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Abstract: This article describes a new idea about industrial pollution abatement through berseem (Trifolium 

alexandrinum L.) using arbuscular mycorrhizal fungi (AMF) Glomus Spp. as an accelerating agent. For this 

purpose, berseem plant was grown on soil irrigated with industrial wastewater in pots. Three cuttings of plants were 

obtained at different intervals. At each cut, plant biomass, plant height, and rate of mycorrhizal infection were 

recorded and plant tissues (roots, stems and leaves) were analyzed to determine the concentrations of Cd, Cr, Pb, 

and Zn as indicators. The results showed that the biomass of the roots, stems, and leaves of the inoculated plants 

was higher than that of the un-inoculated plants. The height of inoculated plants was higher compared with that of 

uninoculated plants. The mycorrhizal infection rate was recorded highest at the third cut. Heavy metals in plants 

were within permissible limits for crops irrigated with wastewater) at each cutting. With inoculation, Zn and Cr 

concentrations in roots and leaves increased and Pb and Cd enhanced in roots but reduced in leaves as compared to 

un-inoculated plants, indicating that metals accumulated more in roots due to inoculation. The effectiveness can be 

confirmed by calculating the difference between the inoculated and non-inoculated plants. The new results showed 

that AMF inoculation promoted plant biomass and height, reduced metal transfer in leaves and stems, and to roots. 

This research confirmed that the procedure can be used for protecting plants from toxicity.  

Keywords: arbuscular mycorrhizal fungi, heavy metals, biomass, mycorrhizal infection rate, berseem. 

丛枝菌根真菌和贝尔森在工业废水灌溉土壤中的植物修复潜力 

摘要: 

本文介绍了使用丛枝菌根真菌(AMF)球藻的贝西姆(三叶草.)减少工业污染的新思路。作为促

进剂。为此，将贝西姆植物种植在用盆中的工业废水灌溉的土壤上。在不同的时间间隔获得

三个植物插条。在每次切割时，记录植物生物量、植物高度和菌根感染率，并分析植物组织

（根、茎和叶）以确定镉、铬、铅和锌的浓度作为指标。结果表明，接种植株根、茎、叶的

生物量均高于未接种植株。与未接种植物相比，接种植物的高度更高。菌根感染率在第三次

切割时记录最高。每次收割时，植物中的重金属均在废水灌溉作物允许的限度内）。接种后

，与未接种的植物相比，根和叶中的锌和铬浓度增加，根中的铅和光盘浓度增加，而叶片中
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的浓度降低，表明由于接种，金属在根中积累更多。有效性可以通过计算接种和未接种植物

之间的差异来确认。新结果表明，AMF接种促进了植物生物量和高度，减少了叶子和茎中以

及根部的金属转移。该研究证实该程序可用于保护植物免受毒性侵害。 

关键词：丛枝菌根真菌，重金属，生物量，菌根感染率，贝西姆。 

 
 

Introduction 
In water-deficient regions, wastewater reuse for 

irrigation is a growing and common practice as water 

resources are declining. Due to the discharge of 

untreated wastewater from industries, areas where 

urban wastewater is used for irrigation are 

contaminated with toxic and harmful elements, 

specifically Pb, Cd, Cr and Zn. Being a potential 

accumulator in soil and plants, these harmful elements 

may eventually make their way to the food chain and 

affect human health [1]. 

To clean up heavy metal-polluted soils, 

phytoremediation has proved to be a cost effective and 

environmentally friendly method compared to different 

physical and chemical methods [2,3]. To remediate 

polluted soil, plants store metals in roots or transfer 

them to shoots (phytostabilization and phytoextraction) 

when grown on contaminated soil [4]. Symbiotic 

association of plants with microorganisms also plays a 

very important role in enhancing a plant’s ability to 

adapt to stressed conditions. Different studies have 

shown the use of microorganisms with plants for 

remediation, such as AMF involved in interactions with 

plants in soil through mycelia [5]. Due to its interaction 

with plant roots, AMF helps in enhanced nutrient 

uptake by enlarging the volume of soil [6]. Studies 

have shown the effect of AMF on the growth of plants, 

nutritional status, and protection from different stressed 

conditions such as water stress, salinity, pathogens, and 

heavy metals, thus protecting plants [7, 8].  

The reaction of plants to AMF inoculation depends 

upon plant species, mycorrhizal species, and soil 

characteristics [9-12]. The diverse nature and 

abundance of AMF can be used in agricultural 

management [13]. In a previous study conducted on 

berseem, high bioconcentration factor (BCF) from soil 

to roots was reported for Zn as compared to Pb, Cu, 

and Cd, and high translocation factor (TF) was 

recorded for Zn in leaves in a pot experiment [14]. [15] 

reported higher T. alexandrinum productivity in the 

field and pots with AMF inoculation, and plants 

showed significantly higher nutrient content compared 

to control plants. 

Symbiotic relationship of AMF with plant roots and 

berseem being a multi-cut plant, having regrowth 

ability after cutting can give several cuttings in a 

season that can be used to determine its heavy metal 

uptake ability in metalliferous soil and to remediate 

polluted soil. The aim of this study was to investigate 

the combined effect of AMF inoculum on berseem in 

soil irrigated with wastewater. The objectives were to; 

(i) assess heavy metal concentration in tissues of plants 

at three different cuttings and (ii) determine plant 

height, biomass, and mycorrhizal infection rate at each 

cutting.   

 

1. Material and Methods  
 

1.1. Materials 

Wastewater samples for irrigation purpose were 

selected from 5 main drains of Hayatabad Industrial 

estate, Peshawar, as these 5 main drains received 

wastewater from a cluster of different industries. The 

samples were analyzed for pH using a PHS- 3C pH 

meter, electrical conductivity (EC) according to 

standard methods [16] and Cd, Cr, Pb and Zn were 

determined using an atomic absorption spectrometer 

(Perkin-Elmer AAS-700). Standard reference materials 

were used for quality control and assurance for selected 

heavy metal analysis.  

Soil for the experiment was collected from the field 

at the Nuclear Institute for Food and Agriculture 

(NIFA) and physicochemical properties of soil were 

determined. In order to sow seeds, the soil was mixed 

thoroughly, passed through a sieve and autoclaved at 

110 
◦
C at 240 kPa pressure for 1 h in order to make the 

soil free of fungi. Each pot was filled with 3 kg of 

sterilized soil. For inoculum, AMF-infected roots, 

hyphae, and soil containing spores (Glomus spp) from 

the rhizosphere of Maize plants were used. 

 

1.2. Experimental Setup 
The experiment was conducted in a greenhouse at 

the Nuclear Institute for Food and Agriculture (NIFA), 

Peshawar. For this purpose, 12 pots were arranged to 

grow berseem (T. alexandrinum) in soil treated with 

mycorrhiza. Three pots were for control (untreated, 

T0), three were for soil treated with mycorrhiza 

(inoculated, T1), irrigated with fresh water, three pots 

were for untreated soil, irrigated with wastewater T2, 

three pots were for soil treated with mycorrhiza 

(inoculated T3) and irrigated with wastewater. T. 

alexandrinum seeds were sown in pots for a duration of 

105 days. Treated pots consist of 23 g mycorrhiza 

inoculum before sowing. After germination, each pot 

was thinned to 10 plants per pot. T. alexandrinum was 
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cut at three different stages simultaneously after 

germination. The first cut was done at 45 days (C1), 

second after 30 days of 1
st
 cutting (C2) and third at 30 

days of 2
nd

 cutting (C3). Each cutting plant was 

removed from each pot for collecting root, stem, and 

leaves samples and were analyzed for heavy metal 

concentration and mycorrhiza infection status.  

After each cutting, the sample plants were rinsed 

thoroughly with distill water and oven-dried at 70 °C 

for 48 hours, ground to fine powder and stored in 

plastic bags for chemical analysis. For digestion, 0.5 g 

of plant sample was taken in a flask and 10 ml of acid 

mixture (nitric acid (HNO3) and perchloric acid 

(HClO4) were used. 

The percentage of mycorrhizal colonization in root 

infection was determined by cleaning roots with KOH 

and staining them with trypan blue to make it 

transparent for observation [17, 18]. The percentage of 

mycorrhizal infection was determined using [19] 

formula and at least 30 root segments of each sample of 

1 cm were observed under the microscope.   

The percent of mycorrhizal infection = Number of 

infected root segments × 100 (1) 

The plant is widely grown as fodder and is common 

in the area. The indicator selected for this research was 

limited to the removal of selected heavy metals. It can 

be extended to other metals by future researchers. 

 
Fig. 1 Flowchart of the experiment 

 

1.3. Statistical Analysis  

The experiment was conducted in a factorial design 

with three replicates. Plant height, biomass, infection 

rate, and metal concentration data were analyzed using 

two-way ANOVA and LSD (P< 0.05) using Statistix 

8.1 and correlation was calculated using 2-tailed 

Pearson’s correlation. 

 

2. Results and Discussion 
 

2.1. Physicochemical Properties of Wastewater 

Used for Irrigating Berseem 

The results of physicochemical parameters of 

wastewater used for irrigation are given in Table 1. The 

pH value ranges from 6.44 to 7.31. These values were 

within limits for irrigation, which ranged from 6 to 9 

[20]. The electrical conductivity of wastewater ranged 

from 1000-1800 µS/cm. By comparison with standards 

for irrigation, the values were within the permissible 

limit (3000 µS/cm) [20]. Heavy metals concentration 

(mg/l) in wastewater ranged between 0.008-0.038 mg/L 

for Cd, 0.040–0.254 mg/L for Cr, 0.046–0.096 mg/L 

for Pb and 0.043–1.355 mg/L for Zn. The 

concentration of Zn was relatively higher as compared 

to Cr, Pb and Cd. Heavy metals were within 

permissible limits for Cd of sites 1, 2 and 3.  

 
Table 1 Physicochemical parameters of wastewater used for irrigating berseem (The authors’ elaboration) 

Sites pH EC µS/cm Pb mg/L Cr mg/L Cd mg/L Zn mg/L 

1 6.44 ± 0.101 1627 ± 44.426 0.061 ± 0.048 0.045 ± 0.025 0.016 ± 0.017 0.047 ± 0.028 

2 6.64 ± 0.288 1480 ± 41.039 0.096 ± 0.038 0.254 ± 0.148 0.038 ± 0.023 0.436 ± 0.233 

3 6.92 ± 0.100 1000 ± 0.00 0.064 ± 0.028 0.048 ± 0.030 0.016 ± 0.009 0.095 ± 0.043 

4 6.72 ± 0.108 1800 ± 72.547 0.095 ± 0.051 0.051 ± 0.028 0.008 ± 0.004 1.355 ± 0.335 

5 7.31 ± 0.073 1200 ± 0.00 0.046 ± 0.027 0.04 ± 0.018 0.008 ± 0.004 0.043 ± 0.020 

[20] 6.5–8.4 3000 5 0.1 0.01 2 

 

2.2. Soil Properties  

The physicochemical parameters and heavy metal 

concentration in soil used in the experiment are shown 

in Table 2. The soil texture was clay loam and 

moderately alkaline in nature. In this study, the pH of 

soil was 7.9, as soil pH range from 6.5 to 7.5 is 

favorable for plant growth and nutrient availability. 

However, a greater pH reduces the bioavailability and 

mobility of metals in soil due to the formation of 

organic complexes, hydroxides, and carbonate 

precipitation [21]. The pH of soil also depends upon 

irrigation water and changes with wastewater irrigation 
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[22]. The mean concentrations of Cd, Cr and Zn in the 

experimental soil sample were 0.009 mg/kg, 0.004 

mg/kg, 1.71 mg/kg and Pb were below the detection 

limit, respectively.  

 
Table 2 Soil properties before irrigation (The authors’ elaboration) 

Parameter Value 

Soil textures Clay loam 

Sand 33 % 

Silt 28 % 

Clay 39% 

pH 7.9 

Cd 0.009 mg/kg 

Cr 0.004 mg/kg 

Pb BDL 

Zn 1.71. mg/kg 

 

2.3. Plant Height 

Plant height was significantly higher (P < 0.05) for 

T3 plants (21.4, 25.3 and 32.1 cm) in the first, second, 

and third cuttings compared with the height of control 

(T0) plants (16.2, 18.1 and 26.3 cm) (Table 3). In 

general, plant height was recorded highest at the third 

cutting, and inoculated plants showed an increase in 

height  compared to uninoculated plants. This increase 

in height can be attributed to hyphal networks in the 

soil resulting in high acquisition of nutrients in 

mycorrhizal inoculated plants. [23] also recorded an 

increase in the height of maize plants due to 

inoculation. Similarly, in leguminous plants, high 

growth was also recorded with AMF inoculation due to 

increased phosphate uptake in inoculated plants [24]. 

 

2.4. Plant Biomass 

In this study, the results showed that inoculated 

plants irrigated with wastewater (T3) showed 

significantly higher (P < 0.01) biomass, 13.01, 29.13, 

and 41.76 g/pot in the first, second, and third cuttings 

compared to 8.694, 19.31, and 31.471 g/pot of control 

(T0) plants; the results showed that the effect of 

inoculated plants together with wastewater irrigation 

was more prominent (Table 3). First, second, and third 

cuts of inoculated plants irrigated with wastewater 

showed significantly higher (P ˂ 0.01) plant biomass as 

compared to control plants (Table 3). Generally, roots 

showed the lowest biomass and leaves showed the 

highest but treatment wise, T3 showed the highest root 

(4.692 g/ plant), stem (5.235 g/plant), and leaves (9.293 

g/plant) biomass as compared to control plants at third 

cutting. Shoot biomass significantly correlated with 

plant height in the second (r= 0.991, p < 0.01) and third 

cuts (r = 0.995, p < 0.01), significant positive 

correlation was observed for stem biomass (r = 0.987, p 

< 0.05) and leaves biomass (r = 0.996, p < 0.01) with 

root biomass at the third cut, and leaves biomass 

showed significant correlation (r = 0.996, p < 0.01) 

with stem biomass (Table 4).  

Higher biomass in wastewater-treated plants can be 

due to the high nutrient content in wastewater. Similar 

results were also reported in wheat and forage crops, 

and the reason was attributed to high N and P in 

wastewater [25]. An increase in nutrient content and 

heavy metal concentration in soil irrigated with 

wastewater was also reported in previous studies [26]. 

Studies revealed that AMF inoculated plants (wheat) 

showed an increase in plant biomass as compared to 

non-mycorrhizal plants and the reason was due to the 

high content of nutrients in plants due to inoculation 

[27]. Another research [28] reported an increase in the 

yield of alfalfa through wastewater irrigation and 

cuttings and observed a high yield as compared to 

control plants. 

 

2.5. Mycorrhizal Infection Rate 

Mycorrhizae infection appeared only in plants 

inoculated with AMF; uninoculated and control plants 

showed no infection (Table 3). In inoculated plants, the 

highest infection rate was observed for T3 plants, 

ranging from 27.8-76.6 % compared to 25.3–39.1 % 

for T1 plants. However, T3 plants showed an infection 

rate that significantly increased plant height and shoot 

biomass (p < 0.05) (Table 4). This can be attributed to 

the fact that the availability of nutrients is increased in 

the soil through wastewater irrigation and, as 

mycorrhizae are known to improve plant growth by 

increasing root surface area and increasing nutrient 

supply to roots from rhizosphere, thus resulting in 

increased plant biomass and growth of T3 plants as 

compared to T1 and un-inoculated plants [29-31]. In 

general, no infection rate was observed except in soil to 

which the inoculum was added. The results agree with 

those reported by [32]. 

 
Table 3 Plant height, dry biomass (root, stem, and leaves) per plant, shoot biomass per pot, and mycorrhizal infection rate after three different 

cuttings (The authors’ elaboration) 
Treatments Plant height (cm) Dry biomass per plant (g) Dry biomass per pot (g) (shoot) Mycorrhizal infection rate % 

Root Stem Leaves 

1st cutting (C1)       

T0 16.2g ± 0.624 0.522h ± 0.089 0.78h ± 0.047 1.113g ± 0.038 8.694l ± 0.076 0g ± 0 

T1 21.1e ± 0.2 0.529gh ± 0.031 0.912gh ± 0.025 1.367g ± 0.259 11.272j ± 0.141 25.3f ± 0.984 

T2 18.9f ± 1.113 0.771fg ± 0.215 1.048gh ± 0.036 1.501fg ± 0.372 9.539k ± 0.016 0g ± 0 

T3 21.4e ± 0.264 0.803f ± 0.057 1.06g ± 0.092 1.972ef ± 0.039 13.01i ± 0.087 27.8e ± 0.7 

2nd cutting (C2)       

T0 18.1fg ± 0.916 2.08e ± 0.022 2.201f ± 0.103 2.35e ± 0.302 19.21h ± 0.173 0g ± 0 

T1 22.5e ± 0.4 2.133e ± 0.092 2.79e ± 0.116 2.436e ± 0.280 25.68f ± 0.382 31.7d ± 0.624 

T2 21.8e ± 1.178 2.105e ± 0.072 3.416d ± 0.414 3.782d ± 0.124 23.4g ± 0.792 0g ± 0 

T3 25.2d ± 1.014 2.271e ± 0.342 3.991c ± 0.084 4.057d ± 0.104 29.13e ± 1.174 45.2b ± 0.173 

3rd cutting (C3)       

T0 26.3cd ± 2.771 3.007d ± 0.005 3.01e ± 0.043 3.503d ± 0.324 31.471d ± 0.029 0g ± 0 
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Continuation of Table 3 

T1 29.7b ± 2.088 3.351c ± 0.202 3.814c ± 0.226 5.151c ± 0.177 37.99b ± 0.170 39.1c ± 0.264 

T2 27.5c ± 0.7 4.177b ± 0.180 4.624b ± 0.194 7.402b ± 0.834 34.52c ± 0.535 0g ± 0 

T3 32.1a ± 0.4 4.692a ± 0.080 5.235a ± 0.268 9.293a ± 0.104 41.76a ± 0.308 76.6a ± 1.307 

ANOVA       

Treatment * * * * * * 

Cutting * * * * * * 

Treatment × cutting ns * * * * * 

Note: Subscript letters in columns indicate treatments that are significantly different according to LSD (P < 0.05); ns - non-significant (P ˃ 

0.05); * P < 0.001; T0 - control; T1 - mycorrhizal-inoculated plants; T2 - wastewater-treated plants; T3 - inoculated plants irrigated with 

wastewater.  

 
Table 4 Pearson’s correlation of plant height, plant biomass (root, 

stem, leaves and shoot) and infection rate (The authors’ 

elaboration) 

First cut 

 Height Root Stem Leaves Shoot 

Root 0.411     

Stem 0.684 0.919    

Leaves 0.752 0.844 0.863   

Shoot 0.91 0.462 0.607 0.862  

Infection 0.889 0.123 0.345 0.625 0.934 

The second cut 

Root 0.881     

Stem 0.903 0.817    

Leaves 0.71 0.657 0.944   

Shoot .991** 0.9 0.845 0.621  

Infection 0.837 0.879 0.574 0.293 0.903 

Third cut 

Root 0.684     

Stem 0.741 .987*    

Leaves 0.74 .996** .996**   

Shoot .995** 0.711 0.776 0.768  

Infection .971* 0.491 0.558 0.557 .953* 

** p < 0.01; * p < 0.05 level (2-tailed) 

 

2.6. Heavy Metal Concentrations in Different 

Tissues of Berseem Irrigated with Wastewater 

 

2.6.1. First Cutting  

The metal accumulation pattern was Zn > Pb > Cr > 

Cd at the first cut, as shown in Table 5. Plants analysis 

showed that the lowest (0.001 mg/kg) Cd concentration 

was observed in T2 roots and the highest (0.008 mg/kg) 

in T3 roots, Cr concentration was detected lowest 

(0.001 mg/kg) in T3 leaves and highest (1.562 mg/kg) 

in T2 roots, lowest (0.021 mg/kg) Pb concentration was 

detected in T2 stem and highest (1.903 mg/kg) in T2 

roots and lowest (1.010 mg/kg) Zn concentration was 

observed in T1 stem and highest (13.910 mg/kg) in T1 

leaves as compared to T0 plants. 

 
Table 5 Metal concentration in berseem after first cut (45 days after sowing) (The authors’ elaboration) 

Metals Tissue T0 T1 T2 T3 

Cd mg/kg Leaves NDd NDd NDd NDd 

 Stem NDc NDc NDc NDc 

 Roots NDe NDe 0.001e ± 0.001 0.008e ± 0.001 

Cr mg/kg Leaves NDe NDe NDe 0.001de ± 0.001 

 Stem NDe NDe 0.007d ± 0.002 0.02c ± 0.003 

 Roots NDe NDe 1.562c ± 0.012 1.097d ± 0.088 

Pb mg/kg Leaves NDc NDc NDc NDc 

 Stem NDd NDd 0.021c ± 0.002 NDd 

 Roots NDf NDf 1.903a ± 0.095 0.509d ± 0.024 

Zn mg/kg Leaves 11.072d ± 0.267 13.910c ± 0.163 10.512ef ± 0.300 10.201f ± 0.248 

 Stem 2.51b ± 0.214 1.01f ± 0.023 1.22ef ± 0.031 1.541de ± 0.233 

 Roots 8.012h ± 0.084 11.289g ± 0.171 10.711g ± 0.363 10.833g ± 0.198 

Notes: Subscript letters show the significant difference of P < 0.05 (LSD); T0 - control; T1 - mycorrhizal-inoculated plants: T2 - wastewater-

treated plants; T3 - inoculated plants irrigated with wastewater; ND - not detected. 

 

2.6.2. The Second Cutting 

The metal accumulation pattern was Zn > Cr > Pb > 

Cd; metals were found within permissible limits as 

shown in Table 6. Plants analysis showed that the 

lowest (0.004 mg/kg) Cd concentration was observed 

in T2 leaves and the highest (0.075 mg/kg) in T2 roots, 

Cr concentration was detected lowest (0.018 mg/kg) in 

T3 stem and highest (2.141 mg/kg) in T2 roots, lowest 

(0.003 mg/kg) Pb concentration was detected in T3 

stem and highest (1.010 mg/kg) in T3 roots and lowest 

Zn concentration was observed lowest in T2 (0.191 

mg/kg) stem and highest (19.216 mg/kg) in T3 leaves 

as compared to T0 plants. 

 
Table 6 Metal concentration in berseem after the second cut (30 days after the first cut) (The authors’ elaboration) 

Metals Tissue T0 T1 T2 T3 

Cd mg/kg Leaves NDd NDd 0.004c ± 0.001 NDd 

 Stem NDc NDc NDc NDc 

 Roots NDe 0.001e ± 0.001 0.075c ± 0.005 0.02d ± 0.006 

Cr mg/kg Leaves NDe NDe 0.075d ± 0.014 1.016c ± 0.011 

 Stem NDe NDe 0.101a ± 0.002 0.018c ± 0.003 

 Roots NDe NDe 2.141b ± 0.022 1.105d ± 0.071 
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Continuation of Table 6 

Pb mg/kg Leaves NDc NDc NDc NDc 

 Stem NDd NDd 0.499b ± 0.024 0.003d ± 0.001 

 Roots NDf NDf 0.15e ± 0.038 1.01c ± 0.007 

Zn mg/kg Leaves 13.8c ± 0.268 16.03a ± 0.158 10.884de ± 0.164 13.611c ± 0.316 

 Stem 1.08ef ± 0.069 1.16ef ± 0.236 0.191g ± 0.159 3.89a ± 0.809 

 Roots 10.551g ± 0.666 14.062de ± 0.044 12.079fg ± 1.930 19.216b ± 0.095 

Notes: Subscript letters show the significant difference (P < 0.05) (LSD); T0 - control; T1 - mycorrhizal-inoculated plants; T2 - wastewater-

treated plants; T3 - inoculated plants irrigated with wastewater; ND - not detected. 

 

2.6.3. The Third Cutting 

The metal accumulation pattern was Zn > Cr > Pb > 

Cd; metals were found within permissible limits as 

shown in Table 7. Plants analysis showed that the 

lowest (0.002 mg/kg) Cd concentration was observed 

in T2 stem and the highest (0.135 mg/kg) in T3 roots, 

Cr concentration was detected lowest (0.001 mg/kg) in 

T1 stem and highest (3.053 mg/kg) in T3 leaves, lowest 

(0.001 mg/kg) Pb concentration was detected in T3 

leaves and highest (1.074 mg/kg) in T3 roots and 

lowest (0.736 mg/kg) Zn concentration was observed in 

T2 stem and highest (21.872 mg/kg) in T3 roots as 

compared to T0 plants. 

Metal concentrations in this study were found 

within permissible limits (FAO, 1992) (0.2 mg/kg Cd, 

0.005 mg/kg Cr, 0.005 mg/kg Pb and 60 mg/kg Zn). In 

Table 8, analysis of variance (ANOVA) showed a 

highly significant effect (p ˂ 0.01) of cuttings and 

treatments and their interactive effect on metals (Cd, Cr 

and Pb) in roots, stems. The effect of cutting was 

significant on Zn in leaves but showed non-significant 

results for treatment (P ˃ 0.05) and on the interactive 

effect of treatment and cutting on leaves (P ˃ 0.05).  

The results showed that Zn was high in plants 

compared with Cd, Cr, and Pb in both mycorrhizal and 

nonmycorrhizal plants. As metals come directly in 

contact with roots of plants, the uptake and 

translocation of metals in plants is affected by the 

interaction of metals and competition for adsorption 

due to their similar properties [33, 34]. Zn showed a 

significantly high correlation between plant biomass 

(leaves, stem and roots) compared to Cd, Cr and Pb. 

The reason for the high concentration of Zn in roots 

and leaves is that Zn is an essential nutrient for plant 

physiological processes. Thus, it was found highest in 

plants compared to Cd, Cr and Pb which are non-

essential for plants [35]. Generally, in this study, 

inoculation enhanced Pb and Cd in roots and Zn and Cr 

in roots, stem, and leaves. Cd and Pb transfer to leaves 

and stems were reduced. The reason might be heavy 

metal storage in fungi structures, thus immobilizing Cd 

and Pb in roots as vesicles, arbuscles and spores act as 

a storage for heavy metals in hyphae [36, 37]. Previous 

studies showed that AMF enhances the retention of 

heavy metals in roots and reduces the transfer from 

root to stem, which is similar to this study [38]. The 

retention of metals in roots might be due to the change 

in the bioavailability of heavy metals due to the 

changes induced by AMF [39]. 

The cut-wise metal accumulation pattern was; Zn > 

Pb > Cr > Cd at the first cutting and Zn > Cr > Pb > Cd 

at the second and third cuttings. This trend might be 

due to the nutrients required by plants and availability 

of metals in soil and water used for irrigation. Similar 

trend of metals concentration was also reported in 

previous studies on food crops [40] and high Zn and 

lowest Cd concentrations were observed in vegetables 

[41]. Third, cutting metals accumulated the highest in 

inoculated plants. The results corroborate with the 

results of [36], which reported an increase in metal 

concentration in Alfalfa with wastewater irrigation as 

compared to tube well water, and that metal 

concentration was recorded highest at third cutting.  

The results showed that heavy metal accumulation 

in plants depends upon availability in soil, as 

wastewater was used for irrigation, so metals 

accumulated in wastewater irrigated plants (either 

inoculated or un-inoculated), but AMF inoculation 

greatly affected the transfer of metals to different 

tissues (Table 5, 6 and 7).  

 
Table 7 Metal concentration in berseem after the third cut (30 days after the second cut) (The authors’ elaboration) 

Metals Tissue T0 T1 T2 T3 

Cd mg/kg Leaves NDd 0.004c ± 0.001 0.018a ± 0.001 0.011b ± 0.000 

 Stem NDc NDc 0.002b ± 0 0.004a ± 0.001 

 Roots 0.003e ± 0.002 0.007e ± 0.003 0.099b ± 0.008 0.135a ± 0.013 

Cr mg/kg Leaves NDe NDe ± 1.102b ± 0.148 3.053a ± 0.024 

 Stem NDe 0.001e ± 0.001 0.003e ± 0.002 0.024b ± 0.003 

 Roots NDe 0.004e ± 0.003 2.199b ± 0.015 2.381a ± 0.247 

Pb mg/kg Leaves NDc NDc 0.004a ± 0.002 0.001b ± 0.001 

 Stem NDd NDd 0.736a ± 0.016 0.008cd ± 0.002 

 Roots NDf NDf 0.121e ± 0.021 1.074b ± 0.039 

Zn mg/kg Leaves 15.010b ± 0.070 16.505a ± 0.235 10.901de ± 0.600 13.953c ± 0.327 

 Stem 2.110bc ± 0.011 2cd ± 0.364 0.736f ± 0.210 1.050ef ± 0.019 

 Roots 12.980ef ± 1.461 17.002c ± 1.716 15.203d ± 0.618 21.872a ± 1.584 

Notes: Subscript letters show the significant difference (P < 0.05) (LSD); T0 - control; T1 - mycorrhizal-inoculated plants; T2 - wastewater-
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treated plants; T3 - inoculated plants irrigated with wastewater; ND - not detected. 

 
Table 8 Significance the effects of different factors and their interactions on variables (ANOVA) (The authors’ elaboration) 

Variables Leaves Stem Roots 

Cd Cr Pb Zn Cd Cr Pb Zn Cd Cr Pb Zn 

Cuttings * * * * * * * * * * * * 

Treatments * * * ns * * * * * * * * 

Cuttings × Treatment * * * ns * * * * * * * * 

Notes: Ns - non-significant (P ˃ 0.05); * P ˂ 0.01 

 

3. Conclusion 
In this study, the AMF inoculum had a positive 

effect on biomass, growth, and storage of heavy metals 

in roots. The below permissible limits of metals in 

plants at each cutting showed that the regrowth ability 

of berseem crop can be used to remediate soil without 

exceeding heavy metal limits. The plants exhibited a 

reduced concentration of toxic heavy metals in the 

above - ground biomass of inoculated plants plants.  

The positive performance of inoculum for plant 

biomass and plant growth against contaminated soil 

showed that it can be used to enhance plant biomass, 

but for remediation of heavy metals in contaminated 

soil, further screening for AM inoculum with the 

potential to enhance metal uptake might help to 

remediate polluted soil. The study is focused on a 

limited number of heavy metals. 
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