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Abstract Eight on-farm trials were conducted during

2008–2011 to investigate the effect of various levels of

gypsum application (100, 50, 25 and 0 % of GR) on soil

properties and yield of wheat grown on Typic Haplocam-

bids soils irrigated with high residual sodium carbonate

(RSC) water. Gypsum requirement (GR) was calculated on

the basis of soil gypsum requirement plus quantity of

gypsum required to neutralize RSC of irrigation water in

excess of 3 me/l. The present study indicated that gypsum

application at the rate of 100 % GR decreased soil pH by

0.3–1.0 units and SAR by 10.9–13.1 over control at

0–15 cm soil depth. The grain yield of wheat increased by

600–1700 kg/ha with the gypsum application at the rate of

100 % GR.
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Arid western part of Rajasthan is characterized by low and

erratic rainfall, frequent drought, high temperature, high

wind velocity, high potential evaporation, poor vegetation

cover, major proportion of sand in soils, poor soil fertility

status and low water holding capacity of soil. Despite these

bio-physical constraints, the region has high human and

livestock population, which mostly depend on agriculture

and allied activities, and thus have limited natural resour-

ces. This has resulted in over-exploitation of the resources.

Presently, 40.7 % of the total irrigated area is served

through groundwater wells, but more than 68 % of

groundwater of the region is of poor quality and 16, 35 and

49 % waters are further categorized into saline, sodic and

saline sodic water, respectively [1]. These ground waters

contain high (upto 20 me/l) residual sodium carbonate, as

well as salinity (14 dS/m). Soils irrigated with water con-

taining RSC [2.5 me/l can cause sodicity problem in the

soils [2]. Continuous irrigation with high RSC water has

gradually turned soils more saline and sodic than before,

and more problematic and degraded in atleast an area of

4500 km2 [3].

To offset the deteriorating effect of high RSC water on

soil, gypsum is commonly recommended as a soil

amendment [4, 5]. As the sodic soils have high

exchangeable sodium percentage, the calcium supplied

through gypsum replaces the sodium held at the clay

exchange sites and allows for deeper, healthier root

development and water penetration in the soil, which helps

in preventing compaction.

A rapid reconnaissance showed that the benefits of the

technology had not reached much beyond the district

headquarters [1]. In order to recognize complication in

understanding by the stakeholders and to encourage the

stakeholders for spending time and resources on rehabili-

tation activities, a small programme of technology

demonstration was undertaken at eight farmers’ fields in

Dhundharia village of Jodhpur district (72� 570 35.100 E, 26�
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430 46.400 N about 75 kms to the west of Jodhpur town)

during 2008–2011 through participation of the farmers.

The soils were well-drained deep loamy sand with clay

content 7.50–10.00, silt 5.25–8.00 and sand 82.00–87.25 %

and classified as Typic Haplocambids. The irrigation water

was saline sodic (1.5–4.1 dS/m), with RSC of 4.2–8.9 me/l

and sodium adsorption ratio (SAR) of 9.8–27.8. The soils

were irrigated with such water for the last 10–12 years

which resulted in buildup of soil sodicity in the root rhi-

zosphere. The gypsum requirements of these soils ranged

from 7.2 to 10.8 t/ha. The content of CaCO3 was less than

1 % and organic carbon was 0.12–0.18 %. The soils were

low to medium in available phosphorus (8.23–12.80 kg/ha)

and medium to high in available potassium (225–315 kg/

ha).

Before sowing of crops, the soil samples were collected

from 0 to 15 cm and 15–30 cm depth to estimate the

gypsum requirement. Soil saturation extracts and irrigation

water were analyzed for cations and anions using standard

method [2]. The Ca2? and Mg2? were analyzed by

Versenate titration method, Na and K by flame photometer

and Cl-, SO4
–, CO3

–, HCO3
- by standard titration meth-

ods. The SAR and RSC were calculated using formula

given below:

SAR ¼ Naþ
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

Ca2þ þMg2þ=2
p

where, Na, Ca, Mg are in me/l

RSC me=lð Þ ¼ CO2�
3 þ HCO�

3

� �

� Ca2þ þ Mg2þ� �

Gypsum requirement at each location was determined

according to Schnoonover’s method [2] by adding 5 g soil

to 100 ml of saturated calcium sulphate solution.

The treatments comprised four levels of gypsum

requirement i.e. G3, G2, G1 and G0. The treatment details

of area are under as:

• G3-100 % of soil gypsum requirement ? gypsum

required to neutralize RSC in irrigation water in excess

of 3 me/l;

• G2-50 % of soil gypsum requirement ? gypsum

required to neutralize RSC in irrigation water in excess

of 6 me/l;

• G1-25 % of soil gypsum requirement ? gypsum

required to neutralize RSC in irrigation water in excess

of 7 me/l;

• G0-control.

During rainy season (July to September) at the onset of

monsoon (July) the calculated quantity of gypsum (70 %

agricultural grade, particle size-60 mesh) of Indian Potash

Limited, brand was applied in the fields as per treatments,

mixed thoroughly, and the fields were left uncultivated

during autumn (kharif) season. Wheat (variety 3077) was

sown in November and irrigated with the RSC water

available at each farm. Recommended doses of nitrogen

and phosphorus were applied through urea and diammo-

nium phosphate. The crop was given seven irrigations,

weeding and hoeing was done 30 days after sowing. Plant

samples were taken from three random places in each

treatment using 1 m2 quadrat. Plants were counted from

each quadrat and yield attributes were calculated from five

randomly selected plants. Grain and straw yields were

calculated from the plants harvested from net plot area

(40 9 40 m) of each treatment after excluding one meter

border area of the gross plot. 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 [6]. Fisher’s least sig-

nificant difference (LSD) was used to compare treatment

means at p = 0.05 level of significance.

The physico-chemical analysis of the soils indicated high

pH (9.3–9.8) in all the farm fields, high SAR (23–26), and

also the dominance of sodium among the cations, and car-

bonates and bicarbonates among the anions. The ameliorative

effect of gypsum treatment on soil was measured in terms of

decreased pH and SAR values and increased crop yield. Soil

pH in gypsum-treated plots was found to decrease by 0.3–1.0

unit at the surface (0–15 cm; Table 1), although pH values

remained [8.5 at most of the farms despite gypsum appli-

cation. The decrease in pH can be attributed to the removal of

carbonates and bicarbonates of sodium after gypsum treat-

ment. Similar results were also obtained by Zaka et al. [7],

Joshi and Dhir [8], and Joshi et al. [9] in arid soils irrigated

with saline-sodic water. The pH values were also found to

have declined slightly at 15–30 cm depth but the extent of

reduction was lesser than at surface, possibly due to leaching

of sodium salts at lower depth, when released by the exchange

with calcium of applied gypsum in the soil [10, 11].

Gypsum application at the rate of 100 % of soil GR

reduced the SAR on an average by 10.8. Decrease in SAR

was also observed in lower depths but at a lower magnitude

(8.3). G2 treatment decreased the soil SAR values by 8.8. G1

treatment reduced the SAR values by 5.1. The rate of decrease

in SAR values was greater in surface layer than at depth,

perhaps because of Na displacement from the surface by

calcium present in applied gypsum [12]. The decrease in SAR

was mainly due to removal of exchangeable sodium from the

soil. These results are in agreement with those of Zaka et al.

[7], Cucci et al. [10], Singh et al. [13] and Joshi [14].

Application of gypsum increased the wheat yield at all

the farms (Figs. 1, 2, 3). Gypsum treated plots increased
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Table 1 Soil properties at harvest of wheat as influenced by gypsum treatment

Farms Treatment Soil depth (cm) pH EC (dS m-1) SAR

Farm-1 G3 0–15 9.05 0.683 13.2

15–30 9.20 0.597 18.6

G2 0–15 9.10 0.589 14.6

15–30 9.20 0.626 19.2

G1 0–15 9.40 0.567 19.8

15–30 9.52 0.506 23.7

G0 0–15 9.50 0.517 24.7

15–30 9.58 0.485 27.8

Farm-2 G3 0–15 9.28 0.271 12.7

15–30 9.52 0.291 17.4

G2 0–15 9.38 0.329 13.8

15–30 9.66 0.293 19.6

G1 0–15 9.56 0.373 19.3

15–30 9.66 0.343 24.1

G0 0–15 9.63 0.403 23.6

15–30 9.74 0.353 26.2

Farm-3 G3 0–15 8.50 0.892 12.8

15–30 8.58 0.875 18.3

G2 0–15 8.67 0.746 16.2

15–30 8.94 0.641 22.3

G1 0–15 8.92 0.542 18.4

15–30 8.98 0.456 23.7

G0 0–15 9.20 0.554 23.2

15–30 9.34 0.421 26.5

Farm-4 G3 0–15 9.23 0.418 12.7

15–30 9.28 0.468 18.8

G2 0–15 9.42 0.344 15.8

15–30 9.44 0.347 21.4

G1 0–15 9.65 0.310 20.4

15–30 9.70 0.307 24.6

G0 0–15 9.75 0.332 25.8

15–30 9.68 0.412 27.8

Farm-5 G3 0–15 8.37 0.942 14.9

15–30 8.66 0.854 18.8

G2 0-15 8.55 0.866 15.7

15–30 9.12 0.587 19.2

G1 0–15 9.35 0.477 17.9

15–30 9.39 0.654 21.6

G0 0–15 9.49 0.520 23.2

15–30 9.65 0.501 25.4

Farm-6 G3 0–15 9.08 0.505 11.9

15–30 9.02 0.551 17.4

G2 0–15 9.22 0.455 15.4

15–30 9.37 0.394 20.2

G1 0–15 9.62 0.325 17.8

15–30 9.53 0.344 22.4

G0 0–15 9.76 0.427 23.9

15–30 9.63 0.388 25.1
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the grain yield by 600–1700 kg/ha with G3 and 400–1600

with G2 over the control plots (Fig. 1). Similar trend was

also recorded with straw and biological yields (grain and

straw yields) under these treatments (Figs. 2, 3). Reduced

pH, increased nutrient availability and yield attributes

contributed to increased grain yield. However, the differ-

ence in grain yield between G3 and G2 was statistically at

par. Whereas, yield gap between G3 and G1, and between

G2 and G1 was remarkably higher, as already reported by

Joshi and Dhir [8] and Manchanda et al. [15].

Before carrying out the study, a primary survey was

conducted in the village to learn about the status of

knowledge among the farmers on amelioration technology

for sodic soils irrigated with high RSC water, and adoption

Table 1 continued

Farms Treatment Soil depth (cm) pH EC (dS m-1) SAR

Farm-7 G3 0–15 9.20 0.418 15.5

15–30 9.28 0.457 19.5

G2 0–15 9.38 0.346 16.6

15–30 9.42 0.380 21.2

G1 0–15 9.56 0.318 21.0

15–30 9.62 0.268 24.3

G0 0–15 9.70 0.314 26.4

15–30 9.74 0.392 27.9

Farm-8 G3 0–15 9.28 0.465 16.6

15–30 9.44 0.372 22.2

G2 0–15 9.52 0.360 17.9

15–30 9.71 0.470 24.7

G1 0–15 9.60 0.354 21.9

15–30 9.63 0.325 27.7

G0 0–15 9.70 0.265 26.2

15–30 9.62 0.372 30.8

Fig. 1 Grain yield of wheat at different farms under various levels of

gypsum applications

Fig. 2 Straw yield of wheat at different farms under various levels of

gypsum applications

Fig. 3 Biological yield (grain and straw yield) of wheat at different

farms under various levels of gypsum applications
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level, if any. For this, 45 farm families were selected. The

recommended practices of sodic soil amelioration were: (1)

leveling and bunding of fields for rainwater conservation to

facilitate leaching of sodium salts, (2) gypsum application

and (3) application of organic manures. Results suggested

that 10 % of the 45 farmers used farm yard manure for

amelioration, 15 % had practiced field-bunding and rain-

water conservation by default because of water scarcity,

10 % applied gypsum without knowing gypsum require-

ment and proper method of application. A staggering 65 %,

however, did not adopt any practice or technology for sodic

soil amelioration. Lack of awareness was perceived as top

most constraint by 60 % of the respondents in adoption of

amelioration technology of sodic soils through gypsum.

Other important factors cited were non-availability of

gypsum in time, poor quality of the available groundwater,

small land holdings and lack of enough money to purchase

gypsum.

After the technology demonstration and its results in the

form of standing crops in farmers’ fields, a total of 45

farmers were asked about the impact of the technology and

its adoption. The information was collected through per-

sonal interview techniques using structured schedule.

Farmers very much appreciated the technology and

appeared to be satisfied with the crop stand. After seeing

the results in fields 100 % farmers agreed to adopt the

technology. The farmers in whose fields the experiment

was carried out assured to help others in adoption.

In order to find out if the farmers had adopted the

technology, we visited the experimental sites 2 years after

the last demonstration in winter, 2011, and talked to the 45

respondents who were contacted earlier. It was found that

only 30 % of the respondents were following the technol-

ogy, but 70 % did not. Discussion with the 70 % non-users

revealed that at least 60 % of them were willing to follow

the technology, provided all the inputs (gypsum, seed,

fertilizer, etc.) were given to them. About 30 % farmers

felt that non-availability of gypsum in time and non-

availability of good quality water were the constraints for

acceptability of the technology, while 10 % felt that tech-

nology was very expensive, labour-oriented, complicated

and difficult to adopt.
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