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Abstract: The soil water retention and release characteristics help in modelling hydro-
logical process, irrigation-rainwater management planning, soil-plant-water relation-
ship, crop modelling efc. However, data on soil water retention release characteristics
are not easily available because conventional methods of measurement are very diffi-
cult, time consuming and expensive. Therefore, it is imperative to adopt indirect esti-
mation technique, so called Pedo Transfer Function (PTF). Most of the PTFs reported
are derived from complex mathematical algorithm. It is imperative to develop simpli-
fied approach for PTF. With objective of developing simplified regression-based PTF
model the present investigation was undertaken for the major shrink-swell soils of Jalgaon
district of Maharashtra. Ten soil pedons from representative major physiographic units
namely hill ridges, table land, upper piedmont, lower piedmont, piedmont plain, river
terrace and dissected flood plains were selected for study. The soil properties were
determined according to standard laboratory techniques. The soils belong to the order
of Vertisols, Inceptisols and Entisols. The soils are clayey, slightly acidic to mildly
alkaline in reaction, low to medium in OC content, calcareous and having moderate
shrink-swell potential. The soil water retention at different suctions was determined
using Troxller® pressure plate apparatus. Multiple stepwise regression technique was
used to work out the coefficients for each model developed for soil water content at
different suctions namely -33kPa, -300 kPa, -500 kPa, -1000 kPa, -1500 kPa and soil
properties. The developed PTF indicated that water content at different suctions mainly
depends on sand, silt and BD (bulk density) for swell-shrink soils. The high R?values of
all the developed PTF indicate their applicability in evaluating soil water content from
soil properties for major cotton growing soils of Jalgaon district.
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Introduction

The dynamic crop simulation models often require
input parameters and soil physical properties which are
difficult to measure directly as it consumes a lot of time
and resources. Therefore, efforts have been made to es-
tablish relationship between different easily measurable
parameters and properties that are not available which
are called as pedotransfer function (PTF). Singh ef al.
(2004) reported that soil science discipline needs PTF
development of major soil physical properties through
database management. Several PTFs have been devel-

oped from particle size distribution, bulk density and or-
ganic matter content for soils (Abrol et al. 1968; Bloemen
1980; Briggs and Shantz 1912; Burrows and Kirkham
1958; Gupta and Larson 1979; Kaur et al. 2002;
Mckeague et al. 1982; Patil et al. 2013; Salter et al. 1966).
Analogue approach like k Nearest neighbor (kNN) (Lall
and Sharma 1996; Lakzian et al. 2010; Rajagopalan and
Lall 1999) and Artificial Neural Network (ANN) (Jain
et al. 2004; Minasny et al. 1999; Minasny and Mc Bratney
2002; Schaap et al. 1998) is another alternative preferred
by the researchers. All these methods require complex
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mathematical computation of various constants used in
these methods. Therefore, attempt has been made to de-
velop simplified regression-based PTF model. So far, PTF
for soil water retention at different suctions for shrink-
swell soils of Jalgaon district has not been reported. In
the present study an attempt has been made to develop
relationship between soil moisture content at various soil
moisture suctions and easily measurable soil properties.
The developed PTFs will help for crop growth model-
ing, water management research and determining irriga-
tion scheduling.

Materials and Methods

The study area, Jalgaon district of Maharashtra
lies between 20° and 21° N latitude and 74°55' and 76°28'
E longitude (Official Website 2015). The district has been
divided into seven distinct physiographic units, namely,
hill ridges, table land, upper piedmont, lower piedmont,
piedmont plain, river terrace, dissected flood plains (Fig.
1). Total ten soil pedons of swell-shrink soils represent-
ing each of physiographic unit were selected for the study.
Soil pedons were collected from soil catena (Fig.1) rep-
resentative of major soils of Jalgaon district. The catena
falls in the tehsil of Chopda where most of the catena is
raised. The Particle size distribution (Sand, silt and clay
content) was determined by international pipette method
(Jackson 1979). The bulk density (dry clod) was deter-
mined by clod coating method and organic carbon con-
tent was determined by Walkley and Black method (Black
1965). The water retention characteristics were measured

A.S. Gajre et al.

by Troxller pressure plate apparatus (Jackson 1973) for
moisture content at -33 kPa (field capacity), -300 kPa, -
500 kPa, -1000 kPa and -1500 kPa (wilting point). Dif-
ferent combinations of soil properties and moisture con-
tents at these five matric potential were correlated by re-
gression analysis. The PTFs are classified as point esti-
mation, parametric estimation and physico-empirical
models (Singh 2004). We developed point PFTs, which
usually perform better than the parametric approach
(Tomasella et al. 2003), The following six models were
used for soil water retention studies:

Y=a+b¥c+bFsi ... (1)
Y=a+b¥s+b*d ... 2)
Y=a+b¥c+bFsi+brd ... 3)
Y =a+b *c+b,*si+b,*s e ()
Y=a+b¥c+bFsi+bFs+brd ... (5)
Y =a+b*c+b,si+b¥s+bFo+bd...... (6)

Where, Y is the volumetric water content at a given matric
potential, s is sand (%), si is silt (%), c is clay (%), d is
bulk density (Mg m?), o is organic carbon (%) and a is
constant, while b, b,, b,, b, and b, are the regression
coefficients. Multiple and stepwise regression technique
were used to work out the coefficients in the various
models and evaluate the relative importance of the soil
properties on water retention. The Multiple and stepwise
regression techniques was done SPSS (2004) software

Fig.1. Physiographic units, Jalgaon district, Maharashtra
(P1, P2, P3, P4, P5, P6, P7, P8, P9, P10 — soil pedons (Part of Ph.D work)
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Results and Discussion

The soil morphometric data revealed that Typic
Haplusterts occupies lower topography as observed in
most of the Vertisols of the peninsular plateau. Inceptisol
occupies the higher-elevated topography, whereas, pedi-
ment and piedmont plains are occupied by medium and
deep Vertisols. The soil characteristics namely, sand, silt,
clay, bulk density, organic carbon and moisture retention
at different matric potentials are presented in Table 1.
Entisols (P1) is restricted to 25 cm depth. Sand, silt and
clay content varied from 37.4 to 39.2%, 26.0 to 27.3%
and 33.5 to 36.6%, respectively. Organic carbon (OC)
ranged from 0.44 to 0.53% and bulk density varied from
1.41 to 1.42 Mg/m®. Moisture content at -33 kPa was 43.0
to 45.4% and at -1500 kPa it was 28.4 to 31.7%. The
soils of upper pediment plains (P2, P3) are shallow with
depth varying from 55 to 65 cm. The soils are Typic
Haplustepts and Vertic Haplustepts. The sand content of
these soils varies from 10.6 to 40.1%, silt 17.2 to 25.5%
and clay from 40.9 to 70.0%. OC ranges from 0.26 to
0.55% whereas bulk density varies from 1.29 to 1.42 Mg/
m?. Moisture content at -33 kPa and at -1500 kPa ranged
from 47.1 to 52.1% and 27.3 to 37.0%, respectively. The
lower pediment soils are classified as Lithic Haplustepts
(P4) and Vertic Haplustepts (P5) having depth varying
from 50 to 65 cm. sand, silt and clay content varied from
10.6% to 39.6%, 18.0% to 23.4% and 38.1 to 70.1%,
respectively. OC ranged from 0.13 to 0.54%, bulk den-
sity varied from 1.25 to 1.43 Mg/m® whereas moisture
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content were ranged from 48.6 to 54.4 and 33.6 t0 40.8%
at -33 kPa and -1500 kPa, respectively. The soils from
piedmont plain (P6, P7) were very deep (120 to 140 cm.),
classified as Typic Haplusterts. sand, silt and clay con-
tent ranged from 15.3 t0 27.5%, 19.1 to 26.8% and 47.1
to 64.3%, respectively, OC varied from 0.28 to 0.46%,
bulk density varied from 1.26 to 1.35 Mg/m® and mois-
ture content at -33 kPa and -1500 kPa were ranged from
48.6 to 54.4 and 33.6 to 40.8%, respectively. The dis-
sected flood plain soils are classified as Typic Haplustepts
(P8) having depth up to145 cm. Sand, silt and clay var-
ied from 27.9 to 43.0%, 23.7% to 35.5% and 33.3 to
36.9%, respectively. OC was 0.31 to 0.49%, bulk den-
sity ranged between 1.37 to 1.44 Mg/m*. Moisture con-
tent at -33 kPa ranged between 44.6 to 46.1% and at -
1500 kPa it was 28.8 to 31.4%. The soils of river ter-
races (P9) was deep and classified as Typic Haplustepts
where sand, silt and clay content ranged from 29.2 to
49.9%, 23.2 to 32.5% and 26.9 to 38.3%, respectively.
OC was 0.15 to 0.54 %, bulk density was 1.37 to 1.47
Mg/m? and moisture content at -33 kPa varied between
40.4 to 45.2% and at -1500 kPa it was 24.8 to 30.6%.
Table land soils were shallow in depth classified as Vertic
Haplustept (P10). Sand, silt and clay content varied be-
tween 10.9 to 12.4%, 22.2 to 22.5% and 65.4 to 66.6%,
respectively. OC ranged between 0.54 to 0.57%, bulk
density was 1.33 Mg/m? and Moisture content at -33 kPa
was 39.9% and at -1500 kPa moisture content varied
between 22.3 to 23.3%.
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Table 1. Characteristics of the soils

Moisture content (%)

Depth(cm) (S,;:;d (S,;f) E(;O‘;y 2%():' (M§E3) 33 300 500 -1000  -1500

kPa kPa kPa kPa kPa
Hill ridges

P1: Lithic Ustorthent, Umarti

0-9 39.2 27.3 335 0.44 1.42 45.4 37.6 35.5 32.0 28.4

9-25 374 26.0 36.6 0.53 1.41 43.0 38.1 353 33.1 31.7

Upper pediment

P2: Vertic Haplustept, Dharangaon

0-12 10.6 234  66.0 0.54 1.29 47.1 35.5 32.5 29.7 28.4

12-30 12.0 18.0 70.0 0.50 1.30 48.1 355 32.6 30.6 27.3

30-65 11.5 20.5 68.0 0.44 1.29 47.7 34.8 323 29.7 28.4

P3: Typic Haplustept, Lasur

0-10 30.7 25.5 438 0.55 1.37 52.1 42.7 39.7 37.3 37.0

10-26 39.6 19.5 409 0.29 1.42 51.1 39.1 38.3 36.9 355

26-55+ 40.1 17.2 427 0.26 1.42 49.7 44.0 39.8 39.1 36.9

Lower pediment
P4: Lithic Haplustept, Parola

0-15 39.6 223 38.1 0.27 1.43 48.6 393 37.2 35.0 33.6
15-50 31.1 18.7 50.2 0.13 1.36 54.4 46.2 44.9 422 40.8
P5: Vertic Haplustept, Khadki

0-12 10.6 234  66.0 0.54 1.25 50.0 419 40.6 37.5 36.9
12-30 12.0 18.0 70.0 0.50 1.26 50.4 43.5 41.0 38.1 37.5
30-65 11.5 20.5 68.0 0.44 1.25 50.0 43.1 40.6 37.5 37.4

Piedmont plain
P6: Typic Haplustert, Hated

0-17 16.6 25.6 578 0.46 1.26 54.2 473 44.7 43.5 42.2
17-60 18.2 26.8 55.0 0.44 1.27 54.0 46.9 44.5 419 41.3
60-105 16.5 21.1 624 0.40 1.26 53.6 46.0 43.5 41.0 40.3
105-120 15.3 204 643 0.36 1.26 53.6 45.4 441 41.6 41.0
P7: Typic Haplustert, Hingona

0-15 22.6 26.8 50.6 0.44 1.31 52.4 42.6 43.2 41.8 39.3
15-40 23.8 19.6 56.6 0.43 1.30 553 48.0 45.8 43.2 42.5
40-85 22.3 19.7 58.0 0.40 1.29 55.5 48.4 46.6 45.2 44.2
85-125 22.8 19.1 58.1 0.35 1.29 54.8 48.5 46.4 45.2 44.1
125-140 27.5 254  47.1 0.28 1.35 50.6 441 423 40.1 37.8

Dissected flood plain
P8: Typic Haplustept, Bhava

0-15 43.0 2377 333 0.49 1.44 44.6 36.0 32.8 323 28.8
15-50 29.3 34.7  36.0 0.36 1.38 45.5 36.6 34.5 32.8 31.2
50-95 31.0 32.1 369 0.35 1.39 46.1 37.9 35.0 32.8 31.4
95-145+ 27.9 35,5 36.6 0.31 1.37 44.8 37.8 35.1 33.3 31.0

River terraces
P9: Typic Haplustept, Pimpri

0-15 29.2 32.5 383 0.16 1.37 44.5 36.6 33.8 31.1 29.2

15-30 35.7 324 319 0.15 1.41 42.3 353 32.0 29.6 28.2

30-67 41.4 25.0 336 0.54 1.45 45.2 38.1 36.1 32.8 30.6

67-115 499 232 269 0.52 1.47 40.4 30.3 29.0 26.0 24.8
Table land

P10: Vertic Haplustept, Bodvad
0-14 10.9 22.5 66.6 0.57 1.33 39.9 30.3 26.6 24.1 22.3
14-30 12.4 222 654 0.54 1.33 39.9 30.5 26.7 24.2 23.3
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The summery (range) of soil properties are pre-
sented in Table 2. The sand, silt and clay ranged from
10.6 to 49.9% (mean= 25.69%, Std. Deviation=11.72),
17.2 to 35.5% (mean=24.02 %, Std. Deviation= 5.01)
and 26.9 to 70% (mean= 50.29%, Std. Deviation= 13.86)
respectively. Dry bulk density ranged from 1.25 to 1.47
Mg/m?® (mean=1.34%, Std. Deviation =0.07) while the
range of organic C was 0.13 to 0.57% (mean= 48.59%,
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Std. Deviation= 4.75) of soil. The gravimetric moisture
content of the soil samples varied from 39.9 to 55.5%
(mean= 48.59%, Std. Deviation= 4.75) at -33 kPa, 30.3
to 48.5% (mean=40.25%, S.D.=5.43) at -300 kPa, 26.6
to 46.6% (mean=37.91%, S.D.=5.79) at -500 kPa, 24.1
to 45.2% (mean= 35.66%, S.D.= 5.97) at -1000 kPa
and 22.3 to 44.2% (mean=34.17%, S.D.= 6.29) at -1500
kPa.

Table 2. Mean and standard deviation (SD) of soil water content at different tensions and other soil properties

Mean Std. Deviation Min Max

Matric potential

-33 kPa 48.59 4.75 399 55.5
-300 kPa 40.25 543 30.3 48.5
-500 kPa 37.91 5.79 26.6 46.6

-1000 kPa 35.66 5.97 24.1 45.2

-1500 kPa 34.17 6.29 22.3 44.2
Soil parameter Soil properties

Sand (%) 25.69 11.72 10.6 49.9

Silt (%) 24.02 5.01 17.2 355
Clay (%) 50.29 13.86 26.9 70
0.C. (%) 0.41 0.12 0.13 0.57

Bulk density (Mg/m’) 1.34 0.07 1.25 1.47

Soil water content (%)

The regression equations developed (Table 3)
between the moisture content (V/V) at different suction
and sand, silt, clay, bulk density and organic carbon in
soils are given with their corresponding coefficient of de-
termination (R?) values. The analysis indicated that the
soil moisture content was positively correlated with clay
and negatively with sand contents of soils at all the five
suctions (Fig. 1, Table 3). Relationship of moisture con-

tents at -33 kPa potential with per cent sand and silt con-

tent is quite strong, but with clay, moderate association
was noticed. Relationship of moisture content at -33, -
300, -500, -1000 and -1500 kPa with bulk density is quite
strong while, no variation in trend in moisture content at
various potentials could be explained with organic C con-
tent in soils. Soils with high organic C are expected to
retain more moisture; however, in the present study the
organic C was very low and also had short range of varia-

tion.
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Table 3. Regression equations and R? values of different parameters
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Soil properties Matric potential Regression equations Coefficient of determination

(kPa) R2?

Sand -33 y =-0.674x + 58.47 R2=0.074

-300 y =-0.371x + 40.65 R2=0.029

-500 y =-0.296x + 36.94 R2=0.021

-1000 y =-0.232x + 33.96 R2=0.014

-1500 y =-0.312x + 36.37 R2=0.028

Silt -33 y =-0.446x + 45.71 R2=0.179

-300 y =-0.287x + 35.57 R2=0.096

-500 y =-0.260x + 33.88 R2=0.090

-1000 y =-0.249x + 32.90 R2=0.088

-1500 y =-0.248x + 32.52 R2=0.097

Clay -33 y=1.121x-4.192 R2=0.147

-300 y =0.658x +23.77 R2=0.066

-500 y =0.556x +29.17 R2=0.054

-1000 y=0481x + 33.12 R2=0.043

-1500 y =0.561x +31.10 R2=0.064

oC -33 y =-0.004x + 0.642 R2=0.035

-300 y =-0.005x + 0.625 R2=0.057

-500 y =-0.005x + 0.600 R2=0.058

-1000 y =-0.005x + 0.597 R2=0.067

-1500 y =-0.004x + 0.563 R2=0.055

BD -33 y =-0.008x + 1.735 R2=0.315

-300 y =-0.006x + 1.591 R2=0.241

-500 y =-0.005x + 1.555 R2=0.225

-1000 y =-0.005x + 1.525 R2=0.199

-1500 y =-0.005x + 1.526 R2=0.243

Six multiple linear regression equations with
different combinations of the soil parameters and mois-
ture content at five matric potentials (-33, -300, -500, -
1000 and -1500 kPa) are presented with their coefficient
of determination (R?) and standard error of estimates
(SEE) in Table 4 and Fig. 2. At -33 kPa, prediction im-
proves with the inclusion of more parameters. Clay and
silt together resulted in R*= 0.208, which remains same
with inclusion of sand and improved to 0.738 with in-

clusion of sand+BD and 0.772 with clay+silt+BD and
clay+silt+sand+BD while, it was further improved to
0.799 with clay+silt+sand+BD+OC together. Pore size
distribution contributes maximum in determining the
moisture retention at this potential, which mainly depends
on soil structure and bulk density; thus, inclusion of bulk
density could slightly improve the predictability. How-
ever, in our study, moisture retention characteristics were
determined using sieved and air-dry soil samples and
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hence, bulk density effect might be ignored. Clay, silt
and sand content of soils can be easily determined in the

laboratory, its usability in obtaining moisture content at -

Table 4. Coefficients associated with different soil parameters, coefficient of determination

and Standard error values of different tested models with soil water tensions

practical application like scheduling irrigation.
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33 kPa could be the most simple and quick option in

pl(\)/izgtli(;l Coefficients associated with :
Clay . Sand oC BD constant : SEE
kP Ea gy S gy @) M)
-33 1 0.072 -0.286 - - - 51.856 0.208  4.3658
2 - - 0.695 - —-149.736 231.932 0.738  2.5117
3 -0.673 -0.859 -141.778 293.555 0.772  2.3832
4 ex* -0.359 -0.072 59.038 0.208  4.3658
5 ex -0.186 0.673 -141.778 226.293 0.772  2.3832
6 ex -0.219 0.610 -6.905  -133.852 220.840 0.799  2.2807
-300 1 0.046 -0.263 44.254 0.106  5.304
2 0911 -184.025 264.127 0.796  2.531
3 -0.900 -0.991 -180.146 351.361 0.803  2.536
4 ex -0.309 -0.046 48.862 0.106  5.304
5 Ex -0.091 0.900 -180.146 261.378 0.803  2.536
6 Ex -0.126 0.834 -7.309  -171.756 255.607 0.825  2.429
-500 1 0.037 -0.289 42.975 0.960  5.695
2 1.009 -201.004 282.071 0.824  2.513
3 -0.999 -1.085 -197.308 379.34 0.829  2.522
4 0.037 -0.289 ex 42.975 0.096  5.695
5 Ex -0.086 0.999 -197.308 279.451 0.829  2.522
6 Ex -0.12 0.935 -7.071 -189.191 273.868 0.848 242
-1000 1 0.023 -0.317 42.115 0.090 5.89
2 1.047 -205.78 285.27 0.805  2.729
3 -1.036 -1.132 -201.677 385.927 0.810  2.736
4 Ex -0.341 -0.023 44.446 0.090 5.89
5 Ex -0.096 1.036 -201.667 282.362 0.810  2.736
6 Ex -0.134 0.963 -7.997  -192.498 276.048 0.833  2.616
-1500 1 0.051 -0.312 39.095 0.106  6.149
2 1.082 -217.679 208.882 0.826  2.711
3 -1.069 -1.173 -213.255 402.647 0.832 2711
4 Ex -0.362 -0.051 44.172 0.106  6.149
5 Ex -0.104 1.069 -213.255 295.747 0.832 2711
6 Ex -0.141 0.998 -7.829  -204.269 289.566 0.852  2.596

*ex: excluded from the equation
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In case of predication of moisture at -300 kPa,
R? improved with addition of more parameters. Equa-
tions 3 and 5 performed equally well with same R? (0.803)
and comparable SEE (2.536 for equations 3 and 5, re-
spectively). However, the predictive potential is better
for eq. 6 (R?=0.825 and SEE = 2.429) considering the
comparable validation indices. This function has taken
more parameters as compared to eq. 3 and 5. At -500
kPa potential, soil moisture content could be predicted
most satisfactorily by using eq. 1 (R?>=0.96, SEE=5.695);
inclusion of BD or sand and BD or BD, sand and OC
could not improve the prediction with eq. 3 (R*=0.829,
SEE= 2.522), eq. 2 (R>= 0.824, SEE=2.513) or 6 (R*=
0.848, SEE= 2.42).

The moisture content at -1000 kPa potential,

A.S. Gajre et al.

could be predicted using 2, 3, 5 and 6. However eq. 3
and 5 showed same effect (R?>=0.81, SEE =2.736). Pre-
diction improved with eq. 6 (R*= 0.833, SEE= 2.616),
which can be considered as best equation for moisture
content at -1000 kPa. As indicated by R? values, mois-
ture content at -1500 kPa could be predicted well by equa-
tions 2, 3, 5 and 6. Linearity was the best with equation 6
(R*= 0.852, SEE= 2.596) with inclusion of all param-
eters. At lower potential, i.e. towards the dry end of the
moisture curve, moisture is retained mainly through the
adsorptive forces, and thus related to the specific surface
area and more of texture controlled. So moisture at this
point could be best predicted by clay+silt content of soils.
In either of the case, eq. 6, which included all the five
parameters (% clay, silt and sand, per cent organic C and
bulk density), could be chosen as the best PTE.
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Fig 2. Relations between moisture content at —33, =300, —500, 1000 and —1 500 kPa and %
clay, % sand, bulk density (Mg/ m) and % organic C

Development of PTF's at given matric potentials

Multiple and stepwise analysis were carried out
to develop the regression equations for computation of
moisture retention at different soil moisture tensions. It
is very important to develop pedotransfer functions us-
ing easily measurable soil properties (Das and Singh
1989; Singh er al. 1992). The results revealed that the R?
value at -33 kPa was 0.799 whereas, 0.825, 0.848, 0.833,
0.852 at -300 kPa, -500 kPa, -1000 kPa and -1500 kPa
moisture tensions respectively. The high R? values (highly
significant) for all developed PTFs showed their appli-

cability in evaluating soil water content using minimum
soil properties like dry bulk density (BD), sand, clay,
and OC for shrink-swell soils of Jalgaon district.

The difference in the prediction potential of the PTFs at
given matric potential might be due to role of structure
in influencing the moisture retention at different matric
potential. Considering all the evaluation indices, the
present PTFs are most distantly related to De Jong et al.
(1983). Relatively high sand (10.6 to 49.9%) and silt
(17.2 to 35.5%) content in the evaluation data set re-
sulted in better agreement with Bhavanarayana et al.
(1986).

Table 5. Computation of pedo-transfer function (moisture retention characteristics) from
easily measurable soil properties in Jalgaon district

tlzz/flosiif)l:llr:t Model equation R’ values

-33kPa =220.840 + 0.610*sand - 0.219%silt - 6.905*0C - 133.852*BD R*=0.799

-300 kPa =255.607 + 0.834*sand - 0.126%silt - 7.309*0C - 171.756*BD R”=0.825

-500 kPa =273.868 + 0.935*sand - 0.120%silt - 7.071*0OC - 189.191*BD R”=0.848

-1000 kPa  =276.048 + 0.963*sand - 0.134*silt - 7.997*0C - 192.498*BD R*=0.833

-1500 kPa  =289.566 + 0.998*sand - 0.141*silt - 7.829*0C - 204.269*BD R”=0.852
Conclusion water content at different suctions of swell-shrink soils

The developed PTFs involving minimum num-
ber of easily measurable soil properties like sand, silt,
clay, organic carbon and bulk density with high predict-
ability indicates robustness of the method used to predict

of Jalgaon district. However, more number of data point
can be incorporated for fine tuning the present devel-
oped equations and improving the predictability and ap-
plication efficiency.



52

References

Abrol, I.P., Khosla, B.K. and Bhumbla, D.R. (1968). Re-
lationship of texture to some important soil
moisture constants. Geoderma 2, 33-39.

Bhavanarayana M, Rao, T.V. and Krishna Murti, G.S.R.
(1986). Statistical relationships of water reten-
tion and availability with soil matrix and charge

properties. International Agrophysics 2, 135—
44.

Black, C.A. (1965). Methods of soil-Analysis I and II.
Am .Soc. Agron .Inc, Madison, Wisconsin,
U.S.A.

Bloemen, GW. (1980). Calculations of hydraulic con-
ductivity from texture and organic matter con-

tent. Zeitdchrift fuer Pflanzenenernahrung und
Bodenkunde 143, 581-605.

Briggs, L.J. and Shantz, H.L. (1912). The wilting coeffi-
cient and its indirect measurement. Botanical
Gazette 53, 20-37

Burrows, W.C. and Kirkham, D. (1958). Measurement
of field capacity with a neutron meter. Soil Sci-
ence Society of America Proceedings 22, 103-
105.

Das, D.K. and Singh, C.J. (1989). In Maximizing crop
production in Rainfed and problem Areas. Eds.
D.K. Das & K.R. Sarkar, ISAS, pp 163.

De Jong R., Campbell, C.A. and Nicholaichuk, W. (1983).
Water retention equations and their relationship
to soil organic matter and particle size distribu-
tion for disturbed samples. Canadian Journal
of Soil Science 63, 291-302.

Gupta, S.C. and Larson, W.E. (1979). Estimating soil
water retention characteristics from particle size
distribution, organic matter percent and bulk
density. Water Resources Research 15, 1633-
1635.

A.S. Gajre et al.

http://jalgaon.nic.in/html district_at_a_glance.htm

(accessed on 26 March 2015).

Jackson, M.L. (1973). Soil chemical analysis, Prentice
Hall India Limited, New Delhi.

Jackson, M.L. (1979). Soil chemical analysis-advanced
course. Published by the author, 2" ed., Uni-
versity of Wisconsin, Madison’s.

Jain, S.K., Singh, V.P. and Van Genuchten., M. Th. (2004).
Analysis of soil water retention data using arti-
ficial neural networks. Journal of Hydrologic
Engineering 9, 415-420.

Kaur, R., Kumar, S., Gurung, H.P., Rawat, J.S., Singh,
A.K., Shiv Prasad and Rawat, G. (2002).
Evaluation of pedo-transfer functions for
predicting field capacity and wilting point soil
moisture contents from routinely surveyed soil
texture and organic carbon data. Journal of
the Indian Society of Soil Science 50, 205-
208.

Lakzian A., Mohammad M.B.A., Gorbanzadeh N. N.
(2010). Comparison of pattern recognition, ar-
tificial neural network and pedotransfer func-
tions for estimation of soil water parameters.
Scientia Biologicae 2, 114-120.

Lall, U. and Sharma, A. (1996). A nearest neighbor boot-
strap for resampling hydrologic time series.
Water Resources Research 32, 679-693.

Mckeague, J.A., Wang, C. and Topp, G.C. (1982). Esti-
mating saturated hydraulic conductivity from
soil morphology. Soil Science Society of Ameri-
can Journal 46, 1239-1244.

Minasny, B., and McBratney, A.B. (2002). The neuro-m
method for fitting neural network parametric
pedotransfer functions. Soil Science Society of
American Journal 66, 352-361.

Minasny, B., McBratney, A.B. and Bristow, K.L. (1999).
Comparison of different approaches to the de-
velopment of pedotransfer functions for water



Modeling water retention characteristics

retention curves. Geoderma 93, 225-253.

Patil, N.G,, Tiwari, P., Pal, D.K., Bhattacharyya, T.,
Sarkar, D., Mandal, C., Mandal, D.K.,
Chandran, P., Ray, S.K., Jagdish Prasad,
Lokhande, M. and Dongre V. (2013). Soil wa-
ter retention characteristics of black soils in In-
dia and pedotransfer functions using different
approaches. Journal of Irrigation and Drain-
age Engineering 139, 313-324.

Rajagopalan, B. and Lall, U. (1999). A k- nearest neigh-
bor simulation for daily precipitation and other
variables. Water Resources Research 35, 3089-
3101.

Schaap, M.G, Leij, F.L. and Van Ganuchten, M.Th.
(1998). Neural network analysis for hierarchi-
cal predictions of hydraulic properties. Soil Sci-
ence Society of American Journal 62,847-855.

53

Singh, A.K. (2004). Use of pedotransfer functions in soil
science. 11" Dr. D.P. Motiramani Memorial
Lecture. Journal of the Indian Society of Soil
Science 52, 344-356.

Singh, R., Das, D.K. and Singh A.K. (1992). Prediction
of hydrological characteristics from basic prop-
erties of Alluvial soils. Journal of the Indian
Society of Soil Science 40, 180-183.

SPSS (2004). Statistical package for social sciences. Ver-
sion 13.2. Command Syntax Reference 2004.
(SPSS Inc.: Chicago, IL).

Tomasella, J., Pachepsky, Y., Crestana, S. and Rawla, W.J.
(2003). Comparison of two techniques to de-
velop pedotransfer functions for water retention.

Soil Science Society of America Journal 67,

1085-1092.

Received : June, 2014 Accepted : January, 2015





