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Effect of high residual sodium carbonat (RSC) water and 
amendments on soil properties under rice-mustard (Brassica 
juncea ‘Khanpur Raya’) rotation

Abstract: A trial was designed to study the deleterious ef-
fect of high RSC water on soil properties under rice-mustard 
crop rotation. Treatments included were; T1: high RSC water, 
T2: gypsum on the basis of RSC of water, T3: H2SO4 on the basis 
of RSC of water, T4: green manuring with guar, T5: farm yard 
manure (FYM) at the rate of 10 t. ha-1. For irrigation tube well 
water having (electrical conductivity (EC) 1.37 dS m-1, sodium 
adsorption ratio (SAR) 8.40 (mmol l-1)1/2 and RSC 7.85 me l-1) 
was used. The results revealed that lowest paddy (2.22 t ha−1) 
and grain yield (1.00 t ha−1) of rice and mustard were recorded 
when irrigated with high RSC water. In case of soil analysis, 
long-term use of high RSC water induces secondary salinity by 
increasing pH (1.92 %), EC (5.73 %) and SAR (35.71 %) over 
their initial values. Harmful effects of high RSC water were 
thwarted by all the treatments; however, positive effects of gyp-
sum were more visible that increased crop growth and grain 
yield of rice-mustard crops by promoting soil properties. Gyp-
sum recorded the highest paddy and grain yield (3.66 t ha−1, 
1.70 t ha−1) of rice and mustard crop and decreased soil pHs 
(4.98 %), ECe (29.93 %) and SAR (54.54 %) over their initial 
values. 

Key words: residual sodium carbonate, rice, mustard, sa-
linity, sodic water, gypsum, sulfuric acid, guar

Učinek velikih vsebnosti rezidualnega natrijevega karbonata 
(RSC) v vodi in dodatkov na lastnosti tal v kolobarju riža in 
gorjušice 

Izvleček: Poskus je bil izveden z namenom preučiti 
škodljive učinke velikih vsebnosti natrijeva karbonata na last-
nosti tal v kolobarju riža in gorjušice. Obravnavanja so bila; 
T1: velika vsebnost RSC v vodi, T2: dodatek sadre vodi z veliko 
vsebnostjo RSC, T3: dodatek H2SO4 vodi z veliko vsebnostjo 
RSC , T4: zeleno gnojenje z guarom, T5: dodatek hlevskega 
gnoja (FYM) v odmerku 10 t ha-1. Za namakanje je bila up-
orabljena voda iz vodnjakov naslednjih lastnosti: električna 
prevodnost (EC 1.37 dS m-1), razmerje adsorbiranega natrija 
(SAR; 8.40 mmol l-1)1/2 in RSC 7.85 me l-1). Rezultati so poka-
zali, da je bil najmanjši pridelek biomase (2,22 t ha−1) in zrnja 
(1,00 t ha−1) v kolobarju riža in gorjušice pri zalivanju z RSC 
vodo. Analize tal so pokazale, da je dolgotrajno namakanje z 
RSC vodo povzročilo sekundarno salinizacijo s povečanjem pH 
(1,92 %), EC (5,73 %) in SAR (35,71 %) glede na začetne vred-
nosti. Škodljivi učinki namakanja z vodo z veliko vsebnostjo 
rezidualnega natrijeva karbonata so bili oblaženi z vsemi ob-
ravnavanji vendar je bil največji pozitivni učinek opažen pri do-
datku sadre zaradi izboljšanja lastnosti tal, kar je povečalo rast 
poljščin in pridelek zrnja riža v kolobarju riža z gorjušico. Do-
datek sadre je dal največji pridelek biomase in zrnja riža (3,66 t 
ha−1, 1,70 t ha−1), zmanjšal pH (4,98 %), električno prevodnost 
(ECe ; 29,93 %) in SAR (54,54 %) glede na njihove izhodiščne 
vrednosti. 

Ključne besede: rezidualni natrijev karbonat, riž, 
gorjušica, slanost, slana voda, sadra, žveplena kislina, guar
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1	 INTRODUCTION

Freshwater resources has long played a critical 
role in production and cultivation of agricultural crops 
throughout history, it is primarily used as 75 % in global 
agriculture (Assouline et al., 2015). However, increas-
ing population, industrial productions and agricultural 
expansion has led the huge difference between supply 
and demand of freshwater resources and most of the 
countries of the world are facing shortage of fresh water 
resources (Gilbert, 2018). In recent years, global warm-
ing, inadequate rainfall, droughts and strong wind under 
climate change scenario further aggravated water scar-
city and poses a great challenge to food safety and hu-
man health (Kummu et al., 2010). So, to solve the prob-
lem of global water deficit, new technical measures are 
being developed in the utilization of non-conventional 
water resources (Chen et al., 2016). Underground poor-
quality water has emerged as potential alternative way 
source of irrigation that could relive the water pressure, 
almost 27 countries are utilizing underground brackish 
water for agricultural crops (Zhu et al., 2021). Irrigated 
agriculture is the primary source of Pakistan’s economy 
and groundwater is a big source primarily used to meet 
the > 40 % of countries irrigational requirements but un-
fortunately 70-75  % of underground is of poor quality 
(Cheema et al., 2014). Brackish water irrigation changes 
the soil physical, chemicals and structural properties.  It 
has been reported that irrigating with poor quality wa-
ter reduces soil permeability (Li et al., 2018), increased 
soil electrical conductivity (Yang et al., 2020) and inter-
fere with nutrient uptake (Chen et al., 2018). Sodic wa-
ter may degrade the soil porosity from 8.8 to 12.5 % and 
7.4–13.8 %, and bulk density from 7.4–13.8 % (Öztürk 
et al., 2023). Poor quality water also has a direct effect 
on the morphophysiological of plant (Viana et al., 2021). 
Water with high soluble salts and Na content may cre-
ate drought conditions in rhizosphere, inhibiting water 
uptake, limited CO2 assimilation, stomatal closure and 
disrupting photosynthetic activity (Leite et al., 2017; Sá 
et al., 2018). Yang et al. (2020) irrigated cotton crop with 
saline water (1g·l−1, 3g·l−1, 6g·L−1, 9 g·l−1 and 12 g l−1). They 
reported that saline water causes secondary soil salini-
zation by increasing salts in rootzone, soil pH increases 
but the cotton yield decreases as salt content increased 
in saline water. Similarly, it is reported by Wiedenfeld 
(2008) that water having EC (3.4 dS m-1) used to irrigate 
the sugarcane crop results in 17 % reduction in cane and 
sugar yield. Arora et al. (2018) studied the results of tap 
water having EC (0.7 dS m-1), alkli water (RSC) of 2.5 
and 10 me l-1) and saline water (EC 5.0 and 10 dS m-1) on 
growth and grain yield performance of rice-wheat crops. 
They reported that alkali water builds up soil sodicity by 

increasing soil pH and exchangeable sodium percentage. 
While maximum grain mortality in rice-wheat crop was 
recorded when irrigation with saline water of EC (10 dS 
m-1) was done. 

Brackish water is rich source of beneficial micro-
nutrients and short-term irrigation did not obviously 
deteriorate the soil health and can improve the quality 
and yield of crops (Jin et al., 2016). However, long-term 
brackish water irrigation may cause non-salinized soil to 
transform into salinized soil due to accumulation of cer-
tain toxic ions in root zone that lead to serious crop yield 
reduction and huge changes in the physico-chemical 
properties of the soil (Lee et al., 2016; Cao et al., 2016; 
Tahtouh et al., 2019). Therefore, secondary soil saliniza-
tion is mainly determined by amount and kind of dis-
solved salt content of poor-quality water and utilization 
of brackish water has become a new problem to solve. 
Therefore, long run utilization of low-quality water needs 
to be investigated and appropriate protective measures 
need to framed that inhibit soil salt accumulation in soil. 
The damaging effect of brackish water on soil and crops 
can be alleviated by suitable agronomic practices, exog-
enous hormone regulation, proper nutrient management 
and application of inorganic and organic amendments 
that accelerate leaching of toxic salts from root zone. 
Gypsum application is an inexpensive, easy to handle 
and effective strategy that alleviate salt stress on crops by 
adequately leaching toxic ion from rootzone brought by 
brackish water into the soil (Wang and Yang, 2017). Gyp-
sum releases sufficient amount of soluble Ca2+ to replace 
Na+ from exchange site (Wang et al., 2017; Koralegedaraa 
et al., 2019). Five-year application of gypsum improves 
forage yield of corn, alfalfa and emergence ratios of mi-
gnonettes (Wang et al., 2017). Qadir et al. (2019) evalu-
ated the effect of gypsum (100 % on the basis of RSC of 
water), H2SO4 (50 % on the basis of RSC of water) poultry 
manure (10 t ha-1) and press mud (10 t ha-1) to counteract 
the detrimental effect of brackish water {EC = 1.17 dS 
m-1, SAR = 6.75 and RSC = 5.30 me l-1} on growth and 
yield of cotton and wheat crops. They reported that gyp-
sum was most effective amendments to prevent second-
ary salinization by improving ECe, pHs and SAR and cre-
ate favorable soil condition for wheat and cotton crops. 
Rashmi et al. (2024) reported that gypsum application at 
the rate of 2.5 t ha-1 + FYM at rate of10 t ha-1 resulted a 
reduction of 45–48 % in exchangeable sodium percent-
age and 3–6 % in bulk density of sodic soil leading to 
higher crop yield in soybean (1.21 Mg ha-1) and mustard 
(1.39 Mg ha-1).

Green manuring with leguminous crops is very 
careful and effective sustainable means to prevent soil sa-
linization. Short-lived plants with low C:N ratio decom-
posed easily and demonstrate positive impacts on soil 
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health by enhancing soil fertility status, improve water 
holding capacity, aeration and inhibit soil salt accumula-
tion (Shah et al., 2011). Incorporation of sesbania in salt 
affected soils during rice-wheat crop rotation improved 
soil salinity and sodicity indices and grain yield of both 
crops (Rizwan et al., 2018). Green manuring with guar 
and sesbania had positive effect on soil health by up-lift-
ing nitrogen, phosphorus and organic carbon contents, 
improved water holding capacity, aeration, porosity, and 
microbial activities (Ibrahim et al., 2000; Shindo and Ni-
shio, 2005).

Reduction in fresh water resources of country force 
farming community to explore poor-quality under-
ground water, therefore in our study we used high RSC 
water to explore its effect on physicochemical properties 
of the soil and to develop a feasible preventive measure to 
control secondary salinization and ensure crop growth.

2	 MATERIALS AND METHODS

2.1	 SITE DESCRIPTION

The present study was conducted for four years 
(2016-20), following rice-mustard crop rotation, at 
SSRI, Pindi Bhattian, Punjab, Pakistan located at latitude 
31.8950° N and longitude 73.2706° E). A field (Table 1) 
{(pHs = 8.82, ECe = 4.71 dS m-1, sodium adsorption ratio 
= 26.82 (mmol l-1)1/2, hydraulic conductivity = 0.67 cm 
hr-1 and bulk density = 1.37 Mg m-3} was selected and 
prepared. An experiment was laid out in RCBD arrange-
ment with four replications using plot size 6 x 4 m2. Dur-
ing the period of (2016-20), the mean weather conditions 
were: sunshine hours ranging from 14h and 8 min to 7 h 
and 36 min, relative humidity ranges from 36.2 ± 2.8 % 
to 73.2 ± 4.8 % and temperature 14.5 ± 2.5 °C minimum 
temperature and 42.6 ± 3.5 °C maximum temperature.

2.2	 TREATMENTS AND CROP ROTATION

The treatments applied were: T1 = high RSC tube 
well water (No amendement), T2 = gypsum application 
on the basis of RSC of tube well water, T3 = H2SO4 appli-
cation on the basis of RSC of tube well water, T4 = green 
manuring with guar, T5 = FYM @ 10 t ha-1. Cluster bean 
or locally known as guar (Cyamopsis tetragonoloba (L.) 
Taub.) seed @ 50 kg ha-1 was sown in 2nd week of May and 
incorporated after 45 days of sowing in respective treat-
ment plots. Gypsum (30 mesh size, 80 % pure, 1 kg/plot/
year) and FYM (Total N (%) 0.96, Total P2O5 (%) 0.27, 
Total K (%) 0.75 and pH 7.88, 24 Kg/plot/ year) were ap-

plied one-month prior rice transplanting followed by ir-
rigation and H2SO4 (96  % pure, 0.3 l/plot) was applied 
with every irrigation. Amendments were applied once in 
a year before transplanting of rice. Poor-quality ground 
water with high residual sodium carbonate pumped from 
tub well located at study site was used for all treatments 
(Table 2). On average 16 irrigations for rice and 4 irriga-
tions for mustard crop at the rate of 7.5 cm were applied 
in each season. 

During Kharif season, rice (‘Shaheen Basmati’) 
nursery at the age of 30 days was shifted in the field dur-
ing second week of July and during Rabi season, mus-
tard crop (Brassica Juncea ?Khanpur Raya’) was sown 
during November. Fertilizers @150-85-60 and 70-70-
60 NPK (kg ha-1) was broadcasted to rice and mustard 
crops. Phosphatic and potassium fertilizers were applied 
as basal dose and nitrogen was broadcasted in three in-
stallments. Other cultural and plant protection measures 
were taken equally when required. Data regarding crop 
growth and yield was recorded and crops harvested at 
maturity. 

2.3	 SOIL AND WATER ANALYSIS

Composite soil samples were collected. Samples 
were air dried, ground, sieved and stored in bottles after 
the harvest of every crop and analyzed for pH, ECe, SAR, 
hydraulic conductivity and bulk density using U.S. Sa-
linity Laboratory Staff (1954). Soil pH of saturated paste 
was measured through pH meter (Microcomputer pH-
vision cole parmer model 05669-20). Conductivity meter 
(WTW conduktometer LF 191) was used to measure the 
EC of water and soil extract. Na+ contents were meas-
ured using flame photometer (digiflame code DV 710) 
and Ca2+, Mg2+ were measured through titration. Sodium 
adsorption ratio (SAR) was calculated as follows where 
ionic concentration of the saturation extracts is given in 
mmole l-1. SAR = Na+ / [(Ca2++ Mg2+)/2]1/2. Hydrometer 
method (Bedaiwy, 2012) was used for textural class de-
termination. CO3

2- and HCO3
- were determined via titra-

tion with standard H2SO4. Residual sodium carbonate 
(RSC) was calculated by (Eaton, 1950) as follows: 

RSC= (CO3
2- and HCO3

-)- (Ca2++ Mg2+).

2.4	 STATISTICAL ANALYSES

Recorded crop data was subjected to analysis of 
variance. Treatment means comparison was calculated 
by LSD Test at 5  % probability level (Steel et al., 1997) 
using STATISTIX 8.1 package software. 
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3	 RESULTS 

3.1	 EFFECTS OF HIGH RSC WATER AND 
AMENDMENTS ON SOIL PROPERTIES 

Soil analysis data revealed that long term use of high 
RSC water negatively affected the soil properties while all 
the remedial strategies used considerably improved the 
soil physico-chemical properties. Irrigation with high 
RSC water resulted a gradual increase in soil pHs value at 
the end of every season and after four years of experimen-
tation an increase of 1.92 % over initial soil pHs value was 
observed with continuous use of high RSC water (Table 
3). Meanwhile, all the remedial strategies thwarted the 
negative impact of high RSC water and significantly in-
fluenced soil pHs. From the treatments maximum reduc-
tion of 5.44 % in pHs was recorded with H2SO4 followed 
by gypsum (4.98 %), whereas, FYM and green manuring 
reduces the pHs value by 3.17 % and 3.06 % respectively 
at the end of experiment. Effect of high RSC water and 
amendments on soil electric conductivity ECe is shown 

in (Table 4). Data indicated that soluble salts are brought 
into soil with continuous irrigation with high RSC water 
and salt accumulated in the upper soil surface, therefore 
an increase of 5.73 % in ECe with respect to initial value 
was recorded in control treatments at the end of study. 
However, at the same time amendments application can 
prevent the salt accumulation in top soil by accelerating 
the salt leaching process. Maximum improvement in soil 
salinity status was observed with gypsum application as 
a reduction of 54.54  % in ECe was noted in this treat-
ment. While H2SO4, guar and FYM showed a reduction 
of 49.40  %, 41.05  %, 46.71  % respectively in ECe over 
initial value at the end of experiment. Similar trend was 
recorded in the case of soil SAR, irrigation with high RSC 
water (7.85 me l-1) without any amendment elevated soil 
SAR by 35.71 % at the end of experimentation as com-
pared to initial value (Table 5). Whereas, SAR was un-
der safe range (≤  15) in all other treatments receiving 
amendments. It was observed that maximum reduction 
in soil SAR (54.54 %) was for gypsum followed by H2SO4 
(49.40  %), while Guar and FYM recorded a reduction 

Parameter Value Units
Electrical conductivity of soil extract (ECe) 4.71 (dS m-1)
pH of soil saturated paste (pHs) 8.82 -
Sodium absorption ratio (SAR) 26.82 (mmol l-1)1/2

Hydraulic conductivity (HC) 0.67 (cm hr-1)
Bulk density (BD) 1.37 (Mg m-3)
Available phosphorus 8.50 mg kg-1

Organic matter 0.62 %
Available potassium 105 mg kg-1

Textural class sandy loam -

 Parameters  Value Units
Electrical conductivity of irrigation water (ECiw ) 1.37 (dS m-1)
Sodium adsorption ratio (SAR) 8.4 (mmole l

-1)1/2

Residual sodium carbonate (RSC)  7.85 (me l-1)
Total dissolved solids (TDS) 877 (mg l-1)
CO3

2- Nill (me l-1)
HCO3- 11.25 (me l-1)
Ca2+ + Mg2+ 3.40 (me l-1)
Na+ 10.93 (me l-1)
Cl- 4.0 (me l-1)

Table 1: Initial soil analysis 

Table 2: Water Analysis
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Treatments 1st year 2nd year 3rd year 4th year

+ % increase or

-%decrease over initial 
value

High RSC water 8.84 8.90 8.96 8.99 (+1.92)
Gypsum @ RSC of water 8.58 8.46 8.41 8.38 (-4.98)
H2SO4 @ RSC of water 8.57 8.46 8.39 8.34 (-5.44)
Green manuring with guar 8.72 8.68 8.66 8.55 (-3.06)
FYM @ 10 t ha-1 8.70 8.65 8.61 8.54 (-3.17)

Table 3: Effect of high RSC water and amendments on soil pHs 

Treatments 1st year 2nd year 3rd year 4th year

 +% increase or

-% decrease over ini-
tial value

High RSC water 4.75 4.81 4.85 4.98 (+5.73)
Gypsum @ RSC of water 3.48 3.37 3.32 3.30 (-29.93)
H2SO4 @ RSC of water 3.87 3.84 3.79 3.70 (-21.44)
Green manuring with guar 3.91 3.87 3.85 3.80 (-19.32)
FYM @ 10 t ha-1 3.92 3.86 3.81 3.76 (-20.16)

Treatments 1st year 2nd year 3rd year 4th year

+% increase or

-% decrease over initial 
value

High RSC water 30.70 32.20 33.50 36.40 (+35.71)
Gypsum @ RSC of water 16.80 15.30 14.40 12.19 (-54.54)
H2SO4 @ RSC of water 17.65 16.40 15.30 13.57 (-49.40)
Green manuring with guar 19.40 17.80 17.50 15.81 (-41.05)
FYM @ 10 t. ha-1 18.20 17.30 16.80 14.29 (-46.71)

Table 5: Effect of high RSC water and amendments on soil SAR 

Table 4: Effect of high RSC water and amendments on soil ECe 

of 41.05 % and 46.71 % respectively compared to initial 
value of SAR.

Among physical properties, soil bulk density (BD) 
slightly increased (8.02 %) with continuous irrigation of 
high RSC water, whereas it decreased by all the applied 
amendments. BD decreased (about 15.32  %) with gyp-
sum application, whereas, H2SO4, Guar and FYM showed 
a reduction of 14.59 %, 10.94 % and 11.67 % respectively 
(Table 6). On contrary, an opposite trend was observed 
in case of HC. Upon irrigation with high RSC water a 
reduction of 11.94 % was noted but at the same time gyp-
sum and H2SO4 surpassed the hydraulic conductivity by 

an increase of 26.86 % and 25.37 % respectively over its 
initial value (Table 7).

3.2	 EFFECT OF HIGH RSC WATER AND AMEND-
MENTS ON GROWTH AND PADDY YIELD OF 
RICE

Analysis of four years pooled data showed that use 
of high RSC water significantly (p < 0.05) affected the rice 
crop growth while simultaneously all the amendments 
thwarted the detrimental effects of high RSC water (Ta-
ble 8). As far as plant height of rice crop was concerned 
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maximum plant height (135.33 cm) was observed with 
application of gypsum application on RSC basis followed 
by sulphuric acid application. Farm yard manure @ 10 t 
ha-1 and green manuring with guar were statistically (p 
< 0.05) non-significant. While, least plant height (124.00 
cm) was recorded in treatment where field was irrigated 
with high RSC water without any amendment. Produc-
tive tiller data showed that maximum productive tiller/
m2 (235.33) was observed by H2SO4 application followed 
by gypsum on of RSC basis, however, both amendments 
were non-significant (p < 0.05) from each other (Table 
8). High RSC water adversely affected productive tillers 
and lower numbers of productive tiller were recorded 
with use of high RSC water (220). Gypsum and H2SO4 
produced the highest panicle length (16.66 cm) that was 
statistically (p < 0.05) non-significant with other treat-
ments and minimum panicle length was noted in control 
(Table 8). Paddy yield was also significantly influenced by 
different treatments, data in Table 9 revealed that amend-
ments had pronounced effect on yield attribute and all 
the organic and inorganic amendments exhibited an an-
tistress effect against deleterious impact of high RSC wa-
ter (Table 9). Gypsum application on RSC basis produces 
significantly (p < 0.05) more paddy yield (3.66 t ha−1) 
which was similar with H2SO4 application on the basis 
of RSC of water (3.62 t ha−1) followed by FYM @ 10 t ha-1 

(3.35 t ha−1) and green manuring with guar (3.20 t ha−1). 
High RSC water irrigation without any amendment re-
sulted minimum paddy yield of 2.22 t ha−1. Same trend 
was recorded for straw yield and 1000 grain mass (Table 
9). Gypsum application recorded the highest mean value 
for straw (7.96 t ha−1) and 1000 grain mass (28.33 g) how-
ever, difference was non-significant with H2SO4 applica-
tion. On contrary lower mean value for straw (4.16 t ha−1) 
and 1000 grain mass (19.66 g) was divulged in control 
plot irrigated with high RSC water.

3.3	 EFFECT OF HIGH RSC WATER AND AMEND-
MENTS ON GROWTH AND YIELD OF MUS-
TARD

Information in Table 10 & 11 showed that use of 
amendment relieves the drastic effects of high RSC wa-
ter on growth and yield of mustard crop. An obvious 
increased in plant height of mustard was observed with 
use of amendments (Table 10). Maximum plant height 
(155 cm) and number of branches/plant (26.66) were ob-
served with gypsum application; however, values were at 
par (p < 0.05) with H2SO4 followed by green manuring 
with guar. While minimum plant height (119.33 cm) and 
number of branches/plant (17.33) were observed in con-

Treatments 1st year 2nd year 3rd year 4th year

+% increase or

-% decrease over initial 
value

High RSC water 0.66 0.64 0.60 0.59 (-11.94)
Gypsum @ RSC of water 0.72 0.77 0.81 0.85 (+26.86)
H2SO4 @ RSC of water 0.72 0.76 0.79 0.84 (+25.37)
Green manuring with guar 0.71 0.73 0.75 0.76 (+13.43)
FYM @ 10 t ha-1 0.70 0.73 0.76 0.78 (+16.41)

Table 6: Effect of high RSC water and amendments on soil bulk density 

Treatments 1st year 2nd year 3rd year 4th year

+% increase or

-% decrease over initial 
value

High RSC water 1.37 1.41 1.46 1.48 (+8.02)
Gypsum @ RSC of water 1.28 1.22 1.19 1.16 (-15.32)
H2SO4 @ RSC of water 1.27 1.24 1.22 1.17 (-14.59)
Green manuring with guar 1.34 1.29 1.26 1.22 (-10.94)
FYM @ 10 t ha-1 1.33 1.29 1.25 1.21 (-11.67)

Table 7: Effect of high RSC water and amendments on soil hydraulic conductivity 
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trol. Similarly, the highest pods plant-1 (258) and grains 
pods-1 (13) were produced with gypsum application 
while, irrigation with high RSC water negatively affect-
ed these attributes and recorded minimum pods plant-1 
(227.33) and grains pods-1 (7.33). Data showed (Table 11) 
that the highest grain yield (1.70 t ha−1) and 1000-grain 
mass (8.81 g) was recorded with gypsum application on 
RSC basis which was statistically (p < 0.05) at par with 
H2SO4 application on RSC basis followed by FYM @ 10 
t ha-1, which was at par with green manuring with guar. 
While minimum grain yield (1.0 t ha−1) and 1000-grain 
weight (6.06 g) were recorded in control (brackish water). 

4	 DISCUSSION 

4.1	 EFFECT OF HIGH RSC WATER ON SOIL 
PROPERTIES 

Fresh water resources of the country are not 
enough to meet the agricultural requirements because 

of increased cropping intensity and drought condition. 
Therefore, use of unconventional water resources in ad-
dition to fresh water resources is necessary and ground 
water pumping is need of the time. However, under-
ground water is generally inferior to canal water and may 
vary in quality depending upon type and quantity of dis-
solved salts. So, there is need for development and adop-
tion of such technologies that can ensure the safe utiliza-
tion of low-quality water and prevent the salt deposition. 
Therefore, an attempt has been made to study the harm-
ful effects of high RSC water and efficiency of different 
amendments on physico-chemical properties of soil for 
rice-mustard rotation.

Continuous use of high RSC water without any 
amendment slightly increased the electrical conductiv-
ity, it was obvious effect of dissolved salts in high RSC 
water that accumulated in top soil due to lack of leaching 
and upward movement caused by soil evaporation and 
induces secondary salinization (Huo et al., 2017; Yang 
et al., 2019; Wang et al., 2019). A build of salt load in 
surface soil was also reported by Arora et al. (2018) in 
rice-wheat cropping system when irrigated with saline 

Treatments Plant height (cm)

Number of

productive tillers

(m−2)
Panicle length 
(cm)

High RSC water 124.00 D 220.00 C 12.66 B
Gypsum @ RSC of water 135.33 A 232.67 A 16.66 A
H2SO4 @ RSC of water 133.00 B 235.33 A 16.66 A
Green manuring with guar 128.33 C 227.00 B 15.33 A
FYM @ 10 t ha-1 129.33 C 225.00 B 14.66 AB

Treatments

Paddy

yield

(t ha−1)

Straw

yield

(t ha−1)

1000-grain

mass (g)
High RSC water 2.22 C 4.16 D 19.66 D
Gypsum @ RSC of water 3.66 A 7.96 A 28.33 A
H2SO4 @ RSC of water 3.62 A 7.70 AB 27.00 AB
Green manuring with guar 3.20 B 6.93 C 23.66 C
FYM @ 10 t ha-1 3.35 B 7.03 BC 24.66 BC

Table 8: Effect of high RSC water and amendments on rice growth (Average of four seasons)

Different letters in the same column indicate significant differences by LSD at p ≤ 0.05

Table 9: Effect of high RSC water on and amendments rice growth (Average of four seasons)

Different letters in the same column indicate significant differences by LSD at p ≤ 0.05
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and alkali water. A rise in pH was also noted in this treat-
ment, a possible reason for this increment was presence 
of HCO3

- and Na+ in applied irrigation water which led to 
increase in pH (Jalali and Ranjbar 2009; He et al., 2018). 
Similar results were recorded earlier by Choudhary et al. 
(2011) that long-term use of high RSC alkali water (12.5 
me l-1) increased soil pH by 2.2 units under rice-wheat 
rotation in Punjab. Similarly (Yang et al., 2020) reported 
an increase of 0.37 unit in soil pH with irrigation of 12 
g l-1 brackish water treatment. Nearly similar trend was 
observed in case of SAR, that increased 35.71 % from its 
initial value. These results were supported by earlier find-
ings that application of sodic and saline water without any 
preventive measures increased the sodicity of soil and de-
teriorate soil physical properties (Bajwa and Choudhary, 
2014; Mwubahaman et al., 2024). High residual alka-
linityof irrigation water had adverse effect of sodification 
due to high exchangeable sodium contents as compared 
to exchangeable calcium and magnesium (Choudhary et 
al., 2011; Arora et al., 2018). similar results were recorded 
by Liu et al. (2018) that irrigation with saline water (3 g 
l-1) increased soil pH value, ESP, and SAR. Adverse effects 
of low-quality water on chemical properties were directly 
translated into soil physical properties. Soil bulk density 
was negatively influenced by continuous use of high RSC 
water and increased by 8.02 % from its initial value. This 
increase in bulk density may be attributed to, Na replac-
es Ca from exchange sites which causes soil dispersion 

(Qadir and Schubert, 2002; Kahlon et al., 2012; Qadir et 
al., 2001). HC was negatively related with water sodic-
ity, high Na+ contents in irrigation water deteriorate soil 
structure, cause dispersion of soil aggregates and block 
soil pores thus reducing hydraulic conductivity (Wu and 
Wang, 2010; Kang et al., 2014).

4.2	 EFFECT OF AMENDMENTS ON SOIL PROP-
ERTIES 

It is clear from results that addition of amendments 
counteracted the detrimental effects induced by long 
term use of low-quality water and prevent the accumula-
tion of salts in upper surface layers. All the amendments 
substantially improved physico-chemicals properties of 
soil; however, beneficial effects of gypsum were more vis-
ible than all others treatments. Salinity indices pH, EC, 
and SAR were significantly improved by gypsum applica-
tion as compared to their initial values. These positives 
effects of gypsum could be due to that high amount of 
Ca2+ replaces the exchangeable Na+ on the exchange site 
and leaching it out from root zone (Sharma and Minhas, 
2005). Sufficient leaching of Na+ leads to lower values 
of pH, EC, and SAR, furthermore, replacement of hy-
drated monovalent Na+ by divalent Ca2+, increased soil 
aggregation and reorganized soil structure subsequently 
improved the soil bulk density and hydraulic conductiv-

Treatments Plant height (cm) Number of branches plant-1 Number of pods plant-1

High RSC water 119.33 C 17.33 C 227.33 D
Gypsum @ RSC of water 155.00 A 26.66 A 258.00 A
H2SO4 @ RSC of water 153.33 A 24.33 AB 250.00 AB
Green manuring with guar 137.67 B 21.33 BC 240.67 C
FYM @ 10 t ha-1 135.00 B 20.66 BC 248.33 BC

Table 10: Effect of high RSC water and amendments on mustard growth (Average of four seasons)

Different letters in the same column indicate significant differences by LSD at p ≤ 0.05

Treatments Number of grains pods-1 Grain yield (t ha−1) 1000-grain mass (g)
High RSC water 7.33 D 1.00 C 6.06 B
Gypsum @ RSC of water 13.00 A 1.70 A 8.81 A
H2SO4 @ RSC of water 11.33 B 1.68 A 8.79 A
Green manuring with guar 9.00 C 1.35 B 7.01 B
FYM @ 10 t ha-1 9.66 C 1.38 B 7.49 AB

Table 11: Effect of high RSC water and amendments on mustard growth (Average of four seasons)

Different letters in the same column indicate significant differences by LSD at p ≤ 0.05
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ity. Similar results were reported by Amer and Hashem 
(2018) that application of only gypsum and along-with 
with other amendments improved soil physico-chemi-
cals properties like infiltration rate, soil porosity, bulk 
density, EC and SAR. Gypsum application is a rapid, vi-
able and effective approach for improving pH, EC, and 
ESP of sodic soils (Koralegedaraa et al., 2019; Yong-gan 
et al., 2021). Previous studies demonstrated that posi-
tive effects of gypsum on soil physico-chemicals proper-
ties may remained from 12 to 17 years (Tirado-Corbalá 
et al., 2019; Zhao et al., 2019). H2SO4 also significantly 
improved soil salinity indices (pH, EC, and SAR), BD 
and HC. H2SO4 is an indirect source of Ca2+ in calcare-
ous soils, it reacts with the native CaCO3 and releases 
Ca2+ in the soil solution that probably replaced the Na+ 
from exchange sites (Abdelhamid et al.,2013). Conse-
quently, soil phyico-chemical properties were improved 
after leaching of Na+ and dissolved salts from the root 
zone. Comparable outcomes were observed by Qadir et 
al., (2019) that H2SO4 @ 50 % application on RSC basis 
counteracted negative effects of brackish (5.30 me l-1) 
water and improved soil properties and cotton-wheat 
yield. Shaaban, et al. (2013) in a field study also con-
cluded that H2SO4 was the best of the amendments for 
decreasing damaging effects of saline irrigation water 
and enhancing the productivity and quality of rice crop 
grown on saline soil. Use of organic amendments like 
FYM and green manuring is also an effective measure 
against sodicity build up in soil (Pang et al., 2010). 
Organic matter after decomposition release CO2 and 
organic acids that decreased the precipitation of Ca2+, 
displace Na+ on the exchange site, accelerate leaching 
of soluble salts leading to a decline in pH, EC, and SAR 
(Liu et al., 2017; Ahmad et al., 2018; Ding et al., 2019). 
Leaching of larger Na+ enhanced soil structure stabil-
ity and improved soil bulk density and hydraulic con-
ductivity (Hammer et al., 2015; Ding et al., 2019). Ding 
et al. (2019) stated that organic amendments could be 
successfully used to mitigate the soil salinity and to im-
prove soil physico-chemical properties. Similar results 
were recorded by Yang et al. (2019) that straw incorpo-
ration decreased the BD by 1.6 %–4.7 %, in the 0-30 cm 
soil layer. 

4.3	 CROPS GROWTH AND YIELD 

Parameters like growth and yield of rice and mus-
tard crops were meaningfully influenced by all treat-
ments. Irrigation with high RSC water significantly re-
duced plant height, grain yield and 1000-grain mass of 
rice and mustard crop as compared to other treatments. 
Reduction in growth and yield contributing parameters 

may be associated with accumulation of salts with con-
stant use of low-quality water that deteriorate the phys-
ico-chemical properties of soil. Secondary salinization 
in root zone reduces absorption of water by crops, re-
sults ion toxicity, nutritional imbalance, affect stomatal 
conductance and photosynthetic activity (Rahm et al., 
2018; Wang et al., 2019; Munns and Tester, 2008; Sá et 
al., 2019). Similar, results were observed by Praxedes et 
al. (2022) that saline water (4.5 dS m-1) irrigation may 
reduce grain yield from 26 % to 54 % in cowpea. Alkali 
water (10.0 me l-1) reduced grain yield of rice up to 87 % 
in saline soil (Arora et al., 2018). Gypsum application 
not only counteracted negative effects of high RSC water 
but also showed the highest value for most of the stud-
ied parameters of rice and mustard crops. Better crops 
growth performance may be corelated with ameliorat-
ing gypsum effects on soil properties. Gypsum applica-
tion increased soil organic matter (Wang et al., 2017), 
improved nutritional status of soil and microbial activ-
ity (Zhao et al., 2019; Ekholm et al., 2024), these fac-
tors promote plant growth and subsequently final grain 
yield. Previous studies also demonstrated the improved 
yield in barley and rice (Amer and Hashem, 2018) and 
alfalfa (Yong-gan et al., 2021) with gypsum application 
in salt-affected soil. H2SO4 mobilizes the native CaCO3 
of soil and provides Ca in soil solution, which in turn 
alleviate the ill effect of high RSC water and improved 
physico-chemical properties. Consequently, crop took 
the advantages of improved soil conditions in this treat-
ment and produced more yield over control. H2SO4 @ 
50 % application on RSC basis counteracted negative ef-
fects of high RSC (5.30 me l-1) water and improved soil 
properties and cotton-wheat yield (Qadir et al., 2019). 
Shaaban, et al. (2013) in a field study also concluded 
that H2SO4 was best of the amendments for decreasing 
damaging effects of saline irrigation water and enhanc-
ing the productivity and quality of rice crop grown on 
saline soil. Green manuring and FYM application also 
improved all the yield traits as compared to control. Ad-
dition of organic matter also improved microbial activi-
ties, soil organic matter and other properties (Urbaniak 
et al., 2017). Organic matter alleviated the adverse of 
high RSC water by increasing chelation of toxic Na, wa-
ter holding capacity of soil and improved soil BD and 
HC (Liu et al., 2017). Rice and mustard crops were ben-
efited by these positive effects of organic matter on soil 
environment leading to increased grain yield and other 
agronomic attributes. Ding et al. (2020) suggested that 
addition of organic matter is a successful management 
approach for improving the nutrient uptake and wheat 
productivity in salt-affected soil which reinforced our 
findings.
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5	 CONCLUSION

Findings of the current study highlighted that long-
term use of high RSC water could deposit the salts and 
induce secondary salinity by increasing pH, EC and SAR 
which adversely affected the growth and yield of rice and 
mustard crops. Harmful effects of high RSC water were 
thwarted by all amendments and can be used as preven-
tive measures against salinity-sodicity development. 
Among all amendments, positive effects of gypsum were 
more visible that increased growth and yield of rice-
mustard crops by promoting soil properties. Efficiency of 
different amendments to alleviate adverse effects of high 
RSC water can be arranged as such gypsum> H2SO4 > 
FYM > green manuring with guar. Therefore, it is recom-
mended that farmers should apply gypsum on the basis 
of RSC of water for safe use of poor-quality high RSC 
water. In present study we investigated the ameliorative 
role of each amendment individually; however, a long-
term field trial about ameliorative role of different organ-
ic and inorganic amendments in combination should be 
explored in future.

6	 REFERENCES

Abdelhamid, M., Eldardiry, E., & Abd El-Hady, M. (2013). 
Ameliorate salinity effect through sulphur application and 
its effect on some soil and plant characters under different 
water quantities. Agricultural Sciences, 4, 39–47.

Ahmad, M., Mahtab, A., Ahmed, H., El-Naggar, A., Usman, R. 
A., Adel, A., Meththika, V., Jamal, E., Abdulelah, A., & Mo-
hammad, I. A. (2018). Aging effect of organic and inorganic 
fertilizers on phosphorus fractionation in a calcareous san-
dy loam soil. Pedosphere, 28, 873–883.

Amer, M. M., & Ibrahim, H. (2018). Impact of some soil 
amendments on properties and productivity of salt affected 
soils at Kafr El-Sheikh Governorate. Egyptian Journal of Soil 
Science, 58(2), 177–191.

Arora, N. K., Chaudhari, S. K., Farooqi, J. A., Rai, & A. K., Man-
isha. (2018). Chemical properties of the salt-affected soils 
and performance of wheat (Triticum aestivum) with saline 
and alkali water irrigation. Journal of the Indian Society of 
Soil Science, 66(3), 258–267.

Assouline, S., Russo, D., Silber, A., & Or, D. (2015). Balancing 
water scarcity and quality for sustainable irrigated agricul-
ture. Water Resources Research, 51, 3419–3436.

Bajwa, M. S., & Choudhary, O. P. (2014). Sodic irrigation man-
agement for sustaining productivity. In Efficient Water 
Management for Sustainable Agriculture (R. K. Rattan & D. 
R. Biswas, Eds.). Bulletin of the Indian Society of Soil Science, 
29, 59–86.

Bedaiwy, M. N. A. (2012). A simplified approach for determin-
ing the hydrometer’s dynamic settling depth in particle size 
analysis. Catena, 97, 95–103. https://doi.org/10.1016/j.cat-
ena.2012.05.010

Cao, Y. N., Tian, Y. Q., Gao, L. H., & Chen, Q. Y. (2016). At-
tenuating the negative effects of irrigation with saline water 
on cucumber (Cucumis sativus L.) by application of straw 
biological-reactor. Agricultural Water Management, 163, 
169–179.

Cheema, M. J. M., Immerzeel, W. W., & Bastiaanssen, W. G. M. 
(2014). Spatial quantification of groundwater abstraction in 
the irrigated Indus basin. Groundwater, 52(1), 25–36.

Chen, S., Shao, L., Sun, H., Zhang, X., & Li, Y. (2016). Effect of 
brackish water irrigation on soil salt balance and yield of 
both winter wheat and summer maize. Chinese Journal of 
Eco-Agriculture, 24, 1049–1058.

Chen, W., Wang, Z., Jin, M., Ferre, T. P. A., Wang, J., Huang, J., & 
Wang, X. (2018). Effect of sodium chloride and manganese 
in irrigation water on cotton growth. Agronomy Journal, 
110, 900–909.

Choudhary, O. P., Ghuman, B. S., Bijoy-Singh, Thuy, N., & Bu-
resh, R. J. (2011). Effect of long-term use of sodic water ir-
rigation, amendments and crop residues on soil properties 
and crop yields in rice-wheat cropping system in a calcare-
ous soil. Field Crops Research, 121, 363–372.

Ding, Z., Ahmed, M. S. K., Marwa, G. M. A., Osama, A. M. 
A., Aly, I. N. A., Xin, L., Zhaoxi, Z., Bizun, W., Beibei, L., 
& Zhenli, He. (2020). The integrated effect of salinity, or-
ganic amendments, phosphorus fertilizers, and deficit ir-
rigation on soil properties, phosphorus fractionation and 
wheat productivity. Scientific Reports, 10, 2736. https://doi.
org/10.1038/s41598-020-59650-8

Eaton, F. M.  (1950). Significance of carbonate in irriga-
tion waters. Soil Science, 67, 123–133.  https://doi.
org/10.1097/00010694-195002000-00004

Ekholm, P., Markku, O., Eliisa, P., Venla, H., Juha, R., Mikko, 
K., Antti, T., & Khaleda, B. (2024). Gypsum amendment of 
agricultural fields to decrease phosphorus losses – Evidence 
on a catchment scale. Journal of Environmental Manage-
ment, 357, 120706.

Elagib, N. A. (2014). Development and application of a drought 
risk index for food crop yield in Eastern Sahel. Ecological 
Indicators, 43, 114–125.

Gilbert, F. H. (2018). United Nations World Water Assessment 
Programme. The United Nations World Water Development 
Report. Nature-Based Solutions for Water. UNESCO, Paris.

Guo, W., Fu, Y., Ruan, B., Ge, H., & Zhao, N. (2014). Agricultur-
al non-point source pollution in the Yongding River Basin. 
Ecological Indicators, 36, 254–261.

Hammer, E. C., Forstreuter, M., Rillig, M. C., & Kohler, J. 
(2015). Biochar increases arbuscular mycorrhizal plant 
growth enhancement and ameliorates salinity stress.  Ap-
plied Soil Ecology, 96, 114–121 https://doi.org/10.1016/j.
apsoil.2015.07.014

He, K., Li, X. P., Xu, C., Zhang, Z. G., Zhou, C. L., & Wu, W. 
(2018). Remediation efficiency of flue gas desulfurization 
gypsum on coastal saline alkali soil. Research of Environ-
mental Sciences, 31, 547–554.

Huo, L., Pang, H., Zhao, Y., Wang, J., Lu, C., & Li, Y. (2017). 
Buried straw layer plus plastic mulching improves soil or-
ganic carbon fractions in an arid saline soil from Northwest 
China. Soil Tillage Research, 165, 286–293.

Ibrahim, M., Rashid, M., Nadeem, M. Y., & Mahmood, K. 



Acta agriculturae Slovenica, 121/2 – 2025 11

Effect of high residual sodium carbonat (RSC) water and amendments on soil properties under rice-mustard (Brassica juncea ‘Khanpur Raya’) rotation 

(2000). Integrated use of green manuring, FYM, wheat 
straw and inorganic nutrients in rice-wheat crop rotation. 
Proceeding of Symposium of Integrated Plant Nutrition Man-
agement (N. Ahmad & A. Hamid, Eds.), 186–195. NFDC, 
Islamabad, Pakistan.

Jalali, M., & Ranjbar, F. (2009). Effects of sodic water on soil 
sodicity and nutrient leaching in poultry and sheep manure 
amended soils. Geoderma, 153, 194–204.

Jin, M., Chen, W., & Liang, X. (2016). Coordinating manage-
ment of water, salinity and trace elements for cotton un-
der mulched drip irrigation with brackish water. American 
Geophysical Union, Fall Meeting.

Kahlon, U. Z., Ghulam, M., & Abdul, G. (2012). Amelioration 
of saline sodic soil with amendments using brackish water, 
canal water and their combination. International Journal of 
Agriculture and Biology, 14, 38–46.

Kang, J., Zhao, W., Su, P., Zhao, M., & Yang, Z. (2014). Sodium 
(Na+) and silicon (Si) coexistence promotes growth and 
enhances drought resistance of the succulent xerophyte 
Haloxylon ammodendron. Soil Science and Plant Nutrition, 
60, 659–669.

Koralegedara, N. H., Pinto, P. X., Dionysiou, D. D., & Al-Abed, 
S. R. (2019). Recent advances in flue gas desulfurization 
gypsum processes and applications: A review. Journal of 
Environmental Management, 251, 109572.

Kummu, M., Ward, P. J., de Moel, H., & Varis, O. (2010). Is 
physical water scarcity a new phenomenon? Global assess-
ment of water shortage over the last two millennia. Environ-
mental Research Letters, 5, 034006.

Leite, J. V. Q., Fernandes, P. D., Oliveira, W. J., Souza, E. R., San-
tos, D. P., & Santos, C. S. (2017). Effect of salt stress and 
ionic composition of irrigation water on morphophysiolog-
ical variables in cowpea. Revista Brasileira de Agricultura 
Irrigada, 11, 1825–1833.

Li, J. G., Qu, Z. Y., Chen, J., Wang, F., & Jin, Q. (2018). Effect of 
different thresholds of drip irrigation using saline water on 
soil salt transportation and maize yield. Water Resources, 
10(12), 1855. https://doi.org/10.3390/w10121855

Li, X., Jin, M., Zhou, N., Huang, J., Jiang, S., & Telesphore, H. 
(2016). Evaluation of evapotranspiration and deep perco-
lation under mulched drip irrigation in an oasis of Tarim 
basin, China. Journal of Hydrology, 538, 677–688.

Liu, C., Cui, B., Wang, J., Hu, C., Huang, P., Shen, X., Gao, F., 
& Li, Z. (2022). Does short-term combined irrigation us-
ing brackish-reclaimed water cause the risk of soil second-
ary salinization? Plants, 11, 2552. https://doi.org/10.3390/
plants11192552

Liu, Z., Rong, Q., Zhou, W., & Liang, G. (2017). Effects of inor-
ganic and organic amendment on soil chemical properties, 
enzyme activities, microbial community and soil quality in 
yellow clayey soil PLoS ONE, 12(3), e0172767. https://doi.
org/10.1371/journal.pone.0172767

Munns, R., & Tester, M. (2008). Mechanisms of salinity toler-
ance. Annual Review of Plant Biology, 59, 651–681.

Mwubahaman, A., Garba, W. U., Bizimana, H., de Dieu Ba-
zimenyera, J., Bugenimana, E. D., & Nsengiyumva, J. N. 
(2024). Effect of saline water on soil acidity, alkalinity and 
nutrients leaching in sandy loamy soil in Rwamagana Bella 
Flower Farm, Rwanda. Agricultural Sciences, 15, 15–35.

Oztürk, H. S., Deviren, S., Copty, N. K., İzci, E., Erpul, G., 
Demirel, B., Saysel, A. K., & Babaei, M. (2023). Hydro-
physical deterioration of a calcareous clay-rich soil by sodic 
water in Central Anatolia, Türkiye. Geoderma Regional, 33, 
e00649.

Pang, H. C., Li, Y. Y., Yang, J. S., & Liang, Y. S. (2010). Effect of 
brackish water irrigation and straw mulching on soil salin-
ity and crop yields under monsoonal climatic conditions. 
Agricultural Water Management, 97, 1971–1977.

Praxedes, S. S. C., Ferreira, N. M., Loiola, A. T., Santos, F. J. 
Q., Umbelino, B. F., Silva, L. A., Moreira, R. C. L., Melo, 
A. S., Lacerda, C. F., & Fernandes, P. D. (2022). Photo-
synthetic responses, growth, production, and tolerance of 
traditional varieties of cowpea under salt stress. Plants, 11, 
1863. https://doi.org/10.3390/plants11141863

Qadir, G., Khalil, A., Amar, I. S., Muhammad, I., Muhammad, 
Q. N., Muhammad, S., & Zaheen, M. (2019). Sustainable 
use of brackish water for cotton wheat rotation. Asian Jour-
nal of Agriculture and Biology, 7(4), 593–601.

Qadir, M., & Schubert, S. (2002). Degradation processes and 
nutrient constraints in sodic soils. Land Degradation and 
Development, 13, 275–294.

Qadir, M., Schubert, S., Abdul, G., & Ghulam, M. (2001). Ame-
lioration strategies for sodic soils: A review. Land Degrada-
tion and Development, 12, 357–386.

Rahma, G., Arafet, M., Walid, D., Simone, C., Chedly, A., & 
Roberto, B. (2018). Comparative analysis of salt stress, du-
ration and intensity, on the chloroplast ultrastructure and 
photosynthetic apparatus I Salsuginea. Journal of Photo-
chemistry and Photobiology B: Biology, 183, 275–287.

Rashmi, I., Bharat, P. M., Rajendiran, S., Somasundaram, J., 
Joshy, C. G., & Shakir, A. (2024). Can gypsum and or-
ganic amendments achieve sustainability, productivity and 
maintain soil health under soybean-mustard cropping in 
sodic soils of western India. Soil and Tillage Research, 240, 
106075.

Rizwan, M., Khalil, A., Muhammad, S., Muhammad, Q. N., 
Ghulam, Q., Muhammad, U., & Muhammad, W. I. (2018). 
Managing sesbania decomposition with urea and different 
tillage techniques in salt affected soil. International Journal 
of Biosciences, 12(6), 258–268.

Sa, F. V. S., Ferreira Neto, M., Lima, Y. B., Paiva, E. P., Prata, 
R. C., Lacerda, C. F., & Brito, M. E. B. (2018). Growth, gas 
exchange and photochemical efficiency of the cowpea bean 
under salt stress and phosphorus fertilization. Comunicata 
Scientiae, 9, 668–679.

Sa, F. V. S., Ferreira, N. M., Lima, Y. B., Paiva, E. P., Silva, A. 
C., Dias, N. S., Souza, F. M., Melo, A. S., Moreira, R. C. L., 
& Silva, L. A. (2019). Phytomass accumulation and min-
eral composition of cowpea (Vigna unguiculata) under salt 
stress and phosphate fertilization. Australian Journal of 
Crop Science, 13, 1149–1154.

Shaban, K. H. A., Helmy, A. M., & El-Galad, M. (2013). Role of 
gypsum and sulphur application in ameliorating saline soil 
and enhancing rice productivity. Acta Agronomica Hun-
garica, 61(4), 303–316.

Shah, Z., Rashid, S. A., Hidayat, R., Latif, A., & Shah, V. (2011). 
Rice and wheat yields in relation to biomass of green ma-
nure legumes. Sarhad Journal of Agriculture, 27(1), 12–19.



Acta agriculturae Slovenica, 121/2 – 202512

K. AHMED et al.

Sharma, B. R., & Minhas, P. S. (2005). Strategies for managing 
saline/alkali waters for sustainable agricultural production 
in South Asia. Agricultural Water Management, 78, 136–
151. http://dx.doi.org/10.1016/j.agwat.2005.04.019

Shindo, H., & Nishio, T. (2005). Immobilization and reminer-
alization of N following addition of wheat straw into soil: 
Determination of gross N transformation rates by 15N-
ammonium isotope dilution technique. Soil Biology and 
Biochemistry, 37, 425–432.

Steel, R. G. D., Torrie, J. H., & Dickey, D. A. (1997). Principles 
and Procedures of Statistics: A Biometrical Approach  (3rd 
ed.). McGraw-Hill.

Tahtouh, J., Mohtar, R., Assi, A., Schwab, P., Jantrania, A., Deng, 
Y., & Munster, C. (2019). Impact of brackish groundwater 
and treated wastewater on soil chemical and mineralogi-
cal properties. Science of the Total Environment, 647, 99–
109. https://doi.org/10.1016/j.scitotenv.2018.07.200

Tirado-Corbala, R., Slater, B. K., Dick, W. A., Bigham, J., & 
Muñoz-Muñoz, M. (2019). Gypsum amendment effects on 
micromorphology and aggregation in no-till Mollisols and 
Alfisols from western Ohio, USA. Geoderma Regional, 15, 
e00217.

U.S. Salinity Laboratory Staff.  (1954). Diagnosis and Improve-
ment of Saline and Alkali Soils (USDA Handbook 60). U.S. 
Government Printing Office.

Urbaniak, M., Wyrwicka, A., Tołoczko, W., Serwecińska, L., & 
Zieliński, M. (2017). The effect of sewage sludge application 
on soil properties and willow (Salix sp.) cultivation. Science 
of the Total Environment, 586, 66–75.

Viana, J. D. S., Palaretti, L. F., de Sousa, V. M., Barbosa, J. D. 
A., Bertino, A. M. P., de Faria, R. T., & Dalri, A. B. (2021). 
Saline irrigation water indices affect morphophysiological 
characteristics of collard. Horticultura Brasileira, 39(1), 79–
85. https://doi.org/10.1590/s0102-0536-20210112

Wang, S. J., Chen, Q., Li, Y., Zhuo, Y. Q., & Xu, L. Z. (2017). Re-
search on saline-alkali soil amelioration with FGD gypsum. 
Resources, Conservation & Recycling, 121, 82–92.

Wang, T., Zhenghe, X., & Guibin, P. (2019). Effects of irrigat-
ing with brackish water on soil moisture, soil salinity, and 
the agronomic response of winter wheat in the Yellow River 
Delta. Sustainability, 11, 5801.  https://doi.org/10.3390/
su11205801

Wiedenfeld, B.  (2008). Effects of irrigation water salinity and 
electrostatic water treatment for sugarcane production. Ag-
ricultural Water Management, 95, 85–88.

Wu, Z., & Wang, Q. (2010). Effect of saline water surge flow 

border irrigation on soil water–salt distribution. Transac-
tions of the Chinese Society for Agricultural Machinery, 41, 
53–58.

Yang, F. K., He, B., Zhang, L., Zhang, G., & Gao, Y. (2019). An 
approach to improve soil quality: A case study of straw in-
corporation with a decomposer under full film-mulched 
ridge-furrow tillage on the Semiarid Loess Plateau, Chi-
na. Journal of Soil Science and Plant Nutrition, 20, 125–138.

Yang, G., Fadong, L., Lijun, T., Xinlin, H., Yongli, G., Zelin, 
W., & Futian, R. (2020). Soil physicochemical properties 
and cotton (Gossypium hirsutum L.) yield under brackish 
water mulched drip irrigation. Soil & Tillage Research, 199, 
104592.

Yang, G., Saihua, L., Ke, Y., Lijun, T., Pengfei, L., Xiaolong, & 
Xinlin, H. (2020). Effect of drip irrigation with brackish 
water on the soil chemical properties for a typical desert 
plant (Haloxylon ammodendron) in the Manas River Ba-
sin.  Irrigation and Drainage, 69(4), 741–753.  https://doi.
org/10.1002/ird.2419

Yang, H., Hu, J. X., Long, X. H., Liu, Z. P., & Rengel, Z. (2016). 
Salinity altered root distribution and increased diversity of 
bacterial communities in the rhizosphere soil of Jerusalem 
artichoke. Scientific Reports, 6, 20687.

Yang, P., Wang, Y., Ren, S., Wei, C., He, X., & Xu, Z. (2020). Soil 
moisture and saline distribution characteristics and maize 
stem water uptake under alternate irrigation between saline 
water and groundwater.  Transactions of the Chinese Soci-
ety for Agricultural Machinery, 51(6), 273–281. https://doi.
org/10.6041/j.issn.1000-1298.2020.06.029

Yang, T., Simunek, J., Mo, M., McCullough-Sanden, B., Shah-
rokhnia, H., Cherchian, S., & Wu, L. (2019). Assessing sa-
linity leaching efficiency in three soils by the HYDRUS-1D 
and -2D simulations. Soil Tillage Research, 194, 104342.

Yong-gan, Z., Wang, S., Liu, J., Zhuo, Y., Li, Y., & Zhang, W. 
(2021). Fertility and biochemical activity in sodic soils 17 
years after reclamation with flue gas desulfurization gyp-
sum. Journal of Integrative Agriculture, 20(12), 3312–3322.

Zhao, Y. G., Wang, S. J., Li, Y., Zhuo, Y. Q., & Liu, J. (2019). 
Sustainable effects of gypsum from desulfurization of flue 
gas on the reclamation of sodic soil after 17 years. European 
Journal of Soil Science, 70, 1082–1097.

Zhu, M., Wang, Q., Sun, Y., & Zhang, J. (2021). Effects of oxy-
genated brackish water on germination and growth char-
acteristics of wheat. Agricultural Water Management, 245, 
106520. https://doi.org/10.1016/j.agwat.2020.106520


