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Summary: Biochar is a widely known organic amendment that enhances plant growth and productivity through improving soil condition and
fertility. However, plant and soil response differently to various types of biochar. Therefore, the major objective of the present study was to
determine the effect of two types of biochar; vetiver grass biochar (VGB) and pineapple leaf biochar (PLB) on selected soil properties and
understand their role in improving plant growth and nutritional status. Net house experimental study with oil palm (Elaeis guineensis Jacq.) seedlings
was conducted at the farm unit of UiTM Samarahan campus for 240 days between November 2022 and July 2023 in order to understand the impact
of different application rates (25, 50, 75, and 100%) of vetiver grass biochar and pineapple leaf biochar on selected soil properties including pH,
electrical conductivity (EC), nitrogen, phosphorus, and potassium content, plant growth parameters including plant height, bole diameter, leaf
number, SPAD chlorophyll content, plant dry weight, and plant’s NPK content. The experimental design used is randomized complete block design
(RCBD) with 8 treatments, 3 replicates, and each replicate has 6 plants. The analysis of variance (ANOVA) and DMRT were used to analyze the
collected data from soil and plant parameters. The analysis process was accomplished using SAS package (P<0.05): version 9.4 (SAS, 2013). Based
on the results, vetiver grass biochar and pineapple leaf biochar enhanced soil pH, EC, and NPK content. They also improved the growth and
nutritional status of oil palm seedlings. Soil enhancement was the best with 100% pineapple leaf biochar. In addition, the highest mean value of plant
height, bole diameter, leaf number, SPAD chlorophyll content, plant dry weight, and plant’s NPK content was observed in plants treated with 100%
pineapple leaf biochar. Therefore, vetiver grass biochar and pineapple leaf biochar have the potential to enhance acidic and poor-fertile soil, and
improve oil palm seedlings growth and nutritional status.
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Introduction

Biochar is a stable charcoal product that is usually produced
in a controlled environment by heating biomass through slow
pyrolysis process with limited oxygen at high temperature
(Aziz et al., 2023). Biochar is an eco-friendly product and well-
known organic amendment for problematic soils (Torabian et
al., 2021). Biochar application is a promising strategy that can
be used to boost plant growth and increase the production yield
through improving soil quality (Calcan et al., 2022). Numerous
studies indicate the improvement of soil properties using
biochar including soil pH, EC, and NPK content (Albalasmeh
et al., 2023). However, soil response differently to various
types of biochar (Smider & Singh, 2014). The increase in soil
pH with the biochar addition was previously reported
(Martinsen et al., 2015; Bindu et al., 2016; Albalasmeh et al.,
2023). The decrease in soil pH with the biochar addition was
previously reported (Ippolito et al., 2016; Zhang et al., 2019;
Liu et al., 2020). The increase in soil EC as a result of the
biochar addition was previously observed (Mia et al., 2014;
Pandian et al., 2016; Joseph et al., 2021). On the other hand, a
reduction of soil EC with the biochar addition was reported
(Thomas et al., 2013; Premalatha et al., 2023). The increase in
soil N content as a response to the biochar addition was

previously observed (Jeffery et al., 2011; Jones et al., 2012;
Abbruzzini et al., 2019). Contradictory, the reduction of soil N
content with the biochar addition was reported (Singh et al.,
2010; Cayuela et al., 2013; Harter et al., 2014). The increase in
soil P upon the addition of biochar was preciously noticed
(DeLuca et al., 2015; Xu et al., 2018; Aleiadeh et al., 2024).
On the other hand, a reduction soil P content with the biochar
addition was previously observed (Schneider & Haderlein,
2016; Trazzi et al., 2016; Ngatia et al., 2017). The increase in
soil K content with the addition of biochar was previously
stated (Bindu et al., 2020; Aleiadeh et al., 2024) while Alazzaz
et al. (2020) reported that the addition of biochar reduced the P
content in soil. Biochar can also stimulate the plant growth and
enhance its production yield and nutritional status through
improving soil quality (Premalatha et al., 2023). Several
studies indicated that biochar application enhances plant
growth and yield (Rondon et al., 2004; Lehmann et al., 2006;
Haefele et al., 2011; Lee et al., 2013; Akhtar et al., 2015; Kim
et al., 2016; Adekiya et al., 2020; Jiang et al., 2020). However,
several studies indicated that the addition of biochar had no
effect on plant growth and yield (Chan et al., 2007; Nzanza et
al.,, 2012; Deng et al., 2017). Furthermore, other studied
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indicated a reduction in plant growth and yield with the biochar
addition (Asai et al., 2009; Gaskin et al., 2010). The
enhancement of plant nutrient content with the biochar addition
was previously observed and reported (Major etal.,, 2010;
Olmo et al., 2014; Mohawesh et al., 2021; Calcan et al., 2022).
The role of biochar in soil and plant is highly influenced by the
type of feedstock used (Albalasmeh et al., 2023). Therefore,
the main objective of this study was to determine the effect of
different application rates of biochar produced from different
feedstocks (vetiver grass and pineapple leaf) on certain soil
properties, growth parameters, and nutrients content of oil palm
under the nursery condition.

Materials and methods

Biochar production

The fresh  Biochar was obtained from the slow pyrolysis
process of vetiver grass and pineapple leaves at 350 °C using a
large chamber muffle furnace (Type 62700; Thermo Scientific
Barnstead/Thermolyne, USA) (Bohari et al.,, 2020) in the
Natural Products and Research Development Center
Laboratory (NPRDC), Faculty of Plantation and
Agrotechnology, UiTM Samarahan Campus. Then the biochar
samples were cooled down, collected, washed with water to
improve any impurities (Siti et al., 2021).

Biochar characterization

The physicochemical properties of pineapple leaf biochar
were obtained from Bohari et al., (2020). Vetiver grass biochar
(VGB) was converted into powder form and passed through 0.2
mm sieve for characterization purpose (Shetty & Prakash
2020). The pH value of the biochar was recorded using
portable pH meter (Make-EUTECH pH Tester) following the
same method used by Sahoo et al. (2021). The EC value was
measured using EC meter (Mettler-Toledo AG 8603
Schwerzenbach, Switzerland) following the same steps used by
Bohari et al. (2020). Total N was determined using CNS
Analyzer following the dry combustion method (Shetty &
Prakash 2020). Phosphorus and potassium content of the
biochar were determined according to the standard procedures
of the United States Salinity Laboratory Staff (United States
Salinity Laboratory Staff, 1954). The physicochemical
properties of pineapple leaf biochar and vetiver grass biochar
are presented in Table 1 and Table 3, respectively.

Soil sampling and analysis pre-planting stage

Soil samples were collected using a shovel from a depth of
0-20 cm in the farm field located at the Universiti Teknologi
MARA Samarahan Campus. The soil is classified as mineral
soil. Soil samples were air-dried, and passed through 2 mm
sieve for analysis purpose. Soil pH was measured using a
portable pH meter (1:2.5) (Jackson, 1973). Soil EC was
measured using EC meter at soil: water suspension ratio of 1.1
(Albalasmeh et al., 2023). Soil nitrogen content was
determined using the Kjeldahl method (AOAC, 1995).
Phosphorus content and exchangeable potassium in soil were
measured using Olsen method and atomic absorption
respectively (Albalasmeh et al.,, 2023). The initial soil
properties are presented in Table 4.

Table 1. Physicochemical properties of pineapple leaf biochar.

Parameter Unit Value
pH - 8.78
EC mScm™? 7.38
N % 8.33
P % 0.39
K % 48.32

Source: Bohari et al. (2020)

Table 2. Composition of treatments, rate and quantity of biochar.

Treatment VGB (g/plant) PLB (g/plant)
Bas 35 245

Bso 70 49

Brs 105 735

Bioo 140 98

Note: VGB = vetiver grass biochar, PLB = pineapple leaf biochar. Different
letters Bys, Bso, Bs, B1go = biochar application at 25, 50, 75, and 100% rate.

Table 3. Physicochemical properties of vetiver grass biochar.

Parameter Unit Value
pH - 8.41
EC mScm™* 5.48
N % 2.93
P % 0.35
K % 7.25

Note: pH = alkalinity, EC= electrical conductivity, N, P, and K = nitrogen,
phosphorus, and potassium content.

Table 4. Initial reading of soil parameters.

Parameter Unit Value
pH - 4.3
EC mScm™? 22
N % 0.13
P ppm 265
K ppm 91.6

Note: pH = alkalinity, EC= electrical conductivity, N, P, and K = nitrogen,
phosphorus, and potassium content.

Net house experiment with oil palm

A net house experiment was conducted at the Farm Unit,
UiTM Samarahan Campus with the coordination of
(1°26'45.7"N 110°27'08.2" E), Kota Samarahan, Sarawak,
Malaysia, for 240 days between November 2022 and July
2023. The experimental technique used is cultivation of oil
palm seedlings in polybag filled with soil. The dimensions of
the polybag used are 26 cm depth x 30 cm width. Each polybag
was filled with 3 kg of soil and one seedling. The soil was
mixed with two types of biochar viz., VGB and PLB at 25, 50,
75, and 100% application rates prior the transplanting stage.
Then, the oil palm seedlings, variety Elaeis guineensis Jacq.
were immediately transplanted into the polybags. After
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completing the transplanting process, the biochar treatments
were applied once every two months. The polybag experiment
consists of eight treatments and three replicates, each replicate
consists of six plants, making a total of 144 experimental units
arranged in a randomized complete block design (RCBD). The
seedlings were watered three times daily using automatic drip
irrigation system. Biometric parameters such as plant height
(cm), bole diameter (cm), leaf number, chlorophyll content
(SPAD unit), and plant dry weight (g) were observed and
recorded at the end of the experiment. The quantities of biochar
applied were prepared based on the amount of nutrients
provided to oil palm seedlings according to Rankine &
Fairhurst (1999). The rate and quantity of VGB and PLB used
are shown in Table 2.

Plant and soil analysis after harvesting

After eight months, the plants were harvested and
destructively sampled from each treatment, washed with tap
water, and oven dried at 65 °C for 72 hr. After completing the
drying process, the weight of plants was obtained using (A&D
GF-300 Precision Balance) and recorded as plant dry weight
(Zubir et al., 2020). For nutrient analysis, plants were prepared
following the same steps in (Gupta, 2007). Total N and P in
plants were obtained using auto-analyzer (QuikChem, Series
8000, Lachat Instruments Inc., USA), while total K was
measured using atomic absorption spectrophotometer (Perkin-
Elmer 5100 PC) (Mohidin et al., 2015). Soil samples were also
extracted and collected from each treatment, air-dried, and
sieved (2 mm) for analysis purpose. Soil pH, EC, nitrogen
content, phosphorus content, and exchangeable potassium were
measured using the same methods mentioned previously.

Statistical analysis

All data collected from the measured soil and plant
parameters were analyzed using ANOVA with the Statistical
Analysis System version 9.4 (SAS, 2013). Data were also
subjected to Duncan’s Multiple Range Test (DMRT) in order
to detect the significant groupings at P<0.05 significance level.

Results and discussion
Vetiver grass biochar characteristics

The main characteristics of biochar from vetiver grass are
summarized in Table 3. The vetiver grass biochar is
characterized by high pH, EC, N, P, and K content (Table 3).

Initial soil properties

The analysis of the net house experiment soil shows that
soil has pH 4.3, EC 2.2 mScm™, N 0.13%, P 265 ppm, and K
91.6 ppm (Table 4).

Effect of biochar on soil properties

The effect of biochar application on soil pH is shown in
Table 5. The application of VGB and PLB significantly
enhanced soil pH. Between the VGB treatments, soil pH
reached a maximum value of 7.63 at the Bigo application rate.
Between the PLB treatments, soil pH reached a maximum
value of 7.88 at Bigo application rate. The maximum value of

soil pH at Big application rate of VGB and PLB were not
significantly different. The increase in soil pH after the
application of VGB and PLB can be explained by the high
alkalinity nature of the VGB (8.41) (Table 3) and PLB (8.78)
(Table 1). Curaqueo etal. (2014) showed that soil pH value
increased with the biochar addition. Albalasmeh et al., (2023)
reported that soil pH increased with the biochar application
compared with the control treatment. Similarly, Aleiadeh et al.
(2024) reported that the application of biochar significantly
increased soil pH. The increase in soil pH with the biochar
application could be related to the alkalinity nature of the
biochar which mainly depends on the type of feedstock used to
produce the biochar (Glaser et al., 2002). This increase could
also be related to the addition of base cations and nutrients to
soil and to the occupation of soil exchange sites by the
exchangeable bases when the biochar is applied (Xiao etal.,
2016). The effect of biochar application on soil EC is shown in
Table 5. The application of VGB and PLB significantly
increased soil EC. This increase was more noticed at Bigo
application rate, where the EC reached the maximum value of
4.41 under VGB and 5.86 under PLB (Table 5). The increase
in soil EC with the biochar application is due to the high EC
vale of VGB (Table 3) and PLB (Table 1). Nigussie etal.,
(2012) studied the effect of biochar application on soil. They
found that soil EC significantly increased with the biochar
application. Also, Albalasmeh et al. (2023) found that the
biochar application significantly increased soil EC value. The
results showed significant responses of nitrogen (N),
phosphorus (P), and potassium (K) content to the application of
biochar. Under the VGB treatments, the highest N content was
seen in soil treated with Bigo application rate. Similar thing was
noticed under the PLB treatments. However, at B1g application
rate, N, P, and K content of soil was slightly higher in PLB
compared to VGB (Table 5). This increase with the application
is due to the ability of biochar to enhance the nutritional status
of soil and enrich it with more nutrients (Xiao et al., 2016). The
application of biochar enhanced the soil nutritional status by
increasing soil total nitrogen, and available phosphorus and
potassium contents (Olmo et al., 2014; Vaccari et al., 2015).

Effect of biochar on plant growth

The effect of biochar application on plant growth
performance is shown in Table 6. Plant height was
significantly affected by biochar application (Table 6). The
application of VGB and PLB significantly increased the plant
height. Between the VGB treatments, plant height reached a
maximum value of 50.53 cm at the Bigo application rate.
Between the PLB treatments, plant height reached a maximum
value of 62.22 cm at Bigo application rate. Sokchea & Preston
(2011) reported that plant height was enhanced with the
biochar application. Bijay-Singh & Craswell (2021) found that
biochar application increased the height of ginger plant.
Albalasmeh et al. (2023) also reported that biochar application
increased the height of wheat and barley. Ajeng et al. (2020)
found that biochar application increased the plant height of oil
palm. Aleiadeh (2024) confirmed that biochar application
enhanced the growth of oil palm in terms of height. Bole
diameter and leaf number were highly influenced by the
addition of biochar (Table 6). Between all the treatments, the
maximum value of bole diameter (4.86 cm) and leaf number
(19.33) were detected in plants treated with Bigo application
rate of PLB. The biochar application increased the plant’ bole
diameter and leaf number (Aleiadeh et al., 2024). The increase
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Table 5. Effect of biochar on selected soil properties.

Treatment pH EC (mScm™) N (%) P (ppm) K (ppm)
VGB

Bas 5.76¢ 2.98¢ 0.19¢ 271¢ 105.6¢

Bso 6.35¢ 3.33° 0.31° 2.84¢ 122.4¢

B7s 7.39° 3.86° 0.44° 296° 138.2°

Bioo 7.63° 4412 0.56* 312° 159.0°
PLB

Bas 6.11¢ 3.66¢ 0.89¢ 276¢ 117.3¢

Bso 6.72° 4.11° 1.33¢ 288° 139.4°

Bs 7.54° 4.55P 2.17° 303° 162.0°

Bioo 7.88° 5.86% 2.49 3178 184.7°

Note: Different letters in the same column indicate significant ranking orders by DMRT at p<0.05. Bys, Bso, B7s, B1go = biochar application at 25, 50, 75, and 100% rate.

Table 6. Effect of biochar on plant growth parameters.

Treatment Chl?gg%glha?tr)ltent Plant height (cm) Bole diameter (cm) Leaf number Dry weight (g)
VGB

Bos 25.75¢ 33.22¢ 2.08¢ 5.33¢ 104.95¢

Bso 34.18° 39.16° 2.57¢ 9.18¢ 126.19¢

Bs 41.63° 46.31° 2.94° 11.82° 134.33°

Bioo 47.55% 50.53% 3.19° 14.242 148.61*
PLB

Bos 33.84¢ 39.72¢ 3.51¢ 9.83¢ 121.66¢

Bso 38.20° 46.38° 3.93° 12.34¢ 139.11°

Bss 46.92° 54.82° 4.78® 15.71° 158.79°

Bioo 53.82° 65.22° 4.86° 19.332 171.222

Note: Different letters in the same column indicate significant ranking orders by DMRT at p<0.05. Bys, Bso, B7s, B1go = biochar application at 25, 50, 75, and 100% rate.

in plant’s bole diameter and leaf number can be related to
increased soil N and K content because of the biochar
application (Table 5). Plant’s bole diameter and leaf number
are mainly affected and enhanced by the addition of N and P
source (Astuti et al., 2015; Adileksana et al., 2020). The results
showed that biochar application enhanced the plant’s
chlorophyll content (Table 6). The highest chlorophyll content
with the highest application rate (Bigo) of PLB. Hua etal.
(2012) stated that biochar application increased the chlorophyll
contents of ryegrass. Albalasmeh et al. (2023) reported that
biochar application increased the chlorophyll contents in wheat
and barley. The increase in plant’s chlorophyll content can be
related to increased soil nitrogen content due to the biochar
application (Table 5). Plant dry weight was influenced by
biochar application (Table 6). The maximum value of plant’s
dry weight was noticed under the highest application rate (B1oo)
of PLB. Lee et al. (2013) reported that biochar application
significantly increased the dry weight of soybean. Jabborova et
al. (2021) also reported that biochar application increased the
plant’s dry weight. Gonzélez et al. (2022) showed that plant’s
dry weight was enhanced with the biochar application.
According to Albalasmeh et al. (2023) plant’s weight including
dry weight is usually influenced by the soil conditions and
nutrient content, which are mainly enhanced by the addition of
biochar.

Table 7. Effect of biochar on plant’s NPK content.

Treatment N (%0) P (ppm) K (ppm)
VGB

Bgs 1.834 2.7¢ 34.8¢

Bso 2.26° 3.1° 42.3¢

Brs 2.61° 3.4° 48.5°

Bioo 2.87% 3.8% 54.92
PLB

Bos 2.07¢ 2.8 45.2¢4

Bso 2.35° 3.3° 59.1°

Bs 2.76° 3.4 68.5°

Bioo 3.12¢ 3.92 77.9%

Note: Different letters in the same column indicate significant ranking orders
by DMRT at p<0.05. B,s, Bso, B7s, Bigo = biochar application at 25, 50, 75, and
100% rate.

Effect of biochar on plant’s nutrient content

The effect of biochar application on plant’s nutrient content
is shown in Table 7. Plant’s NPK content was significantly
influenced by biochar application. Between all treatments,
Plant’s NPK content reached the highest value at Bigo
application rate of PLB (Table 7). Salim (2016) reported that
NPK content in wheat was increased with the biochar
application. Albalasmeh et al. (2023) found that biochar
application slightly increased N and P content in wheat and
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barley. He also found that K content in both plants was
increased with biochar application. Biederman & Stanley
Harpole (2013) showed that soil and plant nutrient contents
were increased as a result of biochar addition. The increase in
plant’s NPK content can be attributed to the NPK content of
VGB (Table 3) and PLB (Table 1), which increased the
nutrient content in soil and plant (Table 5 and Table 7).

Conclusions

Vetiver grass biochar and pineapple leaf biochar have the
potential to be used as soil amendments. Vetiver grass biochar
and pineapple leaf biochar enhanced soil pH, EC, nitrogen
content, phosphorus content, and potassium content. In
addition, they also improved the growth and nutritional status
of oil palm (Elaeis guineensis Jacg.) seedlings. Based on the
findings, 100% application rate of pineapple leaf biochar had
the best effect on oil palm seedlings cultivated in acidic-poor
fertile soil.
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