Chapter 4
SPATIAL VARIATION OF SOIL FERTILITY IN THE STUDY AREA

4.1. Introduction

The soil properties exhibit spatighriation as a result of the dynamic interactions
between natural environmental factors such as climate, parent material, vegetation and
topography (Jenny, 1941). Soil properties and plant growth are significantly controlled
by the variations in landscape attributes including slope, aspect and elevation.
Knowledge on of spatial variability in soil fertility is essential for site specificiemnit
management practices. The traditional approach in soil fertility management is to treat
fields as a homogenous area and to calculate fertilizer recommendations on whole field
basis. The spatial variability is used to predict the fertility statusmsdmpled locations

in the field. So the most important way to gather knowledge in this aspect is to prepare

spatial distribution mapsf soil propertieshrough spatial interpolatioiechnique.

Informations on gatial variability of soil properties is esd&l for precision agriculture
because soil parameters with little or no spatial dependence will not be conducive to
sitespecific management andill be managed on the average (Pierce and Nowak,
1999). Geostatistics is an effective tool for detectisgpeating and mapping the spatial
structure of soil parameters through semivariogram modeling (Goovaerts, 1997; Isaaks
and Srivastava, 1989; Rosdial, 1992). The semivariogram modeling is an excellent
method for exploring the structure of spatial vioia in agricultural soils (Cambardella

and Karlen, 1999; Geypees al, 1999; Webster and Oliver, 1992).

The soil properties varied spatially and temporarily are influenced by both intrinsic (soil
formation factors such as soil parent materials) andnsktrfactors (soil management
practices, fertilization and crop rotation) (Seinal, 2003). Soil nutrients aienportant
symbols of soil fertility and play an important role in the sustainable utilization of land.
Analyzing spatial variability of soil utrients is also very important for protecting the
traditional eceagriculturalmodel (Jing et al, 2014). In recent years, human activities

are found to exert great influence on soil fertility (Bouma and Finke, 1993). Hence, in
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this chapter the spatial ration of soil properties in Thrissur district was carried out
quantifiably using semivariogram method, which viié of great significance for the

effective use and management of soil nutrients for sustainable agriculture.

4.2.Materials and Methods

4.2.1. GIS datasets and analysis

The data on various properties of 600 -geferredsoil samples obtained the previous
chapter (chapter I1l) were used for this study. Soil samples were representing different
agro ecological zones of ThrissDistrict, and geo referencing was done using a hand
held GPS.

The data were imported into ArcGIS10.2.2 (KFRI, Peechi) and interpolated using
ordinary kriging technique This is a technique used to interpolate a surface from
various points. At GPS coordinates of leagid point, the correspondent soil nutrient
values were interpolated. After that a raster imagedeaised for each soil propertg

the district. Finally, the interpolated raster data was then reclassified using the
reclassifying module of a spatiahayst tool in ArcGIS10.2.2 to group into three
classes, low, medium and high based on the values in the rastsetdata

4.2.1.1. Statistical and geostatistical methods

The main statistical parameters generally accepted as indicators of central teartency
spread of the data were analyzed using SPSS versiohhkge werenean, standard
deviation, coefficient of variation and extreme maximum and minimum values. To
decide the normal frequendlstribution,the coefficient of skewness and kurtosis were
examined.

Geostatistical software (ArcGIS10.2.2) was used to analyze the spatial structure of the
data and to define treemivariograms (Goovaerts, 1997)

4.2.12. Semivariogram analysis

Semivariogram was defined by the parameters such as nugget, s, gfirind range.
When the point in which the semivariogram intercept the y axis is called the nugget
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effect and the distance where the semivariogram model first flattens out is called the
range. The value of range in the y axis is the sill of the sefogram model.

Partial Sill = Silli Nugget eééeeééeée (2
Sill = Nugget + Partial sill(3

Nugget/ sill ratio define the spatial dependence of the semivaripgramh is also
called relative nugget effect (RN&) as shown in Tabl#S3.

Table 13. Critic al levels of spatial dependence

Nugget/Sill *100 Ratio Spatial dependence Spatial variation
< 25% Strong Less

25- 75% Moderate Moderate

> 75% Weak High

Source Cambardellaet al, 1994

4.3. Results and discussion

4.3.1. $atial variation and distribution of soil properties

The spatial variation of soil properties were assessed quantitatively and the distribution
maps drawn using Arc GIS 10.2.2 spatial analyst tool in geostsistics with respect to
basic properties, primanyutrients, secondary nutrients and micronutrients. The results
obtained are given in the following paragraphs.

4.3.2. Basic properties

4.3.2.1 pH

Soil pH is an important chemical property governing the availability of soil nutrients in
the nutrient pob In the study aregpH ranged from 2.9 7.7 indicating strongly acidic
to slightly alkaline with mean value of 5bable 14) The histogram of soil pH (Fig.16)
showed that the data was slightly negatively skew8d3) and mesokurtic (3.0) in
distribuion. pH had significant positive correlation with R107**), P 0.334**), and K
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(0.154**) showed significant negative correlation with E®©.154**), S (0.196**)
(Table 195.
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Fig.16. Histogram of soil pH

Table 14. BasicSoil properties of Thrissur district

Soil Properties|Minimum |Maximum Mean| Std. DeviationStd. Error |CV (%) |Skewnes|Kurtosis
pH 2.9 77 |56 0.9 0.03 | 16.1| -0.31 3
EC (dS/m) 0.01 6.4 |02 0.7 0.03 | 350 5 27.6
OC (%) 0.04 6.5 14 0.8 0.03 | 57.1 1 2.4

Table 15. Correlation matrix of soil properties

pH EC | ocC N = K Ca | Mg | S

pH 1

EC|-0.154" 1

OC| 0.072 |0.219" 1

0.107" | 0.156" | 0.973" 1

P | 0.334° | 0.008 | 0.199" | 0.126" 1

0.154" | 0.444" | 0.190" | 0.157" | 0.091 1

Cal| 0.316° | 0.247 | 0.292" | 0.252" | 0.189" | 0.528 1

xx

Mg | 0.186" |0.232" | 0.204" | 0.193" | -0.006 | 0.613" | 0.630° 1

xx

S [-0.196" | 0.858" | 0.144" | 0.08Z | -0.007 | 0.419" | 0.219" | 0.164" | 1
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The best fit model for the semivariogram of pH was exponential vathrhination
coefficient 0.46. The best fit model was selected according to the highest value of the
determination coefficient, indicating the correlation between the measured and predicted
values of soil pH in ordinary krigging. The range value of theisongram was 3.3

km, in which the points were spatially auto correlated (TableTl®.Hgh range value

of pH indicaed that the spatial dependencecurredover long distancewvhich meanh

the spatial variability was moderatnd the value ofange indcating spatial sampling

interval ofpH alsa

The nugget effect of pH was 0,3¥hich showed oveall error caused by the artificial

factors as indicated by (Tagageal, 2014).

The value of spatial dependence of pH in the semivariogram wa%, 33howng
moderate spatial dependence. This spatial dependence might be attributed to the
extrinsic factors such as soil management practices, fertilization as reported by

Camberdellat al, (1994).

Similar results with moderate spatial dependesfgeH was alsaeported by Jingt al
(2014) and Liuet al(2014) incultivatedlands ofChina (spatial dependence = 33.23,
48.3 respectively). Moderate spatial dependence of pH with spherical model was

reported by Wasiullakt al (2010) in Pakistan.
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Fig.17. Smivariograms of soil pH (model: exponential)
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Table 16. Characteristics of semivariograms opH, EC and OC

Semivariograms characteristics

Soli Determina
oi
Range/ Nugget| Partial| Sill | RNE| Spatial tion
property| . Model o
(km) | (CO) |sill (C)|(C+CO0)| % |dependenc coeficient
()
pH 3.3 | 0.366 | 0.56 |0.9779| 37 M Gaussian 0.46
EC 3.2 |0.2745 0.79 |1.0711] 26 M Stable 0.58
oC 0.9 10.5986| 0.42 |1.0186| 59 M Exponentiaj] 0.45
Legend
Kriging
Prediction Map
[Final_Soil].[pH]
Filled Contours
o213
4.13-4.84
484-532
5.32-5.65
5.65-5.86
5.86-6.01
6.01-6.22
6.22-6.54
B 654-7.02
o7

Fig.18. Spatial Distribution of soil pH

4.3.2.2 Electrical conductivity

EC is the measure ofehcurrent carrying capacity of sablutionand it gives a clear

idea of soluble salts.

In the study ared&C varied between 0.603.4 dS/m indicatingiormal to salinen nature

with mean value 0.29S/m. EC showedsignificant positive correlation withN
(0.156**), K (0.444**), Ca (0.247**), Mg (0.238**) and S (0.852**)(Table 15). The
histogram of EC (Fig.)9showed hat data wagoositively skewed (5.0) and leptokurtic
(27.6) indistribution.
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Fig.19. Histogram of EC

The best fit model for the semivariegn of EC was gaussian with determination
coefficient 0.58. The best fit model was selected according to the highest value of the
determination coefficient, indicating the correlation between the meaandepredicted

values of soil EGn ordinary krigging

The range Vae of the semivariogram was 3k&n, in which the points werepatially
auto correlated (Tablé6). High range values indicated that the spatial dependence
occured over long distance which meapatial variability lessand the value of raje

also indicatingspatial sampling intervaif EC.

The nuggeeffect of EC was 0.274%vhich showed overall error caused by the artificial

factors as indicated by (Tagageal, 2014).

The \walue of spatial dependence of B the semivariogram was 266, showing
moderate spatial dependence. This spatial dependence might be attributed to the
extrinsic factors such as soil management practices, fertilization as reported by

Camberdellat al., 1994

Similar results with moderate spatial dependencefp4f EC was reported by Cruz
Gardenaset al (2014) in Mexico. On the contrary, the results with strong spatial
dependence of EC with high range value of 10.9 km was also reported by Raghupathy

and Srinivas (2014) in mango cultivating soils of India.
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Fig.20Semivariogram of soil EC (model: stable)
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Fig.21. Spatial distribution of EC

4.3.2.3.0rganic carbon

In the study areaDC ranged betweeh04- 6.5 % indicaing low to high contenin the
soil with meanvalue of 1.4%. OC showed significant posie correlation with N
(0.973**), P (0.199**), K (0.292**), Ca(0.204**), Mg (0.144**) and S 0.226*). The
histogram of OC (Fig.22showedhatthesoil data were positively skewed (1.0 > 0) and
leptokurtic (2.4 < 3) in distribution.

The best fit model flothe semivariogram of OC was exponential with determination
coefficient 0.45. The best fit model was selected according to the highest value of the
determination coefficient, indicating the correlation between the measured and predicted
values of soil OGn ordinary krigging. The range value of the semivariogram was 0.9
km, in which the points were spatially auto correlated (Table 16). The low range value
indicated that the spatial dependence occurred over short distance, which meant that
spatial variabilly was high and the value @angealso indicatingspatial sampling

intervalof OC.
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Fig.22. Histogram of @

The nuggeeffect of OC was 0.5986vhich showed overall error caused by thefiarél
factors as indicated blyagoreet al, 2014

The \alue of spatial dependence of O@ the semivariogram was 5%, showing
moderate spatial dependence. This spatial dependence might be attributed to the
extrinsic factors such as soil management practices, fertilization as reported by
Camberdellaet al, (1994).

Similar results with moderate spatial dependenceé/gBaf OC with exponential model
was reported by Tiwaret al. (2015)in Tripura andCruzi gardenaset al. (2014) in
Mexico (Spatial dependen¢e66%).

On the contrary, another best fit model of holteaffor OC was also reported by
Santraet al. (2008) in agricultural fields of Delhi and stated that spatial variability was

very important for precision farming and environmental modeling.
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Fig.23Semivariograms of solDC (model: exponential
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Fig.24 Spatial distribution of OC
4.3.3. Primary nutrients

4.3.3.1.Nitrogen

In the study areaontent ofN ranged betwee.001- 0.1% with mearvalueof 0.02%.

The histogram of NFig.25) showedthat thedata wagpositively skewed (1.6 0) and
leptokuric (2.4<3.0) in distribution. Nshowed significant positive correlation with P
(0.126**), K (0.157*%), Ca (.252**), Mg (0.193**) and S (.082*) (Table 17)
Positive relation of N with other nutrients is supposed to be due to the indiscriminate
andcontinuous application of chemical fertilizers containing all the nutrients to the soil.

Fig. 25.Histogram ofN

The best fit model for the experimental semivariogram of N was spherical with the
determination coefficient 0.46. The best fit model wascseteaccording to the highest
value of the determination coefficient, indicating the correlation between the measured

and predicted values of soil N in ordinary krigging.
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Table 17. Primary soil nutrients of Thrissur district

Soil Std. Std. Ccv
Minimum| Maximum| Mean Skewness Kurtosis
Properties Deviation | Error | (%)
N (%) 0.001 0.1 0.02 0.1 0.001 | 500 1 3

P(kgha') | 1.0 | 987.4 |147.7| 1335 | 57 |90.4| 1.6 2.7

K(kgha')| 1.0 3017 |316.5 416.6 | 16.1 |131.6| 3.5 13.7

The range Vae of the semivariogram was OkBn, in which the points were spatially
auto correlateqTable B). The low range valuendicated that the spatial dependence
occuredovershortdistancewhich mean thatspatial variability was higland the value
of range also indicatingpatial sampling interdaf N also.

The nuggeeffect of Nwas 05434 which showed overall error caused by the artificial
factorssuch as environmental and sampling ea®indicated by (Tagoet al, 2014).

The \alue of spatial dependence oirNthesemivariogram was 38, showing moderate
spatial dependenc@his spatial dependence of N might be attributed to the various
extrinsic random factors such as soil texture, soil temperature, soil moisture, soil
organic matter, plant residues, fertilizer application as indicageQadmbardelleet al.
(1999.

Sameresults with moderate spatial dependence of N with exponential model was
reported byLiu et al. (2014) in China. Another study by Jemet al. (2014) also
reported the moderate spatial dependencé4)/06f N with rationalquadratic model in
Nigeria.A contrary result of strong spatial dependence of N wasrefswrted bylinget

al. (2014) in China.

Table 18. Characteristics of semivariograms of primarysoil nutrients

Semivariograms characteristics
Soil _ _ _ Determing
Rangq Nugget Partial| Sill Spatial _
property _ RNE% Model tion
(km) | (CO) |sill (C)|(C+CO0) dependenc .
coefficient
0.5 | 0.5434| 0.39 | 0.93 58 M Spherical 0.46
P 1.4 |0.6865 0.5 1.18 58 M Circular 0.45
4.9 10.0646| 0.9 0.96 7 S Exponentiaj| 0.43
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Fig.26 Semivarograms of soiN (model: spherical)

Legend
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Fig.27.Spatial distribution oN

4.3.3.2.Phosphous

In the study areacontent ofP in the soil samplegaried between 1.0 987.4kg ha'
indicating low to extremelyigh, with meanvalueof 147.1 The histogran(Fig.28 of
P showedhat the data was positively skewed (£680) and leptokurtic (2.% 3.0 in
distribution. P hada significant positive correlan with K (0.091*) and Ca@189**).

The best fit model for the semivariogram of P was spherical witermdeation
coefficient 0.45. The best fit model was selected according to the highest value of the
determination coefficient, indicating the correlation between the measured and predicted

values of soil P in ordinary krigging. The range value of the samoigram was 1.4 km,
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in which the points were spatially auto correlated (Table 18). The low range value of P
indicated that the spatial dependence occurred over short distance which means spatial
variability was high and the value of range also indicafmgthe spatial sampling

interval of P.

Fig.28 Histogram ofP

The nugge effect of P was 0.6865vhich was greater than zerand this indicaied
overall error caused by the artificial factors as indicated by (Tagake 2014).

The spatial dependence of P was shown in terms of nugget/sill ratio (Tablh#8).
value of dependence of iR the semivariogram was 580, showing moderate spatial
dependence. This spatial dependence might be attributed to the eféittsis such as
soil management practices, fertilizatjosoil erosion, plant residuess reported by

Camberdellaet al. (1994.

Smilar results of moderate spatial dependence of P with spherical model was reported
by Liu et al (2014) in China. On the caaty, the result of strong spatial dependence of

P in China and weak spatial dependeaté in Nigeria were reported by Jirgt al

(2014) andJemo et al (2014) respectivelyThe continuous fertilization and soil
management practices disturbed the spatracture of Pthe excess amount fixeay

the Al and Fe in the soil.
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4.3.3.3.Potassium

In the study areacontent of K ranged betwedn0 - 3017 kg ha® indicating low to very
highwith ameanof 316.5(Table 17) The histogram of K (Fig.31showedhatthe data
were positively skewed (3.5 0) and leptokurtic (13.7% 3) in distribution.Potassium
had significant positive correlatio with Ca 0.528**), Mg (0.613**) and S (0.419**)
(Table 17) Here also indiscriminatand continuous application of chemical fertilizers
containing all the nutrients might have caused the positive relation.

Fig.31Histogram oK
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The best fit model for the semivariogram of K wagponential with determination
coefficient 0.43. The best fit model was selected according to the highest value of the
determination coefficient, indicating the correlation between the measured and predicted
values of soil K in ordinary krigging. The ramgalue of the semivariogram of K was

4.9 km, in which the points wergatially auto correlated (TablE8). The high range
value was indicating that the spatial dependence matwowver long distancewhich

meart that spatial variability was less and twalue ofrange alsandicating spatial
sampling intervabf K.

The nugget effect of K was 0.0646, which showadverall error caused by tlztificial
factors such as environmental amaengling errors as indicated Byagoreet al, 2014

The value of satial dependence of K in the semivariogram was, showing strong
spatial dependence. This spatial dependence might be attributed to the intrinsiofhictors
such aparent materiapedogenic factorstc. as indicately Camberdell&t al (1999.

Similar results ofstrong spatial dependence of K (10%%wasreported by Jingtal.,
(2014) inChina and Lopegranadostal. (20@) in Spain. Orthe contrary the results

of moderate spatial dependence of K was also reported bgtlal (2014) in padd

fields of South ChinaAnother studies bylemoet al. (2014) in Nigeria and Cruz
Gardenast al. (2014) in Mexicoalsorevealed the moderate spatial dependence of K
(45 %, 57 % respectively) and recommended a strategy for site specific nutrient
managerantfor moderate spatial variabilityrhe strong spatial dependence of K in the
study areawas indicaed that the spatial structureof K was not disturbed by the
fertilization and other soil managemeptactices. Potassium is not fixed by the
kaolinitic clay mineral generally present in the soils of Kerala and hence most of this
nutrient in the soils is lost from the system through running water. This creates a strong
spatial dependence of K in the study area

r’=0.43

Fig.32 Semivariograrsof soil K (model:exponential)
68



