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ABSTRACT
Considerable nitrogen (N) losses lead to lower N use-efficiency (NUE) in saltaffected soils due to leaching and volatilization. A lysimeter experiment was conducted to
determine NUE in two salt-affected soils of different texture (clay loam and sandy clay
loam), using various rates of N fertilizer. The experiment used a three replicate completely
randomized design. The treatments included five N rates, three higher (15, 30 and 45%) and
two lower (15 and 30%) than recommended rate of 125 kg ha-1. Additionally, gypsum was
added at 50 and 100% of soil gypsum requirement (SGR) in both salt-affected soils.
Maximum paddy and straw yields were recorded for sandy clay loam saline-sodic soil
collected from Village 132, Faisalabad (132S), using 45% higher N + gypsum at 100% SGR.
Whereas clay loam saline-sodic soil, from Village 84, Faisalabad (84S) at 30% higher N rate
with gypsum at 50% SGR gave the highest paddy and straw yields. In general, the clay loam
soil produced more paddy yield than the sandy clay loam soil at similar N fertilization. In the
sandy clay loam soil, gypsum at 100% SGR along with a 30% higher N rate increased the
grain and straw yields of wheat significantly (p < 0.05) compared to application of gypsum at
only 50% SGR. Nitrogen use efficiency was the highest with 45% higher N (N145) with
gypsum applied @ 100% SGR compared to 50% SGR in severe salt-affected (sandy clay
loam) soil during rice crop. From marginal clay loam saline-sodic soil, NUE remained higher
with N130 along with gypsum @ 100% SGR which was statistically on par with gypsum @
50% SGR. It was concluded that NUE remained highest with N130 and N145 with gypsum
applied @ 100% SGR during rice crop from clay loam and sandy clay loam soils,
respectively. Moreover, NUE was higher at recommended N fertilization when gypsum was
applied at 100% SGR which was also attributed to improved soil chemical properties, i.e.
pHs, ECe and SAR.
A field experiment was conducted at Village 132/ GB and 84/ GB to determine NUE
in the two salt-affected soils of contrasting texture (clay loam and sandy clay loam), using
higher rates of N than that in their counterpart normal soils. The experiment was laid-out in a
randomized complete block design with three replications. The promising treatments were
selected from lysimeter experiments for field experimentation. The treatments employed for
normal soils were: No fertilizer (C), recommended N fertilizer (N100), 15% higher N than
recommended N fertilizer (N115), 30% higher N than recommended N fertilizer (N130). The
xiv

treatments selected for salt-affected soils were: No fertilizer and no gypsum (C),
recommended N + gypsum @ 50% SGR (N100+G50), 30% higher N than recommended N
fertilizer + gypsum @ 50% SGR (N130+G50), recommended N + gypsum @ 100% SGR
(N100+G100), 30% higher N than recommended N fertilizer + gypsum @ 100% SGR
(N130+G100). The highest NO3- leaching was recorded with N130 along with gypsum @ 100%
SGR from clay loam (84S) and sandy clay loam (132S) salt-affected soils. During wheat
crop, more NO3- concentration in leachate was recorded compared to those during rice crop.
The crop yield was lowered from salt-affected soils during amelioration by using higher rates
of fertilizer (N130) and gypsum application compared to their counterpart normal soils. The
30% higher N than recommended with gypsum @ 50% and 100% SGR improved (saltaffected soil) properties and crop yields from clay loam (marginal SA) and sandy clay loam
(highly SA) soils, respectively. During early stages of reclamation, higher doses of N and
gypsum are required to achieve maximum economical yield and NUE. During 2nd year, NUE
was the highest with recommended rate of N and gypsum @ 50% and 100% SGR for clay
loam and sandy clay loam soils, respectively. The greatest decrease in yield gap from sandy
clay loam and clay loam saline-sodic soils was observed with 30% higher rate of applied N
along with gypsum @ 100% SGR and 50% SGR, respectively.
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CHAPTER 1
INTRODUCTION
Salinity and sodicity are major abiotic environmental stresses to crop production in
arid and semi-arid regions (Munns and Tester, 2008; Geissler et al., 2010; Grewal, 2010).
Almost more than 8 × 108 ha of land throughout the world is salt-affected either by salinity
(3.97× 108 ha) or sodicity (4.34 × 108 ha) (Munns, 2005; Rozema and Flowers, 2008). Of the
current 2.30 × 108 ha of irrigated land, 45 × 106 ha are salt-affected (20%). Out of 21.5 × 106
ha of salt-affected land in Asia, 12 × 106 ha is saline and 9.5 × 106 ha is sodic (Lafitte et al.,
2006). It is estimated that 1.6 × 106 ha of arable land is going out of cultivation every year
(Ghassemi et al., 1995) due to low precipitation, high surface evaporation, irrigation with
saline water without proper cultural practices.
Pakistan lies between Latitudes 24º to 37º North and Longitudes 61º to 76º East in the
northern hemisphere. Out of its total geographical area of 79.61 × 106 ha, 23.04 × 106 ha is
cropped land (GOP, 2010). In Pakistan, 6.67 x 106 ha area is currently affected due to salinity
and sodicity, and it is growing rapidly (Khan, 1998). The salt-affected area is categorized as
0.598 × 106 ha slightly saline-sodic, 1.33 × 106 ha moderately saline-sodic, 2.3 × 106 ha
severely saline-sodic and 1.96 × 106 ha very severely saline-sodic (Anonymous, 2004).
Increasing salinity is decreasing yield of major crops by more than 50% (Bray et al., 2000).
These losses are of great concern for the countries like Pakistan and India, the economies of
which rely mainly on agriculture sector.
Main sources of salts in arid and semi-arid region soils include native salts in parent
material, canal and ground water irrigation, agro-chemicals, in-situ mineral weathering and
rainfall. High salts accumulation within plants disturb the ionic homeostasis resulting in ion
imbalance, ion toxicity, osmotic stress, nutrient imbalances and production of reactive
oxygen species (Munns, 2002). Salts in soils affect crops in many ways but mainly by
lowering soil water potential that decreases the ability of plants to absorb water and nutrients
from soil (Brady and Weil, 2004; Hamza et al., 2007; Munns, 2011). If the salt concentration
is high enough to lower the water potential by 0.05 to 0.1 MPa, then plant is considered
under salt stress. If the salt concentration is not this high, the stress is ionic stress and may be
caused by one particular species of ion (Orcutt and Nilsen, 2000). If salinity is due to sodium
(Na+) salts, it can lead to the formation of saline-sodic and sodic soils.
1

The interactions between salinity and mineral nutrition of plants are complex because
it is influenced by plant species, composition and level of salinity, concentration of nutrients
in the substrate and climatic conditions (Fageria et al., 2011). Imbalances of nutrients may
result from the effect of salinity on nutrient availability, competitive absorption, transport or
partitioning within the plant or may be caused by physiological inactivation of a given
nutrient resulting in an increase in plant’s internal requirement for that essential element
(Rengasamy, 2006). It is reasonable to believe that two or more of these processes may be
occurring at the same time. However, whether they ultimately affect crop yield or quality
depends upon the salinity level, composition of salts, crop species, nutrient in question and a
number of environmental factors (Grattan and Grieve, 1999).
Soil and water salinity limits N uptake and accumulation in crops grown on saltaffected soils primarily by lowering NO3- or NH4+ availability (Botella et al., 1997; Orcutt,
2000). Salts dominated by Na+ ions not only limit Ca2+ availability but also lower its
transport and mobility to growing regions of the plants, thus affecting the quality of both
vegetative and reproductive organs (Murillo-Amador et al., 2006). Salinity can directly affect
nutrient absorption such as Na+ decreases that of K+ and Cl− that of NO3− (Grattan and
Grieve, 1998; Rodriguez-Navarro and Rubio, 2006; Murtaza et al., 2013). Salinity causes a
combination of complex interactions those affect plant metabolism, susceptibility to injury or
internal nutrient requirement. The negative interactions of salts with crop plants may
decrease growth and consequently nutrient use efficiency (Parida and Das, 2005).
In addition to metabolism, N metabolism has pronounced effect on plant growth
under salt stress. No doubt, soil salinity affect the absorption of N by plants but optimal rates
of fertilizer application to salt-affected soils could partially alleviate adverse effects of
salinity on photosynthesis, and yield components through mitigating the nutrient demands of
salt-stressed plants (Sultana et al., 2001; Abdelgadir et al., 2005; Singh and Kashyap, 2007;
Esmaili et al., 2008; Abdelgadir et al., 2010). Nitrogen is a limiting factor for crop growth in
salt-affected soils, since availability of N in salt-affected soils depends upon the nature of the
fertilizer, degree of salinity and presence of organic matter in soil. However, N application
helps to increase salt tolerance of plants like wheat, cotton etc. (Leidi et al., 1991b; Sairam
and Tyagi, 2004). Salinity tolerance has been reported to be related with the ability of plants
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to maintain an appropriate K+ to Na+ ratio rather than simply maintaining low Na+
concentrations (Shabala and Cuin, 2008; Gorai et al., 2010; Bayat et al., 2011).
In Pakistan, the rice-wheat zone covers an area of 2.3 × 106 ha in which 0.8 × 106 ha
soils are saline-sodic (Qureshi and Barrett-Lennard, 1998). Such areas are causing a loss of
2.16 × 109 and 1.60 × 109 kg of paddy and wheat grains each year, respectively. During
reclamation of such soils, considerable leaching/volatilization losses of N occur resulting in
N deficiency along with other nutrients and ultimately low N use-efficiency (NUE). Despite
the prime position of rice and wheat in food security and economy of this country,
productivity of rice-wheat cropping system is low (Zia et al., 2002). Moreover, these
problem soils receive all the agricultural inputs without considerable production of crops.
A few studies in Pakistan (Murtaza, 2011) and some in India (Yaduvanshi and Dey,
2009) have shown that crops grown in saline and/or sodic soils yielded better with N
fertilizer rates higher than recommended for non-saline/sodic soils mainly through growth
dilution effects (Woyema et al., 2012) as well as through increased salt tolerance of plants
(Sairam and Tyagi, 2004). Yaduvanshi and Dey (2009) reviewed several studies and
recommended that rice and wheat crops grown in sodic soils should receive 25% N over and
above the recommended rates for the nearby non-saline/sodic soils.
In this scenario, it appears wise and timely to study the prospects of growing cereal
crops during reclamation of salt-affected soils along with chemical amendments. Gypsum is
the most extensively used amendment for the reclamation of saline-sodic soils because of its
low cost, general availability and rich supply of Ca2+. The addition of gypsum along with
leaching accelerate the Na+-Ca2+ exchange reaction and ameliorate saline-sodic soils
(Ghafoor et al., 2008; Murtaza et al., 2009).

Calcium from gypsum (economical

amendment) in salt-affected soils also decreases volatilization loss of ammonium nitrogen
from applications of ammonia, ammonium nitrate, UAN, urea, ammonium sulfate, or any of
the ammonium phosphates. Calcium can decrease the pH by precipitating carbonates and
also by forming complex calcium salts with ammonium hydroxide which prevents ammonia
loss to the atmosphere to as much as 90% (Fenn and Hossner, 1985). Gypsum application not
only improved physical and chemical properties of calcareous saline-sodic/sodic soils but
also improve root growth and proliferation, which resulted in absorption of N and other
nutrients more efficiently.
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Wheat is tolerant to salinity due to its natural and adaptive mechanisms of resistance
when grown in saline-sadic soil (Qadir et al., 2001). Botella (1997) concluded that effect of
salinity increased affinity for NH4+ but decreased the affinity for NO3- indicating a depressive
effect of Cl- on NO3- uptake. Rice crop is moderately salt tolerant and its genotypes vary
considerably in salinity tolerance that is principally due to additive gene effects (Sahi et al.,
2006). Rice is considered salt susceptible at both the seedling and reproductive stages (Zeng
et al., 2001; Moradi and Ismail, 2007). It has been reported that an ECe, of 6.65 dS m-1
causes 50% yield reduction in rice (Zeng and Shannon, 2000). Similarly, NaCl stress strongly
affects the germination (Deng et al., 2011), growth (Wang et al., 2011), solute accumulation
(Hoai et al., 2003; Nemati et al., 2011), and gene expression (Pandit et al., 2011) of rice
plants.
Soil salinity and sodicity inhibit plant growth resulting in deficiency of some nutrients
while toxicity of CO32- and HCO3- which generally decrease crop growth and ultimately the
economic yield (Ashraf, 2009; Katerji et al., 2009). The efficiency of fertilizer nitrogen in
salt-affected soils depends upon the nature and amount of fertilizer added, its mineralization
pattern overtime, soil type and soil salinity/sodicity levels (Murtaza et al., 2000). Much work
has been done on normal soils regarding the efficient use of N, but little information is
available about its economical use on salt-affected soils for sustainable rice and wheat
production. Realizing the importance of growing crops in moderately salt-affected soils,
investigations are in progress to determine the suitable application rate of N under such soil
conditions (Murtaza, 2011). The requirements of N and other mineral nutrients for crops in
salt-affected soils are certainly different than those on normal soils mostly due to different
physical and chemical properties of soils (Lodhi et al., 2009).
Keeping in view the importance of this topic, studies were planned to determine:
1. The nitrogen use efficiency in salt-affected soils.
2. The ameliorative role of gypsum with respect to nitrogen use efficiency in saltaffected soils.
3. Efficient use of N for economic yield of rice and wheat from salt-affected soils
receiveing gypsum compared to their counterpart normal soils.
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CHAPTER 2
REVIEW OF LITERATURE
Salinity is drastically affecting growth of plants in irrigated regions of the world,
particularly in arid and semi-arid areas where evapo-transpiration exceeds precipitation, and
where irrigation is necessary to meet crop water requirement. Saline soils are characterized
by the presence of excess soluble salts and sodic soils by exchangeable Na+ to levels that can
adversely affect soil structure and crop growth. Deterioration in saline and/or sodic soils
occurs through changes in the proportions of soil solution and exchangeable Na+ and soil
reaction (pH) that lead to osmotic and specific ion effects together with imbalances in plant
nutrition. Such effects may range from deficiencies of one or several nutrients mostly
induced by high levels of Na+ (Rengasamy and Marchuk, 2010). Structural problems in sodic
soils created by physical processes (slaking, swelling and dispersion of clays) and specific
conditions (surface crusting and hardsetting) may affect water and air movement, plantavailable water-holding capacity, root penetration, seedling emergence, runoff, erosion,
tillage and sowing operations (Qadir and Schubert, 2002). Such chemical and physical
changes adversely impact the activity of plant roots and soil microbes, and ultimately on crop
growth and yield.
Cost-effective crop production from salt-affected soils demands optimum use of plant
nutrients, particularly N in addition to other agronomic practices. Therefore, N application
and management to increase yield and NUE from these soils seems very important. The
following sections presents the possible options and efforts made for the reclamation of saltaffected soils and effective use of gypsum to enhance the NUE.
2.1.

Types, extent and nature of salt-affected soils
Salt-affected soils are generally divided into three main classes, i.e. saline, sodic and

saline-sodic. Saline soils contain excess amount of soluble salts to adversely affect the
growth of plants but not containing excessive exchangeable Na+. In sodic soil, adequate
amount of exchangeable Na+ adversely affect the growth of most crop plants but not
containing excessive soluble salts. Soil structure, aeration, hydraulic conductivity is
deteriorated by the excessive amount of exchangeable Na+. Saline-sodic soil may contain
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both soluble salts as well as exchangeable Na in sufficient amounts to adversely affect the
growth and development of plants. Within each soil classification a range of physical and
chemical characteristics can be observed (Table 2.1).
Table 2.1. Classification of salt-affected soils
Salt-affected soil
EC (dS m-1)
classification
Saline soils
> 4.0
Saline-sodic soils
> 4.0
Sodic soils
< 4.0
Adapted from Brady (2002).

Soil pH

SAR

< 8.5
> 8.5
> 8.5

< 13
> 13
> 13

Soil physical
condition
Normal
Noramal
Poor

Primary salinity is more widespread as compared to secondary salinity (Rengasamy,
2006). On global basis, about 1 × 109 ha of land is saline and ≈ 50 % of the irrigated lands are
severely affected due to secondary salinity. According to an estimate, over 8 × 108 ha of land
throughout the world are salt-affected, either by salinity (3.97 × 108 ha) or sodicity (4.34 ×
108 ha) (FAO, 2005). Of the current 2.30 × 108 ha of irrigated land, 4.5 × 107 ha are saltaffected (20%) and extent is increasing every year (Ghassemi et al., 1995).
A large portion of irrigated land is in Asia, where salinity has already affected large
area and problem is still on at alarming rate (Rains and Goyal, 2003). In Pakistan, the saltaffected area is about 6.68 × 106 ha (Khan, 1998). The saline area categorized as 0.598 × 106
ha slightly saline-sodic, 1.33 × 106 ha moderately saline-sodic, 2.3 × 106 ha severely salinesodic, and 1.96 × 106 ha very severely saline-sodic (Anonymous, 2004). Increasing salinity
lowered yield of major crops by more than 50% (Bray et al., 2000). These losses are of great
concern for the countries, like Pakistan and India where economies are agro-based. The
current loss of US $12 billion per annum due to salinity in the United States is expected to
rise in future as soils are expected to be further affected by this menace (Munns et al., 2006;
Pitman and Läuchli, 2002).
Salinity remains on increase in many parts of the world, particularly in less dry land
agriculture (Rengasamy, 2006). Salt-affected soils contain elevated concentration of
numerous salts (Zhang et al., 2010). The harmful effects of saline and/or saline-sodic soil
conditions on most plant species are principally brought about by a combination of osmotic
stress and ionic stress exerted by Na+ and sometimes Cl- ions (Blumwald et al., 2000;
Hasegawa et al., 2000a; Munns and Tester, 2008). High osmotic pressure due to presence of
soluble salts in soil solution affects plant growth adversely by restricting the absorption of
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water. High salt concentrations restrict the absorption of essential nutrients as well (Jouyban,
2011; Tester and Davenport, 2003). The problem is particularly severe in irrigated areas
(Flowers, 1999; Zhu, 2001), from where as much as one-third of global food production is
achieved (Munns and Tester, 2008; Zhang et al., 2010).
Salt-affected soils could have primary or secondary salinity. Primary salinization
involves the accumulation of soluble salts in soil due to high salt content in the parent
material. Secondary salinization is caused by anthropogenic activities, e.g. brackish irrigation
water coupled with inadequate drainage (Ahmad and Chang, 2002; Hasegawa et al., 2000a;
Qadir et al., 2007; Sharma and Minhas, 2005; Yuan et al., 2007). The presence of salts
results in physiological and metabolic changes in plants through adverse soil properties
which are detrimental to crop growth (Chinnusamy et al., 2005). Soil salinity not only limits
the crop growth by various means such as salt content, water/ nutrient availability but also
damage the soil physical conditions (Qadir et al., 2007).
Salt stress disturbed the soil physical structure and affected the nutrients availability,
transport and imbalance/ partitioning and caused nutrient deficiencies. The competition of
essential nutrients with the prevailing and dominant ions such as Na+ and Cl- reduced the
uptake of nutrients and plant growth. Salt stress caused ionic imbalance and specific ion
toxicity which affected the metabolic changes/ biophysical and physiology of plants.
Accumulation of excessive salts induced deficiencies of N, P, K, Ca, Mg and thus hampers
crop growth (Baghalian et al., 2008; Tabatabaie and Nazari, 2007).
In salt-affected soils during reclamation with chemical amendments, considerable
leaching losses of N may occur along with soluble salts including desorbed Na+ as well as
other macro and micro-nutrients (Murtaza et al., 2006). In Pakistan, the efficiency of
different fertilizers having N in ammonium form or which produce NH3 in the soil upon
application is discouragingly low. High soil pH and hot climatic conditions in our country are
conducive to N losses through ammonia volatilization. Ammonia volatilization losses
ranging from 22 to 53 % have been reported from calcareous soils of Pakistan (Hussain and
Naqvi, 1998). So, it is the need of the hour to optimize the NUE for achieving the
challenging yield on salt-affected and normal soils.
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2.2. Salinity/sodicity and physical properties of soil
Soil texture plays an important role in all the aspects of irrigation, and its role with
respect to the effect of salinity and sodicity is no exception. Texture is strongly correlated
with a soil ability to percolate water (permeability and infiltration), how much water the soil
can store (available water holding capacity), and the soil ability to adsorb or desorb chemical
ions i.e. exchange reaction (Warrence et al., 2002). Clayey soils have relatively high water
holding capacity and are slow to drain because of their smaller pore diameters. Conversely,
sandy soils retain less water and are faster to drain. Under normal irrigation practices, sandy
soils have greater leaching fractions than clay soils when both soils are irrigated with equal
volumes of water. Correspondingly, high saline water can be used for longer periods of time
on sandy than clayey soils.
A second important aspect of soil texture is the fact that clays generally have high
number of cation exchange sites due to their small particle size and high surface area.
Consequently, clay soils have the greatest risk for excess Na+ adsorption and dispersion.
Conversely, sand has larger particle size and less total surface area, and constitutes fewer
exchange sites. Silt falls somewhere in between clayey and sandy soils (Andrews and Martin,
2000).
Adsorption of Na+ onto soil exchange sites is controlled by the chemistry of soil
solution. When irrigation water with high concentrations of Na+ relative to Ca2+ and Mg2+
enters the soil solution, Na+ dominates on the exchange sites of soil particles (van de Graaff
and Patterson, 2001). Eventually, new equilibrium chemistry between the exchange sites and
soil solution is achieved. As clay content increases, so does the time necessary to reach this
new equilibrium. Correspondingly, the time to reverse the Na+ accumulation increases.
Decreased permeability and hydraulic conductivity due to sodicity further complicate this
problem. Thus, it is likely that soils with large clay fractions will not only be more prone to
dispersion, but will also be more resistant to attempts to counter an increase in soil ESP
(Ghafoor et al., 2004; Mostafazadeh-Fard et al., 2008; Shainberg et al., 2001).
High soils (fine texture particularly having 2:1 expanding clays) are inherently more
prone to dispersion than are silts and sands. More salts, including Na+, will accumulate in
clayey compared to sandy soils because of clays inherently lower leaching fraction (LF) and
greater exposed soil surface. Secondly, the chance for Na+ permeability problems is potently
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greater in clayey soils because of their structure. Third, the greater the clay contents, the
more time required to desorb the Na+. It should be noted that clay soils are inherently more
difficult to work with than sandy soils in terms of tillage, mechanical alteration, leaching, and
drainage, especially when they become dispersed (Western Fertilizer Handbook, 2002). In
general, more dispersion takes place in clay soils than in silt and sand dominated soils. Sandy
soils have more LF compared to clay and silt dominated soils. Clayey soil has a large
exposed surface and lower LF. Clay soils are difficult to manipulate, till, leach and drain
when they are dispersed. Ayers and Westcot (1985) concluded that soils dominated by
montmorillonite have less permeability than illite-vermiculite, kaolinite and sesquioxide
clays which relate to structure and crystal lattices of clays.
2.3.

Ionic and osmotic stresses of salinity/sodicity
There are two main stresses imposed by salinity on plant growth. One is water stress

or osmotic stress imposed by an increase in osmotic potential of the rhizosphere as a result of
high salt concentration. Second stress is the ionic stress in which toxicity of ion occurs due to
interaction between sodium and other essential mineral elements. Under salt-affected soil
conditions, there is a prevalence of non-essential elements over essential elements. Plants
face problems to absorb essential nutrients in the presence of highly concentrated
nonessential nutrients. This requires extra metabolic energy; owing to this plants sometimes
are unable to fulfill their nutritional requirements.
Primary and secondary effects could develope due to high salt concentration in
apoplast that adversely affect plant survival, growth and development. Primary effects are
ionic toxicity, disequilibrium and hyperosmolality. In salt-affected soils, there are many salt
contaminants, especially NaCl which readily dissolves in water to release constituent toxic
ions (Castillo et al., 2007; Pagter et al., 2009). The Na+ is easily absorbed into root tissues of
higher plants and transported throughout plant organs. It is inhibitory to cytosolic and
organellar processes which could cause ion damage, osmotic stress and nutritional imbalance
(Cha-um et al., 2007; Siringam et al., 2009) resulting in plant growth decrease and abnormal
development prior to plant death (Davenport et al., 2005; Quintero et al., 2007).
The Na+ toxicity to plants could be due to accumulation of Na+ in shoots (Moller and
Tester, 2007). Sodium is absorved from soil by plant roots and transported to shoots through
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the transpiration stream (Tester and Davenport, 2003). Its accumulation in different organs
and cell types is the net result of distinct Na+ transport processes, and each of these processes
contributes to salinity tolerance of a plants. However, Na+ concentration of 0.1 M is
cytotoxic indicating that ions directly affect specific biochemical and physiological processes
(Serrano, 1996). High concentration of salts could impose hyperosmotic shock by lowering
the water potential causing turgor reduction or loss that restricts cell expansion (Hasegawa et
al., 2000a; Zhu, 2002). Sufficiently negative apoplastic water potential can lead to cellular
water loss simulating dehydration that occurs during the episodes of severe drought (Fig. 2.1)
Salinity/sodicity

Ionic stress

Osmotic stress

(K+ deficiency/ excess Na+ influx)
Dehydration
Na+ toxicity
 Inhibitions of:

 Leaf senescence
 Inhibitions of:

Water absorption

Signal transduction

Photosynthesis

Cell elongation

Protein synthesis

Leaf development

Enzyme activity

(Cell death)

Ion homeostasis

Osmotic adjustment

Na+ extrusion/

Accumulations of ions/

+

Na compartmentation/

solutes/organic compounds

+

Na re-absorption

Recovery/ adaptation
Fig. 2.1. Schematic presentation of ionic and osmotic stress, and recovery mechanism of
plants.
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Salinity affects metabolic processes and induces enzymatic changes in plants like
chlorophyll-degrading enzyme chlorophyllase (Khan and Panda, 2008; Pessarakli, 2002;
Richharia et al., 1997). As a result, primary effects of salt stress, i.e. hyperosmotic stresses
and ionic imbalance, secondary stresses such as oxidative damage may occur. Carbon
reduction decreases during stress environment by the Calvin cycle and decrease in oxidized
nicotinamide adenine dinucleotide phosphate (NADP+) to serve as an electron acceptor in
photosynthesis. During photosynthetic electron transfer, ferrodoxin is over reduced; electrons
may be transferred by Mehler reaction from photosystem I (PSI) to O2 to form superoxide
radicals (O2-), which triggers chain reactions that generate more violent reactive oxygen
species (ROS). Any imbalance in the cellular redox homeostasis can be called as an oxidative
stress and results in the production of ROS because of the univalent reduction of oxygen. Salt
stress increases the rate of production of ROS such as superoxide radical (O2), hydrogen
peroxide (H2O2), hydroxyl radical (OH), alkoxyl radical (RO) and singlet oxygen (1O2)
formation via enhanced leakage of electron to oxygen. It is already known that cytotoxic
ROS, which are produced during metabolic processes in the mitochondria and peroxisomes,
can destroy normal metabolism through oxidative damage of nucleic acids, proteins and
lipids (Grant and Loake, 2000). Lipid peroxidation is induced by free radicals and is
important in membrane deterioration (Demiral and Turkan, 2005; Mandhania et al., 2006).
Photosystem II (PSII) plays an important role in response of photosynthesis to
environmental perturbations. The effects of salinity stress on PSII have been studied and
photochemistry of PSII is conflicting. Salt stress could inhibit PSII activity (Ashraf and
Shahbaz, 2003; Ashraf and Harris, 2004; Munns, 2002), while others have indicated that
salinity has no effect on this parameter (Abadia et al., 1999). It is reported that there were no
changes in PSII photochemistry in salt-stressed wheat, sorghum and barley when grown
under relatively low light conditions (Lu and Zhang, 1998), suggesting that salt stress has no
effects on PSII photochemistry and that it is the interaction between high light and other
environmental stresses which result in damage to PSII.
2.4.

Cellular mechanisms for survival and growth of salt stress plants
High salinity causes hyperosmotic stress and ion disequilibrium that could produce

secondary effects or pathologies (Hasegawa et al., 2000a; Zhu, 2001). Fundamentally, plants
cope by either avoiding or tolerating salt stress. That is plants are either dormant during the
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salt stress or there must be cellular adjustments to tolerate saline environment. Tolerance
mechanisms can be categorized as those that function to minimize osmotic stress, ion
disequilibrium or alleviate the consequent secondary effects caused by these stresses. The
chemical potential of the saline solution initially establishes a water potential imbalance
between the apoplast and symplast that leads to turgor decrease, which if severe enough can
decrease growth (Bohnert et al., 1995). Growth cessation occurs when turgor is reduced
below the yield threshold of the cell wall. Cellular dehydration begins when the water
potential difference is greater than that can be compensated for by turgor loss (Taiz and
Zeiger, 1998).
The cellular response to turgor decrease is osmotic adjustment. The cytosolic and
organellar machinery of glycophytes and halophytes is equivaly Na+ and Cl- sensitive; so
osmotic adjustment is achieved in these compartments by accumulation of compatible
osmolytes and osmoprotectants like betaines, amino acids, proline and the sugar trehalose
(Bohnert and Jensen, 1996). However, Na+ and Cl- are energetically efficient osmolytes for
osmotic adjustment and are compartmentalized into vacuoles to minimize cytotoxicity
(Blumwald et al., 2000). Since plant cell growth occurs primarily because of directional
expansion mediated by an increase in vacuolar volume, compartmentalization of Na+ and Clfacilitates osmotic adjustment that is essential for cellular development.
Movement of ions into vacuoles might occur directly from the apoplast into the
vacuole through membrane vesiculation or a cytological process that juxtaposes the plasma
membrane to the tonoplast (Hasegawa et al., 2000a). Then compartmentalization could be
achieved with minimal or no exposure of the cytosol to toxic ions. However, the extent to
which processes like these contribute to vacuolar ion compartmentalization. It is not yet
clear, the bulk of Na+ and Cl- movement from the apoplast to vacuoles likely are mediated
through ion transport systems located in the plasma membranes and tonoplast. Presumably,
tight coordinate regulation of these ion transport systems is required in order to control net
influx across the plasma membrane and vacuolar compartmentalization. The SOS signal
pathway is a pivotal regulator of, at least some, key transport systems required for ion
homeostasis (Hasegawa et al., 2000b; Sanders, 2000; Zhu, 2000).
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2.5.

Effect of salinity on N-metabolism
According to Byrnes and Bumb (1998), in the next 20 years fertilizer consumption

has to increase by around 2 fold to achieve the needed increases in food production. It seems
that in the coming decades plant-nutrition-related research will be a high-priority research
area contributing to crop production and sustaining soil fertility. Furthermore, it has been
found that total shoot nitrogen absorption is mostly decreased under salinity stress because of
the antagonistic effects of Na+, NH4+ or NO3− and Cl− (Hu and Schmidhalter, 2005).
Many natural and agricultural salt-affected soils in the world are nitrogen-deficient.
Improving crop productivity and soil fertility in such regions often requires N fertilization
and regular irrigation. Salt dissolved in the irrigation water could interfere with the N use by
plants, since salinity has been previously shown to be a major threat responsible of low N
availability. Most studies on biochemical alterations in plants due to salt stress have been
focused on fruit yield and quality, osmotic adjustment and ion compartmentation. However,
data regarding salinity effects on N metabolism steps are very few and recently become
available (Berrios et al., 2000). Depletion of essential nutrients and NO3- in particular can
cause changes in gene expression and enzyme activity in stress conditions (Forde, 2002;
Wang and Nick, 2001). Nitrate uptake and transport appear sensitive to salinity (Berrios et
al., 2000), and this may have severe consequences for NO3-assimilation in the plants.
Salt stress exhibited metabolic changes in the plants by the production of low
molecular weight organic solutes such as linear/ cyclic polyols (glycerol, mannitol or
sorbitol) / (inositol or pinitol or derivatives of mono or dimethylated inositol), amino acids
(glutamate or proline) and betaines (glycine or alanine betaine) (Jouyban, 2011; Munns and
Tester, 2008).
Plants

exhibiting

N

constraint

produce

sulfonium

compounds

such

as

dimethylsulfonium propionate proportionate to N enrich betaines. Organic solutes are
considered as compatible osmolyte because at high concentration these are not detrimental to
enzymes/ cellular structures and function in osmotic adjustments. The compatible osmolytes
in the cytosol balance the high concentration of salts outside the cell and in the vacuole. Salt
stress exerts metabolic changes in plants and the most susceptible plant is ice plant. Salt
stress educes the mode of photosynthesis from C-3 to crassulacean acid metabolism (CAM)
pathway. Due to the expression of CAM pathway, salt stress induced phosphoenolpyruvate
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(PEP) carboxylase and decreased water loss due to opening of stomata at night (Jouyban,
2011).
Plants growing in salt-affected soils undergo various physiological, morphological
and biochemical and developmental modifications (Ashraf and Harris, 2004; Munns, 2002;
Wang et al., 2008). Plants opt different physiological processes such as selective ion
transport, compartmentation and compatible osmolytes responsible for osmotic adjustments
(Munns and Termaat, 1986). On the basis of N as key element of these compatible osmolytes
viz. amides, amino acids and betaines etc, the N metabolism have prime significance and
must be focused under salt-affected conditions (Munns and Tester, 2008; Parida and Das,
2005). High salt content damaged the ionic balance at cellular, tissue and plant level (Niu et
al., 1995; Surabhi et al., 2008).
Plant intake N in the form of NO3- and NH4+, and NH4+ is the only reduced form
available to plants (Ruiz et al., 2007) and assimilated to glutamine and glutamate (Wang,
2012). Glutamate synthase, or glutamine-2-oxoglutarate amino transferase (GOGAT), and
glutamate dehydrogenase (GDH) are the principal enzymes responsible for translocation
(Esposito et al., 2005; Frechilla et al., 2002; Wickert et al., 2007). It was suggested that
nitrate was reduced to nitrite by nitrate reductase (NR) and then to ammonium by nitrite
reductase (NiR). Shi et al. (2010) investigated that NH4+ is accumulated into organic
molecules by the glutamine synthetase (GS), glutamate synthase (Fd/ NADH-GOGAT) and
glutamate dehydrogenase (GDH) pathway. Glutamine synthetase (GS) mainly subsists as two
isozymes, i.e. GS1 in the cytosol and GS2 in chloroplasts (Kusano et al., 2011; Witte, 2011).
It was investigated that some gene expressions were involved in N metabolism under
salt stress. Salt stress accumulated Na+ and Cl- and reduced K+ in the rice seedlings under salt
stress. Salt stress accelerated the gene expression of OsGS1, OsNADH-GOGAT, OsGS1,
OsGDH1-3, in rice leaves and roots when subjected for 4 h of stress. The reduction in NO3in rice leaves and roots suppressed the OSNR1 and resultantly NH4+ was reduced (Wang,
2012). Nitrate reductase is the foremost enzyme in the N metabolism is very sensitive to
NaCl (Gouia et al., 1994). The importance of proline cannot be denied and is one of the
twenty DNA-encoded amino acids, and salt stressed plants accumulates significant amount of
proline (Mane et al., 2010; Wang et al., 2011). Proline is principally a regulatory amino acid
and activates the metabolic rate and responsible for plant adaptation to stress. Salt stress
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results in imbalance of nutrients by the nutrient competition/ transport, salinity effect on
nutrients by physiological inactivation of certain nutrient and affecting the growth and yield
of crops (Grattan and Grieve, 1999; Jacoby and Moran, 2001).
2.6.

Interactive effects of salinity and N fertilizer
On global basis, soil salinity/ sodicity is one of the major problems for agriculture

because salinity decreases the rate of photosynthesis and plant growth to various levels.
Salinity and N interaction is very complicated because it is affected by different level of
salinity/ sodicity, plant age, plant species and genotypes, the composition and concentration
of nutrients and climatic change.
Nitrogen, in one form or another, accounts for about 80% of the total mineral
nutrients absorbed by plants (Marschner, 1995). It is one of the most yield limiting nutrients
in crop production under most agro ecological conditions and its efficient use is important for
the economic sustainability of cropping systems (Fageria and Baligar, 2005). Further, among
the nutrients, N is one of the most widely limiting elements for crop production, when plants
are subjected to salt stress. Uptake of N by rice was inhibited under high sodium NaCl and
sodium sulfate (Na2SO4) concentration of the root medium, and the excess amount of
absorbed Na depressed NH4+ absorption (Britto et al., 2004). Reduction in root permeability
and the consequent decrease in water and nutrient uptake under high salt concentrations
(Martinez-Ballesta, 2006) have been associated with impaired N absorption by plant under
salt stress conditions.
Grattan and Grieve (1999) reviewed literature on interaction between salinity and N
accumulation in crop plants and concluded that salinity can reduce N accumulation. These
authors further reported that this is not surprising since an increase in Cl− uptake and
accumulation is often accompanied by a decrease in shoot NO3− level of many crops. This
may be associated with competition between NO3− and Cl− ions. (Britto et al., 2004) reported
that the nitrate influx rate or interaction between NO3− and Cl− might be related to the salt
tolerance of the cultivar under investigation. These authors found that salt tolerance cultivars
had higher NO3− influx rates than the more sensitive cultivars. Forms of N also influence
interaction of salinity with N. The NH4+ feed plants were more sensitive to salinity than
NO3−feed plants in nutrient solutions (Grattan and Grieve, 1999).
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Esmaili et al. (2008) revealed in their work that soil salinity increased after
application of N fertilizers to saline soils. Interactive effects of salinity and N fertilization
have been studied mostly in N deficient soils. Therefore, application of N fertilizers
improved growth and yield of wheat (Murtaza, 2011), corn, (Absalan et al., 2011), rice
(Murtaza, 2011), millet, cotton (Grattan and Grieve, 1999) and sorghum (Esmaili et al.,
2008). Fageria et al. (2011) also reported that in salt-affected environment, plants required to
absorb essential nutrients from a dilute source in the presence of highly concentrated
nonessential nutrients. Nutrient uptake and use efficiency in salt-affected soils is low due to
salt stress and negative interactions with cations and anions present in high concentrations.
Hence, a higher amount of nutrients is necessary in salt-affected soils compared to normal
soils.
Homaee et al. (2002) indicated that yield and dry matter content of plants were
generally decreased by increasing salinity but increased by N application. Some studies
indicate that increased NO3- in solution decreased Cl- uptake and its accumulation (Martinez
and Cerda, 1989). Munns and Tester (2008) reported that NaCl decreased the amount of total
N in all parts of wheat plants because NO3- has an antagonistic relation with Cl- which is
produced through ionization of NaCl in the growth medium. Both the chloride salts of Na+
and K+ inhibited the NO3- uptake similarly, suggesting that the process was more sensitive to
anionic salinity than to cationic salinity (Russell, 2000).
In salinity and N interactive studies, the form in which N is supplied seems important.
Tshivhandekano and Lewis (1993) showed that wheat and maize were highly sensitive to
NH4+ during NaCl application instead of NO3– in solution culture. Ion activity is highly
affected during higher salt concentration in soil solution, generally Na+ and Cl-, resulting in a
nutritional disorder in plants (Lacerda et al., 2001). Numerous salinity-nutrient interactions
occur simultaneously that affect crop yield or quality depending upon the salinity level and
composition of salts, the crop species, the nutrient status in plant tissues and a number of
environmental factors (Fageria et al., 2011). Accumulation of Na+ and Cl- in leaves through
the transpiration flow is a general and long-term process occurring in salt-stress plants
(Moller and Tester, 2007). The N uptake and accumulation by plants is often decreased under
saline-sodic conditions as a result of competitive processes between the NO3- and the
ambient major salt species like Cl-.
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However, this depends on the type of nutrients and composition of soil solution
(Homaee et al., 2002). Although plants selectively absorb K+ over Na+, a Na+-induced K+
deficiency can develop on crops under saline-sodic conditions by Na+ salt (Maas et al.,
1999). Most studies related to plant nutrition and salinity interactions have been conducted in
sand or solution cultures. A major difficulty in understanding plant nutrition status as
affected by soil salinity is reconciling results obtained in experiments conducted in field and
in solution cultures (Grattan and Grieve, 1999).
2.7.

Interactive effect of salinity and Ca2+
Calcium played a significant role in cell division, maintenance of membrane integrity,

regulation of ion transport and selectivity as well as cell wall enzyme activities (Hu and
Schmidhalter, 2005). The uptake of Ca2+ by crop plants is influenced by its concentration in
soil solution, soil pH, ratio of Ca2+ and crop species. Calcium is immobile nutrient in the
plants and hence its deficiency symptoms first appear on the younger part or growing point
of the plants. The foliar Ca2+ deficiency symptoms rarely visible under field conditions in
crop plants but can be created easily in nutrient solution or sand culture. With increasing salt
concentration in the rhizosphere, Ca2+ requirements of plants increased (Tuna et al., 2007). In
addition, uptake of Ca2+ in salt-affected soils is also decreased due to ion interactions,
precipitation, and increase in ionic strength. All these factors reduce the activity of Ca2+ in
solution thereby decreasing Ca2+ availability to plants (Grattan and Grieve, 1999).
When Na+/Ca2+ ratio is high, corn growth is reduced and significant morphological
and anatomical changes occur (Long et al., 2010). Inhibition of corn root cell production and
elongation appear to underline the regulation of root growth by NaCl-salinity and these
processes may be partially restored by addition of Ca2+. Water transport properties of corn
primary roots are adversely affected by NaCl-induced morphological and anatomical changes
(Yaduvanshi et al., 2009). Supply of Ca2+ tended to reverse or prevent these changes and
mitigated reduction in root hydraulic conductivity (Qadar, 2009). Maintaining an adequate
supply of Ca2+ in saline soil solution is an important factor in controlling the severity of
specific ion toxicity, particularly in crops which are susceptible to sodium and chloride injury
(Tuna et al., 2007).
Salt tolerance of crops had been reported to be increased with the addition of Ca2+ in
salt-affected soils (Grattan and Grieve, 1999; Munns et al., 2002). Addition of gypsum to
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saline soils markedly increased yields of potato tubers. Supplemental calcium led to
enhanced germination and growth of salt-stressed bean (Awada et al., 1995) and pigeon pea
primarily through decreases in Na+/ Cl- uptake and accumulation. Addition of calcium to the
saline media increased root membrane integrity of bean and minimized leakage of NO3− and
H2PO4−. The extent to which supplemental calcium is effective in alleviating the adverse
effects of Na+- salinity depends on the crop, the calcium concentration, and on the Na+ source
(Grattan and Grieve, 1999; Hu and Schmidhalter, 2005).
2.8.

Effect of salinity on N uptake and NUE in wheat and rice
Cereal crops are interchangeably called grain crops. In many literatures, they are

simply called grains. The world’s top three cereals in 2008 ranked on the basis of economic
value are rice, followed by wheat and corn (FAO Stat data, 2009).
In salt-affected soils, availability of plant nutrients is limited enough to sustain high
production of crops, especially of N due to leaching, volatilization and denitrification losses
(Shi et al., 2010). Modern agriculture depends upon the N application for obtaining higher
yields of crops. The global N consumption has now crossed 100 million tons (Heffer and
Prud'homme, 2010), > 50% of it being used in Asian countries (FAOSTAT, 2009). It is
estimated that 53 million tons of N was applied to cereals, representing 55.3% of global N
consumption (Heffer and Prud'homme, 2013). About 80% of the fertilizer N is used as urea
from which the risk of volatilization losses is much higher particularly under saline and sodic
soils conditions due to which fertilizer use efficiency by crops is greatly decreased. Both
wheat and maize crops receive 17.3% of the global N use, followed by rice (15.8%) (Heffer
and Prud'homme, 2013). Many researchers have reported that this low N efficiency is largely
due to NH3 volatilization that is promoted by high pH of soils. As the N fertilizers used
contain N as ammonical form or becomes ammonical upon hydrolysis, therefore, the NH3
volatilization losses might be much higher from salt-affected soils than that of normal soils.
2.8.1. Wheat
Wheat (Triticum aestivum L.) is the major food grain of Pakistan. It is used as staple
food of the people and it has become backbone of the economy of Pakistan and plays a
central role in formulation of agricultural policies. It contributes 14.4 % to the value added in
agriculture and 3.1 % to GDP (Anonymous, 2009-10).
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Botella et al. (1997) studied the influence of N source and salinity on growth, survival
and N uptake in wheat. Plants were grown in a growth chamber under controlled conditions.
They applied nutrient solution contained 4 mM N, applied as either ammonium sulfate
[(NH4)2SO4] or calcium nitrate [Ca(NO3)2] or a mixture of both, and the salinity treatments
consisted in two levels of NaCl (1 and 60 mM). They concluded that effect of salinity on N
uptake was dependent on the N source employed, and significantly inhibited NO3- uptake but
not NH4+ uptake. Salinity increased the affinity for NH4+ and reduced the affinity for NO3-,
indicating a depressive effect of Cl- on NO3- uptake. Several effects of Cl- on NO3- uptake
have been described. Chloride was found to strongly inhibit net NO3- uptake (Kronzucker et
al., 1999), but did not affect influx (Glass et al., 1985), but affected efflux (DeaneDrummond and Glass, 1982). Nitrate reductases are molybdoenzymes that reduce NO3- to
NO2. (Ali et al., 2001) reported that NaCl stress inhibits N metabolism in wheat seedlings by
affecting the nitrate reductase activity. Probably, as suggested by (Leidi et al., 1991a) the
different interactions between these anions depend on the overall salt-tolerance of the plant
species studied. Further they concluded that salinity reduces N uptake, NO3- uptake being
inhibited to a greater extent than NH4+ uptake. NH4+ improved shoot growth rather than NO3-.
The best N source for wheat growth seems to be a mixture of NO3- and NH4+. Under saline
conditions or periods of low irradiance, the N source should be supplemented with NH4+ to
improve plant growth since NO3- uptake was more affected than NH4+ uptake under saline
conditions.
2.8.2. Rice
Rice (Oryza sativa L.) is one of the most important cereal and cash crops grown in
tropical and temperate regions of the world. It is the major source of foreign exchange. It
accounts for 4.9 % of value added in agriculture and 1 % in GDP (Anonymous, 2011-12). In
many agricultural areas, especially Asia, soil salinity is major factor that decreases rice yield
and productivity (Ghafoor et al., 2004). Rice has previously been reported as being salt
susceptible in both the seedling and reproductive stages (Moradi and Ismail, 2007; Zeng et
al., 2001), leading to a reduction in yield of more than 50% in crops exposed to 6.65 dS m-1
ECe (Zeng and Shannon, 2000). It was reported that NaCl stress strongly affects the
germination (Deng et al., 2011), the growth (Wang et al., 2011), solute accumulation (Hoai
et al., 2003; Nemati et al., 2011), and gene expression (Pandit et al., 2011) of rice plants.
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Wang et al. (2012) studied the effects of salt stress on N metabolism and ion balance in rice
plants by measuring the total amino acids, NO3– and inorganic ions contents in the stressed
seedlings. The results indicated that when seedlings were exposed to salt stress for four
hours, in roots, salt stress strongly stimulated the accumulations of Na+ and Cl–, and reduced
K+ content; however, in leaves, only at 5 days these changes were observed. This confirmed
that the response of root to salt stress was more sensitive than that of leaf.
2.9.

Nitrate Leaching
Ground water reservoirs are easily affected by nitrate pollution. The process is slow

but its effects are very drastic from the ground to the unsaturated zone (Baghvand et al.,
2010). Thus, the nature of the pollution, be it chemical pollutants (Attoui et al., 2012),
organic pesticides (Worrall and Kolpin, 2004) or bacteria, viruses (Schijven et al., 2010), the
ground waters are affected. In agricultural areas, an excessive fertilizer use has directly or
indirectly affected the ground water quality (Huang et al., 2012). Contamination can render
groundwater unsuitable for human use. Nitrate frequently pollutes groundwater supplies
(Spalding and Exner, 1993). The leaching of NO3- from agriculture land has become an
important environmental issue because high NO3- in water can cause ecological damage and
health hazards. Ward et al. (1994) documented adverse effects of high NO3- levels,
particularly methemoglobinemia, stomach cancer and non-Hodgkin’s Lymphoma. In
environmental terms, the enrichment of waters with N and P stimulates the growth of aquatic
vegetation, when it decomposes, depletes the O2 dissolved in water causing eutrophication of
the water bodies (Vitousek et al., 1997).
Nitrate is common ion naturally generated from the N cycle. However, anthropogenic
sources have greatly increased the NO3- concentration, particularly in ground water (Chand et
al., 2011). Nitrate losses from non-point agricultural sources, mostly originated by fertilizers
application, have been recognized as one of the serious threats for pollution of ground water
(Salemi et al., 2012). Marked increase in N rates applied to agricultural soils has caused N to
be leached below the rooting zone. The ground water NO3- problem is international in scope.
Fried (1991) reviewed NO3- pollution of groundwater in Europe and concluded that NO3concentrations found in ground water exceeding the international standard (WHO, 1993) for
drinking water (50 mg L-1) under 22% of cultivated land (Laegreid et al., 1999). Zhang et al.
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(1996) studied NO3- pollution of groundwater in northern China and reported that over 50%
of 69 locations in study area contained NO3- concentration above 50 mg L-1.
The major increases in N use by agriculture during the last decades in developed and
some part of Asia have been associated with large rises in N losses both as NO3- in drainage
water and gaseous emissions. In irrigated soils of arid and semi arid region, water is applied
in excess of evapo-transpiration or to leach soluble salts, NO3- leaching may occur (Jalali and
Rowell, 2003). During the last three decades, NO3- concentration of the groundwater has
gradually increased and is reaching 50 mg L-1 NO3-

(Jalali, 2005). Recharge from

precipitation and irrigation may carry N compounds from the soil into the aquifer, often
resulting in elevated NO3- concentrations in wells.
Nitrogen leaching in irrigated agriculture should receive considerable attention,
because of possible pollution of groundwater. Nitrate pollution of groundwater is of
particular concern because the large number of people in city and rural areas relying on
ground waters for drinking. Large amounts of N fertilizer and poorly managed irrigated
systems may lead to NO3- leaching and pollution of groundwater.
2.10. Salinity/sodicity and N management
Reclamation of salt-affected soils can be done by several methods. Suitability of each
method depends on physical, chemical and mineralogical characteristics of the soil such as
internal soil drainage, presence of pans in the subsoil, climatic conditions and types of salts,
quality and quantity of water, depth of ground water, replacement of excessive exchangeable
Na+, lime or gypsum, cost of the amendments, topographic features of the land, and the time
available for reclamation (Huertas et al., 2008). The appropriate management of the
constrained soil resources for the economic agricultural production is the main emphasis in
agriculture. There are different approaches for reclamation of salt-affected soils. The
prominent ones are chemical, biological and agronomic. The combination of these
approaches increases the efficiency but also reduces the time of reclamation. The crop
production and fertilizer use efficiency of these soils can be increased by an integrated
approach, i.e. use of amendments preferably gypsum and organic/ inorganic manures which
helps in maximizing and sustaining yields, improving soil health and input use efficiency
(Swarup, 2004).
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Chemical amendments used for the reclamation of saline-sodic soils are either soluble
Ca2+ salts like CaCl2.2H2O, CaSO4.2H2O and phosphogypsum or relatively much less soluble
ground lime, i.e. CaCO3. Common example of amendments that work as Ca2+ mobilizers in
calcareous soils by enhancing the conversion of CaCO3 to more soluble CaSO4, Ca(HCO3)2,
Ca(NO3)2 or CaCl2 include H2SO4, HCl, HNO3, S, FeS2, FeSO4 and Al2(SO4)3 (Ghafoor et
al., 2004). Chemical amendment application and subsequently the drainage with high
electrolyte concentration also may bring about adverse effects on environmental protection
(Qadir and Oster, 2002; Qadir et al., 2007). Some polymers and by-products of certain
industries, e.g. pressmud and molasses meal from the sugar industry are useful material as
soil amendments. Addition of organic matter (farm manure, slaughter house wastes, poultry
excreta, green manure, etc.) alone can reclaim the saline-sodic soils but at a slow rate (Qadir
et al., 2001).
Some chemical fertilizers may also supply soluble Ca2+ directly (calcium nitrate and
single superphosphate) or indirectly by producing physiological acidity within the zones of
their application (ammonium sulfate and urea). The application of such fertilizers in the usual
economical doses cannot be expected to reduce the soil sodicity to a large extent. Apart from
decrease in salinity/ sodicity hazard, amendments also improve soil physical conditions by
eliminating the Na+ dominance that causes undesirable changes in sodic soils. Soil
aggregates in sodic soils slake and disperse to reduce porosity.
Gypsum is widely used to improve soil porosity. In packed soils columns, increase in
hydraulic conductivity (HC) was observed with gypsum. From scanning electron microscope
observation, it was concluded that the increase in HC was closely associated with an increase
in visible pores and reduction in clay dispersion. Similarly, a three-fold increase in HC
observed in gypsum-applied saline-sodic soil as compared to distilled water application. A
marked decrease in soil bulk density (BD) was observed when treated with surface applied
phosphogypsum. Adequate infiltration rate in saline-sodic soils was achieved due to increase
in electrolyte concentration of soil water after gypsum application (Armstrong and Tanton,
1992). Improvement in certain physical properties of saline-sodic soils during reclamation is
generally attributed to the increased levels of Ca2+ both in soil solution and on exchange
complex. This flocculates the dispersed soil matrix thereby improving water conducting
properties.
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Several studies have indicated that calcareous sodic soils can be improved by growing
crops or trees with or without the application of chemical amendments (Mishra et al., 2004).
The review on choice of the amendment (s), their conjunctive use, methods of application,
their particle-size and source indicated that some inconsistent results have been reported from
time to time on the effectiveness of various amendments for amelioration of salt-affected
soils. Generally gypsum and H2SO4 were found the most effective reclaimants. Because of
low price and freight, general availability and easy application, gypsum is the most
commonly used and highly cost-effective Ca2+ source for reclaiming both the calcareous and
non-calcareous sodic/saline-sodic soils (Ghafoor et al., 2001).
Gypsum (CaSO4.2H2O) is calcium-rich, dissolves at high pH, and does not contain
element or compounds that might interfere during reclamation. Calcium from gypsum
(economical amendment) in salt-affected soils can help decrease volatilization loss of
ammonium nitrogen from applications of ammonia, ammonium nitrate, UAN, urea,
ammonium sulfate, or any of the ammonium phosphates. Calcium can decrease the effective
pH by precipitating carbonates and also by forming complex Ca2+ salt with NH4OH which
prevents NH3 loss to the atmosphere. Actually Ca2+ improves the uptake of N by plant roots
especially when the plants are young. It is essential in processes that preserves the structural
and functional integrity of plant membranes, stabilize cell wall structures, regulates ion
transport and control ion exchange behavior as well as cell enzyme activity (Grattan and
Grieve, 1999). According to Qadir et al. (2005), physiological disorders relating to Ca2+
deficiency occur when the ratio of Ca2+ to the total cations fall below a certain threshold
level. However, halophytes have a strong ability to selectively absorb Ca2+ from the growth
medium low in calcium.
An application of gypsum to soils play important role in improving the N fertilizer
use efficiency. Due to calcareous salt-affected soils and severe climatic conditions in
Pakistan, N losses due to NH3 volatilization are predominant and there is a close relationship
between the extent of N volatilized and the soil pH (Zhenghu and Honglang, 2000).
Ammonia volatilization losses ranging from 22-53% has been reported from Pakistani soils
(Hussain and Naqvi, 1998). The estimated N loss from Vietnamese paddy fields by NH3
volatilization during the first 10-day period after fertilizer application and throughout the
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cropping period were 0.5–19.7% and 1.7–14.6% of the applied N, respectively, indicating
that NH3 volatilization was a significant pathway of N loss (Watanabe et al., 2009).
Urea is the major N fertilizer used for crop production in our country and it is
susceptible to hydrolysis followed by NH3 volatilization due to conversion to ammonium
bicarbonate, which may temporarily raise soil pH to above 9.0 in both acid and calcareous
soils (Harrison and Webb, 2001). This releases NH3 at high soil pH. Similarly, other N
fertilizers when added to calcareous saline-sodic or sodic soils my liberate NH3 depending
upon the degree of calcareousness and alkalinity of the soil. Addition of soluble calcium salts
to N fertilizers can reduce ammonia volatilization to as much as 90% (Fenn and Hossner,
1985). Gypsum is inexpensive in Pakistan; it may lower the soil pH and ultimately may
reduce ammonia volatilization.
Salem (2004) investigated the partial replacement of mineral N-fertilization in saltaffected soils along with improving the poor physical, chemical and biological soil
characteristics by the application of some soil amendments (sulphur and gypsum). The
application of amendments promotes the use efficiency of N- fertilization. Addition of Ca2+
increased the contents of chlorophyll, proline and soluble sugar of the leaves of rice under
salt stress (Zhu et al., 2004). The levels of net photosynthetic rate and stomatal conductance
increased more significantly than the control without Ca2+, which significantly reflected on
grain and straw yields and gave the better nutritive content than the control plants received
the recommended dose of N and did not reclaim.
Nitrogen use efficiency increased either by decreasing salinity or reducing N rates.
An apparent increase in salt tolerance was noted when plants were fertilized with organic-N
source compared to that of inorganic-N source. Soils are often low in N to meet crop
requirements resulting nutritional stress in field soils. Its deficiency is very common in crops
and causes rapid inhibition of plant growth whether plants are growing in salt stress or nonsalt stress conditions. Addition of N into N deficient soils at moderate salt stress improved
growth and/or yield of corn (Zea mays L.) (Absalan et al., 2011), wheat and rice (Murtaza,
2011). In most of the cases, total N uptake (mg N plant-1) decreases, but N concentration (mg
N kg-1 dry weight) increases or remained unchanged under optimal N conditions (Hu and
Schmidhalter, 2005).
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On the other hand, decrease in N accumulation in plants is reported in a number of
laboratory and greenhouse studies (Pessarakli et al., 2012). A decrease in N accumulation is
understandable as Cl- (saline condition) and NO3- (present in soil) have antagonistic effects
on absorption of each other. Salinity induced reduction in NO3- concentration in wheat leaves
is reported without affecting the total N content and addition of NO3- resulted in decreased
Cl- uptake (Hu et al., 1997). Increasing concentrations of NO3- linearly decreased Clconcentrations in several crops (Garg and Chandel, 2011; Maggio et al., 2007). The
concentration of NO3- effective in decreasing Cl- concentration in plant has to be high (molar
ratio of NO3: Cl, 0.5 and above) in soil solution.
Overall, salinity is one of the most important abiotic stresses that impose ion
toxicities, ionic imbalance and osmotic stress to the plants including soil permeability
problems. Effects of salinity and N deficiency on other mineral constituents were highly crop
specific. Salinity, however, disrupts N acquisition by plants in two ways. First, the ionic
strength of the substrate, regardless of its composition, can influence nutrient uptake and
translocation. The second, salinity disturb the mineral relations of plants by decreased N
availability through competition with major ions (Na+ and Cl-) in the substrate. Therefore,
various experiments have been conducted to determine appropriate N fertilizer rates for
different textured soils for the protection of environment while achieving high production of
crops. Requirements of N and other mineral nutrients of crops on salt-affected soils are
different than those on normal soils due to different physical and chemical properties of soils.
Therefore, farmers will be economically benefited by the judicious use of N fertilizer for
optimum crop production from their marginal land resources without disturbing the
biosphere equilibrium.
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CHAPTER 3
MATERIALS AND METHODS
Studies reported in this dissertation were conducted from July, 2010 to June, 2013.
Two experiments, viz. one lysimeter and one field, were conducted using texturally different
soils having varying salinity/ sodicity. The details of experimental and analytical procedures,
common to all, are collectively presented here.
3.1.

Study 1: Nitrogen use-efficiency in rice-wheat cropping system in sandy clay

loam and clay loam saline-sodic soils
This experiment was conducted in lysimeters using calcareous saline-sodic soils in the wire
house, Institute of Soil and Environmental Sciences, University of Agriculture, Faisalabad,
Pakistan during 2010-11.
3.1.1. Collection and preparation of soils
The soils were collected from Village 132/GB and 84/GB, District Faisalabad which
were sandy clay loam and clay loam in texture, respectively. These fields were selected on
the basis of textural differences determined through feel method and ultimately analyzed in
the laboratory to establish their textural classes. Soil was air-dried, ground to pass through a
2 mm sieve and mixed thoroughly. Then soil was analyzed for physical and chemical
characteristics (Table 4.1). The soil was filled in lysimeters and soil samples from lysimeters
were collected with stainless steel sampling tube before and after harvest of each crop.
3.1.2. Preparation of soil columns
A wire gauze was fixed at the bottom of lysimeters (62 cm long, 28 cm internal dia.)
made of polyvinyl chloride (PVC) with the help of rubber bands. This wire gauze was
covered with a thin layer of glass wool and sand to check the movement of clay. In each
lysimeter, 42 kg soil was filled with the help of a specially designed long neck funnel to
avoid segregation of soil particles. Gypsum as per treatment plan was mixed in the top 15 cm
soil layer manually. Soil columns were placed vertically on iron stands. Storage bottles were
placed underneath the columns to collect leachate.
3.1.3. Treatments
In this study, measured volume of canal water (EC = 0.34 dS m-1, SAR = 0.71 and
RSC = Nil) was used for growing rice and wheat during the reclamation of salt-affected soils
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by using gypsum @ 50 and 100 % soil gypsum requirement (SGR). The volume of water was
applied according to the crop requirement. The N fertilizer treatments employed were: Three
rates higher (15, 30 and 45%) and two rates lower (15 and 30%) than the recommended rates,
keeping the recommended rate of PK as the standard treatment.
3.1.4. Leaching soil columns
After saturating soil columns, five leachates were collected during rice crop and three
leachates were collected during wheat crop, and analyzed for NO3-. The leachates were
designated as L1, L2, L3, L4 and L5. The water was allowed to infiltrate till there was no
dropping of water. Leachates at bottom were collected in plastic bottles, volume of which
was measured and analyzed. At the termination of experiment, soil and leachate samples
were analyzed for soluble cations (Ca2+, Mg2+, Na+, K+) and anions (CO32-, HCO3, Cl- and
SO42-).
3.2.

Study 2: Nitrogen use-efficiency in rice-wheat cropping system in different types
of salt-affected soils (Field exp.)
3.2.1. Experimental sites
Field experiments were conducted during July, 2011 to June 2013 in Village 132/GB,
Dijkot, Faisalabad and 84/GB, Khanouwana, Faisalabad which was texturally different, i.e.
sandy clay loam and clay loam texture, respectively. Composite soil samples from 0-15 and
15-30 cm soil depths were drawn from each site before and after harvest of the subsequent
crops. The soil samples were air-dried, ground to pass through 2 mm sieve and were
analyzed for pHs, ECe, soluble cations and anions following the methods described by
Richards (1954).
3.2.2. Treatments
In this study, rice and wheat crops were grown during reclamation of salt-affected soils by
using gypsum @ 50 or 100 % SGR. The description of applied treatments selected on the
basis of lysimeter experiments are given below:
Normal soils
No fertilizer (C)
Recommended N fertilizer (N100)
15% higher N than recommended N fertilizer (N115)
30% higher N than recommended N fertilizer (N130)
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Saline-sodic soils
No fertilizer & no gypsum (C)
Recommended NPK + gypsum @ 50% SGR (N100+G50)
30% higher N than recommended N fertilizer + gypsum @ 50% SGR (N130+G50)
Recommended NPK + gypsum @ 100% SGR (N100+G100)
30% higher N than recommended N fertilizer + gypsum @ 100% SGR (N130+G100)
3.3. Analytical procedures
3.3.1. Soil analysis
Soil samples collected from the experimental plots were air-dried, ground, passed
through a 2 mm sieve and stored in plastic bags. Analysis was done in the laboratories of
Institute of Soil and Environmental Sciences, University of Agriculture, Faisalabad following
methods described by Richards (1954) and Page et al. (1982) except mentioned otherwise in
the text. A brief of various analytical methods employed is given as under:
3.3.2. Saturation percentage (SP)
A known weight of saturated soil paste was taken in a tared china dish and was ovendried at 105 0C to a constant weight. Oven-dry weight of soil was calculated. Saturation
percentage was determined by following the formula:
Saturation percentage (%) = [Loss in paste weight (g)/Weight of oven dry soil (g)] × 100
3.3.3. Soil saturated paste
About 400 g soil was soaked with distilled water and allowed to stand overnight.
Then saturated paste was made which glistened, did not accumulate water in depression and
fell freely from spatula (Page et al., 1982).
3.3.4. pH of saturated soil paste (pHs)
With the help of Sensodirect-200 pH meter, pHs was recorded after calibrating it with
buffer solutions of 4.0 and 9.2 pH (Method 21a).
3.3.5. Soil saturation extract
Extract from the saturated soil paste was obtained by applying vacuum. Sodium
hexametphosphate solution (0.1%) was added @ one drop per 25 mL extract to prevent
precipitation of salts during storage. However, extracts were analyzed within 15 days of
extraction.
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3.3.6. Electrical conductivity of saturation extract (ECe)
With the help of Lovibond Sensodirect Con-200 conductivity meter, ECe was noted
after calibrating with 0.01 N KCl solution (Method 4b). Cell constant (k) was calculated by
the formula:
k = 1.4118 dS m-1/ EC of 0.01 N KCl (dS m-1).
The ECe was converted into TSS (mmolc L-1) following the graph on page 12 (Richards,
1954).
3.4.

Soluble cations

3.4.1. Calcium + Magnesium
By titrating the saturation extract against 0.01 N EDTA (versenate) solution in the
presence of NH4OH + NH4Cl buffer solution using eriochrome black T indicator to a bluegreen end point (Method 7).
mL of EDTA used × Normality of EDTA
2+

2+

-1

Ca + Mg (mmolc L ) =

× 1000
mL of sample taken

3.4.2. Sodium
A series of standard NaCl solutions (0, 2, 4, 6, 8, 10, 12, 14 and 16 ppm) were used to
prepare a calibration graph. The Flame photometer Jenway PFP-7 was used for readings and
was converted to ppm from the graph (Page et al., 1982).
Na+(mmolc L-1 )= [(ppm Na+ from graph) × (df)]/ Equivalent wt. of Na+, where df
stands for dilution factor.
3.4.3. Potassium
A series of standard KCl solutions (0, 2, 4, 6, 8, 10, 12, 14 and 16 ppm) were used to
prepare a calibration graph. The Flame photometer Jenway PFP-7 was used for readings and
was converted to ppm from the graph (Page et al., 1982).
K+ (mmolc L-1) = [(ppm K+ from graph) × (df)]/ Equivalent wt. of K+, where df stands
for dilution factor.
3.5.

Soluble Anions

3.5.1. Carbonate and bicarbonates
Saturation extract was titrated against 0.01 N H2SO4 using phenolphthalein indicator
to colorless end point for CO32-. To the same sample, methyl orange indicator was added and
titrated against 0.01 N H2SO4 to pinkish yellow end point for HCO3- (Method 12).
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2-

-1

2R1 × Normality of H2SO4

CO3 (mmolc L ) =

× 1000
mL of sample taken

Where R1 is mL of H2SO4 used during titration for CO32-.
HCO3- (mmolc L-1) =

(R2 – R1) × Normality of H2SO4
× 1000

Volume of sample taken (mL)
Where R2 = mL of H2SO4 used for HCO3- determination.
3.5.2. Chloride
By titrating the sample against 0.01 N AgNO3 solution using potassium chromate
indicator to a brick red end point (Method 13).
Cl- (mmolc L-1)

mL of AgNO3 × Normality of AgNO3
=

× 1000
mL of sample taken

3.5.3. Sulfate
By difference; SO42- = TSS – (CO32- + HCO3- + Cl-), concentration as mmolc L-1.
3.6.

Sodium adsorption ratio (SAR)

SAR was calculated by using the formula:
SAR = Na+/ [(Ca2++ Mg2+)/2] ½, where concentration of cations is in mmolc L-1.
3.7.

Physical properties of soils

3.7.1. Bulk density (BD)
Bulk density was determined by core method (Klute, 1986). A core sampler with
double ring set of known volume was allowed to penetrate into soil, enough to fill the
sampler, but not to compress the soil in the confined space of the core sampler. Then sampler
was carefully removed so as to preserve its contained soil with natural structure and packing
as nearly as possible. The soil extending each end of the sampler was trimmed with a strong
edge knife and was transferred to weighing pot. Dried it in an oven at 105 0C until constant
weight and weighed again. The bulk density (ρb) was calculated with the formula as under:
BD (Mg m-3) = [Oven dry mass of soil (g)]/[Bulk volume of the soil sample (cm3)]
3.7.2. Particle size analysis
Hydrometer method (Bouyoucos, 1962) was followed for particle size analysis. Forty
grams of air dry soil was taken in a 400 mL beaker, 40 mL of 2% sodium hexametaphosphate
[(NaPO3)6] solution was added, kept over-night, transferred to dispersion cup and stirred for
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10 minutes. The contents of dispersion cup were washed into 1000 mL graduated cylinder
having 1 L capacity within 36+ 2 cm height. The volume was made up to 1000 mL with
distilled water and contents of cylinder were shaken manually by means of a metal plunger.
When uniform suspension was obtained, plunger was taken out and after 4 min hydrometer
reading (HR1) was recorded along with temperature. Second hydrometer reading (HR2) was
recorded after 2 hr and temperature was also noted. Since hydrometer is calibrated at
temperature of 68 0F (20 0C), the HR1 and HR2 were corrected for temperature variation to
get corrected hydrometer reading designed as CHR1 and CHR2, respectively.
Calculations involved are;
Silt + clay (%)

=

[(CHR1)100] / (weight of soil)

Clay (%)

=

[(CHR2)100] / (weight of soil)

Silt (%)

=

% (silt + clay) - % clay

Sand (%)

=

100- [% silt + % clay]

Soil textural class was determined using ISSS textural triangle.
3.7.3. Infiltration rate (IR)
The water infiltration rate was measured with the help of double-ring infiltrometer
(Klute, 1986). Two metallic rings were driven 5 cm into the soil using a level metallic plank
and a shock absorbing hammer. The diameter of inner ring was 30 cm and that of outer ring
was 60 cm. The height of inner and outer rings was 30 cm. A graduated scale, in cm and mm,
was fixed on inner side of the inner ring. A polythene sheet was used to line the bottom of the
inner ring to avoid soil disturbance while pouring water. The inner and outer rings were then
filled up to the same depth with water. The polythene sheet was then gently removed and the
initial reading of the water level in the inner ring was recorded. Then after 5, 10, 20, 30 min
readings were taken and finally at a regular intervals of 20 min till the intake rates became
steady.
3.8.

Nitrates in leachates
Nitrate-N was measured by chromotropic acid spectrophotometer method which is

quite rapid, used originally for water analysis (Hadjidemetriou, 1982; Sims and Jackson,
1971). Pipetted 2 mL sample into a 50 mL volumetric flask. Then added 1 mL 0.1%
chromotropic acid solution, drop by drop, directly into the solution without mixing and put it
in cold water for few minutes. After that mixed the solution, and added 7 mL conc. H2S04 in
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flask. After adding the acid in all samples, left them to cool at room temperature for 45
minutes (to develop color). Same procedure was repeated for the standard nitrate solutions
(0, 2, 4, 8, 16, 32, 50 ppm). The absorbance of standard solutions was recorded after 45
minutes at 430- nm wavelength. Prepared a calibration curve for standards, plotting
absorbance against the respective NO3-N concentrations and read the NO3-N concentration in
the unknown samples from the calibration curve.
Y

=

ax

+

b

Y

=

Reading of sample from spectrophotometer

a, b

=

Reading from calibration curve of the standards

x

=

NO3-

3.9.

Cation exchange capacity (CEC)
Five gram of soil was saturated with 1N CH3COONa (pH 8.2), washed thrice with

ethanol and finally extracted with 1N CH3COONH4 having pH 7.0. Sodium in the extract
was determined using Jenway PFP-7 flame photometer keeping Na-filter in place (Method
19). The CEC was calculated by the formula:
CEC (mmolc 100 g-1 soil) = [Na+ (mmolc L-1) × 100 × 100]/ [1000 × Wt. of soil (g)]
3.10. Soil gypsum requirement (SGR)
Five gram soil was shaken mechanically with saturated gypsum solution (Ca2+ +
Mg2+ concentration ≈ 28 mmolc L-1). Suspension was filtered. Filtrate was analyzed for Ca2+
+ Mg2+ by titrating against 0.01 N EDTA solution to a blue end point using EBT as indicator.
Gypsum requirement was calculated from difference of Ca2+ + Mg2+ concentration in
gypsum saturated solution and filtrate.
[Ca2+ + Mg2+ in gyp. soln.] – [Ca2+ + Mg2+ in filtrate] × 100 × 100
SGR (cmolc kg ) =-------------------------------------------------------------------------1000 × Wt. of soil (g)
3.11. Organic matter (OM)
-1

Soil OM was determined following the method described by Walkley-Black
(Jackson, 1962). For this purpose, two gram of soil was first swirled in 10 mL of 0.1 N
K2Cr2O7 solution and then 20 mL concentration H2SO4 was added. Mixed and allowed to
stand for 30 minutes. Then diluted to 200 mL with distilled water and titrated against freshly
prepared FeSO4.7H2O in the presence of 10 mL H3PO4, 0.2 g NaF and 30 drops of diphenylamine indicator to dull green end point. The OM was calculated by the formula:
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OM (%) = 10 (1-T/S) × 0.335 where
T = mL of FeSO4 for sample titration
S = mL of FeSO4 for blank titration
0.335 = (12/4000) × 1.72/0.77 × (100/2) × 1.0 N
3.12. Calcium carbonate (CaCO3)
Calcium carbonate was determined following the Calcimeter method (Moodie et al.,
1959). Two gram soil was treated with 1:1 HCl and volume of CO2 liberated from CaCO3
present in soil was noted. Percent lime was calculated by:
CaCO3 (%) = (A × B × C)/ W × 1000
Where
A = mg of CaCO3 equivalent to 1 cm3 of CO2 evolved at atmospheric temperature
and pressure
B = Volume of CO2 evolved (cm3)
CF= Correction factor = {Pure CaCO3 (mg)/ A} × {CO2 (cm3) evolved/ W}
W= Weight of soil sample (g)
3.13. Water and leachate analyses
Water and leachate samples were collected in plastic bottles. Four drops of 0.1 %
(NaPO3)6 per 100 mL sample were added in each bottle to check the precipitation of salts
(particularly carbonate) during storage. The analytical methods described by Richards (1954)
were followed as summarized under soil saturation extract analysis. However, samples were
analysed within 15 days of collection.
3.14. Sodium adsorption ratio (SAR)
The SAR was calculated by using the formula:
SAR = Na+/ [(Ca2++ Mg2+)/2] ½, concentration of cations in mmolc L-1.
3.15. Residual sodium carbonate (RSC)
RSC = (CO32- + HCO3-) – (Ca2+ + Mg2+), all expressed as mmolc L-1 (Eaton, 1950)
3.16. Statistical procedures
The data from all the studies were analyzed statistically following analysis of
variance (ANOVA) technique and LSD test was applied to differentiate the treatment effects
(Steel et al., 1997). The graphs were prepared in Microsoft Excel 2007.
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CHAPTER 4
RESULTS AND DISCUSSION
Study 1: Nitrogen use-efficiency in rice-wheat cropping system in sandy clay loam and
clay loam salt-affected soils (Lysimeter exp.)
4.1.1. Introduction
Considerable data have been generated on fertilizer N requirements of crops grown
on normal soils. But insufficient information is available on N requirements of crops grown
on salt-affected soils which cover an area of about 11.5 × 106 ha in Pakistan (Anonymous,
2005). These salt-affected soils are characterized by high EC, pH, SAR, calcareousness, low
organic matter, low biological activity and poor physical conditions. Salinity induce N stress
which decrease plant biomass and carbohydrate accumulation, caused by loss in carbon
assimilation due to decreased surface area (Moradi and Ismail, 2007; Thitisaksakul and
Maysaya, 2008). Application of N affects growth dilution to alleviate detrimental effects of
moderate salinity and helps improve economic yield of crops. Therefore, in addition to other
agronomic practices, successful crop production on moderately salt-affected soils demands
judicious use of N. In Pakistan, the problem of soil and water salinity is complicated by
sodicity resulting from high Na+: Ca2+ ratio on the soil exchange complex as well as in soil
solution. Soil salinity and sodicity suppress plant growth through inducing water stress,
specific ion effects and nutrient imbalances resulting in deficiency of some ( Na+ induce K+,
Zn2+, Ca2+ deficiency) while toxicity of others (Na+ induce Cl- toxicity) which generally
decrease crop growth and ultimately the economic yields (Ashraf et al., 2008; Katerji et al.,
2009).
The efficiency of fertilizer N (NUE) in salt-affected soils is low, since NUE depends
upon the nature and amount of fertilizer, mineralization and soil salinity/sodicity levels
(Murtaza et al., 2000). Realizing the importance of crops in moderately salt-affected soils,
investigations are in progress to determine the suitable application rate of N under such soil
conditions (Murtaza, 2011). It is reported that requirements of N and other nutrients for crops
in salt-affected soils are different than those for normal soils probably due to different
physical and chemical properties of soils (Lodhi et al., 2009).
In Pakistan, rice-wheat zone covers an area of 2.3 × 106 ha in which 0.8 × 106 ha soils
are saline-sodic (Aslam, 1998). Despite the prime position of rice and wheat in food security
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and economy of the country, productivity of rice-wheat cropping system is low (Zia et al.,
2002). Such areas are causing a loss of 2.16 × 109 and 1.60 × 109 kg of paddy and wheat
grains each year, respectively. These problem soils receive all the agricultural inputs without
considerable production of crops. A few studies in Pakistan (Murtaza, 2011) and some in
India (Yaduvanshi and Dey, 2009) have shown that crops grown in saline and/or sodic soils
yielded better with N fertilizer rates higher than recommended for non-saline/sodic soils
mainly through growth dilution (Woyema et al., 2012) as well as through increased salt
tolerance of plants (Sairam and Tyagi, 2004).
Yaduvanshi and Dey (2009) reviewed a series of experiments and recommended that
rice and wheat crops grown in sodic soils should receive 25% N over and above the
recommended rates for non-saline/sodic soils. Therefore, it seems imperative to determine
NUE in salt-affected soils using higher rates of N along with gypsum calculated and applied
to reclaim the soil.
4.1.2. Methodology
The experiment was conducted in lysimeters filled with normal and saline-sodic soils.
The soils were collected from Village 132/GB and 84/GB, District Faisalabad which were
sandy clay loam and clay loam in texture, respectively. Soil samples from lysimeters were
collected with stainless steel sampling tube after harvest of each crop. Soil samples were airdried and ground to pass through 2 mm sieve. These samples were analyzed for saturated soil
paste pH (pHs), saturation soil paste extract EC (ECe), soluble Ca2+ + Mg2+ (titration with
versinate solution), CO32- and HCO3- (titration with H2SO4), Cl- (titration with standard
AgNO3) and Na+ (with flame photometer) following methods described by (Richards, 1954)
and (Page, 1982), and the data is presented in Table 4.1. Sodium adsorption ratio (SAR) of
soil and water, and residual sodium carbonate (RSC) of irrigation water were calculated by
equations 1 and 2, respectively. Concentrations of the Na+, Ca2+ and Mg2+ were in mmolc L-1.
SAR = Na+/[(Ca2+ + Mg2+)/2)]1/2
RSC =

(CO32-

-

2+

(1)
2+

+ HCO3 ) - (Ca + Mg )

(2)

Particle-size analysis of soils was carried out following hydrometer method
(Bouyoucos, 1962). Gypsum requirement of each soil was determined by Schoonover (1952)
method. The amount of gypsum for 132 salt-affected (132S) soil was 5.18 tons ha-1-15 cm
while it was 4.84 tons ha-1-15 cm for 84S soil. A wire gauge was fixed at the bottom of
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lysimeters (62 cm long, 28 cm internal dia.) made of polyvinyl chloride (PVC) with the help
of rubber bands. This wire gauge was covered with a thin layer of glass wool and sand to
check the movement of clay. In each lysimeter, 42 kg soil was filled with the help of a
specially designed long neck funnel to avoid segregation of soil particles. Gypsum was
mixed in the top 15 cm soil layer manually. Water analysis was carried out following the
same methods as used for soil saturation extract.
In this study, measured volume of canal water was used for growing rice (Shaheen
basmati) and wheat (cv. Faisalabad 2008) during the reclamation of salt-affected soils by
using gypsum @ 50 and 100 % SGR. The volume of water was applied according to the crop
requirement. The N fertilizer treatments employed were: No fertilizer and no gypsum (C), No
fertilizer + gypsum @ 50% and 100% soil gypsum requirement (SGR) (Cg), 30% less N than
recommended N fertilizer rate (N70), 15% less N than recommended N fertilizer rate (N85),
Recommended N fertilizer rate (N100), 15% higher N than recommended N fertilizer rate
(N115), 30% higher N than recommended N fertilizer rate (N130), 45% higher N than
recommended N fertilizer rate (N145). Recommended fertilizer NPK at the rate of 125, 75, 60
kg ha-1 as urea, TSP and SOP were applied. Full dose of P and K and 1/3rd of N was applied
at the time of transplanting and remaining N was applied in two equal splits; 34 days after
transplanting (DAT) and 46 DAT rice.
During rice crop, two to three seedlings per hill and three plants per lysimeter were
transplanted during the last week of July 2010. Five leachates were collected and analyzed
for NO3-. Nitrate-N was measured by a spectrophotometric method (using chromotropic acid)
(Hadjidemetriou, 1982). At physiological maturity, straw and paddy yields were recorded.
After the harvest of rice, soil samples were taken from each lysimeter with the help of
stainless steel sampling tube, processed and properties were determined similar to those
before studies.
After rice harvest, surface soil in lysimeters was prepared by hoeing and wheat was
sown. The recommended N, P and K were applied at 120, 100 and 60 kg ha-1 as urea, TSP
and SOP, respectively. All the P and K were applied at the time of sowing while 1/3rd N was
applied at the time of sowing. The remaining N was applied in two equal splits at tillering, 28
days after germination (DAG) and at booting stages (54 DAG). Five plants were maintained
in each lysimeter at 14 DAG and three leachates were collected for nitrate analysis during
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wheat crop. Throughout the growth period of crops, canal water (EC = 0.34 dS m -1, SAR =
0.71 and RSC = Nil), was used for irrigation. At maturity, grain and straw yields were
recorded. The Nitrogen use efficiency was calculated by the formula: NUE= (YN-Y0)/FN. YN
and Y0 are yield with and without N application, respectively. FN is fertilizer N applied. Data
regarding rainfall, temperature, relative humidity and evapo-transpiration are presented in
Table 4.2. The data collected was statistically analyzed by following ANOVA technique, and
LSD test was applied to evaluate treatment differences (Steel et al., 1997).
4.1.3. Results and Discussion
Generally arid region salt-affected soils of Pakistan have high pH, SAR,
calcareousness and poor physical conditions which limit nutrient availability and plant
growth (Ghafoor et al., 2004). Due to unfavorable physical and chemical soil conditions,
efficiency of added chemical fertilizers is generally low. In salt-affected soils, economic crop
yields and fertilizer use efficiency can be increased by adopting some fertilizer management
strategies.
Table 4.1. Chemical and physical characteristics of soils prior to the experiment
132 Sb
8.62

84Nc
8.04

84Sd
8.45

ECe (dS m-1)

132Na
8.14
3.36

9.94

2.98

6.86

SAR (mmol L-1)1/2

11.35

44.06

9.71

28.70

Total organic carbon (%)
Total nitrogen (mg kg-1)

0.47

0.43
114

0.55
224

0.48
184

Gypsum requirement (t/ha-15 cm)
Texture

5.18
Sandy Clay Loam

Soil Characteristic/Site
pHs

560

4.84
Clay Loam

a

Normal soil collected from Village 132 (132N); bSalt-affected soil collected from Village 132
(132S); cNormal soil collected from Village 84 (84N); dSalt-affected soil collected from Village 84
(84S).

Table 4.2. Rainfall, temperature, relative humidity and evapo-transpiration recorded
during growing season
Rainfall
Temperature
Relative Humidity
Crop
ETO (mm)
(mm)
(°C)
(%)
Rice 2010
591
7-42
40-90
1.3-7
Wheat 2010-11
48
4-40
30-94
0.4-6.7
Rice 2011
366
10-39
46-92
0.4-5.6
Wheat 2011-12
24
0-36
48-91
0.7-4.9
Rice 2012
247
9-46
43-100
0.7-7.7
Wheat 2012-13
79
0-37
19-97
0.4-7.4
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4.1.3.1.

Chemical properties of 132 soils
Soil analysis before the start of experiment showed that pHs of 132N soil was in

normal range as prescribed by Richards (1954) (Table 4.1). After the harvest of 1st rice crop
(2010), pHs of the 132N and 132S soils differed significantly with increasing dose of N as
urea (Table 4.3). Maximum percent decrease in pHs was recorded with N145 and minimum
with control treatment. The highest decrease in pHs (7.42 %) was observed with N145 +
gypsum (G) at 100% SGR and was the lowest with Cg. Whereas, percent decrease was 3.71
% with N145 + gypsum @ 50% SGR and minimum decrease in pHs was 1.62 % with Cg.
After the harvest of wheat (2010-11), the pHs of 132N soil differed significantly for N
application rates (Table 4.3). An increase in pHs was recorded after the harvest of wheat in
May 2011 with all the treatments, being maximum with N70 (4.55 %) and minimum with
N145 (1.72 %) over the initial soil pHs. The decreasing order of soil pHs with applied N-levels
remained as N70 > N115 > N100 > N85 > C > N130 and N145. After the harvest of wheat (201011), the pHs of 132S differed significantly for N application rates (Table 4.3). Maximum
decrease in pHs was 2.01 % with N145 + G100% SGR and was minimum (0.08 %) with N100 +
G50% SGR while an increase in pHs was recorded after the harvest of wheat (2010-11) in
May, 2011 with applied N, being maximum (2.44 %) with N70 and minimum (0.54 %) with
N70 + G100% SGR. Overall, maximum decrease in pHs was with 100% SGR followed by 50%
SGR.
The highest decrease in pHs of the sandy clay loam saline-sodic soil (132S) during
rice crop with N145 + G100% SGR could be due to effective supply of applied as well as native
Ca2+ (increase Ca: Na ratio in soil solution) followed by leaching of Na+ salts below 30 cm
soil layer. At 0-15 cm soil depth during wheat crop, there was maximum decrease in pHs
(2.01%) with gypsum amended soil, which could be attributed to the formation of H2CO3
upon the release of CO2 during its bio-oxidation (Havlin et al., 2005). The organic materials
release organic acids which induce dissolution of the native lime in soil. Low rate of changes
in pHs also could be due to calcareousness since lime buffers the pHs (Hamid, 2009).
Post-wheat increase in pHs could be due to hot and dry days during the month of May
that prevailed between the last irrigation to wheat and soil sampling. Resultantly small
increase in soil ECe occurred after wheat which may be helpful to sustain electrolyte
concentration in soil solution which could affect better leaching of salts during the following
38

rice crop. As the salt concentration in soil increases, Ca2+ precipitates as CaCO3 and to a
lesser extent as CaSO4, leaving preponderance of Na+ in soil solution that subsequently
induces Na+ adsorption on the cation exchange sites and thus increases soil pH. It is known
that increasing values of ECe tend to decrease while that of SAR tends to increase the pHs
(Qadir et al., 2001; Quirk, 2001). Overall, maximum decrease in pHs was 7.42 % with
gypsum @ 100% SGR after the harvest of rice from sandy clay loam saline-sodic soil. There
was a small decrease in pHs but treatment differences were significant.
Table 4.3. Effect of N treatments on pHs of 132 soils
Treatment

Normal
soil

Post-rice 2010
Cg
C
8.17 b
N70
8.35a
N85
8.20b
N100
8.17b
N115
8.10c
N130
8.10c
N145
7.99d
LSD
0.06*

Saline-sodic soil
Gypsum @ Gypsum @
50% SGR
100% SGR
8.48 b
8.59 a
8.45 bc
8.41 bcd
8.39 b-e
8.38 b-f
8.32 def
8.30 ef

8.42 bc
8.59 a
8.40 b-e
8.39 bcd
8.37 c-f
8.29 f
8.12 g
7.98 h
0.10*

Normal
soil

Saline-sodic soil
Gypsum @ Gypsum @
50% SGR 100% SGR
Post-wheat 2010-11
8.61 b-e
8.60 b-e
8.42 cd
8.75 abc
8.75 abc
8.51 a
8.83 a
8.67 a-d
8.44 bcd
8.77 ab
8.60 b-e
8.48 abc
8.61 b-e
8.56 cde
8.50 ab
8.57 b-e
8.53 de
8.37 d
8.54 de
8.51 de
8.28 e
8.70 a-d
8.45 e
0.07*
0.20*

*Treatments differed significantly at P < 0.05.

After the harvest of rice crop, percent decrease in ECe was statistical for the
application rates of N (Table 4.4). The greatest decrease in ECe (dS m-1) was recorded with
N145 and minimum was with the control. Heavy input of irrigation water to rice crop due to
its ecological demands enhanced leaching of soluble salts which lowered soil ECe more
effectively in upper than lower soil layer. After the harvest of rice crop, maximum decrease
in ECe of 132S soil was 46.28 % with N145 and minimum with Cg (34 %). In case of G50%
SGR, maximum decrease in ECe was 39.84% with N145 treatment and minimum with Cg
(32.09).
Post-wheat (2010-11) soil analysis showed significant change in ECe with N
application rates (Table 4.4). Maximum decrease in ECe (35.42 %) was recorded with N145
and minimum was with C treatment (3.27 %). After the harvest of wheat crop, the highest
decrease in ECe of 132S soil was 47.79 % with N130 which differed significantly from other
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treatments, but remained non-significan from N145 + gypsum @ 100% SGR and it was the
lowest with Cg (29.78 %) for 100% SGR. In case of 50% SGR, maximum reduction in ECe
was 46.68 % with N145 treatment and minimum with Cg (27.36 %). Overall, there was
maximum decrease with N145 for 100% SGR followed by 50% SGR.
The greater decrease in ECe with N130 + gypsum @100% SGR seems due to
improvement in IR of soil which led to more leaching of salts. The low solubility of gypsum
remained useful to sustain electrolyte concentration in soil solution over time to favorably
affect the HC of soils and reasonably high HC is pre-requisite for the reclamation of sodic
and saline-sodic soils (Ghafoor et al., 2008). The decrease in ECe after wheat crop could be
due to improved soil infiltration subsequent to Ca2+ application to affect Na+ desorption that
leached along with soluble salts from upper to lower soil depths.
Table 4.4. Effect of N treatments on ECe (dS m-1) of 132 soils
Treatment

Normal
soil

Post-rice 2010
Cg
C
3.17a
N70
2.80ab
N85
2.79ab
N100
2.84ab
N115
2.75ab
N130
2.20b
N145
2.12b
LSD
0.83*

Saline-sodic soil
Gypsum @ Gypsum @
50% SGR
100% SGR
6.75 b
8.09 a
6.68 b
6.62 bc
6.48 bcd
6.44 bcd
6.15 de
5.98 e

6.56 bcd
8.09 a
6.48 bcd
6.38 b-e
6.24 cde
5.98 e
5.46 f
5.34 f
0.42*

Normal
soil

Saline-sodic soil
Gypsum @ Gypsum @
50% SGR
100% SGR
Post-wheat 2010-11
7.22 b
6.98 c
8.10 a
3.25 a
8.10 a
3.18 a
7.01 c
6.78 d
3.10 ab
6.51 e
6.30 fg
2.95 bc
6.49 e
6.27 fg
2.90 c
6.44 ef
6.20 g
2.18 d
5.34 h
5.19 h
2.17 d
5.30 h
5.20 h
0.17*
0.18*

*Treatments differed significantly at P < 0.05.

Maximum decrease in SAR was recorded with N145 which was statistically at par with
N100, N115 and N130 and minimum with the control. After the harvest of rice, there was the
highest decrease in SAR with N145 for both 50% and 100% SGR application rates. For 100%
SGR, maximum decrease in SAR was 47.84 % and minimum with Cg (29.21%). There was
the greatest decrease (44.26 %) in SAR with N145 and minimum (25.12 %) with Cg. Overall,
maximum decrease in SAR was for 100% SGR compared to 50% SGR in 132S soil but 50%
SGR performed better for 84S soil. After the harvest of wheat (2010-11), the SAR of 132N
soil differed significantly with the application rates of N (Table 4.5). The decrease in SAR
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was the highest with N130 (26.10 %) which differed non-significant from N145 (26.01 %) but
differed significantly with other N rates. The decreasing order for soil SAR remained as
control > N70 > N85 > N100 > N115 > N145 and N130.
After the harvest of wheat (2010-11), the SAR of 132S soil differed significantly with
N application rates (Table 4.5). Maximum decrease in SAR was recorded with N145 (68.00
%) which differed non-significantly with N130 but remained significant with the rates of Napplication. The decreasing order for soil SAR remained C > N70 > N85 > N100 > N115 > N130
> N145 for 100% SGR. For 50% SGR, the decreasing order was Cg > N70 > N85 > N100 > N115
> N130 > N145. Overall, in 132S soil, maximum percent decrease in SAR was observed with
N145 for 100% SGR.
The rate of decrease in SAR was higher after the harvest of rice compared to that after
wheat crop. After the harvest of rice, SAR decreased over the initial values which suggested
that higher the initial SAR, greater and faster was the decrease in it due to statistical
probability of Na+-Ca2+ exchange on the cation exchange sites. Small decrease in SAR with
control seems due to leaching, in-situ mineral weathering (Oster and Shainberg, 1979),
Ca2++Mg2+ in irrigation water, valence dilution (Eaton and Sokoloff, 1935), and dissolution
of native lime from soil under the influence of CO2 released by roots (Qadir and Oster,
2004).
Table 4.5. Effect of N treatments on SAR (mmol L-1)1/2of 132 soils
Treatment

Normal
soil

Post-rice 2010
Cg
C
10.06a
N70
9.50ab
N85
9.28b
N100
8.30c
N115
8.35c
N130
8.20c
N145
7.99c
LSD
0.72*

Saline-sodic soil
Gypsum @ Gypsum @
50% SGR
100% SGR
32.99 b
37.52 a
29.86 cd
29.06 de
28.03 ef
26.57 gh
24.98 ij
24.56 j

31.19 c
37.52 a
28.95 de
28.65 def
27.56 fg
25.97 hi
23.92 jk
22.98 k
1.34*

*Treatments differed significantly at P < 0.05.
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Normal
soil

Saline-sodic soil
Gypsum @ Gypsum @
50% SGR
100% SGR
Post-wheat 2010-11
23.33 b
21.19 d
34.45 a
10.94 a
34.45 a
10.71 a
22.00 c
18.90 f
9.99 b
21.13 d
18.86 f
9.93 b
19.81 e
18.09 g
9.53 c
18.19 g
17.41 h
8.39 d
15.31 I
14.13 k
8.40 d
15.91 j
14.10 k
0.38*
0.43*

The results indicate that treatment N145 + G100% SGR successfully reclaimed salinesodic soils when rice-wheat crops were irrigated with canal water. All the treatments
significantly lowered soil SAR after rice and wheat harvest. Gypsum application was highly
effective in lowering soil SAR. The results are in conformity with those reported by Murtaza
et al. (2011) during the reclamation of salt-affected soils. From results, it could be inferred
that reclamation of saline-sodic soils starts as soon as agricultural operations are initiated
(Murtaza et al., 2009), but to expedite the Na+-Ca2+ exchange, external source of Ca2+ like
gypsum is useful.
4.1.3.2.

Chemical properties of 84 soils
In 84N post-rice soil, the highest percent decrease in pHs was 2.49 % with N145 and

was minimum with C treatment (Table 4.6). In 84S soil, maximum decrease in pHs was
7.14% with N145 + G100% SGR which differed significantly from all the other treatments.
With 50% SGR, N145 treatment remained statistically non-significant from N130, N115 and
N100. After the harvest of wheat, maximum decrease in pHs was 1.41 % with N145 and
increased by 0.87 % with the C treatment. There was a little change in pHs which could be
due to high buffering capacity of calcareous soils. In 84S soil, maximum decrease in pH s was
9.35 % with N145 + G100% SGR which differed significantly with the rates of N-application
while in 50% SGR, N145 treatment remained non-significant with other treatments. Overall,
maximum decrease in pHs was for 100% SGR followed by 50% SGR.
Table 4.6. Effect of N treatments on pHs of 84 soils
Treatment

Normal
soil

Post-rice 2010
Cg
8.14 a
C
8.04 bc
N70
8.05 bc
N85
8.09 ab
N100
7.99 c
N115
7.97 c
N130
7.84 d
N145
0.09*
LSD

Saline-sodic soil
Gypsum @ Gypsum @
50% SGR
100% SGR
8.48 b
8.59 a
8.45 bc
8.41 bcd
8.39 b-e
8.38 b-f
8.32 def
8.30 ef

8.42 bc
8.59 a
8.40 b-e
8.39 bcd
8.37 c-f
8.29 f
8.12 g
7.98 h
0.10*

*Treatments differed significantly at P < 0.05.
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Normal
soil

Saline-sodic soil
Gypsum @ Gypsum @
50% SGR
100% SGR
Post-wheat 2010-11
8.11 a-d
8.02 cde
8.11 a
8.19 ab
8.19 ab
8.06 ab
8.22 a
8.13 abc
8.07 ab
8.05 cde
7.93 ef
8.10 a
8.07 bcd
7.93 efg
8.00 bc
8.05 cde
8.00 de
7.99 bc
8.03 cde
7.80 g
7.93 c
7.87 fg
7.66 h
*
0.12*
0.08

After the harvest of rice crop, the highest percent decrease in ECe was 28.19 % with
N145 and the lowest being with the C treatment, while ECe differed non-significantly with all
the treatments in 84N soil except C (Table 4.7). In clay loam saline-sodic soil, maximum
decrease was recorded with N145 which differed non-significantly with N130 + G100% SGR
treatment. In 84N post-wheat soil, maximum decrease in ECe occurred with N130 followed by
N145, N100, N115, N85 while increased with N70 and control treatments compared with the
initial pHs of soil. The ECe of 84N soil differed significantly with all the applied N-fertilizer
treatments.
In 84S soil, decrease in ECe was found to be higher with N145 followed by N130, N115,
N100, N85, N70 and lower with Cg for 100% SGR. Higher decrease in ECe was noted with N145
which differed non-significantly with N130 for 50% and 100% SGR in 84S soil. Overall,
maximum percent reduction was observed with N145 for 100% SGR as compared to 50%
SGR.
Table 4.7. Effect of N treatments on ECe (dS m-1) of 84 soils
Treatment

Normal
soil

Post-rice 2010
Cg
2.72 a
C
2.45 ab
N70
2.44 ab
N85
2.33 b
N100
2.31 b
N115
2.22 b
N130
2.14 b
N145
0.39*
LSD

Saline-sodic soil
Gypsum @ Gypsum @
50% SGR
100% SGR
6.75 b
8.09 a
6.68 b
6.62 bc
6.48 bcd
6.44 bcd
6.15 de
5.98 e

6.56 bcd
8.09 a
6.48 bcd
6.38 b-e
6.24 cde
5.98 e
5.46 f
5.34 f
0.42*

Normal
soil

Saline-sodic soil
Gypsum @ Gypsum @
50% SGR
100% SGR
Post-wheat 2010-11
4.98 c
4.88 cd
3.50 a
5.91 a
5.91 a
3.30 b
5.22 b
5.19 b
2.95 c
5.21 b
5.01 c
2.87 c
4.88 cde
4.72 de
2.88 c
4.71 e
4.34 f
2.10 d
4.01 g
3.92 g
2.12 d
4.06 j
3.93 g
0.17*
0.12*

*Treatments differed significantly at P < 0.05.

After the harvest of rice, maximum percent decrease in SAR was 27.29 % with N145
which differed significantly with all the treatments for 84N soil (Table 4.8). In case of 84S
soil, the decrease in SAR was the highest with N145 which differed non-significantly with
N130 for both 50% and 100% SGR. Overall, maximum decrease in SAR was observed for
100% SGR compared to 50% SGR from 132S soil but 50% SGR performed better for 84S
soil. Maximum decrease in SAR was 31 % with N145 which differed significantly with N
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rates for 84N soil after the harvest of wheat. Post-wheat analysis showed that the SAR of soil
increased over that after rice crop with significant treatment differences. The relatively
higher SAR values after wheat harvest could be due to increased salt accumulation which
might have caused precipitation of CaCO3 and CaSO4 like salts leading to high Na+
concentration in soil solution and thus higher SAR.
In case of 84S soil maximum decrease in SAR was observed with N145 which differed
non-significantly with N130 for both 50% and 100% SGR. Maximum % decrease in SAR was
58.47 % with N145 + G100% SGR and minimum with C. Overall, maximum decrease in SAR
was observed for 100% SGR compared to 50% SGR for both 132S and 84S soils.
Table 4.8. Effect of N treatments on SAR (mmol L-1)1/2 of 84 soils
Treatment

Normal
soils

Post-rice 2010
Cg
8.44 a
C
8.08 b
N70
7.94 c
N85
7.78 d
N100
7.52 e
N115
7.21 f
N130
7.06 g
N145
0.06*
LSD

Saline-sodic soil
Gypsum @ Gypsum @
50% SGR
100% SGR
32.99 b
37.52 a
29.86 cd
29.06 de
28.03 ef
26.57 gh
24.98 ij
24.56 j

31.19 c
37.52 a
28.95 de
28.65 def
27.56 fg
25.97 hi
23.92 jk
22.98 k
1.34*

Normal
soils

Saline-sodic soil
Gypsum @ Gypsum @
50% SGR
100% SGR
Post-wheat 2010-11
19.34 b
18.33 c
9.10 a
24.76 a
24.76 a
8.67 b
19.12 b
17.98 cd
8.50 c
17.68 de
17.00 f
7.80 d
17.64 de
16.29 g
7.85 d
17.46 e
15.92 g
6.80 e
13.10 h
12.19 I
6.70 e
12.90 h
11.92 I
0.43*
0.11*

*Treatments differed significantly at P < 0.05.

4.1.3.3.

Leachate volume (mL) from normal soils during rice and wheat crops

The effect of N application rates on leachate volume of 132N soil is given in Fig. 4.1.
First leachate was collected 6 DAT. Maximum amount of leachate (1153 mL) was collected
with N115 which remained at par with the treatment N100. During 2nd leachate, the highest
leachate volume was recorded with N115. However, volume of 3rd and 4th leachate decreased
which could be due to increased water uptake by plants as vegetative growth period was at
peak. This could be due to self-healing in sandy clay loam soil, which resulted in close up of
cracks and fractures during wetting. The volume of 5th leachate increased compared with 4th
leachate. The 5th leachate volume was the highest with N115 treatment.
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The effect of N application rates on leachate volume of 84N soil is given in Fig. 4.2.
Maximum amount of leachate volume (1160 mL) in the 1st leachate was recorded with N130
which was statistically at par with N115. During the 2nd leachate, significantly higher leachate
volume was recorded with N130. The decrease in 3rd and 4th leachate volume was recorded
with all the N rates while leachate volume increased in the 5th leachate and remained higher
with N145. This might be due to acidification mechanism of nitrification and excretion of
protons from plant roots which solubilize the native CaCO3 thereby improving the IR of soil
(Dakora and Phillips, 2002).
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Fig. 4.1. Volume of leachate collected from lysimeters of 132N soil.
Standard error of treatment mean=84.96.
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Fig. 4.2. Volume of leachate collected from lysimeters of 84N soil.
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N130

N145

Standard error of treatment mean=126.14.
The effect of N application rates on leachate volume of 132N soil during wheat is
given in Fig. 4.3. First leachate volume was collected 31 day after sowing (DAS). The
highest leachate volume (393 mL) was recorded with N145. This was statistically at par with
N130. A significant increase in 2nd leachate volume was recorded with N145. The increasing
order for leachate volume was L1 > L2 > L3. Maximum leachate was recorded in the 3rd
leachate with N145. In general, volume of leachate gradually increased with time (L1 to L3)
with all the treatments for sandy clay loam soil compared to clay loam. This might be due to
higher clay content in clay loam soil which decreased infiltration of applied water due to
increased dispersion (Ghafoor et al., 2001). Pachepsky and Rawls (2003) reported that soil
structure and texture influence soil water flow, availability and storage. While aggregation
and interconnected pores increase bypass flow in sandy clay loam soil which increased
infiltration, i.e. the movement of water deeper into the soil profile and thus increased
leaching (Franzluebbers, 2002; Nissen and Wander, 2003).
132N soil

Fig. 4.3. Volume of leachate collected from lysimeters of 132N soil.
Standard error of treatment mean=15.39.
The effect of N application rates on leachate volume of 84N soil during wheat is
presented in Fig. 4.4. Maximum leachate volume 650 mL was recorded with N145 in the first
leachate. A significant decrease in 2nd leachate volume was recorded and maximum was with
N130. After the harvest of wheat, SAR of the clay loam soil was increased over that after rice
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crop with significant treatment differences. The relatively higher SAR values decrease
leachate volume after wheat which might be due to increased salt accumulation that caused
precipitation of CaCO3 and CaSO4 like salts leading to high Na+ concentration in soil
solution (Hassan et al., 2011). The gradual decrease in volume with time seems mainly due
to the depth of wetted zone. The matric potential gradient tends to be zero and steady at the
approximate HC of soil. However, cracks developed in dry soil are closed by swelling of clay
particles and the volume of water passing through decreases sharply with time because of
decrease porosity (Rayhani et al., 2008).
84N soil

Fig. 4.4.Volume of leachate collected from lysimeters of 84N soil.
Standard error of treatment mean=13.54.
4.1.3.4.

Leachate volume (mL) from salt-affected soils during rice and wheat crops

Maximum amount of water passed through the soil columns in the treatment where N
and gypsum (50 and 100% SGR) was applied (Fig 4.5). First leachate was collected 6 DAT.
Maximum amount of volume (1115 mL) was recorded with N100 along with gypsum @ 50%
SGR for 84S soil. This treatment remained statistically at par with N130 and N145. A
significant increase in 2nd leachate volume was recorded. Leachate volume was the highest
with N145 along with gypsum @ 100% SGR while lowest volume (830 mL) was with control.
This could be due to the application of Ca2+ in the form of gypsum that caused flocculation
of the Na+ dominated dispersed soils (Ghafoor et al., 2004). An improvement in soil structure
helped promote the IR to facilitate the movement of water through soil columns (Murtaza et
al., 2009).
47

Volume of 3rd and 4th leachate decreased but subsequently increased in 5th leachate
(Fig. 4.5). This pattern indicated that gypsum acted as a source of electrolytes initially,
increasing Ca2+ concentration that increased infiltration of water through soil columns
(Hassan et al., 2011) and initial solute concentration facilitated the water infiltration which
gradually decreased due to leaching (Hussain et al., 2001). After the 4th leachate, the values
of SAR become lower either due to an increase in divalent cations (Ca + Mg) or decrease in
mono-valent cation (Na). The divalent cations (Ca + Mg) increased the net concentration of
the soil solution. However, a part of these would have also precipitated with carbonates
(CO3) and bicarbonates (HCO3) present in the soil. The gradual decrease in leachate volume
after collecting the 2nd one from the control and gypsum treatment might be due to the
removal of soluble salts without enough removal of Na+ and decreased infiltration of applied
water thereby dispersion of soil (Ghafoor et al., 2004). The necessity of gypsum application
to improve IR of the Na+ dominated soils had been confirmed by the previous research
(Shainberg et al., 1989).
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Fig. 4.5. Volume of leachate collected from lysimeters of 84S soil.
Standard error of treatment mean=152.04.
In case of 132S soil, maximum amount of water passed through the soil columns with
N along with gypsum @ 50% and/or 100% SGR (Fig. 4.6). There was a progressive increase
in leachate volume collected 6, 19 and 33 DAT and volume of 2nd leachate was maximum
(1180 mL) with N130 along with gypsum @ 100% SGR. This could be due to effective supply
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of Ca2+ from gypsum that caused flocculation of the Na+ dominated dispersed soils (Ghafoor
et al., 2004). However, volume decreased by the time of collection of 4th leachate, i.e. 46
DAT (Fig. 4.6). After the 4th leachate, an increase in volume appears due to resultant
decrease in SAR (Oster, 1982) as well as Na+ to Ca2+ ratio (Green et al., 1988) of soil
solution.
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Fig. 4.6. Volume of leachate collected from lysimeters of 132S soil.
Standard error of treatment mean=83.38.
Maximum amount of water passed through the soil columns receiving N130 and N145
along with gypsum @ 50% and 100% SGR (Fig. 4.7). In the first leachate, maximum
volume (1053 mL) was collected with N145 along with gypsum 100% SGR for 84S soil. This
was statistically at par with N130 and N145. The lowest volume was collected during 2nd and
3rd leachate (Fig. 4.7). After the 2nd leachate, an increase in volume appears due to resultant
decrease in soil SAR and increased Ca2+ to Na+ ratio (Hassan et al., 2011) of soil solution. In
132S soil, highest volume (801 mL) was recorded in the 1st leachate with N130 along with
gypsum @ 100% SGR (Fig. 4.8). This seems due to the release of Ca2+ from gypsum that
caused flocculation of the Na+ dominated dispersed soils (Murtaza et al., 2009).
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84S soil

Fig. 4.7. Volume of leachate collected from lysimeters of 84S soil.
Standard error of treatment mean=21.97.
132S soil

Fig. 4.8. Volume of leachate collected from lysimeter of 132S soil.
Standard error of treatment mean=48.60.
The leachate volume remained higher from sandy clay loam compared to that from
clay loam soil indicating that clay contents decreased infiltration of applied water. This also
suggested that external application of gypsum is useful to sustain the electrolyte
concentration in soil solution; otherwise defloculation in response to decreased electrolyte
concentration in soil solution could impair the leaching effectiveness during amelioration of
saline-sodic soils (Hassan et al., 2011).
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4.1.3.5.

Nitrate leaching during crop growth from 132 and 84 soils
The effect of gypsum and N application rates on NO3- leaching in 132N and 132S

soils during rice growth is given in Fig. 4.9. The highest NO3- (49.03 mg per 5 leachates) was
recorded with N145 and the lowest with C treatment in 132N soil. Minimum NO3- (19.60 mg
per 5 leachates) were recorded with C and were maximum with N130 along with gypsum @
100 % SGR treatment in sandy clay loam saline-sodic soil. Treatment N130 + G100% SGR
differed significantly from other treatments. Higher than permissible level of NO3-N in
leachates were recorded with N130 and N145 along with gypsum @ 100 % SGR. Addition of
gypsum resulted in an increase in the water percolation and hence, greater amounts of
dissolved NO3- have been leached down. Gharaibeh et al. (2009) reported that improvement
in IR and HC with the soil applied gypsum improved porosity through which air, water and
roots move, thus increasing water percolation carrying NO3- dissolved in it.
The effect of gypsum and N application rates on NO3- leaching in 132N and 132S
soils during wheat growth is shown in Fig. 4.10. Nitrate (212 mg per 3 leachates) was the
highest with N145 and the lowest with C treatment. Treatment N130 differed statistically from
others but non-significantly from N100. Nitrate leaching increased with increasing N
application rate in sandy clay loam soil during wheat growth. The NO3- being negatively
charged susceptible to leaching negatively charged soil, which could decrease NUE and
could contaminate groundwater. If crops do not absorb NO3-, it’s downward leaching
unavoidable (Zhou et al., 2008), particularly in Pakistani soils, where clays have very few
positive charges. Nitrate leaching losses by N application have a serious threats for pollution
of groundwater (Salemi et al., 2012). In agricultural areas, in particular, an excessive N use
directly or indirectly affected the groundwater quality (Huang et al., 2012). But beyond the
quantitative aspect, it is advisable to remain vigilant on the level of the water quality
consumed by the populations (Diodato et al., 2013).
In saline-sodic soil, maximum NO3- (50.78 mg per 3 leachates) was recorded with
N145 + G50% SGR. This was statistically at par with N130 + G50% SGR. Minimum NO3- (18.82
mg per 3 leachates) was recorded with Cg and maximum with N145 + G100% SGR. Nitrate
leaching was higher in clay loam soil than that of sandy clay loam soil indicating leaching
differences between soil types which were mainly due to different textural and structural
properties. The highest NO3- leaching in clay loam soil seems due to high aggregate stability
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associated with carbonates (Boix-Fayos et al., 2001). The negative surface charges on clay
particles increase with pH that increases particle repulsion. This also suggests that external
application of gypsum is useful to sustain the electrolyte concentration in soil solution; as defloculation in response to decreased electrolyte concentration in soil solution could impair the
effective leaching of salts in saline-sodic soils. It also decreases the pH of saline-sodic soils
(Bronick and Lal, 2005). The level of exchangeable Na+ is decreased, which limits hydrolysis
to form hydroxides.
The effect of gypsum and N application rates on NO3- leaching in 84 soils during rice
is presented in Fig. 4.9. Maximum NO3- contents (55.98 mg per 5 leachates) were recorded
with N145 and minimum with control in clay loam normal soil. The highest NO3- contents
(48.51 mg per 5 leachates) in five leachates were recorded with N145 + G100% SGR. This
differed significantly from all the treatments. In case of gypsum @ 50% SGR, maximum
NO3- contents were recorded with N130 and differed non-significantly from N130 along with
gypsum @ 100% SGR. These findings are different from the pattern recorded for 132S soil
which has higher ECe and SAR.
The effect of gypsum and N application rates on NO3- leaching in 84 soils during
wheat is given in Fig. 4.10. The leachates were collected 31, 60 and 95 DAS. The highest
NO3- was recorded with N145 and the lowest with C. Maximum NO3- (254 mg per 3 leachates)
was observed with N145. Nitrate leaching remained higher during 1st leachate followed by 2nd
and 3rd. These results are in conformity with Oad et al. (2002) who reported that IR carrying
dissolved NO3- is high during the initial stage of soil wetting and at wetting front but
decreases exponentially with time to approach a constant rate. Two main factors are
responsible for this decrease 1) decrease in the matric potential gradient, which occurs as
infiltration proceeds, and 2) formation of seal or crust at the soil surface. In soils of arid and
semi-arid region, OM is generally low, soil structure is unstable, and sealing is major factor
which determine the steady-state IR.
In saline-sodic soil, leachates were collected 31, 60 and 95 DAS. Maximum amount
of NO3- in 84S soil was recorded with N130 + G50% SGR. This was statistically at par with
N145 + gypsum @ 100% SGR. Minimum NO3- (65.35 mg per 3 leahates) was recorded with
Cg and maximum with N145 + G100% SGR. Higher than permissible level of NO3-N in
leachates were recorded with N130 and N145 receiving gypsum @ 100% SGR. This seems due
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to the fact that gypsum decreased the swelling and cracking associated with high levels of
exchangeable Na+ on clays. As Na+ is replaced by Ca2+ from clays, these swell less and,
therefore, do not easily clog pore spaces through which air, water and roots move (Murtaza et
al., 2006).

Fig. 4.9. Effect of N and gypsum application rates from 132 and 84 soils during rice crop.

Fig. 4.10. Effect of N and gypsum application rates on nitrate leaching from 132 and 84 soils
during wheat crop.
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4.1.3.6.

Growth response of crops

4.1.3.6.1. Paddy and straw yields from normal soils
The paddy yield significantly increased with N application both from 132N and 84N
soils (Fig. 4.11 and 4.12). The highest paddy yield (10.0 g lysimeter-1) was recorded with
N145 for sandy clay loam soil which was statistically similar to N130. From clay loam (84N)
soil, paddy yield was the highest (16.4 g lysimeter-1) with N130 that differed non-significantly
from N115 and N145. The lowest paddy yield of 5.4 and 11.6 g lysimeter-1 was recorded from
control of 132N and 84N soils, respectively. The paddy yield followed the diminishing law
of return in clay loam soil, i.e. yield decreased beyond N130 treatment. Application of higher
rates of N fertilizer than recommended makes plants susceptible to lodging and enhance the
insect pest and diseases attack (Islam et al., 2007). The application of urea to lush green crop
speaks otherwise and its translation into yield gain is doubtful (Garg et al., 2006), i.e. a
decrease in NUE.
The findings of this study are in agreement with Singh et al. (2011) who reported that
farmers targeting higher yield tend to use higher doses of N, however, such doses not always
add to the yield. The issue needs immediate action to decrease N losses for safe environment.
However, fertilizer rate, time and split application has proved beneficial in terms of yield,
thus improving NUE. Straw yield differed significantly with the application rates of N (Fig.
4.11 and 4.12). The highest straw yield was obtained with N145 from sandy clay loam (132N)
and clay loam (84N) soils and minimum with control treatment. The higher rates of N i.e.
N130 and N145 differed non-significantly with each other while remained significant with
control. In clay loam soil, N130 significantly produced the highest straw yield. Application of
N fertilizers improved growth and yield of wheat and rice crops as was also reported by
Murtaza (2011).
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Fig. 4.11. Effect of N application rate on paddy and straw yields of rice from 132N soil.
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Fig. 4.12. Effect of N application rate on paddy and straw yields of rice from 84N soil.
4.1.3.6.2. Paddy and straw yields from salt-affected soils
In salt-affected soils, paddy yield differed significantly with the application rates of N
given in Fig. 4.13 and 4.14. Application of fertilizer N increased yield significantly over
control. The highest paddy yield of 6.3 and 9.2 g lysimeter-1 was obtained with N145 and N130
from sandy clay loam and clay loam soils, respectively, which differed non-significantly with
N130 for gypsum @ 50% SGR. The lowest paddy yield of 3.1 and 4.8 g lysimeter-1 was
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obtained with the control treatment for 132S and 84S soils, respectively. The decrease in
paddy yield with control treatment might be due to specific ion effect of Na+ and adverse
osmotic effect of soil solution EC and high SAR of soils under studies for rice crop. The
yield with N and gypsum application perhaps increased the CEC of roots and induced growth
dilution that promoted tolerance against the prevalent EC and SAR stresses (Qadir et al.,
2006). The relatively higher yield with gypsum receiving canal water irrigation may be
attributed to their favorable effects on soil physical and chemical properties, particularly with
favorable Ca2+: Na+ ratios in the soil solution (Murtaza et al., 2009).
Rice being salt susceptible crop at both the seedling and reproductive stages, may
lead to decrease in yield of more than 50% at ECe of 6.65 dS m-1 (Cha-um et al., 2011;
Moradi and Ismail, 2007; Zeng et al., 2001). Wang (2012) studied the effects of salt-affected
soil on N metabolism and ion balance in rice plants by measuring the total amino acids, NO3–
and inorganic ions contents in the stressed seedlings. It clearly indicated that the roots are
more sensitive to salt stress therefore the plant growth and development is affected.
Straw yield increased significantly with N and gypsum application rates (Fig. 4.13
and 4.14). Maximum straw yield (16.3 g lysimeter-1) was recorded with N145 from 132S soil
and 22.7 g lysimeter-1 with N130 from 84S soil. Straw yield from sandy clay loam soil, with
N145 differed non-significantly from N130 treatment, but remained significant with control and
lower rates of N. At 100% SGR, the higher N application rates than recommended produced
more straw compared to lower rates of N fertilizer. From clay loam soil, straw yield
increased significantly with N130 along with gypsum @ 50% and 100 % SGR. Minimum
straw yields of 8.5 and 14.5 g lysimeter-1 were recorded from the control of 84S and 132S
soils, respectively. From both the soils, straw yield was more with 50 % SGR compared to
100 % SGR. It seems that gypsum @ 50 % SGR is sufficient to initiate reclamation process
and to obtain reasonably high paddy and straw yields on marginal salt-affected soils.

56

def

cde

abcd

bcd

a

ab

Paddy

132S

g

ef

a

abc

bcd

h

N145

a

bc

N115

N100

N70

Cg

C

N145

N130

Gypsum @ 50% SGR

N85

fg

h gh

cd

de

ef

N130

ab

cd bc

N100

N85

N70

Cg

de

N115

de

de

fg

h

Straw

fg

g

g

h

C

paddy and straw yield (g)

18
16
14
12
10
8
6
4
2
0

Gypsum @ 100% SGR

Treatment

ef

de

de

d

bc

a

gh

fg

ab
ef

f

f

Cg

f

h

C

f

Cg

10

Paddy

84S

h

h

15

de

abc

ab

Straw

ef

cd

de

b

a

cd

bc

abc

a

b

N145

20

bcd

a

N130

25

C

Paddy and straw yield (g)

Fig. 4.13. Effect of N rates and gypsum on rice paddy and straw yields from 132S soil.

5

Gypsum @ 50% SGR

N115

N100

N85

N70

N145

N130

N115

N100

N85

N70

0

Gypsum @ 100% SGR

Treatment

Fig. 4.14. Effect of N rates and gypsum on rice paddy and straw yields from 84S soil.
4.1.3.6.3. Grain and straw yields of wheat from normal soils
Grain yield was significantly increased with increasing N application rates both for
132N and 84N soils (Fig. 4.15 and 4.16). The highest grain yield (35.1 g lysimeter-1) was
recorded with N130 from sandy clay loam soil that differed non-significantly with higher rates
of N than recommended. In clay loam soil, grain yield remained the highest (28.6 g
lysimeter-1) with N145 but differed non-significantly with N100 and N115 treatments. Minimum
grain yields (26.3 and 22.2 g lysimeter-1) were recorded with control from sandy clay loam
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and clay loam soils. The grain productivity per kg N applied, increased with the subsequent
cropping cycles, which exhibit that the yield level decreased with the control plot, due to a
decline in inherent fertility of the soil (Om et al., 2008). The grain yield followed the
diminishing law of return in clay loam soil, i.e. yield increased but with decreasing trend. In
case of sandy clay loam soil, yield decreased beyond N130 treatment. It means that the
fertilizer use cannot be segregated from other elements of crop management (Singh et al.,
2011). Fertilizer use pattern in rice-wheat cropping system is region specific and farmers are
using more than the recommended levels of N (130 to 195 kg N ha-1) in Trans-Gangetic Plain
and parts of upper Gangetic Plain in India (Yadav et al., 2000; Sheoran et al., 2004). Higher
rates of N than recommended makes plants tender to lodging and increase the insect pest and
diseases attack (Islam et al., 2007). Recent district wise fertilizer off take data from Punjab
Province of Pakistan collected by Rashid (2013) also indicated higher N use in Multan
District of Punjab, Pakistan.
Straw yield increased significantly with increasing N application rate (Fig. 4.15 and
4.16). Maximum straw yield was obtained with N130 from both soils while it was minimum
with C. Straw yield differed significantly with control and remained non-significant for other
treatments.
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Fig. 4.15. Effect of N treatments on grain and straw yields of wheat from 132N soil.
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Fig. 4.16. Effect of N treatments on grain and straw yields of wheat from 84N soil.
4.1.3.6.4. Grain and straw yields of wheat from salt-affected soils
Grain yield differed significantly with N application and gypsum rates (Fig. 4.17 and
4.18). The highest grain yield of 37.1 g lysimeter-1 was obtained with N130 from sandy clay
loam and 33.2 g lysimeter-1 from clay loam soils. Higher rates of N along with gypsum @
100% SGR differed non-significantly among themselves but differed statistically from
control and lower rates of N for 132S soil. At 50% SGR, N115, N130 and N145 differed nonsignificantly with each other but remained significant with control and lower rates of N
fertilizer. In 84S soil, N130 and N145 remained statistically similar with each other but differed
significantly from other treatments with 50% SGR. The treatment, N130 differed significantly
from all the other treatments along with 100% SGR. Grain yield remained lower (16.5 and
13.6 g lysimeter-1) with control from 132S and 84S soils, respectively.
In salt-affected soils, high pH/sodicity of soils adversely affect the biological
transformation of fertilizer-N by inhibiting the enzyme (urease) activity, and due to toxic
effects of HCO3- and CO32- ions on the N-transferring bacteria (Yaduvanshi and Dey, 2009).
The low yield in control with high SAR might be due to nutritional imbalance and
antagonistic effect of Na+ on other nutrients like K+, Zn2+, Ca2+ (Richards, 1954; Qadir et al.,
2003). Overall, it was concluded that N130 treatment performed better with gypsum @ 100%
SGR.
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Although rice proved a better crop for soil reclamation, wheat produced better grain
yield than that of rice which could be attributed to different genetic make-up of these crops
(Geetha et al., 2006). Gypsum improved soil infiltration which was more beneficial for wheat
and less beneficial for rice. However, economic yields were below the varietal potential (<6 t
ha-1).
Straw yield increased significantly with increasing N and gypsum application rates
(Fig. 4.17 and 4.18). The highest straw yield (49.7 g and 59.3 g lysimeter-1) was recorded
with N130 from sandy clay loam and clay loam soils, respectively. With 50% SGR, N130 and
N145 differed non-significantly with one another, and differed significantly from control and
other treatments for 132S and 84S soils. In clay loam soil, N130 along with gypsum at 100%
SGR performed better to increase straw yield and differed significantly with other treatments.
Minimum straw yields of 25.07and 20.48 g lysimeter-1 was recorded with control treatments

Grain and straw yield (g)

for both 132S and 84S soils, respectively.
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Fig. 4.17. Effect of N and gypsum application rates on grain yield of wheat from 132S soil.

60

84S

50

h

i
k

30
l

20

l

l

Cg

l

i

j

gh

fg

ef

de

k

i
l

d

c

b

N115

h

e

f

f

g

N100

40

a

c

d

b

a

b

N145

straw

N130

Grain

C

Grain and straw yield (g)

60

h

k

10

Gypsum @ 50% SGR

N85

N70

Cg

C

N145

N130

N115

N100

N85

N70

0

Gypsum @ 100% SGR

Treatment

Fig. 4.18. Effect of N and gypsum application rates on grain yield of wheat from 84S soil.
In 84S and 132S soils, straw yield remained higher with gypsum @100% SGR
compared to 50% SGR. Saline-sodic soils adversely affect almost all stages of crop growth
and development, flowering and fruit set, ultimately causing low economic yields and low
quality of the produce (Ashraf and Harris, 2004). Limited success in increasing the yield
stability of crops grown on salt-affected soils seems due to a minimal understanding about
how salinity and other abiotic stresses affect the most fundamental processes of cellular
function – including cell division, differentiation and expansion – which have a substantial
impact on plant growth and development (Hasegawa et al., 2000b; Zhu, 2001). Regardless,
some degree of yield stability is achievable in salt stress environments (Flowers, 2004).
4.1.3.7.

Nitrogen use efficiency (g grain per g N applied) for normal soils
The NUE was the highest (1.18 and 1.38 g g-1) with N115 and N130 treatment during

rice crop from sandy clay loam (132N) and clay loam (84N) soils, respectively while it was
the lowest (0.42 and 0.06 g g-1) with N70 representing for these soils (Table 4.9). Nitrogen
application above N115 decreased NUE due to NO3-N leaching losses. For wheat crop,
maximum NUE was with N130 from both (132N and 84N) the soils. There is a trend of using
N more than 150 kg N ha-1 to rice which follows wheat in North-west Indian states of Punjab,
where grain yield of 10-12 t ha-1 annum-1 are being obtained from rice-wheat cropping
systems. Similar trend of N use (180, 159 and 103 kg N ha-1) in the rice-wheat zone of
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irrigated Haryana, India was also reported by other workers (Bijay-Singh and Nayyar, 2003;
Erenstein et al., 2007).
Table 4.9. Effect of N treatments on NUE of wheat and rice from normal soils
Wheat
Rice
Treatment
132N
84N
132N
84N
N70
0.06
0.27
0.60
0.42
N85
0.09
1.26
0.58
0.46
N100

0.97

0.84

2.26

1.42

N115

1.18

0.95

2.34

1.44

N130

1.18

1.38

2.59

1.79

N145

1.18

0.90

2.31

1.72

0.144

0.038

0.040

0.038

*

SE
*

Standard error.

4.1.3.8.

Nitrogen use efficiency (g grain per g N applied) for salt-affected soils
Nitrogen use efficiency was the highest with N145 with gypsum application @ 100%

SGR compared to 50% SGR from sandy clay loam soil during rice crop. From clay loam soil
(84S), NUE remained higher with N130 along with gypsum @ 100% SGR which differed
non-significantly with gypsum @ 50% SGR (Table 4.10). The dose of N is directly related to
the yield of rice crop as the N requirement of rice crop will depend upon the targeted yield
(Prasad, 2006) as well as rice type.
The N availability to rice plants must be regulated by ion exchange reactions. Using
Schofield’s ratio law, investigated, whether rice plants grown under flooded soil conditions
drive their N solely from the labile pool of ammonium or whether there are other forms of
ammonium, which can be utilized.
During wheat crop, the highest NUE was associated with N100 along with gypsum @
100% SGR from 132S and 84S soils. While with 50% SGR, maximum NUE was calculated
with N115 from sandy clay loam and N100 from clay loam soils. It means that during 2nd crop,
NUE was the highest with recommend nitrogen fertilizer along with gypsum @ 100% SGR.
Nitrogen along with gypsum @ 50% and 100% SGR elevated the Ca2+ levels in soils, which
protect the plant from NaCl toxicity by reducing the displacement of membrane associated
Ca2+ (Cramer et al., 2006). A more Ca2+ in soils reducing Na+ uptake and transport to the
shoots (Anil et al., 2005) which increased the NUE. It could be due to improvement in soil
properties, i.e. ECe and SAR decreased from 9.94 to 6.27 (dS m-1) and 44.06 to 18.09 (mmol
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L-1)1/2 from 132S soil while from 84S soil 6.86 to 4.72 dS m-1 and 28.70 to 16.29 (mmol L1 1/2

) , respectively.
Zia et al. (1999) reported that higher rates of N along with gypsum amendment

significantly improved the NUE. Ilyas et al. (1997) concluded that application of gypsum
improved the physical conditions of saline-sodic/ sodic calcareous soils and enhanced the
root development and proliferation. Resultantly, uptake of N and other nutrients increased.
Arshad (2012) also pointed out that addition of gypsum increased the grain yield by
decreasing NH3 volatilization which decreased soil pH. Similar results were reported by Fenn
et al. (1981) who reported that addition of Ca2+ salts to urea decreased NH3 volatilization by
as much as 90%
Table 4.10. Effect of N rates and gypsum on NUE for salt-affected soils
Wheat
Rice
Treatment
132S
84S
132S
Gypsum @ 50% SGR
N70
0.40
0.55
4.09
N85
0.42
0.47
4.32
N100
0.33
0.54
4.08

84S
2.12
2.96
3.70

N115

0.37

0.77

4.35

3.60

N130

0.44

1.04

4.11

3.52

N145

0.53

0.77

4.02

3.30

Gypsum @ 100% SGR
N70
0.08
N85
0.29
N100
0.37
N115
0.45
N130
0.49
N145
0.68
*
SE
0.031

0.33
0.80
0.93
0.86
1.04
0.71
0.050

3.02
4.14
4.69
4.25
4.67
3.68
0.072

3.73
5.18
5.23
5.05
5.09
4.24
0.074

*

Standard error.
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4.1.4.

Conclusions

The paddy yield remained lower from salt-affected soils during reclamation even with the
use of higher rates of N fertilizer (N130 and N145) along with gypsum application compared to
normal soils. However during second crop (wheat), grain yield from salt-affected soils
became comparable to normal soils with the use of N130 and N145 along with gypsum
application. The NUE remained the highest with recommended N fertilizer along with
gypsum at 100% SGR from sandy clay loam and clay loam soils for wheat crop. Generally,
the results from this study shows the contribution of nitrogen fertilization in improving the
long-term NUE and crop productivity, and judicious use of N fertilizer for optimum crop
production from marginal soil resources without disturbing the biosphere equilibrium
certainly have economic benefits for farmers.
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4.2.

Study 2. Nitrogen use efficiency in rice-wheat cropping system in different types

of salt-affected soils (Field study)
4.2.1. Introduction
Salinity is a key environmental factor which limits plant growth and development,
productivity, especially in glycophyte (Hasegawa et al., 2000a; Qadir et al., 2008). Saltaffected soils are characterized by high levels of water-soluble salts (Tanji, 2002). Major salt
in inland salinity is NaCl in soils. When NaCl dissolves in water, producing Na+ and Cl- ions,
which are absorbed by roots and transferred to plant shoots by xylem uploading channels
(Tester and Davenport, 2003; RodrIguez-Navarro and Rubio, 2006). At the cellular level,
these ions cause ionic and osmotic stresses, especially in plant susceptible species (Mansour
and Salama, 2004; Chinnusamy et al., 2005).
Nutrient ion activities in soil solution are affected by high salt concentrations which
may cause imbalance in nutrient availability, reduces water potential and/or disturbances in
ion homeostasis and toxicity (Parida and Das, 2005). Salts dominated by Na+ not only
decrease Ca2+ availability but also impair Ca2+ transport and mobility to growing regions of
plants, thus affecting the quality of both the vegetative and reproductive organs (MurilloAmador et al., 2006). Salinity can directly affect nutrient absorption such as Na+ limits
absorption of K+, Zn2+ and Cl− can decrease that of NO3− (Murtaza et al., 2013). Salinity
causes a combination of complex interactions that affect adversely the plant metabolism,
susceptibility to injury or internal nutrient requirement, and consequently NUE (Yang et al.,
2009).
Nitrogen is a limiting factor for crop growth in salt-affected soils. The availability of
N fertilizer in salt-affected soils depends upon the type of fertilizer, degree of salinity and
presence of OM. Soil salinity affect the N uptake by plants but optimal fertilizer application
to salt-affected soils partially alleviate the adverse effects of salinity on photosynthesis,
respiration, nitrogen fixation and carbohydrate metabolism (Chen et al., 2008). Nitrogen
addition in salt-affected soils minimizes the adverse effects of salinity on plant growth and
yield (Abdelgadir et al., 2005; Singh and Kashyap, 2007; Esmaili et al., 2008; Abdelgadir et
al., 2010) and help increase salt tolerance of plants (Sairam and Tyagi, 2004).
There are many approaches that can be used to improve salt-affected soils, i.e.
leaching, chemical amendments and phyto-remediation (Qadir et al., 2007; Feizi et al.,
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2010). The reclamation of saine-sodic/sodic soils using gypsum (CaSO4. 2H2O), calcite
(CaCO3), CaCl2, and organic matter is a prolific topic worldwide, being cost-effective and
easy to implement (Tejada et al., 2006; Makoi and Verplancke, 2010). The physical,
chemical and biological properties of saline-sodic/sodic soils are improved with the gypsum
application for crop production on sustainable basis (Ghafoor et al., 2001; Choudhary et al.,
2004; Wong et al., 2009). Calcium from gypsum in salt-affected soils also decreases
volatilization loss of NH4-N from applications of NH3, NH4NO3, UAN, (NH4)2CO,
(NH4)2SO4 or any of the ammonium phosphates. Calcium can decrease the pH by
precipitating carbonates and also by forming a complex with NH4OH which prevents NH3
loss to the atmosphere to as much as 90% (Fenn and Hossner, 1985; Arshad, 2012).
A lot of work has been done on normal soils about the efficient N use but little
information is available about its efficient use on salt-affected soils for sustainable rice and
wheat production. It is reported that requirements of N and other mineral nutrients for crops
in salt-affected soils are different compared to nearby normal soils due to their different
physical and chemical properties (Lodhi et al., 2009). Keeping in view the importance of this
issue, study was planned to determine the NUE in salt-affected soils and ameliorative role of
gypsum and its effect on NUE.
4.2.2. Methodology
The field experiments were conducted in Village 132/GB, Dijkot, Faisalabad and
84/GB, Khanouwana, Faisalabad which were texturally different, i.e. sandy clay loam and
clay loam texture, respectively. Composite soil samples from 0-15 and 15-30 cm soil depths
were drawn from each site before and after harvest of the subsequent crops. The soil samples
were air-dried, ground to pass through 2 mm sieve. These samples were analyzed for pHs,
ECe, soluble cations and anions following the methods described by Richards (1954).
Particle-size analysis of soils was carried out by hydrometer method (Bouyoucos,
1962). Gypsum requirement of each soil was determined following Schoonover (1952)
method and was applied according to the treatment plan. The IR of soils for each treatment
plot was determined with the help of double ring infiltrometers before start of the experiment
and after harvest of final crop (wheat 2012-13) at both the sites. The amount of gypsum for
salt-affected soils collected from Village 132 (132S) was 5.18 tons ha-1-15 cm while for
Village 84 (84S) was 4.84 tons ha-1-15 cm. Gypsum was mixed in the top layer. The
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analytical methods for water analysis were the same as used for the analysis of the soil
saturation extract.
Ceramic cups were installed at 0.60 m depth for leachate collection. These
ceramic cups were buried after the sowing of 1st rice crop. These were installed randomly in
the plots, at least 2 m away from the edges. Ceramic cups were prepared and inserted
according to the method stated by Webster et al. (1993). All the samplers were pre-treated
using 1 M HCl as described by Debyle et al. (1988). Leachates were collected by applying
0.6-0.7 bar suction with the help of suction pump. Samples were analyzed within 24 hrs of
leachate collection, otherwise stored at -4°C.
The description of applied treatments selected on the basis of lysimeter experiments
are given below:
Normal soils
No Fertilizer (C)
Recommended N Fertilizer (N100)
15% Higher N than Recommended N Fertilizer (N115)
30% Higher N than Recommended N Fertilizer (N130)
Saline-sodic soils
No fertilizer & No gypsum (C)
Recommended NPK + gypsum @ 50% SGR (N100+G50)
30% higher N than recommended N fertilizer + gypsum @ 50% SGR (N130+G50)
Recommended NPK + gypsum @ 100% SGR (N100+G100)
30% higher N than recommended N fertilizer + gypsum @ 100% SGR (N130+G100)
Experimental treatments were arranged according to randomized complete block
design with three replication having plot size 10.42 m × 34.84 m for 132N soil, 7.06 m ×
20.45 m for 132S soil and 12.84 m × 29.24 m for 84 soils. First year rice seedling (2-3 per
hill) was transplanted on 23-07-2011 and harvested on 04-11-2011 while during 2nd year crop
was transplanted on 20-07-2012 and harvested on 31-10-2012. Row to row and hill to hill
distance was maintained at 20 cm. The seedlings were transplanted without puddling the soil,
although puddling is a common practice for the rice growers since it helps induce
submergence where rice love to grow. All the experimental plots were irrigated with canal
water by using cut throat flume to add measured quantity of water. Average range of rainfall,
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temperature, relative humidity and evapo-transpiration received during growing season is
given in Table 4.2. Fertilizer NPK were applied at 125, 75, 60 kg ha-1 as urea, TSP and SOP.
Full dose of P and K while 1/3rd of N was applied at the time of transplanting and remaining
N was applied in two equal splits at 34 days after transplanting (DAT) and 46 DAT rice. At
physiological maturity, crop parameters (straw and paddy) were recorded. After the harvest
of rice crop, soil samples were taken from each experimental unit and soil properties were
determined. After rice harvest, soil was prepared for sowing of wheat.
Wheat (cv. Faisalabad 2008) was sown using 100 kg ha-1 during December 2011 and
harvested during May 2012 while 2nd year, crop sown was on 28-11-2012 and harvest on 2804-2013. Sowing of wheat was done by drill machine by maintain row to row distance 20 cm
and depth of seed in soil was 5 cm. The N, P and K were applied at 120-100-60 kg ha-1 as
urea, TSP and SOP, respectively. All the P and K were applied at the time of sowing while
half of N as urea was applied at the time of sowing. The remaining N as urea was applied in
two equal splits at tillering (28 days after germination, DAG) and booting stages (54 DAG).
Throughout the growth period of crops, canal water was used for irrigation. Wheat crop was
irrigated five times at the intervals of 30, 50, 70, 90 and 110 days after sowing with the help
of cut throat flume. The weedicide (Isoproturon 50 WP) was applied using Knapsack sprayer
55 days after sowing (after 2nd irrigation). At maturity, yield parameters (grain and straw)
were recorded. The soil samples were collected from experimental sites and were analyzed
for pHs, ECe, SAR and soluble cations and anions by following the methods described by
Richards (1954). The data collected was statistically analyzed by following ANOVA
technique, and LSD test was applied to evaluate treatment differences (Steel and Torrie,
1997). The experiment was continued under the same management practice for a further one
year. In total two crops of rice and two crops of wheat were grown. The results of 1 st and 2nd
years regarding changes in physical, chemical and biological yields at Village 132 and 84/GB,
Faisalabad are given below:
4.2.3.

Results and Discussion

4.2.3.1.

Chemical properties of 132N soil

Soil analysis before the start of experiment showed that pHs, ECe and SAR of 132N
and 84N soil falls under the normal range as prescribed by Richards (1954) (Table 11). After
the harvest of 1st rice crop (2011), pHs of the 132N soil differed significantly with increasing
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rate of N application. Maximum decrease in pHs was recorded with N130 and minimum with
control treatment at 0-15 cm soil depth while at 15-30 cm soil depth, the treatment N130
differed statistically compared to control but remained non-significant with higher rates of
applied N. After the harvest of wheat (2011-12), pHs of 132N soil differed significantly for N
application rates at both the soil depths (Table 4.11). The treatment order to decrease pHs
remained as C (8.02) > N115 (7.92) > N100 (7.81) > N130 (7.52) at 0-15 cm while C (8.02) >
N100 (8.01) > N115 (8.01) > N130 (7.91) at 15-30 cm soil depths.
After the harvest of 2nd crop (rice 2012), pHs of the 132N soil differed significantly
among N rates. The highest decrease in pHs was recorded with N130 and the lowest with the
control treatment. After the harvest of wheat (2012-13), pHs of 132N soil differed statistically
for N rates at both the soil depths (Table 4.11). The treatment reduced in the order of pHs as
C (8.02) > N115 (7.94) > N130 (7.82) > N100 (7.75) at 0-15 cm while at 15-30 cm soil depth,
the order was C (8.02) > N100 (7.98) > N115 (7.96) > N130 (7.89).
Table 4.11. Effect of N treatments on pHs of 132N soil
Treatment

Initial
(2011)
0-15 cm soil depth
C
8.07
N100
7.98
N115
8.05
N130
8.12
LSD
15-30 cm soil depth
C
8.10
N100
8.02
N115
8.10
N130
8.05
LSD

Post-rice
(2011)

Post-wheat
(2011-12)

Post-rice
(2012)

Post-wheat
(2012-13)

8.04 ab
7.93 c
7.99 b
8.05 a
0.05*

8.02 a
7.81 b
7.92 ab
7.72 b
0.13*

7.98a
7.73c
7.88ab
7.82bc
0.15*

8.02a
7.75b
7.94a
7.82a
0.11*

8.06 a
7.97 ab
7.98 ab
7.95 b
0.10*

8.02 a
8.01 a
8.01 a
7.91 a
0.11NS

8.00a
7.94ab
7.96b
7.87b
0.09*

8.02a
7.98ab
7.96ab
7.89b
0.10*

NS, Treatments differed non-significantly at p<0.05; *Treatments differed significantly at p<0.05.

After the harvest of rice crop (2011), decrease in ECe of soil differed significantly
differed for rate of N (Table 4.12). Maximum decrease in ECe was recorded with N130 and
minimum was with the control at 0-15 cm soil depth of sandy clay loam soil. At 15-30 cm
soil depth, higher rates of N fertilizer differed non-significantly with each other and also with
the control treatment. Post-wheat (2011-12) soil analysis showed significant change in soil
salinity with varying rates of N application. Maximum decrease in ECe (7.95 %) was
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recorded with N130 and minimum was with C (5.98 %) at 0-15 cm soil depth which
significantly differed from other treatments. At 15-30 cm soil depth, similar trend was noted
for sandy clay loam soil (132N).
After the harvest of rice crop (2012), the greatest decrease in ECe of the soil was
significantly different from the applied rate of N fertilizer. Maximum decrease in ECe was
recorded with N130 and minimum with the control treatment from sandy clay loam soil. At 015 cm soil depth, the highest decrease in ECe was observed with N130 (11.60 %) and the
lowest being with C (7.29 %) while at 15-30 cm soil depth, maximum ECe (15.01%) was
decreased with recommended rate of N i.e N100. Post-wheat (2012-13) soil analysis showed
significant change in soil salinity with the varying rates of N application (Table 4.12).
Maximum decrease in ECe i.e. 12.34 % was observed with recommended rate of N and
minimum was with C (5.65 %) at 0-15 cm soil depth. At 15-30 cm soil depth, similar trend
was observed for sandy clay loam soil. After the harvest of wheat (2012-13), increased in
ECe was observed compared with rice (2012). Overall, decrease in ECe was observed at 0-15
cm soil depth from sandy clay loam soil compared to 15-30 cm soil depth.
Table 4.12. Effect of N treatments on ECe (dS m-1) of 132N soil
Treatment

Initial
(2011)
0-15 cm soil depth
C
3.06
N100
3.46
N115
3.26
N130
3.10
LSD
15-30 cm soil depth
C
3.10
N100
3.22
N115
3.13
N130
3.27
LSD

Post-rice
(2011)

Post-wheat
(2011-12)

Post-rice
(2012)

Post-wheat
(2012-13)

3.03 b
3.43 a
3.22 ab
3.06 b
0.22*

2.88 bc
3.23 a
3.03 b
2.86 c
0.16*

2.84 bc
3.06 a
2.90 b
2.74 c
0.13*

2.89 b
3.03 a
2.91 b
2.76 c
0.10*

3.08 a
3.19 a
3.10 a
3.23 a
0.27NS

2.94 ab
2.79 b
2.93 ab
3.05 a
0.13*

2.88 a
2.74 b
2.85 ab
2.95 a
0.13*

2.92 ab
2.71 c
2.86 b
2.97 a
0.09*

NS, Treatments differed non-significantly at P<0.05;

* Treatments differed significantly at p<0.05.

After the harvest of rice crop (2011), decrease in SAR of the soil was significantly
differed for the application rate of N (Table 4.13). The highest decrease in SAR was recorded
with N115 and the lowest with the control treatment. The treatment N100 was statistically nonsignificant with N130 and remained different from control. After the harvest of wheat (201170

12), SAR of 132N differed significantly with the different rates of N (Table 4.13). Maximum
decrease in SAR was observed with N130 (13.42 %) which statistically differed with control
(1.46 %) at 0-15 cm soil depth. The higher rates of N differed significantly with each other at
15-30 cm soil depth. The decreasing order of soil SAR was C (11.72) > N100 (10.21) > N130
(9.48) > N115 (8.80) from 132N soil.
The greatest decrease in SAR was recorded with N130 and smallest with control from
sandy clay loam soil. After the harvest of rice (2012), maximum decrease in SAR was 13.91
% with N130 which statistically significant with C (2.13 %) at 0-15 cm soil depth. At 15-30
cm soil depth, the higher rate of N fertilizer, i.e. N115 differed significantly with N130 and
control. After the harvest of wheat (2012-13), SAR of 132N differed significantly with the
varying rates of N (Table 4.13). Maximum decrease in SAR was observed with N130 (16.65
%) which remained significant with control (3.81 %) and also differed significantly with
varying rates of N at 0-15 cm soil depth. The treatment order to decrease SAR remained as C
(11.44) > N100 (9.71) > N130 (9.13) > N115 (8.55) at 0-15 cm soil depth from 132N soil. At 1530 cm soil depth, similar trend in changes of SAR was observed.
Table 4.13. Effect of N treatments on SAR (mmol L-1)1/2 of 132N soil
Treatment

Initial
(2011)
0-15 cm soil depth
C
11.89
N100
10.63
N115
9.96
N130
10.95
LSD
15-30 cm soil depth
C
10.65
N100
10.76
N115
11.02
N130
11.34
LSD

Post-rice
(2011)

Post-wheat
(2011-12)

Post-rice
(2012)

Post-wheat
(2012-13)

11.81 a
10.48 b
9.71 c
10.66 b
0.43*

11.72 a
10.21 b
8.80 d
9.48 c
0.17*

11.64 a
10.11 b
8.75 d
9.43 c
0.42*

11.44 a
9.71 b
8.55 d
9.13 c
0.29*

10.60 c
10.60 c
10.77 b
11.05 a
0.14*

9.62 a
9.21 b
9.26 b
9.68 a
0.21*

9.59 a
9.17 b
9.18 b
9.51 a
0.19*

9.39 a
8.77 b
8.98 b
9.21 a
0.21*

* Treatments differed significantly at p<0.05.

4.2.3.2.

Chemical properties of 84N soil

Soil analysis before the start of experiment showed that pHs, ECe and SAR of 84N
soil falls under the normal range as prescribed by Richards (1954) (Table 4.14). After the
harvest of 1st crop (rice 2011), pHs of the 84N soil differed non-significantly with increasing
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rates of N application. Maximum decrease in pHs was recorded with N130 and minimum was
with control. The highest decrease in pHs was 1.07 % with N130 and the lowest with C (0.62
%) at 0-15 cm soil depth. At 15-30 cm soil depth, similar trend was also recorded as
mentioned above. After the harvest of wheat (2011-12), the higher levels of N remained nonsignificant with each other while statistically significant with control. In 84N soil, maximum
decrease in pHs (2.22 %) was noted with N130 and the lowest (0.99 %) with C treatment.
There is a little change in pHs of soil which could be due to high buffering capacity of
calcareous soils.
After the harvest of rice (2012), pHs of the 84N soil differed significantly with
increasing rate of N application. Maximum decrease in pHs was recorded with N115 and
minimum with control. The maximum decrease in pHs was 2.47 % with N130 at 0-15 cm soil
depth while at 15-30 cm soil depth, the greatest decrease was observed with N130 and
smallest with control. The higher rates of applied N fertilizer differed non-significantly with
each other but remained different from control. After the harvest of wheat (2012-13),
maximum decrease in pHs was 2.28 % with N115 and minimum was with C (0.74 %) at 0-15
cm soil depth while at 15-30 cm soil depth, the treatment N130 lowered the pHs significantly.
The small change in pHs of soil could be due to free CaCO3 in soil profile. The carbonates,
due to their relatively high solubility, reactivity and alkaline character, buffer the pH of most
calcareous soils within the range of 7.5 to 8.5 (Hamid, 2009).
Table 4.14. Effect of N treatments on pHs of 84N soil
Treatment

Initial
(2011)
0-15 cm soil depth
C
8.05
N100
7.97
N115
8.03
N130
8.09
LSD
15-30 cm soil depth
C
8.10
N100
8.02
N115
8.10
N130
8.05
LSD

Post-rice
(2011)

Post-wheat
(2011-12)

Post-rice
(2012)

Post-wheat
(2012-13)

8.00 a
7.91 a
7.96 a
8.00 a
0.13NS

7.97 a
7.85 b
7.87 b
7.91 b
0.11*

7.96 a
7.82 c
7.84 bc
7.89 b
0.060*

7.99 a
7.84 c
7.85 bc
7.91 b
0.06*

8.05 a
7.96 a
8.02 a
7.95 a
0.11NS

8.02 a
7.92 a
7.94 a
7.84 a
0.10NS

8.01 a
7.88 ab
7.91 ab
7.82 b
0.19*

8.04 a
7.90 b
7.92 b
7.84 b
0.08*

* Treatments differed significantly at p<0.05. Values in a column sharing same letter(s) are
statistically similar at P<0.05; NS, Treatments differed non-significantly at p<0.05.
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After the harvest of rice (2011), decrease in ECe of the soil differed non-significantly
for the application rate of N (Table 4.15). The greater decrease in ECe from clay loam soil
was 2.43 % with N115 followed by N130 (2.28 %), N100 (1.89 %) and C (1.21 %) at 0-15 cm
soil depth. At 15-30 cm soil depth, the highest decrease in EC e was observed with N130 (3.44
%) and the lowest with C (1.31 %) treatment. Post-wheat (2011-12) soil analysis showed a
non-significant changes in soil salinity with the varying rates of N application (Table 4.15).
In 84N soil, maximum decrease in ECe was observed with N130 (5.26 %) followed by N115
(4.91 %), N100 (3.47 %) and C (2.25 %) compared with initial ECe of soil. ECe of clay loam
soil remained non-significant with all the applied N treatments at 0-15 cm but differed
significantly with control at 15-30 cm soil depth.
After the harvest of rice (2012), decrease in ECe differed significantly for the applied
rates of N. In clay loam soil, maximum decrease in ECe (7.18 %) was observed with N115
followed by N130 (7.10 %), N100 (5.26 %) and C (3.23 %) at 0-15 cm soil depth, while at 1530 cm soil depth, the highest decrease in ECe was noted with N130 (7.44 %) and the lowest
being with C (3.27 %). Post-wheat (2012-13) soil analysis showed a significant change in
soil salinity with the varying rates of N (Table 4.15).
Table 4.15. Effect of N treatments on ECe (dS m-1) of 84N soil
Treatment

Initial
(2011)
0-15 cm soil depth
C
3.04
N100
3.17
N115
3.23
N130
3.09
LSD
15-30 cm soil depth
C
3.05
N100
3.17
N115
3.08
N130
3.25
LSD

Post-rice
(2011)

Post-wheat
(2011-12)

Post-rice
(2012)

Post-wheat
(2012-13)

3.00 a
3.11 a
3.15 a
3.02 a
0.18NS

2.97 a
3.06 a
3.07 a
2.93 a
0.17NS

2.94 ab
3.00 a
2.99 a
2.87 b
0.10*

2.93 a
2.97 a
2.98 a
2.83 b
0.06*

3.01 a
3.11 a
2.99 a
3.13 a
0.32NS

2.98 b
3.05 a
2.91 b
3.07 a
0.30*

2.95 a
2.99 a
2.88 b
3.00 a
0.06*

2.96 a
2.97 a
2.89 b
2.98 a
0.07*

* Treatments differed significantly at p<0.05. Values in a column sharing same letter(s) are
statistically similar at P<0.05; NS, Treatments differed non-significantly at p<0.05.

For clay loam soil, maximum decrease in ECe was observed with N130 (8.39 %)
followed by N115 (7.80 %), N100 (5.21 %) and C (3.56 %) compared with initial ECe of soil at
0-15 cm soil depth. At 15-30 cm soil depth, the greatest decrease in ECe was noted with N130
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(6.08 %) and the smallest with control (2.95 %). The higher level of N fertilizer, i.e. N115
differed significantly with all the treatments at 15-30 cm soil depth. Overall, the highest
decrease in ECe was observed at 0-15 cm soil depth from sandy clay loam soil compared
with clay loam soil after the harvest of wheat.
After the harvest of rice (2011), maximum decrease in SAR was recorded with N130
(8.05 %) which differed significantly with C (1.00 %) treatment and remained nonsignificant with N115 at 0-15 cm soil depth from 84N soil. At 15-30 cm soil depth, the greater
rates of applied N differed non-significantly with each other and also with control. After the
harvest of wheat (2011-12), the highest decrease in SAR was 8.92 % with N130 which
differed significantly with varying rates of N application for 84N soil at 0-15 cm soil depth
but remained non-significant from other treatments at 15-30 cm soil depth (Table 4.16).
After the harvest of rice (2012), maximum decrease in SAR was 9.92 % with N130
which differed significantly with C (2.50 %) and remained non-significant with N115 and N100
from 84N soil at 0-15 cm soil depth. Similar trend was also observed at 15-30 cm soil depth.
After the harvest of wheat (2012-13), the highest decrease in SAR was 10.32 % with N130
which differed significantly with control treatment from clay loam soil but remained nonsignificant with higher rates of N at both the soil depths. After the harvest of wheat, a more
decrease in SAR of soil was recorded compared to rice crop with significant treatment
differences.
Table 4.16. Effect of N treatments on SAR (mmol L-1)1/2 of 84N soil
Treatment

Initial
(2011)
0-15 cm soil depth
C
9.98
N100
9.31
N115
9.91
N130
9.94
LSD
15-30 cm soil depth
C
10.63
N100
10.70
N115
10.92
N130
11.25
LSD

Post-rice
(2011)

Post-wheat
(2011-12)

Post-rice
(2012)

Post-wheat
(2012-13)

9.88 a
9.06 c
9.32 b
9.14 bc
0.21*

9.83 a
8.99 b
9.22 b
9.05 b
0.54*

9.73 a
8.83 b
9.10 b
8.95 b
0.45*

9.72 a
8.78 b
9.07 b
8.91 b
0.44*

10.53 a
10.45 a
10.36 a
10.45 a
0.38NS

10.55 a
10.33 a
10.26 a
10.23 a
1.26NS

10.45 a
10.17 b
10.14 b
10.13 b
0.26*

10.43 a
10.07 b
10.08 b
10.05 b
0.26*

* Treatments differed significantly at p<0.05. Values in a column sharing same letter(s) are
statistically similar at P<0.05; NS, Treatments differed non-significantly at p<0.05.
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4.2.3.3.

Chemical properties of 132S soil during crop growth

Before the start of experiment, pHs, ECe and SAR of 132S soil ranged from 8.53 to
8.71, 7.55-10.53 dS m-1 and 32.61 to 44.51 at 0-15 cm depth, respectively. At 15-30 cm soil
depth, the pHs, ECe and SAR ranged from 8.50 to 8.69, 7.40-8.99 dS m-1 and 34.56 to 36.57,
respectively (Table 4.17). After the harvest of rice (2011), maximum decrease in pHs (1.17
%) was obtained with N130+G100 and the lowest with control (0.47 %) at 0-15 cm, and 1.38 %
with N130+G100 which differed significantly with N130+G50 and N100+G50 at 15-30 cm soil
depth from 132S soil. After the harvest of wheat (2011-12), the highest decrease in pHs was
obtained with N130+G100 which was statistically significant with control and remained nonsignificant with N100+G100 at 0-15 cm soil depth. At 15-30 cm soil depth, maximum decrease
in pHs was observed with N130+G100 (2.09 %) followed by N100+G100 (1.71 %), N130+G50
(1.60 %), N100+G50 (1.48 %) and C (0.33 %) treatment.
After the harvest of rice (2012), maximum decrease in pHs (3.01 %) was obtained
with N100+G100 and the lowest was with control (0.58 %) at 0-15 cm soil depth. The highest
decrease in pHs at 15-30 cm soil depth was noted with N130+G100 (2.79 %) and the lowest
with control (0.68 %) treatment. The 30 % higher rate of N fertilizer along with gypsum @
50% and 100% SGR differed non-significantly with each other while remained significant
with control from sandy clay loam soil (132S). After the harvest of wheat (2012-13), the
greatest decrease in pHs was obtained with N100+G100 which differed significantly with
control treatment and non-significant with N130+G100 at 0-15 cm soil depth. At 15-30 cm soil
depth, maximum decrease in pHs was observed with N100+G100 (3.94 %) followed by
N130+G100 (3.73 %), N100+G50 (3.20 %), N130+G50 (2.87 %) and C (0.56 %) treatment.
The decrease in pHs from sandy clay loam soil with N130+G100 could be due to
effective supply of applied as well as native Ca2+ (increase Ca:Na ratio in soil solution)
followed by leaching of Na+ salts below 30 cm soil layer. During rice, soils were kept
submerged (high LF), which promotes de-salination and de-sodication of calcareous soils due
to valence dilution (Eaton and Sokoloff, 1935), in-situ mineral weathering and root action
(Robbins, 1986).
At 0-15 cm soil depth during wheat crop, there was maximum decrease in pHs with
gypsum amended soils, which could be attributed to the formation of H2CO3 upon the release
of CO2 during its bio-oxidation (Havlin et al., 2005). The organic materials release organic
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acids which enhance the mobilization of the native CaCO3 in soil. However, pH usually does
not decrease much in calcareous soils (Sumner and Naidu, 1998), because changes in pH are
buffered by the enhanced dissolution of calcite (Van den Berg and Loch, 2000). Therefore,
increased levels of PCO2 in calcareous sodic and saline-sodic soils result in enhanced
dissolution of calcite, thereby providing Ca2+ for amelioration.
Table 4.17. Effect of N and gypsum treatments on pHs of 132S soil
Treatment

Initial
(2011)
0-15 cm soil depth
C
8.56
N100+G50
8.71
N130+G50
8.65
N100+G100
8.53
N130+G100
8.55
LSD
15-30 cm soil depth
C
8.54
N100+G50
8.69
N130+G50
8.63
N100+G100
8.50
N130+G100
8.53
LSD

Post-rice
(2011)

Post-wheat
(2011-12)

Post-rice
(2012)

Post-wheat
(2012-13)

8.52 bc
8.65 a
8.56 ab
8.45 c
8.45 bc
0.12*

8.49 ab
8.55 a
8.45 b
8.34 c
8.35 c
0.08*

8.51 a
8.49 a
8.40 ab
8.27 b
8.29 b
0.14*

8.52 a
8.44 ab
8.37 bc
8.21 cd
8.25 d
0.11*

8.50 bc
8.62 a
8.53 ab
8.42 c
8.41 c
0.09*

8.51 a
8.56 a
8.49 a
8.36 b
8.35 b
0.10*

8.48 a
8.51 a
8.44 a
8.29 b
8.29 b
0.11*

8.49 a
8.41 ab
8.38 b
8.17 c
8.21 c
0.10*

* Treatments differed significantly at p<0.05.

After the harvest of rice (2011), a marked decrease in ECe was recorded at both the
soil depths (Table 4.18). Maximum decrease in ECe was observed with N130+G100 and the
lowest with control at both the soil depths. For 132S soil (sandy clay loam), maximum
decrease in ECe was observed with N130+G100 (32.28 %) followed by N100+G100 (30.95 %),
N130+G50 (22.42 %), N100+G50 (20.10 %) and control (17.54 %) treatment after the harvest of
wheat 2011-12 at 0-15 cm soil depth. At 15-30 cm soil depth, the highest decrease in ECe
was observed with N130+G100 which differed significantly with other treatments. After the
harvest of rice crop (2012), significant decrease in ECe at both the soil depths was recorded
(Table 4.18). From 132S soil (sandy clay loam), maximum decrease in ECe was observed
with N100+G100 (66.51 %) and the lowest was with control treatment after the harvest of
wheat 2012-13 at 0-15 cm soil depth. At 15-30 cm soil depth, the highest decrease in ECe
was observed with N130+G100 which differed significantly with control treatment. More
decrease in ECe was observed from sandy clay loam soil compared with clay loam soil.
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Table 4.18. Effect of N and gypsum treatments on ECe (dS m-1) of 132S soil
Treatment

Initial
(2011)
0-15 cm soil depth
C
8.68
N100+G50
7.55
N130+G50
8.49
N100+G100
10.53
N130+G100
9.31
LSD
15-30 cm soil depth
C
8.99
N100+G50
7.40
N130+G50
8.28
N100+G100
8.55
N130+G100
8.55
LSD

Post-rice
(2011)

Post-wheat
(2011-12)

Post-rice
(2012)

Post-wheat
(2012-13)

8.60 b
7.27 d
8.01 c
10.08 a
8.63 b
0.16*

7.16 a
6.03 d
6.59 b
7.27 a
6.31 c
0.12*

6.96 a
5.73 b
6.19 ab
6.92 a
5.91 b
0.86*

5.74 a
4.51 b
3.49 d
3.53 c
3.92 b
0.28*

8.90 a
7.09 d
7.80 c
8.10 b
7.87 bc
0.24*

8.12 a
6.13 d
6.30 c
6.93 b
6.13 d
0.16*

7.92 a
5.73 c
5.80 c
6.48 b
5.63 c
0.49*

6.75 a
4.33 c
4.20 c
4.68 b
4.03 c
0.34*

* Treatments differed significantly at p<0.05.

The treatment N130+G100 from 132S soil remained better to lower the EC e owing to
better IR through sustaining electrolyte concentration and higher ECe: SAR in soil solution at
both the soil depths. Heavy input of irrigation water to rice crop due to its ecological
demands enhanced soluble salts leaching, which lowered the ECe more effectively at 0-15 cm
soil depth from sandy clay loam soil compared to clay loam. In addition, rice is grown under
submerged conditions where high LF is implicitly achieved, which helped leach soluble salts
to lower soil depths during rice season. In gypsum treated plots the composition of soil
solution had higher levels of Ca2+ that might have favored the sustainability in IR.
After the harvest of rice (2011), there was maximum decrease in SAR with N130 for
both gypsum @ 50% and 100% SGR. For 100% SGR, maximum decrease in SAR was 20.73
% with N130 and minimum with C (5.61 %) treatment at 0-15 cm depth for sandy clay loam
soil. The highest decrease in SAR was observed with N130+G100 (19.90 %) and the lowest
with C (7.14 %) at 15-30 cm soil depth. From 132S soil, the decrease in SAR was higher at
0-15 cm compared with 15-30 cm soil depth. Post-wheat (2011-12) soil analysis showed
significant change in SAR with the varying rates of N and gypsum (Table 4.19). After the
harvest of wheat, maximum decrease in SAR was observed with N130+G100 which differed
statistically with control at both the soil depths.
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After the harvest of rice (2012), there was maximum decrease in SAR with N130 for
both gypsum @ 50% and 100% SGR. The highest decrease in SAR was observed with N 130
(54.01%) and the lowest with control (23.93%) at 0-15 cm depth for sandy clay loam soil
(132S). The greatest decrease in SAR was observed with N130+G100 (49.71%) and the lowest
was with C (21.20%) treatment at 15-30 cm soil depth. From 132S soil, decrease in SAR was
higher at 0-15 cm compared with 15-30 cm soil depth. Post-wheat (2012-13) soil analysis
showed a significant change in SAR with the varying rates of N and gypsum. Maximum
decrease in SAR was observed with N100+G100 which differed significantly at both the soil
depths.
After the harvest of rice (2012), SAR decreased over the initial values which
suggested that higher the initial SAR, greater and faster was the decrease in it due to
statistical probability of Na+-Ca2+ exchange on the cation exchange sites. The lowest
decrease in SAR with control treatment could be due to simple leaching, in-situ mineral
weathering (Oster and Shainberg, 1979), Ca2++Mg2+ in irrigation water, valence dilution
(Eaton and Sokoloff, 1935) and dissolution of native lime from soil under the influence of
CO2 released by roots (Qadir and Oster, 2002; Qadir and Oster, 2004). The results indicate
that the treatment N130+G100 could successfully reclaim saline-sodic soils when rice-wheat
crops are irrigated with canal water during 1st year while in 2nd year, N100+G100 performed
better to improve soil condition and crop growth. Irrigation with canal water along with the
application of gypsum sustained high electrolyte concentration enriched with Ca2+ to favor
IR which in turn made it achievable to have high LF in the experimental field having tile
drain system. All the treatments significantly lowered SAR after rice and wheat harvest.
Gypsum application was found highly effective in lowering SAR. The results are in
conformity with those reported by Qadir et al. (2001) during the reclamation of salt-affected
soils.
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Table 4.19. Effect of N and gypsum treatments on SAR (mmol L-1)1/2 of 132S soil
Treatment

Initial
(2011)
0-15 cm soil depth
C
44.51
N100+G50
37.88
N130+G50
32.61
N100+G100
41.33
N130+G100
37.35
LSD
15-30 cm soil depth
C
35.01
N100+G50
35.85
N130+G50
36.57
N100+G100
35.37
N130+G100
34.56
LSD

Post-rice
(2011)

Post-wheat
(2011-12)

Post-rice
(2012)

Post-wheat
(2012-13)

42.01 a
32.38 b
25.36 c
34.45 b
29.60 bc
5.06*

36.86 a
27.17 b
23.29 c
26.48 b
22.17 c
2.22*

33.86 a
23.17 b
18.79 d
20.98 c
17.17 d
1.73*

29.86 a
16.67 b
14.29 c
13.48 d
13.17 d
0.73*

32.51 a
31.35 b
30.32 c
29.10 d
27.68 e
0.34*

30.59 a
28.39 ab
25.01 cd
25.66 bc
22.38 d
2.70*

27.59 a
24.39 b
20.51 c
20.16 c
17.38 d
0.96*

25.59 a
17.39 b
16.01 c
13.66 d
13.38 d
0.70*

* Treatments differed significantly at p<0.05.

4.2.3.4.

Chemical properties of 84S soil during crop growth

The pHs, ECe and SAR of 84S soil ranged from 8.49 to 8.60, 5.50-6.35 dS m-1 and
23.85 to 26.56 at 0-15 cm depth, respectively. At 15-30 cm soil depth, pHs, ECe and SAR
ranged from 8.50 to 8.56, 5.69-6.93 dS m-1 and 19.88 to 25.33, respectively (Table 4.20).
Post-rice (2011) analysis showed that maximum decrease in pHs from clay loam soil was
obtained with N130+G100 (1.17 %) which differed non-significantly with other treatments at 015 cm while the highest decrease in pHs was observed with N130+G100 (1.80 %) and the
lowest with control (0.66 %) at 15-30 cm soil depth. After the harvest of wheat (2011-12),
the greatest decrease in pHs was observed with N130+G100 which remained significant with
other treatments at both the soil depths. In 84S (clay loam soil), the highest decrease in pHs
(3.88 %) was obtained with N130+G100 which differed significantly with other treatments at 015 cm while similar trend was also observed at 15-30 cm soil depth during rice 2012. After
the harvest of wheat (2012-13), maximum decrease in pHs was observed with N130+G100
which statistically significant with control at both the soil depths.
The decrease in pHs from clay loam soil with N130+G100 could be due to increased level of
applied as well as native Ca2+ followed by replacement of Na+ on soil exchange complex
which cause leaching of salts below the root zone. During rice growth, soils were kept
submerged (high LF), which promotes de-salination and de-sodication of calcareous soils due
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to valence dilution (Eaton and Sokoloff, 1935), in-situ mineral weathering and root action
(Robbins, 1986). At 0-15 cm soil depth during wheat crop, there was maximum decrease in
pHs with gypsum amended soils, which could be due to the formation of H2CO3 upon the
release of CO2 during its bio-oxidation (Havlin et al., 2005). A decrease in pH could be due
to the highest partial pressure of CO2 and release of proton. But, decrease in pH could be low
due to buffering capacity of calcareous soils (Van den Berg and Loch, 2000). Therefore, Ca2+
concentration increased in soil solution for amelioration of calcareous saline-sodic/sodic soils
during dissolution of calcite (Qadir et al., 2005).
Table 4.20. Effect of N and gypsum treatments on pHs of 84S soil
Treatment

Initial
(2011)
0-15 cm soil depth
C
8.49
N100+G50
8.53
N130+G50
8.60
N100+G100
8.47
N130+G100
8.55
LSD
15-30 cm soil depth
C
8.54
N100+G50
8.56
N130+G50
8.55
N100+G100
8.50
N130+G100
8.53
LSD

Post-rice
(2011)

Post-wheat
(2011-12)

Post-rice
(2012)

Post-wheat
(2012-13)

8.43 ab
8.47 a
8.52 a
8.38 b
8.45 ab
0.09*

8.37 a
8.39 a
8.36 a
8.36 a
8.24 b
0.11*

8.36 a
8.31 ab
8.34 ab
8.29 ab
8.21 b
0.14*

8.32 a
8.21 b
8.30 a
8.21 b
8.15 b
0.06*

8.48 ab
8.49 a
8.46 ab
8.42 bc
8.37 c
0.07*

8.42 a
8.41 a
8.34 ab
8.41 a
8.23 b
0.12*

8.41 a
8.36 a
8.31 ab
8.37 a
8.20 b
0.15*

8.37 a
8.26 b
8.27 b
8.29 b
8.14 c
0.05*

* Treatments differed significantly at p<0.05.

Maximum decrease in ECe was observed with N130+G100 (5.66 %) and the lowest with
control (1.50 %) from 84S soil during rice (2011). This treatment (N130+G100) differed nonsignificantly with other treatments except N100+G50 which remained significant at 0-15 cm
soil depth during rice crop (2011) from clay loam soil. At 15-30 cm soil depth, decrease in
ECe was the greatest with N130+G100 (5.84 %) followed by N130+G50 (5.62 %), N100+G100
(3.61 %), N100+G50 (1.72 %) and the lowest was with control (1.40 %). This treatment
(N130+G100) was statistically at par with N100+G50 (Table 4.21). After the harvest of wheat
(2011-12), the highest decrease in ECe was observed with N130+G100 which differed
significantly with other treatments at 0-15 cm soil depth. At 15-30 cm soil depth, the greater
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decrease in ECe was observed with N130+G50 which remained significant with other
treatments and the smallest with control.
After the harvest of rice (2012) crop, maximum decrease in ECe was observed with
N130+G100 (27.86 %) and the lowest was with control (3.17 %) from 84S soil. This treatment
(N130+G100) differed significantly from other treatments at 0-15 cm soil depth while
statistically at par with N130+G50 during rice crop (2012) from clay loam soil. At 15-30 cm
soil depth, decrease in ECe was greater with N130+G50 (28.99 %) followed by N130+G100
(27.66 %), N100+G100 (21.01 %), N100+G50 (5.33%) and the lowest with control (3.07 %)
treatment. After the harvest of wheat (2012-13), the highest decrease in ECe was observed
with N130+G50 which differed significantly from other treatments at both soil depths. A more
decrease in ECe was observed from sandy clay loam soil followed by clay loam soil due to
different chemical and physical properties.
Table 4.21. Effect of N and gypsum treatments on ECe (dS m-1) of 84S soil
Treatment

Initial
(2011)
0-15 cm soil depth
C
5.99
N100+G50
5.50
N130+G50
6.12
N100+G100
6.30
N130+G100
6.35
LSD
15-30 cm soil depth
C
6.18
N100+G50
6.00
N130+G50
5.69
N100+G100
6.93
N130+G100
6.16
LSD

Post-rice
(2011)

Post-wheat
(2011-12)

Post-rice
(2012)

Post-wheat
(2012-13)

5.90 a
5.40 b
5.80 a
5.99 a
5.99 a
0.28*

5.84 a
5.25 ab
4.55 be
5.17 ab
4.66 b
0.90*

5.80 a
5.10 b
4.47 c
5.11 b
4.58 c
0.31*

5.75 a
3.90 cd
3.67 d
4.61 b
3.98 c
0.29*

6.10 b
5.89 bc
5.37 d
6.68 a
5.80 c
0.26*

6.03 a
5.82 a
4.12 c
5.54 b
4.50 d
0.24*

5.99 a
5.68 b
4.04 d
5.48 b
4.46 c
0.28*

5.94 a
4.48 c
3.24 e
4.98 b
3.86 d
0.27*

* Treatments differed significantly at p<0.05.

The treatment N130+G100 from 132S soil and N130+G50 from 84S remained effective to
lower the soil ECe owing to better IR through sustaining electrolyte concentration and higher
ECe: SAR in soil solution at both the soil depths. Heavy irrigation input to rice crop increased
leaching of soluble salts, which lowered the soil ECe more efficiently at 0-15 cm soil depth
from clay loam soil. In addition, rice is grown under submerged conditions where high LF is
implicitly achieved, which helped leach soluble salts to lower soil depths (15-30 cm) during
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rice season. In gypsum treated plots, CaCO3 precipitate to form secondary carbonate coatings
and bind primary soil particles together. Among divalent cations, Ca2+ can inhibit dispersion
of clay particles and aggregates disruption by replacing Na+ in clay and aggregates, thereby
adding to aggregate stability (Armstrong and Tanton, 1992).
After the harvest of rice (2011), a decrease in SAR was higher with N130+G100 (21.22
%) and lower with control (8.00 %) at both the soil depths which differed significantly with
other treatments. This treatment N130+G100 statistically differed from control treatment while
at par with N100+G100. After the harvest of wheat (2011-12), the highest decrease in SAR was
noted with N130+G50 (33.91 %) and the lowest was with control (8.80 %) while at 15-30 cm
soil depth, maximum decrease was observed with N130+G100 which differed significantly
from other treatments from clay loam saline-sodic soil (Table 4.22).
Table 4.22. Effect of N and gypsum treatments on SAR (mmol L-1)1/2 of 84S soil
Treatment

Initial
(2011)
0-15 cm soil depth
C
25.01
N100+G50
23.85
N130+G50
24.32
N100+G100
25.37
N130+G100
26.56
LSD
15-30 cm soil depth
C
24.51
N100+G50
19.88
N130+G50
24.61
N100+G100
25.33
N130+G100
22.35
LSD

Post-rice
(2011)

Post-wheat
(2011-12)

Post-rice
(2012)

Post-wheat
(2012-13)

23.01 a
20.01 c
19.29 d
20.50 b
20.92 b
0.34*

22.81 a
19.55 b
16.07 b
18.52 b
17.96 c
1.45*

22.75 a
19.27 b
15.67 d
18.26 bc
17.70 c
1.10*

22.73 a
13.27 d
11.67 e
13.76 c
14.20 b
0.39*

22.51 a
16.38 d
19.61 c
20.67 b
16.75 d
0.62*

22.31 a
15.58 d
16.36 c
18.48 b
14.75 e
0.54*

22.28 a
15.34 d
16.01 c
18.26 b
14.52 e
0.66*

22.28 a
13.18 e
14.01 d
15.26 b
14.52 c
0.480*

* Treatments differed significantly at p<0.05.

After the harvest of rice (2012), there was maximum decrease in SAR with N130 for
both gypsum @ 50% and 100% SGR. From 84S soil, decrease in SAR was higher with
N130+G50 (35.55 %) and lower with control (9.04 %) treatment at 0-15 cm soil depth during
rice (2012) which differed significantly with other treatments. At 15-30 cm soil depth, a
significant decrease in SAR was observed with N130+G100 which statistically differed from
control in 84S soil. After the harvest of wheat (2012-13), the highest decrease in SAR was
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noted with N130+G50 and the lowest being with control at both depths of soil. The decrease in
SAR was highest in clay loam soil followed by sandy clay loam soil.
4.2.3.5.

Infiltration rate (cm h-1)

The infiltration rate (cm h-1) is an important soil physical property that controls the
leaching of soluble salts. The IR < 0.25 cm h-1 is considered to be low for leaching of salts to
reclaim the salt-affected soils (Ghafoor et al., 2008). Before the start of experiment, IR of
normal soils in July, 2011 was normal while a progressive increase in IR was observed with
all the applied rates of N after the harvest of crop in May, 2013. Post-experiment analysis
showed that higher rates of N application differed non-significantly with each other while
remained significant from control (Fig. 4.19 and 4.20). An increase in IR could be due to
formation of H2CO3 upon the release of CO2 during root respiration which act on calcite
(cementing material in soils) and improve the IR of soils. The IR is of particular importance
for managing crop production both on productive and salt-affected soils. The infiltration rate
before the start of experiment ranged from 0.19 to 0.24 cm h-1 (Fig. 4.19) which is lower than
its critical value of 0.25 cm h-1 (Richards, 1954).
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Fig. 4.19. Effect of N application on infiltration rate of 132N (sandy clay loam) and 84N
(clay loam) soils.
After harvest of crop (2013), the highest increase in IR was 47.37 % observed with
N130+G100 which remained non-significant with higher rates of N along with gypsum @ 50%
and 100% SGR while the lowest was with control (Fig. 4.20). The addition of gypsum
proved to have ameliorative effect on soil IR. The role of gypsum in increasing IR up to 2083

25 cm soil depth may have resulted from an enhanced flocculation of soil particles due to
decrease in zeta potential mainly through maintaining a favorable electrolyte concentration in
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soil solution (Shainberg, 1984).

84S

Treatment

Fig. 4.20. Effect of N application rates on infiltration rate from 132S and 84S soils.
4.2.3.6.

Bulk density (Mg m-3)

The bulk density (BD) was determined before the application of treatments and after
the final harvest of wheat 2012-13 in May 2013 (Fig. 4.21 and 4.22). Soil BD is considered
as an indicator of soil structure and soil compaction (Martınez and Zinck, 2004). In general,
the values of BD at lower 15-30 cm were more than those at upper 0-15 cm. The BD of
normal soils was initially lower and at termination of studies, compared to saline-sodic soils.
The higher BD of saline-sodic soil seems because of induced dispersion. After the harvest of
wheat (2012-13), a decrease in BD was recorded with all the applied rates of N. The highest
decrease in BD was with N130+G100 which statistically differed from control. This treatment
N130+G100 differed non-significantly with recommended rate of N along with gypsum @
100% SGR from sandy clay loam soil. In 84S (clay loam) soil, the highest decrease in BD
was noted with 30% higher rate of N along with gypsum @ 50% SGR which differed nonsignificantly with gypsum @ 100% SGR over the corresponding initial values at both the soil
depths.
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Fig. 4.21. Effect of N and gypsum application rates on BD from 132N and 84N soils.
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Fig. 4.22. Effect of N and gypsum application rates on BD from 132S and 84S soils.
The treatment differences for lowering BD remained significant, but small decrease seems
due to small period of two years between the two measurements. Improvement in physical
properties of soils needs bit longer time even if soils have been chemically ameliorated
(Murtaza et al., 2006). The effectiveness of gypsum in preventing the breakdown of
aggregates and increasing the porosity has been reported by Lebron et al. (2002). The lower
in BD at soil surface could be due to improvement in aggregation of soil particles and
decrease in zeta potential mainly through maintaining a favorable electrolyte concentration in
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soil solution (Shainberg, 1984). Hamza and Anderson (2002) reported that for an appreciable
decrease in soil BD, the ratio of solid to pore space must be altered physically due to root
action.
4.2.3.7.

Lime content (%)

Calcareous soils occur in arid and semi-arid climate receiving low rainfall (Brady and
Weil, 2004). Carbonate minerals are common in many soils of the world covering > 30% of
the earth surface, including sodic and saline-sodic soils.
Before the start of experiment, lime content (%) ranged from 3.25-5.46 and 4.23-5.92
at 0-15 cm and 15-30 cm soil depths, respectively, from 132N soil (Fig. 4.23). After the
harvest of wheat 2012-13, the highest decrease in lime content was observed with 30%
higher N than recommended and the lowest with control at both the soil depths. In sandy clay
loam saline-sodic soil, a significant decrease in lime content was observed with N130+G100
SGR using canal water and the lowest with control at both the soil depths (Fig. 4.24).
In 84N soil, initial lime content (%) ranged from 2.88-5.46 and 2.33-3.01% at 0-15
cm and 15-30 cm soil depths, respectively. After the harvest of crop in May, 2013, the
treatment response was same as explained above for 132N soil. In clay loam salt-affected
soil, after the harvest of experiment, the greatest decrease in lime content (%) was observed
with N130+G50 which differed non-significantly with N130+G100 and N100+G100 at 0-15 cm soil
depth. At lower soil depth, maximum decrease was noted with 30% higher levels of applied
N along with gypsum @ 100% SGR which remained non-significant with recommended rate
of N fertilizer along with gypsum @ 100% SGR.
The decrease in lime content might be due to the high partial pressure of CO2 (pCO2)
which affect the calcareous saline-sodic soils through a series of processes, which involve
production of CO2 from oxidation of plant root exudates or organic acids by soil organism
which help dissolve CaCO3. Therefore, Ca2+ becomes available to replace exchangeable Na+
at a much higher rate than can be achieved by dissolution of CaCO3 at the level of pCO2 in
the atmosphere (Qadir and Oster, 2004). Fischbeck and Muller (1971) estimated the losses of
lime from Broadbalk field at Rothamsted, after wheat crop growth the surface soil at that site
contained 5% of CaCO3 when the experiment began. Annual loss varied from 665 kg CaCO3
ha-1 on the unfertilized plot to 1054 kg ha-1 from the plot which had annually 63 kg N ha-1.
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Dissolution of calcite in the H2O–CO2–CaCO3 system depends critically on the ratio
of solution volume to the surface area of reacting minerals, the dissolution is controlled
entirely by conversion of CO2 into H+ and HCO3− (Hamid, 2009).
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Fig. 4.23. Effect of treatments on lime content (%) from 132N and 84N soils.
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Fig. 4.24. Effect of N and gypsum application rates on lime content (%) from 132S and 84S
soils.
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4.2.3.8.

Nitrate leaching during crop growth on normal soils

Effects of N application rates on NO3- leaching during rice (2011) from sandy clay
loam soil are presented in Fig. 4.25. First leachate was collected 34 days after transplanting
(DAT). Maximum NO3- (28.82 mg L-1) was recorded with N130 which was statistically at par
with N115. In the 2nd leachate, a significant decrease in NO3- contents was recorded.
Minimum NO3- (5.90 mg L-1) was recorded with the C treatment. The decrease in NO3- in the
2nd and 3rd leachates can be attributed to increased uptake by plants during fast vegetative
growth period. An increase in leachate NO3- was recorded in the 4th and 5th leachates. Among
these leachates, maximum NO3- was recorded in the 5th leachate with N130. An increase in
NO3- in 4th and 5th leachates seems due to the 3rd application of N concomitant with a
decrease in growth rate of rice crop just before maturity. These results are in agreement with
findings of Islam et al. (2011). In control, where no fertilizer was added but some leaching of
NO3- also noted from nature soil pool. Similar results were reported by Goulding (2000) who
concluded that under winter wheat on Broadbalk Experiment at Rothamsted Experimental
Station, where no fertilizer N applied, there was always some leaching losses, approximately
10 kg ha-1yr-1.
During rice growth in 2012, the highest NO3- (34.01 mg L-1) in leachate was recorded
with N130 and the lowest with control (11.00 mg L-1). A significant decrease in 2nd leachate
was with all the applied rates of N (Fig. 4.26). In 3rd and 4th leachates, a progressive decrease
in NO3- was observed with all the treatments. The highest NO3- was recorded with N130 and
the lowest was with control. An increase in the 5th leachate was with all the rates of applied N
fertilizer which differed significantly among each other. The highest NO3- (26.0 mg L-1)
obtained with 30% higher N fertilizer and the smallest (9.16 mg L-1) with control treatment.
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Fig. 4.25. Effect of N application rates on nitrate leaching from 132N soil during 2011.
Standard error of difference = 4.33.
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Fig. 4.26. Effect of N application rates on nitrate leaching from 132N soil during 2012.
Standard error of difference = 0.762.
These results were in conformity with the findings of Miller and Gariner (1998) who
concluded that leaching loss can be 50-80 kg ha-1 of N annually by using higher N rates
coupled with lack of synchrony for plant use or coincident with heavy rainfall. McNeal and
Pratt (1978) found that leaching losses accounted for 13-100% of applied N in some irrigated
California soils and commonly average 25-50% of the N applied in most of the cropping
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systems. Jalali (2005) also indicated that leaching losses using surpluses of N on wellmanaged arable land can be as much as 20 kg ha-1 year-1.
The NO3- leaching with N application rates in 84N soil during rice crop is given in
Fig. 4.27. The first leachate was collected at 29 DAT. Maximum NO3- contents (52.15 mg L1

) were recorded with N130 treatment. Nitrate in the 1st leachate from clay loam (84N) soil

were significantly higher than that from sandy clay loam soil. Leaching differences between
soil types were mainly considered due to different textural and structural properties. In the
2nd leachate, minimum NO3- (4.64 mg L-1) was recorded with the C treatment and maximum
was with N130. The highest decrease in NO3- contents was noted in 3rd leachate. Similar to
132N soil during rice 2011, there was an increase in NO3- contents in the 4th and 5th
leachates. Maximum NO3- was recorded in the 5th leachate with N130 treatment. These NO3contents in 5th leachate seems due to 3rd N application at the slow growth rate of rice crop
close to maturity. Franzluebbers (2002) reported that increased water transfer through soil
can decrease fertilizer retention in soil matrix and fertilizer use efficiency in plants.
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Fig. 4.27. Effect of N application rates on nitrate leaching from 84N soil during rice 2011.
Standard error of difference = 1.37.
During rice (2012), maximum NO3- (44.85 mg L-1) was recorded with N130 and the
lowest with control (18.66 mg L-1). In 2nd leachate, the lowest NO3- (8.26 mg L-1) was
observed with control and the greatest with N130 (Fig. 4.28). A significant decrease in NO3contents was recorded in 3rd, 4th and 5th leachate. This decrease could be due to dispersion of
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particles during wetting which decreased pore radii and resultantly decreased HC of soil
(Attou and Bruand, 1998).

Fertilizer applications also alter soil pH and electrolyte

concentrations in soil solution which can have adverse effects on soil structure (Haynes and
Naidu, 1998). N fertilizers can disperse clays, having an adverse effect on soil aggregation
(Haynes and Naidu, 1998). The dispersive effects of NH4+ are temporary and diminish as
NH4+ is nitrified to NO3- (Haynes and Naidu, 1998).
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Fig. 4.28. Effect of N application rates on nitrate leaching from 84N soil during rice 2012.
Standard error of difference = 0.353.
The effect of N application on NO3- leaching in 132N soil during wheat (2011-12)
crop is presented in Fig. 4.29. First leachate was collected 34 days after sowing (DAS).
Maximum NO3- (20.90 mg L-1) was recorded with N130. This was statistically at par with
N115. In the 2nd leachate, an increase in NO3- concentration was recorded. Minimum NO3(13.32 mg L-1) was recorded with C over the recommended rate i.e. N100. Urea molecule is
susceptible to movement with soil water, as it is not adsorbed by soil particles. Maximum
NO3- (30.78 mg L-1) was recorded in the 3rd leachate with N130 and lower with control
treatment (14.14 mg L-1). Nitrate leaching increased with increasing N fertilizer in sandy clay
loam soil. The chemical characteristics of NO3- make it susceptible to leaching, which not
only decrease NUE but also contaminates groundwater. If crops do not utilize NO3-, its
downward leaching cannot be avoided because of its high solubility in water and low
retention in soil (Zhou et al., 2008), particularly in Pakistani soils, that do not carry positive
charge on clays. During wheat (2012-13), similar trend was observed as explained above for
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wheat 2011-12 (Fig. 4.30). A significant increase in NO3- contents were observed in 2nd and
3rd leachate, while the highest was recorded with N130 and the lowest with control.
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Fig. 4.29. Effect of N application rates on nitrate leaching from 132N soil during wheat
2011-12. Standard error of difference = 0.64.
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Fig. 4.30. Effect of N application rates on nitrate leaching from 132N soil during wheat
2012-13. Standard error of difference = 0.56.
The NO3- leaching with N application rates in 84N soil during wheat (2011-12) is
given in Fig. 4.31. The first leachate was collected 33 DAS. The NO3- concentration (47.15
mg L-1) was the highest in 1st leachate with N130 and the lowest with C (14.64 mg L-1)
treatment. In the 2nd leachate, minimum NO3- (9.64 mg L-1) was recorded with C than the
recommended and maximum NO3- (39.77 mg L-1) was recorded with N130. The NO3- contents
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decreased in the 3rd leachate. Maximum NO3- (22.54 mg L-1) in the 3rd leachate was with
N130. During wheat (2012-13), the greatest NO3- contents (35.36 mg L-1) were observed with
30% higher rate of applied N and the lowest with control (10.98 mg L-1). A gradual decrease
in NO3- contents were noted in 2nd and 3rd leachate, while the lowest was with control, and
the highest being with N130 (Fig. 4.32).
The NO3- leaching from the clay loam soil (84N) is influenced by different factors
depending on the condition of soil surface, physical and chemical properties, and water
distribution. The results were in conformity with the findings of Oad et al. (2002) who
reported that IR takes place most rapidly when the water was first applied to the soil. But as
the upper soil becomes saturated, clay swelling occurred and the infiltration gradually
becomes constant. The decrease in IR with time is due to depth of wetted zone. Two main
factors are responsible for this decrease seems a decrease in the matric potential gradient,
which occurs as infiltration proceeds, and the formation of seal or crust at the soil surface. In
arid and semi-arid region soils, OM is generally low, soil structure is unstable, and sealing is
major factor which determine the steady-state IR. These findings vary from the pattern
recorded for the 84N soil. Overall, more NO3- contents were found in the leachate collected
from clay loam soil compared to highly saline-sodic sandy clay loam soil. Less NO3- was
leached from field experiments (undisturbed soils) compared with lysimeter experiments in
both the soils.
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Fig. 4.31. Effect of N application rates on nitrate leaching from 84N soil during wheat (201112). Standard error of difference = 0.58.
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Fig. 4.32. Effect of N application rates on nitrate leaching from 84N soil during wheat (201213). Standard error of difference = 0.39.
4.2.3.9.

Nitrate leaching during crop growth on salt-affected soils

The effect of gypsum and N application rates on NO3- leaching in 132S soil during
rice (2011) is given in Fig. 4.33. First leachate was collected 34 DAT. Maximum NO3- (42.07
mg L-1) was recorded with N130 along with gypsum @ 100 % SGR. This was statistically
non-significant with the recommended rate along with gypsum @ 50 % SGR. In the 2 nd
leachate, minimum NO3- contents (1.75 mg L-1) were recorded with control and maximum
with N130 along with gypsum @ 100 % SGR. A decrease in NO3- in leachate could be
attributed to increased uptake by plants during vegetative growth period. A gradual increase
in NO3- was recorded in the 3rd, 4th and 5th leachates. Maximum NO3- was recorded in the 5th
leachate with N130 along with gypsum at 100 % SGR. The increase in NO3- in 5th leachate
seems due to the 3rd application of N coupled with a decrease in N absorption just before
crop maturity. Higher than permissible level of NO3-N in leachates were recorded with N130
along with gypsum @ 100 % SGR which not decrease fertilizer use efficiency but also
contaminates ground water resorvior.
During rice (2012), the highest NO3- (27.35 mg L-1) was noted with 30% higher N
along with gypsum @ 100% SGR and the lowest with control (12.05 mg L-1) (Fig. 4.34). In
2nd leachate, a significant decrease in NO3- contents were observed with all applied rates of N
compared to 1st leachate. An increase in NO3- contents were observed in 3rd and 4th leachate
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seems due to improvements in IR and HC with the use of gypsum, add to the ability of soils
to have adequate porosity through which air, water and roots move (Gharaibeh et al., 2009),
thus increasing leaching carrying NO3- dissolved in it. The use of gypsum containing Ca2+
can have profound effects on aggregation. Increased aggregate stability in gypsum amended
soils suggests formation of strong bonding involving Ca2+ bridges (Chan and Heenan, 1999).
In 5th leachate, the lowest NO3- was observed with control and the greatest was with 30%
higher N than recommended along with gypsum@ 100% SGR.
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Fig. 4.33. Effect of N application rates on nitrate leaching from 132S soil during rice 2011.
Standard error of difference = 1.58.
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Fig. 4.34. Effect of N application rates on nitrate leaching from 132S soil during rice 2012.
Standard error of difference = 0.70.
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The effect of gypsum and N application rates on NO3- leaching in 84S soil during rice
(2011) is presented in Fig. 4.35. Maximum NO3- contents (39.03 mg L-1) in the first leachate
were recorded with N130 along with gypsum @ 100 % SGR. This was differed nonsignificant with N130 along with gypsum @ 50 % SGR. Nitrate contents in the 1st leachate of
84S soil were lower than that of 132S soil. In 2nd leachate, a significant decrease in NO3contents were recorded. Minimum NO3- (6.18 mg L-1) in leachate was recorded with control
and maximum with N130 along with gypsum @ 100 % SGR.
There was a gradual decrease of NO3- contents in the 2nd and 3rd leachates from 84S
soil. After the 3rd leachate, NO3- contents increased gradually in 4th and 5th leachate. Among
the leachates, NO3- was the greatest in the 5th leachate with N130 coupled with gypsum at
100% SGR. The higher NO3- contents in the 5th leachate seem due to the 3rd N application
combined with slow growth rate of rice close to maturity. Higher than permissible contents
of NO3-N especially in 1st leachate, was recorded with N130 along with gypsum @ 100%
SGR treatment. These findings are in conformity with Abdelmadjid and Omar (2013) who
concluded that use of higher rates of N fertilizers relative to the crop demand lead to the
leaching of excess fertilizers into groundwater which increases the NO3-, resultantly, the
allowed norms of consumption of water are exceeded.
During rice (2012), the greatest NO3- contents (25.37 mg L-1) was observed with 30%
higher N than recommended along with gypsum @ 100% SGR which differed significantly
with all applied rates of N and the lowest being with control (7.91 mg L-1) (Fig. 4.36). An
increase in NO3- contents during 2nd leachate was due to 2nd application of urea. The NO3being negatively charged is susceptible to leaching negatively charged soil which could
decrease NUE and contaminates ground water. A subsequent decrease in 3rd and 4th NO3contents was recorded with all the treatments. In 5th leachate, the highest NO3- contents were
observed with N130 along with gypsum @ 100% SGR and the lowest with control.
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Fig. 4.35. Effect of N application rates on nitrate leaching from 84S soil during rice 2011.
Standard error of difference = 1.08.
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Fig. 4.36. Effect of N application rates on nitrate leaching from 84S soil during rice 2012.
Standard error of difference = 0.75.
The effect of gypsum and N application rates on NO3- leaching in 132S soil during
wheat (2011-12) is shown in Fig. 4.37. The first leachate was collected 34 DAS. Maximum
NO3- (42.07 mg L-1) in the first leachate was recorded with N130 along with gypsum @ 100 %
SGR. This was differed non-significant with N130 along with gypsum @ 50 % SGR. Nitrate
content in the 1st leachate from 84S soil was significantly higher than that of 132S soil. In the
2nd leachate, a decrease in NO3- contents were recorded. Minimum NO3- (5.50 mg L-1) was
recorded with C treatment and maximum with N130 (28.21) along with gypsum @ 100 %
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SGR. There was an increase in NO3- in the 3rd leachate. Maximum NO3- was recorded with
N130 along with gypsum at 100% SGR. Thus increase in NO3- contents in the 3rd leachate
seems due to the 3rd N application coupled with slow growth rate of wheat crop. These
findings vary from the pattern recorded for the clay loam soil. The highest NO3- leaching in
clay loam soil was due to better soil characteristics i.e. EC to SAR ratio compared to sandy
clay laom soil which is dispersed.
During wheat (2012-13), the highest NO3- (31.56 mg L-1) was noted with 30% higher
rate of N than recommended along with gypsum @ 100% SGR which statistically nonsignificant with N130+G50 and the lowest with control (10.63 mg L-1) (Fig. 4.38). A
significant decrease in 2nd leachate was observed compared to 1st leachate and the lowest
NO3- was recorded with control and the highest with N130+G100. An increase in NO3- contents
were observed in 3rd leachate with respect to 2nd, and maximum NO3- (31.90 mg L-1) was
observed with N130+G100 and minimum with control (8.98 mg L-1). An increase in NO3contents in 3rd leachate could be due to ameliorative role of gypsum which enhanced soil
flocculation and increased IR and HC of soil. These results were in agreement with the
findings of Yazdanpanah et al. (2013) who reported that during reclamation process of
saline-sodic soils in consequence of leaching, N tend to be removed out of soil profile. Hetier
et al. (1989) found that only 2% of fertilizer N was lost by leaching, whereas total N losses
accounted to 30%.
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Fig. 4.37. Effect of N application rates on nitrate leaching from 132S soil during wheat 201112. Standard error of difference = 0.98.
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Fig. 4.38. Effect of N application rates on nitrate leaching from 132S soil during wheat 201112. Standard error of difference = 0.67.
The effect of gypsum and N application rates on NO3- leaching in 84S soil during
wheat (2011-12) is given in Fig. 4.39. First leachate was collected 33 DAS. Maximum
amount of NO3- (44.53 mg L-1) in the first leachate was recorded with N130 along with
gypsum at 100 % SGR. In the 2nd leachate, minimum NO3- (10.18 mg L-1) was recorded with
C. Maximum NO3- was recorded with N130 along with gypsum @ 100 % SGR. A decrease in
NO3- in leachate can be attributed to increased uptake by plants during vegetative growth
period.
In the 3rd leachate, maximum NO3- was recorded with N130 along with gypsum @
100% SGR compared to that with control treatment. An increase in NO3- in the 3rd leachate
seems due to the 3rd application of N associated with a slow growth rate of wheat crop.
Higher than permissible level of NO3-N in leachates were recorded with N130+G100% SGR.
This seems due to the fact that gypsum decreased the swelling and cracking associated with
high levels of exchangeable Na+ on the clays. As Na+ is replaced by Ca2+ from clays, these
swell less and improve porosity through which air, water and roots move (Murtaza et al.,
2006).
During wheat (2012-13), the highest NO3- (33.39 mg L-1) was recorded with 30%
higher rate of N than recommended along with gypsum @ 100% SGR which statistically
non-significant with N130+G50 and the lowest with control (11.11 mg L-1) (Fig. 4.40). A
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marked decrease in 2nd leachate was observed which differed significantly with all the
applied N fertilizer. The lowest NO3- was recorded with control and the highest with
N130+G100. An increase in NO3- contents were observed in 3rd leachate with respect to 2nd,
and maximum NO3- (34.49 mg L-1) was observed with N130+G100 and minimum was with
control (9.04 mg L-1). An increase in 3rd leachate could be due to ameliorative role of gypsum
which improved soil flocculation and increased IR and HC of soil.
Nitrate leaching (mg L-1) was higher in clay loam than that from sandy clay loam soil
indicating that leaching differences between soil types were mainly considered to be due to
different textural and structural properties. The highest NO3- leaching in clay loam soil
display high aggregate stability associated with carbonates (Boix-Fayos et al., 2001). The
negative surface charges on clay particles increase with pH that increases particle repulsion.
Large aggregates form in soils of high pH and high carbonate concentration (Boix-Fayos et
al., 2001). This also suggests that application of gypsum is useful to sustain the electrolyte
concentration in soil solution; otherwise defloculation in response to decreased electrolyte
concentration in soil solution could impair the leaching effectiveness of saline-sodic soils. It
also decreases the pH of saline-sodic soils (Bronick and Lal, 2005). The level of
exchangeable Na+ is decreased, which limits the hydrolysis to form hydroxides.
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Fig. 4.39. Effect of N application rates on nitrate leaching from 84S soil during 2011-12.
Standard error of difference = 1.40.
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Fig. 4.40. Effect of N application rates on nitrate leaching from 84S soil during 2012-13.
Standard error of difference = 0.72.
4.2.3.10.

GROWTH RESPONSE OF CROPS

4.2.3.10.1. Rice (2011) and wheat (2011-12)
The paddy yield significantly increased with N application both from 132N and 84N
soils (Fig. 4.41 and 4.42). It was maximum (2.30 t ha-1) with N115 from 132N soil which was
statistically similar to N100 but differed significantly from the control. From 84N soil, paddy
yield was maximum (3.38 t ha-1) with N115 that differed non-significantly from N100 and N130
treatment. Minimum paddy yield of 1.53 and 2.38 t ha-1 was recorded from control of 132N
and 84N soils, respectively. The paddy yield followed the diminishing law of return in 132N
soil, i.e. yield decreased beyond N115 treatment. Use of fertilizer N at higher rates than
recommended as well as lack of synchronization with the crop requirement makes plants
susceptible to insect pest and diseases attack (Islam et al., 2007). The application of urea to
lush green crop speaks otherwise and its translation into yield gain is doubtful (Garg et al.,
2006), i.e. a decrease in NUE.
Straw yield differed significantly with the application rates of N (Fig. 4.41 and 4.42).
Maximum straw yield was obtained with N115 both from 132 N and 84 N soils and minimum
with control. Straw yield differed non-significantly among N100, N115 and N130 treatments for
132N soil. In 84N soil, N130 significantly produced the highest straw yield compared with
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control and N100. Therefore, application of N fertilizers improved growth and yield of wheat
and rice (Murtaza, 2011).
Grain yield was significantly increased with increasing N application rates both for
132N and 84N soils (Fig. 4.41 and 4.42). Maximum grain yield (3.46 t ha-1) was recorded
with N130 from 132N soil that differed non-significantly with N100 and N115. In 84N soil, grain
yield remained maximum (3.22 t ha-1) with N130 but differed non-significantly with N115
treatment. Minimum grain yields (2.64 and 2.50 t ha-1) were recorded with control from both
the soils. Nitrogen use efficiency was found to be decreased with increasing rate of N. The
grain productivity per kg of N applied increased with the subsequent cropping cycles which
exhibit that the yield level decreased with the control plot due to the decline in inherent
fertility of the soil (Om et al., 2008). The grain yield followed the diminishing law of return
in clay loam soil, i.e. yield increased but with decreasing trend. Fertilizer use pattern in ricewheat cropping system is region specific and diagnostic surveys have indicated that farmers
are using more N than the recommended rates (130 to 195 kg N ha-1) in Trans-Gangetic Plain
and parts of upper Gangetic Plain in India (Yadav et al., 2000; Sheoran et al., 2004). Straw
yield increased significantly with increasing N application rate (Fig. 4.41 and 4.42). The
highest straw yield was obtained with N130 from both soils while minimum was with the C
treatment. However, straw yield differed non-significantly among N115 and N130 treatments
for 132N and 84N soils but differed significantly with the C treatment.
In salt-affected soils, paddy yield differed significantly with the application of N (Fig.
4.43 and 4.44). Application of fertilizer N increased yield significantly over the C treatment.
Maximum paddy yield of 1.21 and 1.76 t ha-1 was obtained with N130+G100 from 132S soil
and with N130+G50 from 84S soil, respectively which differed significantly with other
treatments. Minimum paddy yield of 0.98 and 1.32 t ha-1 was recorded with the control
treatment for 132S and 84S soils, respectively. The decrease in paddy yield with the C
treatment might be due to specific ion effect of Na+ and adverse osmotic effect of high EC
and SAR of soils under studies for rice crop. The higher yield with N and gypsum application
is due to increased CEC of roots and induced growth dilution that promoted tolerance against
the prevalent EC and SAR stresses (Qadir et al., 2006). Relatively higher yield with gypsum
may be attributed to its favorable effects on soil physical and chemical properties,
particularly with favorable Ca2+: Na+ ratios in the soil solution (Murtaza et al., 2009).
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Straw yield increased significantly with N and gypsum application rates (Fig. 4.43
and 4.44). Maximum straw yield (1.58 t ha-1) was recorded with N130+G100 from 132S soil
and 2.75 t ha-1 with N130+G50 from 84S soil. Straw yield from 132S soil with N130 differed
significantly with C, N100+G50, N130+G50 and N100+G100 treatments. From 84S soil, straw
yield increased significantly with N130 along with gypsum @ 50 % SGR and minimum straw
yields were 2.04 and 1.38 t ha-1 recorded from the control treatment of 84S and 132S soils,
respectively. Straw yield remained greater with 50 % SGR from 84S soil and with 100 %
SGR from 132S soil. It seems that gypsum @ 50 % SGR is sufficient to achieve reclamation
and obtain reasonably high paddy and straw yields on marginal salt-affected soils and 100 %
SGR on severe salt-affected soils.
Grain yield differed significantly with N application and gypsum rates (Fig. 4.43 and
4.44). Maximum grain yield of 3.12 t ha-1 was obtained with N130+G100 from 132S and 2.83 t
ha-1 with N130+G50 from 84S soils. Treatments N130+G50, N100+G50 and N100+G100 differed
non-significantly among themselves but differed significantly from N130+G100 and C for 132S
soil. With gypsum @ 50% SGR, N130 differed non-significantly with N130+G100 but differed
significantly with other treatments from clay loam soil. Minimum grain yield of 2.10 and
1.96 t ha-1 was recorded with C from 132S and 84S soils, respectively.
Increasing pH/ sodicity of soils adversely affected the biological transformation of
fertilizer-N by inhibiting the activity of enzyme urease and due to toxic effects of HCO3- and
CO32- ions on the N-transferring bacteria. The low yield with high SAR might be due to
nutritional imbalance and antagonistic effect of Na+ on other nutrients like K+, Zn2+, Ca2+
(Richards, 1954; Qadir et al., 2003). Overall, it was concluded that N130 treatment performed
better with gypsum @ 100% SGR.
Straw yield remained higher with gypsum @ 50% SGR from 84S soil while gypsum
@ 100% SGR performed better in 132S soil. Saline-sodic soil adversely affects almost all
stages of growth and development, flowering and fruit set, ultimately causing low economic
yield and low quality of product (Ashraf and Harris, 2004). Limited success in increasing the
yield stability of crops grown on salt-affected soils seems due to a minimal understanding
about how salinity and other abiotic stresses affect the most fundamental processes of
cellular function – including cell division, differentiation and expansion – which have a
substantial impact on plant growth and development (Hasegawa et al., 2000a; Zhu, 2001).
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Regardless, some degree of yield stability is achievable in salt stress environments (Flowers,
2004).
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Fig. 4.41. Effect of N application rate on paddy and wheat yields from normal soil.
Standard error of difference for normal soil (Rice paddy=20.53, rice straw=26.82, wheat
grain=80.33, wheat straw=103.86).
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Fig. 4.42. Effect of N application rate on paddy and wheat yields from normal soil.
Standard error of difference for normal soil (Rice paddy=47.73, rice straw=68.08, wheat grain=50.85,
wheat straw=60.81).
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Fig. 4.43. Effect of N application rate on paddy and wheat yields from salt-affected soils.
Standard error of difference for salt-affected soils (Rice paddy=12.29, rice straw=25.13, wheat
grain=38.70, wheat straw=50.13).
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Fig. 4.44. Effect of N application rate on paddy and wheat yields from salt-affected soils.
Standard error of difference for salt-affected soils (Rice paddy=16.92, rice straw=23.55, wheat
grain=27.35, wheat straw=35.55).

4.2.3.10.2. Rice (2012) and wheat (2012-13) yields
The paddy yield significantly increased with N application both from 132N and 84N
soils (Fig. 3.45 and 3.46). Maximum paddy yield (2.80 t ha-1) was recorded with N115 for
132N soil which was statistically similar to N130 and differed significantly from control.
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From 84N soil, paddy yield was maximum (3.45 t ha-1) with N130 that differed nonsignificantly from 15% higher rate than recommended. Minimum paddy yield of 1.75 and
2.43 t ha-1 was recorded from control of 132N and 84N soils, respectively. Similar trend was
also observed in 132N soil where higher rates of applied N fertilizer differed nonsignificantly with each other and remained significant with control. In 84N soil, straw yield
statistically significant with all doses of fertilizer. The application of N fertilizer to ricewheat crops speaks otherwise and its translation into yield gain is doubtful (Garg et al.,
2006), i.e. a decrease in NUE.
Grain yield was significantly increased with increasing N application rates both for
132N and 84N soils (Fig. 3.45 and 3.46). Maximum grain yield (3.88 t ha-1) was recorded
with N130 from 132N soil that differed non-significantly with N100 and N115. In 84N soil, grain
yield remained maximum (3.61 t ha-1) with N130 but differed non-significantly with N115 and
recommended rate of fertilizer, i.e N100. Minimum grain yields (2.78 and 2.62 t ha-1) were
recorded with control from both the soils. The grain yield followed the diminishing law of
return in sandy clay loam and clay loam soils, i.e. yield increased but with decreasing trend.
Fertilizer use pattern in rice-wheat cropping system is site-specific and literature indicated
that farmers are using more N (130 to 195 kg ha-1) than the recommended levels in India
(Yadav et al., 2000; Sheoran et al., 2004).
In salt-affected soils, paddy yield differed significantly with the application rates of N
(Fig. 3.47 and 3.48). Application of fertilizer N increased yield significantly over C. The
highest paddy yield of 1.92 and 2.60 t ha-1 was obtained with N130+G100 from 132S soil and
with N130+G50 from 84S soil, respectively which differed significantly with other treatments.
Minimum paddy yield of 1.29 and 1.58 t ha-1 was recorded with the control treatments for
132S and 84S soils, respectively. The decrease in paddy yield with C treatment might be due
to high EC and SAR of soils under studies for rice crop. The higher yield with N and gypsum
application is due to increased Ca2+ concentration that promoted tolerance against the
prevalent EC and SAR stresses (Qadir et al., 2006). Relatively higher yield with gypsum may
be attributed to its favorable effects on soil health, particularly with favorable Ca2+: Na+
ratios in the soil solution (Murtaza et al., 2009).
Straw yield increased significantly with N and gypsum application rates (Fig. 3.47
and 3.48). Maximum straw yield (2.46 t ha-1) was recorded with N130+G100 from 132S soil
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and 3.43 t ha-1 with N130+G50 from 84S soil. Straw yield from 132S soil with N130 differed
significantly with C and remained non-significant with recommended rate of fertilizer, i.e.
with N100+G50, N130+G50 and N100+G100 treatments. With gypsum @ 100% SGR, higher N
application rate (N130) produced more straw compared to that from the control. From 84S
soil, straw yield increased significantly with N130 along with gypsum @ 50 % SGR which
also differed non-significantly with gypsum @ 100% SGR. While minimum straw yields of
2.34 and 1.83 t ha-1 were recorded from the control of 84S and 132S soils, respectively.
Straw yield remained greater with 50 % SGR from 84S soil and with 100 % SGR from 132S
soil. It seems that gypsum @ 50 % SGR remained economical to initiate reclamation and
obtain high paddy and straw yields on marginal salt-affected soils and 100 % SGR on severe
salt-affected soils.
Grain yield differed significantly with N application and gypsum rates (Fig. 3.47 and
3.48). The greatest grain yield of 3.53 t ha-1 was obtained with N130+G100 from 132S which
remained non-significant with recommended rate of fertilizer along with gypsum @ 100%
SGR. In 84S soil, the highest wheat grain yield (3.42 t ha-1) was obtained with N130+G50
from 84S soils which also remained non-significant with N100+G50 and N130+G100 among
themselves but differed significantly from control for 84S soil. With gypsum @ 50% SGR,
N130 differed non-significantly with N130+G100 but differed significantly with other treatments
from clay loam soil. Minimum grain yield of 2.20 and 2.04 t ha-1 was recorded with C from
132S and 84S soils, respectively.
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Fig. 4.45. Effect of N application rate on paddy and wheat yields from normal soils.
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Fig. 4.46. Effect of N application rate on paddy and wheat yields from normal soils.

108

RP 2012

4.0

RS 2012

b

3.5

Yield (t ha -1)

d

1.5

a

a

a

ab

b
b

d

e

a

b

b

c

2.0

a

c

c

2.5

WS 2012-13

b

132S

3.0

WG 2012-13

a

c

1.0
0.5
0.0
C

N100+G50

N130+G50

N100+G100

N130+G100

Treatment
Fig. 4.47. Effect of N application rate on paddy and wheat yields from salt-affected soils.
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Fig. 4.48. Effect of N application rate on paddy and wheat yields from salt-affected soils.

Straw yield remained higher with gypsum @ 50% SGR from 84S soil while gypsum
@ 100% SGR performed better in 132S soil. Ashraf and Harris (2004) reported that growth
and development, flowering and fruit set of crops are highly affected due to saline-sodic soil
which ultimately reducing economic yield and quality of produce. But, some degree of yield
stability is achievable in salt stress environments (Flowers, 2004).
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4.2.3.11. Nitrogen use efficiency (kg grain per kg N applied) during crop growth from
normal soils
Nitrogen use efficiency was the highest (5.35 and 7.00 kg kg-1) with N115 during rice
2011 from sandy clay loam and clay loam soils, respectively while was the lowest (4.24 and
1.95 kg kg-1) with N130 and N100, respectively (Table 4.23). Nitrogen application above N115
decreased NUE due to NO3-N leaching losses. During wheat (2011-12), maximum NUE was
attained with N130 for both the soils. The trend is already evident for use of N more than 150
kg N ha-1 to rice which follows wheat in North-west Indian states of Punjab, where grain
yield of 10-12 t ha-1 annum-1 are being obtained for rice-wheat cropping system (Bijay-Singh
and Nayyar, 2003) having more NUE compared to our findings. Erenstein et al. (2007) also
reported similar trend of N use (180, 159 and 103 kg N ha-1) in the rice-wheat zone of
irrigated Haryana, India.
During rice in 2012, the highest NUE was observed with 15% higher rate than
recommended while during wheat (2012-13), the recommended rate of applied fertilizer
performed better to enhance NUE from sandy clay loam soil. In clay loam soil during wheat
(2012-13), the lowest NUE was observed with recommended rate of fertilizer which differed
non-significantly with higher rate of fertilizer, i.e. loss of resources in addition higher rates of
N might contaminates the ground water quality.
Table 4.23. Effect of N rates on NUE of wheat and rice for normal soils
Treatment/Crop

Rice 2011
Wheat 2011-12
132N
84N
132N
84N
N100
4.66ab 1.95c
1.82c
2.54b
N115
5.35a
7.00a
4.48b
4.26a
N130
4.24b
3.79b
5.05a
4.44a
LSD
1.10*
1.36*
0.50*
1.06*
* Treatments differed significantly at p<0.05.

Rice 2012
Wheat 2012-13
132N 84N
132N 84N
6.20b 3.04c 7.65a 4.92b
7.27a 7.85a 5.85c 5.56ab
6.10b 4.41b 6.80b 6.05b
0.62* 0.77* 0.40* 0.91*

4.2.3.12. Nitrogen use efficiency (kg kg-1) during crop growth from salt-affected soils
Nitrogen use efficiency was the highest with N130 + gypsum @ 100% SGR compared
to 50% SGR for sandy clay loam soil for rice crop (Table 4.24). For clay loam soil, NUE
remained higher with N100 + gypsum @100% SGR which was statistically at par with N100 +
gypsum @ 50% SGR. The dose of N is directly related to the yield of rice crop as the N
requirement of rice crop will depend upon the targeted yield (Prasad, 2006) as well as rice
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type. This concept, i.e. to use N in accordance with the yield potential of rice types is getting
popular among the farmers. During wheat (2012-13) crop, the highest NUE was associated
with N130 along with gypsum @ 100% SGR from 132S and N130 along with gypsum @ 50%
SGR from 84S soils. While with gypsum @ 100% SGR, maximum NUE was obtained with
N130 from sandy clay loam which differed non-significantly from N100. It means that during
2nd crop, NUE was the highest with recommend nitrogen fertilizer along with gypsum @
100% SGR from 132S soil while N100+G50 from 84S soil. It could be due to improvement in
soil properties: ECe decreased from 10.53 to 7.27 dS m-1 and SAR 41.33 to 26.48 (mmol L1 1/2

)

from 132S soil while from 84S ECe and SAR decreased 6.12 to 4.55 dS m-1 and 24.32 to

16.07 (mmol L-1)1/2, respectively. The relationship between N dose and paddy yield was
significant and showed that yield increased with increase in N dose up to a certain level and
at constant rate with subsequent dose of N (Singh et al., 2011). At a particular N level, i.e.
with optimum dose of N, yield approached a plateau and further increase in N dose decreased
the yield. Nitrogen use efficiency was found to decrease with increasing dose of N. This is
consistent with the diminishing law of return.
During rice (2012), the highest NUE was observed with 30% higher rate of N
fertilizer along with gypsum @ 100% SGR and the lowest was with control from sandy clay
loam soil. The lowest NUE was calculated with control while higher rates of applied N
fertilizer remained non-significant with each other from clay loam soil. In case of wheat
2012-13, maximum NUE was noted with recommended rate of N fertilizer along with
gypsum @ 100% SGR and the lowest being with control from 132S soil. In 84S soil during
wheat 2012-13, the greatest NUE was observed with recommended rate of fertilizer along
with gypsum @ 50% SGR which statistically non-significant with other applied levels of N.
In salt-affected soils, treatment involving gypsum applications help to decrease
volatilization loss of NH4+-N from applications of urea fertilizer. Calcium can decrease the
effective pH by precipitating carbonates and also by forming a complex Ca-salt with NH4OH
which prevents NH3 loss to the atmosphere. Actually Ca2+ improves the uptake of N by plant
roots especially when the plants are young. It is essential in processes that preserves the
structural and functional integrity of plant membranes, stabilize cell wall structures, regulate
ion transport and control ion exchange behavior as well as cell enzyme activity (Grattan and
Grieve, 1999). According to Qadir et al. (2005), physiological disorders relating to Ca2+
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deficiency occur when the ratio of Ca2+ to the total cations fall below a certain threshold
level.
Table 4.24. Effect of N and gypsum on NUE for salt-affected soils
Treatment/Crop Rice 2011
Wheat 2011-12 Rice 2012
132S
84S
132S
84S
132S
84S
N100+G50
0.70b 0.21b 3.79c
1.46c
1.92c 0.72b
N130+G50
1.27a
2.72a
4.83b
5.32a
2.89b 6.70a
N100+G100
0.85b 3.04a
5.45ab 3.58b 2.98b 6.35a
N130+G100
1.40a
2.55a
6.30a
4.62a
3.83a 5.72a
LSD
0.26* 0.68* 1.02*
0.89* 0.638* 1.037*
* Treatments differed significantly at p<0.05.

Wheat 2012-13
132S
84S
4.59c 9.35a
5.95c 8.47ab
10.13a 6.97ab
8.15b 7.80b
1.838* 1.686*

4.2.3.13. Economic evaluation of treatments
Economical gains are the ultimate objective of an industry including agriculture. The
stress-land agriculture is generally less attactive because of initial cost of soil or water
treatments. Economics of the experiment has been calculated using the market prices of
common and variable inputs while toll prices of rice and wheat (Table 4.25-4.26). The gross
income was the highest with 30% higher N than recommended along with gypsum @ 50%
and 100% SGR from clay loam and sandy clay loam soils, respectively. The yield gap from
sandy clay loam salt-affected was decreased from 52.68% to 25.90% by using 30% higher
rate of applied N along with gypsum @ 100% SGR by comparing recommended rate of N in
normal soil. In clay loam soil, the yield gap was reduced to 16.94% from 46.76% by using
30% higher N rate along with gypsum @ 50% SGR. It is encouraging to note that the cost of
treatments has been realized from the first crop.
Gross income was the highest with N130+G100 showing the potential of applied
gypsum in salt-affected (sandy clay loam) soil while N130+G50 performed better economically
in marginal salt-affected (clay loam) soil. More income was received from wheat than that
from rice, since rice yield was low due to high ECe and SAR to begin with because of which
yield of first crop was considerably low. However, indirect benefits of such interactions, like
farm employment, environment-friendly enterprise and appreciation in land value, make the
approach, amelioration of soil even more attractive and a viable option for agriculture.
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Table 4.25. Economics of applied treatments for rice and wheat crops from sandy clay loam soil

Treatment
Normal soils

C
N100
N115
N130

Expenditure (Rs. ha-1)
Rice
Wheat
Rice
2011a 2011-12b 2012c

20013
25962
27105
27578
Salt-affected soils
C
17890
N100+G50
27501
N130+G50
29069
N100+G100 31822
N130+G100 33587

Wheat
2012-13d

Gross income (Rs. ha-1)
Total
Rice
Wheat
Rice
Expenditure 2011a
2011-12b 2012c

Wheat
2012-13d

Total
gross
Net benefit
income (Rs. ha-1)

29580
35630
37256
38431

26878
37503
39613
40640

34810
41354
41780
43020

111281
140449
145753
149669

73813
81144
104017
92269

84284
91517
105695
111380

72657
103641
114472
112322

99206
128932
128311
137255

329961
405234
452495
453227

218680
264785
306742
303558

26681
37345
39613
41880
44208

25042
38035
41215
42627
45866

33577
47004
50257
52644
55169

103190
149885
160154
168973
178830

24261
37669
44755
43781
49745

68761
85663
99757
95262
107031

55687
67083
80736
76443
87322

79764
101489
119217
126558
130925

228473
291905
344465
342045
375023

125283
142020
184312
173072
196193

a

The rate of paddy was @ Rs. 1200/40 kg and straw @ 1000/acre. The cost of fertilizer was @ Rs 827/bag (Urea), SSP @ Rs 726/bag and SOP @ Rs
2375/bag. The cost of gypsum was Rs. 80/bag.
b
The rate of wheat grain was @ Rs. 1050/40 kg and straw @ 180/40 kg. The cost of fertilizer was @ Rs 1035/bag (Urea), SSP @ Rs 896/bag and SOP @ Rs
2807/bag. The cost of gypsum was Rs. 80/bag.
c
The rate of paddy was @ Rs. 1600/40 kg and straw @ 1000/acre. The cost of fertilizer was @ Rs 1480/bag (Urea), SSP @ Rs 1259/bag and SOP @ Rs
3761/bag. The cost of gypsum was Rs. 80/bag.
d
The rate of wheat grain was @ Rs. 1200/40 kg and straw @ 180/40 kg. The cost of fertilizer was @ Rs 1480/bag (Urea), SSP @ Rs 1259/bag and SOP @ Rs
3761/bag. The cost of gypsum was Rs. 80/bag.
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Table 4.26. Economics of applied treatments for rice and wheat crops from clay loam soil
Expenditure (Rs. ha-1)
Wheat
Rice
2011Rice
a
b
Treatment 2011 12
2012c
Normal soils
22143 27435
28818
C
27249 33656
38129
N100
29829 35053
41829
N115
29524 36102
41665
N130
Salt-affected soils
C
19236
N100+G50
27774
N130+G50
30308
N100+G100 32683
N130+G100 34114

26428
35141
37769
39512
41427

25993
38210
43961
44447
47302

Gross income (Rs. ha-1)
Wheat
201213d

Total
Rice
Expenditure 2011a

Wheat
Rice
b
2011-12 2012c

Wheat
201213d

Total
Net
gross
benefit
income (Rs. ha-1)

34482
43843
45444
47047

112878
142877
152155
154338

73813
81144
104017
92269

79634
89754
99999
103525

99497
114712
144635
128189

93172
114251
121915
128335

346116
399861
470566
452318

233238
256985
318411
297980

31678
46118
48966
49347
52604

103335
147243
161003
165988
175447

38920
40982
55209
53431
54419

62954
68874
90789
77416
87121

65607
69225
109273
97597
102905

72685
109104
119180
101653
115243

240166
288185
374451
330098
359688

136831
140942
213447
164109
184241

a

The rate of paddy was @ Rs. 1200/40 kg and straw @ 1000/acre. The cost of fertilizer was @ Rs 827/bag (Urea), SSP @ Rs 726/bag and SOP @ Rs
2375/bag. The cost of gypsum was Rs. 80/bag.
b
The rate of wheat grain was @ Rs. 1050/40 kg and straw @ 180/40 kg. The cost of fertilizer was @ Rs 1035/bag (Urea), SSP @ Rs 896/bag and SOP @ Rs
2807/bag. The cost of gypsum was Rs. 80/bag.
c
The rate of paddy was @ Rs. 1600/40 kg and straw @ 1000/acre. The cost of fertilizer was @ Rs 1480/bag (Urea), SSP @ Rs 1259/bag and SOP @ Rs
3761/bag. The cost of gypsum was Rs. 80/bag.
d
The rate of wheat grain was @ Rs. 1200/40 kg and straw @ 180/40 kg. The cost of fertilizer was @ Rs 1480/bag (Urea), SSP @ Rs 1259/bag and SOP @ Rs
3761/bag. The cost of gypsum was Rs. 80/bag.
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4.2.4.

Conclusions
The highest NO3- leaching was recorded with N130 along with gypsum @ 100% SGR

from clay loam (84S) and sandy clay loam (132S) salt-affected soils. During wheat crop, more
NO3- concentration in leachate was recorded compared to those during rice crop. The crop yield
was lowered from salt-affected soils during amelioration by using higher rates of fertilizer (N130)
and gypsum application compared to their counterpart normal soils. The 30% higher N than
recommended with gypsum @ 50% and 100% SGR improved (salt-affected soil) properties and
crop yields from clay loam (marginal SA) and sandy clay loam (highly SA) soils, respectively.
During early stages of reclamation, higher doses of N and gypsum are required to achieve
maximum economical yield and NUE. During 2nd year, NUE was the highest with recommended
rate of N and gypsum @ 50% and 100% SGR for clay loam and sandy clay loam soils,
respectively. The greatest decrease in yield gap from sandy clay loam and clay loam saline-sodic
soils was observed with 30% higher rate of applied N along with gypsum @ 100% SGR and
50% SGR, respectively.
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Chapter 5
Summary
5.1.

Nitrogen use-efficiency in rice-wheat cropping system in sandy clay loam and clay

loam salt-affected soils (Lysimeter exp.)
In salt-affected soils, considerable leaching/ volatilization losses of N lead to the low
NUE. A lysimeter experiment was conducted to determine NUE in two salt-affected soils of
different texture (clay loam and sandy clay loam), using higher rates of N than that in normal
soils. The lysimeter experiment was laid-out in a completely randomized design with three
replications. The treatments included five N rates, including three higher (15, 30 and 45%) and
two lower (15 and 30%) rates than the recommended dose of 125 kg ha-1. Additionally, gypsum
was added at 50 and 100% of soil gypsum requirement (SGR) in both types of the salt-affected
soils.
After the harvest of rice (2010), the highest decrease in chemical properties (pHs, ECe and
SAR) was observed with 45% higher N fertilizer along with gypsum @ 100% SGR for sandy
clay loam (highly salt-affected) soil compared to clay loam (marginal salt-affected) soil. Higher
N-fertilizer rate along with gypsum @ 100% SGR ameliorated more efficiently compared to
50% SGR in saline-sodic soil of 132S. Post-rice per cent decrease in chemical properties was
significantly more compared to post-wheat. From sandy clay loam and clay loam soils,
maximum NO3- leaching was recorded with N145 along with gypsum @ 100% SGR. During
wheat crop, more NO3- concentration in leachate was recorded compared to those during rice
crop. Overall, N130 treatment performed better to improve soil properties and economical yield
both with gypsum 50 and 100% SGR for 84S soil and 132S soils, respectively.
Maximum paddy and straw yields were recorded for soil collected from 132S, using 45%
higher N rate along with gypsum at 100% SGR. For 84S soil, 30% higher N with gypsum @
50% SGR gave the highest paddy and straw yields. In 132S soil, gypsum at 100% SGR along
with 30% higher N rate increased the grain and straw yields (5.32 and 15.83 g lysimeter -1,
respectively) significantly compared to gypsum application at 50% SGR. The highest NUE was
found in the soil with 30 and 45% higher N rate and gypsum applied @ 100% SGR for marginal
and highly saline-sodic soils during rice crop. However, recommended rate of N with gypsum at
100% SGR performed better for both types of soils during the wheat crop second crop in
sequence due to improvement in soil chemical properties (pHs, ECe, SAR).
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5.2.
Nitrogen use-efficiency in rice-wheat cropping system in different types of saltaffected soils (Field exp.)
In salt-affected soils, availability of plant nutrient is severely limited to sustain high
production of crops, especially of N due to leaching, volatilization and denitrification losses. A
field experiment was conducted at Village 132/ GB and 84/ GB to determine NUE in the two saltaffected soils of contrasting texture (clay loam and sandy clay loam), using higher rates of N
than that in their counterpart normal soils. The experiment was laid-out in a randomized
complete block design with three replications. The promising treatments were selected from
lysimeter experiments for field experimentation. The treatments employed for normal soils were:
no fertilizer (C), recommended N fertilizer (N100), 15% higher N than recommended N fertilizer
(N115), 30% higher N than recommended N fertilizer (N130). The treatments selected for saltaffected soils were: no fertilizer & no gypsum (C), recommended N + gypsum @ 50% SGR
(N100+G50), 30% higher N than recommended N fertilizer + gypsum @ 50% SGR (N130+G50),
recommended N + gypsum @ 100% SGR (N100+G100), 30% higher N than recommended N
fertilizer + gypsum @ 100% SGR (N130+G100).
After the harvest of rice (2011) and wheat (2011-12), maximum decrease in pHs, ECe and
SAR was observed with 30% higher N fertilizer along with gypsum @ 100% SGR for (highly
salt-affected) sandy clay loam soil. The higher N-fertilizer rate along with gypsum @ 100% SGR
remained more effective to ameliorate the soil compared to 50% SGR in sandy clay loam soil.
From clay loam soil, the per cent decrease in chemical properties after rice-wheat (2011-12) crop
rotation was significantly affected with 30% higher N along with gypsum @ 50% SGR. During
2nd year, recommended rate of applied N fertilizer along with gypsum @ 100% SGR performed
better to lower the chemical properties (pHs, ECe, SAR) of soils. The results showed that the
NO3- leaching was the highest with N130 along with gypsum @ 100% SGR from clay loam and
sandy clay loam salt-affected soils. More NO3- leaching was recorded with higher level of N than
recommended in wheat compared to rice crop.
The crop yield remained lower from saline-sodic soils during reclamation even by using
higher rates of fertilizer and gypsum application compared to their counterpart normal soils. The
treatment N130 along with gypsum @ 50%

and 100% SGR improved soil (salt-affected)

characteristics and crop yield from clay loam (marginal) and sandy clay loam (highly) soils,
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respectively. During first year of experimentation, higher doses of N and gypsum remained
effective to obtain economical yield and NUE. During the second year, NUE was the highest
with recommended rate of N and gypsum @ 50% and 100% SGR for clay loam and sandy clay
loam soils, respectively.

Future Research Needs


Gypsum and N application rates should be soil-specific and soil test based for optimum
crop production.



Long term field studies are needed to evaluate the NO3-N leaching over time below the
root zone in calcareous saline-sodic soils under arid and semi-arid climate.



Field experimentation of N optimization is needed to calculate yield gap from different
salt-affected soils compared to their counterpart normal soils.



Statistical models are required for predicting cost-effective N rate under rice–wheat
cropping systems; considering the environmental and economic effects of rice-wheat crop
rotation. The models like quadratic, exponential and square root models etc. need
calibration to describe the wheat and rice yield response to N fertilizer.



Nitrogen fertilizer applied to rice crops is partially lost through ammonia volatilization,
denitrification, and leaching. These losses do cause environmental problems such as
polluting the atmosphere, aquatic systems, and ground water. So, research is needed to
precisely quantify the N fertilizer losses.



It was recommended 30% higher N over the recommended along with gypsum @ 50%
and 100% SGR improved (salt-affected soil) properties and crop yields from clay loam
(marginal SA) and sandy clay loam (highly SA) soils, respectively during first year.
During 2nd year, crop yield was the highest with recommended rate of N and gypsum @
50% and 100% SGR for clay loam and sandy clay loam soils, respectively. Thus farmers
will be benefited by the optimum use of N fertilizer for crop production during
amelioration of salt-affected soils by using gypsum and low quality waters.
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