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Abstract. Chlorophyll fluorescence, chlorophyll content, graft-taking and growth of grafted cucumber seedlings as
affected by photosynthetic photon flux (PPF) of LED lamps were analyzed in this study. Four PPF levels, namely 25,
50, 100, 150pmol'm™s™ were provided to investigate the effect of light intensity on the chlorophyll fluorescence,
chlorophyll content, graft-taking and growth of grafted cucumber seedlings. Air temperature, relative humidity, and
photoperiod for graft-taking were maintained at 25°C, 90%, 16h-d™', respectively. Maximum quantum yield (Fv/Fm)
of rootstock as affected by PPF was found to be 0.84-0.85 and there was no significant change in Fv/Fm. Even
though Fv/Fm of scion measured at 2 days after grafting was lowered to 0.81-0.82, after then it gradually increased
with increasing PPF. At 4 days after grafting, the chlorophyll content extracted from scion increased with increasing
PPF. Graft-taking ratio of grafted cucumber seedlings was 90-95% as PPF was ranged from 25pmolm?s™ to
100pumol'm™2s'. However, the graft-taking ratio of grafted seedlings healed under PPF of 150pmol'm?s™ was
decreased to 80%. Maximum PPF measured required for smooth joining of rootstock and scion was assumed to be
100pumol'm2s™. At healing stage of grafted cucumber seedlings, Fv/Fm of scion decreased and at least two days
after grafting were required for rooting of grafted seedlings. Chlorophyll fluorescence response of rootstock and
scion was linked to light irradiation. Therefore, it was concluded that physical environment including light and
humidity during healing process of grafted seedlings should be controlled more precisely to facilitate root formation
and to prevent scion from lowering Fv/Fm. Further studies are required to investigate the effects of root develop-
ment and joining of vascular bundles of grafted seedlings on the chlorophyll content of scion.
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B2 HAEEY JHE i o ol HEE=
e} diEo] B8 Ao Af=EE2 23 259
2EYAE Zo|HA dgsAl Zgto] o]FolxEd &
2 7zl 55, 3, 71 59 83 E0 HF 5
Fo 7 A E ook $HHKim and Park, 2001).

A Al HEEe] S22 24 o] WX flo &
ol wFEI = 238 280 =F vhEoizl BHd
HellA o] Foixitt, Bld WellMe BYRge] Tt
T HE A AEETE 90% oPdo® EA #4
HEE Hge) el Aol rhssitt. 1RH BE W
oNxe] HEEet B At 27t ofEe
ok ol HE - I Tgte] Ayt AHRH

Fro} Bs -8l HadS s wide] #
Z=go] Bo| AQE U} wiFol| 7|&e] &3 e
W Oialel] QIFFS o] &3 &) slido] ARk
v} 2Ath(Kim, 2000).

g2palo] olFgdor Zyldve P50 ARREHS
oy, FHIdle dEgUe] = (Light-emitting  diodes,
LED) #327} @o| A= Qo thha]e] o5& of
Aol FAE LED #HZERE RAEE PEE
20pmol'm™s”' We]o] W FFS ARSI Ut o]y
gk F A E FEEe FJE F 4-59 B
Aol 24 UZE FAAM &3 S 74 do. oy
gt olfie W ¥ 27N EFE HEEUT B F
go] FaE= 24 U9 3 4 nviE A&7t
o]87] wjitoltt.

FEA7F S5 F YA ke B9 2719 #
3lel whgoll ARSEA] 9ol R WEEE F ouA
= gjolgt H-E(Maxwell and Johnson, 2000). Luk
Aog Ago] 7hg, 4, I, 25 59 2EHAE W
of 3F AUAE A= o83 K& uf FFAFPFO
H=o] S7kshe A& d#A Atk(Lang et al.,, 1996;
Koscielniak and Biesaga-Koscielniak, 2006; Moradi and
Ismail, 2007; Hazrati et al., 2016). W&o F=4LFF
A= 2o B S viggFes sy
(Baker and Rosenqvist, 2004), 2F&9] ~E#X~ A2lE
T3] ¢33k AEE AREET ok (Krause and Weis,
1991; Willits and Peet, 1999).

AFFe] PAE e FHd wE HEEY H4EALY
F 9k, G54 1 €3 2 A Aol e AL
2 o, ol #dE FHAQI Bavt AAEA] efar
Aok HEHS] o] dEE GAON FEAFH,
AEAFF B &2 549 7S &F HHolAM e
U= 2Ed|2 AR opel A &) 2319 A
of Q3 V|ZAEEA E8E FoZ 7gEt £ A
T HZ& LED #xo] FEr) Qo|HERS HE
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1. SAEE 4 HFUY

2 A3l ARSE et diRY eAEFTS 4 W
71 2.0] (Cucumis sativus L. cv. Joeun Baekdadaki,
Dongbuhitek, Korea)?} SZFZHH Cucurbita ficifolia cv.
Heukjong, Monsanto, Korea)°|$Ith. wiX|Z2+= SH-8%
E(BMI, Berger Peat Moss, Canada), HdEE
(Middle, Punong, Korea) % Hz}o|E(Perlite, Misung,
Korea)s 8:1:19] BH&Z &3lsle] AL88luTt.

24zt 1283 ZEEHlA 9-10987F SHE A
oF i Taeb o E HEERG Hee A4
okl lem F-9JollA 450 Zw=E BIAES] Al
O BE7E AAE el A shRt EATA
At A=At o] w e} vl dgeA A%
SIEE At tiEe] das AR & HEE F

He ARS8l asisitt.

L

2 MEBo =t 517

HER g3 24

HEE Qo= HEUTw Fd7IAIEl AAH
HHNE HA AlzElelst FHPAI=ET el D2y
Atk AN zEe]  FE 3,500%3,200%3,060
(WxDxH)mm=ZA], 57 100mm Z2]--8ehs daA=
g oz ARt dHFA2E YRele A
717} 1,200x600x2,000( WxDxH)mmzA] LFulF ZTZ
gdz ARbE 4] Auke XA (Fig. 1), AWk
Zt o] AR AAgat RS 9% LED HEE
A8 AT

HAFA = 7Y 712, Biss ¥ 7REEE
W H7](DUR-020E, Dong Wha Co. Ltd, Korea), 715
71(MH-601, Mtech, Korea), PID ZAEZZ(IPC5000D,
Honeywell, USA) % <SIHE|(IGSA, LS Industrial
System Co., Ltd, Korea)oll 2J3]|A A=A} LED #
o] AEm PoF AL WmAo]7](v1.0, ODTech,
Co, Ltd, Korea)?} H337X](SE-450-36, Mean well,
Taiwan)l] $JaljA] o] Foixltt.

HEH &3 HolM o] HEALYITS, %
2 3ol mX= PAEY FEFs FHEkAl B
E33%AE (photosynthetic photon flux, PPF)S 25, 50
100, 150pmol'm™>s'e] 45Fo 2 AA3tct. FF3
FFSAE] =40l QuantumAlA (SKP215, Skye, UK)
7} AREAS. g HAE AR WY 71 s
T 77} 25°C, 90%2 FAEEUaL, LED #=o] 35
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Fig. 1. A growing bed designed for graft-taking of grafted seed-
lings under LED lamps used as artificial lighting sources.

7= 16hd'olth. HE HEEE VA JE F
7970l EE Mol PPFE 150umolm™s' O
TAEIFAL, v AUIEES 70%2 5otk e
A& T 7940, 1097, 2YAe] AW Baog F
Fokack AREE Fele] pHO} ECE 5.5~6.0, 1.5dS'm™

=

BARE) ARATR W T4 Pt FUE
HEAFYHRE Z797](Handy Fluorcam, Photo Systems
Instruments, Czech Republic)s AFESIATE. FEAFH
13- S747|2 BE 10cm Hojzl duke]] <l Qo=
BE Ve z 7t ZeaEgel|d 374 miEoR %
9= St 954 S IS FSE o
o B ZARE & HAYF Fos S8, o=
23} 70 BE AR A8 HUNEY Fms =
Aottt HoE3a HAFFe Aolg WHo|gF
(variable fluorescence, Fv)olg} F-2m, Htj&gFol gt
Ho &gl Hizl =7], & FvFme HUA&
(maximum quantum yield)oll 3t

e HEY FF e EALS HE F oY =}t
87 7AA 2217F Holl ST SAE 454A8E 3
S BAetaxl A8 2 T3 (FluorCam V7.0, Photo
Systems Instruments, Czech Republicys A8}t A4
H GELTE s o E dYdy EE=TE o]
ot tiEd HeE FEsIaL, Agddels Fast
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2 dFdXe g8 F=5 9st 89EA DMSO
(Dimethyl sulphoxide)S AFS3IL, HE 3 194, 4
A, 8AA, 1294l HEHS] JFALE FE3ATh
ARE AEY diEd F4E 29t $ 22 100mge
o A wo] o] 7mLe] DMSOe| E ¥ 65°Ce]
Al 0.5/ZE 7HEshH tiR-Ee] HE4v F=Eth(Hiscox
and Israelstam, 1979). DMSO7} Ao WZA4EH Z
et 149 HlEE E8ste] AR £ sAE 8o
S =48 Ad ¥iu E3S3EA|(DU-720, Beckman
Coulter, USAYS AFE3}] 645nm2} 663nmollAe] &5
T2 =439t Amon, 1949). The-o 2 ZAHE 4
E 2 20l gt A54hast 95409 T
(eLNE AXlsaT

Chlorophyll a=0.01274¢5;—0.002694 445 1)

Chlorophyll b= 0.022944,;—0.00468 4 44 Q)

5. E&t= 9l ARXFXA}

149470 Fteel] wE Qojfane] s
I AAERS 2RI & ATl 282 A5
A 5ol Al dhsl] Ao 2 He

— -7 o=
AgzAPl F2E #ES MATLAB(R2011b,

MathWorks Inc., USA)YS o|-8st] Z A+ & o4
TR st gvEe CCD7MIEH(VK-C370,
Hitachi, Ltd., Japan)s ARE3ld 49} dlEe] F44S
53t & V1A EA WA 9 Yo 23 ska
T Alole] 3ATAIE AHEshe WAloz k=St
AT AEFe] Aol HAAL-(AB204-S, Mettler
Toledo, SwitzerlandyS ARS8}, 71Z7](ON-21, Jeio,
KOrea)ollX] 70°CRACZ 48A7F ol AXAIZ] & A
558 3793tk g3 Fe] S84l A9~ (CD-
15CP, Mitutoyo Co., Japan)s AFS3IALL, AEATFS
Fig FE=2A(SPAD-502, Minolta Co., Japan)S ARE-
sl =tk =49 ZE dolEE SAS(VI.13,
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A= -
SAS Institute Inc., USAYS ©|-83}] Aﬁ:—ﬁ—-‘l]i]- Fabe
(LSD: Least Significance Difference)ys AAISFATE.
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1. ZLz0 ME 201HF20 HELHBUS 54
Holgge QolgEr BE RIS W Jeht
7174 Az 271 Ioh. LED o] 37ee] uf
91 Holgge e % o-"]’%l‘l‘oﬂ ujl Hap e
7hReH| TrAXP} VA ektth(Fig. 2). 4] ¥
%%% B 5 4-6dAol F=Tt =2 AEelN
= Jepdo) 3 3= b2 JE 3 1-3940
it o] wlol&gol frefxirt vehA] sttt
JeEg HE F 27] SN tiEdt o] WHold
ol vXE BFEY JFRe TR Ptk 2Eo] AE
1*2 WA Eo] Fgrge] Tl ouRE AEd
T o 958 EAEC] Bod Hagde SR,
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Fig. 2. Variable fluorescence(Fv) of grafted cucumber seedlings

healed under LED lamps with different light intensity (top: root-
stock, bottom: scion).
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Zo]E(Kooten and Snel, 1990).

22 77F B9 g H A 0.84-0.852 A4
A JERto, AT mE 29 Alel7t JEhA|
AT AN I &S vgserAQl Ade] B8 wislo
71%18HH, 4ASE <lo] HES Fs A
T = AAES ousit). dud oz 7S 9] Hu)
UAE-8 0.83 AHxo]™(Johnson et al., 1993; Maxwell
and Johnson, 2000), &4 T FAEZ AEH 2 =
=9 Q] HHATE 7L*ol~ Ao dHA Jok
(Kycko et al., 2018). FH & & 2dAel 5] Hol
WARTEL 0.81-0.82= A UEEO™, 3UATE B
o] H=842 ZTIth(Fig. 3). ©2l3 Aye tiEa 2
=7] Mol He] A dRrgo] st o, st
Ho7E A FAsh TxxZo] AfEe dAlollA
WATEo] T7FRIASS rigitt. AoFom FHge} o)
o] A=A o] HYRTEl viXe BEe]
2] a3} e Aoz s,

0.86

0.84 4
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Days after grafting
Fig. 3. Maximum quantum yield (Fv/Fm) of grafted cucumber

seedlings healed under LED lamps with different light intensity
(top: rootstock, bottom: scion).
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Fig. 4. Chlorophyll content of grafted cucumber seedlings healed
under LED lamps with different light intensity (top: rootstock,
bottom: scion).

2. 2ZE0 ME 20/H=Ee URLAEE
F3me A8a] ColERRY WELTIE FAT
3} oA LED #xze] 3wl
HaAl ERFA] estth. Heel Ae- HE
FEAF] SolUHA P WE Foxpt U
Eldth(Fig. 4). & F3=7F AHFHOE EES 150umol
m?s'7 100umol-m?s'e] Aol FESAETHFS A
A STV, BT vhe AeTelMs BTt
1575 PSR Al 3 HERY &
o] PEs FAE WE JEALFH Aol =
o=t WebA LED #xo] Bert HEHO &3t
Z7] SAAN o] FELT
v

ZHE0] Qlof] Wlo] e, PEAY e A54el 9
3 o] FEAA B wESo] Sl dofdth
ZH0) Qlo] AUl Qe JEAE Ao FE

2 A m

e
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Zo] A IS AT oplt), FEel mE
2% I AT AYEA FFS DS A
go] T2 AgTolr] AEe] JEAFTE e B
=71 3718 o (Buttery and Buzzell, 1977; Han et
al., 2011), 31335 ZX FELFH0] TH4d SEF
o] 7 uti7} v 3ERHKim et al, 2001). 2]
22 ZFo] fEAYP vX= R Pl 2H]
o Ao F FkEr)

LED #xz9o] 3o w2 d5adas d54238%

Jp o
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- ©

o
NhS SHS Wlad A PR 5 4UAe) PPt =
& Aol Ae] welBR} GEagde] BE 2
AT, AE F 4R S3E GSaPFe] Sold
FN TEI HLE B SR OFS B F 9

o o] AlZlole At tiEe] Ato] AR oFoiA]
7] Aol sfgsleg o] M =gd 4 fink
ol Haro] Rl 2ol el Heel 9=
o] drHeor FTIR Aom FHrh I A
¥ 8dAlol LED o] teel] w} theat A
Saegel frelah UehA] eigter, wolg3
A FATEANNAE FeAE el ettt 18
HERS Lol 2ad A weh JFLTFS
oA et

£ A7l ARE RolHERAM Fae] FEATY
I AERFFREE 54 Afolell FRWAE =& AoE
Zldist o, HAuldAgal T A os vepth
B A7 GRS HE 5 1A, 4d0A, 8dA,
129710 SAgskaetl, el Asadd T 954Y
B 573 Alololl BEAS AseHAl EoskY |45
2B BAo] 9% A Al T HELTF

=)
o [&d

£ Lo g b
At EE
e

o

ok
of

50pumol-m?s'e] FAE ATl oAl JAFE 1
2 =A YePdth(Table 1). 38, F8& JELAE =
e FE4ERS A e folxpt yehA] &
ATt olEgt A= FEHES A8St B4E HEL
ko] At AR Ao|th(Kim, 2014).

B oA Hed B3 = 7Rd 25, 50, 100pmol
m?s! Ao QoIHEHS] RS2 90-95%=
Uehgor, 3= Aol wE Fxt fIlth(Fig.
5). 3, Ati¥or FAETF =2 150umolm>s'e
oMol S-S 80% AEZA ozt 93"
v WA YERTE B AellA ATlE 4559 3
o 16hd'e] FFVE HET B, 19 A

1o =2
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Table 1. Growth of grafted cucumber seedlings healed under LED lamps with different light intensity at 14 days after grafting.

Top

Bl g pown L L oy
(g/plant) (g/plant)
25 41.76b* 1.67bc 0.17b 73.7b 77.0b 35.0a
50 48.74a 2.03a 0.22a 77.3a 80.8a 36.4a
100 39.93b 1.68b 0.18b 69.7¢ 72.3¢ 34.4a
150 40.48b 1.83b 0.19b 75.0ab 77.2ab 36.0a
LSDy s 4.44 0.19 0.03 3.5 3.6 2.5

“Means with the same letter are not significantly different.

YOptical density difference (ODD) measured by a chlorophyll meter(SPAD 502, Minolta, Japan)

MINOLTA, Japan)

100 q

a a a
b

80 ~
60
40
20 1
0 T T T

25 50 100 150

Photosynthetic photon flux (pmol- m2- s'1)

Graft-taking (%)

Fig. 5. Graft-taking of grafted cucumber seedlings healed under
LED lamps with different light intensity.

Z}Z}  1.44mol'm>d’!, 2.88mol'm?>d!, 5.76mol'm?>-d!
2 8.64mol'm>d o) I3}, Lo)HEHEY CO, nsH
L9} Al mX= ’*7}1-:—-/] Eﬂ]’a— A% Bl (Jang
et al, 2011004 A2]E FF 297(142, 237umol'm™>-s
ho A FREL 95% 76_:& ‘4’5}‘7}‘:} 371 AEelA
o] FF7Ie 12hd'2A, 19 HrbgRe ® Sleh 27}
6.13mol'm™d", 10.24molm>d'e]l sggict. 18z 2
Ae Aol o] Hil(Jang et al, 2011)E FFshd
l6h-d'e] FF7|ox QolgEure] Sxtol| A9t Pake
100pmolm™s! A== FAET},

e AEEe g2 Ay FAETL
S0pmolm™s™ oFd wf HE I 3] B AT
oA HZo] o] Fo|HTH(Fig. 6) El i ARV S
25umol-m?st o= HE T 4ol AH2EA
ot mEb BT wet xpolrt o), HEHe
oll A 2ol FQask Aoz FHokEn)

GE3HE AEEAAA FExZ e Af o] o]FolA]
7] Aol dEoZ2HE HFR 2 ool A
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DAG 3 4 5 6 7

Fig. 6. Rooting of grafted cucumber seedlings as affected by pho-
tosynthetic photon flux (PPF) of LED lamps and the days after
grafting (DAG).

W FchKim and Kim, 2000). B7Y HZH7) W
HA] &2 AEoIERE S 58 ¢ gla, o2 9
st sz Hao R ol el gith
2 AFA HE F 2970 Hee FHdRREol
GrF o R AT AA3] S7tske BloE UE
Wk 3R Hgo] fEATERRS HE 4R &

etgont, olFst gkt oleid A3t W5
o sl ek o) ASAYRY e 4% g

Eaghgo] tEA YehdS 4131*81{— Ao|t}, g H
BRI F7 ofFd e P=
e wists g oR M
7} g oz dAvtE)
z 5

B A7 tiEs g A% WA Yehbke 2
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2 LED #xo] 7= 7474 25°C, 90%, 16h-d'°]3}
E}. 2 Agela] Lojzl AxE gokd ot 2t
o] HYAGTE-S 0.84-0.8524 Figol| W £
g f<}°l7} WEREA] sttt g, Hee] Al bkarE
& S F 294 081-0.822 Sl Yo, 3
AFE BEe] =255 Heo HudArEel kst
Aot 22 T adAel] SAHE Hro dAELATES F
ZFol STHEE =4 UEHTh QoliEES] SRS
Fo] 100umolm>s?! o3} Wl 90-95% A== =7
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o |
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Agd P spollA D Qo EH | W] HA
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AN Uedth 85 WAl 2Ass Al o)
b=t 5ol wolFgs) AridArsol thad Vet
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g EORA Hise) wee Suske, Al Ay
Prgol FAA A A WA %

%% 5o 2% §70] FA5H Aofslolo} k. %

F PR B WA thEe) wa, FEzms] 2
T A, el ofell e R4 waE 43

o= 7YY Bas} v,

F7t FAO: B TERIAE, HEL, 018, FHE,
H A&
AL Ab
£ d7e w298 FsAAEEANS ¢ PI0127
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