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Abstract 
One of the serious challenges facing soil scientists is soil salinity, degradation, and productivity 

preservation, which directly impacts agricultural production and food security. This study aims 

to evaluate the effect of plant residues (wheat straw, and biochar derived from wheat straw) on 

two different soils (saline and non-saline) on specific parameters (organic matter, EC, CEC, and 

pH), and the amount of CO₂  released. 

A 60-day laboratory incubation experiment was carried out to evaluate the organic matter 

content, pH, cation exchange capacity (CEC), and electrical conductivity (EC), and released 

CO₂  by the application of wheat residues (Symbolized as w), biochar (Symbolized as b), 

compared to the control treatment (Symbolized as c), under a completely randomized design 

(CRD) with three replicates. Results revealed that the total amount of CO₂  released recorded the 

most significant values released among the treatments, As the wheat residues recorded the 

highest values followed by Biochar, and control treatments in both soils. Also the Non-saline soil 

recoded the highest values of Co2 (74.02 mg CO₂ /100 g soil/day) compared to the saline soil 

(51.2 mg CO₂ /100 g soil/day). Also the CEC values recorded the highest values under the 

interaction of saline soil and wheat residues, and biochar reached 14.39 and 15.28 cmol·kg⁻ ¹ 

respectively, compared to the non-saline treatments which were recorded were 13.91 and 11.05 

cmol·kg⁻ ¹, respectively, considering the both treatments were higher than the control treatment. 

Keywords: Wheat residues, Carbon dioxide (CO₂ ), Saline soils, Organic materials. 

Introduction 

Soil considered as a habitat for uncountable 

organisms, including plants, animals, 

humans, and microorganisms. Moreover, it 

is one of the major factors of agricultural 

production, Which is vital resource for 

feeding the world’s growing population 

[50]. Therefore, improving soil properties 

represents a significant challenge around the 

world, despite intensive efforts aimed to 

mitigate the factors that degrade soil quality 

and loose sustainability. 

Soil salinity is a major challenge facing the 

land productivity. it has been reported in 

centuries, with human societies historically 

coexisting with saline conditions. Today, 

soil salinity remains a critical global concern 

due to its detrimental impact on agricultural 

productivity, long-term soil sustainability, 

and the reduction of arable land. Salinity-

related problems occur across all climatic 

zones and may arise from both natural 
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processes and anthropogenic activities. 

Saline soils are particularly widespread in 

arid and semi-arid regions, where rainfall is 

limited to meet crop water demands. Under 

such conditions, plants experience water 

stress due to high salinity levels, elevated 

evapotranspiration rates, and limited water 

availability in the rhizosphere [73]. High 

salinity affects directly the vegetative and 

reproductive growth, and significantly 

inhibit photosynthesis, carbon assimilation, 

and nitrogen metabolism [46]. This results 

in physiological drought symptoms, 

including leaf desiccation, reduced 

chlorophyll content, and diminished 

photosynthetic efficiency [34]. 

The application of plant-based organic 

residues is considered one of the most 

effective approaches for salinity mitigation, 

and soil enhancement. These treatments 

contribute to improve root growth and more 

efficient utilization of water and nutrients. 

Additionally, regulating the plants water 

absorption and increase leaf water content, 

which positively influences vegetative 

growth. Organic residues also contribute to 

soil warming during cold seasons, especially 

in winter, by increasing the temperature 

around the root zone, thereby stimulating 

root development and enhancing nutrient 

absorption. Moreover, to retain moisture in 

light-textured soils and reduce water content 

in heavy soils, minimize erosion caused by 

wind and water, and stimulate microbial 

activity in the soil [5]. The application plant 

residues on the soil can decrease the drought 

stress and salinity by enhancing the soil 

porosity, which promotes water infiltration 

and percolation of salts beyond the root 

zone, particularly in well-reclaimed soils. 

This practice also reduces the incidence of 

soilborne diseases and minimizes the need 

for chemical fertilizers, while 

simultaneously increasing the availability of 

most macro- and micronutrients in the soil 

[16]. Furthermore, mixing organic plant 

residues with soil has been shown to 

enhance microbial diversity and distribution, 

activate soil enzymes, and significantly 

improve nutrient uptake by plants [47,58].  

Plant residues have been widely utilized by 

farmers, either by the direct application on 

the soil as fresh organic matter or pyrolyzed 

into biochar. These agricultural practices 

aim to preserve soil organic matter and 

sustain microbial activity by applying 

biofertilizers or integrating wheat residues 

into the soil through burial [44]. Biochar, 

often referred to as "black gold," is produced 

through the pyrolysis of organic biomass 

such as crop residues at high temperatures 

under limited oxygen conditions. This 

thermal decomposition leads to a stable 

product with reduced environmental impact 

[39,42]. Numerous studies have 

demonstrated that biochar possesses a high 

specific surface area, a substantial charge 

density [45], low bulk density [27], stable 

porous structure, and elevated organic 

carbon content [24]. These characteristics 

can reduce soil bulk density and enhance 

water retention in coarse-textured soils due 

to biochar's large surface area [56]. 

Moreover, biochar can positively influence 

the chemical and biological properties of 

soil, including pH [2], and cation exchange 

capacity (CEC) [31]. The amount of carbon 

dioxide (CO₂ ) released from organic 

residues is commonly used as an indicator to 

assess the degree of organic matter 

decomposition and to monitor enzymatic 

activity of soil microorganisms [10]. Among 

the available methods, this is one of the 

most widely adopted [33]. The application 

of organic residues is a well-established 

agricultural practice, often used in 

conjunction with tillage operations, wherein 

crop residues were applied to the soil 

surface to prevent erosion, reduce moisture 

loss, and enhance nutrient cycling [53]. 
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These residues, such as wheat residues, 

whether applied on the soil surface or 

incorporated through tillage, can influence 

mineralization processes and CO₂  emission 

due to their significant effect on soil 

temperature during such processes [20,35]. 

The decomposition of plant residues in soil 

leads to carbon mineralization by 

microorganisms, which forms the microbial 

secondary metabolites and the accumulation 

of stable organic compounds [54]. This 

process is accompanied by the release of 

carbon dioxide (CO₂ ), thereby returning a 

portion of the carbon to the atmosphere [26]. 

Soil microbial activity and the 

decomposition processes that transform 

plant-derived carbon into soil organic matter 

(SOM) and CO₂  are significantly 

influenced by environmental soil properties 

[20,25]. Numerous studies have reported 

that CO₂  is the most abundant greenhouse 

gas emitted from soils, with a flux rate over 

one hundred times greater than that of N₂ O 

and CH₄  [1,12,48]. 

One of the most serious challenges in soil 

science is the increase in soil salinization 

and its associated degradation, which 

directly affects agricultural productivity and 

food security. soil preservation and 

sustaining the production capacity require 

serious strategies and practices that maintain 

the soil chemical and physical properties 

over time. In this context, the present study 

aims to evaluate the effects of plant residues 

(wheat straw) and biochar derived from 

wheat straw into two soil types (saline and 

non-saline) on specific chemical 

characteristics of the soil (organic matter 

content, electrical conductivity (EC), cation 

exchange capacity (CEC), and pH), as well 

as on biological activity through the 

quantification of CO₂  emissions. 

Materials and Methods: 
Two soil samples were collected on depth of 

(0–30 cm) in Diyala Governorate, Iraq, one 

sample was saline and the other non-saline, 

as shown in Table 1. The samples were air-

dried and passed through a 2 mm sieve. The 

soil samples were stored in plastic 

containers and subjected to chemical and 

physical analyses. 

 

Table (1): Location and coordinates of soil samples used in the study 

Coordinates Location sample 

N "396. 51'42°33 

E "35.482'34°44 

 The University of Diyala   

fields 

Saline soils 

N "06.143'41°33 

"E 090. 46' 34°44 

The University of Diyala   

fields 

Non-saline 

soils 

 

Two laboratory experiments were carried 

out. The first was an incubation experiment 

for 60 days, aimed to evaluate specific 

chemical characteristics of the soil which 

were organic matter content, pH, cation 

exchange capacity (CEC), and electrical 

conductivity (EC), under the application of 

wheat residues (Symbolized as w), biochar 

(Symbolized as b), and a control treatment 

(Symbolized as c) and according to the 

Completely Randomized Design (CRD) 

with three replicates per treatment. The 

second experiment was a factorial study to 

evaluate the carbon dioxide (CO₂ ) released 

from the soil, consisted of three treatments: 

soil salinity (saline and non-saline), organic 

matter (as in the first experiment), and 
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incubation duration. This experiment also 

followed a Completely Randomized Design 

(CRD) with three replicates for each 

experimental unit. 

 

Chemical and Physical Properties 

The following soil characteristics were 

determined as described by Al-Tamimi [7]: 

1. Electrical Conductivity (EC) and 

pH 
EC and pH were measured in a 1:1 

soil-to-water extract. 

2. Available Potassium and Sodium 
Extracted using ammonium acetate 

and determined using a Flame 

Photometer. 

3. Soluble Cations and Anions 
o Calcium (Ca²⁺ ) was 

measured by titration with 

0.01 N versenate. 

o Magnesium (Mg²⁺ ) was 

measured using an Atomic 

Absorption 

Spectrophotometer. 

o Sodium (Na⁺ ) and 

Potassium (K⁺ ) were 

measured using a Flame 

Photometer. 

o Carbonates (CO₃ ²⁻ ) and 

bicarbonates (HCO₃ ⁻ ) were 

determined by titration with 

0.01 N sulfuric acid. 

o Chloride (Cl⁻ ) was 

determined by titration with 

0.005 N silver nitrate. 

o Sulfates (SO₄ ²⁻ ) were 

titrated using 0.2 N versenate. 

4. Cation Exchange Capacity (CEC) 
CEC was measured using the Bower 

method. By saturation with 1 N 

sodium acetate, wash with alcohol to 

remove excess acetate, and the 

adsorbed sodium was displaced with 

1 N ammonium acetate. 

5. Organic Matter (OM) 
Determined by the modified 

Walkley-Black wet oxidation 

method. 

 

Table (2): Some physical and chemical characteristics of the two study soils before 

treatment with biochar 

characteristics Saline Non-saline 

pH 8.16 8.68 

EC ds m
-1

 9.11 3.18 

K  mg kg
-1

 79.8 57.32 

Na   mg kg
-1

 1167.07 755.44 

Ca    mg kg
-1

 920 128 

Mg   mg kg
-1

 1268.8 302.56 

Cl     mg kg
-1

 1862 539 

SO4  mg kg
-1

 2917.53 1398.28 

HCO3 mg kg
-1

 280 300 
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Biochar Preparation 

Biochar was entirely produced from wheat 

residues at a temperature of 300 °C using an 

electric oven (Napentem-Germany) for two 

hours, with a heating rate of 61 °C min⁻ ¹ 

under limited oxygen conditions. The 

produced biochar was brought to the 

laboratory and passed through a 50 µm sieve 

as recommended by Fahmi et al. [19]. The 

biochar samples were stored at room 

temperature. Table (3) presents some of the 

physical and chemical characteristics of the 

biochar. 

Determination of Selected Physical and 

Chemical Properties of Biochar 

pH Measurement 

A 4 g sample of biochar was weighed and 

transferred into a 250 mL glass flask. Then, 

100 mL of distilled water was added, and 

the flask was covered with a glass cover. 

The mixture was heated for 5 minutes after 

boiling. The supernatant was decanted at 

60 °C, allowed to cool to room temperature, 

and the pH was measured using a Savova 

pH meter. 

Electrical Conductivity (EC) 

A 1% (w/v) biochar suspension was 

prepared using distilled water and shaken for 

24 hours. The supernatant was poured, and 

the electrical conductivity was measured 

using a Suliman EC meter [51]. 

Cation Exchange Capacity (CEC) 

The cation exchange capacity was measured 

following the method of Gillman and 

Sumpter [22]. One gram of biochar was 

placed in a test tube, and 20 mL of 0.5 N 

barium chloride (BaCl₂ ) solution was 

added. The mixture was centrifuged at 200 

rpm for two hours. The supernatant was 

filtered through filter paper with a 0.42 µm 

pore size. The concentrations of 

exchangeable cations (K⁺ , Ca²⁺ , Mg²⁺ , 

Na⁺ , Fe²⁺ , and Mn²⁺ ) were determined in 

the filtrate, and the cation exchange capacity 

was calculated by summing their values. 

 

Table (3): Some chemical properties of biochar 

characteristics Unit Biochar Wheat residues 

pH ------------ 7.55 8.02 

EC (ds m
-1

) 6.11 5.61 

CEC (Cmolc kg
-1

) 61.44 62.94 

 

Estimation of Released Carbon Dioxide 

(CO₂ ) 

A 250 g sample of each soil type (saline and 

non-saline) was taken, and two types of 

organic materials were added (biochar and 

wheat residues), in addition to a control 

treatment. The treatments were thoroughly 

mixed with the soils at an application rate of 

2% (w/w), with three replicates per 

treatment. The mixtures were placed into 

airtight glass jars, and distilled water was 

added to adjust the moisture content to 70% 

of field capacity. Moisture loss was 

recovered by weighing the jars and distilled 

water as required to maintain the desired 

moisture. The samples were incubated at 

30 ± 2 °C for 60 days. 
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CO₂  emissions from the soil were measured 

at the following intervals: 

1. Daily from day 1to day 3. 

2. Weekly from day 4 to day 60. 

The quantity of released CO₂  was 

determined using the method of Janzen 

(1987), according to the following formula: 

CO2/100g Soil=(B−V)×N×E 

Where: 

 B = Volume of acid consumed (mL) 

in the blank 

 V = Volume of acid consumed (mL) 

in the treatment 

 N = Normality of HCl 

 E = Equivalent weight of CO₂  = 22 

15 mL of 1 N sodium hydroxide (NaOH) 

was poured inside airtight jars. After 

incubation, the residual NaOH was titrated 

with hydrochloric acid (HCl). CO₂  reacts 

with NaOH to form turbid sodium carbonate 

(Na₂ CO₃ ), which is precipitated by the 

addition of barium chloride (BaCl₂ ) 

solution (50%). The titration was conducted 

using 0.5 N HCl, with phenolphthalein as an 

indicator to determine the endpoint. The 

following reactions occur: 

2NaOH+CO2→Na2CO3+H2

O(turbid solution) 

Na2CO3+BaCl2→2NaCl+BaCO3(white preci

pitate) 

Statistical Analysis 

Data were gathered and analyzed using 

Analysis of Variance (ANOVA) according 

to a Completely Randomized Design (CRD). 

Treatment means were compared using 

Duncan’s multiple range test at the 0.05 

significance level. All statistical analyses 

were performed using SAS version 9.4. 

Results and Discussion 

 

Carbon Dioxide (CO₂ ) Emissions 

Figures 1 and 2 shows the amount of carbon 

dioxide (CO₂ ) emitted from saline and non-

saline soil samples treated with two types of 

organic factors (biochar and wheat residues) 

compared to the control treatment over a 60-

day incubation period. The emission curves 

shows three distinct phases of CO₂  release 

across the treatments, representing three 

temporal phases. The first phase, (1–10 days 

of incubation), is characterized by a sharp 

increase in CO₂  emission, particularly in 

non-saline soils. This initial peak can be 

attributed to the increment of microbial 

activity, as the microorganisms rapidly 

resumed their biological functions and 

commenced decomposition of readily 

biodegradable substrates such as simple 

sugars and carbohydrates derived from the 

applied organic matters [8,13,36]. The 

second phase, extending from day 10 to 42, 

shows a decline in microbial activity, largely 

due to the depletion of easily decomposable 

compounds. During this period, more non-

biodegradable organics such as cellulose, 

hemicellulose, and lignin, known with 

complex chemical structures and resistance 

to microbial degradation [30,43]. The third 

phase, from day 42 to 60, shows an increase 

in CO₂  emissions, likely resulting from the 

microbial decomposition of dead microbial 

biomass by the living microorganisms. 

Additionally, the breakdown of previously 

resistant compounds such as cellulose, 

hemicellulose, and lignin was facilitated by 

prolonged enzymatic activity, which leads to 

make it accessible and biodegradable, which 

contributed to the CO₂  emissions observed 

at the beginning of this phase. Overall, the 
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total CO₂  emissions from both saline and 

non-saline soils were higher in the 

treatments of biochar and wheat residues 

compared to the control. These results were 

in agreement with previous studies 

conducted by Saeed and Al-Saadi [49], Al-

Obaidi and Mohammed [6], Walpola and 

Arankumara [58], Al-Amery [4], Fahmi 

[18], and Fadil and Fahmi [17]. 

Table 4 reveals statistical significance in the 

values of total CO₂  emissions (mg 

CO₂ /100 g soil/day) among the different 

treatments. For both soil types, the 

treatments ranked as following in terms of 

CO₂  emissions, wheat residues > biochar > 

control. Significant differences were also 

observed between the saline and non-saline 

soils under the control treatment, with 

emission rates of 74.02 and 51.2 mg 

CO₂ /100 g soil/day for the non-saline and 

saline soils, respectively. The wheat residue 

treatment shows the highest CO₂  emissions, 

followed by biochar, with average rates of 

181.57 and 167.01 mg CO₂ /100 g soil/day 

for the non-saline and saline soils, 

respectively. Also, total CO₂  emissions 

over the entire incubation period were 

higher in non-saline soils compared to saline 

soils, with cumulative values of 2178.94 and 

2004.15 mg CO₂ /100 g soil/day, 

respectively. 

 

 

Figure (1): Chart showing the amount of released CO2 gas in non-saline soil 
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Figure (2): Chart showing the amount of released CO2 gas in saline soils 

 

Table (4): Amount of released CO2 gas in saline and non-saline soils (mg CO2/100 gm 

soil/day) 

Moral difference Value  Treatment 

A       7938713 Non-saline soil + Wheat residues 

B 744477 Saline soil + Wheat residues 

C 9746777 Non-saline soil + Biochar  

E 149767 Saline soil Biochar  

E 888773 Non-saline soil + Control  

G 694713 Saline soil + Control  

 

Chemical characteristics  

The results in Table 5 indicates that the pH 

values in the studied soil samples ranged 

between 7.70 and 8.37 in both saline and 

non-saline soils. Which indicates that the 

application of biochar in both soil types 

reduces the pH values to approximately 

7.70–7.74, compared to the treatments with 

wheat residues and the control. This result is 

due to the increase in soil organic matter and 

the decomposition processes [55], in 

addition to the presence of cationic 

compounds within the biochar. Moreover, 

electrical conductivity (EC) in the saline soil 

sample treated with biochar showed a 

significant increase compared to the other 

treatments, reaching a maximum value of 

9.40 dS·m⁻ ¹. These results were in 

0

50

100

150

200

250

300

350

1d 2d 3d 1w 2w 3w 4w 5w 6w 7w 8w 9w

A
m

o
u

n
t 

o
f 

C
O

2
 r

e
le

a
se

  
m

g
 /

 1
0

0
 g

 s
o

il
 

Time periods  

Saline soil 

Control

Wheat Residues

Biochar



Euphrates Journal of Agricultural Science-17 (2):923-936, (june.2025)                            Ali1& Fahmi         

 

923 

agreement with previous studies by Fadil 

and Fahmi [17], Zhang et al. [59], Bayu et 

al. [9], and Van Zwieten et al. (56), which 

noted that biochar application reduces soil 

pH while progressively increasing EC due to 

its high content of exchangeable cations 

such as K⁺  and Na⁺ , as revealed in Table 

3. Which were noted by, DeLuca et al. [14], 

that biochar application can regulate 

electrical conductivity. 

Results in Table 2 shows that the cation 

exchange capacity (CEC) increased in saline 

soils under the wheat residues and biochar 

treatments, reaching 14.39 and 15.28 

cmol·kg⁻ ¹, respectively, compared to the 

non-saline soils, which were recorded 13.91 

and 11.05 cmol·kg⁻ ¹, respectively, 

compared to control treatment which 

revealed the lowest values. This increase can 

be attributed to the characteristics of the 

biochar's feedstock, particularly its variable 

surface charges and high specific surface 

area, which enhance the soil's CEC, those 

results were agreed by Suliman et al. [51]. 

Results in Table 5 also shows an increase in 

exchangeable sodium (Na⁺ ) and potassium 

(K⁺ ) ions in both soil types due to biochar 

application compared to other treatments. 

This significant increase in exchangeable 

cations in biochar-treated soils can be due to 

the ash content of the biochar, which 

facilitates the immediate release of adsorbed 

mineral nutrients [40]. These results are 

consistent with Geng et al. [21]. 

The results further revealed an increase in 

soil organic matter content in both saline 

and non-saline soils due to biochar 

treatments, with values reaching 5.85% and 

5.36%, respectively. The application of 

biochar improved several chemical 

characteristics of the soil, particularly 

organic matter content. significantly, biochar 

application has increased the average CO₂  

emissions, indicating enhanced microbial 

activity in the soil. The observed increase in 

organic carbon (OC) is a result of the 

increase in organic biomass due to the 

biochar application [32,55]. Hafeez et al. 

[23] and Dume et al. [15] also confirmed 

that biochar application increased organic 

matter and organic carbon levels, though the 

degree of increase varies among different 

soil types. The variability in soil organic 

matter content is mainly due to differences 

in nitrogen content and the N:C ratio, as 

well as variations in gypsum content, which 

can influence the rate of organic matter 

decomposition [4]. Also, gypsum dissolution 

can lead to the formation of coatings and 

chemical complexes around organic matter, 

thereby inhibiting the activity of 

decomposition organisms and their 

enzymes, ultimately increasing organic 

matter content [52]. 
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Table (5): Some chemical properties and cation exchange capacity for saline and non-

saline soil samples treated with biochar and wheat straw. 

Soil type Treatment pH EC CEC K
+ 

Na
+
 O.M 

Saline c 8.00 8.35 13.26 19.04 66.46 2.75 

Saline w 8.22 8.18 14.39 26.99 76.99 4.36 

Saline b 7.70 9.40 15.28 49.91 79.78 5.85 

Non-saline c 8.27 3.47 9.50 22.66 35.47 3.44 

Non-saline w 8.37 4.38 13.91 31.92 41.52 4.56 

Non-saline b 7.74 6.05 11.05 58.15 53.02 5.36 

Conclusion 
The application of wheat residues and 

biochar derived from wheat residues to both 

saline and non-saline soils has increased the 

CO₂  emissions compared to the control 

treatments, considering that the wheat 

residue treatments recorded more significant 

values compared to biochar in terms of 

CO₂  release. Also, to the improvement of 

the chemical characteristics of the soils. 

Therefore, this study recommends the 

application of organic residues in the form 

of biochar, as its slower decomposition rate 

ensures prolonged positive effects on soil 

quality over time. 



Euphrates Journal of Agricultural Science-17 (2):923-936, (june.2025)                            Ali1& Fahmi         

 

 
  ISSN 2072-3857           

 
933 

References 

[1] Abalos, D., Sanchez-Martin, L., 

Garcia-Torres, L., Van Groenigen, 

J.W. and Vallejo, A., 2014. 
Management of irrigation frequency 

and nitrogen fertilization to mitigate 

GHG and NO emissions from drip-

fertigated crops. Science of the Total 

Environment, 490, pp.880-888. 

[2] Abujabhah, I.S., Bound, S.A., Doyle, 

R. and Bowman, J.P., 2016. Effects of 

biochar and compost amendments on 

soil physico-chemical properties and 

the total community within a temperate 

agricultural soil. Applied soil ecology, 

98, pp.243-253. 

[3] Ahmad, M., Lee, S.S., Lim, J.E., Lee, 

S.E., Cho, J.S., Moon, D.H., 

Hashimoto, Y. and Ok, Y.S., 2014. 

Speciation and phytoavailability of 

lead and antimony in a small arms 

range soil amended with mussel shell, 

cow bone and biochar: EXAFS 

spectroscopy and chemical extractions. 

Chemosphere, 95, pp.433-441. 

[4] Al-Amery, A. H. F. (2011). The Effect 

of Soil Gypsum Content on the 

Decomposition of Various Organic 

Materials and the Formation of Humic 

Acids, and Its Impact on the Status and 

Behavior of Potassium. M.Sc. Thesis, 

College of Agriculture, University of 

Tikrit. 

[5] Al-Mansouri, Y. H. N. 2002. The 

effect of shortening pruning on the 

vegetative and fruiting characteristics 

of pomegranate trees Gilawi and Nab 

al-Jamal cultivars. Master Thesis, 

College of Agriculture, University of 

Baghdad. 

[6] Al-Obaidi, B. S. U.,&Mohammed, A. 

I. (2009). Kinetics of carbon dioxide 

release from various organic materials 

in soil. Tikrit University Journal for 

Agricultural Sciences, 9(3), 224–237. 

[7] Al-Tamimi, R. A. K. H. (2016). 
Chemical Analysis of Soil, Water, and 

Plant: Principles and Applications. 

Ministry of Higher Education and 

Scientific Research, University of 

Anbar. 

[8] Baumann, K., Dignac, M.F., Rumpel, 

C., Bardoux, G., Sarr, A., Steffens, 

M. and Maron, P.A., 2013. Soil 

microbial diversity affects soil organic 

matter decomposition in a silty 

grassland soil. Biogeochemistry, 114, 

pp.201-212. 

[9] Bayu, D., Mosissa, T. and Nebiyu, A., 

2016. Effect of biochar on soil 

properties and lead (Pb) availability in 

a military camp in South West 

Ethiopia. African Journal of 

Environmental Science and 

Technology, 10(3), pp.77-85. 

[10] Belanger, G., Richards, J.E. 

and Angers, D.A., 1999. Long-term 

fertilization effects on soil carbon 

under permanent swards. Canadian 

journal of soil science, 79(1), pp.99-

102. 

[11] Bou Issa, A. A. (2008). Study 

on the possibility of producing organic 

fertilizer from cotton stalk residues. 

Symposium on Soil Fertility 

Improvement and Modern Agricultural 

Techniques, Al-Baath University. 

[12] Chen, G.C., Tam, N.F.Y. and 

Ye, Y., 2010. Summer fluxes of 

atmospheric greenhouse gases N2O, 

CH4 and CO2 from mangrove soil in 

South China. Science of the Total 

Environment, 408(13), pp.2761-2767. 

[13] Condron, L., Stark, C., 

O’Callaghan, M., Clinton, P. and 

Huang, Z., 2010. The role of 

microbial communities in the 

formation and decomposition of soil 

organic matter. Soil microbiology and 



Euphrates Journal of Agricultural Science-17 (2):923-936, (june.2025)                            Ali1& Fahmi         

 

 
  ISSN 2072-3857           

 
934 

sustainable crop production, pp.81-

118. 

[14] DeLuca, T.H., Gundale, M., 

MacKenzie, M.D., Gao, S. and 

Jones, D., 2024. Biochar effects on 

soil nutrient transformations. In 

Biochar for environmental 

management. Taylor & Francis. 

[15] Dume, B., Mosissa, T. and 

Nebiyu, A., 2016. Effect of biochar on 

soil properties and lead (Pb) 

availability in a military camp in South 

West Ethiopia. African Journal of 

Environmental Science and 

Technology, 10(3), pp.77-85. 

[16] El-Sherpiny, M. A., Baddour, 

A., and Kany, M. 2023. Effect of 

organic and bio fertilization and 

magnesium foliar application on 

soybean production. Egyptian Journal 

of Soil Science, 63(1): 127-141. 

[17] Fadil, H. and Fahmi, A.H., 

2023, November. Biochar enhanced 

chemical and biological properties of 

contaminated soils with lead. In IOP 

Conference Series: Earth and 

Environmental Science (Vol. 1259, No. 

1, p. 012024). IOP Publishing. 

[18] FAHMI, A. H. . (2013). THE 

IMPACT OF GYPSIFEROUS AND 

CALCAREOUS SOILS ON 

DECOMPOSITION OF 

DIFFERENT ORGANIC 

MATERIALS . Diyala Agricultural 

Sciences Journal , 5(2), 133–143. 

Retrieved from  

[19] Fahmi, A.H., Samsuri, A.W., 

Jol, H. and Singh, D., 2018. 
Bioavailability and leaching of Cd and 

Pb from contaminated soil amended 

with different sizes of biochar. Royal 

Society open science, 5(11), p.181328. 

[20] Franzluebbers, A.J., Hons, 

F.M. and Zuberer, D.A., 1995. 
Tillage-induced seasonal changes in 

soil physical properties affecting soil 

CO2 evolution under intensive 

cropping. Soil and Tillage Research, 

34(1), pp.41-60. 

[21] Geng, N., Kang, X., Yan, X., 

Yin, N., Wang, H., Pan, H., Yang, Q., 

Lou, Y.,&Zhug, Y. (2022). Biochar 

mitigation of soil acidification and 

carbon sequestration is influenced by 

materials and temperature. 

Ecotoxicology and Environmental 

Safety, 232, 113241.   

[22] Gillman, G.P. and Sumpter, 

E.A., 1986. Modification to the 

compulsive exchange method for 

measuring exchange characteristics of 

soils. Soil Research, 24(1), pp.61-66. 

[23] Hafeez, A., Pan, T., Tian, 

J.,&Cai, K. (2022). Modified 

Biochar’s and Their Effects on Soil 

Quality: A Review. In Environments - 

MDPI (Vol. 9, Issue 5). MDPI.  

[24] Herath, H.M.S.K., Camps-

Arbestain, M. and Hedley, M., 2013. 
Effect of biochar on soil physical 

properties in two contrasting soils: an 

Alfisol and an Andisol. Geoderma, 

209, pp.188-197. 

[25] Iqbal, J., Ronggui, H., Lijun, 

D., Lan, L., Shan, L., Tao, C. and 

Leilei, R., 2008. Differences in soil 

CO2 flux between different land use 

types in mid-subtropical China. Soil 

biology and biochemistry, 40(9), 

pp.2324-2333. 

[26] Jacinthe, P.A., Lal, R. and 

Kimble, J.M., 2002. Carbon budget 

and seasonal carbon dioxide emission 

from a central Ohio Luvisol as 

influenced by wheat residue 

amendment. Soil and Tillage Research, 

67(2), pp.147-157. 

[27] Jain, S., Singh, A., Khare, P., 

Chanda, D., Mishra, D., Shanker, K. 

and Karak, T., 2017. Toxicity 

assessment of Bacopa monnieri L. 

grown in biochar amended extremely 

acidic coal mine spoils. Ecological 

Engineering, 108, pp.211-219. 



Euphrates Journal of Agricultural Science-17 (2):923-936, (june.2025)                            Ali1& Fahmi         

 

 
  ISSN 2072-3857           

 
935 

[28] Janzen J. J. (1987) Effect of 

fertilizer on soil productivity in long-

term spring wheat rotation. Canadian 

Journal of Sod Science 67, 1655174. 

[29] Kbeibo, I. (2005). 
Microbiology. Tishreen University 

Publications, p. 309. 

[30] Kleber, M., 2010. What is 

recalcitrant soil organic matter?. 

Environmental Chemistry, 7(4), 

pp.320-332. 

[31] Lehmann, J., Kern, D., 

German, L., McCANN, J., Martins, 

G.C. and Moreira, A., 2003. Soil 

fertility and production potential. 

Amazonian dark Earths: Origin 

properties management, pp.105-124. 

[32] Liang B, Lehmann J, 

Solomon D, Kinyangi J, Grossman J, 

O’Neill B, Skjemstad JO, Thesis J, 

Luizao FJ, Peterson J,&Neves EG 

Black. (2006). Carbon increases cation 

exchange capacity in soils. Soil Sci 

Soc Am J, 70, 1719–1730. 

[33] Liang, B.C., Gregorich, E.G., 

Schnitzer, M., Monreal, C.M., 

MacKenzie, A.F., Voroney, R.P. and 

Beyaert, R.P., 1998. Retention and 

turnover of corn residue carbon in 

some eastern Canadian soils. Soil 

Science Society of America Journal, 

62(5), pp.1361-1366. 

[34] Liang, G.T.; Liu, J.H.; 

Zhang, J.M.; Guo, J. Effects of 

drought stress on photosynthetic and 

physiological parameters of tomato. J. 

Am. Soc. Hortic. Sci. 2020, 145, 12–

17. 

[35] Mielnick, P.C. and Dugas, 

W.A., 2000. Soil CO2 flux in a 

tallgrass prairie. Soil biology and 

biochemistry, 32(2), pp.221-228. 

[36] Mohammadi, K., Heidari, G., 

Khalesro, S. and Sohrabi, Y., 2011. 

Soil management, microorganisms and 

organic matter interactions: A review. 

African Journal of Biotechnology, 

10(86), p.19840. 

[37] Munné-Bosch, S. and Müller, 

M., 2013. Hormonal cross-talk in plant 

development and stress responses. 

Frontiers in plant science, 4, p.529. 

[38] Mylavarapu, R., Sikora, F.J. 

and Moore, K.P., 2014. Walkley-

Black Method. Soil test methods from 

the Southeastern United States, 158. 

[39] Nguyen, V.T., Nguyen, T.B., 

Chen, C.W., Hung, C.M., Vo, T.D.H., 

Chang, J.H. and Dong, C.D., 2019. 
Influence of pyrolysis temperature on 

polycyclic aromatic hydrocarbons 

production and tetracycline adsorption 

behavior of biochar derived from spent 

coffee ground. Bioresource 

Technology, 284, pp.197-203. 

[40] Niemeyer T, Niemeyer M, 

Mohamed A, Fottner S,&Hardtle W. 

(2005). Impact of prescribed burning 

on the nutrient balance of Heath Lands 

with particular reference to nitrogen 

and phosphorus. Appl. Veg. Sci, 8, 

183–192. 

[41] O'lear, H.A., Seastedt, T.R., 

Briggs, J.M., Blair, J.M. and 

Ramundo, R.A., 1996. Fire and 

topographic effects on decomposition 

rates and N dynamics of buried wood 

in tallgrass prairie. Soil Biology and 

Biochemistry, 28(3), pp.323-329. 

[42] Parmar, A., Nema, P.K. and 

Agarwal, T., 2014. Biochar production 

from agro-food industry residues: a 

sustainable approach for soil and 

environmental management. Current 

Science, 107(10), pp.1673-1682. 

[43] Praveen - Kumare,T., 

C.Jagadish, P.Jitendra, and K. 

Shyam. 2003. A rapid method for 

assemenet of plant residue quality. J. of 

Plant Nutrition and Soil Sci.166: 662-

666. 

[44] Raich, J.W. and Schlesinger, 

W.H., 1992. The global carbon dioxide 

flux in soil respiration and its 



Euphrates Journal of Agricultural Science-17 (2):923-936, (june.2025)                            Ali1& Fahmi         

 

 
  ISSN 2072-3857           

 
936 

relationship to vegetation and climate. 

Tellus B, 44(2), pp.81-99. 

[45] Rajapaksha, A.U., Chen, S.S., 

Tsang, D.C., Zhang, M., Vithanage, 

M., Mandal, S., Gao, B., Bolan, N.S. 

and Ok, Y.S., 2016. 
Engineered/designer biochar for 

contaminant removal/immobilization 

from soil and water: potential and 

implication of biochar modification. 

Chemosphere, 148, pp.276-291. 

[46] Rao, N.K.S.; Shivashankara, 

K.S. and Laxman, R.H. (2016). 
Abiotic Stress Physiology of 

Horticultural Crops. Springer India. 

[47] Roosda, A. A., Ramdhani, T., 

and Birnadi, S. 2021. Liquid organic 

fertilizer and types of organic mulch 

toward photosynthesis translocation of 

green beans (Phaseolus vulgaris L.). 

IOP Conf Series Materials Science and 

Engineering. 1098(5):1-6. 

[48] Ruser, R., Flessa, H., Russow, 

R., Schmidt, G., Buegger, F. and 

Munch, J.C., 2006. Emission of N2O, 

N2 and CO2 from soil fertilized with 

nitrate: effect of compaction, soil 

moisture and rewetting. Soil Biology 

and Biochemistry, 38(2), pp.263-274. 

[49] Saeed, M. D.,&Al-Saadi, I. S. 

S. (2003). Carbon mineralization in 

soil after the addition of different 

organic residues. Iraqi Journal of 

Agricultural Sciences, 34(6), 49–56. 

[50] Singh, A., 2022. Soil salinity: 

A global threat to sustainable 

development. Soil Use and 

Management, 38(1), pp.39-67. 

[51] Suliman, W., Harsh, J., 

AbuLail, N., Fortuna, A., Dallmeyer, 

I.,&M. Garcia-Pérez. (2017). The role 

of biochar porosity and surface 

functionality in augmenting hydrologic 

properties of a sandy soil. Sci. Total. 

Envi, V: 574(Pp), 139–147. 

[52] Tan, K.H. 2005 . Principle of 

soil chemistry. Department of crop and 

soil science , The University of 

Georgia. MARCEL DEKKER,INC. 

[53] Tian, G. and Brussaard, L., 

1993. Biological effects of plant 

residues with contrasting chemical 

compositions under humid tropical 

conditions: effects on soil fauna. Soil 

Biology and Biochemistry, 25(6), 

pp.731-737. 

[54] Trinsoutrot, I., Recous, S., 

Bentz, B., Linères, M., Chèneby, D. 

and Nicolardot, B., 2000. 
Biochemical quality of crop residues 

and carbon and nitrogen mineralization 

kinetics under nonlimiting nitrogen 

conditions. Soil Science Society of 

America Journal, 64(3), pp.918-926. 

[55] Van Zwieten, L., Kimber, S., 

Morris, S., Chan, K.Y., Downie, A., 

Rust, J., Joseph, S. and Cowie, A., 

2010. Effects of biochar from slow 

pyrolysis of papermill residues on 

agronomic performance and soil 

fertility. Plant and soil, 327, pp.235-

246. 

[56] Van Zwieten, L., Kimber, S., 

Morris, S., Downie, A., Berger, E., 

Rust, J. and Scheer, C., 2010. 
Influence of biochars on flux of N2O 

and CO2 from Ferrosol. Soil Research, 

48(7), pp.555-568. 

[57] Villagra-Mendoza, K. and 

Horn, R., 2018. Effect of biochar 

addition on hydraulic functions of two 

textural soils. Geoderma, 326, pp.88-

95. 

[58] Walpola , B.C. and K.K.I.U. 

Arunakumara .2010. Effect of salt 

stress on decomposition of organic 

matter and mitrogen mineralization in 

animal manure amended soils. J. of 

Agric. Sci., s(1):, 9-18. 

[59] Zhang, H., Tian, J., Hao, X., 

Liu, D., and Cui, F. 2021. 
Investigations on the fouling 

characteristic of humic acid and 

alginate sodium in capacitive 



Euphrates Journal of Agricultural Science-17 (2):923-936, (june.2025)                            Ali1& Fahmi         

 

 
  ISSN 2072-3857           

 
937 

deionization. Water Reuse. 11(2):          

[60]   


