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Abstract:  
In order to assess the impact of mycorrhizal fungi on the growth and metal contents in maize plants 
growing in soil contaminated with heavy metals (lead and cadmium) at different concentrations, a pot 
experiment was carried out in the city flower garden in Tobruk during 2024. In a randomized complete 
block design (RCBD), the experiment included 13 treatments: Pb (25, 50, 75, 100, 150 mg/l +200g 
myco.), Cd (50, 75, 150, 200, 250 mg/l +200g mycorrhiza), and negative control (without mycorrhiza). 
The findings indicated that, in comparison to the positive control (plus 200g mycorrhiza), which 
recorded the greater of seed germination, plant height, leaf area, total chlorophyll, total fresh and dry 
weight, and the negative control (without mycorrhiza), higher concentrations of Cd (250 mg/l cd +200g 
myco.) and Pb (150 mg/l Pb +200g myco.) recorded the lower germination percentage, plant height, 
leaf area, total chlorophyll, and total fresh and dry weight with increasing concentrations of Cd and Pb. 
However, in contrast to the positive control (plus 200g mycorrhiza), which recorded the highest 
percentage of N, P, and K, and the negative control (without mycorrhiza), higher concentrations of Cd 
(250 mg/l cd + 200g myco.) and Pb (150 mg/l Pb + 200g myco.) recorded the lowest percentage of N, 
P, and K. Furthermore, greater Pb (150 mg/l Pb +200g myco.) and Cd (250 mg/l cd +200g myco.) 
concentrations yielded the greatest values of Pb, whereas Pb content yielded higher values with Pb 
(150 mg/l Pb +200g myco.) and Cd (250 mg/l cd +200g myco.), respectively. In conclusion, the majority 
of the time, the stress caused by heavy metals decreased the fresh and dry weights of maize shoots, 
their phosphorus content, and their mycorrhizal levels. Comparing similar non-mycorrhizal plants to 
maize plants grown in heavy metal-contaminated soil, mycorrhizal colonization generally boosted the 
growth response of the former. According to this study, cultivating maize with AM inoculum can boost 
growth and NPK uptake while reducing the toxicity of heavy metals. The AM fungus is useful in the 
phytoremediation of heavy metal contamination in soil because it plays a partially protective role for the 
host plant in this way. 
 
Keywords: Maize, Mycorrhiza, Heavy Metals, Vegetative Growth, Chemical Composition. 

 الملخص 
لتقييم تأثير فطر    2024منتصف شهر مارس موسم      أجريت تجربة الأصص في مشتل زهور المدينة بمدينة طبرق خلال

)الكادميوم   الثقيلة  بالمعادن  ملوثة  تربة  في  المزروعة  الصفراء  الذرة  نباتات  في  المعادن  نمو ومحتوى  على  الميكوريزا 
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(،  الميكوريزا جم فطر  200  معيجابي )الإ  الكنترول  وهيمعاملة،    13تكونت التجربة من    مختلفة.والرصاص( بتركيزات  
)بدون  ال  الكنترول الميكوريزاسلبي  +   مجم/  250،  200،  150،  75،   (50بتركيز  الكادميوم  (،فطر  جم    200لتر 
( في تصميم القطاعات العشوائية  ميكوريزاجم    200مجم/ لتر +    150،  100،  75،  50،  25( والرصاص )ميكوريزا
  الوزن فاع النبات والمساحة الورقية وإجمالي الكلوروفيل وإجمالي  لإرت  الأعلىالقيم  (. أظهرت النتائج أن  RCBDالكاملة )

( والرصاص  ميكوريزا  جم200   +كادميوم لتر مجم/  250مع زيادة تركيز الكادميوم والرصاص )  كانتالطازج والجاف  
الموجب   كنترول، مقارنة بالفاع النباتإرت  ( سجل انخفاض نسبة الإنبات و ريزاجم ميكو  200لتر رصاص +  مجم/  150)
لبذور، ارتفاع النبات، المساحة الورقية، الكلوروفيل الكلي، الوزن الطازج  لإنبات    علىجم ميكوريزا( الذي سجل أ  200  مع)

من ناحية أخرى، سجل التركيز الأعلى من الكادميوم  )بدون ميكوريزا(، على التوالى.  يبلالس   كنترولوالجاف الكلي، يليه ال
جم ميكوريزا( انخفاض   200لتر رصاص +  مجم/   150جم ميكوريزا( والرصاص ) +200 ومكادمي مجم/لتر  250)

بال مقارنة  والبوتاسيوم  والفوسفور  النيتروجين  )  كنترولنسبة  النسبة    200  معالموجب  التي سجلت  الميكوريزا(  جم من 
الأ ال  علىالمئوية  تليها  والبوتاسيوم  والفوسفور  ميكوريزا(  يبلالس  كنترولللنيتروجين  ذلك، سجل    .)بدون  إلى  بالإضافة 

  150( أعلى قيمة للكادميوم يليه الرصاص )جم ميكوريزا 200+    كادميوم  مجم/ لتر  250التركيز الأعلى من الكادميوم )
الكادميوم )(، بينما سجل محتوى الرصاجم ميكوريزا  200مجم/ لتر رصاص +   لتر   250ص القيم الأعلى مع  مجم/ 

(، على التوالي. نستنتج ميكوريزاجم  200مجم/ لتر رصاص + 150(. ومع الرصاص )جم ميكوريزا 200رصاص + 
الذرة ومحتوى  لنبات  الحالات إلى خفض الأوزان الطازجة والجافة  الثقيلة أدى في معظم  من ذلك أن الإجهاد بالمعادن 

كنترول على النباتات غير المعاملة. أدى اضافة الميكوريزا إلى زيادة استجابة بالتروجين والبوتاسيوم مقارنة  الفوسفور والني
نباتات الذرة المزروعة في التربة الملوثة بالمعادن الثقيلة مقارنة بالنباتات غير الميكوريزا. توضح هذه  لالنمو، بشكل عام، 

لقاح   الذرة باستخدام  النمو وامتصاص   ميكوريزاالالدراسة أن زراعة  الثقيلة ويزيد من  يمكن أن يقلل من سمية المعادن 
NPKدورًا وقائيًا، إلى حد ما، للنبات المضيف، وبالتالي فهو ذو قيمة في المعالجة   ميكوريزا. في هذا الصدد، يلعب فطر ال

 النباتية للمعادن الثقيلة في تلوث التربة.
 

 .الكيماوي الخضري، المحتوىالميكوريزا، المعادن الثقيلة، النمو  الذرة، الكلمات المفتاحية:
1. Introduction 
With a production of over 1.1 million tons on an area of 194 million hectares, maize is one of the most 
widely grown product groups worldwide [1]. It is an accumulator crop, meaning that it can accumulate 
heavy metals and has a high resistance to heavy metal pollution [2] One of the most significant crops 
grown worldwide is maize, which interacts strongly with AM fungi [3]. Furthermore, since AM fungal 
species differ in their capacity to produce glomalin, there has been a close correlation observed 
between fungal-associated soil C accumulations and AM fungal communities [4].  
 
Because of anthropogenic activities like mining, smelting, fertilizer and pesticide application, and 
sewage sludge, heavy metals (HMs) are major sources of contamination on Earth [5]. Because HMs 
accumulate in soils and are absorbed by plants, they pose a serious threat to agriculture (e.g., Cd, Pb, 
Cr, As, Hg, Ni, Cu, and Zn) [6]. While plants do not require some metals, like cadmium (Cd), even at 
low concentrations, others, like nickel (Ni), are necessary in small amounts but can be toxic to plants at 
higher concentrations, these metals are resistant to deterioration and can remain in the soil for years if 
not absorbed by plants or leached [6],[7].Human health and safe crop production are seriously 
threatened by heavy metal (HM) contamination, and different inbred lines of maize react differently to 
cadmium (Cd) stress [8],[9]. Because of their higher toxicity, recalcitrance, and persistent nature, heavy 
metal pollution has gained global attention. The environment's stability and the wellbeing of all living 
things are at risk due to these hazardous metals. Eating tainted food is another way that heavy metals 
enter the human food chain and have harmful effects on health [10].  
 
Plant life, human health, and the world's food supply are all seriously at risk from heavy metal (HM) 
poisoning of agricultural soils. Crop health and yield are negatively impacted when HM levels in 
agricultural soils reach hazardous levels [11]. Heavy metal pollution is a major problem these days. Due 
to their toxicity and environmental persistence, they are the primary cause of soil pollution [12]. The 
presence of heavy metals (HMs) in soils is caused by a number of factors, including rapid 
industrialization, air deposition, farmyard manure, sewage sludge, and widespread use of synthetic 
fertilizers [12],[13].Heavy metals in contaminated soil can be removed using chemical and physical 
techniques, but these are both very costly and inefficient. Most plant roots are home to mutualistic 
symbionts known as arbuscular mycorrhizal fungi (AMF). Moreover, AMF are the key mycorrhizae for 
phytoremediation because of their vast hyphal network, which can improve soil absorption of water, 
heavy metals, and micro- and macronutrients. On the other hand, heavy metals can be segregated 
within plant roots by AMF hyphae that have colonized those roots [14],[15].  To determine the impact of 
allochthonous Arbuscular Mycorrhizal Fungi (AMF), which were inoculated, on the growth and stability 
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of soil aggregates, it is crucial to understand native AMF and their relationship to the edaphic features 
in their habitat [16]. AMF can create a symbiotic relationship with the majority of land plant species, 
pierce the cortical cells of plant roots, and develop branched structures called arbuscules for the 
exchange of nutrients. To maintain their growth and development under a variety of abiotic stressors, 
plants have evolved a comprehensive plant–AMF symbiosis system [17].  
 
The most common type of mycorrhizae in nature are thought to be arbuscular mycorrhizas (AMs), which 
are present in about 72% of land plants and have significant functions in the rhizosphere of plant [18]. 
Mucoromycete's Glomeromycotan is home to arbuscular mycorrhizal fungi (AMF) [19]. AMs are 
essential to ecosystems and have a major impact on how plants grow, use water, absorb nutrients, and 
balance hormones in response to biotic and biotic stressors. Enhancing plant biomass accumulation is 
one of AMs' most significant ecological roles [20],[21].  AMF create a direct link between the soil and the 
roots, which can enhance plant uptake of water and nutrients as well as photosynthetic capacity. This 
lessens the detrimental effects of abiotic stresses like drought, salt, and nutrient shortage [22]-[24]. 
It is well known that heavy metals can build up in plants, where they can have a detrimental effect on 
physiological and biochemical processes, leading to significant reductions in yield [25]. By adversely 
influencing germination-related processes, HMs decrease seed germination and subsequently 
decrease overall stand establishment [26]. By producing excessive amounts of hydrogen peroxide 
(H2O2) and malondialdehyde (MDA), HMs also disrupt the water status of plants, compromise the 
stability of their membranes, and increase the loss of significant osmolytes. Moreover, HMs causes an 
overabundance of reactive oxygen species (ROS), which harms DNA, lipids, and proteins [27]. This 
work's primary goal is to find out how mycorrhizal fungus affects the growth and metal contents of maize 
plants grown in soil containing various concentrations of heavy metals, such as lead and cadmium.  
 
2. Material and Methods 
Pot experiments was conducted in the city flower nursery in the city of Tobruk 2024 to evaluate the 
effects of mycorrhizal fungi on the growth and metals contents in maize plants grown in soil 
contaminated with heavy metals (cadmium and lead) at different concentrations. The experiment 
consisted of 13 treatments i.e. positive control (plus 200g mycorrhiza), negative control (without 
mycorrhiza), Cd (50, 75, 150, 200, 250 mg/l +200g myco.) and Pb (25, 50, 75, 100, 150 mg/l +200g 
myco.) in a randomized complete block design (RCBD). A seed germination test was performed in the 
laboratory at room temperature (30°C). To prevent fungal infection during the experiment, the selected 
seed material was thoroughly washed with 2% sodium hypochloride for 5 min and then rinsed with 
distilled water. Seeds were imbibed in distilled water for 30 min and then were air-dried. Petri plate (10 
cm in diameter) was employed with two filter papers and 10 seeds following three replicates per 
treatment. Each Petri plate was moistened with 10 mL of the metal solution while the control treatment 
continued with distilled water. Overall, the plates were observed daily for moisture/treatment 
requirements. Germinated seeds with one mm radicle were counted daily till the final germination day 
(day 10). Percent seed germination was determined following the study [28] using the formula:  
 
(Germination (%) = Total seeds germinated / total seeds arranged×100). Healthy seeds of uniform size 
were sown 1–2 cm deep in the topsoil of the pots. After ten days, the seedlings were thinned by 
removing weak seedlings, and metal treatment was simulated for up to four weeks. Different growth 
attributes i.e., plant length, leaf area, SPAD value, plant fresh and dry weight [29]. 
 
Data recorded: 
A) Vegetative growth 

• Plant height (cm): It was measured with a tape measure from the base of the stem at the contact 
with the soil to the shoot tip of the marked plants. 

• Number of leaves/ plant: The average number of the total leaves was calculated for the selected 
plants. 

• Leaf area (dm2/plant): It was calculated by taking 30 known-area disks from three leaves of 
three plants and drying them in an electric oven at 65 °C until their weight stabilized. Then, the 
leaf area was calculated according to the following equation [30]. 

• Fresh weight (g/plant): The average weight of the shoot system of five plants from each 
experimental unit was calculated. 

• Dry weight (g/plant): After estimating the fresh weight, the plants were dried with an electric 
oven at 70°C for 48 hours until the weight stabilized, and then the average dry weight was 
calculated. 
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• Total Chlorophyll Content (SPAD unit): Total chlorophyll content in fresh leaves was determined 
by using Minolta meter according to [31]. 
 

B) Chemical composition 

• N (%) 

• P (%) 

• K (%) 
 

Determination of Pb2+ and Cd2+ Anodic stripping voltammetry was performed to determine the 
concentrations of Pb2+ and Cd2+in the samples of this study. The optimal electrode and optimized 
parameters were used to determine the heavy metal concentrations in each of the samples. The 
calibration curves of Pb2+ and Cd2+ were used to compute for the concentrations present in the sample. 
Statistical analysis was performed via histograms for the optimization of the ASV parameters and linear 
regression for the calibration curves.                                 
   

3. Statistical Analysis                                                                                             
The data were statistically analyzed according to the design used in the statistical program (GenStat12) 
and the statistical averages were compared according to the L.S.D test under the probability level of 
5% [32]. 
 
4. Results and Discussion 
A) Vegetative growth  
Cd and Pb treatments suppressed the maize seed germination, plant height, leaf area, total chlorophyll, 
total fresh and dry weight with increasing concentration of Cd and Pb Table (1) and Figure (1). Results 
showed that higher concentration of higher concentration of Cd (250 mg/l cd +200g myco.) recorded 
the lower germination (31 90%), plant height (78.90 cm), leaf area (52.51 cm2), total chlorophyll (34.00 
cm), total fresh (339.67g) and dry weight (75.48 g), also, higher concentration of Pb (150 mg/l Pb +200g 
myco.) decrease all of germination (35.85 %), plant height (71.84 cm), leaf area (53.00 cm2), total 
chlorophyll (34.52 cm), total fresh (323.73 g) and dry weight (71.94 g), respectively, as compared to 
positive control (plus 200g mycorrhiza) which recorded the greater of  seed germination, plant height, 
leaf area, total chlorophyll, total fresh and dry weight, followed by  negative control (without mycorrhiza), 
respectively. 
 

Table (1): Effect of Cd, Pb and mycorrhiza on vegetative growth of maize. 

  
 

Treatments  
Germination 

(%) 

Plant 

height 

(cm) 

Leaf 

area 

(cm2) 

Total 

chlorophyll 

(SPAD) 

Total 

fresh 

weight 

(g) 

Total 

dry 

weight 

(g) 

Positive control  

(Plus, 200g mycorrhiza) 
97.5 136.79 69.91 47.20 590.24 131.16 

Negative control 

 (Without mycorrhiza)  
95 107.21 65.63 45.41 543.03 120.67 

50 mg/l Cd +200g myco. 90 103.82 63.22 43.18 481.82 107.07 

75 mg/l Cd +200g myco. 86.50 95.48 60.83 39.43 443.28 98.51 

150 mg/l Cd +200g myco. 75.00 87.84 58.40 37.23 395.09 87.80 

200 mg/l Cd +200g myco. 62.63 80.27 55.25 34.55 388.28 86.28 

250 mg/l Cd +200g myco. 31 90 78.90 52.51 34.00 339.67 75.48 

25 mg/l Pb +200g myco. 82.55 103.78 64.00 44.35 498.63 110.81 

50 mg/l Pb +200g myco. 72.25 92.16 61.55 43.00 466.79 103.73 

75 mg/l Pb +200g myco. 62.50 85.87 58.50 39.40 429.45 95.43 

100 mg/l Pb +200g myco. 52.51 78.80 55.67 37.35 381.73 84.83 

150 mg/l Pb +200g myco. 35.85 71.84 53.00 34.52 323.73 71.94 

LSD (0.05) 7.19 1.10 2.83 2.51 2.90 0.64 
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Figure (1): Effect of Cd, Pb and mycorrhiza on vegetative growth of maize. 

 
Research on the characteristics of seed germination revealed that it was inhibited by lead (Pb) toxicity, 
even at low or micro-molar concentrations [33]. Though Elsholtzia argyi has been the subject of a few 
reports regarding the inhibition of radical/hypocotyl length and the progression of seed germination [34], 
these findings were not made during the current investigation. It was discovered that all of the Cr and 
Pb concentrations inhibited maize germination, and that this inhibition increased as the metal 
concentrations in the medium increased. According to arguments made by [35] germination was 
inhibited because Pb and Cr interfered with the enzymes that are necessary for seed germination 
(amylase and protease). Furthermore, Study [36] showed that during Cicer arietinum (chickpea) 
germination, there was an inhibition of GA3 (gibberellic acid) and an activation of ABA (abscisic acid).  
Metals become lodged in plant roots and obstruct the uptake of nutrients from the soil, which is why 
they have toxic effects on various plant growth attributes [37],[38]. On the other hand, heavy metals 
impact the biosynthesis of the electron transport system and change the structure of the chloroplasts. 
This is because they cause an increase in the activity of chlorophyllase, which results in a decrease in 
chlorophyll. 
 
The main environmental pollutants that have a negative impact on all living things, including plants, are 
thought to be heavy metals [39],[40]. Metals become lodged in plant roots and obstruct the uptake of 
nutrients from the soil, which is why they have toxic effects on various aspects of plant growth [41]. Pb 
doses of 0.6 mM–1.2 mM significantly reduce several agronomic parameters of rice plants, including 
plant length, tiller count, and dry weight biomass. Results showed that a Pb dose of 0.6 mM was less 
toxic than a Pb dose of 1.2 mM. When rice plants were exposed to the highest Pb dosage, their length 
decreased by 13% and their dry weight decreased by 61% in the cultivar Ilmi [42]. The primary factors 
influencing plant growth are the properties of leaves and the efficiency of photosynthesis in plants. Pb 
is a well-known biotic stressor that reduces intact plants' capacity for photosynthetic activity, which in 
turn affects plant growth and biomass yield [43]. 
 
By causing chlorosis, water and nutritional imbalances, decreased activity of Calvin cycle enzymes, 
CO2 deficiency, protein denaturation, and potentially plant death, high concentrations of heavy metals 
hinder plant growth and biomass production [44]. Associated nickel (Ni) with decreased photosynthetic 
pigments, decreased growth, and decreased sodium (Na) and phosphorus (P) concentrations in maize 
(Zea mays, L.) [45]. Cd-treated maize plants showed decreased photosynthesis, decreased biomass 
production, significant ultra-structural damage, and reduced growth [46]. A leaf is a vital photosynthetic 
organ that is essential to a plant's ability to grow. Pb and Cr have a negative impact on Lycopersicon 
esculantum, Pisum sativum, and Zea mays leaf growth and development [47]. Research revealed that 
heavy metals inhibited rice plant leaf growth and development by producing reactive oxygen species, 
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or ROS [48].  The growth attributes of plants exposed to lead (such as wheat, maize, barley, sunflower, 
mustard, and soybean) are significantly impacted by Pb. It also inhibits various growth attributes such 
as plant height, root-shoot length, fresh-dry weight of seedlings, tolerance index, leaf number, and 
photosynthesis [49]. When cadmium enters a plant's body, it builds up and eventually prevents the plant 
from respiring and photosynthesizing. This causes the plant's body to have less enzyme activity and to 
contain less soluble sugar and protein. This leads to slow growth, yellowing of the leaves, a delayed 
climacteric period, and other issues that have a negative impact on crop yield, quality, and safety [50].  
The most noticeable effect of Cd stress on maize seedlings is the inhibition of root growth, which results 
in yellowing and curving leaves, a significant reduction in aboveground biomass, and slowed plant 
growth [51]. The plant's inability to perform regular transpiration and photosynthesis prevents it from 
growing and developing normally [52]. These enzymes offer protection to the plant up to a certain Cd 
concentration. High levels of Cd, however, can also be detrimental to these enzymes. Plants' soluble 
proteins, soluble sugars, and proline function as antioxidants and osmoregulatory, reducing the harm 
that heavy metals can do to plant cells [53],[54]. 
 
As the amount of Cd in the substrate and/or soil increased, the growth traits decreased [55],[56]. It's 
possible that Cd toxicity, nutrient inequality, decreased water rates, and decreased plant nutrient uptake 
are the causes of this decline in fresh and dry biomass as well as the length of maize plants [57],[58]. 
Furthermore, the disruption of the transpiration process in metal hassle, particularly Cd, may have 
resulted in a decrease in xylem transport [59]. The ability to extract maize shows that it can accumulate 
heavy metals, particularly Cd, and that it can be utilized for phytoextraction [60]. 

 
A) Chemical composition 

Results in Table (2) and Figure (2) showed that higher concentration of Cd (250 mg/l cd +200g myco.) 
recorded the lower percentage of N (1.62 %), P (0.50 cm), K (1.30 cm2), also, higher concentration of 
Pb (150 mg/l Pb +200g myco.) decrease percentage of N (1.45 %), P (0.55 cm), K (1.35 cm2), 
respectively, as compared to positive control (plus 200g mycorrhiza) which recorded the greater of  
percentage of N (2.82 %), P (0.82 cm), K (2.54 cm2), followed by negative control (without mycorrhiza) 
which recorded N(1.93 %), P(0.56 cm), K (2.25 cm2), respectively. On the other hand, higher 
concentration of Cd (250 mg/l cd +200g myco.) recorded the highest value of Cd (1.56 ug/g), followed 
by Pb (150 mg/l Pb +200g myco.) which recorded (1.30 ug/g), while Pb content recorded the higher 
values (12.44 ug/ g) with Cd (250 mg/l cd +200g myco.) and (15.20 ug/g) with Pb (150 mg/l Pb +200g 
myco.), respectively.  
  

Table (2): Effect of Cd, Pb and mycorrhiza on chemical composition of maize. 

 

Treatments  
N 

 (%) 
P 

 (%) 
K 

(%) 
Cd  

(ug/g) 
Pb 

(ug/g) 

Positive control  
(Plus, 200g mycorrhiza) 

2.82 0.82 2.54 0.44 3.11 

Negative control 
 (Without mycorrhiza)  

1.93 0.56 2.25 0.48 3.43 

50 mg/l Cd +200g myco. 2.50 0.76 2.11 0.60 5.99 

75 mg/l Cd +200g myco. 2.33 0.71 1.90 0.72 6.65 

150 mg/l Cd +200g myco. 2.18 0.65 1.83 0.84 8.36 

200 mg/l Cd +200g myco. 1.90 0.59 1.45 1.08 11.78 

250 mg/l Cd +200g myco. 1.62 0.50 1.30 1.56 12.44 

25 mg/l Pb +200g myco. 2.45 0.81 2.09 0.50 6.33 

50 mg/l Pb +200g myco. 2.20 0.77 1.93 0.61 7.02 

75 mg/l Pb +200g myco. 1.90 0.73 1.86 0.70 8.82 

100 mg/l Pb +200g myco. 1.63 0.63 1.49 0.92 12.43 

150 mg/l Pb +200g myco. 1.45 0.55 1.35 1.30 15.20 

LSD (0.05) 0.47 0.18 9.03 0.45 1.02 
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Figure (2): Effect of Cd, Pb and mycorrhiza on chemical composition of maize. 

 
Because of the leaching mechanism of toxic metal ions, heavy metals degrade land by causing 
acidification of the soil. Low pH profiles in soils make metals available to growing plants, which lowers 
crop yield [61],[62]. Even though soils serve as a buffer and are resistant to pH changes, heavy metals 
applied over time can cause subsequent soils to become acidified. In a solution of these soils, heavy 
metals hydrolyze, produce H+ ions, and reduce pH [63]. Thus, crop plants are impacted by soil 
acidification, which causes nutrient depletion [64]. Because of the presence of phosphorus in the 
contaminated soil, the efficiency of soil enzymes (phosphatase, urease) to recycle nutrients increases 
[65]. Comparably, bioremediation's microbial component might be an additional option for recovering 
contaminated soils. Currently, irrigation with municipal and industrial waste water ought to be prohibited, 
or if irrigation with the waste water is permitted, it ought to be recycled through waste water treatment 
facilities in order to stop additional heavy metal addition to agro-soils [66]. The study [67] found that 
plants absorbed more heavy metals when the concentration of the metals in the soil increased. When 
it comes to movement within the plant, HMs and nutrients may compete. Because cadmium competes 
with other minerals for the same transporters or binding sites, it can impede the absorption and 
utilization of vital minerals like iron, zinc, calcium, and magnesium. Growth and biomass production 
may noticeably decline as a result [68]. When Pb concentrations reach 30 mg/kg or higher, they typically 
inhibit the growth mechanism [69]. However, certain plant species have the capacity to withstand Pb 
stress levels as high as 1,000 mg kg−1 (70). 
 
The involvement of AMF on heavy metals uptake from contaminated sites is a significant phenomenon, 
even though mycorrhizal plants have a greater tolerance to toxic metals, root pathogens, and stresses 
like drought, salinity, high soil temperature, adverse pH, and transplant shock [71]. In soil and water 
contaminated with metal, they can colonize plant roots. Moreover, AMF has the ability to boost plant 
phytoremediation potential through a number of different mechanisms. As a result, we can increase the 
phytoremediation potentiality of plants by introducing them as inoculums to heavy metal-contaminated 
sites [72]. Metal ions from the soil are first bound by the walls of the root cells, after which they are 
taken up through the plasma membrane. Secondary transporters (like channel proteins and/or H+ 
coupled carrier proteins) are responsible for the uptake of metal ions [73]. 

  
5. Conclusion 
The germination of seeds, plant height, leaf development, biomass, and chlorophyll content are all 
negatively impacted by both heavy metals. Furthermore, under metal stress, the affected plant growth 
mechanism demonstrated its affinity with the affected soil characteristics, with a greater emphasis on 
higher metal levels. Data have shown that heavy metals have an acidic effect on the soil and have an 
impact on soil respiration through altering soil microbial activity. Similarly, declining soil enzyme levels 
have shown altered soil nutrient recycling. Apart from the harmful effects of metals, maize plants 
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demonstrated significant ability to partition and accumulate Cd and Pb from the rhizosphere pot soils 
that followed.  

References  

[1] FAO (2020). The State of Food and Agriculture. http://www.fao.org/nr/ water/ aquastat/ tables/ 
WorldData-Withdrawal_eng.pdf Accessed 12 May 2021 

[2] O.T. Aladesanmi, Oroboade, J.G., Osisiogu, C.P. and Osewole, A.O., Bioaccumulation factor of 
selected heavy metals in Zea mays. J. Health Pollut., (2019) 9(24):191207. 

[3] R. Requejo and M. Tena, (2005). Proteome analysis of maize roots reveals that oxidative stress a 
main contributing factor to plant arsenic toxicity. Phytochem., 66: 1519–1528. 

[4] G.W.T. Wilson, C.W., Rice, M.C., Rillig, A. Springer, and D.C. Hartnett, Soil aggregation and carbon 
sequestration are tightly correlated with the abundance of arbuscular mycorrhizal fungi: Results 
from long-term field experiments. Ecol. Lett., (2009). 12: 452. 

[5] E. Andresen, and H. Küpper (2013). Cadmium toxicity in plants. In: Astrid S, Sigel H, editors. 
Cadmium: From Toxicity to Essentiality. Springer Netherlands, 395-413.  

[6] G., Tóth, Hermann, T., Da Silva, M. R. and Montanarella, L. (2016). Heavy metals in agricultural 
soils of the European Union with implications for food safety. Environ Int.;88:299-309.  

[7] N.H., Ghori, Ghori T., Hayat, M.Q., Imadi, S.R., Gul, A. and Altay, V. (2019). Heavy metal stress 
and responses in plants. Int. J. Env. Sci. Technol., 16(3): 1807-28.  

[8] A., Rizvi, Zaidi, A., Ameen, F., Ahmed, B., Alkahtani, M.D.F. and Khan, M.S. (2020). Heavy metal 
induced stress on wheat: Phytotoxicity and microbiological management. RSC Adv., 10(63):38379-
403.  

[9] S., Deng, Wu, Y., Zeng, Q., Zhang, A., Duan, M. and Deng, M. (2024). Effects of Cd stress on 
morphological and physiological characteristics of maize seedlings. Agron., 14: 379: 1-19. 

[10] H., Tang, Xiang, G., Xiao, W., Yang, Z. and Zhao, B. (2024) Microbial mediated remediation of 
heavy metals toxicity: mechanisms and future prospects. Front. Plant Sci., 15:1420408. 1-23 

[11] P. B., Angon, Shafiul, I., Shreejana, K.C., Arpan, D., Nafisa, A., Amrit, P. and Shaharia, A. S. (2024). 
Sources, effects and present perspectives of heavy metals contamination: soil, plants and human 
food chain. Heliyon, 10: 1-15. 

[12] Uchimiya et al., 2020).  

[13] J., Xu, Liu, C., Hsu, P. C., Zhao, J., Wu, T., Tang, J., Liu, K. and Cui, Y. (2019). Remediation of 
heavy metal contaminated soil by asymmetrical alternating current electrochemistry, Nat. 
Commun., 10 (1): 1–8. 

[14] M. R., Mehr, A. Shakeri, K. Amjadian, M.K. Poshtegal, R. Sharifi, (2021). Bioavailability, distribution 
and health risk assessment of arsenic and heavy metals (HMs) in agricultural soils of Kermanshah 
Province, west of Iran, J. Environ. Health Sci. Eng., 1–14.  

[15]  B.M.D., Herath, Madushan, K. W. A., Lakmali, J.P.D. and Yapa, P.N. (2021). Arbuscular 
mycorrhizal fungi as a potential tool for bioremediation of heavy metals in contaminated soil. World 
J. Adv. Res. Rev., 10(03): 217–228. 

[16] J.F., Gómez-Leyva, Segura-Castruita, M.A., Hernández-Cuevas, L.V. and Íñiguez-Rivas, M. 
(2023). Arbuscular Mycorrhizal Fungi associated with maize (Zea mays L.) in the formation and 
stability of aggregates in two types of soil. Microorganisms, 11(2615): 1-16. 

[17] Q., Wang, Liu, M., Wang, Z., Li, J., Liu, K. and Huang, D. (2024). The role of arbuscular mycorrhizal 
symbiosis in plant abiotic stress. Front. Microb., 14:1323881 

[18] A., Genre, Lanfranco, L., Perotto, S. and Bonfante, P. (2020).Unique and common traits in 
mycorrhizal symbioses. Nat. Rev. Microbiol., 18: 649–660. 

[19] P. Bonfante, and Venice, F. (2020). Mucoromycota: Going to the roots of plant interacting fungi. 
Fungal Biol. Rev., 34: 100–113. 

[20] D., Huang, Ma, M., Wang, Q., Zhang, M., Jing, G. and Li, C. (2020). Arbuscular mycorrhizal fungi 
enhanced drought resistance in apple by regulating genes in the MAPK pathway. Plant Physiol. 
Biochem., 149: 245–255.  

[21] Y., Zhang, Feng, H., Druzhinina, I. S., Xie, X., Wang, E. and Martin, F. (2023). Phosphorus/nitrogen 
sensing and signaling in diverse root-fungus symbioses. Trends Microbiol. Online ahead of print. 
doi: 10.1016/j. tim. 2023.08.005 



355 | Afro-Asian Journal of Scientific Research (AAJSR)  

 

[22] L., Liu, Li, J., Yue, F., Yan, X., Wang, F. and Blosizes, S. (2018). Effects of arbuscular mycorrhizal 
inoculation and biochar amendment on maize growth, cadmium uptake and soil cadmium 
speciation in Cd-contaminated soil. Chemosphere, 194: 495–503. 

[23] A., Bahadur, Batool, A., Nasir, F., Jiang, S. J., Qin, M. S. and Zhang, Q. (2019). Mechanistic insights 
into arbuscular mycorrhizal fungi-mediated drought stress tolerance in plants. Int. J. Mol. Sci., 
20:4199. 

[24] N., Begum, Wang, L., Ahmad, H., Akhtar, K., Roy, R.and Khan, M. I. (2022). Co-inoculation of 
arbuscularmycorrhizal fungi and the plant growth-promoting rhizobacteria improve growth and 
photosynthesis in tobacco under drought stress by up-regulating antioxidant and mineral nutrition 
metabolism. Microb. Ecol., 83: 971–988. 

[25] A., Yan, Wang, Y., Tan, S. N., Mohd, Y. M. L., Ghosh, S., and Chen, Z. (2020). Phytoremediation: 
a promising approach for vegetation of heavy metal-polluted and Front. Plant Sci., 11: 359.  

[26] M. U., Hassan, Chattha, M. U., Khan, I., Chattha, M. B., Aamer, M. and Nawaz, M. (2019). Nickel 
toxicity in plants: reasons, toxic effects, tolerance mechanisms, andremediation possibilities a 
review. Environ. Sci.  Pollut. Res., 26:12673–12688. 

[27] S. E., Hassan, Hijri, M., and St-Arnaud, M. (2013). Effect of arbuscular mycorrhizal fungi on trace 
metal uptake by sunflower plants grown on cadmium contaminated soil. New Biotech., 30: 780–
787. 

[28] IE Akinci, S. Akinci, Effect of chromium toxicity on germination and early seedling growth in melon 
(Cucumis melo L.). Afri. J.Biotech., 2010.9(29):4589–4594. 

[29] S  Aliu, Fetahu S, Rozmam L. Variation of physiological traits and yield components of some maize 
hybrids (Zea mays L.) in agro-ecological conditions of Kosovo. Acta Agriculturae Slovenica 
2010,95:35–41. 

[30] BH, C.Sheldrick Wang 1993. Particle size distribution. In: Carter MR, ed. Soil sampling and methods 
of analysis. Boca Raton: Canadian Society of Soil Science, Lewis Publishers, 499–512 

[31] K.M. Al-Rawi, and A.M. Khalaf Allah (2000). Design and Analysis of Agricultural Experiments. Dar 
Al Kutub Prin. & Pub. Univ. Mosul. Min. High. Educ. Sci. Res.. Rep. Iraq: 213pp. 

[32] PM Kopittke, CJ Asher, NW. Menzies, Prediction of Pb speciation in concentrated and dilute nutrient 
solutions. Environmental Pollution, 2008. 153(3):548–554  

[33] Islam E, Liu D, Li T, Yang X, Mahmood Q, Tian S, Li J. 2008. Effect of Pb toxicity on leaf growth, 
physiology and ultra-structure in the two ecotypes of Elsholtzia argyi. Journal of Hazardous 
Materials 154:914–926 

[34] Sengar RS, Gautam M, Garg SK, Chaudhary R, Sengar K. 2008. Effect of lead on Seed 
germination, seedling growth, chlorophyll content and nitrate reductase activity in mung bean 
(Vigna radiate L.). Journal of Photochemistry and Photobiology A 2(2):61–68 

[35] Atici, O. G. Agar and P. Battal (2005). Changes in phytohormone contents in chickpea seeds 
germinating under lead or zinc stress. Biologia Plantarum 49(2):215–222  

[36] Singh, S., Parihar,P., Singh, R., Singh, V.P. and Parsad, S. M. (2016). Heavy metal tolerance in 
plants: role of transcriptomics, metabolomics, and ionomics. Frontiersin Plant Sci., 6:1143 
DOI10.3389/fpls.2015.01143. 

[37] Wakeel A, Xu M, Gan Y. 2020. Chromium-induced reactive oxygen species accumulation by 
altering the enzymatic antioxidant system and associated cytotoxic, genotoxic, ultrastructural, and 
photosynthetic changes in plants. International Journal of Molecular Sciences 21:728 

[38] Ashraf, U., Hussain, S., Akbar, N., Anjum, S. A., Hassan, W. and Tang, X. (2018). Water 
management regimesalter Pbuptake and trans location infragrantrice. Ecotoxicology and 
Environmental Safety, 149:128–134 DOI10.1016/ j.ecoenv. 2017.11.033. 

[39]  Bargagli, R., Ancora, S., Bianchi, N. and Rota, E. (2019). Deposition, abatement and environment 
alfate of pollutant sinurban green ecosystems: suggestions from long-term studiesin Siena 
(CentralItaly).Urban Forestry & Urban Greening, 46: 126483 DOI10.1016/j.ufug.2019.126483. 

[40] Singh, S., Parihar,P., Singh, R., Singh, V.P. and Parsad, S. M. (2016). Heavy metal tolerance in 
plants: role of transcriptomics, metabolomics, and ionomics. Frontiersin Plant Sci., 6:1143 
DOI10.3389/fpls.2015.01143. 

[41] Khan, M., Ibrahim, T.N., Al Azzawi, Imran, M., Hussain, A., Mun, B. G., Pande, A. and Yun, B. W. 
(2021). Effects of lead (Pb) induced oxidative stress on morphological and physiobiochemical 
properties of rice. Agron., 11(3): 409 DOI10. 3390/ agronomy11030409. 



356 | Afro-Asian Journal of Scientific Research (AAJSR)  

 

[42] Houri, T., Khairallah, Y., Al-Zahab, A., Osta, B., Romanos, D. and Haddad, G. (2020). Heavy metals 
accumulation effects on the photosynthetic performance of genotypes in Mediterranean reserve. J. 
King Saud Univ.-Sci., 32(1): 874–880.  

[43] Rizvi, A., Zaidi, A., Ameen, F., Ahmed, B., Alkahtani, M.D.F. and Khan, M.S. (2020). Heavy metal 
induced stress on wheat: Phytotoxicity and microbiological management. RSC Adv., 10(63):38379-
403.  

[44] Tipu, M.I., Ashraf, M.Y., Sarwar, N., Akhtar, M., Shaheen, M.R. and Ali, S. (2020). Growth and 
physiology of maize (Zea mays L.) in a nickel-contaminated soil and phytoremediation efficiency 
using EDTA. J. Plant Growth Reg., 40(2):774-86.  

[45] Figlioli, F., Sorrentino, M.C., Memoli, V., Arena, C., Maisto, G. and Giordano, S. (2019). Overall 
plant responses to Cd and Pb metal stress in maize: Growth pattern, ultrastructure, and 
photosynthetic activity. Environ. Sci. Pollut. Res. Int., 26(2): 1781-90 

[46] Anjum SA, Ashraf U, Khan I, Tanveer M, Ali M, Hussain I, Wang LC. 2016. Chromium and aluminum 
phytotoxicity in maize: morpho-physiological responses and metal uptake. CLEAN–Soil, Air, Water 
44(8):1075–1084 

[47] Singh D, Sharma NL, Singh CK, Sarkar SK, Singh I, Dotaniya ML. 2020. Effect of chromium (VI) 
toxicity on morpho-physiological characteristics, yield, and yield components of two chickpea (Cicer 
arietinum L.) varieties. PLOS ONE 15:e0243032 

[48] Kanwal A, Farhan M, Sharif F, Hayyat MU, Shahzad L, Ghafoor GZ. 2020. Effect of industrial 
wastewater on wheat germination, growth, yield, nutrients and bioaccumulation of lead. Scientific 
Reports 10:11361 

[49] Wei, T., Liu, X., Dong, M., Lv, X., Hua, L., Jia, H., Ren, X.,Yu, S., Guo, J. and Li, Y. (2021). 
Rhizosphere iron and manganese-oxidizing bacteria stimulate root iron plaque formation and 
regulate Cd uptake of rice plants (Oryza sativa L.). J. Environ. Manag., 278, 111533.  

[50] Rascio, N. and Navari-Izzo, F. (2011). Heavy metal hyperaccumulating plants: How and why do 
they do it? And what makes them so interesting? Plant Sci., 180: 169–181.  

[51] Hasanuzzaman, M., Raihan, R.H., Nowroz, F. and Nahar, K. (2023). Insight into the physiological 
and biochemical mechanisms of bio-stimulating effect of Ascophyllum nodosum and Moringa 
oleifera extracts to minimize cadmium-induced oxidative stress in rice. Environ. Sci. Pollut. Res., 
30: 55298–55313.  

[52] B., Amri, Khamassi, K., Ali, M.B., da Silva, J.A.T. and Ben Kaab, L.B. (2016). Effects of gibberellic 
acid on the process of organic reserve mobilization in barley grains germinated in the presence of 
cadmium and molybdenum. S. Afr. J. Bot., 106: 35–40.  

[53]  S.Farhangi-Abriz, and Torabian, S. (2017). Antioxidant enzyme and osmotic adjustment changes 
in bean seedlings as affected by biochar under salt stress. Ecotox. Environ. Safe, 137: 64–70. 

[54] N., Alia, Sardar, K., Said, M., Salma, K., Sadia, A., Sadaf, S., Toqeer, A., Miklas, S. Toxicity and 
bioaccumulation of heavy metals in spinach (Spinacia oleracea) grown in a controlled environment. 
Int. J. Environ. Res. Public Health, (2015). 12: 7400-7416. 

[55] S. A., Anjum, Tanveer, M., Hussain, S., Bao, M., Wang, L., Khan, I., Ullah, E., Tung, S. A., Samad, 
R. A., Shahzad, B. (2015). Cadmium toxicity in maize (Zea mays L.): Consequences on 
antioxidative systems, reactive oxygen species and cadmium accumulation. Environ. Sci. Poll. 
Res., 22: 17022-17030. 

[56] M., Rizwan, Ali, S., Qayyum, M. F., Ok, Y. S., Zia-Ur-Rehman, M., Abbas, Z., Hannan, F. (2017): 
Use of maize (Zea mays L.) for phytomanagement of Cd-contaminated soils: A critical review. 
Environmental geochemistry and health 39: 259-277 

[57] T. Abedi, and Mojiri, A. (2020). Cadmium uptake by wheat (Triticum aestivum L.): An overview. – 
Plants 9: 500. 

[58] F., Hayat, Ahmed, M. A., Zarebanadkouki, M., Javaux, M., Cai, G., Carminati, A. (2020). 
Transpiration reduction in maize (Zea mays L.) in response to soil drying. – Frontiers in Plant 
Science 10: 1695 

[59] J., Retamal-Salgado, Hirzel, J., Walter, I., Matus, I. (2017): Bioabsorption and bioaccumulation of 
cadmium in the straw and grain of maize (Zea mays L.) in growing soils contaminated with cadmium 
in different environment. – International journal of environmental research and public health 14: 
1399. 



357 | Afro-Asian Journal of Scientific Research (AAJSR)  

 

[60] RK Xu, Zhao AZ, Yuan JH, Jiang J. 2012. pH buffering capacity of acid soils from tropical and 
subtropical regions of China as influenced by incorporation of crop straw biochars. Journal of Soils 
and Sediments 12:494–50 

[61] D Curtin, Trolove S. 2013. Predicting pH buffering capacity of New Zealand soils from organic 
matter content and mineral characteristics. Soil Research 51:494–502 

[62] DM Schwertfeger, Hendershot WH. 2012. Comparing soils chemistries of leached and non-leached 
copper amended soils. Environmental Toxicology and Chemistry 31:2253–2260 

[63] S Najafi, Jalali M. 2016. Effect of heavy metals on pH buffering capacity and solubility of Ca, Mg, 
K, and P in non-spiked and heavy metal-spiked soils. Environmental Monitoring and Assessment 
188:342 

[64]  l. B., Iqba, Khan, I., Javed, Q., Fahad-Alabbosh, K., Inamullah, I., Zhou, Z. and Rehman, A. (2023).  
The high phosphorusin corporation promotes the soil enzymatic activity, nutritional status, and 
biomass of the crop. Polish, J. Environ. Stud., 32(3):158765. 

[65]  M. I., Atta, Zehra, S.S., Dai D.Q., Ali, H., Naveed, K., Ali, I., Sarwar, M., Ali, B., Bawazeer, S.I., 
Abdel-Hameed, U.K. and Ali, I. (2023). Amassing of heavy metals in soils, vegetables  and crop 
plants irrigated with waste water: Health riskas sessment of heavy metals in Dera Ghazi Khan, 
Punjab, Pakistan. Frontiersin Plant Sci., 13:1080635 DOI10.3389/fpls. 2022. 1080635. 

[66]  L., Kacálková, Tlustoš, P. and Sźakpvá, J. (2014). Chromium, nickel and lead accumulation in 
mize, sunflower, willow and poplar. Pol. J. Environ. Stud., 23(3): 753-761. 

[67] E. Andresen, and H. Küpper (2013). Cadmium toxicity in plants. In: Astrid S, Sigel H, editors. 
Cadmium: From Toxicity to Essentiality. Springer Netherlands, 395-413.  

[68]  K. Usman, Abu Dieyeh MH, Zouari N, Ghouti MAl. (2020). Lead (Pb) bioaccumulation and 
antioxidative responses in Tetraena qataranse. Scientific Reports 10(1):17070 

[69]  Reeves RD, Baker AJ, Jaffré T, Erskine PD, Echevarria G, van Der Ent A. 2018. A global database 
for plants that hyperaccumulate metal and metalloid trace elements. New Phytologist 218(2):407–
411 

[70]  A., Aggarwal, N., Kadian, A., Tanwar, A. Yadav, and K. K. Gupta, (2011).  Role of arbuscular 
mycorrhizal fungi (AMF) in global sustainable development. J. Appli. Nat.Sci., 3(2): 340-351. 

[71]  J.C. Zak, and D. Parkinson, (1982). Initial vesicular-arbuscular mycorrhizal development of the 
slender wheatgrass on two amended mine soils. Canadian J. Bot., 60: 2241-2248. 

[72]  S. Mishra and R.S. Dubey (2006). Heavy Metal Uptake and Detoxification Mechanisms in  Plants. 
Int. J. Agric. Res., 1: 122–141. 

 

 


