
_____________________________________________________________________________________________________ 
 
¥
Master of Science in Agriculture Student at Cotabato 

# 
Professor 

*Corresponding author: E-mail: corpuz.rd@gmail.com; 
 
 
 

Asian Journal of Research in Agriculture and Forestry 
 
8(4): 38-50, 2022; Article no.AJRAF.90352 
ISSN: 2581-7418 

 
 

 

 

Effect of Different Rates of Liquid Trichoderma 
harzianum on Growth Enhancement of Tissue 

Cultured Abaca Seedlings 
 

Genelyn H. Mahusay a¥ and Onofre S. Corpuz b*#  
 

a
 Foundation College of Science and Technology - Doroluman, Arakan, Cotabato, Philippines. 

b 
CFCST College, Philippines. 

 
Authors’ contributions  

 
This work was carried out in collaboration between both authors. Both authors read and approved the 

final manuscript. 
 

Article Information 
 

DOI: 10.9734/AJRAF/2022/v8i430163 
 

Open Peer Review History: 
This journal follows the Advanced Open Peer Review policy. Identity of the Reviewers, Editor(s) and additional Reviewers, peer 

review comments, different versions of the manuscript, comments of the editors, etc are available here: 
https://www.sdiarticle5.com/review-history/90352 

 
 

Received 04 June 2022  
Accepted 08 August 2022 
Published 12 August 2022 

 
 

ABSTRACT 
 

This study was conducted to evaluate the effect of different rates of liquid Trichoderma harsianum 
on the growth enhancement of tissue-cultured Abaca seedlings. There are six treatments replicated 
four (4) times with 5 samples per replication. The following were the treatment: T0-control, T1- 50 ml 
of L.T, T2- 40 ml of L.T, T3-30 ml of L.T, T4- 20 ml of L.T, and T5-10ml of L.T/liter of water. Based on 
the results, it did not successfully reject the null hypothesis on plant height, pseudostem girth, leaf 
count per plant, leaf area per plant, and the number of primary roots of Abaca seedlings treated 
with liquid Trichoderma harsianum. While the two parameters successfully rejected the null 
hypothesis, there is highly significant that developed greater lengths for their shoot and root lengths 
treated with liquid Trichoderma harsianum. When compared to the control, the use of Liquid 
Trichoderma harsianum can significantly increase abaca growth. Treatment 3 of Abaca seedlings 
with 30 ml of liquid Trichoderma harsianum was the most effective of the five treatments with this 
substance. The correlation between treatments and parameters is also favorable. 
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1. INTRODUCTION 
 
Abaca is a Philippines-native perennial plant. It is 
one of the Philippines' primary revenue sources 
because it exports 80 percent to 85 percent of its 
fiber (Manila hemp) to the global market. As the 
incidence of Abaca viral diseases increased in 
the mid-1970s, the production and supply of 
abaca fiber became uncertain. The apex of the 
Abaca mosaic is a bunchy Abaca. The impact of 
these abaca diseases on fiber production and 
yield quality is significant [1].  
 
Trichoderma spp. is widely used in industrial and 
agricultural processes because it can produce 
secondary enzymes and metabolites [2]. This 
research has the potential to increase the 
economic benefits of liquid Trichoderma for 
abaca production, particularly for our beloved 
Filipino farmers. Trichoderma can combine 
multiple benefits into a single product, such as 
the control of multiple plant diseases, the 
enhancement of plant growth, and the provision 
of a clean environment for sustainable agriculture 
[3]. Humans, wildlife, and other beneficial 
organisms are unaffected by this biological 
control agent [4-7]. 
 
Verbal communication from Dr. Juan P. Agudera 
Jr., who innovated the liquid Trichoderma 
harsianum from his study findings revealed that 
Trichoderma sp. can be grown in liquid media 
(coco-water) which was pasteurized using a 
drum with wood-fire maintaining continuous 
boiling for three (3) hrs. Further, Trichoderma 
cannot grow in unpasteurized fresh coco-water 
and 2-day stocked coco-water (fermented) even 
pasteurized for three (3) hrs. Liquid Trichoderma 
(5 –day old Trichoderma grown in pasteurized 
coco-water and blended using blender) unable to 
further colonize the surface of coco-water media 
(pasteurized for 3 hrs) could control Fusarium 
wilt disease, bacterial wilt disease, Compost 
Fungus Activator (CFA), and root extender, and 
that liquid Trichoderma was a growth enhancer 
and highly effective in controlling tomato wilt 
(Ralstonia solanacea). Farmers may be able to 
use the findings of this study to improve the 
growth performance of tissue-cultured abaca 
seedlings [8-11]. 
 

2. METHODOLOGY 
 

2.1 Research Design 
 

The study was conducted using the Completely 
Randomized Design (CRD). There were six 

treatments replicated four times with 5 sample 
plants per replication. The treatment used in this 
study were the following: 
 
T0- Control (Natural water) 
T1- 50ml of Liquid Trichoderma/1L of water  
T2- 40ml of Liquid Trichoderma/1L of water 
T3-30ml of Liquid Trichoderma /1L of water 
T4- 20ml of Liquid Trichoderma/1L of water 
T5- 10ml of Liquid Trichoderma/1L of water 
 

2.2 Preparation of the Research Site and 
Planting Materials 

 
The site of the study was located at Barangay 
Tiguman, Digos City, Davao del Sur. Start on 
April 4, 2022, and end on May 3, 2022. A double-
layer net surrounded the research area to 
provide a more or less uniform planting 
environment during the entire growing period 
until the end of the study. The average 
temperature was 28°C and the average humidity 
was 80%.  
 
The Liquid Trichoderma (L.T.) was purchased at 
Davao del Sur State College (DSSC). 
Vermicompost, coco coir, and carbonized rice 
hull were available at Lao Farm Bansalan, Davao 
del Sur. Two Hundred forty pieces of Tangungon 
cultivar of Abaca meri-plant seedlings were 
purchased in Calinan, Davao City. The 
Polyethylene plastic bag (6" x8" x0.003 mm), a 
sprinkler can measure cup, graduated cylinder, 
ruler, Vernier Caliper, record book, and cutting 
tools were purchased in Digos City public 
market. 
 

2.3 Potting Media Preparation and 
Bagging Procedure 

 
The materials were laid on a flat and cemented 
surface for thorough mixing for even distribution 
in the potting medium. Bagging was done by 
filling the perforated plastic bags with at least 
500g of mixed potting medium. Filled bags were 
arranged in the nursery according to the 
prescribed layout. Potted media were water at 
least one-fourth liter of each bag with natural 
water before planting. 
 

2.4 Transplanting of Meriplants in 
Mediafilled Pots 

 
Every pot was planted with a meri plant. The 
transplanted plants were acclimatized for one 
week in a hardening zone. Another week has 
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been scheduled so that seedlings are stable 
before applying the recommended fertilizing 
treatments. 
 

2.5 Care and Maintenance 
 
It was sprinkled every 8:00 in the morning and 
5:00 in the afternoon with a bucket. If there is 
enough rain, no watering takes place. Any weeds 
noticed growing in the experimental area, 
particularly inside the polyethylene bag, were 
immediately removed to minimize underground 
growth competition. 
 

2.6 Data Gathering Procedure 
 
Initial data on plant height and pseudo stem girth 
were gathered two weeks after transplanting and 
before the first application of Liquid Trichoderma 
(L.T.). Succeeding data collection started a week 
after every three days of application on Liquid 
Trichoderma (L.T.). After every three days of 
application to the Liquid Trichoderma, the 
succeeding collection was done for all 
parameters that need weekly data collection. The 
following data will be gathered: 
 

1. Plant Height (cm). This was measured 
every week by a ruler. Measurement was 
located from the mounting peg. Installed 1 
cm above the soil surface to the base of 
the junction or the bottom of "V" of the last 
fully-opened leaf. The mounted peg was 
set to provide a uniform guide in 

measuring the height since soil media is 
not a stable guide. 

2. Pseudo stem girth (mm). A caliper was 
used as a measuring device, and the 
measurement area on the pseudostem 
was located on the tip of the installed guide 
peg. Data was collected every week. 

3. Morphological Characteristic 
 

 Leaf Count per Plant. All functional 
leaves were counted on termination 
day.  

 Leaf Area per Plant. The scheduled 
collection was done on termination 
day. The leaf length was measured 
from the tip to the base of the middle 
lamina. The width was calculated from 
the broadest part of the lamina. The 
area was established by multiplying 
the length with the width. 

 Shoot Length. was measured on 
termination day. Measurement started 
from the base where the guide peg 
was mounted to the point where the 
last leaf emerged. 

 Number of Primary Roots: Counting of 
primary roots at termination day.  

 Root Length. All primary roots from 
every sample were measured from the 
base of the pseudostem. The average 
was computed by dividing the root 
length by the number of measured 
roots. This was gathered on the 
termination day. 

 

 
 

Fig. 1. Location of the research study using Google Maps 
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2.7 Statistical Analysis 
 
Data were analyzed using the analysis of 
variance (ANOVA) in Completely Randomized 
Design (CRD) [12]. Least Significant Difference 
(LSD) was used in comparing treatment means. 
The IBM Statistical Package for the Social 
Sciences (SPSS) 26 software was used to 
analyze the data [13]. 
 

3. RESULTS AND DISCUSSION 
 

3.1 Plant Height  
 

The effects of varying the dosages of liquid 
Trichoderma harsianum weekly result in 
treatment four (20 ml) having the maximum 
height with a mean value of 34.1 and treatment 
zero (Control) having the lowest with a mean 
value of 28.75. There is no statistically significant 
difference, according to the analysis of variance 
data. As a result, it was unable to disprove the 
null hypothesis. After two months of planting, the 
height and diameter of the plants kept becoming 
smaller. This is due to a delay in new root 
development and water uptake efficiency. A 
similar pattern in the physiological responses of 
bananas at various stages of development. After 
1 and 2 months of growth, the results show an 
average increase of 116 cm and 123 cm in plant 
height, respectively. This translates to a 17-
centimeter increase in the first month and a 7-
centimeter gain the following month [14]. 
 

3.2 Pseudostem Girth 
 

In terms of pseudostem girth, treatment five 
(10ml of liquid Trichoderma) has the largest girth 
with a mean value of 34.1, and treatment zero 

(Control), with a value of 15.3, has the smallest 
girth among the six treatments. The effect of 
varying rates of liquid Trichoderma harsianum 
weekly is shown in the results. There is no 
discernible difference between the Liquid 
Trichoderma and Pseudostem of Abaca 
seedlings, according to the results of the 
Analysis of Variance. As a result, it was unable to 
rule out the null hypotheses. The pseudostem 
girth was increased proportionally to give the 
plant the strength to withstand the weight of the 
bunch. The largest pseudostem circumference 
was 76 cm [15]. In developing the pseudo stem 
girth, it decreased to an average of 2.1 cm per 
month because of several factors [14].  
 

3.3 Morphological Parameters 
 
3.3.1 Leaf count 
 
Fig. 4 shows the Average leaf count of applying 
Liquid Trichoderma harsianum in Treatment four 
(40 ml of Liquid Trichoderma) has the highest 
mean value of 35.75 while treatment (Control) 
has a mean value of 31.25 is the lowest among 
the six treatments. Based on the result of the 
Analysis of Variance represents that there is no 
statistically significant difference (p-0.05). Thus, it 
could not able to reject the null hypothesis. The 
results indicate that Liquid Trichoderma and 
Natural water has no potential in increasing the 
number of leaves within 30 days of observation. 
There is a statistically significant difference 
(p0.05) in the total number of functional leaves 
between blocks. From the first to the sixth month 
after planting, the number of functional leaves 
increased, then decreased after seven months 
[14]. 

 

 
 

Fig. 2. Transformation in plant height (cm) of abaca plantlets threatened by liquid               
Trichoderma harsianum 
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Table 1. Analysis of variance on plant height of abaca plantlet at week 4 Threatened by Liquid 
Trichoderma harsianum 

 

ANOVA 

Plant Height 

  Sum of squares df Mean square F Sig. 

Between Groups 68.333 5 13.667 1.067
ns

 0.411 
Within Groups 230.540 18 12.808    
Total 298.873 23 26.474    

CV=11.12% 
ns=Not Significant 

 
Table 2. Analysis of variance on pseudostem girth of abaca plantlet at week 4 threatened by 

liquid Trichoderma harsianum 
 

ANOVA 

Pseudo Stem Girth 

  Sum of Squares df Mean square  F Sig. 

Between Groups 62.000 5 12.400 0.852
ns

 0.532 
Within Groups 262.125 18 14.563  
Total 324.125 23 26.963   

CV=8.87% 
ns= Not Significant 

 

 
 

Fig. 3. Transformation in pseudostem Girth (mm) of abaca plantlets threatened by liquid 
trichoderma 

 
Table 3. Analysis of variance on leaf count of abaca plantlet threatened by liquid             

Trichoderma harsianum 
 

ANOVA 

Leaf_Count      

  Sum of Squares df Mean Square F Sig. 

Between Groups 44.000 5 8.800 1.576
ns

 0.217 
Within Groups 100.500 18 5.583     
Total 144.500 23 14.383     

CV=7.11% 
ns= Not Significant 
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Fig. 4. Transformation in leaf count of abaca plantlets threatened by liquid                          
Trichoderma Harsianum 

 

 
 

Fig. 5. Transformation in leaf area of abaca plantlets threatened by liquid                          
Trichoderma harsianum 

 
Table 4. Analysis of variance on leaf area of abaca plantlet threatened by liquid Trichoderma 

harsianum 
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Leaf_Area      

  Sum of Squares df Mean Square F Sig. 

Between Groups 331179798.708 5 66235959.742 1.569
ns

 0.219 
Within Groups 760030781.250 18 42223932.292     
Total 1091210579.958 23 108459892     

CV=20.61% 
ns= Not Significant 
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3.3.2 Leaf area  
 

Fig. 5 shows the effect of Liquid Trichoderma in 
terms of Leaf Area per plant. Treatment five (10 
ml of Liquid Trichoderma ) has the highest mean 
with a value of 37394 while treatment zero 
(Control) has a value of 24955.5 is the lowest 
among the six treatments. 
 

The Analysis of Variance on Leaf Area per plant 
with different levels of Liquid Trichoderma and 
natural water. Based on the results, the p-value 
is 0.219 and the F-value is 1.569 which means 
there is no statistically significant difference 
(0.05). Thus, it could not able to reject the null 
hypothesis. The results indicate that Liquid 
Trichoderma and natural water has no potential 
in increasing the Leaf Area per plant of Abaca 
Seedlings within 30 days. The slight decrease in 
cumulative leaf area is due to the decline in the 
number of functional leaves which is due to the 
combined effect of nutrient deficiency [14]. 
 

3.4 Shoot Length 
 

Fig. 6 shows the Average Shoot length with 
different levels of Liquid Trichoderma. Treatment 
three (30 ml of Liquid Trichoderma) has the 
highest mean with a value of 561.75 while 
treatment zero (Control) has a mean value of 369 
is the lowest among the six treatments. 
 

The analysis of variance revealed that the results 
are statistically significant differences (p0.05). 
Thus, it was successfully rejected the null 
hypothesis. It demonstrates that liquid 

Trichoderma can lengthen the shoot length of 
tissue cultured abaca seedlings, and indicates 
that has the potential to increase within 30 days. 
The growth rate of shoot length and dry weight of 
the whole plant in the Trichoderma treated plants 
were 1.6 and 1.5 times, respectively, the rate of 
the noninoculated control plants, from 7 to 28 
days post-emergence [16]. The Peat moss 
medium produced the highest values for shoot 
diameter, shoot length, shoot dry weight, and 
fresh root weight (2.52 mm, 248.42 mm, 2.23 g, 
and 0.83 g, [17]. 
 

3.5 Number of Primary Roots 
 
Fig. 7 shows the average number of primary 
roots with different levels of Liquid Trichoderma. 
Treatment four (20 ml of Liquid Trichoderma) 
with a value of 30 is the highest number of 
primary roots while treatment five (10 ml of Liquid 
Trichoderma) with a value of 25 is the lowest. 
 
The Analysis of Variance revealed the number of 
primary roots with different levels of Liquid 
Trichoderma was not statistically significant. 
Thus, it could not able to reject the null 
hypothesis. It shows pure water and Liquid 
Trichoderma has no potential in increasing the 
number of primary roots within 30 days. Only 2.8 
percent of the Trichoderma strains evaluated in 
the study promoted the growth of primary and 
lateral roots as compared to untreated plants, 
implying that only around 3.6 percent of the 
strains tested could enhance the number of 
lateral roots [18]. 

 

 
 

Fig. 6. Transformation in shoot lenght of abaca plantlets threatened by liquid Trichoderma 
harsianum 
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Table 5. Analysis of variance on shoot lenght of abaca plantlet threatened by liquid 
Trichoderma harsianum 

 

ANOVA 

Shoot_Length       

 Sum of Squares df Mean Square F Sig. 

Between Groups 105996.375 5 21199.275 3.695** 0.018 
Within Groups 103267.25 18 5737.069   
Total 209263.625 23 26936.344   

CV=15.51 
**= Highly Significant 

 

 
 

Fig. 7. Transformation in number of primary roots of abaca plantlets threatened by liquid 
Trichoderma harsianum 

 

Table 6. Analysis of variance on number of primary roots of abaca plantlet threatened by liquid 
Trichoderma harsianum 

 

ANOVA 

Number of primary roots 

  Sum of Squares df Mean Square F Sig. 

Between Groups 68.208 5 13.642 1.878
ns

 0.148 
Within Groups 130.75 18 7.264   
Total 198.958 23 20.906   

CV=9.73 
ns= Not Significant 

 

3.6 Root Length 
 
Fig. 8 shows the average Root Length with 
different levels of Liquid Trichoderma. Treatment 
three (30 ml of Liquid Trichoderma) with a value 
of 2433 was the highest Root length while 
treatment zero (Control) with a value of 1065.5 is 
the lowest. All treatments with Liquid 
Trichoderma are better than pure water (T0). 
 
Based on the Analysis of Variance indicates that 
the results are a statistically significant 
difference. Thus, it was successfully rejected the 
null hypothesis. It reveals that liquid Trichoderma 
can lengthen the Root length of tissue cultured 
abaca seedlings within 30 days. Trichoderma 
showed increased root and shoot growth in a pot 

experiment. A stronger root system leads to 
improved uptake of water, minerals, and 
nutrients when the root surface area responds to 
nutrient limitation circumstances [19]. 
 

3.7 Correlation between Treatment and 
the Parameters 

 
Table 8 shows the correlation between treatment 
and the parameters. The Pseudo stem girt, leaf 
area, shoot length, and root length have a perfect 
Pearson correlation at the 0.01 level. It indicates 
that Liquid Trichoderma has the potential to 
enhance the growth of Abaca seedlings. The leaf 
count has a Pearson correlation significant at the 
0.05 level which indicates the relationship of 
Liquid Trichoderma. The plant height and the 
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number of primary roots have a very weak 
Pearson correlation at the level of 0.01 and 0.05 
in 2-tailed. It represents that Liquid Trichoderma 

harsianum between plant height and the number 
of primary roots has no potential in terms of 
enhancing the growth of Abaca seedlings. 

 

 
 

Fig. 8. Transformation in root length of abaca plantlets threatened by liquid Trichoderma 
harsianum 

 

 
 

Fig. 9. The average of temperature and humidity  
Source of https://ww.weatheravenue.com/en/asia/ph/davao-del-sur/tigumok-almanac.html 
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Table 8. Correlation between treatment and the parameters 
 

Correlations 

 Plant 
height 

Pseudo 
Stem_Girth 

Leaf count Leaf_area Shoot length Number of 
primary 
roots 

Root_length 

PLANT_HEIGHT Pearson Correlation 1 .442
*
 .506

*
 .728

**
 .650

**
 .178 .701

**
 

Sig. (2-tailed)  .031 .012 .000 .001 .406 .000 
N 24 24 24 24 24 24 24 

Pseudo_Stem_Girth Pearson Correlation .442
*
 1 .498

*
 .416

*
 .274 -.060 .482

*
 

Sig. (2-tailed) .031  .013 .043 .195 .782 .017 
N 24 24 24 24 24 24 24 

Leaf_Count Pearson Correlation .506
*
 .498

*
 1 .286 .377 .264 .392 

Sig. (2-tailed) .012 .013  .176 .069 .213 .058 
N 24 24 24 24 24 24 24 

Leaf_Area Pearson Correlation .728
**
 .416

*
 .286 1 .569

**
 -.014 .668

**
 

Sig. (2-tailed) .000 .043 .176  .004 .949 .000 
N 24 24 24 24 24 24 24 

Shoot_Length Pearson Correlation .650
**
 .274 .377 .569

**
 1 .048 .784

**
 

Sig. (2-tailed) .001 .195 .069 .004  .824 .000 

Number_of_Primary_Roots Pearson Correlation .178 -.060 .264 -.014 .048 1 .082 

N 24 24 24 24 24 24 24 
Root_Length Pearson Correlation .701

**
 .482

*
 .392 .668

**
 .784

**
 .082 1 

Sig. (2-tailed) .000 .017 .058 .000 .000 .704  
N 24 24 24 24 24 24 24 

*. Correlation is significant at the 0.05 level (2-tailed) 
**. Correlation is significant at the 0.01 level (2-tailed) 
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4. SUMMARY 
 
The study was conducted to evaluate the effect 
of different rates of liquid Trichoderma on the 
growth enhancement of tissue cultured abaca 
seedlings. The study was carried out in a 
completely randomized design experiment. 
There were six treatments replicated four (4) 
times with 5 five samples per replicate. The 
following treatments were T0- control, T1- 50 ml 
of L.T., T2- 40 ml of L.T., T3- 30 ml of L.T., T4- 40 
ml of L.T., and T5- 10 ml of L.T. The abaca 
seedling was monitored for 30 days before 
applying liquid Trichoderma, and the initial data 
on plant height and pseudostem girth was 
collected for the basis. The data collection of 
plant height and pseudostem are collected every 
week. The application of liquid Trichoderma was 
every three days. The various effects of liquid 
Trichoderma were not observed in the first week 
of abaca seedlings. The control and Liquid 
Trichoderma appear to have different effects in 
the second week [20-22]. 
 
The leaves of abaca seedlings treated with 
Liquid Trichoderma were healthier than the 
natural water. In the third-week observation of T0 
(control or natural water), there was an insect 
found on the tissue-cultured Abaca Seedlings 
[23-25]. 
 
Based on the results, Plant Height has the 
highest mean in treatment five (10 ml of Liquid 
Trichoderma) with a value of 34.1. Pseudo stem 
girth has the larger in treatment four (20 ml of 
Liquid Trichoderma). Leaf Count has the highest 
mean in treatment four (20 ml of Liquid 
Trichoderma)with a value of 35.75. Leaf Area 
has the highest mean in treatment five (10 ml of 
Liquid Trichoderma)with a value of 37394. Shoot 
Length has the highest mean in treatment three 
(30 ml of Liquid Trichoderma) with a value of 
561.75. The number of primary roots has the 
highest mean in treatment four (20 ml of Liquid 
Trichoderma) with a value of 30, and Root 
Length has the highest mean in treatment three 
(30 ml of Liquid Trichoderma) with a value of 
2433. 
 

5. CONCLUSION 
 
Based on the findings of the study, the following 
conclusion is drawn: 
 

1.  Plant height and pseudo stem girth of 
Abaca seedlings treated with various 
concentrations of liquid Trichoderma are 

comparatively higher than those treated 
with natural water (control), but the findings 
are insufficient to rule out the null 
hypotheses. 

2. Abaca seedlings exposed to various 
concentrations of liquid Trichoderma have 
more leaves, more leaf area, and more 
primary roots than those exposed to 
natural water (the control), but the results 
do not rule out the null hypotheses. While 
Abaca seedlings with various rates of liquid 
Trichoderma strongly rejected the null 
hypothesis and developed greater lengths 
for their shoot and root lengths. 

3. The relationship between treatments and 
parameters is positive. 

4. Among the six treatments applied in the 
study, 30ml of Liquid Trichoderma is suited 
for Abaca seedlings. 

 

6. RECOMMENDATION 
 
Based on the results, T3 (30 ml of L.T.) for shoot 
length and root length are the most effective 
treatments, although T2 (40 ml of L.T.), T4 (20 ml 
of L.T.), and T5 (10ml of L.T) also produce better 
results too.  
 

 It is recommended to increase the duration 
of the study to observe the excellent 
results of Liquid Trichoderma in the 
seedling stage.  

 Liquid Trichoderma is recommended for 
growth enhancement.  

 To keep pests and diseases from the plant, 
it is advised that the plants be treated with 
liquid Trichoderma. 

 Due to its inexpensive cost, the 10 ml of 
liquid Trichoderma was suggested to give 
the research study more significance. 

 
COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 

 
REFERENCES 
 
1. Dev P. Abaca: The Philippine fiber. Far 

Eastern Agriculture; 2012, April 5.  
Available:https://www.fareasternagriculture
.com/crops/agriculture/abaca-the-
philippine-fiber 

2. Jiang X, Geng A, He N, Li Q. New isolate 
of Trichoderma viride strain for enhanced 
cellulolytic enzyme complex production. 

https://www.fareasternagriculture.com/crops/agriculture/abaca-the-philippine-fiber
https://www.fareasternagriculture.com/crops/agriculture/abaca-the-philippine-fiber
https://www.fareasternagriculture.com/crops/agriculture/abaca-the-philippine-fiber


 
 
 
 

Mahusay and Corpuz; AJRAF, 8(4): 38-50, 2022; Article no.AJRAF.90352 
 

 

 
49 

 

Journal of Bioscience and Bioengineering. 
2011;111(2):121-127. 

3. Al-Ani LKT. Trichoderma: beneficial role in 
sustainable agriculture by plant disease 
management. In Plant microbiome: stress 
response. Springer, Singapore. 2018;105-
126. 

4. Chaoui HI, Zibilske LM, Ohno T. Effects of 
earthworm casts and compost on soil 
microbial activity and plant nutrient 
availability. Soil Biology and Biochemistry. 
2003;35(2):295- 302. 

5. Doni F, Al-Shorgani NKN, Abuelhassan 
NN, Isahak A, Zain CRCM, Yusoff WMW. 
Microbial involvement in growth of paddy. 
Current Research Journal of Biological 
Sciences. 2013;5(6):285-290. 

6. Guerrero III RD. Vermicompost production 
and its use for crop production in the 
Philippines. International Journal of Global 
Environmental Issues. 2010;10(3-4):378-
383 

7. Kamal RK, Athisayam V, Gusain YS, 
Kumar V. Trichoderma: A most common 
biofertilizer with multiple roles in 
agriculture. Biomedical Journal. 2018;2(3). 

8. Lee S, Yap M, Behringer G, Hung R, 
Bennett JW. Volatile organic compounds 
emitted by Trichoderma species mediate 
plant growth. Fungal Biology and 
Biotechnology. 2016;3(1):1-14. 

9. Mahmud M, Abdullah R, Yaacob J. Effect 
of vermicompost amendment on nutritional 
status of sandy loam soil, growth 
performance, and yield of pineapple 
(Ananas comosus var. MD2) under field 
conditions. Agronomy. 2018;8(9):183. 

10. Pérez-Piqueres A, Edel-Hermann V, 
Alabouvette C, Steinberg C. Response of 
soil microbial communities to compost 
amendments. Soil Biology and 
Biochemistry. 2006;38(3):460- 470 

11. Philippine Abaca Industry Roadmap. 
Executive summary this roadmap sets the 
direction for the Philippine abaca industry. 
It encompasses; 2018. 

Available:https://www.coursehero.com/file/
58274094/Philippine-Abaca-Industry-
Roadmap-2018-2022pdf/ 

12. Ubaub LT, Requina JD. Vesicular 
Arbuscular mycorrhizae and Trichoderma 
harzianum as biological control agents 
against panama disease of 
‘cavendish’banana caused by Fusarium 
oxysporum F. Sp. Cubense Tropical Race 

4. Asian Research Journal of Agriculture. 
2016;1(2):1-11. 

13. George D, Mallery P. IBM SPSS statistics 
26 step by step: A simple guide and 
reference. Routledge; 2019. 

14. Bande MM, Asio VB, Sauerborn J, 
Römheld V. Growth Performance of Abaca 
(Née) Musa textilis Integrated in Multi-
strata Agroecosystems. Annals of Tropical 
Research. 2016;38(1):19-35. 

15. Krishnamoorthy V, Hanif NAK. Influence of 
micronutrients on growth and yield of 
banana. Journal of Krishi Vigyan. 
2017;5(2):87-89. 

16. Yedidia I, Srivastva AK, Kapulnik Y, Chet I. 
Effect of Trichoderma harzianum on 
microelement concentrations and 
increased growth of cucumber plants. 
Plant and Soil. 2001;235(2):235-242. 

17. Shekhany HKA. A comparative study on 
the effect of foliar application of NPK and 
different mediums on Melia azedarach L. 
growth. Int J Plant Soil Sci. 2017;19:1-5. 

18. Lo CT, Lin CY. Screening strains of 
Trichoderma spp for plant growth 
enhancement in Taiwan; 2002. 

19. Mahato S, Bhuju S, Shrestha J. Effect of 
Trichoderma viride as biofertilizer on 
growth and yield of wheat. Malays. J. 
Sustain. Agric. 2018;2(2):1-5. 

20. Woo SL, Ruocco M, Vinale F, Nigro M, 
Marra R, Lombardi N, Lorito M. 
Trichoderma-based products and their 
widespread use in agriculture. The Open 
Mycology Journal. 2014;8(1). 

21. Worbs S. Biodiversity of agroecological 
systems with spezialreference to Abaca 
(Musa textilis) on Leyte, Philippines. A 
Diploma Thesis. University of Hohenheim; 
2002. 

22. Zin NA, Badaruddin NA. Biological 
functions of Trichoderma spp. for 
agriculture applications. Annals of 
Agricultural Sciences. 2020;65(2):168-178. 

23. Philippines Statistics Authority. Major Non-
Food and Industrial Crops Quarterly 
Bulletin; July-September 2021. 
Available:https://psa.gov.ph/nonfood#:~:te
xt=Eastern%20Visayas%20was%20the%2
0top,and%2017.3%20percent%20 
shares%2C%20respectively  

24. Viji VS, Veena SS, Karthikeyan S, Jeeva 
ML. Cassava based substrates-conducive 
media for mass multiplication of 
Trichoderma asperellum. Journal of Root 
Crops. 2018;44(1):41-46. 

https://www.coursehero.com/file/58274094/Philippine-Abaca-Industry-Roadmap-2018-2022pdf/
https://www.coursehero.com/file/58274094/Philippine-Abaca-Industry-Roadmap-2018-2022pdf/
https://www.coursehero.com/file/58274094/Philippine-Abaca-Industry-Roadmap-2018-2022pdf/
https://psa.gov.ph/nonfood#:~:text=Eastern%20Visayas%20was%20the%20top,and%2017.3%20percent%20shares%2C%20respectively
https://psa.gov.ph/nonfood#:~:text=Eastern%20Visayas%20was%20the%20top,and%2017.3%20percent%20shares%2C%20respectively
https://psa.gov.ph/nonfood#:~:text=Eastern%20Visayas%20was%20the%20top,and%2017.3%20percent%20shares%2C%20respectively
https://psa.gov.ph/nonfood#:~:text=Eastern%20Visayas%20was%20the%20top,and%2017.3%20percent%20shares%2C%20respectively


 
 
 
 

Mahusay and Corpuz; AJRAF, 8(4): 38-50, 2022; Article no.AJRAF.90352 
 

 

 
50 

 

25. Waller V, Wilsby A. Abaca in the 
Philippines, an overview of a potential 
important resource for the country: 

Relating the tensile strength of the                   
single fiber to the microfibrilar angle;             
2019. 

_________________________________________________________________________________ 
© 2022 Mahusay and Corpuz; This is an Open Access article distributed under the terms of the Creative Commons Attribution 
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any 
medium, provided the original work is properly cited. 

 
 

 
 

Peer-review history: 
The peer review history for this paper can be accessed here: 

https://www.sdiarticle5.com/review-history/90352 

http://creativecommons.org/licenses/by/4.0

