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ABSTRACT

Plant height is a key indicator of healthy growth. Given the role of soil texture in productivity, the
effects of sand, silt, and clay on the height and diameter of oil palm (OP) were investigated. In the
four OP plantations, measurements of total and trunk heights and trunk diameters were taken from
two OP clusters: tall and short. A Pro Il Laser Rangefinder (ML921) was used to measure heights.
Soil samples were subjected to particle distribution analysis using the pipette method. The data
were processed using RStudio software. The t-test confirmed a significant difference in the heights
between the clusters in all plantations, implying the accuracy of clustering. For total height, the
tall cluster was greater than the short by 24.75%, 23.89%, 27.17%, and 27.51% in OPI1, OP2,
OP3, and OP4, respectively. Regression analysis established that soil texture accounted for
65.3%, 46.8%, 74.4%, and 69.6% of the total OP height in the fields, respectively. Sand showed
a strong to moderate positive correlation with total and trunk heights, and a moderate negative
correlation with trunk diameter. The clay correlated inconsistently with trunk diameter, while silt
in the 0-30 cm layer showed a strong to moderate negative correlation with height. In conclusion,
soil texture profoundly influences oil palm height, with sand grains exerting the greatest positive
effect. Typical clay soil should be avoided during oil palm site selection, and the fields should be
well-leveled to avoid erosion, which results in continuous clay deposition on the bottom slope.
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INTRODUCTION
Globally, oil palm accounts for approximately 25 million hectare, ranking it as the 12 staple crop
in terms of area coverage (Lewis et al., 2020). With the highest oil yield (Anaba et al., 2020) and
increased demand (Syahza et al., 2021; Suh, 2023), palm oil has become a key player in the global
oil industry (Wang et al., 2020).

Oil palm provides bedrock economic support to several tropical countries, particularly Indonesia,
Malaysia, and Ghana (Ofosu-Budu and Sarpong, 2013; Anaba et al., 2020; Sibhatu, 2023). In
Malaysia, its production stood at 19 million tonnes in 2023 (Chu, 2023), with promising potential
in the food and nutrition, renewable energy, and pharmaceutical sectors (Lewis et al., 2020).
Agronomically, the oil palm is a heavy feeder crop (Fuady ef al., 2019) and a water-demanding
crop; hence, it requires productive soil for optimum vertical growth (Obeng et al., 2020).
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Soil texture, which is defined as the proportion of primary soil mineral grains in a given volume
of soil (Brady and Weil, 2002; Rattan-Lal, 2005; Wang et al., 2019), is a master attribute that
dynamically determines soil productivity (Obeng et al., 2020; Upadhyay and Raghubanshi, 2020)
by influencing its hydraulic, thermal, and fertility properties (Zhang et al., 2008; Arora et al., 2011;
Upadhyay and Raghubanshi, 2020). The overall effects translate into good soil health, leading to
improved vertical growth and development of oil palm. In practice, each of the three mineral
grains of soil (sand, silt, and clay) distinctly controls oil palm growth by determining the loss and
retention of water added, adsorption and desorption of nutrients applied, and growth and expansion
of the root system (Kirkham, 2005; Ho et al., 2019; Idris et al., 2019; Wang et al., 2021; Murabbi
et al., 2022). Plant height, which gives the vertical dimensional extent of a plant from the base to
the top, is one of the key indices that describes the health and vigor of a plant, thus making it a
routine independent variable in growth assessment studies (Fuady et al., 2019; Ajeng et al., 2020;
Bilter et al., 2021; Uke et al., 2021; Utoyo et al., 2022; Zainuddin et al., 2022).

According to Salas-Eljatib (2020), an adequate scientific understanding of height growth variables
is critically required to advance the basic knowledge principles of soil science. Furthermore,
discovering a clear relationship between oil palm height and the primary soil mineral particles is
even more important and thought-provoking compared to the relationship between tree height and
tree age conducted by Avtar et al. (2013) and Nishizono ef al. (2014). Hence, it is expected that
the study's findings will, in a novel way, help oil palm plantation managers and surveyors in site
selection decision-making and early monitoring of growth performance and its edaphic limitation.
Corley and Tinker (2016) emphasized that in-depth information about oil palm trees is always
valuable for an impact-oriented management approach to be strategically implemented (Salmiyati
et al.,2014). Therefore, this study aimed to test the hypothesis that sand contributes better to the
height of oil palm than silt and clay.

MATERIALS AND METHODS
Experimental Site
The experiment was executed in four selected oil palm plantations (Figure I) tagged as OP1, OP2,
OP3, and OP4 situated inside the Universiti Putra Malaysia, Seri Serdang, Selangor. The fields
that were established in 2011, 2012, 2012, and 2006 were planted with D x P (dura crossed to
pisifera), spaced at 8.8 x 8.8 x 8.8 m.

o 550 1.100 2,200 Miles

Figure 1: The study plantations
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Oil Palm Clustering Design

For each oil palm plantation, the palms were visually delineated and classified into two clusters:
tall and short. In each row, palms that were lower in height relative to the others were placed under
a short cluster, whereas those that were normal in height formed a tall cluster. To maintain an equal
number of observation replications, the number in the short cluster, which was less in all
plantations, was set as the baseline. Thus, the population size (n) of the short cluster determined
the population size of the tall cluster sampled for the study. In all plantations, all palms under the
short cluster were measured, while an equal number of palms under the tall cluster were chosen
unbiasedly using the random number technique run in Excel. However, palms that appeared
unhealthy, in areas that could not permit soil sampling to the required depth (60 cm), or areas with
accessibility difficulty were excluded.

Soil Sampling

A bucket auger was used to collect soil samples at 0 — 30 and 30 — 60 cm soil depths < 100 cm
from the palm base. In all plantations, for each cluster, 15 samples from each of the two specified
depths were randomly collected. Then, three composite samples were developed by bulking five
samples separately to represent each cluster and depth. The samples were air-dried, gently crushed
using a porcelain mortar, and sieved using a 2-mm sieve for soil particle analysis.

Laboratory Analysis

The pipette method was employed to perform soil particle distribution analysis according to Gee
and Bauder (1986), as described by Teh and Talib (2006). Twenty grams was weighed into 1000
ml, and 100 ml of 30% hydrogen peroxide (H>O2) was added and left for 24 h. The solution was
heated and allowed to cool before adding 100 ml hydrochloric acid (0.2 N). Distilled water was
then added to make the volume up to 400 ml. The system was then returned to the hotplate for 15
min. Thereafter, the solution was washed for three consecutive days. After the third wash, 50 ml
Calgon 1IN was added and the mixture was stirred for 15 min. A 50um sieve was used to retain
sand grains, while the slurry was transferred into a 1000 ml glass cylinder, made up to mark with
distilled water, and placed in a bath until 6:39 h. A 20 ml aliquot was drawn at a depth of 10 cm
and emptied into cans as clay. A metal plunger was used to agitate the system by stroking 10 times
and allowing it to settle for 5 min, and another set of aliquot samples was drawn and emptied into
empty cans. All cans were placed in an oven and dried at 105°C for 24 h to attain a constant weight.
The weights were recorded using a sensitive electronic scale. Subsequently, % Sand, %Clay, and
% Silt were computed as follows:

%Sand = (Ax 100 )x( 100y [1]

vol.of pipette total weight
1000 . 100
%Clay - (B x vol.of pipette) N Calgon Welght x (total weight) [2]
%Silt = 100 — (%Sand + % Clay) [3]

Trunk Diameter Measurement
A 5m Hua Nan Power tape was used to measure trunk circumference at the breast height (0.3m)

which was divided by m value ( %) to obtain the trunk diameter.
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Plant Height Measurement

A Nikon Forestry Pro II, Laser Rangefinder/Telemeter laser model ML921 was used to measure
the palm trunk and total plant heights using the three-point measurement mode. In this case, the
measurement was performed at three points: Hor, Hgt, and Hgt2, representing the horizontal, base,
and top, respectively. Additionally, to overcome the difficulty associated with the “hidden apex”
and the inability to perfectly view the tip of the targeted fronds due to canopy overlap, different
angles were tested before choosing the best angle.

Statistical Analysis

The RStudio 4.2.3 2023 version was used to perform an independent t-test using as.factor and t-
test functions, while multiple regression model II results were obtained using /im and summary
functions, and correlation outputs were generated using cor and chart. Correlation functions.

RESULTS
Independent T-test
The t-test results presented in Tables 1, 2, and 3 confirmed that in all the oil palm plantations, there
were significant differences (p< 0.05) between the tall and short clusters in the trunk and total
height, thus implying the accuracy of the clustering. In OP1, OP2, OP3, and OP4, the trunk height
for the tall cluster was greater than its counterparts by 26.99%, 26.57%, 32.62%, and 33.26%, and
for the total height by 24.75%, 23.89%, 27.17%, and 27.51%, respectively.

The results of trunk diameter in Table 2 were contrary to the trend observed in trunk and plant
height indices, whereby the short cluster recorded significantly higher values compared to the tall
cluster in all plantations except in OP3. In OP1, OP2, and OP4, the short cluster outperformed the
tall cluster by 10.7%, 14.84%, and 13.82% respectively.

Table 1: T table for Plant Height (m) Across all Oil Palm Plantations

Field Cluster Mean Standard deviation T value  Significance

OP1 Tall 12.914a 1.263892 3.321e-11 oAk
Short 9.718b

OP2 Tall 12.317a 1.885797 8.411e-08 oAk
Short 9.375b

OP3 Tall 14.169a 1.22568 2.201e-10 *x
Short 10.319b

OP4 Tall 15.804a 1.685359 3.632e-13 oAk
Short 11.457b

Means with different letters within a group are significantly different at p <0.05; *** and ** indicate significance at
the 99 and 99.9% confidence levels, respectively. OP = oil palm plantation.
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Table 2: T table for Trunk Height (m) Across all Oil Palm Plantation

Field Cluster Mean Standard deviation T value  Significance

OP1 Tall 5.909a 0.94006 1.498e-07 oAk
Short 4.314b

OP2 Tall 4971a 0.86299 6.792e-08 *x
Short 3.650b

OP3 Tall 5.138a 0.40146 1.785e-11 oAk
Short 3.462b

OP4 Tall 7.087a 0.91019 2.709e-13 oAk
Short 4.730b

Means with different letters within a group are significantly different at p <0.05; *** and ** indicate significance at
the 99 and 99.9% confidence levels, respectively. OP = oil palm plantation.

Regression Analysis

The regression results (Tables 4 — 7) established that soil particle size explained 65.3%, 46.8%,
74.4%, and 69.6.3% of the causal effect of total oil palm height in OP1, OP2, OP3, and OP4,
respectively. This implies that across the locations, the texture of the soil explains 64.2% of the
reasons why oil palms become tall or short.

The output further indicated that, in all the fields, the contribution of sand proportion was positive,
while that of clay was negative, except for the upper depths of OP2 and OP4, where the clay slope
coefficients were positive. In terms of the extent of the contribution, however, the results showed
inconsistency between the two depths. For instance, in OP1, the slope coefficient of sand was
higher at 30 — 60 cm than at 0 — 30 by 51.6%, indicating that the positive effect of sand on the oil
palm tallness is more experienced when the sand is at a lower depth. However, in OP2, a contrary
result was observed, whereby the 0 — 30 sand slope value was 69.2% higher than that of 30—-60
cm.

For the clay proportion, its contribution to oil palm height was consistently negative and greatly
explained when recorded at a lower depth, except for OP4. The silt content described an increased
oil palm height at lower depths in most of the results (75%). Meanwhile, in OP1 0 — 30, it returned
NA because its estimation will reduce the precision of the model best explained by the clay and
sand variables.

Table 3: T table for Trunk Diameter (Cm) Across all Oil Palm Plantations

Field Cluster Mean Standard deviation T value Significance

OP1 Tall 74.227b 3.782036 1.071e-06 *x
Short 82.231a

OP2 Tall 70.919b 5.047084 2.379e-08 oAk
Short 81.441a

OP3 Tall 70.732b 2.297413 2.58e-09 oAk
Short 62.832a

OP4 Tall 65.221b 4.828706 3.722e-07 *x
Short 74.233a

Means with different letters within a group are significantly different at p <0.05; *** and ** indicate significance at
the 99 and 99.9% confidence levels, respectively. OP = oil palm plantation.

As presented above, the soil texture accounts for oil palm height. This is justifiable given the
significance of soil as a medium (Quan and Liang, 2017), from which oil palm extracts water,
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nutrients, and exchanges gases for various metabolic processes (Morgan and Connolly, 2013;
Salmiyati et al., 2014; Nithyatharani and Kavitha, 2018; Pressler, 2018; Bekele and Getaneh,
2022). Therefore, water and nutrient availability and their subsequent uptake potential rely heavily
on soil texture (Sanchez et al., 2003; Schroeder et al., 2007; Tramontini et al., 2013; Chakraborty
and Mistri, 2015), thus making it a key soil quality indicator (Harahap et al., 2019). This finding
corroborates that of Anaba et al. (2020), who found that oil palm height was significantly affected.

Table 4: Regression Output of Soil Particle Content and Oil Palm Total Height in Field 1

Soil Particle Depth Intercept Slope Adj. R? Pr(>|t)
Sand 0—-30cm 5.94174 0.14525 0.653 3.32e-11 ***
30 -60 cm 11.32 0.3001
Clay 0 —30cm 18.43306  -0.14525
30 - 60cm 29.4719 -0.2905
Silt 0-30cm 11.32 NA

30-60 cm 8.5562 0.2905

Table 5: Regression Output of Soil Particle Content and Oil Palm Total Height Field 2

Soil Particle Depth Intercept Slope Adj. R? Pr(>|t)
Sand 0—-30cm -25.9250 0.7354 0.4677 8.41e-08 ***
30 -60 cm 1.2288 0.2263
Clay 0 —30cm -50.929 1.4708
30 - 60cm 21.9821 -0.2101
Silt 0—-30cm 14.7681 -0.4903
30-60 cm -2.392 0.2942

Table 6: Regression Output of Soil Particle Content and Oil Palm Total Height Field 3

Soil Particle Depth Intercept Slope Adj. R? Pr(>|t)
Sand 0—-30cm 4.1253 0.1674 0.744 2.20e-10 ***
30 -60 cm -0.04663 0.29615
Clay 0 —30cm 16.9996 -0.1132
30 - 60cm 17.6205 -0.1328
Silt 0—-30cm 8.919 0.350
30-60 cm 7.9125 0.2406

Table 7: Regression Output of Soil Particle Content and Oil Palm Total Height Field 4

Soil Particle Depth Intercept Slope Adj. R? Pr(>|t)
Sand 0—-30cm -63.906 1.449 0.696 3.63e-13 ***
30 -60 cm 185.370 4.348
Clay 0 —30cm -153.761 -4.348
30 - 60cm -75.500 2.174
Silt 0—-30cm 22.326 -1.087
30 -60 cm 98.413 -4.348
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Correlation Analysis

Based on the Dancey and Reidy (2007) correlation rating, across all plantations, sand showed a
strong to moderate positive correlation with total oil palm height and trunk height and a moderate
negative correlation with trunk diameter, meaning that the higher the sand, the higher the plant and
trunk height but the lesser the trunk diameter. On the other hand, clay showed a direct contrary
correlation result to that of sand, except for TD, where its relationship was inconsistent. Silt content
at the upper depth revealed a strong to moderate negative correlation with total plant height and
trunk height, but showed a moderate positive correlation at lower depths. This means that increased
silt content at lower depths is more strongly associated with increased oil palm height.
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The correlation analysis explicitly showed that the sand mineral fraction had the greatest positive
influence on the increased height of oil palms, probably because of the predominance of
macropores, which ease root horizontal and vertical extension for optimum nutrient and water
mining. Additionally, according to Menta and Remelli (2020) and Bekele and Getaneh (2022), the
presence of diverse fauna in sandier soils facilitates good soil functionality. According to the
Kropff (1993) model, sand has a lower moisture accessibility threshold level than clay. The
findings of Smith et al. (1995) conformed with these results that some crop species show better
germination and growth performance when grown on sandy soil than clay.

Table 8: Soil Textural Results for the Tall Cluster Across the Two Depths in the Plantations

OP1 OP2 OP3 OP 4
0-30 30-60 0-30 30-60 0-30 30-60 0-30 30-60
Sand 48 28 52 49 60 48 55 39
Clay 38 57 43 46 25 26 39 42
Silt 15 15 5 5 15 26 6 19
Texture SC C SC SC SCL SCL SC C

OP = Oil palm plantation, SC = Sandy clay, C = Clay, SCL = Sandy clay loam
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Table 9: Soil Textural Results for the Short Cluster Across the Two Depths in the Plantations

OP1 OP 2 OP3 OP 4
0-30 30-60 0-30 30-60 0-30 30-60 0-30 30-60
Sand 26 28 48 36 37 35 52 40
Clay 60 68 41 60 59 55 38 40
Silt 14 4 11 4 4 10 10 20
Texture C C SC C C C SC C

OP = Oil palm plantation, SC = Sandy clay, C = Clay, SCL = Sandy clay loam

Tables 8 and 9 indicate that the short cluster was predominant under heavy clay conditions. The
digital elevation model map showed that most of the palms in the short cluster were on the bottom
slopes of the plantations. Therefore, the higher clay content may be connected with continuous
clay translocation due to the influence of erosion, as observed by Idris et al. (2019).

CONCLUSIONS AND RECOMMENDATIONS
Based on the results and discussion presented, it can be concluded that soil texture has a profound
influence on oil palm height, and sand grains have a positive effect on oil palm height, as opposed
to clay particles. Given the conclusion drawn, typical clay soil should be avoided during site
selection, and oil palm fields should be well-labeled where it is possible to curtail consistent
erosion, which results in continuous clay deposition on the bottom slope.
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