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INTRODUCTION

The palm oil industry should increase oil palm 
yields in order to fulfil the global market demand 
(Iskandar et al., 2018). Oil palm requires an optimum 
and balanced supply of nutrients to support an 
optimised growth and yield production (Chen, 
2006; Miransari, 2013). Fertilisers are an essential 
component of modern agriculture because they 
provide plant nutrients (Adesemoye et al., 2009). 
Chemical fertilisers have been routinely applied in 
oil palm plantations to maintain soil fertility and 
also as nutrient supply to the plants (Chen, 2006; 
Miransari, 2013). Nutrient requirements for oil 
palm can vary according to the target yield, type 
of planting material used, palm spacing, palm 

age, soil type, groundcover conditions, climate 
and other environmental factors (Anuar et al., 
2015). However, the excessive usage of chemical 
fertilisers has caused decline in productivity and 
can contribute to adverse environmental impacts 
such as soil acidification, greenhouse gas emission 
and depletion of soil micro-organisms (Anuar et al., 
2015; Savci, 2012; Zhao et al., 2016). Besides that, 
excessive usage of fertilisers can cause negative 
effects on soil quality and soil microbial community 
structure with reduced soil organic matter (OM) 
and soil fertility, thus, increasing soil acidification 
which in turn reduces the crop yield (Li et al., 2017; 
Qiao et al., 2018; Wang et al., 2020).

Excessive usage of synthetic fertilisers has 
also created a damaging impact on the global 
environment such as water pollution (Tang et 
al., 2003), imbalance atmospheric gasses (Kim 
and Dale, 2008), groundwater pollution and soil 
acidification. All the factors actively contribute to 
reduced soil fertility for agricultural activity (Barak 
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et al., 1997; Li et al., 2017; Qiao et al., 2018; Zhao et 
al., 2016). The chemical fertiliser usage will also 
cause air and ground water pollution, resulting 
from eutrophication and this practice affects the 
roots of the crops which causes the crop to be less 
efficient in acquiring nutrients (Voon Kheong et al., 
2012; Wang et al., 2009). The usage of biofertiliser in 
the agricultural industry is deemed as a potential 
solution to mitigate the harmful effects caused by 
chemical fertilisers (Khan et al., 2012; Mohamed and 
Babiker, 2012). Hence, the development of organic 
and other microbial products in biofertilisers can 
therefore gradually reduce the dependence on the 
chemical fertiliser in oil palm plantations (Bhardwaj 
et al., 2014; Munda et al., 2015; Taryo-Adiwiganda 
et al., 2006). Biofertiliser that is comprised of 
microbial inoculants or assemblages of beneficial 
microorganisms would benefit crop yield, and also 
the plant growth (Itelima et al., 2018; Zainuddin et 
al., 2019). 

Biofertiliser is usually prepared by using 
microbial inoculant that consists of live 
microorganisms and commonly used for the 
application of seed, soil or composting areas to 
increase the numbers of beneficial microorganisms. 
This would also accelerate the microbial processes 
to augment the extent of the nutrient’s availability 
in a form which can be assimilated by the plant 
(Khosro and Yousef, 2012; Rokhzadi et al., 2008). The 
usage of biofertiliser accelerates the decomposition 
of organic residues and agricultural by-products 
through various processes which contribute to 
the healthy growth of crops (Abdul Halim, 2009). 
Ajeng et al. (2020) stated that some of the microbes 
contained in the biofertiliser produced by local 
Malaysian manufacturers include Bacillus cereus 
JCM 2152, Bacillus amyloliquefaciens strain MPA 1034 
and Bacillus tequilensis strain 10b; Lactobacillus spp.; 
Azospirillum spp. and Rhizobium spp. Meanwhile, 
some biofertiliser products consist of a very diverse 
group of microbes: Actinomycetes such as Kocuria 
rhizophila, Arthrobacter methylotrophus, Bacillus spp. 
such as B. pumilus, B. subtilis (subspecies spizizenii), 
B. vallismortis, B. thuringiensis, B. mycoides, 
B. mucilaginosus, Brevibacillus reuszeri, Paenibacillus 
polymax, Paenibacillus azoreducens and Azospirillum 
brasilense. Additionally, fungi such as Aspergillus 
niger and Aspergillus awamori, and yeast such as 
Saccharomyces cerevisiae are also used as inoculants.

Biofertilisers are the most important component 
of integrated nutrient management and play an 
important role in the sustainability of soil and yield 
of chickpea (Cicer arietinum L.). It is eco-friendly 
and cost-effective for farmers (Rokhzadi et al., 
2008). The roles of beneficial soil microorganisms 
in the sustainable development of agriculture 
could accelerate and improve plant growth as well 
as protect plants from pests and diseases (Lee and 
Pankhurst, 1992; Wani et al., 1995). Khosro and 

Yousef (2012) reported that organisms that are 
commonly used as components of biofertilisers 
are mainly nitrogen fixers (N-fixer), potassium 
solubilisers (K-solubiliser) and phosphorus 
solubiliser (P-solubiliser), or with the combination 
of fungi. Most of the bacteria included in the 
biofertiliser formulation have close relationships 
with plant roots. Rhizobium has symbiotic 
interaction with legume roots, and Rhizobacteria 
commonly inhabits the root surface or in rhizosphere 
soil. The phospho-microorganisms, mainly bacteria 
and fungi make insoluble phosphorus available to 
the plants. Several soil bacteria and several species 
of fungi possess the ability to convert insoluble 
phosphates in soil into soluble forms by secreting 
organic acids. However, the use of biofertiliser for 
commercial agricultural production, especially in 
oil palm, is still not widely practised by most of the 
plantations. Therefore, the objective of this study 
was to evaluate the growth of young seedlings 
in combination with a microbial-based organic 
fertiliser in the pursuit of reducing chemical usage 
in oil palm production. 

MATERIALS AND METHODS

Oil Palm Seedling

The trial was carried out in a nursery at the 
Malaysian Palm Oil Board (MPOB), Kluang, Johor, 
Malaysia. Uniform oil palm seedlings of three 
months old were selected and transplanted in 15 x 
18 inch polybags. Commercial Dura x Pisifera (DxP) 
oil palm seedlings were provided by MPOB and 
used in these trials.

Treatments

A total of 11 different treatments, including one 
control treatment (blank) were tested, as shown in 
Table 1. Six treatments with two different consortia 
of microbes with three levels of chemical fertilisers 
were carried out, as shown in Table 2. A completely 
randomised design (CRD) was used in this 
experiment with eight replicates for each treatment. 

Preparation of Inoculum and Biofertiliser 
Formulation

Twelve different species of microorganisms 
from several classes of bacteria and fungi were 
utilised in the production of the biofertiliser. The 
microbes were chosen based on their capability to 
promote plant growth. The consortium of microbes 
consisted of five microbes from prokaryotes of the 
group Proteobacteria; two bacteria were from the 
genus Bacillus while the other three bacteria were 
from the genera of Providencia, Phyllobacterium and 
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Sphingobacterium. Fungi consisted of three species 
of Trichoderma and one species each of Antrodia, 
Pichia, Pycnoporus and Phanerochaete. The microbes 
are capable to promote the growth of oil palm and 
are protected under the Malaysian Patent No: PI 
2017703375. 

In order to prepare the microbial consortium 
formulation for fungi, a malt extract broth was 
prepared by dissolving 19.0 g of malt extract broth 
powder in 400 mL of distilled water. For bacteria, 
400 mL nutrient broth was prepared by dissolving 
3.2 g of nutrient broth powder in 400 mL distilled 
water. The fermentation media were sterilised by 
autoclaving at 121°C for 20 min and allowed to 
cool down before inoculating with the individual 
microbes. After inoculation, the broths containing 
inoculum were incubated in an INNOVA44 
incubator shaker at a speed of 170 rpm at 30°C for 
three days, to produce the fermented products. 
The different individual fermented microbes were 
pooled together based on synergistic behaviour. 
This microbial preparation protocol followed 
the optimisation method previously reported by 
Zainuddin et al. (2019). 

Application of Fertiliser

The fertiliser application followed the protocol 
from Rankine and Fairhurst (1999) with some 
modifications. The commercial chemical fertiliser 
with a ratio of 12:12:17:2 (N: P: K: Mg), and commercial 
organic fertiliser, organic compost A and organic 
compost B were used in this study. Three-month-old 
oil palm seedling were treated with 11 treatments 
during seven months intervals. The application of 

fertilisers was conducted every month and their 
performances were monitored within seven months. 
The application rates for the fertilisation are as shown 
in Table 1. 

Harvesting, Data Recording and Destructive 
Sampling

Vegetative measurements of the seedlings were 
recorded monthly from three to seven months after 
treatment (MAT). Different growth parameters 
such as the height, meristem diameter and dry 
weight of the palm were recorded during each 
harvest. The dried leaflets were analysed for foliar 
nutrients analysis. Parameters for data recording 
followed that of Zainuddin et al. (2019) with some 
modifications.

Leaf Analysis

Total nitrogen (TN) and total carbon (TC) 
analyses were carried out using PRIMACSSNC (Skalar, 
Netherlands). Analyses of phosphorus, potassium, 
micronutrients and trace elements were carried out 
using ElanDRCe ICP-MS (Perkin Elmer, USA). For 
ICP-MS analysis, leaf samples were acid digested 
using Microwave Oven (Memmert, Germany) 
according to the US EPA test method 3050B (US EPA, 
1996). The digested samples were filtered using filter 
paper and diluted with MilliQ water before analysis. 
PrimacSNC was used for the analysis of carbon and 
nitrogen content in oil palm leaflets. Initially, 50 
mg of dried leaf samples were weighed into each 
crucible. The samples were then subjected to TC and 
TN analyses with PrimacSNC. 

TABLE 1. TREATMENTS OF THE EXPERIMENT

Treatment code Treatment Rate
T1 Treatment 1 Consortium 1 + 0% chemical
T2 Treatment 2 Consortium 1 + 15% chemical
T3 Treatment 3 Consortium 1 + 30% chemical
T4 Treatment 4 Consortium 2 + 0% chemical
T5 Treatment 5 Consortium 2 + 15% chemical
T6 Treatment 6 Consortium 2 + 30% chemical
C1 Organic fertiliser Nursery rate
C2 Control - Blank Nil
C3 Chemical fertiliser Nursery rate
C4 Organic Compost A Nursery rate
C5 Organic Compost B Nursery rate

Note:	100% chemical fertiliser rate is 280 g/seedling in nursery stage (40.00 g/seedling/application); 100% 
organic fertiliser rate is 200 g/seedling in nursery stage (28.57 g/seedling/application).

TABLE 2. DIFFERENT CONSORTIUM OF MICROBES

Consortium Microbes
Consortium 1 Tricho 5

N, P, K Microbe
Consortium 2 Trichoderma harzianum

N, P, K Microbe
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Statistical Analysis

The analyses were carried out using IBM SPSS 
22.0 software. Analysis of variance (ANOVA), 
at p<0.05 was used to determine the significant 
difference between the treatments. The mean for each 
treatment for the respective analysis was separated 
statistically using Tukey Pairwise comparison to 
test the differences among mean values of every 
treatment.

RESULTS AND DISCUSSION

The combination of beneficial microbes with 
chemical fertilisers has received a considerable 
amount of attention in the last decades as the 
microbes are effective in promoting plant growth. 
The beneficial microbes contained in the biofertiliser 
had improved the plant quality, helped in nutrients 
intake by the plants, and enhanced the populations 
of bacteria (Zainuddin et al., 2019). In this study, 
the effects of fertiliser treatments on meristem 
diameter, dry upper mass and palm height of oil 
palm seedlings are presented in Tables 3-5. Analysis 
for nitrogen, phosphorous, potassium and carbon 
content are presented in Tables 6-9. 

An increase of meristem diameter in oil palm 
seedlings for all the treatments were observed 
when the seedlings reached six to 10 months old 
(Table 3). Nevertheless, the rate of increment of the 
meristem diameter seemed to be different between 
each treatment. Slight increments were observed in 
treatment T5 and T6 as compared to control when 
the seedlings reached eight to 10 months old. There 
was no significant difference (p>0.05) between all 
treatments and controls for oil palm seedlings aged 
six months. However, treatment T6 (consortium 2 
+ 30% chemical) showed a significant difference 
(p<0.05) as compared to C3 (chemical fertiliser) at 

the ages of nine and 10 months. The result recorded 
for treatment T6 was comparable to C3 at seven and 
eight months old seedlings. Compared to organic 
fertiliser (Organic Fertiliser and Organic Compost 
B), treatment T6 recorded a significant difference 
to control at eight months until 10 months old 
seedlings. Biofertilisers application has been 
reported to increase the trunk diameter of other trees 
such as grapes as compared to a non-treated tree 
(El-Sabagh et al., 2011). In this study, treatment T6 
recorded the highest mean for meristem diameter 
with 5.38 cm on 10 months old seedlings. The 
meristem diameter showed a significant difference 
between treatments and control after longer 
exposure to biofertiliser treatments. Zainuddin 
et al. (2019) reported that the oil palm seedlings 
treated with biofertiliser + 50% chemical fertiliser 
were taller than those treated with 100% chemical 
and standard organic at the age of eight months. 
The increase in meristem diameter is likely due to 
the microbes in the biofertiliser which are attached 
to the roots and hence colonised the root surfaces 
efficiently for the development and health of the 
plants (Hayat et al., 2010; Vacheron et al., 2013). 

The dried upper mass for oil palm seedling 
had increased every month for all treatments and 
controls (Table 4). Treatment T1 and T4 (Consortium 
1 and 2 + 0% chemical) recorded a two fold increase 
in the dry upper mass of oil palm seedlings between 
eight to 10 months. Means of the dry upper mass of 
oil palm seedlings recorded a significant difference 
(ANOVA, p<0.05) between the treatments. The 
results showed that there was no significant 
difference between all treatments and controls 
at the age of six months. However, treatment T6 
(consortium 2 + 30% chemical) was significantly 
different (p<0.05) from chemical fertiliser (C3) at 10 
months old. Mohamed and Babiker (2012) reported 
all inoculation treatments on faba beans in a semi-
desert zone showed significant (p≤0.05) increments 

TABLE 3. MERISTEM DIAMETER FOR SIX, SEVEN, EIGHT, NINE AND 10 MONTHS OLD OIL PALM SEEDLINGS 
TREATED WITH DIFFERENT TREATMENT

Treatments
Meristem diameter (cm)

6 months 7 months 8 months 9 months 10 months
Consortium 1 + 0% chemical (T1) 1.22 a 1.70 ab 2.44 abc 3.00 bc 3.48 abc
Consortium 1 + 15% chemical (T2) 1.21 a 1.77 ab 2.94 bcd 3.16 c 4.90 de
Consortium 1 + 30% chemical (T3) 1.20 a 1.88 ab 3.08 cd 3.33 cd 4.15 bcd
Consortium 2 + 0% chemical (T4) 1.35 a 1.75 ab 2.60 bcd 3.35 cd 3.47 abc
Consortium 2 + 15% chemical (T5) 1.27 a 1.96 b 3.28 d 3.98 de 5.08 de
Consortium 2 + 30% chemical (T6) 1.27 a 1.92 ab 3.02 cd 4.34 e 5.38 e
Organic Fertiliser (C1) 1.30 a 2.01 b 2.27 ab 2.71 abc 3.13 ab
Blank (C2) 1.19 a 1.41 a 1.76 a 2.20 a 2.77 a
Chemical (C3) 1.31 a 1.54 ab 2.55 bc 3.08 c 4.27 cd
Organic Compost A (C4) 1.02 a 1.58 ab 2.61 bcd 3.18 c 3.36 abc
Organic Compost B (C5) 1.13 a 1.52 ab 2.27 ab 2.40 ab 3.17 ab

Note: Values in each column with different letter(s) are significantly different at p=0.05.
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in shoot dry weights between eight and 10 weeks 
after sowing, compared to control. Treatment T6 also 
showed a significant difference compared to organic 
fertilisers (Organic Fertiliser and Organic Compost 
B), between nine and 10 months. Treatment T6 
recorded the highest means of dry upper mass with 
31 g at the age of nine months (Table 4). 

The increased height of the oil palm seedlings 
was recorded between six to 10 months (Table 5). 
The increase in dried upper mass for the oil palm 
seedlings was recorded every month for all 
treatments and controls. The seedlings’ height had 
increased gradually from six to 10 months for all 
treatments. No significant differences (p>0.05) were 
found between all treatments and controls at the 
age of six to eight months. However, T6 (treatment 
consortium 2 + 30% chemical) was comparable 
to C3 (chemical fertiliser) at the age of 10 months. 
Treatment T6 showed a significant difference from 
organic fertilisers (Organic Fertiliser and Organic 
Compost B) between nine to 10 months. Similar 
findings were reported by other researchers 

(Azimzadeh and Azimzadeh, 2013; Namvar and 
Khandan, 2014; Negawer and Mahfouz, 2010). 
They found that inoculation with biofertilisers had 
increased the plants’ height as compared to the non-
inoculated plants. Treatment T6 recorded the highest 
means of palm height at 149.28 cm at 10 months. 
Mahfouz and Sharaf-Eldin (2007) also found that the 
application of biofertiliser combined with chemical 
fertilisers increased the vegetative growth of fennel 
(plant height, number of branches and herb fresh 
and dry weight per plant) as compared to chemical 
fertilisers only. Harman and Uphoff (2019) reported 
that some microorganisms have the opportunity to 
inhabit plant roots thus, becoming root symbionts 
which can raise crop yields by promoting the growth 
of both shoots and roots, enhancing, nutrient uptake, 
fixation and by improving plants resistance to pests 
and diseases.

Nitrogen content was recorded to be fluctuating 
between six to 10 months (Table 6). The nitrogen 
content for chemical control and Organic Compost 
A showed an increase between six to 10 months 

TABLE 4. DRY UPPER MASS FOR SIX, SEVEN, EIGHT, NINE AND 10 MONTHS OLD OIL PALM SEEDLINGS 
TREATED WITH DIFFERENT TREATMENT

Treatments
Dry upper mass (g)

6 months 7 months 8 months 9 months 10 months
Consortium 1 + 0% chemical (T1) 2.77 a 6.39 ab 12.10 ab 15.61 ab 27.70 b
Consortium 1 + 15% chemical (T2) 2.29 a 6.44 ab 20.12 bc 28.24 c 33.15 c
Consortium 1 + 30% chemical (T3) 2.47 a 8.98 ab 20.58 bc 27.05 c 33.40 c
Consortium 2 + 0% chemical (T4) 2.68 a 7.51 ab 15.40 abc 28.70 c 34.05 cd
Consortium 2 + 15% chemical (T5) 2.85 a 8.58 ab 24.87 c 30.23 c 36.71 d
Consortium 2 + 30% chemical (T6) 3.26 a 10.72 b 20.44 bc 31.00 c 36.48 d
Organic Fertiliser (C1) 2.85 a 10.38 b 14.15 abc 16.75 ab 26.67 b
Blank (C2) 2.58 a 4.98 a 7.22 a 8.78 a 18.71 a
Chemical (C3) 3.17 a 5.60 ab 17.20 abc 27.61 c 33.40 c
Organic Compost A (C4) 1.83 a 6.59 ab 17.82 abc 22.42 bc 32.26 c
Organic Compost B (C5) 2.51 a 4.80 a 12.51 ab 12.82 a 20.65 a

Note: Values in each column with different letter(s) are significantly different at p=0.05.

TABLE 5. PALMS’ HEIGHT FOR SIX, SEVEN, EIGHT, NINE AND 10 MONTHS OLD OIL PALM SEEDLINGS 
TREATED WITH DIFFERENT TREATMENT

Treatments
Palm height (cm)

6 months 7 months 8 months 9 months 10 months
Consortium 1 + 0% chemical (T1) 60.25 a 80.00 a 107.14 a 115.00 abc 133.66 cd
Consortium 1 + 15% chemical (T2) 56.81 a 85.12 a 112.28 a 121.00 abcd 143.20 ef
Consortium 1 + 30% chemical (T3) 59.37 a 88.62 a 116.66 a 130.83 cd 143.14 ef
Consortium 2 + 0% chemical (T4) 64.00 a 93.00 a 115.71 a 128.00 cd 143.85 ef
Consortium 2 + 15% chemical (T5) 54.87 a 88.00 a 113.14 a 131.33 cd 147.00 ef
Consortium 2 + 30% chemical (T6) 63.37 a 100.73 a 109.14 a 137.71 d 149.28 f
Organic Fertiliser (C1) 63.37 a 97.00 a 101.14 a 115.71 abc 127.00 bc
Blank (C2) 60.75 a 85.62 a 99.12 a 107.62 a 117.25 a
Chemical (C3) 62.87 a 86.42 a 100.87 a 126.57 bcd 143.42 ef
Organic Compost A (C4) 53.50 a 83.87 a 116.14 a 121.87 abcd 138.00 ab
Organic Compost B (C5) 60.00 a 84.37 a 101.62 a 108.42 ab 119.85 de

Note: Values in each column with different letter(s) are significantly different at p=0.05.
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old oil palm seedlings. The findings showed that 
there were no significant differences between 
all treatments and controls between six and 
eight months. Treatment T6 showed significant 
differences compared to organic fertilisers (Organic 
Fertiliser, Organic Compost A and Organic 
Compost B) at seven and 10 months. Treatment 
T6 recorded the highest means of nitrogen content 
at 3.54% in oil palm leaves, at seven months. The 
beneficial effect of biofertiliser application is the 
improvement in nitrogen content (Shehata and El-
Khawas, 2003) due to the increase of nutrient uptake 
by the plant (Hirel et al., 2011; Sharma and Namdeo, 
1999).

The phosphorus content was recorded to 
increase uniformly from six months until 10 months 
for all treatments (Table 7). The phosphorus content 
decreased at nine months but later increased by 
two folds at 10 months, for most of the treatments 
and controls due to the growth process. The results 
showed that treatment T6 (consortium 2 + 30% 
chemical) was comparable to C3 (chemical fertiliser) 
at all ages of oil palm seedlings. Meanwhile, 
treatment T6 was significantly different from 

organic fertiliser (Organic Compost B) between 
seven and 10 months. The findings of Mohammadi 
et al. (2011) showed that the application of 
biofertilisers (combined with the application of 
phosphate solubilising bacteria and Trichoderma 
harzianum) had significant effects on nutrient 
uptake of chickpea, with the highest leaf P content 
of 0.33%. This may be due to the increase in the 
solubility of soluble phosphorus in the plants. The 
treatment T3 recorded higher means of phosphorus 
content with 6099.72 ppm in oil palm leaves at  
10 months.

The potassium content was recorded to decrease 
at 10 months old for all treatments and controls 
(Table 8). The potassium content was higher at 
9-month-old seedlings for most of the treatments 
and controls. This may be due to the planting of 
the oil palm seedlings in polybags and the full 
utilisation of potassium in the soil. The finding 
showed that there were no significant differences 
between all treatments and controls at the ages of 
six months. However, treatment T6 (consortium 2 
+ 30% chemical) was comparable to C3 (chemical 
fertiliser) at the age of eight months. Treatment T6 

TABLE 6. NITROGEN CONTENT FOR SIX, SEVEN, EIGHT, NINE AND 10 MONTHS OLD OIL PALM SEEDLINGS TREATED 
WITH DIFFERENT TREATMENT

Treatments
Nitrogen (%)

6 months 7 months 8 months 9 months 10 months
Consortium 1 + 0% chemical (T1) 2.44 a 2.24 abc 2.07 a 1.74 a 1.84 ab
Consortium 1 + 15% chemical (T2) 2.60 a 2.39 bc 2.45 a 1.89 a 2.97 c
Consortium 1 + 30% chemical (T3) 2.54 a 2.76 cd 2.83 a 2.26 ab 3.04 c
Consortium 2 + 0% chemical (T4) 2.44 a 2.34 abc 2.09 a 2.43 ab 1.95 ab
Consortium 2 + 15% chemical (T5) 2.70 a 2.75 cd 2.69 a 2.28 ab 2.95 c
Consortium 2 + 30% chemical (T6) 2.71 a 3.54 e 2.92 a 2.68 c 3.05 c
Organic Fertiliser (C1) 2.93 a 2.52 bc 2.85 a 2.23 c 1.77 a
Blank (C2) 2.94 a 1.79 a 2.02 a 2.11 cd 2.17 ab
Chemical (C3) 2.36 a 3.29 de 2.88 a 2.66 d 2.99 c
Organic Compost A (C4) 2.29 a 2.49 bc 2.44 a 2.75 b 2.22 b
Organic Compost B (C5) 2.48 a 2.12 ab 1.75 a 2.24 ab 1.86 ab

Note: Values in each column with different letter(s) are significantly different at p=0.05.

TABLE 7. PHOSPHOROUS CONTENT FOR SIX, SEVEN, EIGHT, NINE AND 10 MONTHS OLD OIL PALM SEEDLINGS 
TREATED WITH DIFFERENT TREATMENT

Treatments
Phosphorous (ppm)

6 months 7 months 8 months 9 months 10 months
Consortium 1 + 0% chemical (T1) 939.94 abc 1993.34 d 3302.93 d 2319.08 ab 3335.87 ab
Consortium 1 + 15% chemical (T2) 932.49 abc 1464.97 abc 2497.31 cd 2174.88 ab 5071.87 bcd
Consortium 1 + 30% chemical (T3) 1048.78 abc 1437.57 ab 2717.77 cd 1844.83 ab 6099.73 d
Consortium 2 + 0% chemical (T4) 1194.54 c 1964.11 cd 3135.40 d 2032.49 ab 4360.63 abcd
Consortium 2 + 15% chemical (T5) 1106.80 bc 1388.27 ab 2255.19 bcd 2246.18 ab 5008.72 bcd
Consortium 2 + 30% chemical (T6) 950.74 abc 2159.30 d 1991.02 bc 2157.42 ab 5496.62 cd
Organic Fertiliser (C1) 1189.14 c 1865.58 bcd 2678.35 cd 2348.97 ab 4906.56 bcd
Blank (C2) 832.22 a 1064.20 a 921.056 a 2096.15 ab 4171.86 abc
Chemical (C3) 1178.71 c 1866.86 bcd 2051.89 bc 1624.84 a 4408.47 abcd
Organic Compost A (C4) 1035.82 abc 1435.29 ab 2674.98 cd 2129.69 ab 2832.46 a
Organic Compost B (C5) 871.68 ab 1298.40 a 1214.35 ab 2493.41 b 3465.44 ab

Note: Values in each column with different letter(s) are significantly different at p=0.05.
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was significantly different from organic fertiliser 
(Organic Compost B) at the age of seven months. 
Treatment T6 recorded higher means of potassium 
content with 2.14% in the leaves of oil palm seedlings 
at the age of nine months. However, the highest 
potassium content was found in C3 at 2.73%. This 
result is similar to the finding reported by Shehata 
and El-Khawas (2003) on sunflowers and Sharma 
and Namdeo (1999) on soybean. They stated that 
the potassium content increased significantly in 
response to the biofertiliser application. 

Carbon content was maintained at 40.00% 
to 45.00% from six months until 10 months for 
all treatments (Table 9). Statistical analysis also 
showed that there were no significant differences 
between all treatments and controls at the ages of 
six months. However, Treatment T6 (consortium 2 
+ 30% chemical) was comparable to C3 (chemical 
fertiliser) at the age of seven months. Treatment 
T6 showed significant differences with organic 
fertiliser (Organic Compost B) at the age of eight 
months. Treatment T6 also recorded the highest 
means of carbon content, with 44.85% in the leaves 

of oil palm seedlings at the age of seven months. The 
results showed that the application of biofertilisers 
is one of the best management practices that could 
help to maintain or increase the content of OM, 
improve soil fertility and increase soil carbon 
sequestration (Bożena et al., 2016).

Biofertilisers amended with chemical fertilisers 
are used to increase nutrient availability to 
the plant and can also affect the soil microbial 
biodiversity (Javoreková et al., 2015). The uptake 
of N from the soil as the nutrient is responsible 
for chlorophyll content and is also vital for the 
synthesis of food materials in plants which increase 
the vegetative measurement of the young oil 
palm (Fraile et al., 2015). It was revealed that the 
integration of microbial inoculants in biofertilisers 
was significant for plant height, diameter and 
yield (El-Naggar, 2010). In addition, biofertilisers 
alongside chemical fertilisers also improves the 
nutrient uptake of the seedlings and enhanced their 
growth in terms of height, girth size, chlorophyll 
content and soil nutrient status at a reduced rate to 
chemical fertilisers (Ajeng et al., 2020).

TABLE 8. POTASSIUM CONTENT FOR SIX, SEVEN, EIGHT, NINE AND 10 MONTHS OLD OIL PALM SEEDLINGS 
TREATED WITH DIFFERENT TREATMENT

Treatments
Potassium (%)

6 months 7 months 8 months 9 months 10 months
Consortium 1 + 0% chemical (T1) 0.43 a 0.45 a 1.08 abc 2.10 ab 1.47 ab
Consortium 1 + 15% chemical (T2) 0.34 a 0.48 a 1.16 abc 1.98 ab 1.32 ab
Consortium 1 + 30% chemical (T3) 0.28 a 0.50 a 2.21 d 2.08 ab 1.59 ab
Consortium 2 + 0% chemical (T4) 0.37 a 1.85 b 1.75 bcd 2.14 ab 1.57 ab
Consortium 2 + 15% chemical (T5) 0.39 a 1.79 b 1.79 bcd 2.03 ab 1.50 ab
Consortium 2 + 30% chemical (T6) 0.39 a 1.94 bc 1.81 cd 2.14 ab 1.49 ab
Fascal Embio (C1) 0.32 a 2.20 c 2.32 d 2.26 b 1.30 ab
Organic Fertiliser (C1) 0.17 a 2.18 c 0.71 a 2.22 b 1.00 a
Blank (C2) 0.29 a 2.22 c 1.64 bcd 2.73 c 1.85 b
Chemical (C3) 0.34 a 0.44 a 1.12 abc 1.86 a 1.01 a
Organic Compost A (C4) 0.37 a 0.40 a 0.90 ab 2.12 ab 1.16 a
Organic Compost B (C5)

Note: Values in each column with different letter(s) are significantly different at p=0.05.

TABLE 9. CARBON CONTENT FOR SIX, SEVEN, EIGHT, NINE AND 10 MONTHS OLD OIL PALM SEEDLINGS 
TREATED WITH DIFFERENT TREATMENT

Treatments
Carbon (%)

6 months 7 months 8 months 9 months 10 months
Consortium 1 + 0% chemical (T1) 42.46 a 43.95 ab 42.79 ab 43.56 bc 39.46 a
Consortium 1 + 15% chemical (T2) 42.23 a 43.43 ab 41.77 a 42.99 b 42.99 bc
Consortium 1 + 30% chemical (T3) 42.02 a 43.36 ab 42.21 ab 43.65 bc 42.30 bc
Consortium 2 + 0% chemical (T4) 42.08 a 43.47 ab 42.87 ab 43.38 bc 43.91 bc
Consortium 2 + 15% chemical (T5) 41.17 a 43.12 a 43.34 b 43.11 b 43.37 bc
Consortium 2 + 30% chemical (T6) 41.97 a 44.85 b 43.14 b 43.12 a 41.72 ab
Organic fertiliser (C1) 38.89 a 43.93 ab 42.14 ab 43.05 a 42.24 bc
Blank (C2) 42.39 a 43.79 ab 43.00 ab 43.55 a 44.56 c
Chemical (C3) 42.00 a 43.88 ab 43.11 b 43.98 a 44.60 c
Organic Compost A (C4) 42.68 a 43.10 a 43.28 b 43.11 b 42.88 bc
Organic Compost B (C5) 42.89 a 43.72 ab 41.78 a 44.16 c 42.01 abc

Note: Values in each column with different letter(s) are significantly different at p=0.05.
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CONCLUSION

The combined usage of chemical fertilisers with 
consortium microbes helped to regulate the 
availability of nutrients in the soil which resulted 
in the healthy growth of oil palm seedlings. 
Besides that, the consortium microbes contained 
in the biofertiliser had improved the plant 
quality, helped in nutrient intake by the plants, 
and enhanced the populations of phosphate-
solubilising and proteolytic bacteria. Based on 
this study, Treatment T6 (consortium microbe 2 
combines with 30% chemical fertiliser) showed 
higher growth performance and nutrient content 
in the oil palm seedlings compared to control 
treatments. Therefore, the use of consortium 
microbes as biofertiliser should be recommended 
as an alternative approach to reduce chemical 
fertiliser application, hence less harmful to the 
environment. Biofertilisers can now be suggested 
as a potential substitute for chemical fertilisers in 
oil palm nurseries, which could provide a positive 
impact on oil palm growth and sustainability.
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