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Abstract

Since fungi decomposing organic matter is the key to the carbon cycle, we mainly focus on the decomposition rate of fungi.
This paper focuses on the influence of environmental factors, fungi's own traits and interactions between communities on the
decomposition rate. For this task, we first established a fungal decomposition rate model, in which the influence weights of the
respective variables were determined by the fuzzy comprehensive evaluation method. The role of the community is given by
the population competition model. The simulation analysis of the model shows that the number of superior communities tends
to stabilize after an increase in the short term, while the number of inferior communities decreases and tends to die out in the
short term. This article also discusses the advantages and disadvantages of fungal growth in the case of single species and
multi-species. At the same time, a multi-community evolution model was established to describe the influence of the diversity
of the fungal community on its decomposition efficiency. Our research shows that the existence of multiple communities is

beneficial to improve the overall decomposition efficiency.
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Introduction

As the main decomposer of wood and ground litter, fungi
play an important role in the global carbon cycle. Fungi
include molds, yeasts, mushrooms, etc. They release part of
the carbon into the atmosphere by decomposing waste, and
the remaining carbon is stored in the form of organic matter.
The carbon dioxide released during the decomposition
process is an important component of the global carbon
cycle.

Many scholars have done research on related topics before.
Song Fugiang et al ™ used the method of pure culture
experiment to study the decomposition ability of 10 main
culturable filamentous fungi in the litter of variabilis oak
forest to the community and the main associated leaves. The
results showed that different fungi have different ability to
decompose leaves, even if they are there are also significant
differences between fungi of the same genus. He Xingbing
et al @ isolated and identified endophytic fungi from
senescent leaves, and carried out culture to test their role in
decomposition, and concluded that high abundance of
endophytic fungi has a significant impact on the
decomposition process, which may affect carbon and
Nutrient cycle. The results of this study indicate that the
litter has great potential to decompose plants, but the
interaction between the colonies remains to be studied. Luo
Jingyi et al B identified wood-rot fungi collected in the
environment and analyzed their ligninase and cellulase
activities, and concluded that there is no correlation between
the fungal lignocellulase activity and its wood decay ability.
However, despite the many studies that have been carried
out, since the decomposition rate of wood by fungi is greatly
affected by the environment, it is still difficult for us to
effectively link the fungal community with the ecosystem.
Therefore, analyzing the decomposition rate of organic
matter by fungal communities is an important part of
improving the global carbon cycle model.

The decomposition ability of different fungal communities
is very different, from slow-growing and poorly competitive
fungi to fast-growing and highly competitive fungi, their
decomposition ability changes along a spectrum . Relevant
studies have found that where the fungus lives is closely
related to its decomposing ability. For example, fungi with
poor decomposing ability are more likely to survive in arid
forests with seasonal rainfall. Considering the above factors
comprehensively, it is necessary to explore the relationship
between the decomposing ability of fungi and the
environment, as well as the interaction between fungal
communities, which has a great effect on predicting and
improving the forest carbon cycle.

Since fungi have very different decomposing capabilities,
this study aims to establish a model to describe how external
conditions and internal characteristics affect the rate of
fungi’s decomposition of wood. The main tasks are: (1)
Establish a fungal growth and decomposition model to
describe its decomposition rate, and study the effect of fungi
on the decomposition of plants when the temperature,
humidity, and PH are different. Combine this model to
consider the relationship between fungal growth rate and
moisture resistance. (2) Establish a population competition
model to describe the interaction between fungal
communities. (3) Predict the relative advantages and
disadvantages of "single fungus" and "fungus combination
when the environment changes, and the community
evolution under different initial environments. (4) Use the
succession model of multiple groups to compare the
decomposition amount of fungi when the number of fungi is
different, and get the importance of biodiversity.

Model

In order to study the factors affecting the decomposition rate
of fungi, we gradually established model analysis. From
external environmental factors to its own traits, a model of
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fungal decomposition rate is established. Then the analysis
of a single fungal community is extended to the competition
relationship among multiple communities, and a population
competition model is established. We combine the fungal
growth model and competition model in the differential
equation dynamics system to analyze the relative advantages
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and disadvantages of single species and multiple species.
The diversity of populations will directly affect the
decomposition efficiency of fungi, so a community
evolution model of multiple populations is established for
diversity analysis. The flow chart of our model is shown in
Figure 1.
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Fig 1: Model flow chart

Fungal Decomposition Rate Model

Since the decomposition rate of the fungus and the growth
rate can be regarded as a linear relationship, we first
establish the growth rate model of the fungus. The growth of
fungi in the environment is affected by many factors,
including environmental factors and their own traits.
Environmental factors mainly include temperature,
humidity, environmental PH, and their own traits such as
humidity resistance 71, First, we study the influence of
environmental factors on the survival status of fungi. We
select three different mature fungal plants A, B, C, which
are in the same environmental state, and analyze the
changes in their growth rate under the influence of different
environmental factors 1%, We use the least squares method
to fit these three types of fungi, and obtain the general
expression of the fungal growth rate with different
environmental factors:

T, = a.t>+a,t+a,
He =b.h* + b h+ b,
PH; =P+ c,p* +op+eg )

Wheretrepresents the environmental temperature (°C),
hrepresents the environmental humidity (%), P represents
the environmental PH value, Tz represents the growth rate

of the fungus under the influence of temperature, e
represents the growth rate of the fungus under the influence
of humidity, PH: indicates the growth rate of fungi under
the influence of PH. Since it is impossible to know which
factors have a greater impact on the growth rate of fungi, we
use a fuzzy comprehensive evaluation model to evaluate
these three factors 12, Proceed as follows:
(1) Determine the evaluation target factor set

U = {temperature u,, humidityu,, PHuz} (2
(2) Determine the set of comments

V = {excellent v, averge v, bad vy} ?)
(3) Weight given to each factor

A =1{0.5,0.3.0.2} 4)

The fuzzy evaluation matrix R is used to determine the ratio,
and the determined value is normalized. The results of the
proportions of the three environmental factors are as
follows:

The weight of temperature: 0.454

The weight of Humidity: 0.363
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The weight of PH: 0.182

According to the proportions of the three factors, it can be
seen that temperature and humidity have a more obvious
effect on the growth rate of fungi, and the PH value has a
smaller effect. Therefore, we ignore the influence of PH on
the growth rate of fungi, and only consider the influence of
temperature and humidity on the growth rate of fungi.
Under the combined influence of temperature and humidity,
taking type A fungi as an example, the fungal growth rate
change model obtained by environmental factors is:

Gey = 0.454T,, + 0.363H,,
T..=—0.0063t>+ 0.3621t — 4.6938
Hoe = —0.0003h% + 0.0320h—0.5666 (5

Gea is the growth rate under the combined influence of
environmental temperature and humidity. When temperature
changes and humidity changes act on the fungus at the same
time, the growth rate at this time can be obtained. According
to the growth rate model of fungi, image fitting is performed
on the influence equations of temperature and humidity, as
shown in Figure 2. It can be seen from the figure that the
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influence trend of the two factors on the growth rate of fungi
is also similar, and there are the most suitable environmental
factors for fungal growth. Outside this range, the growth
rate of fungi will decrease.

The growth models of B and C fungi are similar to A fungi.
We plot the relationship between temperature and humidity
on the growth rate of the three fungi on the three-
dimensional axis, as shown in Figure 3 (a). In order to
observe the relationship between the three more intuitively,
project it on a two-dimensional plane, as shown in Figure 3
(b). Therefore, the growth rate can be determined by
determining environmental factors. By observing Figure
3(b), we can see that under the same temperature and
humidity conditions, type A fungi have a higher growth rate,
type C fungi have a lower growth rate, and type B fungi
have a growth rate between A and C. When the temperature
is within 20°C -40°C and the humidity is within 30%-50%,
the growth rate of fungi reaches the highest value. When the
temperature is greater than 60°C and humidity is greater
than 60%, the growth rate of fungi decreases rapidly.
Excessive temperature and high water content will cause
serious obstacles to the growth of fungi.
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Fig 2: Influence of environmental factors on the growth rate of type A Fungi
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Fig 3: Temperature and humidity relationship between fungal growth rates

At the same time, in addition to the influence of the external
environment, the characteristics of the fungus itself are also
an important factor affecting its growth. The moisture
resistance of fungi has a crucial influence on the growth rate

of fungi. The relationship between fungal moisture
resistance-fungal decomposition rate and fungal growth
rate-fungal decomposition rate can be approximated as a
linear relationship:
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D=a-ME+k (6)
D=b-G+k, 7)

In the formula, 2 is the fungal decomposition rate, G is the
fungal growth rate, & is the relationship coefficient between

fungal moisture resistance and decomposition rate, ¥ is the
relationship coefficient between fungal growth rate and

decomposition rate, and ki and K- are constant terms.
Therefore, we can think that there is also a linear
relationship between fungal growth rate and fungal moisture
resistance:

fi

Gyr =c- MR+ Ik, (8)

Gan Represents the change of moisture resistance to growth

rate, MR represents the moisture resistance of fungi, € is the
relationship coefficient between moisture resistance and

growth rate, and kz is a constant term. Therefore, we
comprehensively consider the main external factors
(temperature, humidity) and internal factors (humidity
resistance) that affect the growth rate of fungi. Similar to the
fungal growth rate change model under environmental
factors, we use the fuzzy comprehensive evaluation model
to evaluate the weights of external factors and internal

factors, and obtain their proportions; M, 1 (m+n =1y,
Therefore, the influence model of the fungus's external and
internal factors on the decomposition rate can be obtained:

{(F=111-GE+1:|-GMR=111-GE+?1-(jc-MR+k3)
D=b-G+k- 9)

The above is the fungal growth rate model we obtained.

Where Gz represents the change in growth rate caused by
environmental factors. Through this model, it is only
necessary to determine the influence of external
environmental factors and internal fungal factors on the
growth rate of fungi, to determine the change of fungal
growth rate, and thus determine the decomposition rate.
When multiple types of fungi exist, it is necessary to
consider the effects of various factors on different types of
fungi.

Fungal Population Competition Model

In order to study the interaction between many different
fungal types, we considered that the relationship between
different fungal communities is mainly based on the
competition between nutrients in lignin and oxygen in the
air, so we established a population competition model for
short-term and long-term analysis. Environmental factors
such as temperature and humidity will have an impact on
the model's competition. After establishing a population
competition model, we can evaluate the atmosphere and
predict the weather.

If there are two or more populations in a natural
environment, the relationship between them can be roughly
divided into the following categories: mutual competition,
interdependence, the weak and the predator (predator and
predator), or there may be nothing to do. As above, the
fungi are divided into three categories: A, B, and C,
assuming that they are all distributed on the same wood. A,
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B, and C all belong to fungi, and the three are the same
species, so the competitive relationship between the three is
mainly considered. The competitive relationship is shown in
Figure 4. We analyzed the competition relationship between
different populations and established a population
competition model [ Assuming that the three
populations A, B, and C all live in the same natural
environment, their quantity changes obey the Logistic law.
In the model, we use the competitive relationship of A, B,
and C to reasonably plan the inherent growth rate of the

population "1* "2 and the maximum capacity of the
population ™1+ ™z and calculate the consumption unit
multiples ¥1* <z, All values are shown in Table 1.

A

competition competition

competition

Fig 4: The interaction between A, B and C

Table 1: Value Table

I 2 ni n2 S1 S2
1 1 100 100 0.5 2

We take the inherent growth rate of the population "2+ "= in
the competition model, the maximum capacity of the

population ™1+ ™z and, and the consumption unit multiples
S1~ Sz as input parameters, and the number of population

X3t x2(t) o output parameters. Finally get the
following model:

1l = a1 _%_%51) (10)

(11)

Since the interaction between fungal communities may be
different in the short-term and long-term, short-term and
long-term effects are considered separately. Based on the
analysis of the above competition model, the short-term
trend images are shown in Figures 5 and 6. According to the
image, it can be found that because the competitive
relationship among A, B, and C is: A>B, B>C, when the
external environment is the same, the three will compete for
nutrients and oxygen. If the number of survival days is less
than 10 days, according to the model, we can see that one of
the three will inevitably have a declining trend due to
competition, but there is no loss of the last party in the long-
term trend. The long-term trends are shown in Figures 7 and
8, and we can see that the competitive relationship between
the three has not changed. When the external environment is
the same, the three will compete for nutrients and oxygen. If
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the number of days to survive is greater than 10 days, one of
the three will inevitably die out due to competition. Since
then, the consumption of nutrients and oxygen will no
longer change, so the remaining two will coexist and
continue.
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Fig 5: A, B, C short-Term competitive relationship
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Fig 7: Long-term competition among A, B and C
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Table 2: Temperature and humidity weather table

Weather Temperature Humidity
sunny day +++++ +
heavy rain +++ +++++
Light rain +++ +++
Snow day + +++
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Based on the independent variables in the fungal growth rate
model, we can see that temperature and humidity will affect
the growth rate of the population, that is, affect the inherent

growth rate "1+ "2 in the competition model. When the
temperature increases, the growth rate will first increase and
then decrease. The optimal position for the growth rate is
between 26°C and 28°C. When the humidity increases, the
growth rate will increase first and then decrease. The
optimal position for the growth rate is between 50% and
70% humidity. However, due to the different weather, the
temperature and humidity will change to different degrees.
The specific changes are shown in Table 2.

In order to analyze the sensitivity to rapid environmental
fluctuations, the overall impact of changing atmospheric
trends should be determined to assess the impact of changes
in local weather patterns. When the temperature and other
factors remain unchanged, we changed the humidity, and
the result is shown in Figure 9. When the humidity and
other factors remain unchanged, we changed the
temperature and obtained Figure 10. According to the
schematic diagram, we found that when the temperature and
humidity change, the inherent growth rate of the competitive
model changes, and the error can be controlled within 5%.
According to the relationship table of temperature, humidity
and weather, it can be seen that the corresponding
environmental temperature and humidity will change when
the weather is different. Atmospheric particles can change
the climate of the earth by absorbing or reflecting sunlight.
These particles are usually produced by biological activities
such as fungi. Therefore, it can be seen that atmospheric
particles affect the weather. The weather is different, the
temperature and humidity of the environment are different,
and it will affect our model, so we can predict the weather
through the model.

Analysis of the advantages and disadvantages of the
number of fungal species

In order to better study the relative advantages and
disadvantages of each species and the combination of
species that may continue to exist, we combine the fungal
growth model and the competition model in the differential
equation dynamics system to analyze the relative advantages
and disadvantages of single species and multiple species %I,
Because different geographical locations have different
environmental climates, which lead to different temperature
and humidity in the environment, this feature can be used to
predict the evolution of the fungal community.

Through the analysis of the competitive relationship model
and the decomposition rate model, we found that if a single
strain exists in the environment, the strain will not die out
due to insufficient nutrients and other factors, but is only
limited by external conditions such as temperature and
humidity. When conditions such as temperature and
humidity are suitable, the decomposition rate of a single
strain increases nonlinearly and then approaches
equilibrium. When there are multiple species of bacteria, in
addition to factors such as temperature and humidity, there
will also be competition with each other, resulting in a
change in the decomposition rate of the entire bacteria
species on the litter.

The fungal growth model analysis in the dynamic system of
difference equations. Under suitable conditions, we change
the external conditions such as temperature and humidity to
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observe the relative advantages and disadvantages of a
single species to the environment. The model is as follows:
P,,. = P. +0.000818(665 — P, )P, (12)

L

P:11 Represents the number of fungi at the next moment

and Fi represents the number of fungi at a certain moment.
According to the model, it can be found that under suitable
temperature conditions, the overall number of bacteria has
an upward trend, and the result is shown in Figure 11.
Changing the temperature and humidity, the overall result of
the strain is shown in Figure 12. When the humidity is
constant, the temperature gradually increases from low, and
the decomposition rate decreases again from low to high.
The most suitable temperature is 25°C -27°C. Fungi have a
relative advantage over the environment as the temperature
rises in an environment of less than 25°C. When the
temperature is greater than 27°C, as the temperature
changes, it has a relative disadvantage to the environment.
Between 25°C and -27°C, it has an absolute advantage for
the environment at this moment. When the temperature is
constant, the humidity gradually increases from low, and the
decomposition rate decreases again from low to high. The
most suitable humidity is between 50% and 70%. In an
environment with a humidity of less than 50%, fungi have a
relative advantage to the environment as the humidity rises.
When the humidity is greater than 70%, as the humidity
changes, it has a relative disadvantage to the environment.
Between 50% and 70%, it has an absolute advantage over
the environment at this moment.
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Fig 11: Temperature and humidity are suitable for fungal growth
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In the presence of multiple species, there will be
competition in the ecosystem. We use competition models
for analysis. Because in the competition model, the inherent

growth rate ™+ ™= are related to the environmental factors in
the ecosystem, so we take different temperature and
humidity in the decomposition rate model and substitute it
into the competition model. Figure 13 shows the population
competition when the temperature is 17°C and the humidity
is 47%, and when the temperature is 16°C and the humidity
is 26%. In the case of constant temperature and humidity,
for two or more competing species, the species with strong
competitiveness is at a relative advantage, and the species
with weak competitiveness is at a relatively weak point. For
populations with the same competitive relationship have
different temperature and humidity, the closer the
temperature and humidity are to the optimal range, the faster
the growth rate and the faster the decomposition rate, which
has a relative advantage in the environment. If the
temperature and humidity are farther away from the optimal
range, the growth rate will be slower, and the decomposition

rate will be slower, which will have a relative disadvantage
in the environment.

The influence of fungal
decomposition rate

Because the interaction relationship between different
populations is different, the diversity of the population is
different, which will directly affect the decomposition
efficiency of fungi. We establish a community evolution
model of multiple groups for diversity analysis 16281, In the
local environment, we take the decomposition of ground
waste as an example to analyze the decomposition
efficiency. When there are varying degrees of variability in
the local environment, the importance and role of
biodiversity can be predicted from this. The interaction
between fungal populations will affect the decomposition
rate of garbage, and the decomposition of garbage by fungi
will produce organic matter. The decomposition process is
shown in Figure 14.

community diversity on
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Fig 14: Process of fungi decomposing garbage

The fungus produces organic matter in the process of
breaking down garbage. Many fungal communities exist in
the same environment, and the competition between them is
obvious. For this reason, we established a community
evolution model of multiple communities to analyze the
overall efficiency of the system that affects the classification
of ground waste due to fungal diversity [19-22],

Let &= be all the populations in the community, Cx is the

colonization rate, and "= is the mortality rate. As an
idealized approximation, they can be considered as
constants, and the following model is established:

Ql.(t} =0,0Q,(1-Q)—-m,Q, (]_3)
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Q:tt}:C:Q:(l_QJ_QS}_m:QS_ClQlQ: (14)

Q.= Cfof(l—ioj)—ofio,:q—mfof

(15)

Qn‘(t}=CnQn(1_ > Q;)—Q.—.MJQ;C,-—W.-.Q.-.
L) (16)

According to the analysis of the succession model of
multiple communities, it can be seen that when multiple
communities exist, the overall decomposition rate is
significantly higher than when a single community exists.
However, due to the competition between the fungal
populations, the growth rate of the populations is slightly
lower than when they were alone. When external factors
such as temperature and humidity remain unchanged, the
growth rate of the population can be regarded as the rate of
decomposition of garbage, so the fungal diversity affects the
growth rate and thus the decomposition rate. If the fungal
population is too competitive, the decomposition rate will
increase first and then stabilize, and the stable value will be
less than the rate when a single strain exists.

Sensitivity analysis and model optimization

Sensitivity Analysis

In this part, we modify the maximum capacity "1 and Mz of
the population in the competition model, and the

consumption unit multiples 1 and<z, and analyze the
competitive relationship between the populations. First, to
study the sensitivity to the maximum capacity of the

population, we modify ™1 and "z to 95 and 105. After the
analysis results of the competition model are shown in
Figures 15 and 16, we find that the number of populations
after competition has changed accordingly. When studying
the sensitivity to consumption unit multiples, we modify the

sensitivity of consumption unit multiples %1 and 5z to

$1=0.25, 52=2.25 and $1=0.8, ¥2=0.7. Finally, the results of
competitive model analysis are shown in Figures 17 and 18.
From the figure, we can see that when the consumption unit
multiple changes too much, the competition state of the
population will change, and the maximum capacity of the
population will also change. If there is no obvious change in
the consumption unit multiple, it will only affect the growth
rate.
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Fig 15: The maximum population capacity is 95
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In the first model, we regarded the growth rate and

Fig 18: L =0.8, %2=0.7

46



http://www.allsubjectjournal.com/

International Journal of Multidisciplinary Research and Development

decomposition rate of fungi as a linear relationship, but we
did not analyze the coefficients of the relationship in detail,
so we used the microbial kinetic equation for in-depth
analysis. When microorganisms decompose wood fibers and
litter, they obtain carbon and energy, and synthesize their
own substances. At the same time, the cytoplasm is also
undergoing endogenous respiration, which runs through the
life of microorganisms 23241, As the degradable components
of wood for fungi are constantly decreasing, the number of
fungi itself is also a process from less to more to less.
Therefore, the growth of fungi is closely related to the
decomposition of wood, and the relationship between the
two can be expressed by the following formula:

X(£) = V(S(t)) — KX 17

In the formula, *® represents the net growth rate of
microorganisms, S represents the material decomposition

rate, Ka represents the attenuation coefficient or endogenous

respiration, Y represents the microbial yield coefficient, X
and represents the microbial concentration in the wood.
According to this model, we can better analyze the
relationship between fungal growth rate and decomposition
rate, thereby increasing the accuracy of the decomposition
rate model.

Conclusion

In this article, we have established several models related to
fungal decomposition, which can point out some of the
characteristics that determine the vrate of fungal
decomposition and describe the relationship between these
characteristics. For this task, we first selected three types of
fungi and established a fungal growth rate model, from the
external environmental factors to the fungi's own traits. For
the influence weight of the respective variables, the fuzzy
comprehensive evaluation method is used to obtain the
fitting image. In order to continue to consider the role of
fungal communities, a population competition model was
established. Our results show that fungi that increase in
number in short-term competition will stabilize after a
period of time, while fungi that decrease in number in a
short period of time will tend to die out. This article also
discusses the advantages and disadvantages of single species
and multi-species. At the same time, it is concluded from
the established multi-community evolution model that the
diversification of fungal communities can promote fungal
decomposition. As future work, we hope to start with a
wider range of traits from different aspects of ecology and
study what other characteristics can predict the
decomposition of wood by fungi.
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