BIO Web of Conferences 201, 02003 (2025) https://doi.org/10.1051/bioconf/202520102003
ICoN-BEAT 2025

Comparative Growth Performance of Ciherang
Rice Under Hydroponic and Aquaponic
Cultivation

Karsid Karsid"*, Fauzan Amri', Bobi Khoerun', Indra Fitriyanto', Icha Fatwasauri?, and
Jauharotul Maknunah!

nstrumentation and Control Engineering Technology, Politeknik Negeri Indramayu, Indramayu
45252, West Java, Indonesia

Refrigeration Engineering and Air Conditioning, Politeknik Negeri Indramayu, Indramayu 45252,
West Java, Indonesia

Abstract. This study investigated the effects of hydroponic (using AB
Mix Nutrients) and aquaponic (utilizing catfish waste) cultivation methods
on Ciherang rice plant growth, focusing on leaf and root characteristics,
tiller number, and plant height. Visual observations showed distinct
physiological responses to nutrient sources. Hydroponic leaves were
brighter but exhibited early yellowing, whereas aquaponic leaves were
darker green and healthier. Root coloration also differed, with hydroponic
roots showing a reddish hue and aquaponic roots a darker tone, reflecting
adaptation to inorganic and organic nutrients. Two-way ANOVA revealed
that both cultivation method and plant age had a significant effect on tiller
number and plant height (p < 0.001). At 49 days after planting, aquaponic
rice reached 40.67 tillers and 81.67 cm in height, compared with 37.67
tillers and 72.67 cm in hydroponics, and produced panicles six days earlier.
The enhanced performance in aquaponics is attributed to the continuous
supply of balanced macro- and micronutrients from fish effluent, which
improves nutrient availability, rhizosphere conditions, and overall
vegetative growth. In contrast, hydroponics still supports healthy rice
growth, although with lower effectiveness. These findings demonstrate that
aquaponic systems provide superior growth conditions for rice plants,
highlighting the potential benefits of integrating aquaculture with plant
cultivation.

1 Introduction

Rice is one of the main food commodities for most of the world's population, especially in
Asia. As a food commodity, rice production also has a significant economic impact in many
countries that rely on agriculture as their primary economic sector [1,2].
Therefore, the management of rice production and availability is crucial for maintaining
food security and economic stability in many regions [3,4]. Rice is usually planted in rice
fields that have sufficient water content. In this conventional method, rice field management,
such as plowing and flattening the land, must first be carried out for approximately one month
before planting.

* Corresponding author: karsid@polindra.ac.id

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons
Attribution License 4.0 (https://creativecommons.org/licenses/by/4.0/).



BIO Web of Conferences 201, 02003 (2025) https://doi.org/10.1051/bioconf/202520102003
ICoN-BEAT 2025

Rice seeds. This activity will, of course, require additional time and energy, resulting in a
slight delay in the seed planting process and an increase in operational costs [5].

One method of cultivating rice plants that has potential for development is the
hydroponic method, a farming technique that utilizes water as a nutrient source without
the need for soil [6]. Hydroponics is considered to have many advantages compared to
conventional farming systems, as it can produce high-quality rice and control pests
effectively. Humaerah and Umarie et al. stated that the hydroponic cultivation system has
the potential to be applied to rice plants, provided that attention is paid to the fertilizer
dosage and the type of planting media used [6,7]. Apart from hydroponics, another similar
cultivation technique that has the potential to be applied in rice cultivation is aquaponics.
This method integrates aquaculture and hydroponics within a closed nutrient cycle [8,9].
Organic waste produced by fish is decomposed by biofilters into nutrients that can be
absorbed by plants, while the purified water is recirculated into the pond to support fish
growth. This mechanism enhances efficiency in the utilization of water and nutrients, while
simultaneously reducing environmental impacts through waste minimization. In addition,
aquaponics provides dual benefits in the form of two economically valuable commodities,
namely fish and crops, thereby not only increasing productivity but also strengthening food
security within the framework of sustainability [10,11].

This study compares rice cultivation using hydroponic and aquaponic methods to
determine the optimal approach in terms of the leaf and root characteristics, tiller number,
and plant height. Previous research remains limited, such as Li et al., who focused on
biofilter design for hydroponic rice without comparing the two methods [11], and Roosta
and Afsharipoor, who applied both methods to strawberries [12]. Rice growth performance
is evaluated based on the number of tillers, plant height, panicle emergence time, and
qualitative observations of leaf and root color.

2 Experimental Section

2.1 Materials

The rice variety used is the same for both hydroponic and aquaponic cultivation techniques,
namely Ciherang rice. This type of rice has several advantages, including producing abundant
harvests in optimal growth conditions and having good adaptability to various environmental
conditions [9]. The nutrient source used in the hydroponic system uses nutrients A and B
with the composition as shown in Table 1. Meanwhile, for the aquaponic system, the
nutrient source is obtained from the waste of 150 catfish preserved in a pond with a size of

1.47 m?.
Table 1. Nutrient composition of hydroponic rice plants.
Nutrient name Nutritional Formula Amount (g)
group
Calcium Nitrate Ca(NO:s)2 1681,6
Potassium Nitrate A KNOs 25,9
Iron EDDHA Fe EDDHA 443
Potassium Monobasic KH2PO4 2483
Magnesium Sulfate B MgSOs 659,2
Vitaflex - 31,2
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Silica SiO» 100

Note: Each group of nutrients is dissolved in 150 liters of water

The nutrients presented in Table 1 are terminologically referred to as AB mix nutrients.
This formula was formulated based on a review of various literature on hydroponic rice
cultivation [13,14] and adjusted using the HydroBuddy application. This compound plays an
essential role in fulfilling the nutrient requirements for the growth of hydroponic rice
plants [6]. Meanwhile, in the aquaponic cultivation method, the nutritional requirements of
rice plants are supplied by catfish waste cultivated in conjunction with the rice plants.

2.2 Location and Construction of Hydroponic and Aquaponic Rice

The study was conducted at Politeknik Negeri Indramayu, West Java, Indonesia (Google
Maps coordinates: -6.408972, 108.281088). The environmental conditions at the study site
included air temperatures ranging from 22.9 to 30 °C and relative humidity ranging from 70
to 80%. The hydroponic and aquaponic systems were constructed using 4-inch PVC pipes
(Paralon) supported by mild steel frames. Each system contained 120 planting holes. Both

installations were placed in a greenhouse with dimensions of 10 x 6 m? A schematic
representation of the hydroponic and aquaponic rice cultivation systems is provided in Figure
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Fig. 1. Construction of rice cultivation media using hydroponic and aquaponic systems ina 10 x 6 m?
greenhouse, with details of each component.

According to Figure 1, in the hydroponic system, nutrient supply is obtained from
reservoirs containing Nutrient A and Nutrient B solutions, which are delivered to the planting
installation through inlet channels and returned to the reservoirs via outlet channels to ensure
optimal circulation. In contrast, the aquaponic system utilizes nutrients derived from the
catfish pond, where fish waste dissolved in water is directed to the planting installation
through an inlet and later returned to the pond through an outlet, creating a sustainable
ecological cycle. This design not only demonstrates the controlled use of inorganic
nutrients.
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In hydroponics, the integration of catfish farming with rice cultivation in aquaponics
establishes a mutually beneficial interaction between the two systems.

3 Result and Discussion

3.1 Physical Observation of Rice Plant Growth

Physical observations of rice plant growth were carried out to examine the effect of different
nutrient sources on the plants. Visual observations were conducted to assess the effect of
nutrient source on rice leaves and roots. Based on Figure 2, the leaves of hydroponic rice
plants appeared brighter compared to those grown in the aquaponic system. The bright green
coloration in hydroponic leaves was attributed to the high pH value of the nutrient solution,
which limited the absorption of micronutrients, particularly Fe [15]. A similar phenomenon
was observed in the roots of hydroponic rice plants, where the roots exhibited a bright reddish
appearance compared to the darker-colored roots of aquaponic plants [16]. The reddish color
in hydroponic roots was influenced by the AB mix solution, whereas the darker root
coloration in aquaponic plants was caused by catfish waste [17,18].

Furthermore, differences in leaf condition also reflected plant health. In the hydroponic
system, although the leaves appeared brighter, they showed earlier symptoms of yellowing
and drying due to the limited uptake of certain micronutrients. In contrast, leaves in the
aquaponic system tended to be darker green with a fresher appearance, indicating a more
balanced supply of organic nutrients from catfish waste. Differences in root coloration also
highlighted plant adaptation to nutrient sources: brighter roots in hydroponics indicated direct
exposure to inorganic solutions, while darker roots in aquaponics reflected the influence of
organic matter present in pond water.

Thus, the visual differences in rice leaves and roots between hydroponic and aquaponic
systems not only demonstrate physiological variations induced by the type of nutrients
supplied but also illustrate how each system affects nutrient availability and overall plant
health.

Fig. 2. Leaves and roots of hydroponic and aquaponic rice plants
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3.2 Statistical Analysis

This study investigates the effect of two different cultivation methods, hydroponics and
aquaponics, on the number of tillers and plant height of rice. A Two-Way Analysis of
Variance (ANOVA) was performed to compare the means of these parameters across the two
cultivation methods and over different time points (age after planting). The raw data for the
number of tillers and plant height were collected from three samples for each cultivation
method at weekly intervals from 7 to 49 days after planting.

3.3 Analysis of Variance for Number of Tillers

The ANOVA results for the number of tillers indicate significant differences attributable to
both the cultivation method and the age after planting. The interaction between these two
factors also showed statistical significance, suggesting that the effect of cultivation method
on tillering varies with the plant's age. Table 2 presents the analysis results of the average
number of tillers for both cultivation methods.

Table 2. Analysis results of the average number of tillers

Source of Variation | Sum of Squares | df | Mean Square | F-value | p-value
Cultivation Method | 7968.75 1 | 7968.75 1362.59 | <0.001
Age 15264.29 6 | 2544.05 435.09 | <0.001
Interaction 344.29 6 | 57.38 9.81 <0.001
Error 245.00 42 | 5.83

Total 23822.33 55

When comparing the two cultivation methods, aquaponics consistently produced a higher
number of tillers than hydroponics throughout the observation period, with the difference
remaining statistically significant (p < 0.001) [19,20]. At 49 days after planting, for example,
the average number of tillers in aquaponics reached 40.67, compared with 37.67 in
hydroponics. Additionally, panicle emergence in aquaponic rice occurred six days earlier
than in hydroponic rice. The superior tillering observed in aquaponics likely resulted from
the continuous supply of diverse nutrients, including essential micronutrients and beneficial
microbial populations generated through fish waste decomposition. These factors enhance
plant vigor and stimulate the development of lateral shoots, thereby increasing the number of
tillers. Furthermore, the significant interaction effect indicates that the magnitude of this
difference varies across growth stages, underscoring the need for further investigation into
nutrient dynamics and plant physiological responses at different ages.

Figure 3 illustrates a comparison of rice tiller numbers between hydroponic and
aquaponic cultivation methods across plant age (days after planting). In general, the number
of'tillers increased with plant age in both systems. During the early growth phase (7-21 days
after planting), the difference between hydroponics and aquaponics was relatively small.
However, from 28 days onward, aquaponics exhibited a more rapid increase in tiller
production compared to hydroponics, with the gap becoming more pronounced toward the
end of the observation period. At 42 days after planting, the average number of tillers in the
aquaponic system exceeded 39.33 tillers, whereas hydroponics produced approximately.
34.33 tillers. This trend indicates that the aquaponic system is more effective in supporting
tiller formation than hydroponics, particularly during the active vegetative growth phase. The
superiority of aquaponics can be attributed to a more balanced supply of organic and
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Inorganic nutrients derived from fish waste decomposition improve rhizosphere conditions
and enhance the plant's capacity to produce tillers [21].
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Fig. 3. Graphic comparison of the average number of tillers for hydroponic and aquaponic rice plants.

3.4 Analysis of Variance for Plant Height

Similar to tiller number, the ANOVA results for plant height revealed highly significant main
effects of both cultivation method and days after planting. The interaction between
cultivation method and plant age was also statistically significant, indicating that the effect
of the cultivation system on plant height depends on the developmental stage of the rice plant.

Table 3. Analysis results of the average plant height

Source of Variation | Sum of Squares | df | Mean Square | F-value | p-value
Cultivation Method | 4410.71 1 | 4410.71 187.35 | <0.001
Age 22756.29 6 | 379271 161.02 | <0.001
Interaction 159.29 6 | 2655 1.13 0.364
Error 989.00 42 | 23.55

Total 28315.29 55

In terms of plant height, aquaponics demonstrated a statistically significant advantage (p <
0.001) over hydroponics [19,20], resulting in taller rice plants (see Table 3). At 49 days after
planting, the mean plant height in the aquaponic system reached 81.67 cm, compared to 72.67
cm in the hydroponic system. This enhanced growth in aquaponics can be attributed to similar
factors influencing tiller development, namely, a more comprehensive nutrient supply
provided by the integrated aquaculture component. Fish effluent delivers a balanced mixture
of macro- and micronutrients, potentially in more bioavailable forms, which are essential for
vigorous vegetative growth and cell elongation, thereby contributing to increased plant
height. The interaction effect for plant height, although statistically significant, was
less.
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Pronounced than that observed for tiller number (p = 0.364). This suggests that, while
aquaponics generally promotes taller plants at all growth stages, the difference between the
two systems does not vary as markedly across developmental stages as observed for tiller

formation.
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Fig. 4. Graphic comparison of the average plant height for hydroponic and aquaponic rice plants.

The mean height of rice plants under hydroponic and aquaponic cultivation is illustrated in
Figure 4. Both systems exhibited progressive increases in plant height over time; however,
aquaponics consistently produced taller plants than hydroponics. At 42 days after planting,
the average height in the aquaponic system exceeded 75.33 cm, whereas the hydroponic
system reached only approximately 70.33 cm. These findings align with Nugroho et al. [14],
who reported that the use of fish waste as a nutrient source in aquaponics enhances plant
height growth.

4 Conclusion

This work shows that aquaponic cultivation significantly enhances Ciherang rice growth
compared to hydroponics. Visual observations indicated darker green leaves and more robust
roots in aquaponic plants, reflecting improved nutrient balance and plant health. Two-Way
ANOVA revealed that both cultivation method and plant age significantly affected tiller
number and plant height, with aquaponics consistently producing higher values. At 49 days
after planting, aquaponic rice reached 40.67 tillers and 81.67 cm in height, versus 37.67 tillers
and 72.67 cm in hydroponics. The integrated aquaculture system supplies continuous macro-
and micronutrients and beneficial microbes, improving rhizosphere conditions and
stimulating vegetative growth. Overall, aquaponics offers a more effective and sustainable
method for rice cultivation, promoting increased tillering, taller plants, and enhanced overall
vigor.



BIO Web of Conferences 201, 02003 (2025) https://doi.org/10.1051/bioconf/202520102003
ICoN-BEAT 2025

Acknowledgements
The authors gratefully acknowledge financial grants provided by the Center for research and community
service, Politeknik Negeri Indramayu, with contract number of 0859/PL42.11/AL.04/2023.

References

[1] H.R. Daliani, S. Amelia, S. A. Suri, A. Safitri, N. Arini, M. Meliana, D. Hasmidyani,
and M. A. Budiman, Regional Cooperation on Rice Commodity to Achieve Food
Security: ASEAN Case Study, J. Bus. Technol. Econ. 1, 93 (2024).
https://journal.pipuswina.com/index.php/jbte/article/view/73

[2] F.W.Ramadhani, W. P. Sari, A. Darmawan, and A. P. Rifai, Multi-Vehicle Capacitated
Vehicle Routing Problem for Rice Commodities in Indonesia Considering the Factors
of Weather-Induced Damages and Carbon Emissions, ASEAN Eng. J. 14, 195 (2024).
https://doi.org/10.11113/aej.V14.21096

[3] D. A. Wahyudi, S. Adi Wibowo, and R. Primaswara P, Rancang Bangun Sistem Pada
Aquaponic Berbasis IoT (Internet of Things), JATI (Jurnal Mhs. Tek. Inform. 5, 108
(2021). https://doi.org/10.36040/jati.v5i1.3271

[4] S. Prahitaningtyas, Integration of Internet of Everything (IoE) in Precision Agriculture :
A Case Study on Rice Commodity in West Java, J. Agric. Econ. Technol. Dev. 2, 22
(2025). https://doi.org/10.59261/jaetd.v2il.12

[5] K. Bidin, A. H. Ahmad, F. Cleophas, A. Kamu, and M. S. Lum, Vegetative-Phase
Growth Performance of Rice (Oryza Sativa L.) Cultivated Using Hydroponic System,
in [/4th Seminar on Science and Technology, Vol. 2314 (2021), pp. 1-6.
https://doi.org/10.1088/1742-6596/2314/1/012011

[6] 1. Umarie, M. Hazmi, and M. Muhaimin, Respons Tanaman Padi (Oryza Sativa L.)
Terhadap Berbagai Media Tanam dan Sumber Nutrisi pada Sistem Tanam Hidroponik
Vertikultur Bokas, Agritrop 17, 21 (2019).
https://doi.org/10.32528/agritrop.v17i1.2183

[71 A. D. Humaerah, Budidaya Padi (Oryza sativa) dalam Wadah dengan Berbagai Jenis
Pupuk pada Sistem Tanam Berbeda, J. Agribisnis 7, 199 (2013).
https://doi.org/10.15408/aj.v7i2.5179

[8] M.N.H.Z. Alam, N. S. I. A. Othman, S. A. Samsudin, A. Johari, M. H. Hassim, and
M. J. Kamaruddin, Carbonized rice husk and cocopeat as alternative media bed for
aquaponic system, Sains Malaysiana 49, 483 (2020). https://doi.org/10.17576/jsm-
2020-4903-03

[9] D. H. Marisda, R. Saad, Y. H. Hamid, and I. H. Karamma, Budidaya Kangkung dan
Ikan Nila dengan Sistem Aquaponik, JCES (Journal Character Educ. Soc. 3, 611 (2020).
https://doi.org/10.31764/jces.v3il.2786

[10] H. Barus, Muhardi, Samsu, and M. Gasong, Catfish Population and Organic Media
Composition Affect Rice Growth and Yield in Aquaculture-Hydroponic Systems, in The
3rd International Conference On Environmental Ecology Of Food Security (2023), pp.
1-9. https://doi.org/10.1088/1755-1315/1253/1/012033

[11] G. Li, L. Tao, X. li Li, L. Peng, C. feng Song, L. li Dai, Y. zi Wu, and L. Xie, Design
and performance of a novel rice hydroponic biofilter in a pond-scale aquaponic
recirculating system, Ecol. Eng. 125, 1 (2018).
https://doi.org/10.1016/j.ecoleng.2018.10.001

[12] H. R. Roosta and S. Afsharipoor, Effects of different cultivation media on vegetative
growth, ecophysiological traits and nutrients concentration in strawberry under
hydroponic and aquaponic cultivation systems, Adv. Environ. Biol. 6, 543 (2012).
http://www.aensiweb.com/old/aeb/2012/543-555.pdf

[13] S. Zhong, L. Fang, X. Li, T. Liu, P. Wang, R. Gao, G. Chen, H. Yin, Y. Yang, and F.




BIO Web of Conferences 201, 02003 (2025) https://doi.org/10.1051/bioconf/202520102003
ICoN-BEAT 2025

Li, Roles of chloride and sulphate ions in controlling cadmium transport in soil-rice
system as evidenced by Cd isotope fingerprint, Environ. Sci. Technol. 57, 17920
(2023). https://pubs.acs.org/doi/10.1021/acs.est.3c04132

[14] J. Platten, Nutrient Solution for Rice Hydroponics Culture, 2023.
https://doi.org/10.17504/protocols.io.wgbfbze

[15] A. Williams, Hydroponics 101 - A Complete Guide, First Edit (Albert Farajian, 2015).
https://www.scribd.com/document/346928981/Hydroponics-101

[16] S. K. Das, Role of Micronutrient in Rice Cultivation and Management Strategy in
Organic  Agriculture—A  Reappraisal, Agric. Sci. 05, 765 (2014).
http://dx.doi.org/10.4236/as.2014.59080

[17] N. Lietal., Effects of aquaponic system on growth and nutrients content and sustainable
production of sprouts in urban area, Aust. J. Crop Sci. 14, 1794 (2020).
https://doi.org/10.21475/ajcs.20.14.11.p2674

[18] J. Heo, J. Baek, Z. Subah, and J. H. Ryu, Evaluating crop growth between hydroponics
and aquaponics with different light inputs, Front. Hortic. 3, 1 (2024).
https://doi.org/10.3389/thort.2024.1413224

[19] A. Ismawanti, E. Nurcahyani, S. Farizi, and S. Sumardi, Effect of Indole Acetic Acid
(IAA) by Serratia marcescens strain MBC1 on Soybean (Glycine max L.) Germination,
Indones. J. Biotechnol. Biodivers. 6, 18 (2022). https://doi.org/10.47007/ijobb.v6il.118

[20] A. Arif, D. A. Alfarez, and M. R. Ramadhan, Anova and Tukey HSD Comparison of
Rice Production Between Three Regencies in Jambi Province, Multi Prox. J. Stat. Univ.
Jambi 2, 23 (2023). https://doi.org/10.22437/multiproximity.v2il.25908

[21] L. E. Ramandhani, L. I. Widuri, and P. Dewanti, Kualitas Mutu Sayur Kasepak
(Kangkung, Selada, dan Pakcoy) dengan Sistem Budidaya Akuaponik dan Hidroponik,
J. Agroteknologi 14, 33 (2020). https://doi.org/10.19184/j-agt.v14i01.15481

[22] R. A. Nugroho, L. T. Pambudi, D. Chilmawati, and A. H. C. Haditomo, Aplikasi
Teknologi Aquaponic pada Budidaya Ikan Air Tawar untuk Optimalisasi Kapasitas
Produksi, L. Saintek Perikan. 8, 46 (2012).
https://doi.org/10.14710/presipitasi.v%25vi%25i.278-293




