber shoots by 90% in soil, given
Trichoderma harzianum. In addition, it also affects
the plant height, number of leaves, and stem
diameter. The results of research by Bedine et al.
(2022) show corn plants given Trichoderma virens
increase the rate of photosynthesis up to two times.
According to research by Yahya et al. (2021), using
Trichoderma harzianum T-22 on Lantana camara
stimulates shoot elongation, thickening, and leaf
development. In addition, nutrient levels in the soil
and those absorbed by plants affect plant height,
number of leaves, and stem diameter.

CONCLUSIONS

Trichoderma application combined with NPK
fertilizer can increase the availability of soil N, P,
and K. Application of Trichoderma 5 kg ha'! with
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NPK (Urea 350kg ha', SP-36 200kg ha!, KCI 75
kg ha') increased total N by 84.21%, available P
36.25% and available K, 142.22% against the
control. The same treatment also increased corn
plants’N, P, and K nutrients by 52.71%, 106%, and
61.53% against the control. Although the application
of Trichoderma up to 5 kg ha! has not been able to
reduce NPK fertilizer, its presence provides an
opportunity to improve soil fertility.
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