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Abstract: As the function of the decomposition of fungi has been clearly researched in the global carbon cycle, it is obviously of 
value to explore the decomposition rate of fungal populations.  This study analyzed the relationship between environmental 
factors and biodiversity step by step. In order to explore the interaction between the fungi and the relationship between the 
decomposition rate of fungi with time, the model based on the Logistic model was built and the Lotka-Volterra model was 
employed in the condition of two kinds of fungi existing in an environment with limited resources.  The changing trend of 
population number and decomposition rate of several fungi under different environmental conditions can be predicted through the 
model.  To illustrate the applicability of the model, Laetiporus conifericola and Hyphoderma setigerum were applied as 
examples.  The results showed that the higher the degree of population diversity, the greater the decomposition rate, and the 
higher the decomposition efficiency of the ecosystem.  Its rich species diversity is conducive to accelerating the decomposition 
of litter, lignocellulose, and the circulation of the entire ecosystem.  Based on the above model and using the data from measuring 
the mycelial elongation rate of each isolate at 10°C, 16°C, and 22°C under standardized laboratory conditions, the growth patterns 
of the five fungi combinations were simulated.  The results revealed a general increase in growth rate with increasing 
temperature, which verifies the accuracy of the model.  Moreover, it also revealed that the total decomposition rate after fungal 
incorporation was negatively correlated with the decomposition rate of a fungal single action.  Based on the above model, 
predictions can be made for fungal growth in different environments, and suitable environments for fungal growth can be 
determined.  In the future, the model can be further optimized, and lignin and cellulose decomposition factors can be added to fit 
the decomposition of logs.  The application scenarios of the model can be further broadened, which can contribute to the 
restoration and management of the ecological environment, as well as produce good effects in the fields of fungi assisting the 
global carbon cycle and soil problem restoration. 
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1  Introduction 

As a significant component of life on Earth, the carbon cycle 
describes the process of the exchange of carbon throughout the 
geochemical cycle.  Mycorrhiza is a symbiote formed by plant roots 
and mycorrhizal fungi, which is widely distributed in terrestrial 
ecosystems.  More than 90% of vascular plant roots can form 
mycorrhiza[1], which can help plants absorb water, nitrogen, 
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phosphorus, and other nutrients, promote plant growth and obtain 
carbohydrates from host plants to meet their own growth needs[2].  
Due to the exchange of carbon sources and nutrients between 
mycorrhizal fungi and plants[2] significantly affecting the 
accumulation and transformation of soil organic carbon[3], it is 
essential to understand the role of mycorrhiza in the soil carbon 
cycle.  Further, we need to understand the fungal decomposition 
properties.  Saqib et al.[4] found the decomposition inhibition 
potential of CH-Fe2O3 NPs on Rhizopus oryzae.  Meanwhile, Fiza 
et al.[5] showed the inhibition of fungal decomposition by aqueous 
extracts.  Therefore, it is necessary to keep thorough research on 
fungal decomposition. When microbial community structure affects 
the rate of ecosystem processes, the decomposition rate is 
proportional to the growth rate of decomposers[6].  Understanding 
how the decay rate varies with the composition of fungal 
communities will be the key to accurately predicting terrestrial 
carbon dynamics, which is reflected in contemporary 
biogeochemical models of litter decomposition[7,8].  Aiming at 
improving these predictions, there is an urgent need to establish a 
practical and empirically proven link between fungal characteristics 
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and their contribution to the function of ecosystems[9-11].  Maynard 
et al.[12] found the range of wood decomposer fungi in North 
America ranges from fast-growing competitive individuals to 
slow-growing pressure-tolerant fungi, which may establish 
communication between two aspects.  The early researchers 
included microbial communities in the decomposition model and 
assumed that the rate of decay increased with the growth rate of 
decomposers[6,13,14].  On the contrary, it has long been thought that 
fungi with high mycelium density and slow growth may decompose 
wood faster than thin fungi that stretch outward at the phenotypic 
level[15].  Based on the above conclusions, it is necessary to research 
the interaction between fungi and many kinds of fungi.  A logistic 
model is a simple (linear) model to fit the data, and the fitting 
process of the model is quite stable, resulting in a small variance, 
which may have a high deviation[16].  According to these 
characteristics, the popular Lotka-Volterra ecological population 
model proposed by Lotka[17] and Volterra[18] has been widely studied 
in the literature.  When two or more species are together and have 
the same basic needs, they usually compete for resources, food, 
habitat, or territory.  In this work, a deterministic competitive 
Lotka-Volterra system with populations is given.  Taking the 
Lotka-Volterra competition model in a random environment as the 
research object, the dynamic changes in the population size of 
different species are simulated.  It is proved that the growth rate of 
population size has an upper bound[19]. 

Lotka-Volterra model has been used to study the interaction 
between fungi[20].  Respecting the effects of ground waste and 
lignocellulose concentration on fungal decomposition, this study did 
not consider the effects of environmental capacity and temperature, 
and humidity in the environment.  They assumed that there are only 
two conditions in the process of the interaction between fungi.  One 
is that two fungi do not interfere with each other and the other one is 
that one fungus is completely replaced.  However, through 
calculation, there is still the possibility that different fungal 
combinations may behave differently in different environments and 
climates. 

2  Model establishment 

Let the population number be P and the growth rate be h.  
Under ideal conditions, there is no limit to growth.  Therefore, the 
number of fungi should satisfy Equations (1). 
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However, the survival resources of the environment are limited 
in practice.  Therefore, the fungus has an environmental carrying 
capacity K, which makes a single population in the same 
environment conform to the Logistic equation:  
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The interspecific competition will occur when two fungal 
populations 1 and 2 (P1 and P2) are in the same environment with 
limited resources.  Therefore, the Lotka-Volterra model can be used 
to establish Equation (3). 
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where, α represents the competition coefficient of population 2 
against population 1, which means the survival resources occupied 
by the unit number of population 2 are equal to the survival 
resources occupied by α number of population 1; β represents the 

competition coefficient of population 1 against population 2.  The 
product of α and β should be 1.  This model can be extended to the 
case of multi-population competition. 

In the following, the calculation process of the model 
parameters is optimized for the fungi that decompose lignocellulose 
and humus.  To analyze the effects of the internal characteristics of 
the strains and external environmental reasons, submodels of 
environmental conditions affecting the growth rate and the 
environmental carrying capacity were established.  The models 
were finally made to predict the population size and decomposition 
rate trends of several fungi under different ecological conditions.  
The competition between the two strains is taken as an example, 
which can be extended to the competition of multiple strains. 

The analyzed fungi need to decompose lignocellulose and 
humus as the source of main nutrients[21], thus the decomposition 
rate of each group represents its ability to occupy survival resources.  
The expression of the competition coefficient and decomposition 
rate is given by 
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where, d1 and d2 are the decomposition rate of populations 1 and 2.  
Therefore, the relationship between α and β can be deduced as, 
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The submodel for the effect of environmental conditions on the 
reproduction rate is developed below.  Different fungi have 
different sensitivities to temperature and humidity[12].  Celsius 
temperature and water potential are used to represent ambient 
temperature and humidity and  are normalized  to map the data 
onto the interval [0, 1][10].  Let the ratio of the fungal growth rate at 
actual temperature to the maximum growth rate at the optimum 
temperature be the temperature suitable coefficient T for the current 
environment.  The ratio of the fungal growth rate at the actual water 
potential to the maximum growth rate at the optimum water 
potential is the wet suitability coefficient W for the current 
environment. 

In actual situations, slow-growing fungal strains show better 
resistance to environmental changes such as temperature and 
humidity.  And strains that proliferate faster are less resistant to 
adverse environments[22].  Thus, the relationship between growth 
rate and environmental conditions in the actual environment is 
obtained as, 

max (1 )
envmax ih WT

i ih h WT R                (6) 

where, Renv is the parameter of fungal resistance to environmental 
changes.  The fitting value is about 1.119.   

Parnas et al.[6] noted that both fungal growth rate and 
decomposition rate are positively correlated since they reflect the 
activity of fungi.  Lustenhouwer et al.[22] gave the corresponding 
data of the Hyphal extension rate (mm/d) and the Decomposition 
rate (percentage of mass loss in 122 d).  To better match the actual 
trends, the natural logarithm is taken for Hyphal extension rate data.  
A linear regression was performed on all data, and the regression 
equation is obtained as: 

di(hi) = 5.8955ln(hi) + 16.3744             (7) 
To develop the model of environmental carrying capacity, 

nutritional coefficient N was introduced to represent the nutritional 
level of lignocellulose and humus in the environment.  The amount 
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of lignocellulose and humus received the combined effect of the rate 
for plant conversion to lignocellulose and humus and the microbial 
decomposition ability.  Thus, it may lead to the total amount of 
humus in permafrost tundra being greater than that of the tropical 
rainforest.  However, tropical rainforests provide more nutrients for 
fungi compared to permafrost tundra.  Therefore, nutrient 
coefficient N is defined by employing phytomass rather than the 
total amount of humus[23,24].  If the phytomass in the environment is 
M (kg/m2), then, 

0.577N M                   (8) 

To calculate the environmental carrying capacity K, it is 
considered that environmental carrying capacity is determined by 
two factors, including the fungal decomposition rate, and the 
environmental nutrient coefficient.  The unit of K is mm/m2, then, 
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By bringing the data obtained from Equations (5), (6), and (9) 
into Equation (3), differential equations for the number of 
populations can be obtained.  The total decomposition rate of fungi 
in the environment is 

D = d1P1 + d2P2                 (10) 
To show the applicability of the model, the following is an 

example of Laetiporus conifericola and Hyphoderma setigerum to 
calculate the competition between the two populations.  Take the 
temperate continental climate with an ambient temperature of 21°C, 
a water potential of −1.5 MPa, and a phytomass of 3 kg/m2.  The 
population number of Laetiporus conifericola is PL, and that of 
Hyphoderma setigerum is PH.  The number of two populations can 
be expressed as, 
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Plotting the change in the number of two populations: 

 
a. 20 d 

 
b. 500 d 

Figure 1  Groups number change diagram 
The total decomposition amount tended to increase in the early 

stage and gradually stabilized in the later stage.  And when the 

number of fungal populations increases, the total decomposition in 
the stable period will also increase.  Thus, we found that the richer 
the population diversity, the greater the decomposition rate and the 
higher the overall efficiency of the ecosystem.  Its rich species 
diversity is conducive to accelerating the decomposition of litter, 
lignocellulose, and the circulation of the entire ecosystem. 

3  Results and discussion 

3.1  Result analysis 
In this section, based on the above model and the data on the 

mycelial elongation rate of each isolate measured at 10°C, 16°C, and 
22°C under standardized laboratory conditions[22], the growth 
patterns of the five fungi combinations were simulated.  For the 
convenience of the research, we kept the same parameters as in the 
previous section.  Then, fungi combinations in similar regions were 
selected for analysis, and the growth rates of the selected fungi at 
three characteristic temperatures were employed as the initial value 
of the model to predict the environmental capacity of each fungus, 
resulting in Table 1.  The results revealed that the changing pattern 
of environmental accommodation of fungi are at different 
temperatures and showed that there is a reversal of the dominant 
bacterial species at the temperatures, which is because the growth 
characteristics of fungi and temperature are closely related, and the 
fungus with a greater growth rate at a certain characteristic 
temperature is more likely to be the dominant strain in competition. 

 

Table 1  Environmental capacity 

Fungus combination 
Environmental capacity/mm 

10°C 16°C 22°C 

(A) Hyphoderma setigerum+Laetiporus 
conifericola 

11.59 29.83 89.91 
724.53 520.35 452.59 

(B) Armillaria tabescens+Fomes 
fomentarius 

347.40 230.00 6.85 
1035.20 1217.50 479.66 

(C) Porodisculus pendulus+Phellinus 
robiniae 

758.61 645.19 159.41 
12.80 148.01 519.38 

(D) Mycoacia meridionalis+Merulius 
tremullosus 

1.78 2.80 2.72 
520.74 455.12 418.86 

(E) Schizophyllum commune+Tyromyces 
chioneus 

280.79 246.78 432.75 

601.35 517.74 80.92 
 

Similarly, the growth rates at the three characteristic 
temperatures were analyzed.  For comparison, a weighted average 
of the growth rate obtained from the simulation was performed to 
obtain the results in Table 2.  The results showed a general increase 
in growth rate with increasing temperature and indicated that the 
weighted growth rate is similar to that of the dominant bacteria, as 
the inferior bacteria were largely eliminated while only the dominant 
bacteria existed at the later stage of the simulation. 

 

Table 2  Single growth rate and weighted growth rate 

Fungus  
combination 

Independent growth rate/% Weighted extension rate/% 

10°C 16°C 22°C 10°C 16°C 22°C 

A 
0.44 1.90 4.68 

1.08 3.30 5.97 
1.08 3.31 6.00 

B 
0.32 0.68 1.56 

0.35 1.27 4.62 
0.36 1.28 4.62 

C 
0.95 1.25 2.90 

0.95 1.48 3.25 
0.40 1.52 3.32 

D 
0.36 1.10 1.60 

3.29 5.84 8.67 
3.3 5.85 8.67 

E 
1.88 3.32 7.40 

1.90 3.35 7.38 
1.92 3.37 5.67 

Next, the total decomposition rate of the fungal group was 
analyzed, and the rate of fungi in the environment is 

D = d1P1 + d2P2                 (10) 
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Thus, the total decomposition rate and arrival days are 
obtained and listed in Table 3.  The total decomposition rate of 
each fungus combination in the table gradually stabilized and 
approached 1 after a period, which indicated that the amount of 
vegetation produced was in basic balance with the amount of 
decomposition by the fungi, and the best decomposition effect was 
reached at this time.  However, the time for different fungal 
combinations to reach the optimal decomposition rate is different, 
which is related to the growth rate of fungi.  And the growth rate 
is negatively correlated with time.  The longest is the combination 
of Armillaria tabescent and Fomentarius, which takes 35 d to reach 
decomposition equilibrium at a characteristic temperature of 10°C; 
the shortest is the combination of Mycoacia meridionalis and 
Merulius tremullosus, which takes only 4 d, 3 d, and 2 d to reach 
the decomposition equilibrium at the three types temperatures.  In 
addition, the time to reach decomposition equilibrium gradually 
decreased with increasing temperature, which was consistent with 
the conclusion that the growth rate generally increased with 
increasing temperature and verified the accuracy of the model.   

 

Table 3  Total decomposition rate and arrival days 

Fungus  
combination 

Total decomposition rate/% Maximum days/d 

10°C 16°C 22°C 10°C 16°C 22°C 

A 99.97 99.95 99.94 12 3 2 

B 99.96 99.98 99.93 35 10 3 

C 99.98 99.99 99.97 13 7 4 

D 99.94 99.93 99.93 4 3 2 

E 99.94 99.93 99.94 6 4 2 
 

In this part, the relationship between the decomposition rate of 
the fungus in a single action and the rate in combination was 
analyzed, and Table 4 was obtained herein.  The results showed 
that with the increase in temperature, the decomposition rate of 
fungal single action had an increasing tendency.  The highest was 
Merulius tremullosus, whose single-action rate can reach 53.5% at 
22°C.  The lowest was Schizophyllum commune with a single 
action rate of 2.02% at 10°C.  In addition, the results also revealed 
that the increase in the total decomposition rate of the combination 
decreased gradually with the increase in temperature.  As the total 
decomposition rate has been stable, the decomposition rate of the 
fungus has increased.  The highest lifting factor was the 
combination of Hypoderma setigerum and Laetiporus conifericola, 
up to 37.44 times; the lowest lifting factor was the combination of 
Mycoacia meridionalis and Merulius tremullosus, which was 1.87 
times at 22°C.  The overall results revealed that the lower the 
decomposition rate of the fungus in a single action, the higher the 
increase in the total decomposition rate in combination. 

 

Table 4  Combination decomposition rate improvement effect 

Fungus  
combination 

Independent decomposition rate% Lifting multiple 

10°C 16°C 22°C 10°C 16°C 22°C 

A 
2.67±1.02 5.63±0.61 18.82±9.96 

37.4 4.9 5.31 
2.29±0.19 20.28±9.79 7.60±7.49 

B 
2.83±0.59 3.67±1.37 12.75±2.78 

9.6 4.7 2.12 
10.41±1.8 21.26±11.9 47.24±28.68 

C 
2.61±0.58 2.43±0.55 4.36±0.51 

27.2 22.1 12.1 
3.68±0.49 4.52±0.96 8.28±4.79 

D 
2.16±1.01 5.67±1.35 7.96±1.21 

4.4 3.1 1.9 
22.78±2.58 32.27±9.91 53.5±4.78 

E 
3.92±1.24 2.02±2.07 12.69±3.52 

18.6 5.9 3.44 
5.35±1.46 16.74±3.65 29.06±9.35 

3.2  Discussion 
A model correctness test[12] based on the real value of the 

mycelial density of the fungus was performed, simulating the 

environmental adaptability of the fungus, and the results are listed 
in Table 5.  Specifically, fungi occurring in nearby locations were 
selected as combinations, applying Porodisculus pendulus 
(43.550150°N, 89.756867°W) and Phellinus robiniae 
(43.013434°N, 89.737043°W) as an example, the growth rate at 
16°C selected according to the optimum temperature of the two 
fungi was brought into the model to calculate the ratio of the number 
of populations of the combination and was compared with the ratio 
of the number of populations calculated by the true value.  
Similarly, the data of the other four groups were obtained.  As 
illustrated in Table 5, the ratio of fungal environmental 
accommodation calculated by the model and the ratio of true values 
of the two mycelial densities were in high agreement, thus proving 
the correctness of the model. 

 

Table 5  Ratio of the number of communities in the fungal 
group calculated by the model and the true value 

Fungus combination 
Environmental 
capacity/mm 

Population  
ratio 

Truth value  
/μg·cm2 

Population  
ratio 

Porodisculus pendulus+ 
Phellinus robiniae 

645.1969 
4.3591 

0.32 
4.5714 

148.0104 0.07 

Armillaria gallica+ 
Xylobolus subpileatus 

21.1527 
0.0313 

0.10 
0.0574 

675.5387 1.74 

Merulius tremellosus+ 
Phlebiopsis flavidoalba 

136.6185 
0.3407 

0.02 
0.5 

401.0236 0.04 

Armillaria gallica  
FP102534 A5A +  
FP102535 A5D 

310 
0.2237 

0.16 
0.32 

1386 0.50 

Phlebia acerina+ 
Pycnoporus sanguineus 

420.4402 
14.7056 

0.27 
13.5 

28.5904 0.02 
 

Further, different initial values were substituted into the model 
for testing.  Specifically, taking Hyphoderma setigerum and 
Laetiporus conifericola as an example, the initial growth rate was 
adjusted up and down at a ratio of 5%, which was substituted into the 
model at a characteristic temperature of 10°C and the results are 
shown in Figure 2.  The trend of the fungal populations was 
stable when the initial values were changed, indicating the stability 

 
a. Hyphoderma setigerum 

 
b. Laetiporus conifericola 

Figure 2  Population characteristics of the growth rate change ±5% 
fungus group and the original growth rate value (i.e. 0% group) 
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of the model.  Specifically, the results showed that when the growth 
rate increases, the environmental capacity tends to decrease.  As the 
growth rate and the population number are negative correlations 
when the plant quantity is constant, it further illustrates the accuracy 
of the model. 

Furthermore, the stability verification of the model was 
performed through the selected five fungi combinations and Table 6 
was obtained.  The results illustrated that when the initial value of 
the model changed by 5%, the maximum relative error was 2.64% 
for the Armillaria tabescens and Fomes fomentarius group while the 
smallest relative error was 0.01% for the Mycoacia meridionalis and 
Merulius tremullosus group.  It is because the relative change 
increases with the change of initial value when the number of 
populations increases.  However, none of the relative errors 
exceeded 3%, thus proving the accuracy and reliability of the model. 

 

Table 6  Analysis of relative deviation of environmental 
capacity with initial value change of 5% 

Fungus  
combination  

(10°C) 

Environmental capacity/mm Relative deviation rate% 

−5% 0% 5% −5% 5% 

A 
11.63 11.59 11.55 0.35 0.35 

737.71 724.54 712.30 1.82 1.69 

B 
356.2 347.4 339.5 2.53 2.27 

1062.5 1035.2 1010.8 2.64 2.36 

C 
773.14 758.62 745.28 1.91 1.76 

12.86 12.80 12.75 0.44 0.43 

D 
1.78 1.78 1.78 0.01 0.01 

527.56 520.75 514.43 1.31 1.21 

E 
284.97 280.79 276.93 1.49 1.38 

610.13 601.36 593.22 1.46 1.35 

4  Conclusions 

The present study investigated the competition between fungal 
populations and the decomposition rate in the case of fungal 
combinations and gave the conditions for the two fungi to become 
the dominant species when they competed by applying the 
Lotka-Volterra mathematical model.  The fungal growth data under 
standard laboratory conditions were utilized to fit the model 
parameters, which showed that the total decomposition amount 
tended to rise in the early stage and gradually stabilized in the later 
stage.  The study also found that the richer the population diversity, 
the greater the decomposition rate.  Extensively, the model in this 
study was also applicable to the simulation of competition among 
various fungi, which has instructive significance for ecological 
research.  In the future, the model can be optimized, and added 
lignin and cellulose decomposition factors to fit the decomposition 
of logs and further broaden the application scenarios of the model, 
which can contribute to the restoration and management of the 
ecological environment, as well as produce good effects in the fields 
of fungi assisting the global carbon cycle and soil problem 
restoration. 
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