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Fig. 1: Classification and distribution of groundwater in India 
 
continuous cultivation of high water requiring crops, many areas underlain 
with good quality water are being contaminated with poor quality waters. 
However, with adoption of suitable management practices, poor quality 
waters can be successfully used. Groundwater quality map to indicate the 
distribution of saline, high SAR saline and alkali water was prepared by 
CSSRI, Karnal and other agencies (Fig. 1). It will help in assessing the 
groundwater quality of these areas so that appropriate measures can be 
adopted to alleviate the harmful effects expected upon utilization of these 
waters. 
 
Management Strategies 
 

Various aspects of the problems related to the use of poor quality 
waters have been researched for long in different soil and agroclimatice 
conditions in the country (Manchnada et al., 1989; Gupta 1990; Minhas 
and Gupta, 1992; Minhas, 1996; Bajwa et al., 1998).  Consequently it has 
been realized that the ion chemistry of waters per se is not as important in 
assessing the suitability of waters as the integrated influence of water 
quality parameters on soils and crops in crucial for their appropriate 
management. Combinations of correct irrigation and conjunctive use 
practices to control salinity, exploitation of inter-and intra genic variations in 
salt tolerance, ontogeny in plants and other chemical and physical 
management options can minimise the water-quality problems for their 
sustained use.   
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Leaching of soluble salts from the root zone profile in case of a 
saline water irrigated soil and addition of amendment(s) to neutralize the 
exchangeable sodium in sodic water irrigated soils are essential pre-
requisites for successful crop production. In situations, where the 
development of soil salinity is due to shallow groundwater table, lowering 
of water-table to a safe depth will be the first step in the reclamation of 
such soils.   
 
Crop Tolerance 
 

Crop tolerance to salinity is a major factor affecting irrigation 
management when using saline waters. Maas and Hoffman (1977) 
proposed that crop salt-tolerance (i.e. glycophytes) can best be described 
by plotting its relative yield as a continuous function of average rootzone 
salinity (ECe) (Figure 2).  They proposed that this response curve could be 
represented by two line segments, one, a tolerance plateau with a zero 
slope and the second, a concentration-dependent line whose slope 
indicates the yield reduction per unit increase in ECe. Relative yield (RY) 
or yield potential can be estimated using the following expression: 

 
 RY (%) = 100 - B(ECe - A) 
 
where ECe is the average electrical conductivity of the saturated soil 
extract within the crop rootzone, ‘A’ is the threshold salinity (i.e. the 
maximum average root zone salinity the crop can tolerate before a 
reduction in yield occurs) and ‘B’ is the slope of the yield-salinity curve 
when ECe is  greater than ‘A’.  Salt tolerant crops usually have a high 
value of ‘A’ and a low value of ‘B’, although a few have both a low ‘A’ and 
‘B’ value.  The value for these coefficients can be found for various crops 
from tables presented by Maas and Grattan (1999). 

 
Figure 2:  Response of relative crop yield (or yield potential) as a function of average 

rootzone salinity (ECe) grouped according to relative tolerance or 
sensitivity to salinity (after Maas and Grattan, 1999). 
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Crop selection and tolerance to salinity of irrigation water 
 

Use of saline water for irrigation adds salts in to the soil and when 
the concentration of Na, Ca, Mg, Cl, SO4, HCO3, CO3 and B in the soil 
solution is high enough it affects plant growth. As the salt concentration 
exceeds a threshold level, the growth rate and final size of plants 
progressively decreases; consequently the crop yield also declines. The 
selection of crops and cropping sequences for saline irrigated soils is of 
paramount importance, since crops vary in their tolerance to salinity and 
are either too sensitive or semi-tolerant to tolerant to a given level of 
salinity (Table 3). For instance barley, cotton, rye, and sugar beet 
classified as salt tolerant (a relative term). Wheat, oats, sorghum, and 
soybean are classified as moderately salt tolerant. Corn, alfalfa, many 
clovers, and most vegetables are moderately sensitive whereas pulses are 
sensitive. Halophytes, on the other hand, show enhanced growth and 
yields in the presence of low and moderate salinity that only decline slowly 
as salinity increases; many are able to grow and reproduce in seawater.  

Salinity-tolerance data for different crops indicate that oilseed crops 
requiring less water can tolerate higher levels of ECiw, whereas most of 
the pulses are very sensitive to salt. Thus, for successful irrigation with 
saline waters in specific agro-climatic zone, selection of crops should be 
such to suit the salinity of the water because it may not be possible to 
change the quality of irrigation water. The cultivation of high –water – 
requiring crops like sugarcane and rice should be avoided with brackish 
waters, as these aggravate the salinity problems. 

These differences can be exploited for selecting the crops which 
produce satisfactory yield under a given root zone salinity. With increased 
plant resistance to salinity, smaller fractions of applied water need to be 
leached through the soil to maintain salinity within acceptable limits 
(Hoffman, 1990): the smaller the quantity of salts to be leached, the lower 
the demands for drainage. Therefore, crops having increased resistance to 
salinity and / or having lower water requirement will be more suitable for 
cultivation and maintaining / sustaining these environments (particularly, 
arid and semi-arid). 
 
Table 3: Salt tolerance of some important agricultural crops 
 

Sensitive Moderately 
sensitive 

Moderately 
tolerant 

Tolerant 

ECt < 1.2 
EC0< 8 

1.2- 3 
8 - 16 

3 - 6 
16 - 24 

6 -10 
24- 32 

Chickpea Broad bean Wheat Barley 
Beans Maize Mustard Cotton 
Sesame Groundnut Cowpea Sugarbeet 
Onion Sugarcane Oats Safflower 
Carrot Alfalfa Sorghum  
Green gram Berseem Soybean  

 Radish Spinach  
 Paddy Pearl millet  
 Cauliflower Muskmelon  
 Chilly   
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Environmental factors like temperature, atmospheric evaporativition 
etc, markedly influence salt tolerance of crops.  ECt of crops generally 
increased when these were grown under comparatively cooler climate, i.e 
low ET demands prevailing during growth period in  Agra when compared 
with Dharwad. Late-sown crops, for example wheat, can tolerate only 
lower levels of ECiw than timely seeded crops. Comparatively higher 
salinity waters can be used in coarser textured soils.  This is due to higher 
leaching fractions resulting from surface-irrigation methods, which 
consequently result in lower salinity build-up in coarser soils as well as 
higher leaching of salts with  monsoon rains.  Field surveys in the brackish-
water-irrigated areas of (Haryana, Rajasthan and Uttar Pradesh showed 
that average ECe of soil in relation to EC of  irrigation water was 0.76,1.12 
and 1.80 for soils having clay content < 10, 10-12 and > 20% respectively 
(Manchanda et al., 1989).  However, when such values were converted to 
field capacity water contents (Minhas and Gupta, 1992) more or less 
similar factors (2.2-2.4) resulted, indicating that plants interact with similar 
surface soil salinity in the soils different in texture.    

Crops should suit to the salinity of the water because it may not be 
possible to change the quality of irrigation water. As the salinity of the 
irrigation water increases, the relative yield of crops in obtained in 
comparison to good quality water is also reduced.   
  
Growth stages 
 

All crops do not tolerate salinity equally at different stages of their 
growth.  During the initial stages, the interacting zone of roots is limited to 
surface few centimetres, where most salts concentrate form the 
evaporating soils.  Hence, in most crops germination and early seedling 
establishment are the most critical stages.  Therefore to increase the plant 
stands, strategies for minimizing the salinity of the seeding zone should be 
followed. For example, even relatively salt tolerant crops like barley and 
sugar beet are relatively more salt sensitive at emergence and early 
growth stages than in their later growth stages. Other critical periods for 
crops are phase changes form vegetative to reproductive, i.e. heading and 
flowering to seed setting. Otherwise the general tolerance of crops to 
saline water increases with age. The differences in salt sensitivity of crops 
at various growths stages (ontogeny) should help in planning appropriate 
irrigation management measures, especially where both saline and non-
saline waters are to be utilized.  Saline waters can be avoided at some of 
the sensitive stages to minimize the damage. In general, tolerance to 
salinity increases with plant age.   

Increases in the salinity tolerance of crops and pasture plants can 
overcome some of the impacts of salinity in areas not associated with 
rising water-tables. Where there is a high water-table, plants need to be 
tolerant of waterlogging as well as of salinity. 

Similar to crops, there is a wide variation within species and varieties 
of a crop. CSSRI has made significant progress in identifying germplasm 
tolerant to salinity, sodicity and waterlogging stresses beside developing 
and releasing varieties having higher tolerance and productivity in 
important crops (Tables 3 and 4).  
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Table 4: Potential yield reduction from saline water for selected irrigated crops 
 

Crop  Previous 
crop 

ECiw (dS m-1) relative yield 

  90%       75% 50% 

Wheat Bajra 6.6 10.4 16.8 
Barley Fallow 7.2 11.3 18.0 
Rice Berseem 2.3 4.6 8.6 
Pearl millet Wheat 5.4 9.0 15.0 
Sorghum Mustard 7.0 11.2 18.1 
Mustard Sorghum 7.0 11.2 18.1 
Pigeon pea Onion 1.3 2.3 3.9 
Onion Pigeon pea 1.8 2.3 3.3 
Potato Okra 2.1 4.3 7.8 
Okra Potato 2.7 5.6 10.5 

   
Salt-tolerant varieties and germplasm identified and developed 
at CSSRI 
 

Breeding programmes for developing salt tolerant high yielding 
varieties in rice, wheat, raya and gram have led to development and 
release of six varieties in rice (CSR10, CSR13, CSR23, CSR27, CSR30, 
CSR36), two in wheat (KRL1-4, KRL19) and three in raya (CS52, CS 54 
and CS56) and one in gram (Karnal Chana 1) through the Central Varietal 
Release Committee of the Government of India (Table 5).  CSR30 
(Yamini) is the first salt tolerant basmati rice variety developed and has 
gained a lot of popularity among farmers and traders in the basmati 
growing regions of the country. Since the year 2000, Breeder and labelled 
seed amounting to more than 17, 10 and 3 ton respectively of rice, wheat 
and mustard varieties of the Institute has been supplied to different seed 
production agencies and farmers. In addition, two genotypes each in wheat 
(KRL35 and KRL99), gram (CSG 88101) and Sesbania (CSD137 and 
CSD123) have been registered with National Bureau of Plant Genetic 
Resources (NBPGR), New Delhi as unique germplasm for salinity and 
sodicity stresses.  

The traditional breeding approach involves (1) collection and 
screening germplasm for salinity tolerance, (2) crossing the identified 
tolerant types with the desired high yielding parents and (3) selecting the 
desired plant types having salinity tolerance as well as other desirable 
traits from the advancing and segregating generations. By exploiting the 
naturally occurring genetic variability that exists within a species, some 
relatively tolerant cultivars have been developed for crops including rice, 
wheat, lucerne, white clover and citrus. There is abundant unexplored and 
unexploited genetic variation that can be harnessed to improve the salt 
tolerance of crops, vegetables and horticultural species. 

 
Cultural practices 
 
Pre-sowing irrigation:  Primary objectives of presowing irrigation are the 
creation of optimal soil moisture conditions to facilitate tillage and seed-
bed preparation and to recharge to projected root zone with water for 
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Table  5: Salt-tolerant varieties and germplasm identified and developed at 

CSSRI 
Crop Varieties released by 

Central Varietal Release 
Committee 

Tolerant germplasm 
registered with NBPGR, 

New Delhi 
Rice CSR 10, CSR 13, CSR 23, 

CSR 27, CSR 30, CSR 36. 
 

 

Wheat KRL 1-4 and KRL -19 KRL 35 
 

Indian Mustard CS 52, CS 54 and CS 56  
 

Gram Karnal Chana 1 CSG 88101 
 

Sesbania  CSD 123, CSD 137 
 
Table 6: Tolerance range of salt-tolerant varieties of important crops  
 

Crop Tolerant Varieties 

Adaptability 

Sodic 
pH2 

Saline 
ECe, 

(dS m-1) 

Coastal 
saline 
ECe,  

(dS m-1) 

Rice CSR10, CSR 11 ,CSR 12, 
CSR 13 
CSR19, CSR 23, CSR 27, 
CSR 30, CSR 36. CSR 1, 
CSR 2, CSR 3, CSR 4, 
CST-7-1, SR 26 B, Sumati. 

9.8-10.2 6-11 
 

 

9.4-9.8 6-11  
  4 

Wheat KRL 1-4, WH 157 
Raj 3077,  KRL 19  

<9.3 6-9  
<9.3 6-10  

Barely DL 200, Ratna, BH 97, DL 348 8.8-9.3 6-10  
Indian 
mustard 
(Raya) 

Pusa Bold, Varuna 
Kranti,CS 52, CSTR 330-1, 
CST 609-B 10, CS 54 

8.8-9.2 6-8  
8.8-9.3 6-9  
8.8-9.3 6.9  

Gram Karnal Chana 1 <9.0 <6.0  
Sugar 
beet 

Ramonskaaya 06 , Maribo 
Resistapoly 

9.5-10 <6.5  

Sugarcane Co 453, Co1341 <9.0 ECe-10  
 
germination and later ET needs of the crop.  In saline soils these should 
further provide for leaching of soluble salts below the seedling zone, as the 
germination and seedling establishment are most critical stages and failure 
at these stages can not be rectified later.  Plants are also known to tolerate 
salinity better with the advancement of age.  Experiments have shown that 
crops like mung bean (green gram), sorghum and mustard could tolerate 
higher salinity once the non-saline water was substituted with good quality 
water greatly increasing germination, crop growth and yields and also 
resulted in better utilization of saline soil water even from the lower soil 
layers.  Pre-sowing irrigation assumes a more critical role for the success 
of kharif crops.  In saline soils, salt often accumulate in the top few 
centimetres of the soil during the non-crop periods.  Where high water-table 
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exists, fallowing may result in excessive salt accumulation in the root zone 
particularly in arid and semi-arid regions.  Under these conditions both 
germination and yields are adversely affected. Where available, irrigation 
with good quality water prior to sowing helps leach salts from the top soil. 
This helps in promoting better seed germination and seedling 
establishment.   
 
Seed rate and spacing: Due to inhospitable soil environment, germination is 
adversely affected. Mortality of young seedlings and poor tillering of crops 
are common in saline soils. Plant growth is hindered compared to normal 
soils.  Higher seed rate and closer spacing are advisable to counter these 
effects. For cotton, pearl millet, sorghum, wheat, barley, mustard etc. about 
25% higher seed rate over the recommended seed rate for normal soils 
ensures good crop stand.  In case of the transplanted crops, the number of 
seedlings per hill should be increased. Deep tillage and inversion also help to 
reduce salinity hazards. 
 
Method of sowing: Salts accumulate on the ridges under furrow method of 
irrigation. Suitable planting techniques such as row direction in East-West, 
ridge-furrow planting and deep placement (10-15 cm) of fertilizer under 
higher water-table areas should be adopted to minimise accumulation 
effect. The salt concentration in the root zone under this method of sowing 
was comparatively less owing to more accumulation of salts on southern 
face of the ridge due to direct and intensive solar radiation on this face.   
 
Irrigation Water Management 
 

 In saline soils, evapo-transpiration (ET) needs of crops are modified 
by the presence of soluble salts. The water availability decreases with 
increasing salinity of the soil. In this case both metric potential and osmotic 
potential must be considered while deciding irrigation scheduling. Light and 
frequent irrigations have to be adopted to keep the soil-water potential at 
lower levels. On-farm water management technology includes proper land 
levelling and shaping, efficient design and layout of irrigation methods, 
scientific scheduling of irrigation under both adequate and deficient water 
supply conditions, irrigation management under high water-table depths and 
crop planning for optimum water use. Sorghum, pearl millet, cotton, guar, 
moth, wheat, barely and mustard cannot tolerate standing water and also 
relatively wet moisture regimes, whereas linseed and sugar beet will perform 
better with such a regime. Enough moisture should be present at the time of 
flowering and seed development stage.  
 Some field crops are particularly susceptible to particular salts or 
specific elements or to foliar injury if saline water is applied through 
sprinkler irrigation methods. Elements of particular concern include sodium 
(Na), chlorine (Cl), and Boron (B). 
 
Conjunctive Use of Saline and Fresh Water 
 

Highly saline water cannot be used directly for crop production since 
salinity build up in the root zone would be quite fast and detrimental to 
crops. Such waters can be used in conjunction with fresh canal water 
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either in blending (mixing) or cyclic mode. Blending involves mixing of two 
waters of different qualities in network dilution or on-farm dilution to obtain 
water that is suitable for crop production. The salinity of the mix water 
should be within the permissible limits, based on soil type, crops to be 
grown and climate.   

In cyclic mode, canal water is replaced with saline/sodic water in a 
pre-decided sequence/cycle. A major advantage of the cyclic mode is that 
steady state salinity conditions in soil profile are never reached. In cyclic 
mode, fresh water and saline water can be used alternatively, in a pre-
decided sequence, switching manner (pre-sowing or first irrigation or at a 
sensitive growth stage with canal water and rest with saline water) or 
seasonal switching basis. In seasonal switching, a crop rotation is selected 
in such a manner that a more tolerant crop is grown during rabi and more 
sensitive crop is grown in kharif. Canal water is applied to the sensitive 
crop and it is replaced by saline water during the rabi season when a more 
tolerant crop is grown and canal water is either limited or is unavailable.  
 
Cyclic use of multi-quality waters 
 

Results of network experiments (AICRP-Saline Water, 1998) 
indicate that crop yields were higher when cropping intensities were low, 
but the crop responses to various models of saline and canal water usage 
in general did not vary.  The general conclusions drawn were: 1) Yields 
could be maintained close to those obtained under BAW (best available 
water at the site) by delayed substitution of saline water, i.e. after two initial 
irrigation with BAW. The next best is to alternate irrigations with BAW and 
saline water and 2) Irrigation with saline waters should not be at the critical 
growth stages, especially at sowing because high salinity hinders 
germination and seedling establishment. 
 
Mixing vs. cyclic use of multi-quality waters 
 

If the pre-requisite facilities for blending exist and different qualities 
of waters are simultaneously available on demand, the question arises as 
to which option should be followed. Analysis of experiments conducted 
over the years with different showed benefits of cyclic use modes over 
mixing in terms of relative yields at the same level of ECiw (weighted 
average salinity). The advantage from different cyclic use modes followed 
the order; (2C:1S) >(1C:1S) >(IC:2S); canal: saline water. Differences 
between the observed and estimated yields were greater at low relative 
yields, indicating increased benefits from cyclic use at higher ECiw. Thus it 
provides useful evidence that multi-salinity waters should be used 
cyclically and the use of canal waters at early stages and of saline waters 
should be delayed to later stages. Later experiments under the aegis of 
AICRP-Saline water (Minhas et al., 1998) where saline (ECiw 9-12 dS/m) 
and canal water were combined for cotton-wheat and pearlmillet-mustard 
rotations also support the suitability of cyclic use strategy. 
 
Amendment needs 
 

To decide whether amendments are needed while using high SAR 
saline water depends upon the effect of amendments on soil 
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improvements and crop production in relation to the cost involved. 
Generally it is thought that in high SAR saline water containing more than 
2 mmol L-1 , desodification and desalinization occur simultaneously when 
soils are leached.  However, during leaching of saline sodic soils or saline 
soils with high SAR leads to high pH, dispersion and infiltration problems 
and these changes are irreversible. This is contrary to the general belief 
that saline waters with electrolyte concentration more than flocculation 
values help in regaining the infiltration rate. Such soils require small 
additions of amendments like gypsum to maintain electrolyte concentration 
for the stability of aggregates and hence help in avoiding problems of 
reduced infiltration. 
 
Nutrient Management 

 

Availability of N, P and K in soil is often low for economic yields of 
crops. Addition of fertilizers to maintain the adequate level of essential 
plant nutrient is a standard practice. Besides affecting crop yield and soil 
physical conditions, quality of irrigation water affect fertility needs also. 
With the increasing use of saline water, appropriate nutrient application 
under saline condition is widely discussed. Salt affected soils are often poor 
in most of the essential plant nutrients owing to the lack of vegetation and 
low content of organic matter. At a given level of salinity, growth and yields of 
crops are depressed more when crop nutrition is not proper. Crop response 
to fertilizer under saline or sodic conditions is complex since it is influenced 
by many soil, crop and environmental factors. The benefits expected from 
using soil management measures to facilitate the safe use of saline water 
for irrigation will not be realized unless adequate, but not excessive, plant 
nutrients are applied as fertilizers. Numerous studies have been carried to 
determine the impact of improved fertilization on uptake of nutrients, 
chemical composition of plants and as a means of alleviating growth 
inhibition due to salinity. Salt accumulation affects nutrient content and 
availability for plants in one or more of the following ways: by changing the 
form in which the nutrients are present in the soil; by enhancing loss of 
nutrients from the soil through heavy leaching or, as in nitrogen, through 
denitrification, or by precipitation in soil; through the effects of non-nutrient 
(complementary) ions on nutrient uptake; and by adverse interactions 
between the salt present in saline water and fertilizers, decreasing fertilizer 
use efficiency. Specific ion effects, e.g. nutritional disorder such as Ca 
deficiency, may be created or corrected depending on the specific 
conditions. The level of soil fertility may affect salinity tolerance through its 
effect on root growth and activity also (Khalil et al., 1967).  
 The level of salinity may itself be altered by excess fertilizer 
application as mineral fertilizers are for the most part soluble salts. The 
type of fertilizer applied, when using saline water for irrigation, should 
preferably be acid and contain Ca rather than Na taking into consideration 
the complementary anions present. Timing and placement of mineral 
fertilizers are important and unless properly applied they may contribute to 
or cause a salinity problem.  

The kind and amount of fertilizer recommended for non-saline 
conditions also works under saline conditions with some modification. Crop 
yields and tolerance to salinity are very much influenced by soil fertility 
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status. Consequently, crops showing exceptionally high apparent salt 
tolerance at a low fertility level become more sensitive when adequately 
fertilized, although the absolute yield may be greatly increased. Maas and 
Hoffman (1977) observed that unless salinity causes specific nutritional 
imbalances, additional fertilization has little effect or reduces salt tolerance. 
Correction of either salinity or fertility limits is more effective when only one 
of these factors is the main limiting factor (Bernstein et al., 1974). On the 
other hand, some data seem to show a real increase in salinity tolerance 
under improved fertility conditions. Important information concerning the 
responses of plants to salinity under various fertility levels was obtained by 
tissue analysis. It should be kept in mind that this information may also be 
influenced by the plant species and environmental conditions. Numerous 
experiments have been conducted to study the interactive effects of 
salinity and fertility on yields of crops. Most of the work was related to N 
and P fertilizers although other nutrient elements were also considered.   
 
Nitrogen 
 

Indian soils are in general deficient in nitrogen and need to be 
supplemented through application of nitrogenous fertilizers. Nitrogen 
deficiency is also widespread in saline soils and a large fraction of the 
applied nitrogen is lost in gaseous forms under high soil salinity. 
Application of nitrogen mitigates significantly the adverse effects of salts on 
several crops (Leidi et al., 1991) and N requirement of crops is higher in 
saline soils than in normal soils. In general when salinity is not a limiting 
factor, the applied N fertilizer increases crop yields proportionately more 
than when salinity becomes a limiting factor. Field experiments conducted 
at CSSRI, Karnal in saline soil indicated significant response of wheat, 
barley, mustard, pearl millet and cotton up to 160, 120, 100, 120 and 80 kg 
N ha-1, respectively. Ravikovitch and Yoles (1971) observed positive effect 
of fertility on crop salinity tolerance and greatly increased yields of clover 
and millets with addition of N and P fertilizers to saline soil. A field study 
conducted on a loamy sand soil in Saudi Arabia, Helalia et al. (1996) 
reported that high nitrogen levels enhanced the growth of alfalfa and 
compensated for the reduction of its yield under high saline conditions 
(10.2–15.6 dS m−1). In a similar study,  Irshad et al. (2009) also reported 
that maize leaf, stem and root dry matter yield was reduced significantly by 
saline irrigation water but  application of nitrogen (N) markedly increased 
plant growth of maize as compared to control. 

When nitrogen is limiting, an increase in water supply may have little 
effect on crop yields (Parihar et al., 1985; Sharma and Kumar, 1990). 
Therefore, to understand the impact of water supply on nutrient availability, 
water interaction is important in deciding how to make optimal use of 
limited supplies of water. Fertilizer N rates should be adjusted in relation to 
the supply of water and its predicted salinity (Dayal et al., 1995). They 
studied the effect of supplementary saline irrigation and applied N on 
mustard and found that irrigation increased the seed yield and yields were 
higher when more nitrogen was applied, especially under irrigation. A 
single saline irrigation applied to a dry seeded crop at rosette or siliqua 
development stage increased the seed yield by 64 and 30%, respectively. 
Results of experiments with pearl millet at Agra, sorghum at Dharwad and 
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barley and wheat at Jobner suggested that application of 50% additional N 
over and above the recommended dose (200 kg N ha-1 for chillies and 120 
kg N ha-1 for wheat) did not improve the crop yields significantly at higher 
salinity (Minhas et al., 1998). 

However, alleviating salinity stress through enhanced fertility by 
using additional dose of N fertilizer may not always pay off well.  In 
contradiction to the positive effect of increased levels of nutrients on crop 
salinity tolerance, Khalil et al. (1967) measured increased sensitivity of 
corn and cotton to salinity with increased level of nutrition. Peters (1983) 
found reduced yield response and salt tolerance in barley to N fertilization 
as salinity levels were increased. A better strategy for improving N-use 
efficiency therefore seems to be substituting a part of inorganic fertilizer 
requirements through organic materials. At a given level salinity level, 
increasing application of organic materials improved yields of crops. 
However, when salinity of the irrigation water was higher, the per cent 
response was reduced when referenced to yields where no organics were 
applied. Organic materials temporarily immobilized the NH4-N and 
subsequently release the organically bound N to crops during growing 
season. By reducing volatilization losses and increasing N efficiency, 
integration of organic and inorganic sources saved 50% N in rabi and 25% 
in kharif crops.  

Salts usually reduce nitrogen use efficiency. Salts have harmful 
effects on microbial population responsible for N transformations thereby 
reducing N net mineralization rate. Urea hydrolysis was slowed down with 
salinity as found after three days of application (Kumar et al., 1998). 
Studies carried by different workers revealed that nitrification is more 
sensitive to salinity than ammonification resulting in accumulation of 
ammonia and nitrites. High concentration of salts (KCl or K2SO4) inhibits 
nitrification and resultant NH4-N accumulation. The plants, which absorb N 
only as NH3-N, would show nitrogen deficiency even if nitrogen is present in 
the soil. However, Singh and Bajwa (1990) reported that with the increase 
in EC, SAR and RSC of irrigation water, there was increased ammonia 
volatilization.  

Nitrogenous fertilizer should be applied in split doses to reduce 
nitrogen losses through volatilization and denitrification. The required 
quantity of phosphorus and potash along with first dose of nitrogen (one third 
for pearl millet, wheat and barley and half for cotton and mustard) should be 
applied at or before sowing. The remaining quantity of nitrogen should be 
applied in two equal splits at first and second irrigation i.e. 25 and 45 days 
after sowing in pearl millet, wheat and barley and in one dose in cotton (60 
days after sowing) and mustard (30 days after sowing). Under limited water 
supply conditions, nitrogen should be applied in two equal doses at sowing 
and first irrigation in wheat and barley. 

Sometimes ground waters are rich in nitrogen, which is largely a 
fertility issue, and nitrate-nitrogen (NO3-N) can be a significant N source in 
some of the ground waters as reported in Mathura. Nitrate ion often occurs 
at higher concentrations than ammonium in irrigation water. Waters high in 
N can cause quality problems in crops such as barley and sugar beets and 
excessive vegetative growth in some vegetables. Regardless of the crop, 
nitrate should be credited toward the fertilizer rate especially when the 
concentration exceeds 10 ppm NO3-N (45 ppm NO3

-).  



 
200 

Table 7: Effect of N and organic materials on crop yields 
 

Kharif Rabi Mustard Sorghum OC% 

Inorganic 
N 

Inorganic N + Organic 
material 

% Recommended doses of nitrogen 

Nil Nil Nil 6.6 174 0.25 
50 50 Nil 14.5 239 0.33 

100 100 Nil 19.3 284 0.34 
125 125 Nil 21.7 306 0.34 
75 Nil GM1 (10 Mg ha-1) 13.9 268 0.42 
75 Nil GM2 (10 Mg ha-1) 13.0 272 0.43 
75 Nil OM1 (10 Mg ha-1) 14.4 296 0.54 
75 Nil GM2 (10 Mg ha-1) 8.9 243 0.39 

GM1 Dhaincha, GM2 Subabul; OM1 FYM; OM2 Paddy straw, Organic carbon was 
determined after 5 years 
 
 Crop responses to added fertilizer under saline conditions are not 
clear, with some of the published data reporting contradictory results. 
Chemical analysis of plant tissues and studies of the physiological 
processes involved in the salinity- fertility relationship were evolved to find 
a valid explanation for these phenomena. 
  
Phosphorus 
  

 Availability of phosphorus increases up to a moderate level of salinity but 
thereafter it decreases.  Phosphorus application mitigates the adverse 
effects of salinity by directly providing phosphorus or by decreasing the 
absorption of toxic elements like fluorine and chlorine. It was observed that 
yields of wheat and mustard increased significantly with the application of 13 
kg P ha-1 as compared to no application of phosphorus irrigated with saline 
water under field conditions. Availability of phosphorus is governed by the 
type of salinity or the dominance of chloride and sulphate. In case of 
chloride dominated irrigation water, phosphorus application should be 
increased by fifty per cent than the recommended dose under normal 
conditions provided soils are low in available P, because sodium and 
chloride ions increase the solubility of CaCO3 more than sulphate. CaCO3 
tends to precipitate phosphorus, whereas chloride ions depress the 
availability of soil phosphorus to plants. Minhas and Gupta (1992) 
observed increased P response in wheat at increased level of salinity. 
Grain yield of wheat increased by 6, 25 and 32% under irrigation with ECiw 
of 3, 6 and 12 dS m-1, respectively when P dose was increased from 30 to 
90 kg ha-1 (Minhas et al., 1998). Manchanda et al. (1982) reported that 
phosphatic fertilizer tends to improve the threshold limit of crop to use of 
chloride dominated saline irrigation water. No additional application of P 
fertilizer is required if the irrigation waters are rich in sulphate and the dose 
recommended for normal conditions would suffice. The grain yield 
response of wheat to P application was higher under chloride dominated 
irrigation water than the sulphate dominated water (Chauhan 1998) (Table 
8, 9). Mor and Manchanda (1992) observed that salinity induced tolerance 
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depended upon a certain threshold chloride content in the root zone soil 
beyond which there was no response to application of P. Chauhan et al. 
(1991) observed that higher levels of salinity can be used to achieve the 
same level of wheat yields (3.5 Mg ha-1) if Cl:SO4 ratio of irrigation water is 
lowered or additional doses of P are added. In most of the cases moderate 
levels of salinity can be compensated by increased P fertilizer doses so 
long as salinity levels are too high and crops taken are salt sensitive. 
Champagonal (1979) reported positive P x salinity interaction in 34 crops 
out of 37 crops whereas Bernstein et al. (1974) reported considerable 
deterioration in the salt tolerance in corn by P fertilization. 
 
Table 8: Effect of P application on wheat yield at different salinity levels of 

irrigation water 
 

ECiw Grain yield (Mg ha-1) at added P (kg ha-1) 
 30 60 90 
3.0 3.28 3.46 3.47 
6.0 2.98 3.26 3.43 
12.0 2.17 2.58 2.87 
 
Table 9: Response of wheat to applied P fertilizer irrigated with 10 dS m-1 saline 

water 
 

Cl:SO4 Grain yield (Mg ha-1) at applied P2O5 (kg ha-1) 
 0 60 90 

3:1 2.7 3.4 3.7 
1:1 2.9 3.8 4.0 
1:3 3.2 4.0 4.2 

 
Potassium 
  

 Saline soils are generally medium to high in available potassium but 
plant grown under high salinity may show K deficiency due to antagonistic 
effect of sodium and calcium on potassium absorption and or disturbed 
sodium/potassium ratio. Under such conditions application of potassium 
fertilizer might increase yield either by directly supplying K or by excluding 
the uptake of Na, Ca and Mg. However, under high salinity conditions it is 
difficult to effectively exclude Na from the plant by use of potassium 
fertilizers. Due to intensive cultivation and antagonism between Na and K, 
this element may need attention in saline irrigated soils in future. 
 
Sulphur 
 

Sulphate ion is a major contributor to salinity in many irrigation 
waters. However, toxicity is rarely a problem, except at very high 
concentrations where high sulphate may interfere with uptake of other 
nutrients. As with boron, sulfate in irrigation water has fertility benefits.   

Sulphate has antagonistic relationship with chloride. When the 
chloride content in the root zone exceeds a threshold value, it adversely 
affected the availability of S to plants. In Cl- dominated irrigation water use, 
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sharp reduction in the S content of pea was reported by Mor and 
Manchanda (1992) which was attributed to the impedance of translocation 
of S by Cl in the root-shoot interphase. 

The response to sulphur application is expected when Cl : SO4 ratio 
is high. Application of sulphur (6-12 me l-1) through gypsum increased 
wheat grain yield by 20-25 per cent at ECe 9 dS m-1 when Cl : SO4 ratio in 
the soil is 8:2 or greater but no response was observed when Cl : SO4 ratio 
in soil was 7:3 or smaller (Table 10) (Chauhan, 1998). This indicated that 
sulphur requirement of crops is increased considerably under Cl-
dominated saline conditions.       
 
Table 10: Response of sulphur application (through gypsum) on grain yield of 

wheat (g per pot) in saline soil (ECe 9 dS m-1) under Cl : SO4 ratios 
 

S added 
(me l-1) 

Cl : SO4 ratio (ECe 9 dS m-1) 

9:1 8:2 7:3 5:5 

Control 13.9 15.2 17.1 19.7 
6.0 17.9 18.8 17.7 18.6 
12.0 16.7 16.9 17.7 18.0 
24.0 17.2 18.5 16.8 19.6 
CD (P=0.05) Cl:SO4 -1.0, S levels-1.2 
 
 Micronutrients 
 

 Deficiency and toxicity problems involving microelements arise when 
saline waters are used for irrigation to raise crops.  With long term usage of 
saline water, availability of micronutrients such as Zn and Fe is decreased 
resulting in their deficiencies. This is particularly true in case of arid and 
semi-arid regions where soils are calcareous in general. Chauhan (1998) 
recorded Zn deficiency in wheat and barley under continuous use of saline 
water, which was corrected by spraying Zn @ 20 kg ha-1.  
 When saline drainage water is used for irrigation, the presence of 
elements potentially toxic to plants must be considered.  High boron 
concentration in the ground water is a problem reported in many areas.  
When saline water containing B in used for irrigation, B accumulates in the 
soil profile to levels which can result in plant toxicity (Ayars, 2003).  Since 
B is more difficult to leach than salts, its accumulation may represent a 
greater threat to sustaining agriculture than the salinity. Maas (1986) 
reported B tolerance data for many crops.  He also reported that many 
crops exhibit injury without yield reductions and that data on yield 
reductions as a function of B concentration are generally not available. 
 Naturally occurring trace elements in soils and in the underlying 
shallow-groundwater adds a new dimension to the management of saline 
drainage waters (van Schilfgaarde, 1990).  If trace elements are present, 
close attention should be given to accumulation in the soil and 
bioaccumulation with in the crop, particularly forages and their possible 
effects on cattle and humans. 
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Use of organic manures 
  

 Integrated nutrient management and application of bulky organics 
suppresses the adverse effect of salinity and leads to higher yield of cotton 
crop. Organic materials such as farm yard manure not only supply plant 
nutrients but also help to mitigate harmful effects of salts by improving soil 
physical conditions. Incorporating organic matter into the soil has two 
principal beneficial effects of soils irrigated with saline water with high SAR 
and on saline sodic soils: improvement of soil permeability and release of 
carbon dioxide and certain organic acids during decomposition. This will 
help in lowering soil pH, releasing calcium by solubilization of CaCO3 and 
other minerals, thereby increasing ECe and replacement of exchangeable 
Na by Ca and Mg which lowers the ESP. By improving and preserving soil 
structure and permeability, organic matter helps to support ready 
movement of water through the soil and maintain higher water holding 
capacity of the soil.  
 Salinization during fallowing may be severe where a shallow water-
table exists because of high evaporation rates. Organic mulches reduce 
evaporation from the soil surface, thereby increasing water use efficiency 
(and possibly lowering irrigation demand). By reducing evaporation losses 
mulching will also decrease the opportunities for soil salinization. When 
using saline water in situations where the concentration of soluble salts in 
the soil is expected to be high in the surface layers, mulching can 
considerably help leach salts, reduce ESP and thus facilitate the 
production of tolerant crops. Thus, whenever feasible, to reduce the 
upward flux of soluble salts mulching should be encouraged.  
 
Interactive effect of salinity and fertility on chemical composition 
of plants 
 

Lower and higher concentration of certain elements in plant tissues 
in comparison to optimum range are obtained with saline irrigation at 
different soil fertility levels. Some cations influence the uptake of the other 
cations by plants e.g. antagonism occur between K and Ca, or Mg and Na. 
High levels of CaCl2 in the nutrient medium resulted in an increase in Ca 
concentration and a reduction of K and Mg levels in the tissue of bean 
plants. On the other hand, K addition increased K and decreased Ca and 
Mg contents in plant tissues. Mixed salt solution (Ca+K, Ca+Na) which is 
normally prevalent in saline soils greatly lessened the unbalanced nutrition 
(Bernstein, 1964). Detrimental effects of Ca cause leaf nacrosis which was 
found to be due to insufficient level of Mg rather than accumulation of toxic 
level of Ca in plant tissues. At extreme Na-Ca ratios, ionic imbalance 
predominates and growth suppression exceeds due to osmotic stress 
(Nassery et al., 1979). Jeschke and Nassery (1981) suggested that an 
efficient K/Na exchange system at the plasmalemma increases crop 
tolerance to salinity. 
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Types and Combination of Fertilizers for Optimum Crop Yield 
with Saline Water Irrigation 
  

Worldwide experience showed that fertilizers accounted for more 
than 50% of the increase in crop yields (Braun and Roy, 1983). Selection 
of combination, application method and time can increase their efficiency 
even while using poor quality waters for growing crops. Field experiments 
conducted at South Rohri, Pakistan, revealed that ammonium nitrate + di-
ammonium phosphate or ammonium sulphate+nitrophos combination 
resulted in higher crop yields of wheat and seed cotton on saline soil 
irrigated with saline water of electrical conductivity ranging from 3.5 to 5.5 
dS m-1 (Ahmad et. al., 2007). The possible reason for effectiveness of 
these fertilizers is due to the fact that they reduce pH of soil and help 
uptake of nutrients from the soil. 
 
Guidelines for use of saline water  
 

 Determination of suitability of given water depends upon the prevailing 
conditions (Soil, climate, crops etc.), irrigation and other management 
practices. Since rigid water quality standards are difficult to develop, broad 
guidelines for assessing suitability of irrigation water have been suggested 
for different agro-ecological zones of India are given (Table 11). For meeting 
site specific water quality objectives, factors like water quality parameters, 
soil texture, crop tolerance and rainfall have been given due consideration. 
Some of the addendums added to these guidelines for saline water include 
use of gypsum for saline water having SAR>20 and or Mg/Ca >3, fallowing 
during rainy season is helpful when SAR>20 and higher salinity waters are 
used in low rainfall areas.  
 
Table 11: Guidelines for using saline irrigation water in India 
 

Soil 
texture(% 

clay) 

Crop tolerance ECW (dS m-1 ) limit for rainfall regions 
<350 350-550 >550 

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 

 
Summary 
 

To make the best possible use of saline water, new techniques need 
to be developed and implemented to reduce excessive water uses and to 
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conserve limited water supplies and better ways of nutrient management 
must be found for optimum crop production. Effective salinity control 
measures must be implemented to sustain irrigated agriculture and to 
prevent pollution of associated water resources. Therefore, careful 
management of saline irrigation waters is very important and more 
fundamental and applied research is required to improve our 
understanding of salt movement, soil chemical interactions and crop and 
varieties responses under such complex and dynamic systems. In addition, 
we also need to study multiple stresses, like salt, B, water content, soil 
physical changes involved  therein.  Presence of trace elements like B, Se, 
Mo and others. reported in many areas  increase the concern and require 
more concerted and immediate research efforts. 
 Irrigation water quality guidelines for use in the monsoon climate of 
the country giving due consideration to soil type, rainfall and salt tolerance 
of crops in addition to major ion chemistry of waters have been developed. 
For the conjunctive use of multi-quality waters, canal water should be used 
at critically sensitive growth stages including pre-sowing irrigation, while 
the use of saline water should be delayed until late growth stages.  
Conclusive evidences indicate the advantage of intra/inter-seasonal cyclic 
uses over blending waters from multi-sources. Growing salt tolerant 
genotypes of different crops on such soils without or with little amount of 
chemical amendments are other suitable options.  The Institute has 
already released salt tolerant varieties of rice, wheat, Indian mustard and 
gram, which are playing an important role in improving economic 
conditions of the marginal farmers.  
 Selection of crops and adoption of the package of management 
practices developed after scientific consideration can only ensure successful 
crop production in saline irrigated soils. Since the salt affected soils vary 
considerably in their nature and characteristics, it is imperative that only 
location specific management practices are developed and adopted. It is our 
sincere hope that these efforts will trigger intensive research and help 
promote productivity and sustainability in the areas using such waters.  
 
References  
Ayars, J. E. (2003). Field Crop Production in Areas with Saline Soils and Shallow 

Saline Groundwater in the San Joaquin Valley of California. In Goyal, S. S., 
S. K. Sharma and D. W. Rains Crop Production in Saline Environments. 
(Eds.). 2003. Haworth Press, New York, USA. pp. 353-386. 

Ahmad, S., J., S.M. Mohyuddin Siddiqui, and M. N. Bhutta. (2007). Types and 
Combination of Fertilizers for Optimum Crop Yield with Saline Water 
Irrigation. Pakistan Journal Water Resources 11, 39-46. 

Bernstein, L. (1964). Effects of Salinity on Mineral Composition and Growth of 
Plants. Plant Anal. Fert. Probl. 4, pp. 25-45. 

Bernstein, L., L.E. Francois, and R.A. Clark. (1974). Interactive Effects of Salinity 
and Fertility on Yields of Grains and Vegetables. Agronomy Journal  66, pp. 
412-421.  

Braun, H., and R.N. Roy. (1983). Rational Plant Nutrition and Fertilizer Use for 
Increased Crop Production. 7th Session of the Regional Commission on 
Land and Water Use in the Near East, 16-18 March, 1983, FAO, Rome. 



 
206 

Chauhan, C.P.S. (1998). Efficient Management of Ffertilizer Nutrients under 
Saline/sodic Irrigation. Presented in National Seminar on Strategies for 
Management of Poor Quality Irrigation Water in Agriculture. CSSRI, Karnal, 
pp. 21-28.  

Champagnol, F. (1979). Relationship between Phosphate Nutrition of Plants and 
Salt Toxicity. Phosphorus in Agriculture 76, pp. 35-44. 

Chauhan, C.P.S., R.B. Singh, P.S. Minhas. A.K. Agnihotri and R.K. Gupta. 
(1991). Response of Wheat to Irrigation and Phosphorus Application. 
Agricultural Water Management 20, pp. 223-231. 

Dayal, B., P.S. Minhas, C.P.S. Chauhan and R.K. Gupta. (1995). Effect of 
Supplementary Saline Irrigation and Applied Nitrogen on the Performance of 
Dry Land Seeded Indian Mustard (Brassica Juncea). Experimental 
Agriculture 31, pp. 423-428. 

Goyal, S. S., S. K. Sharma and D. W. Rains Crop Production in Saline 
Environments. (Eds.). (2003). Haworth Press, New York, USA. pp. 427. 

Grattan, S. R.and J. D. Ayars. (2003). Use and Reuse of Saline–Sodic Waters for 
Irrigation of Crops. In Goyal, S. S., S. K. Sharma and D. W. Rains Crop 
Production in Saline Environments. (Eds.). 2003. Haworth Press, New York, 
USA. pp. 131-162. 

Helalia, A. M.,  O. A. Al-Tapir and Y. A. Al-Nabulsi. (1996). The Influence of 
Irrigation Water Salinity and Fertilizer Management on the Yield of Alfalfa 
(Medicago sativa L.). Agricultural Water Management 31, pp. 105-114. 

Irshad, M., A. E. Eneji, R. A. Khattak and A. Khan. (2009). Influence of Nitrogen 
and Saline Water on the Growth and Partitioning of Mineral Content in 
Maize. Journal of Plant Nutrition 32, pp. 458–469, 2009 

Jeschke, W.D. and H. Nassery. (1981). K+-Na+ Selectivity in Roots of Triticum, 
Helianthus and Allium. Physiol. Plant. 52, pp. 217-224. 

Khalil, M.A. , F. Amer, and M.M. Elgabali. (1967). A Salinity-Fertility Interactions 
Study on Corn and Cotton. Soil Science Society  of America Proceeding 31, 
pp. 683-686. 

Kumar, V., D.S. Yadav and M. Singh (1988). Effect of Nitrogen Rates, Farm Yard 
Manure, CaCO3, Salinity and Alkalinity on Transformations of Urea in Soils. 
Australian Journal Soil Research 26, 367-375.  

Leidi, E. O., M. Silberbush, and S. H. Lips. 1991. Wheat Growth as Affected by 
Nitrogen Type, pH and Salinity. I. Biomass Production and Mineral 
Composition. Journal of Plant Nutrition 14: pp. 235–243. 

Maas, E. V. (1986). Salt tolerance of plants. Applied Agricultural Research 1 (1), 
pp 12- 26. 

Maas, E.V. and G.J. Hoffman. (1977). Crop Salt Tolerance – Current 
Assessment. Journal Irrigation Drainage Engineering (ASCE) 103 (IR2), 
pp.115-134. 

Minhas, P.S.. O.P. Sharma and S.G. Patil. (1998). 25 Years of Research on 
Management of Salt - Affected Soils and Use of Saline Water in 
Agriculture.Central Soil Salinity Research Institute, Karnal, India  



 
207 

Minhas, P.S. and R.K. Gupta. (1992). Quality of Irrigation Water Assessment and 
Management. Information and Publication Section. Indian Council of 
Agricultural Research, New Delhi. pp. 123.   

Mor, R.P. and H.R. Manchanda. (1992). Influence of Phosphorus on the 
Tolerance of Table Pea to Chloride and Sulphate Salinity in a Sandy Soil. 
Arid Soil Research Rehabilitation 6, pp. 41-52. 

Nassery, R., G. Ogata and E.V. Maas. (1979). Sensitivity of Sesame to Various 
Salts. Agronomy Journal  71, pp. 595-597. 

Parihar, S.S., P.R. Gajri, and V.K. Arora. (1985). Nitrogen Fertilization of Wheat 
under Limited Water Supplies. Fertilizer Research. 8, pp. 1-8. 

Sharma, D.K., and A. Kumar (1990). Effect of Nitrogen on Yields, Uptake, 
Recovery and Nitrogen Use Efficiency of Mustard under Different Irrigation 
Scheduling. Journal of Indian Society Soil Science 38, pp. 229-232.  

Peters, J.R. (1983). The Effects of Phosphorus and Nitrogen Fertilizer on the 
Relationship Between Soil Salinity Levels and the Grain Yield and Protein 
Content of Barley Grown on Stubble Lands. Canadian Journal Soil Science 
63, pp. 705-718. 

Ravikovitch, S. and A. Porath. (1971). The Influence of Phosphorus and Nitrogen 
on Millet and Clover Growing in Soils Affected by Salinity. I. Plant 
Development; II. Plant Composition. Plant and Soil 35,  555-567; 569-588. 

Singh, B., and M.S. Bajwa (1990). Effect of Poor Quality Waters on Ammonia 
Volatilization Losses. Journal of Indian Society Soil Science 30, pp. 779-
780. 

Van Schilfgaarde, J.  (1990). Irrigated Agriculture: Is it Sustainable?  In: Manuals 
and Reports on Engineering Practice No. 71 Am. Soc. Civil Eng. New York, 
pp. 584-594. 

 
 
 
 



 
208 

 
Agronomic and Nutrient Management Practices for 
Raising Crops Using Sodic Water 
 
R. K. Yadav, D. R. Sharma and N. P. S. Yaduvanshi 
Division of Soils and Crop Management 
Central Soil Salinity Research Institute, Karnal -132001 (Haryana), India 
E-mail: rkyadav@cssri.ernet.in 
 
Introduction 

Johannesburg World Summit on Sustainable Development (2002) 
emphasized that water is the most crucial factor among the five declared 
drivers i.e. water, agriculture, health, energy and biodiversity for 
sustainable development of the society. It is evident from the fact that the 
demand for clean water is continuously rising, mainly due to population 
growth, consequent increase in food demand and change in life style on a 
global scale. At present, the agricultural sector is estimated to draw two-
thirds of world water withdrawals and accounts for 85% of total water 
consumption in the world, however, this share is likely to reduce to about 
65% by the year 2050 (Shiklomanov, 1997). Domestic per capita water use 

has increased with gross domestic product (GDP) growth, but in many 
developed countries this increase has come to an end; in some countries, 
domestic per capita water use is now even decreasing as the water 
resources at the surface are declining gradually because of contamination, 
climatic changes and other hazards. This causes additional stress on the 
available groundwater resources, which are vital for the water supply 
particularly in semi-arid and arid regions. In the context of increasing stress 
on groundwater, it is very aptly quoted that, “Groundwater will be an 
enduring gauge of this generation’s intelligence in water and land 
management; and nowhere will this intelligence be put to a harder test 
than in Asia, which uses some 500 M m3 of the total 750 M m3 of 
groundwater used for agriculture in the world”. Africa’s groundwater 
reserves are modest but it uses only a small fraction of it. The US, 
Australia and Europe though use groundwater considerably but largely for 
municipal and industrial uses.  

The rapid growth of groundwater irrigation in South Asia and the 
North China plains has been at the heart of an agrarian boom in the region 
after 1970. With the economic value of groundwater use estimated at 
some US$10 billion annually allowing agricultural outputs worth US$ 40-60 
billion per year and thereby making groundwater economy of South Asia 
and China as the backbone of increasingly productive agricultural and rural 
livelihood systems of these regions (Shah et. al., 2001; and Debroy and 
Shah, 2003). Out of 188 Mha-m yr-1 total water resources of India, 
contribution of groundwater is 69 Mha-m yr-1. However, actually utilizable 
water resources are only 110.8 Mha-m yr-1 and of which 38% comes from 
groundwater. Groundwater has proved more amenable to poverty-
targeting than large surface irrigation systems as governments can’t build 
large canal systems exclusively for the poorer sections of society, but they 
can design pump subsidies or build public tube wells. Thus, groundwater 
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development has done more to alleviate water deprivation than public 
irrigation projects. But, now with unregulated development, the 
groundwater depletion, pollution and quality deterioration cause concerns 
for the agrarian economies and millions of rural livelihoods which depend 
upon groundwater for irrigation.  

Due to ever decreasing availability of good-quality water and 
continuously increasing food demand for burgeoning population, farmers in 
the arid and semi-arid regions have little choice except to use available 
saline and/ or sodic groundwater for irrigation. This problem is particularly 
acute in northwestern arid and semi-arid India because majority (41 to 
84%) of this part is characterized by water scarcity underlain with aquifers 
of poor quality containing high concentrations of NaHCO3 and varying 
soluble salt concentrations (Minhas and Gupta, 1992; Minhas and Bajwa, 
2001). Prolonged use of such waters creates sodicity / salinity problems 
and induce severe nutritional disorders/imbalances in the irrigated soils 
and crops leading to reduced crop yields (Yadav, 1989; Bajwa et al., 
1993).  Irrigation with sodic water also leads to soil dispersion and clogging 
of pores due to clay migration (Grattan and Oster, 2003). Eventually, soil 
aeration and permeability are adversely affected. Indiscriminate use of 
such water poses serious threat to sustainability of agricultural production, 
natural resources and environment. It necessitates the development of 
special agronomic and nutrient management practices to minimize the 
adverse effects on soil properties and crop yield. The solutions needed to 
achieve sustainable soil quality and plant production using sodic water are 
salt tolerant plant species, cropping strategies that maintain favourable 
agronomic conditions, and optimum and balanced nutrient availability at 
active crop growth stages, periodic application of non-sodic irrigation 
waters, routine monitoring of soil solution chemistry and irrigation water 
quality, and periodic application of chemical amendments to neutralize 
sodium hazards on irrigated soils (Oster and Shainberg, 2001).  

Water quality researches over past few decades have enabled 
development of technological options to cope up with the problems of 
saline and sodic water use. Possibilities have now emerged to safely use 
the water otherwise designated unfit. Consistent efforts made at different 
research centers in India have resulted in acquiring first hand information 
on extent and distribution of poor quality groundwater, fair understanding 
on the basic principles of soil-water-plant systems, chemistry of adverse 
impacts of unscientific irrigation with sodic water and the ways for their 
safe utilization in agriculture. Based on the understanding developed, 
information on specialized agronomic and nutrient management practices 
for controlling the build up of ESP, maintaining the physical and chemical 
properties of sodic water irrigated soils and sustaining crop production are 
discussed in the following section.  

 
Extent and Distribution of Saline/Sodic Water 
 

India has been delineated into various geological formations 
according to their suitability for storage of ground water. Nearly 70% of the 
geographical area of the country is covered by unclassified crystalline 
formations and Deccan trap formations grouped as hard rocks. Alluvial 
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terrain of Indo-Gangetic plains form one of the richest water bearing 
formations where aquifers are extensive, thick and extend beyond 150 
meters. Limited extent of ground water is also found between 100–150 
meters in consolidated sediment formations of some parts of Rajasthan. 
Amongst the different river basins in India, the Ganga basin has the 
maximum (38%) of the total 43.14 M m3 ground water potential of the 
country (Minhas and Samra 2004). In the IG basin, Uttar Pradesh has the 
highest groundwater potential while Himachal Pradesh has the least. 
There has been rapid increase in development of groundwater potential 
since 1970. Haryana and Punjab have developed their full potential of 
groundwater and these are now overexploiting this resource.  

 
As far as quality of groundwater in terms of irrigation parameters is 
concerned, no systematic attempts have been made so far in the country 
for arriving at authentic estimates of sodic/saline or high SAR saline 
groundwater resources. However, the first approximation estimates 
suggest that 32-84% of the groundwater resources of Indian states are 
either saline/or sodic and high SAR saline (Fig. 1). The salt content of 
groundwater is dependent upon the source of water, the geological 
formation over which it flows, rate of rock weathering and mineralization, 
salt content transported in the region with streams, wind and rain, net 
balance between annual evaporation, precipitation and run-off, 
permeability and hydraulic gradient of the aquifer and inherent salinity of 
groundwater. Groundwater is dynamic in nature and generally in  

 
Fig.1: Groundwater Quality for Irrigation in India (1:6 million scale; legends used indicate 

Good Water = EC < 2 dSm-1 and SAR <10; Saline Water = EC > 2 dSm-1 and 
SAR <10; High SAR Saline Water = EC > 4 dSm-1 and SAR >10; Alkali Water = 
EC & SAR variable and RSC > 2.5; Source: Gupta et. al., 1994) 
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equilibrium with Ca ion in the areas of discharge. On approaching of 
groundwater to surface, CO2 escapes and its pressure drops leading to 
precipitation of calcite and sometimes even magnesium calcites. Under 
these circumstances if evaporation process remains strong, even Ca2+ 
precipitates as gypsum making the groundwater sodic. But consequently 
on mineralization, the groundwater in arid and semi-arid areas change 
from alkaline HCO3-SO4

2- type to Cl-Na with formation of Kankar in the 
intervening stage. Alternate arid climates with severely reduced 
precipitation after humid conditions disintegrated the paleo-drainage 
channels and circulation of groundwater leading to accumulation of salts.  

High salinity groundwater is mostly prevalent in arid parts of north-
western states like Rajasthan, Haryana and Punjab while alkali water is 
distributed mainly in semi-arid parts of India where annual rainfall varies 
from 500-700 mm. As per Central Ground Water Board (1997) estimates, 
in India an area of 1,93,438 km2 is underlain with poor quality groundwater. 
Estimates further indicate that out of the net total groundwater draft of 7.14 
million ha-m in four states of IG basin, about 2.92 million ha-m of 
marginal/poor quality groundwater is used for irrigation (Minhas and Samra 
2004). Groundwater quality in some of the states in India is given in table 
1. About 50% of groundwater is either marginal or poor in quality. Sodic 
waters constitute 37% of the underground brackish waters in some states 
of north and north-western India (Table 2; Manchanda, et al., 1983). 
Prolonged injudicious use of such water without any amendment causes 
soil sodification sooner or later. 
 
Table 1: Water quality distribution (%) in some states of India 
States Good Marginal Poor 
Punjab 59 22 19 
Rajasthan 16 16 68 
Haryana 37 8 55 
Uttar Pradesh 37 20 43 
Madhya Pradesh 75    10 15 
Gujarat 70 20 10 
Karnataka 65 10 25 
Average 51 15 34 

 
Table 2: Percent distribution of brackish waters in India  
States Categories 

Saline               Sodic High SAR-saline        
Punjab 22 54 24 
Haryana 24 30 46 
Rajasthan  16 35 49 
Gujarat 20 28 52 
Average 20 37 43 

 
Salinity and Sodicity Parameters, and Guidelines for Irrigation  
 

The first step while dealing with water quality problem is to get the 
water analyzed for its chemical composition. The requisite information on 
chemical composition can be obtained by analysis of a representative 
water samples from any soil-testing laboratory. The important parameters 
which ascertain water quality rating are:  
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1. Total salt concentration  
 

The most important criterion for evaluating salinity hazards is the 
total concentration of salts. The quantity of salts dissolved in water is 
usually expressed in terms of electrical conductivity (EC), mg l-1 or meL-1 or 
dSm-1 (EC mg L-1 = 640 x EC dSm-1 or me L-1 = 10 x EC dSm-1). The 
cations Na+, Ca2+ and Mg2+ and the anions Cl-, SO4

2-, HCO3
- and CO3

2- are 
the major constituents of saline water. Other ions may be present, but 
usually in low concentrations is potassium, nitrate, silica or boron. Water 
suitability for supplemental irrigation can be assessed on the basis of a 
reduction in soil physical properties like infiltration rate, aggregate stability 
or crop yield in relation to canal water. Plant growth is adversely affected 
by saline water, primarily through excessive salts raising the osmotic 
pressure of the soil solution, resulting in reduced water availability. In field 
situations, the first reaction of plants to the application of saline water is 
reduced germination. This reduced initial growth results in smaller plants 
(lower leaf-area index). Experimental evidence indicates that the interplay 
of several factors, such as the evaporative demand, salt content, soil type, 
rainfall, water-table conditions and type of crop and water-management 
practices, determines salinity build-up in the soil and crop performance 
resulting from long-term application of saline water.  
 
2. Sodium Hazard  
 

Some water, when used for the irrigation of crops, have tendency to 
produce alkalinity/sodicity hazards, depending upon the absolute and 
relative concentrations of specific cations and anions. The alkalinity is 
generally measured in terms of the sodium adsorption ratio (SAR), residual 
sodium carbonate (RSC) and adjusted SAR.  

 
1. RSC (me. L-1) = (CO3

2- + HCO3
-) – (Ca2+ + Mg2+) 

                      _________ 
2. SAR = Na/ √ Ca+Mg/2 
                                                        
Irrigation with sodic water containing more Na+ relative to Ca2+ and 

Mg2+ and high carbonate (CO3
2- and HCO3

-) leads to an increase in 
alkalinity and sodium saturation in soils. The increase in exchangeable 
sodium percentage (ESP) of soil with use of such water adversely affects 
soil physical properties, including infiltration and aeration. In the early 
stages of sodic irrigation, large amounts of divalent cations (Ca2+ and 
Mg2+) are released into the soil solution from exchange sites and replaced 
by Na+. In a monsoonal type climate condition of India, alternating sodic 
water irrigation and rainwater induces cycles of precipitation and 
dissolution of salts. Based on extensive research conducted in different 
agro-ecological regions of the country and farmers perceptions on impact 
of saline /sodic water irrigation on soil properties and crop yields, the 
following classification (Table 2) has been made for groundwater resource 
development and their suitable management considering specific needs.  
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 Table 3: Criteria for classification of poor quality groundwater for irrigation 
 

Water quality category EC (dSm-1) SAR (mmol L-1)1/2 RSC (me L-1) 
Main            Sub class    
Good < 2 < 10 < 2.5 
 
Saline 

 

          Marginally 
Saline 

2 - 4 < 10 < 2.5 

          Saline > 4 < 10 < 2.5 
          High SAR-
Saline         

> 4 > 10 < 2.5 

 
Sodic/Alkali 
          Marginally Sodic < 4 < 10  2.5 – 4.0 
          Sodic > 4 < 10 > 4.0 
          Strongly Sodic Variable > 10 > 4.0 

 
Further considering field experience and results from different saline and 
sodic water use experiments, Central Soil Salinity Research Institute, 
Karnal in consultation with Scientists from Haryana Agricultural University, 
Hisar and Punjab Agricultural University, Ludhiana has prepared some 
guidelines for efficient utilization of given poor quality water (Table 4) 
These guidelines emphasize on 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 
desalinizing upper root zone.  
 

Table 4: Suitability limits of alkali water for irrigation based on soil textural class 

 Soil texture      Upper limits of Remarks 
(% clay) SAR 

(m mol L-1)1/2 
RSC  
me L-1 

 

Fine (>30) 10 2.5-3.5 Limits pertain to kharif fallow– rabi 
crop rotation when annual rainfall 
is 350-550 mm 

Moderately fine  
(20-30) 

10 3.5-5.0 When water has Na < 75%, 
Ca+Mg >25% or rainfall > 
550mm, the upper limit of RSC 
becomes safe 

Moderately 
coarse  (10-20) 

15 5.0-7.5 For double cropping, RSC 
neutralization with gypsum is 
essential based on quantity of 
water used during rabi season. 
Grow low water requiring crops 
during kharif.  

Coarse (<10) 20 7.5-10.0  
 

Management of Sodic Water 
 

The major approaches to improving and sustaining agricultural 
productivity in any stress including sodic environment involve: (i) modifying 
the environment to suit the available plants physiology; and (ii) modifying 
the plants to suit the sodic environment. They could be used separately or 
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together to make possible the productive utilization of sodic water without 
compromising the sustainability of the production resource at different 
management levels. This chapter discusses the issues arising from use of 
sodic water and approaches their for sustainable management. Sodic 
water has low total salt concentration (EC < 4 dSm-1) and composition of 
salts is often dominated by sodium (> 70%) with very small proportion of 
Ca and Mg. such water usually have NaHCO3 as predominant salt making 
their RSC > 2.5 me L-1. Some times Ca-salts are nearly absent in sodic 
water. Irrigation with sodic/alkali water leads to increase in soil sodicity and 
sodium saturation. The increase in ESP adversely affects soil physical 
properties like infiltration, aeration and soil structure. Such soils upon 
wetting get dispersed and clog soils pores affecting aeration, root 
respiration and development, but on drying they become very hard. Poor 
respiration cause yellowing of crop seedlings during early irrigation. The 
irrigation water with low Ca2+ (< 2 me L-1) and high CO3

2- result in specific 
toxicity like scorching and leaf burning at early crop growth stage.  
 
Crop Selection 
 

The guiding principle for choosing the right kind of crops and 
cropping patterns suitable for particular sodic water is to select only those 
crops whose sodicity tolerance limits are lower than the soil sodicity (ESP) 
expected to build with use of that water. Under average conditions of water 
use, the expected root zone sodicity can be approximated by 1.5  SARiw 
in fallow- wheat, 2.0  SARiw in millet- wheat and 3.0  SARiw in rice-
wheat cropping sequences.  Thus, based on the expected ESP to be 
developed, the suitable crops and their varieties can be chosen from the 
list of sodicity tolerant crops given in table 5, 6 and 7.  

 

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 
60-70 Rice, Sugarbeat, Karnal grass 

 

The ESP range indicated against specific category of crops is the 
limit for 50% relative yield of respective crops. Since use of sodic water 
requires repeated application of gypsum, it is advisable to select only 
tolerant and semi tolerant crops and their varieties having low water 
requirement and high sodicity tolerance such as barley, wheat, mustard, 
oat, pearl-millet and sorghum etc. The choice of promising crops can be 
made from the list given in table 5 and 7.  
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Table 6: Promising cultivars of different crops for sodic environments 

Crop Varieties 
Wheat KRL 1-4, KRL 19, Raj 3077, HI 1077, WH 157 
Rice CSR 23, CSR 27, CSR 30, CSR 36 
P. millet MH 269, 280, 427, HHB 392 
Mustard CS 15, CS 52, CS 54, CS 56, Varuna, DIRA 336 
Cotton HY 6, LRA 5166, Sarvottam 
Sorghum SPV 475, 1010, CSH 1, 11, 14 
Barley CSB 1, 2, 3, DL 4, 106, 120, 200, 348, Ratna, BH 97, DHS 12 

 
Table 5: ESP tolerance of crops in alkali soils and irrigated with alkali waters 

Crop Soil under reclamation Alkali water irrigation 
 ESPt

* Slope ESP75
** ESPt Slope ESP75 

Cotton -- -- --     14.9 1.3 34.1 
Pearl 
millet 

13.6 2.6 23.2 6.1 1.3 25.3 

Rice 24.4 0.9 52.1      20.1 1.6 35.7 
Wheat 16.1 2.1 28.0      16.2 1.9 29.4 

* Threshold ESP, ** ESP for 75 % yield 

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

 Cultivation of high water requirement crops like sugarcane and rice 
should be avoided with sodic water use as its irrigation lead to ESP 
build up in surface soil layer. 

 Fields should be kept fallow during kharif (summer) 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 (winter). 

 Sorghum-wheat, cluster bean-wheat, pearl millet-wheat and cotton-
wheat rotations can be grown successfully in areas having rainfall > 
400 mm/annum provided that 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 alluvial plains with rainfall 600 mm, rice-wheat, rice-mustard, 
sorghum-mustard, and Sesbania (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. 
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Irrigation Management  
 

Among methods of irrigation, conventional irrigation practices such 
as basin irrigation can be adopted successfully; however, emphasis should 
be to minimize irrigations of sodic/alkali water because adverse impacts on 
soil depend directly on the quantity of such water used. Sodicity hazard 
can be reduced to good extent by using sodic water by mixing with or its 
cyclic use with good water. This can reduce the requirement of gypsum 
and simultaneously additional area can be brought under protective 
irrigation. The sodicity (ESP) of surface soil where the most roots interact 
defines the potentiality of dispersion, surface crusting and ultimately the 
infiltration problems. For practical purposes, information on above aspects 
is required for deciding the suitability of water for periodic build up of 
salinity and sodicity in the agriculturally most important soil layer (surface 
0.3 m). The sodicity build up in surface 30 cm layer with irrigation of sodic 
water alone and in cyclic mode with good quality canal water is depicted in 
figure 2.  

Fig. 2: Sodicity build-up (ESP, surface 0.3 m) in soils irrigated with various blending and 
cyclic use modes of alkali (AW) and good (GW) quality waters. 

 

Continued irrigation with alkali water alone (AW; ECw 2.3 dSm-1, 
RSC 11.7 me L-1, SAR 15) in paddy-wheat rotation for 6 years has been 
observed to increase pH, ECe, SARe and ESP of sandy loam soil (pHs 
7.8, ECe 0.7 dSm-1, ESP 5.3, organic matter 2.9 g kg-1 soil, clay 15%) 
compared with good quality water (GW; ECw 0.5 dSm-1, RSC nil). 
However, the rate of increase remains high during the initial years; 
thereafter these parameters get more or less stabilized. This is evident 
from figure 2, where the average values of pH, ECe, SARe and ESP at the 
end of experiment in soil irrigated with AW were 8.71, 3.80 dSm-1, 19.1 
mmol L-1 and 27.3, respectively (Minhas et. al., 2007). The development of 
sodicity depends on the equilibrium between the processes of precipitation 
of calcite and other minerals on concentration of soil solutions with water 
uptake during the irrigation season and the rainfall induced release of 
divalent cations both from exchange sites and dissolution of calcite and 
other minerals.  

Quasi-equilibrium seems to be established with in about 4–5 years 
of irrigation depending upon the nature of crops grown, soil characteristics 
and the climate especially the annual rainfall at the site (Bajwa et al., 1993; 
and Manchnada, 1993).  
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Fig. 3: Periodic changes in pHs, ECe and SARe in surface (30 cm) soils irrigated with 

blending and cyclic use modes of alkali (AW) and good (GW) quality water. (W-
99, P-99, W-00, P-00, W-01, P-01, W-02, P-02 and W-03 refer to samples drawn 
after harvest of wheat (1998–1999), paddy (1999), wheat (1999–2000), paddy 
(2000), wheat (2000–2001), paddy (2001), wheat (2001–2002), paddy (2002) 
and wheat (2002–2003), respectively). 
 
Also with sodicity-induced reduction in water infiltration, the 

opportunity for alkali waters to penetrate deeper is reduced. Thus sodic 
water irrigation further induces sodicity in the surface layers due to 
increase in concentration through loss of water due to evapo-transpiration. 
The rainfall during paddy season results in dilution of ionic contents in soil 
solution and thus leads to disturbance of equilibrium towards dissolution 
phase. In addition to this, higher dissolution of calcite in the rhizosphere of 
paddy with usually high pCO2 enhance Ca2+ in solution and displacement 
of additional Na from surface to deeper soil layers with high leaching in 
submerged conditions resulting in proportional build up of salinity and 
sodicity in different depths of soils in relation to quantity of AW used in 
various modes of irrigation. Very little differences have been monitored 
between respective blending and intera-seasonal cyclic uses. 

However, amongst the inter-seasonal cyclic uses, the AW when 
used for irrigating paddy (GWw: AWp) caused greater deterioration in soil 
properties with pH, SARe and ESP reaching 8.45, 15.2 and 24.5 than its 
use in wheat (AWw:GWp) where the respective values were 8.24, 11.2 
and 12.7. This was due to higher quantities of AW applied to raise paddy 
(1210 ± 97 mm) in comparison to wheat (271 ± 11 mm). It is usually stated 
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that the blending or cyclic use with water of higher alkalinity and low 
calcium with good quality water results in under-saturation with respect to 
calcite and consequently the tendency to pick up calcium through 
dissolution of native calcite. As a consequence, the build up in sodicity 
(ESP) should be relatively lower. Considering that the proportion of AW 
used for irrigation under 2 GW:1 AW, 1 GW:1 AW, 1 GW:2 AW, GWw:AWp 
and AWw:GWp were 0.33, 0.50, 0.66, 0.82 and 0.18, the corresponding 
build up in ESP, when referenced to AW alone (27.5), should have been 
13.1, 18.2, 20.1, 23.5 and 9.8, respectively. The averaged values of final 
ESP (Fig. 2) were almost the same under the two modes of irrigation 
indicating thereby a little advantage of inter-seasonal cyclic use in terms of 
sodicity build-up. Nevertheless, the use of AW for paddy only showed a 
definite advantage perhaps because of dilution effects of rainfall during its 
growth. The impacts of sodicity build-up were also observed in hydraulic 
conductivity; however, little difference was monitored in dispersion ratio. 
The relative HC (referenced to GW3.6 mmh-1) was reduced to 0.47 with 
the use of AW alone. The value ranged between 0.82–0.89, 0.72–0.79 and 
0.56–0.70 when GW and AW were used with blending, intera-and inter 
seasonal modes. 
 
Requirement of Amendments 
 

Adverse effect of alkali water on supply of Ca and physical 
properties of soils can be mitigated by amendment of such water with Ca-
bearing substances like gypsum. Gypsum is the cheapest source of Ca 
and it is available in abundance in our country. Other amendments like 
phosphor-gypsum, pyrites, acids or those forming acids [H2SO4, FeS2, S, 
Al2(SO4)] can also be used which on reaction with soil CaCO3 release 
Ca2+. However, due to low cost, abundant supply and ease of handling of 
gypsum, it is most suitable amendment for improving for creating favorable 
Na:Ca ratio and increasing crop growth. Requirement of gypsum depends 
on RSC level of water, existing levels of soil sodicity, cropping intensity 
and crop water requirements. Field observations suggests that gypsum 
application increases or maintains the yield of rice based cropping systems 
when irrigated with water of RSC > 5 me L-1 under, 500 mm rainfall 
conditions, whereas in case of fallow-wheat system irrigated with water of 
up to 10 me L-1 can be used safely on light texture soils without addition of 
gypsum. However, after ascertaining about role of gypsum amendment, its 
amount, mode and time of application can be decided as under. 
 
Amount of Gypsum Required 
 

The amount of agricultural grade gypsum (70% purity) for 
neutralization of each me L-1 of RSC is about 12 kg ha-1 per cm depth of 
irrigation. This way the amount of gypsum requirement can be worked out 
on the basis of quality and quantity of irrigation water required.  
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Time of Application 
 

The best of gypsum application is just before monsoon i.e. month of 
June with the first rains of pre-monsoon or after onset of monsoon. It can 
be applied in standing water also to hasten its dissolution and leaching of 
reaction products. Fields should be properly leveled and bunded to ensure 
exit or entry of water. 
 
Gypsum Bed  
 

Another way to reclaim sodic water is passing it through gypsum 
beds, a specially designed chamber filled with gypsum clods. The gypsum 
chamber is a brick-cement-concrete chamber (Fig. 4). Size of chamber 
depends on tube well discharge and RSC of water. This chamber is 
connected to water fall box of tube well on one side and to water channel 
on the other side. A net of iron bars covered with wire net (2 mm 2 mm) is 
fitted at a height of 10 cm from the bottom of the bed.  

 
Fig. 4: Cross-section diagram and picture of gypsum or pyrite beds 

 

Farmers can also convert waterfall chamber of their tube wells into 
gypsum chamber with little modifications. Sodic water flowing from below 
dissolves gypsum placed in chamber and reclaims it. RSC of water from 
tube well discharge of 6 l sec-1 decreased from 5. 5 to 1.9 me l-1 by passing 
it through a chamber of size 2 .0 1.5 1.0 m in this method. However, this 
method is not suitable for reclaiming very high RSC water (> 12 me l-1) 
because the size of the chamber required to fill the huge quantity of 
gypsum needed to neutralize such high RSC becomes too large. It has 
also been observed that the gypsum bed water quality improvement 
technique does not dissolve > 8 me L-1 of Ca. The response of crops to the 
application of equivalent amounts of gypsum, either by passing the water 
(RSC 9 me l-1) through gypsum beds where the thickness of bed was 
maintained at 7 and 15 cm, or the soil application of gypsum is presented 
in table 8. Though crops under both the rotations (paddy-wheat, sorghum-
mustard) responded to the application of gypsum in either of the methods, 
overall response of crops was slightly more in case of sodic water which 
was ameliorated  (3-5 me L-1) after passing through gypsum beds. Thus, it 
seems that gypsum bed technique can help in efficient utilization of 
gypsum.  
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Table 8: Average (1993-03) paddy-wheat and mustard-sorghum yields (Mg ha-1) 
and  soil properties* with gypsum applied to soil or passing sodic water 
through gypsum beds 

Treatment Paddy  Wheat pHs  ESP Mustard  Sorghum pHs  ESP 

Control (T1) 3.08 2.68 9.6 66 2.27 1.18 9.5 61 
Gypsum through beds 
3.3 me L-1 (T2) 3.97 3.73 8.0 19 3.06 1.98 8.0 25 
5.2 me L-1 (T3) 4.24 3.93 8.0 18 3.18 2.13 8.0 24 
Equivalent soil application 
As in T2 (T4) 4.31 3.71 8.2 20 2.86 1.92 8.0 26 
As in T3(T5) 4.52 3.89 8.1 20 3.00 2.05 8.1 24 
LSD( p=0.05)  0.43 0.46   0.38 0.24   

* At the harvest of rabi (2002-03) crops. (AICRP Saline Water 2002) 

Nutrient Management  
 

Management of nutrients is one of the most vital factors for 
sustaining crop production on sodic soils or soils irrigated with sodic water. 
Optimum supply of nutrients to plants provides essential elements and 
help in overcoming the adverse affects of salts and specific ions stress. 
However, like the amelioration techniques, the principle for rate and time of 
nutrients supply, and the processes governing their availability differ to a 
great extent with the nature of the salt problem in soil. Solubility, 
transformations, chemical forms and availability of many essential nutrients 
is affected by excess ESP, high > 8.2 pH, presence of substantial amounts 
of CaCO3, soluble NaHCO3, unstable soil structure and poor physical 
conditions of alkali soils arising due to irrigation with sodic water. 
Sustained alkali water irrigation for 15 years in cotton/pear millet/maize – 
wheat system grown on sandy loam soils has been found to cause 
significant reduction in available N, K, Zn and Mn while P and Cu remained 
unaffected. In fact irrigation water without RSC resulted in higher available 
status of these nutrients. (Table 9; Sharma et al., 2005)  
 
Table 9: Status of available nutrients in long-term (15 years) sodic water irrigated 

soil 
Water quality Status of available nutrients (kg ha-1) 
EC SAR   RSC N P K Fe Zn Mn Cu 

2 10 5   127 17.6 143 5.50 1.78 7.51 1.40 
2 10 10   128 17.1 138 6.08 2.09 7.22 1.40 
2 20 5   129 15.5 144 6.18 2.06 7.62 1.14 
2 20 10   125 15.9 142 5.96 2.67 7.55 1.34 
4 10 5   120 15.9 143 5.70 1.91 6.91 1.28 
4 10 10   122 18.4 152 6.14 1.40 6.56 1.32 
4 20 5   127 12.6 153 5.46 2.69 7.91 1.33 
4 20 10   124 16.0 155 5.76 2.03 6.25 1.37 
2 20 0   118 13.0 132 9.80 2.83 13.60 1.46 
Good water 149 17.1 183 6.96 3.55 14.14 1.32 
CD (P=0.05) 11.9 2.1 18.2 1.65 0.93 3.23 NS 
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However, analyses of soil samples from other field experiments on 
sodic water irrigation have shown that sodic soils or soils irrigated with 
sodic water generally become deficient in Ca, N, Zn, Fe, Mn and other 
micronutrients. Also sodic water irrigation increases volatilization losses of 
applied N; and low Ca2+ (< 2 me L-1) or high HCO3

-/CO3
2- result in specific 

toxicity in crops at early crop growth stages. Therefore crops respond to 
rates and methods of application of different fertilizers under these 
conditions. Processes of their transformations and availability under alkali 
soil conditions are discussed as under. 
 

Calcium 
 

Though alkali soils contain a wide range (traces to 35%) of CaCO3 
but availability of Ca in these soils is not sufficient to meet requirements of 
crop plants due to low status of exchangeable Ca and its sparingly soluble 
nature under high pH conditions. Similarly sodic water irrigation causes 
precipitation of soluble Ca into sparingly soluble CaCO3 and thus 
decreasing its availability to crop plants. Further, increasing soil ESP with 
sodic water and its high SAR causes Na antagonism to Ca uptake in crop 
plants. Thereby in alkali conditions, crop plants are affected in two ways 
i.e. sodicity sensitive plants accumulate toxic levels of Na in high sodicity 
conditions and in moderately alkali conditions lack of supply of adequate 
Ca affect its availability (Table 10). Calcium deficiency arising with sodic 
water (Yadav and kaledhonkar, 1999) use has been reported to cause 
physiological disorders as poor boll opening in cotton and fruit end rot in 
tomato. Absolute Ca contents and its concentrations in relation to Na are 
good indices of proper growth of crop plants under sodic environments.  
 
Table 10: Ca and Na contents of some crop plants under different soil sodicity 

levels 
 

ESP    Safflower       Raya     Cowpea 

Ca Na Ca Na Ca Na 

8.0 1.36 1.01 2.98 0.50 2.35 0.16 
16.0 1.28 1.85 2.80 1.00 2.24 0.25 
40.0 0.63 2.81 1.84 3.02 1.72 0.66 

 
Calcium can be supplied through addition of Ca-bearing chemical 

amendments, acids and acid forming substances as indicated in the above 
section (amendment requirements) of this chapter, which upon reaction 
with native CaCO3 release Ca. Another option can be use of organic 
manures like FYM or presmud which under anaerobic conditions during 
flooding of sodic soils create increased pCO2 and help in solubilisation of 
native CaCO3 and release Ca and in turn removes Na from exchange 
complex (Swarup and Yaduvanshi, 2004). Similarly growing of grasses, 
crops and other plantations also increase solubility of native CaCO3 
through biological actions of their roots, thus adequate addition of 
amendments and adopting the agronomic practices which enhance native 
CaCO3 solubility and neutralization of sodicity of irrigation water to avoid 
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further precipitation of native Ca are helpful in reclamation of alkali soils 
and thus production of good crops.  
 

Nitrogen  
 

Alkali soils or soils where sodic water irrigation is practiced are 
generally low in organic matter and available N throughout soil profile, thus 
most crops respond to N supply. Nitrogen transformations are further 
adversely affected by high pH and sodicity arising out of sodic water 
irrigations, thereby affect the use efficiency of applied N. Mineralization of 
organic matter and organic forms of N under reduced infiltration and poor 
physical conditions is restricted to ammonification stage only due to lack of 
aeration or more specifically O2 . A major amount (10-60%) of accumulated 
NH3 is liable to volatilization under field moisture range. Ammonia 
volatilization loss rate follow a first order reaction and its half life range 
from nearly 62 days at field capacity to only 10 days under irrigation with 
alkali water causing waterlogged conditions. Singh and Bajwa (1990) 
observed increasing NH3 volatilization losses with increase in EC, RSC 
and SAR of irrigation water (Fig. 5).  

 
 
Fig. 5: Effects of increasing levels of (a) EC (b) RSC and SAR in water on ammonia 

volatilization losses from sandy loam soils.  
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They recorded losses as high as 37, 40 and 24% in sandy loam soils 
when irrigated with sodic/saline waters of RSC 15 me L-1, EC 4 dSm-1 and 
SAR 50, respectively. Increase in pH with sodic water irrigation has further 
deteriorating impact by increasing volatilization. In addition to amount of 
salts, type of salts present in irrigation water also influence N 
transformations as Bhan et al. (1996) found that ammonification was 
accelerated while nitrification was retarded in Cl than SO4 or HCO3 salts 
(Table 11).  
 
Table 11: Effect of different salts of irrigation water on total ammonia 

volatilization 
Type of salt Soil pH (1:1 soil: 

water) 
NH3 volatilization 
(% of applied N) 

Control 8.1 17.6 
NaCl 7.9 20.4 
Na2SO4 8.1 34.8 
NaHCO3 9.4 32.9 

 
Another factor for low N levels under these conditions is reduced 

symbiotic fixation of atmospheric nitrogen because of sensitivity of 
microbes to high sodicity and reduced growth of host leguminous crop 
plants. Losses of N can be regulated with reduction of pH of alkali soil 
submergence 1-week prior to crop planting or through substitution of some 
of rapidly hydrolyzing urea with slow release organic manures. Ammonia 
volatilization losses can also be reduced substantially by altering the 
method of N application. It has been observed that placement of N 
fertilizers at 5-6 cm depth in upland crops and about 7-8 cm in paddy fields 
can restrict up to 90% volatilization losses. Split application of urea can be 
a viable option to reduce peak NH4 levels and NH3 losses thereby improve 
its use efficiency (Table 12; Swarup, 1998).  
 
Table 12: NH3 losses and rice grain yield with different urea application methods 

and pre-submergence periods 

Treatment  Grain yield  
(Mg ha-1) 

Ammonia volatilization losses  
(kg ha-1) 

  I II III Split 

N (kg ha-1) 3.61 1.43 0.00 0.00 
N0 4.60 6.01 6.42 5.57 
N60 4.83 8.31 7.48 6.74 
N120 5.13 9.90 9.30 9.09 
N180 0.22 0.93 0.63 0.75 
LSD (P=0.05)     
Method of urea application 
Before puddling 4.73 6.16 5.68 5.24 
After puddling 4.38 6.66 5.93 5.43 
LSD (P=0.05) 0.24 0.38 0.16 0.12 
Pre-submergence period 
0-week 4.44 6.91 6.10 5.62 
1-week 4.68 5.88 5.40 5.06 
LSD (P=0.05) 0.11 0.53 0.66 0.61 
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Other option to compensate for higher losses is to supply additional 
dose of N fertilizer as higher yields of rice and wheat have been realized 
with higher, I.e., 150 kg than 120 kg N ha-1; further improvement is also 
made possible with 3-splits in comparison to single application. Similarly 
supplementing extra dose of N at the time of first and second irrigations 
have been found to alleviate N deficiency and increase uptake of P, K and 
Zn and yields of crops. Foliar application of 3% solution of urea in addition 
to basal dose of N has been found to reduce volatilization losses, save 
about 40–60 kg N ha-1 and improve NUE in alkali soils.  
 
Phosphorous 

As such, Sodic water irrigation does not alter the availability of P 
initially. However, with continuous use causing development of sodicity in 
soil its solubility is enhanced and availability pattern becomes similar to 
alkali soils. The amounts of water soluble P has been found to increase 
with soil pH in all major soil series of Indo-Gangetic plains. But when alkali 
soils are reclaimed, surface layers become poorer progressively due to its 
movement to lower depths, crop removal and increased immobilization. 
Reports indicate that a positive correlation exists between the electrical 
conductivity and extractable P status of these soils. This is because of 
presence of high amounts of soluble salts of Na2CO3 and NaHCO3, which 
upon reaction with native insoluble Ca3(PO4) result in formation of soluble 
Na-phosphates as shown in the following equation. 
 

Insoluble Ca3 (PO4) + 3 Na2CO3   → 3 CaCO3 + 2 Na3PO4 (Soluble)  
 

Sorption of applied P in high ESP soils during initial years of 
reclamation remains very low and thus its release continues to be sufficient 
for crops even under low levels of P application. Another reason for 
continuous release of P is its enhanced solubility under high pH in Na-
dominated soils which reverses in Ca-dominated normal soils. But during 
process of reclamation extractable P in surface soil tends to decrease due 
to movement of soluble forms to deeper depths; greater sorption of soluble 
P with decreasing ESP and pH of soil; immobilization and conversion of 
soluble Na3PO4 to Ca3(PO4)  with addition of gypsum; and removal by 
growing plants. Application of gypsum improves soil physical conditions 
including infiltration rate in the process of reclamation resulting in 
movement of soluble salts and P to deeper depths. Due to these 
processes taking place under alkali conditions and the reclamation 
process, rice and wheat grown alkali conditions do not respond to P 
application during initial years. Crops response to applied P depends on 
nature of soil and stage of its reclamation, initial P value, crop to be grown 
and amendments used. Observations on rice-wheat; pearl millet-wheat 
sequences grown on alkali soils after addition of gypsum indicated that rice 
and wheat started responding to P application when Olsen’s P level of 
surface soils reached to 12.0 and 8.0 kg ha-1, respectively while pearl-
millet even did not respond at this level of P in soils (Table 13). This is 
because of the fact that crops with deep and extensive root system are 
able to tap the P which is leaching to deeper soil layers due to 
improvement in the physical conditions. It is advisable to apply P based on 
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soil test values, further it has also been observed that single 
superphosphate (SSP) and diammonium phosphate (DAP) are better 
sources as these contain some amount of calcium phosphate. 
 
Table 11: Grain yields of rice - wheat and pearl millet – wheat sequences and P 

status of soils after long periods of application of 22 kg P ha-1  

Treatment Grain Yield (Mg ha-1) Available P  
(kg ha-1)  Rice Wheat P.millet Wheat 

Year 1974 1985 1974 1985 86-93 86-94 1985 1994 

Control 3.81 3.17 0.84 0.78 0.75 1.10 17.9 9.6 
N N 6.64 4.73 4.11 4.00 1.71 3.48 8.7 4.0 
NP NP 6.56 6.92 3.71 4.73 1.95 4.78 7.1 60.0 
NP N 6.63 6.97 4.14 4.62 1.93 4.49 45.2 14.6 
N NP 7.17 6.47 3.90 4.89 1.94 4.66 45.9 15.8 
NPK NPK 7.08 6.97 4.05 4.58 2.11 4.90 67.4 56.6 
NPK N 6.45 6.88 4.02 4.32 2.07 4.58 4.7 15.0 
N NPK 6.85 6.45 4.14 4.28 2.01 4.71 46.5 14.8 
LSD 
(P=0.05) 

0.96 0.55 0.82 0.36 0.38 0.54 8.9 5.9 

 
Rice starts responding to P application after 5 years of reclamation 

process in comparison to 7-8 years in case of wheat. Rice, being shallow 
rooted (30 cm) crop responds early because of depletion of surface layers 
but wheat continues to explore reasonably deeper (75 cm) for about 30 
extra days as it is deep rooted and relatively longer duration crop. These 
results indicate that P fertilization should be made early in rice than wheat.  
 
Potassium  

Increasing levels of sodicity with sodic water use generally 
decreases K and increases Na contents in plants; also K uptake is reduced 
with high Na and low Ca status in soil solution under sodic conditions. 
Though crops grown on alkali soils of Indo-Gangetic plains did not respond 
to K application initially because of high status of available K, but with 
continuous cultivation, crops have started responding depending upon the 
level of K depletion. The reason for lack of crop responses is presence of 
K-bearing micaceous and illitic minerals capable of releasing sufficient K, 
their dissolution and greater contribution of non-exchangeable K to its total 
uptake in plants. It has been observed that externally applied K reduces 
the release from non-exchangeable reserves and due to its low leaching a 
large portion of applied K remains in surface 30 cm soil (Swarup, 1998). 
Response to K application also depends upon capacity and selectivity of 
crop species and their cultivars to absorb K under strong antagonistic 
effect of Na under sodic water irrigation. For correcting Na-induced K 
deficiency in plants grown under alkali conditions, nutrients should be 
supplied in optimum amounts and balanced proportions depending upon 
status of exchangeable K in soils. Greater depletion of K has been 
observed in soils where only N and P were applied than those where only 
N was applied. In alkali soils, instead of applying K fertilizers, proper 
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amount of amendment may be applied to have appropriate Ca:Na balance 
and K status in plants. Foliar application of K has been also found as 
another viable way of rectifying K deficiency inplants grown on sodic soils 
or with sodic water irrigation. Yadav and Rao (1997) recorded higher grain 
and biomass production of Indian mustard with foliar application of 20-40 
ppm K when grown on salt-affected black Vertisols.  
 
Zinc 

Continuous use of sodic water leads to development of alkali soils. 
Though these have been observed to be sufficient (40-100 ppm) in total Zn 
but low in its available fraction as only 3.3% of total amount has been 
found as exchangeable, complexed, organically bound and occluded 
forms, which are considered as available during crop growth period. 
Reasons for low contents of available fractions of Zn under sodic/alkali 
conditions are high pH, formation or presence of CaCO3, high soluble P 
and low organic matter. Availability of Zn in these conditions is regulated 
by solubility of Zn(OH)2 and specifically ZnCO3 with sodic water irrigation , 
the immediate reaction products after its application. Zn deficiency has 
been found to be widely prevalent in rice with symptoms appearing as 
white appearance of young leaves at early stages, delayed crop maturity 
and reduced yields. Application of 25 kg of ZnSO4 ha-1 per annum is 
though essential but sufficient for crops of both seasons where sodic water 
is used for irrigation. In arid and semi-arid regions where soils are 
generally calcareous the availability of all micronutrients in general and Zn 
in particular decreases when irrigation with high sodicity water is practiced. 
Minhas and Chhiba (1999) found that water soluble plus exchangeable Zn 
fraction increased while insoluble residual fraction decreased with increase 
in RSC of irrigation water. This could be due to formation of soluble sodium 
zincate. Singh (1999) had also recorded that with use of sodic water (RSC 
10 & 20 me L-1), Zn application at 20 kg ha-1 improved the grain yield of 
rice under no gypsum treatment (Table 14) but in presence of gypsum 
increase was found to be non-significant. 
 
Table 14: Grain yield of rice after two years of irrigation with sodic water 
 

RSC (me l-1) Zn levels (kg ha-1) 
0 10 20 Mean 

Without gypsum 
0 5.9 6.2 6.0 6.0 
5 5.6 5.8 6.0 5.8 
10 5.1 5.3 5.6 5.3 
20 4.2 4.4 4.6 4.4 
Mean 5.2 5.4 5.5  
CD (P=0.05)           RSC levels – 0.30, Zn levels – 0.26, RSC x Zn - NS 

With gypsum 
0 5.9 6.2 6.0 6.0 
5 6.0 6.0 6.1 6.0 
10 5.8 5.9 5.7 5.8 
20 5.2 5.6 5.6 5.4 
Mean 5.7 5.9 5.9  
CD (P=0.05)           RSC levels – 0.23, Zn levels – NS, RSC x Zn – NS 
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Iron 
Availability of iron is reduced with sodic water irrigations because of 

following reasons, i) decreased solubility with increase in soil pH ii) 
Presence of CO3

2- and HCO3
- in irrigation water induce iron chlorosis in 

different crops leading to reduced growth and poor metabolism. Another 
factor which influences iron availability is deterioration in soil physical 
conditions creating reduced conditions. Reports indicate that application of 
FeSO4, a soluble salt could not overcome iron deficiency under alkali 
conditions (Swarup 1980). Similarly significant decrease in DTPA 
extractable iron in soils irrigated with sodic water for 9 years were recorded 
by Bajwa et al. (1993). Application of Fe should be practiced with use of 
amendments based on soil test reports. 
 
Manganese 

  Similar to Fe, solubility and availability of Mn is also governed by pH 
and oxidation-reduction status of the soils achieved after irrigation with 
sodic water. Presence of RSC in irrigation water decreases Fe availability 
to upland crops like wheat taken after low land rice. This is because during 
submergence Mn solubilises after conversion to reduced state and leaches 
to deeper depths particularly so in coarse textured soils. It oxidizes readily 
under upland conditions, hence its soil application is not effective, but 
repeated foliar application of MnSO4 is most effective in overcoming its 
defiency in crops.  
 
Integrated Nutrient Management 

Application of gypsum as soil or water amendment is generally 
recommended to offset the deteriorating effects of sodic water. However, 
alternatively cheap organic amendments like FYM and pressmud have also 
been used to alleviate the adverse effects of soil sodicity on crop growth. 
Long-term nutrient management strategies developed so far for improving 
rice-wheat production on sodic lands are potentially applicable to areas 
primarily irrigated with good quality underground irrigation water. Since rice-
wheat system is the most commonly practiced crop rotation in the Indo-
Gangetic plains, improving its productivity particularly in the areas having 
poor quality groundwater is a major challenge. Development of site specific 
integrated plant nutrient supply (IPNS) and management strategies is 
therefore a viable option for sustaining the productivity of this system. The 
basic concept underlying IPNS is the maintenance or adjustment of soil 
fertility and plant nutrient supply to an optimum level for sustaining the 
desired crop productivity through optimization of the benefits from all 
possible sources of plant nutrients in an integrated manner. IPNS is an 
approach ecologically, socially and economically viable, and environmentally 
un-hazardous. Keeping these facts in view field investigations were carried 
out to evaluate long-term effects of sodic water (RSC 8.5 me L-1, SAR 8.8) 
irrigation with and without gypsum, farmyard manure (FYM) and pressmud 
application in combination with inorganic fertilizers (N, P, K and Zn) on soil 
properties and yields of rice and wheat.            
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               Recent studies on integrated nutrient management have shown that 
rice and wheat yields increase significantly with integrated use of gypsum 
or FYM or pressmud and 100% of recommended levels of inorganic NPK 
fertilizers in comparison to inorganic fertilizers alone. The mean yield of 
rice under recommended dose (N120 P26 K42 kg ha-1) with gypsum or FYM 
or pressmud or gypsum + FYM or gypsum + pressmud was 5.23, 5.29, 
5.31, 5.35 and 5.41 Mg ha-1, respectively during 10-year-cropping period 
(1994-2003) in comparison to 4.79 Mg ha-1 (Table 15) with recommended 
levels of fertilizer only (Yaduvanshi and Swarup, 2005).  

 
Table 15: Effect of gypsum with and without different organic manures on yield of 

rice and wheat and soil properties 
Treatments Mean Yield (Mg ha-1) Soil pH OC 

(%) 
 

Rice 
(94-03) 

Wheat 
(94-04) 

N120 P26 K42  
(100 % recommended) 

4.79 3.69 8.52 0.26 

N120 P26 K42 + FYM 5.29 4.16 8.38 0.43 
N120 P26 K42 + gypsum 5.23 4.10 8.18 0.37 
N120 P26 K42 + Pressmud (PM) 5.31 4.46 8.29 0.42 
N120 P26 K42 + FYM + gypsum 5.35 4.22 8.28 0.42 
N120 P26 K42 + PM+ gypsum 5.41 4.52 8.28 0.40 
CD (P=0.05) 0.42 0.34 0.08 0.60 
Initial Soil Properties   8.6  0.40 

 
The NPK fertilizer with 10 Mg ha-1 FYM, 5 Mg ha-1 gypsum or 10 Mg 

ha-1 pressmud produced higher yields over the years as compared to 
application of recommended dose of inorganic NPK alone. The residual 
effect of FYM, gypsum and pressmud was significant on wheat yields after 5 
years. Though yields of both crops improved further when gypsum was 
applied with FYM or pressmud, but the profit was not beneficial over the 
FYM and pressmud alone treatment. Application of recommended NPK 
fertilizer combined with FYM or pressmud gave the highest profit followed 
by gypsum treatments. The cost/benefit ratio from 10 Mg ha-1 each 
pressmud (1.65) or FYM (1.59) were higher in comparison to gypsum 
application (1.38). There was substantial improvement in organic carbon 
and available nitrogen, phosphorus, potassium and zinc in soil over the 
initial status. The results of this study clearly show the beneficial effects of 
FYM and pressmud for rice and wheat yield under sodic water irrigation. It 
will become more crucial in the future because of increasing cost of 
chemical amendments. Use of organic amendments like pressmud and 
FYM with inorganic fertilizers were found effective in improving and 
maintaining fertility of sodic soil under sodic water irrigation (Yaduvanshi 
and Swarup, 2005; Swarup and Yaduvanshi, 2004)  

Large quantities of combine harvested rice and wheat straw are being 
produced in states of Punjab, Haryana and Uttar Pradesh. The residues 
are being burnt, presently, to clear the fields for timely sowing of crops and 
convenient disposal of waste. Large quantities of rice and wheat residues 
are available (37.87 Tg) for recycling and its potential was 0.634 Tg as a 
source of N, P and K nutrients. One tone of rice residues contains 
approximately 6.1 kg N, 0.8 kg P and 11.4 kg K, while one tone of wheat 
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residues contains 5.1 kg N, 1.2 kg P and 10.5 kg K. Rice-wheat cropping 
system occupies about 10 million hectares area in India. In another field 
study under sodic water conditions, incorporation of wheat residue 50 days 
prior to rice transplanting either alone or with green manuring or with 
sulphitation pressmud (a sugarcane waste byproduct) and recommended 
dose of 120 kg N and 26 kg P ha-1 resulted in significant improvement in 
rice yield as compared to recommended dose of chemical N and P 
fertilizer alone. The mean yield improvement in both the crops due to 
incorporated of various organic sources over 100 % of recommended dose 
of NP was 26.1%, while it was only 6.6% in the treatment where the 
residue was burnt. Sodic water irrigation over three years period of 
experimentation, increased soil pH by 0.1-0.16 units (Table 16). However, 
in treatments with organic sources, pH remained nearly at the initial level 
(Yaduvanshi and Sharma 2007a and b). As crop residues are rich source 
of organic mater, nutrients and energy, they must be returned to the soil. 
Besides the loss of organic matter and plant nutrients, burning of crop 
residues also cause atmospheric pollution in form of toxins and green 
house gases.  
 
Table16: Effect of crop residue management on yield (mean of 3 years) and soil 

properties of alkali soil under poor quality water      
Treatments Grain yield (Mg ha-1) pH OC 

(%) Rice  Wheat 

N0 P0 1.05 0.87 9.35 0.25 
N90 P19.5 (75 % NP) 2.69 2.31 9.35 0.25 
N120 P26  (100 % NP) 3.49 2.94 9.31 0.26 
100 % NP + wheat residue Burning  3.72 2.99 9.33 0.30 
100 % NP + Incorporated wheat residue 4.34 3.19 9.20 0.35 
100 % NP+ Incorporated wheat residue 
+ GM 

4.45 3.35 9.18 0.35 

100 % NP+Incorporated wheat residue+ 
SPM 

4.41 3.34 9.20 0.34 

CD (P=0.05)     0.58 0.45 - 0.02 

 
The results from studies on tillage practices have shown that no-tillage 
(NT) practice increases organic carbon and infiltration rate of sodic water 
irrigated soil in comparison to conventional tillage conditions. No-tillage 
practice also decreased soil pH and SAR. The NT either alone or with 
residual effect of gypsum or pressmud or FYM has been found as an 
effective option to sustain higher yields of wheat under use of sodic water 
irrigation in a rice-wheat system; besides saving of 7.22 cm of irrigation 
water and three disking and planking operations (Yaduvanshi and Sharma 
2008). 
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