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Abstract

The basal stem rot (BSR) disease has been reported as the most destructive disease of oil palms in Southeast Asia.
Adequate contents of nutrient in soil and leaf helps improve the plant health and its productivity. This study aims to determine
the spatial variability of calcium (Ca) and magnesium (Mg) in soil and leaf collected in BSR infected oil palm plantation. The
exchangeable calcium (Caex) and magnesium (Mgex) in soil were found low in the study area ranged from 0.03-0.50% and 0.06-
0.35%, respectively. The Ca and Mg content in leaf were also low ranged from 0.09-0.60%, and 0.03-1.87%, respectively. The
Caex in soil of both blocks showed a negative significant correlation with the disease at p<0.01. However, only Ca content in
leaves of one study site (Block 2) showed a negative significant correlations with the disease (p<0.05). The generated map
and significant correlations revealed that unbalanced nutrient content occurred in the study area.
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1. Introduction

The oil palm (Elaeis Guineensis) is the most important
crop  that  produced  approximately  39%  of  the  world’s
vegetable oil supply (USDA, 2014). Among this, 30% of the
world palm oil supplies are from Malaysia’s plantation, which
is about 5.23 million hectares in total (MPOB, 2013). However,
one of the most devastating diseases in oil palm plantation in
Southeast Asia is basal stem rot (BSR) disease caused by

fungus of Ganoderma species. It is a root type disease, which
infects the basal stem of the palm and restricts the transporta-
tion of water and nutrients to the upper parts of the palms.
The disease has been recognized to infect oil palm as early as
12 to 24 months after planting and its incidence increased on
4 to 5 years old palms (Singh, 1991). Several factors have
been  identified  to  be  associated  with  the  disease,  which
includes  age  of  palms,  type  of  soil,  nutrients  status  and
previous crops planted in the area.

Nutrients  in  soil  and  leaves  play  important  role  in
determining the health and disease resistance of the palm.
In  most  situation,  a  balanced  of  nutrient  in  both  soil  and
plant may improves the plants ability to disease resistance
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(Usherwood, 1980; Fageria, 2009). The effects of nutrients
to  disease  may  be  attributed  to:  (i)  effects  of  nutrients  on
microclimate  of  the  plants  which  can  influence  the  plant
growth  and  also  affect  infection  and  sporulation  by  the
pathogen (Marschner, 1995), (ii) effects on the plants bio-
chemical composition including the cell wall structure and
tissues, (iii) effects on the pathogen through alteration in the
soil environments, and (iv) the rate of growth of the host
which may enable seedlings to escape infections in their most
susceptible stage (Colhoun, 1973).

Calcium (Ca) is one of the most important nutrients
that affect the susceptibility of the plant to disease in two
ways. It is important for the cell wall stability, where Ca
polygalacturonates were required to strengthen the middle
lamella. It is also crucial for the function and stability of plant
membranes. Deficiency of this nutrient leads to membrane
leakage of low molecular weight compounds, such as sugars
and amino acids. Thus, increased the potential of the fungi
to invade the xylem and dissolve the cell walls of the conduct-
ing vessels and resulted to wilting symptoms. Application of
soil  Ca  has  been  reported  to  protect  peanuts  pods  from
infections by Rhizoctonia and Pythium and eliminates the
disease occurrence (Huber, 1980). In fact, increasing of Ca
levels had reduced BSR infections (Nur Sabrina et al., 2012)
due to improvements of the quality of the plants and preven-
tion of favorable conditions for pathogens to inhabit. There
is only little information on effects of magnesium (Mg) nutri-
tion  on  plant  disease  (Dordas,  2008;  Fageria  et  al.,  2011).
Magnesium was reported to reduce the Ca content in peanut
pods  and  may  predispose  them  to  pod  breakdown  by
Rhizoctonia and Pythium (Huber, 1980).

Studies related to nutrients and the BSR disease were
mostly conducted at the nursery stage and focusing on the
molecular and genetic works only. Currently, there is limited
information about nutrient spatial variability, such as Ca and
Mg in oil palm plantation area and how its fertility factors
can affect the disease distribution at the field scale. Inaccu-
rate identifications of Ca and Mg status in large scale area
leads to inaccurate fertilizing practice and results in wasting
time and money. In order to manage and monitor Ca and Mg
status of a large area, one of a better solution in helping the
industry is by applying the geographical information system
(GIS) technology. Therefore, this study was carried out to
obtain accurate spatial distribution of the BSR disease, Ca
and Mg variability by using GIS tools in oil palm plantation
affected by BSR disease and to observe its correlation with
the disease incidence.

2. Methods

2.1 Experimental site

The study was carried out in oil palm plantation area
at Ladang Seberang Perak, Peninsular Malaysia (4°06’41.50"
N, 100°53’05.71" E). In this study, two different plots of oil
palm were selected to represent matured oil palm (Block 1)

and  young oil palm (Block 2) (Figure 1). Young and matured
oil palm was planted in year of 2006 and 1994, respectively
with planting density of 136 and 160 oil palm/ha. Block 1 is
the first generation of oil palm planted, while the Block 2 is
the second generations of oil palm. The study area is mainly
composed of local alluvium soil of the Telemong Akob series.
The soils of this study area were classified in the soil orders
of Entisols and great groups of Typic Tropofluvents (USDA).
This series were mainly dominated by local alluvial of mineral
soil type. The mean annual rainfall is 1,500 mm with mean
annual temperature of 29.8°C.

2.2 BSR census

Information  on  BSR  disease  incidences  were  done
through visual disease census in October, 2012. Coordinate of
the study area and the sample collected were recorded using
GPS.  Standing  oil  palm  was  divided  into  two  categories,
which is “0” for healthy and “1” for trees that were confirmed
infected by BSR disease. Oil palm infected by BSR disease
was determined based on the appearance of multiple spear
leaves,  pale  leaf  canopy,  presence  of  fruiting  body  at  the
stem  base,  and  also  a  collapse  of  leaf  canopy,  while  for
healthy  oil  palm  show  a  dark  green  leaves  and  a  healthy
leaves  and  stem.  Ground  census  was  done  in  young  and
matured palm plantation at the same time and season.

Distribution of BSR disease were then mapped based
on the spatial point patterns, which represent the infected
tress  per  ha  area.  The  density  map  was  performed  using
geostatistical tools of ArcGis 9.3 software. Each tree was
projected and mapped using WGS 1984 UTM Zone. This
technique  shows  a  precise  view  of  comparison  among
features  by  factoring  impact  of  area  across  time.  For  the
density  estimation,  the  density  value  and  categories  were
done based on value suggested by Singh et al. (1990) which
describe that 30% of area affected by Ganoderma incidence
in 1 ha of area had reduced 26% of oil palm fresh fruit bunch
(FFB) yield (Table 1).

Figure 1. Study area and sampling point of Block 1(a) and Block
2(b).
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2.3 Soil samples

Soil  samples  were  obtained  systematically  by  grid
sampling techniques consists of 60 geo-reference points in
Blocks 1 and 2, respectively (Figure 1). Sampling points were
spaced approximately 36 m in the X direction and 36 m in Y
direction. Three composites samples (circle palm, between
two palm and frond heap) were obtained at 0-20 cm depth
from each sampling point. Soil samples were kept in a clean
polyethylene bag and brought to lab for exchangeable Ca
(Caex)  and  exchangeable  Mg  (Mgex)  content.  The  Caex  and
Mgex were determined by neutral ammonium acetate extrac-
tion methods (Schollenberger and Simon, 1945). About 10 g
of soil were leached with 100 ml of 1N ammonium acetate
(NH4OAc) using the leaching tube for 5-6 hours. The Caex and
Mgex  in  solutions  was  measured  using  atomic  absorption
spectrophotometer (AAS) (Perkin Elmer 400, USA). Evalua-
tion of the Caex and Mgex in soil were based on threshold
value suggested by Goh and Chew (1997). Soil pH was deter-
mined  using  the  glass  electrode  pH  meter  (Metler  Toledo
FE20, Switzerland) using soil: water ratio (1/2.5) (Hendershot
et al., 1993).

2.4 Leaves samples

Total of 60 leave samples were also collected at the
same site of soil samples. Leaf samples were collected at the
17th fronds of matured and young palm. The leaves were bulk
together  in  a  clean  polyethylene  bag  and  brought  to  the
laboratory  for  further  analyses.  The  middle  20  cm  of  the
leaves were cut and retained for laboratory test of Ca and
Mg. Leaflets were dried in air dried oven at 60-70°C for 2 days.
Then, the samples were ground to pass through a 1 mm sieve
size.  A  total  weight  of  0.25  g  foliar  tissue  samples  were
digested  on  the  hot  plate  with  5  ml  of  H2SO4  for  1  hour.
Digested samples were then filtered and measures by AAS
(Perkin  Elmer  400,  USA).  Leaf  Ca  ad  Mg  contents  were
evaluated  based  on  threshold  value  suggested  by  von
Uexkull and Fairhust (1997).

2.5 Geostatistical analysis

The  spatial  structure  of  the  soil  and  leaf  nutrient
within the study plots was analyzed using geostatistical soft-
ware (GS+, Gamma Design Software, St. Plainwell, MI, version

7.0). It offered numbers of models that can be fitted called
semivariogram. In practice, this model used several autho-
rized models (Oliver, 1987; Isaaks and Srivastava, 1989), such
as  linear  (Lin.),  spherical  (Spher.),  Gaussian  (Gauss.)  and
Exponential (Exp.) model. These models were then fitted into
the  semivariogram  data.  Semivariance  was  estimated  as
follow:
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where, h is the separation distance between location Xi or
Xi+h, or zi or zi +h are the measured values for regionalized vari-
able at location xi or Xi+h and (h) is the number of pairs at any
separation distance h.

A semivariogram, models the continuity of the spatial
variable  to  a  spatial  structure.  Spatial  structure  described
several parameters, such as sill, nugget, and range and how
the data were distributed in the study area. Spherical model is
one of the most commonly used in the semivariogram model
because of its linear behavior at small range which fit most
experimental data (Isaaks and Srivastava, 1989). Models were
selected based on the fitting of the data which more favor-
able weighted residual mean square and visual fit to the data
at short lags. In this study, the process of selecting the sample
interval, lag distance and semivariogram models were based
on trials and error. However, the semivariogram in this study
was constructed based on two criteria suggested by Journel
and Huijbregts (1978) to guide the selection process, which
includes, (i) Semivariogram should not include lag distances
greater than half the maximum distance between two sampl-
ing points and (ii) Lag interval that was plotted was short to
allow identification of the most suitable model to be fitted to
the semivariogram.

The semivariogram was assumed to be isotropic and
omnidirectional, which means that pairwise squared differ-
ence  were  averaged  without  regards  to  direction.  Spatial
dependence of each element was described using nugget to
sill ratio (Table 2) (Cambardella et al., 1994). A strong and
moderate spatial dependence showed a high propensity for
nearby  locations  to  influence  each  other  and  to  possess
similar attributes (Goodchild, 1992). Weak or spatially un-
correlated  spatial  dependence  is  usually  associated  with
sampling distances, analytical errors, and variation on shorter
distance than applied sampling grid.

Table 1. BSR zone category based on losses of oil palm per hectare.

Losses of oil palm by BSR Number of trees infected Category suggested
disease per hectare (%)

< 15 < 20 Very Low
30 21-40 Low
45 41-60 Medium
60 61-80 High

> 75 > 81 Very High
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2.6 Correlations of Ca and Mg with disease incidence

The  methods  of  calculating  the  incidence  of  BSR
disease was by plot count data (Figure 2). Blocks 1 and 2
were divided into 60 units of cells, each approximately spaced
36 m in the X direction and 36 m in Y direction. Each cell
consisted of 20 to 36 of oil palm trees. Data of tree identified
to have a BSR disease was observed by a plot count and
was represented by a percentage (%) of tree infected within
a number of tree in that particular quadrat. The Pearson cor-
relation  method  were  used  to  correlate  between  %  of  the
disease incidence and soil nutrient in each quadrat.

3. Results and Discussion

Distribution of BSR disease varied from very low to a
very high risk of infected area (Figure 3). In 2012, Block 1 was
dominated  by  moderate  to  a  very  high  category  of  area
infected by BSR disease. About 18% (1.9 ha) of area in this
block was represented by a very high infected category and
another  26%  (2.73  ha)  was  area  under  high  risk  category.
However, 94% of area in Block 2 was still dominated by very
low and low categories of BSR infected area. Only 0.55% of
the area in Block 2 was classified into a very high incidence
of BSR disease area.

One  of  the  sources  that  generate  the  disease  to  be
spread in the study area was through the root contact with a
source of inoculum. This could be from left inoculum of the
alternative host plant or through root contact from infected
oil palm (Chung, 2011). Since the matured oil palm had been
planted about 15 to 20 years ago, the left buried of infected
previous crops could have not been properly sanitized and
this increased the potential of disease to be spread.

Table 2. Definition of spatial dependence.

Value (%) Spatial dependence

< 25 Strong spatial dependence
25-75 Moderate spatial dependence
> 75 Weak spatial dependence

Figure 2. Distribution of BSR infected trees in unit cell of Block 1
(a) and 2(b).

Figure 3.  BSR densities in Block 1(a) and 2(b).

Table 3. Descriptive statistic of soil and leaf properties in Block 1 and 2.

Element            Mean  Std. Dev              Min         Max                CV%

Soil B1 B2 B1 B2 B1 B2 B1 B2 B1 B2

pH 4.30 4.41 0.40 0.39 3.05 3.25 5.85 5.85 9.30 8.84
Ca (%) 0.55 0.23 0.20 0.12 0.37 0.03 0.67 0.50 36.07 53.52
Mg (%) 0.31 0.23 0.25 0.23 0.09 0.03 1.87 1.54 82.70 99.11

Leaf
Ca (%) 0.15 0.29 0.05 0.09 0.09 0.10 0.32 0.60 33.33 31.03
Mg (%) 0.19 0.15 0.06 0.05 0.07 0.06 0.35 0.30 31.57 33.33

3.1 Descriptive statistic

Soil pH in the study area was categorized into acidic
type of soil ranged from 3.05 to 5.85 (Table 3). The oil palm
had the ability to tolerate acidic type of soil and capable to
grow well under broad scale of pH ranged 4.0 to 5.5 (Goh and
Chew, 1995a). Coefficient of variation (CV) described the
behavior of the attributes within the study area. Higher value
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of CV reflects a higher variability of nutrients throughout the
study area (Pimentel Gomez and Gracia, 2002). The CV of pH
in the two blocks were found to be less than 10%, indicated
that pH had the lowest variation throughout the study area
compared to the content of Ca and Mg. Low pH variation
described homogenous variability throughout the blocks.
Other researcher had documented a lower variance of soil pH
compared to other soil chemical properties (Yost et al., 1982;
Zhou et al., 1998). This could be caused by the pH value
which is on log scale of proton concentration in soil solution.
There would be much higher variability in soil acidity if it is
expressed in terms of proton concentration directly (Sun et
al., 2003). The CV of Ca and Mg in both soil and leaf were
found to be more than 30% and were categorized to have a
very high variability. It is well established that soil properties
exhibits at high variability with CV often exceeding 30% and
such  variability  has  been  shown  to  occur  spatially  and
temporally (Webster, 1985; Goh et al., 2000).

3.2 Geostatistical analysis

Semivariograms of Ca and Mg content in leaf and soil
are given in Table 4. The Caex and Mgex of soil in Block 1
showed a definable spatial structure described by a Gaussian
model, while Block 2 was described by spherical model for
both attributes. The best fitted model for Ca and Mg in leaf
was exponential for both of the blocks. Low nugget variance
in all of the blocks described that, only small errors occurred
during sampling, measurement. Short effective range (<70 m)
in almost all of the attributes in both blocks explained that,
sampling point greater than this distance would no longer
exhibit any spatial correlations (Balasundram et al., 2008).
The content of Ca and Mg in soil and leaf of Blocks 1 and 2
showed a strong spatial dependence, while only content of
Mg in leaf of Block 1 showed a moderate dependence.

3.3 Spatial variability of Ca and Mg in soil and leaf tissue

The evaluation of Caex and Mgex was made based on
threshold value suggested by Goh and Chew (1997) for soil
of oil palm plantation. The optimum of Ca and Mg in soil
ranged from 0.75-1.00% and 0.20-0.25%, respectively. The

content of Ca and Mg in leaf was evaluated based on von
Uexkull and Fairhust (1991), which had been widely used for
optimum oil palm growth. Optimum Ca and Mg content in
leaf of oil palm ranged from 0.50-0.70% and 0.30-0.45%,
respectively. Distributions of Caex in soil of Block 1 showed
a low to moderate content (0.50-0.70%), with about 84.30% of
area were categorized within this ranged. Nevertheless, the
young palms of Block 2 showed a lower content of Caex with
81.70% of the area had a very low content of Caex with value
less than 0.30% (Figures 4a and 4c). The spatial distribution
of Ca in leaf were also categorized as deficient, with 100%
of area in both blocks had Ca content lower than 0.30 and
0.25% in Blocks 1 and 2, respectively (Figures 4b and d).

The content of Caex in both blocks was observed low.
Its availability in the soil environment had a significant rela-
tionship with the chemical condition of the soil including the
pH. Soil pH is inversely related to Caex. Acid soil is usually
high  in  Alex  but  low  in  Caex  (Prasad  and  Power,  1997).
A decrease in Caex contents in soil is attributed to displace-
ment by hydrogen ions, which can be originated from either
acid depositions or uptake of cations by roots (Johnson et al.,
1999). Decline in deposition of Ca from the atmosphere may
also contribute to decrease of soil Ca availability especially
in  acids  soil.  In  this  situation,  additional  Ca  needs  to  be
added to increase the availability of this element (Fageria,
2009). Soil towards higher pH would have more Ca and Mg
for uptake of plants.

The Mgex in soil of Block 1 showed almost 41.84% of
area in this block had low to moderate (0.20-0.25%) of its
content,  while  another  29.41%  of  area  was  occupied  by
moderate  to  high  (0.25-0.30%)  content  of  Mgex.  Block  2
showed a lower content of Mgex with 49.90% of area in this
block was categorized into very low to low content of ex-
changeable Mg (Figures 5a and c). The Mg in leaf of both
blocks showed most of the area in both blocks had a deficient
content of Mg with value less than 0.20% (Figures 5b and d).

Most  of  the  area  in  both  blocks  showed  a  lower
content of Mgex than the moderate value suggested for oil
palm growth. The Mgex was reported to decrease at oil palm
circle  and  inter-rows  area  at  two  different  depths.  This  is
mainly due to high rate of NH4

+ fertilizer and KCl fertilizer
used in oil palm plantations (Ng et al., 2011). The NH4

+ and

Table 4. Parameters of theoretical semivariograms of soil properties in Block 1 and 2.

       Model    Nugget (C)          Sill (C0)         Range (m)                 R2  Spatial Dependence
(%)

B1 B2 B1 B2 B1 B2 B1 B2 B1 B2 B1 B2

                  Soil
Ca Gauss. Spher. 0.00001 0.0001 0.0018 0.017 39.50 61.90 0.60 0.65 0.56 0.59
Mg Gauss. Spher. 0.00001 0.0001 0.0223 0.017 41.50 61.90 0.64 0.65 0.04 0.59

                   Leaf
Ca Exp. Exp. 0.003 0.0006 0.08 0.008 32.30 5.50 0.55 0.03 3.48 8.07
Mg Exp. Exp. 0.003 0.03 0.008 0.15 585.60 26.80 0.76 0.57 40.8 19.55
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K+ cations caused the Mg in soil to leach down due to the
ionic exchange between both cations in the soil complex (Kee
et al., 1995). This explained the lower content Mgex found in
soil of this study area as excessive N (due to fertilizing) is
believed to cause Mg to leach down as the soil samples were
obtained at both oil palm circle and inter row.

Soil  pH  affects  the  availability  of  most  nutrient
elements for plants consumption. It also effects through the
alteration of plants to resist the pathogens attacks. Lower pH
value caused the amount of exchangeable aluminum (Alex) to
increase and less Mgex was available (Brady and Weil, 2000).
The availability of Mg2+ is slightly restricted and this explained
the lower content of Mg found in this study site. Low to very
low content of Mgex were also found in four from eight soil
types commonly used for oil  palm in Southeast Asia had soil
pH less than 5.0 (Mutert et al., 1999) and this also explain the
low contents of Mg within the study area. This suggest the
needs of liming materials, such as calcitic limestone (CaCO3)
and dolomitic limestone (CaMg(CO3)2.

3.4 Correlations of Ca and Mg with disease incidence

In correlations of the disease with Ca and Mg content,
Blocks 1 and 2 showed a significantly negative correlation
between BSR disease and Caex content in soil (Table 5). The
correlation was observed to have only moderate and weak
relationship in Blocks 1 (p<0.01) and 2 (p<0.01), respectively.
However, only Ca in leaf of Block 2 showed a significantly
negative correlation with only weak relationship (p<0.05).

Figure 4. Spatial variability of Ca in soil (a and c) and leaf (b and d)
of Block 1 and 2.

Table 5. Correlation of Ca and Mg content in soil and leaf
with BSR disease incidence (%) in Block 1 and 2.

BSR                        Soil                                 Leaf

Caex. Mgex. pH Ca Mg

Block 1 -0.56** -0.23 -0.24 0.48 -0.16
Block 2 -0.45** -0.10 -0.003 -0.49* -0.03

Figure 5. Spatial variability of Mg soil (a and c) and leaf (b and d)
of Block 1 and 2.
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Low content of Ca observed in both plants and soil
in this study suggest that lack of Ca in those elements had
impaired the structure and defense system of the oil palm.
Calcium is important in the cell structure of plants. It prevents
disease by providing a lignin barrier against pathogen attack
(Williats et al., 2001). In fact, Ca helps to harden the plant
primary  cell  walls  by  cross  linking  of  pectic  polymers  and
confer resistance to pathogen attacks (Akai and Fukutomi,
1980).  Insufficient  of  Ca  content  leads  to  deterioration  of
the  cell  membrane  and  caused  the  cells  to  become  leaky.
Deficiency of Ca increased the breakdown rates of cell wall by
Ganoderma pathogens as it could attempts to breach and
invade the plant cell (Nur Sabrina et al., 2012).

The content of Ca in plants is important as it helps to
reduce disease by slowing down the reactions of pathogenic
enzymes reactions during the cells decomposition (Nur
Sabrina et al., 2012). Calcium also plays a role in improving
the structure of the soil and also increasing the soil pH as
these  effects  decreased  the  probability  of  Ganoderma
pathogen to be attached (Nur Sabrina et al., 2012). The Ca has
significantly suppressed disease incidence of Phytophtora
stem rot in soybean, which suggested that Ca is important in
the cell wall as it could allow the tissue to maintain long term
field resistance. This is linked to this study, where more Ca
is  needed  to  reduce  the  effects  of  the  disease  over  a  long
time period. These effects will decrease the potential of G.
boninense attachment (Nur Sabrina et al., 2012).

The pH showed a negative but not significant correla-
tion in both blocks (Table 5). The soil pH is well known to
have influences on the development and severity of certain
disease caused by soil borne organisms (Ycock, 1966). Such
disease depends on the pH favors of the particular pathogen.
It  effects  the  growth  and  survival  of  pathogen,  through
competitive surviving of different microorganisms. Different
ranges of pH vary for different pathogens over which they
can grow. In general, acid soils are conducive to many
diseases  caused  by  fungi  (Rengel,  2002)  as  this  study  area
also was dominated by acidic type of soil. On the other hand,
the  club  root  of  crucifers  caused  by  Plasmodiophora
brassicae, is most severe at the pH around 5.7. However,
its development drops sharply between 5.7 and 6.2 and com-
pletely checked at pH 7.8. Further investigation need to be
done in comparison of different soil pH to observe the effect
of soil acidity on BSR disease.

4. Conclusions

Geostatistical techniques applied in this study demon-
strated better methods of quantifying Ca and Mg variability
throughout large scale oil palm plantations and are able to
observe its relation with BSR occurrence. The content of Ca
and  Mg  in  soil  and  leaf  were  low  in  both  blocks  and  this
shows deficiencies of those elements within the study site.
 In relations to the BSR disease, significant negative correla-
tions found between the disease and the content of Ca in soil
and  leaf  explain  that  insufficient  nutrients  might  alter  the

lignin compound, defense system and introduced favorable
condition for the pathogens to invade. These combined data
suggest the need of site specific approach in field manage-
ment practice of oil palm plantation area in order to reduce
BSR  disease  occurrence  at  the  early  stage  of  planting  and
thus conserve time and money.
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