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Abstract:
The symbiotic relationships between Arbuscular 
Mycorrhizal Fungi (AM) and plant roots not only enhance 
the symbiotic plant significantly uptake of key nutrients 
(such as phosphorus and nitrogen) in poor soils but also 
have a vital role in local and global ecosystems. After AM 
extends to deep soil through a network of myceliums, 
it can not only cooperate and promote the absorption of 
nutrient elements for plants but also affect the weathering 
process of soil and rock through its unique chemical 
and physical mechanism. In response to changes in 
local soil nutrients and geological structure, AM, as a 
natural “Carbon sink” for carbon storage, also can secrete 
several macro-molecules of carbon into the soil, which 
increases the carbon content of the soil, making the soil 
more cohesive. This further shows its great potential 
in improving the ecological environment by improving 
soil health. Therefore, this article will take arbuscular 
mycorrhizas as a mutualistic relationship highly studied 
by the academic community as an example, analyze the 
biological mechanism of each symbiotic relationship, its 
impact on the host and its contribution to the host-pathogen 
defense, and deeply study the effects of AM and plant 
symbiosis on soil absorption, rock weathering and carbon 
storage, which will not only help to reveal their ecological 
functions, but also help to reveal their ecological functions. 
It also provides new ideas for environmental protection and 
sustainable development in the future.

Keywords: Arbuscular mycorrhizas, host plant, symbio-
sis.

1. Introduction
Over the past billion years, life has emerged from the 
ocean and evolved to spread and colonize the surface 
of the Earth. As species evolved into a diverse com-
munity, complex interactions gradually formed and 
evolved within this community. In addition to the 

basic food web and predator-prey relationships, the 
concept of symbiosis also developed. Symbiosis is 
known as a long-term relationship between two spe-
cies. At one-point, occasional symbiotic relationships 
among prokaryotes gave rise to a new kingdom—the 
eukaryotes. The evidence of this symbiotic relation-
ship was inherited by living cells, mitochondria run 
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as power stations to provide energy, while chloroplasts 
produce sugar from photosynthesis. Symbiosis has been 
foundational to the diverse world. A vivid example of 
symbiotic relationships in our world can be observed 
through microorganisms, which are the largest, oldest, 
and most diverse group of organisms on Earth. These tiny 
organisms are found worldwide, from Arctic icebergs to 
hot springs near volcanoes. Despite microorganisms be-
ing so small them, their existence supports all plants and 
animals on the Earth. For example, microorganisms in our 
bodies, particularly in the digestive system, help humans 
to process and absorb food, and they can also regulate in-
testine health. There are an estimated 39 trillion microbial 
cells living in individual bodies and had a ratio of 10:1 to 
cells, and genes have deliberately created an environment 
in the large intestine for growing these beneficial bacteria. 
Aside from animals, which require a digestive system, 
autotrophs like plants have also developed tight symbiotic 
relationships with microorganisms throughout evolution. 
The plant-microbe symbiosis in the past million years, 
including mutualistic symbiosis and pathogenic have af-
fected the evolution and population of the host plants [1]. 
In modern agriculture, this relationship has become an 
important factor in crop yield and quality. In soya bean 
farming, the symbiotic relationship with rhizobia, can 
highly affect its yield. The nitrogen-fixing function per-
formed by rhizobia’s symbiotic structure nodes has great-
ly contributed to the high protein contents in the legume. 
Related studies show interspecies genome exchange, 
infection process and heritage, and competition among 
different rhizobia communities [2]. Another notable ex-
ample is arbuscular mycorrhizal fungi, which can also 
form symbiotic structures with plants and help them to 
absorb and transport nutrients from the soil, while plants 
provide carbon compounds for fungi. Despite the absence 
of clear sexual reproduction evidence, the fossil record of 
AM fungi can trace to 4.6 billion years ago, which is way 
beyond the time plants colonized the land [3]. Further-
more, some hypotheses have proposed the possibility of 
AM fungi symbiosis assisted the plant’s transition to the 
land, and the idea was supported by the genome studies 
of three genes needed by AM, and analytic results show 
these genes might existed in the ancestor of all land-plants 
[4]. AM fungi symbiosis also shows its ability on soil 
fertility improvement and even change tolerance of the 
host. Also, there is evidence stating that interspecies com-
petition driven by the symbiotic relationship in both fungi 
and plant communities. Since symbiosis brought huge 
benefits for both species in the ecosystem, the dominance 
and accessibility of this relationship become an important 
problem for the whole community. Plants hosted with AM 
symbiosis can have more niche competitive advantages, 

which can cause the spreading of host plants in the envi-
ronment. The mechanism of plant-microbe symbiosis was 
gradually revealed, but the detailed gene-level regulation, 
modification and interaction were still unclear. Future re-
search directions can target the Fungi and plant genes and 
proteins used in symbiosis, and more symbiotic examples 
are needed. This paper aims to summarize current studies 
on the symbiotic relationships between microorganisms 
and plants, focusing on symbiotic interactions, interspe-
cies effects, and ecosystem affections. The goal is to pro-
pose potential research directions and perspectives.

2. Plant-microbe symbiotic relation-
ship
A lot of symbiosis relationships have been undergoing 
millions of years in the environment and formed their 
unique and diverse interacting pathways. However, there 
are also a few of them being highly interested by scientists 
due to their potential benefits for human society. The fol-
lowing text will take arbuscular mycorrhizal as a highly 
studied mutualistic symbiotic relationships in academia 
as examples to analyze the biological mechanisms of each 
symbiotic relationship, their impact on the host, and their 
contributions to host pathogen defense.

2.1 The mechanism of AM fungi symbiosis
Arbuscular mycorrhizal (AM), is a symbiotic structure 
formed by fungi that aims to help plant root absorption. 
Glomeromycota fungi have usually been used in AM 
studies, as it is widely distributed around the world. The 
mechanism of the AM symbiosis is the fine-tuned process 
contributed by both fungi and plants, including a series of 
chemical communication before and after physical inter-
action.
At first, both plants and fungi doesn’t notice the existence 
of each other, so constantly releasing communicate mol-
ecules are vital to both species. Then, as chemical signals 
be received by one symbiont, the responses will eventual-
ly lead to positive feedback, that promote both symbionts 
into the pre-symbiosis stages. The goal pre-symbiosis 
stage is to awaken the coordinated differentiation and pro-
mote growth. Phytohormones like Strigolactones (SLs), 
Gibberellin, auxin and so on are believed to play an im-
portant role in plant signaling. Strigolactones (SLs), as 
one of the key pre-symbiotic phytohormones, are released 
into the soil, and promote the hyphal branching by releas-
ing short chitin. Hyphopodium is a specialized hyphal 
structure formed on the root epidermis, which is used for 
nutrient exchange with plants. Meanwhile, fungi will pro-
duce “Myc factors”, that are used for arousing the root tis-
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sue for differentiation and activate the common symbiosis 
signaling pathway. Once the physical interaction builds up 
the symbiotic structure, the nutrient exchange will begin.
Then, the maintenance and colonization control will be-
come the main scenario in symbiosis. Chemicals like Gib-
berellin/Gibberellic acids have double roles in regulating 
AM colonization and arbuscule formation [5]. A high con-
centration of Gibberellin will suppress colonization, while 
low concentration will significantly inhibit colonization. 
In cooperation with related proteins, Gibberellin can 
maintain the dominant position of plants in the symbiotic 
relationship. The uniqueness of AMF symbiosis not only 
present in the detailed chemical communication pathway, 
but also show on its diverse beneficial affections to host.

2.2 The impact of AM on the host
The effects of AM (arbuscular mycorrhizal) fungi symbi-
osis on the host can be classified into niche competitive 
advantages, genetic influences, and potential threats to 
colonization. Firstly, host plants can receive extra nutri-
ents from AM fungi, which provides significant advan-
tages for the growth, repair and reproduction of the host. 
Also, studies have shown that AM symbiosis contributes 
essential elements that plants often struggle to uptake on 
their own, elements include phosphorus (P), nitrogen (N), 
sulfur (S) and so on in various molecular forms, which are 
crucial for the synthesis of proteins and DNA in plants. 
Research on sweet cherry rootstock and tomatoes has 
demonstrated the ability of AM fungi to mediate water 
stress effectively [6]. Several studies have highlighted that 
the competitive advantage provided by AM fungi can vary 
among different plant species and fungus types. The genes 
coded for AM symbiosis in each species can perform dif-
ferently, which means each individual fungi species has 
their favored plant, and different fungi in host plant can 
perform a unique combination. However, AM fungi col-
onization can also lead to potential threats under certain 
conditions. Research has shown that M. polymorpha from 
the Glomeraceae family is one of the rare plants that can-
not form a symbiotic relationship with AM fungi and may 
even be harmed by fungal colonization of their tissues [7], 
and but authors also admitted the mutualistic symbiosis 
is the main scenario between AM fungi and plants. Addi-
tionally, a single plant species can be infected by multiple 
AM fungi simultaneously, which can lead to intense com-
petition for ecological niches in of host, and the result can 
be non-beneficial or even harmful to the host. Also, the 
mechanism of the affection of AM fungi to the response 
of the plant defense system to symbiosis remains unclear. 
As the first physical interaction happens, the host’s de-
fense system will perform a short response and followed 

by inhibition. The inhibition of the plant defense system 
is explained by the corresponding molecular signal (such 
as chitin) generated by AM fungi, but it is controversial 
about the long-term regulation of the defense system. The 
transient, weak response from host plants is a key mystery 
waiting for an explanation. One study proposed several 
explanations, that can be summarized as the invalid of 
exogenous elicitors, inactivation of defense signal mole-
cules, regulation of hormones, potential inhibition method 
and suppressed expression [8]. Current research direction 
in this field reinforced the importance of genome se-
quencing of both symbionts, and clear explanation based 
on gene, and protein regulation to the symbiosis [9]. In 
summary, AM fungi symbiosis brought huge benefits for 
plant growth in the ecosystem from both nutritional and 
defensive perspectives, but the degree of affection is con-
strained to the genetic adaptation and communication of 
both symbionts, and there is still a lacks studies about the 
mechanism in genetic and molecular level.

2.3 Defense of AM against pathogen and infec-
tions
The defense function of AM fungi to plants can be clas-
sified as direct and indirect affections. The direct impact 
of AM fungi includes an increase in chemical compounds 
used for defense, that unusual to be produced. Other 
studies have widely suggested the defense-promoting 
functions of AM fungi in varied plant systems. Scientist 
summarized AM fungi’s function in protecting plants from 
underground pathogens, nematodes and herbivory insects 
[10]. Studies in AM symbiosis strawberry not only shows 
the half-reduction of larvae when the roots are been colo-
nize by fungi, but also the poplar seedlings against gypsy 
moth larvae shows an obvious reduction in larvae size, an 
increase in larvae duration and living rate, which indicates 
its key role in strengthening the pest resistance of host 
plants [11]. However, there still isn’t a clear explanation 
about how AM fungi made such a contribution to the host, 
and target gene tracing is still needed for future research. 
While the indirect impacts include more nutrient supply 
for plants, elements like phosphorus, sulfur and nitrogen 
can be essential for the synthesis of hormones and chemi-
cals used for eliminating pathogens. In addition, the sym-
biosis of AM fungi can promote the release of volatiles 
in the host plants, which can attract parasitoids, which 
usually prey on herbivory [10]. In conclusion, many stud-
ies have shown AM fungi symbiosis can bring obvious 
advantages to the plant defensive system from both direct 
and indirect assistance. The presence of AM fungi can re-
inforce the nutrient uptake of host plants and perform well 
in defense of the underground herbivores, but the detailed 
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explanation of this pathway is still unclear.

3. The impact of symbiotic relation-
ships on ecosystems
The symbiotic relationships between Arbuscular Mycor-
rhizal Fungi (AM) and plant roots also have a vital influ-
ence in their local and global ecosystems. This article will 
evaluate its impact on soil nutrients and geological struc-
ture, as well as examine AM’s role in the global carbon 
cycle, particularly assessing its contribution as a carbon 
sink in mitigating climate change.

3.1 The Role of AM in Promoting Nutrient Ab-
sorption Efficiency in Soil
It was mentioned in the previous part of this article that 
AM extends into the deep soil through its mycelial net-
work, greatly expanding the range of absorption by plant 
roots. This mechanism significantly improves the absorp-
tion efficiency of key nutrients such as phosphorus and 

nitrogen in the soil by its symbiotic plants. Studies have 
shown that when the supply of phosphorus fertilizer is 
low, the root hyphal colonization of AM fungal fascicula 
will significantly increase(See Figure 1-2) [12]. Figure 
1 shows the abundance of fungal T-RFs under different 
phosphorus treatments (P0, P25, P100) and different 
growth stages (V6, V13, R4). Especially when P25 is ap-
plied, the abundance of AM fungi significantly increases 
with increasing soil depth. This further supports the pos-
itive impact of low phosphorus supply (P25) on the AM 
fungal population itself [12]. Figure 2 shows the effects 
of applying different levels of phosphorus fertilizer (CK, 
P25, P100) at different growth stages (V6, V13, and R4) 
on the composition of AMF microbiota in maize roots. In 
summary, it can be concluded that under low phosphorus 
supply conditions, AMF root colonization significantly 
increases (P25), which supports the conclusion that AM 
fungi can improve plant phosphorus uptake efficiency un-
der lower phosphorus supply [12].

Figure 1. Abundance of AM Fungi Increases with Soil Depth Under Low Phosphorus 
Treatment (P25)[12]
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Figure 2. Low Phosphorus Supply (P25) 
Enhances AMF Root Colonization and 

Phosphorus Uptake Efficiency in Maize [12]
This type of enhancement is particularly significant in 
soils with poor nutrition conditions, as the AM’s myce-
lium can reach areas inaccessible to normal plant roots, 
thereby absorbing more nutrients. Anderson and Cairney 
summarized this situation in discussing the ecological 
function of fungi [13], pointing out that the gain of AM’s 
mycelial network could not simply be regarded as enhanc-
ing the nutrient absorption of plants. This enhancement si-
multaneously showed improvements of the recycling effi-
ciency and availability of nutrient element in soil. In other 
words, when considering the entire ecosystem as a single 
entity, this process speeded up and enhances the ‘metabolic 
cycles’ of the local environment, enabling more distant re-

source joining the ecological cycle. Thereby, it indirectly 
participating in and enhancing the broader biogeochemi-
cal cycles in the ecosystem [13].

3.2 The Contribution of Arbuscular Mycorrhi-
zal Fungi to Rock Weathering
AM fungi also play a role in rock weathering through their 
mycelial networks, as they can penetrate deep into the 
soil through their mycelium and come into contact with 
deep-seated minerals. These mycelia not only expand the 
absorption range of their symbiotic plant roots, but also 
secrete low molecular weight organic acids (LMWOAs) 
such as citric acid, oxalic acid, and malic acid, which pro-
mote mineral decomposition in rocks by chelating metal 
ions on mineral surfaces. Then, minerals such as phospho-
rus and calcium are then released from the decomposed 
rocks, providing essential elements for the plants. This 
process not only provides nutrients to the plants, but also 
improves the chemical structure of the soil and improves 
the fertility of the soil [14].
The study from Quirk et al. showed mycelium of AM fun-
gi not only breaks down minerals by chemical means, but 
also forms trenching on the surface of minerals by phys-
ical methods, such as its continuous mechanical pressure 
generated during growth, which accelerates rock weather-
ing and leads to the release of more minerals (See Figure 3)
[15]. Experiments have shown that the destruction caused 
by these physical means of AM fungi produces more pro-
nounced trenches on basic rocks such as basalt. These two 
mechanisms suggest that AM fungi play a key role in rock 
weathering and nutrient cycling through their mycelium 
networks in the ecosystem [15-16].

Figure 3. Trenches that the AM fungi create on the basalt surface [4]

3.3 The Role and Potential of Symbiosis of AM 
in Ecosystem’s Carbon Storage
AM fungi promotes the photosynthetic efficiency of its 

symbiotic plants. Due to their symbiotic relationship, a 
significant portion of the photosynthetic products pro-
duced by plants through their own hyphal network will 
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eventually be transferred underground, promoting the 
accumulation of soil organic carbon. The data from Wang 
et al. on the promoting effect of AM fungi on carbon 
sequestration further supports this theory.  In their field 
experiment carried out in Shendong coal mining area, 
they inoculated four plant species along with AM fungi. 
It was found that net photosynthesis of plants is signifi-
cantly increased after inoculation with AM fungi, and 
carbon storage in soil is also known to increase by 17.2% 
on average[17]. At the same time, AM fungi’s external 
mycelium secretes easily extractable Glomalin-related soil 
protein (EE-GRSP) and total Glomalin-related soil protein 
(T-GRSP). These glial proteins are thought to be difficult 
to decompose organic matter in the soil, which can form 
soil aggregates, thereby reducing carbon loss[17].

4. Conclusion
In conclusion, symbiosis have played a vital role in the 
evolution history of Earth living organisms, because it 
tides up two entirely different species with a mutualis-
tic relationship. Species with assistance from symbionts 
would have more advantages in niche competition, and 
easier to spread their population. AM fungi-plant symbi-
osis is a typical symbiosis example. As studies have sug-
gested the AMF symbiosis might have lasted for hundreds 
million years, including helping early plant to colonize the 
land and spreading all over the world. Over 70% of plant 
species have built symbiosis with AM fungi and based 
on the exchanging of nutrients and carbon compounds. 
The complex, interspecies chemical communication has 
used to be difficult problems for scientists to understand 
the mechanism behind it, and the cause of weak defense 
response signal are still debatable. Though scientists have 
figured out some of the chemical molecules, like Strigo-
lactones, Gibberellin and auxin in plant, there are still 
more questions with genetic level symbiosis regulation 
and chemical communication in AM fungi. The affection 
of AM fungi to the host are mostly beneficial effects, 
which includes strengthening of defense system, supply of 
nutrients, and increasing the drought and pest tolerance. 
AM fungi especially show positive affections in helping 
plants defend underground herbivory, like parasitic plants, 
nematode and moth larvae. Only one rare case of poly-
morpha shows the aggressive behavior of AM fungi under 
certain conditions, which might be valuable example in 
studying the limits it. AM fungi also played an important 
role in modifying local environment, even in global scale. 
When the soil is poor in phosphorus, AM fungi’s hyphal 
extend significantly to reach more nutrients for plants, 
and this action promote the nutrient cycling of upper soil, 
which can increase the soil fertility. In addition, AM fungi 

can secrete organic acid to speed up the weathering of 
rocks, which brings more minerals to the soil and plants. 
Finally, as plant continuously load carbon compounds 
to the hyphal, large amounts of carbon are buried under-
ground, which reduced part carbon dioxide concentration 
in the atmosphere. In summary, current studies about AM 
fungi have only revealed part of it amazing symbiosis 
complexity and benefits for ecosystem, and the future in-
vestigating direction can be conclude as more gene levels 
studies about the symbiosis communication, more studies 
about mechanism of its affection to host defense system, 
how to widely apply it in farming, and its potential in re-
ducing global carbon dioxide concentration.
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