J Plant Biotechnol (2021) 48:77-85
DOLI:https://doi.org/10.5010/JPB.2021.48.2.77

ISSN 1229-2818 (Print)
ISSN 2384-1397 (Online)

Research Article

WAt A=5Z Mt =3 = St o2y S0 Oixiz 3%

™
0x

=
e

Effects of nutrient solution and artificial light on the growth and
physicochemical properties of hydroponically cultivated barley
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Abstract Hydroponic cultivation, in which crops are
grown without soil and are unaffected by the weather, has
many advantages over conventional soil cultivation. The
crop’s growth can be further accelerated by using nutrient
solution in place of water. This study investigated the growth
and physicochemical properties of hydroponic barley sprouts
under various nutrient solution and artificial light treatments.
The shoot, root, and total plant length increased over time,
with the fastest growth occurring in the nutrient solution and
light-emitting diode (LED) treatments. Fresh and dry plant
weights were higher in the fluorescent lamp treatment than in
the LED treatment. Barley sprout powder color differed
slightly by treatment, with the Hunters L value ranging from
50.79 to 53.77; Hunters a value from -6.70 to -4.42; and
Hunters b value from 13.35 to 14.76. The Hunters L and
Hunters b values were highest in the LED treatment, whereas
the Hunters a value was relatively highest in the fluorescent
lamp treatment. The total phenol content was higher in the
control than in the nutrient solution treatment; however, the
total flavonoid content showed the opposite pattern to that of
total phenol content, being highest in plants that were grown
in nutrient solution. The Trolox equivalent antioxidant
capacity (TEAC) was higher in the control group than in the
nutrient solution group. The ferric ion reducing antioxidant
power (FRAP) was higher in the fluorescent treatment group
than in the LED treatment group. The total amino acid
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composition ranged from 106.82 to 122.63 mg/g dry powder,
with the essential amino acid composition ranging from
47.01 to 56.19 mg/g, and non-essential amino acid com-
position from 67.86 to 77.66 mg/g. The most frequently
detected compositional amino acid was aspartic acid,
followed by glutamic acid, alanine, leucine, and valine.

Keywords Aspartic acid, Hunters value, Hydroponic cul-
tivation, Non-essential amino acid, Nutrient solution
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Light-emitting diode (LED)+= <5 A A] &- 9] 33-31-4
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A& dhg 0 A2 of] A &S ] Z tH(Olle and Virile 2013;
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Table 1 Daily changes in temperature, humidity and CO, concentration during the growth period of barley

Growth condition Air temperature (°C)

Relative humidity (%) CO; concentration (ppm)

11-09 26.9 37.3 460.3
11-10 26.8 39.7 472.8
11-11 232 65.4 511.2
11-12 25.1 64.3 564.3
11-13 24.7 67.1 552.8
11-14 24.6 71.2 538.3
11-15 24.4 77.4 611.7
11-16 24.6 80.2 581.2
11-17 24.8 78.3 552.3
Aver. 25.0 64.5 538.3
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Table 2 Shoot, root, and plant lengths of hydroponic barley sprouts grown under various nutrient solutions and artificial light sources

Treatment Shoot Root Plant
Length (cm)
FL Con. 4.88 + 0.62 b,## 8.46 + 0.59 b# 13.34 + 0.89 d##
FL 1000X 562 + 0.72 a 9.09 £ 0.74 ab 14.71 + 1.08 abc
FL 500X 5.62 £ 0.67 a 9.79 £ 0.80 a 1541 £ 0.89 a
3D LED Con. 5.05 + 0.60 b 8.75 + 0.46 ab 13.80 = 0.89 cd
LED 1000X 555 £ 062 a 9.64 £ 0.57 a 15.19 £ 0.95 ab
LED 500X 4.80 = 0.68 b 9.26 £ 0.71 ab 14.06 = 0.91 bed
FL Con. 529 + 0.79 15.69 + 1.26 b, ### 20.97 + 1.12 b##
FL 1000X 6.35 + 0.81 17.84 + 1.09 a 24.18 £ 1.76 a
FL 500X 5.70 + 0.75 18.99 + 0.99 a 2469 +£ 122 a
op LED Con. 535 + 091 15.57 £ 1.21 b### 20.92 + 1.57 b,##
LED 1000X 5.82 + 0.81 1889 + 1.34 a 2471 £ 147 a
LED 500X 5.95 £ 1.01 1872 £ 124 a 24.67 £ 1.77 a
FL Con. 6.04 £ 0.84 be 20.03 = 1.16 b### 26.07 £ 1.64 b
FL 1000X 718 £ 092 a 2328 + 1.38 a 3046 £ 1.74 a
oD FL 500X 6.89 + 0.81 ab 2387 £ 0.77 a 30.76 £ 0.92 a
LED Con. 5.50 + 0.77 c# 19.07 £ 0.92 b### 24.56 + 1.18 b,###
LED 1000X 6.19 £ 0.89 abc 2320 £ 1.12 a 2939 + 128 a
LED 500X 6.69 £ 0.80 ab 2273 + 1.86 a 2942 + 181 a

Each treatment group consisted of 10 barley plants (» = 10). Lowercase letters (a, b, ¢, and d) indicate significant differences among
treatments at p < 0.05. # represents significant differences between the Hyponex and water-only treatments (# p < 0.05; ## p < 0.01;
and ### p < 0.001). D = day; FL = fluorescent lamp; LED = light-emitting diode (red:white:blue = 2:1:1); Con = control; X =

dilution rate.
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Kwack etal. (2015)2- 4Z(ch], 2| 91, 1] E, 2 7)) o] 2 9]
A& Aol FH 2ol n A= G FAFGE Ao A,
A 2] 7 $- ofupR}7| FHo], Erf| Q12 gt Y A| e} ofn}
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Table 3 Fresh and dry weights of hydroponic barley sprouts grown under various nutrient solutions and artificial light sources

Treatment Shoot Root
Fresh weight (g/plant) Dry weight (g/plant)  Fresh weight (g/plant)  Dry weight (g/plant)
FL Con. 0.070 £+ 0.007 b 0.006 + 0.001 0.108 £+ 0.019 0.029 + 0.006 ab
FL 1000X 0.072 £ 0.009 b 0.007 + 0.001 0.102 + 0.021 0.026 + 0.006 b
FL 500X 0.079 £ 0.012 ab 0.007 + 0.001 0.096 + 0.021 0.026 + 0.006 b
3D LED Con. 0.072 £ 0.007 b 0.006 + 0.001 0.108 £ 0.013 0.031 £ 0.005 a#
LED 1000X 0.081 £ 0.009 a 0.007 + 0.001 0.107 £ 0.020 0.027 £ 0.005 b
LED 500X 0.077 £ 0.009 ab 0.007 + 0.001 0.100 + 0.018 0.028 + 0.005 ab
FL Con. 0.096 + 0.014 b# 0.008 + 0.002 b,## 0.102 = 0.019 0.020 £ 0.004 a
FL 1000X 0.113 £ 0.012 a 0.010 + 0.002 a 0.104 = 0.019 0.018 £ 0.005 ab
FL 500X 0.120 + 0.014 a 0.010 + 0.002 a 0.090 + 0.020 0.017 + 0.004 b
op LED Con. 0.091 £ 0.015 b,## 0.008 £ 0.002 b,# 0.085 + 0.012 0.018 £ 0.005 ab
LED 1000X 0.110 + 0.013 a 0.010 + 0.002 a 0.086 + 0.025 0.017 + 0.005 b
LED 500X 0.121 + 0.016 a 0.010 + 0.002 a 0.086 + 0.022 0.017 + 0.004 b
FL Con. 0.126 £ 0.013 b,# 0.010 £+ 0.002 ab 0.116 £ 0.018 a*# 0.016 £ 0.003 a,#
FL 1000X 0.137 £ 0.026 ab 0.011 £ 0.004 ab 0.101 £ 0.019 ab,* 0.014 £ 0.003 ab
FL 500X 0.136 £ 0.026 ab 0.011 £ 0.003 ab 0.100 £ 0.020 ab,* 0.013 £ 0.004 b
oD LED Con. 0.114 £ 0.017 b,# 0.010 £+ 0.002 b,# 0.097 £+ 0.022 ab 0.015 £ 0.004 ab
LED 1000X 0.128 £ 0.021 b 0.012 £+ 0.004 ab 0.093 £ 0.017 b 0.014 £ 0.004 ab
LED 500X 0.171 + 0.036 a 0.014 + 0.003 a 0.093 + 0.016 b 0.012 £ 0.002 b

Each treatment group consisted of 10 barley plants (» = 10). Lowercase letters (a, b) indicate significant differences among treatments
at p < 0.05. * represents significant differences between the FL and LED treatments (p < 0.05). # represents significant differences
between the Hyponex and water-only treatments (# p < 0.05; ## p < 0.01). D = day; FL = fluorescent lamp; LED = light-emitting
diode (red:white:blue = 2:1:1); Con = control; X = dilution rate.

Table 4 Day 9 barley sprout yield resulting from various nutrient solution and artificial light source treatments in hydroponic systems

et Fresh weight (g) Dry weight (g)
Shoot Root Total Shoot Total

FL Con. 15678 + 3.19 ¢ 317.12 + 240 bo,**## 473.80 + 079 c* #1220 + 006 cf## 3290 + 1.20 be 4510 + 1.14 c#
FL 1000X 21706 + 1364 ab 35374 + 1379 a** 57080 + 2348 a* 1576 + 1.11 a 3272 + 2.06 be 4848 + 1.93 abc
FL 500X 22261 + 1403 a 36496 + 470 a** 58757 £ 934 a* 1564 £ 070 a 36.14 £ 225 b 5178 £ 156 a
LED Con.  149.56 + 6.83 c##  320.11 £ 958 be 46967 +2.75 ¢ 1165 + 066 ¢ 3967+ LI2a# 5131+ 178a
LED 1000X  200.86 £ 0.58 b 32619+ 931 b 52706 £ 975 b 1481 + 022 ab 3423 + 1.83 be 49.04 + 2.02 ab
LED 500X 20123+ 1075 b 304.00 + 822 ¢ 50522 + 1781 b 1415+ 073 b 318+ 12 ¢ 4543 + 192 be

This experiment was conducted twice. Lowercase letters (a, b, and c) indicate significant differences among treatments at p < 0.05.
* represents significant differences between the FL and LED treatments (* p < 0.05; ** p < 0.01). # represents significant differences

between the Hyponex and water-only treatments (# p < 0.05; ## p < 0.01;
light-emitting diode (red:white:blue = 2:1:1); Con = control; X = dilution rate.
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Table 5 Chromacity of barley sprout powder from hydroponic barley sprouts grown under various nutrient solutions and artificial

light sources

Treatment L (lightness) a (redness) b (yellowness) AE (overall color difference)
FL Con. 51.87 £ 1.00 be,*** -4.42 £ 0.40 af#H 13.83 + 0.33 bed,*** 4528 £ 0.94 ab,***
FL 1000X 5142 + 1.21 c*** -6.25 £ 056 b 13.65 £ 0.21 cd,*** 4571 £ 1.18 a,***
FL 500X 50.79 + 1.05 c*** -6.05 £ 0.64 b 13.35 £ 0.57 d,*** 46.29 £ 0.95 a,***
LED Con. 53.77 £ 0.79 a -4.94 + 0.82 af## 1476 = 0.32 a 43.56 £ 0.71 ¢
LED 1000X 53.50 = 1.09 a -6.70 = 0.28 b 1441 + 0.34 abc 43.78 + 1.01 ¢
LED 500X 52.97 + 1.09 ab -6.53 £ 092 b 14.58 + 1.04 ab 4428 + 1.00 bc

This experiment was conducted three times. Lowercase letters (a, b, ¢, and d) indicate significant differences among treatments at
p < 0.05. * represents significant differences between the FL. and LED treatments (*** p < 0.001). # represents significant differences
between the Hyponex and water-only treatments (### p < 0.001). FL = fluorescent lamp; LED = light-emitting diode (red:white:blue

= 2:1:1); Con = control; X = dilution rate.
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Table 6 Total phenolic content, total flavonoid content, and antioxidant activity of hydroponic barley sprouts grown under various
nutrient solutions and artificial light sources

Treatment TPC (mg/ml) TFC (mg/ml) TEAC (mM) FRAP (mM)
FL Con. 6.00 £ 0.12 a## 0.54 = 0.04 b## 6.58 = 0.47 aif# 31.80 = 4.64 a*
FL 1000X 467 £ 042 b 091 £ 0.10 a 5.68 £ 0.10 b 25.07 £ 0.70 b*
FL 500X 459 £ 049 b 0.88 = 0.08 a 527 + 0.16 be 33.34 + 048 a*
LED Con. 574 + 041 a# 0.50 £ 0.06 b,### 6.54 + 0.33 a### 2729 + 445 b
LED 1000X 463 £0.14 b 094 = 0.07 a 5.19 £ 0.03 ¢ 20.55 + 0.60 ¢
LED 500X 448 £ 091 b 0.97 + 0.06 a 5.08 £ 0.20 ¢ 24.15 + 0.57 be

This experiment was conducted three times. Lowercase letters (a, b, and ¢) indicate significant differences among treatments at p <
0.05. * represents significant differences between the FL and LED treatments (* p < 0.05). # represents significant differences between
the Hyponex and water-only treatments (# p < 0.05; ## p < 0.01; and ## p < 0.001). FL = fluorescent lamp; LED = light-emitting
diode (red:white:blue = 2:1:1); Con = control; X = dilution rate; TPC = total phenolic content; TFC = total flavonoid content; TEAC
= trolox equivalent antioxidant capacity value; FRAP = ferric ion reducing antioxidant power.

Table 7 Total amino acid content (mg/g) of hydroponic barley sprouts grown under various nutrient solutions and artificial light sources

Amino acid FL Con FL 1000X FL 500X LED Con LED 1000X LED 500X
Arg 5.12 £ 0.54 bc 571 £0.75 abc 6.38 + 0.13 a 473 £ 035 c## 582 £ 0.18 ab  6.05 £ 0.06 ab
His 3.36 £ 0.17 3.30 £ 0.38 3.38 £ 0.12 3.33 £ 0.20 325 £ 0.12 3.30 £ 0.09
Ile 531 £ 033 533 + 0.64 5.63 £ 0.23 4.76 £ 0.63 534 £ 0.14 5.15 £ 036
Leu 9.58 £ 0.58 ab 10.07 £ 0.65a 10.70 £ 0.12 a 871 £ 0.72 b#  9.71 £ 0.01 ab 10.03 £ 045 a
Lys 6.38 £ 0.47 6.97 £ 1.28 7.44 £ 0.17 6.41 + 0.65 # 7.40 £ 0.11 7.71 £ 0.48
Met 1.22 £ 0.01 ¢ 1.29 £ 0.12 abc  1.41 £ 0.06 ab 1.27 £ 0.03 be 1.30 £ 0.00 abc 1.42 + 0.04 a
Phe 5,66 £ 036 bc 6.00 £ 044 ab 649 £ 0.11 a 5.15 £ 037 ¢# 5.75 £ 0.05 abc  6.02 £ 0.21 ab
Thr 5.46 + 037 5.68 + 0.71 6.19 £ 0.05 523 £ 035 # 5.79 £ 0.13 6.17 £ 0.22
Val 8.02 + 0.44 8.10 + 1.02 8.58 + 0.48 7.43 £ 0.76 8.20 + 0.29 8.14 + 0.45
EAA 50.11 + 3.27 52.44 + 598 56.19 + 0.75 47.01 + 4.06 52.55 + 1.01 53.98 + 2.37
Ala 9.08 £ 047 ¢ 1023 £0.71 b 11.41 + 0.08 a 8.13 £ 029 d## 1026 = 0.18 b 10.99 + 0.02 ab
Asp 19.69 + 0.62 ab,* 17.55 £ 2.58 b,* 19.74 £ 0.96 ab,* 21.62 £ 0.35 a  20.00 + 1.56 ab 21.83 + 0.21 a
Cys 1.06 £ 0.07 ab 1.14 = 0.16 ab 1.24 + 0.09 ab 1.02 £ 0.04 b## 120 + 0.05 ab 1.25 + 0.03 a
Glu 13.24 £ 1.22 14.16 + 2.05 14.99 + 0.93 1279 £ 1.32 # 14.57 £ 0.60 15.57 £ 0.46
Gly 395 £ 0.15 3.95 £ 0.29 4.60 £ 0.62 4.02 £ 0.01 428 £ 0.16 4.58 £ 0.38
Pro 483 £ 029 ab 523 £ 036 ab 554 + 0.01 a 460 £ 0.55 b 489 £ 0.03 ab 523 £ 0.16 ab
Ser 462 £ 034 b 477 £ 047 ab 522 + 0.07 ab 458 £ 020 b 491 £ 0.03 ab 536 = 0.16 a
Tyr 3.16 £ 0.25 335 £ 0.52 3.70 = 0.16 3.04 £ 0.29 3.30 = 0.09 3.50 + 0.07

NEAA 59.64 + 3.39 60.39 + 7.13 66.44 £ 1.39 59.80 + 3.04 63.41 + 2.36 68.31 £ 145

TAA 109.74 + 6.67 112.83 £ 13.11  122.63 + 2.14 106.82 + 7.11 115.96 + 3.37 122.29 + 3.82
EAA/TAA, % 45.66 46.48 45.82 44.01 45.32 44.14
NEAA/TAA, % 54.34 53.52 54.18 55.99 54.68 55.86

This experiment was conducted twice. Lowercase letters (a, b, ¢, and d) indicate significant differences among treatments at p < 0.05.
* represents significant differences between the FL. and LED treatments (* p < 0.05). # represents significant differences between the
Hyponex and water-only treatments (# p < 0.05; ## p < 0.01). FL = fluorescent lamp; LED = light-emitting diode (red:white:blue
= 2:1:1); Con = control; X = dilution rate; EAA = essential amino acid; NEAA = non-essential amino acid; TAA = total amino acid.

Sl RS L5 T Qs EAofu| AL JulA o F o u] 1= AK(Ala, Asp, Cys, Glu, Gly, Pro, Ser, Tyr)o] A== ¢lth
FBHE AT 2 % A E7F ek AR e o] fRE F A obv] Al RS 106.82 ~ 122.63 mg/g dry powder %1
A obu] i AFo] gk Table 73k 7o) 9£ 9] W 4=ofu| L Ab o, Jpotu| e Al 3L 47.01 ~ 56.19 mg/g dry powder &
(Arg, His, lle, Leu, Lys, Met, Phe, Thr, Val)2} 8% 2] v & 4=0} 31 H|F Z=obu] L AR2 67.86 ~ 77.66 mg/g dry powder H ¢ ¢
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