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Abstract 

The seed germination of Laguncularia racemosa and Avicennia germinans, was 
assessed to know the growth of seedlings under controlled conditions at different 
intensities of shadow (0, 35, 50 and 75% darkness). Previously selected seeds 
were used from random trees located in Ciudad del Carmen Campeche. L. 
racemosa shows an average value in the seed weight of 0.69 g, 2.26 cm length 
and 1.19 cm width, for A. germinans, the average seed weight was 3.79 g, 
3.26 cm long and 2.20 cm wide. L. racemosa germination began at 11 days, 
while in A. germinans, it began at 9 days. At the end of the evaluation, the 
germination percentages were 22.62% for A. germinans and 65% for 
L. racemosa. Moreover, the results indicated that at increasing darkness levels 
for both species; stem length can increase, compared with the control that was 
full sunlight. Apparently, the seeds of A. germinans do not tolerate high light 
intensities; a trend also observed in seedlings, because they show a high rate of 
mortality and consequently, a lower germination percentage compared to 
L. racemosa. The results can be useful to propose regeneration activities in 
natural mangroves of the tropical area of Mexico. 
Keywords: red mangrove, white mangrove, germination. 

1 Introduction 

Mangroves are very rich, diverse and complex ecosystems occurring among 
coastal, estuarine and marine systems along tropical and subtropical lands 
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worldwide. They provide services including protection against flooding, nutrient 
production, organic matter incorporation, sediment control, temporal and 
permanent refuge for high value species, place to allow a higher index of 
biodiversity, and stabilizers as well as protection of the coast [1]. Mangroves 
were recognized by the General Assembly of the United Nations as ecosystems 
of high economic, social, and ecological importance [2]. In Mexico, mangroves 
are distributed along the coast on more than 10,000 km of the Mexican littoral 
[3]. According to some estimations, mangroves in Mexico occur on about 
9,140 km2 [4]. And the most important species are Rhizophora mangle L. (Red 
mangrove), Laguncularia racemosa (White mangrove), Avicennia germinans 
(Black mangrove), Conocarpus erectus L. (Button mangrove), and only in the 
state of Chiapas, Rhizophora harrisonii Leechm and Avicennia bicolor L. [5].  
Mexico is the second place of distribution and extension of mangroves in 
America, mangroves occurs in 17 states of the country, in the Yucatan Peninsula 
has the 55% of the total extension, followed by the North Pacific region with 
about 24.5%; the Gulf of Mexico with 11%, and South Pacific region, 8.6% [6]. 
Among the Mexican states, Campeche has 25.4% of mangroves and 10.7% 
belongs to Laguna de Términos (Terminos Lagoon) [4]. 
     Because they are along the coast can be affected by natural and anthropogenic 
impacts [7]. Some of the natural factors that contributed in degradation and 
loosed of mangroves are cyclones [8], as well as geomorphologic processes, 
reduction in water discharge from rivers, changes in tide regime, dry, and high 
rates of sedimentation, than can cause changes in salinity, fertility and anoxia 
[9]. On the main human alteration are loose of surface covered by mangroves 
because they were changed to establish cattle and shrimp production, and 
agriculture, illegal forest harvest, contamination by black waters and crop land 
washed, as well as urbanization that includes touristic recreation and 
construction of paths, channels and dicks [10]. The line coast degradation and 
mangrove destruction (25% in 10 years) is evident and is of world concern then 
is necessary to improve the restoration of these ecosystems on the basis of 
ecological criteria [11]. 
     The most productive mangroves are along the deltaic coast and estuaries that 
show fine mud composed by silt, clay, and a very important quantity of organic 
matter. Anaerobic sediments do not represent any problem to mangroves [12]. 
The soils masses in wetlands composed by mangroves have physical, chemical, 
and biological properties almost always constant such as soluble mineral content 
and pH among others [13]. Mangrove regeneration is a process that can be 
explore considering soil characteristics, canopy aperture (light intensity), the tide 
effect and the high degree of salinity as factors that can be affect the seed 
germination and the initial establishment of seedlings [14]. To ensure the 
conservation and production of these ecosystems is necessary to know 
the seedlings growth performance due to that the most important species for this 
environment are A. germinans and L. racemosa [15]. 
     Seedling survival and growth are influenced by physical-chemical stress [16], 
specifically light intensity, due the mangrove trees during their growth being 
exposed to high light intensities and they are considered as intolerant species 
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[17]; the photosynthetic rate has the tendency to be stabilized with low intensity 
light [18], and they can show better growth with significantly lower levels of 
irradiation than trees growing with direct light [19]. 
     This work was developed in order to know the germination and initial growth 
of Laguncularia recemosa and Avicennia germinans seedlings under different 
light intensities (35%, 50% and 75%), to evaluate individual characteristics on 
both species affected by these light intensities and then to know which one has 
better germination to use in regeneration programs.  

2 Materials and methods 

2.1 Site description 

The study was conducted in a site located within the Botanical Garden of the 
Autonomous University of Carmen Island (Lat. 18º 38′ 36′′N, Long. 91º 49′51′′ 
W, elev. 2 masl) on the southwest edge of Carmen City in Campeche, Mexico 
(Fig. 1). The geomorphology of the area consists of wetlands and floodplains at 
elevations between 0 and 20 m. The soils of the region are characterized by 
heavy clay with high fertility and are associated with predominant vegetation of 
mangrove forest as Rhizophora mangle, Avicennia germinans, Laguncularia 
racemosa, and Conocarpus erectus [20]. 
 

 

Figure 1: Site location. 

2.2 Seed collection 

Seed collection was made from September to October 2013; hand collection 
directly from the ground, checking color, texture, size, and shape of the seeds, in 
a ratio of no more than 2.5 meters from the progenitor tree and taking the seeds 
recently released in the fructification stage and without mechanical damages.  A 
total of 800 seeds were collected of each mangrove species, considering their 
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optimum point of maturity, characterized by the yellow color of the seed surface. 
Then 100 seeds were measured and weighed. The size of a single seed was 
measured using a Digital Vernier Pretul ™ and the weight was obtained using an 
analytical balance. 

2.3 Treatments 

Both species were seeded on January 2013 and were recorded until May 2013. 
Three light intensities using different size mesh, to obtain T1:35, T2:50, and 
T3:75% of darkness were used to establish the treatments and the control without 
mesh.  Seed germination was observed daily. To be sure that the light intensity 
was the same during the experiment a photometer Phytotronics, Inc. L396768 
was used. The temperature and relative humidity also were measured with a 
digital thermometer. Statistical analyses were made to compare the light 
intensity, seed size and weight as time of germination between the two species. 
Analyses of variance were performed using the statistical software SPPS with 
significance level α 0.05. 

3 Results and discussion 

There are significant differences between the seeds of each species in weight, 
size and shape (p≤0.05), the seeds of Avicennia germinans are yellowish and tiny 
while Laguncularia racemosa are dark green and flattened. The germination 
started nine days after been seeded in A germinans with a total of 22.6% of 
germination and 11 days in L. racemosa with 65% of germination. 

3.1 Germination 

There are significant differences (p≤0.05), in A. germinans in germination, 
control showed less germination than the treatments under darkness (Figure 2A) 
while in L. racemosa control showed better percentage of germination than the 
treatments (Figure 2B).  A. germinans does not have the capability of being 
regenerated under dark even a little darkness [21]; in this study seedlings can 
grow under darkness 
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Figure 2: Rate of germination for mangrove species after seeded, showing the 
increase in number of germinated seeds throughout time. 
A. Laguncularia racemosa; B. Avicennia germinans. 

 
 www.witpress.com, ISSN 1743-3541 (on-line) 
WIT Transactions on Ecology and The Environment, Vol 199, © 2015 WIT Press

18  Ravage of the Planet IV



3.2 Increase in growth 

Regarding the growth in height L. racemosa all treatments obtain good increase 
T1, 18.6 cm; T2, 19.7 cm; and T3, 19.5; there is no significant difference 
(p≤0.05), with control plants (Figure 3A). At the beginning of the study 
A. germinans showed significant differences (p≤0.05), but at the end the growth 
of all treatments including control plants showed the same increase in height 
(Figure 3B). Seedlings with high direct light grew less than those under 
darkness; but in contrast, in the Philippines seedlings are not affected by growing 
in open stands during the rainy season [22].   
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Figure 3: Growth in stem length for mangrove species after seeded. 
A. Laguncularia racemosa; B. Avicennia germinans. 

3.3 Diameter 

There are significant differences (p≤0.05), in L racemosa, in diameter increase, it 
was observed at the end of the study that the control had the lower values than 
the treatments (Figure 4A). Similar results were found for A. germinans the T1 
had the higher diameter value and the control had significant differences 
(p≤0.05), with the treatments (Figure 4B).  A. germinans seedlings can die when 
grown under closed stands with lower quantities of light [23]. 
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Figure 4: Growth in diameter for mangrove species after seeded. 
A. Laguncularia racemosa; B. Avicennia germinans. 
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3.4 Roots  

There are no significant differences (p≤0.05), in the number of roots in 
L. racemosa, while in A. germinans control plants showed the higher value 
in number of roots. About the root length there are no significant differences 
(p≤0.05), in L. racemosa, while in A. germinans there are significant 
differences (p≤0.05), the control showed the less root length. Under a high 
quantity of light there is a great root production in mangroves, on extreme 
darkness the number of roots seems to be low, this results has been previously 
reported [24]; better root grow can be occurs with moderate darkness during the 
initial stages of seedling growth  

3.5 Leaves 

There are no significant differences (p≤0.05), of L. racemosa in the number of 
leaves in all treatments compared with the control at the end of the recorded data 
(Figure 5A), same situation in A. germinans, there are significant differences 
(p≤0.05), at the first stages of growth, the control showed more quantity of 
leaves than the treatments, but at the end of the trial no significant differences 
were found  (Figure 5B). Under darkness was more increase in stem growth than 
the number of leaves in both studied species; but more leave occurrence could be 
associated to soil substrate [25]. 
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Figure 5: Number of leaves for mangrove species after seeded. 
A. Laguncularia racemosa; B. Avicennia germinans. 

     It is very important to consider that seedlings can show high mortality under 
nursery conditions at least in the first year [26]. In this study it was possible to 
know conditions to improve survival of the seedlings  
     According to the results in any mangrove restoration plan, the condition of 
trees to grow under darkness will be considered mainly in the first stages of 
stand establishment 

4 Conclusions 

The growth of seedlings can be influenced by the different rates of darkness. 
With more darkness, the growth in length increased. With favorable conditions, 
the plants also can increase in size and number of leaves. 
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     The more rate of darkness also increase the number of roots. Both species do 
not tolerate high light intensity, but they can obtain better growth with some 
darkness conditions 
     Laguncularia racemosa has more survival possibilities and it can be used as a 
very potential specie in restoration programs after that Avicennia germinans can 
be established in stands for natural regeneration.   
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