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ABSTRACT
Earthworms play a vital role in enhancing soil quality and structure in agricultural ecosystems. This study investi-

gated the diversity of earthworm species found in banana and guava orchards in Nakhon Pathom, Thailand, where 166 
samples were collected. The results showed that 56.63% of earthworms were in the adult stage. In the banana orchard, 
researchers identified two families and four species: from the family Megascolecidae, they found Amynthas alexandri, 
Metaphire posthuma, and Polypheretima elongata, along with one species from the family Moniligastridae, Drawida sp. 
In the guava orchard, two families and two species were identified: from the family Megascolecidae, Metaphire post-
huma, and from the family Moniligastridae, Drawida sp. Fungi isolated from the intestines of earthworms, precisely 
the strains EW2, EW3, EW6, EW13, EW16, EW23, EW25, EW26, EW28, EW38, EW39, EW40, EW41, EW43, and 
EW44, have demonstrated the ability to produce cellulase. Among these, the fungus EW41 exhibited the highest cel-
lulase activity, measuring 32.97 units per milliliter at an optimal temperature of 60 ℃ and a pH of 5.0. This study high-
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1.	 Introduction

Nakhon Pathom Province, located in central Thai-
land, covers an area of approximately 2,168.33 square 
kilometers. The province is divided into 7 districts and 106 
sub-districts, with a population of around 921,882 people. 
Agriculture plays a central role in the province’s economy. 
Rice farming accounts for 41.5%, followed by freshwater 
aquaculture (26.1%) and horticulture (23.5%). Despite the 
province’s fertile soil, the extensive use of chemical ferti-
lizers and pesticides in farming practices has raised con-
cerns about soil health and sustainability. Consequently, 
researchers are exploring ways to reduce dependency on 
chemicals and promote more sustainable farming methods. 
Earthworms play a crucial role in enhancing soil quality 
and fertility within agricultural systems. They improve soil 
structure by burrowing and creating channels, which en-
hances aeration and water infiltration, making the soil more 
conducive to plant growth. Additionally, earthworms accel-
erate the decomposition of organic matter, thereby releasing 
nutrients in forms readily available to plants. Furthermore, 
they help control pathogens and weeds, promoting healthier 
soil and boosting crop productivity [1–4]. Therefore, under-
standing the role of earthworms in soil enrichment is essen-
tial for sustainable agricultural practices [5].

Soil integrity is influenced by several factors, in-
cluding nutrient content, pH, soil structure, and cation 
exchange capacity (CEC). A crucial indicator of soil health 
is the carbon-to-nitrogen (C/N) ratio, which significantly 
impacts earthworm growth and the ability to decompose 
organic matter [2]. Various species of earthworms inhabit 
Thailand’s agricultural soils, each with specific habitats 
and dietary preferences. For instance, “Eisenia fetida” 
thrives in soils with a C/N ratio ranging from 20:1 to 30:1, 
while “Lumbricus terrestris” prefers soils with a higher C/
N ratio of 30:1 or more [6]. Understanding the soil condi-
tions and the specific needs of different earthworm spe-

cies can help farmers select the most suitable species to 
improve soil health. Moreover, earthworms harbor various 
microorganisms in their intestines that play a vital role in 
breaking down organic matter and releasing nutrients into 
the soil. These microorganisms produce enzymes such 
as hydrolytic enzymes, which decompose organic com-
pounds; oxidases, which facilitate oxidation; cellulases, 
which break down cellulose fibers; and phosphatases, 
which release plant-available phosphorus [7,8]. These en-
zymes contribute to nutrient cycling and support plant 
growth by making nutrients accessible to crops.

This study aims to investigate the earthworm species 
found in agricultural areas, specifically in banana and gua-
va orchards in Nakhon Pathom. The goal is to assess how 
this knowledge can improve soil quality and reduce the 
reliance on chemical fertilizers. Additionally, the research 
will explore the cellulase enzyme production capabilities 
of fungi present in the earthworm gut. These insights will 
enhance our understanding of the biological processes 
that contribute to soil fertility. The findings from this re-
search will support sustainable agricultural development 
in Thailand, providing farmers with practical solutions for 
maintaining soil health while minimizing chemical inputs. 
Through this approach, the study seeks to promote eco-
friendly farming practices that ensure long-term agricul-
tural productivity and environmental sustainability.

2.	 Methodology

2.1.	 Site Description and Sampling Proce-
dures

Earthworm samples were collected in July 2024 from 
two agricultural areas: guava orchards and banana planta-
tions (Figure 1). The sampling was conducted using the 
hand-sorting method, which involved excavating soil to a 
depth of approximately 30 centimeters. Samples were ran-

lights that most earthworm species in agricultural soils belong to the family Megascolecidae. Furthermore, earthworms 
play a crucial role in enhancing the chemical properties of the soil. The cellulolytic fungi present in earthworm intestines 
contribute to the natural decomposition of organic matter, thereby promoting soil health by converting plant residues 
into nutrient-rich compost. These findings suggest promising applications of earthworm-associated fungi in sustainable 
agriculture and organic waste management.
Keywords: Earthworm; Agricultural Soils; Potent Cellulase; Megascolecidae
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domly collected from five locations within each orchard, 
with each sampling area measuring 0.5 meters by 0.5 
meters. All excavated soil was carefully sifted to extract 
earthworms of all sizes, which were then classified into 
developmental stages, including juvenile, sub-adult, and 
adult. The adult earthworms were subsequently identified 
following the methodology outlined by Gate (1939) [9].

  

(a)

(b)

Figure 1. The sampling areas. (a) banana plantation and (b) 
guava orchard.

2.2.	 Soil Analysis

Soil samples collected from the study area were ana-
lyzed at the Research and Development Center for Natural 
Agriculture, Maejo University. The following factors were 
assessed: pH level, electrical conductivity (EC), organic 
matter content, carbon-to-nitrogen (C/N) ratio, nitrogen 
content, phosphorus content, potassium content, calcium 
content, and magnesium content. The procedures were as 
follows:

2.2.1.	 pH Measurement

The 20-gram soil sample was weighed and placed in 
a 50-milliliter beaker. Distilled water (20 milliliters) was 

added, and the mixture was stirred using a glass rod to en-
sure thorough mixing. The solution was allowed to stand 
for 15 minutes, followed by two additional repetitions of 
the same process. The pH was measured using a pH meter, 
with the electrode rinsed with distilled water before each 
measurement, and the data were recorded.

2.2.2.	 Electrical Conductivity (EC) Measure-
ment

The 6-gram soil sample was placed in a 50-milliliter 
plastic centrifuge tube, to which 30 milliliters of distilled 
water was added. The mixture was shaken for 30 minutes 
and allowed to stand for 5 minutes to facilitate sedimenta-
tion. The supernatant was centrifuged at 4000-5000 RPM 
for 7 minutes, and the resulting clear liquid was used to 
measure electrical conductivity. The EC meter was cali-
brated with a standard solution of 0.01 M KCl before 
measurement, with the probe rinsed and dried before use. 
The measured values were recorded for further calcula-
tions.

2.2.3.	 Organic Matter (OM) Measurement

A 0.1 gram soil sample, passed through a 0.5 mm 
sieve, was placed in a 250-milliliter conical flask, and 
the exact weight was recorded. A 10-milliliter aliquot of 
K2Cr2O7 solution was pipetted into the flask, and the mix-
ture was swirled to ensure thorough mixing. A blank was 
prepared by adding 10 milliliters of K2Cr2O7 to an empty 
flask containing 10 milliliters of concentrated H2SO4, 
which was allowed to react for approximately 30 minutes. 
After adding 50 milliliters of distilled water, the mixture 
was titrated with FeSO4, using 4-5 drops of indicator. The 
solution’s color gradually shifted from green to reddish-
brown at the endpoint, and the volume of FeSO4 used was 
recorded.

2.2.4.	 Carbon-to-Nitrogen (C/N) Ratio Meas-
urement

0.1 grams of a soil sample, passed through a 0.5 mm 
sieve, were placed in a foil cup with the edges folded into 
a spherical shape, and a standard EDTA sample (0.15 g) 
was added. The samples were analyzed using a combustion 
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analyzer, and the results were recorded.

2.2.5.	 Nitrogen (N) Content Analysis

A 0.2-gram soil sample, passed through a 0.5 mm 
sieve, was placed in a digestion tube, and the exact weight 
was recorded. A blank tube was also prepared. A mixture 
of 5 milliliters of digestion acid was added to a fume hood 
and allowed to digest overnight. The digested solution 
was cooled, transferred to a 50-milliliter volumetric flask, 
and adjusted to volume with distilled water. A 10-milliliter 
aliquot of the digested sample was placed in a distillation 
apparatus, with 5 milliliters of 40% NaOH added. An indi-
cator flask was prepared with 5 milliliters of 4% boric acid 
and 100 µL of N indicator in a 125-milliliter flask. The 
sample was distilled, and the indicator’s color change was 
noted; the final titration using 0.05 M HCl was recorded.

2.2.6.	 Phosphorus (P) Content Analysis

The 1-gram soil sample was placed in a centrifuge 
tube, and the exact weight was recorded. Bray II solution 
(25 milliliters) was added, and the mixture was shaken 
for 30 minutes. The solution was filtered using No. 5 fil-
ter paper and prepared for absorbance measurement in a 
25-milliliter volumetric flask. Five milliliters of a mixture 
of ascorbic acid and ammonium molybdate were added, 
along with a sufficient amount of 1% boric acid to fill half 
the flask. The volume was adjusted, and the mixture was 
shaken thoroughly. Absorbance was measured using a UV-
Vis spectrophotometer at a wavelength of 882 nm, starting 
with standard solutions before measuring the samples. The 
results were recorded for standard curve construction and 
phosphorus content calculation.

2.2.7.	 Analysis of Potassium, Calcium, and 
Magnesium (K, Ca, and Mg) Content

A 0.2-gram soil sample, passed through a 0.5 mm 
sieve, was placed in a digestion tube, and the exact weight 
was recorded. A mixture of nitric acid and perchloric acid 
(20 milliliters) was added and left overnight in a fume 
hood. The solution was digested until a clear or opaque 
white color was observed, then cooled and transferred to 

a 100-milliliter volumetric flask, adjusting to volume with 
distilled water. The sample was filtered through No. 5 
filter paper for subsequent potassium, calcium, and mag-
nesium concentration analysis. For potassium, the sample 
was diluted 20 times by adding 500 µL of the solution to 
a 15-milliliter centrifuge tube and adjusting to 10 millilit-
ers with distilled water. For calcium and magnesium, the 
samples were diluted 40 times. Potassium, calcium, and 
magnesium concentrations were measured using Flame 
Atomic Absorption Spectroscopy, starting with standard 
solutions before measuring the samples, and the results 
were recorded for further calculations.

2.3.	 Earthworm Identification

After collecting earthworm samples, the identifica-
tion process was carried out following the methodology 
outlined by Gate (1939) [9]. The earthworms were exam-
ined based on their morphological features, such as body 
length, clitellum position, male and female pore loca-
tions, spermathecal pore, genital markings, prostate gland, 
copulatory pouch, and body color. These characteristics 
were observed under a stereomicroscope for detailed and 
accurate identification. The earthworms were classified 
into developmental stages, including juvenile, sub-adult, 
and adult. Adult earthworms were identified to the species 
level based on these morphological traits, ensuring accu-
rate classification for further analysis. The use of stereomi-
croscopy helped in distinguishing species based on subtle 
anatomical differences.

2.4.	 Fungal Isolation and Cultivation

Minimal agar medium was prepared, consisting of 
glucose (1 gram), monopotassium phosphate (9 grams), 
sodium citrate (0.5 grams), magnesium sulfate (0.1 grams), 
ammonium sulfate (1 gram), and agar powder (20 grams). 
All ingredients were dissolved in 500 milliliters of distilled 
water. Once homogeneous, 5 grams of sodium carboxyme-
thyl cellulose were added and thoroughly mixed. The final 
volume was adjusted to 1,000 milliliters, and the medium 
was sterilized using an autoclave at 121.5 degrees Celsius 
and 15 psi for 15 minutes before being poured into plates 
for subsequent cellulase production testing.
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2.5.	 Cellulase Activity Assays

Fungal samples stored at -20 degrees Celsius were 
thawed at room temperature. Agar pieces containing the 
fungi were placed on CMC agar and incubated in the dark 
for 3 days. After the incubation period, the diameter of 
each fungal colony was measured in triplicate to obtain 
an average size. Iodine solution (1%) was then applied to 
the plates, which were allowed to stand for 5 minutes. A 
color change from cloudy white to dark purple indicated 
cellulase activity, with clear zones indicating cellulase pro-
duction. The diameter of these clear zones was measured 
in triplicate and averaged, and the ratio of the average ap-
parent zone size to the average colony diameter was calcu-
lated, along with the standard deviation.

2.6.	 Temperature and pH Optimization

2.6.1.	 Temperature

To study the effect of temperature on cellulase activ-
ity, a minimal medium was prepared by dissolving glucose 
(1 g), monopotassium phosphate (9 g), sodium citrate (0.5 
g), magnesium sulfate (0.1 g), and ammonium sulfate (1 g) 
in 1,000 mL of distilled water. The solution was sterilized 
at 121.5°C for 15 minutes, poured into flasks, and inocu-
lated with fungal isolate EW41. The inoculated medium 
was incubated on a shaker for 3 days, after which the crude 
enzyme was extracted by filtration and stored at 4°C. To 
test the cellulase activity at varying temperatures (30°C, 
35°C, 40°C, 45°C, 50°C, 55°C, 60°C, 65°C, 70°C, and 
80°C), 0.5 mL of crude enzyme was mixed with 0.5 mL of 
1% CMC solution (adjusted to pH 7) and incubated at the 
designated temperatures for 30 minutes. The enzyme reac-
tion was halted by boiling the samples, and reducing sug-
ars were measured using the DNS method. Absorbance at 
540 nm was recorded, and cellulase activity was calculated 
using a standard glucose curve. The optimal temperature 
for cellulase activity was determined based on enzyme per-
formance across the temperature range.

2.6.2.	 pH

To investigate the effect of pH on the cellulase activ-
ity of fungal isolate EW41, a minimal medium was pre-

pared by dissolving glucose, monopotassium phosphate, 
sodium citrate, magnesium sulfate, and ammonium sulfate 
in distilled water, followed by sterilization at 121.5°C. 
Fungal isolate EW41 was inoculated into the medium, 
incubated on a shaker for 3 days, and crude enzyme was 
extracted. The cellulase activity was tested at pH levels 
ranging from 3.0 to 9.0 by mixing 0.5 mL of the crude en-
zyme with 0.5 mL of 1% CMC solution, adjusted to the re-
spective pH values. The enzyme mixtures were incubated 
at 50°C for 30 minutes, and the reaction was stopped by 
boiling the samples. Reducing sugars were measured using 
the DNS method, with absorbance recorded at 540 nm.

2.7.	 Agricultural Waste Degradation Tests

Agricultural materials (Coconut Coir, Sugarcane Ba-
gasse, Rice Straw) and 1 gram of CMC were weighed and 
placed into Erlenmeyer flasks, with one flask designated 
for each type of material. Seven flasks were prepared for 
each material, with one acting as a control. All flasks were 
sterilized in an autoclave at 121.5°C and 15 psi for 15 min-
utes. After cooling, four flasks per material were filled with 
50 mL of distilled water, followed by a second round of 
sterilization. The remaining three flasks per material were 
filled with 50 mL of fungal culture broth from EMW41. All 
samples were shaken at 120 rpm and maintained at 50°C 
for 24 hours. After the incubation period, reducing sugar 
levels were measured, with the average value calculated 
from three replicates. Statistical differences were analyzed 
using Duncan’s multiple range test at a confidence level of 
p < 0.05.

2.8.	 Statistical Analysis

Data were analyzed using ANOVA (p < 0.05), and 
means were compared using Duncan’s multiple range test. 
All analyses were performed using SPSS version 30.

3.	 Results

3.1.	 Earthworm Classification

A survey conducted on agricultural plots of farm-
ers in Nakhon Pathom province included two types of 
orchards: banana and guava. 166 earthworm samples were 
collected, with 57 samples from the banana orchard and 
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109 samples from the guava orchard. In the banana or-
chard, the samples were classified as follows: 7 juvenile 
specimens (12.28%), 10 sub-adult specimens (17.54%), 
and 40 adult specimens (70.16%). In the guava orchard, 
6 juvenile specimens (5.50%), 9 sub-adult specimens 
(8.26%), and 94 adult specimens (86.24%) were identified, 
as summarized in Table 1.

Table 1. Stages of Earthworm Development.

Stages
Areas

Banana Orchard 
Samples

Guava Orchard 
Samples

Juvenile 7 (12.28%) 6 (5.50%)

Sub-adult 10 (17.54%) 9 (8.26%)

Adult 40 (70.16%) 94 (86.24%)

Total 57 109

Adult earthworms were classified morphologically 
in the banana orchard into two families and four species. 

The family Megascolecidae included the species Amynthas 
alexandri (7.50%), Metaphire posthuma (15.00%), and 
Polypheretima elongata (75.00%). The family Monili-
gastridae included only one species, Drawida sp. (2.50%). 
Adult earthworms were identified within two families 
and two species in the guava orchard. Megascolecidae 
comprised Metaphire posthuma (67.02%), while Monili-
gastridae contained Drawida sp. (2.50%). See Table 2 and 
Figure 2.

Table 2. Diversity of Earthworm Species in the Survey Area.

Diversity of Earthworm Survey Area

Families Species
Banana 
orchard (%)

Guava 
Orchard (%)

Megascolecidae Amynthas alexandri 7.50

Metaphire posthuma 15.00 67.02

Polypheretima 
elongate

75.00

Moniligastridae Drawida sp. 2.50 86.24

3.2.	 Soil Characteristics

This research involved the collection of soil samples 
from two agricultural areas: a banana plantation and a 
guava orchard. The analysis of the soil in the banana plan-
tation revealed that it is a black-gray loamy soil with a pH 
of 5.92 and an electrical conductivity of 45.6 µs/cm. The 
organic matter content was found to be 1.63%. The carbon-
to-nitrogen ratio measured 2:1, with nitrogen content at 

0.60%, phosphorus at 0.37%, potassium at 0.65%, calcium 
at 1,399 ppm, and magnesium at 645 ppm. In contrast, the 
soil from the guava orchard was identified as sandy loam, 
with a pH of 7.32 and an electrical conductivity of 184.0 
µs/cm. The organic matter content was measured at 0.28%, 
with a carbon-to-nitrogen ratio of 0.3:1. The nitrogen con-
tent was 0.61%, phosphorus was 0.58%, potassium was 
0.75%, calcium was measured at 1,768 ppm, and magne-
sium at 519 ppm (Table 3).

Figure 2. Earthworm Species. A,B: Amynthas alexandri; C,D: Metaphire posthuman; E,F: Polypheretima elongata; G,H: Drawida sp.
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Table 3. Soil Properties in the Earthworm Sampling Areas.

Soil Properties
Sampling Areas

Banana Orchard Guava Orchard

pH 5.92 7.32

Electrical Conductivity 
(µs/cm)

45.6 184.0

Organic Matter (%) 1.63 0.28

C/N Ratio 18:1 22:1

Nitrogen (%) 0.09 0.07

Phosphorus (%) 0.37 0.58

Potassium (%) 0.65 0.75

Calcium (ppm) 1,399 1,768

Magnesium (ppm) 645 519

Soil Type

Black-gray loamy Sandy loam

3.3.	 Cellulase Activity

The assessment of cellulase production capabilities 
among 48 fungal isolates found that 7 isolates exhibited 
an apparent zone-to-growth ratio exceeding 1.4. These 
isolates included EW16, EW25, EW28, EW40, EW41, and 
EW44 (Table 4), demonstrating precise zone formation as 
illustrated in Figure 3.

Upon testing the fungal isolate EW41, which exhib-
ited the highest clear zone-to-growth ratio, the cellulase 
enzyme activity was found to be at a maximum of 32.9767 
units/mg. The amount of reducing sugar measured was 
0.5496 mg/ml (Table 5). Morphological studies revealed 
that fungal isolate EW41 belongs to the genus Penicillium, 
characterized by white colonies with green spores and 
smooth colony edges (Figure 4).

Table 4. Clear Zone-to-Growth Ratio of Fungal Isolates.

Fungal Isolates 
from Banana Orchard

The Ratio of the Clear Zone to the  
Colony (± SD)

Fungal Isolates 
from Guava Orchard

The Ratio of the Clear Zone to the 
Colony(± SD)

EW1 0.78 ± 0.45bc EW2 1.06 ± 0.42b

EW3 1.33 ± 0.26ab EW15 0.25 ± 1.37e

EW6 1.23 ± 0.18ab EW18 0.89 ± 0.34b

EW8 0.95 ± 0.16b EW23 1.10 ± 0.25b

EW10 0.79 ± 0.42bc EW25 1.45 ± 0.31a

EW12 0.84 ± 0.19bc EW26 1.10 ± 0.40b

EW13 1.27 ± 0.11ab EW28 1.43 ± 0.37a

EW16 1.41 ± 0.25a EW30 0.94 ± 0.34b

EW17 1.00 ± 0.22ab EW31 0.85 ± 0.56b

EW19 0.94 ± 0.16b EW37 1.00 ± 0.42b

EW22 0.69 ± 0.20c EW38 1.01 ± 0.44b

EW24 1.00 ± 0.21b EW39 1.32 ± 0.13ab

EW33 0.68 ± 2.13d EW40 1.42 ± 0.27a

EW36 0.93 ± 0.24b EW41 1.58 ± 0.22a

EW42 0.89 ± 0.45b

EW43 1.15 ± 0.45b

EW44 1.52 ± 0.33a

EW45 1.31 ± 0.25ab

EW46 0.85 ± 0.26b

EW47 0.95 ± 0.20b
Notes: The fungi isolated from the banana garden were derived from the intestinal samples of the earthworm Metaphire peguana (EW1, EW6, EW8, EW12, EW13, EW16, 

EW22, EW33); The fungi isolated from the banana garden were derived from the intestinal samples of the earthworm Polypheretima elongata (EW3, EW10, EW19, 

EW36); The fungi isolated from the banana garden were derived from the intestinal samples of the earthworm Amynthas alexandri (EW17, EW24); The fungi isolated 

from the guava garden were derived from the intestinal samples of the earthworm M. posthuma (EW2, EW15, EW18, EW23, EW25, EW26, EW28, EW30, EW31, EW37, 

EW38, EW39, EW40, EW41, EW42, EW43, EW44, EW45, EW46, EW47); The fungi isolated from the guava garden were derived from the intestinal samples of the 

earthworm P. elongata (EW25, EW43).
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3.3.1.	 Study of the Optimal Temperature for 
Cellulase Activity Produced by Fungal 
Isolate EW41

The study on the optimal temperature for cellulase 
enzyme activity of fungal isolate EW41 revealed that en-
zyme activity increased rapidly at 40 °C, reaching its peak 
at 60 °C. Beyond this temperature, enzyme activity de-
creased steadily (Table 6 and Figure 5).

Table 6. Cellulase enzyme activity from fungi Isolate EW41 at 
different temperatures.

Temperature (°C)
Cellulase Enzyme Activity at Different 
Temperatures (Unit/mL)

30 34.99 ± 1.78c
35 45.71 ± 2.01b
40 45.93 ± 1.29b
45 48.19 ± 1.69ab
50 48.99 ± 0.39ab
55 48.97 ± 0.21ab
60 52.39 ± 1.09a
65 48.21 ± 1.98ab
70 45.41 ± 0.89b
75 44.99 ± 1.07b
80 42.53 ± 1.11bc

p ≤ 0.05.

Figure 5. Cellulase enzyme activity from fungi isolate EW41 at 
different temperatures.

3.3.2.	 Study of the Optimal pH for Cellulase 
Activity Produced by Fungal Isolate 
EW41

The study investigated the cellulase enzyme activity 
of the EW41 fungal isolate at varying pH levels: 3.0, 4.0, 
5.0, 6.0, 7.0, 8.0, and 9.0. The results revealed that cellu-
lase enzyme activity was highest at a pH of 5.0, reaching 
88.59 units/ml (Table 7 and Figure 6).

Table 5. Reducing sugar content and cellulase enzyme activity.

Fungal Isolate Code
Cellulase Enzyme Activity 
(Unit/ml)

Reducing Sugar Content 
(mg/ml)

pH of the Solution After 
Incubation

Average Dry Weight of 
Fungi (mg)

EW41 32.97 0.5496 5.33 145.56

Figure 4. Color change of DNS reagent solution (A) with control on the left and test tube on the right. (B,C) show colonies and 
spores of fungal isolate EW41 captured under a stereo microscope and a compound microscope at 1,000× magnification, respectively.

Table 7. Cellulase Activity of Fungal Isolate EW41 at Different pH Levels.

Fungal Isolate
Cellulase Activity at Different pH (Unit/mL) of EW41

3.0 4.0 5.0 6.0 7.0 8.0 9.0

EW41 75.89c 84.39ab 88.59a 85.61ab 82.61b 81.11bc 80.41bc

p ≤ 0.05.
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Figure 6. Cellulase enzyme activity from fungi isolate EW41 at 
different pH.

3.4.	 Agricultural Waste Degradation

The fungal filtrate of EW41 was used to degrade 
agricultural wastes for 24 hours. It was found that the cel-
lulase enzyme was able to degrade dry coconut coir, pro-
ducing an average of 0.83 mg/mL of reducing sugar. For 
dry sugarcane bagasse, the reducing sugar measured was 
1.98 mg/mL, while dry rice straw yielded 0.73 mg/mL of 
reducing sugar (Figure 7 and Table 8).

Figure 7. Efficiency of Agricultural Waste Degradation (Coconut 
Coir, Sugarcane Bagasse, Rice Straw) by Cellulase Enzyme 
Produced from Fungal Isolate MEW41 at 24 Hours. Co = Control 
Tube, T = Test Tube. A = Synthetic Cellulose, B = Dry Coconut 
Coir, C = Dry Sugarcane Bagasse, and D = Dry Rice Straw.

Table 8. Cellulase Activity of Fungi at Different pH Levels.

Agricultural Materials A540 nm
Measured Reducing 
Sugar (mg/mL)

Synthetic Cellulose (CMC) 
(control)

1.37 1.39 ± 0.21b

Dry Coconut Coir 0.81 0.83 ± 0.11c

Dry Sugarcane Sheath 1.95 1.98 ± 0.18a

Dry Rice Straw 0.71 0.73 ± 0.09b
p ≤ 0.05.

4.	 Discussion

The classification of earthworm species in the ag-
ricultural regions of Nakhon Pathom province revealed 
significant diversity in both banana and guava plantations. 
In the banana plantation, 70.16% of the earthworms were 
adults, while in the guava plantation, this percentage in-
creased to 86.24%. Within the family Megascolecidae, 
Polypheretima elongata was the predominant species in the 
banana plantation, comprising 75.00% of the population. 
This suggests a strong adaptation to the local environmen-
tal conditions. In contrast, Metaphire posthuma, also from 
the Megascolecidae family, was the dominant species in 
guava plantations, making up 67.02% of the earthworm 
population. The high prevalence of Megascolecidae spe-
cies in agricultural areas aligns with previous findings 
that reported similar distributions in Thai agricultural 
landscapes, particularly in fruit orchards where chemical 
fertilizers are used less frequently [10]. Farming practices, 
soil health, and the amount of organic matter present in the 
soil can influence the diversity of earthworm species. This 
finding emphasizes the essential role of earthworms in en-
hancing soil health and fertility [11].

Soil analysis in both plantations highlighted the 
strong influence of soil composition on earthworm popula-
tions. In the banana plantation, the soil had acidic proper-
ties (pH 5.92), which potentially affected plant nutrient 
absorption, particularly phosphorus, as phosphorus is less 
available in acidic soils. Guava plantation soil, with a pH 
of 7.32, falls within the optimal range for nutrient absorp-
tion and plant growth. Furthermore, the higher electrical 
conductivity of the guava plantation soil (184.0 µs/cm) in-
dicates excellent nutrient retention. This is consistent with 
observations that soils with greater electrical conductivity 
typically contain more soluble nutrients [12]. Ahmed N, et 
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al. (2022) also demonstrated that higher nutrient content 
in soil is directly correlated with earthworm activity and 
diversity [13,14].

The carbon-to-nitrogen (C/N) ratio analysis further 
illustrated the differences between the two plantations. 
Guava plantation soil had a low C/N ratio (0.3:1), indica-
tive of rapid organic matter decomposition and nutrient 
cycling [15]. In contrast, the banana plantation had a higher 
C/N ratio (2:1), likely experiencing slower decomposi-
tion and delayed nutrient availability, a reflection of the 
accumulation of decaying banana leaves. C/N ratios are 
critical for understanding the rate of organic matter break-
down and its subsequent influence on plant nutrient avail-
ability. Further analysis explored the fungal capabilities in 
earthworm intestines to produce cellulase enzymes. Seven 
fungal isolates, including EW16, EW25, EW28, EW40, 
EW41, and EW44, demonstrated high cellulase production 
capacity, with a clear zone-to-growth ratio exceeding 1.4. 
The ability of these fungi to facilitate cellulose decompo-
sition is likely enhanced by organic materials within the 
earthworm’s intestines to high cellulase production from 
fungi in earthworm intestines [16]. Additionally, K Song et 
al. (2020) observed that cellulase production in fungi is 
highly efficient when aided by earthworm digestive pro-
cesses, particularly in organic-rich soils [17,18].

Regarding enzyme performance, isolate EW41 
showed significantly higher activity (p < 0.05) compared 
to other isolates at 37 °C, with optimal activity at a pH 
of 5 (88.59 units/ml). The importance of pH in optimiz-
ing enzyme activity is highlighted, as deviations from the 
optimal pH can lead to significant reductions in enzyme 
efficiency. This underscores the importance of optimizing 
pH conditions to maximize cellulase activity for efficient 
breakdown of agricultural materials [19,20].

Temperature also played a critical role in enzyme 
activity, with rapid increases observed at 40 °C and a peak 
activity of 52.39 units/ml at 60 °C. Beyond this tempera-
ture, enzyme efficiency declined significantly, dropping 
activity to 42.53 units/ml at 80 °C. This highlights the need 
to maintain optimal temperatures for maximum enzyme 
performance which demonstrated similar patterns in en-
zyme activity under temperature fluctuations [21–23]. When 
evaluating the degradation efficiency of agricultural mate-
rials, dried coconut coir, dried sugarcane sheath, and dried 

rice straw, EW41 demonstrated the highest efficiency, 
yielding 1.98 mg/mL of reducing sugars from dried sug-
arcane sheath. In comparison, coconut coir and rice straw 
yielded 0.81 mg/mL and 0.71 mg/mL, respectively. Ad-
ditionally, Civzele et al. (2023) noted that fungal cellulases 
are particularly effective in breaking down lignocellulosic 
materials, which aligns with the observed efficacy of 
EW41 in this study [24]. In conclusion, the cellulase enzyme 
produced by the fungal isolate EW41 shows considerable 
potential for degrading agricultural waste. Future studies 
should investigate the influence of other environmen-
tal factors, such as substrate variability and temperature 
modulation, to enhance cellulase production. Utilizing this 
enzyme in industrial composting could provide sustainable 
solutions for managing agricultural waste, thereby contrib-
uting to improved soil health and increased crop yields. 
Shi et al. (2024) emphasized the critical role of earthworms 
in composting processes, further supporting the potential 
application of cellulase-producing fungi in agricultural 
waste management [25]. This study demonstrates the role 
of earthworms in enhancing soil quality and organic mat-
ter decomposition. The results align with previous studies 
in other regions, such as research from Brazil and South 
Africa, which found that earthworms play a crucial role in 
improving soil health for sustainable agriculture [26]. These 
studies indicated that earthworms help increase cation ex-
change capacity (CEC) and nutrient cycling in soils with 
lower chemical fertilizer use, particularly in fruit orchards 
where organic fertilizers are more frequently applied. Ad-
ditionally, the findings of this study are consistent with re-
search from Africa, which found that Eisenia fetida plays a 
significant role in decomposing lignocellulosic materials in 
organic-rich soils [13,27,28]. This is linked to the observation 
that earthworms in banana plantations in Nakhon Pathom 
decompose banana leaves, which have high carbon con-
tent.

5.	 Conclusions

This study highlights the significant influence of soil 
properties on earthworm diversity in Nakhon Pathom’s 
agricultural areas. The Megascolecidae family, particularly 
Polypheretima elongata and Metaphire posthuma, domi-
nated banana and guava plantations, with soil pH and C/N 
ratios playing a key role in nutrient availability and organic 
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matter decomposition. Fungal isolate EW41, sourced from 
earthworm intestines, exhibited high cellulase activity, 
peaking at 37 °C and pH 5. Its effectiveness in degrading 
agricultural waste, particularly sugarcane sheath, dem-
onstrates its potential for sustainable waste management. 
Further research into environmental factors could enhance 
cellulase production, offering promising applications in 
industrial composting to improve soil health and crop 
productivity. Future studies should test EW41 cellulase ef-
ficacy under field conditions and explore large-scale com-
posting applications using diverse crop residues.
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