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Abstract 

The processing of salads, juices, and jams from pineapples is widely produced from 

pineapple peels. This study evaluated the effect of pineapple peels as a liquid organic 

fertiliser (LOF) on the growth character of okra (Abelmoschus esculentus L.) and selected 

soil chemical properties. Different percentages of pineapple peels’ LOF were applied to 

the growth medium of okra: T1 (control), T2 (3%), T3 (6%), T4 (9%), T5 (12%), and T6 

(15%) and these treatments were arranged in Randomised Complete Block Design 

(RCBD), along with four replications. The results of this study indicated that the use of 

LOF did not have a significant effect on the growth of okra (p>0.05). However, the 

growth of okra tended to be better at T4 (9%) and the high percentage (T6: 15%) of LOF 

showed a reduction of growth parameters. The result of soil chemical properties revealed 

that the high rate (6-15%) of LOF significantly improved soil pH. The macronutrients and 

micronutrients displayed no significant results, except for Ca and Mg. 

1. Introduction 

The pineapple (Ananas comosus) is a 

monocotyledonous plant that belongs to bromeliad 

family and bromelioideae subfamily (Saito and 

Harborne, 1983). It is one of the world's most frequently 

consumed fruits, either directly or as a by-product of 

processed foods, such as syrups, vinegar, wines, liqueurs, 

flour, and livestock feed (Baidhe et al., 2021). The 

demand for pineapples is increasing throughout the year 

because they contain all the good nutritious nutrients that 

humans require. Pineapples comprise mostly carbs and 

water, and it is an excellent source of dietary fibres, 

sugars, organic acid, vitamins, and minerals, as well as 

bromelain. Bromelain is a proteolytic enzyme that helps 

digestion and has anti-inflammatory, antioxidant, anti-

cancer, and cardioprotective properties (Hikisz and 

Bernasinska-Slomczewska, 2021). The pineapple market 

has expanded significantly because of the appealing 

fragrance components and nutritious qualities, as well as 

high demand and competitive retail pricing (Abu Bakar 

et al., 2013). The biggest countries that produce 

pineapples are Costa Rica (3056.45 metric tonnes), 

followed by the Philippines (2671.71 metric tonnes), 

Brazil (2253.90 metric tonnes), Thailand (2153.18 metric 

tonnes), and lastly India (1891.00 metric tonnes). They 

were the top five pineapple producers globally in 2017 

(Statista, 2020). In Malaysia, Johor was known as the 

biggest pineapple producer in 2017 (274,284 metric 

tonnes) (DOA, 2018). Other states such as Sarawak, 

Perak, Kedah, Pahang, and Selangor’s pineapple 

plantations have also expanded rapidly due to the 

increasing demand for this fruit because of its nutritional 

value. 

As a consequence of the increasing production and 

demand for pineapples in this country, there are 

abundance amount of waste products derived from the 

pineapple industry. Two types of waste materials from 

the pineapple industries are derived from fields and 

mills. The most common types of field wastes are 

crowns, bark, and leaves, which are frequently burned in 

the centre of fields after the fruit harvest (Reinhardt et 

al., 2018). This can cause pollution to the environment, 

such as air pollution. Meanwhile, the wastes at mills 

consist of pineapple peels, which also contributed to 

pollution if the mills do not properly manage the waste. 

Even though these wastes cannot be eaten, they contain 

significant amounts of carbs, including non-digestible 

proteins and fibres (Al-Sayed and Ahmed, 2013). 

Improper management of pineapple wastes leads to 

generating both greenhouse gases (GHG) and waste 
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fluids with high biological and chemical oxygen needs, 

causing environmental and sanitary concerns, as well as 

endangering the well-being of those in the nearby areas 

(Bhatnagar et al., 2015). Greenhouse gases contribute to 

climate change by trapping heat. These gases also 

contribute to respiratory illness caused by smog and air 

pollution. Other impacts of climate change produced by 

greenhouse gases include extreme weather, food supply 

problems, and increasing wildfires. Wastes from farms 

can also form a habitat for pests and diseases, which can 

have harmful effects, especially rats. Rats will transmit 

illnesses, such as leptospirosis, which are extremely 

dangerous to humans if ingested. Direct transmission 

occurs from host to host, whereas indirect transmission 

occurs through the soil, infected animal urine, or polluted 

water (Haake and Levett, 2015). Humans can be 

unintentional hosts, shedding leptospires through urine 

(Haake and Levett, 2015). Leptospires spread 

hematogenously and infect host tissues once it enters the 

body (Wunder et al., 2016). In the worst-case scenario, it 

can cause death to humans. 

Therefore, the management of pineapple waste is 

very important in the pineapple industry. Waste 

management, often known as waste disposal, refers to all 

the steps involved in handling unwanted or rejected 

materials from the point of origin to the final stage of 

disposal. After water quality, the second most troubling 

issue impacting emerging nations is solid waste 

management (Senkoro, 2003). Composting, landfilling, 

anaerobic digestion, pyrolysis and gasification, as well as 

incineration are examples of waste management methods 

that can be practised in pineapple industries to decrease 

pollution and sustain the environment. This is to ensure 

that the wastes are fully utilised without causing any 

harmful effects on the environment. A well-managed 

waste stream will provide sustainability, as well as clean, 

easily marketable, and environmentally friendly finished 

products (Mahmud et al., 2016). 

Previous researchers have revealed the potential of 

fruit wastes as a source of raw materials that can be 

converted into value-added products or incorporated into 

a variety of biotechnological applications such as bio-

fertiliser production, animal food and feed production, 

industrial chemicals or raw materials, biofuels and other 

alternative renewable energy development, water 

treatment application, as well as food and pharmaceutical 

industrial applications (Sagar et al., 2018), as cited by 

Alasa (2021). Alasa (2021) also cited that based on 

scientific findings, fruit wastes contain a variety of 

natural bioactive compounds that are beneficial to plant 

growth (Vasanthi and Ramadas, 2019).  

Thus, using fruit wastes as fertilisers for crops could 

result in long-term plant growth and a clean 

environment. In order to convert the wastes into 

fertilisers, the wastes need to be composted. Composting 

is the natural method of converting organic materials like 

leaves and discarded food into usable products that can 

be applied as soil amendments to enhance soil properties 

and plant growth.  The fertilisers derived from 

composting fruit waste-based offer a number of benefits 

for plants through improved soil morphology and 

organic matter content (Adalgisa et al., 2005). They also 

improve soil pH and fertility (Panwar, 2015), as well as 

enhance soil microbial activity (Rai et al., 2014), and 

protect plants from insects, nematodes, fungi, and other 

plant pathogens (Divina, 2016). 

Meanwhile, the use of fertilisers through composting 

plant residues helps increase the soil's sustainable health 

compared to inorganic fertilisers. Inorganic fertilisers 

release nutrients quickly, but most of them leach out 

easily, which contributes to environmental and health 

implications. The addition of organic amendments to the 

soil at different rates has been reported to increase the 

yield of okra and improve soil nutrient contents (Akanbi 

et al., 2000).  Furthermore, the use of organic fertilisers 

through the utilisation of agricultural wastes could 

reduce the cost of buying chemical fertilisers which is a 

burden to farmers, particularly vegetable crop growers 

(Olasantan, 1991). Therefore, the major aim of this study 

was to investigate the effects of pineapple peels as a 

liquid organic fertiliser (LOF) on the growth character of 

okra (Abelmoschus esculentus L.) and to determine 

selected soil chemical properties with the application of 

LOF. The findings of this study may promote the 

recycling or reutilisation of fruit waste-based organic 

fertilisers to ensure the long-term sustainability of the 

environment. 

 

2. Materials and methods 

2.1 Soil sampling and preparation 

Soil sampling was carried out to characterise the soil 

used for the experiment. The soil samples were collected 

at the surface of UiTM Jasin Share Farm’s soil of about 

0 to 15 cm depth. These soil samples were used as 

planting media for okra cultivation. Then, several 

collected soil samples were air-dried, crushed using 

mortar, pestle, and then sieved through 2 mm mesh. The 

sieved samples were analysed for soil physico-chemical 

characteristics. The result of the soil physico-chemical 

analysis is shown in Table 1. 

2.2 Preparation of liquid organic fertiliser derives from 

pineapple peels 

In this study, pineapple peel wastes were used as 

LOF materials. The wastes of pineapple peels were 

chopped into smaller pieces and later ground to 
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accelerate the composting process by the 

microorganisms. Before grinding, the pineapple peels 

were washed and cleaned using running water to dispose 

of the remaining chemical substances, such as pesticides 

and herbicides. After that, the pineapple peels were 

mixed with a few other materials to create a decent LOF, 

such as Effective Microorganism (EM), lime, brown 

sugar (molasses), and rice washing water. These 

materials were added to the LOF as a food source for the 

microbes to perform the composting process. Then, the 

LOF was kept in a tightly closed container and stored at 

room temperature where there was no sunlight. This was 

because the sunlight might inhibit the production and 

development of the effective microorganism in the LOF 

and take 30-40 days for the LOF to be ready. 

2.3 Experimental procedures 

The experiment made use of twenty-four polybags. 

They were filled with topsoil collected from the share 

farm. The experimental design was arranged according 

to Random Complete Block Design (RCBD) along with 

four replications. The treatment of this study involved 

different rates of LOF: T1 (0%), T2 (3%), T3 (6%), T4 

(9%), T5 (12%), and T6 (15%). The transplanting of 

okra seedlings into the polybag was done after a week. 

Plant growth parameters such as plant height and the 

number of leaves were taken at three days intervals for 

18 days. After the 18-day duration, the plants were 

uprooted and taken to the laboratory. The root length and 

plant biomass were determined. 

2.4 The chemical analysis of the soil treated with liquid 

organic fertiliser 

The chemical analysis of the soil treated with LOF 

was measured in this study. The analysis included the 

soil pH, extractable phosphorus (P), available potassium 

(K), magnesium (Mg), and calcium (Ca), as well as 

available micronutrients iron (Fe), manganese (Mn), 

Copper (Cu), and zinc (Zn). The pH of the soil was 

measured using a pH meter after calibration with buffer 

solutions with pH values of 4 and 7. The extractable P 

was determined by using Bray II solution method, and 

the available K, Mg, and Ca were determined by 

applying the modified shaking method using 1 M of 

ammonium acetate (NH4OAc). Meanwhile, soil 

micronutrients like Fe, Mn, Cu, and Zn, were determined 

by using Mehlich No. 1 solution. All the macronutrients 

and micronutrient filtrate were determined by using an 

Inductively Coupled Plasma Optimal Emission 

Spectrometer (ICP-OES). 

 

3. Results and discussion 

3.1 Soil analysis 

According to Table 1, the soil pH was low, 

indicating that it is acidic. Meanwhile, the values for P, 

K, Ca, and Mg macronutrients, as well as Fe, Zn, Mn, 

and Cu micronutrients, were low. 

3.2 Plant growth parameter 

3.2.1 Plant height 

The progress of plant height for the okra plant is 

shown in Figure 1. In early growth, the plant height did 

not show differences until 12 of DAP (day after 

planting). The plant height began to vary. T5 (12%) hit 

the maximum plant height after being treated with LOF 

whilst T1 hit the lowest. However, no significant 

differences (p = 0.234) in plant height were recorded 

(Figure 2) for both control and treatment applications 

among all six collected data. Figure 2 illustrates that the 

Soil Properties  

pH 3.93 

Extractable P (mg/kg) 1.03 

Available K (mg/kg) 16.24 

Available Ca (mg/kg) 49.18 

Available Mg (mg/kg) 3.99 

Available Fe (mg/kg) 78.43 

Available Zn (mg/kg) 0.356 

Available Mn (mg/kg) 1.143 

Available Cu (mg/kg) 0.296 

Table 1. Soil chemical properties.  

Figure 1. The effect of different percentages of LOF on plant 

height (cm). 

Figure 2. The mean comparison of plant height on different 

percentages of LOF. 
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application of LOF slightly increased the plant height. 

This finding was similar to Sutanto et al. (2016) in which 

the pineapple liquid waste could increase the plant height 

for orchids and result in better plant growth. 

3.2.2 Number of leaves 

Figure 3 displays the number of leaves for the okra 

plant. The number of leaves from 3 to 6 DAP was not 

varied. However, the number of leaves began to differ on 

9 DAP. T5 (12%) had the most leaves, while T6 (15%) 

had the fewest number of leaves. As shown in Figure 4 

above, no significant differences (p = 0.548) in the 

number of leaves recorded for both control and treatment 

applications among all six collected data. The application 

of LOF slightly increased the number of leaves. This 

result was similar to Sutanto et al. (2016) which reported 

that the application of pineapple liquid waste could 

increase the number of leaves. However, in contrast to 

previous research by Mahmud et al. (2016), the high rate 

of pineapple biomass application resulted in decreased 

plant growth and inhibited the development of other 

parts of the plant, such as the number of leaves. From 

this study, the LOF showed a high EC reading (>4.0 mS) 

which might affect the plant growth performances. The 

accumulation and presence of salt in the soil inhibited 

the plant’s ability to absorb water, resulting in slower 

growth development. Salt stress has an impact on all the 

major activities in plants, including plant growth and 

development (Parihar et al., 2015). The findings from 

this study were supported by past studies where the 

number of leaves decreased as plant development was 

inhibited due to the high application rate of LOF (15%). 

3.2.3 Root length 

Based on the collected data for both control and 

treatment applications, there are no significant 

differences (p = 0.581) were found for root length. Even 

so, based on Figure 5, T2 (3%) recorded the highest 

mean for root length compared to other treatments. In 

contrast to previous research by Hindersah et al.  (2018), 

at day 30 of soil treated with pineapple liquid waste and 

cow dung compost, root length was influenced 

significantly. The treatment, however, had no significant 

effect on root length at day 60. According to prior 

research by Viator et al. (2002), compost treatment had 

no significant effects on root length and root width. 

Having compost in the root zone appears to have reduced 

root development and proliferation for the within-row 

treatment vs. the control, as seen by the tendency toward 

shorter roots. This finding by Viator et al. (2002) was 

similar to this study where T2 (3%) had the highest root 

length while T6 (15%) had the lowest. 

3.2.4 Plant biomass 

Based on the collected data for both control and 

treatment applications, no significant differences (p = 

0.661) were found for the plant biomass. However, based 

on Figure 6, T4 (9%) recorded the highest mean in plant 

biomass followed by T5 (12%). In accordance with 

Hindersah et al. (2018), the pineapple liquid waste and 

cow dung had no significant effects on the fresh weight 

of the plant. This is supported by a prior study by 

Mahmud et al. (2016), whereby the higher rate of 

pineapple biomass application resulted in lower plant 

development. This was also probably due to a high EC 

reading of the LOF which caused salt stress in plants. 

When there is excessive salt in the soil solution, the 

development of plant growth will be disrupted (Parihar et 

al., 2015).  

Figure 3. The effect of different percentages of LOF on the 

number of leaves. 

Figure 4. The mean comparison of number of leaves on the 

different percentages of LOF. 

Figure 5. The mean comparison of root length on different 

percentages of LOF. 
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3.3 Soil chemical properties treated with liquid organic 

fertiliser 

3.3.1 Soil pH 

There were significant differences (p=0.003) 

between control and treatment applications for the 

parameter of soil pH. The Tukey test showed no 

significant differences in presence among all treatments 

except for T4 and T6. It was noticed that the high rate of 

LOF (6-15%) slightly increased the soil pH. T4 (9%) 

revealed the highest soil pH, which was 4.35 (Figure 7). 

Nevertheless, it was still considered in an acidic 

condition. The lowest was T1 (control) with a soil pH of 

3.93. The low rate of LOF application, which was T2 

(3%), displayed a very low soil pH which was 4.03. 

According to Nadzirah et al. (2013), this was due to the 

pH of the pineapple peels itself which was already acidic 

with a pH ranging from 3.24-3.84. The increase in the 

rate of LOF application would result in the increase of 

soil pH, except for T5 (12%).  Based on the laboratory 

test, the pH reading for the LOF was 4.69, while the EC 

reading was 8.8 which was too high and might inhibit 

plant development. As claimed by Kamaluddin and 

Zwiazek (2004), the acidic pH of the soil will cause a 

large and rapid decrease in water flow. Furthermore, 

according to Alam et al. (1999), the role of acidic pH in 

soil has often been considered to be detrimental in 

causing deficient nutrient availability and subsequently 

affecting plant development. 

3.3.2 Macronutrients P, K, Ca, and Mg 

There were significant differences between 

macronutrients Ca (p = 0.013) and Mg (p = 0.00) among 

all the treatments. However, no significant differences 

between macronutrients for the P (p = 0.546) and K (p = 

0.79) were recorded. It was recorded that T4 (9%) and 

T5 (12%) had no differences for Ca, yet T6 (15%) 

recorded the highest Ca. Besides, among T2 (3%), T3 

(6%), and T4 (9%), it was observed that there were no 

differences for Mg, but T6 (15%) recorded the highest 

Mg. Based on Figure 8, it was observed that the 

application of LOF slightly increased the P content in 

soil for plant uptake and subsequently improved the 

overall plant growth. The results of Ca content were 

parallel to the results of soil pH where there was an 

increase in the Ca content which aligned with the 

increase of soil pH. The application of LOF also 

increased the macronutrient content in soil, however, 

there were no significant differences between P and K. 

Among the macronutrients, the highest was Ca (95–263 

mg/kg). It was noticed that the lowest macronutrients 

were P (13-31 mg/kg). T1 (control) exhibited low P 

content which contributed to low plant height and root 

length. As stated by Verdonck (1997), green materials 

such as fruit scarps are typically found in low nutrients 

and the short period of composting also causes low 

nutrient availability in compost. According to Agegnehu 

et al. (2014), compost has a significant amount of major 

plant nutrients, such as N, P, K, Ca, Mg, and S, as well 

as the amount of key trace elements. Hence, compost 

may be considered an organic multi-nutrient fertiliser 

(Amlinger et al., 2007). 

3.3.3 Micronutrients Fe, Mn, Cu, and Zn 

There were no significant differences among all 

treatments for Fe, Mn, Cu, and Zn. However, Fe 

displayed the highest micronutrients compared to other 

elements (122-140 mg/kg) as shown in Figure 9. It was 

Figure 6. The mean comparison of plant biomass on different 

percentages of LOF. 

Figure 7. The mean comparison of comparison of soil pH on 

the different percentages of LOF.  

Figure 8. The mean comparison of macronutrients on different 

percentages of LOF. 
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observed that T3 (6%) illustrated the highest Fe whereas 

T4 (9%) recorded the lowest Fe. Meanwhile, T5 (12%) 

showed the lowest Mn and Zn, but high in Fe as it was 

the third highest after T3 (6%) and T2 (3%) (Figure 10). 

According to Tavakoli et al.  (2014), even though plants 

need a small amount of micronutrients, it also plays a 

significant role in plant growth, such as manganese (Mn) 

plays a crucial role in oxidation and reduction processes, 

as electron transport in the photosynthesis process. As 

reported by Malakouti (2008), plant growth is inhibited 

and crop yield suffers as a result of micronutrient 

deficiency in soil content. This is supported by Cakmak 

(2002) and Malakouti (2007), where the deficiency of 

micronutrients in the soil can greatly disrupt plant yield 

and quality. In fact, the high content of iron (Fe) 

contributes to the low availability of phosphorus (P) in 

soil and subsequently affects plant growth. According to 

Hamad et al. (1992), high iron (Fe) content in the soil is 

generally seen as P-limited due to a proposed stable P 

binding at Fe compounds. The effect of high iron (Fe) on 

plant growth will reduce plant biomass, root growth 

inhibition, leaf bronzing, and necrosis (Zhang et al., 

2018). 

4. Conclusion 

To summarise, the application of liquid organic 

fertiliser (LOF) derived from pineapple peels slightly 

improved the growth performance of okra and increased 

nutrient content, especially Ca and Mg in the soil. The 

growth of okra tended to be better at T4 (9%). However, 

the high rate of LOF, which was T6 (15%), was less 

suitable for plant growth due to the low growth 

performance of okra. The chemical properties of soil 

treated with LOF showed a slight improvement, 

particularly for P content which is important for early 

plant development, especially for root formation. Thus, 

the enhancement of LOF with P content is important to 

enrich the properties of LOF to support plant growth. 
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