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ABSTRACT
In order to determine the relation among the three
factors of wood fiber decomposition rate, mycelial elongation
and moisture resistance, our team resorted to the Monod
equation and the modified Logistic equation. Combing with
the kinetic principle and the law of mass action, the equations
between the decomposition rate of wood fiber, the elongation
rate of mycelium and the moisture resistance were
established. In the course of solving the model, we found that
when the temperature ranges from 24℃ to 28℃ and the
relative humidity from 60% to75%, the growth rate of fungi
is the fastest.

Keywords— Monod Equation, The Modified Logistic
Equation, The Law Of Mass Action

I.

INTRODUCTION

The carbon cycle is the foundation of life. Suffice
it to say, once the carbon cycle suspends, the biological
system will immediately collapse. However, the carbon
cycle is closely related to the decomposition of wood fiber.
On top of that, fungi, which plays a pivotal role in the
decomposition of wood fiber, must be taken seriously.
Therefore, it is more than paramount to figure out that
under what circumstances the fungi can decompose wood
fibers most effectively. but in what environment will the
fungus exert its greatest effect?
Our team introduced the Monod equation and the
modified Logistic equation to study the rate of fungi
decomposing lignocellulosic fibers, and further obtain the
optimal growth temperature and humidity.

II.

DECOMPOSITION OF WOOD
FIBER

→
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→

2.1 Modelling
The main challenge of simulated decomposition
is to determine which fungal parameters and mechanisms
matter in predicting lignocellulosic fibers. Based on the
exploration and integration of most data, we found that
there are two main factors affecting fungal decomposition
of lignocellulosic fibers. One is fungal hyphae extension
rate, that is, the growth rate of mycelium. The other is the
moisture resistance of fungi, which means that fungi have
different growth rates in environments with different
humidity. Meanwhile, the growth of fungi is also affected
by temperature. The elongation rate of mycelium of fungi
is the main factor in the decomposition of wood fiber. The
faster the mycelium is extended, the faster the
decomposition of wood fiber will be.
First, we use first-order Monod kinetics to
describe the large-scale flow of wood fiber through various
nutritional pathways. In this way, the relationship between
growth rate and moisture resistance is established. At the
same time, it is postulated that the decomposition rate of
wood fiber is directly proportional to the growth rate of
fungi, and fungal biomass is still an integral part of the
decomposition model. Then use a two-level model to
describe the influence of different growth environment
factors (temperature) on fungal growth.
2.2 Factoring: Fungal Growth Rate & Moisture
Resistance
We use Monod equation to describe the specific
growth of fungi in a specific litter environment. However,
wood fibers are usually dispersed in the continuous phase
surrounding the fungus. Once the substrate reaches the
fungal body through the transport mechanism, the
metabolic process leads to the formation of new fungi
through the reproduction mechanism. In this way, the
Monod equation is based on the following reaction format
[2]:
(1.)
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Where X is the fungal cell, S is the wood fiber, and
C is the complex formed by the absorbed wood fiber and
the enzyme contained in the fungal cell body.
is the rate
constant of complex formation, and
is the rate constant
of fungal cell formation. Besides, the parameter
is the
consumption coefficient of the substrate to the fungal cells.
Although the kinetic scheme is a simple view of the
mechanism involved in the growth of fungal cells from a
depleted substrate, the scheme provides a basis for the

systematic derivation of the Monod equation. The first
kinetic step reflects the transportation of wood fiber from a
large number of fungi to the cell surface/large number of
substrate/enzyme complexes; the second kinetic step
involves metabolic processes that result in the formation of
new microbial cells from substrate consumption.
From the law of conservation of mass, the following
expression
can
be
obtained:

(2.)
{
−1
Let 𝜀𝑋
, and 𝜀𝑋 is the time constant of
microorganism reproduction. Therefore, equation set (2)

can be regarded as a singularly perturbed system with
singular parameters 𝜀𝑋 . Output is as follows:
(3.)

Among them,

growth rate of fungi. So the specific growth rate of
1 𝑑𝑋
𝜇𝑚𝑎 𝑆
autocatalysis
.

is the Monod

1+𝑌 𝑠

𝑋 𝑑𝑡

constant, which reflects the ratio between the rate of
complex formation of cells and the rate of complex
formation.

𝑌 𝑠

is the maximum specific

1+𝑌 𝑠

𝐾𝑀 +𝑆

From this we get the joint dynamic model of
fungus and wood fiber as follows:

(4.)
{
𝑑𝑆

Among them,
and
are the initial values of
fungus and wood fiber. In order to make the calculation
simple and in line with common sense, we set
0
> 0, 0
> 0.
Since the stronger the moisture resistance of the
fungus, the greater the decomposition rate of wood fiber,
𝑡
𝑡

(
(

)
)

(

the two can be simplified as a linear relationship
𝑑𝑡
𝑏 , where k and b are undetermined constants, while
is the moisture resistance of the fungus. Joint dynamic
model of wood fiber (4).

)

(

[
)

]

(5.)

[ ]

(6.)

We use the modified Logistic equation to describe
the relationship between microbial growth and time under
certain culture conditions, through which we can get [3]
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𝑡

−𝜇
𝜇𝑚𝑎

(7.)

𝜇

{
Where 𝑡 is the number of microorganisms at
time t,
is the initial number of microorganisms,
is
the maximum number of microorganisms,
is the
maximum specific growth rate of microorganisms, is the

time to reach 1/2
,
is the lag time, and t is the
time.
By solving the model, we can get the relation
between fungal growth rate and fungal moisture resistance
as

𝑏1

1

(8.)

𝑏
Where
is the growth rate of the fungus, k, b
are the parameters to be tested, and
is the humidity
resistance factor.
2.3 The Introduction of Environmental Factors
The growth of fungi is also affected by
temperature. So what is the relation between temperature
and fungal growth rate? We use the established first-order
equation to fit the relationship between temperature and

and
through square root and second-degree
polynomial models, and we know the maximum specific
growth of temperature and microbial growth. The
relationship between the rate and the lag period of
microbial growth, the specific formulas are as follows:
The square root model:

𝑏𝜇

√

(9.)

𝑏

√

(10.)

Among them, 𝑏𝜇 is the model parameter,
is
the minimum growth temperature (that is, the maximum

𝜇

and
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specific growth rate at this temperature is 0), and T is the
current temperature
The quadratic polynomial model:

𝑏𝜇

(11.)

𝑏

(12.)

Among them, a, b and c are model parameters,
is the experimental temperature.

1

𝑏1

1

Among them are 1 , , 𝑏1 , 𝑏 , , , parameters to
be determined, T is temperature, is the elongation rate of
fungal hyphae.

By comprehensively solving equations (11), (12)
and (1), the relation between temperature and fungal
hyphae elongation can be obtained as
𝑏

(13.)
2.4 The Relationship between Decomposition Rate and
Fungal Growth Rate
According to the law of conservation of mass, we
can find:

(14.)
{
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Where is the elongation rate of fungal hyphae,
is the substrate decomposition rate, and ɑ is the
undetermined coefficient.
Therefore, according to the above formula, we
can obtain a linear relation between the substrate
decomposition rate and the fungal hyphae elongation
rate, indicating that the higher the fungal hyphae
elongation rate, the faster the substrate consumption.

III.

SOLVING

Figure 1: White-Rot Fungus

Figure 3: Soft-Rot Fungus
Figure 1-4 shows the growth of white rot fungi,
brown rot fungi, soft rot fungi and agaric wood rot fungi
under the same temperature and different relative
humidity, also known as, the decomposition rate. With the
increase of humidity, the decomposition rate of wood fiber
by the four fungi increased slowly first, and then decreased
rapidly after reaching the peak. The decomposition rate of
wood fiber can be higher when the relative humidity
ranges from 60% to 75%. The error square sum
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3.1 Temperature
Considering there are many fungi working
simultaneously in wood decomposition, we will first study
the effect of a single fungus on the rate of substrate
consumption, and then go deep. According to the
information available, there are four main types of fungi
that decompose wood fibers: white rot fungi, brown rot
fungi, soft rot fungi and agaric wood rot fungi. From our
experimental data, we can get the decomposition rates
under different humidity conditions.

Figure 2: Brown-Rot Fungus

Figure 4: Umbrella-Wood-Rot Fungus
𝑅
0.9492,0.9549,0.9658,0.9633
are all small,
indicating that the modified model can better describe the
decomposition rate of fungi under different humidity
conditions.
3.2 Moisture Resistance
By means of Matlab, we can get the relation
between different temperatures and the decomposition rate
of fungi under the same humidity.
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Figure 5: White-Rot Fungus

Figure 7: Soft-Rot Fungus
It can be seen from the above figure that the
decomposition rate of white rot fungi continues to increase
with temperature. When it gets below 0℃, the
decomposition rate of white rot fungi initially decreases
slightly, while then continues to increase. At 22℃, the
decomposition rate of white rot reaches the highest.
Subsequently, as the temperature increases, the
decomposition rate of white rot fungi slides; while the
decomposition rate of brown rot fungi rises with
temperature. Between 2 ℃ and 8 ℃, the decomposition
rate of white rot fungi falls, and then goes up, reaching the
highest decomposition rate around 25 ℃. After this, the
decomposition rate of brown rot fungi continues to
decrease, and then its decomposition rate continues to
increase, at 52 ℃. Due to the increase in temperature, the
decomposition rate of soft rot fungi also increased first and
then gets lower, and reached the highest decomposition
rate at about 20 ℃; the decomposition rate of umbrellashaped wood rot fungi also increased with temperature The
constant rises, there have been two cases of first rising and
then lowering, and reached the highest decomposition rate
near 22 ℃. And the temperature is between [24℃, 28℃],
the decomposition rate of wood fiber is higher. Their sum
of square error 𝑅 =[0.9474, 0.9497, 0.9415, 0.9373],
which are all close to 1, indicating that the modified model

82

e-ISSN: 2250-0758 | p-ISSN: 2394-6962
Volume-11, Issue-3 (June 2021)
https://doi.org/10.31033/ijemr.11.3.13

Figure 6: Brown-Rot Fungus

Figure 8: Umbrella-Wood-Rot Fungus
can better describe the decomposition rate of fungi under
different temperature conditions.

IV.

CONCLUSION

In the course of solving the model, we found that
when the temperature ranges from 24 ℃ to 28 ℃ and the
relative humidity from 60% to75%, the growth rate of
fungi is the fastest. In the case of controlling temperature
and humidity changes and humidity and temperature
changes, the decomposition rate of fungi increases first and
then decreases. Moreover, the interaction of two different
fungi has a certain promotion effect on decomposition. As
time goes by, the promotion effect gradually weakens, and
their interaction has certain fluctuations. At the same time,
we can know the advantages and disadvantages of the
fungal combination. The growth trend of fungi is
increasing in the long-term and short-term. The
decomposition rate of fungi varies in different
environments, and the decomposition rate of different
fungi is gradually reduced, which reflects The diversity of
species.
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