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Prologue 

Advances in biology through agronomy, aquaculture, coastal and environmental sciences 

is an electronic book, edited by Pantanal Editora, based on the compilation of research papers where the 

authors of the different chapters have used highly current scientific methodologies and research 

equipment.  

The biological sciences as the main object of research in agriculture, aquaculture, coastal and 

environmental sciences generate every day an understanding of knowledge that allows raising the 

scientific level of society as part of universal access to knowledge.   

This book mainly addresses issues related to the use of plants extracts as sustainable alternatives 

for biocontrol of pests and bacterial diseases. It also brings together information on viruses and other 

diseases in aquatic organisms. In addition, studies of mangroves structure and their contribution to 

carbon sinks in experimental sites in northwestern Mexico are presented. Finally, an analysis on 

educational strategies for environmental education based on plant biology is carried out. 

Editors appreciate the participation of the authors who have come from higher education 

institutions and research centers of great scientific prestige in Mexico. The majority of them are members 

of the National Research System of CONACyT, Mexico. 

The authors 
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ABSTRACT 

There are relatively few published studies on the effects of flood frequency and timing on wetland plants, 

representing under‐researched areas in linking water regime to plant growth response. In the present 

study, the structural development and carbon stock in relation to the biomass production of N. elegans 

and S. longiloba were recorded under arid subtropical environmental conditions in three temporary lagoons 

in northwest Mexico. By means of sampling the plants in the field and processing in the laboratory, 

physical-chemical measurements of surface water and sediment were performed. Among the main results, 

it was identified in the study area that N. elegans and S. longiloba maintain a life period of ~2.5 months 

related to the presence of surface water (Flood pattern) and moisture content in the soil, with maximum 

stocks of biomass carbon of 165.5 g/C/plant in N. elegans and 75.5 g/C/plant for S. longiloba. That is why 

it is recommended to restore and maintain the natural hydrological regime that feeds the studied lagoons 

with water and allows the development of N. elegans and S. longiloba in a higher density and life period 

according to seasonal rainfall, which allows maintaining the environmental services they provide to the 

ecosystem. 

 

Keywords: macrophytes, wetland, climate change 
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INTRODUCTION 

The increase in greenhouse gas emissions and the associated impacts on global warming (IPCC, 

2013) have led to an urgent need to identify and protect ecosystems with high carbon storage capacity 

(Canadell; Raupach, 2008), such as freshwater wetlands. Wetlands represent 3% of the world's soils but 

account for approximately 21% of the global soil organic carbon stock (Scharlemann et al., 2014). In 

addition, they offer many ecosystem services to humankind, including water quality improvement, flood 

mitigation, coastal protection and wildlife protection (Mitsch et al., 2009). Within these ecosystems, CO2 

from the atmosphere is taken up via photosynthesis, most of which is temporarily stored in the plant 

foliage, whereas the remainder is sequestered for a long period in biomass and soils (Ahalya; Park, 2018). 

Among the various methods to quantify carbon, the observation and field sampling approach is the best 

and most accurate, although it is costly and time-consuming, as continuous sampling data are required 

(Lu, 2006). Various studies also report pH, soil texture, temperature, rainfall pattern, and hydrology as 

factors responsible for retaining sequestered carbon in wetland soils (Perera; Amarasinghe, 2019). An 

important limitation is that wetland field research has mainly focused on study sites located in humid 

regions in temperate and tropical latitudes (Alongi et al., 2020), with few studies in arid regions (Adame 

et al., 2018) such as northwestern Mexico, where differences in rainfall, evapotranspiration, and soil 

conditions could influence carbon capture and storage (Schile et al., 2017). 

There are relatively few published accounts concerning the effects of flood frequency and timing 

on wetland plants, representing under‐researched areas in linking water regime to plant growth response 

(Kenow et al., 2018). In recent decades, interest in the study of the plants Nymphaea elegans Hook and 

Sagittaria longiloba Engelm has increased since both species typically grow in a great diversity of aquatic 

and marshy habitats and predominate in freshwater swamps and marshes with little runoff (Zepeda-

Gómez; Lot, 2005). In addition, since lentic ecosystems are being reduced by anthropogenic activities 

(droughts and water channeling, among other causes) (Zepeda-Gómez; Lot, 2005), the natural habitat of 

aquatic plants N. elegans and S. longiloba is highly threatened, and they are considered highly fragile. In this 

context, the present project studies the structural development and carbon stock in relation to the 

biomass production of N. elegans and S. longiloba under arid subtropical environmental conditions in three 

temporary lagoons in northwestern Mexico. Derived from the conditions of the arid region and the study 

site as a temporary lagoon, the following hypotheses were structured: (i) the species under study (N. 

elegans and S. longiloba) will increase their biomass progressively in response to the flood pattern above 

ground level, (ii) they will complete their life cycle until fructification before the water level is lower than 

ground level, and likewise, (iii) the N. elegans plant will have the highest carbon stock due to its structure 

with higher biomass production in leaves and stems in relation to S. longiloba. 
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MATERIALS AND METHODS 

Study site 

The proposed lagoon system is administratively located in the state of Sonora, Mexico (Fig. 1). 

This system has the RAMSAR (2007) designation that includes the entire area of the coastal zone of high 

importance for the hibernation of migratory waterfowl and shorebirds, in addition to some bodies of 

fresh water that fulfill their function in connectivity with the coast. It is an area of reproduction, breeding, 

feeding and refuge for aquatic invertebrates and birds of national and international importance. 

The regional climate is dry and semidry and very dry with very low levels of rainfall throughout 

the year (BW(h')hw - BS0(h')hw) (García; CONABIO, 1998), with an average annual temperature of 

24°C and average annual rainfall of 270.4 mm. The month of August is the warmest (38.6°C), and the 

month of January is the coldest (7.8°C), while the rainy season occurs during the months of July and 

October, with August and September being the months rainiest with 69.1 mm and 66.6 mm, respectively 

(SMN, 2021). 

 

 

Figure 1. Study sites in basin delimitation (site = lagoon). 
 

Plant material 

In three temporary freshwater lagoons (sites 1, 2 and 3), three field monitoring campaigns were 

carried out (separated by 20 days between each monitoring event) for the collection of samples (Sept 11, 

Oct 01, and Oct 21, 2021). The first monitoring was performed twenty days after the presence of flooding 

in the study lagoons. Twenty days after the third monitoring event, the flood pattern was below ground 

level. 
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Physicochemical of water and sediment 

In each monitoring, salinity (PSU), redox potential (mV), temperature (°C) and pH were 

measured in surface water (first 20 cm) using a Hanna HI9828 multiparameter. In addition, three 

sediment samples were collected at each site (n=27) in the first 20 cm of soil (n=18) with a nucleator 

(0.0033 m2) to determine the texture according to the Bouyucos method (Klute, 1986), pH by 

electrometry in 1:2 relation to water, and organic matter (OM) content by ignition according to Heiri et 

al. (2001). In addition, three sediment samples with known volume were collected in each sample unit 

(n= 27) to determine the apparent density and moisture content of the soil according to Moreno-Casasola 

and Warner (2009). The moisture content of the soil is the percentage of water that is capable of storing 

one gram of soil; if the value was 100%, it would mean that 1 g of soil stores 1 g of water (Infante, 2011). 

 

Biomass estimation 

In each monitoring, 3 plants of each species (N. elegans and S. longiloba) were taken in each lagoon 

by means of botanical presses to transfer them to the laboratory. Leaf length and width and stem length 

were measured; subsequently, they were dried in each of its morphological components (leaf, stems, 

roots, rhizome, flower, and fruit) in an oven at 65°C to obtain biomass in dry weight. 

 

Carbon stock 

Derived from the lack of allometric equations to estimate carbon from the biomass of N. elegans 

and S. longiloba, mean carbon concentrations in the litter have been reported to be 38-49% (Kauffman et 

al., 1995). A conversion factor of approximately 0.45 is recommended. 

Carbon (g•Corg•plant) = (Biomass * conversion factor (0.45))/plant (Kauffman; Donato, 2012). 

 

Statistical analysis 

Data were analyzed using the Kolmogorov‒Smirnov test and Levene's homogeneity of variances. 

Differences in physicochemical data sets of water, sediment, plant structure, and carbon stock were 

identified at the 5% level of significance using Tukey's one-way ANOVA (Steel; Torrie, 1996). 

 

Physical and chemical properties of water and sediment 

The pH values showed significant differences between the monitoring periods, in a range of 9.1 

to 9.7. In relation to the temperature values, a maximum of 32±0.15°C was identified in the first 

monitoring. In addition, the salinity showed values of freshwater systems with a slight increase in 

monitoring 3 with 0.61±0.03 UPS, and the values of ORP recorded more reductive conditions in 

monitoring 3 with -181±1.3 mV (Table 1). The physical chemicals of the sediment showed low variation 

during the study period. The bulk density of the soil registered average values of 1.03±0.02 g cm-3, while 
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the content of organic matter presented an average value of 6.22±0.32%. In addition, the pH registered 

an average value of 6.7±0.04. The texture values in the sediment did not show significant differences, 

with higher clay contents from 49.9±5.4 to 54.3±1.3% (Table 2). 

 

Table 1. Physical chemical of surface water in each monitoring. 

  Monitoring 1 Monitoring 2 Monitoring 3 F p 

pH 9.3±0.06 9.1±0.03 9.7±0.01 16 0.01 
Temp (°C) 32±0.15 31±0.16 22±0.13 8.5 0.09 
Sal (PSU) 0.14±0.01 0.33±0.02 0.61±0.03 12.3 0.4 
ORP (mV) -140±3.7 -145±2.5 -181±1.3 22 0.06 

PSU= practical salinity units, mV=millivolts, p<0.05 

 

Table 2. Physical chemical in sediment in each monitoring. 

  Monitoring 1 Monitoring 2 Monitoring 3 F p 

 BD (g/cm3) 1.1±0.011 1.1±0.019 0.9±0.024 12 0.4 

 OM (%) 6.7±0.5 6.2±0.3 5.8±0.2 1.8 0.6 

 pH 6.7±0.02 6.9±0.08 6.6±0.02 9.9 0.1 

T
ex

tu
re

 
(%

) 

Sand 37.4±3.8 36.3±5.3 26.8±2.3 2.1 0.18 

Silt 12.5±1.6 13.8±1.1 18.9±1.5 5.9 0.06 
Clay 50.1±2.3 49.9±5.4 54.3±1.3 1.4 0.7 

BD: Bulk density, OM: Organic matter 

 

 

Figure 2. Biomass of the N. elegans plant by component (S=Site). 
 

Biomass production 

The structure of the N. elegans plant increased over time with a length of 12.7 cm and width of 

13.5 cm on average in the first monitoring, up to 22.9 and 20.1 cm in the third monitoring with significant 

differences (N=381, F= 8.7, p<0.05 and N=381, F=9.9, p<0.05, respectively). The average length of the 

stem was 54.1 cm during the first monitoring up to a maximum of 85.2 cm during the third monitoring 
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(N=396, F=12.1, p<0.05). Biomass production in N. elegans temporarily showed a gradual increase, with 

92 g/plant in the first monitoring, 179.8 g plant-1 in the second and 367.8 g-plan-1t in the third. The 

component that contributed the most biomass was the leaf, with a maximum biomass of 168.1 g plant -1. 

The plants presented low flowering from the first monitoring; however, the maximum occurred in the 

second monitoring with 25.2 g plant-1 of flowers in dry weight. In relation to the fruits, they only appeared 

in the third monitoring, with a maximum average of 71.3 g plant-1 (Fig. 2). 

The structure of the S. longiloba plant increased over time with a length of 18.6 cm and width of 

13.9 cm on average in the first monitoring, up to 26.1 and 18.5 cm in the third monitoring without 

significant differences (N=87, F= 9.6, p=0.4 and N=87, F=12.7, p=0.08, respectively). The average 

length of the stem registered at 38.7 cm during the first monitoring up to a maximum of 64.4 cm during 

the third monitoring (N=109, F=22, p=0.01). Biomass production in S. longiloba temporarily showed a 

gradual increase, with 8.19 g/plant in the first monitoring, 8.9 g/plant in the second and 33.2 g/plant in 

the third. The component that contributed the most biomass was the stems, with a maximum biomass 

of 21.2 g plant-1 on average. The plants showed low flowering from the first monitoring; however, the 

maximum occurred in the third monitoring with 0.72 g plant-1 of flowers in dry weight. In relation to the 

fruits, they only appeared in the third monitoring, with a maximum of 4.43 g plant-1 (Fig. 3). 

 

 

Figure 3. Biomass of the S. longiloba plant by component (S=site). 
 

Carbon stock estimation 

The carbon stock in relation to the biomass of the N. elegans plant registered maximum average 

values of 165.5 g/C/plant, where the leaf component had the highest concentration with 75.5 g/C/plant 

(Table 3 and Fig. 4). The carbon stock in relation to the biomass of the S. longiloba plant registered 

maximum average values of 14.9 g/C/plant, where the leaf component had the highest concentration 

with 9.55 g/C/plant (Table 4 and Fig. 4). 
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Table 3. Carbon stock (g) in the monitoring site of the N. elegans plant. 

 
Plant Leave Stem Flower Fruit Root Rhizome Stump Total 

M
o
n
it

o
ri

n
g 

1 S1 27.8 8.2 0.9  5.2 3.3 1.6 46.9 

S2 23.5 1.9 0.8  4.2 3.7 1.0 35.0 

S3 27.5 3.9 1.0  4.4 4.1 1.4 42.3 

M
o
n
it

o
ri

n
g 

2 S1 31.3 30.1 7.1  7.2 4.8 1.2 81.6 

S2 22.7 22.8 14.3  9.4 5.5 1.5 76.1 

S3 20.6 33.9 12.8  9.8 6.4 1.5 85.0 

M
o
n
it

o
ri

n
g 

3 S1 85.8 31.7 2.8 28.9 21.3 7.3 2.1 179.9 

S2 70.6 18.7 1.8 30.9 23.7 7.3 2.2 155.3 

S3 70.0 20.5 3.4 34.9 22.0 8.1 2.4 161.4 
S=site; Values presented in grams. 

 

 

 

 

 

 

 

 

 

 

Figure 4. Carbon stock in relation to biomass by morphological component of N. elegans and S. longiloba. 
 

Table 4. Carbon stock (g) in the monitoring site of the S. longiloba plant. 

Monitoring Plant Leave Stem Flower Fruit Root Total 

Monitory 1 

S1 1.10 2.12 0.10   0.90 4.22 

S2 1.03 1.49 0.08   0.40 3.01 

S3 2.08 1.26 0.12   0.37 3.83 

Monitory 2 

S1 0.57 1.87 0.10   1.03 3.58 

S2 0.67 1.64 0.08   0.82 3.20 

S3 0.98 2.87 0.08   1.31 5.23 

Monitory 3 

S1 0.97 9.06 0.26 1.80 2.18 14.27 

S2 1.15 8.82 0.37 1.69 1.93 13.96 

S3 0.81 10.77 0.33 2.50 2.09 16.49 
S=site; Values presented in grams. 
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DISCUSSION 

There are few published studies on the effects of aboveground flood pattern frequency and 

duration on wetland plants, representing underinvestigated areas, particularly the water regime with plant 

growth response (Webb et al., 2012). Hypothesis (i) that N. elegans and S. longiloba increase their biomass 

progressively in response to the flood pattern above ground level is confirmed, completing maturity, 

flowering and fructification (~2.5 months) earlier than the flood pattern decreases below ground level 

and the environmental temperature dries out the soil, which is why it is recommended to restore and 

maintain the natural hydrological regime that feeds the studied lagoons with water and allows the 

development of N. elegans and S. longiloba in higher density and life period according to the seasonal 

rainfall. 

The two species under study (hypothesis ii) completed their life cycle to fructification before the 

water level decreased below ground level, although N. elegans requires flood levels above ground level to 

survive, S. Longiloba develops in environments with a low flood pattern but without desiccation, as 

recorded by Keddy and Ellis (1985) with the early establishment of S. latifolia seedlings along a water level 

gradient ranging from 10 cm above to 5 cm below the substrate surface, also Kenow and Lyon (2009) 

observed that Sagittaria species germinated and flowered when grown in substrates of moist, shallow (2–

3 cm) and submerged (15 cm), but not on substrates that were allowed to dry. 

Although the Sagittaria genus is considered a noxious weed in the Asian continent (Ozaki et al., 

2018), since the plant has a broad ecological range in which it is able to survive and dominate (Ndlovu, 

2020), for arid regions, its distribution decreases due to high temperature and low rainfall conditions, 

such as the study area of the present investigation with ~300 mm of rainfall per year with a life cycle 

duration of N. elegans and S. longiloba of ~ 2.5 months related to the duration of the flood pattern above 

ground (N. elegans) and the presence of moisture in the soil (S. longiloba). 

In terms of promoting favorable conditions for the natural establishment of Nymphaea and 

Sagittaria in arid zone conditions, this work together with other studies (Keddy; Ellis, 1985; Marburger, 

1993; Kenow; Lyon, 2009; Kenow et al., 2018) corroborates the importance of maintaining natural 

hydrological regimes that allow flood levels and substrates with a relatively high moisture content that 

allow the survival of these aquatic species that can have ecological benefits since they are plants pollinated 

by bees, hoverflies and other insects (Ozaki et al., 2018; Tanaka, 1985; Huang et al., 2006). The 

underground tissues of N. elegans and S. longiloba (roots, tubers and rhizomes) improve the permeability 

of the medium (Todunovics et al., 2005; Licata et al., 2019) and diffuse ions to drive microbial processes 

(Alufasi et al., 2017; Wang et al., 2018), fix and store carbon in wetland soils through roots (Qadiri et al., 

2021), and serve as food for local herbivores. 

The established hypothesis that mentions (iii) the N. elegans plant with the highest carbon stock is 

confirmed, since the biomass carbon contents were 14.5 times higher in the N. elegans plant than in S. 

longiloba. Carbon sequestration is one of the most important ecosystem services provided by wetlands, 
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and it occurs in wetlands at a greater rate than in any other ecosystem on the planet (Mitsch; Gosselink, 

2015). To provide an accurate estimate of the carbon storage and sequestration rates of wetlands, carbon 

sequestration and emissions from different wetland types should be thoroughly evaluated (Bernal; Mitsch, 

2012; Craft et al., 2018); furthermore, it is an important factor in wetland restoration for mitigating global 

warming (Yeong et al., 2022). 

          The hydrology of the area is fundamentally influenced by the rainy season between July and 

September. However, it is important to mention that the river drainage system for these temporary 

lagoons is conditioned by the highway. In turn, the growth of the species of N. elegans and S. longiloba can 

be impacted by these anthropic aspects in addition to the adverse effects associated with climate 

variability and change in the area (e.g., prolonged drought events). 

 

CONCLUSIONS 

In the present study, it was recorded in a region of arid zones (Northwest Mexico) that the species 

of N. elegans and S. longiloba maintain a life span of ~2.5 months related to the presence of flooding (Flood 

pattern) and contents of soil moisture, with maximum biomass carbon stocks of 165.5 g/C/plant for N. 

elegans and 75.5 g/C/plant for S. longiloba. For this reason, it is important to determine the stock and 

stores of carbon as “baseline” information to know the potential of the ecosystems that they must capture 

and fix it in parts of the plant (biomass) and the soil, in this way justifying the conservation and restoration 

of this type of ecosystem that contributes to the mitigation of climate change. In addition, further research 

on carbon stores in dryland wetlands is recommended. Given the present limits on our ability to optimize 

wetland creation and restoration for specific carbon and greenhouse gas emission goals, it is wise to 

prioritize the conservation of existing wetland carbon stocks over restoration and management. 

Unfortunately, for both species, the ecological factors that determine the growth and 

development of these plants in Mexican environments have not yet been sufficiently addressed, and 

management and conservation programs are required to rescue and simultaneously promote their 

biological importance among the population, cultural and economic characteristics of these plants. 
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