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ABSTRACT  

       A field experiment was conducted to improve the properties of saline soil using zeolite, 

vermicompost, biochar and their interaction on growth and yield of Sorghum. The study included 

three levels of zeolite (0, 6 and 12 Mg ha-1) (Z0, Z1 and Z2), two levels of vermicompost (0 and 10 

Mg ha-1) (V0 and V1) and three levels of biochar (0, 5 and 10 Mg ha-1). The experiment was carried 

out according to randomized complete block design (RCBD) with three replicates. The results show 

that addition of zeolite, vermicompost and biochar had a significant effect on soil physical and 

chemical properties. 12 Mg ha-1 level of zeolite, 10 Mg ha-1 level of vermicompost, and 10 Mg ha-1 

level of biochar achieved the lowest value for bulk density while they achieved the highest values, 

for moisture content at field capacity, permanent wilting point and available water, while they 

achieved the lowest values for EC, SAR and ESP. As for interaction between three factors, the 

Z2V1B2 treatment (12 Mg ha-1 zeolite, 10 Mg ha-1 vermicompost and 10 Mg ha-1 biochar) excelled 

in achieving lowest value of bulk density reached 1.18 Mg m-3, highest values of moisture content 

in soil reached 35.63, 18.63 and 17.00% for field capacity , permanent wilting point  and available 

water, respectively, and lowest values of soil EC, SAR and ESP reached 3.00 dS m-1, 3.15 (mmol L-

1)0.5 and 7.4% , respectively. The study factors and their interactions achieved the highest response 

in growth and yield plant parameters. 
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INTRODUCTION  

Soil salinity is one of most important 

difficulties and challenges facing the world in 

achieving food security, such as high 

temperatures, the effects of high winds, 

erosion, drought, and floods. It is also most 

influential problem on agricultural and 

environmental sectors, which negatively 

affects food security (Shahbaz and Ashraf, 

2013). Two major causes or conditions leading 

to soil salinization in Iraq have been identified: 

natural conditions and human-induced 

conditions resulting from human activities or 

practices. Iraq is considered, according to its 

geographical location within the hot region of 

world, and due to drought conditions, water 

scarcity, and other natural factors, in addition 

to human factors, desertification has invaded 

its lands, especially since deserts surround it 

from medium and south of Iraq (Al-Janabi, 

2016; Hummadi, 2009). Statistics indicate that 

the desert and desertified lands amounted to 

11.88%, and the lands threatened by 

desertification reached 54.88% which together 

constitute 66.76% of the total area of Iraq for 

the year 2020 due to the lack of vegetation 

cover, afforestation operations and urban 

encroachment on agricultural lands, in addition 

to the rise in summer temperatures to 50°C and 

low rainfall rate and its quantity vary between 

5-15 cm, affected by high rate of evaporation 

and low annual revenues of the Tigris and 

Euphrates rivers  .(Environmental Statistics 

Department, 2023). Adding soil conditioners is 
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one of technologies used to limit the problem 

of salinity and manage salts affected soil. 

Many of these conditioners, whether mineral, 

organic or chemical have been used in this 

field and their efficiency in reducing soil 

salinity and improving the various 

characteristics of soil has been tested with the 

aim of exploiting it agriculturally and limiting 

its degradation. Some soil conditioners have 

been found to be able to improve the 

properties of soils affected by salinity by 

reducing electrical conductivity, exchangeable 

sodium percentage (ESP), Sodium adsorption 

ratio (SAR) and ions concentrations (Na, Cl, 

and SO4). Some of these conditioners are 

organic, such as biochar, vermicompost, 

organic animal and plant waste, while some 

are mineral, such as gypsum, zeolite and 

polymeric compounds (El-Sayed et al., 2021; 

Khalifa et al., 2021; Hoque et al., 2022). Many 

studies have shown the use of zeolite as a 

conditioner for degraded soils, especially salt 

affected soil physical chemical properties 

which is reflected in increasing their fertility 

and productivity (Belviso et al., 2022; 

Ghorbani et al., 2022; Xiao et al., 2022). Also 

reduce soil salinity making soil more suitable 

for the growth of many agricultural crops 

(Xiao et al., 2022; Suradkar et al., 2023).       

Many studies have focused on use of 

vermicompost and its role in improving 

various soil characteristics, especially saline or 

salt-affected soils, reducing the harmful effects 

of soil salinity and increasing crop tolerance to 

salt stress (Ai et al., 2023; Farooqi et al., 2024; 

Salim et al., 2024). Moreover adding 

vermicompost plays a role in improving soil 

structure by reducing bulk density, increasing 

porosity, increasing water conductivity, 

improving downward water drainage, leaching 

salts out of the root zone and reducing soil 

salinity (Khalifa et al., 2021; Kumar et al., 

2023). Biochar is also considered an 

amendment that plays a role in improving 

degraded soils especially saline soils and salt-

affected soils of all types, have shown that it 

reduces soil salinity, such as reducing 

electrical conductivity, Sodium adsorption 

ratio, exchangeable sodium percentage and 

soil salinizing ions (Na, Ca, Mg, Cl, and SO4) 

and improving soil pH (Gao et al., 2024; Xiao 

et al., 2024). Also, its role in improving soil 

physical properties by increasing soil's ability 

to retain water and surface area, reducing bulk 

density and improving chemical properties 

such as increasing cation exchange capacity 

(CEC) and the content of organic matter 

(Zonayet et al., 2023). This study aimed to use 

zeolite, vermicompost, biochar and their 

interactions to improve the properties of saline 

soil and growth and yield of sorghum. 

MATERIALS AND METHODS 

A field experiment was conducted at one of 

the fields of College of Agricultural 

Engineering Sciences (old site) Abu-Ghrib 

District of Baghdad Governorate with clay 

loam texture. The experiment was divided into 

3 blocks, each one includes 18 experimental 

unit and the distance between them was 1 m 

while the distance between blocks was 2 m. 

Soil samples were collected from the depth (0 

– 0.3 m) before planting. Some physical and 

chemical properties of soils were determined 

by (Page et al., 2002) (Table 1). The 

experiment included three levels of zeolite 

which are 0, 6 and 12 Mg ha-1 and their 

symbols (Z0, Z1 and Z2) (Table 2) shows some 

properties of zeolite.  Two levels of 

vermicompost were used 0 and 10 Mg ha-1 and 

their symbols (V0 and V1) some chemical 

properties of vermicompost (Table 3) and 

three levels of biochar (Seek) which are 0, 5 

and 10 Mg ha-1 and their symbols (B0, B1 and 

B2)( Table 4) shows some chemical properties 

of biochar.   
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Table 1. Some chemical and physical properties of soil before planting 
Properties Value  Unit 

EC (1:1) 8.50 dS m-1 

pH (1:1) 7.47  

O.M 11.30 
g kg-1 soil 

Carbonate minerals 189.4 

CEC 23.8 C mol+kg-1 soil 

Soluble ions 

Ca++ 24.35 

m mole L-1 

Mg++ 16.83 

Na+ 44.57 

K+ 0.49 

CO3
= - 

HCO3
- 13.89 

SO4
= 10.01 

Cl- 58.09 

Available 

nutrients 

N 18.00 

mg kg-1 soil P  6.70 

K  126.0 

ESP 22.51 % 

SAR 6.95 (mmol L-1)0.5 

Bulk density 1.386 Mg m-3 

Field capacity 24.6 

% Permanent wilting point 12.5 

Available water 12.1 

Clay 313.0 

g kg-1 soil Silt 401.0 

Sand 286.0 

Texture Clay loam  

Table 2. Some properties of zeolite 
Property Value Unit 

EC1:1  0.68 dS m-1 

pH 1:1  7.60  

Bulk density 0.08 

Mg m-3  

% 

Particle density 1.10 

Porosity 92.7 

CEC 74.2 C mol+kg-1 zeolite 

Oxides 

content 

Fe2O3 9.56 

% 
MnO 0.13 

TiO2 2.00 

CaO 9.28 

All conditioners were added after mixing them 

with soil. Sorghum (Sorghum bicolor L. 

Moench) (70 Booth variety) was sown in 

19/7/2024 for fall season with plant density 

80000 plant ha-1. N was added at level 320 kg 

N ha-1 as urea (46% N) and P at level 87 kg P 

ha-1 was added as DAP (20% P) and K at a 

level of 83 kg K ha-1 in the form of K2SO4 

(41.5% K) according to the fertilizers 

recommendation of sorghum (Ali et al., 2014). 

N was added in two doses, As for P and K 

fertilizers, they were added once. At the end of 

experiment crop was harvested in 22/11/2024. 

Leaf area was calculated by leaf area = length 

X width X 6.18 A factorial experiment was 

carried out within randomized complete block 

design (RCBD) with three replicates. Least 

significant differences test (LSD 0.05) was 

used to compare the means of treatments 

(Steel and Torrie, 1980). 

Table 3. Some chemical properties of 

vermicompost 
Properties Value Unit 

EC 1:5 1.50 dS m-1 

pH 1:5 7.42 - 

N 2.8 

% 

 

P 1.5 

K 1.4 

O.C 49.3 

O.M 85.0 

C / N 17.6 - 
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Table 4. Some chemical properties of biochar 
Properties Value Unit 

EC 1:5 3.18 dS m-1 

pH 1:5 7.15 - 

N 1.31 

% 

 

P 0.65 

K 1.65 

O.C 25.26 

O.M 43.55 

C / N 19.28 - 

RESULTS AND DISCUSSION  

Bulk density: The results in (Table 5) show 

that there were significant differences of the 

effect of adding zeolite on bulk density of soil, 

with a decreases rate of 3.91 and 5.47% for the 

two levels of zeolite 6 and 12 Mg ha-1, 

respectively as compared to control (0 Mg ha-

1), The bulk density of soil decreased with 

vermicompost addition by 7.75 % as compared 

to control (V0). Adding biochar led to a 

reduction in the bulk density of the soil with a 

reduction rate of 3.91 and 6.25% for 5 and 10 

Mg ha-1 respectively, compared to control 

(B0). As for the di and triple interactions 

between the study factors, their effects were 

significant on bulk density. The results show 

the superiority of the treatment with zeolite, 

vermicompost and biochar (Z2V1B2) which 

amounted to 1.13 Mg m-3 a decrease of 

18.12% over the comparison treatment 

(Z0V0B0) which gave the highest value for 

bulk density, amounting to 1.38 Mg m-3. 

Adding zeolite to soil resulted in a significant 

effect on bulk density of soil, as increasing 

levels of adding zeolite led to a reduction in 

the bulk density. This may be attributed to the 

crystalline structure of zeolite, which is 

interspersed with many pores and channels 

which contributed to redistributing soil 

particles, increasing its total porosity and 

improve its structure, in addition to its low 

apparent density (0.08 Mg m-3) (Table 2) and 

add it to the study soil with an apparent 

density of (1.386 Mg m-3) (Table 1) (Alwan et 

al., 2023; Suradkar et al., 2023). As for the 

addition of vermicompost, it led to a reduction 

in the apparent density of the study soil after 

harvesting, which may be attributed to its high 

organic matter content, low apparent density 

and high porosity, which reaches between 70-

80% of the total volume (Ibrahim et al., 2015; 

Ceritoglu et al., 2018; EL-Shaieny et al., 

2022). The addition of biochar to the soil 

reduced the bulk density of the soil. This may 

be due to the fact that biochar has a bulk 

density ranging from 0.2 to 0.5 Mg m-3 

(Rajkovich et al., 2012), which is much lower 

than the bulk density of the study soil before 

planting (1.386 Mg m-3) (Table 3). The 

addition of biochar to the soil also reduced the 

bulk density through dilution as a result of 

mixing it with the soil (Omondi et al., 2016; 

Zonayet et al., 2023).  

Table 5. Effect of zeolite, vermicompost and biochar on soil bulk density (Mg m-3). 
Vermicompost 

(V) 

Zeolite 

(Z) 

Biochar (B)  
(Z X V) 

B0 B1 B2 

V0 

Z0 1.38 1.32 1.24 1.31 

Z1 1.34 1.28 1.22 1.28 

Z2 1.29 1.26 1.25 1.27 

V1 

Z0 1.29 1.24 1.19 1.24 

Z1 1.21 1.16 1.15 1.17 

Z2 1.18 1.15 1.13 1.15 

LSDZ*V*B 0.01 LSDZ*V 0.01 

Vermicompost (V) 0B 1B 2B Mean V 

V0 1.34 1.28 1.24 1.29 

V1 1.23 1.18 1.16 1.19 

LSDV*B 0.01 LSDV 0.01 

Zeolite (Z) 0B 1B 2B Mean Z 

Z0 1.33 1.28 1.22 1.28 

Z1 1.28 1.22 1.19 1.23 

Z2 1.24 1.21 1.19 1.21 

Z*BLSD 0.02 LSDZ 0.01 

Biochar 
0B 1B 2B Mean B 

1.28 1.23 1.20 
 

LSDB    0.01 
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Water content at field capacity 

The results in Table (6) show that increasing 

level of zeolite addition from 0 to 6 and 12 Mg 

ha-1 led to an increase in moisture content at 

field capacity by 5.20 and 13.54%, 

respectively, compared to control. The soil 

moisture content increased with the addition of 

vermicompost at 10 Mg ha-1 with an increase 

of 11.36% as compared to control while 

adding biochar increased moisture content by 

7.95 and 15.41% for two levels 5 and 10 Mg 

ha-1 respectively, as compared to control 

treatment. The triple interaction of the study 

factors shows a significant effect on moisture 

content of soil at field capacity. The treatment 

(Z2V1B2) achieved the highest value, reaching 

of 35.63%, with an increase rate of 46.02% 

compared to the control (Z0V0B0), which gave 

the lowest value of 24.40%.  

Water content at permanent wilting point 

The results in (Table 7) show increases in the 

moisture content at the permanent wilting 

point with an increase in levels of zeolite 

addition. The percentage increase reached 9.36 

and 15.24% for the two addition levels of 6 

and 12 Mg ha-1 respectively, compared to  

control (0 Mg ha-1). As for the effect of the 

vermicompost, it increased the moisture 

content of soil at the permanent wilting point 

by 12.75% compared to soil treatment without 

the addition. Biochar also increased the 

moisture content of soil at the permanent 

wilting point by 11.66 and 19.99% for two 

levels 5 and 10 Mg ha-1, respectively, 

compared to control As for triple interaction of 

study factors, it had a significant effect on 

moisture content of soil at permanent wilting 

point (Table 7). The treatment (Z2V1B2) 

achieved the highest value, amounting to 

16.25%, with an increase rate of 97.45 which 

amounted to 18.63%, an increase to 53.08% 

over comparison treatment (Z0V0B0), which 

gave lowest value amounted to 12.17%.  

Table 6. Effect of zeolite, vermicompost and biochar on water content at field capacity (%). 
Vermicompost 

(V) 

Zeolite 

(Z) 

Biochar (B)  
(Z X V) 

B0 B1 B2 

V0 

Z0 24.40 26.57 28.43 26.47 

Z1 25.23 26.67 29.57 27.16 

Z2 26.53 29.33 30.50 28.79 

V1 

Z0 26.80 28.03 29.70 28.18 

Z1 28.00 30.33 32.63 30.32 

Z2 30.63 33.50 35.63 33.26 

LSDZ*V*B 0.51 LSDZ*V 0.30 

Vermicompost (V) 0B 1B 2B Mean V 

V0 25.39 27.52 29.50 27.47 

V1 28.48 30.62 32.66 30.59 

LSDV*B NS* LSDV 0.17 

Zeolite (Z) 0B 1B 2B Mean Z 

Z0 25.60 27.30 29.07 27.32 

Z1 26.62 28.50 31.10 28.74 

Z2 28.58 31.42 33.07 31.02 

Z*BLSD 0.36 LSDZ 0.21 

Biochar 
0B 1B 2B Mean B 

26.93 29.07 31.08 
 

LSDB 0.21 

* N.S :Non significant 
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Table 7. Effect of zeolite, vermicompost and biochar water content at permanent wilting point (%). 
Vermicompost 

(V) 

Zeolite 

(Z) 

Biochar (B)  
(Z X V) 

B0 B1 B2 

V0 

Z0 12.17 13.43 14.67 13.42 

Z1 12.63 14.73 15.83 14.40 

Z2 13.70 15.53 16.47 15.23 

V1 

Z0 13.90 14.77 15.73 14.80 

Z1 14.83 16.47 18.07 16.46 

Z2 15.60 17.60 18.63 17.28 

LSDZ*V*B 0.36 LSDZ*V 0.21 

Vermicompost (V) 0B 1B 2B Mean V 

V0 12.83 14.57 15.66 14.35 

V1 14.78 16.28 17.48 16.18 

LSDV*B NS* LSDV 0.12 

Zeolite (Z) 0B 1B 2B Mean Z 

Z0 13.03 14.10 15.20 14.11 

Z1 13.73 15.60 16.95 15.43 

Z2 14.65 16.57 17.55 16.26 

Z*BLSD 0.26 LSDZ 0.15 

Biochar 
0B 1B 2B Mean B 

13.81 15.42 16.57 
 

LSDB 0.15 

*N.S :Non significant   

Available water 

Available water increased with increasing 

zeolite in levels of addition increase 

percentage reached 2.65 and 11.43% for two 

levels of 6 and 12 Mg ha-1 respectively, 

compared to treatment (0 Mg ha-1) (Table 8). 

Adding vermicompost with 10 Mg ha-1 level 

increased the amount of available water by 

8.91% compared to control. As for the biochar 

increased the amount of available water by 

5.25 and 10.43% for the two levels 5 and 10 

Mg ha-1 respectively, compared to control.   

The triple interaction of this study factors 

shows a significant effect on the amount of 

available water in soil after harvest (Table 8). 

The treatment (Z2V1B2) shows the highest 

value for the amount of available water, 

amounting to 17.00% with an increase by 

39.00 % compared to comparison treatment 

(Z0V0B0) which gave lowest value of 12.23%. 

Table 8. Effect of zeolite, vermicompost and biochar on available water content (%). 
Vermicompost 

(V) 

Zeolite 

(Z) 

Biochar (B)  
(Z X V) 

B0 B1 B2 

V0 

Z0 12.23 13.13 13.77 13.04 

Z1 12.60 13.37 13.73 13.23 

Z2 12.83 13.47 14.03 13.44 

V1 

Z0 12.90 13.27 13.97 13.38 

Z1 13.20 13.87 14.57 13.88 

Z2 15.10 15.90 17.00 16.00 

LSDZ*V*B 0.40 LSDZ*V 0.23 

Vermicompost (V) 0B 1B 2B Mean V 

V0 12.56 13.32 13.84 13.24 

V1 13.73 14.34 15.18 14.42 

LSDV*B NS LSDV 0.13 

Zeolite (Z) 0B 1B 2B Mean Z 

Z0 12.57 13.20 13.87 13.21 

Z1 12.90 13.62 14.15 13.56 

Z2 13.97 14.68 15.52 14.72 

Z*BLSD NS LSDZ 0.16 

Biochar 
0B 1B 2B Mean B 

13.14 13.83 14.51 
 

LSDB 0.16 
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Increasing levels of adding zeolite to soil led 

to increases in moisture content of soil at field 

capacity, permanent wilting point and amount 

of available water. This may be due to an 

increase in specific surface area of soil 

because it has a high surface area and an 

increase in the percentage of fine pores which 

increases the ability of soil to retain water 

inside. pores at low and medium tensile levels 

(Korkunna et al., 2006; Ramesh et al., 2015), 

As well as crystalline structure of the mineral 

zeolite contains many cavities and channels 

which have ability to absorb water and 

because it has a high density of negative 

charges which adsorbed water and leads to an 

increases in moisture content in soil and an 

increases in the amount of available water, it is 

considered a permanent store of water due to 

its ability to hold more than half its weight in 

water (55-60%) (Girijaveni et al., 2018; Alwan 

et al., 2023). As for adding vermicompost, its 

addition led to an increase in moisture content 

at field capacity, the permanent wilting point 

and available water. This may be attributed to 

its high organic matter content and high 

porosity, which ranges between 70-80%, 

which contributed to increasing the micropores 

and total porosity of soil, which led to an 

increase in the soil’s ability to retain water. 

(Emamu and Wakgari, 2021; Hoque et al., 

2022; Kumar et al., 2023). Adding biochar to 

study soil also led to an increase in moisture 

content at field capacity, permanent wilting 

point, and available water in the soil after 

harvesting the sorghum crop. May be this is 

due to fact that it contributes to improving soil 

structure, as it has a high content of organic 

matter and plays a role in redistributing soil 

pores and increasing its specific surface area. 

It also has a high porosity ranging from 50-

300%, which is reflected in increasing 

moisture content of soil (Simansky et al., 

2022; Sun et al., 2022; Chen et al., 2024). 

Soil salinity parameters 

Electrical conductivity (EC): The results in 

(Table 9) show that there were significant 

differences in effect of adding zeolite on soil 

EC with a decreases rate of 5.87 and 16.35% 

for two levels of zeolite 6 and 12 Mg ha-1, 

respectively as compared to control, Soil EC 

decreased with vermicompost addition by 

17.94 % as compared to control. Adding 

biochar led to a reduction in soil EC by 8.71 

and 16.60% for 5 and 10 Mg ha-1 respectively, 

compared to control. As for the di and triple 

interactions between study factors, their effect 

were non significant on soil EC except the 

interaction between zeolite and vermicompost 

was significant in soil EC.  

Table 9. Effect of zeolite, vermicompost and biochar on soil EC (dS m-1) 

Vermicompost 

(V) 

Zeolite 

(Z) 

Biochar (B)  
(Z X V) 

B0 B1 B2 

V0 

Z0 5.59 5.24 4.68 5.17 

Z1 5.31 4.84 4.48 4.88 

Z2 4.78 4.51 4.23 4.51 

V1 

Z0 4.73 4.35 4.02 4.37 

Z1 4.53 4.04 3.71 4.10 

Z2 4.00 3.42 3.00 3.48 

LSDZ*V*B NS LSDZ*V 0.14 

Vermicompost (V) 0B 1B 2B Mean V 

V0 5.22 4.87 4.46 4.85 

V1 4.42 3.94 3.58 3.98 

LSDV*B NS LSDV 0.08 

Zeolite (Z) 0B 1B 2B Mean Z 

Z0 5.16 4.79 4.35 4.77 

Z1 4.92 4.44 4.10 4.49 

Z2 4.39 3.97 3.62 3.99 

Z*BLSD NS LSDZ 0.10 

Biochar 
0B 1B 2B Mean B 

4.82 4.40 4.02 
 

LSDB 0.10 
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Sodium Adsorption Ratio (SAR): Soil SAR 

decreased with the increase in zeolite levels 

addition. The percentage decrease reached 

2.63 and 11.62% for two levels of 6 and 12 

Mg ha-1 respectively, compared to control (0 

Mg ha-1) (Table 10). Adding vermicompost 

with 10 Mg ha-1level decreased soil SAR by 

11.11% compared to control. As for biochar, 

the soil SAR decreased by 3.97 and 8.39% for 

the two levels 5 and 10 Mg ha-1 respectively, 

compared to control.   The triple interaction of 

the study factors shows a significant effect on. 

The treatment (Z2V1B2) shows the lowest 

value for soil SAR, amounting to 3.15 (mmol 

L-1)0.5 with decrease by 35.58% compared to 

comparison treatment (Z0V0B0), which gave 

highest value of 12.23%. 

Exchangeable Sodium Percentage (ESP): 

The results in (Table 11) show that increasing 

level of zeolite addition from 0 to 6 and 12 Mg 

ha-1 led to decrease in soil ESP by 9.41 and 

27.65%, respectively, compared to control. 

ESP decreased with the addition of 

vermicompost at 10 Mg ha-1 by 23.08% as 

compared to control. And also adding biochar 

decreased ESP by 14.53 and 25% for two 

levels 5 and 10 Mg ha-1 respectively, as 

compared to control. The triple interaction of 

study factors shows a significant effect on soil 

ESP. The treatment (Z2V1B2) show lowest 

value for soil ESP amounting to 7.4% with 

decrease by 65.74% compared to comparison 

treatment (Z0V0B0), which gave highest value 

of 21.6%. The addition of zeolite minerals led 

to a reduction in soil salinity parameters ( EC, 

SAR and ESP). This may be attributed to its 

high ability to exchange ions and adsorption 

due to its cation exchange capacity and its 

ability to retain salts in dense pores that its 

crystals contain within its structural 

framework. In addition, it has a high ability to 

displace sodium from the exchange complex 

by calcium releasing from it and then leach 

sodium with salts to bottom of soil profile by 

improving physical and chemical properties of 

soil, such as increasing the soil porosity, water 

conductivity and the soil’s ability to retain 

water (Aiad et al., 2021; Ghorbani et al., 2022; 

Xiao et al., 2022).  

Table 10. Effect of zeolite, vermicompost and biochar on soil SAR (mmol L-1)0.5 

Vermicompost 

(V) 

Zeolite 

(Z) 

Biochar (B)  
(Z X V) 

B0 B1 B2 

V0 

Z0 4.89 4.70 4.55 4.71 

Z1 4.75 4.63 4.39 4.59 

Z2 4.64 4.45 4.42 4.50 

V1 

Z0 4.60 4.37 4.27 4.42 

Z1 4.41 4.34 4.10 4.28 

Z2 3.90 3.60 3.15 3.55 

LSDZ*V*B 0.41 LSDZ*V 0.24 

Vermicompost (V) 0B 1B 2B Mean V 

V0 4.76 4.59 4.45 4.59 

V1 4.30 4.11 3.84 4.08 

LSDV*B NS LSDV 0.14 

Zeolite (Z) 0B 1B 2B Mean Z 

Z0 4.74 4.54 4.41 4.56 

Z1 4.58 4.49 4.25 4.44 

Z2 4.27 4.03 4.03 4.03 

Z*BLSD NS LSDZ 0.17 

Biochar 
0B 1B 2B Mean B 

4.53 4.35 4.15 
 

LSDB 0.17 
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Table 11. Effect of zeolite, vermicompost and biochar on soil ESP (%). 
Vermicompost 

(V) 

Zeolite 

(Z) 

Biochar (B)  
(Z X V) 

B0 B1 B2 

V0 

Z0 21.6 19.0 16.7 19.2 

Z1 19.9 15.7 15.2 16.9 

Z2 16.2 14.5 13.2 14.6 

V1 

Z0 17.4 14.8 13.0 15.1 

Z1 15.7 14.0 12.0 13.9 

Z2 12.4 10.1 7.4 10.0 

LSDZ*V*B 1.1 LSDZ*V NS 

Vermicompost (V) 0B 1B 2B Mean V 

V0 19.2 16.4 15.0 16.9 

V1 15.2 13.0 10.8 13.0 

LSDV*B 0.7 LSDV 0.4 

Zeolite (Z) 0B 1B 2B Mean Z 

Z0 19.5 16.9 14.8 17.0 

Z1 17.8 14.9 13.6 15.4 

Z2 14.3 12.3 10.3 12.3 

Z*BLSD 0.8 LSDZ 0.5 

Biochar 
0B 1B 2B Mean B 

17.2 14.7 12.9 
 

LSDB 0.5 

The addition of vermicompost also led to a 

reduction in soil salinity parameters. This may 

be attributed to its role in displacing sodium 

ions from the exchange complex by providing 

with soluble cations (calcium, magnesium, and 

potassium) due to its high content of these 

ions. In addition, it plays a role in improving 

the physical properties of soil by improving 

soil structure and increasing the porosity of the 

soil, which encourages the salts leaching to 

ground water (Ai  et al., 2023; Alabi et al., 

2023; Al-Maamori, 2024).  As for biochar, its 

addition to reducing soil salinity parameters 

under study may be attributed to its high 

ability to adsorb salt ions and prevent their 

movement, as it has a high cation exchange 

capacity, as well as its role in displacing 

sodium ions from the surfaces of soil colloids 

by calcium, magnesium and potassium ions, in 

addition to its role in improving soil 

permeability, which encouraged leaching of 

dissolved salts (Lee et al., 2022; Ullah et al., 

2022; Xiao et al., 2024). 

Plant Parameters: Plant height: The results 

in (Table 12) show that increasing levels of 

adding zeolite from 0 to 6 and 12 Mg ha-1 led 

to an increases in plant height by 0.71 and 

3.04% for two zeolite levels respectively, 

compared to control treatment  . Addition of 

vermicompost also increased plant height by 

3.16% compared to control. Adding biochar 

also increased plant height by 2.39 and 3.50% 

for the two levels 5 and 12 Mg ha-1 

respectively, compared to the control. As for 

triple interaction, The treatment (Z2V1B2) 

show the highest value for plant height, 

amounting to 305.8 cm with an increase by 

11.16% compared with control (Z0V0B0) 

which gave the lowest value 275.1 cm. 
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Table 12. Effect of zeolite, vermicompost and biochar on plant height (cm). 
Vermicompost 

(V) 

Zeolite 

(Z) 

Biochar (B)  
(Z X V) 

B0 B1 B2 

V0 

Z0 275.1 283.6 288.5 282.4 

Z1 276.0 279.2 278.5 277.9 

Z2 281.1 284.9 289.1 285.1 

V1 

Z0 279.8 284.1 290.5 284.8 

Z1 284.3 290.0 295.1 289.8 

Z2 286.1 300.5 305.8 297.5 

LSDZ*V*B 3.0 LSDZ*V 1.7 

Vermicompost (V) 0B 1B 2B Mean V 

V0 277.4 282.6 285.4 281.8 

V1 283.4 291.5 297.1 290.7 

LSDV*B 1.7 LSDV 1.0 

Zeolite (Z) 0B 1B 2B Mean Z 

Z0 277.4 283.9 286.8 282.7 

Z1 280.1 284.6 289.5 284.7 

Z2 283.6 292.7 297.4 291.3 

Z*BLSD 2.1 LSDZ 1.2 

Biochar 
0B 1B 2B Mean B 

280.4 287.1 291.2 
 

LSDB 1.2 

Leaf area: Results in (Table 13) show an 

increases in leaf area of 1.99 and 3.18% for the 

zeolite addition levels of 6 and 12 Mg ha-1 

respectively, compared to control treatment (0 

Mg ha-1). Adding vermicompost also increased 

the leaf area of 9.98% compared to treatment 

without addition. Adding biochar increased the 

leaf area by 11.62 and 20.97% for levels 5 and 

10 Mg ha-1, respectively, compared to control 

treatment. As for triple interaction of the study 

factors, highest value of leaf area was achieved 

4202.5 cm2 plant-1 in the treatment (Z2V1B2), 

with an increase of 27.05% compared to 

control treatment (Z0V0B0), which gave the 

lowest value  3296.2 cm2 plant-1.  

Table 13. Effect of zeolite, vermicompost and biochar on leaf area (cm2 plant-1). 
Vermicompost 

(V) 

Zeolite 

(Z) 

Biochar (B)  
(Z X V) 

B0 B1 B2 

V0 

Z0 3296.2 3617.0 3829.9 3581.0 

Z1 3476.0 3635.9 4027.1 3713.0 

Z2 3524.5 3818.5 4045.4 3796.1 

V1 

Z0 4015.9 4129.8 4170.7 4109.4 

Z1 4028.3 4161.8 4183.2 4124.4 

Z2 4036.2 4163.9 4202.5 4134.2 

LSDZ*V*B 92.7 LSDZ*V 53.5 

Vermicompost (V) 0B 1B 2B Mean V 

V0 3583.5 3690.5 3967.5 3747.2 

V1 4026.8 4151.6 4185.5 4121.3 

LSDV*B 53.5 LSDV 30.9 

Zeolite (Z) 0B 1B 2B Mean Z 

Z0 3656.0 3873.1 4000.3 3843.1 

Z1 3752.1 3898.9 4105.2 3918.7 

Z2 3780.4 3991.2 4124.0 3965.2 

Z*BLSD 65.6 LSDZ 37.9 

Biochar 
0B 1B 2B Mean B 

3729.5 3921.1 4076.5 
 

LSDB 37.9 

Dry weight: Increasing levels of zeolite 

addition from 0 to 6 and 12 Mg ha-1 led to an 

increase in dry weight by 12.98 and 28.% for 

the two zeolite levels respectively, compared 

to control   (0 Mg ha-1) (Table 14).  Adding 

vermicompost also led to increases in dry 

weight by 21.41% compared to the soil 

without addition.  Adding biochar led to an 

increase in dry weight by 10.85 and 21.77% 

for two levels 5 and 10 Mg ha-1 respectively, 

compared to control treatment. As for triple 

interaction of the study factors (zeolite, 

vermicompost, and biochar), it led to an increase in 

dry weight, and highest value was in treatment 

(Z2V1B2), which amounted to 23.13 Mg ha-1 with 

an increases rate of 89.28% compared to 

comparison treatment (Z0V0B0) which gave lowest 

value of 12.22 Mg ha-1.  
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)1-Effect of zeolite, vermicompost and biochar on dry weight (Mg ha .Table 14 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Grains yield: Increasing levels of zeolite 

addition led to increases in grains yield 9.14 

and 13.68% for two levels 6 and 12 Mg ha-1, 

respectively, compared to control (Table15).  

The addition of vermicompost increased grains 

yield 8.12% compared to control. As for 

biochar, its addition led to an increase in 

grains yield by 15.29 and 26.50% for two 

levels 5 and 10 Mg ha-1 respectively, 

compared to control treatment. As for triple 

interaction, the treatment (Z2V1B2) excelled in 

achieving highest value of the grains yield, 

which amounted to 6.735 Mg ha-1, an increase 

of 55.76% over comparison treatment 

(Z0V0B0) which gave lowest value reaching to 

4.324 Mg ha-1. Adding mineral zeolite to soil 

led to an increases in sorghum parameters this 

may be due to fact that adding zeolite to soil 

improved its physical and chemical properties 

and reducing soil salinity which led to 

increased water absorption by plant, reduced 

water loss, and increased growth and 

development of the plant’s root system, of 

water and nutrients by the plant, increasing 

vital processes, and increasing food formation 

and storage in grains (Ghorbani et al., 2022).  

Table 15. Effect of zeolite, vermicompost and biochar on grains yield (Mg ha-1). 
Vermicompost 

(V) 

Zeolite 

(Z) 

Biochar (B)  
(Z X V) 

B0 B1 B2 

V0 

Z0 4.324 5.236 5.809 5.143 

Z1 4.543 5.743 6.514 5.600 

Z2 5.436 5.762 6.580 5.926 

V1 

Z0 4.618 6.011 6.185 5.605 

Z1 5.713 6.024 6.633 6.123 

Z2 5.814 6.328 6.735 6.292 

LSDZ*V*B 0.385 LSDZ*V 0.223 

Vermicompost (V) 0B 1B 2B Mean V 

V0 4.768 5.580 6.321 5.556 

V1 5.382 6.121 6.517 6.007 

LSDV*B 0.223 LSDV 0.129 

Zeolite (Z) 0B 1B 2B Mean Z 

Z0 4.471 5.624 6.027 5.374 

Z1 5.128 5.884 6.574 5.865 

Z2 5.625 6.046 6.658 6.109 

Z*BLSD 0. 273 LSDZ 0.157 

Biochar 
0B 1B 2B Mean B 

5.075 5.851 6.420 
 

LSDB 0.157 

Vermicompost 

(V) 

Zeolite 

(Z) 

Biochar (B)  
(Z X V) 

B0 B1 B2 

V0 

Z0 12.22 13.07 14.33 13.21 

Z1 13.85 14.61 15.96 14.81 

Z2 15.42 17.13 18.80 17.12 

V1 

Z0 14.72 16.07 17.41 16.07 

Z1 16.21 18.48 20.14 18.28 

Z2 17.67 20.51 23.13 20.44 

LSDZ*V*B 0.32 LSDZ*V 0.19 

Vermicompost (V) 0B 1B 2B Mean V 

V0 13.83 14.94 16.36 15.04 

V1 16.20 18.35 20.22 18.26 

LSDV*B 53.5 LSDV 30.9 

Zeolite (Z) 0B 1B 2B Mean Z 

Z0 13.47 14.57 15.87 14.64 

Z1 15.03 16.55 18.05 16.54 

Z2 16.54 18.82 20.96 18.78 

Z*BLSD 0.23 LSDZ 0.13 

Biochar 
0B 1B 2B Mean B 

15.02 16.65 18.29 
 

LSDB 0.13 
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The addition of vermicompost led to increases 

in the parameters of sorghum crop under 

study. This may be due to improving physical 

properties of the soil, reducing its salinity, and 

making root zone a suitable environment for 

root growth and development, which 

encouraged the absorption of water and 

nutrients and increased vital processes, which 

led to an increase in plant’s yield (Choudhary 

et al., 2023; Mebrahtom, 2024; Salim et al., 

2024).  The addition of biochar led to 

increases in plant parameters under study. This 

may be attributed to role of biochar in 

improving various properties of soil, including 

the physical by reducing bulk density, 

increasing the available water, reducing its 

loss and reducing soil salinity in root zone 

through adsorption of salt ions and their 

leaching down, which was reflected in 

increase in absorption of water and nutrients 

and increase in plant parameters (Sun et al., 

2022; Tang et al., 2023). 

CONCLUSION  

It can be concluded the addition of soil 

conditioners (zeolite, vermicompost and 

biochar conditioners) significantly improving 

soil physical properties (bulk density, water 

content at field capacity and permanent wilting 

point and available water), reducing soil 

salinity  The addition of zeolite (12 Mg ha-1), 

vermicompost (10 Mg ha-1) and biochar (10 

Mg ha-1) with achieved a great response to the 

sorghum crop represented by increasing plant 

parameters and improving soil physical 

properties and soil salinity. The effect of 

conditioners to soil together was more efficient 

under study compared to adding each of them 

separately. 
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 الزيولايت والفيرمكمبوست والفحم الحيوي في نمو وحاصل الذرة البيضاء  ستعمالتحسين صفات تربة ملحية بأ

 2 عباس خضير عباس جارالله   ،  1صطفى علي عدنان الجنابي

 1كلية الطب البيطري – جامعة بغداد - العراق    2 قسم مكافحة التصحر، كلية علوم الهندسة الزراعية، جامعة بغداد - العراق

 

 المستخلص 

الحيوي وتداخلاتهم في          الزيولايت والفيرمكبوست والفحم  بأستعمال  تربة ملحية  اجريت تجربة حقلية بهدف تحسين صفات 

 1Zو  0Zورمز لها )  1-ميكاغرام هـ  12و  6و  0البيضاء. تضمنت التجربة ثلاثة مستويات من الزيولايت هي  نمو وحاصل الذرة  

 0(. وثلاثة مستويات من الفحم الحيوي هي  1Vو  0Vورمز لها )  1-ميكاغرام هـ  10و  0( ومستويين من الفيرمكمبوست هي  2Zو

هـ  10و  5و )  1-ميكاغرام  لها  عاملية  (.  2Bو  1Bو  0Bورمز  تجربة  وبثلاثباستعمال  نفذت  الكاملة  العشوائية  القطاعات    ةتصميم 

في   مكررات. معنوياً  تأثيراً  أثرت  الحيوي  والفحم  والفيرمكبوست  الزيولايت  من  كل  إضافة  مستوى  زيادة  أن  النتائج  أظهرت 

المستوى   حقق  لقد  للتربة،  والكيميائية  الفيزيائية  هـ  12الصفات  الزي  1-ميكاغرام  ومن  والمستوى  هـ  10ولايت  من   1-ميكاغرام 

من الفحم الحيوي اقل قيمة للكثافة الظاهرية بينما حقق أعلى القيم للمحتوى الرطوبي    1-ميكاغرام هـ  10الفيرمكمبوست والمستوى و

الصو ونسبة  الكهربائية  الايصالية  القيم  أقل  حقق  بينما  الجاهز  الماء  وكمية  الذبول  ونقطة  الحقلية  السعة  ونسبة  عند  الممتز  ديوم 

المعاملة   تفوقت  فقد  الدراسة  عوامل  بين  للتداخل  بالنسبة  أما  المتبادل.  هـ  2B1V2Z  (12الصوديوم  و  1-ميكاغرام    10زيولايت 

واعلى  3-ميكاغرام م 1.18فحم حيوي( في تحقيق اقل قيمة للكثافة الظاهرية بلغت  1-ميكاغرام هـ 10فيرمكمبوست و 1-ميكاغرام هـ

بلغت   التربة  في  الرطوبي  للمحتوى  الجاهز  17.00و  18.63و  35.63القيم  الدائم والماء  الذبول  الحقلية ونقطة  السعة  لكل من   %

% لكل من الايصالية الكهربائية ونسبة الصوديوم  7.4و 0.5(1-)ملي مول لتر  3.15و 1-ديسي سمنز م 3.00بالتتابع واقل القيم بلغت 

 ديوم المتبادل بالتتابع. حققت عوامل الدراسة وتداخلاتهم اعلى استجابة في نمو وحاصل الذرة البيضاء. الممتز ونسبة الصو

.محسنات التربةالكثافة الظاهرية، السعة الحقلية، نقطة الذبول، الماء الجاهز، : الكلمات المفتاحية  
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