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Abstract

An experiment was conducted to evaluate the lignocellulolytic potential of Trichoderma spp. for bioconversion of oil palm empty
fruit bunches (EFB). Thirty five Trichoderma isolates were tested for in-vitro lignocellulolytic activity by assaying their ability to
develop dark brown zone and clearing zone on tannic acid, carboxymethyl cellulose (CMC) and avicel-amended media. Most of the
isolates were found to synthesize polyphenol oxidase, endoglucanase and cellobiohydrolase enzymes on tannic acid, CMC and
avicel-amended media, respectively. Five best selected isolates (T2, T15, T17, T20 and T35) were further tested for in-vitro
bioconversion of oil palm EFB. All five isolates could decrease carbon content and increase nitrogen concentration at 3 to 6 weeks of
incubation; thus, leading to a significant decrease in C/N ratio. The decrease in C/N ratio of the isolates, T. harzianum and T. koningii
were higher than other isolates, exhibiting the potential for rapid bioconversion of lignocellulosic EFB.

Keywords: Lignocellulolytic, Trichoderma, bioconversion, oil palm empty fruit bunches.
Abbreviations: EFB-Empty fruit bunch, CMC- Carboxymethyl cellulose, RBA - Rose Bengal Agar, PDA - Potato Dextrose Agar,
PPO- Polyphenol oxidase.

Introduction

In Malaysia, the oil palm is the largest enterprise in the materials, eliminates the risk of spreading of pathogens, weed
agricultural sectors. The total area of oil palm plantation is seeds or parasites associated with direct land application of
about 3.875 million ha, which accounts for almost 50% of the manure and leads to final stabilized products, which can
total land under cultivation in Malaysia. Annually, 90 million improve and sustain soil fertility. However, composting of
tonnes of renewable biomass in the form of trunks, fronds, lignocellulosic EFB takes a longer period of time which is
shells, palm press fiber, and empty fruit bunch (EFB) are considered as the most blocking stump of this eco-friendly
accumulated, where the EFB represents about 9 % (Bari et disposal technique (Chen et al., 1992; Esse et al., 2001).
al.,, 2010). The EFB is a lignocellulosic material which Lignin protects cellulose, hemicelluloses and carbohydrate
typically contains 25% lignin, 50% cellulose and 25% in lignocellulosic materials.  Lignocellulolytic  micro-
hemicellulose in their cell wall. In the past years, EFB was organisms are the key agents in depolymerizing the lignin
being used as fuel to generate steam in the palm oil barrier in organic materials. Therefore, the selection of
industries. The burning of EFB caused serious environmental effective lignocellulolytic microbe (s) is a crucial step leading
concern and the authority imposed strict rules to curb air- to the success in accelerating composting of EFB.
pollution from such activities. Nowadays, EFB is used as Trichoderma spp. are widely known as a lignocellulose
mulch in agricultural lands to control weeds, maintain decomposer because they are filamentous and have the ability
moisture and prevent soil erosion (Thambirajah et al., 1995; to produce prolific spores which can invade substrates
Umikalsom et al., 1997; Molla et al., 2004; Alam et al., 2005; quickly (Tengerdy and Szakacs, 2003). Various studies have
Bari et al., 2009; Alam et al., 2009; Misson et al., 2009). shown that composting of lignocellulosic materials pre-
However, due to the increased cost of labor and transport its inoculated with potential Trichoderma spp. can reduce the
utilization as mulch is becoming more expensive. Therefore, time of biodegradation (Mohammad et al., 2012). T.
a growing interest has been generated to develop an harzianum was used as inoculant to enhance composting of
environmentally sound and cost-effective alternative to rice straw and weeds (Cuevas et al., 1998). However, to the
dispose the EFB in a short period of time. best of our knowledge no or a little work has been done on
Composting is the most suitable option amongst the wastes composting of EFB using lignocellulolytic Trichoderma
management strategies with economic and environmental isolated from the related ecological habitats. This work was
profits since this process reduces the bulk volume of organic carried out to isolate, screen and characterize the potential
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lignocellulolytic ~ Trichoderma isolate (s) for rapid
biodegradation of EFB from the ecological habitats of oil
palm.

Results
Enzymatic degradation of lignin

All the 35 tested isolates were able to grow on tannic acid-
amended media where 34 isolates produced dark brown zone
surrounding their colonies (Table 1). Among them, 16
isolates were found to form a dark brown zone in between
40-58 mm. Isolate T11 produced the significantly biggest
dark brown zone on tannic acid-amended media with the
diameter of 58 mm followed by T1 (55 mm), T9 (55mm),
T15 (55mm) and T32 (54mm), respectively.

Enzymatic degradation of cellulose

All isolates grew well on both the CMC and avicel-amended
media and produced a clearing zone after staining with
Congo red (Table 1). Among them, 27 isolates were found to
form the biggest clearing zone with the diameter of 80 mm
on CMC-amended media. The least capable isolates to CMC-
amended media were T6, T9 and T32 which produced
clearing zones of 63, 50 and 40 mm, respectively. On the
other hand, 13 isolates were found to form a clearing zone
bigger than 70 mm on avicel-amended media. Isolates T17
and T28 formed the significantly biggest clearing zone with
the diameter of 75 mm. Although the isolate T15 formed a
colony of 68 mm in diameter but it produced a clearing zone
with the diameter of 74 mm which was statistically similar
with isolate T17 and T28.

The results for the 35 isolates from enzymatic degradation
of cellulose and lignin tests using avicel, CMC and tannic
acid media were combined in a single cluster analysis
producing an UPGMA dendrogram derived from Gower’s
coefficient (Fig. 1). The dendrogram revealed five clusters, in
which overall group dissimilarity ranged from 3.68 (cluster
1) to 7.26 (cluster 3, 4 and 5). Cluster 2 grouped five isolates
(T2, T15, T17, T20 and T33) with high degree of ability to
degrade avicel, CMC and tannic acid media, producing
significantly bigger clearing zones and dark brown zones.
Cluster 4 contained two isolates (T9 and T32) produced the
highest colony growth both on CMC and avicel media but
formed smaller clearing zones after staining and washing
with Congo red and NaCl solutions. They also formed
moderate colonies and dark brown zones on tannic acid
media. On the contrary, cluster 5 consisted of only one isolate
T12, produced the least colony either on CMC or avicel
media and very poor growth and dark brown zone on tannic
acid media.

Evaluation of potential Trichoderma isolates to in-vitro
biodegradation of oil palm EFB

In the second phase of screening, five best isolates (T2, T15,
T17, T20 and T33) were selected for in-vitro biodegradation
of oil palm EFB on the basis of their in-vitro lignocellulolytic
characteristics.

Changes in carbon, nitrogen, and the C/N ratio

The changes in organic carbon, total nitrogen, and C/N ratio
after three and six weeks of incubation are presented in
Tables 1 and 2, respectively. After three weeks, the
decomposition of EFB resulted in a significant decrease in C
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content either for non-autoclaved or autoclaved treatments,
where the decomposition rates were higher in non-autoclaved
treatments compared to autoclaved treatments. In non-
autoclaved treatments, all the isolates were statistically
similar in terms of their C biodegradation potency, where the
isolate T15 showed the highest potential (with 49.13 %
reaming C) followed by T20 (49.3 %). In autoclaved
treatments, all the isolates were also similar in terms of C
biodegradation potency except isolate T2. After six weeks of
incubation, in non-autoclaved treatments, the range of
remaining carbon content was 44.18 to 46.55 %, whereas this
range was 45.89 to 48.86% for autoclaved treatments. At the
end of the biodegradation process, the significantly lowest
percent remaining C was found in non-autoclaved treatments.
There were significant effects of Trichoderma isolates on
mineralization of nitrogen content during six weeks of
biodegradation, where the highest efficiency was shown by
T15 and T33 either on non-autoclaved or autoclaved
treatments. After three weeks, the ranges of total nitrogen
content of substrates inoculated with Trichoderma spp. were
220 to 2.31% (non-autoclaved) and 1.32 to 153 %
(autoclaved), respectively. After six weeks, the total nitrogen
content of the inoculated substrates increased up to 2.61 %
(non-autoclaved) and 1.72 % (autoclaved), respectively.

The C/N ratio differed significantly during the six weeks of
biodegradation process. After three weeks, the ranges of C/N
ratio of inoculated treatments were 21.45 to 23.13 (non-
autoclaved) and 32.71 to 37.35 (autoclaved), respectively.
After six weeks, these were recorded as 17.51 to 20.06 (non-
autoclaved) and 26.68 to 31.09 (autoclaved), respectively.
The significantly lowest C/N ratio was found in non-
autoclaved treatment T33 with the value of 17.51 followed by
T15 (17.6).

Identification of potential Trichoderma isolates

The cultural and morphological characteristics of two
selected isolates of Trichoderma based on mycelial growth,
sporulation patterns, and pigmentation are presented in Table
4. Based on visual observation and micro-morphological
characters, isolate T15 was identified as Trichoderma
harzianum and T33 as T. koningii. The colony appearances
and the color of conidia of three-day-old isolates of
Trichoderma are shown in Fig. 2. After 5 days of incubation
at room temperature (28+2°C) on PDA, the conidial color for
all species was dark green.

Discussions

Empty fruit brunch (EFB) is a lignocellulosic material. In
lignocellulosic materials, cellulose and hemicellulose are
encrusted by lignin which protects them from biodegradation.
Naturally, microorganisms produce ligninolytic enzymes to
expose cellulose and hemicellulose by cleaving lignin barrier
in lagnocellulosic materials. Therefore, screening of
Trichoderma isolates, having the potential of producing
ligninolytic and cellulolytic enzymes, is important in the
rapid composting of EFB.

The synthesis of polyphenol oxidase is necessary for lignin
depolymerization. In this study, the color change on the
tannic acid medium was used as an indicator of polyphenol
oxidase synthesis. Tannic acid used as an indicator for the
ability of soil microorganisms to decompose phenol-like
compounds. Trichoderma that utilized tannic acid can be
considered to degrade lignin as a carbon source although
lignin is structurally different from tannic acid. Nowadays,



Table 1. Ability of Trichoderma isolates to degrade lignin and cellulose on media, containing tannic acid, carboxymethyl cellulose
and avicel.

Isolate No  Lignin degradation Cellulose degradation

Tannic acid Carboxymethyl cellulose Avicel

Colony diameter Dark brown zone Colony Clearing zone Colony Clearing zone

(mm) (mm) diameter (mm)  (mm) diameter (mm)  (mm)
T1 55 bc 55 ab 80a 76b 77a 65 ef
T2 44 f 44d 80a 76 b 80a 70 cd
T3 4049 40e 80a 80a 66 C 70 cd
T4 35 hi 35fg 80 a 80 a 80 a 65 ef
T5 32ij 35fg 80 a 80 a 80 a 54 i
T6 35hi 0j 80 a 63 ¢ 80 a 65 ef
T7 32ij 35fg 80 a 80 a 80 a 70 cd
T8 50d 52 bc 79a 80a 80a 68 de
T9 60 a 55 ab 80a 50d 80a 68 de
T10 409 40e 80 a 80 a 80 a 50 j
T11 58ab 58a 80a 80a 80a 30k
T12 30 jk 36 f 529 80a 43d 70cd
T13 201 30h 80 a 78 ab 80 a 63 fg
T14 201 25i 80a 80a 80a 66 ef
T15 60 a 55 ab 69 de 80a 68 bc T4ab
T16 30 jk 35fg 75 be 80a 80a 48
T17 35 hi 40e 80a 80a 80a 75a
T18 28 k 32gh 80 a 80 a 80 a 70 cd
T19 30 jk 36 f 70d 75b 71b 65 ef
T20 50d 52 hc 80a 80a 80a 71bd
T21 32j 36 f 80a 80a 80a 72 ac
T22 35 hi 30h 80a 78 ab 80a 63 fg
T23 45 ef 45d 80a 80a 80a 60 gh
T24 409 45d 78 ab 80a 80a 65 ef
T25 201 30h T4c 80a 80a 54 i
T26 48 de 50c¢ 66 e 80a 80 a 68 de
T27 201 30h 80a 80a 80a 52 ij
T28 38 gh 38 ef 77 ac 80 a 80 a 75a
T29 35 hi 40e 80a 80a 80a 64 f
T30 16 m 25i 80a 80a 80a 58 h
T31 28 k 32gh 62 f 80a 80a 72 ac
T32 55 bc 54 b 78 ab 40e 80a 60 gh
T33 54 ¢ 40e 78 ab 80a 80a 70 cd
T34 35 hi 36f 80a 80a 80a 70 cd
T35 35hi 35fg 80a 80a 80a 66 ef

Different letters in a column indicate significant difference at P < 0.05 by LSD.
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Fig 1. Dendogram of 35 Trichoderma isolates based on their lignocellulolytic ability prepared by using NTSYS-PC based on
UPGMA.
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tannic acid as an indicator of polyphenol oxidases is used to
select ligninolytic microbes (Thormann et al., 2002).

The ability of all Trichoderma isolates to grow on CMC or
avicel media showed that they had excreted cellulose
degrading enzymes and were able to use these substrates as
energy source. The clearing zone on CMC and avicel-
amended media also confirmed that all tested isolates
degraded cellulose by producing endoglucanase and
cellobiohydrolase enzymes on such media. The enzymatic
hydrolysis of cellulose biopolymer is initiated at internal
glucosidic  bonds within intact glucan chain by
endoglucanase. This creates a new non-reducing chain
terminus susceptible to exotype cellulase, cellobiohydrolase
(Hoshino et al., 1997). Trichoderma spp. had the ability to
produce the complete cellulases, i.e. cellobiohydrolases,
endoglucanase, and B-glucosidase enzymes (Shafique et al.,
2009).

Variation in clearing zone diameter by Trichoderma spp
could be due to the difference in cellulase activity. Salma and
Gunarto (1996) found that Trichoderma isolates differ in
cellulose activity and the highest cellulose activity was
obtained from T. harzianum. Cluster analysis identified five
clusters based on the ability of the isolates to degrade lignin
and cellulose. Cluster 2 consisted of 5 isolates with high
degree of ability to degrade both the carbon sources and was
selected for the biodegradation of oil palm EFB.

All the Trichoderma isolates significantly decreased total
carbon content in EFB compost than that of control
throughout six weeks of biodegradation. Carbon is the
building block of microorganisms. They intake sugars and
different organic acids and emit CO, as metabolic end-
product. Thus, the total carbon content of composting
substrate was decreased as biodegradation proceeds. The
lower reduction in total carbon content in control was
indicative of lack of biodegradation activity. This result was
in line with Hassan (2001) that reported greater loss of
organic carbon in microbial inoculated EFB compared to
control. Van Wyk and Mohulatsi, (2003) stated Trichoderma
spp. enhanced total carbon decomposition by their
lignocellulolytic enzymatic systems.

The total nitrogen accumulation in inoculated treatments
throughout the biodegradation was higher than that of
control. This was in agreement with the results of Inbar et al.
(1993), who stated that, an increase in total nitrogen content
during biodegradation was mainly due to the carbon loss and
increase of nitrogen concentration. The concentration of total
nitrogen usually increases during biodegradation process,
when the loss of volatile solids (organic matter) exceeds the
loss of NH; (Lee et al., 2002).

Carbon and nitrogen are the most important elements in
biodegradation process as one or the other is normally a
limiting factor (Richard, 2008). C/N ratio is a reliable
indicator and used as an index of compost maturity (Inbar et
al., 1990). The data showed that Trichoderma isolates (T15
and T33) significantly reduced C/N ratio during EFB
biodegradation compared to control. The decrease in C/N
ratio was higher in non-autoclaved treatment. This might be
due to the presence of other microorganisms, besides
Trichoderma, which also played an important role in
biodegradation of EFB. Trichoderma spp. had the ability to
mineralize the waste of high C/N ratio and enhanced
composting (Stentiford and Dodds, 1992; Raimbult, 1998).
The C/N ratio in microorganisms themselves is between 8
and 12 and the excess carbon in the initial mixture is required
to provide the energy for synthesis and respiration.
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The identification of Trichoderma isolates (T15 and T33)
was performed based on the description of Rifai (1969).
Based on colony and microscopic characteristics, the selected
isolate T15 was identified as T. harzianum and T33 as T.
koningii. Sariah et al. (2005) isolated and identified five
species of Trichoderma in Malaysia, namely T. hamatum, T.
harzianum, T. koningii, T. longibrachiatum, and T. viride.
These spp. have been well documented as potential bio-
control agents in several crops against many pathogenic
organisms (Siddiqui et al., 2008; 2009). Therefore,
lignocellulolytic Trichoderma isolates i.e., T. harzianum
(T15) and T. koningii (T33) selected from this study have the
potential to be wused in large scale composting of
lignocellulosic EFB.

Materials and methods
Isolation of lignocellulolytic Trichoderma

Trichoderma was isolated from different sources, i.e. matured
EFB compost, soil and plant residues collected from oil palm
plantations at Universiti Putra Malaysia. Samples were taken
from five cm depth of compost heap or soil of oil palm
plantation, transported in sterile plastic bags, and stored at
4°C until use.

Isolation of lignocellulolytic isolates of Trichoderma was
done by serial dilution technique on Rose Bengal Agar
(RBA) proposed by Martin (1950) with slight modification.
After autoclaving the media at 121°C for 20 min, 2 ml of
sterile streptomycin (50 mg ml™) was added aseptically to
molten RBA and mixed homogenously. One ml of sample at
selected dilution was pipetted onto each Petri dish followed
by approximately 15 ml of molten RBA. The Petri dish was
swirled manually for an even distribution and allowed to
solidify. The plates were incubated at room temperature
(28+2 °C) and examined regularly. Single colony was
transferred aseptically onto Potato Dextrose Agar (PDA)
plate to obtain pure culture. Pure cultures were kept on PDA
slants at 4°C for further studies.

In vitro screening for lignocellulolytic potential

In the first stage of screening, all the Trichoderma were
tested for their potential of degrading lignin and cellulose in
tannic acid and cellulose amended media.

Enzymatic degradation of lignin

Lignin degradation was tested on tannic acid medium. The
Tannic acid media [5.0 g Tannic acid, 15.0g Difco malt
extract agar, 20.0 g Difco agar, and 1 L distilled water] was
autoclaved at 121°C for 20 min and poured approximately 20
ml into each Petri dish. A 5.0 mm mycelia disc from 5-day-
old PDA culture was placed at the centre of the plate and
incubated in dark at room temperature (2842 °C). Formation
of a dark brown pigment surrounding the point of inoculation
was used as indicator of polyphenol oxidase (PPO) activity
on tannic acid media (Thormann et al., 2002; Kausar et al.,
2010).

Enzymatic degradation of cellulose

Carboxymethyl cellulose (CMC) and microcrystalline
cellulose (avicel) were used for the determination of
endoglucanase and cellobiohydrolase enzymes activity.
Twenty (20) g of cellulose substrate and 15 g Difco agar



Table 2. Carbon, nitrogen, and C/N ratio on decomposition of EFB after three weeks of incubation with Trichoderma isolates.

Isolates EFB Non-autoclave EFB Autoclave
C (%) N (%) C/N C (%) N (%) C/N
T2 51.60 b 2.27 ab 22.73 bed 50.61 ab 153a 33.08¢c
T15 49.13b 2.29a 21.45d 49.33b 141 ab 34.99 be
T17 5158 b 2.23ab 23.13 bc 49.30b 1.32 bc 37.35b
T20 49.30 b 2.20 ab 22.41 bed 50.23 b 142 ab 35.37 bc
T33 49.89 b 23la 21.60 cd 4776 b 146 a 32.71c
Control 5491 a 2.07c 26.53 a 54.06 a 1.24c 43.60 a

Different letters in a column indicate significant difference at P < 0.05 by LSD.

Fig 2. Cultural and morphological characteristics
(c) conidia.

Table 3. Carbon, nitrogen, and C/N ratio on decomposition of EFB after six weeks of incubation with the Trichoderma isolates.

Isolates EFB Non-autoclave EFB Autoclave
C (%) N (%) CIN C (%) N (%) CIN
T2 46.55 ab 2.32¢ 20.06 ab 48.86 ab 1.63ab 29.97 be
T15 4418 b 2.51 bc 17.60 cd 46.89 b 1.64a 28.59 bc
T17 4591 ab 2.42 dc 18.97 bed 46.52b 1.62 abc 28.72 bc
T20 45.89 ab 2.41 de 19.04 be 46.94 b 1.51 be 31.09b
T33 45.70 ab 26la 17.51d 45.89b 1.72a 26.68 ¢
Control 48.65 a 2.34 de 20.79 a 52.84 a 1.33d 39.73 a

Different letters in a column indicate significant difference at P < 0.05 by LSD

were dissolved in 1liter distilled water. After autoclaving the
media at 121°C for 20 min, approximately 20 ml of these
media were pipette onto each Petri dish and allowed to
solidify. A 5.0 mm diameter of mycelia disc from five-day-
old culture on PDA plates was placed at the center of each
plate and incubated at room temperature (28+2 °C) for seven
days. After day 7, the media were flooded with an aqueous
solution of Congo Red (1 mg ml™) for 15 min. The plates
were further treated by flooding with 1M NaCl for 15 min.
Degradation of cellulose was visualized as a clearing zone
around the fungal colony. The diameter of the clearing zone
around colonies was used to assay the degree of
endoglucanase and cellobiohydrolase activity (Teather and
Wood, 1982; Kausar et al., 2010).

Evaluation of potential Trichoderma isolates to in-vitro
biodegradation of oil palm EFB

Five selected lignocellulolytic Trichoderma isolates (T2,
T15, T17, T20 and T33) based on previous in-vitro
lignocellulolytic potency were further evaluated for in-vitro
EFB biodegradation study.

Dried EFB was ground and sieved to 2 mm for
biodegradation study. Ground EFB and chicken manure were
mixed in a ratio of 2:1 (w/w). The mixture was amended with
distilled water to obtain a moisture content of about 60 %
(w/w). The prepared substrate was placed into individual
composting jar and was sterilized by autoclaving at 121°C for
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20 min. The substrates were inoculated with 10% (v/w) of
inoculum at a concentration of 10° cell mI™* and incubated for
6 weeks at room temperature (28+2 °C). The substrates were
turned once in a week to provide aeration. Sampling was
done three and six weeks after incubation. The C/N ratio was
determined by following the Loss on Ignition and Kjeldahl
Method (Kausar et al., 2010; 2011).

Identification of potential Trichoderma isolates

Based on the in-vitro lignocellulolytic potency and EFB
biodegradation study the best adapted isolates T15 and T33
were identified through macro-and micro-morphological
study. Selected isolates were re-cultured from stock slant on
PDA and grown for 10 days.

The mycelia growth, color and changes of media color of
each isolate were observed daily. For micro-morphological
studies, slide cultures were prepared and viewed in
microscope and the Image Processing and Analytical System
(Leica Q500 IW, Germany). The size, shape and arrangement
of conidiophores, phialides and conidiospores or phialospores
were observed for identification (Rifai, 1969).

Statistical analysis
All experiments were conducted in completely randomized

design (CRD) with five replications. The data were subjected
to analysis of variance (ANOVA) and tested for significance



Table 4. Descriptions of the cultural and morphological characteristics of Trichoderma on PDA medium.

Isolate  Cultural and morphological characteristics

Identification

Fast growing. At first, it appears whitish and sparse mycelia. Later on, it formed ring like conidial area
which green color developed in central part and gradually extended to the periphery. Conidiation
predominately effuse, appearing granular or powdery. The diameter of mycelium is 3.84-6.40 um. Long

T15

and slender conidiophores have branches forming a pyramidal structure terminated by phialides. Phialides

T. harzianum

were ampulliform and arise in 3 to 4 verticillate or in opposite direction in each point. Phialospores were
glubose, subglobuse to obovoid, mostly 2.56-3.84 um x 2.56-3.84 um.

At 3-4 days, the mycelial were whitish to pale green and changed into whitish green to dark green color
forming a concentric ring. Conidiophores were branched, long and slender and formed dendroid system.

T33
oblong, 2.56 um x 2.56-3.84 um.

Phialides were ampulliform. They usually arise in 2-3 verticillate. The phialospores were ellipsoidal to

T. koningii

using Least Significant Difference (LSD) by PC-SAS
software (SAS Institute Cary NC 2001). Data were subjected
to cluster analysis to group of Trichoderma isolates, based on
their ability to degrade lignin and cellulose. Pairwise
similarities were computed and analyzed with NTSYS
version 1.80. The dendrogram was constructed using the
UPGMA algorithm (Sneath and Sokal, 1973).

Conclusions

Trichoderma isolates exhibited good growth performance to
tannic acid and cellulose media, and had the high ability to
utilize different carbon sources. The results implied that these
isolates could play an effective role for decomposing carbon
substrate. The six selected isolates could decrease carbon and
increased nitrogen contents during the biodegradation of oil
palm EFB and caused significant decrease in C/N ratio. The
decrease in C/N ratio by T15 and T33 was higher than that of
other isolates. Therefore, isolates T15 (T. harzianum) and
T33 (T. koningii) had the highest ability to decompose EFB
based on the C/N ratio, and exhibited the best potential for
rapid composting.
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