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Enhancing the sustainability of
cherry blossom landscapes-a
case study in Fujian Province,
China

Hongjun Peng, Ping Li and Rong Zhu*

School of Design, Jiangnan University, Wuxi, China

Utilizing flowering cherries to enhance suburban landscapes and attract public
recreation holds significant economic and social value. However, the current
quality of the cherry landscape is compromised due to the absence of variety
selection and planning in planting and design. Based on the analysis of public
preference, there is significant importance in boosting the sustainability of
cherry blossom landscape. However, related research in this domain still
needs to be explored. This study examined four representative cherry blossom
landscapes in Fujian Province to assess the landscape quality and growth of
existing cherry varieties. Subsequently, animprovement model of cherry blossom
landscape quality was developed based on image semantic segmentation,
aiming to quantify landscape elements. The findings indicated that: (1) There
were a total of 46 cherry varieties blooming from January to March in the four
representative cherry blossom landscapes. The health grades distribution was
as follow: Grade | accounted for 41.3%, Grade Il for 39.1%, Grade Il for 8.7%,
Grade |V for 6.5%, and Grade V for 4.4%. (2) The highest marginal benefit for
flake planting was observed when the flowering ratio exceeded 60% or was less
than 15%. In contrast, the optimal flowering ratio for the linear cherry blossom
landscape for maximum marginal benefit was over 30.0%. (3) The outcomes
of the scenic beauty model revealed that the five major factors influencing the
scenic beauty were the scene cleanliness (38.04%), plant color composition
(25.59%), road (17.79%), plant type (12.88%) and building (2.70%). The results of
this study provide valuable objective data references for the planning, design
and management of cherry blossom landscapes.

KEYWORDS

cherry blossom landscape, cherry varieties, marginal benefit, scenic beauty
assessment, semantic segmentation

1 Introduction

Enhancing the landscape quality of scenic forests in suburban areas is an effective strategy
for attracting the public, and utilizing cherries to enhance the recreational quality of these
forests has demonstrated considerable effectiveness. Cherries, globally renowned for their
ornamental value, boast abundant blooms, vibrant colors, a concentrated flowering period,
and a rich history of admiration, leading to their widespread planted in recent years. Beyond
their high aesthetic value, cherries contribute to both economic and environmental benefits
(Peng et al., 2016). The romantic ambiance created by the spectacular bloom of cherries,
resembling radiant clouds at their peak and a cascade of petals like celestial beings during their
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fall, entices crowds to cherry blossom landscapes for photography and
leisure, igniting public enthusiasm for outings and exercise (Tan and
Li, 2009). Furthermore, the experience of cherry blossom landscapes
can alleviate mental stress, promoting the physical and mental well-
being of the public—the breathtaking scenic impact of cherries results
in a surge of visitors during their short blooming season. However, the
number of non-seasonal visitors still needs to be increased, indicating
a need to enhance their economic value. The primary challenge is
economically creating cherry blossom landscapes with longer viewing
seasons and exceptional landscape effects. The rational arrangement
of cherry blossom landscapes necessitates consideration of three
aspects: the selection of cherry species, tree species combinations, and
landscape elements. Constructing an evaluation model for cherry
blossom landscapes is essential for effectively determining how to
choose these three elements.

Previous researchers have made significant contributions to
addressing the issues above. In terms of cherry variety resources and
community distribution, existing studies have documented the
distribution and quantity of cherry varieties, species identification,
breeding objectives, and horticultural applications (Lu et al., 20065
Wang, 2014). They have established a cherry database and emphasized
that China’s most common cherry varieties are imported from Japan.
Due to changes in their growth environment, these varieties are
susceptible to diseases, pests, and arid climate, underscoring the
critical importance of diagnosis, treatment, and variety selection (Li
et al., 2014; Bian, 2018). Some scholars have focused on individual
desirable traits of cherries. For example, certain cherry varieties, such
as Prunus campanulata as representatives, have been introduced,
providing research insights into suitability for the southeastern China’
climate, temperature, and topography (Lu et al., 2016). Concerning
cherry blooming periods, researchers have established linear and
non-linear relationship models between blooming periods and climate
factors by analyzing trends in blooming period changes and their
correlation with climate factors. They have summarized the
relationship between cherry blooming periods and winter temperature
changes, facilitating the prediction of blooming periods and the
proper planning of cherry blossom landscapes (Chen et al., 2008; Shu
et al, 2018; Tan et al., 2021). Prior research has analyzed cherries’
blooming periods and morphological characteristics in cherry
blossom landscapes to create the optimal cherry viewing experience.
The analysis was conducted on blooming period combinations and
overall arrangements based on the different blooming periods and
morphological features of various cherry varieties (Chen, 2022).
Japanese scholars have cultivated over 600 cherry varieties,
significantly expanding the botanical forms and applications of cherry
blossom landscapes. Many regions have introduced a variety of
cherries and explored plant materials from the Prunus genus to
counteract the monotony that sets in after the cherry blossom
landscape loses its appeal (Liu, 2012). Determining the cherry
blooming ratio acceptable to the public is the foundation for setting
blooming period combinations and overall arrangements. Analyzing
the marginal benefits of cherry blooming ratios is particularly crucial,
but scholars have yet to research the marginal benefits of cherry
blooming ratios.

In addition to ornamental plants, cherry blossom landscapes
should consider other landscape components to achieve enhanced
landscape effects. Research has shown that the South Lingnan
Botanical ParK’s cherry garden emphasizes principles of plant
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configuration in specialized botanical gardens, plant diversity, and
landscape construction (He et al., 2022). Analyzes of layout zoning,
cherry varieties, vegetation planting design, and cherry community
assessments have been conducted at Beijing Yuyuantan, Wuhan
University, and Donghu Moshan. However, the related research has
primarily relied on qualitative assessments, making it challenging
to obtain widely applicable evaluation results (He et al., 2022).
Scenic Beauty Estimation (SBE) is a commonly used landscape
assessment method (Daniel and Boster, 1976). Early landscape
assessments predominantly featured qualitative landscape elements,
with quantitative assessments as a supplement. While some progress
was made, issues persisted in constructing evaluation models with
significant errors. With technological advancements, quantifying
and analyzing landscape elements to enhance the reliability of
landscape assessments became feasible (Howley et al, 2012;
Schirpke et al., 2013). For example, Cui Zhe and others utilized the
HSL color space model to analyze sample images for color analysis
to develop a new green view rate calculation method (Cui et al.,
2018). Liu Kedan and colleagues manually identified and outlined
the external contours of landscape elements using Photoshop image
processing software and then obtained quantitative data through a
grid method (Liu et al., 2020). However, these studies still had
certain methodological limitations, high time costs, and challenges
in ensuring accuracy. Semantic Segmentation, a hot topic in
computer vision, can automatically analyze different categories of
data in images and achieve pixel-level classification of unknown
images by discerning patterns. In landscape architecture, this
technology has been extensively applied in tasks such as image
information recognition, feature extraction, and classification
(Zhang et al., 2020; Hong, 2021). Thanks to the widespread
adoption of this technology, researchers have also improved the
speed of data acquisition.

Fujian Province, situated in the southeastern coastal hilly area of
China, is often called the “eight mountains, one river, and one patch
of farmland” The swift urban development in the region has led to the
extensive utilization of available land for urban development, resulting
in a shortage of urban green spaces. Enhancing the landscape quality
of suburban scenic forests in Fujian Province has a dual economic
value. It provides a pleasant recreational environment for urban
residents and generates income for suburban communities. In this
study, typical representatives of Fujian Province, including the
Danying farm in Lianjiang County, the Cherry Garden of Fuzhou
Botanical Park, Yutan Cherry Valley in Xiapu County, and Yongfu
Cherry Garden in Zhangping City, were analyzed for their cherry
species, health status, planting methods, and scenic effects. The study
involved hierarchical and marginal benefit analyzes of different cherry
blossom landscape configurations. Additionally, it introduced image
semantic segmentation as an auxiliary method for quantitative scene
analysis, focusing on the assessment of scenic beauty. The main
objectives of this research are as follows: (1) Evaluate the aesthetic
effects of the existing cherry varieties in Fujian Province. (2) Through
marginal benefit analysis, determine the flowering ratios with the
highest economic value, providing recommendations for cherry
variety combinations. (3) Utilize scenic beauty assessment to analyze
the landscape elements affecting cherry blossom landscapes, providing
modeling support for constructing these landscapes. This study offers
theoretical support for enhancing recreational forests in other areas
within Fujian Province.
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2 Materials and methods

2.1 Study site

Fujian Province is situated in the southeastern coastal area of
China, ranging between latitudes 23°31" to 28°18 North and
longitudes 115°50 to 120°43East. It falls under the North Subtropical
Monsoon Climate, with an average annual temperature of 17.5°C,
annual average precipitation of 1,635mm, a frost-free period of
270days, and an average relative humidity of 81%. Approximately 90%
of the region’s area is characterized by mountains and hills. This
geographical context makes it a typical representative for studying the
status of cherry blossoms in a subtropical, mountainous, and coastal
environment. This study selected several sites in Fujian Province for
research (Table 1), including the Danying farm in Lianjiang County,
the Cherry Garden of Fuzhou Botanical Park, Yutan Cherry Valley in
Xiapu County, and Yongfu Cherry Garden in Zhangping City
(Figure 1).

The four cherry blossom landscapes exhibit distinct planar
configurations (Figure 2). Employing computer calculations to extract
color elements from the four cherry blossom landscapes revealed that
the Danying farm and Yutan cherry valley feature extensive cherry
patches. In contrast, the Cherry Garden of Fuzhou Botanical Park and
Yongfu Cherry Garden utilize the terrain of valleys and hillsides,
arranging cherry rows along the viewing paths, resulting in a smaller
proportion of cherry area. The overall viewing areas in these two parks
adopt a narrow and elongated strip-like layout.

2.2 Current cherry planting status survey
and health evaluation

A field survey was conducted during the spring seasons of 2022
and 2023 to identify cherries with low flowering tendencies. While
documenting photographs, the survey aimed to investigate the cherry
varieties, quantities, distribution, ornamental characteristics, and park
configuration patterns. Comprehensive records of the cherry varieties’
morphological features, ornamental characteristics, and growth status
were maintained. Special attention was given to areas with the highest
concentration of cherry varieties, and the traits recording utilized a
combination of individual plants and standard plants.

The health level of the cherries in the study area was assessed
using the Cherry Health Grade Evaluation method (Zhao et al., 2023),
with a particular focused on introduced cherry species (including
varieties). Each planting location underwent a survey employing
sampling and census methods, resulting in a total of 235 surveyed
plants—heights ranging from 3 to 9 meters and canopy widths from
2.4 to 5.5 meters. Records were made for cherry characteristics related

TABLE 1 Basic information of cherry blossom landscapes.
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to ornamental value (tree shape, branching, flower quantity, leaf
canopy, leaf color), ecological adaptability (growth condition, root
permeability, dead branch count), and tolerance (disease and pest
resistance, cold and heat resistance). These characteristics were
quantitatively scored on a scale of 1 to 5 (Table 2).

After consulting with 20 professionals with doctoral degrees or
senior expertise in the fields of landscape architecture, forestry, and
tourism, critical indicators for cherry health grading were carefully
selected. The primary indicators identified were leaf canopy (P4),
growth status (P6), and flowering quantity (P3). Following these,
equally important were dead branch count (P8), tree shape (P1),
disease and pest resistance (P9), followed by cold resistance (P10),
root permeability (P7), and leaf color (P5) (Table 3). The results of the
hierarchical analysis align with the designated indicators that influence
cherry growth and health, demonstrating that the selected indicators,
encompassing branch and leaf quantity, flowering quantity, tree shape,
stress resistance, and leaf color, fully satisfy the criteria for cherry
health grading (Xia and Wang, 2022).

2.3 Photo acquisition and selection

In the spring of 2023, photographs were captured using a digital
single-lens reflex camera (Canon 90D model) between 8:00 AM and
4:00 PM. Survey sites were photographed from various observation
positions, with the camera lens set at eye level, ensuring images were
taken in the direction of sunlight. Landscape photos were captured in
a horizontal orientation to maintain technical uniformity. A total of
1,624 on-site photos were taken, with 30 photos selected from both
flat cherry groves and linear cherry blossom landscapes, summing up
to 60 photos for landscape evaluation analysis.

2.4 Participants and evaluation process

Responses to scenic beauty evaluations from diverse populations
exhibit a statistically significant universality. For instance, Wei Lu
found that the aesthetic judgments of the general public and
professionals had some similarities in the assessment of spring
landscape quality in six Shanghai city parks using the SBE (Scenic
Beauty Estimation) and SD (Semantic Differential) methods (Wei
et al, 2022). Zhao Qiuyue discovered in a study of park plant
configurations based on the SBE method and quantitative analysis of
plant color combinations that different populations demonstrated
converging acceptance levels for various color indicators in plant
combinations (Zhao et al., 2018). In this experiment, 120 volunteers
from the university community were recruited as the participants. The
evaluation process was divided into three parts: (1) Panoramic images,

Cherry blossom landscape name Position Area/hm?
Danying farm 119°51’ E26°33' N 13.3
Cherry Garden of Fuzhou Botanical Park 119°29’ E 26°17’ N 2.5
Yutan Cherry Valley 119°96’ E 26°86’ N 367
Yongfu Cherry Garden 117°31" E 25°05° N 113
Frontiers in Forests and Global Change 03 frontiersin.org


https://doi.org/10.3389/ffgc.2024.1339603
https://www.frontiersin.org/journals/forests-and-global-change
https://www.frontiersin.org

Peng et al. 10.3389/ffgc.2024.1339603

Nanping City

Ningde City
o

Quanzhou City

‘ Legend

° Danying farm
Zhangzhou City ®  Cherry garden of Fuzhou botanical park
©  Yutan cherry valley

Yongfu cherry garden

°
‘:I Fujian Province

O — — kM
0 20 40 80 120 160

FIGURE 1
Distribution of typical cherry blossom landscapes in Fujian Province.

FIGURE 2
Aerial view of cherry blossom landscapes and their cherry distribution characteristics. (A) Danying farm (B) The Cherry Garden of Fuzhou Botanical
Park (C) Yutan Cherry Valley (D) Yongfu Cherry Garden. The pink areas in the image represent the cherry planting zones.

presented in equidistant projection format, were compiled into Rij - R; 1)
slideshows and shown to participants at 8-s intervals (Guo and Yang, v S

2005). (2) Participants evaluated the scenes according to landscape

quality assessment criteria. A 7-point scoring system was used in the

questionnaire, with scores ranging from 3 to —3, representing a _ N Zj

stepwise scale from “very like” to “very dislike” to calculate the SBE Zij= FI @
values of the participants. The standardized formula is as follows:
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TABLE 2 Evaluation criteria for cherry health grades—specific rating standards (Zhao et al., 2023).

Evaluation index

Tree form

5

Well-proportioned and

symmetrical

4

Relatively well-

proportioned

3

No significant issues

2

Some issues exist

10.3389/ffgc.2024.1339603

Severe defects exist

Branching condition

Main and lateral branches
are classified reasonably,

with an even distribution

Main and lateral branches
are classified relatively
reasonably, with a

relatively even distribution

Main and lateral

branches are generally

Main and lateral

branches are not

Main and lateral branches
exhibit significant

deficiencies in

of the number of branches classified distinctly classified
of the number of branches classification
at each level
at each level
Moderately abundant
Amount of flowers Abundant flowering Moderate flowering Low flowering Extremely low flowering
flowering
Moderate shade
Leaf curtain Strong shade coverage Moderate shade coverage Poor shade coverage Very poor shade coverage
coverage
Lush green in summer, Green in summer, Green in summer, Yellowish-green in Yellowish-green in
Leaf color excellent autumn color relatively good autumn moderate autumn color | summer, 50% poor summer, no autumn
change color change change autumn color change color change
Extremely minimal
Growth condition Vigorous growth Relatively vigorous growth | Moderate growth Slow growth b
growt
Loose and well-aerated Relatively good root soil Moderate root soil Very poor root soil
Root permeability Poor root soil aeration
soil at the root aeration aeration aeration
30 to 50% dead
Number of dead branches No dead branches 20% dead branches 30% dead branches branch 50% dead branches
ranches

Disease and pest resistance

Free from diseases and

pests

Relatively mild disease

and pest damage

Occasional presence of
1-2 types of diseases

and pests

Frequent occurrence of

diseases and pests

Severe diseases and pests

Cold resistance

No frost-damaged

20% frost-damaged

30% frost-damaged

30 to 50% frost-

More than 50% frost-

branches branches branches damaged branches damaged branches
30 to 50% leaf edge More than 50% leaf edge
Heat resistance No leaf edge browning 30% leaf edge browning 30% leaf edge browning
browning browning

TABLE 3 Overall weighted composite ranking value and compliance test.

Indicators Hierarchy weight  Hierarchy weight Weight of Ranking
(A-Ci) (C-Pi) combination total
ordering
P1 Tree form 0.164 3 0.088 7 5
P2 Branching condition 0.1258 0.067 9 7
P3 Amount of flowers 0.5396 0.270 5 0.146 0 3
P4 Leaf curtain 0.3754 0.202 6 1
P5 Leaf color 0.064 0 0.0345 10
P6 Growth condition 0.527 8 0.156 8 2
P7 Root permeability 0.2970 0.1396 0.0415 9
P8 Number of dead branches 0.3325 0.098 8 4
P9 Disease and pest resistance 0.493 4 0.080 6 6
P10 Cold resistance 0.1634 0.3108 0.050 8 8
P11 Heat resistance 0.1958 0.0320 11

In the equation: Z; represents the standardized value of j  After calculating the standardized values, the average for the same

respondents for the i-th plant landscape; R; is the evaluation score  landscape is referred to as the Z value (Equation 2), which measures

given by the j-th respondent for the i-th plant landscape; R; is the  of scenic beauty. The scenic beauty estimation value (SBE value)

average of all evaluations by the j-th respondent, and §; is the standard  reflects the landscape’s aesthetic quality and the respondents’ aesthetic

deviation of all evaluation scores by the j-th respondent (Equation 1).  preferences. Correlation analysis uses the SBE value to explore
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aesthetic differences among different groups and identify factors
influencing the evaluation scores.

2.5 Marginal benefit analysis of cherry
flowering ratio

Cherries have a relatively brief flowering period, and there is
a pressing concern for operators and managers to extend the
duration of cherry viewing. In addition to planting cherry varieties
with more extended flowering periods, configuring cherries of
different flowering times is a pivotal strategy to extend the overall
flowering period within the garden (Sun et al., 2022). Therefore,
analyzing the marginal benefit of cherry flowering is crucial in
determining the proportions of different flowering times. Based
on this, this study conducted a public aesthetic feedback analysis
on cherry blossom landscape configurations with different
flowering ratios, excluding the interference of other landscape
elements. The calculation formula is as follows (Guan et al., 2018):

wrAY _ Yo-Ya

== 3
AX th—th ( )

In the formula (Equation 3), MR represents a marginal benefit,
indicating the change in SBE value. The SBE value at a flowering ratio
of t represents the proportion of additional flowering cherry trees,
with ¢ representing the proportion of flowering cherry trees.

TABLE 4 Decomposition of cherry blossom landscape elements.

10.3389/ffgc.2024.1339603

2.6 Landscape element selection

To determine the relationship between landscape evaluation
and scenes, it is crucial to identify the landscape elements that
impact scenery quality. Based on the classification of landscape
elements in prior studies and a review of landscape evaluation
research conducted both domestically and internationally in recent
years (Kang et al., 2008; Howley et al., 2011; Weng et al., 2017; Guo,
2019; Han and Ma, 2020; Liu et al., 2020; Wang et al., 2020; Liu
et al., 2021), environmental characteristics were initially
categorized into 20 preselected landscape elements, further
grouped into four aspects: spatial elements, natural elements,
construction elements, and facility elements.

The grey statistical analysis method was deemed effective in
enhancing the scientific selection of elements (Li et al., 2020). The
research employed this method for further element selection with
the following process: (1) opinions on the importance of the
elements were gathered from 20 professionals in landscape
architecture, forestry, and tourism with doctoral degrees or senior-
level qualifications, using a 7-point rating scale where levels 1 to 7
indicated “very unimportant” to “very important”; (2) a grey
incidence analysis function was constructed; (3) grey decision
coefficients were calculated to determine the high, medium, and
low grey decision coefficients for each element; and (4) the three
decision coefficients in the vector were compared, and the elements
with “high” importance were selected for further research. The
final selection resulted in 12 landscape elements, as shown in
Table 4.

Project Landscape Category Number of Quantification
Number elements 5 categories methods
Plant structural
X1 Single Moderate Abundant 3 Color impact
hierarchy
Composition of plant More than
X2 1 type 2 types 3 types 4 Color impact
colors 3 types
Percentage of plant Image semantic
X3 <0.4 0.4~0.6 0.6~0.8 >0.8 4
visual dominance segmentation
Line of sight
X4 Near Intermediate Distant 3 Manual identification
proximity
Present and Image semantic
X5 Water features None Present 3
Beautiful segmentation
X6 Scene neatness Cluttered Moderate Neat 3 Manual identification
X7 Natural charm None Moderate High 3 Manual identification
Image semantic
X8 Plant growth form Straight Curved 2
segmentation
X9 Planting patterns Artificial Natural 2 Manual identification
Cherry blossom
X10 <0.1 0.1~0.2 0.2~0.3 >0.3 4 Manual identification
visual dominance
Present and Image semantic
X11 Architecture None Present 3
Beautiful segmentation
Present and Image semantic
X12 Roads None Present 3
Beautiful segmentation

Frontiers in Forests and Global Change
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2.7 Quantitative decomposition of
landscape elements

In this study, the PSPNet model, an improved version based on
the Fully Convolutional Network (FCN), was employed to perform
quantitative decomposition of the scenes (Figure 3).

Recognition accuracy is commonly assessed using the mean
Intersection over Union (MIoU) as a standard (Garcia-Garcia
et al., 2017), quantifying the overlap between predicted image
pixels and actual pixels, as calculated in Eq. (4). The PSPNet model
is regarded as apt for relatively intricate scene analysis and
previously won the 2016 ImageNet Scene Parsing Challenge,
achieving the best performance in the PASCAL VOC 2012
benchmark (MIoU = 85.4%).

1 & i
> - (4)

MloU = 2 3
k+1;5 ijopij + zjzopﬁ = Pii

In the formula, k represents the total number of landscape label
categories; p; denotes the total number of pixels with a true class of i
that are predicted as class i; p; represents the total number of pixels
with a true class of i that are predicted as class j; p; signifies the total
number of pixels with a true class of j that are predicted as class i
(Chen et al., 2023; Li et al., 2023).

2.8 Scenic beauty estimation model
establishment

In this study, the standardized values of scenic beauty are
employed as the dependent variable, while the values of various
landscape elements serve as independent variables. During model-
building, a partial correlation analysis method is utilized to
progressively eliminate factors with weaker associations with the
dependent variable, retaining those that contribute significantly to
scenic beauty. This approach is employed to formulate a linear model
describing the relationship between scenic beauty values and
landscape elements, thereby offering support for enhancing the quality
of cherry blossom landscapes.

Frontiers in Forests and Global Change

3 Results
3.1 Cherry varieties and scenic conditions

3.1.1 Cherry varieties

46 cherry varieties (including cultivars) are collected from the
four cherry blossom landscapes (Figure 4). Among these, the
predominant species in all four gardens is the Prunus campanulata,
constituting 81% of the total plantings. This species is characterized
by early flowering, rich population variability, umbrella-shaped
inflorescence, early leaf emergence, and bell-shaped calyx tube, among
other features. Eight other species have been introduced, including
P, lannesiana and P, x yedoensis, but comprise less than 20% of the
total. Specifically, P. x yedoensis accounts for 6%, P. lannesiana for 5%,
and P. xintrotsa and P. schneideriana for less than 2%. P. dielsiana,
P x subhirtella, and P, cerasoides constitute less than 1%.

3.1.2 Cherry flowering period and color
composition

Regarding flower color, various shades of light pink, pink, deep
pink, and pink-white, with pink being the most predominant,
accounting for up to 30.4%. The flowering period spans from January
to March. Species such as Prunus campanulata “Dan Hong”, “Dan
Xia’, “Fen Dai’, “Hongfen Jiaren”, and P. x subhirtella have their first
blooms in January. In February, species like P campanulata
“Polypetalus’, “Chun Tong’,
“Kawazu-zakura’, and P. lannesiana “Sekiyama” begin to bloom. In

» » <«

Dan Yun”, “He Ban”, P lannesiana
March, species like P campanulata “Dan Fei”, “Dong Yun’, “Fen Yun’,
P, incisa, P. cerasoides, P. cerasoides, P. x yedoensis “Somei-yoshino’,
P. “Usubenikan-zakura”. Apart from P. campanulata “Dan Hong’,
which has an extended flowering period of 30 days, the other varieties
typically have around 20 days (see Figure 5).

3.1.3 Cherry health status

As indicated in Table 5, 46 cherry species (including varieties) were
surveyed in this study. The overall health of the cherries was
commendable, exhibiting a normal distribution of healthy levels.
Approximately 80.4% of the cherries displayed excellent or good
growth, while 8.7% were rated as average. About 10.9% of the cherries
were classified as fair or poor. Specifically, 41.3% were in Class I, with
the highest score awarded to P. campanulata “Hongfen Jiaren” (4.89).
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FIGURE 4
Distribution proportion of cherry species.

Class II comprised 39.1%, with the highest score achieved by
P, schneideriana “Dong Yun” (3.91). Class III accounted for 8.7%, and
the top-ranking variety was P, xintrotsa “Introrsa” (3.34). Class IV
comprised 6.5%, with P.xyedoensis “Somei-yoshino” (2.89) of the
cherry health status. Class V constituted 4.4%, with P lannesiana
“Kawazu-zakura” (1.92). Regarding the health status, P campanulata in
Fujian Province demonstrated an excellent condition, with some
varieties showing good health, such as P. schneideriana and P. dielsiana.
P xintrotsa, P.xsubhirtella, P. x yedoensis, and P. cerasoides had an
average health condition, while P. lannesiana’s health condition was
worse compared to P, X yedoensis.

3.2 Marginal benefits of cherry blooming
ratio

From a marginal benefit perspective, block planting exhibits two
distinct marginal benefits for blooming ratios above 60% and below
15%. Specifically, when the blooming ratio exceeds 60%, increasing the
proportion of flowering plants in the cherry blossom landscape
significantly enhances the landscape effect. However, increasing the
proportion of flowering plants between 15 and 60% does not
significantly improve the landscape. On the other hand, when the
proportion of flowering plants is below 15%, reducing the proportion
has a significant negative impact on the scenic beauty. For linear
planting, the boundary effects emerge when the blooming ratio
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surpasses 30%, indicating that increasing the proportion of flowering
plants is beneficial for enhancing the landscape when the blooming
ratio is above 30%. Conversely, reducing the proportion of flowering
plants has a negative impact on the scenic beauty. Therefore, when
employing linear planting, the blooming ratio should be maintained
above 30% to achieve a better landscape effect (see Figure 6).

3.3 Construction and analysis of landscape
evaluation models

3.3.1 Construction of landscape evaluation
models

After quantifying the landscape elements of different scenes as
independent variables and using the public’s ratings of scenic beauty as
the dependent variable, partial correlation analysis was conducted using
SPSS, progressively removing unrelated elements. A total of seven
iterations were carried out. After completing the seventh iteration, the
t-test values for all remaining factors were consistently below 0.01,
indicating that the remaining landscape elements could be used for
scene model construction. Through these seven iterations, five
landscape elements were selected: plant color composition, scene
tidiness, plant morphology, architecture, and pathways. Using a linear
regression model equation, the scenic evaluation model was formulated
as follows: Y = 0.12 + 0.201 X ,,-0.032 X ,5-0.117 X ¢, + 0.007 X ¢, +
0.021 X g5+ 0.105 X 5, + 0.022 X 11.5-0.031 X 1o, + 0.114 X 1.5
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Cherry species, flowering periods and flower colors.

The t-test analysis of the partial correlation coefficients for the
scenic evaluation model resulted in a p-value of 0.000, less than 0.01,
reaching a highly significant level. Hence, this model can serve as a
predictive model for the scenic quality of cherry blossom landscapes.

3.3.2 Analysis of landscape evaluation models

Through the analysis of category scores in the landscape evaluation
model, it was observed that scene tidiness has the highest contribution
to the scenic evaluation of cherry blossom landscapes, accounting for
38.04%. The influence of other landscape elements, in descending order,
is as follows: plant color composition (25.59%), pathways (17.79%),
plant morphology (12.88%), and architecture (2.70%). Notably, it is
worth mentioning that a higher scenic evaluation is associated with a
lower plant color composition, suggesting that during the peak
flowering period, a more uniform plant color may enhance the overall
impact of the blooming plants (Table 6).

4 Discussion

4.1 Cherry varieties and landscape
development

In Fujian Province, a diverse range of cherry varieties exists,

with P. campanulata, P. dielsiana and P. schneideriana being the
most prominent. The predominant flower color falls within the

Frontiers in Forests and Global Change

pink spectrum. This partially aligns with the findings of Wei Yi’s
research, suggesting that P. campanulata is well-suited to the
climate of Fujian Province and holds broader applications (Wei
et al., 2022). Furthermore, these cherries exhibit overall good
health, displaying robust growth, and their health grades follow a
normal distribution pattern. From a health-grade perspective, the
P. campanulata in Fujian Province exhibits excellent health, while
certain varieties, such as P. schneideriana, and P. dielsiana are
classified as being in good condition. The P. subhirtella, P. introtsa,
P. subhirtella, and P. cerasoides are in average condition. This
contrasts with the findings of Zhao Shuang’s cherries health
assessment at Yuyuantan Park (Zhao et al., 2023). Ye Chaohong’s
research indicates that Japanese cherries are often unsuitable for
cultivation in high-temperature, high-humidity regions in
southern China, leading to various issues such as high mortality
rates, poor growth, shortened flowering periods, and increased
susceptibility to pests and diseases (Ye et al., 2014). By
accommodating cherry growth under extreme conditions and
strategically allocating different cherry varieties, the ideal flowering
period can extend from late December to late March, approximately
100 days. This extension is nearly double the duration of current
cherry blooms, underscoring the significant socioeconomic value
of this research (Nie, 2022). This study fills a void in cherry health
research in China’s subtropical southeastern coastal regions. It
offers theoretical references for the cherry health status in urban
areas of other coastal regions.
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TABLE 5 Assessment of cherry health grades.

Health grade

A-value

Cherry health
condition

Variety name

10.3389/ffgc.2024.1339603

Composite score

P. campanulata “Chun Tong” 4.23
P. campanulata “Dan Fei” 4.79
P. campanulata “Dan Hong” 4.85
P. campanulata “Dan Xia” 4.83
P. campanulata “Dan Yun” 4.37
P. campanulata “Dong Yun” 4.43
P. campanulata “He Yun” 4.61
Cherries have abundant P. campanulata “Fen Dai” 4.51
flowers, strong shading, lush P campanulata “Fen Yan® 477
green leaves that change color
Grade I (Excellent) 4<AL5 P. campanulata “He Ban” 4.78
well, vigorous growth, and no
dead branches, pests, or leaf P. campanulata “Hongfen Jiaren’ 4.89
burn. P. campanulata “Luo Xia” 4.66
P. campanulata “Min Chunhong” 4.62
P. campanulata “Ni Shang” 424
P. campanulata “Wanxia Hong” 4.34
P. campanulata “Xi Chun” 4.45
P. campanulata “Xueli Hong” 4.64
P. campanulata “Ying Chun” 4.32
P. campanulata “Polypetalus” 4.81
P. campanulata “Wan Hong” 3.56
P. campanulata “Yan Hong” 3.51
P. campanulata “Yuan Fei” 3.84
P. campanulata “Yuan Hong” 3.55
P. campanulata “Chun Xia” 3.62
P. campanulata “Chunyun
P e 3.77
Chuxiao”
Cherries have relatively “ s
P. campanulata “Yuan Xia 3.72
abundant flowers, strong
shading, green leaves that P. campanulata “Zui Chun’ 3.74
Grade II (Good) 3.50<A<3.99 change color moderately well, P campanulata “Fenghua Zaoying” 3.57
good growth, with 20% dead P campanulata “Yun Shang” 3.65
branches, some mild pest P. campanulata “Shuangrui Feixia” 3.54
damage, and 30% leaf burn.
P. campanulata “Cui Xia” 3.59
P. campanulata “Feng Dan” 4.63
P. campanulata “Zui Fei” 3.78
P. campanulata “Rui Die” 3.61
P, dielsiana “Qing Yun” 3.79
P, dielsiana “Yanzhi Xue” 3.67
P. schneideriana “Dong Yun” 391
Cherries have moderate flower | Prunusxintrotsa “Introrsa” 3.34
abundance, moderate shading, | p,,.usxsubhirtella 323
moderate color changes in
P incisa 3.16
Grade IIT (Fair) 3.00<A<3.49 leaves, average growth, with
30% dead branches, occasional
mild pest damage, and 30% P cerasoides 3.25
leaf burn.
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TABLE 5 (Continued)

Health grade

Cherry health
condition

Variety name

10.3389/ffgc.2024.1339603

Composite score

Cherries have limited flower Prunusxyedoensis “Somei-yoshino” 2.89
abundance, poor shading, P, “Usubenikan-zakura” 2.38
yellow-green leaves in the
Grade IV (Poor) P PPN summer, limited color change
(50%), poor growth, with over
30% dead branches, frequent Prunusxyedoensis 245
pest damage, and over 30% leaf
burn.
Cherries have very few flowers, | P lannesiana “Kawazu-zakura” 1.92
very poor shading, yellow-green
leaves in summer, no color
Grade V (Very Poor) 1.00<A<1.99 change in the fall, minimal
growth, with 50% dead P. lannesiana “Sekiyama” 1.87
branches, severe pest damage,
and over 50% leaf burn.
A block planting B linear planting
0 275% 75% [ 60% 45% [ 30% 15% [JcaG. 0O 275% 75% [ 60% 45% [J30% 15% [ca.
2 r 2
L 15 I
1.: - . . é
05 - ‘ x
0
ol | -05 ‘ :
05 4 s
-1r -15
-15 | -2
2 F -2.5
25 b 3
FIGURE 6
Box plot of marginal benefits of cherry cultivation differences in block planting (A) and linear planting (B).

TABLE 6 Scores for categories in the in-forest landscape evaluation model.

Category Coefficient value Contribution
percentage/%
X2-1 0.201
Plant color composition X2-2 0 0.233 25.59
X2-3 -0.032
X6-1 -0.317
Scene tidiness X6-2 0.007 0.310 38.04
X6-3 0.021
X8-1 0
Plant morphology 0.105 12.88
X8-2 0.105
X11-1 0
Architecture X11-2 0 0.022 2.70
X11-3 0.022
X12-1 —0.031
Pathways X12-2 0 0.145 17.79
X12-3 0.114
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4.2 Marginal benefits of cherry blooming
ratio

When employing block planting, two distinct marginal benefits
are observed for cherry blooming ratios: above 60% and below 15%.
Increasing the proportion of flowering plants significantly enhances
the landscape effect if the blooming ratio within the cherry blossom
landscape exceeds 60%. Conversely, if the proportion of flowering
plants falls below 15%, reducing the proportion of flowering plants
significantly diminishes the aesthetic appeal of the landscape. In the
case of linear cherry planting, boundary effects emerge when the
blooming ratio exceeds 30%. This implies that when the blooming
ratio is above 30%, increasing the proportion of flowering plants
enhances the landscape effect, but decreasing the proportion of
flowering plants significantly reduces the aesthetic appeal. Therefore,
maintaining a blooming ratio above 30% is advisable to achieve a
superior landscape effect in the context of linear cherry planting.
Marginal benefits are frequently applied in various disciplines, but
their utilization in the evaluation of cherry blossom landscape needs
to be more reported. Inspired by the principle of diminishing marginal
benefits, Shi Zhengtao established a novel index evaluation method
and model that analyzed how variations in indicators affect urban
water security (Shi et al,, 2010). Liu Chang et al., proposed a field
water rights allocation method based on irrigation system structure
and marginal benefits. This approach ensures that each area of
farmland receives the same marginal benefits, thereby better reflecting
the fairness of water rights distribution (Liu et al., 2023). In this study,
marginal benefits are utilized to analyze the efficacy of cherry
cultivation, providing valuable insights for landscape developers. In
summary, when planning and designing flat and open areas within
cherry blossom landscapes, implementing large-scale planting of the
same cherry variety with a blooming ratio exceeding 60% can create
breathtaking landscapes. For areas that require linear planting with a
consistent display of blossoms over an extended period, arranging
different cherry varieties with varying blooming periods is advisable,
ensuring that the blooming ratio remains above 30%. This approach
guarantees the creation of stunning landscapes with large-scale
blooms throughout the cherry blossom season and maintains a
continuous display of linearly planted cherry blossom landscapes.

4.3 Construction of a scenic beauty
evaluation model

We quantified landscape elements through quantitative methods
like image semantic segmentation, forming the basis for constructing
a scenic beauty evaluation model. Semantic segmentation, employed
in the examination of cherry blossom landscape scenes within images,
facilitated the process of pattern analysis. The introduction of image
semantic segmentation as an auxiliary technique for quantitative scene
analysis provided more objective data support for the scenic quality
evaluation model. This research unveils the mechanism of influence
between cherry blossom landscapes and public aesthetics. Five
landscape elements were chosen: plant color composition, scene
tidiness, plant morphology, architecture, and pathways. This aligns
with the viewpoint of Li Junyi’s research that visual complexity
negatively impacts scenic quality (Li et al., 2022). The slight deviation
in opinion regarding the positive influence of plant growth status,
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plant hierarchy, and paving forms on public aesthetic perception can
be attributed to the unique composition of plant colors in cherry
blossom landscapes compared to comprehensive green spaces. This
study adressed a gap in quantitative research on the construction of
landscape elements in cherry blossom landscapes, providing a
scientific data reference for the planning and design of these
landscapes. The analysis of scenic quality evaluation results
underscores the importance of maintaining park tidiness, regular
pruning of branches, and ensuring relatively consistent plant colors
within the forest during the construction of cherry blossom landscapes
to enhance area’s attraction.

4.4 Limitation

The assessment medium could be susceptible to external
environmental factors, influencing judgment outcomes. Future
research endeavors consider incorporating VR imagery as a visual
stimulus for experimental purposes. For example, Chen Ziru
conducted a comparative analysis of perceptual differences among
participants using panoramic VR evaluation, real world evaluation,
and two-dimensional photo evaluation, investigating the advantages
and disadvantages of panoramic VR evaluation and its application
value in visual landscape assessment (Chen et al., 2021). Furthermore,
publicly available models and datasets are typically tailored for
semantic segmentation of conventional images. Segmentation
accuracy could be further improved by modifying the model’s layer
structure or establishing corresponding datasets.

5 Conclusion

In this study, through field investigations and the analysis of the
marginal benefits associated with cherry blooming ratios and
landscape assessments, we provide objective data references for the
planning, designing and managing the cherry blossom landscape.
The research reveals that: (1) 46 cherry varieties in the four
representative cherry blossom landscapes. (2) The marginal benefit
of flake planting with flowering ratio exceeding 60% or falling below
15%, and the marginal benefit of linear cherry blossom landscape
with flowering ratio surpassing 30.0%. (3) The results of the scenic
beauty model showed that the scene cleanliness (38.04%), plant
color composition (25.59%), road (17.79%), plant type (12.88%) and
building (2.70%) were the five key factors affecting the scenic beauty.
These study outcomes provide objective data reference for future
cherry blossom landscape planning, design, and management. This
study enriches the research methods for landscape forest evaluation.
The related research findings can serve as crucial data support and
model simulations for cherry variety selection, cherry blossom
landscape construction, determining cherry variety proportions,
and enhancing landscape construction, benefiting regions such as
Fujian Province and beyond.
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