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Mycorrhiza is a symbiotic association between a
green plant and a fungus. The current study was
conducted to assess the effect of inoculation with
Arbuscular Mycorrhizal Fungi (AMF) on the
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Published: 06-11-2024 fungus, was studied by calculating the wet weight

and dry weight of both the root system and the

shoot system. In this experiment, roots colonized

with AMF were used as a source of injection.

Wheat seeds were injected with these roots and

compared with other seeds without control

. . o injection. The injected plants and uninfected

Keywords._ Arbuscular, Mycorrhizal Fungi, Symbiosis, Plants Growth, plants were allowed to grow for a period of 75
Wheat, Soil. days. During this period, the plants were
harvested over three periods 25, 50, and 75 days.

Through this experiment, it was found that AMF

have a high efficacy on the growth of the wheat

crop, through a positive effect on the growth of
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INTRODUCTION

Mycorrhizal fungi form a type of symbiosis between them and the roots of most plants, as mycorrhizal fungi are
associated with the roots of most plants found on the surface of the earth [1,2]. The symbiosis between fungal hyphae
and plant roots is one of the most common types of symbiosis [3,4]. Plants that are colonized by mycorrhizal fungi are
called host plants. These plants include herbs, economic crops, and some trees, especially fruit trees and shrubs. Plants
that are not colonized by these fungi are called non-host plants (Non host plants) [5]. These fungi cannot complete their
life cycle in the absence of a host plant, and therefore cannot be grown or isolated in artificial environments in the
laboratory without a host plant, unlike some types of mycorrhizae that can be grown on nutrient media [6,7].

Seven types of mycorrhizae have been identified to date, and the fungi that form this relationship belong to the
Ascomycotina, Basidiomycotina, and Glomeromycotina fungi. The most important type of mycorrhizal fungi is the
Arbuscular Mycorrhizal Fungi (AMF), which has been highlighted for its effectiveness on the growth of wheat seedlings
[8,9].

AMF are the most common and widespread type in nature, as they enter into a symbiotic relationship with more than
80% of vascular plants. These fungi belong to an independent division, Glomeromycota, and are characterized by the
formation of both (Vesicles) and (Arbuscules) within the cells of the cortex in the roots of host plant [10]. The fungal
hyphae are not divided by transverse barriers, and penetrate the roots of the host by mechanical pressure or secretion of
enzymes on the cell wall of the root cells of the host plant, and enter the epidermal cells where they extend between the
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cells in the intercellular spaces, and form fungal structures in the form of arbuscules, which are dendritic branches found
inside the cells of the host plant [11]. It is believed that these dendritic branches are the main place where food exchange
takes place between the plant and the fungus, due to the large surface area in them, in addition to the formation of
swellings known as vesicles inside the roots, and they are formed immediately after the formation of arbuscules[12]
Vesicles are fungal hyphae in the form of swellings inside the cells or in the intercellular spaces of the cortex layer, and
they are used to store food materials inside the root cells, and they are also considered reproductive organs as they
produce spores that remain inside the roots or are transferred to the soil [13]. These spores are characterized by their
tolerance to difficult environmental conditions such as high or low temperatures and increased salinity. AMF are
composed of Also from the fungal threads (Hyphae) extending in the soil, they are in the form of a dense network of
thin and branched fungal threads [14]. These external fungal threads act as channels that are believed to absorb nutrients
necessary for plant growth, such as phosphorus, as it is present in an insoluble form, and therefore the roots cannot
absorb it directly. These threads have the ability to absorb it. The external fungal threads also increase the area of the
root's absorbent surface [6,15].

Myecorrhizal fungi play an important and vital role in feeding plants, thus increasing their growth, and providing water
to the plant [16]. These fungi are important in improving and increasing the effectiveness of plant absorption of nutrients
in poor soil for some important elements for the plant such as phosphorus (P), nitrogen (N), sulfur (S), zinc (Zn), calcium
(Ca), manganese (Mn), copper (Cu), magnesium (Mg), iron (Fe), and potassium (K). Many studies have indicated an
increase in the amount of these elements absorbed by the roots of plants associated with mycorrhizal fungi, as these
studies have proven a high concentration of these nutrients in plants associated with AMF compared to those plants free
of AMF [17].

Myecorrhizal fungi change the shape and structure of the root, and cause hormonal changes in the host plant [18]. These
changes improve the plant's absorption of water through the roots, and thus plants that coexist with AMF show a better
ability to survive and continue than plants without AMF, as the presence of the mycelium network spread in the soil
gives greater penetration and spread to the roots of the host plant, and thus the area of root activity increases. Several
previous studies have proven the relationship between the plant, AMF and water, and the role of mycorrhizal in
providing water to the plant, as AMF increase water absorption, and also increase drought tolerance in several types of
plants, and the rate of increase in water absorption in the plant is linked to the extent of phosphorus availability in the
plant, and AMF increase the percentage of phosphorus, and thus increase the plant's absorption of water, AMF contribute
to the transfer of water from soil containing small amounts of water to plant roots, through fungal threads present in the
soil [19,20]. AMF also play a role in improving soil structure and assembling soil particles together, as fungal hyphae
in the soil form the basic structure that binds soil particles together. There are several studies that show the effectiveness
of AMF in soil composition. The results of these studies indicate the effect of AMF on soil pores and the aggregation
of soil particles, which in turn increases the fixation of plant roots in the sand, as fungal hyphae act as a network that
connects soil particles together, thus improving soil structure and its water retention capacity, and increasing its
resistance to erosion. An earlier study on AMF and soil aggregation, found that aggregating soil particles is necessary
to maintain the physical properties of the soil, and fungal hyphae AMF help in aggregating soil, as they found that there
is a positive correlation between AMF hyphae and the overall stability of natural systems [21].

Given the importance of AMF and their role in increasing the growth of host plants, and increasing the fertility of soil
that suffers from a deficiency in plant nutrients, the aim of this research was to know the effect of these fungi and test
their efficiency in improving the growth of wheat seedlings, and to know the extent of this plant's response to these
fungi, where a vaccine of AMF is prepared, and the soil is injected with these fungi by using herbal roots associated
with these fungi, after which this soil is planted with the host plant.

MATERIALS AND METHODS

Assembling a source of AMF inoculum

From April to July 2023, a small amount of the roots of the flycatcher Conyza bonarieusis, herbaceous plant that is a
host to AMF, was collected to use its roots colonized by the fungus as a source of inoculum for these fungi. After
confirming the presence of AMF, the same site was returned to uproot a large amount of this herbaceous plant, estimated
at about 20 plants. Then the roots were separated from the rest of the plant parts, and they were cut into small pieces
about half a centimeter long. These small pieces were collected and used as a source of inoculum.

Soil preparation
Sandy soil was collected from the same farm where the plant was found as a source of inoculum with the AMF fungus,
and it was 6 kg, and it was mixed with about 3 kg of wire soil, after it was sieved and sterilized in the express autoclave
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sterilizer for 15 minutes at a temperature of 121°C and under a pressure of 15 pounds/inch, to kill all living organisms
present in the soil, and to obtain sterile soil.

Preparation of pots

In this experiment, special plastic pots were used for cultivation, and a mark was placed on each pot to distinguish
between them. The mark M was placed on the first pot to indicate the presence of the AMF inoculum, and the mark NM
was placed on the second pot to indicate the absence of the inoculum in this pot. Then, the soil was distributed in the
first pot M into two layers, between which there was a layer of roots prepared as inoculum for the fungus. As for the
second pot NM, only soil was placed.

Germination of seeds

Wheat seeds were placed in 9 cm Petri dishes on wet filter papers inside the greenhouse prepared for the cultivation
process in the city of Zawiya. After the germination period, the seeds were transferred to the pots prepared for the
cultivation process, at a rate of 50 seeds in each pot, and they were watered with a nutrient solution at a rate of three
times a week.

Table 1. Components of the nutrient solution

Rorison’s nutrient solution-P Values
Calciu?r?(l\ll\:t?gt)ezll"lgéﬁydrate 47.61g /100 ml
Potassiuzzﬁhzgsﬁigz'lgihydrate 23.079 /100 mi
Hydratgfigniggﬁggfg sulfate 24.89/100 ml
Am%\loﬂﬁazmsgflffate 26.56 g /100 ml

Harvesting process
The plants were harvested randomly in three periods. The first harvest was 25 days after planting, the second harvest
was 50 days after planting, and the third harvest was 75 days after planting. The number of samples was 10 plants in
each harvest period.

Weight and drying

During each harvest period, the samples are washed with water, then the root system is separated from the vegetative
system, and each is weighed separately, until the wet weight of both is known. Then they are dried in a special oven for
the thinning process, then the samples are weighed with a sensitive balance and the weights are recorded. In special
tables.

RESULTS

Growth of wheat plants in the presence and absence of AMF fungi

A complete examination of wheat plants at the last harvest showed that wheat plants grown in soil mixed with the roots
of plants associated with AMF responded significantly to AMF, as plant growth increased at a higher rate than those
plants that grew in the absence of AMF. Differences were found. Significant differences between plants that grew in the
presence of AMF and those that grew in the absence of AMF. These differences appeared in the second and third
harvests, and this was evident in the wet weight and dry weight of the root system and the shoot total of the plants. Table
2 shows the results of these weights after (25, 50, 75) days from planting the seeds, where 10 plants were harvested
during these three periods, and the results of the arithmetic average of the weights of ten plants were as shown in the
following tables and figures.
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Table 2. Results of the arithmetic mean of the wet and dry weight of the root and shoot system of wheat plants in the presence
and absence of AMF during the three growth periods

Results of the first harvest Results of the second Results of the third
Variables after 25 days harvest after 50 days harvest after 75 days

M NM M NM M NM
Wet weight of shoot system 0.1405 0.1681 0.5601 0.2910 1.0301 0.6150
Dry weight of shoot system 0.030 0.032 0.091 0.055 0.14 0.082
Wet weight of root system 0.038 0.0495 0.0975 0.080 0.3151 0.129
Dry weight of root system 0.0020 0.0023 0.0095 0.007 0.049 0.0209

Table 3. Statistical analysis of wheat plants in wet weight and dry weight of the root system and shoots in the first, second and
third harvests when AMF are present and when they are not present.

Harvest . . . The . The difference Significance
. Plant weight Type Sample size arithmetic between the
periods level
mean two means
Wet M 10 0.038 -.0115 .000
Root | Weight NM 10 50.049
system Dry M 10 0.0020 .0003- .000
The first weight NM 10 0.0023
harvest Wet M 10 050.14 .0276- .000
Shoot | Weight NM 10 810.16
system Dry M 10 300.0 .002- .000
weight NM 10 320.0
Wet M 10 50.097 .0175 .000
Root | Weight NM 10 800.0
system Dry M 10 50.009 .0025 .000
The second WEight NM 10 70.00
harvest Wet M 10 6010.5 .2691 .000
Shoot | Weight NM 10 9100.2
system Dry M 10 910.0 .036 .000
weight NM 10 550.0
Wet M 10 1510.3 1231 .000
Root | weight NM 10 0.192
system Dry M 10 90.04 .0281 .000
The third weight NM 10 2090.0
harvest Wet M 10 3011.0 4151 .000
Shoot | Weight NM 10 500.61
system Dry M 10 0.14 058. .000
weight NM 10 820.0
DISCUSSION

The study presented in this research aimed to test the hypothesis of the positive effect of AMF fungi on the growth of
wheat plants. Through all the results obtained, it was shown that AMF fungi have a positive effect on the growth of this
host plant. The results shown in Table 2&3 confirm that wheat was a host plant for AMF fungi, through the wet weight
and dry weight of the vegetative group and the root group, as the weights were high in the plants grown in (M) soil
injected with AMF fungi compared to the weights of the plants grown in (NM) soil free of AMF fungi. In all three
harvest periods, especially in (the third harvest), where the weights were high and with clear significant differences
compared to the plants grown in (NM) soil, as the total weight of the wheat plant after 75 days of planting in (M) soil
was about 1.3253 grams, compared to the weights of the plants grown in (NM) soil free of fungi. AMF was estimated
at about 0.6280 grams.

The study demonstrated the ability of mycorrhizal fungi AMF to enhance the growth of the host wheat plant and increase
the dry weight of the plant. The results of some similar studies revealed that injecting wheat plants with AMF fungi can
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improve the absorption of phosphorus and potassium at a higher rate than plants not injected with the fungus under
water stress conditions [22-24]. The results obtained in this research are consistent with what was indicated by previous
studies [24-26].

CONCLUSION

Through the results of this study, the following conclusions and recommendations were reached: Conclusions: AMF
mycorrhizal fungi play an effective role in increasing the growth of wheat plants compared to their growth in the absence
of AMF fungi. Through the results of this study, it was shown that AMF fungi work to increase the surface area of the
root absorption system, which increases the efficiency of the plant in absorbing water and the elements necessary for
plant growth. Recommendations: The study of this symbiosis between mycorrhizal fungi and plants is almost non-
existent in Libya, and this study is a first step to shed light on the importance of mycorrhizal fungi for host plants. Based
on the results reached, one of the most important main recommendations for maximum benefit from mycorrhizal fungi
is to use mycorrhizal fungi in agriculture as a biofertilizer due to their importance in improving soil fertility and
improving plant growth, thus increasing the amount of the crop.
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