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Abstract

The contamination of agricultural soils with heavy metals, caused by excessive use of chemical
fertilizers and polluted water sources, poses a significant challenge to environmental sustainability and
agricultural productivity. Heavy metals such as lead, cadmium, and zinc not only reduce the quality of
agricultural products but also present a serious threat to ecosystems and biodiversity. In this context, the
fungus Trichoderma has been identified as an effective microorganism for absorbing heavy metals and
mitigating their toxicity. This study aims to isolate and molecularly characterize Trichoderma isolates
and evaluate their effectiveness in the bioremediation of heavy metals in contaminated soils, using
advanced molecular techniques such as polymerase chain reaction (PCR) to analyze the genetic structure
and biological performance of these isolates. The results showed that 45%, 38%, 12%, and 8% of the
isolates belonged to the species T. harzianum, T. longibrachiatum, T. virens, and T. brevicompactum,
respectively. For fungal species, Zn and Cd showed the highest and lowest toxicity, respectively. The
Maximum inhibitory concentration (MIC) was observed at a concentration of 500 mg L for the species
T. longibrachiatum. This research confirms the significant impact of T. longibrachiatum in absorbing
and reducing cadmium, lead, and zinc concentrations in media. The highest percentage accumulation
was observed at contamination levels of 50 mg L, with the greatest biosorption at a concentration of
500 mg I, where cadmium showed the highest percentage of biological absorption. Therefore,
Trichoderma spp. fungal isolates could play a crucial role in improving the bioremediation of heavy
metal pollutants.
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Figure 1. The soil sampling location used in the experiment in Irag.
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Table 1. Information on the Soil Sampling Area Used in the Experiment

Number of soil

Distance from the road Distance from each

sample The name of the region samples (meter) sample (meter)
1 Western Table Area 6 50 5km
2 Al-Khairat Area 6 50 5km
3 Al-Hussainiya Area 6 50 5km
4 Al-Hur Area 6 50 5km
5 Al-Najaf Road Area 6 50 5km
Total 30
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Table 2. Some Physical and Chemical Properties of Soil Used in the Experiment

Number of
Soil Property unit samples average Domain Min Max
pH

EC - 30 8.25 0.87 7.90 8.77
CaCOs; dSmt 30 3.36 18.68 0.21 18.90
Organic % 30 41.93 35 22.50 57.50
carbon % 30 0.86 1.94 0.13 2.07
Organic matter % 30 1.48 3.34 0.22 3.56
Clay % 30 29.98 44 .59 10.83 55.42
Silt % 30 37.83 40 17.50 57.50
Sand % 30 32.18 58.33 9.17 67.50

Lead (mg kg™) 30 47.16 29.02 32.96 62
Cadmium (mg kg™) 30 2.26 2.05 1.47 3.52
Zinc (mg kg) 30 57.35 21.60 48.02 69.63
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Table 3. Components of culture media used in this study

Constituents (gLh Constituents Constituents gLh  (@LYh
Potato 300 Ca(NO») KH2 PO4 1 0125
CesH1206 20 CaCl2 CesHs0~ 1 0.05
Agar 16 Ci2H22011 Agar 2 25
NPX 0.1 KNO3 0.25
Ampicillin 05 MgSOs 0.25
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Figure 3. Phylogenetic relationships between selected isolates obtained in this study and reference isolates of
Trichoderma species from the Harzianum, Brevicompactum< and Longibrachiatum clades, constructed using the
Neighbor-joining method. The isolates from this study are coded as follows: Th (T. harzianum isolates), TI (T.
longibrachiatum isolates), Tv (T. virens isolates), and Tb (T. brevicompactum isolates). T. viride from the
Trichoderma clade was used as the outgroup.
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Figure 4. Comparison of the effects of different levels of copper, manganese and nickel on the growth of four
species of Trichoderma fungus at 25 degrees Celsius, 72 hours after cultivation Pb1: 50 ppm, Pb2: 100 ppm,
Pb3: 500 ppm; cd1: 50 ppm, cd2: 100 ppm, cd3: 500 ppm, Zn1:50, Zn2:100, Zn3: 500 ppm
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Figure 5. Inhibition percentage of different concentrations of lead element (Pb1: 50 ppm, Pb2: 100 ppm, Pb3:
500 ppm) on the growth of four Trichoderma species 72 hours after cultivation
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Figure 6. Graph of inhibition percentage at different concentrations of cadmium element (Cd0: 0 ppm, Cd1: 50
ppm, Cd2: 100 ppm, Cd3: 500 ppm) on the growth of four Trichoderma species 72 hours after cultivation.
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Figure 7. The inhibition percentage of different concentrations of zinc element (Zn1: 50 ppm, Zn2: 100 ppm,
Zn3: 500 ppm) on the growth of four species of Trichoderma fungus in 72 hours after cultivation.
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Table 4. Table of 50% inhibition concentrations of lead, zinc, and cadmium for Trichoderma species (96 hours
after cultivation)

Metal Fungi species IC50
T. longibrachiatum 25/65
Cadmium T. harzianum 28/34
T. brevicompactum 32/22
T. virens 30/21
T. longibrachiatum 31/24
Lead T. harzianum 32
T. brevicompactum 30/2
T. virens 29/3
T. longibrachiatum 26/69
Zinc T. harzianum 1100/21
T. brevicompactum 34/25
T. virens 34/33
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Table 5. Minimum inhibitory concentration of fungal species for cadmium, lead, and zinc

Contaminant Isolates MIC
T. longibrachiatum 500
) T. harzianum 400
Cadmium T. brevicompactum 300
T. virens 500
T. longibrachiatum 200
L ead T. harzianum 400
T. brevicompactum 500
T. virens 400
T. longibrachiatum 200
. T. harzianum 400
Zine T. brevicompactum 200
T. virens 300
Cdz g e @0 a3l Wl e Bl Sl (o) qom g @i (b))

F dp) suliigin wopo ) ghav 12 Sl sl Il a5 ols lis aeols Luibyly arp b
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Table 6- Variance analysis of bioaccumulation and bioabsorption of heavy metals by fungi
Mean square

a bio absorption bioaccumulation

Fungi 3 0.001** 0.1*
Replication 2 0.001 0.051
Metal 2 42.546** 34.5%*
Pollution levels 4 2091.735** 206.421**
Fungus x contamination levels 12 0.004** 0.341*
Metal x pollution levels 8 3.751** 4.054**
Fungi x Metal 6 0.004** 0.09*
Metal x contamination levels x fungi 24 0.0021** 0.412**
Experimental error 0.0049 0.0021

** Significance at 1% level, * Significance at 5% level
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Figure 8. Bioaccumulation percentages of zinc, cadmium, and lead at four contamination levels by fungi
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Figure 9. The percentage of bioabsorption of zinc, cadmium, and lead at four pollution levels by fungi; the
effects of selected Trichoderma fungi in the bioremediation of the heavy metals cadmium, lead, and zinc.
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Figure 11. Microbial biomass nitrogen (MBN) percentage under different contamination levels in fungal
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