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Abstract

:

The effects of harvesting intensity on the growth of Hydrilla verticillata (L. fil.) Royle as well as water quality were studied in controlled experiments to provide a reference for managing submerged vegetation and purifying the water. The results showed that harvesting had a significant effect on the recovery of shoot growth and H. verticillata height. The harvested group recovered completely or mostly after two harvests, but the recovery time was significantly longer than the control group. The final biomasses of the harvested groups (15%, 30%, 45%, 60%, and 75% harvested) decreased to 66.61%, 49.13%, 43.95%, 43.77%, and 29.94% of the control group, respectively. The greater the harvesting intensity, the fewer the winter buds. Harvesting reduced the number of H. verticillata branches. Repeated harvesting at medium and low intensities during the rapid growth of H. verticillata effectively improved the water quality and inhibited the propagation and growth of phytoplankton. These results show that harvesting controlled the growth of H. verticillata, and that medium and low harvesting intensities were best when considering water quality.
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1. Introduction


Submerged macrophytes are the main primary producers in shallow lake ecosystems where they help maintain the stability of the ecosystems [1]. Their growth and reproduction absorb large amounts of nutrients from the environment and provide space for microorganisms. In addition, submerged macrophytes improve the surrounding environment by secreting oxygen and organic acids [2]. Water quality has improved and the aquatic ecosystem has been restored by planting submerged plants in West Lake [3], Donghu [4], and Qinhu [5,6]. Submerged macrophytes have also been used as an ecological remediation measure to control eutrophic lakes, and reasonable harvesting of submerged macrophytes is an important part of management [7]. Reasonable harvesting of plants during growth can effectively reduce the concentrations of nutrients in lakes, thereby improving lake water quality [8,9]. At the same time, harvesting can effectively control secondary pollution and swamping in lakes caused by the excessive growth of submerged macrophytes [10].



Managing the harvesting of submerged macrophytes to control lake water quality has attracted the attention of researchers worldwide [11,12,13]. Harvesting has been used as an effective measure to manage submerged macrophytes in developed countries, such as the United States and the United Kingdom [14]. The harvesting and management technology for submerged macrophytes involves harvesting the pant at different harvesting intensities and transporting them to the shore through mechanized or manual labor [15]. Mechanical harvesting is a fast and efficient way to remove harmful macrophytes and improve water quality in shallow lakes [8]. However, the artificial harvesting of lake-submerged macrophytes only removes the top parts of the plants, and the harvesting effect lasts only for a short time but has a high labor cost. Additionally, the harvesting season must be carefully determined to avoid the growing season of the plants. Harvesting management of submerged macrophytes in different akes types should be flexible so that the appropriate harvesting method can be selected according to the need [16]. Different types of submerged macrophytes have different growth characteristics, different effects on bodies of water, and different optimal harvesting times and intensities. Previous research on three aquatic plant species showed that aquatic plants differ in their ability to absorb and control the effects of nitrogen and phosphorus, and they also have different optimal harvesting times. Increasing the number of harvests can make a significant difference in water quality and plant growth [17]. Harvesting will affect the competition among different species; thus, affecting the growth and reproduction of the aquatic plants. After the high-intensity harvesting of Potamogeton crispus L., the dominant benthic species changed from a clean species to a medium-polluting species. Over-intensive harvesting leads to higher nutrient levels in the water and increases the distribution and number of medium-polluting species [18]. The growth of P. crispus is inhibited under medium-intensity harvesting; thus, promoting the growth of Elodea nuttallii (Planch.) H. St. John, and improving its interspecicific competition position [19]. Harvesting at medium and low intensities from August to late September did not significantly affect the asexual reproduction of Myriophyllum spicatum L., indicating that it would not affect the long-distance expansion of their population, but high-intensity harvesting significantly inhibited the production of M. spicatum asexual propagules which would limit population expansion [20]. The greater the harvesting intensity of Myriophyllum aquaticum (Vell.) Verdc., the shorter the remaining main stem, the more restricted the growth, and the fewer new buds, resulting in a decrease in the number of branches and buds. Furthermore, plant heights were shorter and plants had fewer branches with higher harvesting intensities [7]. In addition, sustainable harvesting of submerged macrophytes helps manage phytoplankton biomass and reduces the accumulation of waste at the bottom of the lake [21].



Hydrilla verticillata (L. fil.) Royle is often used in ecological restoration projects, and recent research has focused on its growth characteristics, purification ability, and resistance to stress [22,23]. The effect of biosorption of heavy metals has also been studied [24], but less has been reported on harvesting. This study investigated the changes in H. verticillata growth indices as well as the environmental water quality characteristics before and after harvesting. This empirical study will serve as a reference for the development of submerged macrophytes management strategies.




2. Research Methods


2.1. Experimental Design


The H. verticillata seedlings used in the experiment were collected from the shallow lakes in the middle reaches of the Yangtze River Basin in China. The experiments were conducted outdoors on the water environment ecological restoration platform of Hubei Normal University from June to November 2018. The experiments were carried out in uncovered round translucent plastic vats (70 cm in height and 40 cm in diameter). Each vat was planted with 40 H. verticillata sprigs (10 ± 1 cm). Qingshan Lake sediment (total phosphorus: 1201.77 mg/kg, total nitrogen: 620.74 mg/kg, organic matter: 71.32 mg/kg) was used as the substrate, and the vat was slowly filled with lake water (mean water temperature: 25.24 °C, dissolved oxygen: 16.81 mg/L; specific conductance: 226.71 μS/cm; salinity: 0.34 psu; oxidation-reduction potential: 121.51_mV; hydrogen potential: 8.15) filtered of algae. The experimental harvesting intensities were 15%, 30%, 45%, 60%, and 75% of the plant height. A non-harvested group was maintained as the control group. Three parallel vats were set up for each treatment group, and a total of 18 plastic vats were used throughout the experiment (Figure 1).



The top branches of H. verticillata were planted to growth. When the coverage in the bucket reached 50%, the H. verticillata growth index was comprehensively assessed, and the H. verticillata was harvested by height according to the harvesting intensity. Any residual plant debris was removed after harvesting. Once the plant coverage in the vat returned to 50%, it recovered. The growth indices of H. verticillata were comprehensively assessed before the next harvesting; the number of H. verticillata winter buds was recorded at maturation and the biomass of H. verticillata was measured upon entering the dying stage. H. verticillata was harvested twice (6 August and 15 September 2018) and the relevant experimental data were recorded for analysis.




2.2. Determination of H. verticillata Growth Indices


Nine H. verticillata plants were selected from each vat, and their growth indices were determined separately. The initial plant height was measured before planting, and again every 5 d after harvesting. The number of branches was counted every 5 d. Finally, nine H. verticillata were randomly selected to count the number of winter buds. The number of dead plants was recorded every 10 days. The fresh and dry weights of H. verticillata were measured on 6 August, 15 September, and 16 December 2018.




2.3. Determination of Water Quality Indicators


The indicators included total nitrogen (TN), total phosphorus (TP), orthophosphate (PO43-P), the permanganate index (CODMn), chlorophyll a (Chl-a), colored dissolved organic matter (CDOM), and suspended solids (SS). Water quality was assessed before harvesting, and the indicators were measured again on day 30, 60, and 90 after harvest. The specific methods for determining the water quality indicators can be found in “Water and Wastewater Monitoring and Analysis Methods” (4th edition) (Table 1) [25].




2.4. Data Processing


The data were analyzed using SPSS 23.0 statistical software (SPSS Inc., Chicago, IL, USA). One-way analysis of variance (ANOVA) was performed to compare the groups. A p-value < 0.05 was considered significant, and p < 0.01 was considered extremely significantly different. The Shapiro-Wilk test and Levene’s test for normality and the chi-square hypothesis (p > 0.05) for the morphological and water quality data of H. verticillata were performed before the statistical analysis. If the assumptions of normality or the chi-square could not be met, the data were transformed and ANOVA was followed by Tukey’s multiple comparison test.





3. Results and Analysis


3.1. Changes in Growth Indicators


3.1.1. Branch Recovery and Biomass


Harvesting compromised the growth of H. verticillata, with significant effects on biomass, plant height, and shoot recovery (Figure 2). The growth of H. verticillata branches was affected to different degrees at all harvesting intensities, and the main branches stopped growing, which led to the germination of new buds on side branches. On day 20 after the first harvest, the low-intensity group had recovered and exceeded its pre-harvest level, with recovery lengths of 19.85 cm and 20.70 cm, respectively, but no canopy had formed. The 45% intensity harvesting group displayed full branch recovery. However, branch recovery was significantly slower in the high-intensity harvesting group than in the medium and low-intensity harvesting groups, with recovery rates of 72% and 66% in the high-intensity harvesting group, respectively. On day 40 after the first harvest, the branches of the 15–60% harvesting groups had completely recovered to their pre-harvest levels, but the plant heights showed a decreasing trend with increasing harvesting intensity at 83, 73, 71, and 63 cm, respectively. The 75% harvesting group had a branch recovery rate of 97.74%. On day 40 after the second harvest, the final plant height of the control group was 113 cm, and a thick canopy had formed on the surface of the water. All H. verticillata branches in the 15% harvesting group had recovered to their pre-harvesting state, and plant height reached 88 cm, which was significantly different from the control group (p < 0.05), but no canopy had formed on the water surface. The recovery rate of the branches in the 30%, 45%, and 60% harvesting groups was 100%, but the plant heights decreased sequentially according to harvesting intensity and were 78, 71, and 64 cm, respectively. Notably, the recovery rate of branches in the 75% harvesting group was only 96.55% and plant height was 56 cm.



Significant differences were observed in the biomasses of the harvested groups and control group (p < 0.05) (Figure 3). By the end of the second harvest, the biomass (dry weight) of the 15% harvesting group had increased to 7.03 times its initial weight, while the biomasses of the 30–75% harvesting groups were significantly lower at only 3.54, 2.42, 1.15, and 0.97 times their initial weights, respectively. The increased biomasses in the harvesting groups were significantly less than that in the control group. The final H. verticillata biomass decreased significantly with increasing harvesting intensity, and the final biomass in the control group was the largest. The final biomasses of the 15–75% harvesting groups were 66.61%, 49.13%, 43.95%, 43.77%, and 29.94%of the control group, respectively.




3.1.2. Number of Branches


The number of H. verticillata branches differed under the different harvesting intensities (Figure 4). The number of branches in the control group was the highest, reaching 2.78 per plant, while the numbers of branches in the 15–75% harvesting groups were 2.39, 1.83, 1.67, 0.94, and 0.17 per plant, respectively. The greater the harvesting intensity, the fewer main stems remained and the fewer new buds sprouted, resulting in a decrease in the number of branch buds. Furthermore, re-germinated H. verticillata from the roots grew at a slow rate.




3.1.3. Number of Winter Buds


Harvesting affected the number of H. verticillata winter buds (Figure 5). By the end of the experiment, the control group had the largest number of winter buds at 1.44 per plant; while the 15–75% harvesting groups had 1.19, 0.96, 0.78, 0.74, and 0.30 per plant, respectively. The number of H. verticillata winter buds decreased significantly with increasing harvesting intensity, and the number of winter buds in the 75% harvested group was the lowest.





3.2. Changes in the Suspended Solids in Water


Harvesting H. verticillata had a significant effect on SS (Figure 6). Significantly fewer SS were detected in the control group than in the harvesting groups, and the greater the harvesting intensity, the greater the increase in SS. The SS concentration changed significantly during harvesting. The SS concentrations in the medium and high-intensity harvesting groups were higher than that in the low-intensity group, and the SS concentration in the harvesting groups increased with time after harvesting. The SS concentration increased significantly with the increase in the number of harvests over time. The increases in SS concentrations in the harvesting groups from the second harvest until the end of the experiment were significantly higher than those after the first harvest; the SS concentration in the high-intensity harvesting group was always higher than that of the low-intensity harvesting group; the SS concentration in the low-intensity harvesting group tended to decrease after harvesting.




3.3. Changes in the Water Nutrients


3.3.1. Total Nitrogen


The different harvesting intensities had significant effects on the TN concentration (Figure 7). TN remained low in the control group and was lower than that in the harvesting groups throughout the experiment. The low-harvesting intensity groups (15% and 30%) had the lowest TN concentrations, and the medium and high-intensity harvesting groups (>45%) had significantly higher TN concentrations than the low-intensity harvest groups. After harvesting, the TN concentrations in the medium and low-intensity harvesting groups decreased slightly for some time. These results show that the higher the harvesting intensity, the higher the TN concentration, and the high-intensity harvesting group maintained the highest TN concentration.



On day 4 after the first harvest, the TN concentrations in the low-intensity harvesting groups were 0.34 and 0.35 mg/L, and the TN concentrations in the medium and high-intensity harvesting groups were 0.42, 0.49, and 0.57 mg/L, respectively. On day 40 after harvesting, the TN concentrations in all harvesting groups were significantly higher than those on day 4 after harvesting. The concentrations in the low-intensity harvesting groups were 0.94 and 0.96 mg/L, which were 2.7 times their initial concentrations, while the TN concentrations in the medium and high-intensity harvesting groups were 1.53, 1.58, and 1.75 mg/L, which increased by 3.6, 3.2 and 3.1 times, respectively. On day 20 after the second harvest, the TN concentrations in the medium and low-intensity harvesting groups were lower than the pre-harvest levels, with concentrations of 0.53, 0.62, and 0.89 mg/L, respectively, while the TN concentrations in the 60% and 75% intensity harvesting group were 1.30 and, 2.20 mg/L respectively, which was the highest of all of the groups.




3.3.2. Total Phosphorus


Harvesting H. verticillata had effects on the TP concentrations of the experimental water, and the changes in TP were different under the different harvesting intensities (Figure 8). After harvesting, the TP concentration in the control group was significantly lower than those in the groups. The greater the harvesting intensity, the higher the TP concentration in the water. Initially, harvesting caused a slight decrease in the TP concentration, but the TP concentration increased with increasing harvesting intensity and the effect became more pronounced over time. The TP concentrations in the medium and low-intensity harvesting groups were significantly lower than that in the high-intensity harvesting group. In the low-intensity harvesting group (≤30%), the rates of decrease in TP reached 83% and 84%, and the TP rate of decrease was lower in the medium and high-intensity harvesting groups.




3.3.3. Orthophosphate


Different harvesting intensities had different effects on PO43-P concentration in the experimental water (Figure 9). The PO43-P concentration increased with increasing harvesting intensity, and the PO43-P concentrations in the medium and low-intensity harvesting groups were significantly lower than that in the high-intensity harvesting group, but lower than the control group. After the first harvest, the PO43-P concentration in the harvesting groups exhibited an upward trend and peaked on day 20 after harvesting. On day 20 after the second harvest, the change in PO43-P concentrations in the harvested groups exhibited the same trend as after the first harvest, and the PO43-P concentration in the harvesting groups peaked at a similar maximum value. After harvesting, the PO43-P concentration trended upward with harvesting intensity, i.e., higher harvesting intensities produced more of a change. The concentrations of PO43-P in the medium and low-intensity harvesting groups were always lower than that in the high-intensity harvesting group. By the end of the experiment, the PO43-P concentration in the 75% intensity harvesting group was 0.078 mg/L, while the concentrations in the other harvesting groups and the control group were significantly lower.





3.4. Changes in the Water Organic Matter


3.4.1. Permanganate Index (CODMn)


The CODMn index was significantly different under the different harvesting intensities (Figure 10). The change in the CODMn index in the low-intensity harvesting group was greater than that in the medium and high-intensity harvesting groups. The higher the harvesting intensity, the higher the CODMn index. The CODMn index decreased slightly after harvesting in the medium and low-intensity harvesting groups, but the CODMn index generally trended upward with harvesting time. After two harvests, the CODMn index of the high-intensity harvest group increased significantly and remained above 14 mg/L. The CODMn index of the medium and low-intensity harvesting groups tended to increase, but changed little overall. The CODMn index also changed with harvesting intensity. The CODMn index value of the low harvesting intensity group was always lower than that of the medium and high-intensity harvesting groups, and the higher the harvesting intensity, the higher the CODMn index.




3.4.2. Colored Dissolved Organic Matter


The CDOM concentration was significantly different under the different harvesting intensities. The CDOM concentrations in the medium and high-intensity harvesting groups were significantly higher than that in the low-intensity harvesting group (Figure 11). The CDOM concentration in the 75% intensity harvesting group was the highest, reaching 32.50 µg/L, whereas the CDOM concentrations of the 15%, 30%, 45%, and, 60% intensity harvesting groups were 13.23, 13.93, 15.28, and 15.35 μg/L, respectively, while the control group was only 13.00 µg/L. The CDOM concentrations in the harvesting groups increased by 2.1%, 7.2%, 17.5%, 18.1%, and 150.0%, respectively compared with the control group.





3.5. Chlorophyll a


Harvesting H. verticillata resulted in a significantly fluctuating concentration of Chl-a in the experimental water (Figure 12). The Chl-a concentration increased initially after the first harvest, but decreased over time. In the low-intensity harvesting group, the Chl-a concentration remained low during the experimental period. The concentrations of Chl-a in the medium and high-intensity harvesting groups showed a periodic change of “low-high-low”, and were significantly different from those of the medium and low-intensity harvesting groups. After the second harvest, the Chl-a concentration in the high-intensity harvesting group remained at a consistently high level and was significantly higher than those in the medium and low-intensity harvesting groups. By the end of the experiment, the Chl-a concentrations in the water of the harvesting groups had increased by 2.56%, 2.03%, 1.15%, 6.76%, and 17.89%, respectively, compared with the control group.





4. Discussion


4.1. Effects of Harvesting on the Growth and Reproduction of H. verticillata


Harvesting intensity and harvest frequency will affect the growth and recovery of H. verticillata. A total of two harvests were carried out during the experiment. No death of H. verticillata occurred in any of the harvesting groups in the first harvest, but there were differences in the recovery ability of H. verticillata under the different harvesting intensities (Figure 13 and Figure 14). In our experiment, H. verticillata could recover or exceed the pre-harvest levels in a relatively short period of time under moderate and low-intensity harvesting, which was similar to the study by Zuo et al. [26]. In addition, the recovery of submerged plants after harvest is closely related to the growing season, climate, resources, growth characteristics, nutrient reserves and other factors [21,26,27]. The temperature of submerged plants changes slowly and stably. The influence of temperature on submerged plants is less than that on land plants, but its influence on the seasonal growth of submerged plants is still obvious. The study of Chen et al. showed that the growth of H. verticillata was vigorous at 25 and 35 °C, but was inhibited at low temperatures (5 °C) [28,29,30]. In our experiment, the recovery ability of H. verticillata was significantly decreased, and the recovery time was significantly prolonged after the second harvest. The reason may be that the first harvest was in early August and the second harvest was in mid-September. The difference in harvest time led to differences in water temperature, air temperature, and other factors, which affect the growth recovery of H. verticillata after the second harvest [20]. The choice of harvesting time had a significant effect on the growth and recovery of H. verticillata. When harvesting was conducted during a suitable growth period, with suitable water and air temperatures, H. verticillata was able to quickly recover to pre-harvest levels after harvesting. When harvesting was conducted during the slowly growing period of H. verticillata, or in the low-temperature season, environmental factors such as water temperatures have not reached the optimal combination [31], and high-intensity harvesting made it difficult or impossible for the growth of H. verticillata to recover.



No mass mortality of H. verticillata was observed under different harvesting intensities, but a significant effect on plant height and branch growth (Figure 13). branches accelerated and new apical branches were formed. When the harvesting intensity is high, H. verticillata mainly sprouted new branches from the base to replace the original main lotus to form new top branches [31], and the branches that sprout from the base after harvesting become the most vigorous parts [26]. Because harvesting causes damage to plant tissue and the harvested plant will not have the ability to transport nutrients from the stem, which promotes new branches of H. verticillata will mainly germinate from the base [32]. However, as H. verticillata is a canopy-submerged plant with rapid growth and most of its biomass is mainly allocated to photosynthetic tissues [33], a large number of branches and leaves are easy to form a large canopy on the water surface and have strong competition for light and space [34,35,36]. Therefore, harvesting effectively reduces the concentration of H. verticillata biomass on the surface of the water and plays a better purification and landscape effect. At the same time, the canopy can reduce the shade of light and promote the growth of submerged plants in the lower layer [37,38]. The final plant height was highest in the control group, reaching 113 cm, where a canopy formed on the water surface. However, no canopy was formed on the water surface in the harvesting group. No branches sprouted at the bases of the harvested plants in the control group and in the medium and low-intensity harvesting groups. The number of basal branches after two harvests was higher. in the high-intensity harvesting group than in the medium and low-intensity harvesting groups due to fewer remaining residual branches. These results indicated that harvesting intensity had an inhibitory effect on canopy formation and branch growth.



Medium and low-intensity harvesting did not have a significant effect on the regenerating ability of H. verticillata, and these lower harvesting levels were actually beneficial to the growth of H. verticillata (Figure 14). However, with the increase of harvesting intensity, the final biomass of H. verticillata decreased as harvesting intensity increased. In the three harvesting treatments, except for the first time in the high-intensity group, the maximum fresh weight of the other two occurred in the moderate and low-intensity harvesting groups, and the fresh and dry weights decreased with increasing harvesting intensity, which was similar to the study by Xu et al. [39]. At the end of the experiment, the H. verticillata biomass of all harvested groups exhibited overall decreases in final biomass. This was similar to the results of Yan et al. [18]. who reported that high-intensity harvesting inhibits plant biomass accumulation. However, in the study of Zuo et al., it was found that the relative growth rate of the dry mass of Myriophyllum spicatum L. showed a decreasing trend after continuous harvesting under different harvesting intensities, which may be related to continuous harvesting and the gradual decline of temperature [20].



Asexual reproduction is the main mode of reproduction, submerged plants can acquire nutrients through asexual reproduction, and population expansion in submerged macrophytes. As well, it plays an important role in population continuity [40]. But it is not the only mode. Vegetative reproduction is also a common reproductive mode in submerged macrophytes, but it is affected by factors such as water transparency and sediment [41]. The main ways of asexual propagation of H. verticillata are broken branches and winter buds [42,43,44]. In this study, H. verticillata mainly relied on the production of winter buds for asexual reproduction. The correlation coefficient between harvesting intensity and the number of winter buds was as high as 0.92. It is because harvesting reduced the number of stem nodes of H. verticillata, and H. verticillata invested most of its energy into plant recovery after harvesting, which reduced the formation of winter buds. This affected the number of new winter buds, while it did not directly result in the complete disappearance of all winter buds. So a certain intensity of harvesting would restrict the expansion of the H. verticillata population to a certain extent.




4.2. Effects of Harvesting H. verticillata on Water Quality


The effects of removing submerged macrophytes on SS occur mainly through the interception and adsorption of roots, leaves, and resistance to flow resistance, which reduces the flow velocity and promotes the SS to settle [45]. The harvesting disturbed the water body, causing the SS to adsorb on the H. verticillata leaves and that settled on the bottom to re-enter the water body. The greater the harvesting intensity, the greater the disturbance to the water body. The SS of each harvesting group decreased slightly with the passage of harvesting time, but by the end of the experiment, the increases in SS reflected the increases in harvesting intensity by the end of the experiment (Figure 15).



Excesses of nutrients such as nitrogen and phosphorus in the water, lead to deteriorated water quality, increased turbidity, and reduced light penetration, which can kill submerged macrophytes and further deteriorate the water quality. Nitrogen and phosphorus are essential nutrients for the growth of aquatic plants. Submerged macrophytes can remove large amounts of nitrogen and phosphorus from the water through assimilation, adsorption, and synergistic relationships with attached microorganisms [46]. It has been shown that most submerged macrophytes will greatly contribute to the removal of nitrogen and phosphorus from eutrophic lakes [47]. The study by Fu et al. [48]. showed that, among various species of aquatic plants, H. verticillata had the best pollutant-purifying effect towards pollutants in eutrophic bodies of water. Most submerged macrophytes contribute greatly to the removing nitrogen and phosphorus from eutrophic lakes [47]. This experiment showed that the harvesting of H. verticillata had a significant impact on the nitrogen, phosphorus, and other nutrients in the water body, which also significantly affected water quality (Figure 16), similar to the study by Zheng and Zhao [49,50]. Harvesting caused significant differences in the concentrations of TN, TP, and PO43-P in water. During the entire experiment, the greater the H. verticillata harvesting intensity, the higher the nutrient concentrations, but that is just the overall pattern. Restoring submerged macrophytes combined with effective harvest management can greatly improve water quality [51] In this experiment it was found that the nutrients in the harvesting groups increased rapidly and the turbidity of the water increased after harvesting. Then the nutrient contents decreased steadily and returned to lower levels, and water transparency increased. These significant changes were closely related to the release of nitrogen and phosphorus and the recovery of the growth of H. verticillata. After the harvesting of H. verticillata, the decay of the plant residues, stems, and leaves in the water body releases nitrogen, phosphorus, and other substances [50]. Thus, this release of nutrients had a strong effect on the water quality over a short time [52].



Aquatic plants affect light transmission through coverage, which regulates the temperatures at the bottom of the water body creating a temperature difference between the surface and bottom water. Lower temperatures will slow the release of nutrients [53,54]. Harvesting reduces the water surface coverage by H. verticillata, which increases the temperature at the bottom of the water body and accelerates the release of nutrients into the sediment. In our experiment, harvesting disturbs the H. verticillata and the water body, and the particles attached to the surface of the plants and in the sediment re-enter the water, which also significantly increases the concentrations of nitrogen, phosphorus, and other substances, and causes the water quality to degrade. This experiment also showed that low-intensity harvesting resulted in a smaller disturbance and facilitated the maintenance of good water quality. In addition, the amount of nitrogen and phosphorus removed by multiple low-intensity harvests was more than that taken away by one harvest. This finding shows that a lower harvesting intensity and a reasonable number of harvests result in the largest water quality improvement, similar to Verhofstad’s study [55]. Therefore, in the management of submerged plants, it is necessary to carry out reasonable and effective management of the intensity and frequency of harvesting, which will help improve water quality [49,51].



In addition to the adsorption of nutrients, H. verticillata also controlled algal growth (Figure 17). The Chl-a concentration in the water serves as a comprehensive index of the number of algae in a lake and is the main evaluation index for eutrophication. This experiment showed that the greater the H. verticillata harvesting intensity, the more algal blooms in the water, and the higher the Chl-a concentration. The Chl-a concentration only increased temporarily under low-intensity harvesting, and the increase was not obvious. Subsequently, the Chl-a concentration quickly stabilized and decreased below the pre-harvest levels. The Chl-a concentration under medium and high-intensity harvesting was significantly higher than in the control and low-intensity harvesting groups, and the high concentrations persisted for a long time and did not return to the pre-harvest levels. The first harvest was in August when the temperature was higher, which meant that the algae in the medium and high-intensity harvest groups flourished. Chl-a was well controlled by the second harvest, and water quality recovered well. However, when H. verticillata entered a slow growth period and the temperature was lower after the second harvest, the improvements in water quality following the harvest were weaker than after the first harvest. This further demonstrated that H. verticillata can improve water quality and inhibit algae when reasonably managed [39,54,56].



Harvesting of submerged macrophytes also affects the release of algae-inhibiting chemicals, thereby weakening the allelopathic effect of the plant. The greater the harvesting intensity, the faster the phytoplankton proliferated and the higher their concentration. This was reflected by the changes in CDOM, which was released in large amounts during the growth and death of phytoplankton. Additionally, the degradation of the remnants of the harvested H. verticillata released organic matter into the water, which further contributed to decreasing transparency and changes in water quality [57,58,59]. In our experiment, when H. verticillata was harvested in mid-summer, the concentrations of phytoplankton and CDOM in each harvesting group increased rapidly, but for a short time. The growth of H. verticillata slowed at the end of summer due to temperature and other factors, and the concentrations of phytoplankton and CDOM increased significantly under high-intensity harvesting, maintaining the higher concentrations for longer (Figure 18).



CODMn is an important water quality indicator. Harvesting facilitated algal blooms in the water, which produced large amounts of organic matter through photosynthesis, and was reflected in an immediate increase in the CODMn index, which was also affected by Chl-a. Harvesting increased the turbidity of the water, and the re-released organic matter promoted the consumption of potassium permanganate, which also resulted in the CODMn index being positively related to the harvesting intensity and the trends in algal growth, i.e., the greater the harvesting intensity, the higher the CODMn index (Figure 19). The CODMn index of the harvesting group was higher in September than in August, which may be related to factors such as algal reproduction, temperature conditions, and the growth recovery rate of H. verticillata.





5. Conclusions


The effects of different harvesting intensities on the growth of H. verticillata and the surrounding water quality were studied in harvesting experiments. The main conclusions were as follows:




	(1)

	
Harvesting significantly affected the growth of H. verticillata, limiting the formation of the canopy. H. verticillata could recover quickly after harvesting at medium and low intensities but the recovery rate of H. verticillata was significantly slower after two high-intensity harvests.




	(2)

	
Harvesting reduced the accumulation of H. verticillata biomass. Under medium and high-intensity harvesting, H. verticillata plant height and the number of branches decreased significantly, resulting in lower final biomass. This finding indicates that medium and high-intensity harvesting could effectively restrict the accumulation of H. verticillata biomass.




	(3)

	
Harvesting had a significant effect on water quality. Low-intensity H. verticillata harvesting improved the water quality, while medium and high-intensity harvesting of H. verticillata significantly deteriorated the water quality.




	(4)

	
Phytoplankton increased significantly in the high-intensity harvesting group, and the CDOM concentrations varied with the increase in phytoplankton. Medium and low-intensity harvesting effectively suppressed the growth and reproduction of phytoplankton and the CDOM concentration during the peak H. verticillata growth period.
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Figure 1. Diagram of the H. verticillata experimental growth process. (a,b) show H. verticillata at different harvesting intensities. 
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Figure 2. Branch recovery and the final H. verticillata plant height under different harvesting intensities. The bar graph represents plant height, the line graph represents the recovery rate of branches, and the error bars represent the standard deviations. (a–c) indicates the H. verticillata rate of branch recovery and plant height under different harvesting intensities on day 20 and day 40 after the first harvest, and day 40 after the second harvest, respectively. 
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Figure 3. H. verticillata biomasses under different harvesting intensities. Error bars represent standard deviations. (a,b) denotes the H. verticillata dry weight removal under different harvesting intensities after the first and second harvests, respectively. (c) denotes the H. verticillata final biomass under different harvesting intensities after the first and second harvests. 
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Figure 4. The number of H. verticillata branches under the different harvesting intensities. 
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Figure 5. The number of H. verticillata winter buds under the different harvesting intensities. 
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Figure 6. Suspended solids (SS) concentrations in water under different H. verticillata harvesting intensities. Error bars represent standard deviations. (a–c) indicates the suspended solids concentrations in the water under different harvesting intensities on day 4 and day 20 after the first harvest, and day 5 after the second harvest, respectively. 
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Figure 7. TN concentrations in water with H. verticillata harvested at different intensities. Error bars represent standard deviations. 
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Figure 8. TP concentrations with H. verticillata harvested at different intensities. Error bars represent standard deviations. 
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Figure 9. PO43-P concentrations in the water of H. verticillata harvested at different intensities. Error bars represent standard deviations. 






Figure 9. PO43-P concentrations in the water of H. verticillata harvested at different intensities. Error bars represent standard deviations.



[image: Sustainability 14 15390 g009]







[image: Sustainability 14 15390 g010 550] 





Figure 10. CODMn index of the water with H. verticillata harvested under different intensities. Error bars represent standard deviations. 
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Figure 11. CDOM concentrations in water of H. verticillata harvested at different intensities. Error bars represent standard deviations. 
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Figure 12. Chl-a concentrations in water of H. verticillata harvested at different intensities. Error bars represent standard deviations. 
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Figure 13. Relationship of harvesting intensity with plant height and the number of branches. (a,b) (c) indicate relationship between harvesting intensity and H. verticillata plant height on day 20, day 40 after the first harvest, and day 40 after the second harvest, respectively. (d) indicates the relationship between harvesting intensity and H. verticillata number of branches. 
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Figure 14. Relationships of harvesting intensity with biomass and number of winter buds in H. verticillata. (a,b) indicates the relationship between harvesting intensity and H. verticillata dry weight removal after the first and second harvests. (c) indicates the relationship between harvesting intensity and H. verticillata final biomass. (d) indicates the relationship between harvesting intensity and H. verticillata winter bud number. 
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Figure 15. Relationship between harvesting intensity of H. verticillata and SS. (a–c) indicate the relationship between harvesting intensity of H. verticillata and suspended solids on day 4 and day 20 after the first harvest, and day 5 after the second harvest, respectively. 
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Figure 16. Relationship between harvesting intensity of H. verticillata and TN, TP, and PO43-P in the water. (a–c) indicates relationship between harvesting intensity of H. verticillata and TN in the water on day 4 and day 40 after the first harvest, and day 20 after the second harvest, respectively. (d,e) indicate the relationship between harvesting intensity of H. verticillata and TP in the water on day 4 after the first harvest, and day 40 after the second harvest. (f) indicates the relationship between harvesting intensity of H. verticillata and PO43-P in water on day 20 after the second harvest. 
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Figure 17. Relationship between harvesting intensity of H. verticillata and water Chl-a. (a–d) indicate the relationship between harvesting intensity of H. verticillata and Chl-a on day 24 and day 40 after the first harvest, and day 20 and day 40 after the second harvest, respectively. 
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Figure 18. Relationship between harvesting intensity of H. verticillata and phytoplankton and CDOM. 
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Figure 19. Relationship between harvesting intensity of H. verticillata and the CODMn index. (a–d) indicate the relationship between harvesting intensity of H. verticillata and the CODMn index on day 20 and day 40 after the first harvest, and day 20 and day 40 after the second harvest, respectively. 
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Table 1. Measurement methods for the water quality indicators.
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	Measurement Indicators
	Measurement Methods





	TN
	Alkaline potassium persulfate oxidation-UV spectro photo metric method



	TP
	Potassium persulfate digestion method



	PO43-P
	Ammonium molybdate spectrophotometry



	CODMn
	Acidic method



	Chl-a
	90% acetone extraction method



	CDOM
	Spectral coefficient absorption method



	SS
	Gravimetric method







TN: total nitrogen; TP: total phosphorus; PO43-P: orthophosphate; CODMn: permanganate index; Chl-a: chlorophyll a; CDOM: chromophoric dissolved organic matter; SS: suspended matter.



















	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2022 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






media/file26.jpg
18
36
14
12

Dry weight removs

B e o w

52
48
Za0
£36
R
228
24
20
16

@ 4 2nd]
P E J- 2wt 45710
F-ossr F
50
5 s
216 "
. & 5
14
5 30 a0 7 15 30 4 60 75
Intensities of harvest (%) 2= Intensities of harvest (%)
Z20
© <@
vt oo | B
\ #-om RIS
\ 210 S
N 2 .
e =05
= £00
0 15 30 45 e 75 = 0 15 30 45 60 75

Intensities of harvest (%)

Intensities of harvest (%)






media/file8.jpg
e

T o o 9
—_— — — =3 =3
(yuerd/raquinu) Joquinu pnd

<+ o
=] =]
q 10U A\

30 45 60 75
Intensities of harvest (%)

15





media/file27.png
Dry weight removal (g)
S 0RO ™

| \O RN SN O N

(a)

y = 38.428¢77 5 — 38.015
R? = 0.887

30 45 60 75

Intensities of harvest (%)

ot

y = 42.528eza0 + 21.028
R? = 0.960

15 30 45 60 75

Intensities of harvest (%)

oL " 2 \° T\
o O N B

Dry weight removal (g)
o

[E—
N

D
=

—_
()]

<
W

Winter bud number (number/plant)
() —_
> >

2nd

y = 22.029¢s57101 + 5.770
R? = 0.999

15 30 45 60 75

Intensities of harvest (%)

(d)

y = —4.719e57.4% + 6.125
. R? =0.930

0 15 30 45 60 75

Intensities of harvest (%)






media/file34.jpg
CDOM (ug/L)
= o (58] © o
wn (=] W L =] W

o

y = (1.905¢ — 6) ewim + 13.743
R?=0984

0 15 30 45 60

Intensities of harvest (%)

75






media/file13.png
g/L)

E
z

T

2.4
2.2
2.0
1.8
1.6
1.4
1.2
1.0
0.8
0.6
0.4
0.2
0.0

||—=— 1st4d

—eo— 1st40d
—— 2nd20d

S
_— +/'

[ |
___ﬁ/i/

e
|

0 15 30 45 60 75

Intensities of harvest (%)






media/file31.png
0.60
0.55

QO.SO -

£0.45
£ 0.40
0.35
0.30

0.25
0.20

/L)

(m

A

0.05
0.00

200.15
0.10

@

y = 0.094e573 + 0.205

R* =0.976
15 30 45 60 75
Intensities of harvest (%)
12nd20d (©)
y = 0.056e7T615 4 0.416
R? = 0.999
15 30 45 60 75
Intensities of harvest (%)
2nd40d (e)
Y = (8.252 — 6) e + 0.035
R? =0.991
15 30 45 60 75

Intensities of harvest (%)

PO,-P(mg/L)

TN (mg/L)

TP (mg/L)

2.0
1.8
1.6
1.4
1.2
1.0
0.8

=
n

=
~

S
w

S
b

S
[

<
o

=
o
o

o
-
o

<
-
=

o
S
9

o
-
S

T

y = 92054.440e861me-6 — 92053«
R? =0.778

15 30 45 60 75
Intensities of harvest (%)

Istdd (d)

-y = 0.012e7=57 + 0.083
R? =0.999

15 30 45 60 75
Intensities of harvest (%)

y=0.027e5a5% —0.025 ,
R? =0.944

(H

15 30 45 60 75
Intensities of harvest (%)





media/file12.jpg
24

9.0 L= Ist4d
—e— 1st40d
—*— 2nd20d

1.8
1.6
14r

A /:?/

TN (i mg/L)

0.6
041 —

ot

0.0 . L L L L

0 15 30 45 60 75

Intensities of harvest (%)





media/file18.jpg
=— 1st20d
e 1st40d
4 2nd20d
v 2nd40d|

0 15 30 45 60

Intensities of harvest (%)






media/file9.png
A vl b vl vl v

e

]

<+ NN © o © <
- - - o o o
(Querd/zdqunu) Joquinu png JIJUIA\

<
S

75

60

45

30

15

Intensities of harvest (%)





media/file14.jpg
TP (mg/L)

0.1

0.0

0 15 30 45 60 75

Intensities of harvest (%)






media/file35.png
CDOM (pg/L)
N\ (& 9 o
- N - )
I

[
N

[
-

y = (1.905e — 6) evsm + 13.743
R?=0.984

0 15 30 45 60

Intensities of harvest (%)

75






media/file20.jpg
CDOM (pg/L)
= e N1 u
o b 5 28 8 9

o

.
T
T I
T f I I
il i
15 3 45 60 75

Intensities of harvest (%)






media/file23.png
325
300
275
250
225

= 200

Z 175

S 150

= 125
100

75
50
25

| |—=— ]st24d
| |—e— 1st40d +
| |—~— 2nd20d
| |—v— 2nd40d

. / 7

§>=§% . .

0 15 30 45 60 75

Intensities of harvest (%)






media/file5.png
(\®)
)
()
)

(a) C_Jist (b) ond
c 20251
=15 7‘% = | [1
2 Z 20
: :
210} 215} 317
g g
5 1] D 10}
= 5t =
o 2 5|
= L] }
0 . . v ol I 1. A I P
15 30 45 60 75 15 30 45 60 75
Intensities of harvest (%) Intensities of harvest (%)
100
90| (©) | |Final biomass
= 80
~ 70¢
g 60F[]]
S sof
5 40+ = T
=
£ 30} L
10}
oLl
0 15 30 45 60 75

Intensities of harvest (%)





media/file36.jpg
CODy,, (m;

&
2

|

= 1592555 + 3203
=093 .
1530 45 60

Intensities of harvest (%)

2nd20d]

= 010067 + 6642
R =098

15

0 45 6

Intensities of harvest (%)

75

75

(@

(©

151404
14 = T.9stesta — 2274
a B = 0964
3
10 g
8
8
s :
s 30 s 6w
Intensites of harvest (%)
22 3nd40d] .
0
e 6367t — Laoo
S8
s m-om
216
14
S
0 .
8 . .
s o s 6w

Intensities of harvest (%)

« (b)

75

@

75





media/file15.png
TP (mg/L)
e e e
N T N N Y -

=
o

—a— |std4d
- —eo— 1st40d
—A— 2nd20d
- —v— 2nd40d
i\; 4 i/
‘\EE\;/// | | |
0 15 30 45 60 75

Intensities of harvest (%)






media/file19.png
COD,,,(mg/L)

e = \® T O R 'S T 'S R b
eI ) T ca B O ) T« B O ) N e

N

|v  2nd40d

—a— [st20d
—o— [st40d
—4&—2nd20d

0 15 30 45 60 75

Intensities of harvest (%)






media/file28.jpg
SS (mg/L)

SS (mg/L)

+/y = ~36.3020iTa + 34365
R =0933
15 30 45 60
Intensities of harvest (%)

2ndsd]

007em + 10,907
R =098

v

1530 45 60

Intensities of harvest (%)

. (a)

75

©

75

22
20
18
516
D14
£n
10

- 1s20d]

442165 — 11542
0986

1530 45 60

Intensities of harvest (%)

75

(b)





media/file2.jpg
wfw ., [ e— 100§
i H
g = Isdod 995 3
3
2ol | [ g
P ; 95 §
S 2 %0 §
0 Ao o 975 8
I 0
gy Hiesting nensity )

—_— 100§

i

+ = ndind

(9%) SopURIq JO 10 KA

015 30 45 60 75
Harvesting intensity (%)





media/file32.jpg
60 75
of harvest (%)

()
E]
? .
LR
00,
f g
530 45 6 75

Intensities of harvest (%)

140
120

Chl-a (mg/L)

20

+ 1stdod

= 1705806 — 199,924

=086
1530 45 60
Intensities of harvest (%)

20d40d

= 0.1646m58 + 12247
=058

1530 45 60
Intensities of harvest (%)

(b)

75

A(d)

75





nav.xhtml


  sustainability-14-15390


  
    		
      sustainability-14-15390
    


  




  





media/file11.png
25 25
1st4d (a) 1st20d (b)
20+ - 20 +
S % S
= 15 = 15 %
5 7 5 i
wn 10F v 10}
%) %)
Fatalll nnl
O m i I O i I
30 45 60 75 30 45 60 75
Intensities of harvest (%) Intensities of harvest (%)
45
40l 2nd5d —I—(C)
35¢
= )
of) -
20} I _
»n 15
10+
St /
O i 1

0 15 30 45 60 75

Intensities of harvest (%)





media/file6.jpg
L L L L L

vy =3 v =} sl
o o — — S
(quejd/aaquinu) Joquinu youelg

75

60

45

30

15

Intensities of harvest (%)





media/file24.jpg
Plant height (cm)

Plant height (cm)

120
1o
100
%0
80
70
60
50

Intensities of harvest (%)

(@} 1s20d | 1000 1suod |
v 44110 | B 90 = 4685065785 4+ 53310
. oo =z s —omm
- . X0
= =70 ~
=6 =
50
015 30 45 60 75 %0 015 30 45 60 75
Intensites of harvest (%) Intensites of harvest (%)
230
© ndiod ] | £ [ 100t 4 4140
,—' £25 ~. R =00
y= 633005 50000 | 5 N
B oo £20
: i
Mg ) S
: o5 \
P—— b
0 15 30 e e 5 20 s w0 45 w0 7

Intensities of harvest (%)






media/file29.png
SS (mg/L)
o O

S W N O

SS (mg/L)
—_ N N W W N~ B
hnh O© Lh O Lh O W

[
)

—X

oy = —36.392¢5T146 + 34.365
R? =0.933

15 30 45 60 75

Intensities of harvest (%)

o 2nd5d| (c)

y = 1.007e=a=E + 10.907
R? = 0.989

15 30 45 60 75

Intensities of harvest (%)

- 1st20d] (b)

y = 14.421ewes — 11.542
R? =0.986

15 30 45 60 75

Intensities of harvest (%)





media/file1.png





media/file37.png
COD,,, (mg/L)

10

\O

1st20d

y = 1.592e571 + 3.203
R? =0.938

. (@)

15 30 45 60 75
Intensities of harvest (%)
"2nd20d (c)

 y = 0.100e 715 + 6.642
i R? = 0.985
15 30 45 60 75

Intensities of harvest (%)

1st40d « (b)

-y =7.984e5a185 — 2,274
R? = 0.964

Intensities of harvest (%)

'2nd40d

y = 6.367e555 — 1.400
R*=0.730

Intensities of harvest (%)





media/file10.jpg
25

20,

SS (mg/L)

Istdd (@) 15120d ()
20
Sis
:
10
z
[ 0]
il .
0 15 30 45 60 75 0 15 30 45 60 75
Intensities of harvest (%) Intensities of harvest (%)
2ndsd _(©)
0 15 30 45 60 75

(%)





media/file7.png
N )
N -

D
S

[
-

Branch number (number/plant)
o o

=
o

A\

N

N

A

NN

15

30

45

60

Intensities of harvest (%)

75






media/file33.png
300 | 1y24d| (a) 140 . 1y40d| .(b)
150 - 120 - .
-~ y = 287.395¢15.155 — 290.135 3100 Y= 179.580e 4% — 199.924
B . R*=00911 B0 R? =0.862
g 200 £ 80
E 150 - E 60 -
@) @)
100 - 40~
50 [ | ] 20 I "
! ! ! ! ! O \ ! ! ! !
15 30 45 60 75 15 30 45 60 75
Intensities of harvest (%) Intensities of harvest (%)
120

«  2nd20d (c) 140" o 2nd40d (d)

i . 120 - o
y = 1.754e18.106 + 3.050 y = 0.164e11325 + 12.247
80 - R2 = 0.894 100 - R?* =0.958

N
<o
\

40

Chl-a (mg/L)
N
<o
Chl-a (mg/L)
oo
<o

=~
<o
\

20~

(\®]
<o
\

<o
\
<o
\

Intensities of harvest (%) Intensities of harvest (%)





media/file16.jpg
0.10

0.08

PO,-P(mg/L)

0.02

0.00

|

.

)

i

2nd20d

15

30

45

60

Intensities of harvest (%)

75






media/file3.png
Recovery rate of branches (%)

—

—
<
p—

SN N o I~
= N N N =

75

—u— [st40d

[ ]1std0d

1
<
@\
—

S o0 0 o o O
S 0 N <+ AN

(wo) 3oy ue[d

W@M%z\owv\ rate of branches (%)

e (e (e e e
— N (o o) — O
| ] | |
w
o O 4
S T_|_ Va c~
[/ s R ] \
— p—
_ / —
—H_{l\l I6
a wn
T T 13
S {1
_|_|_ -] O
1 1 1 1 1

120 (a)

S o0 0 o o O
S 0 N <+ A

(wo) 3oy ue[d

Harvesting intensity (%)

Harvesting intensity (%)

o

Recovery rate of branches (%)

-
- SN o0 c~ O
— SN SN SN SN

S

_:[_\
60

—=— 2nd40d

[ |
[ ]2nd40d

(wo) 3oy ue[d

75

+

30
Harvesting intensity (%)





media/file22.jpg
325

300
| [—e— 1st40d

275

250
| [—v— 2nd40d

S
[~}
S

— = =
@ 3 S
S &3

Chl-a (mg/L)
SAER

Y
o &

T

—a— 1st24d

—4— 2nd20d|

0 15 30 45 60
Intensities of harvest (%)

75






media/file17.png
‘ 2nd20d\

(1/3ud--"Od

Intensities of harvest (%)





media/file4.jpg
20

30,

@ =@ 2nd

a2 P ol b

315 3

H I T 2 20| T I i

H £ T

21 2is n

® 1 2

2 H [T g1

i Es

R N A I S N T S S
Intensities of harvest (%) Intensitics of harvest (%)

100

2o © 7 Final biomass

580

0 15 30 45 60 75

Intensities of harvest (%)






media/file30.jpg
o [1suod (b

e PP,

R=0718 « *

030 08
15 30 45 6 75 15 30 45 6 75
Intensitis of harvest (%) Intensitis of harvest (%)

24 0s

5y 20204 @ sud] L@

= 0012e5m 4 0.083

_ 18 = 0056cin +0.416 Y,
S5 F=0m R =099
3 / 4
Zoo e
06 . -
92 00
1530 45 60 75 15 s 6 7
Intensitiesof harvest (%) Intensites of harvest (%)

@

2ndiod]

Y- 02— e 4005 S 006 ¥ 00mest= o1z
R 0901 B y /
Zon
/ s
. e £ o0m
000 000

15 30 45 6 75
Intensities of harvest (%)

120d]

15 30 45 60 75
Intensi






media/file25.png
—_
@) ] -]
() () ()

=
o

Plant height (cm)

20

120

110 -

100
90
80
70
60
50

Plant height (cm)

(a 15t20d
B y = 52.270e%77% 4 41.130
R? =0.941
0 15 30 45 60 75 90
Intensities of harvest (%)
(c) 2nd40d
i y = 61.330e%3© + 50.400
R?>=0.978
0 15 30 45 60 75

Intensities of harvest (%)

100

Plant height (cm)
(&) ~] ] O
- - - -

W
()

NoobWw
o wn o

—_
()

Branch number (number/plant)
o "

L
o

+(b)" 1st40d
- y = 46.850e34% + 53.310
R?=0.971
0 15 30 45 60 75
Intensities of harvest (%)
(d)" y = —1.410e™1% + 4.140
- R? =0.980
0 15 30 45 60 75

Intensities of harvest (%)






media/file0.jpg





media/file21.png
CDOM (pg/L)
—_ —_ () (\® (I8 o
N (- () (- () (- N

-

Intensities of harvest (%)

:
I
I , : :
:
I 1
15 30 45 60 75






