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1. Introduction
Agriculture, as the world’s largest industry in terms of 
freshwater use, has a wide range of subfields entailing 
the cultivation of crops and livestock farming (Arora et 
al., 2022). Freshwater is one of the essential resources for 
agriculture. In agricultural production, freshwater is used 
to irrigate farmland, providing water and nutrients for 
plants (Jeet et al., 2022). A large amount of fresh water is 
used for irrigation in farmland to meet the growth needs 
of crops. In addition, providing drinking water for animals 
and cleaning and disinfecting farms also requires the use 
of freshwater resources (Qu et al., 2022). According to data 
from the Food and Agriculture Organization of the United 
Nations, approximately 70% of global freshwater is used 
for agriculture (Millard et al., 2020). This demonstrates 
the dependence of agriculture on freshwater resources 
and the importance of these resources. Water resource 
management in agriculture is crucial for ensuring 
food safety, the sustainable use of water resources, 
and environmental protection. In order to ensure the 
sustainable development of water resources, effective 

utilization and management methods of water resources 
must be considered, and scientific and reasonable systems 
need to be developed for crop irrigation. In the field of 
agriculture, especially irrigated agriculture, scientific and 
reasonable irrigation systems are crucial for ensuring 
the growth and development of crops and the efficient 
utilization of water resources (Deng et al., 2020). Such 
irrigation systems can help farmers reduce water waste 
while ensuring that crops receive appropriate water 
supplies. Currently, for conventional crops, transpiration 
is the main driving force behind their water and fertilizer 
transportation channels, and transpiration is also a major 
component of crop water consumption (Zhao et al., 2020). 
In recent years, research on the effects of transpiration and 
irrigation on the yield and quality of different crops has 
become a topic of considerable interest. As an important 
agricultural crop, the attention paid to Platycodon plants is 
also increasing. By scientifically and reasonably regulating 
irrigation amounts for Platycodon grandiflorus crops, 
water use efficiency can be optimized, water waste can 
be reduced, and crop yield and quality can be improved. 
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A reasonable irrigation system can ensure the healthy 
development of crop roots, provide an appropriate water 
supply, and avoid excessive or insufficient soil moisture. 
In greenhouse-cultivated crops such as Platycodon 
grandiflorus, the water consumed by transpiration has 
a significant impact on the growth and yield of crops. In 
order to rationalize crop irrigation and enhance the water 
and fertilizer utilization efficiency of crops, the effects of 
different irrigation amounts based on transpiration on the 
yield and quality of Platycodon grandiflorus in greenhouse 
cultivation were explored in the present study. The 
innovation in this research lies in the study of the yield 
and quality of Platycodon crops based on transpiration. 
The study is divided into four further sections. In the next 
section, the relevant literature to date is summarized. In 
Section 3, the materials and experimental methods used 
in the study are introduced. In Section 4, the experimental 
results of the study are presented. In the final section, the 
study is concluded.

2. Related works
The use of water, as an essential resource in agriculture, 
faces many challenges. According to current trends, with 
population growth and more affluent dietary habits, 
the demand for water in agriculture will continue to 
increase. This may lead to an increase in large-scale 
water consumption in irrigation, further exacerbating the 
shortage of water resources. Eckardt et al. (2023) proposed 
crop improvement goals for agriculture in response to 
the increasingly severe climate disasters in recent years. 
Improving crops with stronger stress resistance is of 
great significance, and they discussed research results in 
related fields and proposed suggestions for possible future 
situations. Mazzia et al. (2020) proposed an agricultural 
efficiency management improvement plan based on 
unmanned aerial vehicles (UAVs) to improve water 
resource utilization in irrigated agriculture. By combining 
transpiration efficiency and soil water content with the 
benefits of UAVs, the water resource utilization rate in 
traditional irrigated agriculture was effectively improved. 
The experimental results proved the effectiveness of this 
method, providing supporting data for the design of a 
next-generation agricultural drone guidance platform. 
Khan et al. (2021) used the United States as an example 
to study the energy flow in agriculture and found that 
there was a very close linkage between energy, water, 
and agricultural resources. They proposed two new 
indicators, the connectivity index and the connectivity 
propagation index, and explored their future evolution 
through a global change analysis model. The research 
results showed that high connectivity in resources was 
driven by water resources, which further proved the 
importance of water resources in resource circulation. 

Vishnoi et al. (2021) discussed the impact of increasingly 
frequent abnormal weather on agriculture and further 
studied the field of risk control in agriculture. Through 
research on the evolution of crop insurance, it was found 
that agriculture urgently needed a high-resolution weather 
risk prediction model. Their study demonstrated the risk 
factors of weather for agriculture and highlighted the 
positive aspects of weather-based agricultural risk control. 
Helal et al. (2021) proposed an agricultural quality control 
model based on statistical data to address the continuous 
upgrading of water resources in agriculture. Through the 
investigation of water resources, further management 
plans were predicted. Their experimental results proved 
the effectiveness of this method and they further adapted 
it to develop effective agricultural management policies, 
which can help improve water resource utilization in 
agricultural management. Echchelh et al. (2021) proposed 
a sustainable strategy for produced water (PW) irrigation 
in oilfields using blending and desalination techniques. 
The results showed that in tropical and ultraarid climates, 
specific mixing ratios and irrigation volumes can 
maintain soil stability and crop yields, and although the 
cost was higher than that of PW disposal, this approach 
was competitive in sustainable PW management, taking 
into account crop value. Irik et al. (2022) proposed a 
method to estimate the yield and quality of pumpkin seed 
crops under drought conditions using remote sensing 
technology. Their research results showed that 9 different 
vegetation indices were significantly correlated with seed 
yield, leaf area index, leaf water potential, oil, protein, and 
chlorophyll content, which could effectively provide data 
support for irrigation scheduling.
Facility-based horticultural cultivation is a technique of 
plant cultivation applied in a controlled environment. It 
utilizes greenhouses or other shading structures to create 
suitable growth conditions to provide the necessary 
temperature, humidity, light, and gas composition 
for plants. This cultivation method can help farmers 
extend the planting season, optimize the production 
environment, and improve the yield and quality of crops. 
Lowe et al. (2021) proposed a canopy density prediction 
solution using 3-dimensional simultaneous localization 
and mapping to address the issue of vineyard planting 
density. Their experimental results demonstrated the 
effectiveness of the method, with a modeling repeatability 
of only 3.8%, providing technical support for improving 
planting density. Nemacheck et al. (2023) investigated the 
response of wheat varieties to the biological infestation 
of Hessian flies in traditional wheat cultivation. For their 
experiments, 10 varieties with resistance greater than 70% 
were selected, and further experiments were conducted to 
select 3 varieties that maintained 100% resistance in high-
temperature environments. Their study provided strong 
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theoretical and data supporting the breeding program 
of wheat varieties. Van Asselt et al. (2021) evaluated the 
existing disinfection methods and redesigned irrigation 
water disinfection equipment to address the issue of leaf 
vegetables being susceptible to pathogen infection during 
irrigation. Their experimental results demonstrated the 
effectiveness of the combined disinfection method. Cass 
et al. (2020) established a database of various arthropod 
pests based on comprehensive management guidelines for 
horticultural pests in order to address the challenges faced 
by citrus cultivation in California. Their study found that 
pest density was about 10-40 times that of a sweet orange 
and provided supportive data for the establishment of a 
new pest control system for citrus cultivation in California. 
Harris et al. (2020) conducted a study on the use of 
biodegradable containers in the horticultural planting 
industry. Based on data from the US state of Georgia, they 
investigated the use of biodegradable containers by local 
horticulturists. Their data revealed a lack of promotion of 
biodegradable containers in the area.
Considering the increasing number of Platycodon 
grandiflorus plantations and the current shortage of 
water resources, the study of plant irrigation strategies 
based on plant transpiration is of great significance. This 
study explores the impact of different irrigation amounts 
considering transpiration on the yield and quality of 
greenhouse-cultivated Platycodon crops. Through this 
study, water resources can be reasonably utilized, excessive 
irrigation and waste can be avoided, and the production 
efficiency and quality of crops can be improved. By 
accurately estimating the water demands of plants and 
adopting scientific and reasonable irrigation strategies, the 
growth needs of plants can be maximized, reducing the 
negative effects caused by water scarcity or excess.

3. Materials and methods
This study explored the impact of different irrigation 
amounts on the yield and quality of greenhouse-cultivated 
Platycodon grandiflorus crops. Based on the crucial 
transpiration of plants, different irrigation schemes were 
developed to optimize water use efficiency and improve 
crop production performance. Several different irrigation 
treatment combinations were studied and designed, 
including normal flow irrigation, moderate reduction 
irrigation, and restricted irrigation. The effectiveness and 
differences of various irrigation schemes were evaluated 
by monitoring indicators such as daily plant transpiration, 
greenhouse environmental factors, plant parameters, and 
photosynthetic characteristics.
3.1. Research contents
Plants play important roles in the water cycle and occupy 
a significant proportion of it (Wu et al., 2023). Plants 
absorb water from the soil through transpiration and 
transport it from their roots to their leaves and other 
organs. The transpiration of plants is crucial for regulating 
precipitation distribution, affecting surface temperature 
and humidity, and maintaining the balance of the global 
water cycle. Large amounts of transpiration can increase 
the water vapor content in the atmosphere, thereby 
increasing the potential for precipitation. In addition, the 
water vapor released by plants through transpiration can 
lower the temperature of the surrounding environment, 
playing a role in regulating the climate and improving the 
local geothermal environment. Most water is guided by 
plants and recycled through absorption, transportation, 
and transpiration, ultimately returning to the soil and 
groundwater systems. A schematic diagram of plant 
transpiration is shown in Figure 1.

 1 
Figure 1. Schematic diagram of plant transpiration.
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This study was based on the correlation between 
plant transpiration and evaporation and the growth 
of greenhouse-cultivated crops. Considering the 
transpiration and evaporation of plants as the basis 
for irrigation, the Chinese medicinal herb Platycodon 
grandiflorus was selected as the test material for irrigation 
treatment throughout the entire growth period of the 
crop. A study was conducted based on the transpiration 
and evaporation of these plants. Different irrigation 
schemes were developed based on actual transpiration 
and evaporation, and other factors were controlled to 
avoid external effects on the experimental results, reduce 
unforeseeable errors, and maximize the credibility of the 
experimental results. This study explored the interactions 
between plant stemflow and the environment and 
comprehensively considered the effects of various factors 
on crop yield and quality. It also explored their effects on 
factors such as photosynthesis and nutrient accumulation, 
providing support for the further optimization of irrigation 
schemes for greenhouse Platycodon grandiflorus crops and 
promoting the intelligent development of these crops in 
greenhouses.
3.2. Materials and experimental methods
This study was conducted in a wild vegetable greenhouse in 
an experimental field from May 2022 to September 2022. 
The seeds that were used were harvested in a greenhouse in 
2021. A large-span asymmetric greenhouse was used in the 
study, with width of 20 m and ridge height of 5 m, oriented 
in an east–west direction. The interior of the greenhouse 
can maintain a relatively consistent and stable temperature, 
humidity, and lighting conditions to provide the most 
suitable environment for the growth of wild vegetables. 
In order to maintain consistency and comparability, the 

study also utilized a consistent fertilization method. This 
means that all Platycodon crops received the same type 
and amount of fertilization to eliminate the impact of 
fertilization differences on the results. By conducting this 
study in a greenhouse, environmental conditions could be 
better controlled to study the growth and development of 
different wild vegetable resources under relatively constant 
conditions. This helps in efforts to comprehensively 
understand the impact of greenhouse conditions on 
the growth of Platycodon grandiflorus crops, including 
growth speed, yield, plant appearance, and quality. These 
research results are of great significance for optimizing the 
production of Platycodon grandiflorus, improving crop 
quality, and addressing issues such as food security and 
agricultural sustainability (Fasusi and Babalola, 2021). The 
experimental analysis framework used in the overall study 
is shown in Figure 2.
In this study, the soil of the planting area was evaluated 
before sowing, with a detection depth of 0–30 cm. Organic 
fertilizer was applied as a base fertilizer in one session. 
Before emergence, the spacing between rows was 20 cm 
and the spacing within rows was 6 cm. In the experiment, 
three irrigation treatments were applied based on the 
irrigation amount of crops, with W1 entailing 80% daily 
transpiration and evaporation per plant, W2 entailing 
100% daily transpiration and evaporation per plant, and 
W3 entailing 120% daily transpiration and evaporation 
per plant. The specific values of these irrigation amounts 
were detected and recorded using crop water consumption 
recorders. Table 1 provides the basic soil properties and 
related experimental parameter settings used in the study. 
This includes information such as soil pH value, organic 
matter content, and nitrogen, phosphorus, and potassium 

 1 
Figure 2. Research framework regarding the influence of transpiration-based irrigation on Platycodon crops.
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contents, as well as the dosages of organic fertilizers 
applied. The setting of these experimental parameters 
provided a basis for the researchers to evaluate the impact 
of different parameters on the growth and quality of 
Platycodon grandiflorus.

The seeds used in this study were Platycodon grandiflorus 
seeds with purity of 99.9% and a germination rate of 
96.9%. The seeds were provided by the research group. 
The fertilizer was a carbon-based organic fertilizer (total 
nitrogen, phosphorus, and potassium content of >8%; 

Soil parameters Parameter 
values

Treatment 
number Treatment details Planting parameters Parameter values

Total porosity (%) 31.28

W1

80% of plant 
transpiration 
evaporation 
capacity per day

Detection depth of 
soil (cm) 0–30

Organic content (g/kg) 81.27

Total nitrogen content (g/kg) 3.24
Fertilizer application 
method

Applied once as a 
base fertilizer

Total phosphorus content (g/kg) 2.97

W2

100% of plant 
transpiration 
evaporation 
capacity per day

Total potassium content (g/kg) 7.20
Postemergence 
spacing (cm) 20

Alkali-hydrolyzed nitrogen content (g/
kg) 16.97

Available phosphorus content (g/kg) 104.59

W3

120% of plant 
transpiration 
evaporation 
capacity per day

Spacing in rows (cm) 6

Available potassium content (g/kg) 55.12

Table 1. Basic properties of experimental soil and related experimental parameters.

organic matter content of >46%; pH 6.0–8.0; water of 
<30%), provided by the research group. The nutrient 
solution was fully organic (nitrogen: 9275.972 mg/kg, 
phosphorus: 5063.231 mg/kg, potassium: 14,237 mg/kg).
After the completion of intercropping of the Platycodon 
grandiflorus crops, three plants were randomly collected 
every 10 days for each irrigation scheme, and they were 
labeled to measure plant height, stem diameter, and 
number of leaves.
After lignification occurred at the base of the aboveground 
parts of the Platycodon grandiflorus crops, the stem and 
leaf parts of the aboveground parts were harvested. The 
quality of the harvested plants was evaluated based on 
the contents of four components: saponins, flavonoids, 
polysaccharides, and soluble proteins.
In this study, the stemflow of Platycodon grandiflorus 
plants was studied and path analysis was conducted 
based on environmental factors (Wang et al., 2022). 
Figure 3 shows the interactions between environmental 
factors and stemflow, from which it can be concluded 
that environmental factors had both positive and 
negative impacts on stemflow. This helps in conducting 

more comprehensive and scientific analyses of stemflow. 
Specifically, the environmental factors that positively 
affected stemflow included saturated vapor pressure 
difference, net radiation value, air humidity, and water 
content. These factors promoted the occurrence and 
transmission of stemflow to a certain extent (Mishra et 
al., 2021). However, air humidity was found to have a 
negative impact on stemflow. Meanwhile, water content 
had a negative impact on stemflow efficiency through 
conductivity. In addition, irrigation volume regulated 
changes in electrical conductivity via synergistic effects on 
water content and fertilization, thereby affecting stemflow 
efficiency. The interaction of these factors interfered 
with the water and fertilizer transport processes of the 
Platycodon plants. In summary, the study of stemflow 
relationships was conducted based on environmental 
factors, providing an opportunity to gain a deeper 
understanding of the stemflow behavior of Platycodon 
grandiflorus. Through path analysis and the information 
provided in Figure 3, it is possible to better understand the 
impact of various environmental factors on stemflow and 
provide a scientific basis for optimizing stemflow effects.
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4. Experimental yield and quality results for Platycodon 
grandiflorus crops
The purpose of this study was to explore optimal irrigation 
schemes based on the transpiration of Platycodon crops 
by controlling irrigation in different amounts in order to 
achieve water-saving irrigation and maximize the yield 
of Platycodon crops. Although Platycodon grandiflorus 
prefers wetter soil, excessive irrigation may lead to root 
suffocation and even root rot, which can have extremely 
adverse effects on crop growth and development. Therefore, 
appropriate water quantity is crucial in irrigation, and 
correct irrigation management can also effectively improve 
the growth quality and yield of Platycodon grandiflorus.
4.1. Effects of different treatments on daily transpiration 
of Platycodon grandiflorus
As shown in Figure 4, results for weighed daily 
transpiration and evaporation and different treatment 
schemes were compared in this study. From Figure 4, it 
can be seen that from the 1st to the 15th day, the overall 
order of daily transpiration was W2 > W3 > W1, while 
after the 15th day, it was W3 > W2 > W1. This indicates 
that the water demands of the Platycodon crops during 
the flowering stage were met well by the W2 treatment 
scheme, with 100% irrigation, while during the maturity 
stage, the W3 scheme, with 120% irrigation, was suitable. 
W2 is more suitable for the growth of Platycodon crops 
during the flowering period, while W3 is more suitable for 
the growth of Platycodon during the maturity stage.
4.2. Effects of different treatments on stemflow of 
Platycodon grandiflorus under different weather 
conditions
In Figure 5, the influence of stemflow on sunny and cloudy 
days is shown. It can be observed that, overall, the stemflow 
rate increased with increasing irrigation amounts. Under 
cloudy conditions, the stemflow rate achieved with the 
W1 treatment ranged from 0 to 0.04 kg/h, while with 

the W2 treatment it ranged from 0.02 to 0.05 kg/h and 
with the W3 treatment it ranged from 0 to 0.13 kg/h. On 
a selected cloudy day, the active period of stemflow was 
from 08:00 to 18:00 hours, with 12:00 being the peak time 
of stemflow. Under sunny conditions, the stemflow rate 
achieved with the W1 and W2 treatments ranged from 0 
to 0.1 kg/h, while the stemflow rate with W3 ranged from 
0 to 0.45 kg/h. On a selected sunny day, the active period 
of stemflow was from 09:00 to 19:00 hours, with 14:00 
being the peak. In summary, according to the results in 
Figure 5, under different weather conditions, the influence 
of irrigation amount on stemflow showed different trends. 
These findings have important reference value for crop 
irrigation management and water resource utilization.
4.3. Stepwise regression analysis of the impact of 
environmental factors on the stemflow of Platycodon 
grandiflorus
The environmental factors selected for analysis were 
temperature, air humidity, net radiation value, saturated 
vapor pressure difference, root temperature, water content, 
and conductivity. These indicators were used for stepwise 
regression analysis together with the stemflow rates of 
the Platycodon plants. The probability of the input factor 
was set to F ≤ 0.05, and the probability of removing F was 
taken as ≥0.1. The stepwise regression models for different 
treatment schemes are shown in Table 2. In Table 2, SF  
represents stemflow velocity, T  represents temperature, 
Rh  represents air humidity, Rn  represents net radiation 
value, VPD  represents saturated vapor pressure, Ts  
represents root temperature, SWV  represents water 
content, and EC  represents conductivity. From Table 2, 
it can be seen that under cloudy conditions, the stemflow 
achieved with W1, W2, and W3 was mainly significantly 
correlated with Rn  and T , while for W2 it was also 
significantly correlated with EC , SWV , and VPD . The 
remaining determining factors in the regression models of 

Temperature

Humidness

Saturated 
vapor pressure

Net radiation 
value

Sap flow

Root 
temperature

Root water 
content

Root 
conductivity

Irrigation 
volume

Fertilizing 
amount

Positive effect Positive effect
 1  Figure 3. Stemflow–root–environment interaction diagram.
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 3 Figure 4. Daily evaporation of Platycodon crops.

Sa
p 

flo
w

(k
g/

h)

 1 

Sa
p 

flo
w

(k
g/

h)

 2 

 3 

Sa
p 

flo
w

(k
g/

h)
 1 

Sa
p 

flo
w

(k
g/

h)

 2 

 3 Figure 5. Effects of different treatments on stemflow.

W1, W2, and W3 under cloudy conditions were calculated 
as 0.042, 0.15, and 0.11, respectively. Under sunny 
conditions, W1 showed significant correlations with Rn
, VPD , and Rn , while W2 showed significant correlations 
with T , Ts , and SWV  and W3 showed a significant 
correlation with EC . The remaining determining factors 
in the regression models of W1, W2, and W3 under sunny 
conditions were calculated as 0.112, 0.053, and 0.006, 
respectively.
4.4. Correlation analysis of environmental factors and 
stemflow of Platycodon grandiflorus
For a more detailed analysis of the impact of environmental 
factors on the growth of Platycodon grandiflorus, and to 
further analyze the correlations between stemflow and 

environmental factors, analysis results are provided in 
Table 3. It can be seen that T , Rh , Rn , VPD , and EC  
had strong correlations with stemflow. The direct path 
coefficient of water content SWV  was 0.089, and the direct 
path coefficients of net radiation Rn  and conductivity for 
stemflow were 0.127 and 0.189, respectively. The decision 
coefficient of net radiation value Rn was the highest, 
with a value of 0.051. Therefore, it can be concluded that 
the synergistic effect of water content as determined by 
irrigation amount and conductivity caused by fertilization 
amount affected the stemflow efficiency of Platycodon 
grandiflorus crops and had a certain positive impact on 
water and fertilizer transportation efficiency.
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Table 2. Optimal stepwise regression model for stemflow and environmental factors.

4.5. Effects of different treatments on morphological 
indicators of Platycodon grandiflorus
To analyze the optimal irrigation amount for Platycodon 
grandiflorus, the effects of different irrigation treatments 
based on transpiration on the morphological indicators of 
the crops were analyzed. The considered morphological 
indicators were plant height, stem diameter, and leaf 
number. These experimental results are shown in Figure 
6. From Figure 6, it can be seen that the stem thickness 
of Platycodon grandiflorus varied in the order of W2 > 
W3 > W1 during the flowering stage and W3 > W2 > W1 
during maturity. In the later growth stage of Platycodon 
grandiflorus, stem thickness increased more under the W3 
treatment. The number of leaves varied in the order of W2 
> W3 > W1 during flowering and W3 > W2 > W1 during 
maturity. For the plant height of Platycodon grandiflorus, 
the growth was relatively linear and varied in the order of 

W3 > W2 > W1 during the flowering stage. The growth 
rate of W3 was faster in the middle and early stages, but it 
slowed during maturity.
4.6. Effects of different treatments on the photosynthetic 
performance of Platycodon grandiflorus
In Table 4, the chlorophyll results for Platycodon grandiflorus 
crops under different treatments are presented. From Table 
4, it can be seen that the overall contents of chlorophyll A 
and chlorophyll A/B at maturity were higher than those 
during the flowering stage. During the flowering stage, the 
specific chlorophyll contents under different treatments 
were evaluated in the order of W1 > W2 > W3, while at 
maturity, the order of chlorophyll contents was again W1 > 
W2 > W3 and there was no significant difference between 
W2 and W3. These findings indicate that the contents of 
chlorophyll generally decreased with increasing irrigation 
amounts.

Table 3. Path analysis of environmental factors and stemflow of Platycodon grandiflorus.

- Correlation
coefficient

Direct path 
coefficient

Indirect path coefficient
Decision 
coefficientT Rh Rn VPD SWV EC

T 0.252 –0.003 - 0.002 0.004 –0.001 0.001 –0.002 –0.001

Rh –0.252 –0.059 0.059 - 0.048 0.029 0.051 0.024 0.021

Rn 0.239 0.127 0.131 –0.121 - 0
.117 0.002 0.031 0.051

VPD 0.245 –0.012 –0.021 0.011 0.009 - 0.002 –0.004 –0.005

SWV 0.119 0.089 –0.004 0.009 –0.002 –0.004 - –0.005 –0.004

EC 0.251 0.189 0.079 –0.087 0.061 0.081 –0.011 - 0.059

Weather conditions Treatment Stepwise regression model Coefficient of determination R

Cloudy

W1  

 

 

 

 

 

 

 

 

 

  

0.672 0.542 0.298SF Rn Ts Rh= + -

0.428 0.715 0.298 0.425
0.105
SF Rn T EC VPD

SWV
= + - -

+

0.428 0.715 0.384SF Rn T Rh= + -

0.492 0.28 0.64SF Rh VPD Rh= - -

0.482 1.345 0.215 0.695
0.795 0.203
SF Rn VPD Rh T

Ts SWV
= + - +

+ +

0.125 0.395 0.186 0.58
0.345 0.054 0.138
SF Rn VPD Rh T

Ts SWV EC
= + - + +

+ -

0.957R =

W2

 

 

 

 

 

 

 

 

 

 

  

0.672 0.542 0.298SF Rn Ts Rh= + -

0.428 0.715 0.298 0.425
0.105
SF Rn T EC VPD

SWV
= + - -

+

0.428 0.715 0.384SF Rn T Rh= + -

0.492 0.28 0.64SF Rh VPD Rh= - -

0.482 1.345 0.215 0.695
0.795 0.203
SF Rn VPD Rh T

Ts SWV
= + - +

+ +

0.125 0.395 0.186 0.58
0.345 0.054 0.138
SF Rn VPD Rh T

Ts SWV EC
= + - + +

+ -

0.824R =

W3

 

 

 

 

 

 

 

 

 

 

  

0.672 0.542 0.298SF Rn Ts Rh= + -

0.428 0.715 0.298 0.425
0.105
SF Rn T EC VPD

SWV
= + - -

+

0.428 0.715 0.384SF Rn T Rh= + -

0.492 0.28 0.64SF Rh VPD Rh= - -

0.482 1.345 0.215 0.695
0.795 0.203
SF Rn VPD Rh T

Ts SWV
= + - +

+ +

0.125 0.395 0.186 0.58
0.345 0.054 0.138
SF Rn VPD Rh T

Ts SWV EC
= + - + +

+ -

0.892R =

Sunny
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0.105
SF Rn T EC VPD
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+

0.428 0.715 0.384SF Rn T Rh= + -

0.492 0.28 0.64SF Rh VPD Rh= - -

0.482 1.345 0.215 0.695
0.795 0.203
SF Rn VPD Rh T

Ts SWV
= + - +

+ +
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SF Rn VPD Rh T

Ts SWV EC
= + - + +

+ -

0.897R =
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SWV
= + - -

+

0.428 0.715 0.384SF Rn T Rh= + -

0.492 0.28 0.64SF Rh VPD Rh= - -

0.482 1.345 0.215 0.695
0.795 0.203
SF Rn VPD Rh T

Ts SWV
= + - +

+ +
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 1  Figure 6. Effects of different irrigation treatments on crop morphological indexes of Platycodon grandiflorus.

In Table 5, results of the analysis of the impact of 
different irrigation treatments on the photosynthesis 
of Platycodon grandiflorus are presented. In Table 5, 
Np  represents the photosynthetic rate, Tr  represents 

the transpiration rate of Platycodon grandiflorus in the 
greenhouse, Sl  represents the stomatal limit value of the 
Platycodon crops, Sc  represents the stomatal conductance 
of the Platycodon crops, and /A E  represents the ratio 
between net photosynthetic rate and transpiration rate. 
It can be seen that for stomatal conductance, during the 
flowering period, the specific order of expression was 
W2 > W1 > W3. Between W1 and W3, there was no 
significant difference. During the flowering period of 
Platycodon grandiflorus, the specific performance of the 
different treatments was found to be W3 > W2 > W1. For 
the stomatal limitation values of Platycodon grandiflorus, 
the order was W1 > W2 > W3. For the ratio between the 
net photosynthetic rate and the transpiration rate, the 
order during the flowering period was W1 > W2 > W3. At 
maturity, it was W3 > W2 > W1.

In Figure 7, the fluorescence kinetics curves of 
chlorophyll in Platycodon grandiflorus crops under 
different irrigation treatments are shown. It can be 
observed that with the increase in irrigation water volume, 
the chlorophyll fluorescence kinetics curve of Platycodon 
grandiflorus undergo significant changes. Specifically, 

the minimum fluorescence intensity under the different 
treatments occurred in the order of W1 > W3 > W2, while 
the order for maximum fluorescence intensity was W3 
> W2 > W1. The minimum fluorescence intensity was 
measured under poor light conditions, indicating that 
light energy could not be effectively utilized. From Figure 
7, it can also be observed that the minimum fluorescence 
intensity under the W1 treatment was highest, which 
may indicate lower photosynthetic efficiency with this 
treatment. In contrast, the minimum fluorescence 
intensity under the W3 treatment was lowest, which 
may indicate that the plants utilized light energy better 
under this treatment. On the other hand, the maximum 
fluorescence intensity was measured under good light 
conditions, reflecting the degree to which light energy was 
absorbed and utilized by plant leaves. As seen in Figure 7, 
the maximum fluorescence intensity was highest under the 
W3 treatment, while the maximum fluorescence intensity 
was lowest under the W1 treatment. This indicates that 
the plants treated with W3 could more effectively utilize 
light energy, which may lead to better photosynthetic 
efficiency and growth performance. Based on the results 
seen in Figure 7, the different irrigation treatments had a 
significant impact on the chlorophyll fluorescence kinetics 
curves of Platycodon grandiflorus crops. These changes 
may reflect differences in the photosynthetic efficiency and 
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Plant growth stage Treatment Chlorophyll A (mg/g FW) Chlorophyll B (mg/g FW) A + B (mg/g FW) A/B (mg/g FW)

Flowering stage

W1 3.9 ± 0.00 6.9 ± 0.00 10.8 ± 0.00 0.5 ± 0.00

W2 3.6 ± 0.00 6.0 ± 0.00 9.6 ± 0.00 0.6 ± 0.00

W3 3.3 ± 0.00 5.4 ± 0.00 8.7 ± 0.00 0.6 ± 0.00

Maturity stage

W1 6.4 ± 0.00 2.9 ± 0.00 9.3 ± 0.00 2.2 ± 0.00

W2 5.1 ± 0.00 2.4 ± 0.00 7.5 ± 0.00 2.1 ± 0.00

W3 4.8 ± 0.00 2.2 ± 0.00 7.0 ± 0.00 2.2 ± 0.00

Table 4. Effects of different irrigation treatments on chlorophyll contents of Platycodon grandiflorus.

Table 5. Effects of different irrigation treatments on the photosynthesis of Platycodon crops.

growth status of Platycodon grandiflorus under different 
irrigation conditions. Therefore, in actual planting, 
selecting appropriate irrigation treatment methods can 
help to maximize the photosynthetic efficiency and yield 
of Platycodon grandiflorus.
In Figure 8, impact analysis of the different irrigation 
treatments on the photochemical system performance of 
Platycodon grandiflorus is presented. In Figure 8, /Fv Fm  
represents the maximum photon efficiency, ABSPi  
represents the efficiency index, /ABS RC  represents the 
energy absorbed by the active reaction center, /Dio RC  
represents the energy dissipated per unit light area, 

/Tro RC  represents the energy obtained by the plant’s 

reaction center and used for converting reduction energy, 
and 

  

   

  

  

  

    

FmFv /

ABSPi

RCABS /

RCDio /

RCTro /

/Eto RC  represents the quantum yield used for 
electron transfer in the reaction center. From Figure 8, 
it can be seen that for   

   

  

  

  

    

FmFv /

ABSPi

RCABS /

RCDio /

RCTro /

/Eto RC

 and 

  

   

  

  

  

    

FmFv /

ABSPi

RCABS /

RCDio /

RCTro /

/Eto RC

, different 
treatments resulted in an order of W3 > W2 > W1. For 

  

   

  

  

  

    

FmFv /

ABSPi

RCABS /

RCDio /

RCTro /

/Eto RC

and 

  

   

  

  

  

    

FmFv /

ABSPi

RCABS /

RCDio /

RCTro /

/Eto RC

, the order was W1 > W2 > W3. 
For  

  

   

  

  

  

    

FmFv /

ABSPi

RCABS /

RCDio /

RCTro /

/Eto RC

 and 

  

   

  

  

  

    

FmFv /

ABSPi

RCABS /

RCDio /

RCTro /

/Eto RC , the order was W1 > W3 > 
W2.
4.7. Effect of different treatments on the yield of 
Platycodon grandiflorus
In Table 6, the effects of different irrigation treatments on 
the yield of Platycodon grandiflorus are shown. It can be 
observed that the yield of the W3 treatment was higher 

Plant growth 
stage Treatment Np  (µmol/m2/s) Sc  (mol/m2/s) Tr  (mmol/m2/s) Sl /A E

Flowering stage

W1 20.72 ± 1.09 0.68 ± 0.04 7.89 ± 0.39 0.12 ± 0.02 2.68 ± 0.02

W2 23.65 ± 0.29 1.58 ± 0.28 11.67 ± 0.68 0.08 ± 0 2.01 ± 0.19

W3 21.79 ± 0.25 1.46 ± 0.25 11.42 ± 0.72 0.07 ± 0.01 1.91 ± 0.14

Maturity stage

W1 24.28 ± 0.28 0.91 ± 0.07 18.72 ± 0.51 0.84 ± 0.01 1.42 ± 0.04

W2 25.57 ± 0.27 0.99 ± 0.01 18.93 ± 0.48 0.82 ± 0.01 1.45 ± 0.04

W3 26.58 ± 1.28 1.05 ± 0.12 19.42 ± 0.08 0.83 ± 0.01 1.48 ± 0.05
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 1 
Figure 7. Chlorophyll fluorescence kinetics curves under different irrigation treatments.
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Figure 8. Photochemical performance parameters under different irrigation treatments.

than that of W2, while the yield of the W2 treatment was 
higher than that of W1. In research conducted on a sunny 
day, it was found that the W3 treatment had the best 
impact on the yield of Platycodon grandiflorus. This was 
because, on sunny days, the crops required more water to 
satisfy their growth needs, so increasing irrigation volumes 
actively promoted the increase in plant yield. However, 
different trends were observed under cloudy conditions, 
whereby the yield of the W2 treatment was higher than 
that of W1, while the yield of the W3 treatment was 
significantly lower than that of W1 and W2. This was 
because, under cloudy conditions, the water demand of the 
crops decreased, and excessive irrigation had a negative 
impact on normal development and growth. In this case, 
the irrigation amount of the W3 treatment exceeded the 
demands of the plants, resulting in a significantly lower 
yield for the W3 treatment compared to W1 and W2. 

Overall, these research results indicate that under different 
weather conditions, the impact of irrigation volume on 
the yield of Platycodon grandiflorus varies. On sunny days, 
increasing the irrigation volume is beneficial for increasing 
the yield. In cloudy weather, excessive irrigation has a 
negative impact on yield. Therefore, in the actual process 
of planting Platycodon grandiflorus, appropriate irrigation 
management needs to be carried out based on weather 
conditions and the water needs of the plants to maximize 
the yield.
4.8. Effects of different treatments on the quality of 
Platycodon grandiflorus
In Figure 9, the effects of different irrigation treatments 
on the quality of Platycodon grandiflorus are shown. The 
contents of saponins, flavonoids, polysaccharides, and 
soluble proteins were selected as indicators for analyzing 
the quality of Platycodon grandiflorus in this study. From 
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Table 6. Effects of different irrigation treatments on yield of Platycodon grandiflorus.

Figure 9, it can be observed that in terms of overall quality, 
the performance under different treatments was achieved 
in the order of W3 > W2 > W1. The W2 treatment had 
the best quality performance in terms of soluble protein 
contents in the Platycodon crops. This may be because 
too much or too little irrigation can have an impact on 
the synthesis of nutrients in Platycodon grandiflorus, and 
the W2 treatment effectively balanced the relationship 
between nutritional needs and irrigation water volume. 
However, for the contents of saponins, flavonoids, and 
polysaccharides, the W3 treatment had the best quality 
performance. This may be because excessive irrigation 
helps to create a suitable soil environment for the growth 

of Platycodon grandiflorus, thereby increasing the 
synthesis and accumulation of these nutrients. In addition, 
excessive irrigation can also help improve the water and 
fertilizer utilization efficiency of Platycodon crops. Overall, 
according to Figure 9, the different irrigation treatments 
had a significant impact on the quality of Platycodon 
grandiflorus. Optimal treatment was based on the 
indicators of concern, such as soluble protein, saponins, 
flavonoids, and polysaccharide contents. These findings 
emphasize the importance of irrigation management 
in affecting the quality of Platycodon crops, providing 
guidance for growers to improve yield and quality.

 1 
Figure 9. Effect of different irrigation treatments on the quality of Platycodon grandiflorus.

Weather conditions Treatment Yield per plant (g) Regional production (g) Equivalent yield per hectare (kg)

Sunny

W1 9.68 ± 0.34 785.27 ± 29.38 492.36 ± 17.68

W2 11.07 ± 0.42 872.92 ± 31.07 558.39 ± 19.52

W3 12.04 ± 0.58 904.38 ± 29.69 614.28 ± 21.96

Cloudy

W1 10.76 ± 0.42 859.28 ± 28.69 469.37 ± 22.76

W2 11.52 ± 0.51 927.36 ± 36.47 619.57 ± 22.81

W3 8.24 ± 0.27 621.89 ± 29.64 385.21 ± 19.37
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5. Conclusion
In order to maximize water resource utilization and 
increase the yield of Platycodon grandiflorus crops, the 
optimal irrigation method for these crops was explored in 
the present study. The study was based on the transpiration 
rate of Platycodon grandiflorus crops and different irrigation 
rates were applied. The effects of the different irrigation 
rates on multiple indicators of Platycodon grandiflorus 
were explored, including daily transpiration rate, 
stemflow rate, morphological indicators, photosynthetic 
performance, yield, and quality. For the daily transpiration 
of Platycodon grandiflorus, the demand for water varies 
during different periods. In the flowering stage, the order 
was W2 > W3 > W1, while in maturity, it was W3 > W2 
> W1. For the stemflow rate of Platycodon grandiflorus 
crops, both cloudy and sunny days produced an order of 
W3 > W2 > W1, but the overall stemflow rate was sunny 
> cloudy. For the morphological indicators of Platycodon, 
the number of leaves during flowering was obtained in the 
order of W1 > W2 > W3, while at maturity it was W3 > W2 
> W1. For photosynthetic performance, the results showed 
that chlorophyll contents varied in the order of W1 > W2 
> W3, while for net photosynthetic rate the order was W2 
> W3 > W1, and for the photosynthetic efficiency index 
it was W3 > W2 > W1. For the yield of Platycodon, there 
were differences under different weather conditions, with 

an order of W2 > W3 > W1 under cloudy conditions and 
W3 > W2 > W1 under sunny conditions. For quality, the 
overall performance was in the order of W3 > W2 > W1, 
while for total soluble protein contents, the order was 
W2 > W3 > W1. In summary, for these Platycodon crops, 
there were different optimal irrigation treatment methods 
at different growth stages and temperature conditions. 
While 100% transpiration irrigation was required during 
the flowering stage, 120% transpiration irrigation was 
required during maturity. This is because more nutrients 
are used for reproductive growth during the flowering 
stage of the crop, while more leaves tend to grow during 
maturity. For Platycodon crops, an increase in temperature 
requires an appropriate increase in irrigation volume, 
while a decrease in temperature requires an appropriate 
reduction in irrigation volume. This study did not take 
into account the effects of other factors such as fertilizers 
and soil on the growth and development of Platycodon 
grandiflorus crops, and improvements should be made in 
this regard in further research.
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