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Abstract: Alkali soils are wide spread in the Indo-Gangetic alluvial plains. They mostly have vel)! high pH and 
excessive sodium carbonates and bicarbonates and are unfavorable to plant growth. High degree of sodium 
saturation leads to soil compaction. The availability of Ca, Mg, Fe and Mn is reduced considerably as these 
elements precipitate into nodular forms due to high pH. The plantation of Prosopis juliflora in these soils showed 
a marked improvement in morphological, physio-chemical and water transmission characteristics. They, in 
general, have low productivity but respond favourably to chemical and biological reclamation (Key words: 
Salinity, nodular forms, infiltration, pore spaces). 

Favourable climatic conditions and good soils 
make the Indo-Gangetic plain most productive agri­
cultural region. However, large acreage of this re­
gion is lying waste as a result of soil alkalisation. In 
order to improve the productivity of such type of land 
and to bring them into the production system on 
sustainable basis, it is important to study these soils 
for their distribution, characterisation and product­
ivity potentials. 

MATERIAL AND METHODS 

Salt affected soils in Etah district of Uttar Pradesh 
have been identified, demarcated and mapped us­
ing IRS - LlSS-1I false colour composite satellite 
images for the period of Feb. 1991. A physiographic 
approach using photo elements of tone, texture, 
pattern and landuse with a judicious ground truth 
and field correlation was used in mapping salt af­
fected soils. During field survey, the representative 
soil profiles were studied for morphology, and hydro­
logical and drainage conditions. Horizonwise soil 
samples were collected and analysed for various 
constituents following standard analytical proce­
dures. The effects of biological amelioration in two 
sets of alkali profiles were studied with Prosopis 
ju/it/ora. 

* NBSS & LUP Nagpur - 440 010 

RESULTS AND DISCUSSION 

Mapping Alkali Soils: Satellite data has consid­
erably eased the mapping of alkali soils on a small 
and medium scale (Sharma & Bhargava 1988; 
Dwivedi et al.1987). The alkali soils with poor or no 
vegetative growth and with salt crust on the surface, 
are highly reflective and are recorded in a clear white 
tone on the satellite image which facilitates, its 
demarcation conveniently. Spectral similarity of salt 
affected and droughtly soils, on the FCC can be 
overcome by integration of thermal band data 
(Saxena et a/1991). The Indian Remote Sensing 
satellite LlSS-Il-FCC on paper format can be used to 
locate and map the alkali soils on 1 :50,000 scale 
while the digital analysis has the potential to map the 
alkali soil in great details (Venkataratnam & Rao 
1977) 

Characteristics : The alkali soils have the domi­
nance of sodium salts mostly of bicarbonates and 
carbonates. They have high exchangeable sodium 
(15 or more), and high pHs (> 8.5), and EC of 
saturation extract < 4 dSm·1 . They occupy 
microdepressions of the alluvial plain. Slope gradi­
ents generally remain 1 to 3 per cent (Sharma & . 
Bhargava 1978). In villages such soils remain de-



AGROPEDOLOGY, 5; 1995 80 

TABLE 1. Morphological characteristics of alkali soil from village Nangla Beach, Etah (U.P) 

Depth Horizon Colour Mottling CaC0
3 

Fe-Mn Texture Structure Root 
(cm) (%) nodules (%) 

0-18 A Yellowish brown Nil SI Platy Very few 
18-44 BA Olive brown Nil Sci sbk Very few 
44-68 Btl Olive brown 5.0 1.5 Sci sbk Nil 
68-98 Bt2 Olive brown 12.4 2.0 cl sbk Nil 
98-130 BC Olive brown Brownish yellow 14.7 2.0 Sci abk Nil 
130-160 CK Grayish brown Brownish yellow 31.0 1.0 I abk Nil 

Topography: Gently sloping low lands; Drainage: Imperfect SI = Sandy loam; Sci = Sandy clay loam; I = loam; Sbk = Subangular 

blocky; abk = Angular blocky. 

TABLE 2. Physico-chemical characteristics of alkali soil from village Nangla Beach, Etah (U.P.) 

Detph pH ECe ESP C03+ 
(cm) dSm" HC03 

(me \"') 

0-18 10.5 6.4 64 21 
18-44 10.5 4.9 95 23 
44-68 10.4 5.0 70 27 
68-98 10.5 6.7 82 21 
98-130 10.3 1.5 46 8 
130-160 9.6 1.0 39 nil 

void of vegetative cover with stray trees of Acacia 
niJotica and Prosopis cineraria. But in protective 
enclosures of the coarse grasses like Dab. 
sporoboJus marginatus and DipJachne fusca are 
established well. Yellowish brown to olive brown 
matrix colour and presence of mottles (Table 1) in 
these soil indicate excessively wet environment in 
subsoil. Soil texture vary from sandy loam in the 
surface to clay loam or sandy clay loam at depth of 
40 to 90 cm. Surface soil has platy structures fol­
lowed by subangular to angular blocky structure in 
the subsoil. Due to the presence of white salt crust. 
the surface soil (in dry state) remains fluffy and 
loose. Horizons underlying the surface. become 
extremely hard and compact on drying. A calcic 
horizon with large calcium carbonate nodules exists 
usually below 1 m depth (Table 1 & 2). 

Limitations: The high degree of compaction caused 
by the collapse of structural aggregates and sealing 

BD Hyd. Cu Mn Fe Zn 
(gcc") condo ------------------(ppm )--------------------

(cm hr"') 

1.6 0.002 0.9 6.5 21 0.7 
1.6 0.002 0.8 7.8 35 0.6 
1.7 0.001 0.6 8.4 22 0.4 
1.7 0.002 0.4 7.4 19 0.4 

1.5 0.004 0.3 5.0 8 0.3 
1.4 0.010 0.3 5.5 6 0.2 

of micro and macro pores is the most important 
physical limitation in alkali soils. Because of the 
compaction the alkali soils exhibit nearly impervious 
characteristics with extremely slow infiltration. The 
surface horizon becomes most limiting when it has 
high pH. ESP> 15 or more and high carbonates with 
platy structure (Table 2). A calcic horizon with 20 to 
30 per cent of calcium carbonate nodules exists at 
around 1 m depth has thickness of 30-40 cms (Table 
1). The intranodular soils is generally loamy sand or 
sandy loam in texture and readily pervious to roots 
and water (Table 2). 

Alkali soils have varying amounts of sodium 
carbonates and bicarbonates and a high degree of 
sodium saturation with pH often exceeds 10 (Table 
2). causing unfavorable environmentto plant growth. 
Soluble and exchangeable calcium and magnesium 
precipitate in such high pH (> 1 0) environment as 
calcium carbonate rendering soils deficient in these 
elements. The availability of trace elements except 



PRODUCTIVITY POTENTIAL OF ALKALI SOILS 81 

TABLE 3. Effect of Prosopis juliflora on morphologic~1 characteristics of alkali soil over a period of 7 years at Etah (UP). 

Depth Colour Structure Pores Roots 
(cm) 

0-11 Light yellowish brown Platy Common fine Few fine 
(0-8)* (Light brownish gray) (Sbk) (Many fine, medium (Common fine) 

11-41 Light olive brown Sbk Common fine F,ew line 
(8-37)* (Olive brown) (Sbk) (Many fine, medium) (Many fine, medium) 

41-100 Olive brown Few fine Very few 
(37-100)* (Dark grayish brown) (Many fine, medium) (Many medium, coarse) 

* Figures in paranthesis denote Alkali soils planted with P. juliflora. 

TABLE 4. Effect of Prosopis juliflora on physico-chemical characteristics of alkali soil, over a period of 7 years at Etah (U.P) 

Depth pH ECe ESP Ca+Mg CO + Org. CaC0
3 

Clay CEC 
(cm) dSm·' Hc63 Matter 

<-----mer'-------> % % % Cmol kg·' 

0-11 10.5 14.8 96.0 0.9 262.0 0.4 0.4 13.6 7.0 
(0-8)* (7.4) (1.2) (2.0) (6.0) (6.0) (1.4) (0.1 ) (13.5) (5.0) 

11-41 10.3 12.3 76.0 1.5 200.0 0.4 0.8 15.7 9.5 
(8-37)* (7.9) (0.4) (2.0) (2.5) (3.0) (0.9) (1.0) (17.2) (6.3) 

41-100 10.1 8.4 66.0 1.7 70.0 0.3 8.4 22.0 8.6 
(37-100)* (9.0) (1.5) (32.0) (1.8) (10.6) (0.8) (11.5) . (21.0) (9.5) 

100-141' 9.6 2.0 58.0 1.2 14.8 0.4 58.6 21.0 7.3 
(100-137)* (9.7) (1.9) (60.0) (0.9) (11.6) (0.8) (64.5) (22.0) (8.5) 

* Figures in parentheses denote alkali soil planted with Prosopis juliflora. 

molybdenum and boron, also decreases due to high 
alkalinity and calcareous environment. The recla­
mation of surface soil by amendments improves 
infiltration and percolation leading to greater ground 
water recharge and reduces run off. The excess 
water accumulated on the surface is often required 
to be drained and is to be accomplished through 
shallow ditches dug along the natural slope gradient. 
A shallow ground water which seldom rises to a 
depth of less than 2 to 3 m and is receding each year 
due to more withdrawal than recharge in parts of 
Punjab and Haryana states, does not limit'aerable 
farming at present. On the contrary in parts of Uttar 
Pradesh where ground water table prevails within 1 
m and is not noticeably utilised for irrigation, a 
vertical drainage through a networkofdeeptubewells 

is necessary to alleviate limitations to several crops 
due to excessive wetness on initiation of ameliora­
tion programme. 

Amelioration of Alkali Soil :The morphological and 
physico chemical characteristics of soils planted P. 
juliflora showed marked improvement over the origi­
nal alkali soil (Table 3 & 4). The soil colour has 
changed from light yellowish brown to olive brown 
upto the middle of profile. Darkening of soil colour is 
due to an increment in the soil organic matter con­
tent. Soil structure in the surface has changed from 
platy to subangular thus allowing more water to 
percolate down the soil depth. Soil porosity has 
changed from common to fine pores to many fine 
and medium pores upto 1 00 cm depth. The magni-
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tude of the plant roots has increased manifold. The 
original alkali soil contain very few fine roots upto a 
depth of 41 cm while the P. juliflora planted soil have 
many to abundant medium and coarse sized roots 
proliferating upto 100 cm depth and below. The 
value of soil pH, EC, ESP and carbonates plus 
bicarbonates have found decrease significantly while 
the values of calcium plus magnesium and organic 
matter have found improved substantially. The im­
proved porosity, deep and extensive root prolifera­
tion, increased organic matter and reduced soil ESP 
has lessened the soil compactness as evidenced by 
decreased values of soil bulk density from 1 .7 to 1 .5 
gcc·'. Combined effect of all these clearly reflected 
in the enhanced hydraulic conductivity of the soil 
from the original value 0.002 and 0.001 to 1.12 and 
065 cm hr' for surface and middle layer respec­
tively. The soil contain a compacted calcium carbon­
ate concretion layer between 100 to 147 cm depth 
restricts root penetration. However, on planting 
Prosopis juliflora, the hard layer becomes more 
porous so that roots of the plant penetrate easily. 

Productivity Potential of Alkali Soil : The alkali 
soils usually remain untapped storehouse of inter­
mediate products of weathering. Unless reclaimed, 
they have low productivity but their potential produc­
tivity is excellent (Sharma 1987). Soil depth and 
rooting zone is not limiting. Sandy clay loam textures 
provide excellent moisture storage characteristics 
and the illite mineralogy imparts favourable soil 
physical characteristics and the illite mineralogy 
imparts favourable soil physical characteristics and 
soil workability over a wide range of moisture con­
tent (Baver 1962). Due to calcarious nature, abun­
dance of mica and relatively fresh assemblage of 
other minerals, the soil has an abundant nutrient 
reserve. Afterreclamation, these soils produce about 
8-10 t ha" of food grains annually (Swarup & Singh 
1989). Singh et a/. (1983) reported a biomass pro­
duction of 52 t ha" from Prosopis juliflora in the 
sixth year plantation on alkali soil at its Kamal. The 
presence of native calcium carbonate as discrete 
nodules throughout the sequum isthe greatest asset 
of these soils. It makes use of any acidifying amend­
ment like sulphuric acid or pyrite· for reclamation. 

The favourable soil texture imparts high mechanical 
stability and as a result the drains dug in, near 
vertical walls are unlikely to cave in. 

REFERENCES 

Baver, L.D. (1962) Soil Physics (3rd edtn), John Wiley 
and Sons, Inc. New York. 

Dwivedi, RS., Venkataratnam, L. & Karale, RL. (1987) 
Monitoring salt affected soil from space borne multi­
spectral and multitemporal data. Proc. Natt. Symp. 
Remote Sens., in Land Transformation and Manage­
ment. ISRS. Dehradun 65-70. 

Saxena, RK., Verma, K.S. & Barthwal, A.K. (1991) 
Assessment of land degradation hazards, Etah 
distirct, Uttar Pradesh using landsat data. 
Photonirvahak, J. Indian Soc. Remote Sens. 19(2): 
83-94. 

Sharma, R.C. & Bhargava, G.P. (1978) Soil Survey of 
the Operational Project for the Reclamation of Alkali 
Soils. Rpt. no. 8: Div. Soils and Agr. CSSRI, Kamal 
pp.1-70. 

Sharma, RC. (1987) Actual and potential productivity 
of salt affected soils in Haryana. Curro Agric. 11: 25-
29. 

Sharma, RC. & Bhargava, G.P. (1988) Assessment 
and Monitoring of Alkali soils in Haryana India, using 
satellite imagery. Soil Survey Land Evaln. 8: 86-93. 

Singh, G., Singh, NT & Tomar, O.S. (1993)Agroforestry 
in salt affected soils Bull. 17:CSSRI, Kamal, pp 1-65. 

Swarup, A., & Singh, K.N. (1989) Effect on 12 years 
rice-wheat croping sequence and fertilizer use on 
soil properties and crop yield in sodic soil. Field Crop 
Res. 21:277-287. 

Venkataratnam, L. & Rao, K.R (1977) Computer aided 
classification and mapping of soils and soil limita­
tions using Landsat multispectral data. Proc. symp. 
Remote Sens. for Hydrology, Agri. and Mineral Re­
sources. SAC, Ahmedabad 101. 


