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Abstract

This study investigated the effects of nutrient solution heating (NSH) on the root-zone temperature
(RZT), root development, shoot growth, and yield of three lettuce cultivars (Lactuca sativa L.)
grown in two water culture systems, the Nutrient Film Technique (NFT) system and an aeroponic
system, during a low-temperature period. Three cultivars (‘Caipira’, ‘Volare’, and ‘Isabel’) were
cultivated in a glasshouse using nutrient solutions heated to set temperatures of 20, 25, and 30°C.
NSH effectively increased the RZT in both the NFT and aeroponic systems. However, the
aeroponic system exhibited noticeably greater temperature stability than the NFT system owing to
its Styrofoam-insulated and enclosed structure. Heated nutrient solutions significantly promoted
root development by, for instance, increasing the overall root length, number of tips, and the lateral
roots while decreasing the average root diameter, indicating enhanced root formation, which is
beneficial for water and nutrient uptake and transport. Growth and harvest characteristics,
specifically the leaf length, no. of leaves, chlorophyll contents, leaf area, shoot fresh/dry weight,
and root fresh/dry weight, also improved with higher RZTs. The NFT system showed higher shoot
biomass and yield outcomes, whereas the aeroponic system exhibited superior root development
and greater root biomass. Among the tested temperatures, NSH30 resulted in better growth and
yield levels than NSH20 and NSH25. Although the nutrient solution was heated to 30°C, the actual
RZT achieved was approximately 25°C, which was found to be optimal for lettuce root and shoot
growth. These findings suggest that nutrient solution heating is an effective strategy to enhance
lettuce productivity in NFT and aeroponic systems during low-temperature periods.
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M o

‘&5 (Lactuca sativa L.y= "3 AAR 02 de] 2H|E = GAF 5 shti, therst HIelat 72714, Hisslehas ot
of WAl YYAE Fuche TR Ao ot S uete] 35 Al WAL 4,096hac B6HH, o] F-©F 78.5%7F Ao
A A THMAFRA 2024). T8 A5 Al AV Hloll A B4 Te A HﬂE 1210 & Al QLo B RPAL AR
Hopdo| Wl EG HalF H A2 Ao A 7FsAdo] =t =l B err7d Al WA ©F 381haz= HA| 73 A el
H29] 8.8%5 AHAIRITHMAFRA 2024). 2| 7|5 H9l= QI o id7 14} A4do] S7IsHAA, A% g2 Q1 Aatol 71t
A|o12H45A(CEA, Controlled Environment Agriculture)©] S-5517 Ik, A|o1ebg 5 2] A 714 5 sl =7 Al
(Hydroponics)i= Gt 2-& G820 2 Fgoto] A= S 59 4= 3, G2 e SHAN = 2=EAP5-S Hh A
oA Ao 4= AlTh= 7472 71 2L QIthRajaseger et al. 2023). T4 A= B} & S22 02 2| Aot FE-S 350
L |2} A2 5H= <77 (Substrate Culture) T+ 7] $10] FoH O 2t ZHB-S. ZGH= 22ode7(Water Culture)’ HHALO.
2 FLEHTH Chowdhury et al. 2024). =W A3 4= Afull= B8 (NFT, Nutrient Film Technique)} #-57J(Aeroponics),
@)1 Heto] E HiA)7E & 2 ARGRiTE Wil Bie] TR QR oF us ISt R S Faohe WAlelH, 5
78w e Eol Hheol nAIe ARtE FAE A Aok 7R WA B ARE Bie]o] P e gk oF 7, Ata

T 0 2 Fe 4 Qlom, wiz|7} glo] Tl 24 0 9hs-a-2 WA 0] RUE Y 9 ]} -golgt Rlo]
T 220 Rt iRl ofl 9o = 583 87 831 T ohhe 2= 0] A5 220 g AV iR 2=
”H ZaskAgE A 9 | 2] H]-G-ZA7F R T Lee and Kim 2011). 5= AlopAoF 2 2|56 A
A LR, B A 20] 15-25°CO]H(Zhao et al. 2022), -2 Z A= o] A& At H 7] F
Ch(Fukuda et al. 2009). 35-0] A5 22| SHAL L= 5°C €] = 11 ofstol| A= A4 2] At gal] wlsf7} ik
FuEh S Al A2 SE S o= Wt B2 AdB|7h 2 Q1] o H, AdulH]| o] 5 B A1
411 LS 9F5-10°C 0= AR, of2fet Al Ul 2122 FoktE AR a& Aok, SAF 44,
J7o] A5 J} T, =54 733% itk

1’%4 =3 719 Y S 71e R, AEet B gl AR S A a5 G Aol
(Leskovar and Stoffella 1995), B2lo] 27], g, = &719 A 2719 AETE ‘33171‘331 A H(Drew and
Stolzy 1991). o]d] & 2= He] 7152 Aok 34 891 5 shol, Beo] At 55942 B o] o] 5 thAt
ﬂ/‘*'ii'i‘?:q/‘]i@%} & TR AT A et 2 27 oA 9 W et Fabgol A4St
oNOs, K, Ca’* 59 57 AIFHE| 1L, ATP A8 ZhAoh #e] A &t Ao}, A E7|d @ 2 2R o5 A4 agst

of A=t o] L3} =23} ‘E HA 24 5 2R AS A6t o]oj %It Hood and Mills 1994; Yong et al. 2010; Marschner
qole
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2029 2 IO A A 08 ekl ) ) 5115545 B4 A LA
2 A5 5 7Foeto 2 A 2R A2t s3] AAE-S A7 = A 07 BRIt Kawasaki et al. 2014, Xia et al.
2021).

AF0] A4 18 -2 (Root-zone temperature, RZT)= 18 —25°C HEIZ2 G2 gloH, o] 255 HojupH Ha] o] A8
2 gelo] A5t 1, i s dad ohjr o] AN & 4 A A W2} Ei= 7h2 A 2GS FHoH
U ol W RS AA|sho] 25 Alojohs WAlS SOl AR 2 B AR 0 & QIR AHES] HIESH AEz
A5 HAYSIA A8t o8k 7 AE 4= Q180 Bk %I’J(Kawasakl etal. 2014; Kwack et al. 2014; Lee et al. 2022). &5
g Al Aol 427 o 7120 & AR A2 AR A7 B B Q=] 21271 deep water culture(DWC)
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HHA] © 2 baby leaf 55 AugH 74924 Wi 7] 20] B 14.3°C RS o FH 25 22°CE AT At 50 2
A Z AES 0| FoJulsH F7151. 2 H(Hooks et al. 2022), NFT 2} constant flood table B2 0 &2 ALAFE AHulig]
& T Wi 7120] Bt 13.7°CYL o o 2=F 18.8°CE AR A=l F412](13.2°C) ol Hlsf AV BAE0] S
2 0 2 FoloHA| F7 ot dthMiller et al. 2020). Q15732 E-83t 7257 Woll Al A8 - deep flow technique B2
2 AEfish 28 25 337(15, 20, 25°C) 7 % Z7](aeration) 9 H-5 Z§5to] Adlet Ay UL LS 25°CE 511l
GRS E7] & ) 7P )Rt AR AAE, e BT Yeom and Oh 2023). o] 23t A8 A= A27] G 71
71eo] FAF A B a7 SR SAE & 4 Ylas AR

e 7|E Qe 2 O 2 A2 AR S B o] Hatel] 235 Fa1 Qlo], I 2 ol wE
VSR A5 g H B kS 5714 0 = HES I 97} Qlot whebA] 2 Ale 227 NFT2FEE A0 = 55 A

il

OT o™ = = =
oA A &S AlESlsto] @AM (20, 25, 30°C) 2 2ok, T % — Be W - 2R AL 9 S 7o) A

o

= T CR et Ae7| A A E A 2 28 AASkaLA s

AN AT et ARt = A St ket Al o At A W fref2Aofl A 2025 1E57H 39712 3

St ot 2 AAIE Pl AR T 10°CE AAIROH, B2 AES UF H 4075 9% F 60271 Zo|%

4 E5 5 =Y AH[Eo] B2 ‘Caipira(Enza Zaden, Enkhuizen, the Netherlands)’,

“Volare(Enza Zaden, Enkhuizen, the Netherlands)’, Isabel(Enza Zaden, Enkhuizen, the Netherlands)’ & 4145}t

20259 19 Al FF0] FTAE ZF O] 2717125 x 25 x 40mm(7He x A= x #0)Q1 2008 2+ 4 (Grodan AO Plug,

Roermond, the Netherlands) ]l BFE5FAT}. g 45 5] 2P A 0] et A H-E NFT HIE(HA YL 355 -m ) H
T4 WE(AAEE 405 m2)of A5k

Jh
e
o
_O‘L
xR
)
>
et Ho
=2
Sl
rlr
%
O
e

%Y 24 U FoY 27
B G] 2492 MFTE PBG AT U 2L TEO0] ool S EL EC 17dS m, pH 5,52 TSI Gt
A7\ 541 7] o] 1] AT 8B 1) oJeto] B ofst HolA B9 BEJAEC 1.7dS ™,

pH 5.5y B35l500h 58 7] 9 AITR el AT} S of o] whet th2 A] A5ttt NFT HHA ol A= 527H(07:00 -
18:00)ll= 54 7] Wi 2+, ©KH(19:00 — 06:00)°l1= S+ 571 W 1.2 FHoL, w77 WAl o= F1tell= 52 571 Wi
142, oftolle 58 571 Wl 1025 g6ttt

ol 72 WA U 27

4

OFol 7120 3kW 5] B (KM-PD-T13K, DKHEATER, Korea)2 <=8 oFll &5 Uj = vhetof] 17]4 423 0 2 A 2]510
7F&otAt. 7R A% 2= 20, 25, 30°CE oF oW, 8k |3 ol A ol 27t A 2EhE F76] 7HEE = 2
SRlolgitt. 8 B3 W) o 2ot o= YR 2 EE S0l flof] -2 S48 Hlo[E|2A(HOBO, MX2021,
Onset, MA, USAYE 273 2784 A 2]sto] 1042 7H 0 2 & Hlo|HE 33 5, Bataka ARESISiTh 2% A2
8 ' 2] (Nutrient Solution Heating, NSH) ®A17} 47 258 71559 2 NSH20, NSH25, NSH30 2.2 gs5t3itt.

692

Horticultural Science and Technology



27| 23 2 AILHOIM Y TH2 25Tt 20| He| S 0| 0|2l S

t=

A T 1497 280l A= 34HE, HHET 37014 Z 970 A|(n = 9)E F2AFPI= Adsto] AEAE= Fem), G
(cm), A, %%ﬁ\—@'a(SPAD) AHH(em?), AVSH-AAZ(2) EF (), T AT () TES(2)S S5 I
FEZ M S dSdEA o E A 2 7P 7] doleh i & 54 £4-57%71(SPAD-502,
Konica Minolta Inc., Tokyo, Japan)E 0183l AN O, GHZ-L L7|of|A] Bt AHA =4 7|(LI-3000,
LI-COR, Lincoln, NE, USA)°l| 2o] Z75}3iet. 22 ujg 9 A4 HiEo] 2k 1783 Q1o ARS3E S AlAgH 5
e e 24 9 AWAlT S 3ottt 2 Aeof| wpE B Ig H B vl wsr| Q16 A F 7, 148l TES A F
5tof A7 (Expression 12000XL professional scanner, Epson America Inc., Los Alamitos, CA, USA) 2 53t o[r]Z]
£ WinRhizo Pro 2020 2] & EH B4 12 T3 (Regent Instruments Inc., Sainte-Foy, QC, Canada)=- ©]-85}] A2 2
Z 2 (em), Bt 273 (mm), T 5= EAGIATE AVFRRF T AES-2 70°ColA 1241 o FE A A 0w
t] o) FARS} gl wi7hA] %—E— | %3t 5§ S4s18inh

e

L

A 24

glo]E] H*{2]= Microsoft Excel(Microsoft Office Professional Plus 2016, Microsoft Corp., Redmond, WA, USA)S
o]-g5t3.oH, FA E4-2 RStudio(version 4.0.2; R Foundation for Statistical Computing, Vienna, Austria) 2 agricolae
w7125 ARgol AASHAT. o 7o) B dide] nX]= SHAR ks 24| flol AlHlE(14 DAT), 55
(28DAT)O] Z+ A Al 28] 9 ZEH 2 /1L (45252 9910 2 A PHAELA(One-way ANOVA)S =519t 3

27 Zpol7t - Golst A g tEA 7ﬁ(Duncan’s multiple range test)2 -85l 5% -f-2lEol M A2 3451
o 78228 DAT) AV ot AI5HR-2] A5 | 5 24517 Flof Al Al 2= 8.9)), 7h2 2=(489]), 53802 1L

>

42910 = 5lo] A UEARE A (Three-way ANOVA)= AAI51, 72191 21 71 58 Bo g Q917 Faviet

SHABE YA il el 2L IR ol Al %@ | 2steled el 91, 2 70219 52t

g

27| gl 712 Y 20f KE 23 2 US U 2l AL 2HE BE S Hlw

AT 7 AR HjR o] $hE-so] FAlst R &, Folo] Rt e o]l A4 ARl FekS mIXITh AlE 24 WiE
o] A A, W, F 1 L5 =7719.8, 14.9, 25.4°CHTH Table 1). NFT W] o] LA 2] (ol 77E2) o] 28 25 = 2]
10.2°C, B+t 15.1°C, #|11 22.3°CE WePd WH, 5774 24 9] R4 e+t 28 2= 27 10.2°C, B 13.2°C, 1L
17.7°CE(Table 2), NFT ®A]of H]of) -2 - 255 H It o= 7778 W=7t AB| =E A7) 0] #4312 & A o]

401, NFT H2lof Hlol @ /d-5-0] ot Q=76 0] 33t & Fihg G124 0 2 21s)7| wiz o & AZEeh Al 713t &

2A YRt 20 T 2k Mok H| e AT, dE 5 24 YR 2ot St Mt 2l 2k S0k e
Hlom, 577 HFA0] i H{E oA NFT 4] thz HEof H]ol 25 $3} Fo] B ZHA Uit Fig. 1).

NFT H2]o]l A 5=8F 'l 5 U] ofol o] W 25 = 152°CE, &4 W B 259} SARITK Table 1). 7} 2S¢t 74
<=2 3 U QFol o] 3t 2 = NSH20014] 20.5°C, NSH259114] 25.5°C, NSH309]14] 29.2°C2 A4 27} 9F*% 212;
GA =k Table 1), & Bt 2= NSH20, NSH25, NSH30914 212} 18.5, 21.7, 24.1°C2, oFH 21 A o] AF=ak:
2 20 eE L Ao g Z7l5E AS Gt Table 1). NSH3001A4 &8 €9 U] 2|17 257} 36.7°Ce) G515 oLt
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AA| Tl 2= F|1128.5°C, Wt 24.1°C 2 22 ASofl 231t 1S Hlofuhx] oot <=2 B3 W ofoll 2= okl 7}
2 oEeL A glo] 24 UIEL 25 H3Let Rl 0] 35~ 3]0 whet Yo A1 2] QL. ool A
EPEA Y= 7= g0l e R T3 i 35 vl W= T SOk 0 E &4 5 :
B30 A 2R 27 = U= 7 24 U O] -2k B 0 & 34 o] F F4-ot PEANER] =%
B30 vre Tty 5o 7]t Aoz A7 dF TE 20] MiE X1 - HA)2 FA A 12.1°CHoH,
NSH20-NSH25-NSH30°1A= 282 1.4, 13.7, 16.0°CE UEPITE FA] 7k A 27t o4 I 2 H%
T oA 7ok S Bt Table 1 and Fig. 1).

F577g Braof Al o5k )3 v oFel o] at 2= FA ol A 14.1°CE, NFT ST o7 2| 2 24 Ui Bt 259}
ST Table 2). 9Fl 712 Zj2] A] &8} €9 U] Bk &= NSH20, NSH25, NSH300114] 212} 20.4, 25.7, 29.6°CE
A7 L7t E 0 2 GAIE| T Table 2). 8 Bk 25 NSH20, NSH25, NSH3091141 Z+2F 17.7,21.0, 24.5°C2, %

~
o
r
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i
o
o~
.
=
=

<

501 A

40+

30

204

Root-zone temperature (°C)

CON
NSH20
—— NSH25 |
—— NSH30 :

Feb, 10th Feb, 11th Feb, 12th Feb, 13th Feb, 14th Feb, 16th Feb, 10th Feb, 11th Feb, 12th Feb, 13th Feb, 14th Feb, 15th

Fig. 1. RZT fluctuations of NFT and aeroponic systems under three different NSH temperatures from Feb. 10th to Feb. 15th (A, NFT; B,

Aeroponics).

Table 1. Recirculating tank temperatures and RZT levels in the NFT beds at different nutrient solution heating temperatures

Air Recirculating Tank Root zone
NFT temperature CON NSH”20 NSH25 NSH30 CON NSH20 NSH25 NSH30
§) (°0) (°0) (0 49 (°0) (O (°0) (O
Tinin 9.8+1.7 114+13 189+0.7 235+1.2 255+2.1 102+1.6 112+1.7 11.6+1.7 125+£2.0
Tinean 149+1.8 152+1.5 20.5+0.5 255+0.3 292+1.1 15.1+1.5 18.5+0.9 21.7+£0.7 24.1+1.6
Thnax 254+53 21.9+3.8 246+1.8 28.8+2.4 36.7£2.5 223+3.8 226+2.8 253+1.6 285+1.1

“NSH: Nutrient Solution Heating,

Table 2. Recirculating tank and RZT levels in the aeroponic beds at different nutrient solution heating temperatures

Air Recirculating Tank Root zone
Aeroponics  temperature CON NSH”20 NSH25 NSH30 CON NSH20 NSH25 NSH30
0 (°0) (0 (0 0 0 O (°0) 0
Thnin 9.8+ 1.7 108+ 1.6 192+0.1 24.1+0.5 286+ 1.0 102+ 1.6 133+12 153+13 163+ 14
Tonean 149+1.8 14117 204+0.8 25.7+04 29.6+0.1 132+1.6 17.7+£0.8 21.0+0.6 245405
Thnax 254+53 17.8+2.6 22.5+3.0 286+1.9 302+0.1 17.7+2.7 21.0+14 24.7+0.7 29.0+04

“NSH: Nutrient Solution Heating,
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T t=

W7t ol s 2d %Ei A 0 & FIFel{th Table 2). 227 HFE 5578 Al A] Folh-g 7H23t Aol
ANE GARRE &5k B3 ) ofolal 2 20 H51E HYthKim et al. 2025). 28 9% &5 HEZ (|1 - 7)) LA 7
oA 7.5°C Q. 2., NSH20-NSH25 N SH30°1WE 2¥7+17.7,9.4, 12.7°CE UL, 277 Ao A = NFT 24137} 55}
A 712 &7t moHaE o] 7ol ke Bt Table 2 and Fig. 1). E3H Y AX & 271004 &8t B3

H ] AF 20 HEH-2 F57 WAIO| NFT A H ok 20t o] {3t 749k 257 W Ert w|a) 2ot g d o] =

A& A= o], 7k FHo] Fg- 27 25kl oA NFT HHA] tiH] G &4o] A 337 w0 2 wehech
o1& FHoIH FUM A 2% A Al E77 Ao NFT A HTH g HE §-go] =0, A 0 2 2| 27| ol 7F20]

H
WA e 2T NFT PAo] JrjHo 2 70 opger)

rlo
B~

27| 21l SAE S 7k2 2|0 w2 2| @Y S =0 H|w

A & S 27)(7, 14 DAT)Ol T8 A8 v w ek A} Al AT} 55, 2] 2o o2t & Fed 2lolE Btk

(Supplementary Figs. S2—S7). Zfef 142t Fof TA| o] oF 7R A =|A] T4 2)+ th] Fe] o] folstA| 715

9.0 ™, NFT H4lo] 227 uhAl /e ghbel Ma) 8-S W othFig. 2). oFl 7}&o] wh2 Ma) 8 22 Gk Volare’
9Jr ‘Isabel” FLONA] =9kom, Eo] B-57 Hhal2 FxjaltofA e Ago] Aghao|gloLy, okl 712 =] A] e i
7Wd Zo) 7P Tk Fig. 2). ¥l 7h0 2 T 2Tl wheh - T 2 7t --olok A Sk R, B 2
2 FoJoHA Aot thFig. 2). ol A7 8 7he-S B T 2k 37 Aeeh e A op e Al S 5
e £215 EX16t5e-S Qn|gict.

T 2 e P A S 5 3 SR AR 55 20k HA 8R1o R URA $lom(Udagawa et
al. 1991; Klock et al. 1997; Tan et al. 2002; Yamori et al. 2022; Levine et al. 2023), |4 &L of|A A W72 = AF 4
02 AL 22T 1 oo = F 23] IAE= A0 2 B 1K Arkin and Taylor 1981). &8 &%= gt 712 o
T AIEL Levine et al (2023)°] 457 A Al 29 L8 AL(15°C) - BE(25°C) - LE(G5°0) 02 Aelt 2
T F 20 EEH(15°C - 35°C) ol B Fre] 9l 217 o] ZAsittal HAargt ALete UG, Tan et al.(2002)°]
T-27] Az Al A] 28 L2 20°CE YIS m Ao £ 21 Itk vt 27kl Bk o] eobAtky H st

1000

0.03

750 2000

500 0.02:

No. of tips (ea)
Root dry weight (g)

1000

Total root length (cm)
Average root diameter (mm)

250 0.01

0.00¢

Caipira Volare Volare Isabel Caipira Volare Isabel Caipira Volare Isabel
Lettuce cultivar Lettuce cultivar Lettuce cultivar Lettuce cultivar

1000

750 2000 a

a
5 1000 b
b
o
0

Caipira Volare Isabel Caipira Volare Isabel Caipira Volare Isabel Caipira Volare Isabel
Lettuce cultivar Lettuce cultivar Lettuce cultivar Lettuce cultivar

0.02:

500

Total root length (cm)
No. of tips (ea)
-
Root dry weight (g)

250

Average root diameter (mm)

Fig. 2. Comparison of the total root length, average root diameter, number of root tips, and root dry weight of three lettuce cultivars
cultivated hydroponically as affected by different cultivation systems and different NSH temperatures (A-D, NFT; E-H, aeroponics) at 14
DAT.
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27| Al EAE
A 27] 7elA 4
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ATAHE 4 27] o 7hee B U
2 Lm0 22 9] o] Wl S Ak

T

R

I 712 22|l E FZE

Joll 7122 Al B2 Foll YAl AT e A
A, AT 5 =50l

T U3 Fef A H-g-o] LFERK(Fig. 2 and Supplementary Fig. S1),
AR, A2 BAE AL 9] ol B 0] o] g

iy

:80] Feieechs 4S 1218 eong etal. 2021), A-27] ol 7. 2] He] Wkl /)54 ofek etet
1520 249 3RS P & A0 AT

o, 7k A4 2t E2 S 98
AR R frolsl TSIt (Figs. 3 and 4). A27] Al WA, G 712 21,

40 A » 2500 B

on [l nswzo [l wvzs [l nvoo !
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b 1500
b B P 8 ot
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Fig. 3. Comparison of the leaf number, leaf area, shoot fresh weight and specific leaf area as affected by different cultivation systems, NSH

temperatures, and cultivars (A-D, NFT; E-H, aeroponics) at 28 DAT.
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Fig. 4. Lettuce growth characteristics and yield at harvest as affected by different cultivation systems, cultivars and NSH temperatures (C,
‘Caipira’; V, ‘Volare’; |, ‘Isabel’) at 28 DAT.
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SFAtHFig. 6). 227 F% 7I7HEINFT 1A o] 77 1Al Hlsl 2V A0l 93tk ol #1271 2778 4]
Table 3. Effects of cultivation systems, cultivars and NSH temperatures on the growth characteristics and yield of lettuce at 28 DAT
Leaf Leaf Specific  Specific Shoot Root
Factors length width No. of  Chlorophyll Leaf /zrea L;e.af Leaf Fresh Dry Fresh Dry
(om) (cm) leaves contents (cnr) Welggt Azea-I weight  weight weight  weight
(gem?)  (emg) (9 (@ (@ (2
[System] *Z * sk ns *% sk *% sk *% sk *
NFT 13.7a¥  11.5a 173a 23.6 1084.8a 0.0024b  4352a 71.6a 246a 764b 0234b
Aeroponics 119b 113b 123b 24.8 5947b 0.0029a 3493 b 414b 1.68b 894a 028la
[Cultlvar] skokok sk skekok ksksk skeskesk kskck 3k sk * * kek
Caipira 124b 132a 12.6b 233b 765.3b  0.0027b  3932b 540b  190b 7.14b  0226¢
Volare 148a 120b 17.6a 309a 1130.9a 0.0022c  4634a 71.7a 238a 920a 028%a
Isabel 112¢ 10.6 ¢ 14.1b 184¢ 623.0b 0.0032a 320.1c¢ 438b 193b 853a 0.258b
[Treatment] skokk ns skekok ke skekok * * kokk skokk skokk skokk
CON 11.8b 12.0 125¢ 264 658.5b  0.0028 367.2 458b 1.78b 9.76a 0293a
NSH20 129ab 115 142bc 241 768.0b  0.0024 436.9 51.7b 1.99b 761b 0246b
NSH25 127ab 119 15.1ab 229 855.3ab  0.0027 388.8 586ab 2.14ab  7.50b 0238b
NSH30 13.8a 122 172a 233 10772a  0.0028 376.1 700a 237a 829b 0.255b
[System] x [Cultivar] * * ns ns * *k ok * ns ns ns
[System] x [Treatment] ns ns ok ns ok *k * *k ns * ns
[Cultlva.r] X [Treatment] ns kok skekok sk skokok ns kk sk ns ks sk
[System] x [Cultivar] x N N N
[Treatment] ns ns ns ns ns ns ns ns
“x %% and *** indicate significance levels at p <0.05, p <0.01, and p <0.001, respectively; ns denotes no significance.
YMean separation within columns according to Duncan’s multiple range test at p < 0.05.
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Fig. 5. Effects of different cultivation systems and NSH temperatures on the specific leaf area at 14 and 28 DAT.
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