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Abstract

This study focus on the development agent of biological control based on technologies used Trichoderma mix with
bokashi fertilizer from agricultural waste. This study arranged in a randomized block design (RBD) in a factorial pattern,
factor 1 is a type of decomposer microorganism that consisted of three treatments (M1: EM4 decomposer, M2:
Trichoderma decomposer, M3: EM4 decomposer and Trichoderma), and factor II is the type of agricultural waste,
consisted of four treatments (L1: soybean plant waste, L2: rice crop waste, L3: corn plant waste, and L4: a mixture of
various agricultural waste) so there were 12 combinations of treatments with three repetitions. The observations data
have been analyzed used variance and continued with the Duncan multiple distance test (DMRT) at the 95% confidence
level. The result showed the application of bokashi from agricultural waste using EM4 and Trichoderma can increase
plant growth, plant production, and resistance from plant pathogenic both independently and interactively, especially
for Cucumber Mozaic Virus (CMV) and Soybean Mozaic Virus (SMV). In the other hand, the experimental study confirms
that the Legume agricultural waste (L1), EM4 decomposers, and Trichoderma (M3) are the best combination to increase
the growth, production, and durability of soybean crops either by main-treatment or interaction treatment compared
to other treatments.
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1. Introduction

The soybean is one of the most important crops in the world and has extremely high social and economic value (Yu et
al, 2022). In Indonesia, soybean is the third crops rice and corn, it continues to increase as the population increases,
but the production of national soybean not enough for that, so Indonesia still has to import to supply those consume
needed. This fact is very ironic because Indonesia is known as an agricultural country with sufficient land area
(Gusnawaty HS et al,, 2020).

The low productivity of soybeans in Indonesia caused by the kind of several pathogens that can infect the soybean
during its planting process with high intensity (McCaghey et al, 2018). According to Agrios that several types of
pathogens that often infect soybean plants are Phakospora pachyrhizi that causes rust, Sclerotium rolfsii causes seedling,
and rotten  stems, Xanthomonas  axonopodis pv. glycines causes  of  bacterial  pustules, Colletotrichum
dematium var. truncatum and C. destructivum causes of anthracnose disease, Perenospora manshurica causes of downy
mildew, Rhizoctania solani causes of the blight of stem, pods, and seeds, and Mosaic Virus Disease (SMV) (Agrios,
2015). P. pachyrhizi can cause a loss of 10-90% of soybean yield, while S. rolfsii can result in 75-100% of yield loss
(Semangun, 2010). Therefore, selecting a suitable control method is an effective way to overcome soybean diseases.
Currently, the commonly used control methods include chemical control, screening disease-resistant soybean varieties,
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and biological control (Rodriguez et al, 2021; Willbur at al, 2019). To increase soybean production, we focus on the
development of biological control agents based on the technology. Biological control is a promising alternative method
for plant pathogen control based on the use of antagonistic microorganisms, such as endophytic fungi Trichoderma,
capable of protecting their hosts from the action of pathogens used, also aiming to maintain or increase agricultural
production with a reduced application of chemical agents.

Trichoderma is a fungus that very easy to find and isolate from a plant's rhizosphere, easy to adapt, easily propagate,
and easy to apply on growth medium or in the soil (Morais et al,, 2022). Many Trichoderma strains have been identified
as having potential applications in biological control of soil-borne fungi such as Armillaria, Fusarium, Phytophthora,
Pythium, Rhizoctonia, Sclerotium, and Verticillium (Taufik et al, 2021) and have been tried as BCA and used as an
alternative to synthetic pesticides to control a variety of plant diseases (Ma et al, 2020). The biocontrol mechanisms of
Trichoderma are based on the activation of multiple mechanisms, either indirectly, by competing for space and
nutrients, promoting plant growth and plant defensive mechanisms, and antibiosis, or directly, by mycoparasitism
(Inglis et al, 2020). They are found in rhizospher and non-rhizospher soils, in addition to their endophytic relationships
with many plants (Druzhinina et al, 2011; Inglis et al, 2020). Their biodiversity has been extensively investigated in
various geographical locations, and their distribution varies with ecosystems (Ma et al, 2020).

Trichoderma has the potential to be a bio decomposer of organic matter and bokashi. The utilizing of bokashi contain
Trichoderma sp. can be used to reduce the use of chemical pesticides, it can increase plant growth and able to suppress
the growth of plant pathogens while Trichoderma sp. can break down organic materials, produce growth hormones such
as cytokinin and auxin, have antagonistic abilities against plant pathogens (Gusnawaty HS et al., 2020).

Bokashi widely used in various Agriculture activities, and can increase soil fertility. Bokashi has a role in improving
plant growth, production and protein content so that it can produce good quality seeds (Saro, 2007). Besides, being a
source of nutrition, bokashi contains a lot of microorganisms that are beneficial for soil fertility because it can improve
the physical, chemical and biological properties of soil so as to provide nutrients in increasing the growth and
production of plant (Binardi, 2014). Bokashi is made by processing the organic matter with EM (Effective
Microorganism). There are a lot of microorganisms in EM4. Here are 4 main EM4 microorganisms: (1) photosynthetic
bacteria (phototropic bacteria), (2) lactic acid bacteria (Lactobacillus sp.), (3) yeast, and (4) Actinomycetes sp. (Umadi
et al, 2018). Therefore, the efforts to improve the growth, productivity, and resistance of soybeans must be a priority
now. One alternative that can solve this problem in this research is by developing Bokashi fertilizer and Trichoderma as
a biopesticide and biofertilizer that can help improve plant health and control the disease, additionally to increase
soybean productivity. Bokashi from agricultural waste with Trichoderma is believed that has an essential role in
improving the growth, productivity, and resistance of soybean plants against plant pathogenic.

2. Materials and Methods

This research was conducted in the Laboratory of Plant Protection, Faculty of Agriculture Halu Oleo University, and also
in the Experimental Garden owned by UPTD Food Crop Protection Agency of Agricultural and Livestock Southeast
Sulawesi Province.

2.1. Research and Observation

This research was arranged in a Randomized Block Design (RBD) in a factorial pattern namely factor I was a type of bio
decomposer microorganism consisting of three treatments namely M1: EM4 decomposer, M2: Trichoderma, M3: EM4
decomposer, and Trichoderma, while Factor I was the type of agricultural waste, consisted of four treatments, namely
L1: soybean waste, L2: rice crop waste, L3: corn plant waste, and L4: a mixture of various agricultural wastes, so there
were 12 combinations of treatments. Each treatment repeated three times so that there were 36 research units in total.

2.2. Research Stages

2.2.1. Purification of Trichoderma spp.

The collection of local Trichoderma isolates was re-grown in Potato Dextrose Agar (PDA) media for up to seven Days
After Inoculation (DAI).

2.2.2. Preparation of Agricultural Waste

Agricultural wastes such as rice straw, corn straw, and soybean straw were collected based on their species then cut
into smaller sizes to be used as bokashi material.
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2.2.3. Making Bokashi+Trichoderma

Each agricultural waste was put into a container and then mixed with manure to accelerate the decomposition of
effective microorganisms (EM4), sugar solution and Trichoderma suspension, then tightly closed use a tarpaulin to
bokashi prossed (with criteria such us black, odorless and not hot).

2.2.4. Soybean Seeds Provision

The soybean seeds used from the Central Seed Hall and Seed Certification of the Agriculture Service of Southeast
Sulawesi Province.

2.2.5. Land Preparation for Planting

The land was cleaned and then processed entirely by using hoes to a depth of 20 cm, then made into plots as needed
with the size of the map 3x5 m and the plot distance was 25 cm.

2.2.6. Bokashi Application and Basic Fertilizer

10 ton ha! of bokashi was applied to the soil surface two weeks before planting and then mix well, while NPK fertilizer
(with dose 90 kg N ha-1, 180 kg P205, 60 kg K20 ha'!) applied on the right and left plant (at the time of planting with a
distance of approximately 10 cm from the plant).

2.3. Planting and Maintenance

Soybean seeds were planted with space 40x30 cm. Each planting hole was filled with two soybean seeds. Maintenance
has done with watering and replanting (if there were dead plants), and fertilization (according to the recommendations
of each type of plant).

2.4. Harvesting

Harvest was done when soybean has already shown signs that 80% of plants have shown physiological maturity (+ 85
days after planting).

2.4.1. Observation variable:

Plant growth, includes plant height, leaf area, growth rate, assimilation rate, and carried out every week;

Crop yields such as number of productive branches, number of pods, number of pods containing, number of seeds per

pod, and the weight of 100 grains, production. Observation of crop yields of seed weight after the drying process was
carried out by drying the seeds in the drying tub for 3-7 days, and the water content was + 12%.

The level of disease incidence was carried out by calculating the number of disease plants divided by plant populations
in each treatment, and the observations were observed every week.

2.5. Data analysis

The observation data were analyzed using analyzed variance and continued with the Duncan Multiple Distance Test
(DMRT) with a 95% confidence level.

3. Results

The effectiveness of bokashi from the decomposition of bio decomposers and organic materials of agricultural waste on
the growth, production, and health of soybean shows in Table 1.
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Table 1 Recapitulation of the short effectiveness
growth, production, and health of soybean
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of decomposers and agricultural organic waste materials on the

No | Observation Decomposer Agriculture waste Interaction
M) (L) (M*L)
1. Plant Growth
Plant height
2 WAP ns ns ns
4 WAP ns ok ns
6 WAP ok ok ns
8 WAP *K * ns
Number of leaves
2 WAP ns ns ns
4 WAP ns ns ns
6 WAP ns * ns
8 WAP ns * ns
Leaf area
2 WAP ns ns ns
4 WAP * * ns
6 WAP * * ns
8 WAP ns HK ns
Growth rate
2 WAP ns HK ns
4 WAP ns * ns
6 WAP ns *K ns
Net Assimilation Rate
2 WAP ns ns ns
4 WAP ns ok ns
6 WAP ns * ns
2. Production
Productive branches ns * ns
Number of all pods *k *x *
Number of intact pods ** ok ns
Weight of 100 seeds ns *K ns
Production (Ton Ha1) *k *K *k
3. Disease incidence
Disease incidence of CMV
7 WAP ns *x ns
8 WAP ns * ns
Disease incidence of SMV
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Note; ns: not significant, **: very significant, *: significant, WAP: Week After Plant, CMV: Cucumber Mosaic Virus, SMV: Soybean Mosaic Virus.

3.1. Plant Growth

3.1.1. Plant height

The average of main effect decomposer test and the main effect of agricultural organic waste materials on
the slight effectiveness of decomposers and organic materials of agricultural waste in increase the height of
soybean plant shows in Figures 1 and 2.
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Figure 1 The effect of the main decomposer of soybean plant height on 6 and 8 weeks after plant
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Figure 2 Effect of main organic matter from agricultural waste (L) of soybean plant height on 4, 6, and 8 weeks after
plant

Figures 1 and 2 showed DMRT test results that decomposer main-treatment (M) and main-treatment of organic waste
agricultural materials (L) affect the increase of plant height. Main-treatment of decomposer, consistently, M3 treatment
showed the highest response of different plant height than other treatments on observations 6 and 8 weeks after plant.
Main-treatment of organic materials from agricultural waste, consistently, the L1 treatment showed the highest
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response on plant height and significantly different than the other treatments on observations 4, 6, and 8 weeks after
the plant (Table 1.).

3.1.2. Number of Leaves

The average test of main-effect of organic materials from agricultural waste on the effectiveness of decomposers and
organic materials from agricultural waste in increasing the number of leaves of soybean plant shows in Figure 3.
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Figure 3 Main-effect of organic matter from agriculture waste (L) of soybean plant height on observations 4, 6, and 8
weeks after plant

Figure 3 showed the DMRT test of the main-treatment of organic materials from agricultural waste (L) affects the
increase of the number of leaves. In the main-treatment of organic matter from agricultural waste, treatment of L1 was
not significantly different than the treatment of L2 and L4 but significantly different than the L3 treatment on 6 weeks
after plant, while treatment of L1 was not significantly different from the L2 but was significantly different than L3 and
L4 treatments in 8 weeks after the plant (Table 1.).

3.1.3. Leaf Area

The average test of main-effect decomposer agricultural waste on the effectiveness of decomposers and
organic material from agricultural waste in increase soybean leaf area shows in Figures 4 and 5.
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Figure 4 Main-effect of decomposer of leaf area on 4 and 6 weeks after plant

Figures 4 and 5 showed test results of DMRT for main-treatment of decomposer (M) and main-treatment of organic
matter from agricultural waste (L) affect increase leaf area. M3 treatment showed the highest response of leaf area with
not significantly different than M1 treatment, but significantly different than M2 treatment on 4 weeks after plant, while
on 6 weeks after planting, M3 treatment showed the highest leaf area response and significantly different than M1 and
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M2 treatments. Main-treatment of organic matter from agricultural waste, the L1 treatment showed the highest leaf
area response and significantly different than other treatments on 4, 6, and 8 weeks after the plant (Table 1.).
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Figure 5 Main-effect of organic matter from agricultural waste (L) on leaf area on 4, 6, and 8 weeks after plant

3.1.4. Growth Rate and Net Assimilation Rate

The average test of the main-effect of organic materials from agricultural waste on the effectiveness of decomposers
and organic materials from agricultural waste in increasing the Growth Rate and the Net Assimilation Rate of soybean
plants shows in Table 2.

Table 2 Main-effect of organic material from agricultural waste on the effectiveness of decomposer and organic
material from agricultural waste in increasing the Growth Rate and Net Assimilation Rate

Growth rate Net Assimilation Rate
Treatments

(x102 g1 cm2 days14) (x10-3 g1 cm2 days14)

14-28 28-42 42-56 14-28 28-42 42-56
L1 0,10a 0.39a 0.45a ns 6.89a 29.65a
L2 0.07b 0.27b 0.29b ns 5.57b 23.00b
L3 0.06b 0.27b 0.30b ns 5.12b 22.65b
L4 0.07b 0.29b 0.30b ns 5.65b 24.11b
DMRTo,05% 2=0.0132 0.0693 0.0842 - 0.807 4.343

3=0.0139 0.0728 0.0884 - 0.847 4.560

4=0.0143 0.7508 0.0911 - 0.873 4.699

Numbers followed by the same letter are not significant in the DMRT test at the 95% confidence level.

Table 2 showed DMRT's test result of main-treatment of organic material from agricultural waste affects in increasing
the growth rate and the rate of net assimilation of soybean plants. L1 treatment showed the highest response
consistently and significantly different than L2, L3, and L4 treatments on 14-56 days after planting.

3.2. Plant Production

The average test of main-effect of organic material from agricultural waste in increasing the Number of Productive
Branches (NPB), Number of Intact Pod (NIP), and Weight of 100 Seeds shows in Figure 6. The main-effect of decomposer
on the Number of Intact Pod (NIP) shows in Figure 7. The effect of interaction between decomposers and organic
material from agricultural waste in increasing the number of pods in total and production (Ton/Ha) of soybean shows
in Table 3.
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Figure 6 Main-effect of organic matter from agricultural waste (L) in increasing the Number of Productive Branches
(NPB), Number of Intact Pod (NIP), and Weight of 100 Seeds
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Figure 7 Main-effect of decomposer on Number of Intact Pod (NIP)

Figure 6. showed DMRT test results of the main-effect of organic material from agricultural waste in Number of
Productive Branches (NPB), Number of Intact Pod (NIP), and Weight of 100 Seeds. Observation of Number of Productive
Branches (NPB), the L1 treatment showed the best treatment and not significantly different than L4 treatment, but
significantly different than L2 and L3 treatments, while in Number of Intact Pod (NIP), the L1 treatment showed the
best treatment than treatments of L2, L4, and L3. On observation main-treatment of the weight of 100 seeds, the L1
treatment showed the best treatment and significantly different than L2, L4, and L3 treatments.

Table 3 Effect of interaction decomposers and organic materials from agricultural waste in increasing the number of
pods in total and production (Ton/Ha)

Variable of | Treatments | L1 L2 L3 L3 DMRT
Observation 0,05
Number of Total Pods | M1 219.00 | a | 215.00 | ab | 191.00 | c | 207.00 | b | 2=6.56
Q P P P
M2 212.00 | a | 210.00 | ab | 193.00 | b | 195.00 | b | 3=6.89
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R Q P Q
M3 243.00 217.00 | b | 191.00 199.00 | ¢ | 4=7.09
P P P Q
Production M1 3.21 2.79 b | 223 2.60 c | 2=0.138
(Ton/Ha) Q P Q P
M2 3.07 2.77 b | 239 2.58 c | 3=0.145
Q Q P P
M3 3.80 2.70 b | 2.50 2.66 bc | 4=0.149
P Q P P

Table 3 showed DMRT's test results of treatment between the interaction of decomposers and organic material from
agricultural waste that can increase the Number of Total Pods and production (Ton/Ha) of soybean plants. In the
observation, M3L1 treatments showed shows the best treatment combination compared to other treatments.

3.2.1. Disease Incidence

The average test of the effect between the interaction of decomposers and organic material from the agricultural waste
of the incidence of the disease of Cucumber Mosaic Virus (CMV) and Soybean Mosaic Virus (SMV) on 11 weeks after
plant shows in Table 4 and the main-effect of organic waste of CMV disease incidence shows in Figure 8.

Disease Incidence (%)
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Figure 8 Main-effect of organic material from agricultural waste on the disease incidence of CMV on 7 and 8 weeks after

plant.

Table 4 Effect of interaction decomposers and organic material from agricultural waste on the incidence of the disease
of CMV and SMV on 11 weeKs after the plant

Variable of | Observation | Treatments | L1 L2 L3 L4 DMRT
Observation | Time 0,05
CMV 11 WAP M1 7235 | b |7373 |b |8433 |a]| 73.27 2=2.75
P R Q R
M2 7465 | b |[89.40 |a |9032 |a| 8894 3=2.89
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P P P P
M3 6959 |d|8341 |b |8618 |a|7880 |c |4=2.97
Q Q Q Q
SMV 11 WAP M1 10645 | d | 179.72 | a | 182.95 | a | 123.96 | bc | 2=11.73
Q P P P
M2 11935 | b | 12396 | a | 129.49 | a | 134.10 |a | 3=12.33
P Q Q P
M3 9631 |c |[11843 |b |141.01 |a | 133.64 |a | 4=12.69
Q Q Q P

Table 4 showed DMRT test results of treatments, M3L1 treatment showed the best treatment combination than other
combinations of treatments.

4., Discussion

In the ecosystem, decomposer organisms of organic material play an important role because the organic remains
decomposed into elements returned to the soil such as N, P, K, Ca, Mg, etc., and atmosphere (CHs or CO2) as nutrients
that can be reused by plants, therefore, the nutrient cycle in the soil runs as it should.

The results of this study showed that the application of organic material from agricultural waste combine with EM4 and
Trichoderma, both main-treatment nor interaction treatment was able to increase soybean crop growth, production,
and plant resistance to pathogens, especially for CMV and SMV. The combinations of agricultural waste from the legume
(L1) with EM4 and Trichoderma (M3) are the best combination of all observation variables than other treatments. The
compatibility of legume, EM4, and Trichoderma are thought to accelerate the decomposition process of organic matter,
therefore, be able to give the best effect to soybean plant. According to Wijanarko et al., the addition of organic matter
to the soil would increase the activity of microorganisms in the organic matter. Legume has a lower C/N ratio than the
type of non-legume organic material. The content of the C/N ratio affects the rate of decomposition of organic matter
by microbial decomposers (Wijanarko et al, 2012). Isrun (2010) also stated that legume plants are both uses as organic
materials because they have a low C/N ratio when compared to non-legume plants with a much higher C/N ratio.
Furthermore, a high C/N ratio causes more extended compositions and nutrient mineralization processes slower than
legume plants. In addition to the factor C/N ratio of organic matter, another factor that affects the ho fast decomposition
process of organic matter is the ability of decomposer microorganisms. In this study, the best decomposer treatment is
a combination of EM4 and Trichoderma (M3). This combination can accelerate the decomposition process of organic
matter from legume litter (L1).

Composting is the process of reforming or decomposition of organic materials by utilizing the role or activity of
microorganisms. Through this process, organic materials will be converted into compost fertilizer, which is rich in both
macro and micronutrients required by plants (Isrun, 2010). Decomposition of the dead bodies of living things and
organic matter is part of the nutritional cycle that starts from the decay process until the mineralization process and
will be absorbed by plants to compose plant biomass until its death, then, the decomposition cycle will continue
repeatedly.

The effectiveness of microorganism4 (EM4) is a microorganism decomposer or bacteria decomposition that can
eliminate odors, increase microbial content in the soil, improve soil quality and fertility, and accelerate composting
(decay). EM4 contains selected species of lactic acid bacteria, yeast, photosynthetic bacteria, actinomycetes, and other
types of bacteria (Higa and Parr, 1994). Umadi et al. (2018) state that the use of Trichoderma sp. as a biological agent
combines with bokashi fertilizer can support green agriculture. Green agriculture currently becomes a trend for
consumption patterns in the community because they start to care about their health. Green agriculture makes the
balance of ecosystems in the soil and can be maintained. Combinations between bokashi and Trichoderma can improve
the quality of seed yields.

According to Widyastuti, Trichoderma spp. is known as fungi, which can grow in various soil conditions and play an
important role in the process of decomposition of organic matter (Widyastuti, 2007). Schmidt reported that
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Trichoderma is a cellulolytic fungus that has the potential to decompose cellulose and hemicellulose compared to lignin
(Schmidt, 2006). Samingan also reported that Trichoderma harzianum was able to decompose cellulose higher than
lignin (Samingan, 2009). Composted straw which is immersed in soil has a good nutrient content for the soil and also
plants, namely the C-organic content of 40-43%, N 0.5 - 0.8%, P 0.07 - 0.12%, K 1,2 - 7%, Ca 0.6%, Mg 0.2%, Si 4-7%,
and S 0.10% (Simarmata and Joy, 2010).

Organic materials from agricultural waste such as legume litter can have a positive impact on the sustainability of
microorganism decomposers because the organic material can be used as a source of nutrition for microorganisms.
Haris reports that organic fertilizer has advantages that can improve soil structure, increase the content of topsoil,
improve the growth of microorganisms in the soil, and improve the quality of agricultural products (Haris and Adam,
2000). Organic materials in the form of plant litter, compost, and manure are significant for microbial life (Moral et al.,
2009). With this condition, it strongly suspected that the organic matter produced from the legume decomposition
process have high N content by microorganism decomposer that can improve other capabilities of the other
microorganisms.

Trichoderma sp. has able to increase plant resistance from plant pathogen infections. Bailey and Lazarovits stated that
the addition of organic materials with high N levels has the potential to suppress the attack of the soilborne pathogen
by releasing allelochemicals (Bailey and Lazarovits, 2003). Also, Trichoderma sp. has the mechanism of antagonism,
namely mycoparasitic (Verma et al., 2007), space and nutritional competition, antibiosis, secondary metabolites (Wen
et al, 2005), and produce cellulase enzymes (cellulose degradation) (Wen et al., 2005), and Trichoderma sp. can induce
plant resistance.

The results of disease incidence showed that the interaction between short decomposer M3 (EM4 and Trichoderma) and
bokashi legume litter shows the lowest incidence of disease because there is an active mechanism that occurs as a result
of decomposer activity from Trichoderma sp. by inducing the resistance of soybean plants. One indicator of induction of
a plant is seen from its physiological activity, namely the enzyme peroxidase. Peroxidase enzyme is one of the PR-
proteins that play a role in plant resistance against plant pathogen that caused disease. Murphy et al. reported that the
peroxidase enzyme is a transduction signal that can activate PR-protein. With the ability of Trichoderma sp. strongly
suspected (Murphy et al.,, 2001).

This research has been applied in Lamomea Village, Konda District, Kendari, Southeast Sulawesi, Indonesia, and will be
applied to other soybean plant centers in Southeast Sulawesi.

5. Conclusion

Bokashi fertilizer from agricultural waste using EM4 and Trichoderma decomposers can increase plant growth,
production, and resistance against plant pathogenic infections both main-treatment nor interactively. Agricultural waste
from the legume (L1), EM4, and Trichoderma (M3) decomposers are the best combination compared to other treatments
and they can increase the growth, production, and resistance of soybean.

Significance Statement

This research discovers the possible development of agricultural waste as bokashi fertilizer and suitable for increasing
plant growth and production, and an additional suitable for disease management without give negative effects in
ecosystem.
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