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ABSTRACT

With the commencement of tube-well technology, farmers of the western Rajasthan started use of ground
water for irrigating arable crops. The ground water of this tract has problems of high residual sodium
carbonate (RSC) and salinity. Continuous use of such poor quality irrigation water caused accumulation
of salts on the soil surface due to edaphic and climatic reasons and made soils unfit for cultivation.
Farmers’ participatory research intervention trials on sodic soil reclamation in farmer’s participatory
mode were conducted at 12 sites of Barmer and Jodhpur districts of Rajasthan to demonstrate the effect
of gypsum application on yield and yield attributes of wheat. Four levels of gypsum [100, 50, 25 and 0 %
(without gypsum) of soil gypsum requirement] were used in the trials. Results of the trials showed that
gypsum application decreased soil pH by 0.3 to 1.1 units. The availability of P, Fe and Zn in rhizosphere
increased by 25.91, 32.72 and 38.46% over control with the application of gypsum @100 % of GR.
Application of gypsum at 50 % of GR while remaining at par with 100 % of GR increased plant height,
tillers/plant, leaves/plant and ear length by 13.16, 22.98, 23.12 and 13.82 % over control. The grain and
straw yields increased to the tune of 39.72 and 37.58 % with 50 % GR compared to control that recorded
2.87 and 3.65 t/ha yield, respectively.
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INTRODUCTION

Soil degradation caused by salinization and
sodification is of great concern in the modern world
because it reduces potential productivity of
agricultural lands (Sadiq et al., 2007). In general
occurrence of soil sodicity is a common feature of
arid and semi-arid regions. The contributing factors
for the formation of such soils in these regions
include high evaporation, low and uneven rainfall,
undulated topography, presence of salt layer at
shallow depth in the soil and poor quality ground
water rich in carbonates and bicarbonates, which
is an important source of irrigation (Singh et al.,
2013). The area under salt-affected soils in India is
estimated to be 6.73 mha spread over a number of
states across different climatic regions (ICAR and
NAAS, 2010). The projections indicate that the
affected area likely to increase due to secondary
salinization in irrigation commands, use of poor
quality ground waters for irrigation in arid and
semi arid regions, sea water intrusion and country
will have 13.0 million hectare area affected by
salinity and alkalinity by 2025 (Sharma and
Chaudhari, 2012). Rajasthan alone has 1.183 million
hectare salt affected soils (Singh et al., 2013). The

problem of soil sodicity is more severe in the 12
westerly districts of the state which lies in the great
Indian Thar Desert. Further, the quality of ground
water is a major concern for the state. At least 28%
of the country’s water which is considered “poor”
is found in Rajasthan and about 84% of ground
water used for irrigation is of poor quality (Singh
et al., 2013). Before the advent of tube-well
technology, the agriculture in western Rajasthan is
dominated by pasture based farming system.
Farmers grow only rainfed crops on their marginal
lands and reared animals on natural pastures for
sustenance. With the expansion of tube wells, more
and more marginal lands are brought under
cultivation for wheat, cumin, rape seed-mustard,
groundnut and cotton crops. Limited availability
of good quality irrigation water in these areas force
the farmers to use poor quality underground water
resulting in increase of salts causing salinity and
sodicity in surface soil (Singh et al., 2013). Sodic
soils, a unique category of salt-affected soils are
characterized by excess Na+ in the solution phase
as well as on cation exchange complex. The
accumulation of salts in surface soil alters its
physical and chemical properties, including soil
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structure and hydraulic conductivity. The gradual
increase of salts in these marginal lands with
concomitant modifications in soil properties
reduced the yield of irrigated crops grown on these
soils. High pH of the rhizosphere is the most
important limiting factors in realizing the full
potential of crops grown on sodic soils. The
reduction in availability of essential nutrients (N,
P, Fe, Zn, Mn and Cu) in these soils is generally
attributed tohigh pH of crop rhizosphere (Mengel
and Kirkby, 2006). High exchangeable sodium and
pH decrease soil permeability, available water
capacity and infiltration rates through swelling and
dispersion of clays as well as slaking of soil
aggregates (Lauchli and Epstein, 1990). Various
amendments like gypsum, sulphur, iron pyrites,
iron sulphate, press mud and farm yard manure
(FYM) may be used for reclamation of these soils.
The aim of the all the amendments is to provide a
source of calcium (Ca). The use of gypsum as a
source of Ca is a well-established practice for the
amelioration and management of sodium saturated
water/soils. The hydraulic property of soils is
stabilized by treatment with gypsum, and the
concentration of Ca electrolyte maintained in the
soil solution prevents the disruption of aggregates
and the occlusion of pores by dispersed clay
particles (Greene et al., 1988). Though technology
for the reclamation of sodic soils with the use of
gypsum is available, the adoption rate of
technology at grass root level is poor. Principal
reasons of non-adoption of land reclamation
include lack of availability of good quality irrigation
water, lower risk bearing capacity, undulating
topography, poor investment power, knowledge of
reclamation and limited availability of gypsum

(Singh et al., 2013). Thus, the present study of
farmers’ participatory research was conducted to
demonstrate the intervention of gypsum
application on the yield of wheat to the farmers’ of
western Rajasthan.

MATERIALS AND METHODS

Study area
Field trials were conducted at 12 Farmers’ field

during rabi 2008-2011 in Dhundharia and
Budiwada villages of Jodhpur and Barmer districts
of Rajasthan. The soils of study sites were well
drained, deep loamy sand classified as Typic
Haplocambids. The irrigation water at all locations
were sodic with electric conductivity (EC) 1.5-4.2dS/
m, residual sodium carbonate (RSC) 3.4 -8.9 meq/l,
sodium absorption ratio (SAR) 10.5-42.0 (Table 1).
Farmers were using such water for irrigation since
last 10-15 years which caused built up of soil
sodicity problem in the root rhizosphere. The soil
pH increased from 9.3-9.8 and electrical
conductivity of saturation extract (ECe) from 0.265
- 0.517 dS/m (Table 1). The gypsum requirements
of these soils ranged from 4.5 and 10.8 tons / ha.
The content of CaCO3 was less than 1% and organic
carbon varied from 0.12-0.18 %. The soils were low
to medium in available phosphorus (8.23-12.8 kg/
ha) and medium to high in available potassium
(225-315 kg/ha).

Laboratory Analysis
Soil samples were collected from 0-15 cm soil

depth for chemical analysis and gypsum
requirement before sowing of crop. Soil pH and
electrical conductivity were measured in 1:2; soil

Table 1. Chemical properties of irrigation water and soils of different farms under study

Farms                  Irrigation water       Soils
pH EC SAR RSC pH EC SAR GR of soils Total gypsum

(dS/m) (meq/l) (dS/m) (t/ha) applied (t/ha)

Farm-1 8.2 3.3 15.6 4.2 9.5 0.52 24.7 7.2 7.5
Farm-2 8.0 2.5 11.2 5.6 9.7 0.40 27.5 9.5 10.3
Farm 3 7.7 4.2 42.0 3.4 9.5 0.21 26.0 4.5 4.6
Farm 4 7.6 2.2 29.0 3.8 9.2 0.24 22.7 5.5 5.7
Farm -5 8.0 3.2 17.4 5.4 9.6 0.33 23.6 7.2 7.9
Farm -6 7.9 4.1 20.9 5.9 9.3 0.52 23.2 10.8 11.7
Farm -7 8.8 2.3 27.8 8.9 9.7 0.42 25.6 10.8 12.6
Farm -8 8.0 3.2 17.5 5.3 9.5 0.52 23.2 7.7 8.4
Farm -9 8.0 1.5 10.5 4.8 9.8 0.42 23.9 7.5 8.0
Farm -10 8.4 2.2 16.6 7.7 9.7 0.31 26.4 10.8 12.2
Farm 11 7.9 3.4 20.8 6.9 9.2 0.39 25.5 8.8 9.97
Farm -12 8.3 1.9 16.7 8.2 9.7 0.26 26.2 10.8 12.3
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water suspension. Soil saturation extracts and
irrigation water were analyzed for cations and
anions using standard method (Richards, 1954). The
Ca and Mg were analyzed by versenate titration
method, Na and K by flame photometer and Cl-1,
SO4

-2, CO3
-2, HCO3

-1 by standard titration methods.
The sodium absorption ratio (SAR) and residual
sodium carbonate (RSC) calculated using formula
given below:

where, Na, Ca, Mg = meq/l

RSC (meq/l) = (CO3
-2+HCO3

-1) - (Ca+2 + Mg+2)

Gypsum requirement at each location was
determined according to Schnoonovers method
(Richards, 1954) by adding 5 g soil to 100 ml of
saturated calcium sulphate solution. Soil chemical
analysis was carried out following standard
analytical procedures. The soil reaction (pH of 1:2,
soil: water suspensions) was determined by pH
meter (Jackson, 1973). Electrical conductivity (EC)
of soil extract was determined using conductivity
bridge (Richards, 1954). Organic carbon was
determined by rapid titration method (Walkley and
Black, 1934). Available phosphorus was extracted
with 0.5M NaHCO3 solution (8.5 pH) and
phosphorus in the extract was estimated
colorimetrically (Olsen et al., 1954). Available
potassium was determined by extraction of soil
with neutral normal ammonium acetate (pH 7.0 in
1:5, soil: solution ratio) and available potassium was
estimated with help of flame photometer (Jackson,
1973). Available iron and zinc in the soil were
extracted with DTPA reagent (Lindsay and Norvell,
1978) and were determined with the help of Atomic
Absorption Spectrophotometer.

Treatment details
The treatments were comprised of four levels

of gypsum; control (without gypsum), application
of gypsum at 100 per cent of soil gypsum
requirement (100% GR), 50 per cent of soil gypsum
requirement (50% GR) and 25 per cent of soil
gypsum requirement (25% GR). At each farm 0.64
ha area was divided in to four plots of 40 mx 40 m
and gypsum was applied in each plot as per the
treatment and the amount needed to neutralize
excess RSC in the irrigation water. The quantity of
gypsum for treatments was calculated as: (a) 100%
GR: 100% of soil gypsum requirement + gypsum
required to neutralize RSC in irrigation water in

excess of 3 meq/l; (b) 50% GR: 50% of soil gypsum
requirement + gypsum required to neutralize RSC
in irrigation water in excess of 6 meq/l; (c) 25% GR:
25% of soil gypsum requirement + gypsum required
to neutralize RSC in irrigation water in excess of
7.5 meq/l; (d) Control: No gypsum application.

Field experiment
The experiments were carried in Farmers’ fields

during rabi season 2008-2011. During rainy season
(July) the calculated quantity of gypsum (70%
agricultural grade, 60 mesh) was applied as per
treatments, mixed thoroughly and fields were left
uncultivated in kharif season. Wheat (Variety-3077)
was sown in November as test crop at all sites and
irrigated with the RSC water available at each Farm.
Recommended doses of nitrogen (100 kg N/ha) and
phosphorus (60 kg/ha) were applied through urea
and DAP (Diammonium phosphate). The crop was
given seven irrigations at critical stages and
weeding and hoeing was done at 30 days after
sowing to keep the crop weed free. One square
meter quadrat was used for counting of plants per
unit area and yield attributes were calculated from
the randomly selected five plants. Grain and straw
yields were calculated from the net plot area of each
treatment after excluding one meter boarder area
of the gross plot.

Statistical analysis
The field trials conducted in to present study

were classified under the Technology-verification
Experiments (Gomez and Gomez, 1983) wherein
the superiority of new technologies compared with
that ofthe Farmer’s existing practice. The four
treatments of gypsum were replicated five times in
Randomized Block Design. The variance of
individual farm was analyzed first followed by the
computation of combined analysis of variance for
data from all farms, following the appropriate
procedure for combining data over sites by Gomez
and Gomez (1983). Fisher ’s least significant
difference (LSD) was used to compare treatment
means at p=0.05 level of significance.

RESULTS AND DISCUSSION

Availability of nutrients in rhizosphere and soil reaction
Post-harvest data of soil for pH and available

phosphorus (P), iron (Fe), and zinc (Zn) have been
depicted in Fig. 1 which reveals that gypsum had a
profound effect on all the above four variables. The
pH (average value) of soil declined from 9.39 in
control to 8.74 in 100% GR indicating 0.65 units pH
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decreases after harvest of wheat crop. The
application of gypsum at 50% GR also decreased
the pH of rhizosphere soil by 0.43 units over control.
Soil pH was linearly related with ESP within the
pH region for sodic soil. Therefore, almost all
approaches of sodic soil reclamation require the
replacement of part or most of the exchangeable
Na+ by readily available Ca+2 ions in rhizosphere.
Decrease in pH could be due to removal of excess
Na+ with exchangeable Ca+2 supplied in the soil and/
or addition of sulfur in case of gypsum, which
contains about 19% sulphur (Chapman, 1975).
Moreover, gypsum solubility is also enhanced
because of the increased activity coefficient of
calcium and sulfate as a result of increased ionic
strength of solution and the formation of the
sodium sulfate ion pair. Studies on the effect of
gypsum application on saline-sodic soil reclamation
have shown that the soil receiving gypsum at higher
rate removes the greatest amount of Na+ from the
soil columns and causes a substantial decrease in
soil pH (Hamza and Anderson, 2003; Gupta and
Arora, 2016; Singh et al., 2016). Thus in the present
study application of gypsum at 50 and 100 % GR
caused significant reduction in soil pH.The
availability of P, Fe and Zn increased significantly
with application of graded levels of gypsum at all
the farms. Maximum values of 11.71 kg/ha, 2.92 and
0.54 mg/kg of P, Fe and Zn were recorded with
application of gypsum at 100 % GR which were
25.91, 32.72 and 38.46 % higher than the control,

Fig. 1. Soil reaction and available plant nutrients of wheat rhizosphere soil under graded levels of gypsum

respectively. Application of gypsum at 50 % GR
stood second in this regard and increased the
availability of P, Fe and Zn by 21.14, 21.77 and 27.41
% in the rhizosphere than the 9.30 kg/ha, 2.20 and
0.39 mg/kg of P, Fe and Zn in control. Though,
application of gypsum at 50 % GR recorded
significantly higher values of P, Fe and Zn than the
control, it remained statistically inferior to gypsum
at 100 % GR for all the three nutrients.

The observed increase in the availability of P,
Feand Zn due to application of gypsum is attributed
to decrease in soil pH. The adsorption–desorption
reactions of P is greatly influenced by the pH of
rhizosphere (Agbenin, 1996). The increase in pH of
the soil solution increases the adsorption of the
divalent phosphate ion and thus reduces the
availability of P to plants. In the present study,
reduction in rhizosphere pH with gypsum might
have favoured the desorption reaction and increase
the availability of P. Similarly, Page et al. (1990) had
reported increased availability of micronutrients in
sodic soil with decrease in soil pH.

Yield and yield attributes
The yield and yield attributes of wheat showed

positive response to the graded levels of gypsum
(Table 2, 3). Application of gypsum @ 50 % GR while
remaining at par with 100 % GR, recorded 13.16,
22.98, 23.12 and 13.82 % higher plant height, tillers/
plant, leaves/plant and ear length over control. The
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significant variation in these yield attributes were
also recorded among 12 farms. The maximum plant
height (91 cm) and ear length (cm) were recorded
with farm no 1 while farm no 3 ranked first in tillers/
plant (3.38), leaves/plant (10.15) while harvest index
was highest (45.56) at farm 11.As similar, to yield
attributes, gradual increase in gypsum levels
increased the grain and straw yields of wheat
concomitantly (Table 3). Application of gypsum at
50 % GR while remaining at par with 100 % GR,
recorded 39.72 and 37.58 % higher grain and straw
yields over control that recorded 2.87and 3.65 t/ha
yields, respectively. The higher values of grain and
straw yields of 5.10 and 6.20 t/ha were recorded
with farm 9 among the 12 farms. The interaction of
farms and gypsum levels revealed that gypsum
applied at 50 % GR and 100 % GR in farm 9 recorded
the maximum yields as compared to other
combinations. The significant increase in yield and
yield attributes with gypsum at 50 and 100 % GR
might be associated with better nutritional
environment in the root zone as well as in plant
system under the influence of gypsum application.
Similar observations of gypum use on growth and
yield were reported by Jalali et al. (2005) and Arora
et al. (2016). Application of gypsum in soil reduced
the soil pH and thus increased the availability of P,
Fe and Zn (Fig. 1) either by increasing their
solubility or by decreasing their oxidation state. The
availability of these nutrients to the plants is related
to their solubility which in turn depends on soil
reaction and oxidation state of the element in soil

Table 2. Yield attributes of wheat at Farmers’field under
graded levels of gypsum application

Treatment Plant Tillers Leaves Ear Harvest
height per per length index
(cm) plant plant (cm) (%)

Gypsum

Control 76 2.61 7.83 7.38 44.04

25%GR 80 2.85 8.53 7.79 43.51

50%GR 86 3.21 9.64 8.40 44.32

100% GR 87 3.41 10.02 8.53 44.55

SEm± 0.91 0.02 0.08 0.08 0.18

CD at 5% 2.55 0.07 0.24 0.23 0.51

Farms

Farm 1 91 3.18 9.38 9.15 43.05

Farm 2 76 3.30 8.68 7.30 44.78

Farm 3 74 3.38 10.15 7.15 45.56

Farm 4 77 2.80 8.75 6.70 42.58

Farm 5 85 2.65 8.00 8.98 42.23

Farm 6 86 2.68 8.00 8.95 41.82

Farm 7 81 3.25 9.85 7.15 45.33

Farm 8 85 2.80 8.13 8.98 44.69

Farm 9 76 2.93 9.73 8.90 44.95

Farm 10 76 2.90 8.68 6.70 44.56

Farm 11 89 3.15 9.25 7.38 45.77

Farm 12 90 3.23 9.45 9.00 43.96

SEm± 1.58 0.04 0.15 0.14 0.1

CD at 5% 4.42 0.11 0.41 0.39 0.30

Table 3. Grain and straw yields of wheat at Farmers’ field under graded levels of gypsum application

Treatment Farm 1 Farm 2 Farm 3 Farm 4 Farm 5 Farm 6 Farm 7 Farm 8 Farm 9 Farm Farm Farm Average
10 11 12

Grain yield (kg/ha)
Control 3200 2900 2200 2500 2800 2800 2200 3200 3500 2800 3200 3200 2875
25%GR 3400 3600 2500 2900 2900 2900 2500 3600 4200 3200 3800 3400 3242
50%GR 4200 4300 3100 3700 3400 3200 3500 4200 5100 4400 4400 4700 4017
100% GR 4400 4400 3500 4200 3500 3400 3600 4300 5200 4400 4500 4800 4183
Average 3800 3800 2825 3325 3150 3075 2950 3825 4500 3700 3975 4025 3579

SEm± CD at 5% SEm± CD at 5% SEm± CD at 5%
Gypsum 45 125 Farm 78 217 Interaction 155 434
Straw yield (kg/ha)
Control 4000 3700 2700 3200 4000 4000 2800 4000 4400 3200 3900 4000 3658
25%GR 5000 4400 2900 4000 4000 4000 2900 4600 5100 4300 4500 5000 4225
50%GR 5500 5200 3700 5200 4600 4500 4200 5100 6200 5400 5200 5600 5033
100% GR 5600 5400 4200 5600 4600 4600 4300 5200 6300 5600 5200 5800 5200
Average 5025 4675 3375 4500 4300 4275 3550 4725 5500 4625 4700 5100 4529

SEm± CD at 5% SEm± CD at 5% SEm± CD at 5%
Gypsum 45 125 Farm 77 216 Interaction 155 433
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solution (Bradl, 2004). Further, reduction in
rhizosphere pH in turn enhanced the dissolution
of the native calcite and therefore may supply
adequate Ca+2required for removal of Na+ from the
soil-exchange complex. The increased availability
of Ca+2 results into replacement of Na+ by Ca+2 in
the soil exchange complex and was also reported
by Robbins (1986). The higher grain and straw
yields in Farm no 9 in the study was attributed to
lower EC (1.5 dS/m) and SAR (9.8) of the irrigation
water as compared to other Farms and thus it could
be presumed that lethal effects of water on the crop
yields were lower than the other Farms in the
present study.

CONCLUSION

From the foregoing discussion, it can be
concluded that gypsum application at 50 % of
gypsum requirement is effective for reclaiming
sodic soil and irrigation water containing higher
RSC, EC and SAR for higher yields of wheat crop.
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