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Abstract: 

Nymphaea pubescens is found in the swamplands of Kalimantan Selatan, where it lives in the shape of a basin with 
divergent levels of water. From February to June 2019, the environment and its development were studied in four zones, with 
depth differences ranging from 28 to 95 meters in the zone I, 28 to 99 meters in zone II, 54 to 112 meters in zone III, and 55 
to 124 meters in zone IV. A transect system is used to zone the area, with fluctuating degrees of water depth reflected in 
each zone as one moves closer to a basin. Geomorphology in a basin has an essential relief, causing different levels of 
water surface depth in lebak swampland. The GPS was used to determine the distance traveled.  

The purposive sampling technique determines the number of observation stations in each zone. In zone I, waterlily 
growth generated smaller and more frequent leaves than plants in zone II, which produced smaller and fewer leaves than 
plants in zone III, which produced smaller and fewer leaves than plants in zone IV. However, the area of the leaves expanded 
greatly with the depth of water, although the number of leaves fell dramatically with water depth. The organization of the 
percentage of biomass for the development of shoots and roots was different, even though the total biomass was not 
statistically different. Waterlily growing in shallower water depths had larger biomass allocations for seeds and lower biomass 
allocations for roots. Root biomass increased significantly as the depth of the water body increased.  

This experiment showed that the deeper the water, the lesser the nutrients and the greater the extent the roots must 
spread to meet their nutritional requirements. Even though the relationship between leaf area and bloom number weakened 
as water depth increased, the relationship between leaf number and root number was significantly positive concerning 
biomass and water depth. Groundwater depth has a significant effect on the allocation of underground biomass (A), with the 
biomass proportion decreasing as water depth increases from 28 to 95 cm in zone I = 53.1 percent to 28–99 cm in zone II = 
53.7 percent to 55–124 cm in zone III = 48.6 percent in zone IV = 42.4 percent. Because water depth has a considerable 
effect on the average aboveground biomass–to–underground biomass ratio, the average root crown ratio decreases as water 
depth increases. Among the lowest average ratios found are those found at a water depth of 55–124 cm in zone IV (ratio of 
0.54 ± 0.2), while the highest average percentage found is that found at a water depth of 28–95 cm in the zone I (ratio of 
1.25 ± 0.61). 

Keywords: biomass allocation; water depth; Nymphaea pubescens; lebak swampland; biomass structure. 

JEL Classification: Q10; Q15; Q56; Q57. 
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Introduction 

Aquatic plants such as Nymphaea pubescens are usually hydrophobic to avoid decay (Yang and Guo 2015), 
specific air canals are arranged in the midrib and petiole (Ismuhajaroh et al. 2022), the roots to the sediments 
(Cronk and Fennessy 2001; Chen et al. 2017; Li et al. 2020) in muddy ponds (Lacoul and Freedman 2006; Yang 
and Guo 2015). Rooted plants can absorb large amounts of inorganic carbon while also collecting nitrogen, 
phosphorus, calcium, and other nutrients from the surrounding sediment (Barko and Smart 1981; Lacoul and 
Fredman 2006; Zhu et al. 2017). For gas exchange, particularly with the atmosphere, floating aquatic plants have 
an easy-to-maintain canopy structure that is positioned on the air surface, while the abaxial section of the plant is 
in contact with water (Tsuchiya 1991) and has a trichome or hydropot (Kordyum et al. 2021). In the case of 
buoyant waterlily leaves, Ritchie (2012) obsevered the limits on photosynthesis imposed by transpirational water 
loss do not apply, nor does the assumption that primary production by vascular plants is typically constrained by 
water rather than light, CO2, or nutrients.  

A wetland is a habitat where water levels vary regularly; the ecology relies on local hydrological 
fluctuations (Zhu et al. 2017; Ismuhajaroh et al. 2022), climate, and its variations (Fossey and Rousseau 2016; 
Liu and Kumar 2016; Zhu et al. 2017). The water level fluctuates and changes during specific periods (Deegan et 
al. 2012) throughout several decades (van der Valk 2005; White et al. 2008), in addition to seasonal to daily 
(Ismuhajaroh et al. 2022). Fluctuating water levels are hydrological regime components relating to water depth, 
velocity, amplitude, and the timing of floods or low tides, among other factors (Raulings et al. 2010; Jian et al. 
2018). The distance from the ocean's edge to the water body influences the water regime at different depths, 
which has a significant impact on the ecosystem and species composition (Torres–Fernández del Campo et al. 
2018; Solórzano et al. 2020), diversity (Casanova and Brock 2000; Kleindl and Steinman 2021), distribution in the 
community (Kennedy et al. 2003; Boar 2006; Wang et al. 2016), can have an impact on the growth and 
development of aquatic plants (Raulings et al. 2010; Jian et al. 2018; Kleindl and Steinman 2021).  

The availability of light in the water, as well as the availability of oxygen in the sediment, are both directly 
affected by oscillations in water level (Casanova and Brock 2000; Raulings et al. 2010), sediment composition 
(Maurer and Zedler 2002), sedimentation (Baldwin and Mitchell 2000), nutrient concentration (Lu et al. 2018; 
Zhang et al. 2019), nutrition cycle (Coops and Hosper 2002; Pinay et al. 2002), nutrient availability (Kornijów et al. 
2016), acidity level, as well as alkalinity (Bini et al. 1999; Magee et al. 1999) therefore, affect aquatic plant growth 
(van der Valk 2005; Baastrup–Spohr et al. 2015). According to Riis and Hawes (2002); van Geest et al. (2005), 
the duration and frequency of fluctuations in water level impact the germination, growth, and survival of aquatic 
plants.  

In contrast, the frequency and depth of changes affect reproduction. One of the primary variables 
influencing changes in the temperature of the marine environment is sunlight (Barko and Smart 1981; Maurer and 
Zedler 2002; Yu et al. 2014; Bando et al. 2015). The temperature and light range influence the physiological 
variations in growth defined by photosyn the affected ration and CO2 compensation points (Barko and Smart 
1981). The increase in temperature and light that occurs in the growing environment affects the capacity or 
aptitude of plants to photosynthesize (Yu et al. 2014). Tsuchiya (1991) elaborated that the adequate supply of 
light, carbon, and water in the environment caused the net photosynthetic rate per unit area to be higher in 
floating aquatic plants than in terrestrial plants. Aquatic plants with floating leaves can sustain a high net 
photosynthesis rate to constantly grow new leaves (Yamamoto et al. 1999). The shape of their development 
somewhat determines the capacity of aquatic plants to thrive in various light situations. As a general rule, low light 
conditions in the shallow littoral zone support the dominance of helophytes (emergent species).  

At the same time, deeper water tends to favor free-floating and leaf–floating species rather than 
submerged species. Even though aquatic plants such as Nelumbo spp., Nymphaea spp., and Trapa spp. may 
grow in water with low transparency; the seasonal clarity may be crucial in producing new seedlings (Gopal and 
Sharma 1990). Even though water depth can significantly impact the light intensity (Bai et al. 2015), waterlily 
seeds can still germinate and grow to 90 cm in depth (Richard and Cao 2012). Aquatic plants that grow or leave 
floating at depths of 0.5 m to 2.0 m and that rarely grow in water deeper than 3 m (Richards and Cao 2012; Klok 
and van der Velde 2017; Les 2018) and clay (Lacoul and Fredman, 2006), while at specific depths, sandy loam 
and clay soils can be found and clay (Bai et al. 2015). The biomass allocation in plants may characterize the 
reaction to changes in environmental parameters due to variations in water depth. These changes can include 
changes in pH and light levels, particle solids, temperature, and light intensity, among other aspects.  

Adaptation of plants to environmental changes is the responsibility of aquatic plants, which is necessary 
for their continued existence (Yang and Guo 2015). Plants may evolve adaptation mechanisms even when 
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variations in water level or frequency amplitude are minor. Still, the changes that occur are nevertheless reflected 
in the response of aquatic plants due to these changes (van der Valk and Mushet 2016). Plants' reactions to their 
environments may change the biomass allocation pattern, influencing their ability to collect available resources 
(Müller et al. 2000; Poorter and Nagel 2000; Poorter et al. 2012). In 2003, van Wijk et al. developed a method to 
maximize growth rate or optimize plant performance (Bloom et al. 1985). Adaptation is accomplished by 
balancing the allocation of resources to the leaves, stems, and roots by the physiological activities and functions 
performed by each organ in question (Poorter et al. 2012). The teleonomic model, which is a theory of functional 
balance, may be used to determine the pattern of biomass allocation (van Wijk et al. 2003) as it states that plants 
respond to a decrease in aboveground resources by increasing their share to shoots, while a decrease in 
underground resources increases root allocation (Poorter and Nagel 2000; Shipley and Maziane 2002; Poorter et 
al. 2012).  

In research done in lowland swampland, the structure and allocation of biomass for the response of N. 
pubescens to varied water depths were revealed. This research aimed to discover how various water depths 
impact the growth environment in terms of pH, sunshine, water solids particles, and temperature, affecting the 
structure and biomass allocation of all plant components above and below ground. Additionally, this research will 
analyze how the link between the leaf surface area utilized for photosynthesis and the total weight of biomass 
influences the total weight of biomass. The association between the number of leaves, flowers, and roots and the 
importance of the biomass in each section was also investigated to find the appropriate depth level for N. 
pubescens growth. 

1. Literature Review 

Chernova (2015) evaluated the dynamics of Nuphar lutea L. production characteristics at the soil surface, as well 
as the contribution of different organs of each plant portion to total biomass and plant production. The dynamics 
of changing seasons must take into account the biomass of Nuphar lutea. The buildup of biomass in soil surface 
organs is greatest in the spring and early summer, as well as during the concurrent blooming and early fruiting 
seasons. Nuphar lutea's yearly net production at ground level is twice as great as its highest productivity. Müller 
et al. (2000) investigated the impact of nutrient availability on the pattern of biomass allocation in 27 herbaceous 
plant species. In general, the total organ biomass above the soil surface rises. 

Paillisson and Marion (2011) investigated the effect of water level fluctuation (WFL) on the biomass of 
three aquatic plant species (Nymphaea alba, Nymphaea lutea, and Nymphaea peltata). The purpose of this study 
was to discover when in the plant life cycle a high water regime influences plant biomass. The results revealed 
that there was a little rise in the shallow lake water regime in the long-term research, which might severely affect 
the biomass of some Nympaeid species that were still tolerant to minor changes in water level. Richards et al. 
(2011) evaluated the influence of water depth on Nymphaea odorata growth, morphological allocation, and 
biomass. Deeper water plants have more biomass assigned to the leaves and roots, whereas shallower water 
plants have more biomass devoted to the rhizome. Nyphaea odorata growth is approaching to maximum in 
summer with a water depth of 75 cm. 

2. Materials and Methods 

2.1. Time and Location of Research 

The research area is in Desa Teluk Sinar, Kecamatan Sungai Pandan, Kabupaten Hulu Sungai Utara, Kalimantan 
Selatan, Indonesia. The research was carried out over five months, from February to June 2019. Geomorphology 
in a basin has an essential relief, causing different levels of water surface depth in lebak swampland. The 
swampland has the characteristics of being a water catchment area for overflowing rivers in the surrounding area 
and a wetland. The swamp zone where the study was located was divided into four water depth zones, namely in 
location I with a depth of 28–95 cm at 2o30ʹ5.7ʺS, 115o10ʹ23.5ʺE, zone II at 2o30ʹ4.3ʺS, 115o10ʹ18.6ʺE, zone III at 
2o30ʹ4.3ʺS, 115o10ʹ15.3ʺE, and zone IV at 2o29ʹ4.3ʺS, 115o10ʹ10.5ʺE. In Indonesia, which has a tropical climate, 
lebak swampland was an area where the water surface was influenced by two seasons known as the wet and dry 
seasons. The two seasons are the rainy season and the dry season. It was a fact of life that as soon as the rainy 
season arrives, the lebak swampland was filled with water from the river, which causes the water level to rise in 
tandem with an increase in rainfall. Rainfall in 2019 in Kecamatan Sungai Pandan was recorded at 1,846 mm with 
a height of 6 m above sea level and a slope of 0–2o (BPS–HSU, 2020).  
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2.2. Procedures 

Preliminary determination of observation sites in four different water depth zones 

This study's observation sites are chosen in each zone by drawing a line from the beach base towards the basin 
and continuing the line as far as 150 meters for each area, resulting in an observation site that was 0.6 kilometers 
from the baseline. The GPS was used to determine the distance traveled. The purposive sampling technique 
determines the number of observation stations in each zone. It was necessary to take as many as six replications 
of the observation sites of N. pubescens plants for each zone for 24 observation points. Each observation site 
was marked by the placement of four Galam wood (Melaleuca leucadendron) as a plugged barrier into the 
swamp's bottom. The wood was then connected with a rope to make a quadrant frame measuring 5 meters by 5 
meters. To select a representative sample of the observed plants, three plants were picked at random from each 
observation location for a total of 72 sample plants. Sample plants are marked with a wooden slat plugged near 
the plant sample and then labeled with mica plastic manufactured from water–repellent ink, announced near the 
plant sample again. 

Environmental Factor Observation 

The pH of water and soil was measured in the laboratory with the help of a pH electrode (Wetsel and Likens 
2000). Water samples were collected using a plastic bottle with a capacity of 150 mL. In contrast, soil sediment 
samples were collected by diving to the swamp's bottom with a PVC core diameter of 0.15 m and a length of 0.12 
m. The sediment collected was placed in a plastic bag for further analysis. All samples were taken at random from 
three points near the sample plants marked with wooden slats on each quadrant frame in each zone: zone I, zone 
II, zone III, and zone IV. Water and sediment samples were taken at three points near the sample plants marked 
with wooden slats on each quadrant frame in each zone: zone I, zone II, zone III, and zone IV. 

A Secchi–disk disc (Cazzanelli et al. 2008) may be used to measure the depth of light entering water or 
the transparency of water. The disc was lowered into the water until it was no longer detectable. To make 
measurements, it was necessary to record the date and location of each sample and carefully read the Secchi–
disk. The observation of water depth was measured using a scaled metal plate affixed to the wood to serve as a 
location to hold the measuring device (Rossenberry and Hayashi 2013). Both the depth of light entering the water 
and the depth of the water was measured concurrently throughout the day when the sun was shining brightly, and 
the water was completely submerged. Measurements may be taken at a single location for each selected 
quadrant as well as for all zones, including zones I, II, III, and IV, at the same time. Total dissolved solids (TDS) 
measurements were taken at each quadrant frame and three locations near the sample plants. The digital TDS–
meter should be dipped into a body of water at a depth of 5 cm, allowed to sit in the water for a few minutes, and 
then the dissolved solids number was shown on the TDS–meter should be read. 

Air and water temperature measurements were carried out at three places near the sample plants in each 
redefined quadrant and for all zones, zone I, zone III, and IV. Air temperature measurement was carried out using 
a digital thermometer elevated above the water level by as high as 50 cm (Nohara and Tsuchiya 1990). Water 
temperature experiments are conducted using a thermometer dipped in water to a depth of 5 cm below the 
water's surface and then recorded (Klok and van der Velde 2017) and in the vicinity of waterlily plants (Pip 1989). 
A Lux meter (Digital Lux Meter LX–1330B) was used to determine the intensity of light or lighting. The 
measurement was carried out during the day, when the sun was entirely shining, by raising the Lux meter above 
the marsh area to a height of roughly 10 cm. 

Structure and Determination of Biomass 

The biomass of N. pubescens was measured in each growth zone of the observation plot using the harvest 
technique, which was used to collect the samples. There are 24 observation plots in all, each measuring 5 m x 5 
m and marked with Galam wood. There are six observation plots in each growth zone, for 24 observations 
throughout all the zones. The sediment tops and bottoms were collected with a surface area of 1 m2 for each 
sample. The harvesting focused on expressing the biomass per unit surface area of the sediment (Brock et al. 
1983). Canoes or jukung are the modes of transportation employed throughout the harvesting process. Plants are 
sampled by diving to the swamp's bottom and removing all of the plant's components, including roots, by 
scratching its root system.  

The collected plants are first scrubbed of mud with swamp water, then rinsed with running water until 
completely clean before being placed in a plastic bag with a label and delivered to the lab. Plants are divided into 
organs, which include leaves, seeds, rhizome, and roots, among other things. Each section contains an 
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examination of the organs that have been divided. The Leaf Area Meter DELTA T Devices Ltd, UK was used to 
measure leaf area. The number of leaves on the organs of the leaf, flower, and root was counted on each organ. 
While it was true that not all the seeds can be dug, depending on the root markings on the rhizome allows for a 
more accurate root count than just digging up the rhizome and separating them from them. When splitting the 
organ into its constituent pieces, it was possible to count the leaf and flower organs directly. Aquatic plants are 
made from organs that have been separated and tagged, which are then dried in the sun for one day to lessen 
their excessive water content. Following that, the sun-dried plants are individually wrapped in aluminum foil and 
labeled. This was followed by baking the sample package at 105oC for 12 hours and weighing the package to 
ensure that it had maintained its consistency throughout the drying process (Brock et al. 1983). The data on all 
biomass was expressed as grams of dry weight per square meter of surface area (g DW m–2). 

2.3. Data Analysis 

With the help of SAS 9.4 analysis, we compared morphological data (including leaf area, number of leaves, 
number of flowers, and number of roots) and harvested biomass at various water depths (SAS Institute, Inc., 
Cary, NC). Tukey's HSD was used for post–hoc comparisons, and differences were considered significant when 
P ≤ 0.05 was achieved. The ANOVA test for normal distribution was used to determine whether there were any 
differences in water depth between treatments. The linear regression method was used to investigate the 
relationship between the parameters of leaf area, number of flowers, and number of roots with biomass at various 
depths of water infiltration. 

3. Results and Discussion 

3.1. N. pubescens Growing Environment in Fluctuating Water Depth 

Acidity level 

The chemical properties of the soil in swamplands are influenced by the type of soil present in the area. Lebak 
swampland was mineral soil (river sediment) with a clay texture ranging from dusty clay to clay with a clay texture 
ranging from clay to dusty clay, which receives silt from upstream regions every year. Generally speaking, water 
pH at a water depth of 28–95 cm in the zone I was between 6.9 and 7.3, while 28–99 cm in area II was between 
7.0 and 7.5, 54–112 cm in zone III was between 7.0 and 7.3, and 55–124 cm in zone IV was between 7.0 and 7.4 
(Table 1). When measured at a water level of 28–95 cm in the zone I, the soil pH ranges between 4.1 and 4.7, 
while 28–99 cm in zone II, pH 4.4 to 4.8, 54–112 cm in zone III, pH 3.8 to 4.8, and 55–124 cm in zone IV, pH 4.1 
to 4.5 (Table 1). This situation demonstrates that the pH of the water in the Lebak swampland usually was in the 
neutral range, but the pH of the soil was in the highly acidic to the acidic content, as seen in the graph. 

Table 1. For the period February to June 2019, differences in water and soil pH were observed in the Lebak swampland in 
Hulu Sungai Utara, with water depths ranging from 28 to 95 cm (zone I), 28 to 99 cm (zone II), 54 to 112 cm (zone III), and 

55 to 124 cm (zone IV) 

Variable 

Water depth in each growth zone 
 

28–95 cm 
(zone I) 

28–99 cm 
(zone II) 

54–112 cm 
(zone III) 

55–124 cm 
(zone IV) 

pH:     

    Water 6.9–7.3 n 7.0–7.5 n 7.0–7.3 n 7.0–7.4 n 

    Soil 4.1–4.7 ea–vsa 4.4–4.8 ea–vsa 3.8–4.8 ea–vsa 4.1–4.5 ea–vsa 

Description: BP Tanah Bogor (2009) defined the following soil and water reactions as follows: ea = extremely acidic (pH < 
4.5); vsa = very strongly acidic (pH 4.5–5.5); sa = slightly acidic (pH 5.6–6.6); n = netral (pH 6.6–7.5); sla = slightly alkaline 
(pH 7.6–8.5); sta = strongly alkaline (pH > 8.5). 
 

The acidity of water and soil has an impact on the availability of nutrients (Sudiarto et al. 2019), their 
distribution, and the development of aquatic plants air (Webb et al. 2012; Kutschker et al. 2014; Dong et al. 2017; 
Klok and van der Velde 2017), as well as on a variety of activities occurring inside plant cells (Felle 2005). 
Specifically, according to Les (2018), a waterlily was an aquatic plant that can thrive in water that ranges from 
acidic to neutral. The acidity of the water in the lowlands for all zones was classified as neutral water pH, with a 
pH range in all pH zones ranging from 6.9 to 7.5. These parameters imply that N. pubescens can grow in all 
depth zones in the lowlands. According to the statistics, the acidity of the waterfalls into the neutral was greater 
than the pH of the soil (Table 1). The water pH was affected by productive aquatic plants in a swamp 
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environment. Plants photosynthesize by absorbing CO2 from their surroundings and releasing H+ elements from 
their roots, thus raising the pH of the water by around 3–4 units (Cronk and Fennessy 2001). 

Depth, light, and solids of water particles 

Hydrology significantly impacts the environment; important aspects include evapotranspiration, rainfall volume 
(Lacoul and Fredman 2006; Zhu et al. 2017), geomorphology, vegetation cover, and season (Lacoul and 
Fredman 2006). The edge zone was a transition zone between land and water where the depth fluctuates 
considerably (Yu et al. 2014). In swampland, the water regime was a significant determinant of plant community 
development and zoning patterns (Casanova and Brock 2000). Throughout the depths of swampland water, the 
water's height fluctuates, resulting in a constantly fluctuating depth. According to Lu et al. (2018), natural 
oscillations in water levels may be caused by rainfall and runoff in the environment. From February to June 2019, 
the maximum and lowest retentions of water varied depending on the depth of the water. It takes 28–95 cm to 
retain swamp water in zone I, 28–99 cm in zone II, 54–112 cm in zone III, and 55–124 cm in zone IV to retain 
swampland water in zone IV. Because the depth of swampland water varies from one zone to another, so does 
the depth of light that penetrates the water. The average depth of light penetrating the water increases from zone 
I to zone IV, with an average depth of 53.73 cm in the zone I, 54.11 cm in zone II, 66.97 cm in zone III, and 83.19 
cm in zone IV. The average depth of light penetrating the water increases from zone I to zone IV, with an average 
depth of 53.73 cm in zone I, 54.11 cm in zone II, 66.97 cm in zone III, and 83.19. Observations for solid particle 
data at a water depth of 28–95 cm in the zone I and a depth of 28–99 cm in zone II yielded 0.59 parts per million 
(ppm), which was higher than the 0.56 parts per million (ppm) obtained at a depth of 54–112 cm in zone III and 
the 0.50 parts per million obtained at a depth of 55–124 cm in zone IV (Figure 1). 

Figure 1. Top position left scale: In this study, we looked at results from measurements made of how far light penetrates the 
water and how much the water surface fluctuates in a swampland. Position at the bottom of the right scale: The findings of 
the solid particle measurement Data was collected between February and June 2019 at water depths ranging from 28 to 95 

cm (zone I), 28 to 99 cm (zone II), 54 to 112 cm (zone III), and 55 to 124 cm (zone IV) (zone IV) 
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As a water catchment region, water fluctuations occur in swampland impacted by rainfall, evaporation, and 
variability. According to Smith and Brock (2007) and Wang et al. (2014), variations occur due to various variables, 
including the length of flooding or drought, the frequency of flooding or drought, and the intensity of the 
fluctuations. According to Duarte and Kalff (1986), the slope of the water base impacts water fluctuations as well. 
The occurrence of modest variations in water surface depth (less than 10 cm) may influence the structure of a 
wetland and the operation of the ecosystem it supports (Webb and Leake 2006). It was evident from the statistics 
that water fluctuations vary depending on the swampland zone, with a depth range of 28–95 cm in zone I, 28–99 
cm in zone II, 54–112 cm in zone III, and 55–124 cm in zone IV (Figure 1). The hydrological regime, which 
includes changes in water depth and clarity across time and space and sediment properties, has the most 
significant impact on the development of aquatic plants (Barko and Smart 1983; Neill 1990; Phillips et al. 2016). 
The adaptation of the waterlily was carried out in response to variations in the water level in its surrounding 
habitat. The adaptability of the waterlily was accomplished by the modification of both physiological and 
anatomical alterations (Lyn and Waldren 2003; Mommer et al. 2005; Sasidharan et al. 2018; Ford and Champion 
2019).  

When the petiole of the waterlily was elongated in response to water depth (Wu et al. 2017), the leaves 
can maintain contact with carbon dioxide in the surrounding atmosphere (Casanova and Brock 2000), and the 
plant can photosynthesize (Voesenek et al. 2003; Deegan et al. 2012), it was considered a successful bloom. It 
was closely related to the net assimilation outcomes (Scheffer 2004), while Les (2018) stated that the depth limit 
for waterlilies that may still photosynthesize was between 0.5 and 2.9 meters (feet). In the lebak swampland, 
waterlily can tolerate a wide range of water depths, including 28–95 cm in the zone I, 28–99 cm in zone II, 54–
112 cm in zone III, and 55–124 cm in zone IV. Because waterlily can tolerate a wide range of water depths in the 
lebak swampland as its habitat, it can be found in all zones of the lebak swampland. 

The presence of solid particles causes turbidity in water. The amount of turbidity in swamp water was 
affected by the presence of Lebak swampland in the shape of a basin with varying levels of water depth. It was 
shown in this study that the average turbidity was 0.59 parts per million higher at a depth of 29–95 cm in zone I 
and 28–99 cm in zone II than at a depth of 54–114 cm in zone III and a depth of 55–124 cm in zone IV, where the 
average turbidity was 0.56 parts per million higher and 0.50 parts per million lower, respectively (Figure 1). The 
turbidity of the water decreases in direct proportion to the depth of the water. According to Scheffer et al. (1993), 
the amount of turbidity was influenced by the water level, with lower water levels resulting in greater turbidity 
levels. The turbidity of the waterlily has an impact on the amount of light that the leaves can use as they grow 
towards the surface of the water, which inhibits the photosynthesis of floating leaves that have not yet reached 
the surface of the water, as well as on the overall health of the waterlily (Chernova 2015). According to Coops 
and Hosper (2002), turbidity was caused by the redeposition of swampland sediment, which was impacted by the 
high frequency of changes in the depth of swampland water. The depth of swampland water that fluctuates was 
also essential in producing turbidity. Because of the existence of aquatic vegetation, the degree of water turbidity 
may be reduced. According to Scheffer et al. (1993), vegetation enhances water clarity, increasing the amount of 
light available to support the growth process. 

Air temperature, water, and sunlight intensity 

According to Barko and Smart (1981), the temperature was a critical component in the growth and development 
of aquatic plants since it influences various physiological processes, including the rate of photosynthesis. The 
temperature may fluctuate due to variations in the height of the sun and changes in the seasons as a result of the 
sun's declination (Madsen and Brix 1997). A sinusoidal curve was formed in the lebak swampland's temperature, 
both in terms of air temperature and water temperature, resulting from variations in fluctuations in water depth 
between various levels of water depth (Figure 2). 

According to the statistics, the average air temperature at a water level of 28–95 cm in zone I and 28–99 
cm in zone II was 38oC, while the average air temperature at a water depth of 54–122 cm in zone III and 55–124 
cm in zone IV was 39oC and 40oC, respectively. The average change in air temperature at each depth level 
varies. For example, a depth of 29–95 cm in zone I in the temperature range of 28oC–45oC, a depth of 28–99 cm 
in zone II in the temperature range of 31oC–46oC, a depth of 54–112 cm in zone III in the temperature range of 
34oC–47oC, and a depth of 55–124 cm in zone IV in the temperature range of 34oC–48oC (Figure 2).  
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Figure 2. The results of the air and water temperature measurements are shown at the top of the left scale. The 
measurement of light intensity was shown at the bottom of the right scale. Data were collected between February and June 

2019 at water depths ranging from 28 to 95 cm (zone I), 28 to 99 cm (zone II), 54 to 112 cm (zone III), and 55 to 124 cm 
(zone IV) (zone IV) 

 
The greater the depth of the water, the higher the temperature of the air. In contrast to the water 

temperature, which demonstrates various variations at different degrees of water depth, the average water 
temperature at all depth levels was 33.0oC, which was the same temperature throughout all depth levels. When it 
comes to changing temperatures, the intensity of light impacts both water and air temperature changes. If you 
look at the light intensity data at a depth of 28–95 cm in zone I, you will see that it fluctuates more than data at a 
depth of 28–99 cm in zone II, 54–122 cm in zone III, and 55–124 cm in zone IV. The average light intensity 
reveals that the greater the distance between the basin and the open marsh, the greater the average light 
intensity. In zone I, the average light intensity was 775 lux at a depth of 29–95 cm; in zone II, it was 843 lux at a 
depth of 28–99 cm, in zone III, it was 858 lux at a depth of 54–114 cm, and in zone IV, the average light intensity 
was 861 lux at a depth of 55–124 cm (Figure 2). 

Adaptability to changes in their environment is essential for aquatic plants, which are particularly sensitive 
to variations in ambient temperature (Fares et al. 2020). In the swampland waters, temperature fluctuations may 
be seen in the air and the water. Figure 2 illustrates that the deeper a swampland's water level is, the smaller and 
more stable the fluctuation pattern becomes. According to Klok and van der Velde (2017), water depth impacts 
water to and air temperatures, with deeper water resulting in more stable temperatures. In general, the average 
air temperature increases as water depth increases, with the lowest average air temperature of 38oC occurring at 
a depth of 28–95 cm in zone I and 28–99 cm in zone II, and the maximum average air temperature of 40oC 
occurring at a depth of 55–124 cm in zone IV. According to Madsen and Brix (1997), the temperature of the water 
is influenced by the water level, which, in turn, influences the depth limit and species composition.  

Photosynthesis may be managed when there is enough enzyme activity in the waterlily. Enzyme activity is 
influenced by temperature (Long et al. 1995). Temcriticale is a critical factor in determining the pace of metabolic 
processes in plants (Larcher 1995) and the stimulation of growth and the compression of the growth cycle, among 
other things (Barko and Smart 1981; Pip 1989). Compression and temperature (within the tolerance range) often 
boost biomass output throughout the growth cycle. According to the statistics, water has an average temperature 
lower than the air. Zone I has an average air temperature of 38°C, while zone II has an average air temperature 
of 39°C, and zone IV has an average air temperature of 40°C. Water depths of 28–95 cm in the zone I and 28–99 
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cm in zone II have an average air temperature of 38°C, while water depths of 54–122 cm in zone II have an 
average air temperature of 40°C. The presence of aquatic vegetation is one of the elements that contribute to the 
low water temperatures that are experienced. According to Pip (1989), the water temperature does not exist in 
and of itself influence development; rather, the effect of water temperature may be seen via the pH variable and 
other chemical variables. 

For aquatic plants, temperature and light availability are critical elements in their leaves and stems (Lacoul 
and Fredman 2006). In zone I, the average light intensity is 775 lux at a depth of 29–95 cm; in zone II, it is 843 lux 
at a depth of 28–99 cm; in zone III, it is 858 lux at a depth of 54–112 cm; and in zone IV, it is 861 lux at a depth of 
55–124 cm (Figure 2). The average light intensity reveals that the greater the distance between the basin and the 
scattered swampland, the greater the average light intensity. Compared to the other zones, the light intensity in 
the zone I is lower. This is because the zone I region is still exposed to the shadows cast by the trees that grow 
along the border of the lebak swampland. Light intensity in the lebak swampland is vital at all depths, with an 
average of 775–861 lux over the whole swamp. Because waterlilies are plants that need a lot of sunshine in their 
habitat, such circumstances are ideal for lotus plants to grow in a flourishing setting (Lu and Chen 2012). In 
addition to being capable of photosynthesis in full sun (≈ 2110 μ mol m–2 s–1 PAR; Snir et al. 2006), Nymphaea 
has a high tolerance for high solar radiation, which is similar to that found in C4 plants (Atwell et al. 2003). It is 
possible to increase the use of sunshine to satisfy the development requirements of N. pubescens. As a result of 
having leaves that float above the water surface and the leaves not being darkened by light and water reducing 
components (Brock et al. 1983; Zhonghua et al. 2007) have a significant competitive impact on light (Brock et al. 
1983). 

3.2. Variations in the Structure and Allocation of N. Pubescens Biomass in Response to Changing Water 
Depths 

Structure of N. pubescens 

The root, rhizome, petiole, leaf–young, peduncle, flowers, fruit, and laminae of N. pubescens are all built by the 
plant's morphology throughout its differentiation (Figure 3). The structural qualities of this plant decide how well 
the overall system will perform in coping with the growing environment. It is a plant that has leaves that float 
above the water's surface and some juvenile leaves that are below the water's surface, which is known as 
Nymphaea pubescens.  

Figure 3. Structure of the plant N. pubescens 

 

Oval in form with serrated leaf edges, long petioles, and blooms, the leaves of this plant are very fragrant. In the 
silt, rhizome and roots sprout from the stem, which then grows through the sediment, while the leaves and 
blossoms float to the surface of the water, indicating that the plants are thriving. Because of the robust petiole and 
lengthy peduncle, the leaves and flowers can remain above the water's surface, but the fertilized flowers are 
instantly immersed. After digging up the developing rhizome, a lengthy, white, sponge-like root system was 
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discovered. The diameter of the roots ranged between three and six centimeters in diameter and might extend up 
to one meter in length. The waterlily flower can adapt to changes in its habitat environment, such as fluctuations 
in the level of swampland water in the surrounding area.  

The results revealed that the outcome of the leaf area computation varied greatly depending on the depth 
of the water (P < .0001, ANOVA). At a water depth of 28–95 cm in zone I, the leaf surface area covering the soil 
surface per soil area is 1.3 ± 0.6 m2m–2, which is significantly smaller than the leaf surface area covering the soil 
surface per soil area at a water depth of 28–99 cm in zone II, which is 1.8 ± 0.7 m2m–2, 54–112 cm in zone III, 
which is 2.1 ± 0.5 m2m–2, and 55–124 cm in zone IV, which is 2.8 As the depth of the water surface are increased, 
the more the amount of leaf surface area that covers the soil surface is increased (Table 2A). There were also 
statistically significant differences in all counts of the number of leaves, blooms, and roots depending on the water 
depth (leaves: P < .0001; flowers: P < .0001; and roots: P < .0012, ANOVA). When planted at a depth of 28–95 
cm in zone I and 28–99 cm in zone II, the waterlily produced more leaves and blooms than when planted at a 
depth of 54–112 cm in zone III and 55–124 cm in zone IV, respectively (Table 2A). The number of leaves and 
blossoms dropped as the depth of the water increased, but the number of roots grew as the depth of the water 
increased. 

Adaptations may occur in every component of aquatic plants in response to changes in their environment, 
such as changes in water level, pH, light intensity, temperature, and turbidity level, among other things. For the 
most part, plants maintain their structure and physiology throughout time, allowing them to adjust to changing 
environmental circumstances. Plants may thus modify their adaptability to environmental changes associated with 
morphological alterations or physiological processes (Molles and Sher 2019). Researchers discovered a 
significant association between the leaf area of N. pubescens and the rise in water depth in their study. The leaf 
area of N. pubescens rises with the increasing water level, with a range of leaf surface area per soil surface area 
of 1.3 ± 0.6–2.7 0.5 m2m–2 in water depth, with ranges of 28–95 cm in the zone the I to 55–124 cm in zone II 
(zone IV, Table 2A). 

In their research, Kunii and Aramaki (1992) discovered that the leaves of N. tetragona exhibited an 
increase in leaf area from May to June when the water level exceeded 100 cm and a decrease in leaf area when 
the water depth approached 30–40 cm, which occurred in June and October, respectively. Changing 
circumstances in the plant environment as a result of fluctuations in the water level impact these conditions. 
Increases in air temperature and light intensity are caused by increasing water depth, whereas the water 
temperature at all depth levels is on average 33oC. The water temperature at all depth levels has an average 
temperature of 33oC (Figures 1, 2). In addition, as water depth grows, the intensity of the light and the 
temperature of the water rise, increasing leaf temperature (Givnish 1987), which enhances the efficacy of 
pressured ventilation, while lowering leaf number results in more directed leaf flow (Richards et al. 2011). 

Nymphaea pubescens Biomass Allocation 

A plant's biomass represents the result of all metabolic processes that occur during a plant's growth (Poorter et al. 
2012; Kornijów et al. 2016). Plants are composed of several parts, which, according to Vymazal and Kröpfelová 
(2008), can be divided into two categories: aboveground (which includes all vegetative and reproductive parts 
above the soil surface) and underground (which includes all vegetative and reproductive parts below the soil 
surface) (roots, rhizomes, tubers, and others). The results showed that seed and root biomass allocation in N. 
pubescens differed depending on water depth. Still, a leaf, rhizome, and total plant biomass were not significantly 
different depending on water depth (Table 2B).  

The results of the calculation of the biomass of N. pubescens seeds were influenced by the depth of the 
water table (P < .0001, ANOVA), with the lower the weight of the biomass is obtained, the deeper the water table 
was. Zone I had the highest seed biomass, 221.8 ± 35.1 g DW m–2, while Zone IV had the lowest, 126.0 ± 13.8 g 
DW m–2 (Table 2B). The highest seed biomass occurred at a 28–95 cm depth, and the lowest at 55–124 cm. Both 
were in zone I (Table 2B.) Additionally, root biomass weight is impacted by water level (P < .0001, ANOVA), with 
the deeper water table resulting in greater root biomass weight. When measured at a depth of 28–95 cm in the 
zone I, the root biomass was found to be 76.8 ± 23.0 g DW m–2, but when measured at a depth of 55–124 cm in 
zone IV, the root biomass was found to be 147.3 ± 41.4 g DW m–2, the lowest root biomass ever recorded (Table 
2B). When comparing water depth levels, the root: leaf ratio did not change substantially, but the leaf: seed ratio 
and the root: rhizome biomass ratio did (P < .0001, ANOVA), with the ratio of both rising as water depth increased 
(Table 2C). 

A response of N. pubescens to variations in water depth is shown by changes in leaf morphology, which 
results in leaf biomass having no meaningful impact on environmental changes (Tables 2A, 2B). Increases in the 
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length and area of the leaf lamina, as well as a reduction in the number of leaves, are indicative of morphological 
adaptation in waterlily when the water depth varies (Richards et al. 2011). Aquatic plants elongate their shoots or 
young leaves in response to increased water depth and reestablish touch with the surrounding environment 
(Wang et al. 2014). When growing near the water's surface, plants need to acquire enough light, oxygen, and 
CO2 to exchange gases with the surrounding enviroment live and thrive (Vartapetian and Jackson, 1997). Plants 
are more capable of changing their morphology to adapt to their environment than they are of changing the 
allocation of plant components to adapt (Poorter et al. 2012).  

Table 2. (A) The area and quantity of leaves (leaves, flowers, and roots); (B) the biomass of leaves, seeds, roots, tubers, and 
total biomass; and (C) the leaf: seed and root: tuber biomass ratios of plants. N. pubescens is found in lebak swampland with 
water depths ranging from 28 to 95 cm (zone I), 28 to 99 cm (zone II), 54–112 cm (zone III), and 55–124 cm (zone IV). The 
P-value is the probability X2 of the GLM test, df = 3; a significant difference occurred when data were followed by letters in 

the same row (P < 0.05) 

Variable 

 

Water depth in each growth zone 
P 28–95 cm 

(zone I) 
28–99 cm 
(zone II) 

54–112 cm 
(zone III) 

55–124 cm 
(zone IV) 

(A)  
Leaf area (m2m–2) 

1.3 ± 0.6c 1.8 ± 0.7bc 2.1 ± 0.5b 2.7 ± 0.5a ˂.0001 

Quantity (m–2):     

Leaf     27.9 ± 7.6a 23.6 ± 6.7ab 18.1 ± 6.4b 18.0 ± 5.5b 0.0001 

Flower 20.4 ± 6.9a 21.1 ± 8.4a 18.9 ± 6.5ab 13.2 ± 5.0b ˂.0001 

Root  871 ± 335b 827 ± 289b 896 ± 333ab 925 ± 367a 0.0012 

(B) 
Biomass (g DW m–2):    

 

Leaf 104.2 ± 44.6a 114.1 ± 45.4a 117.4 ± 45.4a 112.2 ± 33.0a 0.7154 

Seed  221.8 ± 35.1a 193.4 ± 35.1b 168.1 ± 31.0b 126.0 ± 13.8c ˂.0001 

Rhizome 211.9 ± 62.3a 185.3 ± 46.2a 188.0 ± 69.2a 176.4 ± 61.6a 0.3370 

Root   76.8 ± 23.0c    79.8 ± 35.2bc  114.5 ± 43.9ab 147.3 ± 41.4a ˂.0001 

Total biomass  614.7 ± 81.2a 572.5 ± 93.3a 588.0 ± 80.2a 561.9 ± 72.2a 0.2203 

(C) 
Biomass Ratio:     

 

Root:Leaf 0.90 ± 0.51a 0.83 ± 0.63a 1.13 ± 0.57a 1.41 ± 0.50a 0.1345 

Leaf:Seed 0.48 ± 0.19c  0.60 ± 0.27bc 0.71 ± 0.25b 0.90 ± 0.28a ˂.0001 

Root:Rhizome 0.39 ± 0.15b 0.49 ± 0.34b  0.66 ± 0.29ab 0.97 ± 0.49a ˂.0001 
 

Seed biomass weight in N. pubescens decreases due to increasing water depth; the deeper the water 
surface is, the less seed biomass weight is produced by this species (Table 2B). Plants in their development need 
more energy to carry out morphological changes as a type of adaptation to changes in their environment when 
growing in water circumstances that experience a rise in water depth with significant volatility (Baastrup–Spohr et 
al. 2016). Furthermore, fluctuations in water level have been shown to directly affect the availability of light in 
water and the availability of oxygen in sediments (Raulings et al. 2010), which can, in turn, reduce nutrient 
concentrations (Lu et al. 2018; Zhang et al. 2019) and, consequently, have a direct influence on generative 
growth. The root biomass responded in various ways to the rise in water depth; the deeper the water surface, the 
heavier the root biomass, and the deeper the water surface, the more significant the increase in water depth 
(Table 2B).  

The water depth is the most critical ecological component that influences root development (Bai et al. 
2015). When the waterlily has a robust and healthy root system, it may grow and flourish even at greater depths 
below the water’s surface. Roots adapt to environmental changes, particularly variations in the number of 
nutrients in the sediment, by changing their structure and function (Huang et al. 2018). Adaptation to root growth 
may alter the allocation of biomass; the largest plant biomass is seen in well-drained situations, particularly for the 
roots, perhaps as a result of increased sediment oxygenation and leaf transpiration in these circumstances 
(Baastrup–Spohr et al. 2016). Increased biomass allocation to organs that exploit the most limited resources 
(Poorter and Nagel 2000) is another example of plant responses. This is particularly true for low nutrient 
concentrations, which drop with deeper water depths (Lu et al. 2018; Zhang et al. 2019). When it comes to 
growth, the waterlily is constrained by environmental conditions that influence the distribution of root and leaf 
biomass. For a plant to develop balanced, more biomass must be allocated to plant organs responsible for 
collecting scarce resources (Shipley and Meziane 2002; van Wijk et al. 2003). Carbon is captured by leaf organs, 
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whereas water and mineral nutrients are captured by roots (Shipley and Meziane 2002). The amount of biomass 
allocated to leaves and roots was unaffected by environmental variations caused by variances in water depth 
fluctuations (Table 2B), as did the root:leaf ratio (Table 2C). However, the allocation of root and leaf biomass is 
balanced at all depths of water, though. However, environmental variables affect the development of each of 
these organs; the waterlily can adapt effectively to changes in its habitat throughout its maturation. The leaf seed 
and root:rhizome ratios demonstrated the responsiveness of the biomass ratio to variations in water depth (Table 
2C).    

The ratio of organs on the water's surface, namely the ratio of leaves to seeds, and organs beneath the 
sediment, specifically the ratio of roots to rhizome, rises with increasing water depth. Leaves are photosynthetic 
organs that provide energy for survival, and part of that energy is transformed into seeds. The growing leaf 
biomass:seed ratio suggests that the environment promotes leaf development, but the allocation of floral organ 
synthesis diminishes as water depth increases (Tables 2B, 2C). As the depth of the water grows, the amount of 
energy needed for development increases as well, resulting in an automatic reduction in the amount of energy 
transformed into seeds. The root–to–rhizome ratio grew when the depth of the water was raised (Table 2C). 

As Chen (2007) points out, the most active root zone in a swampland, where physicochemical and 
biological activities occur. In a nutrient–limited environment, biomass allocation is preferred to the allocation of 
biomass to leaf organs, which serve as carbon fixing organs (Shipley and Meiziane 2000; van Wijk et al. 2003). In 
response to rising water depth, the more active roots grew larger. They produced more biomass (Table 2B), but 
biomass allocation to rhizome reduced as the water surface depth increased. Plants in a more complex 
environment need more energy to maintain a healthy balance between growth and the environment. It is possible 
to receive energy from food reserves in the form of rhizome; however, the deeper the water level is, the greater 
the number of food reserves that will be used (Table 2B). 

Figure 4. A. Interrelations of leaf area, B. Number of leaves, C. number of flowers, and D. number of roots and weight of 
biomass on N. pubescens growing from February to June 2019 in lebak swampland at a water depth of 28–95 cm (zone I), 

28–99 cm (zone II), 54–112 cm (zone III), and 55–124 cm (zone IV) 

 

Calculations of leaf area, leaf number, blossom number, and root number at various water depths revealed 
a favorable association with the weight of the biomass (Figure 4, Table 2). Each of these data for calculating leaf 
area was linked with varying leaf biomass and water level, albeit the connection deteriorated as water depth 
increased (R2 < 0.70, Figure 4A). Similarly, when seed weight is calculated about the number of blooms at 
various water levels, a slight association with increasing water depth is seen. At a 28–95 cm water level in zone I, 
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the connection between seed weight and flower number was quite good (R2 = 0.71), but it was weaker at a depth 
of 55–124 cm in zone IV (R2 = 0.47, Figure 4C). Calculations of leaf weight and the number of leaves revealed a 
perfect association at all various levels of water depth. Therefore a significantly positive correlation between root 
weight and the number of roots was discovered (R2 > 0.70, Figure 4B, Figure 4D). 

The water level is critical for N. pubescens, which has leaves that float above the water’s surface. 
Numerous activities occur at the water's surface, including photosynthesis, gas exchange, and other chemical 
accumulations (Tsuchiya 1991; Ritchie 2012; Ribaudo et al. 2012). Using a simple linear model, the allometric 
calculation data showed that leaf biomass was positively linked with leaf area but less correlated with increasing 
water depth (R2 < 0.70, Figure 4A). The increased leaf area can cause the water table to close (Table 2A). 
According to Ritchie (2012), a waterlily leaf in association with water can cover the water’s surface and fix one-
third of the maximum amount of carbon, even in the presence of limited nutritional resources. Even if the leaves 
that float on the water’s surface have a better photosynthetic capacity than land herbaceous plants, the leaves 
that float on the water’s surface have considerably lower biomass since their leaf area index is less than 3 m2m–2 
(Tsuchiya 1991). High photosynthetic capacity supported by high availability of resources such as sunlight, water, 
and carbon in floating leafy plants (Lacoul and Fredman 2006; Ritchie 2012) is not followed by the amount of 
biomass. 

It is determined by the availability of resources in the environment, which is connected to the depth of the 
water and how aquatic plant biomass is distributed between the aboveground and subsurface sections. According 
to Bloom et al. (1985), an ideal pattern of biomass allocation occurs when the growth limiting variables in the 
aboveground and subterranean parts are balanced, or what is sometimes referred to as the optimal partition 
theory (Poorter and Nagel 2000; van Wijk et al. 2003; Shipley and Maziane 2002; Pooter et al. 2012). It is 
generally accepted that the percentage of total biomass in the aboveground region decreases as water depth 
increases. Still, the total biomass in the subterranean area tends to rise as water depth decreases (Table 3, 
Figure 5A).  

Table 3. The ratio between aboveground (A) of leaf and seed biomass and underground (U) of root and tuber biomass of N. 
pubescens growing in lebak swampland in zones with water table depths between 28–95 cm (zone I), 28– 99 cm (zone II), 
54–112 cm (zone III), and 55–124 cm (zone IV). The P-value is the probability ˃ x2 of the GLM test, df = 3; data followed by 

letters in the same row is a significant difference (P ˂ 0.05) 

Variabel 

Water depth in each growth zone 

P 28–95 cm 
(zone I) 

28–99 cm 
(zone II) 

54–112 cm 
(zone III) 

55–124 cm 
(zone IV) 

A (g DW m–2)  297.6 ± 42.9a    240.8 ± 48.6b    190.5 ± 62.0c   143.2 ± 33.9d 
 

˂.0001 

U (g DW m–2)  288.8 ± 137.3a    265.0 ± 90.7a 296.9 ± 185.9a  323.6 ± 141.6a 0.7749 

Ratio A:U    1.25 ± 0.61a      1.02 ± 0.41ab 0.85 ± 0.51ab  0.54 ± 0.27b 0.0032 

Figure 5. The proportion of biomass from each plant component in the total biomass of N. pubescens growing in lebak 
swampland with water depth zones ranging from 28–95 cm (zone I) through 28–99 cm (zone II), 54–112 cm (zone III), and 

55–124 cm (zone IV) (zone IV). The precision of data samples aboveground (leaf and seed biomass) and underground 
(rhizome and root biomass). A = average value; B = average relative allocation of each plant portion in each data set for all 

plant biomass m–2 

 
 



Journal of Environmental Management and Tourism 
 

1387 

 

The observed percentage of biomass in the aboveground segment (leaves and seeds) was significantly 
different from the water depth level (P < .0001, ANOVA). In contrast, the proportion of biomass in the 
subterranean section did not vary substantially from the water depth level (P > 0.77, ANOVA) (Table 3). The 
biomass proportion in the aboveground section (28–95 cm in zone I, 28–99 cm in zone II, 54–112 cm in zone III, 
and 55–124 cm in zone IV) is 53.1 percent, 53.7 percent, 48.6 percent, and 42.4 percent, respectively; in the 
underground section, the biomass proportion is 46.9 percent, 46.3 percent, 51.4 percent, and 57.6 percent (Table 
3, Figure 5B). The aboveground and underground biomass ratios were dramatically varied (Table 3). The A:U 
biomass ratio decreases with increasing water depth (28–95 cm in zone I = 1.25 ± 0.61, 38–99 cm in zone II = 
1.02 0.41, 54–112 cm in zone III = 0.85 ± 0.51 and 55–124 cm in zone IV = 0.54 ± 0.27). 

Although the allocation of leaf biomass from total biomass is positively linked with water depth (y = 0.9x + 
17, R2 = 0.60, Figure 6A), the greater the water level, the more biomass assigned to the leaf; similarly, root 
biomass allocation increased as water depth rose, and the correlation between biomass and water depth was 
quite strong (y = 4.5 + 7, R2 = 0.93, Figure 6C). Biomass assigned to seeds and rhizome were significantly linked 
with water depth, with seed correlation (y = –4.63x + 41.8, R2 = 0.96, Figure 6B) and tuber correlation (y = –0.97x 
+ 35, R2 = 0.83, Figure 6D), indicating that as water depth rises, biomass allocated to seeds and rhizome declines 
(Figures 6B, 6D). 

Each plant component's response N. pubescens has a unique response to its environment, which is 
reflected in the total biomass contribution. A high biomass contribution indicates that the organ is highly 
metabolically active, while a low biomass contribution indicates that the organ is hypotonic (Kornijów et al. 2016). 
Aboveground leaves and seeds respond differently to their environment. Although the correlation was weak, the 
greater the water depth, the greater the leaf biomass (Figure 5, 6A).  

Figure 6. The correlation between the biomass of each plant part of N. pubescens with the depth of lebak swamp water 
between 28–95 cm (zone I), 28–99 cm (zone II), 54–112 cm (zone III), and 55–124 cm (zone III) zone IV). The accuracy of 

the data sample is the ratio of biomass, A = leaves, B = seeds, C = roots, and D = rhizome 

 
 

The rise in biomass allocation with increasing water depth was accompanied by an increase in leaf area seven 
though the leaves dropped with increasing water depth (Table 2A). The rapid production of new leaves and the 
fall of old leaves almost certainly contributed considerably to the rapid cycle of floating leaf plant biomass 
(Tsuchiya 1991). A similar contribution to the proportion of seeds is a productive component that contributes to 
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the total biomass up to 36.1% at a depth of 28–95 cm in the zone I, and the biomass declines as the depth of the 
water increases (Figure 5B, 6B).  

The production of flowers and fruits in the presence of high–water depth, according to Brock et al. (1983), 
influences biomass re–allocation, even if it only contributes around 3% of the total biomass. Water levels are 
increasing, which has an impact on the amount of biomass available, as well as the availability of resources in 
general, and carbon from the atmosphere in particular (Čížková–Končalová et al. 1992; Blanch et al. 1999; Huber 
et al. 2012), oxygen (Crawford 1992; Casanova and Brock 2000), nutrition (Kornijów et al. 2016). Because of the 
restricted availability of resources, plants devote higher or proportionately more significant quantities of resources 
to structures that collect limited resources to maximize waterlily productivity. 

Nymphaea pubescens rhizomes are a component of the plant that contribute to the provision of energy for 
vegetative development and propagation (Twilley et al. 1985), as well as the acceleration of shoot growth (Miao et 
al. 2000; Maceka et al. 2006). A strong favorable relationship exists between biomass allocation in the rhizome 
and increases in water depth, since N. pubescens demands more energy at deeper water surfaces, which 
ultimately leads to a greater consumption of carbohydrates (Figure 6D). In accordance with Deegan et al. (2007), 
as water depth increases, the oxygen supply to the bottom decreases, causing plants to extend the length of the 
diffusion flow channel by using more carbohydrate reserves stored inside their rhizomes. Adaptations in biomass 
allocation arise as a result of plants' natural inclination to allocate carbohydrates to more active tissues in the 
process of photosynthesis (Barko et al. 1991) and continue to grow new leaves in order to reach the surface of 
the water (Čížková–Končalová et al. 1992). Plant anchoring capability is reduced due to reduced biomass 
allocation to rhizomes as a result of increased water depth (Coops et al. 1996) and have less biomass at deeper 
water levels (Richards et al. 2011). The rhizome of N. pubescens are densely packed with roots, making them 
ideal for rooting. The portion of the plant that may boost growth and decide plant survival is the root system.  

The allocation of biomass to roots is regulated by the depth of the water; the greater the depth of the water, 
the considerably greater the root biomass allocation (Table 2B, Figure 6C). In the study by Wei et al. (2019), the 
researchers discovered that when there is a change in water availability, the roots are the component at lesser 
risk of being damaged than the allocation to the shoots. Plants may store carbohydrates more safely and 
establish a more secure anchor when there is a more significant accumulation of biomass in the roots due to the 
higher accumulation of biomass in the roots under often disturbing situations (Puijalon et al. 2008; Poorter et al. 
2012). For the maintenance, healing, and development of new shoots and shoots once they have sprouted, more 
resource storage and more excellent anchoring would be desirable. Compared to deeper water levels, lebak 
swampland has a greater fertility rate at lower water depths. According to Alwi and Tapakkrisnanto (2017), 
shallower swampland soils are comprised of river deposits (fluviatile) that do not include sulfidic/pyrite materials. 
Still, deeper swampland soils are composed of a sulfidic layer composed of marine deposits (sulfidic layer). 
Plants often grow more extensive root systems as a means of coping with nutrient–deficient situations (Chapin 
1980). 

According to Brouwer (1963), in plants that receive insufficient nutrition, an increase in the allocation of 
resources to roots occurs. The water depth also impacts the amount of sunlight reaching the roots, which affects 
their shape and biomass (Riis et al. 2012). Low light levels deplete the soil's biomass. The shallow water regime 
exerts substantial influence over some Nymphaeid species that are thought to be tolerant of a particular range of 
water level fluctuations (Paillisson and Marion 2011). 

The ratio of aboveground to underground biomass varies significantly according to water surface depth 
(Table 3); the deeper the water level, the lower the resultant ratio. The A:U biomass ratio of N. pubescens was 
between (0.54 ± 0.27) – (1.25 ± 0.61), which was within the range established by Brock et al. (1983) for N. 
peltate, which is 0.3–2.85. Plants alter their resource allocation to the network aboveground and underground due 
to environmental gradients resulting from disturbance and resource availability in the environment (Nohara and 
Tsuchiya 1990).  

Conclusion 

Nymphaea pubescens have prominent leaves on the water’s surface where photosynthesis takes place, 
distinguishing it from other species. Plants growing in shall more significantly have more leaves, but they are 
narrower than plants growing in deeper waters. Plants allocate the most significant amount of biomass and 
produce many blooms when the water level is shallow. In zone I, the ideal water depth for seed–producing plants 
is 28–95 cm, while in zone II, the optimal water level is 28–99 cm. The organization of the percentage of biomass 
for the development of shoots and roots was different, even though the total biomass was not statistically 
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different. Waterlily growing in shallower water depths had larger biomass allocations for seeds and lower biomass 
allocations for roots. Root biomass increased significantly as the depth of the water body increased.  
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