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Abstract : Soil characreristics and hydraulic properties of six pedons of Vertrsols of

Upper Wardha command area were studied in relation to irrigation management. The

soils are verl,deep, clayey (52.1 to 65.1 7o), having water dispersible clay of 16.0 to

26.5 7c,coefficient of linear extensibility (COLE) of 0.15 to 0.2'l cm cm-' and saturated

hydraulic conductivity (sHC) of 0.01 to 1.44 cm hr'r. These soils are non-saline (ECe <

4 dS mr) and exchangeable sodium percentage (ESP) and exchangeable magnesium

percenrage (EN{P) ranged from 1.9 to 17.5 and 291 to 46, respectively. Due to

inludicious and faulty irrigation system since 1997, the problems of salt accumulation

and derelopment of sodicity have emerged in these soils. The reduction in the

hy,draulic conducr1.''ity, poor internal drainage and problems of performing agriculture

on a susiainable basis may be attributed to development of sodicity in these soils.

Additional ke1' words: Hydraulic prop e rties, sodic ity, w ater manaS ement

Introduction

Occurrence of salt affected soiis is common in

Vertisols in arid and semi-arid regions. With

expanding canal irrigation, problems of salinity and

waterlogging have emerged rvithin the command areas.

The cause of waterlogging and salinity/alkalinity in

most cases is being ascribed to faulty irrigation water

management. Understanding of physical and chemical

characteristics of soils of the command area are pre-

requisites for scientific management of an irrigation

system. Therefore, the knorvledge of properties of soils

(hydraulic conductivity and drainage) responsible for

controlling water movement through soils, root water

extraction, contribution of ground water table' crop

water use and irrigation scheduling (Srngh et al, 1994)

is a must before undertaking any irrigation water

management programmes. Thus, the present

investigation in Upper Wardha command area was

initiated to analyse the soil characteristics responsible

for waterlogging or soil salinization/ alkalinazation

which will help undertake proper water management

strategies to arrest these degradation processes'

Materials and Methods

The study area of the Upper Wardha irrigation

project lies between 21"10' to 2l'18' N latitude and

78'15' to 78"15' E longitude. Six pedons from Vertisols

occurring in Ashti tahsil of Wardha district,

Maharashtra were selected This comprises the left

bank canal head zone which is the first area to receive

irrigation water. Soils in this command area have

developed from basalt and its alluvrum.

The average elevation of the study area varies

from 320 to 400 m above MSL and the climate is semr-

arid, subtropical with an annual rainfall of 979 mm.

The dominant crops of the area are cotton (Gosst'piunt

spp ), sorghum (Sorghum bicoLor), pigeon pea

(Cajanas cajan), soybean lGll'cine rrax)' sugarcane

(Saccharum fficinarum), wheat (Triticum spp.) and

gram t C ic e r a rieri num ).
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i .rbie 1. Brlef morphometric description of soils
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ilL plh Horizon Munsell
i rir, colour (moist)

Tex- Struc-
hrre ture

Consistence

Dry Moist Wet

Concre- Other Features
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Effer.
vescence

r),15
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d5-75

75- I 05
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{}.10
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i5 55
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t;i -{){)

"{} I:t}

{r. l{)
j0.r1
.11 1t{

,i{ l{xl
irli; l.l0

loYR 3i3
l0YR 3/3

10YR 3/3

r0YR 3/2

10YR 3/3

l0YR 3/3

l0YR 3/1

loYR 3/2

l0YR 3/1

10YR 5/4

10YR 4/2
1OYR 3/2
roYR 3/2

1OYR 3/r
IOYR 3/I

lOYR 3/2

rOYR 3/2
1OYR 3/l
1OYR 3/l

rOYR 3/2

ioYR 3/l
IOYR 3/1

10YR 3/2
l0YR 3/1

l0YR 3/3

lOYR 3/2
rOYR 3/2
1OYR 3/l
1OYR 3il

Slight
Strong
Strong
Violent
Violent

Slight
Slight
SIight
Strong
Violent

Slight
Strong
Strong
Strong
Violent

Slight
Slight
Strong
Strong

Slight
Strong
Strong
Strong
Violent

Stight
Slight
Strong
Strong
Strong

fc
fc
mc
mc
mm

ff
fc
fc

mm
mm

fc
fc
fc
mc
mm

fc
fc
mc
mm

fc
fc
mc
mm
mm

fc
fc
fc

mm
mm

Ap

Bw
Bss I

Bss2

Ap
Bw

Bss I

Bss2

BC

Pedon 1 : Belora (Typic Haplusterts)

Clay 2 m sbk sh fr sssp

Clay 2msbk h fr ssp

Clay 2msbk h fr sp

Ctay 2mabk h fi svp

Clay 2mabk h fi vsvp

Pedon 2 : Kinhala (Typic Haplusterts)

Clay 2msbk h

Clay 2mabk h

Clay 2mabk vh

Clay 2mabk vh

Clay 2msbk h

Ctay 2msbk h

Ctay 2mabk h

Clay 2mabk vh

Ctay 2mabk vh

Clay 2msbk h

Clay 2msbk h

Clay 2mabk h

Ctay 2mabk vh

Clay 2mabk vh

fr sp

fr sp

fi vsvp

fi vsvp

fi svp

fr sp

fisp
fi svp

fi vsvp

fr sp

fr sp

fi svp

fi vsvp

fi vsvp

Well developed
s lickensides
below 75 cm

depth

S lickensides
below 35 cm

depth.

Slickensides
below 60 cm

depth.

Slickensides
below 40 cm

depth

Slickensides
below 65 cm

depth.

S lickensides
below 78 cm

depth.

Ap
AI
Bw

Bss I

Bss2

Pedon 3 : Sujatpur (Sodic Haplusterts)

Clay 2msbk h fr sssp

Clay 2msbk h fr sp

Clay 2mabk h fi svp

Clay 2 m abk vh vfi vsvp

CIay 2 m abk vh vfi vsvp

Pedon 4 : Bharaswada (Typic Haplusterts)

Ap
Bw

Bss I

Bss2

{D
AI
Bu'

Bss I

D55/

Ap
,{i
Bw

Bss 1

Bss2

Pedon 5 : Deogoan (Typic Haplusterts)

Clay 2msbk h fr sp

Clay 2mabk h fi sp

Clay 2mabk h fi svp

Clay 2mabk vh fi vsvp

Clay 2 m abk vh vfi vsvp

Pedon 6 : Chistur (Typic Haplusterts)

i ire site and morphological characteristics of
r':: ,i' :i jrls were recorded and horizonwise soil samples

:,: ii,liecred (Soil Survey Division Staff 1995). The

'r 'rr,rnical composition of soils was estimated by

, , .i i n c internatronal pipette method (Piper 1966).

i , i i'\rillration of saturated hydraulic conductivity, 200

,,: .iir Jrv sample {< 2 mm) dumped in one motion in

:i,' irr:nlreitmeter thal was fitted with a screen and filter

: .r I he permeameter was then tapped I00 times to

: r;n I irniform bulk density. After saturating the soii

'';r distiiied water, the saturated hydraulic

conductivity was measured using the constant head

method of Richards (i954). Water dispersible clay

(WDC) was estimated by U.S.D.A. method (1972) and

coefficient of linear extensibility (COLE) by methods

outlined in Schafer and Singer (1916).

The fine earth fraction was analysed lili pll.

exchangeable cations, catioh exchange crplciti, {(iL('1
according to method outlined by Jackson ( l97lt. I lic

saturation extract of soils was analvsccl tirr ECe and

water soluble cations and anrons (llicharcls i9-5-1i.
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Table 2. Physical properties of soils

Depth Sand
(7o)

VSP
(vr)silt

(Vo)

Clay
(7o\

sIIC
(cm hr'r)

COLE
(cm cm'1)

Water disPersible

ClaY (7o'1

0- 15

l5-45

45-7 5

75- i 05

105- 145

0-20

20-35

35-55

55-75

75- 1 00

0-20

20-31

37-60

60- 1 00

I 00- 145

0-l8

1 8-40

4A-13

T3-t20

0- 18

1 8-40

40-65

65-90

90-1 30

0-20

20-45

45-'78

78- r 00

100-140

8.9

10.0

10.6

9.0

12.1

100

85

111

s.2

16 6

9.5

7.9

10 I

94

10 3

9.0

94

10.5

11.1

11.4

12.'.7

t4.2

13.8

15 3

10.8

1 1.5

13.9

10.9

13.6

36.6

35.8

36.0

346

300

349

35.1

30.6

32.6

29.5

37.8

35.4

21.3

26.8

24.6

34.3

33.2

30.2

26.8

31.0

28.6

26.0

24.6

23.3

5 ).L

3 r.9

27.6

28.3

25.1

0.21

0.20

0.21

0.22

016

0.23

021

0.20

u.l1

0.15

0.20

0.23

0.2s

0.21

0.26

0.20

0.21

0.23

0.23

0.23

0.22

0.21

0.23

0.l9

0. 18

019

0.19

0.20

0.18

17.2

'72.8

15.2

8i.6

68.5

86.1

15.2

12.8

86.1

<, I

12.8

86. l

95.3

100 0

i00 0

'72.8

-/5.2

86.1

86.1

86.1

81.6

7'7.2

86.1

685

64.3

68.5

685

11 I

64.3

16.0

l't.5

16.1

20.5

21.2

1't')

24.5

25.5

26.0

17.3

22.0

2t.5

23;7

24.5

23.2

200

21.-l

22.'1

23.1

25.'7

24.7

25.5

26.5

26.2

L),J

aA <

n.a
24;7

s4.5

, Belora 
?

1.3'7

54.2 1 . 16

53.4 1.12

56.4 0.65

57.9 0.45

Pedon 2 : Kinhala

55. 1 0.52

56.4 0.56

5'7.'7 0.50

58.2 0.3 8

53.9 1.10

Pedon 3 : SujatPur

52.7 0 48

56.'7 0.08

62.6 0.02

63.8 0.01

65.1 0 01

Pedon 4 : Bharaswada

56:7 0 62

5'1.4

59.3

621

0.88

1.34

1.21

Pedon 5 : Devgaon

5'7 6 025

58.7 0.23

59.8 0.25

61.6 0 12

6t.4 0.06

Pedon 6 : Chistur

56.0 l.M

56.6 0.6'7

58.5 1.32

60.8 0.14

61.3

lir



'r iei:l3s aftecting drainage

; 'riiti and Discussion

'',:,::!o.gicai properties

i'abie 1 presents the morphometric properties of
..,iis The depth of the soils varied from 100 to 145

' ,rnci their colour varied from dark brown (10 YR
;]'1r to very dark gray (10 YR 3/1M). The surface

ir r/.ons of all the pedons had subangular blocky
':ri,.rirrre and hard (dry), friable (moist) and sticky
' . r i ,:onsistency (Table i). However, subsurface
,i..,'ns had angular blocky structure and was hard to

:' .i,iirlrc,v (see table-l). These soils showed well
., i,,pcd slickensides (35 cm onwards) with wedge

'1:,1,' il lggrsgates that broke into angular blocks. The
: : ,'i ,, c\cence with dilute HCI was slight in surface
, r,:i jns and strong to violent in subsurface horizons.
Iir. ,r.currence of rron and manganese concretions in
'' i,,rr I lnd 5 reflects the poor drainage condition of

.- .,,;I.

. ; , lt,ittcteristics

I :,: i'irr srcal properties of the soils are presented
':.' ' The soils ,,r'ere clayey and clay content
i irrrr-r 52.7 to 65.loc. The silt and sand content
.r !l'orn 23.3 ro 36.67c and 7.9 to 16.6Vo.

' r., 1:r',:1.,'. The warer dispersible clay ranged
, , i: i(r.(i and 26.57c which increased with depth.
r'i )l I: :rnd volumetric shrinkage potential (VSp)
.,i trr:rri i).i-5 to O.2l cm cm'r and 52.1 to 100 Vo,

, i.,'ir The saturated hydraulic conductivity

,,:,.L.ri with depth. The HC had significant
irr..r'ii)ireliltion ll,ith clay (r= -0.53 at lVo level),

: :, : i . -0 52 ai 1 7o level) and COLE (r= -0.40 at 5To

, , i.,.riltr et aL. 1993).

..,;,,r1 i,ntperties

i lr,- ,:hctrical propertres of the soils are presented
,i,iL' .. i he soils were calcareous and moderately to
,,,'i.,, rrlkliine in reaction with pH ranging from 7.5
. 'l'iic organic carbon content varied from i.7 to
, ".:i The CEC of the soils were high 146.7 to
r:nril(p*)kg'rl due to high clay content and

r::irirrnce of smectite which was evidenced from

95

the CEC/clay ratio (in the order of 0.85 to 1.05). The

base saturation ranged from 84 to 99 Vo. Among the

exchangeable cations, Ca was dominant followed by
Mg, Na and K in all the pedons except in Bss horizons

of pedons 3 and 5, where Mg was found to be

dominant. The exchangeable Ca decreased and

exchangeable Mg increased with depth. The CalMg
ratio was normally betw,een 0.1 to 2.1 .

A1l the soils had ECe less than 4 dSm-r indicating
no salinity hazard (Table 3). However, exchangeable

sodium percentage (ESP) showed a very wide variation
ranging from 1.9 to 17.5 and exchangeable magnesium
percentage (EMP) ranged from Z9.l ro 46.0. The

sodium adsorption ratio (SAR) of the soil saturation

extracts ranged from 1.8 to 14.1.

In the Upper Wardha command area, farmers are

cultivating 2 to 3 crops in a year or grow crops like
sugarcane with canal irrigation. Farmers irrigate the

crops by flooding and most of the sub-canals are

unlined with uncontrolled seepage. The soils in the

area are derived from basaltic alluvium rich in bases

and are potentially able to supply Ca, Mg and Na
cations. Furthermore, the Deccan basalt is rich in
plagioclase feldspars, which is a good source of Na
(Pal et aL. 1989). The introducrion of canal irrigation
accelerated their dissolution. The quality of canal

irrigation water used in this area was C2S1 as per US

salinity laboratory (Richards 1954), indicating medium
salinity and low sodium. Varade et aL. (1995),

Bharambe et al. (1992') and Ray et at. (2000) reported
that the problems of waterlogging and soil salinity are

mainly due to unscientific method of irrigation coupled
with tendency of farmers to over irrigate their land,
topographic situation, aridity of climate, ground warer
rise (Somawanshi and Patil i986) and irs quality
change due to canal seepage and poor drainability of
these soils. Drainage of Vertisols is not good, which is

furtheqaffected due to high sodicity. The presence of
sodium further reduces the hydraulic conductivity and

relative internal drainage class of the soils of the study
area (Table 4). The soil drainage classes were derived
as per USDA Soil Survey Manual (Soil Survey
Division Staff i995). The pedons 1 and 4 having ESp
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'.1,i I ii!-operties affecting drainage

ii ,,,6.5 have been grouped under imperfectly drained

:r.., pedoos 2 and 6 (ESP 4'5 to 11'4) under poorly

:r.Lincci class and pedons 3 and 5 (ESP 4'9 to 17'5)

r,xier very pooriy drained class (Table 4)' Similar

r,::Lrlts were also reported by Kadu et al' (1993) for

rl- ,'l the Purna valleY.

The above results suggest that the hydraulic

li !)perties of the soils of this command area were

.runificantly impaired by the increase in sodium

r'r;oteflt of these soils as shown by the significant

r,,.raiive correlation between HC and ESP (r= -0.73 at

; ';i level) and HC and SAR (r= -0 73 at | 7o level) It

ir:i: been observed that magnesium alongwith sodium

:r :riso responsible for the impairment of HC because

iragnesium is also capable of effective dispersion in

.,ril systems (Balpande et at.1996, Vaidya and Pal

.l{)02) This is also reflected by negative significant

-orrelation between HC and EMP + ESP (r= -0:70 at 1

', level) and positive significant correlation between

i {i-' rnd exchangeable Ca.Mg ratio (r= 0'53 at I Vo

l,-'relr. The correlation indicates that the saturation of

ii,cse soils, not only with Na ions, but also with Mg

:,.rs leads to greater dispersion of clay and thereby

.1,,ggi.t of small pores in the soil ln other words' Mg

','ns tre less efficient than Ca ions in flocculating soil

97

colloids (Rengaswamy et al'1986)' The hydraulic

properties of soils are impaired initially by Mg which

are further aggravated by Na (Kadu et al' 2003)'The

significant positive correlation between WDC and ESP

(r = 0.40 at 5 Vo level) indicate that the impairment of

hydraulic properties was largely due to dispersion of

clay which can be caused by sodium and magnesium'

The general increase of both COLE and WDC and the

decrease of HC with depth suggest that the swelling of

clay smectite, together with dispersion of clay have

adversely affected the hydraulic properties of these

soils. (Balpan de et al, 1996; Kadu et al' 2003)'

These soils have high moisture storage capacity

and very low hydraulic conductivity and thus get

flooded during rainy season' Therefore' Proper

selectton of crops and provision of surface drainage are

essentiai for sustainable crop production There is

possibility of development of perched water table

conditions in some parts within the command area'

Irrigation rvith longer interval are recommended for

these soils. Monitoring of ground water table and

salinity/sodicity of soils are essential in order to take

timely remedial measures in the event of development

of perched water table conditions'

I able 4. ECe, ESP, sHC and drainage class of soils

!tt'rlon ECe
(dS m-1)

sHC
(cm hr-I)

Drainage classESP

F, rnhala

iJelora 0.8 - 1.4

0,8 - 1.2

1.8 - 2.5

0.9 - 1.3

i.r -2.5
i.0 - 1.4

3.8 to 6.5

4.5 to 9.0

1.3to17.5

1.9 to 5.5

4.9 to 16.6

2.1 to I 1.4

0.45 to 1.37

0.38 to 1.1

0.01 ro 0.48

0.62 to 1.34

0.06 ro 0.25

0.29 to 1.44

Imperfectly or somewhat poorly drained

Poorly drained

Very poorly drained

Imperfectly or somewhat poorly drained
5u.1atpur

Llharaswada

{.}gvgaon

L'histur

Very poorly drained

Poorly drained.

.i
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