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Abstract 

A field experiment was conducted in one of the private farms in Babylon province / for the winter 

season of the year (2024-2023), to study the role of bacterial inoculum and humic acids in treating 

salt stress and improving some soil properties. The study included three factors: the quality of 

irrigation water (river water with a salt concentration of 1.4 dSm-1 and mixing water with a salt 

concentration of 3.6 dSm-1 W1 and well water 7.0 dSm-1) and symbolized by the symbol (W0, W1, 

W2) The second factor is adding the bacterial inoculum, which is Azotobacter chroococcum bacteria 

loaded on peat moss and the symbol for the treatments (without adding ( A0) and adding the 

Azotobacter bacteria inoculum( A1) The third factor is adding humic acids At three levels (0, 25, 

50), a factorial experiment was conducted according to the Split-Split Plot arrangement and the 

Randomized Complete Block Design (RCBD) design with three replicates. The averages were 

compared according to the Least Significant Difference (LSD) test at the 0.05 level. The results 

showed that river water W0 was significantly excelled and gave the highest rate of organic matter in 

the soil after harvest, reaching 12.85 mg.kg-1, bacterial count 1.84 Cfu.g dry soil, and available 

phosphorus 23.16 mg.kg-1, while the well water treatment (W2) recorded the highest rate of 

available nitrogen, reaching (54.41 mg.kg-1, available potassium 252.96 mg.kg-1. While the 

treatment of humic acids at a concentration of 50 kg.h-1 (H2) was excelled and gave the highest rate 

of organic matter content in the soil 11.89 mg.kg-1, bacterial numbers 1.26 Cfu.g dry soil, available 

nitrogen 51.44 mg.kg-1, available phosphorus 18.16 mg.kg-1, available potassium 193.33 mg.kg-1, 

The results also showed that the bio-inoculation had a significant effect, as the treatment of 

Azotobacter bacteria (A1) was recorded and gave the highest rate of organic matter content in the 

soil 12.04 mg.kg-1, bacterial numbers 1.46 Cfu.g dry soil, available nitrogen 51.66 mg.kg-1, 

available phosphorus 18.09 mg.kg-1, available potassium 197.81 mg.kg-1, the triple interaction 

treatment W2A1H2 was significantly excelled and gave the highest rate of organic matter content in 

the soil, reaching 13.96 mg.kg-1, available nitrogen 59.23 mg.kg-1, available potassium 290.14 

mg.kg-1, and the W0A1H2 treatment was excelled and recorded the highest rate of bacterial 

numbers, reaching 2.41 Cfu.g dry soil, available phosphorus 28.52 mg.kg-1 
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Introduction 

Many areas in the world suffer from the 

problem of salinity and one-third of 

agricultural lands around the world are 

affected by salinity [38]. The problem of 

salinity is considered one of the serious 

problems facing agriculture at the present 
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time, as the tolerance of plants to salinity is 

one of the important issues that has attracted 

the attention of researchers and workers in the 

agricultural fields because of the need to 

increase production and use large areas of land 

for the purpose of cultivation [26]. Soil 

salinity affects plant growth in several ways 

through the harmful effects of salinity of 

irrigation water, which leads to the 

accumulation of salts in the soil, which 

reduces ready elements, delays germination, 

slows the growth rate, early wilting and 

dwarfing of plants [33]. As a result of the 

increasing problem of water shortage in arid 

and semi-arid areas, it was necessary to search 

for alternative sources of water that can be 

exploited, especially in areas with limited 

water resources. Including well and drain 

water, and it is expected that this problem will 

continue and increase, so alternatives must be 

found to compensate for the use of fresh water 

to fill part of the expected water deficit. One 

of the techniques adopted in such 

circumstances is the reuse of drainage water 

from agricultural drainage [35] which is 

characterized by high concentrations of 

dissolved salts. Within this concept, there are 

many determinants of the suitability of this 

water for irrigation purposes that must be 

taken into account. These factors include the 

chemical components of the water, crop 

quality, soil and water management in order to 

overcome the negative effects that this water 

may cause while maintaining soil productivity 

in the long term. Wheat is classified as the 

third most widely grown cereal crop in the 

world after rice and maize [30]. Due to the 

steady increase in population, the demand for 

this crop is increasing, as the global wheat 

production is estimated at 757.6 million tons 

[19], with the need to increase the production 

rate by 50% by 2030 to cover the growing 

population needs in the world [21]. Studies 

have shown that wheat yield can be increased 

by adding mineral and biological fertilizers, 

which meet the needs of this crop through 

balanced fertilizer combinations of bacterial 

biofertilizers [3]. One of the methods used in 

reclamation of saline soil is the use of 

biological methods using bacterial species that 

are tolerant to salinity, such as the free-living 

Azotobacter species in the soil [13]. The 

increased efficiency of wheat varieties in 

absorbing nutrients is greatly affected by the 

presence of these organisms, which have 

positive effects on plant growth. Most of them 

are found in the rhizosphere and are known as 

bacteria that promote plant growth, as 

inoculation with these bacteria increases the 

ability of plants to resist salinity by producing 

various hormones and preparing nutrients. In 

addition, they work to increase plant growth 

and improve its performance under salt stress, 

which leads to increased production [40]. 

Azotobacter bacteria have the ability to fix 

atmospheric nitrogen biologically, prepare 

soluble nutrients and polysaccharides, and 

secrete salicylic acid, thus improving plant 

growth under salt stress conditions [34]. 

Humic acids (humic acid and fulvic acid) are 

considered organic soil conditioners for saline 

soils, as adding humic acids to the soil helps to 

wash away salts, reduce electrical conductivity 

and sodium adsorption rate, and regulate pH. 

This is due to the effectiveness of humic acids 

in forming compounds that are easy to wash 

because they contain active carboxylic and 

hydroxyl groups that form complexes with salt 

ions and make them easy to wash [43]. 

Through them, the efficiency of the soil 

reclamation process affected by salts can be 

increased. Many researchers have concluded 

that organic and biological fertilization led to 

an increase in the concentration of soil 
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elements when planted with different crops 

[16]. In view of the above, this study aims to 

know the role of bacterial inoculum 

(azotobacter) and humic acids in reducing salt 

stress and improving the chemical properties 

of the soil and biological fertility. 

Materials and methods 

A field experiment was coundected in one of 

the private farms in Babylon Province  / for 

the winter season of the year (2023-2024), to 

study the role of bacterial inoculum and humic 

acids in treating salt stress and improving 

some chemical properties of the soil. Random 

samples were taken from different places of 

the soil of the experimental field and from a 

depth of (0-30) cm, then air-dried and crushed 

with a polyethylene hammer and sieved 

through a sieve with a hole diameter of 2 mm) 

) then mixed well and samples were taken 

from it to conduct chemical and physical 

analyses as in (Table 1.) 

  

Table (1): Some chemical and physical properties of the study soil before planting 

traits Values units 

pH 7.87 ------ 

Electrical conductivity 5.67 dsm
-1 

Cation exchange capacity 22.67 
centimole.charge.kg-

1 

Organic matter 9 
g.kg-1 

Carbonate minerals 361 

Dissolved ions in saturated soil paste extract (mmol.L
-1

( 

Dissolved positive ions 

Calcium 14.27 

(mmol.L
-1

) 

Magnesium 10.45 

Potassium 0.93 

Sodium 20.27 

Dissolved negative ions 

Carbonates Nill 

Bicarbonates 4.67 

Sulfates 9.37 

Chlorine 32.05 

available elements 

Nitrogen 15 

mg.kg
-1

 Phosphorus 6.12 

Potassium 124.02 

Sandy loam particle size 

analysis 

sand 572 

g.kg
-1

 Silt 380 

clay 48 

Bulk density 1.31 Mg.m
-3

 

Particle density 2.63 Mg.m
-3

 

 

 

Water samples were taken from the river and 

from a well located near the field to a depth of 

0.3 m [10] to conduct chemical analysis of 

water parameters and the water type was 

determined according to [16]. Table (2) shows 

the chemical properties of irrigation water 

 . 
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Table (2): Chemical properties of irrigation water types 

 

 

 

 

Irrigation 

water types 

 

traits 

 

 

EC 

dsm
-

1 

 

 

PH 

 

Positive ions (mmol L
-1

) 
Negative ions (mmol L

-1
)
 

 

SAR 

 

 
+
Na K

+ 
Ca

+2
 Mg

+2
 HCO3

- =
CO3 CL

-
 SO4

-2
 

River water W0 1.4 7.71 4.85 0.07 2.24 1.82 1.00 Nill 4.52 3.73 2.41 

Mixed water W1 3.6 7.59 16.14 0.12 2.82 3.93 1.41 Nill 16.53 5.88 6.21 

Well water W2 7 7.48 26.14 0.21 6.33 10.33 1.84 Nill 39.01 9.61 6.40 

 

The field was prepared before planting by 

plowing, and the field was divided according 

to the design used according to the 

experimental units with dimensions (3m X 2) 

for each experimental unit. Each main plot 

was isolated from the other by a distance of 

2m, each subplot was isolated from the other 

by a distance of 1.5m, and each sub-subplot 

was isolated from the other by a distance of 

0.50m to facilitate crop service and prevent 

the movement of water and salts and 

interference between the different treatments. 

Wheat seeds were planted, variety IPA99, 

with a seed quantity of 140 kg.ha-1, according 

to the recommendations of the Iraqi Ministry 

of Agriculture. The field was fertilized with 

nitrogenous, phosphate and potassium 

fertilizers, according to the fertilizer 

recommendations, where phosphate fertilizer 

was added 15 days before planting at an 

amount of 100 kg ha-1P2O5 (20%P) in one 

batch at planting [25]. Potassium fertilizer was 

added at an amount of 120 kg ha-1 (K2SO4 

51%) to the soil and for all treatments in two 

equal batches, the first at planting and the 

other at the lining stage. The nitrogen 

fertilization process was carried out at an 

amount of 200 kg ha-1 in the form of urea 

fertilizer ((N%46) in three batches at the 

stages (beginning of planting, branches and 

lining) as in [7]. At planting, the field was 

irrigated with fresh water (germination 

irrigation), after which Irrigation according to 

the water parameters used in the study, which 

is the first factor, water types, including river 

water with a salt concentration of 1.4 dSm-1, 

symbolized by the symbol W0, and mixing 

water with a salt concentration of 3.6 dSm-1 

alternately, symbolized by the symbol W1, 

and well water with a salt concentration of 7.0 

dSm-1, symbolized by the symbol W2. The 

second factor included biofertilization by 

adding bacterial inoculum (A). The 

Azotobacter chroococcum bacteria inoculum 

was used, loaded on peat moss and produced 

in the laboratories of the Agricultural 

Research Department of the Ministry of 

Science and Technology / Zaafaraniya. The 

inoculum was added according to the 

experimental parameters in the lines prepared 

for planting seeds at a depth of 5 cm, so that 

the biofertilizer is in direct contact with the 

roots of the plants when they emerge, and the 

symbol for the parameters is (without adding 

the inoculum, symbolized by A0) and (adding 

the Azotobacter bacteria inoculum, 

symbolized by A1). The third factor included 

organic fertilization, where humic acids were 

used, as they were The soil addition was done 

at three levels (without addition and 
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symbolized by the symbol (H0), adding humic 

acids at a level of 25 kg ha-1 and symbolized 

by the symbol (H1), and adding humic acids at 

a level of 50 kg h-1 and symbolized by the 

symbol (H2). Weeding and weeding were 

carried out whenever necessary during the 

plant growth season. 

Experimental design of field experiment 

treatments 

A factorial experiment was carried out 

according to the split-split plot arrangement 

and the RCBD design with three replicates, 

where each replicate contains 18 treatments, 

so that the number of experimental units 

becomes 54) experimental units). The 

irrigation water quality factor occupies the 

main plot, while the bacterial inoculum factor 

occupies the secondary plots (sub plot), and 

the addition of humic acids occupies the sub-

sub plot. 

Studied traits 

1- Organic matter in soil: Organic matter was 

estimated by wet digestion method according 

to the Walkly and Black method as mentioned 

in [36] 

2- Number of Azotobacter bacteria 

Number of Azotobacter bacteria was estimated 

by dilution pour plates method described by 

[36] in estimating Azotobacter bacteria, where 

a series of dilutions were prepared according 

to the method described by) [35] for each soil 

sample. 

available macro nutrients 

1 . available nitrogen 

available nitrogen was extracted from the soil 

with potassium chloride solution (2 N) using 

the (Micro Kjeldahl) device and according to 

the method of [36.] 

2 . available phosphorus 

The method of Olsen et al. (1954) was used 

for extraction using sodium bicarbonate 

solution (0.5 N) at pH=8.5. The color was 

developed with ammonium molybdate and 

ascorbic acid and was estimated using a 

spectrophotometer at a wavelength of 882 nm 

as mentioned in [36.] 

3 . available potassium 

available potassium was estimated by 

extraction using ammonium acetate solution 

(NH4OAC 1N), pH=7 using a flame 

photometer  

Results and discussion 

1- Soil organic matter content after harvest 

(mg.kg-1 soil) 

The results of Table (3) showed that the type 

of irrigation water had a significant effect on 

the rate of organic matter in the soil after 

harvest (mg.kg-1 soil). Well water (W0) was 

significantly excelled to the other treatments 

and gave the highest rate of organic matter in 

the soil after harvest, reaching 12.85 mg.kg-1 

soil, while mixing water (W1) gave  average 

of organic matter in the soil after harvest, 

reaching 11.33 mg.kg-1 soil, while the river 

water treatment (W0) recorded the lowest rate 

of organic matter in the soil after harvest, 

reaching 10.19 mg.kg-1 soil.The bio-inoculum 

also had a significant effect on the organic 

matter content in the soil after harvest. The 

treatment of adding Azotobacter bacteria (A1) 

recorded the highest rate of organic matter in 

the soil after harvest, reaching 12.04 mg. kg-1 

soil, significantly excelled to the treatment 

without addition (A0), which recorded the 

lowest rate of organic matter in the soil after 

harvest, reaching 10.87 mg. kg-1 soil. It is 

noted that the addition of humic acids has a 

significant effect in increasing the organic 

matter content in the soil after harvest. The 

treatment of adding humic acids at a 

concentration of 50 kg. h-1 (H2) was 

significantly excelled and gave the highest rate 

of 11.89 mg. kg-1 soil, followed by the 

treatment of adding at a concentration of 25 
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kg. ha-1 (H1) and gave  average of organic 

matter in the soil after harvest of 11.39 mg. 

kg-1 soil, while control treatment (H0) gave 

the lowest rate of organic matter in the soil 

after harvest of 11.09 mg. kg-1 soil. It is also 

noted from the same table that the bi-

interactions between the bacterial inoculum 

and the quality of irrigation water (W*A) have 

a significant effect on the organic matter 

content in the soil after harvest. The treatment 

W2A1 recorded the highest rate of organic 

matter in the soil after harvest of 13.64 mg. 

kg-1 soil in While the W0A0 treatment gave 

the lowest rate of organic matter, which 

reached 9.77 mg. kg-1 soil, the interaction 

treatment between irrigation water quality and 

humic acids W2H2 recorded the highest rate 

of organic matter in the soil after harvest, 

which reached 13.43 mg. kg-1 soil, while the 

W0H0 treatment recorded the lowest rate of 

organic matter in the soil after harvest, which 

reached 9.80 mg. kg-1 soil. The interaction 

treatment between bacterial inoculum and 

humic acids A1H2 also significantly  excelled 

and recorded the highest rate of organic matter 

in the soil after harvest, which reached 12.35 

mg. kg-1 soil, while the interaction treatment 

A0H0 recorded the lowest rate of organic 

matter in the soil after harvest, which reached 

10.41 mg. kg-1 soil.The interaction of the 

three study factors of irrigation water quality, 

bacterial inoculum and humic acids had a 

significant effect on the rate of organic matter 

in the soil after harvest (mg. kg-1 soil). The 

interaction treatment W2A1H2 significantly  

excelled the other interaction treatments and 

recorded the highest rate of organic matter in 

the soil after harvest, reaching 13.96 mg. kg-1 

soil, while the treatment W2A0H0 gave the 

lowest rate of organic matter in the soil after 

harvest, reaching 9.40 mg. kg-1 soil . 

  

Table (3) Effect of irrigation water quality, addition of bio-inoculum, humic acids and their 

interaction on the content of organic matter in the soil after harvest 

Irrigation 

water 

quality 

W 

Bacterial inoculum(A) 

Adding of humic acids (H( 
Bacterial inoculum 

x Irrigation water 

quality  ( W*A) 

Without 

adding 

H0)) 

52 kg.ha
-

1
)H1( 

25 kg.ha
-

1
)H2( 

River water 

W0 

Without adding (A0( 9.40 9.81 10.12 9.77 

Azotobacter bacteria ( A1( 10.20 10.64 10.97 10.60 

Mixed water 

W1 

Without adding (A0( 10.26 10.82 11.27 10.78 

Azotobacter bacteria ( A1( 11.80 11.71 12.12 11.88 

Well water 

W2 

Without adding (A0) 11.57 11.71 12.90 12.06 

Azotobacter bacteria ( A1) 13.32 13.65 13.96 13.64 

L.S.D 0.05 0.11 0.07 

Interaction between Irrigation water quality and humic acids (H*W( 
Average Irrigation 

water quality(W( 

River water W0 9.80 10.23 10.54 10.19 

Mixed water W1 11.03 11.26 11.69 11.33 

Well water W2 12.44 12.68 13.43 12.85 

L.S.D 0.05 0.08 0.05 

Interaction between bacterial inoculum and humic acids (H*A) 
Average Bacterial 

inoculum(A) 

Without adding (A0) 10.41 10.78 11.43 10.87 
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Azotobacter bacteria ( A1) 11.77 12.00 12.35 12.04 

L.S.D 0.05 0.07 0.04 

Average humic acids (H) 11.09 11.39 11.89 
 

L.S.D 0.05 0.05 

 

The results of Table (3) showed that organic 

matter has a positive role in reducing the 

damage that occurs to plants directly and 

indirectly, and its indirect role lies in reducing 

the negative effect of salt stress by improving 

soil structure and increasing salt washing and . 

The percentage of organic matter increases 

with increasing salinity, and the reason for this 

increase is due to the effect of the salinity of 

irrigation water, as salts play a role in 

inhibiting the biological activity of soil 

microorganisms and thus reducing the rate of 

decomposition of organic matter during the 

cultivation period, causing an increase in the 

soil content of organic matter [44] especially 

the effect of sodium and chloride ions, which 

leads to inhibition of microbial growth in 

saline soil [46]. The results showed that the 

bacterial bio-inoculation has a significant 

effect in increasing the soil content of organic 

matter, and the reason for this is attributed to 

the increase in root growth and secretions. The 

reason can also be attributed to the fact that 

microorganisms die after a period of time, 

leaving their cells in the soil, thus increasing 

the organic matter in the soil Adding humic 

acids to the soil also increases the soil content 

of organic matter, thus improving the soil 

structure, which helps wash away salts and 

reduce their accumulation in the root 

zone[5,15,24   ]  

Bacterial counts (cfu.gm dry soil) 

The results of Table (4) showed that the type 

of irrigation water had a significant effect on 

the rate of bacterial counts in the soil (cfu.gm 

dry soil). River water (W0) was significantly 

excelled to the other treatments, giving the 

highest rate of bacterial counts, reaching 

1.84cfu.gm dry soil, and mixing water (W1) 

gave  average of bacterial counts of 

1.09cfu.gm dry soil, while the treatment of 

water recorded Well (W2) had the lowest 

bacterial count rate of 0.56 cfu.gm dry 

soil.The results also showed that the bio-

inoculum had a significant effect on bacterial 

counts, as the treatment of adding Azotobacter 

bacteria (A1) recorded the highest bacterial 

count rate of 1.46 cfu.gm dry soil, 

significantly excelled to the treatment without 

addition (A0), which recorded the lowest 

bacterial count rate of 0.87 cfu.gm dry soil. As 

for humic acids, the results showed that 

adding humic acids had a significant effect in 

increasing the number of bacteria. The 

treatment of adding humic acids at a 

concentration of 50 kg. ha-1 (H2) was 

significantly excelled and gave the highest rate 

of 1.26 cfu. gm dry soil, followed by the 

treatment of adding at a concentration of 25 

kg. ha-1 (H1) and gave a bacterial count rate 

of 1.19 cfu. gm dry soil, while control 

treatment (H0) gave the lowest bacterial count 

rate of 1.04 cfu. gm dry soil. As for the dual 

interactions, the results showed that the dual 

interactions between the bacterial inoculum 

and the quality of irrigation water (W*A) had 

a significant effect on the number of bacteria. 

The treatment W0A1 recorded the highest 

bacterial count rate of 2.23 cfu. gm dry soil, 

while the treatment W2A0 recorded the lowest 

bacterial count rate in the soil, reaching 0.50 

cfu.gm dry soil. The interaction treatment 

between irrigation water quality and humic 

acids W0H2 recorded the highest bacterial 
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count rate, reaching 2.06 cfu.gm dry soil, 

while the W2H0 treatment recorded the lowest 

bacterial count rate, reaching 0.41 cfu.gm dry 

soil. The interaction treatment between 

bacterial inoculum and humic acids A1H2 was 

significantly excelled, recording the highest 

bacterial count rate, reaching 1.61 cfu.gm dry 

soil, while the interaction treatment A0H0 

recorded the lowest bacterial count rate, 

reaching 0.83 cfu.gm dry soil.Table (4) also 

showed that the triple interaction between the 

experimental factors of irrigation water 

quality, bacterial inoculum and humic acids 

had a significant effect on the bacterial count 

rate (cfu.gm dry soil). The interaction 

treatment W0A1H2 significantly  excelled the 

other interaction treatments and recorded the 

highest bacterial count rate of 2.41 cfu.gm dry 

soil, while the treatment W2A0H0 gave the 

lowest bacterial count rate of 0.32 cfu.gm dry 

soil . 

  

Table (4) Effect of irrigation water quality, addition of bio-inoculum, humic acids and their 

interaction on bacterial count (cfu.gm dry soil) 

Irrigation 

water 

quality 

W 

Bacterial inoculum(A) 

Adding of humic acids (H) 
Bacterial inoculum 

x Irrigation water 

quality  ( W*A) 

Without 

adding 

(H0) 

52 kg.ha-

1(H1) 

25 kg.ha-

1(H2) 

River water 

W0 

Without adding (A0) 1.23 1.43 1.72 1.46 

Azotobacter bacteria ( A1) 1.91 2.36 2.41 2.23 

Mixed water 

W1 

Without adding (A0) 0.93 0.63 0.41 0.66 

Azotobacter bacteria ( A1) 1.33 1.52 1.67 1.50 

Well water 

W2 

Without adding (A0) 0.32 0.55 0.61 0.50 

Azotobacter bacteria ( A1) 0.51 0.66 0.73 0.63 

L.S.D 0.05 5950.0 59500 

Interaction between Irrigation water quality and humic acids (H*W) 
Average Irrigation 

water quality(W) 

River water W0 1.57 1.90 2.06 1.84 

Mixed water W1 1.13 1.08 1.05 1.09 

Well water W2 0.41 0.61 0.67 0.56 

L.S.D 0.05 59500 59550 

Interaction between bacterial inoculum and humic acids (H*A) 
Average Bacterial 

inoculum(A) 

Without adding (A0) 0.83 0.87 0.92 0.87 

Azotobacter bacteria ( A1) 1.25 1.52 1.61 1.46 

L.S.D 0.05 595000 59550 

Average humic acids (H) 1.037 1.19 1.26 
 

L.S.D 0.05 0.008 

 

It is noted from Table (4) that the effect of 

irrigation water salinity on the number of 

Azotobacter bacteria in the soil is due to the 

fact that the increase in irrigation water 

salinity plays a role in inhibiting the vital 

activity of microorganisms, and the decrease 

in the number of bacteria at high salt 

concentrations may be attributed to the 

toxicity of salt ions and the increase in 

osmotic pressure, which affects the physiology 

of the cell and its metabolic pathways [37]. 
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Inoculation with Azotobacter bacteria leads to 

increased plant resistance to salinity through 

the production of various hormones and the 

preparation of nutrients, in addition to the fact 

that it works to increase plant growth and 

improve its performance under salt stress [40]. 

The variation in the number of bacteria is 

attributed to the difference in environmental 

and climatic conditions, soil type, type of 

cultivated plant, and organic matter in the soil 

[39]. The addition of organic acids led to a 

significant increase in the number of 

Azotobacter bacteria, which indicates the role 

of organic matter in activating and increasing 

the number of Azotobacter bacteria, as they 

are heterotrophic bacteria that use organic 

matter as a source of carbon and energy. This 

is consistent with the study of [32]. Humic 

materials are of great importance in their 

ability to reduce the toxic effects of other 

chemical elements and compounds on 

microorganisms [45]. Many studies indicate 

the ability of humic matter to inhibit the 

growth of pathogenic bacteria and stimulate 

the growth of beneficial bacteria, as increasing 

the concentration of humic and fulvic acids 

increases the activity and effectiveness of 

bacteria. [20] indicated that adding organic 

acids not only increases the number of 

microorganisms, but also significantly 

increases the activity of various enzymes, and 

thus increases and improves the bioenergy and 

enzymes in the soil 

.Available nitrogen in the soil (mg.kg-1 soil) 

The results of Table (5) showed that the type 

of irrigation water had a significant effect on 

the rate of available nitrogen in the soil 

(mg.kg-1 soil). Well water (W2) significantly  

excelled the other treatments and gave the 

highest rate of available nitrogen in the soil, 

reaching 54.41 mg.kg-1 soil, while mixing 

water (W1) gave  average of available 

nitrogen in the soil, reaching 51.01 mg.kg-1 

soil, while river water treatment (W0) 

recorded the lowest rate of available nitrogen 

in the soil, reaching 41.99 mg.kg-1 soil. The 

results also showed that the bio-inoculation 

had a significant effect on the available 

nitrogen in the soil. The treatment of adding 

Azotobacter bacteria (A1) recorded the highest 

rate of available nitrogen in the soil, reaching 

51.66 mg.kg-1 soil, significantly excelled to 

the treatment without addition (A0), which 

recorded the lowest rate of available nitrogen 

in the soil, reaching 46.61 mg.kg-1 soil. As for 

humic acids, the results showed that adding 

humic acids had a significant effect on 

increasing available nitrogen in the soil. The 

treatment of adding humic acids at a 

concentration of 50 kg. ha-1 (H2) was 

significantly excelled and gave the highest rate 

of 51.44 mg. kg-1 soil, followed by the 

treatment of adding at a concentration of 25 

kg. ha-1 (H1) and gave  average of available 

nitrogen in the soil of 48.96 mg. kg-1 soil, 

while control treatment (H0) gave the lowest 

rate of available nitrogen in the soil of 47.01 

mg. kg-1 soil. As for the dual interactions, the 

results showed that the dual interactions 

between the bacterial inoculum and the quality 

of irrigation water (W*A) had a significant 

effect on available nitrogen in the soil. 

Treatment W2A1 recorded the highest rate of 

available nitrogen in the soil of 56.07 mg.kg-1 

soil, while the W0A0 treatment gave the 

lowest rate of available nitrogen in the soil, 

reaching 38.79 mg.kg-1 soil. The interaction 

treatment between irrigation water quality and 

humic acids W2H2 also recorded the highest 

rate of available nitrogen in the soil, reaching 

57.15 mg.kg-1 soil, while the W0H0 treatment 

recorded the lowest rate of available nitrogen 

in the soil, reaching 40.15 mg.kg-1 soil. The 

interaction treatment between bacterial 
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inoculum and humic acids A1H2 also 

significantly  excelled and recorded the 

highest rate of available nitrogen in the soil, 

reaching 54.16 mg.kg-1 soil, while the A0H0 

interaction treatment recorded the lowest rate 

of available nitrogen in the soil, reaching 

44.52 mg.kg-1 soil. The data in Table (5) 

showed that the triple interaction between the 

experimental factors of irrigation water 

quality, bacterial inoculum and humic acids 

had a significant effect on the rate of available 

nitrogen in the soil (mg. kg-1 soil). The 

interaction treatment W2A1H2 significantly  

excelled the other interaction treatments and 

recorded the highest rate of available nitrogen 

in the soil, reaching 59.23 mg. kg-1 soil, while 

the treatment W0A0H0 gave the lowest rate of 

available nitrogen in the soil, reaching 37.48 

mg. kg-1 soil. 

  

Table (5) Effect of irrigation water quality, adding bio-inoculum, humic acids and their 

interaction on available nitrogen in the soil (mg. kg-1 soil) 

Irrigation 

water 

quality 

W 

Bacterial inoculum(A) 

Adding of humic acids (H) 
Bacterial inoculum 

x Irrigation water 

quality  ( W*A) 
Without 

adding (H0) 
52 kg.ha-

1(H1) 

25 kg.ha-

1(H2) 

River water 

W0 

Without adding (A0) 37.48 37.91 41.00 38.79 

Azotobacter bacteria (A 1( 42.82 45.02 47.69 45.18 

Mixed water 

W1 

Without adding (A0) 45.51 49.25 50.10 48.29 

Azotobacter bacteria ( A1) 52.28 53.36 55.55 53.73 

Well water 

W2 

Without adding (A0) 50.56 52.60 55.06 52.74 

Azotobacter bacteria ( A1) 53.40 55.59 59.23 56.07 

L.S.D 0.05 0.25 0.14 

Interaction between Irrigation water quality and humic acids (H*W) 
Average Irrigation 

water quality(W) 

River water W0 40.15 41.47 44.34 41.99 

Mixed water W1 48.89 51.31 52.83 51.01 

Well water W2 51.98 54.095 57.15 54.41 

L.S.D 0.05 0.17 0.10 

Interaction between bacterial inoculum and humic acids (H*A) 
Average Bacterial 

inoculum(A) 

Without adding (A0) 44.52 46.59 48.72 46.61 

Azotobacter bacteria ( A1) 49.50 51.32 54.16 51.66 

L.S.D 0.05 0.14 0.08 

Average humic acids (H) 47.01 48.96 51.44 
 

L.S.D 0.05 0.10 

 

Available phosphorus in soil (mg.kg-1 soil) 

The results of Table (6) showed that the type 

of irrigation water had a significant effect on 

the rate of available phosphorus in the soil 

(mg.kg-1 soil). River water (W0) was 

significantly excelled to the other treatments 

and gave the highest rate of available 

phosphorus after harvest, reaching 23.16 

mg.kg-1 soil, while mixing water (W1) gave  

average of available phosphorus after harvest, 

reaching 17.94 mg.kg-1 soil, while well water 

treatment (W2) recorded the lowest rate of 

available phosphorus after harvest, reaching 
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9.29 mg.kg-1 soil.The results also showed that 

the bio-inoculum had a significant effect on 

the available phosphorus after harvest. The 

treatment of adding Azotobacter bacteria (A1) 

recorded the highest rate of available 

phosphorus after harvest, reaching 18.09 

mg.kg-1 soil, significantly excelled to the 

treatment without addition (A0), which 

recorded the lowest rate of available 

phosphorus after harvest, reaching 15.50 

mg.kg-1 soil. As for humic acids, the results 

showed that adding humic acids had a 

significant effect in increasing the available 

phosphorus after harvest. The treatment of 

adding humic acids at a concentration of 50 

kg. h-1 (H2) was significantly excelled and 

gave the highest rate of 18.16 mg. kg-1 soil, 

followed by the treatment of adding at a 

concentration of 25 kg. h-1 (H1) and gave  

average of available phosphorus after harvest 

of 17.22 mg. kg-1 soil, while control treatment 

(H0) gave the lowest rate of available 

phosphorus after harvest of 15.01 mg. kg-1 

soil. As for the dual interactions, the results 

showed that the dual interactions between the 

bacterial inoculum and the quality of irrigation 

water (W*A) had a significant effect on the 

available phosphorus after harvest. The 

treatment W0A1 recorded the highest rate of 

available phosphorus after harvest of 25.35 

mg.kg-1 soil, while treatment W2A0 gave the 

lowest rate of available phosphorus in the soil, 

reaching 8.93 mg.kg-1 soil. The interaction 

treatment between irrigation water quality and 

humic acids W0H2 also recorded the highest 

rate of available phosphorus after harvest, 

reaching 25.77 mg.kg-1 soil, while treatment 

W2H0 recorded the lowest rate of available 

phosphorus after harvest, reaching 8.78 

mg.kg-1 soil. The interaction treatment 

between bacterial inoculum and humic acids 

A1H2 also significantly  excelled and 

recorded the highest rate of available 

phosphorus after harvest, reaching 19.62 

mg.kg-1 soil, while the interaction treatment 

A0H0 recorded the lowest rate of available 

phosphorus after harvest, reaching 13.96 

mg.kg-1 soil. The data in Table (4) showed 

that the triple interaction between the 

experimental factors of irrigation water 

quality, bacterial inoculum and humic acids 

had a significant effect on the rate of available 

phosphorus in the soil (mg. kg-1 soil). The 

interaction treatment W0A1H2 significantly  

excelled the other interaction treatments and 

recorded the highest rate of available 

phosphorus after harvest, reaching 28.52 mg. 

kg-1 soil, while the treatment W2A0H0 gave 

the lowest rate of available phosphorus after 

harvest, reaching 8.26 mg. kg-1 soil  .

Table (6) Effect of irrigation water quality, addition of bio-inoculum, humic acids and their 

interaction on available phosphorus in the soil (mg. kg-1 soil) 

Irrigation 

water quality 

W 

Bacterial inoculum(A) 

Adding of humic acids (H) 
Bacterial inoculum 

x Irrigation water 

quality  ( W*A) 

Without 

adding 

(H0) 

52 kg.ha-

1(H1) 

25 kg.ha-

1(H2) 

River water 

W0 

Without adding (A0) 18.54 21.36 23.03 20.98 

Azotobacter   ( A 1) 21.00 26.53 28.52 25.35 

Mixed water 

W1 

Without adding (A0) 15.08 17.14 17.56 16.60 

Azotobacter bacteria ( A1) 17.90 19.65 20.32 19.30 

Well water 

W2 

Without adding (A0) 8.26 9.04 9.50 8.93 

Azotobacter bacteria ( A1) 9.29 9.61 10.02 9.64 

L.S.D 0.05 0.14 0.08 
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Interaction between Irrigation water quality and humic acids (H*W) 
Average Irrigation 

water quality(W) 

River water W0 19.77 23.945 25.777 23.16 

Mixed water W1 16.49 18.395 18.938 17.94 

Well water W2 8.775 9.325 9.76 9.29 

L.S.D 0.05 0.10 0.06 

Interaction between bacterial inoculum and humic acids (H*A) 
Average Bacterial 

inoculum(A) 

Without adding (A0) 13.96 15.85 16.70 15.50 

Azotobacter (A 1) 16.06 18.596 19.62 18.09 

L.S.D 0.05 0.08 0.05 

Average humic acids (H) 15.01 17.22 18.16 
 

L.S.D 0.05 0.06 

 

Available potassium in soil (mg.kg-1 soil) 

The results of Table (7) showed that the type 

of irrigation water had a significant effect on 

the rate of available potassium in the soil 

(mg.kg-1 soil). Well water (W2) significantly  

excelled the other treatments and gave the 

highest rate of available potassium in the soil, 

reaching 252.958 mg.kg-1 soil, while mixing 

water (W1) gave  average of available 

potassium in the soil, reaching 168.73 mg.kg-1 

soil, while river water treatment (W0) 

recorded the lowest rate of available 

potassium in the soil, reaching 133.18 mg.kg-1 

soil.The results also showed that the bio-

inoculum had a significant effect on the 

available potassium in the soil. The treatment 

of adding Azotobacter bacteria (A1) recorded 

the highest rate of available potassium in the 

soil, reaching 197.81 mg.kg-1 soil, 

significantly excelled to the treatment without 

addition (A0), which recorded the lowest rate 

of available potassium in the soil, reaching 

172.10 mg.kg-1 soil. As for humic acids, the 

results showed that adding humic acids had a 

significant effect on increasing the available 

potassium in the soil. The treatment of adding 

humic acids at a concentration of 50 kg. h-1 

(H2) was significantly excelled and gave the 

highest rate of 193.33 mg. kg-1 soil, followed 

by the treatment of adding at a concentration 

of 25 kg. h-1 (H1) and gave  average of 

available potassium in the soil of 186.68 mg. 

kg-1 soil, while control treatment (H0) gave 

the lowest rate of available potassium in the 

soil of 174.87 mg. kg-1 soil. As for the dual 

interactions, the results showed that the dual 

interactions between the bacterial inoculum 

and the quality of irrigation water (W*A) had 

a significant effect on the available potassium 

in the soil. The treatment W2A1 recorded the 

highest rate of available potassium in the soil 

of 272.46 mg.kg-1 soil, while the W0A0 

treatment gave the lowest rate of available 

potassium in the soil, reaching 128.29 mg.kg-1 

soil. The interaction treatment between 

irrigation water quality and humic acids 

W2H2 also recorded the highest rate of 

available potassium in the soil, reaching 

269.795 mg.kg-1 soil, while the W0H0 

treatment recorded the lowest rate of available 

potassium in the soil, reaching 130.74 mg.kg-1 

soil. The interaction treatment between 

bacterial inoculum and humic acids A1H2 also 

significantly  excelled and recorded the 

highest rate of available potassium in the soil, 

reaching 206.37 mg.kg-1 soil, while the A0H0 

interaction treatment recorded the lowest rate 

of available potassium in the soil, reaching 

160.60 mg.kg-1 soil. The data in Table (5) 
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showed that the triple interaction between the 

experimental factors of irrigation water 

quality, bacterial inoculum and humic acids 

had a significant effect on the rate of available 

potassium in the soil (mg. kg-1 soil). The 

interaction treatment W2A1H2 significantly  

excelled the other interaction treatments and 

recorded the highest rate of available 

potassium in the soil, reaching 290.14 mg. kg-

1 soil, while the treatment W0A0H0 gave the 

lowest rate of available potassium in the soil, 

reaching 126.08 mg. kg-1 soil . 

  

Table (7) Effect of irrigation water quality, adding bio-inoculum, humic acids and their 

interaction on available potassium in the soil (mg. kg-1 soil) 

Irrigation 

water quality 

W 

Bacterial inoculum(A) 

Adding of humic acids (H) 
Bacterial inoculum 

x Irrigation water 

quality  ( W*A) 

Without 

adding 

(H0) 

52 kg.ha-

1(H1) 

25 kg.ha-

1(H2) 

River water 

W0 

Without adding (A0) 126.08 128.16 130.63 128.29 

Azotobacter (A 1) 135.40 138.32 140.50 138.08 

Mixed water 

W1 

Without adding (A0) 147.23 155.69 160.77 154.57 

Azotobacter bacteria ( A1) 176.91 183.30 188.46 182.89 

Well water 

W2 

Without adding (A0) 208.50 242.41 249.45 233.45 

Azotobacter bacteria ( A1) 255.07 272.18 290.14 272.46 

L.S.D 0.05 2.56 1.48 

Interaction between Irrigation water quality and humic acids (H*W) 
Average Irrigation 

water quality(W) 

River water W0 130.74 133.24 135.57 133.18 

Mixed water W1 162.07 169.495 174.62 168.73 

Well water W2 231.785 257.295 269.795 252.958 

L.S.D 0.05 1.81 1.04 

Interaction between bacterial inoculum and humic acids (H*A) 
Average Bacterial 

inoculum(A) 

Without adding (A0) 160.60 175.42 180.28 172.10 

Azotobacter bacteria ( A1) 189.13 197.93 206.37 197.81 

L.S.D 0.05 
1.48 

 
0.85 

Average humic acids (H) 174.87 186.68 193.33 
 

L.S.D 0.05 1.04 
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The results of (Table 5) show a significant 

increase in the concentration of available 

nitrogen with increasing salinity of irrigation 

water. The reason is attributed to the fact that 

increasing soil salinity leads to an increase in 

osmotic pressure and thus reduces the plant's 

absorption of nitrogen, thus increasing its 

concentration in the soil solution. It also leads 

to an imbalance in the plant's absorption of 

nutrients, as it absorbs the ions with the 

highest concentration, leaving nitrogen in the 

soil solution, thus increasing its availability. 

These results are consistent with [4,9,41] who 

obtained an increase in nitrogen concentration 

with increasing salinity level. The reason for 

the increase in nitrogen concentration with 

increasing salinity level may be attributed to 

the fact that nitrogen is a mobile nutrient and 

in most cases the same amount of it is 

available on the root surface regardless of the 

salinity level and root size. The reason for the 

decrease in the concentration of available 

nitrogen in the river water treatment is due to 

the decrease in the salinity level, which in turn 

led to an increase in plant growth and nitrogen 

absorption due to the lack of the effect of salt 

stress. On the contrary, we find that at high 

levels of salinity, the amount of nitrogen has 

increased compared to the river water 

treatment due to the decrease in plant growth 

as a result of the salt effect, which was 

confirmed by [22]. The addition of organic 

humic acids (humic and fulvic) led to a 

significant increase in nitrogen concentration, 

which may be attributed to the fact that 

organic acids increase the biological activity 

in the soil to which they are added, thus 

increasing the ability of microorganisms to fix 

atmospheric nitrogen and also converting 

organic nitrogen into mineral. [42] also 

reached results indicating an increase in the 

percentage of soil nitrogen with increasing the 

added amounts of humic acid, while[17] when 

they added humic acid at different levels to a 

saline soil, it gave a significant increase in the 

amount of available nitrogen in the soil for all 

addition levels. [11] also obtained similar 

results to the above, as the amount of available 

nitrogen in the soil increased when they 

planted wheat in the field, and this was due to 

the addition of different levels of humic acid. 

The addition of humic acid led to an increase 

in the branches and ramifications of the roots, 

and thus an increase in the absorption of 

nutrients by the roots in the soil and the 

secretion of organic acids from the roots, 

which in turn reduces the soil pH, which 

increases the availability of nutrients [31.] 

The increase in available nitrogen in the soil is 

due to the addition of humic acids, which have 

direct effects on the availability of nitrogen 

through its nitrogen content and the release of 

its available forms in the soil [3]. Humic acid 

also contributes to improving the chemical 

properties of the soil, in addition to its nutrient 

content, it increases the availability of 

nutrients, including nitrogen in the soil. These 

results are consistent with what was found 

by[1,2 .  ] 

The increase in available nitrogen in the soil 

when using the bacterial bio-inoculum 

(Azotobacter) is attributed to the fact that 

bacteria fix atmospheric nitrogen, and these 

results are consistent with what was obtained 

by [35]. The significant increase in the amount 

of nitrogen available in the soil in the 

inoculated treatments is due to the increase in 

the amount of nitrogen fixed by bacteria 

capable of fixing nitrogen, especially 

Azotobacter bacteria, which have high 

efficiency in this process. These results are 

consistent with what was found by [14] that 

the products of organic fertilizer 

decomposition, such as amino and organic 
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acids, work to increase the availability of 

nitrogen in the rhizosphere region, and this 

increases the activity of organisms in the soil, 

including nitrogen-fixing organisms, and this 

is consistent with what was found by [23]). 

The results of (Table 4) also show a 

significant effect of irrigation water salinity on 

the concentration of available phosphorus in 

the soil. The reason for the decrease in 

phosphorus availability with increasing 

irrigation water salinity can be attributed to the 

availability of ions that bind with phosphate, 

such as calcium ions, and their precipitation 

and conversion into forms that are not 

available to the plant. The results are in the 

same direction as what was obtained by [8]. 

These results also agree with what was found 

by[4,18,28 ] in that the decrease in the 

concentration of available phosphorus with 

increasing the salinity level of irrigation water 

is attributed to the competition between 

chloride and phosphorus when the 

concentration of chloride in the soil solution 

increases due to the saline conditions of the 

soil. 

The role of organic acids in reducing the 

adsorption of added phosphorus present in the 

soil, as well as forming chelating compounds 

that protect it from fixation, as well as the 

direct effects represented by dissolving 

compounds containing phosphorus or 

dissolving primary minerals in which 

phosphorus is included, may be attributed to 

the fact that organic fertilizer increases the 

cation exchange capacity and the association 

with dissolved ions to form compounds that 

are easy to wash, and also the organic acids 

produced from organic fertilizer have a role in 

dissolving compounds that contain potassium 

in their composition, and these results are 

consistent with what was described[23,29]  . 

The bio-inoculation with azotobacter led to the 

moral superiority of phosphorus concentration. 

The reason for the increase in the 

concentration of the element in the soil may be 

attributed to its role in secreting some 

enzymes and organic acids [ that work to 

reduce the electrical conductivity and the 

degree of soil reaction and increase the 

availability of elements in the soil as a result 

of the increased activity of bacteria that fix 

atmospheric nitrogen and dissolve phosphorus 

and potassium compounds by organic acids. 

These results are consistent with [12] if they 

mentioned that adding bio-fertilizers leads to 

an increase in some nutrients (nitrogen, 

phosphorus and potassium). As for the moral 

effect in (Table 5) of the salinity of irrigation 

water in increasing the concentration of 

available potassium in the soil, the reason for 

the increase in the concentration of potassium 

ion when using well water is attributed to the 

increase in the concentration of sodium ion in 

that water, which increased its concentration 

in the soil solution, which negatively affected 

the absorption of potassium by the plant due to 

the competition of sodium ions with potassium 

ions on the absorption sites by the plant roots, 

and then its concentration increased in the soil 

solution. This result is consistent with what 

was obtained by [6]. The increase in the 

salinity of irrigation water leads to an increase 

in soil salinity, which leads to an increase in 

osmotic pressure and thus reduces the 

availability of nutrients and leads to an 

imbalance in the absorption of nutrients by the 

plant, [14], The increase in soil salinity leads 

to a decrease in the concentration of available 

potassium in the soil as a result of the increase 

in dissolved ions in the soil solution and the 

difference in the ionic balance in the soil, As 

for the effect of humic acids in increasing the 

availability of potassium in the soil, it may be 

due to the ability of humic acids to increase 
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the root system to create a balance in the size 

of the vegetative system, which increased 

significantly as a result of the addition of 

humic acids. These roots work to secrete 

organic acids that work to dissolve some 

potassium-bearing compounds and release 

them, thus increasing their availability [14,42]   

. Organic acids also play a role in dissolving 

compounds that contain potassium in their 

composition, and these results are consistent 

with what was found by[23, 29  ] 

As for the effect of the bacterial bio-inoculum 

on the concentration of available potassium in 

the soil, the addition of the bio-inoculum had a 

significant effect in increasing the available 

potassium in the soil. The reason for this can 

be attributed to the fact that microorganisms 

help in increasing the availability of potassium 

and preserving it from fixation and loss 

processes through the secretion of enzymes 

and organic acids [27] These results are 

consistent with [12.] 
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