Journal of Oil Palm Research Vol. 32 (3) September 2020 p. 427-438

DOI: https://doi.org/10.21894/jopr.2020.0047

QUANTIFYING SPATIAL VARIABILITY OF SOIL
AND LEAF NITROGEN, PHOSPHOROUS AND
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ABSTRACT

Basal stem rot disease (BSR) is known to be responsible for yield losses in oil palm plantations in South-

east Asia. A balance nutrient in soil and leaf is known to improve the plant health and disease resistance.

In order to observe how nitrogen (N), potassium (P) and phosphorus (K) content in soil and leaf affect the

BSR occurrence, a field study was conducted in infected blocks of oil palms at two different ages. Nutrients

variability (N, P and K) were obtained, analysed and mapped using classical statistics and geospatial method.

Correlated to BSR disease, total N and available P in soil were found to be high in both blocks. However,
exchangeable K exhibited low level. Total N and available P in soil of Blocks 1 and 2, and N and P in leaves
of Block 1 showed a significant association with the disease (p<0.01). The generated variability map and

significant correlations revealed that imbalanced nutrient content occurred in the study area. This would be

one of the causes that lead to the disease outbreak.
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INTRODUCTION

Oil palm (Elaeis gQuineensis Jacq.) was originated
from West Africa and introduced firstly to Brazil
and other tropical countries in the 15" century.
Currently, Malaysia accounts for 39% of the world oil
palm production and 44% of world exports (USDA,
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2012). However, a basidiomycete fungus, Ganoderma
which causes decay at the stem base devastates
thousands of hectares of oil palms in South-east Asia
especially in Malaysia and Indonesia. A number of
factors, such as age of the oil palm, types of soil,
and nutrients status were reported to influence the
basal stem rot (BSR) disease development. Macro-
and micro-nutrient were observed to be associated
with the disease, where nutrient imbalance in soil
and plant likely plays an important role in the
disease occurrence. However, the effect appears to
be related to the nature of the soil and its chemical
properties (Ariffin et al., 2000). Studies have found
that increase in nitrogen (N) fertiliser had increased
the BSR incidence in nursery condition (Singh,
1990; Tayeb et al., 2003). In contrast, fertiliser trials
conducted on a recent marine alluvium of Bernam
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series with a heavy clay soil showed that potassium
(K) fertiliser had significantly reduced the incidence,
whilst nitrogen (N) and phosphorous (P) only
showed a slight increase in the disease incidence
(Singh, 1990). Nutrients are important to both crop
and microorganisms, and they are also important
in controlling disease occurrence (Agrios, 2005).
It affects disease tolerance through alteration of
the plant’s physiology, integrity of the cell walls,
membrane leakage, and the chemical composition of
the plants (Graham and Webb, 1991). It is reported
that the content of essential nutrients, such as N,
P, K, calcium (Ca) and magnesium (Mg) effects
disease incidence and severity (Huber and Graham,
1999). Excessive application of N on plant infected
with Puccinia graminis has shown an increase in the
disease severity (Howard et al., 1994), while increase
on the application of K on plants infected by the
same disease had reduced the disease severity. Other
studies reported that adequate application of Ca
had increased the protection of peanuts pods from
Rhizoctonia and Pythium infection (Huber, 1980). For
soil borne pathogens such as Ganoderma, the most
common symptoms are the root infection and decay.
It reduces the ability of the root to provide the plant
with water and nutrients (Huber and Graham, 1999).
This consequence is more severe when the levels of
nutrients are marginal especially for nutrients which
are immobile.

Most of the studies on BSR disease were
conducted at nursery stage focusing on molecular
and genetic works. Limited information could
be found on nutrient variability in oil palm and
in relation with nutrients that affect the disease
distribution in the field scale. Plant disease
management practices can be improved by putting
epidemiological information in the same format
as other farm information using a geographic
information system (GIS). A GIS is a computer
system capable of assembling, storing, manipulating
and displaying data referenced by geographic
coordinates (Nelson et al., 1999). It has been used
widely inaccommodating the biosecurity assessment
of plant health (Lindgren, 2012). GIS technique has
been used to monitor 40% losses of cotton production
infested by Rotylenchulus reniformis in Brazil. Amber
et al. (2005) used several spatial analytical techniques
and GIS to observe relationships between corn
rootworm metapopulation dynamics, soil texture
and elevation. Information derived from the spatial
analyses demonstrated that GIS information can be
used for spatially explicit models to predict future
pest populations and formulate more well-informed
pest management decisions. Therefore, this study
focused at an area which had been identified as
having a large number of oil palms infected with
BSR disease. In order to manage and monitor a large
area, one of better solutions in helping the industry
is by applying the GIS technologies. Therefore, this
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study was carried out with the following objectives:
(1) to obtain the spatial variability of N, P and K of
soil and leaves of oil palm infected with BSR disease
using GIS analysis at two different ages of oil palm,
and (2) to observe the correlation of BSR disease
incidence with nutrients in soil and leaves at two
different ages of oil palm.

MATERIALS AND METHODS
Study Area

The study was carried out in Seberang Perak
(4°06"41.50”N,100°53'05.71”E), Peninsular Malaysia
in 2012. Two blocks of oil palm representing the
matured oil palms (Block 1) and young oil palms
(Block 2) were selected (Figure 1) with an area of
10.7 and 14.1 ha, respectively. Block 1 is the first
generation of oil palm planted in 1994 (18 years old),
while Block 2 is the second generation planted in
2006 (6 years old). Previously, Block 1 was planted
with coconut palms before it was transformed
into an oil palm plantation, while Block 2 was
under Felcra replanting programme after the first
generation of oil palms were cut down. Within
four years of record, the BSR disease distribution
increased each year starting from 2009 to 2012 in
both young and mature oil palm blocks. In mature
and young oil palm blocks, 10.33% and 0.56% of oil
palms, respectively, were infected with BSR disease
in 2009. However in 2012, it increased to 50.21% and
14.84% for mature and young palm respectively.

BSR Disease Census and Disease Density Map

Disease identification was done visually on each
oil palm of each block based on the conditions of the
standing oil palm in October 2012. It was divided
into two categories, ‘0" for uninfected and ‘1" for
oil palms that were confirmed infected with BSR
disease. The BSR infected oil palm was determined
based on the appearance of multiple spear leaves,
pale leaf canopy, presence of fruiting bodies at the
stem base, and collapse of leaf canopy (Figure 2),
while a healthy oil palm was represented by a green
leaves with healthy leaves and stem. Ground census
was conducted in Blocks 1 and 2 simultaneously.
Coordinates of the study area and each oil palm
were recorded by using handheld GPS receiver
(Garmin GPS 12 XL). To facilitate data integration
and spatial analysis, all data were projected into the
same geographic coordinate system using WGS 84/
UTM zone 47N. By using projected coordinate of
each standing oil palm, the census maps of Blocks
1 and 2 were generated. Then, disease density map
was performed using geostatistical tools of ArcGis
9.3 software based on the features of each standing
palm. This technique shows a precise view of oil
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Figure 1. Study area of Blocks 1 and 2 in Felcra Seberang Perak, Perak, Malaysia.

palm features by factoring in impact of area. For the
disease density estimation, the disease categories
were done based on values as suggested by Singh
et al. (1990), which described that any 30% of the
area affected by Ganoderma incidence will reduce the
fresh fruit bunches (FFB) yield by 26% of FFB yield
(Table 1).

TABLE 1. BASAL STEM ROT (BSR) ZONE BASED ON
LOSSES OF OIL PALM PER HECTARE

Losses of oil palm

by BSR disease Numb.er of oil Category
per hectare (%) palm infected suggested
<15 <20 Very low
30 21-40 Low
4 41-60 Medium
60 61-80 High
=75 >81 Very high
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Soil Sampling

Soil samples were obtained systematically
by grid sampling technique consisting of 60
georeference points each in Blocks 1 and 2 (Figure 3).
Sampling points were spaced approximately 36 m in
X direction and 36 m in Y direction. Three composite
samples (palm circle, between two palms and
frond heap) were obtained at 0 to 20 cm depth from
each sampling point. Soil total N was determined
by using Kjedahl digestion method (Bremmer
and Muvaney, 1982). The available P (av. P) was
determined by the Bray II method (Bray and Kurtz,
1945), and exchangeable K (ex. K) was determined
by neutral ammonium acetate extraction methods
(Scholleneberger and Simon, 1945). All elements
were measured using auto analyser (AA) (Perkin
Elmer 900T, USA). Evaluation of the N, P and
K, status in soil were based on threshold value
suggested by Goh and Chew (1997).
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Figure 3. Sampling point of Blocks 1(a) and 2(b).

Leaf Samples

A total of 60 samples of oil palm leaves were
collected at the same sites as the soil samples
(Figure 3). Fronds number 17" and 9" of matured
and young palms, respectively were collected for
analysis. The leaves were bulked together in a clean
polyethylene bag and brought to the laboratory for
analysis. Middle 20 cm of the leaves were cut and
retained for laboratory test of total N, P and K.
Leaflets were oven dried at 60°C-70°C for two days.
Dried samples were ground into fine forms. A total
weight of 0.25 g foliar tissue sample was digested
with H,SO,, filtered and measured by using AA.
Leaf nutrient properties obtained in this study were
evaluated based on threshold values as suggested
by Von Uexkull and Fairhust (1991).
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Geostatistical Analysis

Variograms measure and model the spatial
dependence of variables such as nutrients by
using a semi-variance (Burgess and Webster,
1980). They were calculated for each nutrient as
follows (Isaaks and Srivasta, 1989; Webster and
Oliver, 1992):

n(h

Y1) =05n(h) ¥ [z - zi + h]2

wheren(h)is the number of pairs of datalocations
a vector h apart, h is the separation distance between
location, zi or zi +h are the measured values for
regionalised variable at location at any separation
distance h.
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A semi-variogram, models the continuity of the
spatial variable to a spatial structure. It is described
by several parameters such as sill, nugget and range.
The nugget is the positive intercept of the variogram
with the ordinate and represents unexplained
spatially dependent variation or purely random
variance. Transitive variogram reaches a sill value
at which they level out, at a distance known as the
range of spatial dependence. Common transitive
models are the spherical, exponential, Gaussian,
hole effect or wave and pure nugget. Several trials
of semi-variogram function were then applied to
choose the best fit model with the existing data. This
was done to provide a description of how the data
were correlated with distance. This was also done
to observe how the data was spatially dependence
within each other. A large distance will lead to higher
semi-variance and vice versa (Dorsel, 1997). From the
best semi-variogram, the model, and value of nugget,
sill, range and spatial dependence were calculated.
Semi-variogram of each nutrient was computed
using GS' version 7 (Gamma Software Design,
Plainwell, MI). Spatial dependence was defined as in
Table 2 following Cambardella et al. (1994).

TABLE 2. DEFINITION OF SPATIAL DEPENDENCE

Value Spatial dependence

<0.25 Strong spatial dependence
0.25-0.75 Moderate spatial dependence
>0.75 Weak spatial dependence

Correlations of N, P and K with Disease Incidence

Blocks 1 and 2 were divided into 60 sub-unit
cells, spaced 36 m in the X direction and 36 m in'Y
direction. Each sub-unit cell consists of 36 to 40 oil
palms. The percentage of oil palms infected with
BSR disease was calculated based on the number
of diseased oil palms per number of all oil palms in
each sub-unit cell. Soil and leaf (60 samples each) that
were collected at the centre part of the sub-unit cells,
which representing the sub-unit nutrient content
were correlated with the percentage of BSR infected
in each sub-unit cell. Two tailed Pearson correlation

analysis by SAS 9.2 software was used to measure
the strength and direction of the linear relationships
between the two variables.

RESULTS AND DISCUSSION
BSR Disease Census

Distribution of BSR disease varied from very low
to very high risk of infected areas (Figure 4a). In 2012,
Block 1 was dominated by moderate to a very high
category of area infected with BSR disease. About
18% (1.9 ha) of the area in this block was represented
by a very high infected category and another 26%
(2.73 ha) was under high risk category. However,
94% of the area in Block 2 (Figure 5a) was dominated
by very low and low categories of BSR infected areas.
Only 0.55% of the area in Block 2 was classified into a
very high incidence of BSR disease.

One of the causes for the spread of BSR in Block 1
was through root contact with the sources of
Ganoderma inoculum. This could be from the leftover
inoculum of the alternate host plants or through
root contact with infected oil palms (Chung, 2011).
The area was previously planted with coconut and
has not been properly sanitised. This increased the
potential of the BSR disease to spread rapidly.

Descriptive Statistic

Soil pH in the study area was categorised into
acidic type of soil and ranged from 3.05 to 5.85. The
oil palm has the ability to tolerate acidic type of soil
and capable of growing well under broad scale of pH,
ranging from 4.00 to 5.50 (Goh and Chew, 1995). From
Table 3, the content of av. P and ex. K in soil showed
high to very high variation, while total N showed
only an average variation in both blocks based on the
coefficient of variation (CV) (Pimentel Gomes and
Garcia, 2002). The high variability of av. P and ex. K
had been reported as a common occurrence in soils
due to intrinsic variation, land use and management.
However, lower CV value in total N was most likely
due to the characteristics of this element, which was
mobile in soil (Brady, 1990; Havlin et al., 1999).

TABLE 3. DESCRIPTIVE STATISTIC OF LEAF AND SOIL IN BLOCKS 1 AND 2

Mean Std. dew. Min Max CV% .
Elements Optimum value
B1 B2 B1 B2 B1 B2 B1 B2 B1 B2
(Goh and Chew, 1997)
Total N (%) 029 0.29 0.05 0.03 0.17 0.24 040 043 16.84 1148 0.15
Soil Av. P (ppm) 4581 40.73 1694 11.29 10.34 22.85 74.04 88.10 3697 27.72 20
Ex. K (cmol kg™) 023 021 0.09 0.07 0.08 0.10 042 048 3740 36.32 0.25
(Von Uexkull and
Fairhust, 1991)
N (%) 298 3.36 040 033 2.03 265 375 425 1342 9.82 2.40-2.80
Leaf P (%) 020 0.30 0.03  0.06 011 0.22 035 055 30.00 2258 0.15-0.18
K (%) 0.50  0.65 022 0.10 019 024 1.08 0.89 44.00 24.61 0.90-1.20
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Figure 4. Distribution of basal stem rot (BSR) infected oil palms (a) and spatial variability of nitrogen (N), phosphorus (P) and potassium (K) in soil

(b-d) and leaf (e-g) of Block 1.
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Figure 5. Distribution of basal stem rot (BSR) infected oil palm (a) and spatial variability of nitrogen (N), phosphorus (P) and potassium (K) in soil

(b-d) and leaf (e-g) of Block 2.
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Total N and av. P in soil of Blocks 1 and 2 were
classified as very high according to soil fertility
evaluation for oil palm growth suggested as Goh
and Chew (1997). The ex. K varied from low to
moderate in both blocks. Age of palms does not
influence the variability of total N, av. P and ex. K
in soil as the results did not show any significant
different (p<0.05) between the blocks. The same
trend was also observed in leaf, where N and P were
found higher than the optimum level in both blocks.
However, low content of leaf K was observed in
both study blocks. Based on the optimum nutrient
suggested by Von Uexkull and Fairhust (1991) for
oil palm, imbalance content of nutrient in soil and
leaf in the study area could be observed. The mean
values of the nutrient were distinct form nutrient
value suggested by Goh and Chew (1997) and
Von Uexkull and Fairhust (1991) for soil and leaf,
respectively. Nutritional imbalance could leads to
several problems including disease tribulations.
Deficiency of K in plants is linked to plant pathogen
susceptibility because of the role K plays in plant
metabolism. Under K deficiency, the synthesis of
proteins, starch and cellulose is impaired. Besides,
K is also important in the development of cell
walls, which may directly correlate to a pathogen’s
ability to enter plant tissues (Spann and Schumann,
2009).

Table 4 shows the correlations between total N, av.
P and ex. Kin soil and N, P and K in leaves. Nutrient
contents of soil were found to be significantly
correlated with leaves N, P, and K (p< 0.05). This
shows that the nutrients in soil significantly affect
the leaves content of N, P, and K. Nutrients reflect
the physical conditions of the plants as different
nutrients play different roles in each plant cell. The
effects of mineral nutrients have also been correlated
with disease interaction and severity (Meena ef al.,
2017). Nutrients would reduce or increase disease as
they affect the physiology, biochemistry, especially
the integrity of the cell walls, membrane leakage
and the chemical composition of the host or plant.
Study done by Fabien Fonguimgo Tengoua et
al. (2014) indicated that double combinations of
selected nutrients could lower BSR severity index
for infected bulb tissues at the nursery stage. Other
studies shown that high N supply has been found to
increase severity of infection, e.g., Puccinia graminis

(Howard et al., 1994), Erysiphe graminis (Buschbell
and Hoffmann 1992), and Oidium lycopersicum
(Hoffland et al., 2000). Nevertheless, high disease
susceptibility can be observed in K-deficient plants
which have a direct relation to metabolic functions.
In K deficient plants, the synthesis of high-
molecular-weight compounds is severely impaired
and low-molecular-weight organic compounds were
accumulated, indispensable for feeding pathogens
and insects (Marschner, 1995; Amtmann et al., 2008;
Z0tb et al., 2014).

TABLE 4. CORRELATION MATRIX OF NITROGEN (N),
PHOSPHORUS (P) AND POTASSIUM (K) BETWEEN

SOIL AND LEAF
Total N soil Av. P soil Ex. K soil
B1 B2 B1 B2 B1 B2
N., 0.71% 0.63* 0.46 -0.12 -0.001 -0.01
P 0.36 -0.12 0.39* 0.73* 0.13 -0.11
K -0.13 -0.01 0.43 -0.29 0.65* 0.69*

Teaf

Note: *Significantly correlated p < 0.05.
Geostatistical Analysis

Geostatistical analysis was computed by using
GS" software to determine the spatial structure of
total N, av. P and ex. K in soil of Blocks 1 and 2. The
features of semi-variograms and best fit model for
total N, av. P and ex. K are shown in Table 5. It was
computed based on active lag of 263 m and 321 m
for Blocks 1 and 2, respectively. Active lag distance is
50% of the sampling area longest dimension, while
lag class interval is conventionally computed as 10%
of the active lag distance value. The best fit model
used for total N, av. P and ex. K of soil in Blocks 1
and 2 was Gaussian (Gauss.) and Spherical (Spher.)
model, respectively. The best model and semi-
variogram were chosen based on trial and error and
by choosing high R* and low RSS value. Low nugget
value shown in Blocks 1 and 2 for all of the nutrients
indicates that only small error occurred during the
estimation processes. The ratio of nugget to sill
variance describes the degree of spatial correlation
within the experimental site. All nutrients show
strong spatial dependence in both blocks but only
moderate spatial dependence was found for ex. Kin
soil of Block 1.

TABLE 5. PARAMETERS OF THEORETICAL SEMI-VARIOGRAMS OF SOIL PROPERTIES IN BLOCKS 1 AND 2

Model Nugget (C0) Sill (C1) Range (m) R2 Nugget: Sill

Element
B1 B2 B1 B2 B1 B2 B1 B2 B1 B2 B1 B2
Total N Gauss. Spher. 0.00015 0.00003 0.0024  0.011 50.70 58.00 0.79 0.03 8.3 0.27
Av.P Gauss. Spher. 0.100 0.0034 297.40  0.069 49.00 51.50 0.83 0.64 0.03 4.9
Ex. K Gauss. Spher. 0.0042  0.0063 0.0084  0.12 73.70 58.70 0.78 0.76 50 5.25

Note: Gauss. - Gaussian.
Spher. — spherical.
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Spatial Variability of N, P and K in Soil and Leaf

The total N, av. P and ex. K in soil of Block 1
showed very distinct spatial patterns, where higher
values of total N, av. P and ex. K were observed at
the eastern part of the block (Figures 4b to 4d). Blocks
1 and 2 had a very high content of total N and av.
P in soil, where their distribution throughout the
study area was higher than 0.25% and 25 ppm,
respectively. About 97 and 94% of areas in Blocks 1
and 2 respectively were dominated with high av. P,
while 100% of the study area was dominated with
high total N. Similar observations were found in the
content of N and P in leaves of both blocks (Figures
4e to 4¢ and 5e to 5¢). In Blocks 1 and 2, respectively,
about 50% and 100% of the area had excess content of
N in leaf. About 69.73% of areas in Block 1 had high
content of P compared to the optimum range (0.15%
to 0.18%), while almost 100% of areas in Block 2 had
excess P content with value of more than 0.25%.

Sources of total N in the soil are from parent
material, fertiliser, crop residues, ammonium and
nitrate salts (Brady, 1990). Crop residues, such as
fronds pile has been naturally added to the soil to
improves nutrients availability. Oil palm fronds has
been reported to supply 14% to 24% of annual N
requirementin the oil palm fields and this contributes
to more source of N within the soil environment
(Kee and Goh, 2006). Fertilisers, such as urea,
ammonium nitrate and ammonium chloride, which
are applied three to four times annually also cause
accumulated high level of N in soil. Loss of N in
oil palm plantation through leaching processes was
relatively low (Foong, 1993; Schroth et al., 2000). All
these sources contribute to a heterogenous content
of N within each block within a long-term period.
These combined factors would contribute to higher
N content within the study area.

High av. P observed within this study area could
be from the natural occurence of P and fertiliser
inputs. Addition of fertiliser twice a year especially
during the young stage, which requires more P
during the growing phase, leads to its acumulation.
High P content within a routinely fertilised area is
common especially in a heavy clay textured and acid
type soil (Fageria, 2009). Application of P fertiliser,
such as the low dissolution of phosphate rock,
effects the build up of accumulated av. P within the
soil environment over the time (Ng et al., 2011).

About 38% and 70% of areas in soil of Blocks 1
and 2 respectively, had low contents of ex. K (Figures
4d and 5d). Similar content of K was found in the
leaf, where almost 100% of the study areas had
deficient K (Figures 4¢ and 5¢). Low content of K in
the soil and leaf could be caused by crop removal
during harvesting, leaching losses, erosion and
runoff losses, immobilisation by microorganisms
and soil colloids (Fageria, 2009). Factors of soil pH
also influence the fixation of ex. K in soils where,
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in strong acidic soil, the tightly held hydrogen
and hydroxyl aluminium ions are able to keep the
ex. K ions from close association with the colloidal
surfaces, which reduce their susceptible to fixation.
Spatial analyst technique allows us to have a visual
illustration on behaviour of each element in our
study areas besides it also helps in identifying areas
that need a specific management approach.

Correlations of N, P and K with BSR Disease
Incidence

Table 6 shows the correlation between N, P and
K in soil and leaf with BSR disease incidence in
both blocks. The correlation indicates that total N in
soil tends to have a significant positive correlation
with BSR disease in both blocks (p<0.05). A positive
and significant correlation of BSR incidence with
N was also observed in leaves collected from
Block 1 (p<0.05). N content was found to be high
in both soil and leaf collected from the study areas.
At high N rates, the maturity of the plant tissue
delays. Higher growth rate that occurs will promote
more production of young tissues (Marschner,
1995). Young tissues are susceptible to pathogens
compared to the matured plants. Nevertheless at
high N, the key enzymes of phenol metabolisms
have low activity and thus decrease the phenolic
and lignin compounds that are required as a part
of defence system against disease infection (Fageria,
2009). This disposes the oil palm to be more
susceptible to disease attack through a weak defence
system. Excessive N would also reduce the silicon
(Si) content, which is also important for disease
resistance by creating a physical barrier which can
restrict fungal penetration (Volk et al., 1958). All
this combined factors affect the disease tolerance
or resistance of the plants to the pathogens.
Nevertheless, the effects of N on crop disease varied
in the literature. This could be due to the different
responses depending on the pathogens and type of
N applied to the plants. The causal pathogen and
its effect is complex and more research is needed
to find the specific mechanism that describes these
observations since the interaction between the
host and the pathogen depends on several factors
including type of soil, previous crops, age of oil
palms, host response, planting techniques and
nutrient status (Ariffin et al., 2000).

Similar result was also found in fertiliser trials of
N, P and K on oil palm plantation in North Sumatra.
Results obtained showed that higher N and P
fertilisers had significantly increased the number of
dead palms due to BSR disease. The effect of high N
in increasing BSR disease has also been shown in a
number of trials in Malaysia (Tayeb and Hamdan,
2000).

Significantly positive correlations were observed
between contents of av. P in soil of Blocks 1
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and 2 with BSR disease. P is important for root
development and its fertilisation had been improved
to encourage more root growth. One of the ways for
the spread of Ganoderma is through root contact with
the inoculum of infected oil palm (Chung, 2011).
Excessive root growth will increase possibility of
roots of adjacent palms to be in contact. It increases
the probability of the disease to be spread to the
next oil palm via root contact. Nevertheless, the role
of P in disease resistance is varied and inconsistent
(Dordas, 2008). Experiments in Bernam series soil
and MPOB Teluk Intan Research Station, Perak,
Malaysia also reported that P fertiliser trials had
significantly increased BSR disease (Singh, 1990).

TABLE 6. CORRELATION OF SOIL AND LEAF NUTRIENT
WITH BASAL STEM ROT (BSR) DISEASE INCIDENCE (%)

IN BLOCKS 1 AND 2
Soil Total N  Av.P Ex. K
BSR incidence (%) in Block 1 0.74 0.51" 0.24
BSR incidence (%) in Block 2 0.54" 0.46 0.21
Leaf N P K
BSR incidence (%) in Block 1 0.49 0.56 0.32
BSR incidence (%) in Block 2 0.03 0.04 -0.05

Note: *Significantly correlated at p < 0.05.
N - nitrogen.
P - phosphorus.
K - potassium.

CONCLUSION

Geospatial approaches in this study demonstrated
a better way in quantifying nutrient of large oil
palm plantation. Distribution of BSR disease varied
from very low to very high categories of infected
area. Mature oil palm plantation was dominated by
moderate to a very high category of BSR infected
area. However, 94% of areas in young oil palm
plantation were still categorised as very low to
low. Soil variability map revealed 100% of the
study areas had high total N, while 97% and 94%
of areas in Blocks 1 and 2, respectively had high
av. P. Similar to N and P in leaves of both blocks
with 100% of the area had high content of N and
70% of areas in Block 1 had high content of P and
100% of areas in Block 2 had excess P content with
value of more than 0.25%. Total N and av. P in soil
of both blocks, showed a strong associations with
BSR disease. However, only N and P in leaf of
Block 1 showed a significant associations with the
disease. The content of N, P and K in soil and leaf
play important role in influencing the spread of
the disease as it could affect the disease resistance,
tolerance of plant to the pathogen and virulence of
the pathogen itself. Lower association of nutrient
with BSR disease in young oil palm suggests that
age of oil palm could be one of the factors that
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influence disease resistance, and this needs further
investigation. Nutrients were observed to be
imbalanced and can be improved through the use of
site specific management practices. These combined
data suggest the need of site specific approach in
managing nutrients in oil palm plantation areas in
order to reduce BSR disease occurrence at the early
stage of planting and thus conserve time and money.
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