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Abstract 

Objective 

Soil pollution is one of the most serious problems facing the scientists and agriculturists, which 

in addition to cause health problem for human and livestock, it reduces the yield quality and 

quantity of plants. One of the important reasons for reducing plant yield is the harmful effect of 

pollutants (e.g. heavy metals) on biological activities of soil microorganisms, responsible for C 

and nutrients cycle in soil. Therefore, the aim of this study was to evaluate the combination of 

biological (fungal inoculation) and organic amendments. Because with this evaluation, their 

effectiveness in reducing heavy metal toxicity and restoring soil biological functions can be 

compared. 

Materials and methods 

An incubation experiment was conducted to examine the role of bioremediation (Aspergillus 

niger) or organic amendments (Humic acid and cow manure) to reduce the negative effect of 

some heavy metals (Cd, pb, and Zn) on biological indices (total number of A. niger, CO2 evolution 

and L-glutaminase activity) of silty loam soil collected from Basrah province, south of IRAQ. 

Aspergillus niger inoculant added to soil at population density of 50 × 103cfu; humic acid and 

cow manure added at rates of 20L ha-1 and 4% respectively.  

Results 

Results showed that Cd, Pb and Zn inhibited all the biological parameters and the highest effect 

were recorded for Cd with a decreasing percentage of 30.67, 13.93 and 45.34% for total number 

of A. niger, CO2 evolution and L- glutaminase activity, respectively. However, the addition of A. 

niger, humic acid, or cow manure significantly reduced the available heavy metal concentrations 

from soil and then reduced their negative effect on biological indices. Using of the A. niger 

inoculant was the more effective overcoming among other strategies with 89.02% reduction in 
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DTPA-extractable heavy metals (%) compared with 63.48 and 48.71% for HA and cow manure, 

respectively. Consequently, the A. niger inoculant increased the number of total A. niger, CO2 

evolution and L- glutaminase activity in polluted soil by 164.71, 35.31 and 89.32%, respectively.  

Conclusion 

A. niger inoculation was the most effective strategy for reducing heavy metal 

bioavailability and restoring soil biological activity under controlled incubation 

conditions. However, Further research is needed to understand how heavy metals and soil 

amendments affect plant growth under real field conditions.   
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Introduction 

Soil pollution by heavy metals such as cadmium (Cd), lead (Pb) and zinc (Zn) is a serious 

global environmental problem (Vodyanitskii, 2016). Because these heavy metals cause their 

persistence, toxicity and accumulation in agricultural ecosystems (Kumar et al., 2014; Odika et 

al., 2020). These metals also disrupt the physicochemical properties of the soil. Therefore, they 

can pose significant risks to plant productivity, food safety and human health (Gui et al., 2023; 

Sparks, 2005). The most important consequences of heavy metal pollution are that they inhibit 

the biological activity of the soil (Rajendran et al., 2022; Al-Jaberi, 2024). Because they can 

prevent the activity of microorganisms responsible for nutrient cycling and enzymatic processes 

essential for soil fertility. In Basra province (southern Iraq), intensive oil industry activities have 

been carried out for a long time and continue to be carried out. Being a port city, intense port 

activities are ongoing. Also, agricultural inputs are used a lot in this province. In addition, there 

have been long-term military conflicts in this province. All this has caused the level of heavy 

metals in the soils to increase. Although there are many environmental concerns, unfortunately, 

limited research has been conducted to explore sustainable strategies to reduce heavy metal 
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toxicity and restore soil biological functions in this region. Among biological remediation 

strategies, fungal-based approaches have attracted increasing attention. This is because they have 

high tolerance to heavy metals and are able to immobilize or aggregate metal ions. The fungus 

Aspergillus niger (A. niger) was chosen in this study because its documented capacity for 

biosorption and bioaccumulation of heavy metals through cell wall functional groups such as 

chitin, glucans, and proteins has been proven and reported (Odeniyi and Turaki, 2022; Al-Malaky, 

2024). In addition, this fungus is a producer of organic acids. This acid enhances the complexation 

of metals and reduces their bioavailability in soil. On the other hand, organic amendments were 

chosen because of their complementary mechanisms (Al- Hadrawi and Al-Jaberi, 2023). Humic 

acid (HA) and cow manure were the two options chosen in this study. Humic acid contains several 

active functional groups (carboxyl, phenolic, and carbonyl groups). These functional groups can 

chelate and immobilize metal ions, thereby reducing their bioavailability (Singh et al., 2018). 

Cow manure primarily acts as a nutrient source. Because it provides carbon and essential elements 

that stimulate microbial growth and enzymatic activity. It can also help immobilize metals. 

Because it can adsorb and complex with these metals (Al-Jaberi, 2023; Sharma et al., 2021; 

Gopinath et al., 2020). The effects of heavy metals on soil microbial activity and the potential of 

fungi or organic amendments have been investigated in various studies. However, there is limited 

information on the combined assessment of biological indicators such as fungal population, soil 

respiration and L-glutaminase activity under simultaneous contamination with cadmium, lead and 

zinc. Furthermore, very few studies have been conducted on soils of Basra province, which are 

exposed to unique pollution sources such as oil industry emissions and war residues. Therefore, 

for the first time, we evaluate the comparative efficacy of a locally isolated A. niger strain, humic 

acid and cow manure in reducing DTPA-extractable heavy metals and also the relationship of 

metal detoxification with changes in key soil biological indicators, especially L-glutaminase 

activity, which has rarely been evaluated under polymetal stress conditions. Therefore, the aim of 

this study was to evaluate the combination of biological (fungal inoculation) and organic 

amendments. Because with this evaluation, their effectiveness in reducing heavy metal toxicity 

and restoring soil biological functions can be compared. 

 

Materials and methods 

Soil sampling: A random composite sample (0-30 cm depth) was collected from agricultural 

soil in Al-Qurna District, located in the northern part of Basra province. The soil was placed in 

sterile polyethylene bags. Part of the sample was air-dried, ground, and sieved through a 2 mm 

mesh to analyze its physical, chemical, and biological properties. The remaining portion was 

stored at 4°C to preserve it for biological experiments. 
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Table 1. Physicochemical properties and baseline heavy metal concentrations of the 

experimental soil (0–30 cm depth, Al-Qurna District, Basra, Iraq) 

Property Value Method 

Texture Silty clay Hydrometer method 

Sand (%) 7.8  

Silt (%) 42.7  

Clay (%) 49.5  

pH (1:2.5 soil:water) 7.7 Glass electrode 

EC (dS m⁻¹) 2.6 EC meter 

Organic matter (%) 7.6 Walkley–Black 

CaCO₃ (%) 34.8 Calcimeter 

CEC (cmolc kg⁻¹) 12.3 Ammonium acetate 

Field capacity (%) 29.2 Gravimetric method 

Bulk density (g cm⁻³) 1.23 Core method 

DTPA-extractable Cd (mg kg⁻¹) 0.27 AAS 

DTPA-extractable Pb (mg kg⁻¹) 1.38 AAS 

DTPA-extractable Zn (mg kg⁻¹) 0.81 AAS 

 

Experimental treatments: Calculated amounts of CdSO₄, PbSO₄ and ZnSO₄ were used to 

artificially contaminate the soil. Each of these was dissolved separately in distilled water to 

prepare aqueous solutions. The appropriate volume of each solution was gradually added to 500 

g of air-dried soil to reach the desired concentration. This concentration was 3 mg/kg for cadmium 

and 100 mg/kg for lead and zinc (Kloke, 1980). To ensure uniform and homogeneous distribution 

of the metals in the soil, the treated soils were thoroughly mixed. These soils were prepared to 

cover 70% of the field capacity. Each metal was used separately in separate treatments. To 

establish equilibrium, the soils were incubated at 28°C for two weeks after spiking. This allowed 

for equilibrium to be established before the application of biological and organic amendments. 

Potato Dextrose Agar (PDA) was used for cultivation. A. niger was grown on the medium for 5 

days at 25°C. The plates were then filled with sterile distilled water containing 0.01% Tween-80 

and the surface was gently scraped to remove the spores. Filtration of the spore suspension was 

performed (Klich, 2002). Using serial dilution and plate counting, its concentration was adjusted 

to approximately 5 × 10⁴ CFU/mL. Ten mL of this suspension was added to every 100 g of soil. 

This was done to obtain a final density of 50 × 10⁴ CFU/mL of soil. To eliminate the indigenous 

microorganisms of the used cow manure, we sterilized it (121°C, 1 time, 20 min). This was done 

to ensure that any observed changes in microbial activity were attributable to the experimental 

treatments rather than to the microbial population introduced with the manure. Then it added to 

another soil samples at level of 4% based on soil dry weight. The remain soil samples were treated 

with 20 L ha-1 humic acid (HA) extracted from above cow manure by using 0.1 N NaOH at 
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pH+=6.5 (Page, 1982). A control treatment (soil without fungi, cow manure or HA) was 

subjected. Each treatment was repeated three times. Based on the soil depth of 0 to 30 cm and the 

bulk density of 1.3 mg/m3, the field application rate of 20 liters/ha was converted to the laboratory 

scale. This was approximately equivalent to 3,900,000 kg of soil/ha. The equivalent amount was 

then calculated for 500 g of soil. It was then diluted proportionally in distilled water. This was 

done to ensure uniform distribution. The application rates of humic acid (20 l/ha) and cow manure 

(4% w/w) were based on previous studies. These studies have shown that organic amendments 

such as humic acid can reduce the bioavailable fraction of heavy metals in contaminated soils and 

increase soil biological activity (Lwin et al., 2018; Zhao et al., 2023; Tang et al., 2025; Zhang et 

al., 2025). They have also shown that cow manure and its derivatives, when applied at comparable 

rates, affect the distribution of heavy metals in the soil and can improve microbial communities. 

Therefore, these proposed rates were considered sufficient to produce measurable changes in soil 

microbial activity and heavy metal availability under controlled incubation conditions. Soil 

samples were adjusted to equivalent moisture of 70% field capacity and kept constant throughout 

adding distilled and sterilized water regularly, then incubated at 25±2°C for 30 days. After pre- 

incubation, a set of soil samples were taken after 10, 20 and 30 days to assay the following 

parameters. The number of total fungi was determined by dilution and plate count method using 

PDA media at 25±2°C incubation for 5 days (Page, 1982). The soil respiration was determined 

by measuring CO2 evaluated in closed system by trapping in 1N NaOH solution and then titrated 

the remain NaOH in standard HCl using phenolphthalein indicator (Ciardi and Nannipieri,1990). 

The total CO2 was calculated by formula: 

meq CO2 = meq (NaOH) - meq (HCl) 

mg CO2 = meq CO2 × eq. wt. of CO2 

L- glutaminase enzyme activity was assayed according to Frankenberger and Tabatabai 

(1991). The reduction in DTPA-extractable heavy metals (%) was determined using the following 

formula: 

Reduction of DTPA-extractable heavy metals (%) = [(Initial DTPA-extractable Concentration - 

Final DTPA-extractable Concentration) / Initial DTPA-extractable Concentration] × 100 

The DTPA-TEA-CaCl₂ extraction method based on the method presented by Lindsay and 

Norwell (1978) was used to measure the fractions of cadmium, lead, and zinc present in the soil. 

This is because the goal was to estimate the bioavailable forms of metals in the soil, not the total 

metal content. In other words, our goal was to reduce the concentration of DTPA-extractable 

metals (biodegradable), not to remove the total metal from the soil. 

Statistical analysis: The experiment was conducted using a Completely Randomized Design 

(CRD). SPSS11.0 statistics analysis software was used for analysis of variance (ANOVA). The 
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least significant difference (RLSD) method was used to compare means at a significant level of 

5%. 

 

Results and discussion 

Fungal count (cfu g -1 soil): The application of heavy metals resulted in a noticeable 

reduction in fungal populations compared to the control, with decreases of 30.66%, 28.30%, and 

19.82% recorded for Cd, Pb, and Zn, respectively (Figure 1A). Cadmium caused the greatest 

inhibition, resulting in the lowest fungal count (120.90 CFU g⁻¹ soil), whereas zinc showed the 

least inhibitory effect (139.82 CFU g⁻¹ soil). Because of its chemical nature, Cd is toxic just like 

Zn and can displace it in living organisms. In addition, Cd can create very stable bonds with 

biomolecules by attaching to proteins and peptides (Ahemad, 2012). The relatively higher fungal 

count in soils treated with Zn compared to those treated with Cd and Pb may be due to “zinc’s 

essential role at low levels", playing a key role in the synthesis of enzymatic proteins. However, 

at elevated levels, Zn becomes toxic, forming complex structures with DNA and RNA, which can 

interfere with vital cellular processes (Kozlowski et al., 2009). Lead (Pb), on the other hand, is 

known to inhibit catalytic activity and antibiotic functions, suppress protein synthesis in 

microorganisms, and disrupt both the wall of cell integrity and oxidative phosphorylation (Bruins 

et al., 2000; Sharma et al., 2021). 

 

  

Figure 1. Effect of heavy elements, fungi and organic matter on total fungal count (cfu g -1 

× 103) 

 

The effect of A. niger, cow manure and HA on the total number of fungi in contaminated soil 

is shown in fig. 1 B. The number of fungi was higher for A. niger treatment with an increase 

percent of 164.72% compared to control as well as an increase percent of 14.8 and 4.03% 

compared with HA and cow manure, respectively. This may be attributed to the role of fungal 

inoculation to improve growth and number of fungi in soil along with the presence of fungi in soil 
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at the beginning. Furthermore, fungus used is a filamentous fungus which can absorb heavy 

metals from media. Its ability to bind heavy elements due to the complex structure of cell wall, it 

is made up of chitin, various inorganic ions, nitrogen-rich polysaccharides, glucans, lipids, and 

proteins which absorb the heavy metals after increasing fungus tolerance and detoxify. It was also 

observed that the application of organic treatments led to a significant increase in fungal 

populations compared to the control. The number of fungi increased by 130.58% with humic acid 

(HA) and by 154.48% with cow manure. This increase is attributed to the fact that organic matter 

serves as a vital source of energy and nutrients for microorganisms. It supplies key elements like 

carbon (C), nitrogen (N), phosphorus (P), and other nutrients that are essential for fungal growth 

and the biosynthesis of fungal tissues biosynthesis (Sibagariang et al., 2022), in addition to 

improving physical and chemical properties of soil resulting in enhance the fungal growth and 

increase its numbers (Yami and Smariti, 2005). Figure 2 showed a significant interaction effect 

on the total fungal number. Data revealed that soil contaminated with heavy metals have the lower 

number of fungi in treated and untreated with biological or organic sources. The treatment 

involved inoculation with fungi and not contaminated with heavy elements gave the highest 

fungal count (223.3 cfu g -1 soil), while treatment involved contaminated with Cd without 

treatment gave the lowest values of total fungal count (51.33 cfu g-1 soil), that because heavy 

metals inhibit fungi and spores’ growth that reduce its count in soil (Ano et al., 2012).  

 

 

Figure 2. Interaction between treatment materials and contamination with heavy elements 

on the total fungal number (cfu g -1 soil × 10 -3) 

 

Total CO₂ released (µg CO₂ g⁻¹ soil): Figure 3A illustrates a significant reduction in the 

total amount of CO₂ released from soils contaminated with heavy elements compared to the 

control. The higher decrease was observed in the cadmium (Cd) treatment, showing a 13.92% 

inhibition relative to the control. Cd is recognized as one of the most toxic metals to soil 
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microorganisms, as it negatively impacts their metabolic activity, leading to reduced respiration 

and slower decomposition of organic matter. This strong inhibitory effect is likely due to Cd’s 

high mobility in the soil and its weak binding affinity to soil colloids (Zheng et al., 2019). In 

contrast, soils contaminated with zinc (Zn) showed the least inhibition, with CO₂ release reduced 

by only 7.6% compared to the control, suggesting a milder impact of Zn on microbial respiration. 

 

  

Figure 3. The effect of heavy metals and biological and organic treatment on the total 

amount of CO 2 evolved (µg CO 2 g -1 soil) 

 

It is renowned from Figure 3B that treating soil with A. niger, HA or cow manure caused a 

significant increase in the amount of CO2 evolved from contaminated with heavy metals with 

percent 35.31, 19.72, and 13.14 %, respectively. Fungal inoculation showed the highest amount 

of CO2 evolved (224.373 µg CO2 g -1 soil) due to role of fungal inoculation, to increase the total 

numbers of fungi (Figure 2), subsequently led to an increase in their activities and increase total 

amount of CO2 evolved. Furthermore, A. niger is able to adapt to environment contaminated with 

heavy metals (Kumar et al., 2014), by absorbing heavy metal ions in a wide pH range (Wasay et 

al., 1998). Fig.3B illustrated adding HA also increasing microbial activity in contaminated soils 

since HA contains many active groups such as carbonyl, carboxyl, and amide (Nardi et al., 2021), 

which to adsorbed ions of heavy elements and reducing their negative effect on microbial 

activities. This was true for cow manure, but with less effect because it needs more time for 

mineralization and decomposition. The role of organic materials and its active groups represented 

in adsorption / chelation of heavy metals and remove their negative effect from soil organisms 

(Sibagariang et al., 2022), HA and cow waste are also considered among the most important 

sources of carbon, energy, and nutrients which microorganisms need for growth and activity. The 

increase in CO₂ release after A. niger inoculation is mostly due to the increase in microbial 

respiration. This is also attributed to the higher fungal biomass and enzymatic degradation of 

organic substrates. In addition, fungal cell walls can biologically absorb and intracellularly 
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sequester heavy metals. Therefore, it may reduce metal toxicity. It can therefore restore microbial 

metabolic activity. Humic acid can chelate bioactive metal ions. By doing so, it increases the 

release of CO₂. Therefore, it can reduce toxicity and improve microbial respiration. In addition, 

functional groups such as carboxyl and phenolic moieties can stimulate microbial activity. 

Therefore, it can improve the physicochemical conditions of the soil. Cow manure primarily 

provides organic carbon and degradable nutrients. Therefore, it can stimulate heterotrophic 

microbial respiration, thereby helping to increase CO₂ emissions. 

Effect of organic amendments on CO₂ emission: In contrast to heavy metal stress, the 

application of organic amendments like humic acid (HA) and cow manure led to a noticeable 

increase in CO₂ emissions. This indicates increased microbial activity along with a better-organic 

matter decomposition. The organic materials not only provide the necessary nutrients and carbon 

sources but also promote the microbes' respiration process by acting as energy sources. Besides 

this, the organic materials contribute to the soil's physical properties, such as its moisture holding 

capacity and air circulation, thus making it more suitable for the microbes to grow. The results 

obtained strongly support the idea that organic amendments can effectively counteract the 

negative influence of heavy metals and at the same time support the growth of healthier soil 

microbial communities. Under the controlled incubation conditions of the present study, the 

increase in CO₂ emission due to the use of organic amendments is due to the fact that the addition 

of organic carbon and nutrients increases microbial respiration. Cow manure provides degradable 

carbon substrates. Therefore, it can stimulate heterotrophic microbial activity. It is worth noting 

that organic amendments can improve soil structure under field conditions. However, in short-

term laboratory incubations using sieved soil, the improvement in soil structure is probably very 

minor and minimal. Therefore, it can be said that the dominant mechanism of increased CO₂ 

emission is probably nutrient supply rather than structural improvement. 

Effect of organic amendments on fungal populations: The use of organic treatments had 

a very positive effect on the fungal populations when compared to the untreated control. The 

number of fungi changed to 130.58% more with humic acid and 154.48% more with cow manure. 

This increase is due to the fact that organic matter is rich in carbon, nitrogen, phosphorus, and 

other essential elements for fungi's cell division and growth (Sibagariang et al., 2022). In addition, 

the introduction of organic materials changes the soil's physical and chemical conditions, thereby 

increasing the fungi's ability to thrive and reproduce more quickly (Yami and Smariti, 2005). The 

analysis of the binary interaction presented in Figure 4 indicated the highest CO₂ emission of 

305.73 µg CO₂ g⁻¹ soil from the soil treatment contaminated with zinc (Zn) and inoculated with 

A. niger. This result is in line with the study of Tahir et al. (2017), who mentioned that A. niger 

can remove heavy metals by both the absorption and adsorption of their ions. The detoxification 
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of the metals helps to counteract the poisonous effect of the heavy metals on the soil 

microorganisms' growth and activity. On the other hand, the lowest CO₂ emission was found in 

the lead (Pb)-contaminated soil that was not treated, which amounted to 200.16 µg CO₂ g⁻¹ soil. 

The presence of metals like Pb is known to decrease the number of fungi and bacteria through 

inhibiting spores' germination and making the latter grow more slowly, causing a drop in 

microbial respiration and consequently, lower CO₂ release. 

 

Figure 4. interaction Effect between heavy metal contamination in the total amount of CO 

2 evolved (µg CO 2 g -1 soil) 

 

Reduction in DTPA-extractable heavy metals (%): The different treatments and their 

respective reduction in DTPA-extractable heavy metals (%) are depicted in Figure 5A. A. niger 

inoculation resulted in the highest reduction in DTPA-extractable heavy metals rate of 89.04%, 

thus it was a 40.20% and 82.77% increase over HA and cow manure treatments, respectively. 

Fungi have always been regarded as the best bioremediation agents, due to their mycelium having 

great capacity to hold a great number of different elements (Sanyaolu, 2018). Moreover, the fungi 

form pores likened to those that bind metal ions through chelation and produce melanin and other 

pigments that help with the active ion transport outside the cell, thus formation of complexes by 

associating heavy metals with the intracellular components takes place and detoxification is 

facilitated (Singh et al., 2018). The highest reduction in DTPA-extractable heavy metals of 

99.34% could be seen in the soil previously contaminated with zinc (Zn) and inoculated with A. 

niger as per Figure 5B. The high efficiency is primarily due to the combination of several 

microbial strategies that they can use to survive and even prosper in heavy metal contaminated 

environments. These include absorption, adsorption, ion exchange, complex formation, trapping 

metals in extracellular capsules, precipitation, and active transport across cell membranes (El-

Hameed et al., 2015). After inoculation with A. niger, a decrease in DTPA-extractable metals 

occurred. This is probably due to the effect of biosorption mechanisms. The fungal cell wall 

0

50

100

150

200

250

300

350

Ch. niger A. HA OM RLSD0.05

Ch. Pb Cd Zn

µ
g 

C
O

2
g-1

 s
o

il



Al-Jaberi, 2026 

499 

 

contains functional groups such as carboxyl, hydroxyl, amino and phosphate moieties. Therefore, 

it can bind divalent metal ions. It does this through electrostatic adsorption and ion exchange. In 

addition, A. niger can produce organic acids (such as oxalic and citric acids). These acids can 

complex or precipitate metal ions, especially lead. In doing so, they can reduce their 

bioavailability. Although intracellular accumulation can contribute to metal detoxification, the 

main mechanisms under soil incubation conditions are: surface adsorption and extracellular 

complexation. 

  

Figure 5. The bioremediation materials effect on the percentage of reduction in DTPA-

extractable heavy metals (%) 

 

L-Glutaminase enzyme activity (mg NH₄⁺-N Kg⁻¹ 2hr): L-glutaminase activity 

significantly decreased in soils contaminated with heavy metals compared to the control, with 

reductions of 45.34%, 31.92%, and 39.60% observed for Cd, Pb, and Zn, respectively (Figure 

6A). The lowest enzyme activity was recorded in Cd-contaminated soil (41.24 mg NH₄⁺-N Kg⁻¹ 

2hr), while the highest was associated with Zn contamination. These results correlate with the 

fungal population data presented in Figure 1A. Meng et al. (2018) reported a negative effect of 

heavy elements on soil enzyme. The negative effect of heavy elements on enzyme including 

catalytic groups destroying, changing the nature of Previous studies have shown that heavy metals 

negatively affect soil enzyme activities by damaging catalytic groups, denaturing enzymatic 

proteins, and interfering with substrate binding during enzyme-substrate complex formation 

(Meng et al., 2018; Bottomley et al., 2020). Krajewska (2009) explained that heavy metals inhibit 

enzymes by binding to sulfhydryl (-SH) groups at their active sites, altering the enzyme’s structure 

and reducing functionality. Among the metals tested, Cd had the strongest inhibitory effect, 

followed by Zn and then Pb. Additionally, Pb disrupts nucleic acid structure and function, impairs 

cell wall integrity, then inhibits oxidative phosphorylation (Bruins et al., 2000; Alloway, 2013). 
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Figure 6. The effect of biological and organic treatment on the activity of L-Glutaminase 

enzyme in contaminated soil with heavy metals 

 

The addition of A. niger, humic acid (HA), or cow manure to lead-contaminated soils led to 

an increase in the activity of the soil L-glutaminase enzyme, thus exerting a positive effect on the 

environment. Enzyme activity increased by 89.32% with A. niger, 53.30% with HA, and 31.68% 

with cow manure, compared to the control. The A. niger treatment resulted in the highest enzyme 

activity among the treatments, highlighting the important role fungi play in removing heavy 

metals by accumulating them within their cells (Utobo and Tewari, 2015). Furthermore, A. niger 

is known as one of the most prolific enzyme-producing in agricultural environments (El-Said et 

al., 2016). This, however, does not diminish the contribution of organic amendments, which also 

enhance enzyme activity in metal-contaminated soils. These organic matters are rich in active 

ionized aggregates that adsorb heavy elements, thereby protecting the enzyme’s active sites and 

reducing inhibition of enzymatic activity. Figure 7 showed that the binary interaction of 

bioremediation with all heavy metals gave the highest values of enzyme. This may be due to the 

fact that fungi are a main source of most enzymes (Tabatabaie, 1994). The highest enzyme activity 

(66.62 mg NH + 4 -N Kg -1 2hr.-1) was obtained in treatment involved Zn and inoculated with A. 

niger. This is supported by the results of figures 3, 5 and 6B which indicated that increasing in 

the total fungal count associated with high value of CO2 evolved, and the largest reduction in 

DTPA-extractable heavy metals (%). The high reduction in DTPA-extractable heavy metals (%) 

observed indicate that the bioavailability of metals has decreased. This is due to immobilization, 

adsorption or complexation by fungal biomass and organic amendments and is not related to the 

complete reduction in DTPA-extractable all heavy metals from the soil. In this study, each heavy 

metal (cadmium, lead, and zinc) was studied separately to assess the separate effects of each metal 

on soil biological parameters. In other words, we did not have a treatment that combined all three 
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metals so that all effects could be examined together in one treatment. Therefore, the investigation 

of interactions between metals (e.g., synergistic, additive, or antagonistic interactions) was not 

performed to report possible interactions. It is important to note that the decision to analyze metals 

separately was intentional to isolate the specific response of soil biological activity to each metal. 

 

Figure 7.  Binary effect of bioremediation and heavy metals on the activity of L-Glutaminase 

enzyme (mg NH4 +- N Kg -1 2hr. -1) 

 

It should be acknowledged, however, that under real field contamination conditions, mixed 

metal interactions may occur. Therefore, further studies are recommended to investigate such 

combined effects. As mentioned, the metals tested have inhibitory effects on fungal populations. 

This could be due to their distinct biochemical interactions with fungal cells. Cadmium (Cd) is a 

non-essential and highly toxic metal. It binds to the sulfhydryl (-SH) groups of proteins and 

enzymes, thereby exerting its toxicity. This binding inactivates enzymes and induces oxidative 

stress. By disrupting membrane integrity, this metal can impair nutrient uptake. This allows it to 

inhibit spore germination and mycelial growth. Lead (Pb) toxicity is mainly due to its ability to 

displace essential cations such as Ca²+ and Mg²+, disrupt cell wall stability, and disrupt ATP 

synthesis and nucleic acid function. It can also alter membrane permeability, inhibit key metabolic 

pathways, and reduce microbial growth. Unlike cadmium and lead, zinc acts as an essential 

cofactor for many enzymatic functions at normal concentrations. However, at high concentrations 

it competes with other divalent cations and disrupts protein structure. Therefore, it is toxic at high 

concentrations. The fact that we observed a relatively lower inhibition under zinc contamination 

compared to cadmium could be due to the fact that fungal cells may have mechanisms of relative 

tolerance to zinc. This is also likely due to its physiological role at low concentrations. 

Conclusion: It can be concluded that the fungal count, CO2 evolution and the L- glutaminase 

enzyme activity in soil were negatively affected by contamination of soil with Cd, Pb or Zn. 

However, treating soil with A. niger (bioremediation), humic acid or cow manure (organic 

amendments) can recover the negative effect of heavy metals and significantly increase the 

mention biological indices. A. niger inoculation was the most effective strategy for reducing 
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heavy metal bioavailability and restoring soil biological activity under controlled incubation 

conditions. However, Further research is needed to understand how heavy metals and soil 

amendments affect plant growth under real field conditions.   
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   چکیده

ترین مشکلات پیش روی دانشمندان و کشاورزان است که علاوه بر ایجاد مشکلات بهداشتی  آلودگی خاک یکی از جدی   :هدف

بار شود. یکی از دلایل مهم کاهش عملکرد گیاهان، اثرات زیان برای انسان و دام، موجب کاهش کمّی و کیفی عملکرد گیاهان می 

های خاک است که مسئول چرخه کربن و عناصر غذایی در های زیستی میکروارگانیسمها )مانند فلزات سنگین( بر فعالیتآلاینده

ها های آلی و مقایسه کارایی آنکنندهپالایی )تلقیح قارچی( و اصلاح باشند. بنابراین، هدف این مطالعه ارزیابی ترکیب زیستخاک می

 .بود در کاهش سمیت فلزات سنگین و بازگرداندن عملکردهای زیستی خاک

و همچنین   Aspergillus nigerپالایی با استفاده از قارچ  منظور بررسی نقش زیست یک آزمایش انکوباسیون به :  هامواد و روش

 و روی   Pb، سربCd  کادمیم )  های آلی )اسید هیومیک و کود دامی گاوی( در کاهش اثرات منفی برخی فلزات سنگینکنندهاصلاح

Zn  ) های زیستی شامل تعداد کل  بر شاخصA. nigerمیزان آزادسازی ،CO₂  لوم -گلوتامیناز در خاک سیلتی-و فعالیت آنزیم ال

 کلنی  دهندهتشکیل  واحد  10 × 350با تراکم جمعیتی    A. nigerشده از استان بصره )جنوب عراق( انجام شد. تلقیح  آوریجمع

(cfu)  درصد به خاک اضافه گردیدند 4لیتر در هکتار و  20ترتیب با مقادیر به خاک افزوده شد. اسید هیومیک و کود گاوی نیز به. 

های زیستی را مهار کردند و بیشترین اثر مربوط به کادمیم بود که باعث تمامی شاخص  Znو   Cd ،Pb نتایج نشان داد که:  نتایج

گلوتامیناز شد. با -و فعالیت آنزیم ال  CO₂، آزادسازیA. nigerترتیب در تعداد کل  درصدی به  34/45و    93/13  ،67/30  کاهش

دسترس در خاک را کاهش  داری غلظت فلزات سنگین قابل طور معنی، اسید هیومیک یا کود گاوی به A. nigerاین حال، افزودن  

مؤثرترین راهکار در مقایسه با سایر   A. nigerهای زیستی را کم کرد. استفاده از تلقیح  ها بر شاخصداده و در نتیجه اثرات منفی آن 

شد، در حالی که این میزان برای اسید هیومیک   DTPAاستخراج بادرصدی فلزات سنگین قابل    02/89  تیمارها بود و موجب کاهش

درصدی   32/89و    31/35،  71/164  موجب افزایش   A. nigerدرصد بود. در نتیجه، تلقیح    71/48  و  48/63  ترتیبو کود گاوی به 

 . گلوتامیناز در خاک آلوده گردید-و فعالیت آنزیم ال  CO₂، آزادسازیA. nigerترتیب در تعداد کل به 

https://orcid.org/0000-0002-2925-6689
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دسترسی فلزات سنگین و احیای فعالیت زیستی خاک در شرایط  مؤثرترین راهبرد برای کاهش زیست  A. nigerتلقیح    :گیرینتیجه

های خاک بر رشد گیاهان کنندهشده انکوباسیون بود. با این حال، انجام تحقیقات بیشتر برای درک تأثیر فلزات سنگین و اصلاحکنترل

 .در شرایط واقعی مزرعه ضروری است 
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