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Abstract —The effect of palm oil mill effluent vermicompost 

on growth and vegetative traits of oil palm seedlings was 

evaluated. Different rates of vermicompost 10 g, 20 g and 30 g 

and 20 g of an NPK blue fertilizer as designated control was 

used. The experiment was conducted over a period of 120 days. 

Growth and vegetative traits like plant height, girth size, total 

dry weight (TDW) and root: shoot ratio (RSR) and foliar 

nutrient data were collected. Noticeably, the vermicompost and 

the NPK blue fertilizer were at par in stimulating the growth of 

the oil as shown in the plant height and girth size. The total dry 

weight (TDW) and Root: shoot ratio (RSR) showed that the 

vermicompost especially the higher rates significantly 

performed equal and positively affected the plant biomass. The 

nitrogen content was apparent in the plants grown with the 

highest rate of the vermicompost 30 g and the fertilizer with a 

significant effect on the leaf chlorophyll content. The results 

showed that the vermicompost particularly the higher rates 

were as suitable as the fertilizer with respect to the growth and 

vegetative traits.  

 

Index Terms —Vermicompost; Oil palm; Elaeis guineensis; 

NPK fertilizer 

I. INTRODUCTION 

 Malaysian palm oil industry has generated an average of 

53 million tons of residues each year [1] The indication has 

shown that a significant increase of oil palm solid wastes 

and 80 million tons of dry biomass in 2010, which is 

forecast to rise to 100 million dry tons by the year 2020 [2]. 

Interestingly, oil palm has an economic life of about 20 to 

25 years. Nursery stage takes about 11 to15 months and the 

first harvest is done after 32-38 months after planting.  

The yield is about 45-56% of fresh fruit bunch (FFB) and 

the fleshy mesocarp where oil is obtained. Both the 

mesocarp and kernel of the fruit produce about 17 ton per 

hectare per year of oil, and the yield of oil from the kernel is 

about 40 to 50%. The FFB of 5.8 ton produces about 1 ton 

of crude palm oil (CPO) [3].  However, growth and yield of 

oil palm requires high nutrients from nursery stage, hence 

requires high inherent soil fertility status. When oil palm is 

planted in soils with low nutrient, requires more agronomic 
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inputs that would ensure adequate yield.  

Noticeably, most of the soils used especially in the tropics 

for oil palm have low organic carbon, low cation exchange 

capacity and essential nutrients [4]. Interestingly, waste 

materials from agricultural residue like palm oil mill 

effluent (POME) as organic fertilizer could replace some of 

the inorganic fertilizer and as such are environmentally 

friendly.  

Total high solids in POME makes this waste a valuable 

product and useful as feedstock and organic fertilizer. It is 

organic in nature and difficult to decompose in its natural 

conditions. However, when it is applied to the soil, it is 

easily digested by earthworms producing valuable products 

serving as vermicompost.  

Speedy biotechnological procedure to convert the organic 

substance into stabilized humus-like byproducts using 

worms has made vermicompost a cost effective among 

organic materials for plant growth [5].  

The use of vermicompost has gained more attention in oil 

palm plantation due to its effective and usefulness as a rich 

source of nutrients as organic fertilizer [6]. Many research 

works have shown that organic waste potentially provides 

nutrients and enhance soil quality.  

The use of compost and vermicompost to improve plant 

growth and quality had been previously reported. Studies 

have found that vermicompost promotes root formation [7] 

increase fruit setting and yield [8] as well as plant dry 

biomass [9].   

Studies have shown potential use of plantation wastes for 

increasing income with the help of technology and to 

prevent environmental pollution.  The waste materials could 

be processed into oyster mushrooms, livestock feed and 

vermicompost and other essential products for sustainable 

income.  

However, vermicompost contains inherent essential 

nutrient than many organic wastes and has proven to meet 

nitrogen and phosphorus requirement of plantations crops 

[10]. Therefore, the study was conducted to evaluate effects 

of different rates of vermicompost on oil palm seedlings and 

to reduce the rate of chemical fertilizer used in oil palm 

nursery. 

II. MATERIALS AND METHODS 

A. Experimental design and treatments 

The study was conducted under rain shelter at field 10, 

Universiti Putra Malaysia. Three months old oil palm 

seedlings of GH 500 series variety germinated in 15 × 23 cm 

poly-bag were obtained from Golden Hope Plantation 

Berhad (GHPB), which is a cultivar of selected elite Deli 
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dura with the second generation of BM 119 Pisiferas. 

Planting medium such as topsoil, peat moss, and sand was 

prepared in ratio 3:1:1. The three medium were thoroughly 

mixed and filled in 38 × 51 cm polybag to three-quarter of 

polybag.  

Thereafter, the seedlings were transplanted in the poly-

bag and arranged in a completely randomized design (CRD) 

with four treatments and three replicates. Each replication 

contained two plants.  

The treatments were different rates of vermicompost and 

compound fertilizer of NPK Blue with formulation ratio 

(12N:12 P2O5:17 K2O:2 MgO) designated control 

treatment. The treatments were coded as T1 control NPK 

Blue (20 g), T2 (10 g) Vermicompost, T3 (20 g) 

Vermicompost and T4 (30 g) Vermicompost. The treatments 

were applied at four weeks’ interval for duration of four 

months. 

B. Measurement of the plant growth and vegetative traits 

The height of the plant was taken every two weeks during 

the growing period. The height was taken from top of 

planting medium to the tip of the highest leaf using a 

standard measuring tape. Plant girth size of plants was 

measured using a digital Vernier caliper. Chlorophyll value 

was taken with a SPAD-502 meter.  Triplicate readings were 

taken around the midrib of each leaf and averaged.  

The seedlings were harvested after 4 months. Root and 

shoot were carefully removed from planting medium to 

prevent roots from being broken. The plants were cut into 

the shoot and root parts thoroughly washed with distilled 

water. Thereafter, the plants were measured for fresh 

weight, before oven dried at 65 ̊C for 48-72 hours for 

determination of the plant total dry weight. Root/shoot ratio 

was also determined using (1); 
 

𝑅𝑆𝑅 = (
𝑇𝑜𝑡𝑎𝑙 𝑟𝑜𝑜𝑡 𝑑𝑟𝑦 𝑤𝑒𝑖𝑔ℎ𝑡 (𝑔) 

𝑇𝑜𝑡𝑎𝑙 𝑠ℎ𝑜𝑜𝑡 𝑑𝑟𝑦 𝑤𝑒𝑖𝑔ℎ𝑡 (𝑔)
)  (1) 

 

C. Foliar nutrient analysis 

The nitrogen content in plant tissue was determined using 

the Kjeldahl procedure [11]. Dry ashing method was used to 

determine macronutrients and micronutrients content in 

plant tissue, such as phosphorus (P), potassium (K), calcium 

(Ca) and magnesium (Mg). A 0.35 g of oven dried ground 

tissue subsamples were placed into muffle furnace.       

The samples were heated at 300oC for first 1 hour, then, 

the temperature was increased at 500oC for other 5 hours. 

The samples were heated to become ash and pale in color. 

Thereafter, the samples were left to cool overnight. A drop 

of distilled water and 2 ml of concentrated hydrochloric acid 

were added.  

The samples were placed on a hot plate at 150 ̊C until it 

became dry. Finally, the samples were added with 10 ml of 

nitric acid (20% by volume) and placed into water bath at 

80oC for 1 hour. The solution were filtered and diluted to 

100 ml in volumetric flask. Thereafter, the solution was 

analyzed using atomic absorption spectrophotometer (AAS) 

for the nutrients. For Ca and Mg, the samples were diluted 

10 times with strontium chlorite (1M) before the analysis. 

All the data were subjected to analysis of variance 

(ANOVA) using statistical analysis system (SAS Ver 9.4). 

Means and standard errors were calculated and Least 

Significant Difference (LSD) was used for mean separation. 

III. RESULTS  

A. Plant growth and vegetative traits 

There was no significant difference between the height of 

plants grown with different rates of vermicompost and NPK 

fertilizer during the first and the second month of plant 

growth Fig. 1.  

In the third month plants grown with the rates, 20 g and 

30 g of vermicompost and the 20 g of NPK fertilizer were 

significantly different from the plants grown with 10 g of 

vermicompost. On the other hand, during the fourth month 

of the plant growth, the height of the plants grown with 

different rates of vermicompost and NPK was not 

significantly different. 
 

 
Fig. 1. Effects of different rates of vermicompost on plant height of oil 

palm seedlings in each month. Means sharing the similar letter in the figure 

for different rates of the vermicompost and NPK Blue in each month are 

statistically non-significant p<0.05. 
 

The plants showed superior responses when the treatment 

NPK, 20 g, and 30 g of vermicompost were applied 

compared to 10 g of vermicompost which had the lowest 

mean value 4.27 cm. The results indicated significant 

differences among the treatments relating to the plant girth 

size in the first month of treatments p ˂ 0.01 (Fig. 2).  

In the first month of planting, there was a significant 

difference between plants grown with 10 g of the 

vermicompost and NPK fertilizer as the plants responded 

greatly when former was applied.  

Similarly, there was a significant difference between 

plants grown with 10 g and 20 g of the vermicompost as the 

former greatly increased the plant girth size. On the other 

hand, there was no significant difference between plants 

grown with 10g and 30g of the vermicompost during the 

same month. 
 

 
Fig. 2. Effects of different rates of vermicompost on plant height of oil 

palm seedlings in each month. Means sharing the similar letter in the figure 

for different rates of the vermicompost and NPK Blue in each month are 
statistically non-significant p<0.05. 
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There were no significant differences between the plants 

grown with the respective treatments during the subsequent 

months.  However, the results showed the effectiveness of 

the different rates of vermicompost as the NPK (control) on 

the plant girth increment. There was no significant 

difference between the chlorophyll content of the plants 

grown with different rates of vermicompost and NPK 

fertilizer during the first and the second month of plant 

growth Fig. 3.  

In the first month after planting, there was no significant 

difference between chlorophyll content of the plants grown 

with different rates of the vermicompost and NPK fertilizer. 

However, the plants grown with 30 g had a high value of 

chlorophyll content.  

During the second month of application, there was a 

significant different between the plants as plants grown with 

NPK had a higher chlorophyll content compared to plants 

grown with different rates of the vermicompost.  

Noticeably, there was no significant difference between 

chlorophyll content of the plants grown with 10 g, 20 g and 

30 g of different rates of vermicompost. There was a 

significant difference between the plants as the chlorophyll 

content of the plants grown with 10 g and 20 g and NPK 

were significantly greater than plants grown with the highest 

rate 30 g of the vermicompost. However, there was no 

significant difference between plants grown with   10 g and 

20 g and NPK fertilizer.  

In the last planting, there was a significant difference 

between plants grown with 20 g and 30 g and 10 g of the 

vermicompost. But there was no significant difference 

between plants grown with NPK and 10 g of the 

vermicompost.  

 
Fig. 3. Effects of different rates of vermicompost on chlorophyll content of 

oil palm seedlings in each month. Means sharing the similar letter in the 
figure for different rates of the vermicompost and NPK Blue in each month 

are statistically non-significant p<0.05. 

 

The results indicated a total dry weight (TDW) over a 

period of four months Fig. 4. There were no significant 

differences among the plants grown with the different rates 

of vermicompost and the NPK fertilizer.  

However, the value recorded from the plants that were 

grown with 20g of vermicompost was significant and was 

the highest. Similarly, there were no significant differences 

between the plants in terms of the plant root: shoot ratio Fig. 

5. This had shown that the vermicompost could 

competitively perform as the NPK Blue fertilizer. 

 
Fig. 4. Effects of different rates of vermicompost on total dry weight of oil 

palm seedlings in each month. Means sharing the similar letter in the figure 

for different rates of the vermicompost and NPK Blue are statistically non-
significant p<0.05. 

 

 
Fig 5. Effect of different rate of the vermicompost and NKP fertilizer on 

root: shoot ratio of oil palm seedlings. Means sharing the similar letter in 
the figure for different rates of the vermicompost and NPK Blue are 

statistically non-significant p<0.05. 

 

B. Foliar nutrient concentration 

The foliar nutrient indicated a significant difference 

between the plants grown with different rates of 

vermicompost and the NPK fertilizer Fig. 6a. The plants 

grown with 10 g of vermicompost had the lowest N foliar 

concentration but were not significantly different from the 

plants grown with the 20 g of the vermicompost. This 

confirms the lower chlorophyll content recorded in the 

treatment at the two months after planting.  

Furthermore, there was a significant difference of calcium 

(Ca) concentration. Noticeably, the plants grown with 10 g 

and 30 g of the vermicompost had the highest concentration 

and significantly different from plants grown with the NPK 

fertilizer. However, there was no significant difference 

between plants grown with the NPK fertilizer and 20 g of 

the vermicompost.   
 

 
Fig. 6.  Effect of NPK fertilizer and different rate of vermicompost on foliar 

nutrient concentration of oil palm seedlings. Means sharing similar letter in 
a figure for different rates of the vermicompost and NPK Blue are 

statistically non-significant p<0.05.  
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The plants grown with the NPK fertilizer had the highest 

mean value of leaf phosphorus concentration with 0.34% 

compared to the 10 g, 20 g, and 30 g of the vermicompost. 

Similarly, there was a significant difference in potassium 

concentration in a leaf of the oil palm as plants are grown 

with NPK, recorded a higher concentration compared to the 

plants grown with 10 g of the vermicompost.  

However, there was no significant difference between the 

plants grown with the NPK fertilizer and plants grown with 

20 g and 30 g of the vermicompost. This indicated that 

higher rates of vermicompost similar to the NPK fertilizer 

could supply require nutrients like K for plant optimum 

growth. Meanwhile, the former could reduce environmental 

pollution due to its organic nature. 

IV. DISCUSSION 

The study showed that the application of the high rate of 

vermicompost indicated a continuous increment of the plant 

height and the girth size of the oil palm seedlings until the 

fourth month of planting. This indicated that high rates of 

vermicompost could optimally support plant growth like the 

control treatment (NPK) fertilizer. This is in agreement with 

the study conducted by [12] who observed that 

vermicompost efficiently support plant growth as NPK does 

because it contained high nutrient and microbial activity 

against some pests. 

Plants that were grown with vermicompost had the same 

results of plant growth with NPK fertilizer [13]. The plant 

growth increment could have been contributed by the 

presence of nitrogen-fixing bacteria (NFB) in the final 

product of the vermicompost as previously reported by [14]  

A similar scenario was observed with regards to the 

chlorophyll content in the oil palm seedlings but higher 

values were recorded at fourth months of planting 

particularly when 20 g and 30 g of the vermicompost were 

applied. This could have been contributed by the nitrogen 

content of the vermicompost. This is supported by [15] who 

noted that leaf chlorophyll content is often correlated with 

leaf nitrogen status and photosynthetic activity. 

Interestingly, the plants treated with the vermicompost also 

had the higher N content.  

Furthermore, [16] had equally reported a strong 

correlation between nitrogen and leaf chlorophyll content 

from the study conducted on maize. There was no 

significant difference among the treatments on the total dry 

weight of oil palm seedlings. However, the vermicompost 

recorded the higher values and performed at par with the 

NPK fertilizer.  

Effect of different rates of vermicompost on the nutrient 

concentration in oil palm seedling leaves indicated its 

utilization varies among the seedlings. Apparently, there 

was a high concentration of nitrogen with respect to the 

plants that received NPK, 20 g and 30g of the 

vermicompost. The nutrient concentration within required 

range; N 2.6%, P 3.0%, 0.16 – K 0.25% and Ca 1.10 % for 

optimum growth of oil palm seedlings [17].  

The N concentration could have contributed to the 

biomass growth particularly the leaf biomass of the plants as 

previously reported in total dry weight and root: shoot ratio. 

This is similar to the result of another study conducted by 

which stated that application of fertilizer containing higher 

N could guarantee higher biomass such as shoot and total 

dry weight of oil palm seedlings [18] Nitrogen application 

increases leaf area and improves leaf production and the net 

assimilation rate of oil palms [19].  

More so, nitrogen is more available in leaves of many 

plants that other parts [20]. Plant vegetative increases when 

N is applied to oil palm seedlings. An increase in canopy 

size leads directly to improved net assimilation and 

increased biomass production .Meanwhile, leaf N 

concentrations ˂2.6% in young palms ≤ 5 years after 

planting) could indicate N deficiency and suggest the 

requirement for a corrective application of N fertilizer.  

Noticeably, only plants that were grown with NPK Blue 

significantly had high phosphorus concentration. However, 

the value recorded in other plants that were grown with 

vermicompost could be considered suitable for oil palm 

seedlings.  

Phosphorus deficiency in soils could be corrected using 

organic phosphorus mineralization; thus, organic 

phosphorus is significant for plant nutrition [21]. Both the 

vermicompost and the NPK fertilizer showed apparently 

indicated the same level of potassium concentration in the 

oil palm leaf. This showed that the treatments particularly 

the vermicompost could serve as soil amelioration in 

Malaysian soils and other tropical countries.  

The soils in Malaysia are generally poor in K and the K is 

a prime requirement for the maintenance of soil fertility and 

thus to ensure sustainable growth and yield of oil palms. 

Though, the deficiency of K is mostly found in sandy and 

peat soils in some oil palm plantation [22].  

Higher calcium concentration was recorded in the plants 

grown at various rates of the vermin compost compared to 

the NPK Blue fertilizer. Studies had shown no significant 

change in the growth of rubber seedlings planted on soil 

when compared to the seedlings that were grown on soilless 

potting mix due to the soil poor properties [23]. 

V. CONCLUSION 

The study indicated that both the vermicompost and the 

NPK fertilizer greatly increased the growth of oil palm 

seedlings. Noticeably, the higher rates of the vermicompost 

and the NPK fertilizer were at par on the plant height and 

girth size increment. This indicated that the vermicompost 

could significantly support plants growth as the chemical 

fertilizer.  

Also, the total dry weight (TDW) and root: shoot ratio 

over a period of the four months showed that the 

vermicompost especially the higher rates could perform 

equally and support plant biomass production. Nutrients 

concentration particularly the foliar N in the plants grown 

with the highest rate of the vermicompost and the NPK 

fertilizer was higher nitrogen which translated to higher 

chlorophyll content and increased plants growth.  

The nutrient content particularly the potassium of the 

plants grown with higher rates of the vermicompost and the 

NPK fertilizer had the same foliar concentration while 

calcium was apparent in the plants grown with different 

rates of the vermicompost compared to the plants grown 

with the chemical fertilizer.  

Considering the organic nature of the vermicompost and 

its equal performance in terms of the plant growth and 
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biomass development, it is recommended for growing the oil 

palm seedlings and the environmental degradation would be 

drastically reduced.  
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