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ABSTRACT

Calcium (Ca) is an essential secondary macronutrient which necessary plant mineral
frequently added to fertilizers to promote plant development and resistance to abiotic and
biotic stressors. Applying Ca to soils suffices to meet crops’ Ca requirements. Regrettably,
its function is obscure. Thus, it is critical to maintain enough nutrient availability through
fertilizers or alter the soil environment for oil palm seedlings to grow and thrive. This
study investigates the effects of different Ca sources on vegetative growth in oil palm
seedlings. This experiment was carried out for nursery evaluation using 5-months old of
oil palm seedlings with varying sources of Ca (Cl—calcium chloride, CaCl,; C2—calcium
sulfate, CaSQO,; C3-calcium nitrate, CaNO;; C4—calcium carbonate, CaCO;; C5—calcium
oxide, CaO, C6—calcium hydroxide, Ca(OH),; and C7—water leach purification and
neutralization underflow, NUF-WLP) and
grown in a polybag containing beach ridges
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(CRD) with ten replications for each. Based
on the total biomass of oil palm seedlings
at 24 weeks after treatment with various
sources of Ca, the result confirmed that C2
oil palm seedlings were more significant
in size and denser at the root than other Ca
types. The result is an essential indicator that
C2 effectively increased the total biomass
of oil palm seedlings at 1,000 ppm of Ca
(T4); hence it was the best Ca source to
improve the growth and development of oil
palm seedlings throughout the experimental
period at p<0.05.

Keywords: Calcium, non-soluble Ca, oil palms,

optimum rate, water-soluble Ca

INTRODUCTION

Sustainable agriculture has been one of the
most significant problems in agriculture
in recent years. However, plant nutrient
interactions and plant responses to stimuli
are various. Nutrients are essential for
plants’ growth and development, as they
provide vital and precise plant metabolism
functions (Agrios, 2005). Therefore, it is
crucial to maintain adequate nutrients in the
soil through fertilizers or by manipulating
soil conditions to maintain optimum nutrient
availability in soil. Mineral nutrients would
be an important metabolic regulator, widely
used in fertilizers to promote plants’ growth
by controlling plant metabolism. Moreover,
many macro and micro-nutrients are
recognized as correlated with some plants’
vegetative growth changes.

Ca is an essential macronutrient in
plants, with shoot concentrations varying

from 0.1% to over 5% per dry weight
(Marschner, 1995; White & Broadley,
2003). It was found primarily on cell
organelles such as the cell wall and the
endoplasmic reticulum, and it was crucial
in regulating plant growth and development
(Thor, 2019). Therefore, it has a dual role,
both as a structural part of cell walls and
membranes as well as an intracellular
second messenger. Consequently, the plant’s
uptake, delivery, and storage need to be
closely controlled to fulfill both missions. In
addition, Ca is also crucial for many plant
functions, including cell division, cell wall
growth, nitrate uptake, metabolism, enzyme
activity, and starch metabolism. Thus, the Ca
must be accessible to the plant in adequate
quantities to fulfill the structural function.

The Ca is present in three primary forms
in the soils, which are bound to exchangeable
sites of clay minerals, organic matter,
and minerals in soil solution (Ramirez-
Builes et al., 2020). The soil solution
contains only a minuscule proportion of
the total Ca. Therefore, plant roots from
the soil solution can absorb only calcium
ions (Ca?"). Several factors influence the
availability of Ca in soil solution, including
soil type, colloidal mineral fraction, pH,
organic carbon concentration, humic acids,
and exchangeable cation capacity (CEC).
The Ca deficiency is most significant in
acidic and sandy soils, as well as soils with
high aluminum ion (AI**) saturation and a
high AI** to Ca?* ratio in soil solution (Bolan
etal., 2007).

Ca is frequently administered to plant
seedlings during the growing period to
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boost their development potential (Chao
et al., 2021). By adding Ca to oil palm,
it can be an effective way to promote the
growth and productivity of plants. The Ca
used exists in the form of an exchangeable
cation in the nutrient solution is the main
component that can transfer to and absorb
by plant roots (Rahman & Punja, 2007).
Exchangeable Ca is generally predominant
in a nutrient solution than potassium (K)
and magnesium (Mg), the next two most
abundant exchangeable cations (McLean,
1975). The Ca is withdrawn from the
nutrient solution through plasma membrane
channels expressed in roots (White et al.,
2002).

The most vital sources of Ca fertilizer
used in agriculture are calcium sulfate
(CaS0,) or gypsum; calcium carbonate
(CaCO;) promoted as ground limestone or
screened chalk and ground chalk; calcium
hydroxide (Ca (OH),) retailed as slaked lime
or hydrated lime; and calcium oxide (CaO)
promoted as burnt or quick lime (Minson,
1990). However, the ability of various
sources of Ca as a fertilizer to improve
growth and plant production in oil palm
remains unknown. Based on a previous
experiment, 1,000 ppm of Ca in nutrient
solution established optimum growth for
oil palm seedlings (Mayzaitul Azwa, 2021).
However, further research is required to
identify the potential effects of different Ca
sources with an optimum concentration of
Ca (1,000 ppm) on the vegetative growth
of oil palm seedlings. This research was,
therefore, conducted to determine the effects
of different Ca sources on vegetative growth
in oil palm seedlings.

MATERIALS AND METHODS
Study Site

The experiment was conducted under
transgenic glasshouse conditions in Taman
Pertanian Universiti, Universiti Putra
Malaysia, Serdang, Selangor. Five-months-
old oil palm seedlings were obtained from
MPOB Kluang Research Station, Johor. All
seedlings were planted in black polybags
(35.56 cm height x 35.56 cm diameter)
filled with 25 kg of sandy soil (> 95% sand)
developed from marine sediments along the
beach, commonly called the beach ridges
interspersed with swales (BRIS) soil series
collected from Forest Research Institute
Malaysia (FRIM) Setiu Research Station,
Terengganu. Sandy soil was selected as the
growing media as it has zero nutrients and
makes it possible to control the nutrient
supply and uptake by oil palm seedlings. The
experiment was conducted in a transgenic
glasshouse, which had 24 hours controlled
and monitored environment. It provided a
sensor to detect temperature and relative
humidity changes in a glasshouse. Thus,
the temperature was maintained between
30°C and 36°C with relative humidity
between 60% and 80%. The seedlings
were maintained by watering twice daily
and supplemented with monthly fertilizers
throughout the experiment. For the water-
soluble Ca experiment, the fertilizer is
based on Hoagland solution (Table 1),
while for non-soluble Ca experiment is
based on basic fertilizer urea (nitrogen,
N: 46%); monopotassium phosphate,
MKP (phosphorus pentoxide, P,Os: 52%;
potassium oxide, K,O: 34%); muriate of
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potash, MOP (potassium oxide, K,O: 60%);
kieserite (magnesium oxide, MgO: 25%);
and borax (boron, B: 68%).

Table 1
Elements in Hoagland s solution based on Hoagland
and Arnon (1950) for 120 L of stock solution

sc?ltl(l)tcilcjn Type of fertilizer Quantity
Stock A Water 120 L
EDTA-Fe 228 g

Stock B Water 120 L
KNO; 8.4 kg

KH,PO, 3.6kg

MgSO, 4.8 kg

EDTA-Mn 21.6 kg

EDTA-Zn 18g

EDTA-Cu 48¢g

Ammonium molybdate 36¢g

Hibor 36¢g

(Hoagland & Arnon, 1950)

Experimental Design and Treatments

A factorial experiment was conducted with
ten replicates with three seedlings, each
using a completely randomized design

Table 2
Treatments of oil palm seedlings with different Ca
sources and solubility in water for plant growth
analysis

Calcium sources Solubility in
water
C1 Calcium chloride (CaCl,) Soluble

C2 Calcium sulphate (CaSO,)
C3 Calcium nitrate (CaNO;)

C4 Calcium carbonate (CaCOs)
C5 Calcium oxide (CaO)

C6 Calcium hydroxide (CaOH,)

C7 Water leach purification and
neutralization underflow
(NUF-WLP)

Non-soluble

(CRD) experiment. Seven types of Ca
sources were used in this experiment. The
oil palm seedlings were treated with water-
soluble and non-soluble Ca for six months
throughout the experiment (Table 2). All
the oil palm seedlings were sub-irrigated
with modified Hoagland solution (different
levels of Ca concentrations: T1-200 ppm,
T2- 250 ppm, T3-300 ppm, T4-1,000
ppm, and T5-1,500 ppm). The pH of the
nutrient solution was maintained at pH
6.0 by adjusting with 0.1 N hydrochloric
acid (HCI) or 0.01 N sodium hydroxide
(NaOH) solution and changed every week.
A total of five treatment combinations were
used in this study (Table 3). For the water-
soluble Ca, the oil palm seedlings were
supplemented with Ca fertilizer per 120 L
of Hoagland solution per week throughout
the six months of the experiment (Table 4).
The rates of Ca concentration were T3 (300
ppm, 24 applications, total 7,200 ppm per
seedlings), T4 (1,000 ppm, 24 applications,
total 24,000 ppm per seedlings), and T5
(1,500 ppm, 24 applications, total 36,000
ppm). Whereas in the case of non-soluble
Ca, the oil palms seedlings were added
with Ca fertilizers per 25 kg of BRIS soil

Table 3
Combination of treatments used

Treatment Ca concentration (ppm)
T1 200
T2 250
T3 300
T4 1,000
T5 1,500

Note. T1, T2, and T3: Low concentration rate; T4:
Optimum rate; TS: Excess concentration rate
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Table 4
Application rate of Ca types of solubility in water

Application Concentration of Ca per palm (ppm)
Ca sources

rate T1 T2 T3 T4 TS5
Cl 120 L of - - 0.80 L 3.00L 4.00L
C2 Hoagland - - 0.88 L 2.70 L 440L
C3 solution - - 0.90 L 3.05L 4.55L
C4 7.00 g 16.80 g 14.00 g - -
Cs 25 kg of 725¢g 1740 g 1450 g - -
C6 BRIS soil 12.51 g 30.02 g 250g - -
Cc7 20.00 g 25.00 g 30.00 g - -

Note. A negative symbol is used to mention that no experiment for the treatment as mentioned above. C1
—CaCl,, C2 — CaS0O,, C3 — CaNO;, C4 — CaO, CS — Ca (OH),, C6 — CaCO;, and C7 — NUF-WLP (2 NUF:1
WLP). T1 —200 ppm, T2 — 250 ppm, T3 — 300 ppm, T4 — 1,000 ppm, and T5 — 1,500 ppm

per month throughout the six months of
the experiment (Table 4). The rates of
Ca concentration were T1 (200 ppm, six
applications, total 1,200 ppm per seedlings),
T2 (250 ppm, six applications, total 1,500
ppm per seedlings), and T3 (1,000 ppm, six
applications, total 6,000 ppm per seedlings).

No experiments were done for treatment
T1 (200 ppm of Ca) and T2 (250 ppm
of Ca) for water-soluble Ca. After being
tested on their pH during pre-experiment,
both treatments gave the range of soil pH
below the optimal availability of plant
nutrients (6.0 to 7.0). For non-soluble Ca,
no experiments were done for treatment
T4 (1,000 ppm) and T5 (1,500 ppm). Both
treatments gave the range of soil pH above
the optimal availability of plant nutrients
(6.0 to 7.0).

Measurements of Vegetative Growth

The plant height (cm), girth diameter
(mm), and the chlorophyll content (soil
plant analysis development, SPAD) values
were obtained three times throughout the

Pertanika J. Trop. Agric. Sci. 45 (1): 257 - 271 (2022)

experiment period, which was at two-,
four-, and six-month intervals throughout
the experiment period.

Data Analysis

The data were statistically analyzed using
a two-way analysis of variance (ANOVA)
from the Statistical Analysis Software
(SAS) 9.2 package. Two-way ANOVA was
used to understand whether there was an
interaction between types of Ca sources
on the growth of oil palm seedlings and
different levels of Ca concentrations. Where
types of Ca sources and different levels of Ca
concentrations were independent variables,
and the development of oil palm was the
dependent variable. Means separation
was conducted using the least significant
difference (LSD) at a 5% significance level.

Pre-experiment (Water Field Capacity)

Water field capacity in BRIS soil was
measured to calculate the amount of soil
moisture or water content kept in the soil
using the following formulae:
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Moisture content (% w/w) = [(

Pre-experiment (Soil pH of Qil Palm
Seedlings)

All Ca sources used in the experiment were
tested on their pH at a different concentration
to determine which treatment gave the soil
pH range the optimal availability of plant
nutrients (6.0 to 7.0). The experiment was
carried out for six months, and the soil pH
was measured at two months intervals.

RESULTS AND DISCUSSION

Plants Height for Oil Palm Treated with
Soluble and Non-soluble Ca Sources
Throughout the experiment period, there
was no interaction between soluble Ca
sources with Ca concentration rates at
p=>0.05 (Table 5). Generally, the oil palm
seedlings showed an increase in their height
after two months treated with various
types of water-soluble Ca at different
concentration rates (low, optimum, and
excess). At six months, the mean height of
oil palm seedlings at 1,000 ppm of Ca (T4)
treated with C3 was 7.23% higher than that
in C2 and 10.50% higher than in C1. The
mean height of oil palm seedlings at 1,000
ppm of Ca (T4) was almost the same as in
C2and Cl1, about 3.58%.

A similar trend was also observed in
the height of oil palm seedlings treated with
various types of non-soluble Ca (Table 6).
As the seedlings grew old, the differences
among the seedling’s height became
more pronounced. However, there was no
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weight of fresh soil —weight of dry soil) N 100]

weight of wet soil

interaction between non-soluble Ca sources
with Ca concentration rates at p>0.05.
However, interactions existed between
types of Ca used in the experiment with
the time (month) at p<0.05. All seedlings
were observed to increase significantly in
height after two to six months of treatment
with various types of non-soluble Ca. After
six months of treatment, the height of the
seedlings at 300 ppm of Ca (T3) recorded
in C7 was 3.19% significantly higher than in
C6, 6.68% higher than in C4 15.48% higher
than in C5. The seedlings’ height treated
with C6 was 3.61% higher than in C4 and
12.7% higher than in C5. The seedlings
treated in C4 were 9.43% higher than in CS.

Girth for Oil Palm Treated with Soluble
and Non-soluble Ca Sources

Throughout the experiment, an interaction
between Ca water-soluble forms with
different Ca concentrations was observed at
p<0.05 (Table 7). There was an interaction
between soluble Ca sources with Ca
concentration rates at p<0.05 (Table 7).
The girth of oil palm seedlings showed an
improvement after two months of treatment
with various forms of water-soluble Ca at
different concentration rates (low, optimum,
and excess). The mean value of girth at
1,000 ppm of Ca (T4) treated with C3 was
32.98% higher than that in C2 and 27.78%
higher than in C1 over six months of
experimental time. The mean value of the
girth of oil palm seedlings at 1,000 ppm of
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Ca (T4) in C1 and C2 was almost the same,
around 0.16%.

A similar pattern in the girth of oil palm
seedlings treated with different types of non-
soluble Ca sources was observed (Table 8).
As the seedlings grew old, the changes in the
girth of seedlings became more pronounced.
No interactions were found between non-
soluble Ca sources with Ca concentration
rates at p>0.05 during the experiment
period. However, interactions existed
between types of Ca used in the experiment
with the month at p<0.05. After two to six
months of treatment with different types
of non-soluble Ca, all seedlings increased
significantly in girth. After six months of
treatment, the girth of seedlings at 300 ppm
of Ca (T3) observed in C7 was significantly
1.70% higher than in C6, 13.44% higher
than in C4, and 15.06% higher than in C5.
The girth size of C6 treated seedlings was
11.94% higher than in C4 and 13.58%
higher than in C5. A girth of C5 was 1.87%
higher than in C4 seedlings treatment.

Chlorophyll Content for Oil Palm
Treated with Soluble and Non-soluble
Ca Sources

No interactions were observed between Ca
water-soluble forms with Ca concentrations
rates at p>0.05 (Table 9). However,
interactions were observed among the
sources of Ca with the month over the entire
experimental duration at p<0.05. The results
of this experiment generally showed an
increase of the chlorophyll content (SPAD)
in oil palm seedlings after two months of
treatment with various forms of water-

soluble Ca. The mean value of chlorophyll
content (SPAD) at 1,000 ppm of Ca (T4)
treated with C1 was 4.97% higher than that
in C3 and 6.61% higher than in C2 over six
months of experimental time. The mean
value of the chlorophyll content (SPAD)
in seedlings at 1,000 ppm of Ca (T4) in C3
and C2 was almost the same, around 2.36%.

A similar pattern in the chlorophyll
content (SPAD) of oil palm seedlings
treated with different sources of non-
soluble Ca water was observed (Table 10).
As the seedlings grew old, the changes
in the chlorophyll content (SPAD) of the
seedlings became more pronounced. There
was no interaction between non-soluble Ca
water sources with Ca concentration rates
at p>0.05 during the experiment duration.
However, there were interactions between
sources of Ca used in the experiment with
the rate of Ca concentration at p<0.05.
All seedlings increased significantly in
chlorophyll content (SPAD) after two to six
months of treatment. After six months of
treatment, the chlorophyll content (SPAD)
of seedlings at 300 ppm of Ca (T3) observed
in C6 was significantly 1.74% higher than in
C4, 1.79% higher than in C7, and 13.47%
higher than in C5. The chlorophyll content
(SPAD) in C4 treated seedlings was 0.05%
higher than in C7 and 11.93% higher than
in C5. The C7 seedlings treatment showed
chlorophyll content (SPAD) of 11.88 %
more than in C5.

Total Biomass of Oil Palm Seedlings

There was no interaction between types of
Ca used in the experiment, with the rate
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of Ca concentration at p>0.05. However,
the total biomass of C2 seedlings was
significantly higher than that of C1, C3, C4,
C5, C6, and C7 seedlings after six months
throughout the entire experimental period
at p<0.05 (Figure 1). The total biomass in
C2 seedlings of oil palm was 23.01% larger
than C4, followed by 23.37% larger than
C7, 25.56% larger than C3, 26.44% larger
than C5, 27.28% larger than C6, and 29.91%
larger than C1. The C2 oil palm seedlings
are bigger and denser at the root compared
to Cl1, C3, C4, C5, C6, and C7 seedlings.
These results suggested that the Ca source
of C2 (CaSQ,) effectively increased the total
biomass of oil palm seedlings.

The Soil pH

The effect of 300 ppm of various Ca sources
used in the experiment on the BRIS soil
pH is shown in Table 11. There was an

interaction between types of Ca with the
rate of Ca concentration at p<0.05. The
minimum and maximum values of BRIS
soil pH were 6.71 and 8.10, respectively.
These results suggested that the soil pH was
ideal for plant growth ranging from 6.0 to
8.0, respectively.

Table 11

Soil pH for oil palm seedling treated with 300 ppm
of Ca

Types of Ca Average of soil pH
Cl 6.85ed +0.17
C2 6.71e +0.07
C3 6.92d +0.08
c4 7.94ab +0.16
Cs5 8.10a +0.19
Co6 7.78bc +0.18
Cc7 7.75¢ +0.15

Note. Data are means + standard error using LSD
(p<0.05). Means with the same letter are not
significantly different. C1 - CaCl,, C2 - CaSO,, C3 -
CaNO;, C4 - Ca0, C5 — Ca (OH),, C6 - CaCOs;, and
C7 - NUF-WLP
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Figure 1. Total biomass of oil palm seedlings at 1,000 ppm of Ca (T4), 24 weeks after treatment with

various sources of Ca

Note. C1 - CaCl,, C2 - CaSO,, C3 - CaNO;, C4 - CaCO;, C5 - Ca0, C6 — Ca (OH),, and C7 - NUF-WLP.
Data are means + standard error using LSD (p<0.05). Error bars represent LSD values between treatments.
LSD bar below the LSD value shows the critical difference (CD) or least significant difference (LSD) in
a graph to explain the differences between effects of different calcium sources on the total biomass of oil

palm seedlings
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The current study evaluated the
effects of different types of Ca used in
the experiment on oil palm seedlings’
vegetative growth in the nursery. All oil
palm seedlings increased in seedling height,
girth diameter, and chlorophyll content
after two months until six months treated
with various types of Ca (water-soluble or
non-soluble Ca) at different levels of Ca
concentration. However, this experiment
focused on treatment T4 (1,000 ppm of Ca),
an optimum rate for oil palm seedlings in the
nursery, following the previous research by
Mayzaitul Azwa (2021). The results showed
that C3 (CaNQ;) oil palm seedlings had the
tallest plant height and most oversized girth
diameter compared to other Ca sources.
However, C1 (CaCl,) showed the highest
chlorophyll content than different types
of Ca sources. From this experiment, the
C2 (CaS0O,) treated oil palm seedlings at
optimum Ca concentration rate (T4-1,000
ppm) were more prominent and denser at the
root. This result was an essential indicator
that C2 effectively increased the growth
and development of oil palm seedlings,
especially on total biomass. Thus, it was the
best Ca source. It provides a natural source
of Ca and S that can be directly absorbed
by plants and is crucial for fertilization
and healthy plant development. CaSO,
application can enhance soil structure
and physical (aeration, bulk density, and
drainage) and chemical parameters (pH,
CEC, EC, nutrients availability, and organic
carbon) and biomass crop productivity
(Alcivar et al., 2018; Kim et al., 2016;
Lastiri-Hernandez et al., 2019; Wang et al.,
2017).

It is believed that there are three main
theories involved in this research about how
CaSQO, changes the composition of the soil
and its physical structure (Jason, 2013).
First, it helps compacted soil reduce its
compaction level, enhancing the quality of
soil structure, which further improves the
soil aeration and water permeability. The
reduced compacted soil will allow the oil
palm roots to penetrate deeper to acquire
more usable nutrients. Second, Ca in CaSO,
help to improve the soil by promoting
the growth of soil organism, which then
provides a more robust soil structure (Jason,
2013). The addition of CaSO, increased
the soil organism’s activity, which assisted
in breaking down the organic material and
dead plant matter. As a result, it helps bind
soil particles together, stabilizing the soil
structure. The transition from small particles
to larger aggregates allows for greater water
penetration and nutrients into the soil. Third,
the application of CaSQO, to the soil improves
the size of soil pores (Jason, 2013). Thus, it
helps to balance water drainage and holding
capacity, on the other hand. The larger pores
increase water and drainage flow, while the
smaller pores hold the water longer and
aid plant storage (Hopkins, 2013). These
varying pore sizes are critical and provide
the roots with the oxygen they need because
of the improved aeration generated by better
root penetration. Therefore, it makes the
plants easier to receive more minerals and
water to increase growth and development.

These findings are in accordance with
the previous research findings by Winsor
et al. (1963), who investigated the effect
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of CaSO, on lettuce growth and reported
that the application of soluble CaSO, had
a comparative effect on lettuce growth
mainly in terms of plant size and the fresh
weight. Similar findings have been reported
by Gharieb et al. (1998), explaining that
supplementary CaSO, in tomato plants
significantly increased all the growth
parameters and physiological variables,
such as plant growth, fruit yield, and
membrane permeability as nutrients uptake
from the nutrient solution. This outcome
is further strengthened by Mahmood et
al.’s (2009) findings, who reported that the
application of 20 mg Ca as CaSO, along
with N caused a significant improvement in
plant height, straw, and grain yields wheat.
These previous studies also reported that the
application of Ca as CaSQO, had significantly
increased about 34 to 52% of plant growth
and 25 to 43% of wheat yield production.

The Ca does not shift easily from elder
leaves to the rising tips needed. Therefore,
CaSO0,is required as it is relatively soluble,
which acts as a good medium-term source
for releasing Ca and has fair mobility
through the soil profile. However, the
supplementation of CaSO,as a Ca fertilizer
had little or no effect on the soil pH, thus
increasing the plant growth. These outcomes
followed the research findings demonstrated
by Carvalho and van Raij (1997), whereby
the addition of CaSO, in the soil had a very
little significant effect in increasing the pH
value, which only ranges from 0.05 units to
0.23 units.

The current study results showed that
the application of CaSQO, in the soil increased

the chlorophyll content in oil palm seedlings.
These results strongly correlated with the
membrane permeability of treated CaSO,
seedlings. This statement is in line with an
investigation by Bolat et al. (2006) that the
addition of 5 mM of CaSO, in root medium
of plum (Prunus domestica), Marianna
GF 8-1 (Prunuscerasifera x munsoniana),
Myrobolan B (Prunus cerasifera), and
Pixy (Prunus insititia) increased the total
chlorophyll contents in their leaves. These
results could be related to membrane
permeability and electrolyte leakage. The
membrane permeability improved as the
concentration rate of CaSO, increased,
reducing the percentage of electrolyte
leakage and increasing the chlorophyll
contents.

CONCLUSION

The results of this study revealed that Ca
supplemented as CaSO, (C2) source was
the best to be used for oil palm seedlings
with an optimum rate of concentration
(T4 - 1,000 ppm). Therefore, the addition
of CaSO, could offer an economical and
simple solution to enhance the growth and
development of oil palm seedlings. There
was a need to consider fertilizer nutrients
using the CaSO, combined with an optimum
concentration rate for further research as
an alternative way to control plant disease,
especially in oil palm caused by Ganoderma
boninense fungi.

ACKNOWLEDGMENTS

The authors are incredibly grateful to
Universiti Putra Malaysia (UPM) and the

Pertanika J. Trop. Agric. Sci. 45 (1): 257 - 271 (2022) 269



Nurul Mayzaitul Azwa Jamaludin, Mohamed Hanafi Musa, Idris Abu Seman, Mohd Ezuan Khayat and Nur Shuhada Muhamad Tajudin

Malaysian Palm Oil Board (MPOB) for
supporting this research study. Furthermore,
we would like to thank the Director of
Biology Division, MPOB, and management
of MPOB generally for the support and
comments to conduct this research. As
well, thanks to all involved staff of the Plant
Pathology and Biosecurity (PPB) Unit,
MPOB, for their assistance in destructive
sampling help and cooperation during this
study.

REFERENCES

Agrios, N. G. (2005). Plant pathology (5" ed.).
Elsevier Academic Press.

Alcivar, M., Zurita-Silva, A., Sandoval, M., Muiioz,
C., & Schoebitz, M. (2018). Reclamation of
saline—sodic soils with combined amendments:
Impact on quinoa performance and biological
soil quality. Sustainability, 10(9), 3083. https://
doi.org/10.3390/su10093083

Bolan, N. S., Loganathan, P., & Saggar, S. (2007).
Calcium and magnesium in soils. In Encyclopedia
of soils in the environment (pp 149-154). New
York Academic Press. https://doi.10.1016/B0-
12-348530-4/00223-X

Bolat, I., Kaya, C., Almaca, A., & Timucin, S.
(2006). Calcium sulfate improves salinity
tolerance in rootstocks of plum. Journal of
Plant Nutrition, 29(3), 553-564. https://doi.
org/10.1080/01904160500526717

Carvalho, M., & van Raij, B. (1997). Calcium
sulphate, phosphogypsum and calcium carbonate
in the amelioration of acid subsoils for root
growth. Plant and Soil, 192, 37-48. https://doi.
org/10.1023/A:1004285113189

Chao, Y. Y., Wang, W.J., & Liu, Y. T. (2021). Effect of
calcium on the growth of Djulis (Chenopodium

Jformosanum Koidz.) sprouts. Agronomy, 11(1),
82. https://doi.org/10.3390/agronomy 11010082

270

Gharieb, M. M., Sayer, J. A., & Gadd, G. M. (1998).
Solubilization of natural gypsum (CaSO,.2H,0)
and the formation of calcium oxalate by
Aspergillus niger and Serpula himantioides.
Mpycological Research, 102(7), 825-830. https://
doi.org/10.1016/j.resconrec.2016.04.005

Hoagland, D. R., & Arnon, D. 1. (1950). The
water-culture method for growing plants
without soil. https://ia601604.us.archive.
org/22/items/waterculturemeth347hoag/
waterculturemeth347hoag.pdf

Hopkins, M. (2013). The role of gypsum in agriculture:
5 key benefits you should know. https://www.
croplife.com/crop-inputs/micronutrients/the-
role-of-gypsum-in-agriculture-5-key-benefits-

you-should-know/
Jason. (2013). The benefits of calcium sulphate in

agriculture. Calcium sulfate makes a difference
in soil properties. https://www.eco-gem.com/

benefits-calcium-sulphate-agriculture/

Kim, H. S., Kim, K. R., Lee, S. H., Kunhikrishnan,
A., Kim, W. ., & Kim, K. H. (2016). Effect of
gypsum on exchangeable sodium percentage and
electrical conductivity in the Dacho reclaimed
tidal land soil in Korea - A field scale study.
Journal of Soils Sediments, 18, 336-341. https://
doi.org/10.1007/s11368-016-1446-x

Lastiri-Hernandez, M. A., Alvarez-Bernal, D.,
Bermudez-Torres, K., Cruz Cardenas, G., &
Ceja-Torres, L. F. (2019). Phytodesalination
of a moderately saline soil combined with
two inorganic amendments. Bragantia, 78(4),
579-586. https://doi.org/10.1590/1678-
4499.20190031

Mahmood, I. A., Salim, M., Ali A., Arshadullah, M.,
Zaman, B., & Mir, A. (2009). Impact of calcium
sulphate and calcium carbide on nitrogen use
efficiency of wheat in normal and saline sodic
soils. Soil and Environment, 28(1), 29-37.

Marschner, H. (1995). Nutritional physiology. In
Mineral nutrition of higher plants (pp. 417-426).

Mineral Academic Press Limited.

Pertanika J. Trop. Agric. Sci. 45 (1): 257 - 271 (2022)



Effects of Calcium Sources on Oil Palm Seedling Growth

Mayzaitul Azwa, J. N. (2021). Calcium nutritional
effects on suppression of Ganoderma disease in
oil palm [Unpublished Doctoral dissertation].
Universiti Putra Malaysia.

McLean, E. O. (1975). Calcium levels and
availabilities in soils. Communications in Soil
Science and Plant Analysis, 6(3), 219-232.
https://doi.org/10.1080/00103627509366563

Minson, D. J. (1990). Calcium. In Forage in ruminant
nutrition (pp. 208-209). Academic Press.

Rahman, M., & Punja, Z. K. (2007). Calcium and
plant disease. In L. E. Datnoff, W. H. Elmer, &
D. M. Hubert (Eds.), Mineral nutrition and plant
disease (pp. 79-93). APS Press.

Ramirez-Builes, V. H., Kiisters, J., de Souza, T.R., &
Simmes, C. (2020). Calcium nutrition in coffee
and its influence on growth, stress tolerance,
cations uptake, and productivity. Frontiers
in Agronomy, 2, 590892. http://doi.10.3389/
fagro.2020.590892

Thor, K. (2019). Calcium - Nutrient and messenger.
Frontiers in Plant Science, 10, 440. https://doi.
org/10.3389/fpls.2019.00440

Wang, S. J., Chen, Q., Li, Y., Zhuo, Y. Q., & Xu,
L. Z. (2017). Research on saline-alkali soil
amelioration with FGD gypsum. Resource,
Conservation and Recycling, 121, 82-92. https://
doi.org/10.1016/j.resconrec.2016.04.005

White, P. J., & Broadley, M. R. (2003). Calcium in
plants. Annals of Botany, 92(4), 487- 511. https:/
doi.org/10.1093/aob/mcg164

White, P. J., Bowen, H. C., Demidchik, V., Nichols,
C., & Davies, J. M. (2002). Genes for calcium-
permeable channels in the plasma membrane of
plant root cells. Biochimica et Biophysica Acta
- Biomembranes, 1564(2), 299-309. https://doi.
org/10.1016/S0005-2736(02)00509-6

Winsor, G. W., Davies, J. N., & Massey, D. M. (1963).
Soil salinity studies. I - Effect of calcium sulphate
on the correlation between plant growth and
electrical conductivity of soil extracts. Journal of
the Science Food and Agriculture, 14(1), 42-48.
https://doi.org/10.1002/jsfa.2740140107

Pertanika J. Trop. Agric. Sci. 45 (1): 257 - 271 (2022) 271






