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Abstract 

To determine whether Clean Salt, a salt conditioner, could alleviate salinity stress in 

barley, we established a field experiment in Thi-Qar Governorate, Iraq, during the 

2024–2025 growing season. Four irrigation salinity levels—4.5 (control), 6, 9, and 12 

dS m⁻ ¹—were tested in combination with three Clean Salt application rates: 0, 0.5, 

and 1 liter per 1000 liters of water. A split-plot design with three replications was 

used to assign treatments. We looked at several yield-related traits, including grain 

yield, harvest index, 1000-grain weight, spikes per square meter, and grains per spike. 

As salinity increased, most of these traits tended to decline, though grains per spike 

held steady. For example, grain yield dropped from 6.37 t ha⁻ ¹ in the control 

treatment to 5.40, 4.69, and finally 3.59 t ha⁻ ¹ under the highest salinity level—a 

statistically significant reduction. Across salinity levels, C2 improved spikes m⁻ ² 

(253 vs. 235), 1000-grain weight (41.73 vs. 38.12 g), grain yield (5.453 vs. 4.512 t 

ha⁻ ¹), and harvest index (43.50% vs. 39.74%) compared to C0 (LSD 0.05 = 2.15, 

0.65 g, 0.217 t ha⁻ ¹, 1.74%, respectively). The C1 rate showed intermediate effects. 

A significant interaction (C2 × W0) produced maximum spikes m⁻ ² (280.33), 1000-

grain weight (49.00 g), and yield (7.369 t ha⁻ ¹) (LSD₀ .₀ ₅  = 16.54, 1.94 g, 0.707 t 

ha⁻ ¹). However, Clean Salt effectiveness diminished markedly at W3, recovering 

only 11.2% of yield loss compared to 34% recovery of 1000-grain weight loss. At a 

rate of 1 L per 1000 L of water, Clean Salt proved effective at reducing salinity stress 

in barley under low to moderate salinity levels (up to 9 dS m⁻ ¹). However, its 
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performance dropped off sharply at 12 dS m⁻ ¹, suggesting that it cannot stand alone 

under severe salinity and may need to be combined with other management 

strategies. 

Keywords: Hordeum vulgare, salinity stress, soil conditioner, yield components, 

salinity threshold, Iraq 

Introduction: 

Barley is one of the oldest cultivated 

grains and remains a key crop for 

global food security. It ranks fourth in 

importance after wheat, maize, and 

rice, and was once a staple ingredient 

in bread-making. Beyond its 

carbohydrate content, barley provides 

essential amino acids and proteins 

important for human nutrition. It is also 

a good source of fiber, selenium, and B 

vitamins (Noreen et al., 2025). 

Global barley cultivation area is 

estimated at about 5.514 million 

hectares, with a production of about 

538 million tons. In Iraq, barley ranks 

second in importance, cultivated area, 

and production. In the winter of 2023, 

the area planted with barley in Iraq 

reached approximately 2344 thousand 

dunams, while the total production 

reached 106 thousand tons, (Central 

statistical organization [CSO], 2023). 

As a result, productivity levels fail to 

reach global standards. One of the 

reasons for this decline may be due to 

the lack of use of modern technologies 

in the field of crop service, particularly 

during critical stages of the crop life 

cycle, (Demelash et al., 2025). The 

scarcity of water resources is one of the 

most prominent challenges facing 

countries around the world (AL-Hudaib 

et al., 2025), especially Iraq, in light of 

its efforts to enhance agricultural crop 

production. This problem is expected to 

worsen in the coming years. In 

response to this major challenge, 

significant efforts have been made to 

find innovative solutions. This included 

the utilization of non-traditional water 

resources, such as saline groundwater 

and agricultural drainage water (Nazir 

et al., 2025). This requires the 

implementation of best practices in soil 

and crop management, in addition to 

enhancing the surrounding 

environment of agricultural crops. 

Modern technologies, such as the use 

of salt-treating compounds like Clean 

Salt, can enhance productivity by 

utilizing saline water to offset the 

shortage of freshwater, Clean Salt 

functions by breaking the association 

of sodium with the soil, thus enabling 

its substitution with calcium 

(Budhlakoti et al., 2022). This 

procedure contributes to transporting 

sodium to deeper soil layers, in 

addition to releasing chlorine and 

rendering it free, which facilitates its 

effective immobilization, (Batool et al., 

2026). The study aims to: 

Studying the tolerance level of barley 

to different salinity levels to achieve 

optimal yield. 

Studying the effect of the optimal level 

of the salt conditioner ―Clean Salt‖ in 
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enhancing barley tolerance to irrigation 

with saline water while achieving 

improved productive traits. 

Studying the optimal interaction 

between levels of the salt conditioner 

and saline water irrigation levels to 

achieve superior yield traits of barley. 

Materials and methods: 

A field experiment was conducted 

during the 2024–2025 cropping season 

on agricultural land located in Sayid 

Dakhil District, southeast of Thi-Qar 

Governorate, at the geographical 

coordinates of latitude 31
0
 and 

longitude 46
0
. The study focused on 

barley (cv. Aksad) to investigate the 

effect of the salt ameliorant Clean Salt 

on mitigating salinity stress and 

improving the growth and productivity 

of the barley crop. 

A set of soil samples was collected 

from a depth of (0–30) cm after the 

surface layer was removed. The 

samples were thoroughly mixed to 

form a composite sample accurately 

representing the field, which was then 

analyzed at the Directorate of 

Agriculture Laboratory, Dhi Qar 

Governorate. The results are presented 

in Table (1). 

 

 

Table (1). The physicochemical characteristics of the experimental field pre-

planting 

Attribute Values Units 

pH 7.20  

E.c(1:1) 6.50 ds/m
-1 

Nitrogen(available) 12.60 Mg/kg dry weight 

phosphorus(available) 13.20 Mg/kg dry weight 

potassium(available) 118.70 Mg/kg dry weight 

Clay 48.54 g/kg
-1 

Silt 29.12 g/kg
-1

 

Sand 33.22 g/kg
-1

 

Soil texture silty clay 

 

The experiment was conducted using a 

split-plot arrangement under a 

Randomized Complete Block Design 

(RCBD). The main plots comprised 

salinity levels of (0, 6, 9, and 12) ds 

/m⁻ ¹, designated as (W0, W1, W2, and 

W3) respectively. The subplots 

included three levels of the salinity 

conditioner ―Clean Salt‖ at (0, 0.5, and 

1) L, designated as (C0, C1, and C2) 

respectively. The saline solution was 

prepared using sodium chloride (NaCl) 
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according to the following equation: w 

× 0.640 = the required salt weight for 

preparing the concentrated solution, 

(Al-Naemi, 2015). The required 

amount of sodium chloride (NaCl) per 

liter of distilled water was determined 

to achieve an electrical conductivity of 

(6, 9, 12) dS·m⁻ ¹. This was calculated 

using the equation described above for 

each of the desired salinity 

concentrations. As the electrical 

conductivity (EC) of the river water 

was recorded at 4.5 dS·m⁻ ¹, the 

concentration of dissolved salts was 

estimated at 2.88 mg·L⁻ ¹. The number 

of salts present in the river water was 

subsequently subtracted from the total 

required NaCl needed to obtain the 

 Four salinity levels were established 

for irrigation water: W0 (4.5 dS·m⁻ ¹; 

river water), W1 (6 dS·m⁻ ¹; 0.96 kg 

NaCl·1000 L⁻ ¹), W2 (9 dS·m⁻ ¹; 2.88 

kg NaCl·1000 L⁻ ¹), and W3 (12 

dS·m⁻ ¹; 4.8 kg NaCl·1000 L⁻ ¹). 

target salinity level, and the remaining 

quantity was added to reach the desired 

concentration. The saline solutions 

were prepared in four tanks, each with 

a capacity of 1,000 L. The required 

amount of NaCl was added to the water 

with continuous stirring. The target 

salinity level was then verified using an 

electrical conductivity meter (EC 

meter). Subsequently, the prepared 

water was delivered to the 

experimental units through plastic 

pipes dedicated to each unit according 

to the specified salinity level. The salt 

conditioner (Clean Salt) was applied at 

two concentrations: 0.5 L/1,000 L 

water and 1 L/1,000 L water. 

Applications were made twice: once 

after germination and again 15 days 

later. A control treatment without 

conditioner (C0) was included for 

comparison. Plowing, leveling 

operations were performed on the 

experimental field, which was then 

divided according to the experimental 

design., and seeds were sown on 

November 1
st
, (Al-Jiyashi, 2020). The 

experimental field was subdivided into 

36 experimental units, each measuring 

1 × 1 m. Each unit consisted of five 

rows with a row spacing of 20 cm, and 

a seeding rate of 120 kg per hectare 

was applied, (General Authority for 

Agricultural Research, 2011). Nitrogen 

fertilization was applied at a rate of 120 

kg/ha in the form of urea (46% N) in 

two split applications, following the 

determination of available soil nitrogen 

(Table 1). Phosphorus fertilization was 

applied at 100 kg/ha as triple 

superphosphate (46% P₂ O₅ ), (Al-

Abadi, 2011). and potassium 

fertilization was applied at 80 kg/ha in 

the form of potassium sulfate (50% 

K₂ O), (Ali et al., 2014). Irrigation and 

the removal of weeds were performed 

as needed. 

Table (2) composition of the salt-treatment product (Clean Salt), manufactured 

in the Kingdom of Saudi Arabia. 

sequence Materials concentration 

1 Nitrogen 9% 
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2 Calcium 12% 

3 Active organic matters 23% 

4 Total organic matters 63% 

 

Results and discussion: 

    Clean salt application proved to be a 

key factor in boosting spike density 

(Table 3). The most effective 

treatment, C2 (a 1:1000 solution), 

resulted in an average of 253.08 spikes 

per square meter. This was a 7.8% 

improvement over the control's 234.67 

spikes. It's likely that the clean salt 

improved conditions in the root zone 

and reduced the toxic effects of ions, 

which in turn helped the plants take up 

more water and nutrients—a boost that 

would naturally support more tillers 

and, ultimately, more spikes (Al-Tahafi 

et al., 2015; Al-Ali, 2024). 

    The salinity of the irrigation water 

also played a major role. Under non-

saline conditions (W0), plants 

produced 265.33 spikes m⁻ ². As salt 

levels increased, this number steadily 

fell, dropping by 15% to just 225.56 

spikes m⁻ ² at the highest salinity of 12 

dS m⁻ ¹ (W3). This drop-off is a direct 

consequence of salt stress: the higher 

osmotic pressure and buildup of 

sodium and chloride ions make it 

harder for plants to absorb water and 

nutrients, which directly hampers tiller 

fertility (Guo et al., 2025). 

     Interestingly, there was a significant 

interaction between the two factors. 

The absolute best result came from 

combining the optimal clean salt 

treatment with fresh water (C2 × W0), 

which peaked at 280.33 spikes 

m⁻ ².The lowest yield, 218.67 spikes 

m⁻ ², was recorded in the high-salinity 

plots that missed out on the clean salt 

treatment (C0 × W3). This really 

highlights an important point: the 

treatment works best in good 

conditions, but it’s not wasted in bad 

ones—it still helps the plants cope with 

salt stress. 

 

 

Table (3). Effect of Clean Salt Levels and Irrigation Water Salinity on Number 

of Spikes per m
2
 (spikes m

2
) 

W 

C 
W0 W1 W2 W3 

Clean Salt 

Averages 

C0 256.67 236.67 226.67 218.67 234.67 

C1 259.00 242.33 233.33 221.67 239.08 

C2 280.33 251.67 244.00 236.33 253.08 

Average salinity 265.33 243.56 234.67 225.56  

L.S.D 0.05 
W C WXC 

16.487 2.152 16.537 
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Grain number per spike showed no 

significant response to clean salt 

application, irrigation water salinity, or 

their interaction (Table 4). Values 

ranged from 58.67 to 62.67 grains 

spike⁻ ¹ across all treatment 

combinations, with treatment means of 

60.67 (C0), 61.42 (C1), and 61.58 (C2) 

for clean salt levels, and 60.00 (W0) to 

62.33 (W3) for salinity levels. The 

absence of significant differences 

indicates that grain number per spike 

was conserved across treatments, 

suggesting this yield component may 

be less sensitive to both salinity stress 

and clean salt amelioration under the 

conditions tested (Gaafar et al., 2025). 

 

 

 

 

 

 

 

 

Table (4). Effect of Clean Salt Levels and Irrigation Water Salinity on grains 

number per spike (spikes
-1

). 

W 

C 
W0 W1 W2 W3 

Clean Salt 

Averages 

C0 60.00 58.67 61.67 62.33 60.67 

C1 59.67 61.33 62.67 62.00 61.42 

C2 60.33 61.33 62.00 62.67 61.58 

Average salinity 60.00 60.44 62.11 62.33  

L.S.D 0.05 
W C WXC 

n.s n.s n.s 

 

 

    

Table (5) showed indicates that the 

third level of Clean Salt showed a 

significant superiority, recording the 

highest mean value of (41.73 g), 

whereas the control treatment recorded 

the lowest mean value of (38.12 g) for 

the trait of 1000-grain weight. This 

superiority may be attributed to the 

physiological role of Clean Salt in 

improving the osmotic balance in the 
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root zone and reducing the ionic 

toxicity resulting from the 

accumulation of sodium and chloride 

ions. These effects collectively enhance 

the plant’s efficiency in absorbing 

water and essential nutrients and help 

maintain photosynthetic activity during 

the grain-filling stage, thereby 

increasing 1000-grain weight., (Al-

Tahafi et al., 2015; Al-Ali, 2024; 

Rukhsar et al., 2026). 

Table (5) showed the irrigation water 

salinity levels, the control treatment 

yielded the highest mean value of 

(45.77 g), while the W3 treatment 

(fourth salinity level) gave the lowest 

mean value of (35.31 g) for the trait of 

1000-grain weight. The reduction in the 

1000-grain weight may be attributed to 

the adverse effects of salt stress, which 

limits the plant’s absorptive capacity, 

increases osmotic pressure, and 

enhances ionic toxicity. These 

combined factors ultimately lead to a 

decline in grain filling and a 

consequent reduction in the1000-grain 

weight (El Hajjami et al., 2026). 

Table (5) showed Regarding the 

interaction between Clean Salt and the 

salinity levels of the irrigation water, 

the overlap treatment (C2XW0) 

recorded the highest 1000-grain 

weight, reaching (49.00 g), In contrast, 

the treatment without Clean Salt under 

the highest salinity level (12 dS·m⁻ ¹) 

produced the lowest mean value, which 

was (33.40 g). This superiority may be 

attributed to the effective role of the 

salt amendment in improving 

rhizosphere conditions and mitigating 

the adverse effects of salinity stress, 

particularly by reducing the toxic 

accumulation of sodium and chloride 

ions. This, in turn, enhanced water and 

essential nutrient uptake, which was 

positively reflected in photosynthetic 

efficiency, vegetative growth, the 

formation of a 1000 grain weight. In 

contrast, the absence of the salt 

amendment under high salinity 

conditions resulted in increased 

osmotic stress around the roots and 

disruption of ionic balance within the 

plant, thereby limiting water and 

nutrient absorption and negatively 

affecting physiological processes, 

which was reflected in a marked 

reduction in 1000-grain weight (Demo 

et al., 2025). 

 

 

Table (5). Effect of Clean Salt Levels and Irrigation Water Salinity on 1000-

grain weight (g). 

W 

C 
W0 W1 W2 W3 

Clean Salt 

Averages 

C0 43.17 40.27 35.63 33.40 38.12 

C1 45.13 41.00 37.37 35.87 39.84 

C2 49.00 42.97 38.30 36.67 41.73 

Average salinity 45.77 41.41 37.10 35.31  

L.S.D 0.05 W C WXC 
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1.801 0.647 1.940 

 

 

Table (6) showed indicates that the 

third level of Clean Salt showed a 

significant superiority, recording the 

highest mean value of( 5.453 t ha
-1

), 

whereas the control treatment recorded 

the lowest mean value of (4.512 t ha
-1

) 

for the trait of grain yield, The 

superiority of the (C2) of Clean Salt in 

grain yield may be attributed to its 

enhancement of the number of spikes 

per m
2
 (Table 3) and the improvement 

in the trait of 1000 grain weight (Table 

5) (Abdelghany et al., 2025). 

Table (6) shows a significant effect of 

irrigation water salinity on grain yield. 

The control treatment recorded the 

highest mean of (6.371 t ha⁻ ¹), 

whereas the (W3) produced the lowest 

mean yield, reaching (3.592 t ha⁻ ¹), 

this superiority in the control treatment 

may be attributed to the treatment’s 

significant increase in the number of 

spikes per m
2
 (Table 3) and its 

superiority in 1000-grain weight (Table 

5). (Al-Naemi, 2015; Al-Ali, 2024). 

Table (6) showed Regarding the 

interaction between Clean Salt and the 

salinity levels of the irrigation water, 

the overlap treatment (C2XW0) 

recorded the highest grain yield weight, 

reaching (7.369 t ha⁻ ¹), In contrast, the 

treatment without Clean Salt under the 

highest salinity level (12 dS·m⁻ ¹) 

produced the lowest mean value, which 

was (3.333 t ha⁻ ¹). This superiority 

may be attributed to the effective role 

of the salt amendment in improving 

rhizosphere conditions and mitigating 

the adverse effects of salinity stress, 

particularly by reducing the toxic 

accumulation of sodium and chloride 

ions. This, in turn, enhanced water and 

essential nutrient uptake, which was 

positively reflected in photosynthetic 

efficiency, vegetative growth, the 

formation of a greater number of 

spikes, and increased grain weight, 

ultimately leading to higher grain yield. 

In contrast, the absence of the salt 

amendment under high salinity 

conditions resulted in increased 

osmotic stress around the roots and 

disruption of ionic balance within the 

plant, thereby limiting water and 

nutrient absorption and negatively 

affecting physiological processes, 

which was reflected in a marked 

reduction in grain yield., (Al-Tahafi et 

al., 2015) 
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Table (6). Effect of Clean Salt Levels and Irrigation Water Salinity on grain 

yield (t ha
-1

) 

W 

C 
W0 W1 W2 W3 

Clean Salt 

Averages 

C0 5.429 4.987 4.300 3.333 4.512 

C1 6.314 5.473 4.825 3.655 5.067 

C2 7.369 5.724 4.931 3.787 5.453 

Average salinity 6.371 5.395 4.686 3.592  

L.S.D 0.05 
W C WXC 

0.6684 0.2174 0.7069 

 

 

Table (7) showed indicates that the 

third level of Clean Salt showed a 

significant superiority, recording the 

highest mean value of (43.50%), 

whereas the control treatment recorded 

the lowest mean value of (39.74%)  in 

harvest index may be attributed to its 

The superiority observed at the C2 

level of Clean Salt may be attributed to 

its role in reducing the toxic 

accumulation of sodium and chloride 

ions in the root zone, which contributed 

to improving ionic balance within the 

plant and enhancing the uptake of 

essential nutrients such as nitrogen, 

potassium, and calcium. This 

improvement was positively reflected 

in the efficiency of physiological 

processes, particularly photosynthesis, 

as well as in the increased activity of 

enzymes responsible for growth and 

dry matter accumulation. Furthermore, 

the improvement in the plant’s 

nutritional and water status led to 

enhanced vegetative growth traits and 

yield components, which was directly 

reflected in the harvest index (Al-

Tahafi et al., 2015). 

no significant differences among the 

levels of irrigation water salinity, as 

well as their Interferences interaction. 

Conclusions: 

1 - The Clean Salt treatment showed a 

significant effect in improving the yield 

components of the barley crop, as the 

third level (1 liter/1000 liters) 

significantly outperformed the other 

levels in the number of spikes per m
2
, 

1000-grain weight, grain yield and 

harvest index. 

2 - The increase in salinity of irrigation 

water led to a gradual decrease in yield 

characteristics, as the non-saline water 

irrigation treatment (W0) recorded the 

highest values, while the highest 

salinity (W3 = 12 dS m⁻ ¹) recorded 

the lowest values for all studied yield 

characteristics. 
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3 - That Clean Salt effectively 

mitigates the impact of salinity at low 

to moderate levels; however, its effect 

becomes decisive under high salinity 

conditions, highlighting the need for 

additional management practices in 

severe environments. 

 

 

Table (7). Effect of Clean Salt Levels and Irrigation Water Salinity on moisture 

content at harvest index (%). 

W 

C 
W0 W1 W2 W3 

Clean Salt 

Averages 

C0 42.49 41.56 40.30 34.62 39.74 

C1 47.23 44.30 42.70 36.52 42.69 

C2 49.83 44.66 42.28 37.25 43.50 

Average salinity 46.52 43.51 41.76 36.13  

L.S.D 0.05 
W C WXC 

n.s 1.740 n.s 

 

 

Suggestions: 

1 - Suggested that the Clean Salt 

treatment be used at a level of (1 

liter/1000 liters) when growing in 

saline soils or waters, due to its 

effective role in improving the yield 

and its components. 

2 - Suggested Conduct future studies to 

evaluate the effect of clean salt 

treatment on physiological 

characteristics (chlorophyll content, 

photosynthetic efficiency), root 

characteristics, and salt stress tolerance. 

3 - Suggested to study the interaction 

between salt treatment and mineral or 

organic fertilizers to see the possibility 

of improving the efficiency of use and 

reducing agricultural costs. The 

experiment should be repeated in 

different environments and agricultural 

seasons to verify the stability of the 

results and the possibility of 

generalizing them on a wider scale. 
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