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Abstract: Sandy soils are marginal soils that have potential in the form of land availability and limiting factors that
pose challenges to oil palm cultivation. We believe mapping and improving these limiting factors can increase the
potential of sandy soils to support oil palm cultivation. This systematic review aims to summarise and collect data on
the results of oil palm research on sandy soils to obtain information on the growth, yield and nutrition of oil palm
plants grown on various sandy soils. Only 24 articles were screened according to this systematic literature review's
inclusion and exclusion criteria. Most of the studies were conducted in Indonesia and then Malaysia, with the soil
types being the object of research: Spodosols, Latosols, Entisols, and Regosols. It is hoped that the summary of results
and evidence from the 24 articles found can be widely accepted and adopted to improve knowledge and find research
gaps in oil palm crop management in sandy soils.
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1. INTRODUCTION

Sandy soils are widely distributed throughout the world. Based on the World Reference Base for
Soil Resources, sandy soils consist of Arenosols, Regosols, Leptosols, and Fluvisols [1].
Meanwhile, according to the USDA Soil Taxonomy, sandy soils are found in Entisols. Sandy soils
are also found in other soil orders, such as Alfisols, Aridisols, Inceptisols, Mollisols, Oxisols,
Spodosols, and Ultisols. In this review, we define sandy soils as those with an average sand content
greater than 50% and clay content less than 20% to a depth of 30 cm. Sandy soils generally have
low organic matter content, which leads to low cation exchange capacity (CEC) and low nutrient
availability due to runoff and nutrient leaching problems. Low Phosphorus availability worsens
soil productivity [2]. Adding clay and organic matter to sandy soils can alter soil physical
properties (such as soil aggregation, soil water content, and soil porosity) through cementation,
cohesion, and replacement of soil particles. Better soil physical properties result in greater root
distribution and penetration, hence greater uptake of nutrients and water, which can lead to
improved plant growth [3], [4].

Oil palms (Elaeis guineensis) are monocots with a single seed and a fibrous root system that
spreads downwards in search of nutrients and for the formation of a single trunk [5]. The oil palm
crown is comprised of 25-40 mature fronds. The oil palm is native to West and Central Africa. It
was introduced to Malaysia by British colonizers in the 19th century when the first commercial oil
palm plantation was established in Selangor in 1917 [6]. Oil palm trees typically reach a height of
approximately 10 meters and have a lifespan of 25-30 years before requiring replanting [5]. The
yield of the oil palm plant, more commonly known as fresh fruit bunches (FFB), consists mainly
of oil (25%), kernel/seed (5%), mesocarp fiber (13%), shell (7%), and empty fruit bunches (EFB)
(23%) [5].

The extensive geographical distribution of the oil palm is likely attributable to its capacity to adapt
to the challenging environmental conditions characteristic of its native African ecosystem, where
it serves as a pioneer species. The oil palm can grow in a multitude of environments, including
flooded areas, shallow lateritic or rocky soils, very sandy soils, peat, dry areas with less than 800
mm of moisture stress per year, areas with high slope angles, and altitudes of approximately 1,300
meters above sea level. Nevertheless, oil palms can flourish optimally in low-lying regions below

500 m in the humid tropics between 10 degrees north latitude and 10 degrees south latitude, with
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an annual rainfall of between 2,000 and 2,500 mm and no dry season (humidity less than 100 mm
per year), and a minimum air temperature above 20 degrees Celsius. The optimal conditions for
oil palm cultivation include a temperature range of 20 to 35 degrees Celsius, a minimum of five
hours of effective solar irradiation per day, soil depths of 100 centimeters or more, loam to sandy
loam textures, loose and well-drained soil, and slopes of less than 4 degrees [7].

This systematic review aims to collate and synthesize data on the outcomes of oil palm research
conducted on sandy soils to acquire insights into the growth, yield, and nutritional requirements of
oil palm plants cultivated on various sandy soil types. The research object is defined as broadly as
possible to encompass results from studies conducted on sandy soils, regardless of the specific

research methodology employed.

2. METHODOLOGY

A systematic literature review was conducted on oil palm on sandy soils. The criteria for inclusion
in this review were that the material had to present original research on oil palm grown on sandy
soils. The systematic review used PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-analyses). Systematic reviews are carried out by groups of at least 2-3 researchers who
specialize in the topic and have a basic knowledge of statistical data analysis. This reduces bias

due to subjective errors in how individual research results are assessed and synthesized [8], [9].

Scope

The objective of this review is to respond to a specific question. The purpose was to ascertain the
impact of sandy soil on oil palm growth, yield, and nutritional value. To gain insight into the
subject matter, articles pertinent to utilizing sandy or alternative soil types for oil palm cultivation
were identified. It was resolved that the Scopus (Science Direct) journal database would serve as
the principal source of articles. Furthermore, a search was conducted for published systematic

reviews on utilizing sandy soils with oil palm cultivation [8], [10].
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FIGURE 1. Systematic Literature Review Stage

Planning
The digital database chosen as the main source is Sains Direct. We obtain all article search terms

using (Boolean operator) to be used as the main search term in the form of (oil palm OR Elaeis)

AND (sand OR sandy soils).

Identification/Searching
Search strategies used in planning to identify/search for articles. Examine the results of some of

the articles found to determine whether the articles are relevant or not. If necessary, make changes
to the search strategy at this stage so that the articles found apply to the scope of the search, e.g.,
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by changing keywords or adding digital database sources. The Boolean operator will be modified
and updated to obtain relevant search results. Adding digital databases as search sources will be
done if the number of articles obtained is still insufficient; it is possible to add grey literature from
other unpublished source collections as a supplement [8]. Using keywords correctly is important,
as they provide precise or too few search results, leading to misleading results and wrong

conclusions [8].

Screening

Avrticle screening starts by exporting all articles searched from the digital database (Scopus) in the
form of citations and then importing the data using the citation application (Mendeley). The initial
filtering in Mendeley is to remove duplicate articles. Updating article information (article
properties) to facilitate the citation and filtering process. The most important filtering stage is to

test the relevance of the article based on the article title, abstract, and content, respectively [8].

Eligibility/Assessment

The inclusion criteria are: 1) The plant species studied must be oil palm, focusing on growth, yield,
and plant nutrition. 2) The soil type on which oil palm is grown is sandy (Alfisols, Aridisols,
Inceptisols, Mollisols, Oxisols, Spodosols, and Ultisols) with a sand content more than 50%. The
exclusion criteria applied are 1) articles must be field research and 2) articles published in
accredited journal databases (Scopus) in English or Indonesian. In addition, all articles from the

screening results will be read in depth.

Presentation and Interpretation

A synopsis and summary of the article search and screening process were presented to ensure that
the selected articles had passed the procedural stages of the systematic review. Subsequently, an
investigation was conducted into the heterogeneity of the articles obtained, with a mapping
exercise based on the journal publishing category. The article review results were then presented
in a grouped format based on the year of publication, length of research, and type of access status
(open access or paid). Finally, the study's limitations were discussed, noting that the articles must
be in English and Indonesian and published in the Scopus database. Recommendations for further

studies to complement oil palm results on sandy soils were also provided.
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3. RESULT AND DISCUSSION

The result of the search of 3,083 articles from the database (Science Direct n: 243 and Google
Scholar n: 2840) (Figure 1). After the screening stage to determine inclusion and exclusion based
on the title and abstract, 26 articles were obtained to be reviewed in-depth, finally eliminating two
articles that did not mention soil parameters and oil palm plants. The final number of in-depth

articles examined was 24 (Science Direct n: 1 and Google Scholar n: 23).

No. of Articles

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

Year

FIGURE 2. Historical Distribution of The Screened Literature

Figure 2 shows the literature results based on the publication year, from 2010 to 2023. From the
screening results, we did not find any articles that fit the inclusion-exclusion criteria about oil palm
plants on sandy soils in the 2014-2016 range.

The research methods used in the literature are grouped into three (Figure 3), namely literature
review (n: 1), observation (n: 8), and the rest are experimental in the form of field or greenhouse
experiments (n: 15). Observational research is suitable for agricultural studies related to climate
change. It takes a long time [11]. In observational research, researchers observe the effect of a
particular variable as it occurs naturally, without any intervention. In experimental research,
Researchers manipulate the situation in an experiment and observe the effects in a more controlled

environment.
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FIGURE 3. Literature Research Methods

The reviews were grouped (Figure 4) by plant age into nursery (8 articles), immature plants (3
articles), and mature plants (13 articles). This grouping focuses on the observation parameters
measured in each article.

The soil chemical property identified from the review is soil pH. Soil pH was only mentioned in 9

articles, and no soil parameters other than pH were found. The soil pH values found in this review
ranged from 3.5 to0 7.12.
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FIGURE 4. Literature Oil Palm Stage
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This review summarises some of the findings of studies collected based on the age stage of the

crop from nursery (pre-nursery and main nursery), immature crops, and mature crops.

Nursery

At the nursery stage, 8 articles were found when grouped by research topic, consisting of soil
amendments (n: 4 articles), diseases (n: 2 articles), fertilizers (n: 1 article), and water (n: 1 article).
A total of 50% of the articles discussed soil amendments (Table 1), which can be interpreted to
mean that improving the physico-chemical properties of sandy soils as a planting medium for oil
palm nurseries is essential. Hence, soil amendments are very important.

Zeolite increases the levels of Al-dd, CEC, K, Ca, Mg, and Na and decreases pH and P at a dose
of 150 gr/polybag; an increase in Al-dd levels, a decrease in pH is thought to have caused inhibition
of seedling growth [12].

Nutrient uptake in the leaves of oil palm seedlings tended to increase with zeolite at doses of 50
and 100 g per polybag, while the zeolite dose of 150 g per polybag caused a decrease in nutrient
uptake in the ex-mining soil. Total dry weight and nutrient uptake were highest when applying
palm empty fruit bunch compost. Relatively higher leaf nutrient uptake of N, P, K, Ca, and Mg
were found in seedlings grown on topsoil and ex-mining media with palm empty fruit bunch
compost [12], [13]. Leaf nitrogen content was highest in the NPK fertilizer treatment. Still, all
organic fertilizer treatments increased leaf N content compared to the control, so it can be said that
organic fertilizer application can increase plant nitrogen nutrient uptake [14]. The maximum field
capacity of water in polybags for 11 kg soil-weight sandy loam oil palm seedlings was 1.68 L
(100% FC). N nutrient uptake decreased significantly with soil moisture below 75% of field
capacity. P nutrient uptake decreased significantly when soil moisture was less than 55% of field
capacity. Similarly, when soil moisture was 65% of field capacity, K and Mg nutrient uptake
decreased significantly [15]. The chlorophyll content of the leaves of the oil palm seedlings was
higher in the oil palm empty fruit bunches compost treatment compared to poultry manure and
NPK fertilizer treatments, while the N content was lowest in the cow dung treatment [14].
Zeolite is better at increasing plant dry weight than dolomite (Rahutomo et al., 2010). In another
study, the application of cow dung (25%-100%) significantly affected plants' dry weight 12 weeks
after planting. When the plants were 24 weeks after planting, only cow dung at a dose of >75%
significantly affected plant dry weight compared to the dose of NPK fertilizer [16].

The trunk diameter best treated NPK fertilizer and cow dung compared to empty bunch ash and
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poultry manure [14]. Empty fruit bunch ash had the best effect on leaf number growth compared
to NPK fertilizer, cow dung, and poultry manure [14]. The combination of 25% NPK fertilizer and
75% cow dung increased root growth at 12 weeks after transplanting compared to lower doses of
cow dung treatments. Applying 100% cow dung increased root length growth by 56.61%
compared to no cow dung. At 12 weeks after transplanting, there was no difference in root area,
while root growth developed significantly at 24 weeks after transplanting due to the possibility
that secondary, tertiary, and quaternary roots develop 24 weeks after transplanting [16].

Cow dung with a 50-100% dose provides growth in the number of leaflets, of which the best dose
is 75-100% at the age of 12 weeks after planting. While the dose of cow dung >25% had a
significant effect on the leaf surface area 12 weeks after planting, at 24 weeks after planting, only
a 100% dose of cow dung had the highest significance to the leaf surface area. Plant height was
significantly influenced by doses of 25-100% cow dung at the age of 12 weeks after planting, while
at the age of 24 weeks after planting, only doses >50% gave significant results on plant height.
The stem diameter at the age of 12 weeks after planting was influenced by the dose of cow
dung >75%, while at the age of 24 weeks after planting, the dose of cow dung >50% dose only
increased the diameter of the plant stem with 0% cow dung possibly due to nitrogen being
converted into amino acids [16]. Lamtoro leaf compost and vermicompost did not have different
effects on plant height, number of leaves, stem diameter, shoot dry weight, root length, and number
of roots in the prenursery phase. However, each increased plant growth parameters compared to
the control beach sand soil [17]. In that study, the recommended compost dose was 50
grams/polybag to meet the growth needs of plant observation parameters.

Soil moisture significantly affected the height of oil palm seedlings with a pattern of moisture
levels of 65%, >55%, >45%, >35% of field capacity with a height difference of 20%, 27.9%,
27.9%, and 43.1% lower than the control (95-100% of field capacity), respectively. Leaf surface
area and number of leaves significantly decreased when soil moisture levels were 60 to 65 %, 50
to 55%, 40 to 45%, and 30 to 35% compared to the control [15].

The first symptoms of Ganoderma infection appeared in the 3rd month (25% sand texture: 5%
population and 75% sand texture: 15% population) and in the 6th month (75% sand texture: 55%
population and 100% sand texture: 50% population). Mineral soil 100% without sand showed
symptoms of root necrosis only in month 6. Stem base rot incidence was higher in sand-textured
soils. Soil characteristics and the presence of the Ganoderma pathogen strongly influence the
height of oil palm seedlings [18]. The rate of Ganoderma infection in the sand texture growing
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medium was 1.77 and 1.83 plants per month. The speed of the Ganoderma infection rate in sand
soil is due to the loose physical properties of sand soil or high porosity, so plant roots move faster
toward the source of Ganoderma inoculum. The chemical properties of the soil that affect the rate
of Ganoderma infection in the soil are pH. The population of microorganisms in the soil affects
the rate of Ganoderma infection in sand soil. The fertility of sand soil causes plants to decrease
their resistance to pathogen infection [19].

Soils from different locations with different physical and chemical properties (clay content,
nitrogen, potassium, CEC, and water holding capacity) were monitored for their respective effects
on growth, chlorophyll content, and leaf nutrients in oil palm seedlings. Ganoderma-inoculated
seedlings had lower vegetative parameters, leaf color survival, and chlorophyll content than non-
Ganoderma-inoculated seedlings (control). G. Bioneensis inoculation did not affect the stem
diameter of oil palm seedlings. In general, sand texture has the lowest plant growth (Kabu series)

in healthy plants and plants inoculated with G. Bioneensis [20].

TABLE 1. Literature list on oil palm nurseries in sandy soils

Author Years of Study Subject
Rahutomo et al. 2004-2005 & 2008-2009  Soil Amendment
Uwumarongie-Iloria et al. 2010-2011 Soil Amendment
Susanto et al. Na Disease (Ganoderma)
Damansara Na Disease (Ganoderma)
Adileksana et al. 2018 Soil Amendment
Azwa Jamaludin et al. Na Fertilizer
Ovie et al. Na Water
Suryanti et al. 2020 Soil Amendment

Calcium Nitrate (CaNO3) gave the best height and trunk diameter growth of oil palm seedlings on
planting media with 95% sand texture compared to other calcium sources. Chlorophyll content
was highest in Calcium chloride (CaCl2). The best root growth in calcium sulfate (CaSOA4)
treatment with a dose of 1000 ppm significantly impacts the dry weight of seedlings, so the best

type of calcium fertilizer is calcium sulfate [21].
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Immature
We collected 3 articles (Table 2) discussing research on oil palm in sandy soils during the immature
plant period of 1-3 years after planting. Two of the three articles studied fertilizer types during the
immature period. The need for effective and efficient fertilizer use during the immature period is
very important, considering that nutrient adequacy for immature oil palm growth will affect oil
palm yield. Providing each plant with balanced nutrients by increasing fertilizer frequency can
ensure healthy vegetative growth and economically optimal FFB yield [22], [23].
Spodosols have distinctive characteristics such as low pH (3.5-4.2), a spodic layer, and sufficient
soil nutrients. Based on observations in West Kalimantan, these characteristics are often found in
plants with nutrient deficiencies of K, S, and Cu [24]. Making large holes and adding sufficient
lime and organic matter are the initial recommendations for oil palm cultivation on spodosols,
followed by increasing the frequency of fertilizer application to 3-4 times per year [25].
Observations of leaf area growth and plant stem diameter on sandy soil in Sarawak with a sand
fraction content of 83% after 18 months of application of 3 different types of compound fertilizers,
namely MBOP F1 (10:5.4:16:2), Ultra Slow release NPK (15:15:6) and Oil Palm Empty Bunch
Compost (2:1:3) did not show significant differences [26]. This is similar to the results of Murugan
[27] which state that the breadth of the leaf surface in pre-nursery is followed by the length of the
stem diameter caused by the amount of photosynthate produced from the breadth of the leaf surface.
The 3 fertilizer treatments, namely MBOP F1 (10:5.4:16:2), Ultra Slow release NPK (15:15:6),
and oil palm empty bunches compost (2:1:3), gave results in terms of high soil nitrogen (1738.5-
1893.07 ppm). The available P content of the soil in the treatment (T1) Ultra slow release NPK
500gr N + composted oil palm empty fruit bunches 2000 g was significantly higher than ultra slow
release NPK (15:15:6) 16 tablets + composted oil palm empty fruit bunches 2000 g, while there
was no significant difference with the other treatments. Soil available P ranged from (0.89-1.00
ppm) and was not significantly affected by fertilizer-type treatment [26]. On a sandy soil in Kuala
Lipis, Pahang, with 77-88% sand texture and soil pH ranging from 4.18-4.31, a trial application of
regular fertilizer (T1) and biological fertilizer from University Putra Malaysia (T2) was conducted
to determine the effect on growth, nutrition of immature oil palm plants. Regular fertilizer was
applied 4-5 times yearly, and organic fertilizer was applied 3-4 times yearly. The use of fertilizer
did not result in significant differences (p > 0.05) in soil chemical properties: pH, N-total, C-
organic, P-total, P-available, CEC, K-exchange, Ca-exchange, Mg-exchange, Al-exchange, and B
at both 0-15 and 15-30 cm depth [28].
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Leaf N and P uptake did not show significant differences among the three types and combinations
of compound fertilizers. Therefore, using USRF with or without oil palm empty fruit bunch
compost can be an alternative application method [26]. The results of this study recommend
reducing the number of applications by using compost and USRF.

The use of biofertilizer produced by University Putra Malaysia (UPM) also gave similar results
with regular fertilizer on leaf N (optimum), Ca (optimum), Mg (optimum), B (optimum), P in
leaves (optimum) and rachis (optimum), leaf K (optimum) and rachis K (optimum). Total leaf
cations (TLC) did not differ significantly between the two fertilizer types with Mg deficient
(<25%), Ca, and K above optimum values (>25%) [28].

TABLE 2. Literature list on immature oil palm in sandy soils

Author Years of Study Subject
Kasno & Subardja 2010 Land Cultivation
Siraj et al. N/a Fertilizer
Peng et al. 2015 Fertilizer

There were no significant differences in oil palm growth parameters such as frond length, frond
number, canopy, frond width, frond thickness, and leaf chlorophyll when UPM Biofertilizer was
used instead of regular fertilizer during the 48-month study period. Using UPM Biofertilizer on
sandy soils during the study period can reduce total fertilizer costs for better nutrient management

and vegetative parameters of immature crops in Malaysia [28].

Mature

During the mature phase of the oil palm, the most critical parameter is the plant's productivity in
producing fresh fruit bunches. This review found 13 articles (Table 3) discussing oil palm yield on
sandy soils. The use of biofertilizers from B. Cenocepacia strain KTG, combined with a reduction
of the NPK 16-4-25 fertilizer dose by 25-50% of the recommended dose, is predicted to save
fertilizer costs by 8.6-48.9% per ha per year (site-specific), with a higher or equal production level
to the treatment with 100% of the standard garden dose of NPK 16-4-25 (control) on soils with
sand texture of 63.5-68.1% [29].
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The reference evapotranspiration (Eto) at the research site is not significantly different between
crop age and soil type (3.87-4.18 mm/day) [30], [31]. Evapotranspiration was lowest in 7-year-old
plants in Spodosols (3.07 mm/day). Water consumption of 13-year-old oil palm plants on
Spodosols was highest (3.73 mm/day), followed by 8-year-old plants on Spodosols and 13-year-
old Inceptisols (3.51 mm/day). Water uptake by roots was correlated with plant age, where oil
palm plants on Spodosols absorbed more water due to high root density than those on Inceptisols
and Ultisols. Root density and potential root extraction rate decreased as the oil palm rooting zone
deepened. The contribution of the greywater footprint can be 0%, while the temporal greenwater
footprint obtained will reach 100% of the total variable water footprint. The results obtained in
this study show that oil palm has a low root water uptake rate compared to other oil-producing
crops, such as sunflower and canola. In addition, the magnitude of maximum water uptake in the
upper root zone also indicates that oil palm plants absorb a lot of rainwater (green water), which
is fast cycling, compared to groundwater (blue water), which is long cycling [30]. Root distribution
in Spodosols spread horizontally 6.5 m from the stem and penetrated vertically downward 9-28
cm deeper than roots in Ultisols 52-90 cm in 9-year-old plants and 150-200 cm in 13-year-old
plants. Secondary roots spread further under empty bunch application than without empty bunch
application [32] The water table in Spodosols is only 0.5 m deep due to the spodic layer at a depth
of 0.57 m, while in Ultisols, it reaches 6-10 m [32].

Increasing the frequency of fertilizer application twice the regular frequency and reducing the
fertilizer dose to 80% on soils with 77-88% sand texture in Kalimantan did not significantly affect
production over the 4-year trial period (27.77 tonnes/ha/year) [33] Partial P-K productivity factor
and partial P-K nutrient balance affected years 3 and 4 (standard frequency + 80% higher dose).
During the trial period, there was no treatment effect on N, P, K, Mg, Ca, and CI concentrations in
leaves, midribs, and stems. Only S in stems was higher in year 4 of the trial (200% application +
80% dose > 200% application + 100% dose > 100% application + 100% dose = 100% application
+ 80% dose). The mean content of N, P, K, Mg, Ca, and Cl in leaves was above the optimum [33].
Soil water balance 28-30 months before harvest was positively correlated with monthly production
and the number of bunches. This study's novelty is its large block-scale experimental design.
Reducing the fertilizer dose increased the efficiency of Potassium nutrient use. Vegetative growth
parameters such as petiole cross-section and annual frond production did not differ between
treatments during the trial period. Changes in nutrient inputs may slow impact oil palm growth, as

fruit bunches take 2-3 years to mature [5].
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Long-term observations can help draw more definitive conclusions. Therefore, an additional
experiment is Fertilizer treatment effects on nutrient use efficiency and nutrients in vegetative
tissue. Nutrient losses through runoff and leaching may be limited during dry periods, limiting the
potential positive impact of the fertilizer application distribution method on crop performance.
Therefore, these conclusions are highly relevant for agronomists, plantation managers, and
policymakers to optimize fertilizer management in oil palm plantations [33].

There were no significant differences in leaf K, Ca, and Mg nutrients after 5 months of application
of oil palm empty fruit bunches either placed in a circle or palm inter-row on Spodosols in
Kalimantan [34]. Unfortunately, this study did not provide leaf nutrient data before the experiment,
so it is impossible to know the dynamics of leaf nutrients before and after the application of empty
fruit bunches.

Estimation of the water balance using the Thornthwaite-Mather method in oil palm plantations in
Kalimantan shows that the negative water balance (water deficit) is greater in Haplohumods soils
than in Paleudults and lowest in Dystrudepts. The balance affecting the monthly FFB production
of oil palm (tonnes/ha/month) was rainfall 4-29 months before harvest, rainy days 4-28 months
before harvest, and water deficit 6-25 months before harvest. Based on their regression coefficient
values, the parameters that most influence FFB production are rainfall 7 months before harvest,
rainy days 11 and 28 months before harvest, and water deficit 10 months before harvest. The
decrease in FFB production (tonnes/ha/month) for each 10 mm/month increase in water deficit on
Dystrudepts, Paleudults, and Haplohumods soils in zone 3 was 11%, 2%, and 3%, respectively. In
Area 5, the decreases were 12%, 4%, and 5%. In Area 6, the reductions were 5%, 18%, and 3%
[35].

The high amount of rainfall 1 year before harvest caused a yield gap of -15.61% in 2011, indirectly
affecting the low number of oil palm bunches. In 2012, there was a jJump in production (23% above
potential), which was caused by an increase in the number of bunches by 36.90% and a decrease
in the average weight of bunches by 8.92%. Rainfall intensity is closely related to oil palm
productivity on Spodosols [36].

Spodosols have distinctive characteristics such as low pH (3.5-4.2), a spodic layer, and sufficient
soil nutrients. Based on observations in West Kalimantan, these characteristics are often found in
plants with nutrient deficiencies of K, S, and Cu. Making large holes and adding sufficient lime
and organic matter are the initial recommendations for oil palm cultivation on spodosols, followed

by increasing the frequency of fertilizer application to 3-4 times per year [37].
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During the 12 years of crop establishment, soil type affected oil palm productivity (yield, number
of bunches, and weight of bunches). Compared to Ultisols (23.5 t/ha), Entisols had an annual
production difference of -33% (-7.7 t/ha), followed by Spodosols -31% (-7.2 t/ha). The difference
in bunch number compared to Ultisols (2104 bunches/ha) was -30% on Entisols and -22% on
Spodosols. The average bunch weight produced on Entisols was -14% and Spodosols -18% lower
than on Ultisols (12.23 kg/bunch) [37].

In the first year of the water deficit, oil palm productivity decreased by 5-22% (ultisols 12-22%,
entisols 12-22%, spodosols 7-10%, histosols 5-15%) compared to the previous production year. In
the second year after the deficit, the decrease in production ranged from 1-8% (Ultisols 3-7%;
Entisols 2-4%; Spodosols 5-8%; Histosols 1-5%) compared to the previous production year.
Spodosols and entisols showed more frequent production decreases than ultisols and histosols over
the eight-year observation period (2014-2021). Entisols and Spodosols both belong to the sandy
soil type, and Entisols showed a significant production decline compared to Spodosols, as there
were three consecutive years of production decline compared to the previous year in 2019-2021,
influenced by water deficits over the last two successive years (2018 and 2019). On the other hand,
a review of some literature found that the limit of soil water deficit that can reduce transpiration in
sandy loam/sandy soils is 5-30 mm [38].

Table 3. Literature list on mature oil palm in sandy soils

Author Years of Study Subject
Carr, 2011 2011 Review
Santi & Goenadi 2009-2011 Fertilizer a yield
Lubis et al. 2015-2016 Weevil and Yield
Safitri, Hermantoro, et al. 2017 Root growth and yield
Safitri, Suryanti, et al. 2017 Root
Tao et al. 2011 Fertilizer and Yield
Arryanto et al. 2019 Fertilizer
Ardiyanto et al. 2018 Water and Yield
Gunawan et al. 2012 Water and Yield
Sukarman et al. 2022 Abiotic and Yield
Suwardi et al. 2015-2022 Land Cultivation and Yield
Viegas et al. 2021 Fertilizer and Nutrient

Ramdan et al. 2021-2022 Disease
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Monthly oil palm yield response to rainfall on the four soil types (ultisols, entisols, spodosols,
histosols) showed stable dynamics. Water deficits in 2016 and 2018 reduced production in 2020
and 2021. The decrease in oil palm production in 2020 occurred only in Entisols and Spodosols,
while in 2021, it occurred in all soil types. This is closely related to differences in each soil type's
physical and chemical properties, which affect the water status of oil palm production through its
influence on flower sex determination, flower abortion, and bunch failure. The effects occur
approximately 2 - 2.5 years after the onset of water deficit, i.e., 27 - 30 months before harvest on
Ultisols, 26 - 29 months before harvest on spodosols, 27 - 29 months before harvest on Entisols
and 26 - 27 months before harvest on histosols. The effect of the water deficit on reduced
productivity due to abortion occurred about a year after the water deficit, i.e., 14-15 months before
harvest on Ultisols and 13-15 months before Entisols. However, it was not significant on
Spodosols and Histosols. Accurate time lag information is very important for plantation
management to mitigate the effects of climate change, as the impact of climate change is expected
to be greater in the coming decades. The effect of water deficit on the bunch failure phase causes
a decrease in average bunch weight. Bunch failure due to water deficit occurred 3 months before
harvest in Ultisols, 3-4 months before harvest in Entisols, and 3-5 months before harvest in
Spodosols. At the same time, histosols did not significantly affect bunch failure. Reduced
productivity of oil palms occurs at 3-5 months (bunch failure phase), 1 year (abortion sensitive
phase), and 2-2.5 years (sex differentiation phase) after water deficit [37].

With the mounding technique of 16-year-old oil palm plants on Spodosols in Central Kalimantan,
the average soil moisture was 27% higher than in the block without mounding at 23%. Sap flow
(fluid flow in plant tissue) was maximum in treatments Mounding first replicate (516.79 cm3 hour-
1) and Mounding 2nd replicate (472.96 cm3 hour-1) with an average of 97.66 cm3 hour-1. In the
control treatment, the maximum value of SAP flow was the Control first replicate (376.26 cm3
hour-1) and the Control 2nd replicate (386.16 cm3 hour-1) with an average of 80. cm3 hour-1 .
(Suwardi et al., 2022). There is convincing evidence at both the single leaf and canopy levels that
dry air reduces stomatal conductance, even when the soil is wet, with similar reductions in
photosynthetic and transpiration rates [38].

The transpiration rate of oil palm plants with mounding was 1.56-2.30 mm per day, while the
control was 0.80-0.86 mm per day. Production increased after two years of cultivation, with the
mounding treatment increasing by 1.87-3.71 tonnes/ha (average 2.79 tonnes/ha) and the control
only increasing by 1.04-2.22 tonnes/ha (average 1.66 tonnes/ha) [39].
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During a 12-year study on Latosol soils in Brazil, the effect of P, K, and Mg fertilization on leaf
micronutrients of oil palm was observed. Different P fertilizer sources (TSP and phosphine) did
not significantly affect leaf B content in oil palms. Leaf B was affected by increasing the dose of
P applied with P205 doses of 439 and 477 g per plant. Applying K and Mg fertilizers did not
significantly affect leaf B content. However, adding K fertilizer tended to reduce leaf B due to the
antagonistic relationship between Cl and B. High soil Cl- levels increase the leaching of soil B by
mass effect and reduce its uptake by plants. Leaf Cl- concentration responded quadratically to P
application in the third and fourth years and positively linear in the fifth and sixth years, especially
with TSP sources. There were no differences in leaf Cl- levels between the K fertilizers, except for
the control. Mg fertilisation did not alter Cl concentration [40].

A quadratic response was observed in the Cu concentration in the leaves in relation to the dose of
P applied. The concentration of copper in the leaves exhibited a proportional decline with the
increase in the dose of phosphorus, from 7.1 to 6.2 mg per kilogram of copper. The source of
phosphorus did not affect copper concentration. Applying K and Mg fertilizers did not result in a
statistically significant alteration in Cu concentration. The concentration of leaf Fe responded in a
quadratic manner to the applied dose of P. The source of the fertilizer did not affect Fe, and the
dose of K-Mg did not affect Fe. The concentration of leaf Mn exhibited a quadratic response to
the P dose, declining from 499 to 415 mg kg-1 Mn. No significant response was observed for Mn
to the P, K, and Mg sources. Antagonistic effects were evident between the K and Mg applications
and Mn uptake. Leaf Zn was not significantly affected by the P dose, and the P, K, and Mg sources
did not affect Zn [40].

Triple superphosphate is considered a P nutrient source that releases P faster, which can increase
Cl. There is an antagonistic effect between Cu and P fertilizer application. A Zn concentration in
leaves below the critical level indicates the necessity for nutrient replacement through fertilization
to increase its concentration in the leaves of oil palm plants. The use of either triple superphosphate
or natural phosphorus sources had no discernible impact on the micronutrient nutrition of oil palm
plants, except the concentration of chloride in their leaves, which was observed to increase in
response to the application of triple superphosphate, resulting in a synergistic effect. Phosphorus
fertilizer enhanced oil palm nutrition about B, CI, and Fe. However, this treatment also led to a
reduction in Cu and Mn concentrations in the leaves. Potassium fertilization improved CI nutrition,
while Mg supply did not affect leaf micronutrient concentrations in oil palm. Regardless of the
mineral fertilization applied to mature plants, oil palms have good nutrition in B, Cl, Cu, and Mn;
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however, Fe and Zn nutrition is less satisfactory [40].

Ganoderma boninense infection in Lampung, Indonesia, on soils predominantly sandy in texture
occurred at 10-54%, and the presence of low soil C-organic and CEC relationships increased the
chance of Ganoderma boninense infection [41]. This is consistent with the infection of Ganoderma
boninense in nurseries where the infection rate is high in sandy soil because of its physical
properties and high porosity or loose soil properties, so plant roots move faster to the Ganoderma
source [19], [42].

Research on Elaeidobius kamerunicus pollinating insects in Central Kalimantan, Indonesia,
showed that the population of Elaeidobius kamerunicus (beetles/spikelet) was lower in sandy soil
(25 beetles/spikelet) than in clay soil (72 beetles/spikelet) but higher than in peat soil (22
beetles/spikelet). The number of beetles visiting receptive female flowers on sandy soil was the
lowest (113 beetles/female flower) compared to peat soil (119 beetles/female flower) and clay soil
(219 beetles/female flower). Fruit set value was higher in clayey soil (58.9%) and significantly
different from sandy soil (49.8%) and peat (46.4%). Fruit set value is influenced by Elaeidobius
kamerunicus population per ha while Elaeidobius kamerunicus visit to receptive female flowers

does not affect fruit set value [43].

4. CONCLUSION

Only 24 articles were screened according to this systematic literature review's inclusion and
exclusion criteria. Most of the studies were conducted in Indonesia and then Malaysia, with the
soil types being the object of research: Spodosols, Latosols, Entisols, and Regosols. This article
still lacks information on when the study was carried out, considering that oil palm is an annual
crop highly influenced by the climate. In certain years, weather anomalies affect the research
variables.

The limiting factors of sandy soils are their physical, chemical, and biological properties. To
enhance the growth, nutrition, and yield of oil palms in sandy soils, it is essential to address the
limiting factors by introducing organic matter, nutrients, and physical treatments to improve
drainage and aeration. This process should be initiated at the nursery stage, continued during the
immature plant period, and finally completed during the mature plant period.

It is anticipated that the synthesis of findings and evidence from the 24 articles identified will be
widely accepted and adopted to enhance knowledge and identify research gaps in the management
of oil palm on sandy soils. Hopefully, this can serve as a reference point for improving the growth
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and productivity of oil palm plants on sandy soils.
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