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Abstract

This study was conducted to investigate the growth characteristics of different cultivars of grafted
cucumber (Cucumis sativus L.) seedlings when affected by different temperature conditions and to
identify the optimal day and night temperatures after the grafting stage. Three cucumber cultivars
were used, ‘NakWonSeongcheongjang, NS’, ‘Sinsedae, SD’, and ‘Goodmorning backdadagi, GB’,
with seedlings as scions grafted onto a figleaf gourd (Cucurbita ficifolia ‘Heukjong’) seedling as
the rootstock. Experiment 1 investigated the appropriate air temperature by assessing growth
characteristics as affected by different temperatures, in this case 18, 23, and 28°C (24 h). Experiment
2 investigated growth characteristics as affected by the night temperature. Based on the results of
experiment 1, the day temperature was fixed at 28°C, which was best for growth, and the night
temperatures then assessed were 15, 20, and 25°C (12/12 h). Root and shoot growth levels of all
cultivars were promoted when the air temperature was 28°C, and the seedling period could be
effectively shortened. On the other hand, the optimal night temperature differed significantly
depending on the cultivar. ‘NS’ and ‘SD’ showed inhibited respiration when the night temperature
was 15°C, with significantly decreased plant heights and leaf areas and increased shoot dry weights.
Also, the seedling quality was high at 15°C. On the other hand, the growth of ‘GB’ was significantly
promoted at 25°C and the seedling quality was also high. Therefore, it is considered that the optimal
day/night temperatures of cucumber seedlings after the grafting stage are 28/15°C for ‘NS’ and
‘SD’ and 28/25°C for ‘GB’.
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M o

Q0|(Cucumis sativus L.y=F=ol A 48F, 98} @] Entgo] o]o] sHA g tro] Ajul &= Pl ZHEo|th(Statistics
Korea, 2023). 2.0]2] =&t £4-& £0]7] fleliA= A4t BE2] Addo] F38lTHRDA, 2021). 12420 BE AJ4tsh|
L1l el A AAtElR= Q0] H.20] 90%+= 75 & ARE-SHH, 2 vl T Fof| Q0] 45 =Rt An et al., 2021). 5
H2 im0 40 et A4S Aot i o2, EQF AR Wl et A vt edol theh 21848 B 24
59 B} QIth(Lee et al., 2010a). 0213t A 0 2 6} e} YR A AU 0 2 A 4-0] &0l o] F0i2]7] A&Fste]
o, @Al A AAA 02 F5o] o] FoI 2| AL ltk(Lee et al., 2010a).

AR AL IA 4ot S SHohe 12 SH A5 & 22 2 2ot 9Py, 181 23 S E s 5 ko
etal., 2021). 20]] ¢ ti=o] BelE 2= B HETH TS ARgo7|ofl, HE BA| Baj7zt lo] vz o A=t
(Anetal., 2021). 22t S 17 |7FE TR § 717H2 12 SH7)ZHE O 1, Z[oHR-o Ay Bl 2z0] spdRt Also] o) %
o]Z]= A7]o|tAn et al., 2021; Jeong et al., 2021). WA 22} &1 Al7]o) 25, 55, 35 874 2. 91-2 2 43] Tejsk=
Zo] 1Z4 Qo] HEHE A4iteh=d] vt Fasith

2= A0 P 8-S HIER 2 AUALe 2, A 5] FHIE B4 JRE Fol A= st EEE &
Heh= F 23 HAE2] Q¢lo]Th Thingnaes et al., 2003). T &% TS o) oM R A E AR &5 2 245}
I, A5 A A FE 20 S-S - rol= 52 thret Ajus o] =1 QITh(Lee et al., 2010b; Kang et al., 2012).
A= 5ol FA T IS FIA717] Slell 8 2 A2 it =4 Fhesto] 27] B8 3-S5 st Lee et al,
2010b), o] o] o= ofttol 5-& Foll WAlshs 229 FohitE AR E AAA7]7] Slote] ok & 24
5} HhHo] H 11E]QIck(Kang et al., 2012).

2hzo] 2kehs HA Rl S A2 A2l et 2}, Tk 2ol Afefiohs 7 o] =1 9 FE o]
=2 HHH(Kim et al., 2024), F= 204 Al 749 2] 82180 2 ol Hej o) Hhgo] Az|s] Wolx| 1 2 &/
o] Lo} AL T} AFEAJ 0] ABHETHON et al., 2022). T3, 22 ZHEA T A2 T2 F5-2 Al 2+, Ajef 874 2
1A 58 T3 ote] SAJ R B2 Auf &-20] 22 thE 4= QIth(Papadopoulos and Hao, 2000; Kang et al., 2010). 12|22
o2 S 54T 27343482 et ARt 9174 ¥ 7} @ shrh(Papadopoulos and Hao, 2000; RDA, 2021). 2.0] 5
0 AL A= ot tiE 58-S 212 230709 5171 = TSl (Zhao and Kubota, 2015), #58 8 248 =
d

o)

(¢

A% SAL ZASte] 44 37 9 RS PR ] 15 4

¥ 2 2 32 3

L0|(Cucumis sativus L.) = 9/d%7(‘NakWonSeongcheongjang, NS’, Wonnongseed Co. Ltd., Korea), A1A|H
(‘Sinsedae, SD’, Farmhannong Co. Ltd., Korea), ZL2] 1 Z-2JHICHY](‘Goodmorming backdadagi, GB’, Nongwoobio
Co. Ltd., Korea) =535 A6t 0, & 2 SES 9 Cucurbita ficifolia ‘Heukjong’, Farmhannong Co. Ltd., Korea)
2 /31

BB H T 5 2 275, AT 100%2 A7 Sol ol Mol 5, S5 2o 22k, 79 71 174 . 5)

AL, HE o] Ego] ST Aol BEEEed WHer HESId HEd Be Y8 JE(Pindstrup,
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Pindstrup Mosebrug AS, Ryomgaard, Denmark)” } 5713 407 E#|©](28cm x 54cm x Sem, Bumnong Co. Ltd., Jeongeup,
Korea)ol| AF=5}o] B3I 5+ 2umol'm™s”, red:blue = 7:3 mixed LEDs, & 23 + 1°C, AT E 90 + 5%)0114]
5o 97} % 913 9749} 3ol 915 SR Lo 42l eselsi

A B 00| = A& AAFAAE(C1200H3, FC Poibe Co. Ltd., Seoul, Korea) Wl A 22} & H = %At

F

= Shzto]

-1 =21
U AE AL A A= U 33912 LEDs(red: green blue =7:1:2, ES LEDs Co. Ltd., Seoul, Korea) S A5}, A 13}
AR 20| B} F571= 212 150 + 30pmol-m™-s” photosynthetic photon flux density©} 12/12h(%87)/%7))= A4 =
it} B =BT A (HD2101.1, Delta OHM, Italy) S o851 2124 2] AAk4 $12]of| A 245141, -1 Tl 24

ThEE HH|[Ca(NOs)4H,0 472.0mg-L", KNO; 202.0mg-L"', KH,PO, 272.0mg-L", MgSO,-7H,O 246.0mg L,
NH,NO; 80.0mg-L", Fe-EDTA 15.0mg'L”, HsBO; 1.4mg-L", CuSO;5H,0 0.2mg'L”, MnSO,4-4H,0 2.1mgL”,
NaMoO;2H,0 0.12mg'L", 18] 1 ZnSO, 7TH,0 0.8mg L' [& ZA|51 EC=1.0dS'm™, pHE=6.52 Z45] 12 13] 2]H
P55t 4555 Hlo|e] 7(TR-74Ui, T&D Co. Ltd., Matsumoto, Japan)& ©|-8:5}9] g+ A|7H7HA © 2 Z4519ct.

A3 22|

7R T2 0] HRR BT 1)

Ot g4 2122022 79 16207 7 179000 5155101 79 26000 S o ich. SR Dol 5 Wall g AB A
A2y

oA 8Y 3L T 947 22 51 HQIeh WY A= AL AIAR] W 2= 27 18, 23, T12]11 28°C(24h) &= A
=70 £ 10%2 FA5FITHFig. 1).

ORI o mbE 0 o] ¥E1 (A 2)

2 M= 21220223 9Y 13979 14Y0f| 115101 10€ 2 Yol =51 HER:

AR Yol A 108 1195 E Y2251 E[QIt. DHd A5 ALt AIAR Y S =
¢ 28°CE 1AGH T, ok S 77} 15, 20, T12]11 25°C(12/12h) 2 AAsE.om, A& L.
(Fig. 2).

s % 7&5%‘*% %—135 %E‘r. EE%% *—.‘%iﬂiﬂ AT AR 9] dolg SAsIA, % HMOF’WHV‘

w0l A B 2 |00
:6 ——— 28°C g
© ‘ Fo
5 30 \..u,-.,\w.,“,..._v.,.\___h_w__\,;x.._,..\,.,,,.f"»...,-._\_.W.,‘:,_.M,,L W j\ WA 180 =
g AL :
2 N it r=
Q NI A A g A A g e P S k F 2 { " Il
£ g0} | T T v‘«é MM iy {e0 ¢
3 ~ AW ' i Vo AV N D ﬁ
< &

10 140

1 3 B 7 9 1 3 b 7 9
Days after treatment Days after treatment

Fig. 1. Changes in the air temperature (A) and relative humidity (B) in Experiment 1.
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Fig. 2. Changes in the air temperature (A) and relative humidity (B) in Experiment 2.
(CD-20CPX, Mitutoyo Co. Ltd., Kawasaki, Japan)E -85t 2 A5 4T 1emE 57819t 47 GE2 A4 71

T A Q& =751t SPADE 84 =74 7](SPAD 502, Konica Minolta Inc., Tokyo, Japan)E ©]-8-5}1 é@ﬁ}fﬁ_ﬂ,
FHHLE Z7E A et 014 2 W2 Z77](LI1-3000, LI-COR Inc., Lincoln, NE, USA)E ©]-8519 =74
AR} 2|51 0] BAE W ABZFS AZA-S(EW220-3NM, Kern&Sohn GmbH., Balingen, Germany)-& ]%
SHAt AES2 AR2E 70°C 5(}% ZAZ7](Venticell-222, MMM Medcenter Einrichtungen GmbH., Planegg, Germany)
oA 72A17F o A7 & S5 7t A 2ol whE HEH O] Z|ohE i g Siklsr] Qlof, AEH.0] A|ohE-E A
5tof A7 (Expression 12000XL professional scanner, Epson America Inc., Los Alamitos, CA, USA)Z F53t o]r]Z]
H|o]E-E WinRhizo Pro 2020 #-2] e} 24 A AH|(Regent Instruments Inc., Sainte-Foy, QC, Canada)<- ©]-8-5to] #{2]
F 4, a9 et 23S S5 2 A Eof| w2 Q o] HEH O] H A4S ZALSE] 18]l 54 T (compactness) 2}
ZA=E(dry matter)S oF| 9] AltAlES Bl AFESIATHRDA, 2012).

Compactness (g‘cm'l) = dry weight of shoot (g) / plant height (cm)
Dry matter (%) = [dry weight (g) / fresh weight (g)] x 100

EAELL SAS T2 TH(SAS 9.4, SAS Institute Inc, Cary, NC, USA)E ©]-85}0] EAELA(ANOVA)YS AA5HA Y,
Wt 7+ H| = E7 9] T4 (Duncan’s multiple range test)2 ©]-8519] 5% F-25=ollA 2+ 4] 7F o432 A5
t}. I 2= SigmaPlot X2 T138(SigmaPlot 14.5, Systat Software, San Jose, CA, USA)< o|-&5}o] YeRH It

22250 2 20| H2D KM 1)

A|SHE- A&

Z|HE AG-L. 18°Co A 28°C R LI 7o of whet E£3 P glo] Go]H 0 2 )= ARS B YrhFigs. 3 and 4).
A0 AET2 BE FF0A 227t oS ol A S716to] 28°Colld 78 3o M (Fig. 4A), & 8
o & ERE28°CollA] F-2d Al =3kTh(Fig. 4B and 4C). ¥, Bk 72 27t Eod4E oAl = ARS Byt
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Fig. 3. Root morphology of grafted cucumber seedlings as affected by different air temperatures 9 days after treatment: NS,
NakWonSeongcheongjang; SD, Sinsedae; and GB, Goodmorning backdadagi.
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Fig. 4. Root dry weight (A), total root length (B), number of root tips (C), and root average diameter (D) of grafted
cucumber seedlings as affected by different air temperatures 9 days after treatment: NS, NakWonSeongcheongjang; SD,
Sinsedae; and GB, Goodmorning backdadagi. Vertical bars represent the standard deviation of the mean (n = 6).
Different letters indicate significant differences based on Duncan’s multiple range test at p<0.05.

(Fig. 4D). &= A ol7-2] et A 2 ot S8 5ol Y= TTHTan et al., 2002; Jun et al., 2008; Giri et al., 2017).
Aok 0 2 25 | FIMEES AR e 2SRt whet FUtet, o] g Hig o2 A1EC] 7t 7| o Ae-g S3A]
2 5 9lth(Lee et al., 2010b). Jun et al. (2008)2 =7 oS E7] o] 27o] Aoj2| i AT o] T7IRittal 519,
Tan et al. (2002)2 257} Eobda= 45-0] 287 T 7F 3718k Bt 7] efolrIttal Harsholnt. ok #e]
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7L A2 HER ARRIHRAIZ0] B3 Slmletel, A2 WerE AR Eel 4 AR 8 4 A1 4 B0l Bol &
E o

StthJeong et al., 2021). BF2hA 20 HEHE FIHE 28°Co A = oI A5 Aas =

AP %
REEFL 271 5OIIAE 27, 91, 945 914, SPAD, AW, *3,411%, L3 28l fepHo Bishin
(Table 1). T, &:4J2) 71710] 2] et 2447} 471 2715he AT BACD, 2 LwAo|H 1 247} gk

=
B2 7= B Btk Fig. 5). ERFH 0 & SRAo A= 2o 7‘”334 %—/FE A 71E 08 sh, A57F3.3

o] 9olHoz ;q]g%{gtq’ 23°C o] 4% 01]/\1 A8 ] E]'(Fig. 5F). Geetal. (2012)2254 727 *4%
O FHIES TTHIA TR S54SR ELLOR%E} wHebA] 28°Coll A g0l S7Istal FaptE ol 54

=
e I wizoll(Fig. 4), AV A5 EF S71RE 02 ZARE it wh2hA 28°ColA o] H= 1
_‘{

2003). 2 A Lo A BE ZZ0] ZA L L 0goCol| A 50) 4 0 2 0 ATkS HIth(Fig. 6

>
=
%

=71 710 2 S H T} ESE Nicola (1998)2F Jeong et al. (2021)-2 A5 A-8-0] 9451 Hoj|
745k Btk B usiglon, i FFoli] 27t ool whet Z|ohE h"*—_}%}o]
SHSIH E5171A]

FH

FAHEE AR AEFTE ZFORZ U go=, I 40| 245 Ho AUyt =11 7} 7&@ J%37}QEKZhang etal,
5 L 28°CoM AEF

o] §214 QA Z7FSATTable 1), olel et FAEA 5715t A0 2 Webeick DREL ANFS AEFOR L vlg

Table 1. Growth characteristics of grafted cucumber seedlings as affected by different air temperatures 9 days after treatment (n = 6)

Cultivar®  Air temperature Plfmt ‘Stem Leaf Leaf No. of Leaf area Fresh weight (¢/plant)  Dry weight (¢/plant)
@A) 0 (B) height diameter length  width leaves SPAD ()
(cm) (mm) (cm) (cm) Shoot Root Shoot Root
18 8.7bc” 3.6 69ce 83cd 28ce 384c 88.1bc 33ce 0.52b 0.39¢ 0.024 be
NS 23 92b 3.7 76ac 8lce 33bc 40.8bc 1122b 4.0c 0.58b 0.39¢ 0.022 be
28 Il.1a 3.7 8lab 104a 40a 41.7bc  1819a 6.1a 0.61b 0.57a  0.031b
18 7.6d 3.6 6.0e 72¢e 27de  43.1lac 686c 29de 0.57b 032¢ 0.024 be
SD 23 8.0cd 4.0 69ce 86cd 33bc 449ab 923bc 32ce 0.61b 033¢c 0.023 be
28 9.0b 39 85a 10.0ab 3.7ab  448ab 162.7a  52b 0.88a 0.52ab  0.040a
18 79cd 3.8 6.3 de 7.7de 23e 418bc  719c¢  28¢ 0.44b 032¢ 0.019¢
GB 23 8.7bc 39 72b-d  91bc 32b-d 465a 1006b  3.7cd 048b 037c¢ 0.020 be
28 92b 3.8 78ac 106a 32bd 47.1a 1631a 520 0.51b 049b  0.025bc
F_test B skekok NS skekok skekok skekok * skekok skokok * skokk skskok
AxB NS NS NS NS NS NS NS NS NS NS NS
“NS, NakWonSeongcheongjang; SD, Sinsedae; and GB, Goodmorning backdadagi.
¥ Mean separation within columns according to Duncan’s multiple range test at p < 0.05.
NS, *, **, or Nonsignificant or significant at p <0.05, 0.01, or 0.001, respectively.
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Fig. 5. Changes in plant height (A, C, E) and number of leaves (B, D, F) as affected by different air temperatures during
Experiment 1: NS, NakWonSeongcheongjang; SD, Sinsedae; and GB, Goodmorning backdadagi. Vertical bars represent
the standard deviation of the mean (n = 6).
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Fig. 6. Compactness (A) and dry matter (B) outcomes of grafted cucumber seedlings as affected by different air temperatures
9 days after treatment: NS, NakWonSeongcheongjang; SD, Sinsedae; and GB, Goodmorning backdadagi. Vertical bars
represent the standard deviation of the mean (n = 6). Different letters indicate significant differences based on Duncan’s
multiple range test at p<0.05.
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She S HATKFig. 6B). ol e LEoH ©o0]] ggo] o]
1] 48 71417 19)(Gir ctal,, 2017), 0|2 218} AAF0] 44T 4 Glek. B AP LT} SIS S BE EEO)
2] A3 %o] AAEIEK Fig. 4). S-S AR Be] AL A § o121 FAS Fustel Table 1), DEE]
Z7KE A 02 AN Teb NS, SD, el G BE B A% S5 T SAE 5L 08ocelH 2012 %
B3HE Zlo] TEAY| W2 RS AAS]] A2 gl

ORZF2E0]| U2 20| Y= ds(4d 2)

A|oHE 5

BEEFY Ao AE5-2 ool TR -H-o 4 Q1 Ao |7 HEA] (28 Th(Figs. 7 and 8A). ERE, o O] F41]|
TRE ‘NS’ 2} SD 9] T4, 6 &=, 1231 Bt 273 0f] et Sl oAl = 2he 4= QlgloW, & B8 B 15°ColA &
a2k 7 Bt 2L =2 HRS B Ath(Fig. 8B, 8C, and 8D). ¥HH, ‘GB’ & o F L7} ol 4= 2
57t S 7Folal W Bie] A2 Fhaohs A Bk S Bl 49 SRMtEL £, B 59 Ve s A
=, AR FeMES 28-S ol s ZasttouA & Aghe] o] 2FE9] 5] o & HthByeon et al., 2014). ©]2{gt
otz A £ ot OEF2 2o WAL Fde W=th(Posch et al,, 2019). 1120 & A8 A5 £ 9 9. 570]
7L A2 0 & = A= S Helt(Posch et al., 2019). & G704 ‘NS* €} SD* 7} -2 ok Eof A 59}
AR AREL T LA Tt g 4= 50 Aol o] AAE Ao 2w BHH, =2 ok of| A= Aok
92 FAEOH, S50 SR Qo HEFo] Aasto] okt A2 7o) foA4 Q1 Afol 7t YA g2 A o= 11
2=t Yudina et al. (2022)2 589 277 AF50] AB2-S 7HAAZIC T B sttt ThE Z2ak=th2 4| ‘GB 9] A<
27} ool whet At ek 7t ST kokAL -2 Aok RS HolH Aohie] Wdo] 315 ke Belrh
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Fig. 7. Root morphology of grafted cucumber seedlings as affected by different night temperatures 8 days after treatment:
NS, NakWonSeongcheongjang; SD, Sinsedae; and GB, Goodmorning backdadagi.
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S 251 E=25°C1 500 E
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= 7 b-d b-dp7
S 15 7 S B . Z . Z iy g 300 2
: A U1 ‘b1 g
Z ot g é g é g g 200 =
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- ©
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= [e]
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Fig. 8. Root dry weight (A), total root length (B), number of root tips (C), and root average diameter (D) of grafted
cucumber seedlings as affected by different night temperatures 8 days after treatment: NS, NakWonSeongcheongjang;
SD, Sinsedae; and GB, Goodmorning backdadagi. Vertical bars represent the standard deviation of the mean (n = 6).
Different letters indicate significant differences based on Duncan’s multiple range test at »< 0.05.

Table 2. Growth characteristics of grafted cucumber seedlings as affected by different night temperatures 8 days after treatment (n = 6)

Cultivar® Night Pl@t .Stem Leaf L.eaf No. of Leafarea Fresh weight Dry weight
*) temperature  height diameter length width leaves SPAD (cd) (g/plant) (g/plant)
(O ®B) (cm) (mm) (cm) (cm) Shoot  Root Shoot  Root
15 9.2bc” 42 8.6 bc 10.5 bc 3.8ac 439 bc 1294bc  6.0ab 0.35ab 047a 0.017
NS 20 104 a 43 8.6 bc 102 ¢ 42a 40.7 cd 151.0ab 6.6a 035ab 043ab 0.017
25 10.5a 42 81c 10.4 bc 4.0ab 399d 139.0ab 6.1ab 034ab 040ab 0.016
15 8.6 bc 4.1 8.3 bc 9.4d 3.8ac 49.8a 1145c¢d  54bc 030ab 046ab 0.016
SD 20 8.8 bc 3.6 8.7bc 8.7d 3.5bc 44.2 be 101.5d 49c¢ 024D 036b 0.014
25 94b 39 10.6a 10.8 a-c 3.7ac 448b 160.7 a 63ab 040a 048a  0.019
15 84c 4.0 9.0b 9.3d 2.7d 443 bc 101.8d 51c 038a 040ab 0.016
GB 20 9.2 bc 42 112a 11.5a 33c¢c 44.7 be 1494ab 6.2ab 04la 049a 0.019
25 8.6 bc 4.0 11.1a 11.0 ab 3.7 a-c 452b 1445ab 62ab 040a 046a 0.021
F-test B ok NS Hokk Hkk NS * Hokk * NS NS NS

NS, NakWonSeongcheongjang; SD, Sinsedae; and GB, Goodmorning backdadagi.

¥Mean separation within columns according to Duncan’s multiple range test at p < 0.05.

Ns, *, **, or Nonsignificant or significant at p <0.05, 0.01, or 0.001, respectively.
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2h 242 5o A % Ao 7F U] 949k, <7, SPAD, 44, 121 BAF0] Sk e Halth w2 o E
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