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Abstract. Drought has a strong impact on the growth of plant populations, and the number of
different species in a plant community plays an important role in the drought adaptation of the
community's progeny. In this paper, a mathematical model is developed to analyze how the number
of different species in a plant community under a long-term irregular drought cycle is adaptive to
drought in future generations, and thus how the plant community benefits from it. This paper uses
biomass to quantify the growth of plant populations and changes in plant communities, and uses a
large amount of visual data for visual analysis. First, a logistic growth model of plant population
biomass change is developed based on temperature accumulation, precipitation and interspecific
competition as influencing factors. The correlation coefficients were then obtained using the collected
plant population biomass to predict the changes in total plant biomass and species richness, and the
interspecific competition model was then used to calculate the values of total community biomass
after final stabilization based on logistic, and the system of differential equations was solved using
the Runge-Kutta Methods was finally concluded that the biomass of the community after final
stabilization showed a positive correlation with the number of species and species type, and showed
a strong positive correlation with species type and a weak positive correlation with species nhumber.
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1. Introduction

Drought is one of the most serious climatic disasters affecting human society, and it is
characterized by high frequency, long duration and wide spread. The frequent occurrence and long-
term persistence of drought can cause many adverse ecological and environmental impacts such as
water shortage, increased desertification, and frequent dust storms. For plant communities surviving
in arid environments, developing drought resistance is a necessary survival rule, especially for
drought-sensitive grassland plant communities, which can only be kept from being eliminated if they
have drought adaptations in community evolution. Many studies have shown that the number of
species plays a prominent role in the adaptability of plant communities during drought cycle turnover.
For some monocultures, its later generations are less resilient in drought than monocultures in
communities with species numbers of four and above.Spring of 2010, Yu and others chose the
meteorological element distance level index to analyze the characteristics of drought; the drought rate
and mortality rate to analyze the degree of drought exposure of plant communities and species; the
number of drought (dead + wilted) species and their plant numbers, the number of drought tolerant
(surviving) species and their plant numbers, and the number of community (drought + surviving)
species and their plant numbers to calculate the biological The number of drought-tolerant species
and their plant numbers, and the number of drought and survival species and their plant numbers were
used to assess the impact of extreme drought on biodiversity[!. The study by Hao-Po Shietal. found
that the study of the pattern and coexistence of plant populations could help to understand the current
ecological adaptations of each species, and could make a rational evaluation of the role of plant
populations in community building and biodiversity maintenance in the corresponding environment,
introducing the factor of competition between populations . Caigin Zhang, on the other hand,
established a model of plant growth under the influence of multiple factors by establishing multiple
regression and logistic equations and by computer simulation, which enabled the relationship between
plant growth and climatic factors and competition factors to be established I,
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2. A model of above-ground biomass dynamics of plant populations under the
influence of multiple factors

The paper need to consider the collection of data in the process of building the model. Through
the analysis of the problem, the paper need to collect information related to plants, species population
and climate in arid areas. For example, temperature, precipitation and population biomass, etc. Some
of the data are visualized in this paper. In this paper, the Tianshan Mountains in Xinjiang, China, are
selected as the arid region for the problem study, and the data used mainly include the precipitation
accumulation in the Tianshan Mountains, the cumulative temperature in the Tianshan Mountains, and
the biomass of plant populations in the Tianshan Mountains,Changes in plant population biomass are
determined by multiple causes, i.e., environmental factors and interspecific interactions. Therefore,
for such a complex kinetic model, the paper used a logistic growth model incorporating interspecific
interactions to describe changes in plant population biomass and introduced environmental variables
such as precipitation accumulation and cumulative temperature in the process. Here are the paper’s
solution ideas and methods.

2.1. Growth of above-ground biomass of plant populations

First, in the case of limited natural resources and space, excluding other external factors,Biomass of
a plant population w Obey Logistic Growth Model:

The formula is as follows:
dw w
@ v (1 - —wm> (1)

Among them, Wisthe endogenous growth rate of the biomass of the plant population, In addition,
r is the paper’s survey revealed that the initial biomass of the plant population was:

w(0) = wy )

From this, For differential equations (12(2) ,The relationship between the biomass of this plant
population and time can be obtained by the separation variable method:

W,

w((t) = 1—|—(%’;—1)e’” (3)

At this time, the paper’s assume that the plant population grows in a certain area, Part of the
local flora, Then the biomass of the kth plant population in this plant community Initial Value is:

wiy (0D = w )
Then, the relationship between the biomass of the et plant population and time is given by:

Wi,

k= 1+(’;j}— —J)e*m

)

The mountain grasslands located on the northern slopes of the Tianshan Mountains in China are a
typical type of grassland [4], Climate Drought, the criteria required for the paper’s model are met, so
the paper use this as an example to test and optimize the feasibility of the model.

Collect local daily precipitation Rand the annual data of average daily temperature T and

accumulate them sequentially to obtain the precipitation accumulation > _ R and cumulative
Temperature Z T of data.

158



Highlights in Science, Engineering and Technology NSCBM 2023
Volume 55 (2023)

Initial fitting of the data using linear regression with least squares order:
ST =Xt+p (6)
> TR =pB.t+ B, (7)

The fitting results are shown in Fig 1
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Fig. 1 Linear Regression Fitting

Use least squares to test the fit of the model by testing its correlation coefficient, Analysis of
cumulative temperature: F analysis of the results of the test can be obtained with a significant P value of
0.0000 and a coefficient of determination R2=0.987, level presents significance and rejects the original
hypothesis that the regression coefficient is 0. Therefore, the model basically satisfies the
requirements.

For variable covariance performance, all VIFs are less than 10, so the model has no multicol-
linearity problem and the model is well constructed.

The equation of the model is as follows:

> T =—104.557+13.599¢ (8)

Analysis of precipitation accumulation: The analysis of the results of the F-test yields a significant
P-value of 0.0000 and a coefficient of determination R2=0.974, level presents significance and rejects
the original hypothesis that the regression co- efficient is 0. Therefore, the model basically meets the
requirements.

For the performance of variable co-linearity, VIF is less than 10 in all cases, so the model has no
multiple co-linearity problem and the model is well constructed.

The equation of the model is as follows:

> R =—11.735+1.963t (9)

2.2. Multi-environmental factors influence

The relational equation for the change in plant population biomass under the influence of multiple
environmental factors is:

1

W=ggemms

(10)
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Among them U =<$$1 R > Indicates relative impact factor B = (b;, bs,--,b,) "

1m  Lom nm

R
denotes the parameter corresponding to the factor. Accumulate relative precipitation S & and

: : T - - - -
relative cumulative temperature S as a relative influence factor, the biomass change functions
km

can be obtained for the corresponding plant populations:

_ Wim,
Wk = a ZT +bZR “+c (11)
1+e =7 2™

2.3. Modeling plant population biomass changes under the influence of interspecific
competition

Natural resources are limited in arid regions, especially water resources are scarce, so the intensity
of interspecific competition is high, which can affect the growth volume changes of plant populations
to some extent.

2.3.1 Competitive ranking among plant populations

Since plants have different morphology, growth cycles, and water and heat requirements, the
strength of the ability of various plants to compete for water is used as a competitive ranking.

Plant heig... 11.900

Initial bi... 50.400

Root lengt... 37.700%

® Initial bi... ® Root lengt... Plant heig...
Fig. 2 Competition weight distribution
The paper used plant height, root length, and initial biomass of plants as competitive ranking
indicators for evaluating plant populations. Using the information entropy method to give weights to
the evaluation indexes and calculate the competitive ranking, the results are as follows Fig 2:
The normalized competition coefficient , which ranges from [0,1], is obtained. In addition, the
paper define the relative competitive ranking of the ith plant for the fth plant:

Rank,
70 = Rank, (12)

2.3.2 Description of plant population biomass changes based on competitive ranking
indicators

Based on a logistic model to describe the changes in plant population biomass between plant
population competition v:
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dw wy, £ w;
d—tk :’r’wk( — w; — E T ik wim) (13)

i1+ k

2.3.3 Integrating multiple factors to describe plant population biomass change models

Taking into account environmental factors and the role of interspecific competition be-tween
populations, based on equations (7) and (9), the paper can deduce that:
W, = Wrm
=

it
1—+e

%}:ﬂ “+ e s (14)

+ b

Wy

where Definition £ = In (M + E O % — 1) Is the equation describing
=1 i

the relationship between competitive ranking for changes in plant population biomass, and

I . . . s . > R
substituting the relative cumulative temperature and relative precipitation accumulation Z—R,
T . . , . .
Z— as a function of time t into equation (10) yields:
E Tk’/n
- Wim
Wy — At + + b, 6”t+6’+ckEk (15)

(2}
1—+e R 2t

In addition, the paper set the precipitation threshold K. The paper consider that the plants will be
flooded, i.e., the biomass becomes 0, when the accumulated precipitation in the adjacent seven days
is greater than K.
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Fig. 3 Fitted model of clumped grass growth

The paper used equation (14) to fit the collected data related to the grasslands on the northern
slopes of Tianshan to obtain the value of the correlation coefficient, and the results are shown in Fig
3 below

2.4. A model for calculating community species richness based on population biomass
Equation of species richness is:
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H=—> i

w;
T e o

=1 =1

Thus one can obtain the relationship between species richness H with respect to time is shown
below Fig 4 and Fig 5:
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Fig. 4 Relationship Between Species Abundance and Days

Relationship between Total cammunity biomass and Days
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Fig. 5 Relationship Between Total Community Biomass and Days

The species richness index grew faster until day 31 and peaked at day 31 with a peak of 1.51952801;
it slowly decreased to 1.46401812 after day 31.

Analysis: This is due to the fact that the growth rate of total community biomass reached a
maximum around day 31, which caused the species richness index to reach a maximum, and the
species richness index also leveled off after the total biomass remained unchanged.

3. Community competition-related dynamics model

Using the total biomass of the plant community to quantify the final state of the plant community,
the paper argue that the plant community eventually stabilizes under the long-term inter- action with
the larger environment, so the paper assume that both precipitation accumulation and cumulative
temperature eventually meet the requirements for growth, and that eventually the biomass of a given
population is related to its competitive ability and the maximum environmental carrying capacity.
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3.1. Classification of species in the community

According to the above three evaluation indexes, the clustering effect and confidence rate are in
the ideal state, and the clustering dendrogram is shown in Fig 6.
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Fig. 6 Clustering dendrogram

From Fig 6 the paper can learn that: according to the biomass and its variation, the plant types are
divided into three clusters of population combinations, with tufted grasses as Cluster I, miscellaneous
grasses as Cluster Il, and small sedge, leguminous grasses and Artemisia semi- shrubs as Cluster I11.

3.2. Relationship between total community biomass and species type and number

From equation (9) the paper can learn the growth model of plant populations under the effect of
mutual competition, and the paper assume that plant populations of the same class have the same
initial biomass and similar competitive ability (using a normal distribution to generate an indi- cator
of the competitive energy of new species). Thus, for n species, the paper can derive n growth models
for each population biomass as well as for the total biomass of the community, as shown below Fig
1.
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Fig. 7 n Interspecies competition growth model at the time of species (n=1,2,3,10)

Obtaining information from the graph, the paper can know that the total biomass of the com-
munity increases faster after stabilization as the type grows, but the total biomass of the com- munity
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grows slower when the species type does not change and only the number of species increases.
Therefore, the paper use the total community biomass y and the number of community species x to
create a function to linearly fit as shown below Fig 8
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Fig. 8 Relationship between total community biomass and number of species

The paper calculated the coefficient of determination k*=0.814, which is a relatively good fit for
the data, so the paper can basically conclude that community biomass shows a positive relation- ship
with the number of species under long-term environmental effects. The total community biomass was
more influenced by species type, while when the type was constant and the number of species
increased, the total biomass increased less. Therefore, in this community, a greater benefit can be
obtained when the number of species is 3 and the number of types is 3. In addition, the paper can
extend the conclusion that community benefits are relatively high when the number of types of
community species is high.

4. Conclusion

The paper obtained the results of the effects of species type and nhumber on plant communities in
arid areas using a population biomass growth model based on a logistic model: the final total biomass
of the community increased faster with increasing species type and number of species, while the final
total biomass of the plant community increased more slowly when the species type remained the same
and the number of species increased, which was basically consistent with the logistic growth
model.This indicates that the richness of a population is positively correlated with the competition
coefficient of that population, with the maximum value of species richness increasing as the
competition coefficient increases and decreasing as the competition coefficient decreases. From the
figure, species richness tends to a stable value regardless of the competition coefficient. In the
discipline of biology, the environmental holding capacity of a species is constant when the external
environment does not change.

References

[1] Yu Xiaoya, Li Yuhui, Jin Jin, Li Caiku, Li Chun, Duan Wenjuan. Effects of the 2010 spring drought on
karst plant communities in Shilin [J]. Journal of Ecology, 2011, 30(07).

[2] Shi Hao-B, Sun Gui-Li, Chen Yaning, Li Wei-Hong, Lu Hang, Bai Yichun. Distribution patterns and
coexistence mechanisms of plant populations in the lower Tarim River based on ecological niche
differentiation [J]. Western Forestry Science, 2019, 48(06).

[3] Zhang Caigin. Mathematical modeling and computer simulation of plant growth dynamics in a typical
grassland in Inner Mongolia during the growing season [D]. Inner Mongolia Uni- versity, 2007.

[4] Xu Peng. Forage resource cond ition and Eco-economy community in X in jiang [J]. Transaction of the
Eighty-First Insitution, 1992, 15 (3) .

164



Highlights in Science, Engineering and Technology NSCBM 2023
Volume 55 (2023)

[5] HOU Dong-Min, ZHU Wan-Long. Experimental investigation on the determination of effective
cumulative temperature for plant growth and development [J]. Green Technology, 2017 (12).

[6] Ecophy-Hodges J. Predicting Crop Phendogy [M]. USA: CRC Press, 1991, 1-189

[7]1 McMartrie R, WolfL. A model of competition between trees and grass for radiation, water and nutria-ents
[J]. Ann Bot, 1983, 52(4): 449-458

[8] Walker B H, Ludwig D, Holling C S, et al. Stability of semi-arid savanna grazing systems [J]. J Ecol,
1981, 69: 473-498

[9] Harpe Rj L. Population Biology of Plants[M]. London/New York: Academic Press, 1977, 892

[10] Shen Guoquan. Nonlinear temperature patterns affecting crop development rates [J]. Meteorology, 1980,
1(6): 9-11

165



