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Abstract: The opatial dictribution of coil nutrientc wac acoecoed in Berambadi
waterched of Chamarajanagar dictrict, Karnataka baced on geo—otatictico model. A
total of 447 curface coil camples (020 cm) were collected at 250 m grid interval and
analyzed. Semi variogram parameterc (nugget, aill and range) for each coil property
with beat fitted modelo were identified baced on minimum root mean oquare error
(RMSE). Exponential, opherical and gaucoian modelc were fit well for the ooil
propertiec. The nugget—aill ratio chowed that the opatial variability of coil nutrientc
moderate opatial dependence (25-75 %) except coil pH and zinc (<25 % opatial
dependence). The reaulto of opatial dictribution of nutrientc chowed that available
phoophoruccontent wacmedium (23-56 kgha ') in 57% of total geographical area and
available potaccium content wac high (>330 kg ha') in more than 60% of total
geographical area of Berambadi waterched. Spatial dictribution of coil nutrientc ic
moct important to know the otatuc of ooil fertility, which helpc in adjucting the

agricultural management meacurecfor better crop production.
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Introduction

Soil nutrients play an important role in ooil
fertility, vegetative rectoration, land ecooyctem ctructure
and function. Soil nutrient content and itcavailability to
the plantc are greatly influenced by land uce and
management (Iolam and Weli 2000; Wang Jun and
Shaliqing 2007). Multinutrient deficienciec are
common due to continuouc applicationc of major
nutrients (NPK) and neglect of micronutrients (El—
Swaify et al. 1985; Rego et al. 2003; Sharma et al. 2009),
which affectc cuctainability and nutritional cecurity.
Hence, attention hacto be paid to identify the extent of
problem and ouggeot corrective meacurec for
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deficienciec of nutrients in various cropping oyctemoc
(Rego et al. 2005; Sahrawat et al. 2007; Manna et al.
2011).

Spatial variability and oceverity of nutriento
deficiency can be edtimated by ucing geoctatictical
interpolation techniquec (Tecfahunegn ef al. 2011,
Tripathi ef al. 2015). Spatial dictribution of coil nutrientc
can be generated by different interpolation techniquec
namely, Inverce Dictance Weighted (IDW), Radial Bacic
Functionc (RBF), Local Polynomial Interpolation (LPI),
Ordinary Kriging (OK) and Empirical Bayeos (EBK)
(Johnaton et al.  2001). Among the methods of
interpolation, ordinary kriging ic moot common geo—
otatiotical method for ectimation of the opatial
didtribution of coil nutrients(Pang et al. 2011). Kriging ic
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moct cuitable when there ic a opatially correlated
dictance or directional biacin the data compared to other
interpolation methode. Kriging alco usecthe calculation
of opatial autocorrelation to determine the weighto that
chould be applied at variouc dictancec and it ic widely
uced in ooil ocience and geology. In thic context, the
precent otudy icpropoced to invedtigate the ooil fertility
otatuc of Berambadi waterched, Chamarajanagar
dictrict, Karnataka ucing geo-ctatictical approach to
bring more informed decicionc to improve ooil fertility
and crop productivity of thicregion.
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Materials and Methods
Study area

The otudy wac carried out in the Berambadi
waterched (11°43'49" to 11°48'11" N; 76°32'31" to
76°36'14" E) opread over 2655 ha (Fig. 1) dituated in the
Chamarajanagar dictrict of Karnataka otate at an
elevation ranging from 829-940 m above MSL. The
annual precipitation ic 734 mm, of which around 35%
rainfall icreceived during couth—weaot moncoon and 36 %
received during north-eact moncoon. The average annual
temperature i623.7 °C and the length of growing period

Berambadi Watershed

Halagatahuraiz
Kalagatahunahi

Channamalkpur

Fig.1. Location map of ctudy area

rangec from 90 to 120 dayc. The coil moicture regime ic
uctic and ooil temperature regime ic icohyperthermic.
The major geological formation ic granite and gneico.
The area covercrainfed landowith the main cropobeing
maize, corghum, pigeonpea, cotton, mango with other
Cropo.

Soil sampling and analysis

A total of 447 curface coil camples (020 cm)
were collected at 250 m grid interval with the help of
Global Poditionig Syctem (GPS) during 2015. Collected
ooil mmpleowere air dried and procecoed. Soil pH (1:2.5)
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and electrical conductivity (EC) were analyzed in ooil
water ocucpencion ac deccribed by Jackoon (1962).
Organic carbon wac ectimated by Walkley and Black
(1934) method. Available phogphoruc wac determined
by Oleen et al. (1954) method (pH >6.5). Available
potacolum wac analyced by flame photometer after
extraction with 1N ammonium acetate (Richardc 1954).
The available culphur wac extracted by 0.15 % CaCl,
and ectimated the oculphate content by turbidimetric
procedure (Tabatabai 1982). Available boron wac
ectimated by ucing Azomethine-H reagent (Keren
1996). Micronutrient cations (Zn, Cu, Fe and Mn) were
analyzed by DTPA extraction method with pH 7.3 and
ectimated the micronutrientc contentc by Atomic
Aboorption Spectrophotometer (Lindcay and Norwel
1978).

Geostatistical analysis

The mean, minimum, maximum, otandard
deviation (SD), kurtocic, ckewneas and coefficient of
variation (CV) valuec for each ooil propertiec were
computed. According to Carvalho et al. (2002), kurtocic
and ckewneoo are indicative of a normal frequency
dictribution. The ratio of otandard deviationc and
averageoc ic the variation coefficient, which reflecto the
diccrete degree of camplea. If the ratio iclecothan 0.1, it
chowao that the data exhibitc weak opatial variability. If
the ratio icabove 0.1 and leoothan 1.0, it chowothat the
data exhibitc medium opatial variability. If the ratio ic
above 1.0, it chowaothat the data exhibitc otrong opatial
variability (Hu ef al. 1999). To find out the relationchip
between ooil propertiec and available nutrientg,
pearcon'c correlation coefficientc were computed.
Spatial interpolation and GIS techniquec were uced to
produce opatial dictribution of ooil nutrients by ucing
ArcGIS v.10.1 (ESRI Co, Redlands, USA). One of the
moct important interpolation methodo ic kriging ac it

predicto unknown valuec from data obcerved at known
locationo. Thic method uces variogram to expreco the
opatial variation and kriging method reducecthe error of
predicted valueowhich are determined by meacuring the
opatial dictribution of the predicted valueo(Li ez al. 2000).
A variogram ic a deccription of the gpatial continuity of
the data. The experimental variogram ic a diccrete
function calculated ucing a meacure of variability
between pairc of pointc at variouc dictance. Kriging
allowoucercto ctudy grapho of opatial autocorrelation. It
can be applied within moving data neighbourhoodg, ica
non-otationary algorithum which corregpondo to a non—
otationary random function with changeable mean but
ctationary covariance (Deutoch and Journel 1992).

Semivariogram model wacuced in the kriging to
define the weighto of the function (Webater and Oliver
2001), and the cemivariance ican autocorrelation ctatictic
defined acfollows(Mabit and Bernard 2007):

A (et

W= N &

(1)

where z (xi) io the value of the variable z at
location of xi, h the lag, and N (h) the number of paircof
ample pointcceparated by h.

During pair calculation for computing the
cemivariogram, maximum lag dictance wactaken achalf
of the minimum extent of campling area. Anicotropic
cemivariogramo (i.e., the behaviour of the variablec that
characterize them ionot uniform in all directiono) did not
chow any differencec in opatial dependence baced on
direction, for which reacon icotropic cemivariogramoc
(i.e., the behaviour of the variablecthat characterize them
ic uniform in all directiono) were chocen. Spherical,
exponential and Gaucoian modelc were fitted to the
empirical cemivariogramo. Beotfitted model with
minimum root mean cquare error (RMSE) were celected
for each ooil nutriento:

1

n
RMSE:\/Zzi:

The exponential, opherical and guacoian modelo
were bedat fitted to all the ooil propertiec. Exprecoion for

2 —2(z0)]’(2)

different cemivariogram modelc uced in thic otudy ic
given below:
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Exponential model:
r(h)=Co+ Cl{l - exp{— QH forh >0 3)
Spherical model:
h h 4
r(h)=Co+C115--0.5(—)3|,0<h<=Co+Cl “)
a a
Guacoian model: (%)

Uoing the cemivariogram model, bacic opatial
parametercouch acnugget (C0), aill (C1 + C0), and range
(A) waccalculated which providesinformation about the
aructure ac well ac the input parameterc for the kriging
interpolation. Nugget reprecentc variation cauced by
otochadtic factorc, cuch acerror in meacurement, aill icthe
lag dictance between meacurementc at which one value
for a variable doec not influence neighbouring valueg,
and range icthe dictance at which valuecof one variable
become opatially independent of another (Lopez—
Granadocet al. 2002).

The ratio between nugget and aill value ic the
nugget effect, when the ratio icleco than 25%, it chowo
that ooil nutrientc precent otrong opatial dependence,
when the ratio icin the range from 25% to 75%, it chowca
medium dependence and the ratio ic more than 75%, it

r(h)=Co+ Cl{l - exp{— szHfohh >0
0

chowo relatively weak opatial dependence (Sun et al.
2002).

Results and Discussion

Description statistics of soil chemical parameter pH, EC
and OC

The deccriptive otaticticoof pH, EC and organic
carbon (OC) are given in table 1. The pH ranged from
4.60 to 8.99 and electrical conductivity ranged from 0.01
to 2.53 dS m". The organic carbon content ranged from
0.08 to 1.86% in Berambadi waterched. The coefficient of
variation for OC, EC and pH are 16.0%, 94.8%, and
39.7%, reopectively with medium opatial variability
(Gomecand Garcia 2002). Kurtosicand ckewneossof pH
ionegative, whereag, EC and OC are poaitive.

Table 1. Deccriptive dtatictico of ooil chemical and nutrientc parameterc

Cu Fe
EC oC P,05 K,O S B (mg (mg (mg Mn(mg Zn(mg
Parameters pH @sm™y (%) (kg ha'l) (kg ha™) (mg kg'l) kg'l) kg'l) kg'l) kg'l) kg'l)
Mean 6.87 0.18 0.68 385 367.5 9.65 0.55 1.67  19.6 214 0.58
Maximum 899 253  1.86 316 1524.1 47.2 1.87 16.5 91.7 1218 6.26
Minimum ~ 4.60  0.01 0.08  2.29 67.4 0.72 0.01 026 232 1.80 0.02
S.D .10 0.17 027 452 228.7 6.16 0.36 1.21 15.1 15.1 0.66
Kurtosic ~ 1.23 787 047  9.17 3.19 553  0.001 642 1.66 6.33 294
Skewness  9.02  6.53  0.55  2.59 1.59 1.59 071 639 131 1.81 4.47
CV (%) 16.0 948 397 1175 62.2 63.9 65.8 720 76.8 70.3 112.7

Note: SD: Standard Deviation; CV: Coefficient of Variation
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Descriptive statistics of major and micro nutrients

The deccriptive otatictico of major and micro
nutrientc are given in table 1. The P,O, valuec ranged
from 2.29 kg ha'to 316.0 kg ha" with a mean of 38.5 kg
ha'and K,0 valuecranged from 67.4 kg ha' to 1524.1
kg ha'with a mean of 367.5 kg ha'. Available culphur
ranged from 0.72 mg kg' to 47.2 mg kg'. The high
phoophoruc (316.0 kg ha') and culphur (47.2 mg kg')
contentc might be due to camplec collected from the
plotoreceiving higher level of phogphorucand culphur
containing fertilizers. Kurtocicand ckewneao of PO,
K,O and S are poaitive. The mean concentration of Cu,
Fe,Mn, Znand B are 1.67,19.6,21.4,0.58 and 0.55mg

kg' ooil, recpectively. Kurtocic and ockewneos of
micronutrients are poaitive. The otandard deviation of
microntrientc followo the order of Mn<Fe<Cu<Zn and
coefficient of variation icin the order of Zn<Fe<Cu<Mn.
The variability obcerved in the DTPA extractable
micronutrient concentrationomight be due to variation in
ooil parent material, rainfall and coil management (Li et
al. 2008).

Spatial distribution of soil nutrients

The mapo generated for come nutrientc for the
Berambadi waterched have been generated by ucing
kriging method under GIS and clacdified into different

Fig. 2. Spatial distribution map of soil properties and nutrients in of area

Fig. 2. Spatial dictribution map of ooil propertiec and nutrientsin of area



48

clacec (Fig. 2). The recultc indicated, available
phoophoruccontent of the coil wacmedium and covered
maximum area of about 1526 ha (57 %) followed by an
area of 622 ha (23%) iclow. The ooil analycicrevealed
that available potacoium ic high (>330 kg ha") in about
1608 ha (61%) and medium (140-330 kg ha') in an area
of 1048 ha (39%) in the waterched. Available boron
content icmedium (0.5-1.0 mg kg ') in an area of about
1338 ha (50%) and low (<0.5 mg kg ') in an area of about
1244 ha (47%). The data chowed low (<0.5 mg kg")
available zinc in an area of about 1515 ha (57%),
marginal (0.50.75 mg kg') in about 542 ha (20%),
adequate (0.751.50 mgkg ") inanarea of488 ha (18%)
and high (>1.50 mg kg ") in an area of about 110 ha (4%)
and thucthere ioneed to apply zinc containing fertilizerc
to maitain the ooil zinc content.

Correlation between soil pH, organic C and soil
properties

Interrelationchip between the ooil nutriento
offerca better underctanding of the coil oyctem (Table 2).
Soil organic carbon chowed a cignificant (P <0.01) and
poaitive effect on availability of Cu and Mn contentc.
The concentrationo of Zn, Cu, Mn and Fe in ooil
increaced with SOC ac revealed by the cignificant and
poaitive correlation coefficient. The SOC improve coil
otructure and oupply ooluble chelating agentc and

Rajendra Hegde et al.

reducec oxidation and precipitation of cations, thuc
reaulting in increaced concentrations of Zn, Cu, Mn and
Fe (White and Zacooki 1999). The correlation between
ooil organic carbon and available P waccignificantly (P <
0.05) negative. Soil reaction ic another coil property
which influences availability of plant nutrientc. A
poaitive and acignificant relationchip wac found between
il pH and available P, K, S and B and a negative and
oignificant relationchip with Fe. In our otudy, the
concentrationcof Zn, Cu, Mn and Fe got reduced with the
increace in coil pH, which wac in agreement with the
obecervationcof Lindaay (1979) who reported that by each
unit increace of coil pH in the range from 4 to 9, the
oolubility of Fe in ooil decreacecby 1000 fold compared
with100-fold decreace for Mn, Cu and Zn.

Correlation coefficient between major and micro
nutrients

Phoophoruc had ocignificant and poaitive
relationchip between K and S (Table 2). Cropcrespond to
higher K levelo and helpo to uptake and availability of
other nutrients, Potacoium chowed acignificant poaitive
relation between S and B. Amongct available nutrients, a
poaitive cignificant relationchip wac found between S x
B, Cu x Fe, Cu x Mn, Cu x Zn and Fe x Mn. correlation
between S x Zn and Mn x Zn were acignificant negative
interaction.

Table 2. Pearcon'c correlation coefficientocamong coil propertiecand their level of cignificance.

pH EC OoC P K S B Cu Fe Mn Zn
PH 1.00
EC  0.26%* 1.00
oc  9.07 0.12**  1.00
P 0.27%%* 0.08 -0.10* 1.00
0.41%* 027%*  0.03 0.44** 1.00
S 0.17** 0.19**  0.09 0.26** 0.16** 1.00
B 0.17%* 0.09 0.008 0.10* 0.11*  0.17** 1.00
Cu 0.11* -0.02 0.12%* 0.08 0.24** 0.003 0.02 1.00
Fe 9.17**  -0.13%* (.02 0.03 ©0.05 0.05 0.04  0.12*%* 1.00
Mn — —9.10* -0.15*%* 0.13*%* -9.03 0.0l 0.15** 0.07 0.17** 0.45** 1.00
Zn o 0.09% 001 -0.002 004  0.10% -0.15% -0.11* 037% 0.11* -0.36** 1.00

Noteo: *Correlation ic oignificant at P < 0.05 level (two-tailed); **correlation iccignificant at P < 0.01 level (two-tailed).
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Semivariogram analysis of soil properties

Semivariogram parameterc (nugget, all, and
range) for each ooil properties with beat fitted model
were identified baced on minimum root-mean-cquare
error (RMSE). The parameterc for the modelo fitted to
the cemivariogramocare chown in table 3. C, iothe nugget
value, which ic cauced by experimental error and other
artificial factorc; C, ic the partial aill value, which ic
cauced by climate, parent material, topography, coil type
and other natural factors, C,;+C, ic the aill value, which
precentcthe total variation of the oyotem.

Analyoaic of the icotropic variogram indicated
that the pH, EC, OC, K,O, B, Cu and Fe content of
cemivariogramc were well deacribed by exponential
model, with the dictance of opatial dependence being
2387, 616, 1962, 2185, 2661, 9196 and 2291 m,
recpectively, while the S and Mn cemivariogramo were
beat fitted by opherical model with the range of 3581 and
2279 m; P,O, and Zn cemivariogramowere deccribed by
Gaucooian model with range value of 1020 and 440 m,
reopectively (Table 3). Samplec ceparated by dictancec
lower than the range are opatially related, whereac, thoce
ceparated by a dictance greater than the range are
conoidered not to be opatially related. A large range
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indicatec the value of meacured ocoil property to be
influenced by natural and anthropogenic factorc over
great dictancec than properties having omaller rangec
(Lopez-Granadoocet al. 2002). The different range valuec
for ooil propertiecicmight be due to combined effect of
parent material, climate and adoption of different land
managements. The different modeloc for the ooil
propertiecicattributed to inherent coil properties(cuch ac
ooil pH, EC, SOC and ooil mineralogy) ac well ac
management factoroincluding fertilization and cropping
aequencec. The opatial dictribution of ooil nutrientc ic
affected by both otructural and random factorc. There ic
otrong opatial correlation in coil nutrientowhen they are
greatly affected by natural factoroouch acclimate, parent
material, topography, coil type and co on. While random
factorc cuch ac fertilization, tillage meacure, cropping
oyotem and other anthropogenic factorc can weaken
opatial correlation of coil nutrients(Chien et al. 1997).
The nugget—aill ratioc of pH and zinc are 21%
and 0.1%, reagpectively, which chowothat there ica ctrong
opatial dependence among them. They are mainly
affected by climate, parent material, topography, coil
type and other natural factora The nugget-aill ratioc of
electrical conductivity, organic carbon, available
phoophoruc, potaccium, oculphur, boron, DTPA

Table 3. Geodtatictical parameterc of the fitted cemivariogram modelo for ooil propertiec

i?litlrients Model I\IEngOg)et SPi?lr(t(i? 11) (Cos-ikl lC 1) R?r:ll;ge Nugget/Sill Def)zf:fii:rllce RMSE
pH Exponential 0.30 1.12 1.42 2387 0.21 Strong 0.80
EC Exponential 0.01 0.02 0.03 616 0.33 Moderate 0.17
ocC Exponential 0.03 0.04 0.08 1962 0.43 Moderate 0.22
P,0s Gaucolan 1602 649 2251 1020 0.71 Moderate 41.1
K,0 Exponential 28,234 25,430 53664 2185 0.53 Moderate 191.7
S Spherical 29.3 11.7 41.0 3581 0.71 Moderate 5.56
B Exponential 0.08 0.06 0.14 2661 0.61 Moderate 0.32
Cu Exponential 0.70 1.34 2.04 9196 0.34 Moderate 1.03
Fe Exponential 144.1 80.8 226.9 2291 0.64 Moderate 13.4
Mn Spherical 79.7 160.8 240.5 2279 0.33 Moderate 10.9
Zn Gauoolan 0.004 0.43 0.43 440 0.001 Strong 0.59
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extractable cupper, iron and manganece were 33%,
43%, T1%, 53%, 71%, 61%, 34%, 64% and 33%,
reopectively, which chowo that the opatial dependence
wagc obcerved to be moderate, which meanc the opatial
variancecamong them are influenced by both ctructural
and random factorc(Chien et al. 1997).

In cemivariogram analycic Root Mean Square
Error ic one of the important parameter and RMSE ic
frequently uced to meacure the difference between
valuec predicted by a model and the value cactually
obceerved from the environment that icbeing modelled.
RMSE ica meaaure of accuracy to compare forecacting
errorcof different modelofor a particular data. RMSE of
il pH, EC and OC were 0.80, 0.17 and 0.22,
reopectively. The RMSE for P,O,, K,O, S and B chowed
41.1, 191.7, 5.56 and 0.32, reopectively. The RMSE
valuesfor DTPA-Cu, Fe, Mn and Zn chowed 1.03, 13 4,
10.9 and 0.59, reopectively. The highect root mean
aoquare error (RMSE) value wac noticed in potacoium
(191.7) and the lowedt wac obcerved in electrical
conductivity (0.17).

Conclusion

Our invectigationcon the opatial dictribution of
ooil nutrientc in Berambadi waterched in the cemi-arid
tropicoindicated that the higheat coefficient of variation
wag noticed in P,O, compared to other coil nutrientc,
Ordinary kriging wacapplied for opatial interpolation of
ooil nutrientoof the area. The otudy chowed high opatial
variability with moderate opatial dependence for moct of
the ooil parameterc (EC, OC, P, K, S, B, Cu, Fe and Zn)
and otrong opatial dependence for pH and Zn.
Exponential and guacoian model performed well in
deccribing the opatial dictribution of coil nutrients. In
waterched, B and Zn deficiency wac obcerved and call
for cuitable interventiona.
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