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Abstract: In 2021, pak choi production in Indonesia was 727.47 Mg, marking an increase of 8.2% compared to the 2020 
production, which was 667.47 Mg. Therefore, there is a clear need for cultivation improvement, particularly through the 
implementation of organic fertilisers. This study aimed to investigate the impact of liquid organic fertiliser (LOF) 
derived from fish waste and duck manure on the growth and yield of the pak choi plant (Brassica rapa. L. var. Nauli F1). 
A randomised block design factorial was used with two factors and three replications. The first factor considered was 
LOF from fish waste, comprising three levels (LOF0 = control, LOF1 = 25 cm3∙dm–3 of water, and LOF2 = 50 cm3∙dm–3 

of water). The second factor focused on duck manure fertiliser (DMF) and involved four levels (DMF0 = control, 
DMF1 = 3.7 kg∙plot–1, DMF2 = 5.55 kg∙plot–1, and DMF3 = 7.4 kg∙plot–1). The results showed that the application of LOF 
from fish waste positively influenced the growth and yield of pak choi, with the most effective treatment observed in 
LOF1 (25 cm3∙dm–3 of water). However, the application of DMF did not yield a significant difference in its effect on the 
growth and yield of the pak choi plant. The control treatment (DMF0) reported comparable results and the combination 
of LOF from fish waste and DMF did not show a significant effect, with the most favourable findings observed in the 
LOF2DMF0 treatment (50 cm3∙dm–3 and control).  
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INTRODUCTION 

Pak choi (Brassica rapa L.) is a vegetable plant that belongs to the 
Brassicaceae family. The popularity of the plant is primarily 
attributed to the broader stems and leaves compared to 
conventional green mustard. Consequently, this particular 
mustard variant is extensively cultivated and has a fairly bright 
business prospect for pak choi farmers (Anjani, Santoso and 
Sumarjan, 2022). The plant can be grown in the lowlands and 
highlands provided enough sunlight is obtained, and good soil 
aeration with a soil pH of 6.5 – 7 (Sarido and Junia, 2017). 

In Indonesia, the production of mustard, including pak 
choi, amounted to 727.47 Mg in 2021, marking an 8.2% rise from 
the 2020 figure of 667.47 Mg (BPS, 2021b). This increment may 

not be sufficient to cater to the demands of the growing 
population, which experienced a growth rate of 0.9% in 2021 and 
1.12% in 2022 (BPS, no date). Therefore, there is a pressing need 
to augment pak choi production to ensure an ample vegetable 
supply for the people of Indonesia. The application of inorganic 
fertilisers appears to be the quickest remedy but also poses 
significant challenges such as environmental pollution, ecologi-
cal harm, and higher production costs (Purba et al., 2020; 
Keshavarz Mirzamohammadi et al., 2021). Global climate 
change has negatively impacted soil organic matter quality. In 
line with the circular economy, agro-industrial, livestock, and 
agricultural waste with suitable physicochemical composition can 
be used for fertiliser production (Ma, Shen, and Liu, 2020). 
Organic fertilisation technology can also improve farmers’ 
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livelihoods and promote environmental health. Furthermore, 
organic amendments provide several benefits, including reducing 
dependency on fertilisers, so farmers can contribute to environ-
mental sustainability using organic waste (Pellejero et al., 2022). 

Organic fertilisers can add nutrients to the soil, such as N, 
P, and K, as well as increase the ability to absorb nutrients and 
improve their chemical properties (Chen, 2006). They can 
replace 25 to 50, or 75%, of chemical fertilisers used for 
vegetables, resulting in higher yields and meeting the nutritional 
needs of the vegetables tested (Thanh et al., 2023). The 
application of compost from onion residues mixed with cow 
dung had a positive impact on plant growth and yield of 
tomatoes (Pellejero et al., 2021). Several examples of organic 
fertilisers include liquid organic fertiliser (LOF) from fish waste 
and duck manure fertiliser (DMF). According to Mulyani et al. 
(2019), in Jatinangor, Sumedang Regency, West Java, Indonesia, 
there are potential sources of organic raw materials from animal 
waste, such as duck waste (182.25 kg∙d–1). The fish waste data is 
based on data on marine fish production, which is quite large, 
namely 6.22 mln Mg in 2015 (FAO, 2018) and 6.71 mln Mg in 
2018 (FAO, 2020). The condition shows that the amount of fish 
waste produced in Indonesia is quite large and can be used as 
liquid fertiliser. A previous study by Ahuja et al. (2021) showed 
that organic fertilisers derived from fish waste contained 
essential nutrients such as N, P, K, calcium, magnesium, and 
sulphur in significant amounts. 

The study by Fahlivi (2018) resulted in using LOF derived 
from fish waste, which had a high level of macronutrients, 
namely 2.11% of N, 0.22% of P, and 0.25% of K. Meanwhile, 
DMF could be an effective alternative to increase the 
productivity of sugarcane (Ratanarak and Prachuabmoh, 1991). 
These results indicated that using organic fertilisers, such as 
duck manure, could be a viable option to maintain and improve 
soil health and microbial diversity, contributing to more 
sustainable agricultural practices as an alternative to synthetic 
fertilisers (Wang et al., 2014). This study aims to use LOF from 
fish waste and DMF materials, which are readily available and 
underutilised by the community. Therefore, the effect of LOF 
from fish waste and DMF, as well as their interaction on the 
growth and yield of the pak choi plant should be determined 
(Brassica rapa L. var. Nauli F1). 

MATERIALS AND METHODS 

STUDY SITE 

The experiment was performed at a farmer’s land, Jl. Perjuangan, 
Babalan District, Langkat Regency, North Sumatra Province, 
Indonesia (4.010702, 98.297616; 4 m a.s.l.) during the growth 
season (October–December) 2020, with rainfall and rainy day 
range of 1953 mm and 110 days, respectively (BPS, 2021a). 

MATERIALS 

The materials used were fish waste (±10 kg), dried duck waste 
(±150 kg), Decis 25 emulsifiable concentrate (EC) (deltamethrin – 
C22H19Br2NO3), analytical scale (Henherr BL-H2), molasses, 
brown sugar, effective microorganisms (EM 4), pak choi seeds 
(var. Nauli F1) and water. 

METHODS 

This study was conducted using randomised block design (RBD) 
factorial, and the experiment consisted of two factors and three 
replications. The first factor was LOF from fish waste with three 
levels (LOF0 = control, LOF1 = 25 cm3∙dm–3 of water, 
LOF2 = 50 cm3∙dm–3 of water). The second factor was duck 
manure fertiliser (DMF) with four levels (DMF0 = control, 
DMF1 = 3.7 kg∙plot–1, DMF2 = 5.55 kg∙plot–1, DMF3 = 
7.4 kg∙plot–1) to obtain a total of 12 treatments, with three 
replications and 36 trial units. 

The production process of LOF involved mixing 30 dm3 of 
water with 10 kg of finely ground fish waste, 1 dm3 of molasses, 
250 g of brown sugar, and 1 dm3 of EM 4. This mixture was 
thoroughly combined, and the incubation process took place for 
30 days. Additionally, the study area covered 100 m2 and 
consisted of 36 plots. Each plot measured 150 × 150 cm and was 
spaced at 30 × 30 cm intervals, accommodating 12 plants in each 
plot. Before planting, an equal amount of compost fertiliser 
served as the base for each plot. The treatment dosage of DMF 
was applied one week before planting and was thoroughly mixed 
with the soil to ensure complete homogeneity. LOF was applied to 
the soil gradually during the early planting stage, two weeks, and 
four weeks after planting. The seven-day-old seedlings of pak choi 
were transplanted into the study plots and watered. Daily 
watering using a hand sprayer (2 dm3 of water per plot) was 
conducted in the morning and afternoon. At the same time, weed, 
pest, and disease control measures were taken to protect the pak 
choi plant from Crocidolomia binotalis and Plutella maculipennis. 
The pests were managed by applying Decis 25 EC with 
0.4 cm3∙dm–3 of water every two days. Pak choi was harvested 
45 days after transplanting (DAT) and cleaned for production 
component observation. The growth parameters consisted of 
a) plant height (measured from the growing media surface to the 
highest leaf at 14, 28, and 45 DAT), and b) number of leaves 
(counted only for fully opened leaves at 14, 28, and 45 DAT). The 
yield parameters were: a) wet weight (of the cleaned pak choi, 
measured using an analytical scale (at harvest), b) root length 
(measured on cleaned roots at harvest, from the base of the stem 
to the tip of the root). 

DATA ANALYSIS 

Data were statistically analysed using ANOVA (analysis of 
variance). The significant variables were tested using DMRT 
(Duncan multiple range test) at a significance level of 5% (Weber 
and Skillings, 2018) using Microsoft Excel 2016 and R-Studio 
(Version 3.2.1) applications. Linear and quadratic regression 
analyses were used to investigate the relationship between the 
dosage of LOF from fish waste and duck manure. The regression 
analysis used modelling to predict the growth and yield based on 
the given fertiliser dosage. Meanwhile, the quadratic regression 
analysis was used to examine whether the relationship between 
the fertiliser dosage and the growth/yield was non-linear, 
indicating the existence of an optimal fertiliser dosage. 

Linear models follow the formula prescribed by Agresti 
(2015): 

Yijk ¼ �þ LOFi þDMFj þ Bk þ Eijk ð1Þ
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where: Yijk = response value of the variable for unit j in block i and 
k, µ = overall average of the dependent variable, LOFi = treatment 
effect of the LOF factor at the level i (i = 1, 2, ..., t), DMFj = treatment 
effect of the DMF factor at level j (j = 1, 2, ..., t), Bk = block effect of 
the unobserved factor in block k (k = 1, 2, ..., b), Eijk = measurement 
error or noise that the factors in the model cannot explain, t, b = last 
variable in the sequence. 

Quadratic models follow the formula prescribed by Agresti 
(2015): 

Y ¼ aþ bX þ cX2 þ " ð2Þ

where: Y = dependent variable, X = independent variable, a, b, 
c = regression coefficients to be estimated, ε = random error. 

RESULTS AND DISCUSSION 

RESULTS 

Effect of liquid organic fertiliser from fish waste and duck 
manure fertiliser on pak choi plant growth 

The statistical analysis showed that applying liquid organic 
fertiliser (LOF) positively impacted plant growth. However, LOF 
did not have a significant impact on observing plant height. The 
observation of the number of leaves showed a significant impact 
(p ≤ 0.05) 45 DAT (Fig. 1). LOF and duck manure fertiliser 
(DMF; p ≤ 0.05) affected the number of leaves in pak choi 45 days 
after transplanting but it differed from the plant height at the 
same observation. 

The utilisation of DMF affected the growth of pak choi 
leading to a decline in height at 45 DAT, as depicted in Figure 1. 
The highest plant height was achieved by the DMF0 control 

treatment (17.08 cm), followed by DMF2 (14.77 cm), DMF3 

(14.62 cm), and DMF1 (14.56 cm) at 45 DAT. LOF treatment also 
exhibited the maximum number of leaves, as evident from Figure 
1, followed by the control LOF0 (20.74 leaves), and treatments 
LOF1 (20.42 leaves) and LOF2 (20.31 leaves). As shown in Table 1, 
DMF significantly (p ≤ 0.01) influenced the number of leaves at 
45 DAT, with the control DMF0 application (21.59 leaves) 
resulting in the maximum number of leaves, followed by DMF1 

(20.17 leaves), DMF2 (20.19 leaves), and DMF3 (20.02 leaves). 

Effect of liquid organic fertiliser from fish waste and duck 
manure fertiliser on pak choi yield 

The wet weight and root length observations indicated that liquid 
organic fertiliser (LOF) and duck manure fertiliser (DMF) had an 
impact (p ≤ 0.01) on the yield components of pak choi, as shown 
in Figure 2. Furthermore, incorporating LOF1 (25 mm3∙dm–3 of 
water) could be viewed as a potential way to enhance the plant’s 
yield components, as presented in Table 1. 

The results in Figure 2 indicate that when applied 
25 cm3∙dm–3 of water, LOF from fish waste (LOF1) led to the 
highest wet weight in pak choi. The LOF1 treatment resulted in 
a wet weight of 67.16 g, while the control (DMF0) produced 69.81 
g. Furthermore, the LOF2 and LOF0 treatments yielded 56.01 and 
52.87 g, respectively. The application of DMF at doses of 3.7 and 
5.55 kg also showed promising results, producing wet weights of 
55.02 and 57.02 g, respectively. Using LOF from fish waste 
resulted in the longest root length in almost all treatments, with 
the LOF0 control producing the longest root length of 15.88 cm 
and the LOF1 and LOF2 producing shorter root lengths of 14.12 
and 14.56 cm, respectively. Applying the DMF0 control resulted 
in the longest root length of 17.28 cm (p ≤ 0.01), followed by the 
DMF1, DMF2, and DMF3 at 15.36, 13.27, and 13.50 cm. 

Fig. 1. The effect of the application of liquid organic fertiliser (LOF) and 
duck manure fertiliser (DMF) on the growth of pak choi at 45 days after 
transplanting; separate symbols (at mean and standard deviation); source: 
own study 

Fig. 2. The effect of the application of liquid organic fertiliser (LOF) and 
duck manure fertiliser (DMF) on the yield of pak choi at 45 days after 
transplanting; separate symbols (at mean and standard deviation); source: 
own study 
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Effect of combination of liquid organic fertiliser from fish waste 
and duck manure fertiliser on growth and yield of pak choi 

The statistical evaluation indicated that using liquid organic 
fertiliser (LOF) and duck manure fertiliser (DMF) in combination 
positively affected plant growth. However, the effect was 
nonsignificant during the 45 DAT, as shown in Figure 3. The 
recorded data regarding plant growth, comprising plant height 
and the number of leaves, can be examined in Table 1. 

In this study, it was found that the combination of LOF and 
DMF positively affected plant growth, with an increase in height 
observed over 45 DAT. The LOF1DMF0 (Photo 1a) and 
LOF2DMF1 treatments had the highest and lowest plant heights 
at 18.42 and 13.74 cm, respectively. However, the combination 
did not significantly affect the number of leaves on the plant. The 
absence of LOF and DMF (LOF0 and DMF0) resulted in the 
highest number of leaves at 22.22. The measurement of pak choi 
plant yield, including wet weight and root length, after applying 
a combination of LOF and DMF can be seen in Figure 4. 

Using a combination of LOF and DMF resulted in 
a positive result in pak choi yield. This study showed that 

Table 1. Summary of the liquid organic fertiliser (LOF) and duck manure fertiliser (DMF) application in observing the plant height 
and the number of leaves (14, 28, 45 days after transplanting (DAT)), wet weight, and root length (45 DAT). 

Treatment 

Plant height  
(cm) 

Number of leaves  
(pcs.) 

Wet weight 
(g) 

Root length 
(cm) 

14 DAT 28 DAT 45 DAT 14 DAT 28 DAT 45 DAT 45 DAT 45 DAT 

LOF0 11.57a 15.00a 16.86a 8.17a 16.86a 20.74a 52.87b 15.88a 

LOF1 12.19a 15.48a 17.59a 8.08a 17.59a 20.42ab 67.16a 14.12a 

LOF2 11.89a 15.30a 16.91a 8.39a 16.91a 20.31b 56.01b 14.56a 

DMF0 13.89aA 17.08a 19.53a 9.26a 19.53a 21.59a 69.81a 17.28a 

DMF1 11.12b 14.56b 16.04b 7.92b 16.04b 20.17b 55.02bc 15.36b 

DMF2 11.21b 14.77b 16.56b 7.74b 16.56b 20.19b 57.89b 13.27c 

DMF3 11.30b 14.62b 16.35b 7.92ba 16.35b 20.02b 51.99c 13.50c 

LOF0 DMF0 13.13a 18.35a 16.05a 9.00a 18.35a 22.22a 59.40a 17.87a 

LOF0 DMF1 11.02a 15.96a 13.99a 8.11a 15.96a 20.22a 46.54a 17.11a 

LOF0 DMF2 11.44a 16.9a 15.22a 6.89a 16.9a 20.44a 60.09a 14.96a 

LOF0 DMF3 10.70a 16.23a 14.75a 8.67a 16.23a 20.10a 45.45a 13.57a 

LOF1 DMF0 14.14a 19.9a 16.79a 9.11a 19.9a 21.55a 78.87a 16.63a 

LOF1 DMF1 11.93a 16.78a 15.94a 8.44a 16.78a 20.19a 72.65a 15.03a 

LOF1 DMF2 11.82a 17.25a 15.13a 8.00a 17.25a 20.15a 57.44a 11.84a 

LOF1 DMF3 10.85a 16.44a 14.05a 6.77a 16.44a 19.78a 59.66a 12.99a 

LOF2 DMF0 14.41a 20.33a 18.42a 9.66a 20.33a 21.00a 71.16a 17.34a 

LOF2 DMF1 10.42a 15.39a 13.74a 7.22a 15.39a 20.11a 45.85a 13.94a 

LOF2 DMF2 10.38a 15.53a 13.97a 8.33a 15.53a 19.96a 56.14a 13.01a 

LOF2 DMF3 12.36a 16.39a 15.05a 8.33a 16.39a 20.19a 50.86a 13.95a 

CV (%) 6.78 9.70 11.20 12.00 9.70 1.81 22.53 12.49  

Explanations: Duncan’s test indicates that numbers followed by different letters in the same column are statistically significant at the 0.05 level 
(indicated by lowercase letters) and highly significant at the 0.01 level (indicated by capital letters), CV = coefficient of variance. 
Source: own study.  

Fig. 3. The effect of the application of liquid organic fertiliser (LOF) and 
duck manure fertiliser (DMF) combinations on the growth of pak choi; 
separate symbols (at mean and standard deviation); source: own study 
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organic fertilisers increased the wet weight of the plant. The 
combination of LOF from fish waste of 25 cm3∙dm–3 of water 
and no DMF (LOF1DMF0) (Photo 1a) yielded the highest wet 
weight of 78.87 g, which was 41.8% higher than the lowest 
observed in LOF2DMF1. However, the use of both fertilisers did 
not have a significant effect on root length in all combinations. 
The combination without fertiliser showed the longest root 
length of 17.87 cm, followed by LOF2DMF0 and LOF0DMF1 at 
17.34 and 17.11 cm respectively. The shortest root length was 
observed in the LOF1DMF2 (Photo 1c) treatment with a length 
of 11.84 cm. 

Figure 5 shows the results of the LOF regression analysis 
conducted on variables such as plant height at 45 DAT, number 
of leaves at 45 DAT, wet weight, and root length. The regression 
analysis indicated that the most effective amount of LOF for 
improving the growth and productivity of pak choi was 
25 cm3∙dm–3 of water. This dosage led to noticeable improve-
ments in variables, such as plant height at 45 DAT, number of 
leaves at 45 DAT, wet weight, and root length compared to other 
dosages. The connection between LOF and plant height can be 
represented by a quadratic regression equation: 

Ŷ ¼ 14:72þ 2:845x � 0:705x2;R2 ¼ 1 ð3Þ

where: Ŷ = plant height, x = LOF, R2 = determination coefficient. 
The correlation between the number of leaves and LOF can 

be expressed as Ŷ = 20.92 – 0.0215x in a linear regression 
equation, with an R2 value of 0.9264. Meanwhile, the correlation 
between LOF and the wet weight was best described by a quadratic 
regression equation Ŷ = 13.14 + 52.45x – 12.72x2 with an R2 value 
of 1. The correlation between LOF and root length was reported 
by the quadratic regression equation Ŷ = 19.84 – 5.06x + 1.1x2 

with an R2 value of 1. Therefore, it was recommended to use LOF 
at a concentration of 25 cm3∙dm–3 of water to promote growth 
and productivity in pak choi since this is the optimal dosage 
according to the LOF regression analysis. Observation data in this 
research can be seen in Photo 1. 

Photo 1. Experimental design details of the application of liquid organic fertiliser (LOF) and duck manure fertiliser (DMF): a) study plot (LOF1DMF0), 
b) all study plots, c) study plot (LOF1DMF2) (phot.: F. Siddik) 

Fig. 4. The effect of the application of liquid organic fertiliser (LOF) and 
duck manure fertiliser (DMF) combinations on the yield of pak choi; 
separate symbols (at mean and standard deviation); source: own study 

Fig. 5. Regression analysis between liquid organic fertiliser (LOF) and 
plant height at 45 DAT (cm), number of leaves at 45 DAT, wet weight (g), 
and root length (cm) of pak choi; source: own study 
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DISCUSSION 

Effect of each treatment on pak choi plant growth 

According to this study, the growth of pak choi can be improved 
by using liquid organic fertiliser (LOF) in a dosage of 25 cm3∙dm–3 

of water. Even though the observed plant height did not show 
a significant difference at all observation ages, using LOF had 
a better positive impact. The number of leaves was significantly 
affected by the application of LOF with the best results achieved at 
a dosage of 25 cm3∙dm–3 of water. This differed from a previous 
study by Munar, Bangun and Lubis (2018), where using LOF 
made from kepok banana peels with a dosage of 75 cm3∙polybag–1 

increased the plant growth. Meanwhile, LOF treatment with high 
N content showed an increased number of leaves and resulted in 
better performance. Fishbone waste also increased N and K uptake 
during a 2-year study by Reppun et al. (2021). Other factors that 
affected the results were water availability, soil nutrition (Savvides, 
Fanourakis and Ieperen van, 2012), and environmental factors 
such as temperature (Kalisz et al., 2012). 

The application of duck manure fertiliser (DMF) signifi-
cantly differed in terms of the plant height (p ≤ 0.05), and the 
number of leaves (p ≤ 0.01). Therefore, DMF did not respond to 
the growth of pak choi from observed parameters, and plant 
growth depended on the existing soil nutrients. Another 
possible consideration was that the high rainfall intensity caused 
nutrient leaching carried by surface erosion (Hagedorn et al., 
1997). Rainfall indirectly influenced mineralisation by affecting 
soil moisture levels. High rainfall led to the leaching of 
nutrients, reducing nutrient availability for mineralisation 
(Brady and Weil, 2008). The mineralisation of the organic 
N fraction of farm manures, both in the year of application and 
subsequent seasons, significantly contributed to the availability 
of N for plants. Temperature after the application was also 
essential, and superficial relationships were derived for each 
group of manures for the amount of N mineralised and thermal 
time (Bhogal et al., 2016). 

Another study showed that using inorganic fertiliser (NPK) 
at a dose of 450 kg∙ha–1 could make pak choi grow to a height of 
28.06 cm with 16.00 leaves at 49 DAT (Silitonga et al., 2018). 
According to Tripathi et al. (2015), using inorganic fertiliser with 
100 kg of N2, 60 kg of P2O5, and 60 kg of K2O per ha resulted in 
the best growth treatment with a height of 22.69 cm and 16.09 
leaves at 45 DAT. However, using LOF and DMF fertilisers 
resulted in more leaves than inorganic fertilisers. 

Effect of each treatment on pak choi yield 

The application of organic farming using liquid organic fertiliser 
(LOF) from fish waste increased the yield of pak choi. This trend 
corresponded with the increased plant height and number of 
leaves during the experiment. From the observation of wet 
weight, the use of LOF positively increased yield compared to 
without LOF. Furthermore, the observation of root length also 
showed that applying LOF affected the root length of the plant. 
Using LOF at all doses resulted in shorter root lengths than 
without LOF due to nutrient stress. The optimal treatment for 
increasing the yield of LOF was 25 cm3∙dm–3 of water, 
considering the efficiency factor of the regression value in 
Figure 5. The increase was likely due to the N content in LOF, 
which supplied nutrients to the plant. Additionally, nutrient 
N was confirmed to affect leaf differentiation speed and growth 

(Poinkar et al., 2006), and LOF assisted in absorbing P in plant 
roots as a biostimulant. Applying high-level fish bone waste also 
resulted in an 88% increase in total P uptake and a 33% increase 
in average P concentration (Reppun et al., 2021). Another study 
brought in similar results since using LOF significantly 
improved the growth and yield of pak choi, as evidenced by 
the increased root length and dry weight of roots and shoots 
after each harvest (Riddech, Phuong and Van, 2019). Further-
more, it was found that the use of high doses of LOF from fish 
waste significantly improved the growth and yield of pumpkins 
(Lubis et al., 2021). 

The application of duck manure fertiliser (DMF) signifi-
cantly differed in terms of wet weight and root length at 45 DAT 
showing p ≤ 0.05 and p ≤ 0.01, but the higher results was found in 
the control without DMF. Traditional organic waste process-
ing had several problems, such as long processing duration, 
nutrient loss during long composting, frequent need for aeration, 
and heterogeneous final products (Nair, Sekiozoic and Anda, 
2006). The solution to optimising the composting process while 
reducing greenhouse gas emissions combined compost and 
vermicompost to process poultry manure. However, this process 
caused greenhouse gas and ammonia emissions, including nitrous 
oxide (N2O), carbon dioxide (CO2), and methane (CH4), which 
led to stratospheric ozone depletion and global warming 
(Crutzen, 2016). A study conducted by Wang et al. (2014) aimed 
to reduce failures in compost production and greenhouse gas 
emissions by using earthworms and various organic materials in 
the composting process of duck manure. The results showed that 
earthworms positively reduced the total combined N2O-CH4 

emissions equivalent to CO2 and had a marginal effect on CO2 

emissions during the pre-composting and combined composting 
of duck manure. Therefore, pre-composting and combined 
composting with the addition of weed straw and zeolite were 
recommended as a method for disposing of duck manure, 
reducing NH3 and greenhouse gas emissions, and providing 
nutrient-rich products as fertilisers. 

Several studies on inorganic fertiliser compared its effec-
tiveness with LOF and DMF. Using 100 kg of N2, 60 kg of P2O5, 
and 60 kg of K2O per ha of inorganic fertiliser resulted in a root 
length of 11.63 cm in pak choi (Tripathi et al., 2015). Another 
study by Din, Cheng and Sarmidi (2017) found that combining 
inorganic fertiliser (NPK 15:15:15) with aerated compost extract 
at a dose of 150 mg∙kg–1 improved the yield, producing a wet 
weight of 59.89 g as the best treatment. However, both studies 
showed that LOF at 25 cm3∙dm–3 of water increased pak choi 
production more than inorganic fertiliser. This result was 
important since practical guidance was provided for applying 
LOF in enhancing the growth and yield of pak choi. Obtaining 
the optimal dosage was a strength of this study, which added to 
the knowledge base of sustainable and effective agricultural 
practices. 

Effect of treatment combination  
on growth and yield of pak choi 

In this study, it was found that the combination of liquid organic 
fertiliser (LOF) from fish waste and duck manure fertiliser (DMF) 
did not significantly impact the observed parameters. The need 
for proper interaction between the nutrients from LOF and DMF 
could be attributed to various factors. The two treatments did not 
complement each other to enhance plant growth and yield, 
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leading to the absence of any interaction. Additionally, the 
response to the treatments during the exponential phase 
could have limited the optimal development of the plant (Ridwan, 
2019). The non-significant effect on the interaction of the two 
treatments was caused by environmental factors controlled for 
good plant growth and production. According to Safrida, Ariska 
and Yusrizal (2019), for the plant to exhibit optimal vegetative 
growth, there needs to be compatibility between their genetic 
traits, nutritional requirements, growing media, and environ-
mental conditions. This perspective was supported by Driesen 
et al. (2020), where plant growth was not determined by internal 
factors but was also influenced by various external factors, 
including water availability in plant tissues, air temperature, and 
sunlight intensity in the plant surroundings. Furthermore, 
applied treatments significantly impacted plant growth and 
productivity when these external factors were adequate. 

The importance of identifying factors that contributed to 
plant growth and productivity was highlighted in the previous 
study by Lakitan (2010). The absence of support between the two 
treatments significantly impacted the plant’s ability to absorb 
essential nutrients, leading to decreased growth and productivity. 
Therefore, understanding the roles and functions of each 
treatment was essential to ensure that they complemented each 
other and promoted plant growth optimally. Plant growth was 
a complex process involving multiple factors influencing the 
plant’s response to treatments. It was essential to consider all 
external factors, such as environmental conditions, soil type, and 
nutrient availability, to ensure external factors did not limit the 
plant growth and productivity. By creating a favourable environ-
ment to promote plant growth and productivity, higher yields and 
better-quality produce were attained. Moreover, the absence of 
positive interaction between the two treatments was attributed to 
similar functions and roles. The interaction resulted in a sub-
stantial increase in growth and yield when both treatments had 
a comparable impact on plant growth. The identification of 
treatments with distinct functions, capable of complementing 
each other, became crucial for synergising plant growth and 
productivity. 

CONCLUSIONS 

1. The application of liquid organic fertiliser (LOF) from fish 
waste enhanced the growth and yield of pak choi. LOF at 
a dosage of 25 cm3∙dm–3 of water also improved growth by 
increasing plant height (4.3%) and yield through an increase in 
wet weight (27%) compared to that without LOF. 

2. The application of duck manure fertiliser (DMF) showed no 
significance on the growth and yield observations of the plant. 
However, a higher impact was observed by the control treat-
ment (without DMF) with better results than the application of 
DMF at all doses. 

3. A combination of LOF and DMF did not significantly affect 
the observed growth and yield of the plant compared to only 
LOF or DMF applications. However, LOF application at 
25 cm3∙dm–3 of water with or without DMF improved plant 
height and leaf number by 4.6% and 8.4% at 45 DAT and 28 
DAT, respectively. The LOF + DMF application also increased 
the yield by 32% compared to without any fertiliser addition. 
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