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Introduction 

The majority of terrestrial vascular plants are capable of forming mutualistic associations with obligate biotrophic 

arbuscular mycorrhizal (AM) fungi from the phylum Glomeromycota
 (1)

. This symbiosis gives benefits to the 

plant’s growth and development through the facilitation of Phosphorus and some other mineral nutrients from the 

soil by the arbuscular mycorrhizal 
(2)

. The main advantage of mycorrhiza is its better soil beneficiary and increasing 

uptake of N, P, K, Zn, Cu, S, Fe, Ca, Mg and Mn supply to the plant roots 
(3)

. Arbuscular mycorrhizal fungi have 

been shown to improve crop productivity due to their contribution to plant nutrition and soil structure. The 

function of AMF is attributed to increased plant P uptake as a consequence of their high affinity P uptake 

mechanism
 (4)

. Mycorrhizal biodiversity can effectively contribute to nutrient and water efficiency 
(5)

.  

Previous studies have indicated that AMF can confer salt tolerance to host plants by stimulating enzyme activity 

protection systems, increasing photosynthesis capacity and enhancing nutrients uptake 
(6)

. AMF have the high 

efficiency to more the uptake of mineral nutrients in many plant species, especially of phosphate 
(7)

. In study aimed 

to evaluate the interactions between arbuscular mycorrhizal fungi (Glomus mosseae), tea residue, macroalgae 

biomass and its subsequent effects on carbon mineralisation, actinomycetes counts, nutrients content, chlorophyll 

content, and corn growth (Zea mays L.).  

Results showed that only treatment tea residue had the highest of carbon mineralization, while it was lower in the 

(Glomus mosseae) + tea residue treatments. Addition the large values of actinomycetes, chlorophyll, phosphorous 

content and roots weight in Glomus mosseae) + tea residue treatments, as compared to the without treatment. Can 

be beneficial to ecosystems through facilitating carbon conservation and microbial diversity in arid saline soils 
(8)

. 

Improvement in fresh and dry weights, and nitrogen concentration of shoot and root due to mycorrhizal inoculation 

AB ST R ACT  

In an experiment, maize plants were inoculated with seven strains of mycorrhizae fungi previously isolated from AL-Jabal AL-Akhdar forests.  

AMF strains: (Rhizophagus intraradices, Claroideoglomus etunicatum, Gigspora sp., Entrophos Porainfeqeas, Scutellospora sp., Archaeospora 

trappei, funneliformis mosseae) maize seeds planted in sandy soil in pots and either inoculated or not with a single inocula strain of the examined 

AFM strains. Phosphorus was applied as mono-calcium phosphate at the recommended rates of application three levels of phosphate fertilization: 

(with out of phosphate fertilizer: F0), (addition of super phosphate at aerate of 50 kg/ha: F1), (add of super phosphate at aerate of 100 kg/ha: F2). 

After harvesting the maize plant, the content of the leaves was estimated from the following nutrients: (N, P K, Fe, Zn), the results showed that most 

of them gave a significant increase in the plant content of these nutrients. Effect of phosphate fertilization with inoculation mycorrhizal strains 

deficiency in the concentration of some nutrient with in plant compared to treatment inoculated without adding phosphate fertilizer.  
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under saline conditions. Plants possessing AMF show enhanced many important nutrients 
(9)

.. Because of the 

public concerns about the side effects of chemical fertilizer, major attention has been given to research areas 

concerning arbuscular mycorrhiza as biofertilizer. Despite the importance of arbuscular mycorrhiza in agriculture 

and forestry. 

Materials and Methods 

(1) Study Site: A Libyan city located in the north on overlooking the Mediterranean Sea. (2) The pot experiment 

was conducted during the period extended from 1 March to 30 May 2020 at the greenhouse of the Institute of 

Bioscience (IBS), Omar Al-Mukhtar University, Al-Bayda, Libya to know the effect of inoculation with seven  

AMF strains: Rhizophagus intraradices (MF599223), Claroideoglomus etunicatum (MF599211), Gigspora sp 

(MF599222), Entrophos Porainfeqeas (MF 599211), Scutellospora sp., (MF599226), Archaeospora trappei 

(MF599213), funneliformis mosseae (mf599221), previously isolated from the (AL-Jabal AL-Akhdar forests- 

Libya) 
(10).

 (3) Application of endomycorrhizae: A commercially and A cultivar of Zea mays L., that belongs to the 

Graminae family. Three maize  seeds were surface-sterilized, planted in a 10 kg pot (40x40 cm) and inoculated 

with single-strain AFM inocula: addition fungal species of mycorrhizae identified as seedbed, as biofertilizer 

consisting of fungus spores, infected roots and soil resulting from propagation, treatment Mycorrhizae: M0: 

Control, Rhizophagus intraradices (MF599223), Claroideoglomus etunicatum (MF599211), Gigspora sp 

(MF599222), Entrophos Porainfeqeas (MF 599211), Scutellospora sp., (MF599226), Archaeospora trappei 

(MF599213), funneliformis mosseae (MF599221). (4) Addition of three phosphate fertilization levels: with out of 

phosphate fertilizer, addition of super phosphate (F0=without adding phosphorus), (F1=Add super phosphate 

Triplex at 50 g/h), (F2=add of super phosphate at aerate of 100 kg/ha).  

Nutrient analysis 

To determine the mineral contents, oven-dried shoots were powdered, and the powder was digested with 98% 

H2SO4 and 30% H2O2. The phosphorus (P) content was estimated using the Olsen method 
(11)

. The content 

potassium was determined in tissue plant, by (Flame Photometry: JENWAY, PFP7) 
(12)

. Soil Analysis: The 

physical and chemical properties of the Soil: texture, pH, EC, available nitrogen and available phosphorus 
(13)

. 

Table 1. Physical and chemical characteristics of soil in the study location 

Physical properties Value 

Bulk density g/cm
3
  1.64 

Field capacity %                         18.5181 

Soil texture sandy 

Clay % 8 

Silt % 15 

Sand % 77 

Moisture content % 1.46 

Chemical Properties Value 

PH 8.4 

Electrical connection dS m
-1

 6.58 
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Dissolved 

ions 

Ca
+ 

20 

Mg
+2

 25 

K
+
 10 

Cl
-
 4.75 

Co3
-2 

0 

Cation Exchange Capacity 21.4 

Calcium Carbonate % 3.75 

Available Phosphorous Mg/L 3.14 

Organic Matter % 1.58 

Total Nitrogen Mg/L 34.2 

Statistical analysis 

Data were statistically analyzed for ANOVA was calculated at P<0.001 using SPSS 19.0 statistical program (SPSS 

Inc., Chicago, IL, USA). Two independent statistical analyses, the first to analyze data from the different AMF 

treatments within saline soil and with the three phosphate fertilization levels, analyze data from each fungal 

species at phosphate fertilization levels. 

Result 

In Table No.2, the results showed that the inoculation with mycorrhizal fungi helped effect a significant increase in 

the phosphorous content of the leaves, where the highest phosphorous content was when inoculating with the 

fungus (Scutellospora sp.) and its value was 38.43 mg/dry weight of the leaves compared to the control. As for 

adding phosphate fertilizer as super phosphate fertilizer, it led to an increase in phosphorus content of leaves, but 

the increase was not significant. And there are some strains of mycorrhizal (Clarhoideoglomus etunicatum), 

(Scutellospora sp.,), (funneliformis mosseae), (Entrophos Porainfeqeas) when they interaction with the two 

levels of phosphate fertilization (50 and 100 kg phosphorus/ha) led to a decrease in the phosphorous content of the 

plant.  

Table 2. Effect of inoculation with strains of mycorrhizal fungi on concentration of Phosphorus mg/100g dry 

weight leaves 

Mycorrhizae 
Fertilizer  P as super  phosphate Mycorrhizae 

average 0 kg p/ha  50 kg p/ha  100 kg p/ha  

No inocula  mycorrhizal 25.93±0.38 28.00±2.43 29.57±2.80 27.83±2.44 

Rhizophagus intraradices 28.03±2.45 40.77±0.59 29.67±4.19 32.82±6.48 

Clarhoideoglomus etunicatum 33.47±6.81 27.43±1.70 29.23±3.75 30.04±4.80 

Gigspora sp. 29.00±3.30 33.10±6.53 24.80±1.30 28.97±5.17 

Entrophos Porainfeqeas 36.20±1.87 30.47±0.25 40.90±0.44 35.86±4.63 

Scutellospora sp. 38.43±1.16 29.20±0.36 30.43±0.31 32.69±4.39 

Archaeospora trappei 22.17±0.99 34.17±0.84 36.13±5.14 30.82±7.06 

funneliformis mosseae 29.17±1.01 28.20±2.43 23.97±1.50 27.11±2.83 
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Fertilizer  P average 30.30±5.72 31.42±4.85 30.59±5.88  

F-value 

For fertilizer P→ 0.97 

For Mycorrhizae → 9.24*** 

For F+M→ 9.96*** 

*** Significant variation at P<0.001 

In Table No.3, the results showed that the inoculation with mycorrhizal fungi led to a significant increase in the 

nitrogen content of the leaves, where the highest nitrogen content was when inoculating with the fungus 

funneliformis mosseae and Gigspora sp., the increase values for the two types was 15 mg/dry weight of the leaves  

compared to the control, this may be due to what was found in a previous study, The hyphae of AMF have the 

tendency to extract nitrogen and transport it from the soil to plants. They contain enzymes that breakdown organic 

nitrogen and contain nitrogen reductase which alters the forms of nitrogen in the soil. AM improves growth, 

nodulation and nitrogen fixation in legume - Rhizobium symbiosis 
(14)

. The transport of ammonium to the plant is 

better when there is presence of mycorrhizea 
(15).

 

Table 3. Inoculation with strains of mycorrhizal fungi on concentration of Nitrogen mg/100g dry weight leaves  

Mycorrhizae 
Fertilizer  P as super  phosphate Mycorrhizae 

average 0 kg p/ha  50 kg p/ha  100 kg p/ha  

No inocula  mycorrhizal 12.57±0.50 14.27±1.36 12.93±0.12 13.26±1.06 

Rhizophagus intraradices 14.90±0.70 13.83±0.35 13.93±1.02 14.22±0.82 

Clarhoideoglomus etunicatum 14.73±0.68 13.57±0.40 14.23±0.95 14.18±0.80 

Gigspora sp. 15.17±0.06 12.83±0.32 15.10±0.60 14.37±1.20 

Entrophos Porainfeqeas 14.70±1.00 13.93±0.23 13.63±0.12 14.09±0.70 

Scutellospora sp. 14.77±0.74 13.87±0.61 13.77±0.64 14.13±0.75 

Archaeospora trappei 14.60±0.56 14.37±1.17 14.93±0.96 14.63±0.84 

funneliformis mosseae 15.20±0.61 14.70±0.72 14.63±0.50 14.84±0.60 

Fertilizer  P average 14.58±0.97 13.92±0.83 14.15±0.91  

F-value 

For fertilizer P→ 5.405** 

For Mycorrhizae → 3.978** 

For F+M→ 2.715** 

*** Significant variation at P<0.001 

In Table No.4, the results showed the effect of inoculation with different strains on the concentration of potassium 

in the leaves of corn plant where the inoculation of all tested species had significant effect on the potassium 

concentration and inoculation with each strains (Clarhoideoglomus etunicatum, Entrophos Porainfeqeas, 

Archaeospora trappei) the highest concentration of potassium was the value 30 mg/dry weight leaves. It was 
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observed from the results that the potassium concentration in the leaves of plant decreased when inoculating with 

most of the strains with addition of the two levels of phosphate fertilization compared to the inoculated treatments 

without the addition of phosphate fertilizer. 

Table 4. Inoculation with strains of mycorrhizal fungi on concentration Potassium mg/100g dry weight leaves 

Mycorrhizae 
Fertilizer P as super  phosphate Mycorrhizae 

average 0 kg p/ha  50 kg p/ha  100 kg p/ha  

No inocula  mycorrhizal 23.13±1.27 29.50±1.66 22.23±0.67 24.96±3.60 

Rhizophagus intraradices 28.77±4.37 22.87±1.58 22.17±1.15 24.60±3.95 

Clarhoideoglomus etunicatum 28.57±1.85 30.60±3.10 30.91±2.80 30.02±2.54 

Gigspora sp 27.63±3.05 27.90±5.12 26.17±1.50 27.23±3.18 

Entrophos Porainfeqeas 36.43±2.70 24.82±4.67 31.23±2.35 30.83±5.84 

Scutellospora sp., 38.87±1.54 28.30±2.14 18.93±2.03 28.70±8.80 

Archaeospora trappei 29.00±1.28 33.73±2.50 28.63±1.79 30.46±2.97 

funneliformis mosseae 34.83±1.74 23.03±2.74 30.73±3.15 29.53±5.66 

Fertilizer  P average 30.91±5.43 27.59±4.51 26.38±4.87  

F-value 

For fertilizer P→ 19.33*** 

For Mycorrhizae → 7.861*** 

For F+M→ 10.35*** 

*** Significant variation at P<0.001 

In Table No.5, the results showed the effect of inoculation with different strains on the concentration of iron and 

zinc in the leaves of corn plant where the inoculation of all tested species had significant, effect on the iron 

concentration, inoculation with inoculation with strains (Archaeospora trappei), (funneliformis mosseae), 

(Gigspora sp) and (Clarhoideoglomus etunicatum) the highest concentration of iron were recorded, respectively 

(0.24, 0.24, 0.23 and 0.22) mg/dry weight leaves.  

Table 5. Inoculation with diverse strains of mycorrhizal fungi on concentration of iron mg/100g dry weight leaves 

Mycorrhizae 
Fertilizer P as super phosphate Mycorrhizae 

average 0 kg p/ha 50 kg p/ha 100 kg p/ha 

No inocula  mycorrhizal 0.15±0.01 0.14±0.02 0.15±0.01 0.15±0.01 

Rhizophagus intraradices 0.16±0.01 0.19±0.03 0.21±0.03 0.19±0.03 

Clarhoideoglomus etunicatum 0.20±0.01 0.24±0.01 0.24±0.00 0.22±0.02 

Gigspora sp 0.29±0.01 0.19±0.02 0.22±0.01 0.23±0.04 

Entrophos Porainfeqeas 0.20±0.00 0.21±0.04 0.15±0.01 0.19±0.03 
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Scutellospora sp., 0.22±0.05 0.21±0.03 0.21±0.01 0.21±0.03 

Archaeospora trappei 0.24±0.03 0.24±0.04 0.24±0.05 0.24±0.03 

funneliformis mosseae 0.23±0.01 0.25±0.01 0.24±0.00 0.24±0.01 

Fertilizer  P average 0.21±0.05 0.21±0.04 0.21±0.04 0.21±0.04 

F-value 

For fertilizer P→ 0.02 

For Mycorrhizae → 17.14*** 

For F+M→ 3.564*** 

*** Significant variation at P<0.001 

Table No.6 shows the effect of inoculation with the studied strain of mycorrhizea on the zinc concentration content 

of plant, inoculation with inoculation with strains (Rhizophagus intraradices), (Archaeospora trappei), 

(Scutellospora sp.), (Clarhoideoglomus etunicatum) and (Entrophos Porainfeqeas) the highest concentration of 

zinc were recorded, respectively (0.60, 0.44, 0.40, 0.39 and 0.32) mg/dry weight leaves. 

Table 6. Inoculation with strains of mycorrhizal fungi on concentration of Zinc mg/100g dry weight leaves 

Mycorrhizae 
Fertilizer P as super phosphate Mycorrhizae 

average 0 kg p/ha 50 kg p/ha 100 kg p/ha 

No inocula  mycorrhizal 0.020±0.001 0.024±0.002 0.024±0.003 0.023±0.003 

Rhizophagus intraradices 0.125±0.169 0.028±0.006 0.027±0.006 0.060±0.098 

Clarhoideoglomus etunicatum 0.017±0.015 0.044±0.021 0.056±0.001 0.039±0.022 

Gigspora sp., 0.045±0.005 0.019±0.001 0.025±0.005 0.030±0.012 

Entrophos Porainfeqeas 0.035±0.004 0.022±0.001 0.040±0.005 0.032±0.009 

Scutellospora sp., 0.045±0.011 0.029±0.002 0.046±0.003 0.040±0.010 

Archaeospora trappei 0.051±0.003 0.030±0.027 0.052±0.001 0.044±0.017 

funneliformis mosseae 0.043±0.002 0.022±0.001 0.027±0.006 0.031±0.010 

Fertilizer P average 0.048±0.060 0.027±0.013 0.037±0.013  

F-value 

For fertilizer P→ 2.004 

For Mycorrhizae → 0.938 

For F+M→ 1.152 

*** Significant variation at P<0.001 

Discussions 

With greater consensus and the need to promote sustainable agriculture, the mycorrhiza plays an important in 

reducing the harmful effects of fertilizers and pesticides and improving plant growth and tolerance to salinity. 

AMF protects plants against abiotic stresses using various processes such, uptake and accumulation of mineral 

nutrients and changes in the rhizosphere ecosystem 
(16)

. The efficiency o of AM fungi to extract nutrients in the root 
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area is amazing and they release nutrients inside the plant with many paths of plant transporters activating 

symbiotic relation.  

On the one hand, our results confirm that a broad range of crop plants can benefit from the inoculation with AMF, 

and that there is high potential for additional growth. On the other hand, our results suggest that specific arbuscular 

mycorrhizal taxa-host plant combinations enhance the growth of a crop growth parameters are shown to be 

increasing effectively and significantly in inoculated plants than controls. In all the experiments, the 

non-inoculated controls established the symbiosis; however inoculation resulted in higher plant yield and better 

plant nutrition
 (17)

. Also, found that mycorrhizal inoculation of maize plants significantly increased leaf and shoot 

fresh and dry weight, root biomass and leaf area index 
(18)

.  Most of the tested strains were effective in facilitating 

the absorption of  nutrient that were estimated in plant tissue but it was also noticed that there was a decrease in the 

concentration of some of them, such as phosphorous, when fertilization with the inoculation of some strains. 

Selection and optimization of mycorrhizal fungi according to the soil conditions is prerequisite for plant growth 

and sustainable agriculture. We need extensive studies to reveal, are the role of AMF in reducing the effects of 

combined stresses. 
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