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Abstract: Structural analysis of sand content and soil moisture constants (field capacity, wilting 

point and available water capacity) were stochastically modeled. Four hundred seventy samples were 
drawn at lOx10 Ian grid nUdes. The coefficient of variation was 15.8, 19.2, 27.0 and 14.4 per cent for 
sand, field capacity, wilting point and available water capacity,. respectively. The semivariograms 
were well expressed by exponential model, as the semivariances were increasing exponentially for all 
the separation distance. Block kriged variances were 4.77 to 19.54 and 2.44 to 10.21 times les than 
that calculated by the. classical and point kriging techniques, respectively. Block kriging also reduced 

the sampling efforts 5 (classical) and 2.5 (point kriging) times to get the same precision ( ...:T 10 % 
error) at 99 percent confidence level for mapping the parameters. Hence, to characterize the Haryana 
soils for their sand content and three moisture constants, only 8 soil samples should be collected 

. instead of 470 samples. (Key words: Available water capacity, field capacity, kriging, sand content, 
spatial variability and wilting point). 

Spatial variability is an inherent 
and dynamic feature of soils. It may be 
both vertical within a pedon, and 
horiZONtal across the landscape. Cul
tivation, through homogenization has 
a major influence on variability by 
increasing the similarity between 
plough layers of various soils-. It is 
therefore imperative to evaluate soil 
resource and its response to man
agement ·practices. Response of 
several inputs is being generally 
tested with the help of Fisherian 
statistical approaches. However, 
these approaches do not account for 
spatial dependence of soil proper-

. ties. This is the reason spatial models 
are being developed wherein struc
tural variation can be accounted for to 
arrive at spatially independent or 
truely random error models (Besag & 
Kampton 1986; Martin 1986; Wil
liams 1986). Similarly, knowledge of 
spatial variability has been exploited 
in the past for precise mapping of soil 
resources (Webster 1985). 

For such purposes, kriging is an 
interpolation techniql!e of spatially 
dependent variation with .a known 
erro~. ~t,isan unbiased e¥itnat~ with 
a mlllimum and known variance 
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(Journel & Huijbregts 1978; Burgess 
& Webster 1980; and Webster 1985). 
Recently soil-sampling strategies of 
local estimatitons at an desired 
precision by the optimal method of 
kriging have also been elaborated 
(McBratney & Webster 1983). This 
paper reports the spatial distribution 
of sand content and three soil mois
ture constants of the state. 

MATERIAL AND METHODS 

The State of Haryana extends be
tween 27°39' and 300 SS'N Lat. and 
74°27'8" to 77°36'5" E Long., with 
total area of 44,222 km2. Of this 
12,840 km2 (29.03 %) is arid; 26,880 
km2 (60.78%) is semi-arid and 4,502 
km2 (10.10%) is sub-humid. The 
soils have light to medium texture and 
are derived from alluvium. The type 
of soils with respect to soil moisture 
regime and great group association is 
depicted in Figure 1. Grid map at a 
distance of IOxlO km. was prepared 
for soil sampling. From each location, 
five soil samples, each from 0-50 em 
(effective root zone), were taken ran
domly, composited and a sub-sample 
was retained. In all, 470 samples were 
collected and analysed for their sand 
content, moisture retention at 300 
kPa (FC) and 1500 kPa (WP). The 
available water capacity (AWC) was 

then determined from the difference 
in moisture content at field capacity 
(FC) and wilting point (WP). 

Statistical Analysis 

Preliminary analysis: Using classical 
statistical methods, mean (m), 
variance (s2), standard deviation (s) 
and. coefficient of variationn (CY) 
were computed. The number of ob
servatitons required to obtain the 
mean value with a given degree of 
precision and significance level was 
calculated (Dahiya et al. 1984). 

Spatial analysis: It was carried out in 
the form of semivariance as per the 
procedure described by Marx and 
Thompson (1987). This function re
lated the similarity of difference, ex
pressed as semivariance, between 
values at different places to their 
separation distance. An average 
semivariance was defined by : 
G(h) = [112 N(h)] [z(xi + h)-z(xi)] fori = Ito 

N(h) ...... (1) 

where G(h) is the semivariance; h is 
the modulus of interval; N is the num
ber of pairs; z(xi + h) and z(xi) are 
values of soil properties separated by 
a distance h. Regression equations 
were fitted to qua~tify the structural 
components of variation. Weights 
were assigned according to the num· . 



~ 

I 

"APING 
SYI1BOL 

1 
'2 
I 

• 5 , 
7 , , 
11 
11 
11 
1l 
14 
1!1 

" 17 

l' l' 
21 
21 
22 
23 
24 

SPATIAL VARIABILITY IN SAND AND MOISTURE OF HARYANA SOILS 

HARYANA 
SOILS 

(GREAT GROUP ASSOrlA TlONS) 

/ 
GREAT GROUP ASSOCIATION 

USTOtllllEPTS·USTIfLUVfNS 
USTOC/tRfPTS-HAPLAo.UfPTS 
USTOCHRfPTS·OCHAAo.UALFS 
USTOCHRfPTS·USTORTHfHTS·UDORTHENTS 
USTOC/tREPTS·NATRUSTAlF 
USTOCHRfPTS·NATRAo.UAlfS 
USTOCHREPTS·USTIPSAHHEHTS·USTIFlUVfNTS 
USTOCHAEPTS.USTIPSAHHENTS-IISTORTHENTS 
USTOCHRfPTS·CAHIORTHIIIS 
EUTROCHREPTS·UDORTHENTS 
HAPlAo.UEPTS·HAPlUSTALF 
PSAHHAo.UENTS.HAPLAo.UfHTS·fLUVAo.UfNTS 
TORRIPSAHHENTS-USTIPSAHHENTS 
,TORRIPSAHHENTS· TORRIfLUVDlTS.COHIIARTHlDS 
UDlPSAHHENTS-USTIPSAItItEIITS 
USTIPSAHHENTS-USTIflUVENTS 
USTIPSAHHENTS.USTIfIUVDlTS.USTOCIIIEPTS 
USTIPSAHHfHTS. TORRIPSA""ENTS.COHIIORTIIIlIS 
USTFlUVENTS.USTIPSAHHENTS.FLUVAo.UENTS 
USTFlUVENTS·USTIPSA_NTS 
COI1BOIITltlDS.CALCIOIITIIDS. TORRIPSA_Mrs 
uo. TRUSTALfS·COHIORTICIIS 
USTORTHfMTS·USTDCIIIE'rs 
USTOIITHENTS 

>, 

s 

E 

M 

i,.. 
REFERENCE 

_. _.- STATE BOUNDARY 
• - - _. DISTRICT BOUNDARY 

A 

R 

i 
\ 

£S:> SEVERELY GULLIED LAND 
G"\ GREAT GROUP ASSOCIA TlON 
V UNIT 

Fig, 1, Study area with respect to soil moisture zone and soil great group association, in different distiet of 
Haryana 

123 

" 



AGROPEDOLOGY. 4:1994 124 

ber of pairs on which an estimate was 
based during fitting the least-squares 
method. Soil properties were inter
polated at 5 km interval both by point 
and block kriging. 

. 
Thus, interpolated value (point 

krigging) of the regionalised vari
ables, z*, at location xo is 
z*(xo) = L Wiz (xi) for i = 1 to N (2) 

where Wi is the weights attributed to 
the neighbours subject to the restric
tion that: 
Wi = 1 for i = 1 to N ...... (3) 

Kriging was done under the con
ditions of unbiasness and minimum 
variance in which it is an optimal in
terpolation technique (Webster 
1985). The kirging variance can be 
estimated by: 
lk = LWiz (xi, xo) + U ..... (4) 

where U is the larngrangian multi
pliar with the minimisation of s2k. 

For interpolation of values by 
block kriging, a block size of 24x24km 
was used. It gave the minimum es
timation variance. The kriged value, 
z* for any block V is a weighted 
average of the observed values xi in 
the neighbourhood of the block, i.e. 
z*V = LWiz (xi) for i = Ito N .. (5) 

The estimation variance, ~2kb, is 

~iven by: 
s kh = I WiG (xi, V) + UV - G (Y,V) for i 
= 11.0 N ..... (6) where 
G(xi, V) is the average semivariance 
between the sample points xi' in the 
neighbourhood and those in the block 
V, G (V,V) is the average semi
variance between all points, and UV 
is the langrangian parameter as
sociated with the minimization. 

Soil sampling strategies were car
ried out within + 10 percent of the 
true mean by both point and block 
kriging techniques. The appropriate 
semivariogram was done by the so
called Jack knifing, or fictitious-point 
method (Tabos & Salas 1985). 

RESULTS AND DISCUSSISON 

Preliminary analysis: The values of 
sand content, moisture content at 
field capacity and wilting point and 
available water capacity of soil ranged 
from 26.40 to 87.80; 10.53 to 31.48; 
2.82 to 13.14 and 7.59 to 17.14 per 
cent, respectively. The magnitude of 
variation was low in sand content and 
AWC (CV = 15.80 and 14.40 %), 
where as FC and WP were found 
moderately variable with a CV value 
of 19.20 and 27.00 per cent, respec
tively (Table 1). It is because the soils 
have been derived from alluvium 
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which is less variable in itself. , 

Spatial analysis: In order to study any 
possible continuity between pairs of 
observations required for estab
lishing any spatial dependence of 
variance structure, semivariograms of 
sand content, Fe, WP and Awe were 
drawn (Figure 2: a,b,c and d, re
spectively). All semivariograms 
showed strong spatial dependence, 
because the semivariance [G(h)] is 
increasing exponentially with log dis
tance (h) i.e. showing spatial depend
ence for all the separation distance 
more than the sampling distance. 
The semivriograms were well 
described by exponential model with 
an r value of 0.993, 0.992, 0.991 and 
0.991 for sand, Fe, WP and AWe, 
respectively. The higher unstruc
tured component (nugget variance) 
observed for all the parametl!rs 
studied (54.5, 6.33,1.84 and 1.32 (%)2 
for sand, Fe, WP and AWe, respec
tively) correspond to the variability 
that occurs within distance shorter 
than the sampling interval (10 km) 
and to experimental errors (Table 2). 
This short range variation was 51 per 
cent of the sample variance for all the 
parameters. 

In order to get the constant value 
of. the semivariance, samples from a 

still larger area should hav~' been rol
lected. But for interpolation of a 
value of given parameter at un
sampled location within study area, 
the presence or absence of a constant 
semivariance value is immaterial, as 
only the semivariance of the nearest 
points is used for interpolation. 
These results are in confirmity with 
(Raman et al. 1983; Trangmar et at. 
1987; and Kalita 1988). 

With the help of the model of the 
semivariogram (Figure 2: a,b,c'& d) 
and observed values, additional 
values of sand content, Fe, WP and 
Awe were generated at the un
sampled locations both by point and 
block kriging. For block kriging, a 
block size of 24 x 24 km was used as it 
gave the minimum estimation 
variance as compared to other block 
sizes tested. 

Validation of Kriging Model : The 
means and their dispersion statistics 
of experimental and kriged values are 
summarised in Table 3. Means of the 
kriged estimates were atpar with the 
experimental values for all the 
parameters studied. This was also 
supported by' nonsignificant paired t 
vah)es (Table 4). The. estimation 
variance of experimental values and 
point kriged values differed by a fac-
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Fig. 2. Semivariogram of sand (a), field capacity (b); wilting POint (c) and available water (d) 
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TABLE 1. Coefficient of variation (%) for 
. sand content and soil moisture 

constants 

Parameter Lowest .Hi~hest CV(%) 
value va ue 

Sand (%) 26.40 87.80 15.8 
FC(%) 10.53 31.48 19.2 
WP(%) 2.82 13.14 27.0 
AWC (%) 7.59 17.14 14.4 

FC = Field capacity;WP = Wilting point; 
AWC = Available water capacity. 

TABLE 2; Nugget variance (Co) and its. 2 
___ . ratio (%) with sample variance (s ) 

Paramter Co Co/s2 

Sand 
FC 
WP 
AWC 

54.50 
6.33 
1.114 
1.32 

51.42 
51.41 . 
51.40 
51.52 

tor equal to 1.58 (sand), 2.46 (FC), 
1.96 (WP) and 1.71 (AWC) without 
showing any substantial precision by 
the latter over the former method. 
However, those obtained by classifj
cal and block kriging approaches dif
fered significantly by a factor equal to 
16.18, 19.54,4,.77 and 16.00 for sand, 
FC, WP and AWC, respectively 
(Table 3). This demonstrates an im
provemenfin estimation precision by 
kriging methods over the classical· 
method. . Therefore, it conClusively 
suggests that the classical method 
overestimated the variance to a 

'0. 

TABLE 3. Comparision of statistical 
aproaches 

-----~ .. -.---.- --~----.. --

Statistical Parameter 
technique 

Sand FC WP 

Classical 
Mean (m) 65.00 18.27 7.00 
Variance (s2)106.00 12.31 3.58 
Standard 10.30 3.51 1.89 

de;viation (s) 

Point kriging . 
Mean (mk) 65.05 18.22 6.99 
Variance (s2k) 66.90 5.00 2.83 
Standard 8.18 2.24 1.35 
deviation (sk) 

Block kriging 
Mcan (mkb) 64.79 18.25 7.10 
Variance 6.55. 0.63 0.75 
(s2kb) 

Standard 2.56 0.79 0.87 
deviation (skb) 

1.58 2.46 1.96 
16.18 19.54 4.77 
10.21 7.94 2.44 

AWC 

11.13 
2.56 
1.60 

11.11 
1.50 
1.22 

11.15 
0.16 . 
0.40 

1.71 
16.00 
9.38 

greater extent, assuming that the krig
ing variances are closed to the true 
values. Practically, it means that if a 
variable is spatially dependent, the 

. estimation of variance by classifical 
method is not a reliable parameter for 
the interpretation of the data. Fur
ther, the ratio of the point and block 
kriged variances exhibited 2:44 to '. 
10.21 fold differences for the 
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TABLE 4. Parameters for tcstinft the zcro 
mean estimation error uniaseess) 
and low variance condition of the 
kriging estimation. 

Parar e l s2e se t % 
meter e l + 2se 

Sand 0.122 69.41} 8.34 0.310 94.6 
Fe 0.036 8.19 2.86 0.268 94.4 
WP 0.014 2.35 1.53 0.195 95.1 
Awe 0.012 1.68 1.23 0.196 95.3 

t = 2.093; e l 
.. " mean e~timation error; s2e 

= variance of crrllrs; ~e = standard devia
tion of crmrs 

parameters under considerallOJi 
(Table 3). Similar improvement in es
timation precision has been reported 
by Trangmar et al. (1985), Webster 
(1985), Dahiya et al. (1990) and 
Kumar et al. ( 1993). 

By comparing means, variances and 
t-values, we validated kriging for all 
the parameters studied. Validation 
could also be done from mean estima
tion error (e I), variance of errors 
(s2e) and standard deviation of errors 
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(Table 4). These tests were per
formed on both point and block 
krigged values, and validation was 
found to be better for block kriged 
estimates because of their lower 
standard errors. 

Designing Optimal Sampling Strategy: 
The most important application of 
this kind of information is in the 
designing of efficient sampling 
scheme. The standard deviation of 
kriged data was determined, number 
of observations required to get the 
precision with + 10 per cent error at 
different probability levels were cal" 

. culated and compared with that ob
tained by classical method (Figure 3). 
The estimated sample sized was 11 to 
40 and 7 to 20 to get the precision at 
99 per cent confidence level of classi
cal and point kriging methods, 
respectively. However, block kriging 
reduced the sample size 3 to 8 to get 
the same precision for these 
parameters. Hence, to characterize. 
the Haryana soils for their sand con
tent, FC, WP and AWC only 8 
samples would be sufficient instead of 
470 samples. Thus block kriging 
reduced the sampling effort and cost 
considerably compared to other 
methods. 
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