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Abstract 
Mangrove forests play a vital role in coastal protection and biodiversity maintenance, yet they 

are under severe pressure from climate change and human activities. This study evaluates the 
effects of light and temperature on the photosynthetic performance of five mangrove species 
(Sonneratia alba, Avicennia alba, Excoecaria agallocha, Ceriops zippeliana, and Bruguiera 
gymnorrhiza) in the southern coastal region of Vietnam, aiming to clarify their adaptability to 
climate change. We measured key photosynthetic parameters (𝐴𝑚𝑎𝑥, light saturation point, and 
𝑇𝑜𝑝𝑡) at different canopy positions and analyzed their relationships with environmental variables. 
The results reveal significant differences in productivity and adaptation among species. Avicennia 
alba and Ceriops zippeliana exhibited higher photosynthetic capacity, while Excoecaria agallocha 
showed a higher light saturation point but lower productivity. The optimal temperature for 
photosynthesis ranged from 28–32 °C, with E. agallocha having a lower 𝑇𝑜𝑝𝑡. These findings 
highlight the physiological diversity and adaptive traits of mangrove species that influence their 
distribution and ecological success under changing climates. The study provides scientific evidence 
for species selection in mangrove restoration and sustainable management strategies in the context 
of climate adaptation. 

Keywords: mangrove plants, photosynthesis, climate change, light, temperature. 
 
1. Introduction 
Mangrove ecosystems play an exceptionally important role in environmental protection and 

the maintenance of biodiversity in coastal regions (Rahmadi et al., 2023), including in the southern 
areas of Vietnam (Dang et al., 2022). Mangrove forests not only provide habitats for numerous 
aquatic organisms and rare species of flora and fauna but also serve as a crucial natural barrier 
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protecting coastlines from erosion, mitigating the impacts of climate change, reducing wave 
energy, and preventing soil salinization (Nagelkerken et al., 2008; Rajpar, Zakaria, 2014). 
Moreover, these ecosystems offer significant economic and ecological benefits, such as fisheries 
resources, medicinal materials, and livelihoods for local communities (Bandaranayake, 1998; Hussain 
et al., 2010; Das et al., 2022). Therefore, the conservation and sustainable development of mangrove 
ecosystems have become an urgent task for scientists, environmental managers, and policy makers 
(Ferreira et al., 2022). 

Photosynthetic capacity plays a central role in the growth and development of mangrove 
plants, reflecting not only their ability to capture solar energy but also their adaptability to harsh 
environmental conditions such as salinity, oxygen deficiency, and temperature fluctuations (Joshi 
et al., 1984; Nandy et al., 2007). In the context of intensifying climate change, studies on the 
photosynthetic performance of mangroves are crucial for assessing their adaptability and 
developing appropriate conservation strategies (Gilman et al., 2008; Ellison, 2015). Factors 
influencing photosynthesis include atmospheric composition, light intensity, salinity, temperature, 
and ecological competition (Sand-Jensen, 1989; Lovelock et al., 2016; Wang et al., 2021). In recent 
years, modern analytical technologies-such as automated photosynthesis systems, portable 
photosynthetic sensors, and Infrared Gas Analyzers (IRGA)-have enabled researchers to measure 
and monitor photosynthetic processes quickly and accurately, thereby identifying key influencing 
factors and proposing effective management solutions to enhance ecosystem resilience (Field et al., 
1989; Tamayo et al., 2001; Douthe et al., 2018). 

Automated photosynthesis systems, for instance those using Non-Dispersive Infrared (NDIR) 
technology to measure CO₂ and H₂O concentrations, allow for precise and continuous monitoring 
of leaf photosynthesis and transpiration under controlled conditions (Hodgkinson et al., 2013; 
Rolle et al., 2018). Portable photosynthesis sensors-such as chlorophyll fluorescence meters-
provide a rapid and non-invasive method for evaluating photosynthetic performance and detecting 
early stress symptoms in plants (Dong et al., 2019; Herritt et al., 2020). Meanwhile, gas 
measurement instruments like the Infrared Gas Analyzer (IRGA) remain the standard tools for 
assessing leaf gas exchange rates and determining key physiological indicators such as 𝐴𝑚𝑎𝑥, CO₂ 
compensation point, and dark respiration (Toro et al., 2019; Macedo et al., 2021). 

In the southern coastal region of Vietnam, mangrove ecosystems are increasingly affected by 
climate change, urbanization, industrialization, and excessive resource exploitation (Thanh et al., 
2004; Giang et al., 2024). This region hosts many typical mangrove species such as Avicennia 
marina, Rhizophora apiculata, Sonneratia alba, and others that play essential roles in maintaining 
coastal ecological balance (Campbell, 2012; Warner et al. 2016; Do et al., 2022). However, 
physiological characteristics-especially photosynthetic capacity-of these species remain insufficiently 
investigated for conservation and sustainable management purposes. In fact, variations in 
photosynthetic performance can sensitively reflect negative environmental impacts (Krauss et al., 
2008; Rovai et al., 2013), thereby helping to identify species most suitable for changing conditions or 
management interventions to enhance ecosystem resilience (Dasgupta et al., 2011). 

Given the ecological importance of mangroves, studying the photosynthetic capacity of 
species in the southern coastal areas of Vietnam is essential to provide accurate and up-to-date 
physiological data under local environmental conditions. The main objectives of this paper are: 
(1) To evaluate the photosynthetic performance of several dominant mangrove species in southern 
Vietnam using modern analytical methods; and (2) To analyze environmental factors influencing 
their photosynthetic activity. The findings aim to provide a scientific foundation for practical 
applications in mangrove management, conservation, and sustainable development. This study not 
only supplies reliable physiological data but also enhances understanding of the ecological roles of 
mangrove species in coastal ecosystems, thereby supporting evidence-based conservation 
strategies and sustainable development initiatives. 

 
2. Materials and methods 
2.1. Study Species and Sites 
The study was conducted on five mangrove species: Sonneratia alba, Avicennia alba, 

Excoecaria agallocha, Ceriops zippeliana, and Bruguiera gymnorrhiza. Representative 
individuals of each species were randomly selected from seven distinct study sites to ensure healthy 
and consistent growth conditions (Figure 1). 
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Fig. 1. Location map of the study sites 

 
2.2. Sample Collection 
To ensure representativeness and objectivity, the sampling process was carefully performed 

in accordance with standard scientific protocols (Figure 2). The selection of branches for 
measurement followed the criteria below: 

Maturity: Selected branches carried fully mature leaves with a deep green color and stable 
size. Young, senescent, damaged, or diseased leaves were excluded. 

Canopy position: To evaluate differences in photosynthetic activity at various canopy heights, 
samples were collected from three vertical positions: Upper, middle, and lower canopy. These 
positions were defined based on their relative height from the canopy apex and corresponding light 
availability. 

Branch size: Each branch was cut to a length of 15–25 cm, ensuring a sufficient number of 
leaves for accurate measurement. 

Sampling time: Collections were conducted in the early morning (8:00-10:00 a.m.), when 
photosynthetic activity was high and environmental conditions (temperature and humidity) were 
relatively stable. 

Sample preservation: After cutting, branches were stored in polyethylene bags containing 
distilled water to maintain moisture and minimize dehydration. Samples were transported 
immediately to the laboratory and analyzed within two hours of collection. 

 

 
 
Fig. 2. Field collection and photosynthesis measurement of mangrove plants at study sites 
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Adhering to these criteria ensured that the collected samples were representative of 
mangrove populations in the study area and that photosynthetic measurements were accurate and 
reliable. 

2.3. Photosynthesis Measurement 
Photosynthetic parameters were measured using the portable photosynthesis system LI-

6800 (LI-COR Biosciences, Lincoln, Nebraska, USA) (LI-COR, 2023). The following environmental 
parameters were maintained within the measurement chamber: Leaf chamber air temperature: 
30°C; Relative humidity: 70 %; CO₂ concentration: 400 µmol mol⁻¹. Each sample measurement 
was completed within five minutes, yielding approximately 20 recorded data points per run. 

2.4. Data Analysis 
Assuming that the intercellular CO₂ concentration in the mesophyll (Ci) is known from 

experimental data, the relationship between photosynthetic rate and light intensity was described using 
the biochemical model for C₃ photosynthesis proposed by Farquhar (Farquhar et al., 1980), commonly 
referred to as the non-rectangular hyperbola model: 𝜽𝑨𝑨𝒈𝟐 −  𝑨𝑨𝒈(𝒎𝒎𝒊𝑸 + 𝑨𝑨𝒎𝒎𝒎𝒎𝒎𝒎) 𝑱 + 𝒎𝒎𝒊𝑸𝑨𝑨𝒎𝒎𝒎𝒎𝒎𝒎 = 0 

Net photosynthetic rate (𝐴𝑛) was calculated as: 𝑨𝑨𝒏 = 𝑨𝑨𝒈 − 𝑹𝒅 
Where: 𝑎𝑖 is the initial quantum yield (mol mol⁻¹); 𝐴𝑛 is the net photosynthetic rate; 𝐴𝑔 is the 

gross photosynthetic rate; 𝑅𝑑 is mitochondrial respiration (dark respiration); 𝐴𝑚𝑎𝑥 is the maximum 
photosynthetic rate, and 𝜃 is the curvature factor of the light response curve, reflecting the degree 
of nonlinearity of the electron transport response. The model mainly involves the following 
parameters: 

Initial quantum yield depends on 𝐶𝑖 (µmol mol -1), can be expressed by the Ball–Farquhar 
equation: 

𝒎𝒎𝒊 = 𝒎𝒎𝒊𝒐𝒐· (𝑪𝒊 − 𝜞) /( 𝑪𝒊 + 𝟐𝜞) 
Where  𝑎𝑖𝑜 is the maximum quantum yield of CO₂ assimilation and 𝛤 (µmol mol⁻¹) is the CO₂ 

compensation point under non-photorespiratory conditions. The value of 𝛤 increases with 
temperature due to the higher affinity of Rubisco for O₂ relative to CO₂. The relationship between 𝛤 
and leaf temperature (𝑇𝑘, in Kelvin) is described as (Farquhar et al., 1989): 𝜞 = 1,7 𝑻𝑻𝒌 

Intercellular CO₂ concentration (𝐶𝑠): 𝐶𝑠 varies with atmospheric CO₂ concentration (𝐶𝑎); 
𝐴𝑛 and stomatal conductance (𝑔𝑠). Under well-watered conditions, this relationship can be 
expressed using the semi-empirical Ball–Berry model (Ball et al., 1987): 

𝒈𝒔  = 𝜶𝑨𝑨𝒏·𝐑𝐇  
𝑪𝒔

 + 𝒈𝒐𝒐 
Where 𝑔𝑜 is the residual conductance (experimentally determined), RH is relative humidity at 

the leaf surface, 𝐶𝑠 is the CO₂ concentration at the leaf surface, and 𝛼 is an empirical coefficient. 
Leuning later modified this model by substituting relative humidity (RH) with vapor pressure 
deficit (VPD) (Leuning, 1995): 

𝒈𝒔  = 𝜶 𝑨𝑨𝒏  
(𝑪𝒊−𝜞)( 𝟏−𝑽𝑷𝑫/𝑽𝑷𝑫𝒐𝒐)

 + 𝒈𝒐𝒐 
At low light (I → 0), 𝐴𝑛 → 0, and assuming 𝑔𝑜 ≈ 0, we obtain: 

𝑪𝒊  =𝑪𝒔 − 𝜶(𝑪𝒔 − 𝜞)( 𝟏 + 𝑽𝑷𝑫
𝑽𝑷𝑫𝒐𝒐

) 

The maximum rate of photosynthesis 𝐴𝑚𝑎𝑥 is primarily limited by Rubisco enzyme activity 
and depends on CO₂ concentration and temperature: 

𝑨𝑨𝒎𝒎𝒎𝒎𝒎𝒎= 𝑽𝒎𝒎𝒎𝒎𝒎𝒎· (𝑪𝒔 − 𝜞)/( 𝑪𝒊 + 𝑪) 
Where 𝑉𝑚𝑎𝑥 is the maximum catalytic capacity of Rubisco per unit leaf area. The Michaelis 

constant (𝐶) for CO₂ and O₂ in the Rubisco reaction is treated as constant in this study. 
The temperature dependence of  𝑉𝑚𝑎𝑥 follows an Arrhenius-type relationship: 𝑽𝒎𝒎𝒎𝒎𝒎𝒎=𝑽𝒎𝒎𝟐𝟓{𝟏+
 𝒆𝒎𝒎𝒐𝒐[(−𝒎𝒎𝒍 + 𝒃𝑻𝑻𝒎𝒎)/𝑹𝑻𝑻𝒎𝒎]} −𝟏 

Where: 𝑉𝑚25 is the value at 25°C; 𝑎, 𝑏 is the activation energy; 𝑅 is the universal gas constant 
(8.314 J mol⁻¹ K⁻¹), and 𝑇𝑎 is absolute temperature (K). 

 
3. Results and discussion 
3.1. Dependence of Photosynthesis on Light Intensity and Temperature 
The measured data on photosynthetic parameters of mangrove species in the southern 

coastal areas of Vietnam are presented in Table 1. 
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Table 1. Photosynthetic parameters of mangrove species in the southern coastal region of Vietnam 
 

Species Leaf 
position 

𝑨𝑨𝒎𝒎𝒎𝒎𝒎𝒎 
(μmol m⁻² 

s⁻¹) 

Saturation 
PAR (μmol 

m⁻² s⁻¹) 

Rd (μmol 
m⁻² s⁻¹) 

Γ (μmol 
mol⁻¹) 

θ 𝑨𝑨𝒐𝒐𝒐𝒐𝒐𝒐 (μmol 
m⁻² s⁻¹) 

𝑻𝑻𝒐𝒐𝒐𝒐𝒐𝒐 (°C) 

S
on

n
er

a
ti

a
 

a
lb

a
 

Upper 
canopy 

6.2 ± 0.8 373 ± 13 -1.6 ± 0.2 15 ± 3 0.023 13.2 ± 0.4 31.7 ± 0.3 

Middle 
canopy 

4.9 ± 0.7 358 ± 11 -1.1 ± 0.2 17 ± 3 0.022 13.0 ± 0.3 31.7 ± 0.2 

Lower 
canopy 

3.8 ± 0.6 346 ± 12 -0.9 ± 0.2 16 ± 3 0.023 10.1 ± 0.3 30.5 ± 0.2 

A
vi

ce
n

n
ia

 
a

lb
a

 

Upper 
canopy 

10.2 ± 0.5 565 ± 17 -0.9 ± 0.2 12 ± 3 0.016 8.5 ± 0.5 29.3 ± 0.3 

Middle 
canopy 

8.5 ± 0.4 562 ± 13 -0.9 ± 0.2 11 ± 3 0.016 11.1 ± 0.3 31.1 ± 0.2 

Lower 
canopy 

7.7 ± 0.5 558 ± 9 -1.0 ± 0.2 12 ± 3 0.016 9.2 ± 0.3 28.7 ± 0.2 

E
xc

oe
ca

ri
a

 
a

g
a

ll
oc

h
a

 

Upper 
canopy 

3.4 ± 0.3 1031 ± 11 -0.7 ± 0.2 34 ± 3 0.32 7.9 ± 0.4 26.5 ± 0.4 

Middle 
canopy 

4.1 ± 0.3 1029 ± 18 -0.7 ± 0.2 31 ± 5 0.21 7.5 ± 0.4 30.1 ± 0.3 

Lower 
canopy 

4.0 ± 0.3 1003 ± 28 -0.6 ± 0.2 32 ± 7 0.25 7.4 ± 0.4 24.7 ± 0.2 

C
er

io
p

s 
zi

p
p

el
ia

n
a

 Upper 
canopy 

9.6 ± 0.4 531 ± 21 -0.7 ± 0.2 24 ± 5 0.02 14.3 ± 1.0 31.4 ± 0.4 

Middle 
canopy 

10.1 ± 0.3 559 ± 28 -0.9 ± 0.3 18 ± 7 0.018 11.6 ± 0.7 29.8 ± 0.3 

Lower 
canopy 

6.5 ± 0.3 527 ± 18 -1.7 ± 0.2 22 ± 4 0.021 10.3 ± 0.5 30.7 ± 0.2 

B
ru

g
u

ie
ra

 
g

y
m

n
oz

h
ir

a
 

Upper 
canopy 

8.2 ± 0.4 621 ± 13 -1.1 ± 0.2 21 ± 3 0.02 6.7 ± 0.3 28.8 ± 0.3 

Middle 
canopy 

7.6 ± 0.3 613 ± 15 -0.8 ± 0.2 21 ± 3 0.02 6.3 ± 0.2 28.0 ± 0.2 

Lower 
canopy 

7.5 ± 0.3 618 ± 20 -1.6 ± 0.2 21 ± 3 0.023 8.4 ± 0.2 28.2 ± 0.2 

 
Analysis of the photosynthetic parameters of the five mangrove species (Sonneratia alba, 

Avicennia alba, Excoecaria agallocha, Ceriops zippeliana, and Bruguiera gymnorrhiza) revealed 
considerable variation in photosynthetic capacity, light saturation point, and optimal temperature 
among species and leaf positions (Table 1). This reflects physiological and adaptive differences of 
each species to distinct environmental conditions. 

 
Fig. 3. Relationship between photosynthesis, light intensity, and temperature for Sonneratia alba. 
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The maximum photosynthetic rate (𝐴𝑚𝑎𝑥), a key indicator of photosynthetic capacity, ranged 
from 3.4 ± 0.3 μmol m⁻² s⁻¹ (Excoecaria agallocha) to 10.2 ± 0.5 μmol m⁻² s⁻¹ (Avicennia alba). 
This indicates that Avicennia alba and Ceriops zippeliana tend to achieve higher photosynthetic 
performance than Sonneratia alba, Bruguiera gymnorrhiza, and especially Excoecaria agallocha. 
Variations in 𝐴𝑚𝑎𝑥 values are often related to morphological and physiological traits such as leaf 
structure, chlorophyll content, and water-use efficiency. 

 
Fig. 4. Relationship between photosynthesis, light intensity, and temperature for Avicennia alba 

 
The light saturation point, representing the light intensity required to achieve maximum 

photosynthesis, also varied among species. Excoecaria agallocha had the highest light saturation 
point (1003 ± 28 to 1031 ± 11 μmol m⁻² s⁻¹), while the remaining species ranged between 346 ± 12 
and 621 ± 13 μmol m⁻² s⁻¹. This suggests that E. agallocha requires stronger light to reach optimal 
photosynthesis, whereas other species are better adapted to shaded or lower-light conditions. 

 

 
Fig. 5. Relationship between photosynthesis, light intensity, and temperature 
for Excoecaria agallocha 
 

𝑇𝑜𝑝𝑡 showed less variation among species compared to 𝐴𝑚𝑎𝑥 or light saturation points. Most 
species exhibited 𝑇𝑜𝑝𝑡 values between 28°C and 32°C, consistent with tropical environmental 
conditions. Excoecaria agallocha showed slightly lower 𝑇𝑜𝑝𝑡 values (24.7 ± 0.2 to 30.1 ± 0.3°C), 
suggesting greater tolerance to cooler conditions. 

Differences in photosynthetic capacity were also observed among canopy positions. 
Generally, 𝐴𝑚𝑎𝑥 decreased from the upper canopy to the lower canopy, corresponding to light 
availability. However, the extent of this reduction varied among species, reflecting differing 
adaptation strategies. 
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Fig. 6. Light and temperature dependence of photosynthesis in Ceriops zippeliana 
 

 
 
Fig. 7. Light and temperature dependence of photosynthesis in Bruguiera gymnorrhiza 

 
According to Table 2, Sonneratia alba showed the greatest decrease in 𝐴𝑚𝑎𝑥 (38.7 %), 

indicating significantly lower photosynthetic productivity in lower-canopy leaves. Bruguiera 
gymnorrhiza showed the smallest reduction (8.5 %), maintaining relatively high photosynthetic 
performance even under shade. Interestingly, Excoecaria agallocha showed a negative 𝐴𝑚𝑎𝑥 
reduction (-17.6 %), likely due to natural variability or increased exposure of lower leaves to 
diffused light. 

 
Table 2. Variation of 𝐴𝑚𝑎𝑥 by canopy position 
 

Species 𝑨𝑨𝒎𝒎𝒎𝒎𝒎𝒎 (Upper canopy) 𝑨𝑨𝒎𝒎𝒎𝒎𝒎𝒎 (Lower 
canopy) 

% Decrease 

Sonneratia alba 6.2 ± 0.8 3.8 ± 0.6 38.7% 
Avicennia alba 10.2 ± 0.5 7.7 ± 0.5 24.5% 

Excoecaria agallocha 3.4 ± 0.3 4.0 ± 0.3 -17.6% 
Ceriops zippeliana 9.6 ± 0.4 6.5 ± 0.3 32.3% 

Bruguiera gymnorrhiza 8.2 ± 0.4 7.5 ± 0.3 8.5% 
 
3.2. Comparison of Productivity and Adaptability among Mangrove Species 
Photosynthetic Productivity 
The maximum photosynthetic rate reflects the carbon fixation potential of plants. Results 

showed that Avicennia alba and Ceriops zippeliana achieved the highest 𝐴𝑚𝑎𝑥 values (10.2 ± 0.5 
and 9.6 ± 0.4 μmol m⁻² s⁻¹, respectively, at upper canopy leaves), suggesting higher light-use 
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efficiency and growth potential under favorable conditions. Conversely, Excoecaria agallocha 
exhibited the lowest 𝐴𝑚𝑎𝑥 (3.4 ± 0.3 μmol m⁻² s⁻¹), indicating energy limitations under low light or 
strong competition. 

𝐴𝑚𝑎𝑥 generally decreased from upper to lower canopy across most species, consistent with 
canopy light distribution. For instance, Sonneratia alba showed a pronounced reduction from 6.2 
± 0.8 to 3.8 ± 0.6 μmol m⁻² s⁻¹, suggesting light limitation and reduced photosynthetic 
performance in shaded leaves. 

Adaptation to Light Conditions 
The light saturation point reflects a species’ adaptation to light environments. Excoecaria 

agallocha exhibited the highest light saturation (>1000 μmol m⁻² s⁻¹), indicating a requirement 
for high light intensity and confirming its pioneer role in open, disturbed, or newly accreted areas. 
In contrast, Sonneratia alba and Bruguiera gymnorrhiza had lower light saturation points, 
reflecting better adaptation to shaded or low-light environments such as beneath dense canopies. 
The curvature factor (θ) further supported these findings: light-demanding species showed lower θ 
values, indicating higher light-use efficiency. 

Adaptation to Temperature 
 
Table 3. Variation of 𝑇𝑜𝑝𝑡 by canopy position 
 

Species Upper 
canopy 

Middle 
canopy 

Lower 
canopy 

Mean 𝑻𝑻𝒐𝒐𝒐𝒐𝒐𝒐 

Sonneratia alba 31.7 ± 0.3 31.7 ± 0.2 30.5 ± 0.2 31.3 ± 0.2 
Avicennia alba 29.3 ± 0.3 31.1 ± 0.2 28.7 ± 0.2 29.7 ± 1.0 
Excoecaria agallocha 26.5 ± 0.4 30.1 ± 0.3 24.7 ± 0.2 27.1 ± 2.3 
Ceriops zippeliana 31.4 ± 0.4 29.8 ± 0.3 30.7 ± 0.2 30.6 ± 0.6 
Bruguiera gymnorrhiza 28.8 ± 0.3 28.0 ± 0.2 28.2 ± 0.2 28.3 ± 0.4 

 
In general, most species exhibited 𝑇𝑜𝑝𝑡 values within the range of 28–32°C, suitable for 

tropical environmental conditions. 𝑇𝑜𝑝𝑡 varied slightly among species (Table 3). Sonneratia 
alba showed the highest mean 𝑇𝑜𝑝𝑡 (31.3 ± 0.2°C), indicating superior tolerance to higher 
temperatures. Excoecaria agallocha exhibited the lowest mean 𝑇𝑜𝑝𝑡 (27.1 ± 2.3°C), suggesting 
better adaptation to cooler environments. Other species had intermediate 𝑇𝑜𝑝𝑡 values (28.3–
30.6°C), consistent with tropical climatic conditions. 

 
3.3. Adaptive Potential under Climate Change Scenarios 
Based on the analysis of photosynthetic parameters, the adaptive responses of the five 

mangrove species were evaluated under climate change scenarios. 
Sonneratia alba demonstrated strong adaptability to temperature increases under both 

RCP4.5 and RCP8.5 scenarios. Rising temperatures, if not accompanied by water scarcity, could 
enhance carbon assimilation and population growth in this species. Avicennia alba adapted well 
under RCP4.5 but showed reduced tolerance under RCP8.5, as extreme heat may exceed the 
optimal range for mid-canopy leaves, indicating vulnerability to heat stress. 

Excoecaria agallocha was identified as sensitive to high solar radiation and unsuitable for 
areas with low rainfall and high annual sunshine. This species may struggle under hotter, drier 
climates. In contrast, Ceriops zippeliana exhibited strong light preference and adaptability to both 
RCP4.5 and RCP8.5 scenarios, showing flexible photosynthetic responses to increasing 
temperatures. Bruguiera gymnorrhiza also demonstrated resilience to thermal stress under both 
scenarios, with upper canopy leaves displaying superior resistance to heat and dehydration 
compared to lower leaves. 

These results collectively highlight interspecific differences in photosynthetic capacity and 
resilience, offering critical insights for selecting and managing mangrove species in climate 
adaptation and restoration strategies. 

 
3.4. Discussion 
In the context of climate change and its increasing impacts on mangrove ecosystems, 

understanding the photosynthetic characteristics of individual species is of great importance-not 
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only to better comprehend their adaptive capacities but also to support smart and effective 
management decisions (Cheeseman et al., 1991; Cheeseman et al., 1997). The results of this study 
reveal notable differences in photosynthetic productivity and adaptability among five mangrove 
species. Avicennia alba and Ceriops zippeliana exhibited higher 𝐴𝑚𝑎𝑥 values than the other 
species, whereas Excoecaria agallocha showed the highest light saturation point but the lowest 
𝐴𝑚𝑎𝑥. 𝑇𝑜𝑝𝑡 among species ranged between 28-32°C, although Excoecaria agallocha tended to have 
lower 𝑇𝑜𝑝𝑡 values. 

Differences in 𝐴𝑚𝑎𝑥 may reflect variations in survival strategies and distribution patterns 
among mangrove species. Avicennia alba and Ceriops zippeliana, with higher 𝐴𝑚𝑎𝑥 values, may be 
better adapted to nutrient-rich environments or possess a greater ability to compete for light. 
Conversely, Excoecaria agallocha, with its lower 𝐴𝑚𝑎𝑥, may be better suited to nutrient-poor or 
shaded environments (López‐Hoffman et al., 2006; Wang et al., 2021). Such differences in 𝐴𝑚𝑎𝑥 
are often associated with variations in leaf morphology, chlorophyll content, water-use efficiency, 
and stomatal regulation capacity (Chang et al., 2022). The high light saturation point of Excoecaria 
agallocha aligns with its ecological role as a pioneer species typically found in open, high-light 
environments. In contrast, species with lower light saturation points-such as Sonneratia alba and 
Bruguiera gymnorrhiza – are better adapted to shaded conditions, for example, under dense 
canopy cover (Farnsworth et al., 1996; Ball, 2002; Krauss et al., 2003). 

Differences in 𝑇𝑜𝑝𝑡  among species likely reflect adaptations to varying temperature regimes 
within the study region. The lower 𝑇𝑜𝑝𝑡 observed in Excoecaria agallocha suggests that this species 
may have originated from cooler habitats or possesses higher tolerance to lower temperatures (Field, 
1995; Quisthoudt et al., 2012). Our results are consistent with previous studies on the photosynthetic 
responses of mangrove species (Moorthy et al., 1999; Das et al., 2002). However, some variations 
may result from differences in measurement methods, environmental conditions, or genetic 
characteristics among populations (Gutiérrez-Rodríguez et al., 2000; Reynolds et al., 2000). 

Nevertheless, this study has several limitations that should be considered. First, 
measurements were conducted at a single time point (September 2023); thus, seasonal or 
environmental variations in photosynthetic performance could not be assessed (Suwa et al., 2008; 
Lele et al., 2021). Second, measurements were made only on mature leaves, so potential differences 
in photosynthetic response among developmental stages could not be evaluated (Okimoto et al., 
2008). Furthermore, only five mangrove species were examined, preventing broad generalizations 
across all mangrove taxa in the region. Future studies should aim to measure photosynthetic 
parameters seasonally, across developmental stages, and under diverse environmental conditions 
to better understand temporal and physiological variations (Kaipiainen, 2009). Expanding 
research to include additional mangrove species will also provide a more comprehensive 
understanding of species diversity and functional adaptation in mangrove ecosystems. 

The findings of this study have significant implications for understanding mangrove 
ecophysiology and for practical applications in mangrove restoration and management. Species 
selection for reforestation or rehabilitation projects can be guided by photosynthetic parameters 
such as 𝐴𝑚𝑎𝑥, light saturation point, and 𝑇𝑜𝑝𝑡. Moreover, understanding how environmental factors 
affect mangrove photosynthesis can inform effective management strategies for protecting and 
restoring these critical ecosystems. 

 
4. Conclusion 
This study elucidated the differences in photosynthetic capacity among five key mangrove 

species in the southern coastal region of Vietnam, providing valuable insights into their ecology 
and adaptive mechanisms. The results demonstrate that Avicennia alba and Ceriops 
zippeliana possess higher photosynthetic productivity, while Excoecaria agallocha shows 
adaptation to high light intensity and lower temperature conditions. These findings highlight not 
only the physiological diversity among mangrove species but also offer essential scientific 
foundations for conservation and restoration efforts under changing climatic conditions. Selecting 
species that best match local environmental parameters is a crucial factor in ensuring the success of 
restoration projects. 

For a more comprehensive understanding, future research should focus on assessing mangrove 
photosynthetic responses under varying environmental conditions (e.g., seasonal changes, salinity 
gradients, and pollution levels) and on examining genetic factors that may influence their adaptive 
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capacities. This study aims to contribute to raising awareness of the importance of mangrove 
conservation and to encourage concrete actions to protect these invaluable ecosystems for future 
generations. 
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