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Abstract 
Dwarf water hyssop (Bacopa monnieri) is a popular choice among aquarium enthusiasts for its ease of care and rapid growth. 

Despite its popularity, research on its suitability as an aquarium plant is scarce. The objective of this study was to assess the effects 
of various fertilizer formulas and growth performance in both emerged and submerged culture systems.  Dwarf water hyssop was 
cultured for four weeks in emerged and submerged systems using different NPK fertilizer formulas ( 18-18-18, 25-5-5, 30-
20-10, and 8-24-24), alongside a control group without fertilizer. Remarkably, growth performance (i.e. plant height, number 
of leaves, number of nodes, and root length) and survival rate did not significantly differ between plants with and without fertilizer 
application in either culture system.  Among the fertilizers tested, treatment 4 (NPK 30-20-10)  showed the most promising 
results for dwarf water hyssop growth in both emerged and submerged culture systems.  In the emerged system, these treatments 
led to a minimum height increase (7.96±1.49 cm), a medium number of new leaves (4.41±1.91 leaves/explant), a moderate 
number of new nodes (3.08±0.29 nodes/ explant) , and a substantial root system length (2.67±1.16 cm) .  Conversely, in the 
submerged system, a minimum height increase (1.65±0.32 cm), medium number of new leaves (1.33±1.66 leaves/explant) , 
moderate number of new nodes (1.08±0.76 nodes/explant), and root system length (0.36±0.86 cm) were observed. Overall, 
plant morphology and growth performance were superior in the emerged system compared to the submerged system after four weeks 
of culture. Outstandingly, all plants survived, regardless of fertilizer application of formula, in both culture systems. Given its slow 
growth, dwarf water hyssop is ideal for aquarists seeking a dwarf aquatic decoration. The emerged culture system is recommended 
for mass production of this ornamental plant, while the submerged culture system is suitable for elaborate ornamental aquariums. 
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Introduction 

 
Water hyssop (Bacopa monnieri) is an aquatic plant that is very popular among aquarium hobbyists. The Water 

hyssop has been widely reported to have medicinal qualities, giving it great commercial value.  Given this, 
biotechnology has been applied to the growing of water hyssop to ensure a plentiful supply for its multiple uses 
as a medicinal product and as an ornamental plan. It is a glycophytic found in brackish water and is also used to 
treat many ailments ( Jathina & Abdussalam, 2019) .  It is a medicinal herb found throughout the Indian 
subcontinent in wet marshy areas (Subashri & Koilpillai, 2014) and it has been used as a traditional medicine 
to treat anxiety and neurosis (Sanputawong et al., 2018). Water hyssop is known as Brahmi (Sanskrit) in the 
Indian system of medicine.  Due to its high demand as a medicinal herb, it has a high value ( Banerjee & 
Sharivastava, 2008) .  In Vietnam, water hyssop has not only been used as a traditional medicine to improve 
intelligence and memory but also as a vegetable (Le et al., 2015). Water hyssop proliferates quickly in wetlands 
(Sinha et al., 1996). It is a very popular aquarium plant in Turkey because of its characteristics and adaptability 
under moderately brackish conditions (Karatas & Aasim, 2014). Water hyssop was listed as a threatened species 
by the International Union for Conversation of Nature ( IUCN)  because of the high demand, and the small 
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number of species in nature ( Subashri & Koilpillai, 2014) .  Water hyssop has been known by aquarists and is 
widespread as an ornamental plant (Laohavisuti et al. , 2018). It is one of the most uncomplicated, easy-to-
grow, fast-growing plants in aquariums that are clean, and have clear water and sufficient nutrition. It can stand 
strong and upright, touching the surface of the water.  However, its rapid growth rate may pose a challenge for 
some aquarists who wish to use it as aquarium decoration.  There has been no research mentioning dwarf water 
hyssop as an aquarium plant. These dwarf plants may be the most interesting plants for aquarists when designing 
their small home aquarium. 

Owing to the plant being acclimated to living in water directly, it is now possible for aquarists to propagate 
it commercially (Karatas et al., 2013). Therefore, the production of dwarf water hyssop as an ornamental plant 
in aquatic conditions should be researched in different aquarium culture systems with various fertilizer formulas 
to demonstrate the morphology of dwarf water hyssop plant growth.  Thus, the objective of this study was to 
assess the impact of various fertilizer formulas and compare growth performance in both emerged and submerged 
culture systems for aquarium plants. 

 
Methods and Materials 

 
Plant materials: 
Sixty experimental plantlets were sourced from in vitro dwarf plants treated with 2. 5 mg/L Paclobutrazol 

(PBZ) (Tauk et al., 2021). Selection criteria included healthy shoots, robust roots and color, and uniformity 
in size and length.  After careful removal from the parent plants, the plantlets underwent rinsing with tap water 
to eliminate agar adhering to the roots.  Subsequently, they were soaked in Betadine antiseptic solution for 
approximately 2 minutes to safeguard against fungal, bacterial, or viral infections.  

Aquarium materials: 
An aquariums of size 15x15x25 cm were utilized. Before commencing the experiment, all aquariums were 

meticulously cleaned with tap water and allowed to dry thoroughly. 
Experimental set-up: 
In both the emerged and submerged culture systems, the aquariums were prepared with 0. 5 cm of gravel 

rinsed with treated tap water and layered to a thickness of three cm at the bottom. The emerged system aquariums 
were filled with 0. 8 liters of treated tap water, while the submerged system aquariums were filled with two 
liters. In each aquarium, the respective NPK fertilizer formula was dissolved in the treated water before addition.  

Fertilizer application: 
The experiments consisted of five treatments, each with three replications, each with four plantlets. The main 

factors included four NPK fertilizer formulae ( treatment 2:  18-18-18, treatment 3:  25-5-5, treatment 4: 
30-20-10, and treatment 5:  8-24-24)  at a concentration of 10 mg/L, with a non- fertilization treatment 
(treatment 1) as a control.  Four plantlets were introduced into each aquarium on the initial day of the research 
and cultured under natural lighting conditions.  

Throughout the four- week experimental period, fertilizer was added every seven days according to the 
designated concentration (10 mg/L).  Additionally, treated water was intermittently added to maintain the initial 
water level across all aquariums. 
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Data collection: 
Plant growth parameters:  Plant growth parameters were observed and recorded at the onset and conclusion 

of the study. These parameters included plant height, root length, number of leaves, and number of nodes. 
Water quality analysis:  Water quality was assessed initially and then weekly over the 4- week duration of 

the study.  Four key water quality parameters were monitored i. e.  temperature, pH, dissolved oxygen, and 
electrical conductivity. All results of water quality analyses were meticulously recorded. 

Light intensity:  Light intensity measurements were taken at the onset and subsequently weekly using an 
illuminometer. 

Statistical analysis: 
All experiments were carried out using a completely randomized design (CRD). The collected data underwent 

analysis through a Two-way analysis of variance (Two-Way ANOVA). Statistical significances among means 
of each treatment were determined using Duncan’s multiple range test (DMRT) at a confidence level of 99%. 
The analysis was conducted using the Rstudio program version 1.2.5019. 

 
Results  

 
1. Effects of different fertilizers on survival rate and growth performance of dwarf water hyssop in the 

emerged and submerged culture systems 
1.1  Growth performance 

In the emerged culture system, after four weeks of dwarf water hyssop cultivation, all treatments 
exhibited an increase in plant height, with no significant differences observed at the 0. 01 level.  However, 
treatment 3 (NPK 25-5-5) showed the maximum increase in height, with an average increase of 9.34±1.97 
cm, while treatment 4 (NPK 30-20-10) had the minimum increase, with an average increase of 7.96±1.49 
cm.  Although the number of leaves of the dwarf water hyssop increased in all treatments, the differences were 
not statistically significant (p>0.01) .  Treatment 5 (8-24-24) had the maximum number of leaves, with an 
average of 5. 58±0. 14 leaves/ explant, while treatment 2 ( NPK 18- 18- 18)  had the minimum number of 
leaves, with 3.50±2.54 leaves/explant. Similarly, the number of nodes of dwarf water hyssop increased in all 
treatments, but without significant differences (P>0.01). The control group exhibited the maximum number of 
new nodes, with 3.92±0.58 nodes/explant, while treatment 5 (NPK 8-24-24) showed the minimum number 
of new nodes, with 2.83±0.88 nodes/explant. The roots were elongated in all treatments, but the differences in 
root length were not statistically significant (P > 0 .01).  Treatment 4 (NPK 30-20-10) had the maximum 
increase in root length, with an average of 2.67±1.16 cm, while treatment 3 (NPK 25-5-5) had the minimum 
increase in root length, with an average root length of 2.01±0.47 cm (Table 1). 

 In the submerged culture system, the cultivation of dwarf water hyssop for four weeks resulted in 
increased plant height across all treatments.  However, these differences were not statistically significant 
( p>0. 01) .  Treatment 5 ( NPK 8- 24- 24)  demonstrated the maximum height increase, with an average of 
2. 35±0. 63 cm, while treatment 4 ( NPK 30- 20- 10)  showed the minimum increase, with an average of 
1.65±0.32 cm. Leaf count also rose in all treatments, though without significant differences (p>0.01). Notably, 
the control group (no fertilizer) displayed the maximum increase in new leaves, with an average of 2.92±0.95 
leaves/ explant, while treatment 4 ( NPK 30- 20- 10)  showed the minimum increase, with an average of 
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1. 33±1. 66 leaves/ explant.  Similarly, the number of nodes increased in all treatments without statistical 
significance (p>0.01).  Treatment 3 (NPK 25-5-5) exhibited the maximum increase in new nodes, with an 
average of 1.75±0.00 nodes/explant, whereas treatment 4 (NPK 30-20-10) showed the minimum increase, 
with an average of 1. 08±0. 76 nodes/ explant.  Root length also increased across all treatments over the 
experimental period, the differences were not significant (p>0.01). Treatment 3 (NPK 25-5-5) demonstrated 
the maximum increase in root length, with an average of 1.46±0.66 cm, while treatment 5 (NPK 8-24-24) 
displayed the minimum increase at 0.35±0.42 cm (Table 1). 

 Additionally, the statistical analysis revealed a significant difference (p<0.01) between the emerged 
culture system and the submerged culture system. However, there was no any differences observed between the 
four fertilizer formulas ( 18- 18-18, 25- 5- 5, 30- 20- 10, and 8- 24- 24)  and the two culture systems 
(emerged and submerged culture system). 
 
Table 1 Effect of fertilizer application on growth performance of dwarf water hyssop in the emerged and submerged culture systems 

for 4 weeks (Mean±SD) 
Fertilizer 
(N-P-K) 

Height (cm) Average 
of Fert. 

No. of Leaves Average 
of Fert. 

No. of Nodes Average 
of Fert. 

Root length (cm) Average 
of Fert. Emerg. Submerg.  Emerg. Submerg.  Emerg. Submerg.  Emerg. Submerg.  

Control 8.96± 
0.65 

1.73± 
0.08 

5.35± 
3.98 

5.08± 
2.18 

2.92± 
0.95 

4.00± 
1.92 

3.92± 
0.58 

1.50± 
0.50 

2.71± 
1.41 

2.37± 
0.54 

0.51± 
0.57 

1.44± 
1.13 

18-18-18 8.62± 
0.80 

1.74± 
0.27 

5.19± 
3.81 

3.50± 
2.54 

2.08± 
1.38 

2.79± 
1.98 

3.42± 
0.52 

1.33± 
0.72 

2.38± 
1.27 

2.11± 
0.75 

1.29± 
0.86 

1.70± 
0.85 

25-5-5 9.34± 
1.09 

2.18± 
0.48 

5.76± 
3.99 

5.08± 
1.38 

2.67± 
0.38 

3.88± 
1.60 

3.50± 
0.66 

1.75± 
0.00 

2.63± 
1.05 

2.01± 
0.47 

1.46± 
0.66 

1.73± 
0.59 

30-20-10 7.96± 
1.49 

1.65± 
0.32 

4.81± 
3.59 

4.41± 
1.91 

1.33± 
1.66 

2.88± 
2.33 

3.08± 
0.29 

1.08± 
0.76 

2.08± 
1.21 

2.67± 
1.16 

0.36± 
0.86 

1.52± 
1.56 

8-24-24 
8.02± 
1.24 

2.35± 
0.63 

5.19± 
3.23 

5.58± 
0.14 

1.72± 
1.49 

3.65± 
2.32 

2.83± 
0.88 

1.19± 
0.39 

2.01± 
1.08 

2.61± 
1.36 

0.35± 
0.42 

1.48± 
1.53 

Average of 
culture 

8.58± 
1.07a 

1.93± 
0.45b   

4.73± 
1.72a 

2.14± 
1.22b   3.35±0.65a 

1.37± 
0.52b   2.36±0.83a 

0.79± 
0.77b   

Culture system 
(C) ** ** ** ** 

Fertilizer 
(F) ns ns ns ns 

C*F ns ns ns ns 
C.V. (%) 15.7 45.71 24.71 51.89 

ns = not significant 
** = significant at P ≤ 0.01 
Means within the same row in each parameter followed by different letters are significantly different using DMRT. 
 

1.2 Survival rate 
In both the emerged and submerged culture systems, all treatments, including those with fertilizer 

formulae and a control (no fertilizer), exhibited a 100% survival rate after four weeks of culture (Table 2). 
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Table 2 Survival rate of dwarf water hyssop in the emerged and submerged culture systems for 4 weeks (Mean±SD) 

Fertilizer formulas 
Final survival rate (%) 

Emerged Submerged 
T1: Control 100.00±0.00 100.00±0.00 
T2: 18-18-18 100.00±0.00 100.00±0.00 
T3: 25-5-5 100.00±0.00 100.00±0.00 
T4: 30-20-10 100.00±0.00 100.00±0.00 
T5: 8-24-24 100.00±0.00 100.00±0.00 

F-test ns ns 
C.V. (%) 0.00 0.00 

ns = not significantly different 
 

2. Environmental condition of dwarf water hyssop in the emerged and submerged culture systems 
 2.1 Water quality 

 The water quality of the dwarf water hyssop in the emerged and submerged culture systems with 
four fertilizer formulas, and a control ( no fertilizer) , for four weeks, is shown in Table 3.  In the emerged 
system, the water quality parameters were monitored for 4 weeks for dwarf water hyssop cultivation for all plant 
samples. Electricity conductivity (EC) ranged from 19.77 to 64.30 µS/cm exhibiting an increase by the study’s 
end (Fig. 1A). Water temperature remained consistently between 30.00 and 30.36 °C (Fig.1B), while pH 
levels ranged from 7.15 to 8.66 (Fig. 1C). Dissolved oxygen (DO) concentrations varied from 3.72 to 8.43 
mg/L (Figure 1D), with a decrease noted towards the research’s conclusion. Similarly, in the submerged culture 
system, where the dwarf water hyssop was studied under identical conditions for four weeks, EC levels ranged 
from 50. 36 to 78. 33 µS/ cm, showing an increasing trend throughout the experiment ( Fig. 2A) .  The water 
temperature maintained a range of 29.33 to 31.33 °C (Fig. 2B), while pH values fluctuated between 7.09 to 
8.73 (Fig. 2C). DO concentrations ranged from 3.99 to 8.05 mg/L (Fig. 2D). These findings underscore the 
importance of consistent monitoring and maintenance of water quality parameters for successful cultivation of 
dwarf water hyssop in both emerged and submerged culture systems.  
 
Table 3 Water quality of dwarf water hyssop in the emerged and submerged culture systems for 4 weeks 

Fert.  
(N-P-K) 

EC (µS/cm) Temperature (℃) pH DO (mg/L) 
Emerg. Submerg. Emerg. Submerg. Emerg. Submerg. Emerg. Submerg. 

T1: Control 
19.77 - 
55.63 

50.53 - 
78.33 

30.00 - 
30.36 

29.33 - 
31.00 

7.15 - 
8.06 

7.09 - 
8.73 

4.12 - 
5.83 

3.99 - 
5.70 

T2: 18-18-18 20.57 - 
60.90 

50.73 - 
75.36 

30.00 - 
30.36 

29.50 - 
31.00 

7.29 - 
8.66 

7.12 - 
8.72 

4.00 - 
5.69 

4.83 - 
6.02 

T3: 25-5-5 20.30 - 
60.43 

50.96 - 
74.26 

30.00 - 
30.35 

29.33 - 
31.00 

7.27 - 
8.57 

7.11 - 
8.69 

3.92 - 
5.45 

4.60 - 
5.46 

T4: 30-20-10 19.90 - 
59.10 

50.36 - 
74.43 

30.00 - 
30.36 

29.33 - 
31.33 

7.32 - 
8.64 

7.14 - 
8.69 

3.78 - 
5.56 

4.53 - 
6.58 

T5: 8-24-24 
20.67 - 
64.30 

50.90 - 
75.66 

30.00 - 
30.36 

29.66 - 
31.33 

7.20 - 
8.43 

7.11 - 
8.68 

3.72 - 
8.43 

4.84 - 
8.05 
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Figure 1  Water quality of dwarf water hyssop in the emerged culture system after 4 weeks.  Electrical conductivity( A) , 
Temperature (B), pH (C), Dissolved oxygen (D) 

 

  
 
Figure 2  Water quality in the aquariums in the submerged culture system after 4 weeks. Electrical conductivity (A), Temperature 

(B), pH (C), Dissolved oxygen (D) 
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2.2 Light intensity 
 After cultivation of dwarf water hyssop in both the emerged and submerged culture systems under 
natural light for four weeks, the minimum light intensity observed in the emerged culture experiment was 986.66 
lux, with the maximum reaching 1840 lux. Similarly, in the submerged culture experiment, the minimum light 
intensity recorded was 1846.66 lux, while the maximum was 1946.66 lux, while the maximum was 3066.66 
lux (Table 4; Fig. 3.)  

 
Table 4 Light intensity of dwarf water hyssop in the emerged and submerged culture systems for 4 weeks. 

Fertilizer formulas 
(N-P-K) 

Light intensity (Lux) 
Emerged Submerged 

Minimum Maximum Minimum Maximum 
T1: Control 906.66 1680.00 1973.33 2986.66 
T2: 18-18-18 960.00 1786.66 1946.66 3066.66 
T3: 25-5-5 986.66 1706.66 1973.33 3066.66 
T4: 30-20-10 880.00 1840.00 1946.66 3066.66 
T5: 8-24-24 986.66 1813.33 2000.00 3013.33 

 
 
 
 
 
 
 
 
 
 
 

Figure 3 Light intensity of dwarf water hyssop in the culture systems for 4 weeks. (A), emerged culture system (B), submerged 
culture systems 

 
Discussion 

 
1.  Effects of different fertilizer formulas on survival rate and growth performance of dwarf water hyssop 

in the emerged and submerged culture systems 
1.1 Growth performance 

The findings of this study were aligned with previous research, notably the work of Khalid & 
Shedeed (2015), who highlighted the pivotal role of nitrogen in synthesizing plant components through various 
enzymatic activities. The availability of nitrogen in plant cultivation is crucial, particularly during the partitioning 
of biomass into roots and shoots.  Razaq et al.  ( 2017)  emphasized the dependency of plant morphology, 
photosynthesis, and nutrient availability on the nitrogen acquired by the plant.  Marschner ( 2012)  further 
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emphasized the importance of providing plants with the appropriate nutrition, including nitrogen, to facilitate 
efficient growth, flowering, and reproduction. In this experiment, we observed that treatment 4 (NPK 30-20-
10) , which received a higher nitrogen ratio compared to other treatments, potentially overloading the dwarf 
water hyssop with nitrogen.  This resulted in shorter plants compared to those in other treatments.  Dwarf water 
hyssop is favored as an aquarium plant due to its slow growth and compact size, which are ideal for aquarium 
settings and contribute to its aesthetic appeal. 

In the submerged culture system, all dwarf water hyssop plantlets exhibited upward growth through 
the water column, alongside other aquatic greenery. This highlights their ornamental value in aquariums. Given 
the preference for ornamental plants in aquariums for their aesthetic appeal, dwarf plants are particularly sought 
after due to their slow growth and relatively short stature. Treatment 4 (NPK 30-20-10), which experienced 
the slowest growth and had the shortest final height by the end of our research, underscores the significance of 
nitrogen availability in influencing growth dynamics. This observation suggests that nitrogen availability plays a 
crucial role in determining the growth trajectory of dwarf water hyssop.  Overall, our study contributes to 
understanding the relationship between nitrogen availability and the growth performance of dwarf water hyssop 
in different culture systems.  These insights can inform the development of effective nutrient management 
strategies to optimize the growth of dwarf water hyssop, particularly in aquarium environments. 

Furthermore, the maximum number of leaves can serve as a key indicator of health in dwarf aquatic 
plants, reflecting their potential for leaf growth during the metabolic process.  Leaves play a crucial role as the 
primary photosynthetic organ for nutrient metabolism. Over evolutionary time, the morphology and anatomy of 
leaves have adapted to optimize light and CO2 uptake ( Crang et al. , 2018) .  Moreover, leaves require a high 
ratio of nitrogen ( N)  for morphological development.  However, in our emerged culture system, treatment 5 
(NPK 8-24-24), characterized by the lowest N in the ratio, exhibited the maximum number of new leaves per 
explant. This unexpected finding suggests that factors beyond nitrogen levels may influence leaf growth in dwarf 
aquatic plants. Additionally, it’s worth noting that some leaves from all treatments fell off their shoot stems due 
to decay caused by initial damage or tearing. Consequently, there was a reduction in new leaves compared to the 
initial count at the onset of the research.  As emphasized by Marschner ( 2012) , leaves are indispensable for 
aquatic plants to carry out photosynthesis effectively.  They rely on sufficient nutrients, particularly nitrogen, to 
produce healthy and attractive foliage. Insufficient nitrogen can lead to yellowing of leaves and sluggish growth. 
In our study, control in the submerged culture system demonstrated the maximum number of new leaves per 
explant. Conversely, treatment 4 (NPK 30-20-10) exhibited the minimum number of new leaves per explant. 
These results suggest that even with a higher nitrogen ratio, there may be limitations in the production of 
reproductive organs.  Therefore, factors beyond nitrogen availability may also influence leaf growth and overall 
plant health in dwarf aquatic species. Further research is warranted to elucidate the complex interactions between 
nutrient ratios, leaf development, and reproductive organ formation in aquatic plants. 

For each nodal segment, there were two leaves on the dwarf water hyssop plantlets. The increasing 
number of nodes across all treatments suggests that the compact leaves facilitated vigorous stem growth (Lawson 
et al., 2021). Interestingly, despite being cultured with various fertilizer formulas, the number of nodes did not 
significantly differ from the control group, which received no fertilizer.  It is noteworthy that buds, leaves, 
branches, and twigs originated from the nodal points of the plant. The observed increase in the number of nodes 
indicates that dwarf water hyssop adapted well morphologically to the submerged culture system in the aquarium 
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explant. Conversely, treatment 4 (NPK 30-20-10) exhibited the minimum number of new leaves per explant. 
These results suggest that even with a higher nitrogen ratio, there may be limitations in the production of 
reproductive organs.  Therefore, factors beyond nitrogen availability may also influence leaf growth and overall 
plant health in dwarf aquatic species. Further research is warranted to elucidate the complex interactions between 
nutrient ratios, leaf development, and reproductive organ formation in aquatic plants. 

For each nodal segment, there were two leaves on the dwarf water hyssop plantlets. The increasing 
number of nodes across all treatments suggests that the compact leaves facilitated vigorous stem growth (Lawson 
et al., 2021). Interestingly, despite being cultured with various fertilizer formulas, the number of nodes did not 
significantly differ from the control group, which received no fertilizer.  It is noteworthy that buds, leaves, 
branches, and twigs originated from the nodal points of the plant. The observed increase in the number of nodes 
indicates that dwarf water hyssop adapted well morphologically to the submerged culture system in the aquarium 

environment. Although some initial leaves fell off their stems, all leaves across treatments maintained a healthy 
green color, devoid of any holes or brown spots.  Furthermore, the stems displayed numerous new nodes, 
indicating continued growth and development. 

Root systems play a vital role in plant physiology, absorbing essential elements such as oxygen, 
water, and macronutrients from the soil and transporting them to the stems, leaves, and flowers.  Furthermore, 
roots store energy produced during photosynthesis, which is crucial for overall plant growth and development 
(Crang et al., 2018). While plants require sufficient macronutrients, especially nitrogen, phosphorus (P) also 
holds significance in energy transfer and forms a crucial component of various chemical compounds.  Adequate 
phosphorus levels promote healthy root development and facilitate flower formation ( Hiscock, 2023) . 
Insufficient nitrogen uptake by roots, as noted by Marschner (2012), can detrimentally impact plant productivity 
and their ability to withstand challenging environmental conditions.  In our study, phosphorus deficiency led to 
reduced shoot and root growth.  Despite being cultured in the emerged system, which featured gravel at the 
bottom of the aquariums, both some younger and older roots decayed.  Roots are essential for maintaining stem 
height equilibrium and facilitating nutritional absorption.  According to Fan et al.  ( 2017) , the depth of plant 
rooting has a modest effect on environmental stress and ecosystem resilience.  Additionally, the length of plant 
roots serves to mitigate competition within the ecosystem. Moreover, Grossnickle (2005) highlights the critical 
role of root length in the recognition and establishment of newly planted seedlings.  When roots cannot access 
sufficient water for hydration and sustenance, they become stressed. In our study, despite being planted in gravel, 
some roots experienced partial decay due to inadequate water availability. 
 1.2 Survival rate 

The dwarf water hyssop from in vitro cultures acclimated well in aquatic conditions after four weeks. 
Dwarf water hyssop plantlets grew vigorously, with green unique foliage, in the emerged and submerged culture 
system aquarium. The plantlets were able to adapt themselves to the environment in the aquariums even though 
the roots were stuck in the bottom sediment and grew upward towards the surface of the water.  Dwarf water 
hyssop has plenty of green leaves and is very attractive in the lower levels of the water. The results of this study 
were consistent with Saha et al.  (2020) , who mentioned that, when using explants from tissue culture- raised 
plants, direct shoot regeneration led to the production of more than 100 rooted plants/ explant within 8-12 
weeks with 85-100% survival in the field after acclimatization, can be expected following optimized protocols. 
Besides, from comparisons of three different culture systems on growth and bacoside production of B. monnieri 
plantlets studied by Kunakhonnuruk et al. (2023), the plantlets responded differently to different culture systems 
and survival rate was 100% with no abnormalities detected in all culture systems. 

2. Environmental condition of dwarf water hyssop in the emerged and submerged culture systems 
 2.1 Water quality 

The water quality in the aquariums in both culture systems, with four fertilizer formulas, had an 
electrical conductivity ( EC)  ranging from 50. 36 to 78. 33 µS/ cm.  The continuous increase in EC after 
dissolving in different fertilizer formulas until the end of the research was similar to the uptake of NPK nutrient 
solutions on the growth and yields of leaf lettuce (Lactuca sativa L.) in stationary culture, showing a simultaneous 
increase until the end of the research period (Samarakoon et al., 2006). Whereas, the water temperature ranging 
from 29. 33 to 31. 33 ºC differed from Aquatic Mag ( 2019) , which reported that water hyssop can grow in 
water around 24 to 25 ºC and tolerates temperatures from 22 to 28ºC, while Hiscock ( 2003)  indicated that 
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water hyssop tolerates temperatures from 22 to 30ºC.  Despite this deviation, the pH value observed during the 
study remained conducive to plant growth in the emerged culture system. Karatas et al. (2013) recommended 
an optimal water pH of 8.0 for water hyssop, noting the plant’ s ability to adapt positively to pH levels ranging 
from 4.0 to 10. Although the water pH gradually decreased over the research duration, it stayed within suitable 
ranges as proposed by Karatas et al.  ( 2013) .  Dissolved oxygen ( DO)  levels decreased towards the study’ s 
conclusion, aligning with conditions favorable for the emerged culture system. The DO range for most freshwater 
aquatic plants, including B.  monnieri, falls between 5 and 10 mg/L.  However, survival is possible in water 
with lower DO concentrations, down to approximately 2 mg/L, though growth and metabolic rates may diminish 
under such conditions (Sandoval, 2018). Dissolved oxygen levels observed in the study were also suitable for 
the submerged culture system.  Hence, this study underscores the role of water quality in facilitating the growth 
and development of dwarf water hyssop in both the emerged and submerged culture systems over 4 weeks. 

2.2 Light intensity 
Maintaining a light duration of 10-14 hours daily in aquariums is critical for cultivating aquarium 

plants, serving as their primary light source for photosynthesis.  Water hyssop particularly thrives under bright 
light conditions, fostering dense growth.  Insufficient light can lead to elongated stems, wide spaces between 
leaves, and an unattractive plant appearance ( Hiscock, 2023) .  Despite relying solely on natural daylight, the 
light intensity during this research remained adequate, though fluctuating depending on weather conditions, 
resulting in plants with fleshy leaves and vibrant colors after growing in the emerged aquarium. Tropica (2019) 
suggest that water hyssop can tolerate low levels of CO2 and endure high- intensity light.  However, inadequate 
light intensity may cause the lower parts of the plant to rot.  Plantlet growth heavily depends on light intensity, 
crucial for photosynthesis and energy production.  Insufficient light can hinder photosynthesis and compromise 
plant health ( Hiscock, 2023) .  Therefore, optimal plant growth requires high- intensity light for effective 
photosynthesis.  While there’ s limited reporting on the light intensity requirements for water hyssop in the 
submerged culture system, the observed range of light intensity during these experiments seems optimal, 
supporting plant health. However, it’s important to note that dwarf water hyssop may encounter growth challenges 
in low-intensity light conditions within the submerged culture system. 
 

Conclusion and Suggestions 
 
Based on the study findings, it can be concluded that dwarf water hyssop serves as an ideal decorative 

addition to aquariums owing to its slow growth, particularly evident in its minimal increase in plant height. 
Furthermore, it appeals to enthusiasts who desire lasting aesthetic charm appeal in their aquatic setting. Notably, 
the growth performance and survival rate of dwarf water hyssop remained consistent regardless of fertilizer 
application.  They exhibited resilience in environments with minimal fertilizer, such as those containing slight 
food residues or fish feces, as well as in settings without any added fertilizer.  Consequently, aquarists can 
seamlessly incorporate dwarf water hyssop into their home aquariums and effortlessly regulate plant height at a 
minimal cost. 

In summary, the emerged culture system exhibited superior plant morphology and growth performance 
compared to the submerged culture system after four weeks of cultivation.  Remarkably, all plants thrived 
irrespective of fertilizer application or formula, across both culture systems.  With its slow growth, dwarf water 
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an optimal water pH of 8.0 for water hyssop, noting the plant’ s ability to adapt positively to pH levels ranging 
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Maintaining a light duration of 10-14 hours daily in aquariums is critical for cultivating aquarium 

plants, serving as their primary light source for photosynthesis.  Water hyssop particularly thrives under bright 
light conditions, fostering dense growth.  Insufficient light can lead to elongated stems, wide spaces between 
leaves, and an unattractive plant appearance ( Hiscock, 2023) .  Despite relying solely on natural daylight, the 
light intensity during this research remained adequate, though fluctuating depending on weather conditions, 
resulting in plants with fleshy leaves and vibrant colors after growing in the emerged aquarium. Tropica (2019) 
suggest that water hyssop can tolerate low levels of CO2 and endure high- intensity light.  However, inadequate 
light intensity may cause the lower parts of the plant to rot.  Plantlet growth heavily depends on light intensity, 
crucial for photosynthesis and energy production.  Insufficient light can hinder photosynthesis and compromise 
plant health ( Hiscock, 2023) .  Therefore, optimal plant growth requires high- intensity light for effective 
photosynthesis.  While there’ s limited reporting on the light intensity requirements for water hyssop in the 
submerged culture system, the observed range of light intensity during these experiments seems optimal, 
supporting plant health. However, it’s important to note that dwarf water hyssop may encounter growth challenges 
in low-intensity light conditions within the submerged culture system. 
 

Conclusion and Suggestions 
 
Based on the study findings, it can be concluded that dwarf water hyssop serves as an ideal decorative 

addition to aquariums owing to its slow growth, particularly evident in its minimal increase in plant height. 
Furthermore, it appeals to enthusiasts who desire lasting aesthetic charm appeal in their aquatic setting. Notably, 
the growth performance and survival rate of dwarf water hyssop remained consistent regardless of fertilizer 
application.  They exhibited resilience in environments with minimal fertilizer, such as those containing slight 
food residues or fish feces, as well as in settings without any added fertilizer.  Consequently, aquarists can 
seamlessly incorporate dwarf water hyssop into their home aquariums and effortlessly regulate plant height at a 
minimal cost. 

In summary, the emerged culture system exhibited superior plant morphology and growth performance 
compared to the submerged culture system after four weeks of cultivation.  Remarkably, all plants thrived 
irrespective of fertilizer application or formula, across both culture systems.  With its slow growth, dwarf water 

hyssop emerges as an ideal choice for aquarists in search of diminutive aquatic decorations. For mass production 
of this ornamental plant, the emerged culture system is recommended, whereas the submerged culture system is 
better suited for elaborate ornamental aquarium setups.  
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