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Abstract
Background and Objective: The sludge from biogas production can be used as organic fertilizer and carrier agent of Trichoderma
harzianum  which functions as plant growth stimulator and bio-fungicide. This study aimed to determine the effect of different volumes
of Trichoderma  harzianum   inoculum on the concentration of nutrients and organic fertilizer as carrier agent of  Trichoderma  harzianum.
Methodology: Rice husk charcoal and Trichoderma harzianum  inoculum in broken corn were added to the sludge. This study applied
four treatments with the addition of different volumes of inoculum and do repetitions of each treatment three times. Testing the ability
of the mixture in storing Trichoderma harzianum  tests 8 times once  a  week.  Testing  the  ability of Trichoderma harzianum  in
decomposing organic materials until they are ready to use the test be repeated three times. The variables observed were the total volume
of nitrogen, phosphorus, potassium and conidiophores. Data obtained were examined by ANOVA analysis and conducted the Duncan
test if there are differences between treatments. Results: The result showed that sludge could not yet be used as organic fertilizer since
the result was below 4. The addition of inoculum did not guarantee the higher amount of living conidiophores. On the contrary, the less
inoculum was given the more conidia could survive especially in the 4th and 5th week. The mixture could keep Trichoderma  harzianum
optimally until the 6th week since it was incubated. The result of in vivo  test to mustard green plant the result showed no significant
difference. Conclusion: The conclusion of the study is the increase in concentration nutrient (N, P and K) and the formula which had the
highest average value was T3 (with the addition of 112.5 g of Trichoderma harzianum). Every time a number of conidia/conidiophores
in each treatment was measured, the results fluctuated. In vivo  test showed no significant result from all given formulas.
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INTRODUCTION

Half of the world’s population-up to 95% in poor
countries-rely on solid fuels, including coal and biomass fuels
(e.g., wood, dung/faeces, agricultural residues/agricultural
waste), to meet their energy needs1. The development of
modern human society has relied heavily on fossil fuel. Large
quantities of fossil fuels have been consumed and harmful
emissions are being released into the environment by
automobiles, especially in recent decades2. To solve the
energetic and environmental dilemmas, the application of
biomass-based fuels in automobiles is receiving increasing
public  and  scientific  attention3.  As  alternative  fuels,
biomass-based fuels, commonly known as biofuels (including
biogas) have many advantages over fossil fuel4.

The benefit of biogas is already well known in the
community. Biogas is methane gas produced by anaerobic
fermentation  of  organic  materials.  Biogas  is  made  up  of
50-70% CH4, 30-50% CO2 and some notable impurities such as
NH3, H2S, siloxane and halides5,6. The concentration of each of
these compounds depends on the composition of the raw
materials and the process conditions used during the
digestion7. Besides the methane that can be used as fuel,
biogas plant also produces solid and liquid mixtures that come
out of the digester’s drain hole. According to Sutaryo et al.8,
methane production was strongly inhibited by increased
levels of NH3. Total VFA, isobutyric and isovaleric acid
concentrations accumulated during ammonia inhibition, thus
these parameters and the methane yield were useful
indicators of ammonia inhibition.

The by-product of biogas plant that looks like mud,
known as sludge, contains many nutrients. It can be used as
fertilizer for plants9. The quality of residual sludge from biogas
production process is better than the manure obtained
directly from the cattle cage. It is because anaerobic digestion
of organic material occurs in the fermentation process in the
digester. It results in the increasing concentration of nitrogen,
phosphorus and potassium. This condition makes the sludge
ready to be used as organic fertilizer and it can be separated
into the solid and the liquid one10.

Different microbial systems participate in transforming
organic residues in a number of reactions into biogas under
anaerobic conditions, these include; hydrolysis-acidogenesis,
acetogenesis  and  methanogenesis11,12.  The  sludge  from
biogas production can also be used as carrier agent of
Trichoderma harzianum. According to Soenandar and
Tjachjono13,  the genus Trichoderma  serves  as  biological
agent and plant growth stimulator. The fungal culture of
Trichoderma  sp., acts as bio-fungicide  which  can  inhibit  the

growth of some fungi, such as Rigidiforus lignosus, Fusarium
oxysporum,  Rizoconia  solani  and  Sclerotium  rolfsii,  that
cause plant diseases. The culture of Trichoderma can also
serve as bio-decomposer which can convert organic wastes
into compost.

Trichoderma sp., is useful to prevent root diseases and
stem rot that causes the wilting of plants. A study conducted
by Umrah et al.14  showed  that  Trichoderma  sp., has the
strongest antagonistic potential against P.  palmivora  in vitro.
Biofungicide   products   are   usually   formulated   in   solid
form. Formulations are made by adding the conidia of
Trichoderma sp., into the carrier medium. Trichoderma  sp.,
will have a dormant period if the environmental condition is
dry and has a neutral pH (6-7). To that end, the carrier media
that is usually used is kaolin, also called China clay, which has
neutral pH (7) and is conditioned in a dry state.

The purpose of this study was to determine the effect of
different doses of Trichoderma harzianum to increase the
nutrient content (nitrogen, phosphorus and potassium) and
the development of conidia (conidiophore) in the sludge from
biogas production process with the addition of rice husk
charcoal as the organic fertilizer that acts as the carrier of
Trichoderma harzianum.

MATERIALS AND METHODS

Research materials:  The ingredient used in this study was the
dark brown solid sludge as by-product of biogas plant which
has a pH of 7, total nitrogen concentration of 1.28%, total
phosphorus concentration of 0.16% and total potassium
concentration of 0.33%; rice husk charcoal with a pH of 7;
inoculum of Trichoderma  harzianum   in broken green corn as
the result of the fungal culture made in the Pests and Diseases
Observation Laboratory, Temanggung, Central Java. The
sampling method in this study used probability sampling
which gave equal opportunities to each member of the
population to be elected as part of the sample.

Research variables: The independent variable in this study
was the composition of Trichoderma hazianum  inoculum in
broken corn with the concentration of 37.5, 75 and 112.5 g
which each was added to the mixture of sludge and rice husk
charcoal (300 g) to determine the increase of nutrient content
(nitrogen, phosphorus and potassium) in the mixture of
sludge and rice husk charcoal as fertilizer. Another variable
was a number of conidia in each treatment and every testing
time. The experiment also measured the ability of Trichoderma
harzianum isolate in decomposing organic matters in the
mixture of  sludge and rice husk  charcoal a  planting  medium.
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Design of experiments: This study used an experimental
method with a completely randomized design with single
factor and three repetitions. The factor used was the
concentration of Trichoderma harzianum isolate in broken
corn (T).

T0 = Control sludge and rice husk charcoal
T1 = Sludge  and  rice  husk  charcoal  plus  37.5  g  of

Trichoderma harzianum
T2 = Sludge and rice husk charcoal plus 75 g of  Trichoderma

harzianum
T3 = Sludge  and  rice  husk  charcoal  plus  112.5  g  of

Trichoderma harzianum

In  this study, done the addition of two control on a test
in vivo, namely the mixture of Trichoderma harzianum in
kaolin (Tk) and organic fertilizer from manure (POr). The
figures after treatment code indicated the repetition of the
above treatment.

Preparation  of  materials:  The  preparation  of  materials
started by taking sludge from the biogas outlet as the main
raw material of fertilizer. After that conducted the reduction of
water content in the sludge by wind drying it until it reached
a certain degree of moisture. While, waiting for the sludge to
dry, then prepared water, sugar and the inoculum of
Trichoderma harzianum in broken corn obtained from Pests
and Diseases Observation Laboratory, Temanggung, Central
Java. The unification process of the carrier and Trichoderma
harzianum  inoculum was shown in Fig. 1.

Method of data analysis: Data analysis in this research uses
Completely Randomized Design (CRD) statistical analysis and
SPSS  software  to  determine  the optimal composition of the
mixture of Trichoderma harzianum  inoculum, the sludge from
biogas manufacture and the rice husk charcoal. This study also
used Duncan test to examine the differences between the
results.

Laboratory analysis: Laboratory analysis included the
measurements of nitrogen (N), phosphorus (P2O5) and
potassium (K2O) concentration. The determination of the N
concentration uses the Kjeldahl semi-micro test, whereas
mineral test was used to examine P2O5 and  K  concentration.
In  addition  to  testing  the  content  of  N,  P  and  K,  also
done a measurement of the amount of Trichoderma
harzianum  colonies  using  serial  dilutions.  The  next
conducted   the   calculation   of   the   conidia/conidiophores
on    haemocytometer    tool    under    the    microscope    with

Fig. 1: Unification process of the carrier and Trichoderma
harzianum  inoculums

200 times of magnification, 8 times of observation that was
done once every 7 days and started after 14 days of the
unification of agent and inoculum.

Interpretation of laboratory results data: The research
applied CRD with four treatments, which were the one
without the addition of Trichoderma harzianum  inoculum, the
one with 37.5 g of inoculum, the one with 75 g of inoculum
and the one with 112.5 g of inoculum. On each treatment is
replicated three times. The variables measured were the total
nitrogen, total phosphorus, total potassium, the number of
conidia and the ability of Trichoderma harzianum  inoculum in
decomposing organic matters.  To  determine  the  effect  of 
the  treatment,  then data obtained were examined by ANOVA
analysis with Statistical Product and Service Solutions (SPSS)
software and conducted the Duncan test if there are
differences between treatments.

RESULTS AND DISCUSSION

Solid fertilizer: Anaerobic digestion has been used as an
effective technology for converting different renewable
organic residues into biogas; which is tagged with several
advantages besides energy generation, including waste
stabilization, production of biofertilizer or solid fertilizer and
soil conditioners, reduction of greenhouse gas emission,
decreased levels of deforestation, non-competitiveness with
food crops and ease of  the technology with no geographical
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restriction12,15,16. This study have obtained the results of an
increase the solid fertilizer made of sludge from biogas
installation and rice husk charcoal with Trichoderma
harzianum  inoculum in broken corn. The solid fertilizer also
functioned as the carrier agent of  Trichoderma  harzianum.
The concentration of N, P and K in total before the sludge was
given the treatment were 1.3, 0.2 and 0.3%.

Total content of nutrient (N, P and K): Based on the
laboratory test, after given the treatment, the solid fertilizer
that was enriched with bio-protector using Trichoderma
harzianum  inoculum in broken corn with the volume of 0,
37.5, 75 and 112.5 g showed the average concentration of
total nitrogen (total N) of 1.4, 1.9, 2.0 and 2.1%. With the
addition of rice husk charcoal and sugar water,  the sludge
with 0 g of Trichoderma  harzianum   inoculum in broken corn
showed an increase of the total N content. This increase was
apparently due to the addition of sugar water. The addition of
Trichoderma harzianum  inoculum in broken corn (37.5, 75
and 112.5 g) and sugar into the mixture of sludge and rice
husk charcoal resulted in the increase of total N. This was
presented in Table 1. Trichoderma harzianum  functioned as
decomposer that can break down decaying organisms such as
debris of leaves and twigs into compost13.

Based on the data in Table 1, the laboratory analysis and
observations showed that in solid fertilizer that was enriched
with 0, 37.5, 75 and 112.5 g of Trichoderma harzianum
inoculum in broken corn, the average of total phosphorus
(total P) are 0.1, 0.2, 0.7 and 1.1%. After the addition of rice
husk charcoal and water only, the sludge with 0 g of
Trichoderma harzianum  inoculum had a decrease in total P.
The decrease was apparently due to the damage during the
sterilization, the reduction of the sludge volume when tested
and it did not increase despite the addition of sugar water. On
the contrary, the addition of 37.5, 75 and 112.5 g of
Trichoderma harzianum  inoculum and sugar would increase
the total P of the sludge and rice husk charcoal mixture.

As presented in Table 1, the laboratory analysis and
observations also showed that in solid fertilizer that was
enriched with 0, 37.5, 75 and 112.5 g of Trichoderma
harzianum inoculum in broken corn, the average of total
potassium (total K) were 0.2, 0.6, 0.6 and 0.9%. After the
addition of rice husk charcoal and water only, the sludge with
0 g of Trichoderma harzianum  inoculum had a decrease in
total K. The decrease was apparently caused by a damaged
during the sterilization, the reduction of the sludge volume
when tested and  it  did  not  increase  despite  the  addition 
of  sugar water. On the contrary,  the addition of  37.5, 75 and

112.5 g of Trichoderma harzianum  inoculum  and  sugar
would increase the total K of the sludge and rice husk charcoal
mixture.

The mixture of sludge and rice husk charcoal enriched
with Trichoderma harzianum inoculum in broken corn could
not yet be used as solid fertilizer because the minimum
standard as stated in 2011 Regulation of Agriculture Minister
was 4% while the concentrations of N, P and K in this study
were only 2.1, 1.1 and 0.9%. According to Moussa17 that
Trichoderma harzianum  is  the most effective biocontrol
agent. Hyphal interactions between Trichoderma harzianum
and Rhizoctonia solani were observed by scanning electron
microscopy. Trichoderma harzianum  attached to the host by
hyphal coils. Attitalla and Salleh18  reported that Trichoderma
harzianum  not only prolonged the metabolic activity of the
entrapped organism but also it promotes the slow release of
microbial spores into the medium for successful enzyme
production.

Conidia or spores test: According to study demonstrated by
Howell19, Kucuk and Kivanc20, Harman21 and Mir et al.22

Trichoderma harzianum  completely overgrew on the colony
of the pathogens fungi. Trichoderma harzianum  treatment
reduced the mycelia growth of the pathogenic fungi due to
the rapid growth of Trichoderma harzianum  which colonized
medium surface and a substrate. In this study determined the
viability of Trichoderma conidia or spores that exist in the
mixture of sludge and rice husk charcoal, then conducted
serial dilutions (10G4) using sterile water/distilled water.

Table  2 showed that  T1 formula in the 1st observation or
on the 14th day of incubation had a greater amount of conidia
(5.29×109) than T2 (2.50×109) and T3 (2.50×109). Similarly, in
2nd observation or on the 21st day of incubation, a number of
conidia in T1 was greater (5.00×109) compared to T2
(4.17×109) or T3 (3.33×109). However, this amount of T1
decreased when compared to the 1st observation, while the
amount of T2 and T3 increased in 2nd observation. From all
observations, it can be seen that T1 reached its optimal
amount of conidia on the 4th and  5th  observation  or  on  the

Table 1: Average of total nutrient (total N, P and K) in solid fertilizer made from
the mixture of sludge, rice husk charcoal and enriched with
Trichoderma  harzianum  inoculum

Concentration total (%)
Trichoderma harzianum --------------------------------------------------------
inoculum in broken corn (g) N P K
0 1.4a 0.1a 0.2a

37.5 1.9b 0.2a 0.6b

75.0 2.0c 0.7b 0.6c

112.5 2.1c 1.1c 0.9d
a-dSame letters in the same column indicate the absence of significant difference
(p>0.05), while different letters in the same column show a significant difference
(p<0.05)
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Observation period

35th and 42nd day of incubation and then decreased. The T2
achieved its greatest amount of conidia on the 2nd and 4th
observation and then decreased. The T3 had the average
amount of 2.50×109 from the beginning to the end of the
observation. Changes in total conidia of solid fertilizer made
from the mixture of sludge, rice husk charcoal and
Trichoderma harzianum in each observation period has
presented the data in Fig. 2.

Figure 2 showed the changes that occur during 9 weeks
of inoculation. Initially, the three formulas did not show an
obvious trend of slow growth, rapid growth and static phase.
However, each formula had a different trend. For T1 formula,
the optimal trend in the 1st observation declined in the
second and the third, but rose again in the 4th observation.
There was no change in the 5th observation, while for the 6th,
7th and 8th observations, it had a static phase.

Table 2: Average conidia amount of Trichoderma harzianum  inoculum in the
mixture of sludge and rice husk charcoal

Average amount (conidia mLG1)
Observation -------------------------------------------------------------------------------
time T1 T2 T3
1 5.29×109a 2.50×109b 2.50×109b

2 5.00×109a 4.17×109a 3.33×109a

3 3.33×109a 3.33×109a 2.50×109a

4 5.00×109a 4.17×109a 2.50×109b

5 5.00×109a 3.33×109b 2.50×109b

6 2.50×109a 2.50×109a 2.50×109a

7 2.50×109a 2.50×109a 3.33×109a

8 2.50×109a 2.50×109a 2.50×109a
a,bSame letters in the same row indicate the absence of significant difference
(p>0.05), while different letters in the same row show a significant difference
(p<0.05)

The observation of T2 began with low growth trend
which  then  rose  in  the  2nd  observation,  fell  again  in  the
3rd, up again in the 4th, down again in the 5th observations
and finally had a static phase in the 6th, 7th and 8th
observations.

The trend of T3 was different, began with the lowest state,
then   climbed   up  in  the  2nd  observation.  In  the  3rd  to
6th  observations,  it  had a static state, then increased in the
7th observation and fell again in the 8th observation.

From the beginning to the mid of observation period,  T1
had the greatest amount of conidia with the least addition of
the inoculum compared to T2 and T3. All of the three
treatments had relatively similar environmental conditions,
especially humidity and the amount of food in the formulas.
The addition of a small amount of inoculum in T1 made the
food sufficient for its needs, while in T2 and T3, the greater
amount of conidia given triggered the competition between
them so those which had not get enough food would be dead
and this decreased the number of conidia. After the 6th
observation, all of the formulas (T1, T2 and T3) showed the
same average amount of conidia. It was because the conidia
were in an active state but they ran out of food. They indicated
a static state and it would continue to decline if the
environmental conditions were conducive to life but there
was no food supply. For that, the changes by making the
environmental conditions not conducive to life, but supported
the dormant state. The environment should be made dry and
have a neutral pH or alkaline state. This was in accordance
with the opinion of  Sitepu et al.23,  which stated that the  fungi

Fig. 2: Changes in total conidia of solid fertilizer made from the mixture of sludge, rice husk charcoal and  Trichoderma  harzianum 
in each observation period
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Table 3: Average result of in vivo tests on mustard greens plants using solid
fertilizer as the carrier of Trichderma harzianum

Average amount Average weight of Average 
Treatments of leaves (piece) crop residue (g) longest root (cm)
T0 7a 27a 9a

T1 6a 17a 11a

T2 6a 25a 8a

T3 6a 19a 9a

Tk 6a 14a 10a

POr 6a 22a 11a
aSame letters in the same column indicate the absence of significant differences
(p>0.05)

of Trichoderma harzianum  grown effectively on acid soil,
while in neutral pH the germination was obstructed and in
alkaline conditions, they did not even sprout at all.

In vivo  plant test: Table 3 shows the average result of in vivo
tests  on  mustard  green  plant using solid fertilizer as the
carrier of Trichoderma harzianum. The average of the
maximum amount of leaves in T0 was 7 pieces, while other
treatments get fewer results which were each 6 pieces. The
experiment showed no linear result from each repetition in
the same treatment. This suggested that there was no
significant effect in each treatment.

The data of the average weight of crop residue showed
that T0 had the highest value (27 g), while Tk had the lowest
value (14 g). The experiment showed no linear result from
each repetition in the same treatment. It showed no
significant effect in each treatment. Table 3 also showed that
the longest root average exists in POr and T1, each had 11 cm
and the shortest roots were in T2. The experiment showed no
linear result from each repetition in the same treatment. This
suggested that there was no significant effect in each
treatment. It was because Trichoderma  harzianum   incubated
in the manure fertilizer were not  yet  capable  decomposing
the  organic  matter  within  the  growing  medium  into  a
ready-to-use formula. This was due to the addition of organic
material in the form of ready-to-use manure fertilizer for the
entire treatment. This resulted in the lack of opportunity for
Trichoderma harzianum  to break down the undecomposed
organic matter into ready-to-use nutrients. The growing
medium was not yet adequate for the life of Trichoderma
harzianum.  The result of study Busko et al.24  indicated that
the potential of using of Trichoderma  competitors for the
control of mycotoxin production in grain as well as to reduce
the toxigenic Fusarium  inoculums levels in cereal debris it is
considered a biocontrol strategy to reduce deoxynivalenol
levels in crops residues. Trichoderma harzianum  may be very
useful fungi in biological control against cereal aggressive and
toxigenic Fusarium  species preventing Fusarium  mycotoxin

accumulation in plant tissues. This will happen when the
growing medium is sufficient for the life of Trichoderma
harzianum.

CONCLUSION

The conclusion of the study is the increase in
concentration nutrient (N, P and K) and the formula which had
the  highest  average  value  was  T3  (with  the  addition  of
112.5 g of Trichoderma harzianum). Every time a number of
conidia/conidiophores in each treatment was measured, the
results fluctuated. In vivo test showed no significant result
from all given formulas. This was because Trichoderma
harzianum  incubated  in  the  manure  fertilizer  were  not
capable decomposing the organic material in the growing
medium. The ability of the mixture of sludge and rice husk
charcoal as the carrier medium would increase the sale value
of the sludge.
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