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ABSTRACT

The present study was carried out to assess distribution variability of soil properties like pH, electrical conductivity
(EC), organic carbon (OC), available potassium (K) (NH,OAc-K), phosphorus (P) (Olsen-P), exchangeable calcium
(Ca) (Exch. Ca) and magnesium (Mg) (Exch. Mg), available sulphur (S) (CaCl,-S) and hot water soluble boron (B)
(HWB) of oil palm (Elaeis guineensis Jacq.) plantations in southern plateau region of India. The mean values of soil
pH, EC(dS/m), OC (g/kg), NH,OAc-K (mg/kg), Olsen-P (mg/kg), Exch. Ca (mg/kg) , Exch. Mg (mg/kg), CaCl,-S (mg/
kg) and HWB (mg/kg) were 6.94 £1.19,0.53+0.47, 11.6 +£5.60, 179 + 107, 92.9 + 50.6, 820 + 326, 159 +58.9,21.8
+14.9 and 5.81 + 2.53 respectively in surface (0 to 20 cm) soil layers. Geostatistical analysis revealed that surface soil
properties had circular, Gaussian, spherical, and exponential best fit models and were influenced by intrinsic, extrinsic
and both intrinsic and extrinsic factors. The wide spatial variability of soil properties warrants site specific nutrient

management for higher oil palm production.
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Oil palm (Elaeis guineensis Jacq.) is a heavy feeder of
nutrients and requires balanced and adequate supply of
macro and micronutrients for growth and yield. Optimum
economic and sustainable oil palm yields can only be
achieved with judicious use of fertilizers (Goh et al. 2003).
Nutritional constraints are major limitations to oil palm
productivity in oil palm growing countries including India
(Prasad et al. 2012). Nutrient disorders/deficiencies like
nitrogen (N)/potassium (K) imbalance, K deficiency,
magnesium (Mg), deficiency and boron (B) deficiency are
commonly prevalent in different oil palm plantations in India
affecting oil palm production (Narsimha Rao et al. 2014).
Fertilizer recommendations in oil palm, like other plantation
crops, are based on calibrated soil and leaf tests
(Maneepong 2008). Therefore, it is essential to
continuously monitor soil nutrient status and leaf nutrient
concentrations of oil palm plantations for efficient fertilizer
recommendations and sustainable yield. However,
information regarding soil nutrient status and leaf nutrient
concentrations in oil palm plantations of India is scantily
available.

Spatial variability of soil properties may be related to
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the combined action of physical, chemical and biological
processes as well as anthropogenic land use patterns,
which vary in space and time across the landscape
(Goovaerets 1998). The scales of spatial variation may differ
between different soil properties, because the processes
that cause variability may occur at different scales, e.g.
from the single plant scale to larger topographical scales
(Zhang et al. 2014). Understanding the patterns and
processes of soil spatial variability is key to efficient soil
resource management. Disregarding spatial variability may
cause undesirable results. Geostatistical estimation helps
in predicting values at unsampled location by taking into
account the spatial correlation between estimated and
sampled points and minimizing the variance of estimation
error and implementation costs (Saito et al. 2005).
Geostatistical methods have been used to effectively assess
the spatial variability of soil properties (Mueller ez al. 2003).
Spatial variability of soil chemical properties like pH, organic
matter content, available K, phosphorus (P) and N and
available and total micronutrients have been studied by
different researchers in different soils under different
management systems across the world (Li et al. 2011,
Behera and Shukla 2014, Behera and Shukla 2015). However,
spatial variability of soil properties of plantation crops
across the world in general and oil palm plantations of
India in particular is poorly understood. Therefore,
understanding the spatial variability of soil properties in
oil palm plantations of India is important for designing site
specific sustainable soil management decisions. The
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objective of this study was to examine the spatial
dependence and variability of some soil properties using
classical and geostatistical methods for site specific soil
management in oil palm plantations of Karnataka state of
India. A better understanding of the spatial variability of
soil properties would enable for refined soil management
practices by identification of proper sites for management.

MATERIALS AND METHODS

A survey was carried out in Mysore, Mandya and
Hassan districts of Karnataka state during 2012-13 to study
soil and plant nutritional status in 42 oil palm plantations.
The sampling area lies between 12° 9.8" 7’ N latitudes to
77°3.3’ 33" E longitudes and 15° 40.1° 93" N latitudes to
74° 27.7° 45" E longitudes with average mean sea level of
2121 to 3141 feet. The climate of the area is tropical monsoon
type with annual average rainfall of 760 mm spread over a
period of seven months, i.e. latter half of April to October.
April is the hottest month with mean daily maximum
temperature at 34.5 °C and daily minimum at 21.1 °C with
relative humidity of > 70% throughout the year. On normal
days, the day temperature during summer may exceed 39°C.
The soil types of the districts are broadly lateritic, red loam,
sandy loam, red clay and black cotton soils.

A total of 84 soil samples were collected from 0-20 cm
(surface) and 20-40 cm (subsurface) depths in the palm
basins during the survey to assess soil fertility status of
oil palm plantations. The latitude, longitude and elevation
at each sampling site were recorded using a handheld
global positioning system (GPS) (Oregon 550, Garmin Ltd,
Kansas, USA). Each sample was formed from three random
samples from an oil palm basin and pooled together to
form one representative sample for analysis (Jackson 1973).
The soil samples were dried in shade at room temperature,
roots and debrises “removed” ground and passed through
2 mm sieve and stored in polyethene bottles for analysis.
The 2 mm sieved soil was further ground using pestle and
mortar to pass through 0.5 mm sieve for determination of
organic carbon (OC). The soil samples were analyzed for
pH, electrical conductivity (EC), OC, available K, P,
exchangeable Ca and Mg, available sulphur (S) and hot
water soluble B. Determination of soil pH and EC were
done on 1: 2 soil water ratio (w/v) suspension using pH
meter and EC meter following half an hour equilibrium
(Jackson 1973). Soil OC content was estimated by Walkley
and Black (1934) method. Available K was extracted using
neutral normal ammonium acetate solution (NH,OAc-K)
(Hanway and Heidel 1952) and was estimated by flame
photometry. Available P (Olsen-P) was extracted using
Olsen’s reagent (Olsen et. al. 1954) and estimated through
spectrophotometry. Exchangeable Ca (Exch. Ca) and Mg
(Exch. Mg) were extracted using neutral normal ammonium
acetate solution (Jones 1998) and estimated through atomic
absorption spectrometry. Available S (CaCl,-S) was
estimated by turbidity method (Williams and Steinbergs
1969). Hot water soluble B (HWB) was estimated through
Azomethine-H reagent (Gupta 1967) using
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spectrophotometry.

Data were subjected to descriptive analysis. The
minimum, maximum, mean, standard deviation (SD),
coefficient of variation (CV), skewness and kurtosis for
soil properties were computed. ARCMap 10.1 was used to
analyze the spatial structure of surface soil properties and
to define the semivariograms. From semivariograms,
differences in nugget/sill ratio and range were examined
for soil properties. All semivariograms in isotropic form
were fit using spherical, circular, exponential, and Gaussian
models. Kriging interpolation was applied to the best fit
model. Ordinary kriging was chosen to create the spatial
distribution maps of soil properties.

RESULTS AND DISCUSSION

Descriptive statistics of soil properties

The minimum, maximum, SD, CV, skewness and kurtosis
values of pH, EC, OC, NH,OAc-K, Olsen—P, Exch. Ca and
Mg and CaCl,-S and HWB ranged widely in soils of oil
palm plantations indicating their considerable variability
(Table 1). Soil pH varied from 4.76 to 8.74, with mean values
of 6.94 + 1.19 (in surface soil layers) and 6.81 + 1.33 (in
subsurface soil layers). The values of CV for soil pH in
both the soil layers revealed their moderate variability and
these values were less compared to CV values of other
measured soil properties. According to Nielsen and Bouma
(1985), the CV values of 10 to 100 are considered moderate
variability. Low CV values for soil pH was due to
transformed measurement of hydrogen ion concentration.
Mulla and McBratney (2000) reported low variability of
soil pH and moderate to high variability for organic matter
content, available K, available P and soil nitrate nitrogen in
acid soils of Australia. Tesfahunegn et al. (2011) also
reported CV values of 8.6 to 73.4% for a several soil
properties in Ethiopia. Wide variability of soil chemical and
physical properties in wetland soils of two agro-ecological
zones of Lesotho (Nikheloane ez al. 2012) and grass land
and cultivated land in Tokat province of Turkey (Kilic et
al. 2012) were also reported. This variability is due to the
interaction of geological, pedological, microclimatic and land
use factors including soil management practices, fertilization
and crop rotation on spatial and temporal scales (Mallarino
etal 1999, Behera et al.2011). Soil EC ranged from 0.10 to
2.54 dS/m in surface soil layers and from 0.11 to 1.55 dS/m
in subsurface soils layers. Soil OC content varied from 1.17
to 28.9 and 1.17 to 21.1 g/kg in surface and subsurface soil
layers respectively. The mean values of all the measured
soil properties in subsurface soil layers were less than the
mean values in surface soil layers. In agreement with our
findings, Savita ef al. (2013) reported wide variability in
values of soil pH, available N, P and K in sapota
(Manilkara achras M. Fosberg)) orchards of Raichur,
Dharwad and Belgaum districts of Karnataka, India. Nayak
et al. (2011) also recorded significant variation in soil pH,
EC, OC, available N, Olsen’s-P and available K status in
aonla (Emblica officinalis Gaertn.) orchards of central Indo-
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Table 1 Descriptive statistics™ for selected soil properties of surface and subsurface layers (n=42)
Soil properties Soil layer Min. Max. Mean SD CV (%) Skew. Kurt.
pH Surface 491 8.74 6.94 1.19 17.1 -0.27 -1.30
Subsurface 4.76 8.72 6.81 1.33 19.5 -0.19 -1.36
EC, dS/m Surface 0.10 2.54 0.53 0.47 89.5 2.33 7.08
Subsurface 0.11 1.55 0.46 0.36 79.1 1.58 2.33
OC, g/kg Surface 1.17 28.9 11.6 5.60 48.2 0.90 1.75
Subsurface 1.17 21.1 7.86 4.05 51.5 0.78 1.43
NH,OAc-K, mg/kg Surface 31.2 386 179 107 59.8 0.69 -0.86
Subsurface 5.00 456 121 81.5 67.6 2.02 6.07
Olsen-P, m/kg Surface 7.69 242 92.9 50.6 54.4 0.69 -0.87
Subsurface 2.56 155 73.9 31.8 72.5 1.47 322
Exch. Ca, mg/kg Surface 156 1273 820 326 39.7 0.68 -0.87
Subsurface 124 1389 701 343 49.0 0.43 -0.69
Exch. Mg, mg/kg Surface 52.8 307 159 58.9 37.1 0.69 -0.87
Subsurface 34.8 328 156 69.7 44.8 0.73 0.25
CaCl,-S, mg/kg Surface 2.25 73.5 21.8 14.9 68.1 1.27 245
Subsurface 2.25 36.7 13.9 8.69 62.5 1.04 1.26
HWB, mg/kg Surface 2.29 16.0 5.81 2.53 43.6 1.94 6.01
Subsurface 2.24 8.45 4.72 1.67 355 0.40 -0.85

*Min., Minimum; Max., Maximum; SD, Standard deviation; CV, Coefficient of variation; Skew., Skewness; Kurt., Kurtosis.

Gangetic plains of Uttar Pradesh, India. Skewness of soil
properties was low to high and the values ranged from
-0.27 to 2.33. Highly skewed properties in both the soil
layers include all the measured soil properties except soil
pH. Highly skewed properties indicated that these
properties had a local distribution, the high values were
recorded for these properties at some points, but most of
the values of these properties were low (Grego et al. 2006).
Similar trend was recorded for coefficient of kurtosis (Table
1) and the values ranged from -1.36 to 7.08 for different soil
properties.

Spatial distribution of surface soil properties
Evaluating the spatial variability of soil properties and
mapping such variations are very useful and applicable
techniques for the precise determination of soil behaviour
fluctuations. Such evaluations can be used for optimum
fertilizer application recommendations because appropriate
use of nutrients can contribute to enhanced crop quantity
and quality, while being environmentally sustainable

(Miransari and Mackenzie 2010). Also, knowledge of spatial
dependency and distribution of soil properties is crucial
for natural resource evaluation and environmental
management of un-surveyed locations. Classical statistics
like CV could not identify the spatial variability of soil
properties at the un-sampled sites. Geostatistical analysis
however permits examination and understanding of spatial
dependency of a soil property (Liu et al. 2006). Best fit
models were found to be circular, Gaussian, spherical and
exponential for different soil properties in surface soil layers
(Table 2). Soil pH, OC and CaCl,-S had circular best fit
models, whereas EC, Olsen-P and HWB had Gaussian best
fit models. Exch. Ca and Mg and NH,OAc-K had
exponential and spherical best fit models respectively. In
agreement with our findings, Tesfahunegn et al. (2011) also
reported best fit models such as spherical for soil pH, OC
and exchangeable K, exponential for exchangeable Ca and
Mg and Gaussian for total nitrogen and total phosphorus
in Mai-Negus catchment of north Ethiopia. The
semivariogram provides a clear description of the spatial

Table 2 Semivariogram parameters of surface soil properties

Soil properties Model Nugget Sill Nugget: Sill ratio Spatial class Range (m)
pH Circular 0.225 0.818 0.275 Moderate 43491

EC Gaussian 0.021 0.196 0.107 Strong 51380

ocC Circular 20.8 51.1 0.407 Moderate 581
NH,OAc-K Spherical 3500 3500 1.000 Weak 4525
Olsen-P Gaussian 97.6 149.9 0.651 Moderate 771

Exch. Ca Exponential 10906 341322 0.032 Strong 581

Exch. Mg Exponential 19839 20685 0.959 Weak 1110
CaCl,-S Circular 61.2 95.1 0.643 Moderate 32586
HWB Gaussian 2.01 3.47 0.579 Moderate 29497
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structure of variables and provides some insight into
possible processes affecting data distribution (Webster and
Oliver 1990). The nugget/sill ratio expressed in percentage
was the criterion used to classify the spatial dependence
of variables. Ratio value lower than or equal to 25% was
considered strongly spatially dependent. If the ratio value
was between 25 and 75%, the variable was considered
moderately spatially dependent. More than 75% ratio value
is considered weakly spatially dependent (Cambardella et
al. 1994). The semivariogram, the main component of
kriging, is an effective tool for evaluating spatial variability
(Boyer et al. 1991). Strong spatial dependence of soil
properties can be attributed to intrinsic factors such as
soil properties and mineralogy, whereas, weak spatial
dependence is due to extrinsic factors such as
anthropogenic activities. Moderate spatial dependence is
owing to both intrinsic and extrinsic factors. Measured soil
properties exhibited weak to strong spatial dependency.
Spatial dependency classes of soil pH, OC, Olsen-P, CaCl,-
S and HWB were moderate indicating the influence of both
intrinsic and extrinsic factors on these properties. Soil EC
and Exch. Ca had strong spatial dependency class whereas;
NH4OAc-K and Exch. Mg had weak spatial dependency
class. This is in line with the findings of Tesfahunegn et
al. (2011) and Foroughifar ef al. (2013). Range value is a
measure of the spatial extension within which
autocorrelation exists (Webster and Oliver 1990). Estimates
of range tend to be landscape dependent and may be
interpreted to indicate the distance across distinct soil
types. In these soils, the range of different soil properties
varied from 581 to 51380 m (Table 2). Samples separated by
distances closer than the range are related spatially, and
those separated by distances greater than the range are
not spatially related. Higher range values were recorded
for soil pH, EC, CaCl,-S and HWB. A large range value of
a soil property indicates that the value of measured soil
property is influenced by natural and anthropogenic factors
over greater distances. Different ranges of measured soil
properties may be due to combined effect of parent material,
climatic conditions and land management practices adopted
in different soil series. The kriged distribution maps (not
given) for different soil properties indicate the variability
and distribution of soil properties in the region, which is of
great use for planning appropriate strategies for efficient
soil management for higher yield. The areas with low
nutrient availability require more amount of nutrient
application as compared to areas having high nutrient
availability. The usability of such a distribution maps can
also be increased if the farmers in the area become familiar
with the characteristics related to the analyzed soil
properties and accordingly can plan appropriate agricultural
strategies, including variable rate amendment technologies
like fertilizer application (Ramamurthy et al. 2009). According
to our findings, the soils are variable and heterogeneous
and hence use of traditional practices cannot supply plants
with their necessary nutrients. Hence, site specific soil
management can be very useful for planning site-specfic
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agricultural practices including fertilizer application, which
are profitable as well as environmentally and economically
sound.

It was concluded that soil pH, EC, OC, NH,;OAc-K,
Olsen—P, Exch. Ca and Mg, CaCl,-S and HWB in both the
soil layers of oil palm plantations in Southern plateau of
India varied widely. All the measured surface soil properties
had wider variability in spatial distribution pattern and
therefore site specific fertilizer management decisions need
to be taken for sustainable oil palm cultivation.
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