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Abstract

This study investigated the ability of Rhizopus stolinifer to degrade zinc oxide nanoparticles (ZnO-NPs). The fungal
isolated from agricultural soil cultivated with wheat crop (Triticum aestivum L.) in Abada village, Al-Nasiriyah, southern
Iraq, using the dilution method. Soil samples were collected at a depth of (5-15) cm, and the study was conducted for a
period of four months. The results showed the ability of Rhizopus stolinifer to grow in solid media (Potato Dextrose
Agar) supplemented with Zinc oxide nanoparticles, at different concentrations (100, 200, 300 mg) and in the presence
of different carbon and nitrogen sources (Glucose, maltose) (NaNOs, NH,Cl) at different incubation temperatures (15,
25, 35 °C) in the liquid mineral medium. The results showed a decrease in the pH value in varying ways: pH = (3.0
,3.0,3.0) at a temperature of 15 °C, pH = (3.0, 3.0, 4.0) at a temperature of 25 °C, and pH = (3.0, 3.0, 3.0) and (3.0, 3.0, 4.0)
in (Maltose + NaNQOs3) at a temperature of 35 °C after 7 days incubation. The result confirmed the ability of Rhizopus
stolonifer to biodegrade ZnO-NPs.

Keywords: Biodegradation; Fungi; Liquid Medium; Nanoparticles; Soil

1. Introduction

Nanotechnology has introduced novel engineered materials into environmental and agricultural systems, among which
zinc oxide nanoparticles (ZnO NPs) have drawn increasing attention due to their multifunctional applications and
widespread release into soils. Once deposited in terrestrial environments, ZnO NPs undergo interactions with soil
chemistry and physical structures that critically affect their mobility, dissolution, and ecological fate. Several studies
have highlighted that Zn contamination of soils originates from industrial emissions, excessive use of fertilizers, mining,
and sewage discharges, leading to disruptions in soil chemical and biological properties and a subsequent decline in
fertility and productivity [1].

The presence of ZnO NPs in soils does not only threatens soil microorganisms but also poses significant risks to human
health through entry into the food chain. When absorbed by crops, these nanoparticles can accumulate in edible plant
tissues and eventually transfer to animals and humans, where they cause oxidative stress, inflammation, genotoxicity,
and disturbances in major physiological systems. Reviews have emphasized that nanoparticles can cross biological
barriers, inducing respiratory inflammation, neurotoxicity, immune dysfunction, reproductive impairments, and
endocrine disruption, in addition to their potential carcinogenicity [2]. Such findings raise serious concerns about food
safety and human exposure to nano-contaminants through dietary pathways.

At the same time, zinc oxide nanoparticles exhibit distinctive physicochemical properties, including high chemical
stability, UV absorption capacity, and strong antimicrobial activity, which have supported their use in food, agricultural,
and industrial applications. Different synthesis methods—chemical, physical, and biological—yield particles with
variable size, shape, and surface charge, each influencing their reactivity and toxicological profile. While their small size
and surface reactivity make them valuable as antimicrobial agents and nanofertilizers, these same features also drive

* Corresponding author: Thsan Flayyih Hasan AL-Jawhari

Copyright © 2025 Author(s) retain the copyright of this article. This article is published under the terms of the Creative Commons Attribution Liscense 4.0.


http://creativecommons.org/licenses/by/4.0/deed.en_US
https://gsconlinepress.com/journals/gscarr/
https://doi.org/10.30574/gscarr.2025.24.3.0276
https://crossmark.crossref.org/dialog/?doi=10.30574/gscarr.2025.24.3.0276&domain=pdf

GSC Advanced Research and Reviews, 2025, 24(03), 153-169

their potential hazards by enhancing ion release, generation of reactive oxygen species (ROS), and disruption of cellular
metabolism [3].

Soil fungi, which play key roles in nutrient cycling and organic matter decomposition, are particularly relevant in the
biotransformation of ZnO NPs. This process not only detoxifies the nanoparticles but also highlights the active
contribution of fungi in geochemical cycling [4]. where the fungus has been utilized in mycosynthesis of ZnO NPs,
producing biogenic particles with antimicrobial, anticancer, and antioxidant potential [5], further emphasizing the dual
role of fungi as both sensitive bioindicators of nanoparticle stress and valuable agents for nanoparticle transformation.

Despite the global expansion of research on ZnO NPs, there remains a critical knowledge gap in Iraq. To date, no
comprehensive study has examined the combined effects of ZnO nanoparticles on soils, fungi, and agricultural plants
within Iraqgi ecosystems. Therefore, the present study seeks to address this gap by investigating the interactions of ZnO
NPs with local soils, their influence on fungal communities, and their impacts on plant growth. This effort not only
contributes to understanding the environmental behavior and risks of ZnO NPs but also provides a foundation for future
strategies to manage nanoparticle contamination in Iraq’s agricultural systems.

2. Materials and Methods

2.1. Collection of Soil Samples

Soil samples were collected from agricultural land located in Abada village, Al-Fuhud district, Al-Nasiriyah (southern
Iraq), an area cultivated with wheat (Triticum aestivum L.). The sampling process was carried out by removing the
surface layer of soil at a depth of 5-15 cm, using clean and sterilized tools to prevent any external contamination. A
composite sample of approximately 1 kg was obtained and immediately transferred into clean, sterile polyethylene bags
for safe transportation to the laboratory. Upon arrival, the soil was thoroughly homogenized and then distributed into
four Plant container pots, representing three treatment groups with different concentrations of zinc oxide nanoparticles
(100, 200, and 300 mg per pot) in addition to one control Plant container without ZnO NPs. The experimental setup was
maintained for about four months (16 weeks) under controlled conditions, with daily irrigation using distilled water.

2.1.1. Chemicals

e  All chemicals used in the current study were sourced from BDH and Merch.
. Zinc oxide nano powder (Zano-NPs) was obtained from US Research Nanomaterials with a purity of 99%+ and
an average particle size of 50 nm.

2.1.2. Media

. Potato Agar Dextrose (PDA): It consists of 200 gm of potatoes, 20 gm of dextrose and 20 gm of agar dissolved
in a liter of distilled water Then it is sterilized in an autoclave at 120°C for 20 minutes and pressure 15 pounds.

. Mineral salt medium: It is used for the growth of fungi (Sharling and Gott, 1966) and consists of (K2ZHP04, 1.71g;
KH2PO04, 1.32g; NaNo3, 0.42g; MgSo4. 7H20, 0.42g; CaCl2, 0.02g) the contents are dissolved in a liter of distilled
water Then it is sterilized in an autoclave at 120°C for 20 minutes and pressure 15 pounds.

2.1.3. Isolation of fungi

The fungus was isolated from the agricultural soil collected from Abada village, Al-Fuhud district, Al-Nasiriyah
(southern Iraq), which was cultivated with wheat (Triticum aestivum L.), using the dilution method and their specific
culture media. The soil samples were transferred to the laboratory for the purpose of isolating and diagnosing the fungi
present in them. The culture medium Potato Dextrose Agar (PDA) was used for fungal growth according to the method
stated [6]. After homogenization, serial dilutions of 107%, 1072, and 10~* were prepared. The pour-plate technique was
applied by transferring 1 ml from the final dilution into sterile Petri dishes, followed by the addition of the PDA medium
supplemented with 250 mg/L of the antibacterial agent Chloramphenicol to inhibit and prevent bacterial growth. The
plates were gently rotated in a circular motion to ensure homogeneity, then incubated at 25 °C for 7 days. The numbers
of fungi in the soil samples were estimated using the total counting method described by [6] with the PDA medium, and
the results were expressed as the average number of fungal colonies per gram of soil sample.
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2.2. Methods

2.2.1. Molecular Identification of Fungi that Degrade Zinc Oxide Nanoparticles

That internal transcribed spacer (ITS) region was amplified and sequenced in order to perform molecular identification.
Using primers (ITS1 and ITS4), the internal transcription spacer region (ITS1-5.8S-ITS2) was amplified using
polymerase chain reaction (PCR) technology. The source of these primers is Macrogen, Korea. Using the genomic DNA
as a template and the ITS primers ITS1 (5T-GTGTTACCGGAGTAGGCCTC-3r) and ITS4 (5m- ATGATCCTTCCGCAGGTCAC
-3 Rr), the ITS region was amplified using polymerase chain reaction (PCR). One microliter of isolated fungal genomic
DNA, 0.5 micrograms of each primer, and 50 microliters of Maxima Hot Start PCR Master Mix (Thermo) made up the
PCR mixture. Al-Ameen Foundation for Study and Research (Najaf, [raq) used a DNA Engine Thermal Cycler to do the
PCR with a hot start that lasted for four minutes at 94 °C, thirty cycles of 94 °C, 56 °C, and 72 °C, and a final extension
that lasted for seven minutes at 72 °C. At Macrogen Company (Korea), a DNA sequencer was used for commercial
sequencing. The NCBI BLAST tool was used to match the ITS sequence against the GenBank database. Then, using
BLASTN, sequences were matched with ITS sequences in the GenBank database.

2.3. Biodegradation of Zinc Oxide Nanoparticles in Solid Mineral Media

The medium was prepared potato dextrose agar (PDA) in four 250 ml conical flasks and then sterilized with an autoclave
device at a temperature of 121 °C and a pressure of 15 pounds/square inch for 20 minutes. After lowering the
temperature of the medium to an appropriate level, zinc oxide nanoparticles (ZnO-NPs) were added at four
concentrations: (0, 100, 200, 300) mg/L. The medium was then poured into sterilized Petri dishes with a diameter of
8.5 cm and left to dry for 30 minutes. Each dish was inoculated with the fungal inoculum by transferring a disc (4 mm
in diameter) from a pure culture aged 7 days of Rhizopus stolonifer using a sterile corn borer to the center of the plate.
The plates were then incubated at 25 °C for 7 days, and this experiment was carried out with three replications for each
treatment. The growth rate of the fungus was calculated by measuring the diameter of the colony.

2.4. Biodegradation of Zinc Oxide Nanoparticles in Liquid Mineral Media

Mineral salt medium for fungal growth was prepared in twelve conical flasks with a capacity of 250 ml. The medium
was sterilized in an autoclave at 121 °C and 15 psi for 20 minutes. Zinc oxide nanoparticles (ZnO-NPs) were added to
the culture medium after cooling to an appropriate temperature at three concentrations (100, 200, and 300 mg/L), with
three replicates for each concentration in addition to control flasks without ZnO-NPs. All flasks, except the control, were
inoculated with the fungus Rhizopus stolonifer by transferring a 5 mm diameter disk from 7-day-old fungal cultures
using a sterile corn borer. The cultures were incubated in a shaker incubator at 150 rpm at three temperatures (15 °C,
25 °C, and 35 °C) for 7 days. After incubation, the cultures were processed to separate the fungal mycelium by
centrifugation. Specifically, 10 mg of sample was centrifuged at 100,000 rpm for 30 minutes, and the resulting
supernatant was collected. The obtained solution was stored in dark containers in a refrigerator at 4 °C until FTIR
analysis was performed to identify the changes associated with the biodegradation of ZnO nanoparticles.

2.5. Analysis using Fourier Transform Infrared spectroscopy
This analysis was conducted in the same way as the previous one, where the samples were analyzed using an FTIR
device in the Directorate of Research and Renewable Energies, Ministry of Higher Education, Baghdad.

2.6. Statistical Analysis

All applications were analyzed using ANOVA in SPSS (version 25.0). All statistical tests were conducted at a significant
level of p > 0.05.

3. Results and Discussion

3.1. Isolation of fungi

Filamentous fungi were isolated from agricultural soils in Abada village, Al-Fuhud district, Al-Nasiriyah, southern Iraq,
using the dilution method. The results of Table No. 1 showed that Rhizopus stolinifer recorded the highest frequency of
occurrence. The widespread presence of this fungus is attributed to its possession of an effective enzymatic system,
including amylas, protease, and pectin-degrading enzymes, which enable it to utilize complex organic sources, as well
as its ability to tolerate unfavorable environmental conditions and to spread easily through the abundant production of
reproductive sporangiospores [7][8]. These fungi have also been reported by [9], who confirmed the significant role of
Rhizopus stolonifer both as a saprophytic decomposer in soil ecosystems.
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Table 1 Frequency of Species Isolated from the Surface of Soil

Fungi Species The number of samples in which the fungal species appeared | Frequency%

Rhizopus stolonifer | 16 100%

3.2. Molecular Diagnosis of Fungi

9 unknown(Query 692713)
Rhizopus stolonifer(HG964309.1)
Rhizopus stolonifer(MG228404.1)
o Rhizopus stolonifer(HM051076.1)
Rhizopus stolonifer(MH356272.1)
Rhizopus stolonifer(HM037987.1)
Rhizopus stolonifer(MF374842.1)

| 0.06 I Rhizopus stolonifer(PP754232.1)
Rhizopus stolonifer(DQ767605.1)

Figure 1 Phylogenetic Tree of ITS Sequences of the Fungal Isolate with the Sequences from NCBI and Designated as
Rhizopus stolonifer

During this study, a number of fungi taken from agricultural soils in Abada village, Al-Fuhud district, Al-Nasiriyah,
southern Iraq were isolated, and one fungal species was the most prominent in the samples. The taxonomic status of
the fungal isolate was defined by sequencing ITS genes. The morphological culture characteristics as well as molecular
identification based on ITS sequencing analysis for the isolate were consistent with Rhizopus stolonifer, as shown in Fig

(D).

3.3. Biodegradation of Zinc Oxide Nanoparticles in Solid Medium

The growth of Rhizopus stolinifer on Potato Dextrose Agar (PDA) medium in the presence of different concentrations
of zinc oxide nanoparticles (ZnO-NPs) is shown in Table (2). The colony diameter in the control treatment (0 mg/L)
reached 8.00 cm after 7 days of incubation. When exposed to 100 mg/L ZnO-NPs, the colony diameter slightly decreased
to 7.67 cm, and a further reduction was observed at 200 mg/L, where the colony diameter was 7.23 cm. At the highest
concentration of 300 mg/L, the colony diameter reached 7.50 cm. These results indicate that R. stolinifer was able to
maintain relatively stable growth on solid medium across all concentrations, with only slight differences compared to
the control. This stability suggests that the fungus possesses a moderate resistance to ZnO-NPs and can adapt to their
presence in the growth environment without significant inhibition of colony expansion. Similar findings were reported
by [10], who described R. stolinifer as a fast-growing fungus with strong persistence, often requiring advanced control
strategies, including nanomaterials like ZnO, to limit its spread in postharvest conditions. This agreement supports the
current observation that the fungus maintains growth stability even under ZnO-NP exposure.

Table 2 Colony diameters of Rhizopus stolinifer grown on solid medium with ZnO-NPs

Fungi Concentration Mean
Control 100 mg/L | 200 mg/L | 300 mg/L
Rhizopus stolonifer | 8.00 £ 0.00 | 7.67 +1.23 | 7.23+0.87 | 7.50+0.30 | 7.60 = 0.72
LS.D 0.005
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3.4. Biodegradation of Zinc Oxide Nanoparticles in Liquid Mineral Medium

The results of the current study showed the ability that Rhizopus stolinifer isolated from agricultural soils to
biodegrade zinc oxide nanoparticles (ZnO-NPs) at concentrations of (100, 200, 300) mg in the liquid mineral medium
treated with different carbon and nitrogen sources and at different temperatures (15, 25, 35) °C.

The results shown in Tables (3 and 4) confirm that ZnO-NPs affected the dry weight of Rhizopus stolinifer biomass in
liquid media. In maltose with NaNO3 medium (Table 3), the dry weight increased from 0.10 gm in the control to 0.27
gm at 100 gm and reached 0.50 gm at 200 mg/L, before decreasing slightly to 0.39 mg at 300 mg/L. This pattern
indicates that the fungus showed enhanced biomass production at low and moderate concentrations of ZnO-NPs, while
growth was somewhat reduced at the highest concentration. These observations are in line with the findings of [11],
who demonstrated that R. stolinifer utilized glucose more efficiently than maltose as a carbon source, which explains
the relatively weaker performance in maltose-based media.

In glucose with NH,Cl medium (Table 4), R. stolinifer also exhibited a clear response. The dry weight increased from
0.14 gm in control to 0.26 gm at 100 mg/L and 0.47 gm at 200 mg/L, with the highest value recorded at 0.67 gm under
300 mg/L. These results suggest that the type of medium influenced the fungal response, with glucose with NH,CI
supporting greater biomass accumulation than maltose with NaNOjs in the presence of ZnO-NPs. This trend agrees with
[12], who reported that ammonium salts supported superior growth of R. stolinifer compared to nitrate sources,
highlighting the fungus’s preference for ammonium nitrogen in liquid media.

The variation in pH values (Table 5) further demonstrates the metabolic activity of R. stolinifer. In glucose with NH,CI
medium, the initial pH of 8.0 decreased sharply to 3.0 at concentrations of 100-300 mg/L, while in maltose with NaNO;
medium, the pH showed a similar reduction to 3.0 under ZnO-NP exposure. In both media, slight increases to 4.0 were
observed under certain conditions, reflecting acid production and potential buffering effects. These findings confirm
that R. stolinifer actively modified its environment by acidifying the medium, which may have facilitated interactions
with and transformation of ZnO-NPs. This observation is consistent with [13], who found that R. stolinifer could grow
in a wide pH range (3-10) but reduced the medium pH significantly through the secretion of organic acids. Moreover,
the production of such acids aligns with the findings of [14], who demonstrated that the fungus metabolized sugars with
ammonium nitrogen to yield primary metabolites such as fumaric and lactic acids, leading to substantial acidification of
the growth medium.

The results of the analysis using Fourier-transform infrared spectroscopy (FTIR), as shown in Figures (3), (4), (5), (6),
(7), and (8), demonstrated the ability of the fungus R. stolinifer to biodegrade ZnO-NPs at concentrations of 100, 200,
and 300 mg in the mineral salt medium supplemented with different carbon and nitrogen sources (glucose + NH,CI,
maltose + NaNO3). Clear changes in the spectral bands were observed, including the appearance and disappearance of
peaks in the regions (1500-2000), (500-1500), and (3000-3500), which indicated the formation of ester, carboxylic
acid, and hydroxyl groups. These modifications confirm the active role of fungal metabolites in the transformation of
nanoparticles. This result was similar to the findings of [15], who reported that biologically synthesized ZnO-NPs display
characteristic FTIR signals reflecting microbial interaction, and in agreement with [16], who observed distinct FTIR
shifts during the biodegradation of kerosene by R. stolinifer. Figure (2) represents the control ZnO-NPs at 25°C and
concentrations (100, 200, 300) mg.

Figures (9), (10), (11), (12), (13), and (14) showed the ability of R. stolinifer to biodegrade ZnO-NPs at concentrations
0f100, 200, and 300 mg under different nutritional conditions (maltose + NaNO3 and glucose + NH,Cl). The FTIR spectra
revealed the disappearance of several peaks in the mid-frequency region (500-1500) and the emergence of broad
hydroxyl bands in the region (3000-3500), which indicated the presence of OH groups. These changes provide evidence
of acid formation, likely resulting from the fermentation of glucose and the metabolic activities of the fungus. The results
are consistent with [17], who demonstrated distinct FTIR band patterns produced by fungal metabolites during
nanoparticle stabilization and transformation, and with [18], who observed ester and hydroxyl bands as evidence of
fungal degradation of hydrocarbons.

Figures (15), (16), (17), (18), (19), and (20) illustrated the biodegradation of ZnO-NPs by R. stolinifer at concentrations
of 100, 200, and 300 mg in mineral salt medium supplemented with either maltose + NaNO; or glucose + NH,Cl. The
FTIR spectra showed marked biotransformation, with shifts and disappearance of peaks in the regions (1000-1500)
and (1500-2000), as well as the emergence of strong hydroxyl bands at (3000-3500). These spectral changes are direct
evidence of the fungal degradation process and confirm the interaction of metabolites with ZnO nanoparticles. This
finding is consistent with [19], who emphasized that environmental factors such as temperature strongly influence the
fungal-mediated transformation of ZnO-NPs, as reflected in FTIR changes.
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Table 3 Dry weight of R. stolinifer grown in maltose supplemented with NaNOz; medium

Fungi Concentration Mean
Control 100 mg/L | 200 mg/L | 300 mg/L

Rhizopus stolinifer | 0.10 £ 0.00 | 0.27 +0.02 | 0.50+0.03 | 0.39+0.49 | 0.32+0.20

LSD 0.165

Table 4 Dry weight of R. stolinifer grown in glucose supplemented with NH,Cl medium

Fungi Concentration Mean
Control 100 mg/L | 200 mg/L | 300 mg/L

Rhizopus stilonifer | 0.14 +0.00 | 0.26 £ 0.01 | 0.47 £0.02 | 0.67 £ 0.49 | 0.38+0.13

LS.D 0.000

Table 5 Variation in pH Values in the Medium Treated with Zinc Oxide Nanoparticles Under Study by R. stolinifer

Fungus Medium Concentration Mean + SD
Control | 100 mg/L | 200 mg/L | 300 mg/L
Rhizopus stolinifer | Glucose + NH,Cl | 8 £0.00 | 3 +0.58 3+1.15 3+0.58 4+2.06
Maltose + NaNO3 | 8 £0.00 | 3 +1.00 3+£1.00 3+£1.00 4 +2.06
LS.D Glucose + NH,Cl = 0.017
Maltose + NaNO; = 0.021

90
%T
80

345065

70

60

50

40

30

20

4000 3600

3200 2800 2400 2000 1800 1600 1400 1200 1000 800 600 400

Figure 2 Zinc oxide nanoparticles (control) analyzed using Fourier Transform Infrared Spectroscopy (FTIR)
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Figure 3 Biodegradation of ZnO nanoparticles by R. stolinifer at 100 mg in mineral medium with carbon source
(Maltose) and nitrogen source (NaNO3) at 15°C using FTIR
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Figure 4 Biodegradation of ZnO nanoparticles by R. stolinifer at 100 mg in mineral medium with carbon source
(Glucose) and nitrogen source (NH,4Cl) at 15°C using FTIR
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Figure 5 Biodegradation of ZnO nanoparticles by R. stolinifer at 200 mg in mineral medium with carbon source
(Maltose) and nitrogen source (NaNOs) at 15°C using FTIR
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Figure 6 Biodegradation of ZnO nanoparticles by R. stolinifer at 200 mg in mineral medium with carbon source
(Glucose) and nitrogen source (NH,Cl) at 15°C using FTIR
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Figure 7 Biodegradation of ZnO nanoparticles by R. stolinifer at 300 mg in mineral medium with carbon source
(Maltose) and nitrogen source (NaNOs) at 15°C using FTIR
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Figure 8 Biodegradation of ZnO nanoparticles by R. stolinifer at 300 mg in mineral medium with carbon source
(Glucose) and nitrogen source (NH4Cl) at 15°C using FTIR
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Figure 9 Biodegradation of ZnO nanoparticles by R. stolinifer at 100 mg in mineral medium with carbon source
(Maltose) and nitrogen source (NaNOs) at 25°C using FTIR
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Figure 10 Biodegradation of ZnO nanoparticles by R. stolinifer at 100 mg in mineral medium with carbon source
(Glucose) and nitrogen source (NH,Cl) at 25°C using FTIR
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Figure 11 Biodegradation of ZnO nanoparticles by R. stolinifer at 200 mg in mineral medium with carbon source
(Maltose) and nitrogen source (NaNOs) at 25°C using FTIR
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Figure 12 Biodegradation of ZnO nanoparticles by R. stolinifer at 200 mg in mineral medium with carbon source
(Glucose) and nitrogen source (NH4Cl) at 25°C using FTIR
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Figure 13 Biodegradation of ZnO nanoparticles by R. stolinifer at 300 mg in mineral medium with carbon source
(Maltose) and nitrogen source (NaNOs) at 25°C using FTIR
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Figure 14 Biodegradation of ZnO nanoparticles by R. stolinifer at 300 mg in mineral medium with carbon source
(Glucose) and nitrogen source (NH4Cl) at 25°C using FTIR
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(Maltose) and nitrogen source (NaNOs) at 35°C using FTIR
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Figure 15 Biodegradation of ZnO nanoparticles by R. stolinifer at 100 mg in mineral medium with carbon source

Figure 16 Biodegradation of ZnO nanoparticles by R. stolinifer at 100 mg in mineral medium with carbon source
(Glucose) and nitrogen source (NH4Cl) at 35°C using FTIR
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Figure 17 Biodegradation of ZnO nanoparticles by R. stolinifer at 200 mg in mineral medium with carbon source
(Maltose) and nitrogen source (NaNOs) at 35°C using FTIR
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Figure 18 Biodegradation of ZnO nanoparticles by R. stolinifer at 200 mg in mineral medium with carbon source
(Glucose) and nitrogen source (NH,Cl) at 35°C using FTIR
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Figure 19 Biodegradation of ZnO nanoparticles by R. stolinifer at 300 mg in mineral medium with carbon source
(Maltose) and nitrogen source (NaNOs) at 35°C using FTIR

90— N
%T 3

80

70

2862.36
2384.02

2927.94

323848
619.15

60

1523.76
534.28

1654.92
141189

50

40

1039.63

1109.07

30

4000 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 600 400

Figure 20 Biodegradation of ZnO nanoparticles by R. stolinifer at 300 mg in mineral medium with carbon source
(Glucose) and nitrogen source (NH,Cl) at 35°C using FTIR

4., Conclusion

This study confirmed that Rhizopus stolonifer isolated from agricultural soils in Abada village, Al-Fuhud district, Al-
Nasiriyah, southern Iraq, has the ability to degrade zinc oxide nanoparticles (ZnO-NPs) at different concentrations (100,
200, 300 mg), using various carbon and nitrogen sources (glucose, maltose, NaNO3z, NH,Cl), and under different
incubation temperatures (15, 25, 35 °C). FTIR analysis showed clear changes in the spectra, such as the appearance and
disappearance of bands related to ester, carboxylic acid, and hydroxyl groups, which indicate the role of the fungus in
breaking down the nanoparticles.

The results also showed that changes in temperature, concentration, and nutrient sources led to differences in the rate
of biodegradation, but R. stolonifer was still able to consistently transform ZnO-NPs into simpler compounds. This
proves that the fungus is effective under different conditions.
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Solid medium (PDA) demonstrated that colony growth of R. stolonifer remained relatively stable even with ZnO-NP
exposure, confirming its adaptive capacity. This finding highlights the fungus’ robust enzymatic system and its potential
as a natural biodegrader across both nanoparticle and hydrocarbon pollutants.

The study therefore provides new insight into how Rhizopus stolonifer behaves in soils exposed to nanoparticles and
shows its potential in reducing nanoparticle pollution. The findings highlight the role of soil fungi as natural agents that
can help clean the environment and contribute to sustainable solutions for nanomaterial contamination.
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