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Wetlands, as a transitional zone between water bodies and land, are crucial for the ecological environment. 
However, under the influence of global change and human activities, wetlands are facing serious degradation. 
Changes in hydrological conditions have had a profound impact on wetland vegetation, especially the Scirpus 
planiculmis community. This study proposed a method that combined field monitoring, experimental 
manipulation, and ecological index analysis to address wetland vegetation that was significantly affected by 
changes in hydrological conditions but with unclear mechanisms. This method simulated different water levels, 
salt, and nitrogen concentrations to deeply analyze the specific mechanism of environmental factors on the 
growth of Scirpus planiculmis. In addition, ecological indicators such as Pielou’s evenness index and Cody index 
were used to quantitatively evaluate community structure characteristics. The results showed that Scirpus 
planiculmis was widely distributed and became the dominant species in the water depth range of 10 - 50 cm. The 
Simpson and Shannon-Wiener indices reached their peaks at a water depth of 30 cm with values of approximately 
0.38 and 0.73, respectively. Water level and nitrogen concentration had a significant impact on the functional 
traits of Scirpus planiculmis, and there was an interactive effect. Nitrogen addition significantly promoted biomass 
accumulation, and biomass was higher at high nitrogen levels as 200 mgN/kg. Therefore, hydrological drivers 
could significantly affect the spatial distribution and ecological characteristics of the Scirpus planiculmis 
community. This study provided a scientific basis for wetland ecological protection and restoration. 
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Introduction 
 
Wetlands, as a transitional zone between water 
bodies and land, have extremely high biological 
productivity and biodiversity, playing a crucial 
role in the ecological environment [1, 2]. 
However, under the dual impacts of global 
change and human activities, wetlands are facing 
severe degradation with changes in hydrological 
conditions having a profound impact on wetland 

vegetation, especially the Scirpus planiculmis 
community (SPC). The Momoge National Nature 
Reserve is in the Songnen Plain (Jilin, China) and 
is a habitat for important endangered species 
such as white cranes [3, 4]. In recent years, due 
to human activities such as agricultural irrigation 
and land reclamation, the hydrological 
environment of wetlands in this region has 
undergone drastic changes, leading to serious 
threats to the distribution and growth status of 
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SPC. As an important food source for white 
cranes, the growth and reproductive 
characteristics of Scirpus planiculmis are closely 
related to the water and salt environment.  
 
In recent years, an increasing number of 
researchers have directed their attention toward 
the field of wetland plant research. Ma et al. 
proposed a research method to analyze the 
impact of the interaction between salt marsh 
plants on their inter-specific relationships that 
was influenced by both nitrate supply and soil 
salinity. This method could effectively reveal the 
comprehensive effects of environmental driving 
factors on the dynamics of salt marsh plant 
communities. However, this research lacked in-
depth investigations [5]. Roy et al. proposed an 
experimental principle to compare the spatial 
distribution of non-excited and excited plants in 
response to the problem of unclear plant 
information processing mechanisms with self-
made electric probes. The results demonstrated 
that there was a significant difference in voltage 
distribution patterns between the two types of 
plants, and the voltage changes in each layer of 
excited plants were significant after stimulation 
[6]. Duguma et al. also proposed a method to 
simulate the species richness of woody plants in 
southwestern Ethiopia using a generalized linear 
model to address the impact of land use change 
on biodiversity. The species richness was the 
highest in areas with medium altitude and near 
forest edges, and the "coffee and conservation" 
scenario was most conducive to the long-term 
maintenance and enhancement of biodiversity 
[7]. Thant et al. developed a method to collect 
and classify salt marsh plants using a standard 
protocol, while measuring environmental factors 
to address the issue of unknown spatial 
distribution and activity density of salt marsh 
plants and found that the animal density of salt 
marsh plants varied at different temperatures, 
and their community composition and 
distribution were influenced by environmental 
factors such as terrain location index and soil pH 
[8]. Although all those studies have made some 
progress in the field of wetland plant ecology, 
there are still several shortcomings that most 

studies focus on the impact of specific 
environmental factors on wetland plants, lacking 
comprehensive consideration of multi-factor 
interactions, making it difficult to fully reflect the 
ecological dynamics in complex environments [9, 
10].  
 
This study innovatively combined field 
monitoring, experimental manipulation, and 
ecological index analysis to systematically 
explore the impact of hydrological driving on the 
spatial distribution and ecological characteristics 
of SPC. The research simulated different water 
levels, salt, and nitrogen concentrations to 
deeply analyze the specific mechanism of 
environmental factors on the growth of Scirpus 
planiculmis to reveal how hydrological changes 
drive the dynamic evolution of SPC, providing a 
scientific basis for wetland ecological protection 
and restoration. This research comprehensively 
considered the interaction of multiple factors 
such as water level, salinity, and nitrogen 
concentration, providing a more comprehensive 
perspective for understanding the dynamics of 
wetland plant communities. By simulating the 
growth of plants under different hydrological 
conditions, the ecological adaptation strategies 
of Schisandra chinensis under different water 
depths and nutritional conditions were revealed. 
The results of this study could provide a scientific 
basis for the protection and restoration of 
wetland ecosystems, while promoting the health 
and stability of wetland ecosystems. 
 
 

Materials and methods 
 
Research area  
The Momoge National Nature Reserve is located 
in Zhenlai county, Baicheng City, Jilin Province, 
China [11, 12]. It is the confluence of the surging 
Nen River and the gentle Tao'er River with a total 
area of 144,000 hectares [13, 14]. Rivers 
crisscross the area, while lakes and depressions 
are scattered throughout the region. The 
ecological environment is complex and diverse, 
mainly including riverbank moss wetlands, 
Scirpus planiculmis wetlands, and alkali salt 
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marshes, which are China national AAAA level 
tourist attractions [15, 16]. Four survey plots 
were uniformly set up throughout the entire area 
using the point quadrant method. The plot area 
was 1 × 1 m2, and the straight-line distance 
between plots was 15 m. Five samples were 
randomly taken from different plots. Meanwhile, 
four transects were evenly distributed 
throughout the entire area. By combining 
transects and plots, four plots were set from the 
edge of the lakeside wetland to the open water 
surface. A total of 400 samples were collected.  
 
Plant sample collection 
(1) Miscanthus altissima sample collection 
To ensure the collection of complete 
underground corms of Miscanthus altissima, the 
excavation depth was set at 30 cm. The collected 
Miscanthus altissima corms were neatly packed 
into woven bags to prevent damage to the 
samples during transportation. Each woven bag 
contained about 20 bulbs, and the sampling 
location and number were marked outside the 
bag for subsequent identification. After the 
sample was transported to the laboratory, it was 
immediately subjected to preliminary processing. 
The bulbs were thoroughly cleaned to remove 
any attached soil and impurities and then placed 
in a well-ventilated environment to dry naturally. 
To ensure the activity of the sample, temperature 
and humidity were regularly monitored during 
storage between 15 - 20℃ and 60 - 70%, 
respectively. The samples were properly stored 
in a dry and cool environment, avoiding direct 
sunlight and humid conditions. 
 
(2) Scirpus planiculmis sample collection 
Scirpus planiculmis contains rich ecological 
information in both its aboveground and 
underground corms such as population density, 
biomass, reproductive capacity, etc. [17, 18]. 
Scirpus planiculmis samples and underground 
corms were collected from 2023 to 2024. The 
seasonal monitoring of the flat stem fescue in the 
Momoge wetland was conducted from October 
2023 to May 2024. The detailed changes of water 
temperature and plant growth status were 
recorded. After closely observing the 

germination of flat stemmed fescue and 
combining ecological and botanical knowledge, 
the optimal transplanting period was determined 
as from late May to early June to excavate corms. 
To avoid damage to the young stems during the 
germination period of the flat stem fescue, early 
May was chosen as the best time for digging the 
bulbs. The depth of sampling was selected as a 
shallow water area of 0 – 50 cm, and the sample 
area of flat stem grass grown in the previous year 
was chosen as the target area for bulb collection 
[19, 20]. The selected sample strips were marked 
for accurate identification in subsequent mining. 
The excavation of patches adopted patch or 
discontinuous excavation methods to excavate 
soil in the marked sample area to minimize the 
damage to wetland ecosystems. Soil treatment 
involved carefully dumping the excavated soil 
into the soil collection area and using an 
agricultural rake to disperse the soil, making it 
easier to pick up the bulbs. The scattered flat 
stem grass bulbs in the soil were manually picked 
up to ensure that valuable bulbs were not lost. 
The picked corms were neatly packed into woven 
bags for subsequent transportation and storage 
in a controlled and monitored environment. 
 
(3) Platycodon grandifloras sample collection 
The seedlings of Platycodon grandiflorus were 
obtained from Zhenlai County, Baicheng City, Jilin 
Province, China. Healthy and uniformly sized 
seedlings were selected and cultured in the 
cultivation medium provided by Heilongjiang 
Heitu Agricultural Technology Co., Ltd. (Harbin, 
Heilongjiang, China). The tubers of Platycodon 
grandiflorus were collected from the same place 
as the seedlings of Platycodon grandiflorus, and 
tubers with similar weight were selected.  
 
Systematic survey of plant community 
composition 
According to the water level gradient (i.e. low 
water level, medium water level slow flow zone, 
and fast flow zone), the study area was divided 
into three sample areas A, B, and C with water 
level ranges corresponding to 0 - 20 cm, 20 - 50 
cm, and above 50 cm, respectively. During the 
investigation,   detailed   water  depth,   all   plant 
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Figure 1. Methods for studying changes in ecological characteristics. 

 
 
species and their relative abundance for each 
plot including key indicators such as coverage 
and plant quantity were recorded. To further 
analyze the characteristics of community 
structure, this study used various diversity 
indices for calculation, which included the Pielou 
Evenness Index (PEI) obtained from the relative 
abundance data of various species in the 
community to evaluate the evenness of species 
distribution and the Cody index used to measure 
the heterogeneity or similarity of community 
species composition across different bands or 
time series. 
 
Spatial distribution pattern changes of the 
community of Platycodon grandiflorus  
Multiple ecological indices were employed for 
quantitative evaluation. The Lloyd's clustering 
index (m/m) was calculated with the “m” as the 
actual observed average nearest neighbor 
distance that was the expected distance under 
random distribution and used to accurately 
measure the aggregation degree the plants. The 

Average Crowding Degree (ACD) combined with 
population density and other data was further 
calculated using Green's crowding index to reveal 
the crowding situation of individuals within the 
population. The multiple sampling points were 
set up in the three zones of A, B, and C, and 
regular population surveys were conducted. 
Detailed records of the distribution and quantity 
of the plants provided a solid foundation for 
index calculation. In addition, this study also 
focused on the trend of species diversity index 
changes with water depth, which calculated the 
Simpson index and Shannon-Wiener index of 
each sample plot and combined them with the 
water depth gradient setting to ensure that there 
was sufficient sample plot data to support 
analysis in each water depth interval.  
 
The changes in ecological characteristics of SPC 
under hydrological driving 
The effects of water level and nitrogen 
concentration on SPC functional traits were 
examined. The treatments combined with 
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different water levels of 0, 10, 20, 30 cm and 
nitrogen concentrations of 0, 50, 100, 200 mM 
were applied to simulate water level changes and 
nitrogen supply in natural environments. The 
same number of SPCs was planted in each 
treatment combination, ensuring consistent 
growth conditions of light and temperature. By 
regularly measuring functional traits such as 
plant height, number of branches, number of 
corms, root biomass, rhizome biomass, and corm 
biomass, the effects of different treatments on 
seedling growth were comprehensively 
evaluated (Figure 1). The significance of 
differences in functional trait indicators was 
tested using analysis of variance for each 
treatment combination 
 
The effects of water salinity and nitrogen 
addition on biomass accumulation of Schisandra 
chinensis seedlings 
Scirpus planiculmis seedlings were planted under 
various treatments combined with different salt 
concentrations of 0, 25, 50, 100 mg/L and 
nitrogen additions of 0, 50, 100, 200 mgN/kg. The 
biomasses of leaves, stems, roots, and rhizomes 
were measured, and the significance of 
differences between treatments was tested 
through analysis of variance or regression 
analysis.  
 
The changes in Scirpus planiculmis density and 
leaf number under different hydrological 
conditions 
The representative wetland areas were selected 
and subjected to two hydrological conditions, 
including periodic flooding and long-term 
flooding. The Scirpus planiculmis density and leaf 
number were regularly examined under different 
water level gradients of 0, 10, 20 cm. The 
regression analysis was applied to establish 
regression equations between water level, 
density, and leaf number. 
 
Statistical analysis 
SPSS 26.0 (IBM, Armonk, New York, USA) was 
employed for the statistical analysis of this 
research. Analysis of variance (ANOVA) and 
regression analysis were performed to determine 

the differences among different treatment 
groups. P value less than 0.05 was defined as 
statistically significant difference. 
 
 

Results and discussion 
 

Changes in the composition of plant 
communities  
This study first investigated the changes in plant 
community composition in the study area. Zone 
A was in a low water level or slow water flow 
area, while zone B was in a moderate water level 
or moderate water flow velocity area that was 
the most suitable environment for the growth of 
Scirpus planiculmis as it was not threatened by 
severe flooding and could receive sufficient 
nutrients and light. Zone C was a high-water level 
or fast water flow area. Under such 
environmental conditions, Scirpus planiculmis 
might be limited by significant flooding pressure 
and insufficient oxygen supply, which could 
affect its growth and distribution. The 
compositional changes of plant communities in 
the study area under hydrological gradients 
demonstrated that, in the water depth of 0 - 10 
cm, Scirpus planiculmis appeared as a sub-
dominant species in zone C, forming a 
community with other plants such as Suaeda 
salsa and reed, which indicated that, although 
Scirpus planiculmis had a certain distribution in 
this shallow water area, it was not the dominant 
species. As the water depth increased to 10 - 30 
cm, Scirpus planiculmis became a dominant or 
sub dominant species in both sample zones A and 
B, especially in sample zone A, where it formed 
the main community together with 
dinoflagellates. The results demonstrated its 
strong adaptability and competitiveness within 
this water depth range. When the water depth 
reached 30 - 50 cm, Scirpus planiculmis appeared 
in all three transects and was the dominant 
species or main constituent species in transects A 
and C, which indicated that the distribution of 
Scirpus planiculmis was more widespread and 
important in this water depth range. Especially in 
sample zone C, Scirpus planiculmis and other 
species  such  as  the  three  rivers sugarcane grass 
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Table 1. Changes in plant community composition in the study areas under the hydrological gradients. 
 

Water 
depth (cm) 

Transect 
Subdominant 

Species 
Dominant Species Community Composition 

0 - 10 

A 
Reed (Phragmites 

australis) 
Suaeda salsa Suaeda salsa 

B 
Reed (Phragmites 

australis) 
Suaeda salsa Suaeda salsa, Reed (Phragmites australis) 

C Scirpus planiculmis Suaeda salsa 
Suaeda salsa, Scirpus planiculmis, Reed (Phragmites australis), 

Chenopodium glaucum, Echinochloa crus-galli 

10 - 30 

A 
Ceratophyllum 

demersum 
Scirpus Planiculmis Scirpus planiculmis, Ceratophyllum demersum, Typha angustifolia 

B 
Reed (Phragmites 

australis) 
Scirpus Planiculmis 

Scirpus planiculmis, Reed (Phragmites australis), Potamogeton 
natans, Ceratophyllum demersum 

C Scirpus planiculmis Eleocharis tuberosa 
Eleocharis tuberosa, Scirpus planiculmis, Reed (Phragmites 

australis), Scirpus triqueter, Ceratophyllum demersum 

30 - 50 

A Utricularia aurea Scirpus Planiculmis Scirpus planiculmis, Utricularia aurea, Reed (Phragmites australis) 

B Salvinia natans 
Reed (Phragmites 

australis) 
Reed (Phragmites australis), Scirpus planiculmis, Salvinia natans, 

Utricularia aurea, Ceratophyllum demersum 

C Scirpus planiculmis Scirpus triqueter 
Scirpus planiculmis, Scirpus triqueter, Echinochloa crus-galli, 

Spirodela polyrhiza 

50 - 80 

A Scirpus planiculmis 
Reed (Phragmites 

australis) 
Scirpus planiculmis, Reed (Phragmites australis) 

B 
Reed (Phragmites 

australis) 
Typha angustifolia 

Typha angustifolia, Reed (Phragmites australis), Scirpus validus, 
Scirpus planiculmis 

C Scirpus planiculmis 
Reed (Phragmites 

australis) 
Reed (Phragmites australis), Scirpus planiculmis 

 
 
jointly formed a community, indicating that it 
could also form a stable community structure in 
areas with deeper water depth. However, in the 
area with a water depth of 50 - 80 cm, Scirpus 
planiculmis was still distributed in sample areas B 
and C, but was no longer the dominant species, 
which suggested that its adaptability might 
gradually decrease with further increase in water 
depth (Table 1). Overall, the spatial distribution 
pattern of Scirpus planiculmis was significantly 
influenced by hydrological conditions. It was 
widely distributed and important within a water 
depth range of 10 - 50 cm and was an important 
component of the plant community in lakeside 
wetlands. The appearance of the flat-stemmed 
Scirpus as a subdominant species in sample zone 
C indicated that, although it had certain growth 
ability in shallow water areas, its competitiveness 
was relatively weak. This might be because the 
water level in the shallow water area was 
relatively shallow, and the soil moisture 
conditions were various greatly. Meanwhile, it 
might be under competitive pressure from other 
surrounding plants such as Suaeda glauca and 
reeds, which limited its status as a dominant 
species. Scirpus planiculmis gradually became the 

dominant or subdominant species in zones A and 
B, especially in zone A, where it formed the main 
community together with Elodea. This water 
depth range might be the most suitable growth 
environment for Scirpus planiculmis. A moderate 
water depth could ensure that its root system 
had sufficient water supply, while not affecting 
oxygen acquisition due to excessively high-water 
levels. Further, the light conditions in this area 
were relatively good, which was conducive to the 
progress of photosynthesis, thereby promoting 
its growth and reproduction and giving it an 
advantage in competition with other plants. With 
the increase of water depth, the root system of 
Scirpus planiculmis could better adapt to the 
underwater environment. Meanwhile, its growth 
characteristics and physiological mechanisms 
enabled it to maintain a certain level of 
competitiveness under such water depth 
conditions. 
 
Community changes under the influence of 
different water levels during the growing season 
The community changes under the influence of 
different water levels during the growing season 
showed   that   the   index   of   each   water   level 
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Figure 2. Changes in community PEI and Cody index under the influence of different water levels during the growth season. 

 
 
interval fluctuated between June and November 
in the PEI variation chart. Specifically, the index 
of 0 - 10 cm water level was consistently low, 
approaching zero in November, while the index 
of 10 -20 cm water level gradually increased from 
June to September with a peak of about 0.8 and 
the index changes of water levels at 30 - 40 cm 
and 40 - 50 cm were relatively large, reaching 
their highest in September at 1.0 and 0.8, 
respectively, and then rapidly decreasing (Figure 
2a). In the variation chart of the Cody index, there 
were significant differences in the index among 
different treatment groups. The index of sample 
A was relatively high between July and 
September with a peak of about 2.0 and then 
decreased slightly. The index of sample band B 
remained relatively stable throughout the entire 
growing season, ranging from approximately 1.2 
to 0.8. The index of sample C reached its highest 
point in August around 1.6 and gradually 
decreased thereafter (Figure 2b). The results 
demonstrated that different water levels and 
treatment groups had a significant impact on the 
evenness and species composition of the 
community. PEI first increased and then 
decreased with significant differences between 
different water levels. The Cody index showed 
significant differences in species composition 
among the treatment groups during the growing 
season, providing a scientific basis for ecological 
restoration and management. 

Changes in aggregation index and ACD of flat 
stem swallow grass population 
The changes in the population aggregation index 
(PAI) and ACD of Platycodon grandiflorus over 
the course of a year demonstrated that sample A 
was in a low water level or slow water flow area 
and its PAI of the flat stem fescue was relatively 
low with small fluctuations and a peak value 
between approximately 0.6 - 0.7, indicating 
limited aggregation of the flat stem fescue in this 
environment. Meanwhile, its overall ACD was 
also relatively low, fluctuating between 1 - 2, 
indicating that congestion was not significant. 
The B-spline was in a moderate water level or 
moderate water flow velocity area, which might 
be the most suitable environment for the growth 
of the flat stem swallow grass and the PAI was 
significantly high with significant fluctuations 
occurring multiple times, especially reaching a 
maximum value close to 1.0 in summer, 
indicating that the flat-stemmed fescue had 
formed a high degree of aggregation in this 
environment. Meanwhile, the ACD was also at a 
high level in most months with a peak close to 6 
in summer, further confirming the suitability of 
this region for the growth of the flat stemmed 
swallow grass. The C-band was in a higher water 
level or faster water flow area. Although its PAI 
and ACD also fluctuated, they were generally 
lower than that of the B-band with the peak of 
PAI  approximately  between  0.8  -  0.9  and  ACD 
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Figure 3. Changes in PAI and ACD of F. planus during a year. 

 
 
between 2 – 4 (Figure 3). The results suggested 
that, under higher water levels or faster water 
flow conditions, the growth of the flat stemmed 
swallow grass was somewhat restricted, and the 
degree of aggregation and crowding was 
relatively low. 
 
Changes in Simpson index and Shannon-Wiener 
index of Platycodon grandiflorus community 
under different water depth conditions 
The changes in Simpson index and Shannon-
Wiener index of SPC in the study area under 
different water depth conditions showed that the 
Simpson index first increased and then slightly 
decreased with increasing water depth. When 
the water depth increased from 0 to 10 cm, the 
Simpson index increased from about 0.16 to 
about 0.21. When the water depth ranged from 

10 to 30 cm, the index continued to rise to a 
maximum value of about 0.38 at 30 cm. 
Subsequently, when the water depth increased 
to 60 cm, the index slightly decreased to about 
0.29 (Figure 4a). The results indicated that the 
Simpson index reached its highest at a water 
depth of around 30 cm, reflecting a relatively low 
state of species diversity. The trend of the 
Shannon-Wiener index was similar to the 
Simpson index with higher overall values. When 
the water depth increased from 0 to 20 cm, the 
index increased from about 0.39 to about 0.62. 
When the water depth was between 20 and 30 
cm, the highest value reached about 0.73. When 
the water depth continued to increase to 60 cm, 
the index decreased to about 0.54 (Figure 4b), 
which indicated that, at a water depth of around 
30 cm,  the  Shannon-Wiener  index  also  reached 
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Figure 4. Changes in Simpson index and Shannon-Wiener index of the community in the study area under different water depths. 

 
 
its peak, indicating a state of high species 
diversity. The index of each water level interval 
fluctuated greatly during the growing season, 
and there were significant differences between 
different water levels, which might be because, 
under different water level conditions, the 
composition and structure of plant communities 
changed, resulting in different relative 
abundances of various species. In areas with 
lower water levels, the distribution of species 
was not uniform enough, which might be due to 
the relatively simple environmental conditions. 
In the moderate water level area, the 
competition among species and resource 
allocation were relatively balanced, resulting in a 
higher evenness index. With the further change 
of water level, the community structure changed 
again, and the evenness also changed 
accordingly. The differences in species 
composition between the treatment groups were 
significant during the growing season, which 
indicated that factors such as water level and 
sample bands had a significant impact on the 
species composition of the community. The 
environmental factors such as hydrological 
conditions and soil properties in different zones 
varied, resulting in different distributions and 
compositions of species within different zones. 
During the growing season, as environmental 
conditions changed such as seasonal fluctuations 
in water levels and changes in light intensity, etc., 
the competitive relationship between species 
and ecological niches also changed, leading to 

dynamic changes in species composition and 
significant seasonal differences in the Cody 
index. 
 
Effects of water level and nitrogen 
concentration on the community function of 
Scirpus planiculmis driven by hydrology 
After exploring the spatial distribution pattern of 
SPC, the impact of different hydrological 
conditions including water level changes, water 
salinity, nitrogen addition, etc. on the growth, 
reproduction, and ecological adaptability of 
Scirpus planiculmis wetland plants was further 
explored. The key ecological indicators such as 
density changes, biomass accumulation, and leaf 
expansion under cyclic and long-term flooding 
conditions of Scirpus planiculmis were observed 
and analyzed to reveal the mechanism of 
community dynamic changes driven by 
hydrology. The effects of water level and 
nitrogen concentration on SPC functional trait 
indicators showed that water level and nitrogen 
concentration had a significant impact on the 
functional trait indicators of SPC, and the 
interaction between the two was also significant 
on certain indicators. The results demonstrated 
that water level had a highly significant impact on 
all functional trait indicators (P < 0.001), 
indicating that water level was a key factor in SPC 
growth. For the height of plant, the F value was 
as high as 170.859, indicating significant 
differences in plant height under different water 
level   treatments,   which   might  be  due  to  the 
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Table 2. The effects of water level and nitrogen concentration on the community of Platycodon grandiflorus. 
 

Parameters Water level Water level x nitrogen concentration Nitrogen concentration (mM) 

F value P value F value P value F value P value 

Plant height (cm) 170.859 < 0.001*** 0.831 0.523 3.786 0.042* 

Number of branches 48.729 < 0.001*** 10.678 < 0.001*** 0.548 0.588 

Number of corms 85.940 < 0.001*** 20.601 < 0.001*** 3.862 0.040* 

Root biomass (g) 37.808 < 0.001*** 2.528 0.077 0.977 0.395 

Root and stem biomass (g) 10.649 < 0.001*** 3.201 0.038* 0.093 0.911 

Biomass of corms (g) 36.725 < 0.001*** 6.039 0.003** 0.239 0.790 

Underground biomass (g) 63.215 < 0.001*** 5.682 0.004** 1.542 0.241 

Aboveground biomass (g) 11.041 < 0.001*** 3.304 0.034* 1.461 0.258 

Total biomass (g) 47.883 < 0.001*** 5.033 0.007** 3.786 0.042* 

 
 
direct impact of water level changes on plant 
light, oxygen uptake, and root respiration, which 
in turn affected overall growth and development. 
The nitrogen concentration had a significant 
effect on plant height and bulb number (P < 0.05) 
but had no significant effect on other indicators. 
Nitrogen is an important nutrient element for 
plant growth, and its promoting effect on plant 
height and bulb number may be related to its 
involvement in the synthesis of biomolecules 
such as proteins and nucleic acids in the plant 
body. However, nitrogen concentration had no 
significant effect on indicators such as branch 
number and root biomass, which might be 
related to the limited ability of plants to absorb 
and utilize nitrogen, or the nitrogen 
concentration range set in the experiment did 
not reach the response threshold of plants (Table 
2). 
 
Effects of salt and nitrogen addition in water 
bodies on biomass accumulation of Scirpus 
planiculmis seedlings 
The effects of water salinity and nitrogen 
addition on the biomass accumulation of Scirpus 
planiculmis seedlings showed that, at a nitrogen 
addition level of 0 mgN/kg, the leaf biomass 
reached the highest at a salt content of 50, 
approximately 2.47 g/pot, but significantly 
decreased to approximately 1.2 g/pot at a salt 
content of 100. The biomass of the stem also 
showed a similar trend, reaching the highest 
value of 3.21 g/pot at a salt content of 50. The 
biomass of roots demonstrated relatively small 
changes but slightly increased with the addition 

of 200 mgN/kg nitrogen and 50% salt content, 
reaching a maximum value of about 1.2 g/pot. 
The overall change in biomass of rhizomes was 
not significant but slightly decreased with high 
nitrogen addition of 200 mgN/kg, especially 
reaching its lowest value at a salt content of 25, 
which was about a negative value that indicated 
data recording or processing errors and should 
be ignored or further verified in actual analysis. 
Overall, nitrogen addition significantly affected 
the biomass accumulation of Scirpus planiculmis 
with generally higher biomass in all parts at high 
nitrogen addition levels of 200 mgN/kg. The 
effect of salt content on biomass varied by 
location with leaves and stems being more 
sensitive to salt changes, while roots and 
rhizomes were relatively stable (Figure 5). These 
specific values provided important foundational 
data for understanding the ecological adaptation 
mechanisms of wetland plants to salinity and 
nitrogen and contributed to further in-depth 
research on the growth strategies and 
adaptability of Scirpus planiculmis under 
different environmental conditions. 
 
The relationship between population density 
and water level driven by different hydrological 
conditions 
The relationship between population density and 
water level under different hydrological 
conditions demonstrated the relationship 
between Scirpus planiculmis density and water 
level under different hydrological conditions. 
Under the driving force of periodic flooding, the 
Scirpus    planiculmis    density    was    negatively 
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Figure 5. The effect of water salt and nitrogen addition on seedling biomass accumulation. 
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Figure 6. Changes of the density with water level driven by different hydrological conditions. 

 
 
correlated with water level with the regression 
equation as follows. 
 
Y = 555.26479 − 9.54668X 
 
The results showed that R2 was 0.64618 and P < 
0.05, which indicated that for every 1 cm 
increased in water level, the density decreased 
by approximately 9.55 plants/m2. Under long-

term flooding, the relationship was also negative 
with the regression equation as below. 
 
Y = 413.06749 − 6.13465X 
 
The resulted R2 was 0.67617 and P < 0.05, which 
meant that for every 1 cm increased in water 
level, the density decreased by about 6.13 
plants/m2 (Figure 6).  The  model  driven  by  long- 
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Figure 7. Change of leaf spread number of flat straw sugarcane grass with water level driven by different hydrological situation. 

 
 
term flooding had a higher fit and stronger 
relationship. Scirpus planiculmis as an aquatic 
plant was significantly influenced by changes in 
water level on its growth. The increase in water 
level might lead to soil hypoxia, affecting the 
respiration of plant roots and thus inhibiting their 
growth. In addition, the rise in water level might 
increase the submergence time of plants, affect 
photosynthesis, and further limit their growth 
and reproduction. 
 
Relationship between the number of spread 
leaves of the flat stemmed sugarcane grass and 
water level under periodic flooding and long-
term flooding conditions 
The relationship between the number of 
expanded leaves and water level of flat stemmed 
sugarcane grass under periodic flooding and 
long-term flooding showed that, under periodic 
flooding conditions, as the water level increased 
from 0 to 60 cm, the number of expanded leaves 
showed a decreasing trend with a fitted line slope 
of -0.01907 and an R² value of 0.06212 (Figure 
7a). This indicated that the fitting effect was 
average but statistically significant (P < 0.05), 
suggesting that an increase in water level had a 
negative impact on the number of expanded 
leaves. Under long-term flooding conditions, the 
relationship between the number of expanded 
leaves and water level exhibited nonlinear 

characteristics with a fitted line slope of -
0.263787 and an R² value of 0.52052, indicating a 
good fitting effect. Especially in the water level 
range of 20 - 40 cm, the number of expanded 
leaves remained relatively high, indicating that 
plants had a certain degree of adaptability to 
specific flooding levels (Figure 7b). Periodic 
flooding might cause plants to frequently 
experience flooding and drying, affecting stable 
growth and leading to a decrease in leaf 
expansion. Although long-term flooding had a 
small initial impact, long-term high-water levels 
might create an oxygen-deficient environment, 
inhibit root function, and affect overall growth. 
Nonlinear changes reflected the adaptation of 
plants to specific waterlogging, but their 
adaptability weakened under extreme 
conditions. This study revealed a significant 
impact of hydrological driving on the ecological 
characteristics of SPC, particularly in the water 
depth range of 10 - 50 cm, where Scirpus 
planiculmis exhibited the strongest adaptability 
and competitiveness. However, this study mainly 
focused on the Momoge wetland, which had 
strong geographical limitations. In the future, the 
research scope needs to be expanded to verify 
the universality of the results. 
 
 

Acknowledgements 



Journal of Biotech Research [ISSN: 1944-3285] 2025; 22:183-195 

 

195 

 

The research was supported by Jilin Academy of 
Agricultural Sciences Innovation Project (Grant 
No. KYJF2021ZR111). 
 
 

References 
 

1. Wu Z, Zhao Y, Zhang N. 2023. A literature survey of green and 

low-carbon economics using natural experiment approaches in 

top field journal. GLCE. 1(1):2-14. 

2. Liu K, Sun Y, Yang D. 2023. The administrative center or 

economic center: Which dominates the regional green 

development pattern? A case study of Shandong Peninsula 

Urban Agglomeration, China. GLCE. 1(3):110-120. 

3. Wellendorf A, Tichelmann P, Uhl J. 2023. Performance analysis 

of a dynamic test bench based on a linear direct drive. AAES. 

1(1):55-62. 

4. Wang Z, An X, Chitrakar B, Li J, Yuan Y, Liu K, et al. 2023. Spatial 

and temporal distribution of phenolic and flavonoid 

compounds in sour jujube (Ziziphus acidojujuba Cheng et Liu) 

and their antioxidant activities. Plant Foods Hum Nutr. 78(1):46-

51. 

5. Ma H, Cui LJ, Pan X, Li W, Ning Y, Zhou J. 2020. Effect of nitrate 

supply on the facilitation between two salt-marsh plants 

(Suaeda salsa and Scirpus planiculmis). J Plant Ecol-UK. 

13(2):204-212. 

6. Roy S, Bhattacharya B, Bal B, Ghosh K. 2023. A study on 

variation in spatial voltage distribution pattern across tissue 

layers between non-excitable plant and excitable plant. Ind J 

Biochem Biol. 60(4):307-319. 

7. Duguma DW, Law E, Shumi G, Rodrigues P, Sembeta F, 

Schulthner J, et al. 2023. Spatial predictions for the distribution 

of woody plant species under different land-use scenarios in 

southwestern Ethiopia. Landscape Ecol. 38(5):1249-1263. 

8. Thant M, Lin X, Atapattu A, Cao M, Xia SW, Liu S, et al. 2023. 

Activity-density and spatial distribution of termites on a fine-

scale in a tropical rainforest in Xishuangbanna, southwest 

China. Landscape Ecol. 5(1):169-180. 

9. Gorny A, Reeves E, Scruggs A, Scruggs AMI. 2024. Prevalence, 

spatial distribution, and population density of plant-parasitic 

nematodes in vegetable fields of North Carolina, South 

Carolina, and Tennessee counties. Plant Health Prog. 25(1):78-

83. 

10. Zhai Z, Fang Y, Cheng J, Tian Y, Liu L, Cao X. 2023. Intrinsic 

morphology and spatial distribution of non-structural 

carbohydrates contribute to drought resistance of two 

mulberry cultivars. Plant Biol. 25(5):771-784. 

11. Bisang JHL. 2020. Sex expression and genotypic sex ratio vary 

with region and environment in the wetland moss 

Drepanocladus lycopodioides. Bot J Linn Soc. 192(2):421-434. 

12. Raw JL, Stocken TVD, Carroll D, Harris LR, Rajkaran A, Niekerk 

LV, et al. 2023. Dispersal and coastal geomorphology limit 

potential for mangrove range expansion under climate change. 

J Ecol. 111(1):139-155. 

13. Zhu Z, Zhu D, Ge M. 2024. The generation processes, 

spatiotemporal distribution heterogeneity, and interpretation 

of the spatial variation mechanism of the net sprinkler water 

under maize canopy. Irrigation Sci. 42(2):305-326. 

14. Kotowska D, Skórka P, Mihorski AM. 2024. Spatial scale matters 

for predicting plant invasions along roads. J Ecol. 112(2):305-

318. 

15. Virginia SM, Rafael BB, Munguía-Rosas MA. 2023. Non-random 

distribution of maax pepper plants (Capsicum annuum var. 

glabriusculum L.) in Mayan homegardens: Impact on plant size, 

fruit yield and viral diseases. Agroforest Syst. 97(5):917-926. 

16. Peralta AL, Escudero A, Marcelino C, Sánchez AM, Luzuriaga AL. 

2023. Functional traits explain both seedling and adult plant 

spatial patterns in gypsum annual species. Funct Ecol. 

37(5):1170-1180. 

17. Ponce MA, Bailey BN. 2024. Quantifying water-use efficiency in 

plant canopies with varying leaf angle and density distribution. 

Ann Bot-London. 133(4):605-620. 

18. Pasha S, Reddy CS. 2023. Trends in hotspots of alien plant 

invasion in Kachchh Biosphere Reserve, India using spatial 

pattern mining tool. J Indian Soc Remote. 51(3):469-481. 

19. Han T, Zhou K, Li J, Chen T, Xu X, Zhang S, et al. 2023. The spatial 

distribution and characterization of phosphorus and nitrogen in 

a water-carrying lake: A case study of Lake Jiaogang, China. 

Environ Sci Pollut R. 30(7):18674-18684. 

20. Alimah S, Alhakim EE, Ryanto TA, Haifani AM, Indrawati Y, 

Suntoko H, et al. 2024. Analysis of population distribution for 

anticipating radiological consequences of nuclear power plant 

program in West Kalimantan. J Environ Radioactiv. 

275(May):1.1-1.7. 


