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Abstract. This study was aimed to determine the effects of grow media on the mineral contents of the leaves and
growth characteristics of strawberry grown under aquaponics system in a plant factory. For aquaculture, 12 fish
(Cyprinus carpio) (total weight, 2.0 kg) were raised in an aquaponics tank (W 0.7 m x L 1.5 m x H 0.45 m, 472.5 L)
filled with 367.5 L of water at a density of 5.44 kg-m™ and total 34 of strawberry seedlings were transplanted in the pots
filed with 200 g of orchid stone, hydroball or polyurethane sponge in the growing bed (W 0.7 m x L 1.5m x H 0.22 m)
laid out with holly acrylic sheet (140x60 mm, ¥80) on the top of the system. The pH and EC of the aquaponic solution
was ranged from 7.6 to 4.9 and 0.24—0.91 dS-m™, respectively. The concentration of NO3-N was about 28% lower
than that of the hydroponic standard solution, and K, Fe and B were 10, 27 and 3.8 times lower, respectively; however,
the mineral contents of strawberry leaves were in the appropriate ranges with lower contents in the leaves grown with
sponge media. The organic content (OM), nitrogen (N), phosphorus (P), and potassium (K) of the sludge were 61.5,
5.72, 8.92, and 0.24%, respectively. The leaf area, leaf number, and dry and fresh weights of shoot at 81 DAT were
significantly higher in the hydroball, and the average number of fruits per plant was significantly higher in both the
orchid stone and hydroball. There was no significant difference in the fresh and dry weights of fruits. Integrated all the
results suggest that the orchid stone and hydroball media are more effective to utilize nutrients in solid particles of
aquaponic solution, compared to the polyurethane sponge.
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Fig. 1. The aquaponic system used in this study.
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Fig. 2. Changes of pH, electrical conductivity (EC), and temperature in the solution of aquaponic system.
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Fig. 3. Changes of nitrate nitrogen (NOs-N) and ammonium nitrogen (NH4-N) concentrations in the solution of the aquaponic system at the 19 days
prior to transplant, 8, 32, 48, and 67 days after transplant. Bars represent standard deviation of 2 replications.
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Table 1. Mineral concentrations in the solution of the aquaponic system measured at the 67 days after transplant (20th of Dec., 2022).

Macroelement (me-L™")

Microelement (mg-L™)

Component

NO; NH,4 K P Ca Mg S Fe B
Experiment 3.6" 0.9 0.3 0.7 29 0.9 1.0 0.11 0.13
Reference” 5.0 0.5 3.0 1.5 2.0 1.0 1.0 3.0 0.50

“Each value is the mean of 2 replications.
YNutrient solution for strawberry referred from Lee et al. (2015).

Table 2. Contents of organic matter (OM) and minerals in the sludge collected from the aquaponics system measured at the 73 days after transplant

(26th of Dec., 2022).

Macroelement (%o)

Heavy metal and Microelement (mg-kg")

Component OM (%) -

P K As Cd Hg Pb Cr Cu Ni Zn
Sludge 61.5 5.72 8.92 0.24 2.14 1.71 nd” 0.15 15.19 263 19.6 790
Reference” > 30 - - - <45 <5 <2 <130 <200 <360 <45 < 900

“Each value is the mean of 2 replications.
*Non detectable.

*The official standards for composed organic fertilizer by the Rural Development Administration (RDA, 2022).

Table 3. Mineral contents of strawberry leaves grown in the aquaponic system with the orchid stone, hydroball, and polyurethane sponge at the 81

days after transplant (3rd of Jan., 2023).

Macroelement (%o)

Microelement (mgkg™")

Growing media

N P K Ca Mg Fe B
Orchid stone 3.05 a¥ 0.80 a 323 a 1.79 a 0.61 a 77 115
Hydroball 311 a 0.85 a 3.01 a 1.80 a 0.61 a 93 120
Sponge 288 b 0.65 b 275 b 1.66 b 0.57 b 80 100
Reference® 3.0—4.0 02-04 1.1-25 0.5-1.5 0.25-0.45 50—300 25-50

“Means with different letters within the column are significantly different by Duncan’s multiple range test at p < 0.05.

YEach value is the mean of 2 replications.
*Campbell (2000).
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Table 4. Leaf growth characteristics of strawberry grown in the aquaponic system with the orchid stone, hydroball, and polyurethane sponge.
Measurements were conducted at the 42, 49, 56, 63, 70, and 77 days after transplant (DAT).

DAT Growing media  No. of new leaves  No. of leaves Crown diameter Leaf length Leaf width  Leaf petiole length
(mm) (cm) (cm) (cm)
Orchid stone 1.00 a® 5.67 a 13.79 a 6.80 a 6.50 a 940 a
42 Hydroball 033 a 533 a 1362 a 6.03 b 557D 7.77 ab
Sponge 0.67 a 433 a 11.87 a 557D 527D 6.07 b
Orchid stone 0.67 a 5.67 a 1219 a 697 a 6.40 a 923 a
49 Hydroball 1.00 a 633 a 12.59 a 6.53 ab 590 a 9.13 a
Sponge 0.67 a 333 b 11.04 a 570 b 543 a 630 b
Orchid stone 133 a 6.00 a 10.90 a 7.13 a 6.80 a 9.50 a
56 Hydroball 0.67 a 7.67 a 12.60 a 6.87 a 6.17 b 8.70 ab
Sponge 033 a 6.00 a 11.95 a 6.20 a 577 b 6.13 b
Orchid stone 0.67 a 7.00 a 1227 a 727 a 6.87 a 10.20 a
63 Hydroball 033 a 8.00 a 1278 a 6.90 a 633 a 9.17 a
Sponge 033 a 6.33 a 1249 a 567 b 5.07 b 630 b
Orchid stone 0.00 a 8.00 ab 10.83 b 737 a 7.03 a 923 a
70 Hydroball 0.01 a 9.67 a 13.99 a 6.73 a 6.23 ab 8.87 a
Sponge 033 a 733 b 12.14 ab 6.20 a 570 b 6.83 a
Orchid stone 033 a 6.00 b 1415 b 740 a 6.83 a 10.20 a
77 Hydroball 1.00 a 933 a 17.25 a 737 a 6.53 a 8.57 ab
Sponge 033 a 7.00 b 1357 b 623 a 593 a 6.63 b
“Means with different letters within the column are significantly different by Duncan’s multiple range test at p < 0.05.
YEach value is the mean of 3 replications.
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5. Plant growth characteristics of strawberry grown in the aquaponic system with the orchid stone, hydroball, and polyurethane sponge.

Measurements were conducted at the 59 and 81 days after transplant (12th of Dec., 2022 and 3rd of Jan., 2023).

DAT Grow%ng Lc;if arezilI No. of leaves  Fresh weight (g-plant”) Dry weight (g-plant”) Leafzarfa ratio
media (cmrplant™)  per plant Shoot Root Shoot Root (cm™g” DW)
Orchid stone 446 a” 7.00 a 17.54 a 13.67 a 3.56 a 134 a 9237 a
59 Hydroball 432 a 733 a 18.07 a 10.11 a 373 a 1.17 a 89.17 a
Sponge 513 a 6.67 a 20.66 a 1234 a 4.16 a 1.01 a 99.20 a
Orchid stone 371 b 6.00 b 1497 b 9.85 a 3.18 b 1.24 ab 83.06 a
81 Hydroball 671 a 10.67 a 2340 a 11.96 a 537 a 1.56 a 96.98 a
Sponge 368 b 7.00 b 13.78 b 872 a 338 b 1.14 b 80.84 a

“Means with different letters within the column are significantly different by Duncan’s multiple range test at p < 0.05.
Each value is the mean of 3 replications.
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Cumulative total fruit number per plant
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Days after transplant

Fig. 4. Cumulative fruit number harvested from the plants grown in the aquaponic system with the orchid stone (AOS), hydroball (AHB), and
polyurethane sponge (ASP). Measurements were conducted for 3 plants per treatment.
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Table 6. Fruit characteristics of strawberry grown in the aquaponic system with the orchid stone, hydroball, and sponge. Measurements were

conducted at the 81 days after transplant (3rd of Jan., 2023).

Growing No. of fruits Fruit fresh weight Fruit dry weight Soluble solid content
media per plant (g-fruit™) (g-fruit™) (°Brix)
Orchid stone 833 a™ 534 a 042 a 6.79 ¢
Hydroball 7.67 a 6.03 a 052 a 7.56 b
Sponge 5.00 b 5.63 a 051 a 8.19 a

“Means with different letters within the column are significantly different by Duncan’s multiple range test at p < 0.05.

Each value is the mean of 3 replications.
*Harvesting was conducted from the Ist cluster of 3 plants.

Orchid stone

Hydroball Sponge

Fig. 5. ‘Gwanha’ strawberry plants grown in the aquaponic system with the orchid stone, hydroball, and polyurethane sponge at 81 days after

transplant.
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