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ANHHUONG CUA THOIGIAN CHIEU BO SUNG PEN LED
~ DPEN SINH TRUONG VANANG SUAT XA LACH
TRONG THUY CANH NHIEU TANG TRONG NHA LUOI

Phan Ngoc Nhi', Tran Thi Ba!, V6 Thi Bich Thuy?,
Mai Phic Thanh?, Nguyén Phuong Uyén'va Nguyén Thi Anh Thu!

TOM TAT

Nghién ctru nham xé4c dinh thoi gian chiéu bd sung dén LED (Light-emitting diode) phi hop cho sinh truéng va
ning suat xa lach trong thuy canh nhiéu tang trong nha lugi. Thi nghiém dugc bé tri hoan toan ngau nhién mot nhan
t6 voi 6 nghiém thirc va mdi nghiém thirc 9 1an ldp lai (mdi lap lai 14 8 ro thuy canh chuyén dung trong 1 cay/ro).
Séu nghiém thirc 1a 6 mirc thoi gian chiéu bd sung dén LED goém: 10; 12; 14; 16; 18 va 20 gio/ngay dém. Két qua thi
nghiém cho thdy, cac nghiém thirc thoi gian chiéu bé sung dén LED khong lam anh huéng dén chidu cao ciy va
chiéu dai 1a. Tuy nhién, sé 14 va chiéu rong 14 c6 khuynh hudng ting cling véi su gia ting cua thoi gian chiéu dén.
O céc thoi diém thu hoach 25; 28 va 31 ngay sau khi gieo, nghiém thtrc bd sung 16 gio cho két qua khéi lwong trung
binh cay (20,4; 30,6 va 39,9 g/cay, twong ing), ning Suat tong (1,65 kg/m?, 2,48 kg/m? va 3,23 kg/m?, trong tng) va
ning sudt thuong pham (1,61 kg/m?, 2,45 kg/m?va 3,15 kg/m?, tuong (mg & cac thdi diém thu hoach) cao tuong
duong nghiém thirc chiéu bé sung 18 va 20 gio. Khong tim thdy anh hudng khac biét cua thoi gian chiéu sang bd
sung dén LED dén d6 Brix (2,64 - 2,80%) va ham lugng chit khd cé trong xa lach (4,26 - 4,54%).

Tir khéa: Dén LED, ning suit, thoi gian chiéu bo sung, thiy canh nhiéu tang, xa lach

1Khoa Néng nghiép, Truong Pai hoc Can Tho
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|. PAT VANDE

Ngay nay, dén LED dugc xem 1a mot ngudn anh
sang nhan tao ti wu trong viéc thay thé 4anh sang
mat troi cho ciy quang hop (Shimizu et al., 2011).
V6inhiéu wu diém ndi bat nhu: tiéu hao it dién ning,
kich thudc nho, tudi tho kéo dai va nhiét lugng to
ra thdp hon céc loai dén huynh quang va dén cao
ap (Gupta and Jatothu, 2013; Tewolde et al., 2016),
dén LED da va dang duoc ng dung trong san xuat
& nhidu qudc gia c6 nén ndng nghiép phat trién
(Stutte, 2009). DBén LED c6 thé dugc ché tao riéng
biét cho muc dich phuc vu san xuét nong nghiép va
c6 thé tao duoc hiéu qua san xuét cua cy trong tbi
da ma khong can ling phi ngudn ning luong cho cac
budc song khong can thiét cho cay trong (Tamulaitis
et al., 2005). Ngudn anh sang bang dén LED c6 hiéu
qua hon anh sang dén huynh quang trong viéc thic
day sinh truong va phat trién caa mot sb loai rau
(Li et al., 2012), nguyén nhén 14 do dén LED c6 thé
tao ra budc song anh sang tbi wu cho qué trinh quang
hop ctia thue vat. Ngudn anh sang LED bt dauduoc
nghién ctru, tng dung va thay thé ngudn anh sang
dén huynh quang dugc st dung trong cac md hinh
san xuét rau trong nhd & Nhat Ban tir nhitng nim
2000 (Hayashi, 2016).

O Viét Nam, tng dung dén LED trong san xudt
mot sd loai ra dn 14 phé bién bit diu duoc quan
tam, nghién ctru trong nhitng nim gin day. Cac két
qua nghién ctru budce dau cho thdy, trong diéu kién
phong ti hoan toan néu sir dung dén LED 80% do:
20% xanh duong véi cuong d¢ 66 pmol.m2.s? trong
thoi gian chiéu 16 gid/ngdy dém cho két qua vé sinh
truéng va ning Suit cao hon trong diéu kién anh séng
tu nhién (Phan Ngoc Nhi va ctv., 2018), ddng thoi
khi ting cudong do chiu sang 1én 107 pmol.m2.s?
va thoi gian chiéu sang dén 22 gio/ngay dém lam
cho ning sudt xa lach cao nhit (Nguyén Thi Kiéu
Khuyén, 2018). Tuy nhién, viéc chiéu dén LED qua
nhiéu gid trong ngdy s& tiéu hao nhiéu dién ning,
lam tang chi phf san xuat, ddng thoi s& 1am giam tudi
tho dén LED. Chinh vi thé, nghién ctru “Anh huéng
cua thoi gian chibu bd sung dén LED dén sinh
truéng va ning suit xa lach (Lactuca sativa L.) trong
thity canh nhiéu tang trong nha lu6i” dwgc thuc hién
nhdm muc tiéu xac dinh thoi gian bd sung anh sang
nhan tao LED phul hop cho sinh truéng va ning suét
xa lach, dong thoi dam bao s dung tdi da ngudn
anh sang tu nhién.
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II. VATLIEUVAPHUONG PHAPNGHIENCUU
2.1. Vit liéu nghién ciru

Gidng xa lach GN 63 (cung cip boi cong ty Gino)
duoc chon dé thuc hién thi nghiém, la giéng xa lach
bup chiu nhiét twong d6i thich hop véi didu kién
khi hau cua ving Ddng bang séng Ciru Long. Loai
dén LED st dung trong thi nghiém co ty 1& 80%
d6 : 20% xanh duong dugc cung cap boi cong ty Co
phin Phich nuéc Béng dén Rang Pong. Cudng do
dén LED dugc chon sir dung trong thi nghiém la
107 pmol.m2.s (gdm 3 thanh dén c6 cong suit 25 w).

2.2. Phwong phap nghién ciru

- Thi nghiém dugc bé tri hoan toan ngiu nhién
1 nhan t6 v6i 6 nghiém thire va 9 1an lip lai, mdi
lap lai 1a 8 ro xa lach thity canh chuyén dung (chiéu
cao 5,5 cm, duong kinh miéng 5,5 cm, duong kinh
day 4 cm) trong 1 cay/ro. Sau nghiém thirc 12 6 mirc
thoi gian chiéu bd sung dén LED gdm: 10, 12, 14,
16, 18 va 20 gio/ngay dém. Dinh dudng thuy canh
1a dung dich Hoagland cai tién (cung cp boi phong
thi nghiém thuéc B6 moén Khoa hoc cay tr(“)ng, Khoa
Nong nghiép, Truong Pai hoc Can Tho). C6 6 ké
trong xa lach (Kich thudc cao 1,6 m, dai 1,3 m va
rong 0,6 m), twong Gmg 6 muc thoi gian chiéu bd
sung dén LED, c6 3 ting trong rau/ké, lap 3 thanh
dén LED/ting, mtrc cudng d6 anh sang trung binh
la 107 pmol.nmr2.s%/tAng. Mdi ké duoc gin véi 1 thiét
bi diéu chinh thoi gian tit mé dén (timer) theo cac
nghiém thirc thi nghiém. Thoi gian chiéu dén tap
trung vao chiéu téi dén sang sém hom sau nham tin
dung t6i da ngudn anh sang tu nhién vao budi trua.

- S lidu duoc thu thip vao céc thoi diém 12, 18,
24 va 30 va 31 ngay sau khi gieo (NSKG), gom céc
chi tiéu: chidu cao cay, sb 14 that va kich thudc 14;
cac chi tiéu nhu khéi lwong trung binh cly, ning
suit tdng, ning suét thuong phim, do Brix (dung
Brix ké) va ham luong chit khé dwogc thu thap vao
céc thoi diém 25, 28, 31 NSKG. S6 liéu sau khi thu
thap duoc xtr Iy théng ké bang phidn mém SPSS 22.0.
Phan tich phuong sai ANOVA dé danh gia su khac
biét cua cac nghiém thirc. Kiém dinh Duncan dugc
sir dung dé so sanh cac gia tri trung binh & do tin
cay 95%.
2.3. Thoi gian va dia diém nghién ciru

Nghién ctru dugce thuc hién tir thang 12/2018 -
thang 1/2019 tai nha ludi, Trai Nghién ctru va Thuc
nghiém ndng nghiép, Truong Pai hoc Can Tho.
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Hinh 1. Céac ké trong xa lach c6 bo sung anh sang dén LED trong thi nghiém

1. KET QUA VATHAO LUAN

3.1. Tinh hinh sinh trwéng

Két qua bang 1 cho thiy, chiéu cao cdy xa lach
& cac thoi gian chiéu sang bd sung dén LED khéc
biét khong ¥ nghia phan tich théng ké vao cacthoi
diém khao sat, dao dong tir 4,82 dén 4,93 cm & thoi
diém 12 NSKG. Vao thoi diém 30 NSKG, chiéu cao
cay xa lach ¢ cac nghiém thtc dao dong tir 17,5 dén
18,4 cm. Nhu vay, vé6i diéu kién trong xa lach thay
canh nhiéu ting trong nha ludi, thoi gian bd sung
dén LED tir 10 - 20 gio khong 1am anh huong dén
chiéu cao cay. Chiéu cao cay 1a mot chi tiéu quan
trong trong san xuit rau nhiéu tang Thong thuong
cac loai cay duoc chon dé san xuit cé chiéu cao ngin
hon 30 cm, Vi khoang cach gitra cac tang la khoang
40 cm dé c6 thé trdng duoc nhiéu ting trén don vi
dién tich (Kozai, 2013).

Béng 1. Chiéu cao cdy xa lach & cac nghiém thirc
thoi gian bo sung anh sang khac nhau qua cacNSKG

khao sat (Bang 2). O thoi diém 12 NSKG, c4c nghiém
thirc bd sung 16, 18 va 20 gid cho sé 14 trung binh
trén cay (2,46 - 2,53 14) cao hon khac biét c6 y nghia
thdng ké so véi cac nghiém thirc bd sung 10, 12 va
14 gio (2,11 - 2,18 14). Vao thoi diém 18 va 24 NSKG,
s6 14 trén cdy xa lach trong diéu kién bd sung 20 gid
cho thay su gia ting vuot troi (8,34 va 12,8 14, twong
mg) so véi cac nghiém thirc con lai. Tuy nhién, dén
thoi diém 30 NSKG, cac nghiém thirc bd sung 16 va
18 gid cho két qua sb 14 xa lach (15,8 va 16,0 13) cao
trong duong nghiém thic bd sung 20 gio (16,3 14)
va khéc biét co ¥ nghia théng ké so vé6i cac nghiém
thirc chiéu bd sung 10, 12 va 14 gio. Theo Nguyén
Bao Vé va Nguyén Huy Tai (2010), 1a 1a co ‘quan
quang hop chi yéu va khoang 90 - 95% ning Suit cay
trong la do quang hop, cay co la cang nhiéu thi hiéu
Suit quang hop cang tbt gop phan rat 16n cho su gia
ting ning suat. Su khac biét vé s 14 trén cy xa lach
c6 thé s& dan dén su khac biét vé chi tiéu khéi lugng
trung binh cay ning suét khi thu hoach.

Béng 2. S 14 trén cay xa lach & cac nghiém thic

Thoi gi Chiéu cao céy xa lach ;
béo‘;uglllagn qua cac N SIZG (cm) thoi gian bo sung anh sang khac nhau qua cacNSKG
dnLED = 12 18 24 30 Thoi gian S6 latrén cay xalach
Bésung 10 gid> 4,90 117 144 175 bo sung quacac NSKG (1a)
Bosung 12 gio 4,93 11,9 147 17,6 dén LED 12 18 24 30
B sung 14 gi 4,84 11,7 14,8 18,4 Bosung 10 gid 2,18°  6,74° 10,1  10,7°
Bd sung 16 gio 4,84 11,7 14,7 18,1 Bo sung 12 giov 2,14° 7,14° 10,2¢ 11,2¢
Bosung 18 giv 4,82 11,7 148 181 Bosung 14 gi6 2,11° 719 108  122°
B6 sung 20 iy 4,82 120 14,6 17.8 Bosung 16 gi6  2,46°  7,47° 11,8  15,8°
F ns ns ns ns B sung 18 gio | 2,53 7,38° 12,1 16,0°
CV (%) 38 313 270 401 Bosung20giv  250° 834 128 163
! ! ! ! F *%* *%* *%* **%
Ghicha: Cachang 1, 3, 8: ns: khac bi¢rkhongy nghia
théng ké (P>0,05). CV (%) 545 487 403 5,09

S6 14 that trén cAy xa lach & cac nghiém thuc
thoi gian chiéu sang bo sung den LED khéac biét ¢
y nghia qua phan tich thong ké vao céac thoi diém

Ghichl: Cachdng2,4,5,6, 7: Trongcung mgz cot Cac
so ¢6 chirtheo sau giong nhau thi khac biér khéng y nghia
théng ké qua phép thiz Duncan; **: khac biét ¢ ¥ nghia
thong ké & mikc 1%.
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Chiéu dai 14 that xa lach & cac nghiém thirc thoi
gian chiéu séng b6 sung dén LED khéc biét khong y
nghia qua phan tich thdng ké vao céac thoi diém 12,
18,24 va 30 NSKG (Bang 3). O thoidiém 12 NSKG,
chiéu dai 14 xa lach dao dong tir 2,52 - 2,68 cm va
taing dan 1én 12,6 - 12,8 cm vao thoi diém 30 NSKG.

Béng 3. Chiéu dai l4 xa lach & cac nghiém thirc
thoi gian bo sung anh sang khac nhau qua cacNSKG

Thoi gian Chiéu dai 14 xa lach
b sung qua cac NSKG (cm)
den LED 12 18 24 30
B6 sung 10 gid 2,55 9,61 11,4 12,6
B6 sung 12 giod 2,52 9,66 11,8 12,8
B sung 14 gid 2,52 9,74 11,5 12,7
B6 sung 16 gid 2,60 9,50 11,8 12,7
B6 sung 18 gio = 2,68 9,44 11,7 12,8
B sung 20 gio = 2,65 9,62 11,7 12,6
F ns ns ns ns
CV (%) 6,23 3,16 3,10 2,38

Béng 4. Chiéu rong 1a xa lach & cac nghiém thuc
thoi gian bo sung anh sang khac nhau qua cacNSKG

Thoi gian Chiéu rong la xa lach
b sung qua cac NSKG (cm)
den LED 12 18 24 30
Bosung 10 giv  154° 5979 835 = 943
Bosung 12 gio 1,56%  6,26° 894> = 10,0°
Bosung 14 gic 1,62° 679° 915 10,72
Bosung 16 giv  1,75° 6,98  10,1°  10,9°
Bosung 18 giv  1,85¢  7,60° 10,3  11,0°
Bosung20 giv  1,84° 7,48 10,3 10,8
F ** ** ** **
CV (%) 4,17 3,52 3,40 4,17

Két qua bang 4 cho thdy, chidu rong 14 xa lach &
cac nghiém thuc thoi gian bd sung dén LED khac
biét c6 y nghia théng k& vao cac thoi diém khao
sat. O thoi diém 12 va 18 NSKG, nghiém thirc bd
sung 18 va 20 gio cho két qua chiéu rong 14 16n nhat
(7,60 va 7,48 cm, tuong tng & 18 NSKG), thap nhit
la & nghiém thirc bd sung 10 gid. Nhung dén thoi
diém 30 NSKG, khong co su khac biét qua phan
tich théng ké vé chiéu rong cua xa lach duoc trong
trong diéu kién bd sung dén LED 14, 16, 18 va
20 gio/ngay dém (10,7 - 11,0 cm). Két qua thip nhat
van dugc tim thiy & nghiém thirc bd sung 10 gid
(9,43 cm). Bén canh sé 14, chidu dai va chiéu rong
l4 ciing 12 chi tiéu quan trong dé danh gi4 kha ning
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sinh truéng cia cdy trong. Cay c6 nhiéu 14, kich
thudce 1a 16n thi kha nang nhan anh sang va quang
hop t6t hon. Su khéc biét vé kich thudce 14 s& dan dén
su khéc biét nang suat vé sau boi theo L& Van Hoa va
Nguy&n Bao Toan (2004), ngodi s luong 14 trén cay,
kich thudc 14 ciing rit quan trong trong viéc nhan
nang lugng anh sang mat troi lam gia tang cuong do
quang hop.
3.2. Thanh phan ning suit va ning suét

Khéi luong trung binh cdy xa lach & cac nghiém
thirc thoi gian bd sung anh sang khac biét co ¥
nghia qua phan tich théng ké & 3 thoi diém khao
sat, cao nhat va twong duong nhau 13 cic nghiém
thirc b sung 16, 18 va 20 gio/ngay dém, dao dong tir
20,4 - 22,0 glcay & 25 NSKG dén 39,5 - 40,1 g/cay
& 31 NSKG, ké dén 1a nghiém thirc bd sung 12 gio/
ngdy dém (15,4 - 27,0 g/cdy, twong tng), thip nhat
la nghiém thire bd sung 10 gid/ngdy dém (12,6 - 20,6
g/cay) (Bang 5). Két qua nay c6 cing khuynh huéng
chi tiéu sé 14 va chiéu rongla.

Bang 5. Khéi luong trung binh cay xa lach
0 cac nghiém thirc thoi gian bo sung anh sang
khac nhau qua cac NSKG

Thoi gian Khéi lwgng trung binh
bd sung cay xa lach qua cac NSKG (g/cay)

dén LED 25 28 31
B6 sung 10 gio 12,6° 18,19 20,6°
B6 sung 12 gio 15,4¢ 22,4¢ 27,0¢
B6 sung 14 gio 18,40 27,6 34,1°
B6 sung 16 gio 20,4 30,6 39,9°
B6 sung 18 gio 22,00 30,0 40,1°
B6 sung 20 gio 20,4 30,1 39,5
F ** ** **
CV (%) 10,7 8,92 8,99

Ning sudt xa lach & cac nghiém thirc thoi gian
chiéu sang bd sung dén LED khac biét c6 ¥ nghia
qua phan tich théng ké vao cac thoi diém 25, 28 va
31 NSKG (Bang 6). Nhin chung, & ca 3 thoi diém
thu hoach, ning suit xa lach & cac nghiém thic bd
sung 16, 18 va 20 gio cho két qua twong dwong nhau
(1,65- 1,78 kg/m?; 2,43 - 2,48 kg/m?; 3,20 - 3,25 kg/m?,
twrong ng) va cao hon khac biét théng ké so véi cac
nghiém thtrc b sung 14 gio (1,49 kg/m?, 2,24 kg/m?
va 2,76 kg/m?, twrong ung & 25, 28 va 31 NSKG).
Nghiém thire b6 sung 10 gior cho két qua nang suit xa
lachthdp nhat (1,02 kg/m2, 1,46 kg/m2va 1,67 kg/m?,
trong tng). Két qua nay hoan toan pht hop vai cac
chi tiéu vé sinh truong va khdi luong trung binh cay.
Cay xa lach c6 14 nhiéu, kich thuéc 14 16n dan dén
khoi lwgng cay I6n va ning suét cao.
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Béng 6. Nang sut tong xa lach & cac nghiém thirc
thoi gian bo sung anh sang khac nhau qua cacNSKG

Thoi gian Niing suit tong xa lach
bé sung qua cac NSKG (kg/m?)
den LED 25 28 31
B6 sung 10 gio 1,02 1,46° 1,67
B6 sung 12 gio 1,24° 1,81° 2,18
B6 sung 14 gio 1,49 2,24° 2,76
B6 sung 16 gio 1,65 2,48 3,23
B6 sung 18 gio 1,78 2,43 3,25
B6 sung 20 gio 1,65 2,44 3,20
= o o o
CV (%) 10,73 8,97 9,03

Két qua bang 7 cho thiy, nang sut thuong phdm
xa lach & cac nghiém thirc thoi gian chiéu sang bd
sung dén LED khac biét c6 y nghia qua phan tich
théng ké vao cac thoi diém thu hoach. Khuynh
hudng twong ty nhu chi tiéu ning suit téng, cc
nghiém thirc bd sung 16, 18 va 20 cho ning suit
thwong pham (dao dong 1,61- 1,73 kg/m?, 2,39 -
2,45 kg/m?, 3,09 - 3,15 kg/m?, twong irng ¢ 25, 28 va
31 NSKG) cao hon cac nghiém thirc con lai. Nghiém
thire bd sung 10 gid ludn cho két qua niang suét
thwong pham xa lach thip nhat.

Béng 7. Ning suat thuong phim xa lach

& cac nghiém thirc thoi gian bd sung anh sang
khac nhau qua cac NSKG

Thoi gian Niing suét thwong phiam xa lach
bé sung qua cac NSKG (kg/m?)

den LED 25 28 31
B6 sung 10 gio 1,02 1,45¢ 1,62
B6 sung 12 gio 1,22° 1,79° 2,13¢
B6 sung 14 gio 1,46 2,20 2,68°
Bosung 16 gid  1,61% 2,45 3,15
B6 sung 18 gio 1,73 2,39° 3,15
B6 sung 20 gid 1,60® 2,40° 3,09°
= o o o
CV (%) 10,76 8,98 8,90

3.3. Mot s6 chi tiéu vé chatlugng

Do Brix va ham luong chit khé cua xa lach &
cac nghiém thuc thoi gian chiéu sang bd sung dén
LED khac biét khong y nghia qua phantich théng ké

(Bang 8). Bo Brix xa lach dao dong tir 2,64 - 2,80%
va ham lugng chat khd dao dong tir 4,26 - 4,54%. C6
thé nhan thiy, trong diéu kién trong xa lach nhiéu
tang trong nha luéi, viéc chiéu bd sung dén LED tir
10 dén 20 gio khéng 1am anh hudng dén lwong chat
rin hoa tan va ham luong xo ¢6 trong cay xa lach.

Béng 8. Do Brix va ham luong cht khé xa lach
o cac nghiém thic thoi gian bo sung
anh sang khac nhau qua cac NSKG

i e PaBri () i
B6 sung 10 gio 2,68 431
B6 sung 12 gio 2,67 4,26
B6 sung 14 gio 2,72 4,35
B6 sung 16 gio 2,64 4,54
B6 sung 18 gio 2,72 4,47
B6 sung 20 gio 2,80 4,49
F ns ns
CV (%) 7,84 5,97

IV.KET LUAN VADE NGHI

4.1. Két luan

Trong xa lach trén ké 3 tang trong nha ludi, st
dung t6i da 4nh sang tu nhién, chiéu sang bd sung
dén LED 16, 18 va 20 gid/ngay dém dat cao nhit vé
ning sudt thuong pham (hon 91 - 94 % so véi bd
sung 10 gid, hon 45 - 48 % so0 véi bd sung 12 gid,
hon 15 - 18% so véi bd sung 14 gio, & 31 NSKG),
ning suit tong, khdi luong cay, sé 14 trén cay va
chidu rong 14. Chiéu sang bd sung dén LED 10 gio/
ngdy dém cho ning suat thuong phim (1,62 kg/m? &
31 NSKG), ning suét téng, khdi luong cay, sb la
trén cay va chiéu rong 14 thdp nhat. Ham luong chat
rin hoa tan (Brix) va ham luong chit kho cua ciy
turong duong nhau & cac mirc thoi gian chiu sang tur
10 - 20 gid/ngay dém. S6 14 va chiéu rong 14 xa lach
¢6 khuynh hudng tang clng véi su gia tang thoi gian
chiéu dén LED va dat cao nhit & cac nghiém thircbd
sung 16, 18 va 20 gio/ngay dém.
4.2. Bé nghi

Tiép tuc nghién ciru vao cadc mua vu khac nhau
trong nim dé c6 két ludn téng quat hon vé mirc
thoi gian chiéu bé sung dén LED phu hop cho sinh
trudng va phat trién cua cay xa lach ma van dam bao
hiéu qua kinh té.
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and yield of lettuce under multilayer hydroponic cultivation in greenhouse
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Abstract

This study was carried out to determine supplemental LED lighting regimes most reasonable for growth and yield of
lettuce. The experiment was laid out in completely randomized design with six treatments including: 10; 12; 14 16;
18 and 20 hours per day. Each treatment was replicated nine times. The results showed that the supplemental LED
lighting regimes didn’t affect plant height and leaf length of lettuce. However, leaf number and leaf width tended to
increase with the increase of supplemental lighting time. At harvest times 25, 28 and 31 days after sowing, 16 hour
supplemental treatments resulted in average weight of plants (20.4 g, 30.6, 39.9 g/plant, respectively), total yield
(1.65 kg/m?, 2.48 kg/m?, 3.23 kg/m?, respectively) and commercial yield (1.61 kg/m?, 2.45 kg/m? 3.15 kg/m?,
respectively), equivalent to 18 and 20 hours supplemental treatments. There was no difference in supplemental LED
lighting time to BRIX level (2.64 - 2.80%) and lettuce dry matter ratio (4.26 - 4.54%).
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