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ABSTRACT

The ability of a soil to provide the productivity
service depends on the fulfillment of the functions
that enable the realization of productivity service
(PS). This study was conducted to determine and
map the PS capacity of surface and subsurface soils
in a 195-ha farmland located at Amasya province of
Turkey. Functions that contribute to the provision
of PS have been identified, and effective indicators
ensuring the realization of functions have been
identified. Indicator values were converted to unit-
less scores using non-linear scoring functions de-
fined in soil management assessment framework.
Simple additive (SA) and weighted additive (WA)
methods were used to calculate soil functions scores
and PS index values. The weights representing the
contribution ratio of each indicator to soil functions
as well as each function to PS index were obtained
by employing the Analytical Hierarchy Process
(AHP). Soil functions scores were calculated by
summing of the weighted indicator scores, and the
PS index value was obtained by summing the
weighted function scores. Ordinary kriging, inverse
distance weighting and radial basis function meth-
ods were used to produce maps for functions and
PS index values. Root mean squared error and mean
absolute error values were used as criteria to deter-
mine the most accurate interpolation method. The
AHP technique revealed that nutrient cycle function
had the highest (34%) contribution to the provision
of PS, while the durability and resistance function
(15%) had the lowest contribution. The PS index
value was calculated as 0.57 and 0.59 by SA and
WA methods, respectively. The PS index values
and soil functions, except the resistance and resili-
ence, calculated both by SA and WA were slightly
different for surface and sub-surface soils. The
results revealed that organic carbon is the most
influential indicator affecting the soil functions and
consequently the PS of soils.

KEYWORDS:
Ordinary Kriging, Productivity service, SMAF, Soil
functions, Soil quality
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INTRODUCTION

Soil quality assessments are a crucial compo-
nent to understand the functioning capability of the
ecosystem and to ensure the sustainable use of soil
resources [1]. The most important functions of soils
include nutrient cycling, water relations, physical
stability and support, resilience and resistance,
filtering and buffering, biodiversity and conserva-
tion of habitats [2]. Direct measurement of soil
quality is not possible due to the various sources
contributing the quality of soils; therefore, the use
of indicators is the most preferred method in the
evaluation of soil quality [3]. Definition of the
indicators that are effective in the realization of soil
functions is extremely important to accurately as-
sess of the relevant function. Indicators should have
high correlations with the function desired to be
assessed [4].

The most important management goal in agri-
cultural practices is the productivity that evaluates
the impact of soil characteristics on crop yield [5].
Productivity of soils is defined to increase or main-
tain the quantity and quality of production, but to
ensure the sustainability of growing the economi-
cally important crops [2]. Different methods have
been used in the assessment of soil quality and
various indicators have been used in each of the soil
quality assessment methods. Score cards [6], soil
quality test kits [7], soil conditioning index (SCI)
[8], agricultural ecosystem performance assessment
tool (AEPAT) [9], agro-ecological decision support
system (MicroLEIS DSS) [10], soil management
assessment framework (SMAF) [2] and Cornell soil
health test are some of the tools used to assess soil
quality. The SMAF method developed by Andrews
et al. (2004) [2] has been widely used and tested for
soil quality assessments conducted in USA [11-13],
Brasil [14, 15], Spain [16], Turkey [17,18], South
Africa [19], Nepal [20], Ethiopia [21], and so on.
The SMAF reflects the dynamic soil quality, which
is influenced by the management decisions, rather
than genetic quality, that is resulted from soil for-
mation factors such as climate, topography and
parent material

The researchers assessing the quality of soils
under different climatic, vegetation and topography
conditions have developed different approaches
depending on the management objectives [11, 22-

FEB



Volume 28 — No. 10/2019 pages 7030-7041

26]. The strategies can be grouped under two main
titles as simple additive [4, 14]and weighted addi-
tive [23, 27, 28]. The easiest method to combine the
scored indicators within the soil quality index (SQI)
is the simple additive method, which is obtained by
summing the indicator scores and dividing them by
the total number of indicators [2, 11, 23]. The sim-
ple additive method considers equal contribution of
each characteristic in the data sets to the soil quali-
ty. Soil quality should reflect the combined effects
of physical, chemical and biological soil properties.
However, the overall SQI cannot adequately be
representative in this method when the numbers of
indicators for physical, chemical and biological
characteristics in the data set are not equal [24].
Therefore, the weighted additive method was rec-
ommended to determine the contribution of indi-
vidual indicators to the overall SQI [14, 26, 28-32].
The most commonly used methods to attain weights
for individual indicators in weighted additive meth-
od are the principal component analysis (PCA) [23,
26, 33-35], expert opinion [23, 36] and Analytical
Hierarchy Process (AHP) [37-41]. The AHP, de-
veloped by Saaty (1980) [42], is a multi-faceted
decision-making mathematical method that evalu-
ates qualitative and quantitative variables consider-
ing the experts opinions for the sensitive assessment
of soil quality [43]. The AHP also reduces the bias
in decision-making by controlling the consistency
of decision-makers' assessments [39].

The surface properties of soils can be easy to
measure and evaluate, however some soil functions
are strongly related to pedogenic processes which
may not be explained only by using the characteris-
tics of the surface layer [28]. Therefore, the assess-
ment of soil quality using both surface and subsur-
face soil properties can provide sufficient infor-
mation help to more accurately describe soil proper-
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ties which have the maximum effect on soil func-
tions. Merril et al. (2013) [44] recommended to use
the properties of subsurface horizons which are
important for soil classification in soil quality as-
sessments. In this study, soil quality assessments
have been carried out both for surface and subsur-
face soil layers. Assessing the quality of soils and
figuring out capacity of each soil function will
contribute to the general review of the agricultural
practices applied by the users. However, soil prop-
erties can vary within a few meters of a field [45].
Therefore, the spatial distributions rather than the
mean values of functions and overall soil quality
will provide more useful information to the land
users. The information obtained on soil quality can
be more useful by determining the spatial distribu-
tion of soil quality and functions. Soil characteris-
tics and functions determined to evaluate the sus-
tainability of soil management practices are site
specific which only provide information about the
quality of the sampling point. However, various
interpolation methods have been used to predict the
values in non-sampled locations using the sampling
points [46, 47].

The main aim of this study was to evaluate the
various functions of surface and subsoil soils locat-
ed in a large farm where intensive agricultural ac-
tivities have been carried out. The contribution
(weight) of individual indicators and functions have
been determine by using expert opinion and AHP.
Simple additive and weighted additive methods
were used to obtain final function and quality
scores. Three different interpolation methods were
compared to obtain most accurate predictions for
unsampled locations. Spatial distribution maps of
soil productivity index were produced by using the
values obtained with the most accurate prediction
method.
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MATERIALS AND METHODS

Study Area. The study area located in
Amasya province between Gozlek and Kutu villag-
es and is bounded to Cekerek River (UTM 724,800-
726,800 E-W longitude and 4,489,100-4,490,800
N-S latitude). The coverage area of study area is
182 ha. Long-term average total rainfall of the
region is 473.7 mm and the average temperature is
13.7 °C. Soil moisture regime of the study area is
Ustic and the temperature regime is Mesic [48].
Soil samples were collected from alfalfa (51 sam-
ples), corn (15 samples), tomato (1) and apple or-
chard (2) fields.

Soil Sampling and Laboratory Analysis.
The study area was divided into 100 m X 100 m
square grids and the soil samples were taken at the
corner points of the grids at 0-20 and 20-40 cm
depths. The texture was determined by hydrometer
method using sodium hexametaphosphate [49].
Aggregate stability was determined according to
wet sieving method in soil particles between 2.0
and 1.0 mm [50]. The organic matter was analyzed
according to the "modified Walkey-black" method
described by Nelson and Sommers (1982) [51].
Plant available phosphorus was determined by
sodium bicarbonate (NaHCOs) method of Olsen
(1954) [52]. Extractable potassium was analyzed
using 1 N ammonium acetate solution [53]. Lime
content was calculated according to the volume of
carbon dioxide released in Scheibler Calcimeter
[54]. Total organic carbon is calculated on the basis
of carbon in organic matter [55]. Soil reaction (pH)
and electrical conductivity (EC) were measured in 1
soil: 2.5 pure water mixture by using a pH and EC
meter [56]. Field capacity, wilting point, available
water content and bulk density were determined
according to Saxton et al. (1986)[57].

Soil Quality Assessment. Soil Management
Assessment Framework (SMAF). This study was
carried out to determine the productivity potential
of soils under intensive agricultural production.
Nutrient cycle, water relations, physical stability
and support and resilience and resistance functions
were determined to define status of productivity
management in the study area. Organic carbon,
aggregate stability, pH, electrical conductivity,
useful water content, bulk density, plant available
phosphorus and extractable potassium were chosen
as the indicators to determine the capability of
above stated functions.

The SMAF which is a three-step soil quality
assessment tool [2] has been used to assess the
quality of soils in the study area. The first step in
SMAF is to determine the soil indicators which are
selected from the physical, chemical and biological
characteristics of the soil and sensitive to the
changes in management [58, 59]. The second step
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of the SAMF is interpretation of indicators by using
non-linear scoring functions. The algorithms of
scoring curves for the indicators were developed
under the SMAF approach. Three different scoring
curves have been developed based on “more is
better”, “less is better” and “optimum is better”
algorithms. Scoring curves take specific conditions
of the field or the crop to be grown into account and
scores change accordingly. For example, the score
of available water content indicator significantly
changes depending on climate, texture and organic
matter content. The third step of SMAF is to inte-
grate the scored values of indicators and soil func-
tions into a soil quality index [2]. Simple additive
(Eq. 1) and weighted additive (Eq. 2) methods were
used in the integration step.

n S -

SQlsy ; (1,)
i=1

SQly4 Z WisSi (2)

i=1

where, Si is the indicator score, n the number
of indicators integrated in the index and Wi the
weighted value of the indicators. The weights of
indicators and soil functions were determined by
expert opinion and AHP technique.

Analytical Hierarchy Process (AHP). The
weights of indicators and functions in AHP tech-
nique were assigned in 3 steps. In the first stage,
dual comparisons are performed and matrices are
created by considering the impact of indicator or
function on the specific function or the management
goal. In the second step, the priority is calculated
for each of the indicators or functions that are com-
pared. The final step of AHP is to control the accu-
racy of the weights obtained by comparing each
parameter with the generated comparison matrix.
The most important factor to test the reliability of
the final decision is the consistency of the expert
decisions in the comparison matrix. The consisten-
cy ratio should be less than 10% to accept the
weight obtained for each indicator or function [60].

Geostatistical Analyses. Three different in-
terpolation methods such as ordinary kriging (OK),
inverse distance weighting (IDW) and radial basic
functions (RBF) were compared in the accuracy of
predictions for the values at non-sampled locations.
The root mean squared error (RMSE) and mean
absolute error (MAE) values were used as the crite-
rion to decide the most appropriate interpolation
method [61, 62]. The OK is based on the principle
of estimating a value of variable at any unknown
location by using the value of known locations,
assuming that the variables are stationary and the
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mean is constant [63]. The IDW method uses the
inverse distance functions of the distances in calcu-
lating the value of unknown location using the
value of known location. The IDW method is based
on the assumption that the similarity decreases as
the distance from the known location to the targeted
point decreases [64]. The RBF method is used to
interpolate the multidimensional data. The RBF is
generally used in prediction with a limited number
of data or locations. The most important advantage
which makes RBF different from other methods is
being easily used in any dimension without a gen-
eral restriction [65].

Statistical Analyses. The lowest, the highest,
mean, standard deviation, coefficient of variation,
skewness and kurtosis values of the parameters, soil
quality indicators, functions and productivity man-
agement goal were calculated by using SPSS (SPSS
21) software. The values of soil functions and man-
agement goal quality scores obtained by simple
additive and weighted additive methods were com-
pared with paired t-test.

RESULTS AND DISCUSSION

Descriptive statistics of soil quality indica-
tors. Descriptive statistics of physical and chemical
properties were given in Table 1. The EC values of

the soils formed in semi-arid climate varied be-
tween 0.72 and 0.68 dS m™! which indicates a safe
soil environment for salinity. Mean lime content in
0-20 cm depth was 9.54% and 9.72% in 20-40 cm
depth (Table 1). The average pH value (8.54) was
strong alkaline which significantly affects the avail-
ability plant nutrients and therefore, may reduce the
agricultural production [66]. High lime content and
relatively high soil pH may negatively affect the
availability of plant nutrients in root zone. Howev-
er, plant available phosphorus and exchangeable
potassium concentrations of most soil samples were
adequate due to the continuous use of phosphorus
fertilizers and high potassium content of parent
materials of soils. The soils of study area generally
had low organic matter content. Organic matter
content in some places of the study area was very
low and insufficient as 0.32% and organic matter
content was relatively high as 3.53% in some part
of the study area.

The variation coefficient (CV) is often used to
express the variability of soil properties in a data
set. If the coefficient of variation is less than 15%,
the parameter is considered as less variable, be-
tween 15% and 35% as moderately variable and
>35% as highly variable [67]. The soils in study
area had less variable in pH, CaCQOs, bulk density,
field capacity and available water content (Table 1).

TABLE 1
Descriptive statistics of soil properties

0-20 Unit Depth (cm) Minimum Maximum Mean  Std. Devistion CV*  Skewness
Clay 0-20 22.48 65.00 49.54 10.26 20.71 -1.20
20-40 20.00 65.00 49.60 9.66 19.49 -1.16
Silt % 0-20 19.55 48.13 26.74 6.86 25.65 1.51
20-40 14.82 47.50 25.95 6.34 24.44 1.79
Sand 0-20 11.98 42.70 23.72 6.75 28.46 0.86
20-40 12.70 42.70 24.45 6.51 26.64 0.79
H 0-20 8.08 8.85 8.54 0.13 1.49 -0.89
p 20-40 8.16 8.84 8.54 0.13 1.49 -0.45
Electrical dS m! 0-20 0.20 0.72 0.34 0.10 29.84 1.65
Conductivity 20-40 0.19 0.68 0.36 0.10 28.22 1.01
CaCO3 0-20 7.69 12.56 9.54 1.21 12.65 0.63
% 20-40 7.69 12.56 9.72 1.11 11.46 0.53
Organic 0-20 0.32 3.53 1.54 0.45 29.23 1.14
Matter 20-40 0.34 2.29 1.28 0.39 30.60 -0.03
Phosphorus 0-20 10.35 124.18 23.72 14.83 62.50 4.87
mg kg 20-40 5.74 91.22 21.35 12.87 60.28 3.75
Potassium ! 0-20 63.70 901.89 338.31 149.70 44.25 1.40
20-40 86.70 677.32 290.80 123.65 42.52 0.88
Bulk Density g cm’® 0-20 1.18 1.40 1.25 0.05 3.79 1.51
20-40 1.18 1.40 1.25 0.04 3.55 1.42
Aggregate 0-20 24.67 88.70 68.81 14.64 21.27 -1.44
Stability 20-40 19.52 86.81 66.93 14.21 21.24 -1.34
Permanent 0-20 13.59 38.54 28.43 6.13 21.58 -0.99
Wilting Point % 20-40 12.48 38.54 28.38 5.83 20.54 -0.86
Field ¢ 0-20 26.53 51.76 42.03 5.95 14.16 -1.01
Capacity 20-40 26.59 51.76 41.88 5.69 13.57 -0.78
Available 0-20 12.03 16.53 13.60 0.81 5.96 1.39
Water Content 20-40 10.99 16.38 13.50 0.76 5.61 0.49

*CV: Coefficient of Variation
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Clay, sand and silt contents in both soil depths
had moderate variability. The surface and subsur-
face clay contents were 49.54 and 49.60%, respec-
tively and the majority of soils had clayey textures
(Table 1). The soils with high clay content (>52%)
extend, in the form of a spring, from the south-west
corner of the farm to the north-east corner. The
average sand content in 0-20 and 20-40 cm depths
was 23.72 and 24.45%, respectively. Sand content
of soils close to the Kelkit river were around 42%
which indicates the effects of sedimentation depos-
ited by the river on the textures of soils. Bulk densi-
ty values at both soil depths ranged from 1.18 to
1.40 g cm?, with an average of 1.25 g cm™. Pierce
et al. (1983) [68] reported that the root growth in
soils with >45% clay was adversely affected when
bulk density is greater than 1.39 g cm™, and root
growth is significantly restricted at a bulk density
greater than 1.47 g cm™. The researchers also stated
that bulk density up to 1.40 g cm™ in sandy clayey
loam, loamy and sandy soils will not cause any
problem for crop production. Mean bulk density of
soils (1.25 g cm™) clearly shows that bulk density is
not a limiting factor for root development in study
area. High aggregate stability ensures the improved
physical conditions and better water and nutrients
uptake [69]. The aggregate stability (AS) values
(68.8 and 66.9%, respectively) in surface and sub-
surface depths had moderate variability in study
area. Available water content of surface and subsur-
face soils varied between 13.60 and 13.50%
(Table 1).

Descriptive Statistics of Soil Quality Indica-
tor Scores. Descriptive statistics of soil quality
indicators and soil quality index values were pre-
sented in Table 2. Mean organic carbon score which
was determined by using “higher is better” algo-
rithm was 0.16 and ranged from 0.03 to 0.73 in
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surface soils. The algorithm developed for scoring
the organic carbon indicator takes the total organic
matter content, soil texture and climate into account
for scoring. The climate is a constant parameter for
the study area, therefore the most influential varia-
bles affecting the variability of the organic carbon
indicator were organic matter content and soil tex-
ture. High variability in soil texture within the study
area, which is located adjacent to the Cekerek Riv-
er, is the major cause for the variability of the or-
ganic carbon indicator. Organic carbon has a signif-
icant effect on functioning capability of soils due to
the impact on formation of aggregates, higher water
retention, drainage and resistance to compaction
[70]. The average AS, phosphorus, EC and potassi-
um scores of surface soils were 0.99, 0.99, 1.00 and
0.98, respectively. The AS, which helps improving
water and nutrient retention and soil resistance to
water and wind erosion, was very high in the major-
ity of the study area, however, AS was 0.73 where
organic carbon content was very low and sand con-
tent was high.

High soil pH values, which is scored using
“optimum point is better” algorithm, caused the pH
scores range between 0.48 and 0.77. The results
revealed that pH controlling the availability of plant
nutrients in agricultural production limits the func-
tioning capabilities of soil to a certain extent. Bulk
density of soils is widely used as an indicator of soil
functioning due to the great impact on aeration,
available water content, infiltration and hydraulic
conductivity and resistance to erosion [71]. Bulk
density score, which is an indicator of soil compac-
tion, ranged from 0.58 to 0.90 and the average val-
ue was 0.74. The areas with bulk density scores
(0.58) are located adjacent to the river and had high
sand and insufficient organic carbon contents. The
average available water content functions 60% of
the capacity and is closely related to the relatively

TABLE 2
Descriptive statistics of surface and subsurface soils for soil quality indicators and indices

Depth (cm) Minimum Maximum Mean Std. Deviation CV* Skewness
Organic 0-20 0.03 0.73 0.16 0.10 59.63 3.52
Carbon 20-40 0.03 0.29 0.12 0.06 47.79 0.99
Aggregate 0-20 0.73 1.00 0.99 0.05 5.16 -4.13
Stability 20-40 0.65 1.00 0.98 0.06 6.20 -4.65
n 0-20 0.48 0.77 0.58 0.05 8.58 1.24
P 20-40 0.50 0.75 0.58 0.05 8.50 1.03
Phosphorus 0-20 0.95 1.00 0.99 0.01 1.28 -2.03
20-40 0.74 1.00 0.98 0.03 3.36 -5.92
Bulk Density 0-20 0.58 0.90 0.74 0.07 8.97 0.01
20-40 0.57 0.90 0.74 0.07 9.36 -0.18
Electrical 0-20 1.00 1.00 1.00 0.00 0.00
Conductivity 20-40 1.00 1.00 1.00 0.00 0.00
Available Water 0-20 0.45 0.73 0.60 0.06 10.24 -0.41
Content 20-40 0.40 0.73 0.60 0.06 10.34 -0.22
Potassium 0-20 0.62 1.00 0.98 0.06 6.20 -4.52
20-40 0.60 1.00 0.97 0.08 7.76 -3.90
Soil Quality 0-20 0.65 0.85 0.76 0.03 3.66 -0.60
Indices 20-40 0.66 0.81 0.75 0.03 3.88 -1.14

*CV: Coefficient of Variation
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low bulk density and organic carbon content of
soils. The soil quality index calculated with the
arithmetic mean of individual soil quality indicators
ranged from 0.65 to 0.85 in surface, from 0.66 to
0.81 in subsurface soils and mean value for surface
and subsurface soils was 0.76 and 0.75, respective-
ly. The indicators that cause soils in study area
functioning under the full capacity are organic
carbon, pH, available water content and bulk densi-
ty, respectively.

Seil Quality Functions and Indices. The nu-
trient cycle, water relations, physical stability and
support and resistance and resilience functions were
defined to determine the functioning capacity of
soils under intensive agricultural production. The
minimum data sets required to identify these func-
tions were chosen by expert opinion and the
weights indicating the contribution of the indicators
to the functions were determined by the AHP and
expert opinion (Table 3).

Equal weights were assigned for the indicators
defining the functions and the functions. However,
different weights were assigned to the indicators
and functions in AHP method. The highest indica-
tor weights for the nutrient cycle, water relations
and physical stability and support functions in AHP
were attained for pH (0.45), Organic carbon (0.30)
and aggregate stability (0.38), respectively (Table
3.). According to the AHP method, the highest
weight value of the functions that affect the produc-
tivity management target was occurred for the nu-
trient cycle (0.34) and the lowest weight value was
in the resistance and resilience (0.15) function (Ta-
ble 3.).

Nutritional cycle (NC) function indicates the
capability of soil to provide optimum amounts of
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plant nutrients and which can be toxic to plants and
directs concentrations of excess nutrients that can
be harmful to air or water [2]. The mean NC value
calculated by the SA (0.79) and WA (0.72) was
significantly different from each other (Table 4).
The weights calculated by WA for phosphorus,
potassium and available water content indicators
were lower compared to the pH indicator in as-
sessing the NC function of soils. The pH indicator
with the lowest mean score (0.58) is the most im-
portant indicator that limits the production in the
study area.

The scores of water relations (WR) and physi-
cal stability and support (PSS) functions calculated
by SA and WA were similar to that in the NC.
Mean scores for both functions were 0.70 and 0.62
in SA, whereas the scores calculated by using the
WA were 0.61 and 0.63, respectively (Table 4).
However, the WR and PSS function scores did not
significantly change with soil depth. The WA
method resulted in higher weight value of organic
carbon indicator defined under the WR function.
Providing available water is a major determinant of
the soil productivity in arid and semi-arid climates
[72]. The WR function enables the percolation of
water and movement of plant nutrients and benefi-
cial soil organisms in solution and helps the soils to
resist against erosive forces [2]. Lower organic
carbon compared to other indicators defined under
the WR function limits the WR function and there-
fore caused to the low productivity. The PSS func-
tion supports physical structure of soils which in-
creases the resistance to disruptive forces and pro-
vides a better environment for plant roots [73]. The
weights of aggregate stability and organic carbon
indicators under the PSS function were higher in
AHP compared to pH and bulk density indicators.

TABLE 3
Weight for soil functions and indicators calculated by expert opinion and analytical
hierarchy process (AHP)

Management Goal Soil Function Weight Indicator Weight
AHP EO AHP EO
pH 0.45 0.25
Phosphorus 0.19 0.25
NC 0.34 0.25 Potassium 0.13 0.25
Available Water Capacity 0.23 0.25
Aggregate Stability 0.21 0.20
Organic Carbon 0.30 0.20
. WR 0.21 0.25  Available Water Capacity 0.25 0.20
Productivity Bulk Density 0.15 020
Electrical Conductivity 0.09 0.20
Aggregate Stability 0.38 0.25
Organic Carbon 0.31 0.25
PSS 0.31 0.25 pH 0.13 0.25
Bulk Density 0.18 0.25
RR 0.15 0.25  Organic Carbon 1.00 1.00

*AHP: Analytical hierarchy process, EO: Expert Opinion, NC: Nutrient cycle, WR: Water relations, PSS: Physical Stability

and support, RR: Resistance and resilience, SQI: Soil quality index
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TABLE 4
Comparison of management goal and soil function scores obtained by simple additive (SA) (EO)and
weighted additive (WA)
SA WA Paired Sample
Min. Max. Mean Skewness Min. Max. Mean Skewness t-test

0-20 cm
NC 0.65 0.84 0.79 -1,664 0.61 0.81 0.72 -0,188 *x
WR 0.61 0.81 0.70 0,383 0.50 0.78 0.61 0,999 *x
PSS 0.52 0.80 0.62 1,289 0.52 0.83 0.63 1,283 *ok
RR 0.03 0.73 0.16 3,517 0.03 0.73 0.16 3,517 ns
SQIPmduc_nm 0.45 0.80 0.57 2,093 0.48 0.80 0.59 1,819 ok

20-40 cm
NC 0.66 0.86 0.79 -1,584 0.61 0.82 0.71 -0,352 *x
WR 0.59 0.77 0.69 -0,279 0.48 0.69 0.59 -0,166 ok
PSS 0.50 0.69 0.61 -0,206 0.47 0.69 0.62 -1,118 *ok
RR 0.03 0.29 0.12 0,986 0.03 0.29 0.12 0,986 ns
SQIPmduc_ﬁvi[ » 0.47 0.64 0.55 0,110 0.47 0.67 0.58 -0,216 *ox

* SA: Simple Additive, WA: Weighted Additive, NC: Nutrient cycle, WR: Water relations, PSS: Physical Stability and sup-
port, RR: Resistance and resilience, SQI: Soil quality index, ** Correlation is significant at P<0.01 level (2-tailed). ns: not

significant

TABLE 5
Cross-validation results of soil quality index for productivity goal and soil functions according to
interpolation methods

SQI'SAProductivit

SQI'WAProductivit

SQI-SApoductivit SQI-W Apoguctivit

0-20 20-40
RMSE MAE RMSE MAE RMSE MAE RMSE MAE
OK 0.04339 0.02745 0.04062 0.02554 0.03387 0.02362 0.03411 0.02335
IDW 0.04409 0.02750 0.04120 0.02585 0.03389 0.02435 0.03420 0.02405
RBF 0.04570 0.02865 0.04273 0.02720 0.03447 0.02499 0.03476 0.02485

* SQI: Soil Quality Index; EO: Expert Opinion, AHP: Analytical Hierarchy Process; RMSE: Root Mean Square Error; MAE:
Mean Absolute Error; OK: Ordinary Kriging, IDW: Inverse Distance Weighting, RBF: Radial Basis Function

The mean SQI obtained by SA and WA were
significantly different from each other. According
to the SA, the SQI, which reflects the productivity
target, ranged from 0.45 to 0.80, and the mean SQI
value was 0.57. The SQI obtained by using the WA
was ranged between 0.48 and 0.80, and the mean
SQI for WA was 0.59 (Table 4). The main differ-
ence is the higher weights assigned to NC and PSS
functions by the WA method. Furthermore, the SQI
values obtained by SA and WA methods revealed
that soils in the study area are functioning almost at
half of their natural productivity functioning capaci-
ty. Low levels of total and organic carbon in soils
are considered a serious threat to the sustainability
of soil functions [74]. The most important reason
for the low functioning capacity of soils in study
area is the low value of RR function which was
defined only by a single indicator (organic C). The
organic C is a major source of nutrients and deple-
tion of organic matter is associated with the loss of
soil productivity [75]. The low content of organic
carbon in the study area is the primary agent of the
low overall SQI scores. Accurate land use and man-
agement planning has an important role in improv-
ing the soil quality [76]. Therefore, adaptation of
agricultural practices (animal manure, green fertili-
zation etc.) to increase the organic carbon content
of soils in the study area will enhance the ability of
soils to function.
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Interpolation of Soil Quality Functions and
Indices. Monitoring and quantification of soil vari-
ability are vital to evaluate the effects of manage-
ment techniques and to plan more effective agricul-
tural practices [77]. Geostatistical approaches have
been frequently used for spatial analysis of soil
properties [78,79]. In this study, productivity SQI
values of surface and subsurface soils at unsampled
locations were predicted by ordinary kriging (OK),
inverse distance weighting (IDW) and radial basic
functions (RBF) methods and the results were given
in Table 5.

Different comparison methods have been used
to assess the relationship between the measured
actual and the estimated values, and to choose the
best interpolation method provides closest values to
the measured values. The root-mean squared error
(RMSE) and the mean absolute error (MAE) are the
most commonly used methods in comparison of the
estimated and actual values in soil data [47, 61-63].

The OK interpolation method provided the
lowest RMSE and MAE values in the prediction of
the productivity management goal scores at non-
sampling points both for the simple additive and
weighted additive methods. Similarly, Bhunia et al.
(2018) [47] compared the efficiency of OK, IDW,
RBF, local polynomial interpolation (LPI) and
Empirical Bayes kriging (EBK)interpolation meth-
ods. Similar to the results of the current study, the
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OK interpolation method performed better than the tained by simple additive and weighted additive
other interpolation methods and considered as the methods are located in the fields adjacent to the
most appropriate interpolation method due to the Cekerek River and the SQI values increase as mov-
lower RMSE value. Zare-Mehrjardi et al. (2010) ing away from the river. High sand and low organic
[80] also showed that the OK interpolation method carbon contents near the river cause low productivi-
yielded reliable results compared to the IDW meth- ty scores in these fields. Soil texture of alluvial
od in predicting the spatial distributions of soil plains has a very high variability even at very short
properties. The maps of productivity SQI obtained distances [81]. The variation in the soil texture in an
by OK interpolation method were presented in alluvial plain significantly affects spatial variability
Figure 2 and 3. of water holding capacity, available water content
The lowest productivity goal SQI values ob- and the water movement in the profile [82].
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Spatial distribution of productivity quality index scores of surface soil in study area
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Spatial distribution of productivity quality index scores of sub-surface soil in study area
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The SQI scores for the productivity of subsoil
soils were slightly lower than the surface soils.
Hewitt (2004) [83] stated that the fertility of soils is
significantly affected by subsurface characteristics.
Vasu et al. (2016) [28] stated that genetic character-
istics along with the dynamic characteristics of the
soils will help to identify the relationship between
soil functions and soil properties.

CONCLUSIONS

The productivity SQI of soils, which were
mostly formed over alluvium parent materials, were
scored using the nonlinear scoring curves of the
SMAF method, weighted by expert opinion and
AHP methods and calculated by simple additive
and weighted additive methods. The SQI values
obtained with the weighted additive and simple
additive methods were quite similar to each other.
Natural productivity capacities determined by the
simple additive method were 57 (0-20 cm) and 58%
(20-40 cm) and 57 (0-20 cm) and 59% (20-40 cm)
by the weighted additive method. The resistance
and resilience function had the highest impact the
productivity of soils and the organic carbon is the
major contribute to this function. The maps with the
highest accuracy for soil functions and productivity
service index values were produced by the ordinary
kriging method.
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