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Agricultural information technology is an emerging technology based on the cross-fertilization of information technology and
agricultural science, which has caused the rapid development of digital agriculture and smart agriculture. Crop growth models, as
one of their core components, can dynamically simulate the crop growth and development process and its relationship with
climate factors, soil properties, and management techniques, thus effectively overcoming the strong spatial and temporal
limitations in traditional agricultural production management research and providing quantitative tools for early warning and
effect assessment of crop productivity prediction under different conditions.)is study focuses on the general technical approach,
the latest research progress, and future development thinking developed by the authors in the construction and application of the
tea mushroom growth model. Based on the fitting method of the data model curve of the Internet laboratory, this study is
proposed to use network programming technology to digitally fit the growth curve of cap diameter and stalk diameter of the
fruiting body in the process of Agrocybe cylindracea growth. )e fitting system adopted the development mode of PHP+MYSQL
and took the MYSQL database as the core, which made the curve fitting of the final experimental data fast, convenient, and more
intelligent. )is study laid a preliminary foundation for the effective establishment and improvement of laboratory Agrocybe
cylindracea, fruiting body growth data statistics and analysis, and graphical output network sharing.

1. Introduction

With the deepening of agricultural and rural reform,
China has become a major producer of edible mushrooms
in the world, and the scale and speed of development have
soared. )e development of the edible mushroom in-
dustry has not only promoted the improvement of agri-
cultural resource utilization but also has driven the
development of logistics and distribution, storage and
processing, and other related industries, realizing a cir-
cular economy [1, 2]. At present, the edible mushroom
industry has become a sunrise industry comparable to the
farming and cultivation industries, and the 2017 Central
Government Document No. 1 even listed it as one of the
“advantageous characteristic industries” to be vigorously
developed [3, 4].

Currently, the World Edible Mushroom Center is
shifting to China. To summarize, China’s edible mushroom
industry and technology have six comprehensive advan-
tages. First is the availability of abundant resources. Among
more than 2000 species of edible mushrooms in the world,
there are 981 species in China, andmore than 30 species have
been put into commercial cultivation. Second is abundant
labor. China has the advantage of both better labor costs
than developed countries and higher cultivation technology
than developing countries. )ird, the technology level is
relatively advanced. China is a world leader in edible
mushroom cultivation, strain preservation, deep processing,
medical and health products, and molecular biology. Fourth
is good foundation for industrial development. In China, the
north-south migration of mushrooms and the west-east
advancement of mushrooms have been launched with great
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enthusiasm, and the edible mushroom cultivation industry is
found everywhere in China. Fifth is that the market is vast.
With the decline of the overall unit price of edible mush-
rooms and the continuous improvement of people’s living
standards, edible mushrooms will further become daily
dishes and common nutritional health food for ordinary
families in China, and the total market is extremely large; in
the overseas market, 34 export codes of edible mushroom
products of the national customs, the trade volume is 1.622
billion dollars, and the international market is a momentum
of the international market is very good. Sixth is the deep
cultural heritage. )e development of China’s edible
mushroom industry is rooted in the Chinese food culture,
which emphasizes longevity and health, high protein, low
fat, and vegetarianism, making edible mushrooms increas-
ingly popular among modern people [5–8].

To achieve better and faster development of the edible
mushroom industry in China, domestic scholars have
conducted a lot of research. At the macrolevel, research on
the edible mushroom industry has mainly focused on edible
mushroom cultivation and production, market develop-
ment, and mushroom recycling. Topics such as e-commerce
and edible mushroom industry development, edible
mushroom brand building and product competitiveness,
mushroom residue, and agricultural circular economy have
emerged, and poverty alleviation in the edible mushroom
industry has been a hot topic in recent years [9–13]. At the
microlevel, scholars have researched the adoption of culti-
vation techniques and cost benefits for mushroom farmers.
With the development of the edible mushroom industry,
edible mushroom factory production has become an in-
creasing trend, and the demand of mushroom farmers for
the quality of strains, light cultivation techniques, pest
control, and other technologies has climbed [14–18].

Agrocybe cylindracea has been consumed by a signifi-
cantly increased number of consumers recently due to their
high value of nutrition and delicious taste [19]. As an edible
and medicinal fungus that belongs to basidiomycete,
A. cylindracea, belonging to Agrocybe genus, is an edible
mushroom that is very popular for the unique flavor and
high nutritional content of its fruiting body [20].
A. cylindracea is also regarded as a multipurpose food
supplement due to the high levels of nutrients and bioactive
compounds present in this species. Some studies [21–23]
have shown that active extracts of A. cylindracea have effects
on various human diseases. In the early 1990s, after the
successful experiment of artificial cultivation of Agrocybe
cylindracea in China, there is an annual output of about
10,000 tons of fresh mushrooms of Agrocybe cylindracea in
Lichuan County, Jiangxi Province, and the product was
mainly sold as fresh, partly processed into dried products,
and sold to major cities, which was regarded as a fashionable
and rare mushroom. )e development is rapid. Fujian,
Guangdong, Guangxi, Hunan, Yunnan, Jiangsu, Anhui, and
other province (region) governments have listed Agrocybe
cylindracea as a target species for agricultural industriali-
zation structural adjustment projects, strengthening tech-
nical guidance and financial support to facilitate industrial
development [24, 25]. In Gutian County of Fujian Province,

which is adjacent to Jiangxi Province, Agrocybe cylindracea
has developed rapidly in recent years and has become one of
the leading products in the local edible mushroom industry,
with an annual cultivation scale of more than 1 billion bags
and an output of 193,000 tons (fresh products) and an
output value of 1 billion yuan, far exceeding the output of
shiitake mushrooms in the county [26].

)e rapid development and cross-fertilization of infor-
mation technology and agricultural science have formed
agricultural information technology, which has further given
rise to the rapid development of digital agriculture and
intelligent agriculture, providing quantitative technical
support and comprehensive information services for
modern agriculture and injecting technological transfor-
mation and upgrading of the agricultural industry. It has
brought new vitality and significant social, economic, and
ecological benefits [27–29]. )e emergence of agricultural
information technology in the world of agriculture began in
the late 1970s, with the successful development and appli-
cation of the crop growth model as a prominent repre-
sentative. )e crop production system is a complex and
unique dynamic system, which is influenced by climate
conditions, soil characteristics, variety characteristics,
technical measures, and other factors and has significant
spatial and temporal variabilities [30]. )e crop growth
model, on the other hand, is based on the intrinsic laws of
crop growth and development and integrates the causal
relationships among crop genetic potential, environmental
effects, and regulatory technologies, which can quantita-
tively describe and predict the crop growth and development
process and its dynamic relationships with the environment
and technologies [31]. )erefore, the construction of a
mechanistic and widely applicable crop growth model can
provide an effective quantitative tool for crop productivity
prediction and effect assessment under different conditions.

In the 1950s and 1960s, De Wit and Duncan et al. suc-
cessively published models of plant canopy light energy in-
terception and population photosynthesis, marking the advent
of crop physiological and ecological process simulation
[32, 33]. At present, the better foreign crop growth models
include DSSAT in the USA, APSIM in Australia, STICS in
France, GECROS in the Netherlands, and ORYZA in the
International Rice Research Institute of the Philippines [34, 35].
Although the research on crop models in China started late, it
has developed relatively fast. Based on tracking and learning
from foreign research results, early research constructed rel-
evant simulation models for the characteristics of crop pro-
duction in China [36]. Since 2000, research institutions such as
Nanjing Agricultural University, China Agricultural Univer-
sity, Northwest Agricultural and Forestry University, Chinese
Academy of Sciences, and Jiangsu Academy of Agricultural
Sciences have carried out more systematic research works in
crop simulation algorithm construction, simulation platform
construction, model regional application, and scenario effect
evaluation and havemade a positive impact in the international
crop simulation field [37, 38].

Since 2010, the International Organization of Agricul-
tural Systems Modeling Experts (IOSMA) has launched the
Agricultural Model Intercomparison and Improvement
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Project (AgMIP) to compare and improve different existing
crop growth models, livestock growth models, and agro-
economic models around the world and to couple future
climate models and scenarios to quantitatively assess agri-
cultural production and food security at different scales [39].
)e project aims to quantitatively assess agricultural pro-
duction and food security at different scales, sites, regional,
national, and global by comparing and improving different
crop growth models, livestock growth models, and agro-
economic models around the world, coupled with future
climate models and scenario simulation methods (https://
agmip.org) [40, 41]. In the field of crop growth models, the
collaborative group has formed several international re-
search teams for different crops, such as rice, wheat, maize,
and edible mushrooms, to collaborate on the comparison
and improvement of crop growth models and to enhance
the simulation and application capabilities of the models
under different conditions. However, due to the combi-
nation of poor sharing of experimental data, limited
controlled experimental conditions, slow development of
regional simulation technology, and lack of model re-
searchers, the existing crop growth models still need
further improvement and refinement, and there is an
urgent need to propose a comprehensive crop growth
model and decision support system that is both mecha-
nistic and predictive. Because of the above, the application
of network programming technology to the growth and
development of edible fungi to design a set of convenient
and intuitive univariate or multivariate statistical data and
curve fitting network sharing systems is one aspect of the
current development of edible fungus bioinformatics [42].
At present, some researchers have proposed to use PHP to
compile network-shared statistical analysis of biological
growth and development, but have not made a more
mature curve fitting system. )rough the recent research,
the authors realized the statistical analysis of the growth
and development of A. cylindracea by PHP programming
and established a set of data processing centers which can
meet the laboratory data processing and analysis and
growth curve fitting.

2. Materials and Methods

2.1. Logical Structure of the Curve Fitting System. )e cor-
relation coefficient formulas and model parameters com-
monly used in the four statistical models are selected to test
the hypothesis of a correlation coefficient [43, 44].

2.1.1. Linear Regression Model.

y � a + bx, (1)

in which rcorrelation coefficient � ((x − x)(y − y)/�������������������

 (x − x)2  (y − y)2


)

2.1.2. Exponential Curve Model.

y � ae
bx

. (2)

Take the logarithm on both sides of the equation, if
defined y′ � ln y, the linear equation was y′ � ln a + bx, in
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2.1.3. Power Function Curve Model.
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2.1.4. Logistic Curve Model.

y �
k

1 + ae
−bx

(a, b, k> 0). (6)

k � (y2
2(y1 + y3) − 2y1y2y3)/(y2

2 − y1y3) (y1, y2, y3
were the observed values).

Shift the term in the curve equation and take the natural
logarithm to get ln(k − y/y) � ln a − bx.

If defined y′ � ln(k − y/y), the regression linear equa-
tion is obtained y′ � ln a − bx, −b � (x − x)(y′ − y′)/
 (x − x)2, ln a � y′ + bxa � eln a.

rCorrelation coefficient �
(x − x) y′ − y′( 

��������������������

(x − x)
2

 y′ − y′( 
2

 . (7)

2.2. Programming Principle

2.2.1. Workflow of the Curve Fitting System. )e best fit
model is determined according to the correlation coefficient
of different curve models and the experimental data. )e
workflow is detailed in Figure 1.

2.2.2. Network Structure of the Curve Fitting System.
PHP is used as the development environment, APACHE as
the Web server, MySQL as the background database, and IE
browser as the client [45–47]. Since the combination of PHP,
APACHE, and MySQL can run across platforms, this means
that the three can be developed simultaneously onWindows
and run smoothly on the Unix/Linux platform [48, 49].

2.2.3. ProgramModules and2eir Operational Relationships.
)is program includes four major modules, namely, the
EXCEL table processing module, a statistical data processing
module, a curve fitting module, and a graphical output
module.
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(1) EXCEL table processing module: enter the stalk
diameter and cap diameter data of A. cylindracea
into the EXCEL table template. Columns A, B, and
C in the table are written into three groups of data,
and group A is the data identifier ID, group B is the
cap diameter (total coordinates), and group C is
the stalk diameter (abscissa). When the program
reads data, the first line is the field name, and the
second line of data text data is the identification.
)e program reads the processed data from the
EXCEL table and sends them all to the MYSQL
database for the statistical data processing module
to extract.

(2) Statistical data processing module: this module ex-
tracts data from the MYSQL database and does high-
precision operations according to the needs of the
statistical model, stores the results in the specified
result variables, and calculates the correlation co-
efficient. )e model with the largest correlation
coefficient is the best fit model, and the correlation
coefficient is tested by the t-test.

(3) Curve fitting and graphical output module: the
function provided by the GD library of PHP
program is used to graphically output experi-
mental data points and curve fitting. )e normal

operation of the program needs the support of the
following environments: the support of the GD
graphics library and PHP2.X version or higher
interpreter.

3. Results and Analysis

)rough the test results of four kinds of digital models, we
can see the graphical output of curve fitting, and the best
fitting curve of scattered points in each model can be de-
tected (Figure 2).

)e determination coefficient of the exponential func-
tion is 0.953 and that of the power function is 0.955, while
the determination coefficient of the LOGISTIC model is
unreasonable. )e greater the determination coefficient, the
greater the absolute value of the correlation coefficient,
indicating that the power function model fits the data best,
and the correlation value of the power function is 0.964.
According to the degree of freedom and the test level value,
the program reads the data from the text of the t distribution
table and makes a double-tailed t-test when the significant
level is 0.01. )e result is 0.000, which indicates that the
hypothesis that the two variables are not related is not valid,
indicating that there is a very significant positive correlation
between the diameter of the cap and the diameter of the

Reference image input

Image preprocessing

SURF feature detection SURF feature detection

Image to be registered

Image preprocessing

Feature matching using FANN

Initial matching pair prefiltering

PROSAC matrix-based parameter

Geometric spatial transformation model

Image stitching a�er registration

Figure 1: )e work flowchart of the curve fitting system.
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stalk. )e program transfers the results of high-precision
operation into the graphical output module to make the
fitting curve of the diameter of the cap and the diameter of
the stalk (Figure 3).

)e fitting curve model equation of stipe diameter and
pileus diameter of A. cylindracea is y � 8.992681x0.612322 (in
which 0< x< xmax, xmax is the maximum diameter of the
stalk).
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Figure 2: Fitting curve of four statistical models. (a) Linear regression model. (b) Exponential function model. (c) Power function model.
(d) LOGISTIC model.
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4. Conclusion

A large amount of research in the field of the edible
mushroom industry has been carried out in the overall
context of the rise of the general trend of industrial de-
velopment. On the one hand, the introduction of guidelines
and policies has led to a focus on the development of edible
mushroom factory cultivation technology, promoting the
transformation of traditional farmer production methods to
factory production methods, while a series of initiatives such
as promoting the development of the mushroom cycle have
also promoted the transformation and upgrading of the
edible mushroom industry, and research hotspots have been
emerging. On the other hand, the factory production mode
of China’s edible mushroom industry is emerging, the
market demand and market capacity are gradually in-
creasing, the competitive advantages of the products are
highlighted, the industry has broad development prospects,
and there are many future research contents [50, 51]. At this
stage, research in the global edible mushroom industry
mainly presents hot spots in the following aspects. First is the
research on edible mushroom productionmethods, focusing
on factory production. Factory production is the most
modernized agricultural industry and is an important di-
rection for the industrial development of edible mushrooms.
Various aspects of factory production, such as the research
and development of factory cultivation technology and
factory management, need to be improved through research.
Second is the research on the market-oriented development
of edible mushrooms. Research results about product
competitiveness, especially export trade, are abundant. With
the introduction of policies such as “One Belt, One Road,”
and “Rural Revitalization,” fine research on edible mush-
room brand construction and integration with e-commerce
is promoted.)ird is the research on the circular economy of

the edible mushroom industry. )e flourishing of low-
carbon agriculture and the development of agricultural
circular economy make the research on the circular econ-
omy of mushroom industry promising, and the standard
paradigm of mushroom recycling technology, system, laws,
and regulations need to be developed and formed [52, 53].

At present, although crop growth models have made
great progress, some physiological and ecological mecha-
nisms still need to be studied in depth and further improved
[54, 55]. Many parts of the existing models are still more
empirical, and in the application of the model, due to the
complexity of the model, more parameters are included in
the model, and the acquisition and reliability of the pa-
rameters are the key issues affecting the application of the
model. )ere are still many aspects that need to be explored
and researched in depth [56].

In this study, the curve model of the growth trend of cap
and stalk in the process of growth and development of
Pleurotus ostreatus was fitted by using the research methods
of biology and statistics. )e final fitting curve model
equation is as follows: y � 8.992681x0.612322 (in which
0< x< xmax, xmaxis the maximum diameter of the stalk). )e
results show that the fitting equation is feasible and efficient.
If the program is further improved and used, the data model
of liquid fermentation growth of related edible fungi can be
established in the future, and the shared network of data
fitting and curve output can be established at the same time.

In the process of research, it is found that the statistical
data processing module is the core module of the program,
and the biggest difficulty in compiling lies is whether the
operation accuracy meets the requirements, while PHP
provides a binary calculator for any precision mathematical
calculation, which supports numbers of any size and pre-
cision, describes the addition of a string bcadd (string
left_operand, string right_operand [, int scale])//floating-
point numbers in the form of a string, and retains’ scale’
decimal places after the decimal point. )is study uses a
high-precision algorithm with a decimal accuracy of 6 and
ensures the least number of iterations (the less the number of
iterations, the smaller the error), which can meet the needs
of statistical parameters. Finally, the results of these high-
precision operations are stored in the corresponding curve
model variables to provide initial data for graphics [57]. At
the same time, there are four evaluation indexes in the test of
the curve fitting effect: the average value of residual standard
deviation (RSE), correlation coefficient (CRI), absolute de-
viation (AAD), and the average value of relative deviation
absolute value (AARD). Among them, the smaller the av-
erage (AAD) of the absolute deviation of the residual
standard deviation (RSE) and the average (AARD) of the
absolute value of the relative deviation, the larger the cor-
relation coefficient (CRI) and the better the fitting effect of
the surface test [58–60]. Besides, in the establishment of the
digital model, there are some problems in the graphical
output and fitting curve, such as the output curve is not
smooth. To solve this problem, the abscissa variable is di-
vided into tiny units, and an array of 10000 variables is
obtained. so that the graphical output can get a smooth
fitting curve [61–63]. In this study, it is feasible, convenient,
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and efficient to use biology, statistics, and PHP program-
ming methods to fit the growth curve of cap diameter and
stalk diameter of Pleurotus ostreatus. With the continuous
improvement of this program, the shared network center of
data model fitting and curve output can be established in the
laboratory, which provides a reference basis for the graphic
data of the laboratory.

As an emerging discipline, the role of crop growth
modeling in education and research is indelible and will
continue to have great vitality [64]. With the further inte-
gration of theoretical research with production practice and
the deepening of systematic scientific research, there will be a
new progress in the study of the quantitative effect of en-
vironmental conditions on crop growth and development,
and the visualization of crop growth and virtual crop growth
will be the focus of a new round of research on crop growth
simulation models.
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