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Soil salinity and soil alkalinity are two major land degradation processes in agricultural lands and both adversely

affect the crop yields. The genesis of salt-affected soils and poor quality groundwater is natural process and it is

influenced by parent material, mineralogy, topography and human activities. Inefficient irrigation water

management including canal network losses leads to the waterlogging and soil salinity/alkalinity while use of

poor quality waters for crop production without due consideration to its chemical composition and leaching

requirement of soil is responsible for soil salinization and alkalization in semi-arid and arid regions. Management

of such soils includes reclamation through chemical amendment; salt leaching; improved agronomic, irrigation

water and nutrient practices; alternate land uses; and use of salt-tolerant varieties. Solute transport in case of

alkalinity is reactive and hence addition of chemical amendment is an important requirement for its reclamation.

Similarly, solute transport in saline soils is non-reactive and leaching of soil mass by good quality water is

sufficient for reclamation. In case of waterlogged saline soils, leaching along with water table control in root

zone is a necessity. Percentage of organic carbon and availability of different nutrients for crop production in

saline and alkali soils are influenced by chemical reactions taking place at the soil exchange complex and

resultant chemical equilibrium among soil solution, adsorbed and precipitated/solid phases. Lesser amount of

particular cation/anion in soil solution due to excess adsorption or excess leaching creates problem of deficiency

of that nutrient and crops respond to its application through fertilizer. On the other hand, excess amount of

particular cation/anion in soil mass creates problem of toxicity. Nutrient management of different crops with

reference to different macro- and micro-nutrients is guided by the above-mentioned soil chemical processes

and is standardized through field experiments conducted at different places in India.

Key Words:  Management of salt affected soils, nutrients, saline water, alkali water

*Corresponding author: mj.kaledhonkar@icar.gov.in

Indian Journal of Fertilisers 15 (5) : 566-575, May 2019

M.J. Kaledhonkar*, B.L. Meena and P.C. Sharma
ICAR- Central Soil Salinity Research Institute, Karnal, Haryana

8 6

Introduction

In India, 6.73 million hectares (Mha) of area has been
characterized  as  salt-affected by ICAR-Central Soil
Salinity Research Institute (CSSRI), out of which 3.77
M ha is alkali and the remaining 2.96 M ha is saline,
threatening  the  livelihood security of farming
community.  Distribution of the alkali-affected area
among different states reveals that it is a serious
problem across 11 states in India. Uttar Pradesh,
having the largest alkali area of 1.35 Mha, accounts
for 35.75% of the total alkali-affected area followed by
Gujarat (14.36%), Maharashtra (11.21%), Tamil Nadu
(9.41%), Haryana (4.86%) and Punjab (4.02%).  These
six  states  account for  about 80%  of  the  total  alkali
lands of India.  Extent  of   saline lands in India is
estimated at 2.96 Mha. This estimate does not
segregate  soil  salinity  associated with subsurface
water-logging and soil salinity due to irrigation by

saline groundwater. State-wise distribution of saline
soils in India reveals that soil salinity is a serious
problem across 13 states of the country  with  Gujarat
having largest area of 1.68 Mha (i.e., 56.84%  of  total
saline soils) followed by West Bengal (14.92%),
Rajasthan (6.61%) and Maharashtra (6.23%) (Sharma
et al., 2015).

The ground water survey in India indicates that
different states use poor quality water in the range of
32 to 84% of the total ground water developed.
Groundwater of arid regions is largely saline and in
semi-arid regions it is alkali in nature. These
groundwater resources are used solely or in
conjunction with canal water for irrigation purpose.
Indiscriminate use of the poor quality waters for
irrigation deteriorates productivity of soils through
salinity, alkalinity and toxic effects. In addition to
reduced  productivity,   it  deteriorates the soil quality
and quality of produce and also limits the choice of
cultivable crops (Minhas and Gupta, 1992). Some
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exchangeable sodium and its replacement by calcium.
It is accomplished by the application of gypsum or
any other chemical amendment including several
industrial wastes such as phospho-gypsum, distillery
spent wash (DSW) or using organics. The details of
technological packages including nutrient
management issues are given below.

Reclamation through Gypsum

The reclamation process is initiated by proper land
levelling providing strong bunds on all sides of the
farm to control ingress of water from the adjoining
unreclaimed areas. The on-farm development works
including farm layout with irrigation and drainage
channels should be completed by early summer before
the on-set of rains. Although the amount of
amendment to be applied, is based on soil analysis, as
a thumb rule, 12-15 t gypsum ha-1 (50% of gypsum
requirement of  0-15 cm soil as per soil analysis) is
sufficient enough to reclaim upper 15 cm soil layer of
a highly deteriorated soil (pH as high as 10.7) for
successfully growing rice-wheat crops in a rotation.
The dose can be reduced to half, if 10-15 t FYM ha-1  is
applied along with gypsum or salt-tolerant rice and
wheat varieties are used in the first 3 years of
cultivation. The amendment is uniformly spread in
the whole field and thoroughly mixed within 10 cm
top soil layer, followed by ponding of irrigation rain
water for about 7-10 days to promote leaching and
create conducive environment for ionic reactions at
the soil exchange complex. After disappearance of
excess water, land is properly cultivated and fertilized.
As far as possible, reclamation should start with rice
as the first crop. Rice is transplanted with puddling,
ensuring 3 to 4 seedlings per hill and maintaining 15
to 20 cm distance between the hills. Seedlings, raised
in normal/good soil nursery should be preferred for
use. The normal crop management practices should
be followed. Submerged condition is to be maintained
during rice crop. Wheat or berseem is the best option to
continue the reclamation process during rabi season.
Recommended crop varieties should be planted at the
appropriate time. It is desirable to go in for a green-
manure crop during summer. It improves soil physical
conditions and also saves about 60-70 kg ha-1 of
fertilizer N in the following rice crop. Light and
frequent irrigations to wheat crop, keeping total
quantity of irrigation water same, are recommended
to avoid stagnation of standing water (Sharma et al.,
2016b). Gypsum technology has been successfully
tested and promoted by AICRP centres such as Indore,
Tiruchirapalli, Kanpur, Gangavathi and Bapatla to
reclaim alkali soils in the respective states. Efficient,
balanced and integrated nutrient management is an
integral part of the reclamation of alkali lands.

predictions about  use  of  poor quality water in
various states  indicate   that  total area underlain
with the saline ground water (EC >4 dS m-1) is 1,93,438
km2   with  the annual  replenishable  recharge of 11765
million m3 yr-1, leaving aside minor patches (CGWB,
1997).

India loses 11.18 million tonnes (Mt) of cereals, oilseeds,
pulses and cash crops from 3.77 Mha alkali-affected
area, which is equivalent to the monetary loss of Rs.
1,50,000 million (Rs. 15,000 crore) as per estimates.
Similarly, crop production loss due to salinity at the
national level is 5.66 Mt, accounting for the annual
monetary loss of Rs. 80,000 million (Rs. 8,000 crore),
at prevailing minimum support price (MSP) of
different crops during 2015 (Sharma et.al., 2015). Over
the past few decades, chemical amelioration of alkali
soils in Indo-Gangetic regions of Punjab, Haryana and
Uttar Pradesh has been well standardized. With the
support of World Bank, European Union and other
developmental agencies, India has reclaimed 1.95 Mha
of alkali lands. Across states, Punjab has reclaimed
largest area (0.79 Mha), followed by Uttar Pradesh
(0.73 Mha), Haryana (0.35 Mha) and other states (0.70
Mha) (Sharma et al., 2016b).

Also in case of waterlogged saline soils, number of
pilot scale manually laid subsurface drainage (SSD)
projects, undertaken by ICAR-CSSRI during 1980s,
have slowly paved the way for mechanically installed
large projects in the states of Haryana, Rajasthan,
Maharashtra, Karnataka, Gujarat, Punjab and
Andhra Pradesh. Implementation of large
mechanically installed subsurface drainage projects
has increased exponentially during the past 10 years
with a provision of Government funding under
schemes like Command Area Development Authority
(CADA), Rashtriya Krishi Vikas Yojna (RKVY) and
others.  About 66,500 ha waterlogged saline soils have
been reclaimed with SSD in India resulting in
significant increase in cropping intensity and crop
yields, improving the socio-economic status of the
farmers (Sharma et al., 2016a).

The technological packages for reclamation of alkali,
saline and waterlogged saline soils and sustainable
use of saline and alkali waters for irrigation including
nutrient management issues are discussed in this
paper on the basis of experimental results from ICAR-
CSSRI and centres of AICRP on Management of Salt-
affected Soils and Use of Saline Water in Agriculture.

Reclamation Options and Nutrient Management in
Alkali Soils

Reclamation of alkali soils requires the removal of
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was beneficial. Post-reclamation soil pH and ESP
were 8.46 and 17.2. Rice grain yield obtained in
control plot was 1.5 t ha-1 whereas in the DSW-
reclaimed field, rice grain yield was 4.5 t ha-1

(Anonymous, 2016).

An experiment to evaluate the long-term effects of
pre-plant application of post-methanated distillery
effluent (PME) at different rates (control, 1.25, 2.5,
3.75, 5.0 lakh L ha -1) along with different
combinations of N, P and K on the changes in soil
physico-chemical properties, fertility status,
exchangeable cations, and cane yield was initiated
during 2002 at the cane farm of Tiruchirapalli
centre. The experiment was continued for 12 years.
Post-methanated distillery effluent (PME) was
applied to soil and it was thoroughly mixed and
allowed for natural oxidation. Different
combinations of NPK fertilizers viz., N alone, NP,
NK, PK, NPK and control (without NPK) were
imposed as subplot treatments. The results revealed
that the application of PME significantly increased
the yield of sugarcane. Increase in the cane yield to
the tune of 52.1, 64.3, 76.4 and 84.8%  was recorded
in the plots receiving 1.25, 2.5, 3.75 and 5.0 lakh L
ha-1 of PME, respectively over control. The cane yield
of sugarcane remarkably increased due to the
application of inorganic fertilizers. Though
significant response was observed for N and P
fertilizers, differences between applications of N and
NK and NP and NPK fertilizers were not significant,
indicating that the supply of K through PME was
sufficient. Interaction between PME and fertilizer
was   evident   as    PME application @ 1.25 lakh  L
ha -1 together with NP fertilizer was the best
treatment combination yielding highest yield of
sugarcane. The graded doses of PME along with NP
significantly increased the soil available nutrients
and organic carbon content besides reducing ESP
and improving soil physical properties.  Instead of
soil application, PME can be applied along with
irrigation. These studies lead to a conclusion that
the application of PME either as pre-plant
application @ 1.25 lakh L ha -1 or along with
irrigation water at 1:20 dilution (four times per
year) along with 75% NP fertilizers (omitting K) is
optimum for getting higher sugarcane yield besides
improving the soil fertility without affecting the
groundwater quality in sandy loam soils
(Anonymous, 2016).

Reclamation through Organics

Effect of green manuring on soil health and nutrient
availability is well appreciated (Meena et al., 2018b).
Results of long-term experiment initiated in 2005
at Indore centre showed positive effect of organic/
green manuring on soil properties and crop yield
on an alkali (sodic) Vertisol. Four treatments (i.e.,

Therefore, to sustain productivity during and after
reclamation the recommendations enumerated
below should be practiced.

These soils are highly deficient in organic matter
and nitrogen. During the first few years after
reclamation, crops are fertilized with about 25%
more nitrogen (125% RDN) compared to
recommended dose (100% RDN) for the normal soil.
Split application of nitrogen through urea (1/3rd as
basal, 1/3rd each at 21 and 45 days’ crop growth)
should be given. In rice, basal dose of urea should
be applied under pre-submerged conditions to
reduce ammonia volatilization losses and to
enhance the nitrogen use efficiency (NUE). Alkaline
soils suffer from Zn and Fe deficiencies because of
inherently poor supply power of these nutrients
coupled with low solubility under extreme sodicity
(Meena et al., 2017). Farmyard manure, organic
residues and green manures help in increasing the
productivity. It is extremely important to integrate
use of organic resources along with chemical
amendments. Initially, alkali soils are high in
available phosphorus (P). However, both rice and
wheat require P fertilization @ 22 kg P ha-1 after 4-5
years to sustain productivity and maintain soil
fertility as available P level in soil reduces to critical
soil test value of 12 kg ha-1 (Sharma et al., 2016b).

Reclamation through Distillery Spent Wash

Experiences from AICRP centre at Gangavathi
(Karnataka) suggested that use of distillery spent
wash, highly acidic by-product of alcohol industry
with pH 3.7 and EC 36.1 dS m-1, was beneficial in
reducing the soil pH from 8.82 to 7.66; ESP from 21.3
to 10.6; and bulk density from 1.33 to 1.05 Mg m-3 in
case of alkali Vertisols while significantly increasing
the organic carbon content. Grain yield increase
was to the extent of 26% over control (Anonymous,
2016). Experimental results from Indore centre
revealed that ESP of sodic Verisols (fine smectitic
hyperthermic family of Typic Haplusterts- sodic
phase) reduced from 38.4 to 16.5 after one time
application of 5 t lagoon sludge (LS) ha-1 + 2.5 lakh L
raw spent wash (RSW) ha -1.  Significant
improvement in all the parameters was observed
due to application  of  5 t LS ha-1 + 2.5  lakh  L  RSW
ha-1 as compared to gypsum applied at 75% GR
(gypsum requirement) as well as 10 t LS ha-1 and 5 t
press mud (PM) ha-1 application. Highest plant
height (90.8 cm), tillers per plant (8.2), length of ear
head (7.43 cm), grain (3.49 t ha-1) and straw (4.72 t
ha-1) yield was recorded under conjoint application
of 5 t LS  + 2.5 lakh L RSW ha -1 applications
(Anonymous, 2018b).  It was also observed that use
of 5 lakh L distillery spent wash (DSW) ha-1 on
highly alkali sandy clay loam soil of Tiruchirapalli,
Tamil Nadu, with soil  pH  as  11.2 and ESP as 42,
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control, 10 t FYM ha-1, sunhemp and dhaincha as
green manuring crops) were tested at four soil ESP
levels (25, 35, 45 and 50 ± 2) achieved through one
time gypsum application. The lowest average ESP
values (23.54 in 2016-17 and 22.62 in 2017-18) were
recorded in the plots receiving incorporation of
dhaincha followed by sunhemp (26.70 in 2016-17 and
25.90 in 2017-18). The maximum yield of paddy (3.71
& 3.96 t ha-1) and wheat (3.47 & 3.68 t ha-1) was
recorded at soil ESP of 25; however, the lowest yields
were recorded at soil ESP of 50. Among various
treatments incorporation of dhaincha gave the
highest yield and lowest was observed in control
plot for both the crops. Green manuring helped in
reducing soil ESP and improving soil physical
properties and soil fertility (Anonymous, 2018b).

Reclamation through City Compost

Organic amendments upon incorporation/addition
to the soil supply essential nutrients (N, P, K and
others secondary and micronutrients), improve soil
physical and chemical properties, and enhance the
microbial population and activity (Dotaniya et al.,
2016). Application of urban waste such as sewage
sludge and municipal solid waste compost in
conjunction with gypsum can be an option for
reducing soil sodicity.  Initial results of experiments
at ICAR-CSSRI indicate that municipal solid waste
(MSW) and sewage sludge can be effectively used
for reclamation of sodic soils either in conjunction
with gypsum or alone.  Reduction in soil pH and
enhancement in yield was evident with sludge/
compost application. Contents of available
micronutrients such as Fe, Mn, Zn and Cu were
higher in the organic-amended plots compared to
control. Concentrations of heavy metals (Cd, Cr, Pb
and Ni) in soil and leachate samples were below the
permissible limits. Pathogen tests revealed that it
was safer to apply compost and sewage sludge as a
part of sodic soil reclamation. If industrial waste is
not mixed with domestic city waste, then city
compost can be an important material for
reclamation as well as the nutrient supplement for
sodic soils (Anonymous, 2018a).

Reclamation of and Nutrient Management in
Waterlogged Saline Soils

The waterlogged saline soils can be reclaimed by
subsurface drainage (SSD) technology developed

and standardized by ICAR-CSSRI, Karnal in
collaboration with The Netherlands through field
experimentation under different agro-climatic
conditions. The system consists of a network of
perforated corrugated/smooth PVC pipes for laterals
and collectors, respectively. These pipes are covered
with gravel/synthetic filter to prevent clogging and
are installed manually or by laser controlled
trencher machines mechanically at a desired design
spacing and depth below soil surface. Such a
drainage network helps in maintaining water table
below the root zone depth and drains excess water
and salts out of the affected area through gravity or
pumped outlet. In case of pumped outlet, provision
of a sump to collect and pump the drainage water is
required. Thus, system works naturally under
gravity outlet while it requires additional cost of
pumping under pumped outlet. The depth and
spacing of the drainage system are decided on the
basis of drainage coefficient (depth of water in mm
that is to be drained from drainage area per day)
worked out considering rainfall, irrigation, crop
rotation, soil texture, hydro-geology, soil salinity
and outfall conditions. Based upon overall
experience of CSSRI, design parameters of
subsurface drainage have been finalized for
different regions (Table 1) as explained by Bundela
et al. (2016). In addition, the recommended values
of minimum slope of drain pipes are 0.10 to 0.05 %
for drain pipes of 100 to 150 mm diameter.  In large
scale drainage projects undertaken under the
Government schemes in alluvial soils of Haryana,
the recommended drain parameters are 66 m (along
field boundary/ kila line) drain spacing and 1.5 m
average lateral depth. In case of heavy textured soils/
Vertisols of peninsular India, 30 m drain spacing
and 1.2 m average depth are common.  In
waterlogged saline soils reclaimed through
subsurface drainage in different states, the crop
yields increase significantly, more than 50% for
paddy and more than 100% in wheat and cotton.
Results also suggest 40% improvement in cropping
intensity, leading to 2-3 fold increase in farmers’ income
(Sharma et al. 2016a).

Average loss of nitrogen through drainage effluent can
be controlled by adoption of controlled subsurface
drainage system once reclamation leaching is
completed. Average loss of nitrogen through drainage

Table 1. Design parameters of subsurface drainage for different regions of India

                Drainage coefficient (mm d-1)                                     Drainage depth (D
d
)                          Drain spacing (D

s
)

Climate                  Range         Optimal                         Outlet type         D
d
 (m)               Soil texture              D

s
 (m)

Arid 1-2 1 Gravity 0.9-1.2 Light 100-150

Semi-arid 1-3 2 Pumped 1.2-1.8 Medium 50-100

Sub-humid 2-5 3 Heavy 30-50

Source: Bundela et al. (2016)
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leach down the salts depends upon the amount of salts
in the soil, the type of salts present, soil texture, desired
status of the salts in root zone and the depth of
reclamation. The desired status of the salts in the root
zone depends largely on the salt tolerance of the crop
to be grown. The depth of land reclamation is decided
on the basis of land use. While for shallow rooted
crops, it could be 60 cm, for deep-rooted crops and
trees it could be around 2.0 m. For diversified cropping,
the depth of reclamation varies from 1 to 1.5 m (Gupta
and Gupta, 2003). Usually, thumb rules are applied to
decide on  the amount of water required for leaching
(Table 2). Nutrient management options for the saline
soils are similar to those for waterlogged saline soils.

Integrated Farming System (IFS) Models for
Waterlogged Alkali and Saline Soils

The IFS models are being developed and tested at
different centres (Kerala, Panvel, Vyttila,
Tiruchirapalli, Port Blair) of AICRP and at its regional

effluent from subsurface drainage system with 40, 50
and 60 m spacing was 1.87 vs. 0.63, 5.95 vs. 2.64 and
4.30 vs. 2.68 kg ha-1 under conventional and controlled
subsurface drainage systems on Saline Vertisols in
Tunga Bhadra Project in Karnataka (Figure 1).

Additional doses of nitrogenous fertilizers are
recommended to compensate for volatilization losses
occurring under saline environments. Deficiency of
Zn is observed in saline soils for which basal
application of 20-35 kg zinc sulphate ha-1 is
recommended. Farmyard manure (FYM) and other
organic materials  not only have the nutritive value,
but also play an important role in structural
improvements, which further influences the leaching
of salts and reduces their accumulation in the root
zone. Seed soaking with 0.05M Fe-EDTA solution for
12 h prior to sowing has been found to be effective in
alleviating Fe deficiency in aerobically-grown rice on
the calcareous soil (Meena et al., 2013). Application of
25 to 35 kg zinc sulphate ha-1 to pearl millet- mustard
cropping sequence for first few years is recommended
and then it should be applied on soil test basis and
foliar application of 1% iron sulphate twice at the
interval of 15 days has been found to be more effective
in alleviating Fe deficiency in crops (Meena et al. 2018a).
Therefore, the addition of FYM and other organic/green
manure should be made to the maximum possible
extent.

Reclamation of Saline Soils

Saline soils having deep water table can be reclaimed
through leaching. The amount of water required to

Figure 1. Nitrogen loss (drainage events) for conventional and controlled drainage system

(Source: Anonymous, 2018b)

Table 2.  Leaching requirements of soils for one-time
               reclamation

Soil type        Leaching requirement     Water requirement to
                       (cm cm-1 of soil depth)      leach 60 cm of soil
                                                                   profile (cm)

Coarse textured 0.5 – 0.6 30-36
Medium textures 0.6 – 0.8 36-48
Heavy textured 0.8 – 1.0 48-60

Note:  The above requirement is to leach down 80% of the salts
initially present
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Table 3. Classification of poor quality ground water

Water quality  rating                ECiw (dS m-1)               SARiw (mmol L-1)½                               RSC(meq L-1)

a. Good quality waters <2 <10 <2.5
b. Saline waters

i. Marginally saline 2-4 <10 <2.5
ii. Saline >4 <10 <2.5
iii. High-SAR saline >4 >10 <2.5

c. Alkali waters
i. Marginal alkali <4 <10 2.5-4.0
ii. Alkali <4 <10 >4.0
iii. Highly alkali Variable >10 >4.0

research stations of ICAR-CSSRI (Lucknow and
Canning Town). These models are applicable to
waterlogged saline and waterlogged alkali soils.
Basically water and salt balance of small portion of
landscape is corrected through land modifications and
nutrient recycling is ensured through different
components such as field crops, vegetables,
horticultural crops, fish, dairy animals and poultry,
etc. These models reduce the fertilizer requirement due
to nutrient recycling and enhance the land and water
productivity values of the overall system. The benefit
cost ratio for such models ranges from 1.4 to 2.5
depending on the components (Anonymous, 2016).

Classification of Alkali and Saline Waters for
Irrigation

Irrigation water is classified based on electrical
conductivity (EC), sodium adsorption ratio (SAR) and
residual sodium carbonate (RSC). However, from
management point of view, the groundwater in
different agro-ecological regions can be grouped into
three classes i.e. (a) good, (b) saline and (c) alkali/sodic.
Depending on the degree of restriction, each of the two
poor quality water classes have been further grouped
into three homogenous subgroups (Table 3).

Water Quality Guidelines for Management of
Alkali Groundwaters

Based on field experience and results from different
saline and sodic water use experiments, CSSRI, Karnal
in consultation with scientists from HAU, Hisar and
PAU, Ludhiana has prepared some guidelines for
efficient utilization of sodic waters. These guidelines
emphasize on the long-term influence of water quality
on crop production, soil conditions and farm
management with assumption that all rainwater
received in field is being conserved for leaching and
desorption of Na+ from upper root zone (Table 4).

Special considerations

♦ Gypsum application is necessary for sensitive
crops if saline water (SAR > 20 and /or Mg: Ca ratio

> 3 and rich in silica) induces water stagnation in
rainy season.

♦ Fallowing in rainy season under high salinity (SAR
> 20) is helpful for low rainfall areas.

♦ Fertilization with additional phosphorus is
beneficial especially when C1:SO

4
 ratio in waters

is > 2.0.

♦ Canal water should be used preferably at early
growth stages including pre-sowing irrigation in
conjunctive use mode.

♦ Putting 20% extra seed rate and a quick post-
sowing irrigation (within 2-3 days) will help in
better germination.

♦ Accumulation of B, F, NO
3
, Fe, Si, Se and heavy

metals beyond critical limits with irrigation is
toxic.

♦ Expert advice prior to use of such water is essential.

Textural criteria should be applicable for all the soil
layers down to at least 1.5 m depth. In areas, where
ground water table reaches within 1.5 m at any time
of the year or a hard subsoil layer is present in the
root zone, the limits of the next finer textural class
should be used.

Management Technologies for Use of Alkali
Groundwater

Water quality researches over past few decades have
enabled development of technological options to cope
up with the problems of sodic water use. The adverse

Table 4.   Sodic ground waters with RSC > 2.5 meq L-1 and
                ECiw < 4.0 dS m-1

Soil texture                    Upper limits of           RSC (meq L-1)
(% clay)                          SAR (mmol L-1)1/2

Fine (>30) 10 2.5 –3.5
Moderately fine (20-30) 10 3.5 -  50
Moderately coarse (10-20) 15 5.0 – 7.5
Coarse (<10) 20 7.5 – 10.0

9 1
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effect of residual sodium carbonate (RSC) in irrigation
water can be reduced by soil application of gypsum
or passing of RSC waters through gypsum bed.
Possibilities have now emerged to safely use the water
otherwise designated unfit. These options are as
below:

♦ Appropriate irrigation scheduling and
conjunctive use options with canal water; rain
water management and leaching strategies to
maintain a high level of soil moisture and low
level of salts and exchangeable sodium in the
rhizosphere.

♦ Use of land management practices to increase the
uniformity of water distribution, infiltration and
salt leaching besides the optimal use of chemical
amendments like agricultural grade gypsum and
acidic pyrite at proper time and mode of their
application with judicious use of organic materials
and chemical fertilizers. Gypsum can be directly
applied before rice crop in soil top layer or can be
used in gypsum bed for passing sodic
groundwater.

♦ In case of irrigation by sodic waters, the
conjunctive use strategy should either minimize
the precipitation of calcium or maximize the
dissolution of precipitated calcium.  This is
particularly relevant to the areas, where canal
water supplies are either un-assured or less than
required, and farmers often pump sodic
groundwater for crop production. For the efficient
use of waters of different qualities, good quality
waters can be used for sensitive crops and sodic
waters for tolerant crops. The most appropriate
practice, however, can be the conjunctive use of
these waters by:  i) blending in supply network,
making appropriate water quality available for
each crop irrespective of soil conditions; ii)
alternate use of sodic and canal water according
to availability and crop needs; and iii) switching
these water sources during the growing season
according to critical stages of crop growth. The
blending of sodic water and canal water is done
in such a proportion that the final RSC is
maintained below the threshold limit of the crop

to be grown. The alternate use is preferable and
has operational advantages.

♦ Selection of crops (Table 5), cropping  patterns  and
crop varieties (Table 6) is vital  to produce
satisfactory yields under the existing or predicted
conditions of sodicity.

The other guidelines pertinent to selecting crops
suitable for sodic waters are:

♦ Fields should be kept fallow during kharif in low
rainfall areas (< 400 mm) where good quality water
is not available. However, only tolerant and semi-
tolerant crops like barley, wheat and mustard
should be grown during rabi.

♦ Jowar-wheat, guar-wheat, pearl millet-wheat and
cotton-wheat rotations can be successfully grown
in areas having rainfall > 400 mm annum -1

provided the sowing of kharif crops is done with
rain or good quality water and only 2 to 3 sodic
water irrigations can be applied to kharif crops.

♦ In rice-wheat belt of alluvial plains having rainfall
> 600 mm, rice-wheat, rice-mustard, sorghum
mustard, and dhaincha (GM)-wheat rotations can
be successfully practiced with gypsum
application.

♦ Sodic water should not be used for summer crops
in the months of April to June.

Table 6.  ICAR-CSSRI recommended crop varieties for cultivation in sodic soils

Crop pH Varieties

Rice 9.8-10.2 CSR 10

9.4-9.8 CSR 10, CSR 13, CSR23, CSR 27, CSR 36, CSR 43, CSR 46, CSR 56, CSR 60

<9.4 Basmati CSR 30

Wheat 9.2  - 9.3 KRL-1-4, KRL-19, WH 157, Raj. 3077, KRL 210, KRL 213, KRL 283

Mustard Up to 9.3 Pusa Bold, Varuna, Kranti, CS 52, CS 54, CS 56,  CS 58, CS 60

Barley Up to 9.3 CSB 1, CSB 2, CSB 3, DL 200, DL 348. Ratna, BH 97, AZAD

Chickpea Up to 9.0 Karnal Chana 1

Table 5. Relative tolerance to sodicity of soils

ESP                        Crops

10-15 Safflower, mash, peas, lentil, pigeon-pea,
urd-bean, banana

16-20 Bengal gram, soybean, papaya, maize, citrus
20-25 Groundnut, cowpea, onion, pearl-millet, guava,

bel, grapes
25-30 Linseed, garlic, guar, palmarosa, lemon grass,

sorghum, cotton
30-50 Mustard, wheat, sunflower, ber, karonda, phalsa,

vetiver, sorghum, berseem
50-60 Barley, Sesbania, paragrass, Rhoades grass
60-71 Rice, sugarbeat, Karnal grass

9 2
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Nutrient Management for Alkali Water Irrigation

Since sodic waters cause a rise in soil pH that leads to
higher nitrogen losses through volatilization and
denitrification, extra N may have to be added to meet
the requirement of the crops. Similarly, the
availability of zinc and iron is also low due to their
precipitation as hydroxides and carbonates. Some
other beneficial tips as regards the fertilizer use are:

♦ Compared to the normal conditions application
of 25% extra nitrogen is needed.

♦ Zinc sulphate @ 25 kg ha-1 should be added,
particularly to the rabi crop.

♦ Phosphorus, potassium and other limiting
nutrients may also be applied on the basis of soil
test values.

♦ Some sodic waters may be rich in nutrients like
N, K and S. Such waters should be analyzed and
the fertilizer dose of concerned nutrient reduced
accordingly as per their composition in such water.

Water Quality Guidelines for Management of
Saline Groundwater

It has been established that the success with poor
quality water irrigation can only be achieved if factors
such as rainfall, climate, depth to water table and
water quality, soils and crops are integrated with
appropriate crop and irrigation management
practices (Minhas and Gupta, 1992). The available
management options mainly include the irrigation,
crop, chemical and other cultural practices but there
seems to be no single management measure to control
salinity and sodicity of  the irrigated soil. Several
practices interact and should be considered in an
integrated manner. Guidelines for the use of saline
groundwater are given in Table 7.

Management Technologies for Use of Saline
Groundwaters

Some of management options are enumerated below.

♦ Selection of semi-tolerant to tolerant crops and
crops with low water requirements

♦ Use of crop cultivars having tolerance to salinity
(Table 8)

♦ Proper selection of crop sequence

♦ Avoiding saline water use during initial growth
stages

♦ Micro-irrigation (drip and sprinkler): Drip
experiments at Bikaner, Hisar and Gangavathi
centres of AICRP have shown that saline water
can be used effectively for vegetable and field
crops; it helps in reducing the effect of salinity (i.e.,
osmotic stress) as well as reducing the fertilizer
requirement (Anonymous, 2018b; Singh et al.,
2018).

Some of the important suggestions for management
of conjunctive water use of saline and canal or good
quality water are listed below:

♦ Analysis of saline water to evaluate its use
potential

♦ Selection of crops/crop varieties that can produce
satisfactory yields with saline water irrigation
(Table 8)

♦ Selection of tree species/medicinal plants under
extreme adverse condition

♦ Pre-sowing irrigation by good quality water so
that germination and seedling emergence is not
affected.

♦ Adequate leaching of accumulated salts

Table  7.  Guidelines for use of saline water (RSC < 2.5 meq L-1)

Soil texture (% clay)                Crop  tolerance                                        Upper limits of ECiw (dS m-1) in rainfall regions

                                                                       350 mm                         350-550 mm                   550-750 mm

Fine (>30) Sensitive 1.0 1.0 1.5
Semi-tolerant 1.5 2.0 3.0
Tolerant 2.0 3.0 4.5

Moderately fine (20-30) Sensitive 1.5 2.0 2.5
Semi-tolerant 2.0 3.0 4.5
Tolerant 4.0 6.0 8.0

Moderately coarse (10-20) Sensitive 2.0 2.5 3.0
Semi-tolerant 4.0 6.0 8.0
Tolerant 6.0 8.0 10.0

Coarse (<10) Sensitive -- 3.0 3.0
Semi-tolerant 6.0 7.5 9.0
Tolerant 8.0 10.0 12.5
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♦ Alternating the area/ area switching i.e. irrigate
the selected area with saline water for 3-4 years
and then switch on to the next area.

♦ Improved cultural and nutrient management
practices

Nutrient Management for Saline Water Irrigation

♦ Additional doses of nitrogenous fertilizers are
recommended to compensate for volatilization
losses occurring under saline environments.

♦ Soils  irrigated  with  chloride  rich  waters
respond  to higher  phosphate  application,
because the chloride ions reduce availability of
soil P to plants. The requirement of the crop for
phosphatic  fertilizers  is,  therefore,  enhanced
and  nearly 50% more P than the recommended
dose under normal conditions should be added,
provided the soil tests low in available P.

♦ For sulphate-rich waters, no additional
application of phosphate fertilizers is required and
the dose recommended for the normal conditions
may be applied in this case also.

♦ For micro-nutrients such as zinc, the doses
recommended based on soil test values should be
applied.

♦ Farmyard manure (FYM):  FYM  and  other
organic materials have not only the nutritive
value,  but also play an important role in
structural improvements, which further
influences leaching of salts and reduces their
accumulation in the root zone. The other
advantages of these materials in saline water
irrigated soils are in terms of reducing the
volatilization losses and enhancing NUE and the
retention of nutrients in organic forms for longer
periods also guards against their leaching and
other losses. Therefore, the use of FYM and other
organic/green manure should be made to the
maximum possible extent.

Conservation Agriculture Practices and Use of
Microbes for Micro-nutrient  Management

Experimental results have shown that conservation
agriculture practices such as incorporation of crop
residues improve soil health and enhance the
availability of major and micro-nutrients in case of
semi-reclaimed soils as well as the salt-affected soils.

Currently, researchers are trying to improve the
solubility of P, Zn and Fe in the salt-affected soils with
the help of microbes. It might become an effective
micro-nutrient management strategy for these soils
in near future (Anonymous, 2018b).

Conclusions

Alkali and saline soils are chemically degraded soils
and reclamation of these soils is the first step of putting
them under productive use. On the basis of large scale
reclamation projects for alkali soils and waterlogged
saline soils, it has been observed that reclamation
activities are economically viable, environment-
friendly and socially acceptable. However, these
soils suffer from deficiencies of one or more nutrients
and role of nutrient management becomes very
important. Alkali soils are highly deficient in organic
matter and nitrogen. Hence crops are fertilized with
about 25% more N compared to recommended dose
for normal soil during first few years of reclamation.
Split application of nitrogen through urea (1/3rd as
basal, 1/3rd each at 21 and 45 days crop growth) is
preferred. In rice, basal dose of urea should be
applied under pre-submerged conditions to reduce
ammonia volatilization losses and to enhance NUE.
Also alkaline soils suffer from Zn and Fe deficiency
because of their extremely low solubility under
sodic/alkali environments. It is extremely important
to integrate use of organic resources along with
chemical amendments. Initially, alkali soils are high
in available P. However, both rice and wheat require
P fertilization @ 22 kg P ha-1 after 4-5 years to sustain
productivity and to maintain soil fertility as
available P in the soil reduces to below the critical
soil test value of 12 kg ha-1.

Additional doses of N fertilizers are recommended
to compensate for volatilization losses occurring
under saline environments. Zinc deficiency is
commonly observed in saline soils and it is
recommended to apply 20-35 kg zinc sulphate ha-1

on these soils. Farmyard manure and other organic
materials are not only the store house of the
nutrients, but also play an important role in
structural improvements, which further influence
leaching of salts and reduce their accumulation in
the root zone. Experimental results have shown that
conservation agriculture practices such as
incorporation of crop residues improve the soil
health and enhance the availability of major and
micro nutrients in the salt-affected soils. Use of
microbes for improving availability of
micronutrients might emerge as an effective
management strategy in the near future. Integrated

Table  8. Promising cultivars for saline environment

Crop                                     Cultivars
Wheat Raj 2325, Raj 2560, Raj 3077, WH 157
P. millet MH 269, 331, 427, HHB-60
Mustard Pusa Bold, CS 52,  CS54, CS56,  CS58, CS60
Cotton DHY 286, CPD 404, G 17060, GA, JK276-10-5,

GDH 9, G. Cot-23
Safflower HUS 305, A-1, Bhima
Sorghum SPV-475, 881, 678, 669, CSH 11
Barley Ratna, RL345, RD103, 137, K169
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nutrient management coupled with nutrient
recycling and practices to improve their use
efficiencies is a cost-effective approach for sustaining
crop production on alkali and saline environments.
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