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Abstract: Saline soils in Alsweira greater area representing mid-Mesopotamian plain saline 
soils were selected to study the effect of salt accumulation on available potassium and 
phosphorus in soil as a depth function. Strip transect area representing sever salt affected 
areas was located and soil samples was chosen along that transect. Results showed that soil 
salinization phases in the area was Chloridic and sulphatic salinization, therefore it affected 
the salt distribution in soils. The most dominant salt compound was sodium chloride in 
Chloridic salinization soils, while sodium sulphate was the dominant salt compound in 
sulphatic salinization areas. Results showed that the content of available phosphorus was 
fairly low while available potassium showed different ranges in soil. Available potassium 
was significantly positive correlated to electrical conductivity (ECe) while available 
phosphorus was significantly negative correlated with ECe. These results were figured as 
depth functions of these available nutrients in soil where the highest content of available 
potassium was in the upper horizon decreasing with depth, while available phosphorus 
showed a significant decrease with depth as soil salinity decreases with depth. 
Keywords: available k, available p, salinization phase, salt distribution, soil salinity. 

Introduction 

Salt-affected soils have received wide 
attention recently due to the steady increase in 
population, which is accompanied by a severe 
deterioration in arable land at a rate of 1-2% 
per year (Hossain, 2019). ICARDA, 2014, 
indicated that the problem of salinization is the 
main problem in the decline in agricultural 
production, as the organization indicated that 
there are more than 1,125 million hectares of 
salt-affected lands in the world, concentrated 

in the soils of arid and semi-arid regions. 
Anderson, 2010, confirmed that salt-affected 
soils are mainly characterized by a high basic 
reaction when sodium ions dominate the soil 
solution compared to other bases. However, 
Hashem et al., (2014) showed that increasing 
the concentration of salts in the soil leads to a 
decrease in the soil content of calcium and 
magnesium ions compared to its sodium 
content. The potassium content also witnesses 
a significant increase coupled with an increase 
in chloride and sulphate ions in it. Wong et al., 
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(2010) explained that increasing the soil 
content of salts reduces the decomposition of 
organic matter in the soil, which leads to an 
increase in its content compared to soils not 
affected by salts due to inhibition of the 
activity of biological activities in it. Wheib & 
Ibrahim (2012) studied the morphological and 
micromorphological characteristics of some 
soils affected by salts in the Iraqi alluvial plain. 
They noted that there is diversity in the salt 
composition of the study soil samples. The 
results of the scanning electron microscope 
and the polarizing microscope showed the 
spread of chloride-salinity soils in the west of 
the alluvial plain, extending to chloride-
sulphuric-salinity soils in the middle of the 
Iraqi alluvial plain. Their study also showed 
the dominance of dark- sabkha soils in both 
locations at higher rates than the dominance of 
light sahura soils. Organic materials added to 
the soil reduce the exposure of phosphorus to 
factors that help in   its deposition and 
retention, in addition to the fact that they 
contain phosphorus, which is released through 
absorption by the soil as calcareous soil is 
revitalized, along with the production of 
organic acids and carbon dioxide gas. The 
carbon dioxide dissolves in water to form 
carbonic acid. These acids lower the soil pH 
and enhance the solubility of phosphorus 
compounds that are only slightly soluble, 
thereby promoting the release of phosphorus 
into the soil. Al-Hadethi (2024) has studied the 
application of phosphorus in saline sodic soils, 
and the confirmed that the application of acidic 
materials with phosphogypsum increases the 
availability of phosphorus and potassium to 
plant in these soils. Mam-Rasul (2020) and Al-
Jaff, (2024) have studied the impact of 
carbonate minerals on the availability of 

potassium in calcareous soils, and he excluded 
that the adsorption of potassium showed 
maximum increase with the increase of 
carbonate minerals.  Al-Jubory & Al-Khafaji 
(2024) found that there was a negative 
relationship between phosphorus availability 
and salt accumulation, where phosphorus was 
significantly affected by the increase of soil 
salinity, sodium adsorption ratio, and clay 
content. Nahmoud & Al-Rubaai (2019) studied 
the availability of potassium in saline soils, and 
they confirmed that saline soils in Iraq have 
adequate amount of available potassium. 
Abbas & Wheib (2021) confirmed that land 
use affects to availability of phosphorus and 
potassium in cereal crop areas in 
Mesopotamian plain, where the highest 
content of these nutrients where in areas 
fertilized with phosphorus and potassium, 
while they also mentioned the decrease in 
available phosphorus in salt affected soils. 
Since salt accumulation have a great impact on 
the availability of available potassium and 
phosphorus, this study aimed to study 
availability of these nutrients in saline soils 
besides describing their depth function in 
saline soils in mid-Mesopotamia. Many local 
studies were conducted on salt affected soils 
dealing with the effect of salinity on the 
availability of nutrient under soil management 
practices to reclaim these soils (Mahmoud & 
Alrubaie, 2019, Saleh et al., 2019, Al-Najar & 
Abbas, 2009) 

Materials & Methods 

Area of Study: Eight soil pedons were selected 
along a transect passing through different 
saline soils in Alsweira district covering a 
transect length of 6.00 km, these soils are 
strongly affected by salinity and representing 
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most of the saline soils in the studied area. 
Figure 1 shows selected samples on this 
transect in alsweira grater area.  Soil profiles 
were excavated and morphologically described 

as saline soils, and samples were collecte from 
each soil horizon and for each soil profile 
according to Soil Survey Staff (Burt, 2014), 
packed in plastic bags for laboratory analysis. 

 

Fig. (1): Transect of study in greater Alsweira district 

Measured properties 

selected samples were air dried, grinded, and 
prepared to measure particle size distribution 
according to Day (1965) mentioned in Black 
(1965), Soil Electrical conductivity (ECe), 
Cations and Anions in soil solution, and 
Exchangeable sodium percentage (ESP) 
according to Richards et al., (1954). Also, 
available potassium and phosphorus were 
measured due to Page et al., (1982). 
Hypothetical distribution of salts was also 
calculated according to Al-Zubaidi (1989) to 
determine the salinization phase of the selected 
saline soils.  

Statistical analysis 

 means, standard deviation, and coefficient of 
variance were calculated for the available 
potassium and phosphorus using the statistical 
methodology mentioned in Microsoft office 
package, namely MS Excel manual, according 
to Microsoft Corporation (2016).  

Results & Discussion  

Soil Properties and salt distribution 

 measured properties values of the selected 
saline soils are shown in table 1. The highest 
soil electrical conductivity reached 113.08 dS 
m-1 in the surface horizon (A1) of the seventh 
pedon while the lowest value was 13.21 dS m-
1 in the subsurface horizon (C3) of the first 
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pedon.  Pedon seven was representing 
sulphatic salinization phase (table 2) while the 
first pedon was representing a chloridic phase 
of salinization. The most dominant salt 
compound in Chloridic salinization was 
sodium chloride while sodium sulphate 
prevailed the sulphatic salinization phase. 
Some other salts were shown in both 
salinization phases (figure 2). Electrical 
conductivity was decreasing with depth as a 
result of accumulating salts in the upper layers 
of the soil in arid and semiarid areas soils due 
to the active capillary fringe that participate in 
accumulating salts in heavy textured soils. It is 
obvious that some salinization phases tend to 
be Chloridic-sulphatic according to the values 
of Cl/SO4 ratios. Pedons 1, 2, 3, and 6 
represent Chloridic phase salinization while 
pedons 4, 5, 7, and 8 represent sulphatic 
salinization phase. Soil reaction showed a 
significant correlation with electrical 
conductivity (R2=0.467, p<0.05) as salt 
accumulation function. Figure 3a shows this 
relationship. This result was also confirmed by 
many studies Nasir & Wheib (2022), Al-
Jubouri & Wheib (2020), Reddi (2013)). Soil 
electrical conductivity also correlated 
significantly (R2=0.749, p<0.01) with 
exchangeable sodium percentage (figure 3b). 
In fact, it is not necessarily that ECe correlates 
to ESP as the content of sodium in comparison 
to calcium and magnesium show in soil 
solution. Sometimes the highest values of 
electrical conductivity come from higher 
concentrations of calcium and magnesium in 
soil solution which decrease the ESP values. 
Hence, when ECe correlates to ESP, it refers to 
higher concentrations of sodium in soil 
Farahmand et al., (2012), Zaman et al., (2018), 
Gharaibeh et al., (2021). 

Table (1): Measured soil properties 

Pe
do

n 
 

H
or

iz
on

 
 de

pt
h 

ECe 
pH 

 
ESP 

 
Soil Texture 

 
cm 

dS m-

1 

1 

P1A 12 30.40 7.6 18.45 SiL 

P1C1 36 25.93 7.7 15.58 SiL 

P1C2 65 21.50 7.6 13.58 SiCL 

P1C3 85 13.21 7.8 12.07 SiCL 

2 

P2A 15 32.52 7.5 29.46 LS 

P2C1 40 27.51 7.7 22.49 LS 

P2C2 72 16.73 7.7 18.68 SiL 

P2C3 95 14.89 8.2 14.91 SiL 

3 

P3A 16 62.87 7.3 45.87 SiCL 

P3C1 48 50.53 7.3 48.57 SiCL 

P3C2 69 48.44 7.6 52.02 CL 

P3C3 82 47.30 7.5 52.20 CL 

P3C4 108 34.89 7.8 23.79 SCL 

4 

P4A 14 79.14 7.2 57.26 SiCL 

P4C1 45 67.06 7.2 50.46 SiCL 

P4C2 73 73.13 7.3 54.43 CL 

P4C3 92 51.79 7.7 50.08 SiCL 

5 

P5A 14 106.8
5 

7.2 63.93 SiC 

P5C1 42 67.50 7.2 43.10 SiC 

P5C2 69 49.57 7.5 48.67 SiCL 

P5C3 85 43.29 7.4 33.22 SiCL 

P5C4 115 34.08 7.9 26.17 SiL 

6 

P6A 15 94.24 7.3 62.21 SiL 

P6C1 45 36.92 7.6 32.75 SiC 

P6C2 75 29.92 7.9 38.02 SiC 

7 

P7A 16 113.0
8 

7.4 59.71 SiC 

P7C1 52 37.29 7.8 35.81 C 

P7C2 70 31.96 7.7 35.39 C 

P7C3 96 27.58 8.1 41.65 SiC 

8 

P8A 12 76.77 7.3 54.10 SiC 

P8C1 52 67.48 7.8 49.97 SiCL 

P8C2 76 56.40 7.7 46.65 SiCL 

P8C3 96 38.34 8.2 43.92 SiL 
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Fig. (2): Hypothetical distribution of salts 
 

Back to hypothetical distribution of salts, 
potassium, carbonate and bicarbonate ions 
were neglected in calculations because of the 
negligible values of them. Cations and anions 
used for these calculations were Ca+2, Mg+2, 
Na+, Cl-, and SO4

-2. Cations and anions where 
matched in concentrations to distribute the 
hypothetical bonding of cations with anions to 
compound salts. Table 2 shows the 
concentrations in meq l-1 of salts in the selected 
saline soils. Some sulphatic salinized soils 

showed higher content of chlorides salts, and 
this tend to be more sulphatic chloridic 
salinization process as noticed in pedons 7 and 
8. Calcium and magnesium chlorides showed 
no existence or fair content as calcium and 
magnesium first bond to sulphate and due to 
the lower contents of these cations, the whole 
quantity bonds to sulphate leaving chloride to 
bond with sodium instead. 

 

 

 
 
 
 
 
 
 
 
 
 
 

Fig. (3): Relationship between ECe (dS m-1) with pH (a), and ESP (b) 
 
 
 

a  b 
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Table (2): Phase of salinization and hypothetical distribution of salts 

Pedon Horizon 
depth 

Cl/SO4 
salinity 
phase 

CaSO4 MgSO4 Na2SO4 CaCl2 MgCl2 NaCl 
cm meq L-1 

1 

P1A 12 3.41 Chloridic 65.00 0.00 0.00 47.00 38.00 140.00 
P1c1 36 1.87 Chloridic 85.00 0.00 0.00 25.00 26.00 102.00 
P1c2 65 4.05 Chloridic 39.00 0.00 0.00 43.00 32.00 85.00 
P1c3 85 3.08 Chloridic 28.00 0.00 0.00 23.00 14.00 51.00 

2 

P2A 15 1.34 Chloridic 79.00 34.00 28.00 0.00 0.00 189.00 
P2C1 40 1.16 Chloridic 99.00 23.00 7.00 0.00 0.00 150.00 
P2C2 72 1.29 Chloridic 63.00 11.00 1.00 0.00 0.00 97.00 
P2C3 95 1.07 Chloridic 48.00 27.00 0.00 0.00 1.00 79.00 

3 

P3A 16 1.10 Chloridic 123.00 29.00 162.00 0.00 0.00 346.00 
P3C1 48 1.54 Chloridic 68.00 25.00 118.00 0.00 0.00 337.00 
P3C2 69 1.87 Chloridic 52.00 19.00 118.00 0.00 0.00 327.00 
P3C3 82 2.63 Chloridic 56.00 11.00 72.00 0.00 0.00 366.00 
P3C4 108 5.65 Chloridic 57.00 0.00 0.00 42.00 76.00 206.00 

4 

P4A 14 0.38 Sulphatic 99.00 18.00 475.00 0.00 0.00 228.00 
P4C1 45 0.29 Sulphatic 88.00 33.00 418.00 0.00 0.00 149.00 
P4C2 73 0.43 Sulphatic 79.00 42.00 407.00 0.00 0.00 231.00 
P4C3 92 0.89 Sulphatic 69.00 19.00 199.00 0.00 0.00 259.00 

5 

P5A 14 0.42 Sulphatic 29.00 96.00 641.00 0.00 0.00 319.00 
P5C1 42 0.37 Sulphatic 85.00 105.00 317.00 0.00 0.00 192.00 
P5C2 69 0.53 Sulphatic 68.00 19.00 252.00 0.00 0.00 180.00 
P5C3 85 0.52 Sulphatic 99.00 54.00 146.00 0.00 0.00 157.00 
P5C4 115 0.74 Sulphatic 89.00 57.00 63.00 0.00 0.00 150.00 

6 
P6A 15 1.64 Chloridic 25.00 88.00 251.00 0.00 0.00 599.00 
P6C1 45 2.81 Chloridic 39.00 63.00 0.00 0.00 22.00 265.00 
P6C2 75 1.21 Chloridic 59.00 12.00 75.00 0.00 0.00 179.00 

7 

P7A 16 0.34 Sulphatic 69.00 118.00 681.00 0.00 0.00 299.00 
P7C1 52 0.92 Sulphatic 87.00 22.00 96.00 0.00 0.00 191.00 
P7C2 70 0.98 Sulphatic 69.00 19.00 84.00 0.00 0.00 169.00 
P7C3 96 0.70 Sulphatic 39.00 11.00 125.00 0.00 0.00 123.00 

8 

P8A 12 0.34 Sulphatic 89.00 45.00 463.00 0.00 0.00 201.00 
P8C1 52 0.22 Sulphatic 59.00 78.00 444.00 0.00 0.00 126.00 
P8C2 76 0.72 Sulphatic 88.00 35.00 224.00 0.00 0.00 250.00 
P8C3 96 0.92 Sulphatic 59.00 19.00 138.00 0.00 0.00 200.00 



Wheib et al., / Basrah J. Agric. Sci., 38(1), 248-260, 2025 

254 
 

Available Potassium and Phosphorus: 

Available potassium and phosphorus (mg kg-
1) were measured in soil samples where table 
3 shows their values. Some saline soils showed 
high available potassium especially in the 
surface horizons, while other soils showed 
medium to low content of available potassium 
in the subsurface horizons according to the 
classification of ranges of extension 
department of Minnesota University 
(University of Minnesota Extension, 2024). 
The surface horizons showed higher content of 
available potassium as their content of total 
salts in term of electrical conductivity was very 
high as they were classified as strongly saline 
soils, thus the values showed high coefficient 
of variance (48.59-85.60 %). Available 
phosphorus reflected lower content in saline 
soils, where it ranged between 4.99-8.37 mg 
kg-1. The surface horizons showed lower 
content of available phosphorus in comparison 
in the subsurface horizons as these values were 
affected by the salt accumulation in the upper 
horizon. The low content of available 
phosphorus led to lower coefficients of 
variance (6.19-17.20) as they are computed 
from their values. The desirable content of 
available phosphorus in none saline soils 
ranges between 20-40 mg kg-1 LaBarge 
(2022), Abbas & wheib (2021) while in saline 
soils it drops down to 10 mg kg-1 Guan et 
al.,(2024), where the higher content of salts in 
soil the lower content of available phosphorus 

in soil. Therefore, available content of 
phosphorus in selected saline soils is 
considered low. Studied Saline soils typically 
contain high concentrations of potassium, 
chloride, and sulfate ions, which tend to 
increase with rising soil salinity as this was 
confirmed by many studies (Qadir et al., 2000, 
Wakeel, 2013;  Osman & Osman, 2018) 

Depth function of available potassium and 
phosphorus 

 Figure 4 shows the distribution of available 
potassium and phosphorus with depth. Depth 
functions of available potassium showed a 
decrease with depth while available 
phosphorus showed an increase with depth. 
The reason goes under the effect of salts 
accumulated in the surface horizons rather than 
the subsurface ones. Where in case of available 
potassium the values increased as the soluble 
potassium salts accumulated in the surface 
horizons where providing soil exchange 
surfaces with great amount of potassium, while 
phosphorus compound accumulated in the 
surface horizons are considered none or very 
low soluble compound, thus most phosphorus 
in these horizons are trapped in fixed forms of 
phosphorus (Mahmood et al., 2013&Mehfooz 
et al., 2023). Also, clay content showed an 
impact on salt accumulation, where the highest 
values of clay content the highest values of 
ECe, as this was confirmed by many 
researchers (Kragas et al., 2020, Al-Bayati et 
al., 2025, Mahdee et al., 2023) 
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Table (3): Available potassium and phosphorus in soil 

Pedon Horizon 
depth Av. K Av. P 

 

Pedon 
 

Horizon 
 

depth Av. K Av. P 
cm mg kg-1 mg kg-1 cm mg kg-1 mg kg-1 

1 

P1A 12 162.73 5.71 

5 

P5A 14 162.73 5.33 

P1c1 36 51.14 7.32 P5C1 42 154.15 5.4 

P1c2 65 85.48 7.69 P5C2 69 171.31 5.18 

P1c3 85 79.89 8.37 P5C3 85 111.23 6.88 

mean   94.81 7.2725 P5C4 115 42.56 5.83 

SD   47.71 1.13 Mean   128.40 5.72 
CV   50.33 15.52 SD   53.26 0.69 

2 

P2A 15 136.98 5.97 CV   41.48 12.05 

P2C1 40 54.24 5.32 

6 

P6A 15 248.57 4.99 

P2C2 72 51.14 5.35 P6C1 45 111.23 6.62 

P2C3 95 85.48 6.69 P6C2 75 85.48 6.83 

mean   81.96 5.8325 Mean   148.43 6.15 
SD   39.82 0.65 SD   87.68 1.01 
CV   48.59 11.07 CV   59.07 16.39 

3 

P3A 16 437.41 5.11 

7 

P7A 16 306.08 5.19 

P3C1 48 162.73 6.77 P7C1 52 162.73 5.37 

P3C2 69 119.81 7.46 P7C2 70 89.32 6.64 

P3C3 82 94.06 6.63 P7C3 96 95.47 7.41 

P3C4 108 65.28 6.34 Mean   163.40 6.15 

mean   175.86 6.46 SD   100.76 1.06 
SD   150.53 0.86 CV   61.67 17.20 

CV   85.60 13.32 

8 

P8A 12 197.06 5.12 

4 

P4A 14 248.57 5.07 P8C1 52 197.06 5.73 

P4C1 45 214.23 5.06 P8C2 76 67.58 5.8 

P4C2 73 51.14 5.06 P8C3 96 42.56 6.64 

P4C3 92 42.56 5.71 mean   126.07 5.82 

mean   139.13 5.23 SD   82.61 0.62 
SD   107.53 0.32 CV   65.53 10.73 
CV   77.29 6.19      
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Fig. (4): Available potassium and phosphorus in term of depth function 
 
Available potassium and phosphorus in 
relation to soil properties: Figure 5 indicates 
that there was a significant positive 
relationship of available potassium with ECe, 
and EPS. Where values of coefficient of 
determination R2 was 0.506 and 0.238 
(p<0.01, <0.05) respectively, where that refers 
to the fact of the higher accumulation of salts 

the higher content of available potassium. The 
relationship of available potassium shoed 
lower significance level due to the antagonism 
effect of sodium on potassium activity in saline 
soil solution and exchange complexes 
Hayward & Wadleigh, (1949), Ahmed & 
Jabeen, (2005), Cheng et al., (2024). 
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Fig. (5): Relationship of available potassium with ECe and ESP 
 

On the contrary, available phosphorus 
behaviour was the opposite, where there was a 
significant negative relationship with ECe and 
ESP (R2= 0.394 and 0.258, p<0.05), 

respectively, (figure 6). That indicates that the 
more salt accumulation and sodium in soil the 
more fixation of phosphorus occur in soil Liu 
et al., (2024) and Huo et al., (2023). 

 
 
  
 
 
 
 
 
 
 
 
 
 
 

Fig. (6): Relationship of available phosphorus with ECe and ESP 

Conclusion 

strongly saline soils showed different amount 
of available potassium and phosphorus, also, 
the distribution of these available nutrients in 
soil with depth reflected different behaviour 
than the regular behaviours of their distribution 
in none saline soils. Despite the salinization 
phase, salt accumulation in term of ECe and 
ESP showed an impact on the content of 
available potassium and phosphorus. 
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 دالة عمق توز�ع الفسفور والبوتاسیوم الجاهز في �عض الترب المتملحة من وسط السهل الرسو�ي العراقي 

   ظمطالب �ا  ووجدانعبد علي ع�سى  وحسینقصي عبد الرزاق وهیب وافراح �اظم سلمان 

 قسم علوم التر�ة والموارد المائ�ة، �ل�ة علوم الهندسة الزراع�ة، جامعة �غداد

تم اخت�ار �عض الترب المتملحة في منطقة الصو�رة الواسعة والتي تمثل �عض ترب السهل الرسو�ي العراقي المتملحة   :صستخلالم
لدراسة تأثیر تراكم الاملاح على البوتاسیوم والفوسفور الجاهز�ن في التر�ة �دالة عمق. تم تحدید مسار شر�طي التي تمثل مناطق 

ات التر�ة على طول هذا المسار. أظهرت النتائج أن مراحل تملح التر�ة في المنطقة �انت ملوحة شدیدة التأثر �الملح وتم اخت�ار عین
كلور�د�ة و�بر�ت�ة، و�التالي فقد أثرت على توز�ع الملح في التر�ة. �ان المر�ب الملحي الأكثر ه�منة هو �لور�د الصودیوم في الترب 

هو المر�ب الملحي السائد في مناطق التملح الكبر�تي. أظهرت النتائج أن محتوى   الملح�ة الكلور�د�ة، بینما �ان �بر�تات الصودیوم
الفوسفور الجاهز �ان منخفضًا إلى حد ما بینما أظهر البوتاسیوم الجاهز مد�ات مختلفة في التر�ة. �ان البوتاسیوم الجاهز مرت�طًا  

) بینما �ان الفوسفور المتاح مرت�طًا �شكل سلبي �شكل �بیر �الا�صال�ة الكهر�ائ�ة ECe�شكل إ�جابي ومعنوي �الا�صال�ة الكهر�ائ�ة (
)ECe وقد تم حساب هذه النتائج �دوال عمق لهذه العناصر الغذائ�ة الجاهزة في التر�ة حیث �ان أعلى محتوى من البوتاسیوم .(

 رًا مع انخفاض ملوحة التر�ة مع العمق.الجاهز في الأفق العلوي یتناقص مع العمق، في حین أظهر الفوسفور الجاهز انخفاضًا �بی

هز.تملح التر�ة، طور التملح، توز�ع الاملاح، الفسفور الجاهز، البوتاسیوم الجامفتاح�ة: ال كلمات ال

 


