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AbstractAbstractAbstractAbstract 

    

Salinity stress is a serious constraint for crop productivity, and its extent is continuously across 
the globe. Therefore, it is direly necessary to develop appropriate measures to mitigate the toxic effects 
of salinity to meet rising food needs. The present study determined the impact of diverse 
concentrations of neutral salt (NaCl: 0, 200, 400 mM) and alkaline salt (Na2CO3: 0, 25, 50 mM) on 

the growth status, leaf traits, and clonal component characteristics of reed (Phragmites communis 

Trin.). The results indicated that increasing the intensity of salt and alkali stress markedly reduced 
growth (> 30%) and biomass production (> 35%). The impact of alkali stress was more significant as 
compared to salt stress, and it significantly decreased leaf area and dry matter production and increased 
the N concentration and N:P ratio. Further, stomata conductance and CO2 concentration showed a 
decrease under stress conditions. While water use efficiency (WUE) also showed a decreasing trend 
under saline conditions, it first showed an increasing trend under alkali stress and then a decreasing 
trend. Further, plant tiller, rhizome, and seeds were markedly reduced by stresses. Moreover, the 
concentration of Na+ was increased under saline conditions while the concentration of K+ and NO3

- 
showed a marked decrease, Na+/K+ showed a substantial increase. Therefore, salinity and alkaline 
stress can reduce the growth of reeds by disturbing plant physiological and biochemical functioning 
and nutrient homeostasis.    
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IntroductionIntroductionIntroductionIntroduction    
    
Soil salinity is a serious global challenge, negatively affecting crop productivity (Arzani and Ashraf, 

2016). Globally, around 1 billion hectares are salt-affected, representing 8.7% of the world’s land area, and 
causing more than 27.3 billion USD in losses (Ha-Tran et al., 2021). Every year, around 10 million hectares 

are affected by salt stress, which is a serious challenge and needs dire attention to tackle this problem (Ould 
Ouali et al., 2024). Songnen Plain in northeast China is the most critical commercial grain base with high 

economic and ecological value. China's agriculture will continue to develop this century, but the continuous 
improvement and effective utilization of soil salinization is still a problem (Singh, 2021). The total area of saline 
soil in social and economic development in China is 520 million mu, of which alkaline soil occupies 12.991 
million mu and saline soil is 240 million mu (Wang et al., 2018). Salinization has seriously restricted grassland 

productivity in this area and gradually reduced some grassland with high quality and high yield to saline-alkali 
bare land with very low productivity, which not only affects the sustainable development of grassland animal 
husbandry production. Moreover, it has seriously damaged the ecological environment (Cuevas et al., 2019).  

Plants can sense environmental stimuli and modulate defence mechanisms via various regulatory 
networks to mitigate abiotic stresses, including salt and alkali stress (Arzani et al., 2023). Over time, rising salt 

concentrations cause primary damage in two stages: osmotic stress and ion toxicity. These trigger secondary 
stresses like oxidative stress and nutrient imbalances, ultimately stunting plant growth. This decline stems from 
impaired water and nutrient uptake, membrane dysfunction, and disruptions to photosynthesis, respiration, 
and protein synthesis (Arzani and Ashraf, 2016; Arzani et al., 2023). Reed (Phragmites communis Trin) is an 

essential hydrophytic species thriving across the globe with an appreciable ability to grow in riverbanks, 
lakesides, and fresh and brackish swamps (Li et al., 2021). It can also adapt well to adverse habitats and its 

different ecotypes showing genetic differences have developed resistance against drought and salinity stresses 
(Eller et al., 2017; Li et al., 2021). It has an extensive ecological amplitude and a great ability to acclimatize in 

adverse conditions owing to higher intra-specific diversity and phenotypic plasticity (Eller et al., 2017). It can 

tolerate a wide range of salinity; however, different genotypes of different origins are different in their ability 
to tolerate salinity (Achenbach and Brix, 2014) owing to their diverse bio-climatic origins (Chambers et al., 

1998; Lissner et al., 1999; Lambertini et al., 2020). The genetic diversity of Phragmites australis could be 

decreased with increasing salinity stress in some areas. For instance, Yellow River Delta of China the genetic 
diversity of the reed decreased with increasing salinity and only particular phenotypes occurred in the saltiest 
areas of the delta (Gao et al., 2012). Salinity stress significantly affects rhizome growth, and differentiation of 

plant tissues and organs, thereby causing a reduction in reed plant growth (Lata et al., 2022). The increasing 

salt concentration reduces germination, and morphological growth and disturbs the plant functioning (Zhang 
et al., 2022). 

Driven by economic construction, human and socio-economic activities directly impact the global 
environment and ecosystem (Shi et al., 2022). Thus, it is essential to investigate the growth, reproduction, and 

clonal components of reed (P. communis) a common clonal plant in Songnen Plain. It can provide essential 

data and theoretical support for the reed salt-alkali tolerance mechanism and ecological adaptability, and it can 
be applied in practice to maintain and improve the ecological environment. In this experiment, the common 
species reed of Songnen grassland was used as the genetic material to simulate the local salinization background 
for testing different concentrations of salt-alkaline stress treatment. We hypothesized that neutral salt stress 
may have a more detrimental impact on reed growth and biomass production than alkaline salt stress. This 
study determined the impact of saline and alkali stresses on growth, leaf traits and reproduction traits of reed.  
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Materials and MethodsMaterials and MethodsMaterials and MethodsMaterials and Methods    
 
Test materials and experiment site 

The present study was conducted in 2023 at Northeast Normal University, and the plant material (seed) 
was taken from Changling, Songyuan City, Jilin Province. The fresh and vigorous seedlings selected were 
transplanted into plastic pots (diameter of 28 cm and length of 35 cm), and twenty seedlings were placed in 
each pot. 

 

Experiment treatments 

The treatments were applied to seedlings at earlier growth stages (30 days old); and Hoagland nutrient 
solution was applied every four days. The salt stress treatments were started in July, where two salt stress 
treatments (100 and 200 mM) were imposed. Each treatment had three replicates, and treatments were 
performed from 17:00 to 18:00 daily. Every basin was irrigated with one-litre solution according to treatments 
on the first day. Following this, in the remaining three days, the same amount of water was applied. The pots 
were placed under the shed to avoid rain.  

 

Growth and photosynthetic traits 

Fifteen seedlings were marked in each pot to determine leaf length and plan, while standard methods of 
Blackman were used to determine the relative height growth rate by the following formula:  

����(��) =
�	( �� + 1) − �	( ��)


� + 1 − 
�
 

 
Specifically, Hi and Hi+1 indicated the height of plants at Ti and Ti+1, respectively, and the formula 

indicates the high growth amount of plant strains in time from Ti and Ti+1. The leaf photosynthetic traits were 
measured in July and August using the CIRAS-3 portable photosynthesizing apparatus (PP SYSTEMS, USA). 
We selected the first unfolded leaf to test the photosynthetic traits.  

 
Determination of leaf and root characteristics  

Ten leaves were taken from every pot and weighed immediately after cutting to determine the fresh 
weight (FW). Then these leaves were oven-dried (80 °C) until constant weight to determine the dry weight 
(DW), and leaf water concentration was determined as FW-DW/FW x100% 

The samples were carefully washed to remove sand attached to the roots around the laboratory 
experiment. Further, seed plants and buds were manually counted, and an average was taken. Moreover, fifteen 
root samples were collected to determine their length, area, volume, and tip count. The various parts of 
sheepgrass (root, bud, rhizome, and stem) were taken and oven-dried to determine their DW.  

 

Element concentration 

The plant samples were dried and ground to make powder, and concentration of carbon and nitrogen 
was assessed by Elementary various EL III, UK. During the measurement, about 3 mg (0.001 mg) of each organ 
sample of sheepgrass was accurately weighed with a balance with an accuracy of one-thousandth of a milligram 
and put into a tin foil cup. The air in the tin foil bag was emptied as far as possible to reduce the error of the 
experimental instrument. In addition, total phosphorus concentration was assessed by the molybdenum 
resistance colorimetric technique. 
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Data Analysis 

The data of the different collected traits were analyzed using SPSS26.0 software (SPSS, Chicago, IL, 
USA). The data were also subjected to a homogeneity test before analysis, and the differences between diverse 
treatments were sorted with Tukey’s test (Steel et al., 1997).  

 
 

ResultsResultsResultsResults    
    
Impact of salt and alkali stress on reed plant height, total biomass per plant 

The increase in salts concentration caused a marked reduction in plant height. Under salt stress 
treatment, reed plant height decreased by 10.28% and 34.98% under 200 and respectively for 400 mM salt 
stress. Under alkali stress treatment, reed plant height decreased by 34.41% and 42.39% under 25 and 
respectively at 50 mM alkaline stress (Figure 1A). The total reed biomass was reduced by 7.56% at 200 mM 
and 17.59% at 400 mmol·L-1. Under alkali stress treatment, the total reed biomass decreased by 16.19% at 25 
mM and 49.91% at 50 mM alkali concentration (Figure 1B). With time, the growth rate of relative plant height 
showed a marked reduction, and the maximum value appeared in early June and approached 0 around mid-
July.  

 

    
Figure 1.Figure 1.Figure 1.Figure 1. Impacts of salinity and alkaline stresses on plant height and total biomass of P. australis 
Note:    CK indicates control, C1, indicates 200 mM salinity stress and 25 mM alkaline stress while C2 indicates 400 
mM salinity stress and 50 mM alkaline stress. Different letters showed significance among means 

 
Effects of salt-alkali stress on relative height growth rate of Phragmites australis 

As shown in Figure 2 the growth rate relative to plant height generally shows a downward trend over time. 
Under the treatment of salt stress and alkali stress, it showed an upward trend from mid-May to early June, then 
dropped sharply, with the maximum value occurring in early June. It approached zero around mid-July and then 
stopped growing. 
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Figure 2.Figure 2.Figure 2.Figure 2. Effects of salt-alkali stress on relative height growth rate of Phragmites australis 
Note: CK indicates control, C1, indicates 200 mM salinity stress and 25 mM alkaline stress while C2 indicates 400 
mM salinity stress and 50 mM alkaline stress. Different letters showed significance among means 

 

 

Impacts of salt-alkali stress on stem and leaf biomass of single plants under salinity stress treatment 

Stem biomass per reed plant was decreased by 2.02% and 8.64% at 200 and at respectively 400 mM salt 
stress. The stem biomass per reed plant under alkali stress treatment decreased by 4.12% and 47.42% at 
moderate and higher alkaline stress (Figure 3A). The increasing intensity of salts and alkali stress markedly 
reduced leaf biomass, and leaf biomass per reed plant was significantly different under alkali stress treatment 
(P<0.05). The leaf biomass per reed plant was 4.28% and 11.77% for 200 and respectively 400 mM salt stress. 

The leaf biomass per reed plant decreased by 6.53% and 49.96% by imposing alkaline stress of 25 and 
respectively 50 mM (Figure 3B). 

 

 
FigureFigureFigureFigure    3.3.3.3. Impacts of salinity and alkaline stresses on stem and leaf biomass of single plants under salinity 
stress treatment 
Note:    CK indicates control, C1, indicates 200 mM salinity stress and 25 mM alkaline stress while C2 indicates 400 
mM salinity stress and 50 mM alkaline stress. Different letters showed significance among means  
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Impacts of saline-alkali stress on stem length and root length of reed 

The results indicate that under salt stress treatment, reed stem length decreased by 11.11% and 25.93% 
under 200- and 400-mM salt stress. Under alkali stress treatment, reed stem length decreased by 20.37% and 
29.62% under moderate and higher alkaline stress (Figure 4A). The reed root length decreased by 17.28% at 
200 mmol·L-1 salt concentration and 34.88% at 400 mM salt concentration. The root length of the reed 
decreased by 22.31% at 25 mM and decreased at 50 mM alkali by 40.21% (Figure 4B). 

 

 

 
FFFFigure 4.igure 4.igure 4.igure 4. Impact of salinity and alkaline stress on root length and steam lengths of P. australis 
Note: CK indicates control, C1, indicates 200 mM salinity stress and 25 mM alkaline stress while C2 indicates 400 
mM salinity stress and 50 mM alkaline stress. Different letters showed significance among means 

 
Compared with the control under salt stress treatment, reed leaf area was decreased by 2.52% and 5.97% 

under salt concentrations of 200 and 400 mM. Leaf area was also significantly reduced by 3.38% and 7.99% at 
25 and mM alkaline stress (Figure 5B). Under salt stress treatment, the specific leaf area of the reed was 
decreased by 8.98% at lower salinity stress and increased by 4.31% at 400 mM salt concentration. Under alkali 
stress treatment, the specific leaf area of the reed decreased by 6.67% and 5.01% at moderate and higher stress 
levels (Figure 5C). The reed leaves’ dry matter content (LDMC) decreased under salt and alkali stress. The 
LDMC was reduced by 1.36% and 5.21% under 200 and 400 mM salt stress, while LDMC was decreased by 
3.74% and 4.94% under 25 and 50 mmol·L-1 alkaline stress (Figure 5D). 
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Figure 5Figure 5Figure 5Figure 5. Impacts of salinity and alkaline stresses leaf length, leaf area, specific leaf area, and leaf dry matter 

content of P. australis 
Note:    CK indicates control, C1, indicates 200 mM salinity stress and 25 mM alkaline stress while C2 indicates 400 
mM salinity stress and 50 mM alkaline stress. Different letters showed significance among means 

 
Impact of salinity and alkaline stresses on element concentration 

The carbon content of reed leaves is enhanced with increasing intensity of both stresses. The carbon 
content of reed leaves increased by 8.98% when the salt concentration was 200 mmol·L-1 and 3.89% when the 
salt concentration was 400 mM. The carbon content of reed leaves increased by 2.84% when the alkali 
concentration was 25 mmol·L-1 and 3.64% when the alkali concentration was 50 mmol·L-1 (Figure 6A). The 
nitrogen was decreased by 36.62% and 52.42% under 200 and 400 mM salt stress, while nitrogen contents were 
decreased by 29.31% and 47.37% under moderate and higher stress levels (Figure 6B). 

 

 
Figure 6.Figure 6.Figure 6.Figure 6. Effects of salt-alkali stress on leaf carbon content, nitrogen content and phosphorus content of 

P. australis 
Note: CK indicates control, C1, indicates 200 mM salinity stress and 25 mM alkaline stress while C2 indicates 400 
mM salinity stress and 50 mM alkaline stress. Different letters showed significance among means 

 
Phosphorus content in reed leaves decreased first and then increased but was lower than control. The 

phosphorus content was reduced by 11.26% and 19.08% under 200 and 400 mM salt stress, while phosphorus 
contents was decreased by 19.96% and 15.93% under 25 and 50 mM alkaline stress (Figure 6C). Plant C/N 
ratio was decreased by 30.64% and 51.03% at moderate and higher salinity stress, while it decreased by 28.9% 
and 45.93% at moderate and higher alkaline stress (Figure 7A). Compared with the control, under salt stress 
treatment, the C/P ratio of reed leaves increased by 16.04% at 200 mmol·L-1 salt concentration and 9.78% at 
400 mM salt concentration. Further, C/P was increased by 13.43% and 10.17% moderate and higher stress 
levels (Figure 7B). The N:P was increased by 48.71% and 57.78% under 200 and 400 mM salt stress, while N:P 
was increased by 43.42% and 55.75% under 25 and 50 mmol·L-1 alkaline stress (Figure 7C). 
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Figure 7.Figure 7.Figure 7.Figure 7. Impacts of salinity and alkaline stresses ratio relationship between carbon, nitrogen and 
phosphorus in reed 
Note: CK indicates control, C1, indicates 200 mM salinity stress and 25 mM alkaline stress while C2 indicates 400 
mM salinity stress and 50 mM alkaline stress. Different letters showed significance among means 

 
Effects of salt and alkali stress on photosynthetic physiological characteristics of reed 

Under salinity treatments, the transpiration rate increased by 21.35% and 8.65% at moderate (200 mM 
L-1) and higher salinity stress (400 mM L-1). Under alkali stress treatment, the transpiration rate increased by 
13.46% and 2.54% at lower and higher alkaline stress levels (Figure 8A). The stomata conductance was 
decreased by 41.94% and 56.42% under 200 and 400 mmol·L-1 salt stress, while stomata conductance was 
reduced by 51.54% and 62.31% at both levels of alkaline stress (Figure 8B). 

The water use efficiency of reed leaves under salt stress treatment increased by 13.21% at mM and 
22.03% at 400 mM. Under alkali stress treatment, the water use efficiency of reed leaves increased by 20.68% 
and 14.81% at both levels of alkaline stress (Figure 8C). Under salt stress treatment, the intercellular carbon 
dioxide concentration of reed leaves at 200 mM decreased by 13.39%, and that at 400 mM decreased by 21.86%. 
Under alkali stress treatment, the intercellular carbon dioxide concentration of reed leaves decreased by 21.98% 
when the alkali concentration was 25 mmol·L-1 and 30.47% when the alkali concentration was 50 mmol·L-1 
(Figure 8D). Under salt stress treatment, the net photosynthetic rate of the reed increased by 1.49% when the 
salt concentration was 200 mmol·L-1 and 11.56% when the salt concentration was 400 mM. Under alkali stress 
treatment, the net photosynthetic rate of the reed increased by 13.08% and 29.62% with moderate and higher 
alkaline stress (Figure 8E). 
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Figure Figure Figure Figure 8.8.8.8. Impacts of salinity and alkaline stresses on photosynthetic traits of P. australis 
Note:    CK indicates control, C1, indicates 200 mM salinity stress and 25 mM alkaline stress while C2 indicates 400 
mM salinity stress and 50 mM alkaline stress. Different letters showed significance among means 

 
Impacts of salt and alkali stress on component traits of reed clones 

The total number of reed seeds decreased by 15.22% under salt concentration of 200 mM and 18.48% under 
salt concentration of 400 mM. A total number of reed seeds decreased by 51.09% and 65.22% at moderate (25 mM 
L-1) and higher salinity stress (50 mM L-1) alkaline stress. The total number of bud was decreased by 5% and 11.47% 
under 200 and 400 mM salt stress, while phosphorus contents were decreased by 11.67% and 31.67% under 25 and 
50 mM alkaline stress (Figure 9B). 

 

 
FFFFigure 9.igure 9.igure 9.igure 9. Effects of salinity and alkaline stress on total number of daughter shoots and total number of 

buds per plant of P. australis 
Note:    CK indicates control, C1, indicates 200 mM salinity stress and 25 mM alkaline stress while C2 indicates 400 
mM salinity stress and 50 mM alkaline stress. Different letters showed significance among means 

 
 
Under salt stress, the number of tiller plants of reed was decreased by 24.57% and 25.66% at moderate 

(200 mM) and higher salinity stress (400 mM). Rhizomes and stems decreased by 11.89% and 30.55%, 
respectively, at moderate (200 mM) and higher salinity stress (400 mM L-1). The tiller buds and internode buds 
first depicted a substantial reduction and then increased with increasing intensity of salts. The number of tiller 
plants of reed was reduced by 41.82% and 63.33% under alkali concentrations of 25 and 50 mM. The number 
of rhizomes and stems decreased by 13.79% and 31.03%, respectively.  
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Number of different types of sub plants and buds of reed 

With the increase of salt and alkali stress concentration, the tiller plant and rhizome plant of reed 
decreased significantly under alkali stress, and showed a downward trend under salt stress. Salt and alkali stress 
had different effects on the number of different sub strains and buds of different types of reeds (Table 1). 
 

Table 1Table 1Table 1Table 1. Clonal growth characteristics of reed under salt and alkali stress 

Clonal growthClonal growthClonal growthClonal growth    TreatmentsTreatmentsTreatmentsTreatments    ControlControlControlControl    
200 mM NaCl 200 mM NaCl 200 mM NaCl 200 mM NaCl 

stressstressstressstress    
400 mM NaCl 400 mM NaCl 400 mM NaCl 400 mM NaCl 

stressstressstressstress    

Tiller plant 
Salt treatment 2.5001 ± 0.19a 1.7857 ± 0.21a 1.7667 ± 0.24b 

Alkali treatment 2.5001 ± 0.19a 1.4545 ± 0.15b 0.6667 ± 0.22c 

Rhizomes 
Salt treatment 2.9995 ± 0.45a 2.6428 ± 0.36a 2.0833 ± 0.29a 

Alkali treatment 2.9995 ± 0.45a 2.5345 ± 0.45a 2.00 ± 0.28b 

Tiller bud 
Salt treatment 0.0978 ± 0.09b 0.0838 ± 0.05a 0.0901 ± 0.05a 

Alkali treatment 0.0978 ± 0.09b 0.1401 ± 0.03a 0.0012 ± 0.13b 

Internal bud 
Salt treatment 0.4891 ± 0.34a 0.1923 ± 0.36a 0.2608 ± 0.37a 

Alkali treatment 0.4891 ± 0.34c 0.1571 ± 0.23b 0.1249 ± 0.12a 

Rhizome terminal 
bud 

Salt treatment 0.4239 ± 0.12a 0.5384 ± 0.15a 0.3782 ± 0.09a 

Alkali treatment 0.4239 ± 0.12c 0.3891 ± 0.15b 0.3662 ± 0.14a 
Note: Different letters in each row showed significance among means 

 
Compared with the control group, under salt stress treatment, the number of tiller plants of reed was 

decreased by 24.57% under salt concentration of 200 mmol·L-1, and 25.66% under salt concentration of 400 
mmol·L-1. The number of rhizomes and stems decreased by 11.89% and 30.55%, respectively. With the increase 
of salt stress concentration, the number of tillering buds and the number of internode buds first decreased and 
then increased with the increase of salt concentration, and the number of terminal buds first increased and then 
decreased. 

Compared with the control group, under alkali stress treatment, the number of tiller plants of reed was 
reduced by 41.82% under alkali concentration of 25 mmol·L-1, and decreased by 63.33% under alkali 
concentration of 50 mmol·L-1. The number of rhizomes and stems decreased by 13.79% and 31.03%, 
respectively. With the increase of alkali stress concentration, the number of internode buds and terminal buds 
of rhizomes decreased, and the number of tillering buds increased first and then decreased 
 

Impacts of salt and alkali stress on cation content of reed underground bud 

The K content was decreased by 0.83% and 19.01% under 200 and 400 mM salt stress, while K contents 
was reduced by 22.89% and 38.24% under moderate (25 mM) and higher (50 mM L-1) alkaline stress (Figure 
10A). The Na content was increased by 89.64% and 128.13% under 200 and 400 mM salt stress, while Na 
contents was decreased by 121.56% and 109.14% at moderate (25 mM) and higher (50 mM) alkaline stress 
(Figure 10B). Na+/K+ of underground reed bud increased by 79.57% at 200 mM salt concentration and 
146.42% at 400 mM salt concentration. Under alkali stress treatment, Na+/K+ increased by 172.04% when the 
alkali concentration was 25 mM and by 203.42% when the alkali concentration was 50 mmol·L-1 (Figure 10C). 
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Figure 10Figure 10Figure 10Figure 10. Impacts of salinity and alkaline stresses on cation content in underground sprouts of P. australis 
Note: CK indicates control, C1, indicates 200 mM salinity stress and 25 mM alkaline stress while C2 indicates 400 
mM salinity stress and 50 mM alkaline stress. Moreover, different letters showed significance among means 

 
Effects of salt and alkali stress on anion content of reed underground bud 

The content of Cl- in underground buds of reed increased by 33.38% and 45.82% at moderate (25 mM) 
and higher (50 mM) salinity stress. Cl- in underground reed buds decreased by 3.04% and 3.87% at moderate 
(25 mM) and higher (50 mM) alkaline stress (Figure 11A). The content of NO3

- in underground reed buds 
decreased significantly under stress conditions (p <0.05). NO3

- in reed decreased by 24.59% and 49.77% under 

both stresses. NO3
- content of underground reed buds decreased by 49.41% and 75.6% at moderate (25 mM) 

and higher (50 mM) alkaline stress (Figure 11B). The H2PO4
- content in underground reed buds increased by 

4.12% at 200 mmol·L-1 salt concentration and 9.03% at 400 mmol·L-1 salt concentration. Under alkali stress 
treatment, the content of H2PO4

- in the underground bud of reed was decreased by 22.04% when the alkali 
concentration was 25 mM and by 43.26% when the alkali concentration was 50 mM (Figure 11C). 

 

 
Figure 11Figure 11Figure 11Figure 11. Impacts of salinity and alkaline stresses on anion content in underground sprouts of P. australis.  
Note: CK indicates control, C1, indicates 200 mM salinity stress and 25 mM alkaline stress while C2 indicates 400 
mM salinity stress and 50 mM alkaline stress. Moreover, different letters showed significance among means  

 
 
DiscussionDiscussionDiscussionDiscussion    
    
Effects of salt and alkali stress on individual characteristics of reed 

In the present study, salinity, and alkaline stress markedly reduced growth and biomass; however, alkaline 
stress imposed more negative impacts than salinity stress (Zhao et al., 2023). The decrease in plant height and some 

above-ground biomass is a significant functional characteristic of plants under saline-alkali stress (Brant and Chen, 
2015; Balasubramaniam et al., 2023). Reeds distribute nutrients to the leaves of plants to ensure that the plants can 

produce the appropriate substances and then regulate stem growth to make effective use of environmental pressures 
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(Brant and Chen, 2015). In the practical research, the paper found that reed growth would produce a significant 
inhibition under salt-alkali stress. In increasing stress, the research results are the same as those of previous experts in 
the academic field. The expansion of plant leaves under salt-alkali stress is inhibited to a certain extent so that the 
plant will not lose water seriously (Balasubramaniam et al., 2023). The reed will be seriously damaged by salt and 

alkali stress. The increasing intensity of both stresses increased N and N/P and decreased C, P, C/P, and C/N.  
In recent years, with the in-depth study of ecological stoichiometry, the hypothesis of plant growth rate has 

become a typical theory (Yuan et al., 2022). Suppose you take the ratio C: N: P, and it is integrated with the study of 

rRNA distribution and the rDNA composition of different biota so as to correlate the distribution of nutrient 
elements, the functional characteristics of organisms at this time, and ecological dynamics. The changes in plant 
history can induce a change in C: N:P values (Elser et al., 2010; Sulpice et al., 2014; Zhang et al., 2023c). The N/P 

ratio of reed leaves was higher with increased salt and alkali concentrations. This is consistent with the typical “growth 
rate theory” mentioned above, and the C/N ratio decreased with increasing intensity of stresses.  

The photosynthetic index of plants is an essential and obvious index for measuring plant response to stress 
(Kanai et al., 2007; Takahashi et al., 2007; Hnilickova et al., 2021). In many other studies, the reduction of 

photosynthetic rate is directly related to the inhibition of plant growth to a certain extent (Lu et al., 2023), which 

further reflects that plant growth is constrained by related factors, which is caused by the reduction of C assimilation 
rate of plants under stress (Zahra et al., 2022). Stomatal conductance decreases continuously under salt and alkali 

stress, and the direction of intercellular CO2 concentration Ci is the main index to analyze the decline of plant 
photosynthetic rate accurately. The intercellular CO2 concentration (Ci) was decreased under increasing salt and 
alkali stress. These findings are aligning with previous findings indicating that salinity stress caused a significant 
reduction in plant photosynthesis (Rezaei et al., 2017; Ebrahim et al., 2019). The salt stress increases the production 

of reactive oxygen species (ROS) which damage the photosynthetic apparatus, and decreases the stomata 
conductance and intercellular CO2 concentration leading to a substantial reduction in photosynthesis (Rezaei et al., 

2017; Ebrahim et al., 2019). Further, other researchers also found salinity stress also decreases leaf and root potassium 

concentration and increases salinity-induced oxidative damage to photosynthetic apparatus, thereby reducing 
photosynthetic efficiency and overall plant performance (Kiani et al., 2015; Hoseini et al., 2024). 

 

Effect of salinity and alkaline stress on tillers, rhizomes, and seed production 

The total bud number showed a decreasing trend under salt and alkali stress. In this stage, plant buds will pre-
generate the main characteristics of perennial clones (Müller et al., 2022). These buds can effectively differentiate 

into leaf primordium and then smoothly form complete sub-strains, thus promoting the continuous reproduction of 
the population (Shen et al., 2020). The reproductive resources required for plant growth have specific heterogeneity 

with the environmental conditions of plants (Zhang et al., 2023b). This kind of strong selective pressure makes plants 

need to obtain adequate resources for ecological environment adaptation (Chen 2004; Zhang et al., 2023b). The 

results showed that the reed was disturbed by salt and alkali stress, and the bud bank was expanded to prepare for 
reproduction. Still, the nutrients and energy were not enough to support the development of daughter plants, which 
was a kind of growth mode of reed growth and reproduction under limited and harsh environment. Under salt stress, 
the number of tillering buds and rhizome internode buds showed a reduction with increasing intensity of salts. The 
number of rhizome apex buds increased first and then decreased. This is similar to Ba et al. (2024) comprehensive 

comparative analysis of the elemental composition and change rules of reed bud banks in the two habitats of meadow 
grassland soil and saline-alkali soil in Northeast China (Ba et al., 2024). Soil pH has a severe impact on soil chemical 

reactions and chemical processes and then effectively restricts the nutrients in plants. This link has a direct constraint 
on the decomposition rate of mineral elements. Soil pH value in the range of 6 to 7 is a slightly acidic state, at which 
time soil nutrients have the highest availability. Ten points are suitable for the healthy growth of plants (Penn and 
Camberato, 2019). Suppose the pH value of the saline-alkali soil habitat is the highest. In that case, it will significantly 
inhibit the reed bud bank and the bud formation in the whole life cycle. Under alkali stress conditions, the 
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reproduction of the reed was seriously affected. Tillering plants, rhizomes, rhizomes internode buds, and rhizomes 
apex buds all decreased with increased intensity of salts, and tillering buds increased first and then decreased. When 
the pH ratio of soil is high, the reed bud bank has a noticeable inhibition effect, which has a certain degree of 
unfavorable influence on the bud formation in the whole life cycle of the reed, resulting in a decrease in the number 
of buds in saline-alkali soil. 

Under the influence of NACl, the content of Na+ and Cl- in underground buds increased significantly, and 
the harmful ion Na+ required less energy. It was first ingested, thus inhibiting the absorption of K+. The balance of 
the ratio of Na+/K+ was damaged, resulting in the change of osmotic potential in plant cells and abnormal 
accumulation of H2PO4

- content. Under alkali concentration treatment, Na+ content in underground reed buds 
increased first and then decreased with increased intensity of salts, which was greater than that in the control group. 
K+ content decreased significantly, NO3

- and H2PO4
- contents decreased significantly, and the imbalance of cations 

and ions greatly inhibited each type of enzymatic reaction, resulting in metabolic disorders in cells. The growth and 
development of plants are greatly affected. This indicates that the normal asexual reproduction of the reed can no 
longer be maintained, and even the individual is on the verge of death. 

    
    
ConclusionConclusionConclusionConclusion    
    
In conclusion, increased salt and alkaline stress concentration markedly reduced the root length, plant 

height, and growth parameters. However, alkaline stress’s impact was greater than salinity stress. Further, the 
concentration of K+ and NO3

- was significantly decreased while Na+, Cl-, and Na+/K+ ratio concentration was 
increased under both stresses. Moreover, both stresses decreased stomata conductance, CO2 concentration, and 
water use efficiency. However, more reduction was observed under salinity stress. The current study was 
conducted in controlled conditions; therefore, field studies are conducted to determine the toxicity of both 
salinity and alkaline stress on reed.    
    
    

Authors’ Contributions Authors’ Contributions Authors’ Contributions Authors’ Contributions  
 

Conceptualization: ZWG; Data curation: ZWG; Formal analysis: ZWG, JL; Funding acquisition: 
ZWG; Investigation: ZWG, JL; Methodology: ZWG, JL; Project administration: ZWG, JL; Resources: XLL, 
XL, YQQ, GG, LLH, MZC; Software: CC; Supervision: CSM; Validation: JTZ; Visualization: MH; 
Roles/Writing - original draft: ZWG, JL; and Writing - review & editing: GZW, JL.    

All authors read and approved the final manuscript. 
 
 
Acknowledgements Acknowledgements Acknowledgements Acknowledgements     
    
This authors acknowledge and appreciate the Ongoing Research Funding Program (ORF-2025-758) at 

King Saud University, Riyadh, Saudi Arabia. This work is supported by the Jilin Provincial Key Laboratory of 
Western Jilin’s Clean Energy (YDZJ202502CXJD010).    

 
    
FundingFundingFundingFunding    
    
National characteristic oil industry technology system for improving sunflower varieties (Supported by 

the earmarked fund for CARS-14-1-11). The research is supported by National Natural Science Foundation 
of China (No. 31770520); Key Project of Science and Technology Research in the 13th Five-Year Plan of 



Gao Z-W et al. (2025). Not Bot Horti Agrobo 53(3):14282 

 

14 

 

 

 

 

 

 

Education Department of Jilin Province (No. 41 of Jijiao Kehe, 2016); Talents of Jilin Province Supported 
Project (2020040); Baicheng Science and Technology Development Plan Project (201920). Key R&D Project 
of Jilin Province Science and Technology Development Plan; Utilization of Stress-Resistant Indigenous Forage 
Grass Resources and Breeding of New Varieties (No. 20240303065NC), and the Ongoing Research Funding 
Program (ORF-2025-758) at King Saud University in Riyadh, Saudi Arabia.      

 
 
Conflict of InterestsConflict of InterestsConflict of InterestsConflict of Interests    
 
The authors declare that there are no conflicts of interest related to this article. 
 
 
ReferencesReferencesReferencesReferences    

 
Achenbach L, Brix H (2014). Monitoring the short-term response to salt exposure of two genetically distinct reed 

(Phragmites australis) clones with different salinity tolerance levels. American Journal of Plant Sciences 5(8):1098-

1109.    https://doi.org/10.4236/ajps.2014.58122   

Arzani A, Ashraf M (2016). Smart engineering of genetic resources for enhanced salinity tolerance in crop plants. Critical 

Reviews in Plant Sciences 35(3):146-189. https://doi.org/10.1080/07352689.2016.1245056 

Arzani A, Kumar S, Mansour MMF (2023.) Salt tolerance in plants: molecular and functional adaptations. Frontiers in 

Plant Science 14:1280788. https://doi.org/10.3389/fpls.2023.1280788 

Ba C, Zhai S, Qian J, Liu B, Zhu J, Liu Z (2024). Trade-offs in growth and reproduction of rhizomatous clonal plant 
Phragmites communis in response to aeolian processes. Journal of Plant Ecology 17(1):rtad043. 

https://doi.org/10.1093/jpe/rtad043 

Balasubramaniam T, Shen G, Esmaeili N, Zhang H (2023). Plants’ response mechanisms to salinity stress. Plants 

12(12):2253. https://doi.org/10.3390/plants12122253  

Bart D, Hartman JM (2003). The role of large rhizome dispersal and low salinity windows in the establishment of 

common reed, Phragmites australis, in salt marshes: new links to human activities. Estuaries 26:436-443. 

https://doi.org/10.1007/bf02823720  

Brant AN, Chen HY (2015). Patterns and mechanisms of nutrient resorption in plants. Critical Reviews in Plant Sciences 

34:471-486. https://doi.org/10.1080/07352689.2015.1078611 

Chambers RM, Mozdzer TJ, Ambrose JC (1998). Effects of salinity and sulfide on the distribution of Phragmites australis 

and Spartina alterniflora in a tidal saltmarsh. Aquatic Botany 62(3):161-169. https://doi.org/10.1016/S0304-

3770(98)00095-3 

Chen JS, Yu D, Liu Q, Dong M (2004). Clonal integration of the stoloniferous herb Fragaria vesca from different altitudes 

in Southwest China. Flora - Morphology, Distribution, Functional Ecology of Plants 199(4):342-

350.  https://doi.org/10.1078/0367-2530-00162  

Cuevas J, Daliakopoulos IN, del Moral F, Hueso JJ, Tsanis IK (2019). A review of soil-improving cropping systems for 

soil salinization. Agronomy 9(6):295. https://doi.org/10.3390/agronomy9060295 

Ebrahim F, Arzani A, Rahimmalek M, Sun D, Peng J (2019). Salinity tolerance of wild barley Hordeum vulgare ssp. 
spontaneum. Plant Breeding 139(2):304-316. https://doi.org/10.1111/pbr.12770  

Eller F, Skalova H, Caplan JS, Bhattarai GP, Burger MK, Cronin JT, … Brix H (2017). Cosmopolitan species as models 

for ecophysiological responses to global change: the common reed Phragmites australis. Frontiers in Plant Science 

8:1833. https://doi.org/10.3389/fpls.2017.01833  

Elser JJ, Fagan WF, Kerkhoff AJ, Swenson NG, Enquist BJ (2010). Biological stoichiometry of plant production: 
metabolism, scaling and ecological response to global change. New Phytologist 186(3):593-608. 

https://doi.org/10.1111/j.1469-8137.2010.03214.x 

Gao L, Tang S, Zhuge L, Nie M, Zhu Z, Li B, Yang J (2012). Spatial genetic structure in natural populations of Phragmites 

australis in a mosaic of saline habitats in the Yellow River Delta, China. PloS One 7777(8):e43334. 

https://doi.org/10.1371/journal.pone.0043334 



Gao Z-W et al. (2025). Not Bot Horti Agrobo 53(3):14282 

 

15 

 

 

 

 

 

 

Ha-Tran DM, Nguyen TTM, Hung SH, Huang E, Huang CC (2021). Roles of plant growth-promoting rhizobacteria 
(PGPR) in stimulating salinity stress defense in plants: A review. International Journal of Molecular Sciences 

22:3154. https://doi.org/10.3390/ijms22063154  

Hoseini M, Arzani A, Saeidi G, Araniti F (2024). Agro-physiological and DNA methylation responses to salinity stress in 

wheat (Triticum aestivum L.), Aegilops cylindrica Host, and their introgressed lines. Plants 13(19):2673. 

https://doi.org/10.3390/plants13192673  

Hnilickova H, Kraus K, Vachova P, Hnilicka F (2021). Salinity stress affects photosynthesis, malondialdehyde formation, 

and proline content in Portulaca oleracea L. Plants 10(5):845. https://doi.org/10.3390/plants10050845  

Kanai M, Higuchi K, Hagihara T, Konishi T, Ishii T, Fujita N, … Tadano T (2007). Common reed produces starch 
granules at the shoot base in response to salt stress. New Phytologist 176(3):572-580. 

https://doi.org/10.1111/j.1469-8137.2007.02188.x  

Kiani R, Arzani A, Habibi F (2015). Physiology of salinity tolerance in Aegilops cylindrica. Acta Physiologiae Plantarum 

37:135. https://doi.org/10.1007/s11738-015-1881-0 

Lambertini C, Guo WY, Ye S, Eller F, Guo X, Li XZ, … Brix H (2020). Phylogenetic diversity shapes salt tolerance in 
Phragmites australis estuarine populations in East China. Scientific Reports 10:17645. 

https://doi.org/10.1038/s41598-020-74727-0 

Lata C, Kumar A, Mann A, Soni S, Meena B, Rani S (2022). Mineral nutrient analysis of three halophytic grasses under 
sodic and saline stress conditions. Indian Journal of Agricultural Sciences 92:1051-1055. 

https://doi.org/10.56093/ijas.v92i9.91277  

Li H, Lin WF, Shen ZJ, Peng H, Zhou JJ, Zhu XY (2021). Physiological and proteomic analyses of different ecotypes of 

reed (Phragmites communis) in adaption to natural drought and salinity. Frontiers in Plant Science 12:720593. 

https://doi.org/10.3389/fpls.2021.720593 

Lissner J, Schierup HH, Comı ́n FA, Astorga V (1999). Effect of climate on the salt tolerance of two Phragmites australis 
populations. II. Diurnal CO2 exchange and transpiration. Aquatic Botany 64:335-350. 
https://doi.org/10.1016/S0304-3770(99)00061-3  

Lu C, Li L, Liu X, Chen M, Wan S, Li G (2023). Salt stress inhibits photosynthesis and destroys chloroplast structure by 

downregulating chloroplast development-related genes in Robinia pseudoacacia seedlings. Plants 12(6):1283. 

https://doi.org/10.3390/plants12061283  

Müller B, Arcoverde Cerveira Sterner V, Papp L, May Z, Orlóci L, Gyuricza C, … Fodor F (2022). Alkaline salt tolerance 

of the biomass plant Arundo donax. Agronomy 12(7):1589. https://doi.org/10.3390/agronomy12071589  

Ould Ouali K, Houali K, Cruz C, Melo J, Benakli Y, Ousmer L, Madani Z, Nabti E-H (2024). Halophilic plant growth-
promoting rhizobacteria as producers of antifungal metabolites under salt stress. Agronomy 14(4):845. 

https://doi.org/10.3390/agronomy14040845  

Penn CJ, Camberato JJ (2019). A critical review on soil chemical processes that control how soil pH affects phosphorus 

availability to plants. Agriculture 9(6):120. https://doi.org/10.3390/agriculture9060120  

Ran X, Wang X, Gao X, Liang H, Liu B, Huang X (2021). Effects of salt stress on the photosynthetic physiology and 

mineral ion absorption and distribution in white willow (Salix alba L.). PloS One 16:e0260086. 

https://doi.org/10.1371/journal.pone.0260086  

Rezaei M, Arzani A, Saeidi G, Karami M (2017). Physiology of salinity tolerance in Bromus danthoniae genotypes 

originated from saline and non-saline areas of West Iran. Crop and Pasture Science 68(1):92-99. 

https://doi.org/10.1071/CP16311  

Shen N, Liu C, Yu H, Qu J (2020). Effects of resource heterogeneity and environmental disturbance on the growth 
performance and interspecific competition of wetland clonal plants. Global Ecology and Conservation 22: e00914. 

https://doi.org/10.1016/j.gecco.2020.e00914  

Shi J, Li S, Song Y, Zhou N, Guo K, Bai J (2022). How socioeconomic factors affect ecosystem service value: Evidence 

from China. Ecological Indicators 145:109589. https://doi.org/10.1016/j.ecolind.2022.109589  

Singh A (2021). Soil salinization management for sustainable development: A review. Journal of Environmental 

Management 277(1):111383. https://doi.org/10.1016/j.jenvman.2020.111383  

Steel RG, Torrie JH, Dickey DA (1997). Principles and procedures of statistics: a biometrical approach.  
McGraw-Hill (3rd ed), New York. 

Sulpice R, Ishihara H, Schlereth A, Cawthray GR, Encke B, Giavalisco P, … Lambers H. (2014). Low levels of ribosomal 



Gao Z-W et al. (2025). Not Bot Horti Agrobo 53(3):14282 

 

16 

 

 

 

 

 

 

RNA partly account for the very high photosynthetic phosphorus‐use efficiency of Proteaceae species. Plant, Cell 

& Environment 37(6):1276-1298. https://doi.org/10.1111/pce.12240  

Takahashi R, Nishio T, Ichizen N, Takano T (2007). Salt-tolerant reed plants contain lower Na+ and higher K+ than salt-

sensitive reed plants. Acta Physiologiae Plantarum 29:431-438. https://doi.org/10.1007/s11738-007-0052-3  

Wang D, Wang L, Liu J, Zhu H, Zhong Z (2018). Grassland ecology in China: Perspectives and challenges. Frontiers of 

Agricultural Science and Engineering 5(1):24-43. https://doi.org/10.15302/j-fase-2018205  

Yang Z, Li JL, Liu LN, Xie Q, Sui N (2020). Photosynthetic regulation under salt stress and salt-tolerance mechanism of 

sweet sorghum. Frontiers in Plant Science 10:1722. https://doi.org/10.3389/fpls.2019.01722 

Yuan K, Xu H, Zhang G, Yan J (2022). Aridity and high salinity, rather than soil nutrients, regulate nitrogen and 
phosphorus stoichiometry in desert plants from the individual to the community level. Forests 13(6):890. 

https://doi.org/10.3390/f13060890 

Zahra N, Al Hinai MS, Hafeez MB, Rehman A, Wahid A, Siddique KH, Farooq M (2022). Regulation of photosynthesis 
under salt stress and associated tolerance mechanisms. Plant Physiology and Biochemistry 178:55-69. 

https://doi.org/10.1016/j.plaphy.2022.03.003  

Zhang D, Zhang Y, Sun L, Dai J, Dong H (2023a). Mitigating salinity stress and improving cotton productivity with 

agronomic practices. Agronomy 13(10):2486. https://doi.org/10.3390/agronomy13102486  

Zhang R, Zheng D, Feng N, Qiu QS, Zhou H, Liu M, … Li Y (2023b). Prohexadione calcium enhances rice growth and 

tillering under NaCl stress. Peer J 11:e14804. https://doi.org/10.7717/peerj.14804  

Zhang X, He P, Guo R, Huang K, Huang X (2023c). Effects of salt stress on root morphology, carbon and nitrogen 

metabolism, and yield of Tartary buckwheat. Scientific Reports 13:12483. https://doi.org/10.1038/s41598-023-

39634-0  

Zhang Z, Li Y, Liang S, Yan Y, Zhou C (2022). Antioxidant enzymes responses of different genotypes of Leymus chinensis 
to saline-alkali stress and comprehensive evaluation of saline-alkali tolerance. Pakistan Journal of Botany 

54(6):2025-2032. https://doi.org/10.30848/pjb2022-6(12)   

Zhao Z, Song T, Zhang M, Tong S, An Y, Zhang P, … Cao G (2023). Benefits of morphology-based functional group 
classification to study dynamic changes in phytoplankton in saline-alkali wetlands, taking typical saline-alkali 

wetlands in northeast China as an example. Diversity 15(12):1175. https://doi.org/10.3390/d15121175  

 

 
 
 

 

The journal offers free, immediate, and unrestricted access to peer-reviewed research and scholarly work. Users are 
allowed to read, download, copy, distribute, print, search, or link to the full texts of the articles, or use them for any 
other lawful purpose, without asking prior permission from the publisher or the author. 

 

License License License License ---- Articles published in Notulae Botanicae Horti Agrobotanici ClujNotulae Botanicae Horti Agrobotanici ClujNotulae Botanicae Horti Agrobotanici ClujNotulae Botanicae Horti Agrobotanici Cluj----NapocaNapocaNapocaNapoca are Open-Access, 

distributed under the terms and conditions of the Creative Commons Attribution (CC BY 4.0) License. 
© Articles by the authors; Licensee UASVM and SHST, Cluj-Napoca, Romania. The journal allows the author(s) to 
hold the copyright/to retain publishing rights without restriction. 

 
Notes:Notes:Notes:Notes:    
 Material disclaimer: The authors are fully responsible for their work and they hold sole responsibility for the articles published 

in the journal.  
 Maps and affiliations: The publisher stay neutral with regard to jurisdictional claims in published maps and institutional 

affiliations. 
 Responsibilities: The editors, editorial board and publisher do not assume any responsibility for the article’s contents and for 

the authors’ views expressed in their contributions. The statements and opinions published represent the views of the authors 
or persons to whom they are credited. Publication of research information does not constitute a recommendation or 
endorsement of products involved. 

 
 


