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Abstract. Mizuna, or Japanese mustard greens, is a highly popular plant in 

Indonesia, with wide market availability and high economic price, among 

other green vegetables. Mizuna cultivation using an automatic nutrient film 

technique (NFT) hydroponic system will produce better quality and quantity 

and efficient use of fertilizers and electricity. This study aimed to find the 

best concentration of nutrients to support the growth of mizuna and 

determine the flow time of hydroponic media suitable for mizuna 

cultivation. The study was designed using RCBD with two treatment factors, 

namely nutrient formulation (four nutrient formulations and water as 

control) and medium flow time (three levels of switch-off time i.e 15, 45, 

and 60 min). Growth observation data were analyzed using variance 

(ANOVA), then the multiple comparison test was continued with the 

Duncan multiple range test (DMRT) at α level 5%. Different nutrient sources 

in this study did not significantly affect the growth variables of mizuna, but 

mizuna grown in a nutrient medium did significantly show better growth 

than control. This study found that all of the flow time treatments (15, 45, 

and 60 minutes off) also gave statistically similar results on the growth of 

mizuna in the NFT hydroponic system.  

1 Introduction 

Brassicaceae is a vital vegetable cultivated and used worldwide. Fresh mizuna plants contain 

high amounts of calcium and iodine, a source of folate, phenols, and flavonoids. Mizuna has 

high antioxidant properties. In medicine, this plant increases blood clotting and bone strength 

and improves vision and endurance [1]. Mizuna is cultivated in several North America, 

Europe, and Asia countries. Despite its high nutritional and economic value, mizuna 

production in Indonesia is still deficient. Hydroponics is a soil-free farming method that can 

contribute to meeting global food demand, improving food sustainability, and ensuring food 

availability in a new, efficient, yet low-maintenance way. Agricultural productivity is 

struggling to meet the increasing food demand associated with the world's growing 

population, which is expected to grow to 9.5 billion people by 2050. To address this issue, 
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high yields from hydroponic farming are expected to increase the compound annual growth 

rate by 20.7% from 2021 to 2028. In addition, the application of the Internet of Things in 

hydroponic farming offers farmers various methods to closely monitor and manage their 

crops with the help of sensors, microcontrollers, website platforms, and mobile applications 

automatically [2]. 

Hydroponics refers to a soil-free farming method that uses water-based nutrient solutions. 

Hydroponic farming has been suggested as one of the potential solutions to the problem of 

food insecurity at the global level. Several studies have shown that hydroponics can reduce 

environmental degradation, improve food security, stability, and sustainability, and enhance 

resilient farming practices [3], [4]. Advanced hydroponic systems with controlled growing 

environments allow farmers to produce continuous harvests in shorter growing periods, 

requiring less space, and with higher crop productivity, regardless of climate, soil quality, or 

arable land availability [5].  

The Hydroponics nutrient film technique (NFT) system is a cultivation method in which 

roots grow directly into a thin, constantly recycled stream of water [3]. This solution runs for 

24 hours and contains nutrients adjusted for the plant [4]. Thus, electricity usage can become 

expensive and less efficient. also, we need to find suitable nutrients for each plant. This study 

aimed to find the best nutrient formulation to support the growth of mizuna and determine 

the flow time of hydroponic media suitable for mizuna cultivation. This research is expected 

to produce mizuna with higher production and more efficient fertilizer, water, and electricity 

use. 

2 Methods 

2.1 Design of NFT Hydroponic System 

The installation framework of hydroponic NFT is made of galvanized 380 cm long, 90 cm 

rear height with 80 cm front height, 380 cm pipe length, and 20 spacing between plant holes. 

The planting medium used in the nursery and plant holder is rock wool. The seedlings are 

transplanted after 2 weeks of sowing. The nutrient formulation supplied is adjusted to the 

treatment. The medium flow can be stopped (switch-off time) according to the treatment with 

a maximum time of 70 minutes so that the roots do not dry out. 

2.2 Experimental design and data analysis 

The study was designed using randomized complete block design (RCBD) with two 

treatment factors, namely nutrient formulation (four nutrient formulations and one control) 

and medium flow time (three levels of switch-off time). Nutrient formulation consisted of 

four formulations, i.e., nutrient A (modified nutrient), B (Cooper (1979)), C (Steiner (1984)), 

D (BPTP) [6], [7], [8], and E (control medium using water). The mineral composition of four 

nutrient formulations is shown in Table 1. Medium flow time treatments (time for circulation 

off after 15 min on) consisted of three levels of switch-off time, i. e, 15, 45, and 60 min. 

Variables of plant observation in this study consisted of plant length (cm), number of 

leaves, total chlorophyll (μg.mL-1), root weight (g), root length (cm), stem diameter (mm), 

fresh weight (g), and dry weight (g). Growth observation data were analyzed using analysis 

of variance (ANOVA), then the multiple comparison test was continued with the Duncan 

multiple range test (DMRT) at α level 5%. 
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Table 1. Mineral composition of the four nutrient formulations 

Nutrient (mg.L-1) Modified Cooper (1979) Steiner (1984) BPTP 

N  500 350 168 311 

P  80 60 100 76 

K 250 300 273 349 

Ca 150 185 180 286 

Mg 100 50 48 157 

S 55 68 336 248 

Fe 2 12 4 7 

Mn 1 2 0.62 2.90 

Zn 0.30 0.10 0.11 0.60 

B 2.00 0.30 0.44 0.60 

Cu 0.10 0.10 0.02 0.10 

Mo 0.001 0.20 0.00 0.06 

Cl 3 - - - 

3 Results and Discussion 

The nutrient formulation of hydroponic media had a significant effect on the length of mizuna 

plants 15 to 30 days after planting (DAP). However, different flow times had no significant 

effect on all observation ages. Different nutrient formulations showed no significant effect 

on mizuna plant length, but all did show better growth than control (Table 2).  

Table 2. Plant height (cm) of mizuna under several nutrient formulations and flow time. 

Treatment 
Plant length (cm) 

5 DAP 10 DAP 15 DAP 20 DAP 25 DAP 30 DAP 

Nutent formulation       

Modified 6.80a 14.65 a 24.07 b 34.02 b 38.68 b 44.12 b 

Cooper 1979 8.56 a 18.06 a 27.00 bc 35.19 b 40.80 b 43.99 b 

Steiner 1984 6.97 a 15.74 a 25.18 bc 35.22 b 40.05 b 45.40 b 

BPTP 8.86 a 20.59 a 31.15 c 40.19 b 44.10 b 49.45 b 

Control 7.21 a 12.38 a 15.74 a 17.73 a 18.00 a 19.39 a 

Flow time       

15 mins off 7.66 a 16.46 a 25.18 a 33.48 a 36.86 a 41.61 a 

45 mins off  7.87 a 16.18 a 23.89 a 31.46 a 35.48 a 39.51 a 

50 mins off 7.50 a 16.21 a 24.81 a 32.47 a 36.38 a 40.29 a 

Notes: The mean value, followed by the same letter in the same column, showed that the difference was 

insignificant based on the DMRT test with α 5%.  

Different nutrient formulations and flow time also showed the same effect on the number 

of leaves variable. There were no significant effects of the treatment combination between 

nutrient formulation and flow time at all observation times. Nutrient formulation significantly 

affected the number of mizuna leaves at 15 to 30 DAP, but flow time did not significantly 

affect the number of mizuna leaves variable at 5 to 30 DAP (Table 3). 
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Table 3. Number of mizuna leaves under application of several nutrient formulations and flow time. 

Treatment 
Plant length (cm) 

5 DAP 10 DAP 15 DAP 20 DAP 25 DAP 30 DAP 

Nutent formulation       

Modified 4.85 a 5.87 a 5.85 a 12.39 b 14.22 b 16.02 bc 

Cooper 1979 5.85 a 6.41 a 6.56 b 11.20 b 12.93 b 14.89 b 

Steiner 1984 5.09 a 6.07 a 6.11 b 12.72 b 14.56 b 17.63 bc 

BPTP 5.93 a 6.83 a 6.72 b 13.76 b 15.76 b 18.31 c 

Control 4.91 a 5.28 a 5.26 a   5.20 a   5.56 a   6.00 a 

Flow time       

15 mins off 5.23 a 6.08 a 5.98 a 10.97 a 12.18 a 14.13 a 

45 mins off  5.37 a 6.14 a 6.22 a 11.24 a 12.56 a 15.04 a 

50 mins off 5.38 a 6.06 a 6.10 a 10.96 a 12.40 a 14.53 a 

Notes: The mean value, followed by the same letter in the same column, showed that the difference was 

insignificant based on the DMRT test with α 5%.  

Total chlorophyll, root weight, root length, and stem diameter were determined at the end 

of observation time during harvesting. The nutrient formulation significantly affected those 

variables, although the single effect of flow time had no significant effect on all of them. A 

nutrient medium with different formulations showed significantly better mizuna growth than 

a control medium, although different effects between nutrient formulations were not seen on 

total chlorophyll, root weight, and stem diameter variables (Table 4). 

Table 4. Total chlorophyll, root weight, root length, and stem diameter of mizuna under the 

application of several nutrient formulations and flow times. 

Treatments 
Total chlorophyll 

(μg.mL-1) 

Root weight 

(g) 

Root length 

(cm) 

Stem diameter 

(mm) 

Nutrient formulation     

Modified 30.43 b 2.50 b 28.58 a 14.07 b 

Cooper 1979 33.48 b 2.44 b 28.75 a 17.08 b 

Steiner 1984 30.40 b 2.52 b 30.58 a 18.94 b 

BPTP 28.15 b 2.22 b 29.19 a 18.62 b 

Control 23.18 a 0.84 a 27.08 a   6.61 a 

Flow time (15 mins on)     

15 mins off 28.68 a 5.76 a 29.20 a 14.91 a 

45 mins off  27.34 a 4.94 a 28.17 a 15.65 a 

50 mins off 31.36 a 5.10 a 29.15 a 14.63 a 

Notes: The mean value, which was followed by the same letter in the same column, showed that the 

difference was not significant based on the DMRT test with α 5%.  

Fresh and dry weights of mizuna were significantly affected by nutrient formulation 

treatment but were not significantly affected by flow time treatment (Fig. 1 and Fig. 2). 

Different flow times did not show significantly different mizuna fresh and dry weights. A 

nutrient medium with different formulations showed significantly better mizuna growth than 

the control medium, although different effects between nutrient formulations were not seen 

on fresh and dry weight variables. 
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Fig. 1. Fresh weight of mizuna leaves under application of several nutrient formulation and flow time. 

(Note: Nutrient A (modified nutrient), B (Cooper 1979), C (Steiner 1984), D (BPTP), and E 

(control)). 

 

 
Fig. 2. Dry weight of mizuna leaves under application of several nutrient formulation and flow time. 

(Note: Nutrient A (modified nutrient), B (Cooper 1979), C (Steiner 1984), D (BPTP), and E 

(control)). 

Macronutrients are nutrient elements that are needed in large quantities for normal plant 

growth and development. According to Kumari et al. [9], macronutrients such as N, P, and 

K are essential in plant vegetative growth. The four nutrient formulations used in this study 

may have met the needs of mizuna in these three elements so that the results are not 

significantly different but are much better than the control.  

Nitrogen stimulates plant growth and gives green color (chlorophyll) to the leaves. If its 

needs are unmet, the leaves turn yellow or yellowish green and fall off quickly. Masclaux-

Daubresse et al. [10] stated that an increase in the number of leaves indicates the activity of 

plant cell division and an increase in the number of leaves requires a sufficient amount of N. 

Labra et al. and Subramanian et al.  [11], [12] also added that the optimal nutrient content or 

availability of nitrogen nutrients in plants will affect the increase in leaf area, leaf chlorophyll, 

and the number of plant leaves. However, Wang et al. and Sun et al. [13], [14] added that 

giving excessive N to plants will slow down plant maturity, weak stems, easy to fall, and 

reduced plant resistance to disease. Although the concentration of N in Nutrient A (modified 

nutrient) is higher than that of other nutrient formulations, this study showed that the amount 

is still by the needs and thresholds of mizuna. Furthermore, Lopez et al. and Razaq et al. [15], 

[16] also revealed that P and N deficiencies can affect root growth. Root growth (root weight 

and length) in all nutrient formulation treatments also shows that Mizuna's P needs are met. 

Plants can effectively absorb a balanced nutrient formula and produce better growth. 

Macro and micronutrients, if not completely available, can inhibit the growth and 

development of the plant. Providing nutrients in the right amount and formula will increase 

plant growth. Deficiency or excess nutrients will disrupt plant growth, and the production 

results obtained will be less than optimal [17], [18], [19]. 

Fresh and dry plant weight can be used to indicate plant growth rate. The control medium 

showed significantly lower mizuna growth compared to the nutrient medium of all 
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formulations (Fig. 3). According to Al Meselmani [20], water as a plant growth medium does 

not have enough nutrient content to meet the needs of mizuna plants, which play an essential 

role in plant growth. This can be seen in all mizuna growth variables represented in the 

economic value of mizuna production. 

 
Fig. 3. The comparison of mizuna growth between nutrient medium (modified, Cooper 1979, Steiner 

1984, and BPTP) and control medium 

In summary, the nutrient formulation significantly affected mizuna's growth variables of 

mizuna but flow time did not show the same effect. Different time circulation switch-offs (15 

to 50 min off) after 15 minutes showed no significantly different results on growth variables 

of mizuna. This finding revealed that the flow time medium can be optimized by using time 

circulation with a 50-minute switch-off after a 15-minute switch-on. This result has a broader 

impact on the efficiency of electricity use.  

Nutrient formulations tested in this research are common mediums used for growing 

vegetables in hydroponic systems. Nevertheless, the result showed that all formulations 

produce significantly better mizuna growth than the control medium. This finding 

emphasizes and encourages the farmer to use the formulation by adjusting the availability of 

the medium or nutrient solution. 
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