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Abstract

The effects of a light-emitting diode (LED) on the growth and yield of red oak and green oak
lettuce in hydroponics systems were investigated in a temperature-controlled room at 25+2 oC
for 16 hours a day, and the results were compared with outdoor cultivation. The experiment was
organized in 5x2 factorial design in a completely randomized design (CRD), with factor A consisting
of five types of LED lights: white LEDs, LED grow light (4000 K), grow light (warm white), grow light
(pink), and sunlight (control). Factor B included lettuce types: red oak and green oak. The plants
were harvested 35 days after planting the seeds. The results revealed that both the LED light and
lettuce type significantly influenced plant height, leaf length, leaf width, color (L*, b*), and shoot
fresh weight (P<0.01). The LED grow light provided the number of leaves, the height of the plant,
the width bush, the length leaf, and the width of the leaf better than sunlight. However, concern-
ing yield, plants grown under the sunlight exhibited significantly higher fresh leaf and root weight,
as well as dry leaf and root weights, compared to those grown under LED light. Regarding lettuce
types, there were significant differences, with green oak exhibiting higher growth than red oak. It was
observed that general white LED bulbs were not favorable to the growth of both red oak and green

oak lettuce.

Keywords: Light Eemitting Diode (LED); Red oak lettuce; Green oak lettuce; Hydroponics
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Figure 1 Installation of LED bulbs
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waa LED vyt 4 Warmnidlusnndtgawiniu
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Tadnluarunisiedgiivlauasannvasn LED
V3MET 4 (LED Grow Light (Pink) T¥nnsiaday
Wiulanuduaulu anugedu auninensay
armgvilusazanunialufiian Sauas LED Tuvdn
WIuAT 4 Te Photosytheticcally Active Radiation
(PAR) Mi3etuasiilddmsunisdunseisieunas
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Table 1  Number of leaves, Plant height, canopy width, leaf long and leaf width of red oak and green
oak lettuce grown in different LED at 35 days after sowing.
Factors Treatments Number of  Plant height Canopy Leaf long Leaf width
leaves (cm) width (cm) (cm) (cm)
LED (A) 1) White LED ) , , , ,
(LED general) 4.88 + 0.84 12,13 £ 295 1474 +294° 824 + 1.33 2.80 + 0.38
2) LED (4000 K) 10.50 + 2.07*  19.75 + 455° 2854 + 6.13° 16.76 + 1.60° 12.63 + 2.17°
3) LED (Warm White) 11.00 = 1.77°  20.94 + 4.39° 29.81 + 555° 1849 + 1.75° 12.43 + 2.33°
4) LED (pink) 11.13 + 2.36° 26.58 + 7.33" 3550 + 2.65° 18.64 + 0.79° 12.33 + 2.89°
5) Sun light (control) 11.37 + 3.20* 16.88 + 4.05° 22.31 +5.32° 1476 £ 2.65° 11.96 + 1.77°
Lettuce  Red oak 870 + 258" 1521 +3.62° 24.56 + 7.59° 14.53 + 3.72° 10.69 + 4.60
(B Green oak 10.85 + 3.54° 2330 + 6.62° 27.80 +9.18° 16.23 + 4.60° 10.17 +4.18
F-test (A) x% *x % *x xx
F-test (B) *x ** * ** ns
F-test A*B ns ** ns ** *
%CV 33.19 34.66 32.36 27.43 41.66

ns = not significant difference, * = significant difference at P < 0.05, ** = significant difference at P < 0.01

Table 2 Effect of LED light intensity and lettuce types on plant height, leaf length and leaf width
Leaf width at 35 days after sowing.
LED Plant height (cm) Leaf length (cm) Leaf width (cm)
Red oak Green oak Red oak Green oak Red oak Green oak
1) White LED 9.73+0.60f 14.53+2.15de  8.83+0.36f 7.65+1.76f 2.80+0.29¢ 2.80+0.50c
(LED general)
2) LED (4000 K) 15.88+1.43de 23.63+2.49b  15.63+1.56d  17.90+0.2dbc 12.85+2.78ab 12.40+1.78ab
3) LED 17.20+0.71d  24.68+2.67b  17.25+1.73cd 19.73+0.33a  12.40+2.79ab 12.45+2.19ab
(Warm White)
4) LED (pink) 19.88+0.62c  33.28+2.26a  18.15+0.50abc 19.13+0.76ab 14.43+2.46a  10.23+1.27b
5) Sun light 13.36+0.66e  20.38+2.26c  13.80+1.49e  16.73+0.79cd 10.95+0.49b  12.98+2.09ab
(control)
F-test A*B xx **

* = significant difference at P < 0.05, ** = significant difference at P < 0.01
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LED wazailnvesnaanluiiidydnwasiuiu ussiiaves
wata LED fiumnsinsfufinasiemanudenlu Ineuas
TuVEUGT 5 (aesssuwd) aaudelumn
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Ugnaeléiuas LED Tuv3mismdd 3 fienanuidenly
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FUIIUNAAITOY QT wazeriny Ainudn
n1sugninadaniglaiaseiing daanudesly
QqﬁqmLLaxLw\ﬂshqﬁ'ua&i’mﬁﬂ’aﬁwﬁzy?jwwaﬁa
(23.78 SPAD-unit) s8%a%1 A sUgnanelduea
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(20.55 SPAD-unit) ey WOABAATIY AIMTUUAS
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melfueadidynn uae 118y Anuduneas 110
pmol m?s™ (18.22 SPAD-unit) wagloadadv?
AUULLES 120 pmol m-2s-1 (17.58 SPAD-unit)
191 SPAD chlorophyll teeiiga [14] usilansna
PMNNUNARDIYDI WWAN1 Lazalgde Tinudn n1sld
W& LED (850-1,000 umol m*s™) Tun1sugndnilun
Amnudslunnnitnisugninineldaniizuas
§53UUIA (700-950 pmol m?s™) [16] Nan15naass
Fuansrstuarafunannuiunanuduuasein
waen LED fiumnsnafulnewas LED ldlunisvnaes
fimnanudunaslugas 500-521 pmol ms™* Sstios
niuadlusssuwd waztdaundinismaaeanngn
wazalgde uay Kobayashi et al. wuhmsugniinaan
Tuszuulelaslusia meldanwmaen LEDs duna
waziiu dmaliinadniieeudelugandin
adafugnnelfanwmaanvigesisaiust sisiiana
Jumszanuadiauevewasiiialasuluusas
Suanuaen LED viliatidanu@esluiiiuiy
wavoradululdluaninsssurfganineinie
ﬁqmmﬁm?{a 38°-41 °C Tumounansiu G‘ﬁqgjnﬂ’j’l
snmgiinelugugnitvuuuisdaiifinisliuas LED
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Faflgaumafinanansiuwiniu 35 °C Fudunalvien
Anudigdluvesiudnnugnluaninsssuites

LY

ninsugnaneleuas LED [17] dwuviinvedn

o

adaiiumnsnslienanudelusstuegaiiteddry
Samsadf (P<0.01) Tnvadmsaldaliaanuden
Tugnnniniulda dausuamimuained (L¥) uagan
Fndes (b*) wui uae LED wazafinuesdnadnil
Svsnasaniu lnsadaniuldaiiugnaneléuas LED
VIMUUAT 1-6 wasnelEuassIsumnd (M3
5) siAnAuainadunniiagn adnsaldadiugnanels
L@ LED vl 1-6 uazniuldaiiugnmeliuas
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LED uazulaanadnluiidnsnasiuiu walas LED
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Fendunadumildfmuamaunmdodifor mne a
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NuUNAEeeY AYCfaT wazsssudna [18] 93qa
waze$ny [6] Anuinisugninninvesstugisn
oanelauas LED Tndluansninun@enatinann
ANUILLES Lasseznain1ssuladldiiisans I
ilvindanutiosifuludmiunisairssining e
wasansainnstiudinssuiunisaensiavesty
Tuitnmsdanszsiueulnloeniu [19] Faduseaing
FnuluiiuTliEuns
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Table 3 Root length, leaf greenness (SPAD-unit), L*, a* and b* of red oak and green oak lettuce
grown in different LED at 35 days after sowing.
Factors Treatments Root length — Leaf greem,ess L* a* b*
(cm) (SPAD- unit)
LED (A) 1) White LED 5.18 + 1.48° 9.65 + 5.96° 56.81 + 5.75° -13.42 + 3.57° 28.31 + 5.86"
(LED general)
2) LED (4000 K)  20.58 + 3.82° 13.96 = 8.36°  53.63 + 7.04° -15.47 + 2.67° 30.53 + 2.36°
3) LED 2213 +4.57° 1520 + 7.54° 5350 + 6.58° -15.92 + 1.61° 30.52 + 2.3¢°
(Warm White)
4) LED (pink) 18.68 + 4.22° 1350 + 6.87° 54.64 + 8.483° -15.12 +2.29° 30.72 + 1.67°
5) Sun light 25.88 + 2.03° 21.64 +7.36° 48.41 + 13.02° -8.78 + 7.88° 25.22 +9.74°
(control)
Red oak 19.64 + 7.72°  21.00 + 4.43°  46.46 + 6.06° -13.93 + 6.47 27.95 + 6.31°
Lettuce (B)
Green oak 1734 + 8.03° 858 + 5.31° 60.64 + 2.07°  -1355+ 237 3017 + 4.44°
F-test (A) *x xx xx xx x%
F-test (B) * *x *x ns *
F-test A*B ns ns ** ns **
%CV 42.55 5361 16.08 32.36 18.93

ns = not significant difference, * = significant difference at P < 0.05, ** = significant difference at P < 0.01
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Table 4  Effect of LED light intensity and lettuce types on L* b* and shoot fresh weight at 35 days

after sowing.

Lo L* b* Shoot fresh weight (¢)
Red oak Green oak Red oak Green oak Red oak Green oak

1) White LED

51.88 + 255b 61.73 + 2.45a 31.87 + 1.78a 24.75 + 6.56b 0.75 £ 0.12d 0.72 + 0.24d

(LED general)

2) LED (4000 K) 47.39 + 1.88c 59.88 + 2.82a 31.18 + 1.90a 29.87 + 2.87a 25.32 + 8.18bc 21.90 + 8.29¢
3) LED (Warm White) 47.57 + 2.53c 59.44 + 0.80a 29.68 + 2.78a 31.36 + 1.79a 25.75 + 10.12bc 23.78 + 13.97hbc
4) LED (pink) 47.54 £ 550c 61.73 + 1.82a 30.70 +£ 0.88a 30.74 + 2.39a 23.71 + 7.31bc 18.90 + 8.86c
5) Sun light (control)  36.43 + 3.03d 60.40 + 1.85a 16.32 + 2.78c 34.12 + 1.52a 36.38 + 4.32b 60.63 + 9.45a

** = significant difference at P < 0.01

Table 5  Fresh weight and dry weight of red oak and green oak lettuce grown in different LED at 35

days after sowing

Fresh weight (g) Dry weight (g)
Factors Treatments
Shoot Root Shoot Root
LED (A)  White LED (LED general) 0.74+0.18c 0.80+1.50c 0.03+0.01c 0.01+0.00c
LED (4000 K) 23.61+7.84b 4.74+0.76b 1.02+0.54b 0.16+0.11ab
LED (Warm White) 24.76+11.34b 5.05+1.08b 1.00+0.48b 0.19+0.16a
LED (pink) 21.30+7.95b 4.16+1.14b 0.96+0.45b 0.12+0.08b
Sun light (control) 48.50+14.64a 9.62+2.63a 1.54+0.35a 0.21+0.06a
Red oak 22.38+13.51 5.81+2.12b 0.94+0.57 0.17+0.11a
Lettuce (B)
Green oak 25.19+21.67 6.80+2.98a 0.88+0.70 0.01+0.08b
F-test (B) ns ns ns **
F-test A*B ** ns ns ns
%CV 75.18 41.30 69.49 74.04

ns = not significant difference, ** = significant difference at P < 0.01
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Effects of light type on growth of lettuce at 35 days after sowing.
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