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Abstract

Ten soils developed under different landforms and parent materials in a micro-watershed of Wunna
catchment were studied for soil properties and also for moisture retention and release characteristics.
These soils show considerable variations in physical and chemical characteristics and also in retention
and release of soil water. The variation in the amount of water retention of soils on basalt as well as
sandstone are attributed to relative proportion of soil separates and type and amount of clay minerals. The
water holding capacity of heavy textured soils are more as compared to light textured soils. The plant
available water capacity of soils on basalt is relatively higher as compared to soils on sandstone
indicating high amount of water storage in the profile during crop growth. The per cent moisture release
was maximum between soil matrix suction of 33 kPa and 500 kPa of basaltic soils (73 to 82 %) as well as
sandstone soils (65 to 87 %). The percent moisture release decreased nearer to wilting point. The release
of soil moisture is gradual between 33 to 1000 kPa matric suction in case of soils on basalt. But in case of
sandstone soils, sudden release is observed between 33 to 500 kPa and therefore sandy soils show
moisture stress during crop growth. The study indicates that the rate of release of moisture in fine
textured soils is more gradual than the relatively coarser textured ones.

Additional key words : Basalt, sandstone, matric suction, micro-watershed.

Introduction

Retention of water by soil colloids against gravitational force is one of the
primary functions of soils for sustaining plant growth under conditions of intermittent
water supply (Biswas and Nath 1982). Information on the water retention characteristics
of soils is necessary to assess water requirement for optimum crop production, soil
water management and planning of irrigation schedules (Das et al. 1974). The amount
of soil water available for crop growth is referred to as plant available water capacity
(PAWC). This is determined by storage capacity of soil, depth and distribution of root
system (Gardner 1984). The knowledge of PAWC is also helpful to evaluate the soil-
site suitability for different crops particularly under rainfed conditions with minimum
risk of crop failure (Sehgal 1996). Water retention and release are influenced to a large
extent by bulk density, texture, cation exchange capacity and organic matter content
(Gajbhiye 1990; Kaushal ef al. 1996; Rakesh ez al. 1998). The quantity, nature of clay
minerals and amount of clay also play a vital role in the water retention of soils (Ali and
Biswas 1971). Such information on water retention and release ts lacking in
agriculturally potential Wunna micro watershed area. Keeping this in view a study
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was undertaken to characterize the water retention and release patterns in Wunna micro
watershed under different parent materials.

Materials and methods

| The study area is a micro-watershed of Wunna catchment (21°1 2" N latitude and
78°45 E longitude) in Nagpur district of Maharashtra state. The climate is tropical dry
sub-humid with well-expressed summer (March to May) and a very mild winter season
(November to February). The annual precipitation is 1127 mm (around 90 % is received
during June to September), which accounts for about 77 per cent of potential
evapotranspiration (1459 mm) and actual evapotranspiration is 829 mm. The soils have
surplus moisture (297 mm) from July to October while soil remains dry from March to
June. The water supply exceeds the water need (PET) for months from June to
September and during the rest of the months the water supply is less than the PET (Fig.

).
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Fig.1. Climatic data and soil water balance




120 Release and retention of soil moisture

Ten pedons representing various landforms viz. bevelled crest, foot slope,
rectilinear slope, concave slope, toe slope (upper sector) and toe slope (lower sector) on
basaltic landform and foot slope, back slope, toe slope (upper sector) and toe slope
(lower sector) on sandstone transect were exposed and horizon-wise soil samples were
collected and processed. Particle size analysis and estimation of organic carbon, cation
exchange capacity and exchangeable cations were carried out as per the standard
procedures. Soil water retention at 10, 20, 33, 100, 200, 300, 500, 800, 1000, and 1500
kPa were determined by using pressure plate apparatus and tension plate assembly
(Richards, 1954). The plant available water capacity (PAWC) was computed using the
following expression:

Z=RD
PAWC (mm)= X (Wmax — Wdry) BD at Wmax x HD
Z=0
Where,

Wmax = Gravimetric water content at 33 kPa tension

Wdry = Gravimetric water content at 1500 kPa tension

BD = Bulk density at Wmax

HD = Horizon thickness (m)

RD = Total rooting depth taken as 1 m or to a depth of root limiting layer

whichever is shallower

Results and discussion

Soil characteristics: The data (Table 1) show considerable variations in physical and
chemical properties of soils formed under different parent materials and landforms of
the watershed of Wunna catchment. The texture of soils on basaltic transect ranges
from clay through clay loam to loam and that of sandy soils ranges from sandy clay to
sandy clay loam. The nature of parent materials influences the soil texture. Bulk density
of air dry soils on basaltic transect ranges from 1.66 to 1.71 Mg m™ and that of
sandstone soils ranges from 1.67 to 1.76 Mg m™. The organic carbon content in basaltic
soils is relatively higher (0.27 to 0.56 %) as compared to those on sandstone soils (0.24
to 0.48 %). Organic carbon content is more in surface horizon and decreases with depth
in all profiles. Cation exchange capacity (CEC) of soils derived from basalt was found
to be more (11.2 to 50.1 cmol kg'') as compared to soils developed on sandstone (5.0 to
20.8 cmol kg™). This variation in CEC is likely due to the amount and nature of clay
content. Higher values of CEC of black soils are due to the dominant clay mineral such
as smectite and relatively lesser CEC values of sandstone derived soils are due to the
presence of kaolinitic minerals as dominant clay minerals in these soils
(Chinchmalatpure and Sehgal 2000). The PAWC of soils on basaltic landscape is
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l relatively higher as compared to soils developed on sandstone (Table 3) indicating
higher amount of water storage in the profile during the crop season. The PAWC values

' for the soils on bevelled crest, back slope and rectilinear slope of basaltic transect are
less due to shallow depth and comparatively less amount of clay content.
I; Table 1. Physical and chemical properties of soils
' Moisture retention | pH —
o~ -
;\a _ E - (wt/wt) '{‘: E _:
. L s |8 |% |28 2 1g% |22
£ |&8 |3 (& |8 |2z S | S |BE
33kPa | 1500kPa
] Soils on basalt transect
4 Pedon 1 (Lithic Ustorthent s) { Bevelled crest)
Al 0-0.06 529 31.7 15.4 1.67 212 9.6 6.7 6.5 10.0 17.2
: AC 0.06-0.15 730 164 106 1.65 18.2 9.3 7.2 5.0 17.0 11.5
Pedon 2 (Lithic Ustorthents) (Foot slope)
Al 0-0.10 310 44.0 25.0 1.60 30.1 164 6.7 5.6 18.0 264
¢ Pedon 3 (Lithic Ustorthents) (Rectilinear slope}
Al 0-0.14 508 318 174 160 218 14.2 81 44 520 17.0
AC 0.14-0.24 55.2 279 169 1.52 24.0 15.7 8.0 38 45.0 14.9
Pedon 4 (Typic Haplusterts) (Concave slope).
Ap 0-0.14 13,6 349 5LS 1.7 40.7 258 74 53 17.0 47.0
4 A 0.14-0.28 134 313 493 1.76 39.8 264 7.5 35 19.0 50.1
Bssl  0.28-0.50 120 352 528 L.76 443 282 7.5 38 30.0 44.1
Bss2 0.50-0.71 13.9 342 519 1.73 47.2 29.4 1.6 29 40.0 45.5
Ct 07109t 366 373 261 175 422 20.0 79 08 51.0 289 -
C2 - 051-1.06 257 455 318 1.44 29.8 30.1 83 0.2 101.0 317
[ Pedon 5 ( Typic Ustochrepts) (Toe slope)
Ap 0-0.11 464  33.1 19.1 1.40 26.7 16.2 80 6.0 148.0  23.1
B 0.11-034  34.1 29.7 36.2 1.43 283 17.3 83 54 218.0 30.5
BC 0.34-065 635 142 223 142 213 15.6 83 4.2 129.0 18.6
C 0.65-0.93 57.3 139 288 144 227 15.2 8.2 4.0 154.0 22.8
Pedon & (Typic Haplusterts) (Toe slope) ' :
Ap 0-0.14 15.0 44.1 409 1.6} 45.9 271 73 56 40.0 38.7
A 0.14-043 13.6 42.1 433 1.87 473 287 13 50 69.0 41.8
Bss 0.43-0.59 12.7 47.8 49.5 1.67 50.9 30.8 7.5 18 98.0 39.1
Cl 0.59-0.81 39.8 313 289 L60 37.0 240 1.9 23 750 L8
Soils on sandstone transect
Pedon 7 (Lithic Ustorthents) (Foot slope) .
A 0-0.05 68.9 111 200 166 11.6 58 6.7 53 10.0 17.2
AC 0.05-020 64! 106 253 168 30.6 12.8 66 4.7 10.0 30.8
Pedon 8 ( Lithic Ustochrepts) (Back slope) .
A 0-0.12 883 41 . 16 1.65 20 1.0 6.9 1.2 - 6.9
B 0.12-:030 642 79 279 169 10.1 4.9 6.2 29 -— 124
BC 0.30-042 746 5.5 199 1.67 103 4.6 b 29 - 9.8
Pedon 9 ( Typic Ustochrepts) (Toe slope- upper sector)
A 0-0.09 765 115 120 168 73 1.9 57 42 - 5.0
B 0.09-0.28 73.1 10.7 162 1.67 7.1 238 60 46 - 6.4
BC 0.28-050 672 10.7 22.1 1.69 6.9 4.5 5.9 2.6 —ea- 10.0
C 0.50-066 699 91 210 1.68 134 8.2 6.1 1.1 - 9.1
Pedon 10 ( Typic Ustochrepts) (Toe slope- Lower sector)
A 0-.022 663 131 206 168 99 4.5 64 40 - 13.3
BA 0.22-0.44 58.4 13.2 284 1.68 144 73 6.1 4.8 - 15.7
- B 044-073 585 50 365 183 179 107 66 4.5 -— 193
BC 0.73-094 554 9.0 356 179 194 10.0 6.7 2.6 - 19.5

C 094-1.15 568 8.0 350 17 18.2 10.6 6.6 1 s 18.3
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Moisture Retention: The soil moisture content versus matric suction relationship
(moisture characteristic curve) indicates the behaviour of the soils for progressive
release of moisture on increasing soil-water suctions. The study of moisture retention
characteristic curve helps to assess the availability of moisture to plant during the plant
growth period. Soils developed on basalt are fine textured with dominance of
montmorilionitic clay and retain high amount of moisture at different soil-water suction
as compared to relatively coarser textured soils on sandstone having dominant clay
mineral as kaolinite (Chinchmalatpure and Sehgal, 2000). Thus it is evident that the
texture of the soils, amount and nature of clay influence the water retention in these
soils (Table 2). Similar results were also reported by Velayuthum and Raj (1977),
Challa and Gaikawad (1987), Diwakar and Singh (1992), Srivastava et al. (1998).

Table 2. Regression equations of 33 kPa, 1500 kPa and AWC with soil properties

Regression equation | R’
Y (33 kPa) = 53.56 — 0.592 X (sand) 90.33
Y (33 kPa) = 4.37 + 0.887 X (silt) 78.38
Y (33 kPa)=1.15 + 1.019 X (CEC) 86.60
Y (1500 kPa) = 32.61 — 0.372 X (sand) 89.19
Y (1500 kPa) = 2.16 + 0.536 X (silt) 71.24
Y (1500 kPa) = - 0.72 + 0.657 X (CEC) 89.38
Y (AWC) =20.89 - 0.219 X (sand) 79.75
Y (AWC) =2.22 +0.348 X (silt) 77.49
Y (AWC) =1.877 + 0.361 X (CEC) 69.63

The data (weighted average) (Table 3) on moisture retention showed that
moisture retained at 33 kPa in soils on basalt at different topographic positions varies
from 32.2 to 77.4 cm*/cm® whereas it varies from 13.2 to 30.7 cm’/cm® in soils on
sandstone. The moisture content of these soils at 1500 kPa varies from 15.5 to 47.3
cm’/cm® and 6.2 to 17.7 cm’/cm’, respectively for basaltic and sandstone soils. These
variations are attributed to the relative proportion of soil separates and type of clay
minerals because the water holding capacity of heavy textured soils derived from basalt
was observed to be more as compared to light textured soils derived from sandstone

(Fig. 2).

The basaltic soils at bevelled crest have sandy loam texture with moisture retention
at 33 and 1500 kPa are 32.2 and 15.5 cm3/cm™, respectively (Table 3). The soils at foot
slope on basalt, which are loamy in texture, have moisture retention of 48.1 cm’em™ at
33 kPa and 26.1 cm’cm™ at 1500 kPa. The soils at concave slope on basalt, which are
clayey in texture, have the moisture retention of 72.9 and 42.9 cm’cm™ at 33 and 1500
kPa, respectively. The soils on sandstone with texture ranging from sand to sandy clay
loam have the moisture retention ranging from 13.2 to 30.7 cm’cm™ at 33kPa and from
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6.2 to 17.7 cm’cm™ at 1500 kPa. This is relatively less than soils on basaltic parent
materials at all landforms.

Table 3. Moisture retention (cm’cm™) at different matric suctions (weighted average) and
plant available water capacity of soils.

Pedon | PAWC Soil-water suction (kPa) at
No. (mm)

10 |20 {33 [100 [200 [300 [s500 {800 | 1000 | 1500

1 21.6 507 397 322 276 229 203 192 18.1 163 155
2 17.2 706 58.7 481 416 337 333 321 289 262 26.1
3 28.3 528 41.2 355 281 263 258 242 232 225 216
4 2178 956 828 729 628 534 521 514 477 434 429
5 1108 518 374 343 294 265 260 250 222 208 199
6 166.6 981 852 774 654 579 554 538 515 485 473
7 209 440 352 307 272 232 220 212 187 185 177
8 28.1 19.2 157 132 105 9.1 8.6 1.7 7.2 6.7 6.2

9 50.3 218 209 154 148 106 104 99 8.5 7.8 7.0

10 1268 387 324 282 220 194 18.1 175 169 163 154

Moisture release : The per cent release of soil moisture is also affected by the nature of
soil properties and relative proportion of soil separates. The maximum per cent i.e. 73
to 82 per cent and 65 to 87 per cent release of moisture from the soils on basaltic and
sandstone transects, respectively are mostly from 33 kPa to 500 kPa. The release of
moisture from 500 to 1000 kPa is 15 to 24 per cent and 9 to 21 per cent for basalt and
sandstone soils, respectively and release of soil moisture decreases nearer to the wilting
point. Thus in general, it is observed (Table 4) that the per cent release of soil moisture
is maximum between 33 kPa and 500 kPa soil water suction followed by 500 to 1000
kPa and negligible per cent between 1000 to 1500 kPa. With respect to soils, it is also
observed that the release of soils moisture is gradual in case of clay soils from 33 to
1000 kPa but in the case of sandy soils sudden release of soil moisture is observed
between 33 to 500 kPa and therefore these soils show moisture stress during crop
growth (Chinchmalatpure et al. 1999). The study therefore indicated that the rate of
release of moisture in relatively fine textured soils is more gradual than the relatively
coarser textured ones. Similar results were also reported by the Biswas and Mukharjee
(1987) and Walia et al. (1999).

Table 4. Per cent soil moisture release between different soil-water suctions of soils on
basalt and sandstone

Soil-water suction Soils on basalt Soils on sandstone
rangg

Pedon No. 1 [2 J3 |4 |5 |6 |7 [8 |9 | 10
33 kPato 1500 kPa 100 100 100 100 100 100 100 100 100 100
33 kPa to 500 kPa 78 73 82 74 81 79 87 78 65 79
500 kPa to 1000 kPa 18 26 15 24 15 17 9 15 21 11

1000 kPato 1500 kPa 4 1 2 2 3 3 3 7 13 9
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