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Abstract

The in vitro growth of virus-free sweet potato [I[pomoea batatas (L.) Lam.] plantlets was
investigated under different light sources: fluorescent lamp (control); red (660 nm), blue (460
nm), white light-emitting diodes (LED), and two mixtures of blue and red LED (R:B = 8:2,
and 7:3). Single node explants (10 mm) of three cultivars (‘Matnami’, ‘Shincheonmi’, and
“Yeonhwangmi’) were cultured on Murashige and Skoog medium supplemented with 0.2mg-L"
6-benzyladenine for 4 weeks. Explants were exposed to 150 + 5 umol-m™-s” photosynthetic
photon flux at a distance of 20 cm, constant temperature of 25°C, and under 16/8-h (day/
night) photoperiod. Using the same method, the in vitro growth of 10 cultivars under red
LED was also compared. After 3 weeks, vine length was highest in plantlets cultured under
red LED, and lowest in plantlets cultured under blue LED. Fresh and dry weights were also
greatest in plantlets cultured under red LED. Compared to the control, vine thickness was
significantly higher in plantlets grown under white LED and the 7:3 R:B LED mixture.
Significant differences were observed among the 10 cultivars grown under red LED. ‘Matnami’,
‘Shincheonmi’, and ‘Shinhwangmi’ all had excellent vine lengths, and fresh and dry weights.
Compared to the control, vine elongation of sweet potato plantlets was most effective under red
LED, and culture duration was about 1 week shorter.
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of| F-Qofal, g2 A=A Ut A5A FA4, 7157 2 e 4 5ol Tofdthimetal, 2013; Saebo et al,, 1995).
Light-emitting diodes(LED)= T2} 2530] 7F55]o] 54 2 e} @4 50| o] 2] Zislo] ko], 1999 1W
o}ge] 119 LEDZ} 7= A e AlmAfue] 'de o]-8-5]7] Al2tetitkBourget, 2008). AH=<] F-oll et Q28
© 2 2 H AL EDE A A 5] Saksto] Afjufshd A8 (Kim and You, 2013; Shin et al,, 2012)0]u}, AE8HEZ=7HChoi
etal,2014; Lee etal,, 2010; Lee and Kim, 2014; Son et al,, 2012) 5-0] JeRAT}, Tt 7| v A Ao A & ZSHKim et al.,
2004b; Kurilcik et al., 2008), AoE] D (Nhut et al,, 2005), 7P]©]4d(Manivannan et al., 2017), Z]8HHahn et al., 2000;
Manivannan et al., 2015), @7](Nhut et al,, 2003b) FollA] 7|Wj21=2] ASolut Fefg 4] 5ol ZXIETh AlEAuo] o8]
£ LED Z¢9] A2 3 B80] & AT Aei2] 0 = ARgS 4 Qv FHiAfo] Ho] 2o 7otz &
2ufjoFoly Haf g AE-5-golA B0l 7Fs sk, M4y A 11 o] Zof Z A& o]thBourget, 2008 Kurilcik etal,,
2008; Nhut et al,, 2003b).

P 2FE Q1 At Hio |2 o] A B H Aot 9, 3] ey B A5 e e B AlSHA Lt
Hth(Karyeija et al,, 1998). Tt 79 | A= /A H]e0] 5716, A o] A7 Ardoz|m -S4 2 A =7} 57 Tslof
571 Sl fr2f5HH(Yoo and Lee, 2013). o]of whet X F7 ol A e a1taf Ho|2|A 5 o] ZulE A o5kl 9l
0 2000 o] 0] % a1tato]| F=2 HHAG=sweet potato feathery mottle virus(SPFMV)2}sweet potato G potyvirus(SPGV)
9 sweet potato leaf curl virus(SPLCV) 5] tfj$t F-H |/ 84 0] ils}A] 9315|317 QItHCheong et al,, 2010; Chung, 2008;
Nam etal,, 2016). FHH 0] Hg-> = Al5arteled Hlo| @ oW RAEAIE & 54 0 =2 507 & d- 8 eidat A7 [aAH
SOl s o] Fof2 1 ik

TR 571l e = sl ATt FRRE AR ol Sacl] oA 971l Z1W S HiEESAlo] East.
Shin(Q011) 17} F<eAfufof| A ZA+79A1(3:1) LED L] ogHigo] 21 £714 0= Sem oV, BAIG-Z 45% 8% 5
7RI SHSIT. whebA] et R o) 7| whejrefell ] tholA] 9/do] 2 Qe B (Yoo and Lee, 2013), 55 THE S
A& S1olAl= 217 LED mpg=5 o-8slo] E7 |41 S4Iok= Zlo] B asitt 55| 7ol A o] FaA a2 S7HIAH A
o] e, w717k e 7FEShal 2k

2 AtE b Eto |2 A T H O nitjrfoll A 5 IO LED F9S o 8sto] il I o 9 gl Ale =

ook
F

A2 Y g

A3zlE Y ofC|Hy Q¥

Thpa) ‘Algh) ‘AAgin] £ 3Z0] AckR A X A HljoFO 2 sweet potato feathery mottle virus(SPEMV)2} sweet potato
G potyvirus(SPGV)o]| thfste] Chung(2008)2] B o] w2} RT-PCR ]| &fsteq Hiole|A B -5 5/JoF3ITH(Yoo and Lee,
2013). T 3= MS7| =4l 2] (Murashige and Skoog, 1962)0]|4 ZA151] 5ecm 37| 2] LS A EAE vl A =2 2 ARE5H
o, mhelaloRe Aok ] B Ehutel] 91510, 8 10mmE AATHEkS: 4912 7} 10mm 21712 e AR 671
) 9 30741 AtelsAk MEAE 02mglL BAS 71 MSHEAIE 2173 90 X 15mm ARl 25mLE 2t 418
shoict. 2ol it ARdl= § 33502 AbA] 559 LED 3¢ stollA] sjFotaint. S50 AA3Hke= 24 LEDoj| A 22 Hf

Ho 2 10552 viHuleste] Hlwsi 3.
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Ao AFST AL FEE T2 o], HATO/T0mm), SN 660nm), FA60nm), 2+ 82, H9 73
LED(DyneBio Co., Korea) 2 & 5242|5511 11, Bk 20cm 7|20l A] 150 +5umol-m s~ 3JSH3-G- 9 Wk <(PPF )2 &
A5, 71517 16/8 day/nigh) 12k MIFR I 25°C 2 285153ck. 7171l LED ZH0AK= 1200W) X 600(D)
mm BT 480(W) X 80(D) X 20(H)mm 4 2] 52 (40W, 3W LED 42} 187H)2 47114 vl |5kl ta+Q1 852
Aot A9] vljoktief 40W I (Osram, Korea) 47115 42|51 S4umol'm™2s™' © & ZA5}Ict ok =28 +1°C,
G = 50%2 FAISI 3T LED B-lof hE A8 A k= vl 2 78 1598 1M 0 = E7]40|E ZARIG oW 45

Al E7170], B, 715, o] 9 fele, A, Hed 5o S5l

AT A= A sTEo s stof, Hhad 1070A19] Ae5/de A, HlolH 242 SAS A1 Z= 1
(Statistical Analysis System,, V 9.1, SAS Institute Inc., USA)2 0]-&5}>], ANOVA (analysis of variance) @ DMRT (Duncan’s
multiple range test) 2410 & p=0.05 20| A 2+ 28] Yot 7He] -§-2)7 & v wBliLt.

2k

2 =

7|U’ 2o 0j2|= LEDS| &

ol A1BF oIt R ] e R T HAI B AP0l GRS UIAE FRE 291 5o kit
16, S| LEDS ol §3}o] 17n} vfolels PHme] 7|yl ux| LED 2] G& ZAsrFig. | and

=
Table 1), 214 525714 27|40 ik 2 ofojabgo] o] uhet g wigom] A10] 2714142 35 o]
FoUE B2 AR BT b 45H10] 3EE0) B Z7VHE 27 UEHTH A 9 LEDOIA] 41 &527h
o, GapgelA 7b A9l Al ik G Hge] 248 Zawlis A4IeirkFig, 1), 44 LEDOA 27]

o1

H
=
APgol Fogt A2 AM LEDZ Fuprjuif 27 ofl A2 Aol Fd2 37 iiEq] A= Holr oot Zo| LED FE2
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abc
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LED sources
Fig. 1. Effect of different colored light-emitting diodes (LED) on vine elongation in the in vitro node culture of virus-free sweet
potato (Matnamf’, ‘Shincheonmi’ and "Yeonhwangmi’) after 2, 3 and 4 weeks of culture. FL, fluorescent light; R:B, ratio of red
to blue LED light. Different letters above columns indicate significant differences according to Duncan’s multiple range test at
the 5% level.
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Table 1, Effect of different colored light-emitting diodes (LED) on plantlet growth in the in vitro node culture of virus-free sweet potato after 4

weeks of culture,
LED source Cultivar Vine length  Vine diameter No. of leaves Root length No. of roofs Freshweight  Dry weight
(cm) (mm) (cm) (mg) (mg)
FL’ Matnami 6.1 23 53 9.8 72 673 633
Shinhwangmi 5.1 2.7 53 102 9.1 567 573
Yeonhwangmi 49 21 45 117 8.1 527 50.7
Mean 54 24 5.0 10.6 8.1 589 57.1
White Matnami 6.9 25 5.7 82 8.3 780 74.0
Shinhwangmi 6.5 3.0 53 92 9.7 640 613
Yeonhwangmi 6.0 23 4.6 11.7 103 567 56.0
Mean 6.5 26 52 9.7 94 662 63.8
Red Matnami 8.1 22 6.1 7.6 8.6 793 80.0
Shinhwangmi 72 26 54 8.7 124 693 68.7
Yeonhwangmi 6.5 2.1 43 9.8 10.5 660 63.3
Mean 73 23 53 8.7 105 716 70.7
Blue Matnami 55 26 53 6.2 93 647 62.7
Shinhwangmi 5.1 3.1 5.1 7.6 12.1 547 533
Yeonhwangmi 47 25 5.1 11.3 94 513 473
Mean 5.1 2.7 52 84 102 569 544
R:B(8:2) Matnami 6.8 23 5.7 84 75 753 733
Shinhwangmi 6.2 2.7 52 8.8 11.5 613 62.0
Yeonhwangmi 5.6 2.5 5.1 113 104 573 58.0
Mean 6.2 25 54 95 9.8 647 644
RB(7:3) Matnami 65 26 55 10.2 7.1 720 693
Shinhwangmi 55 2.8 54 92 10.7 647 64.0
Yeonhwangmi 54 24 45 10.7 8.3 547 52.0
Mean 5.8 26 5.1 10.1 8.7 638 61.8
Significance”
LED source a—’) Kk skeksk ns skskk kK Kk sksksk
Cultivar (C) sk ns ok ns ns sese sk
LxC ns ns ns ns ns ns ns

*FL, fluorescent light; R:B, ratio of red to blue LED light.
“ns, nonsignificant; **, significant atp = 0.01; ***  significant atp =0.001.

oje] AZ o] 7|jufetoll ] 3§ e 2 Aol Rl 202 A FrNhut et al,, 2003b; Poudel et al,, 2008; Li et al,,
2010; Manivannan et al,, 2015), = A1¢] A1}l ZFo] A LED= Z|$HManivannan et al,, 2015), 7}|o]4d (Manivannan et al,,
2017), Z 2]l A2 Shin et al, 2008) S| AZAHS 71510, o142} 0] ALZFolE A0 vl rk 2847 vlgo]
F2TE AR 2 0 2 e tBudiarto 2010). 55] 171} 7|H] 44124 k= Sem o o] EqolAlo] 7RsRtd], vk
350l A LEDOAREE71d0]7F sem o0 &2 e 35 Het 15U A vl [T 95T 4= QLo B & A 2o]
AchFig. 2).

50l 2 27 )AL ], ], Al 402 Qo FIe 7 ol A1ES] £7140] Al e e
| E}ﬂ- thEd), =£SKKim et al,, 2004b), T=2]8l5A|2~(Shin et al,, 2008), A|ZHManivannan et al,, 2015), 7}d]o]4
(Manivannan et al,, 2017), % (Poudel et al, 2008)o]| 4= 248 LEDoJ|A] Z11, ufj8] &= (Heo et al., 2002)= A LEDo{|A],
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Fig. 2. Effect of different colored light-emitting diodes (LED) on plantlet growth in the in vitro node culture of three sweet potato
cultivars (Matnam?, ‘Shincheonm(, and ‘Yeonhwangmi) after 3 weeks of culture. FL, fluorescent light (control); W, white LED;
R, red LED (660 nm); B, blue LED (460 nm); R:B, ratio of red to blue LED light.

AL etal, 20101 2:3(1:1) B LEDAH Gt .02 Lhehydeh, w4 g ABFRoIAE Eob Kim et al,
2014), E7](Choi et al., 2003), =+3KIm et al,, 2013), T |7 HLee et al,, 2012) 5-2] 7| A1 2 M H T M LEDoA] 9%
Sl A Z£ A x|ubAEE (Lee and Kim, 2014), ‘Sunmang’ ¥} ‘Grand rapid TBR’(Son et al,, 2012), F1-E#|(Ryu et al,, 2012)

s

S0 2 LEDeOJA|, 1711 1750](Kim and You, 2013), A5 Lollo Rosa’(Shin et al., 2012) 5-& 21:3] &5F LEDo|| A 9F
S5 20 4 LT T ISR 0, 201 R 107 o1
B TR F-8AE 1H 2Rl ofstod, AlEEelu FF Tl £ B OA|E = 20 & Holm(Kim et al,, 2004a),
4125 9 5%, e AMES0] 112 2290] R 3 7o) FASiRe A 24 2%,

gt ujop 47 501 717 A, AL 9 173 LED Bl o7l SRt el 2718 nelo

Hatol= flgitkTable 1), 7Ri[o ] 8] 7[Ujuifoll A &7 157 7k= Bl whet tE HhHe-2 H .1 © 7 (Manivannan et al, 2017),
0 61 274 BALEDAA 9 Sk U oIkt 2019, 5] 9ALEDS
& 2712019} 27157 RE FUE0T}-§oJ8 2718 B0 R ARSAS oA 2o STLED o} o] g7
5 0 A0 WK, HLED L] T 0l U Em io*m oz 504 7P Aok,
2:7(8:2) EHLEDAA Rgkch 271A10] o Uil 7P B 948 Hlon] B5 1ol foft AolE 1
et ol=gFoll A LED gde] whet 4] Tl’-’] Q1 Aol & Helrk= %ﬂﬂt%‘%’fﬁ}@ha etal, 2013). fie] Zol=tix
TRV FFSIA 7P A1, A LEDof|A 71 2l BHA, Hafi= 350l - E I LED A e)tofl A BF 57k, 2
A LEDOJA] oot S7HE Kol e dol7F R 7ol el 57 she ke H it e ol 2= LED 34
9] J3Re Al E2o] uhe} thEY|, T3] HsA] 2~ (Shin et al,, 2008), ==3HIm et al,, 2013), 7}1{]¢]4d(Manivannan et al,, 2017)°]|
Hh M LED7FE24]1 7 0 2 Yeht 2 g Aot 79k o ) /3(Son et al,, 2012), Z|€{Manivannan et al,, 2015)0]|A]

981 LED7F 2 072 S71417 e 210 2 ek} Ao el 3790 ojago] cha-g o = 9lgirk, S5 mpofojc)
W Bie| oo} Fiejsof u]2)i= LED O] G2 /oIt At Ko, 5 7] Hle]d gt 417l 2= LED 349 ¢
% 1;-] 7—1501- uJ_gj]. oh:]-

o

oO rlr
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Table 2. Effect of red light-emitting diodes (LED) on plantlet growth in the in vitro node culture of 10 sweet potato cultivars after 4 weeks of

Clclﬂf:lrre Vine diameter No. of leaves Root length No. of roos Fresh weight Dry weight
(mm) (cm) (mg) (mg)
Annobeny 274’ 52bc 8.8bc 73d 601 f 576¢
Beniharuka 23be 52bc 92bc 9.1bcd 649 ef 6l4e
Borami 21c 46¢cd 10.3 ab 8.1cd 685 def 65.6 cde
Gogunmi 23bc 53 abc 82¢c 83cd 702 cde 672 cde
Matnami 2.6ab 5.8ab 9.5bc 9.7 abc 836b 776b
Shincheonmi 2.5ab 60a 115a 103 ab 923a 874a
Shinhwangmi 24 abc 5.6ab 9.2bc 8.6 bed 783 be 754bc
Shinyulmi 25ab 54ab 8.7bc 112a 756 bed 73.8 bc
Shyou 21c 44d 9.8 abc 9.5 abc 672 def 634de
Yeonhwangmi 2.5ab 5.1bc 85bc 93bc 748 bed 72.6 bed
Mean 24 53 94 9.1 735 70.2

“Different letters within a column indicate significant differences according to Duncan’s multiple range test at the 5% level.

EUSIAT e U8 A 2SS DU £ L AR LD TS B2
5 A LEDOA 718 Wetar, 24 LED2} 2]:%(8:2) LEDOIA f-2lskA| =3kem, 1 22 7S Hlk o2
TR A U180 S84 HE T M AT A A D IS0 —7}omb B39 2eIcHChactal,
2013). 55| nHulof 45 20 74182 AAIE=0.863, p<0.01) B A=F(r= 0879, p<0.0)¥-F2RHSTAA 17

53k oo} 0] 1175} ool AT} 252 A8 LED BT A LED SlollA 271elgd], ol 4 LED7}
IS8 71510 ABEZ=2AS Z77]7] fi2.0 2 HYTtHChaetal,, 2013; Saebo et al,, 1995; Yorio et al,, 2001), 2|1} 2]
SHManivannan et al,, 2015), 7{]o] 4 (Manivannan et al., 2017)2] 7| U8l Fol A= A LEDo| A AAE 2 AES0] Gol5H
g ugov 7H1101*4-°4 SR 9 2 2] LEDOA 73 357 e 7| el o) o] e A
Fof| k2 £0]EX0] =2 71 0 & AJZVE| It (Manivannan et al,, 2015,2017).

SRR EREE smn<2ou>L HALEDS] o} M2 271700 9 A% Z710 B, B4 5 2058 2
Z7A17 Bk OfUJE AHESIE Spe A A1) B5HLEDS) 42 LED RAzIo] 7] Ueleteh sisict
T12]4 Lee and Lee(2014)= |43 A1E37FAIARoA 140} F<0] HAE-2 2+7(7:3) £9F LEDOA a5l o,
1202 50] Atof| A o] AANT} Z2=2Fofi= LED &l o] 37} QIQithal 510 4] T A7) 1l Zakiof| Taja= = o] AM|SH
A7 E ashal ot

7|Udizol| 0|2]= 2{M LEDO| FE7H S

SellM 7148 RIS B e 5710l 7P BabAo| 9l M LEDE o851, 7|u mhe e h>ﬂ vk At

Z7HES-S ZALSITHTable 2). HJOF 45 & 274142 105% B 69emE 52-8 4cm &2 EE7H-G0J3t AJo|2

Fom, ghuy, “Agn, Agu] Sl FeotelrkFig. 3). E7 AR ¥t 24mm= EE’rUl—%‘*O] Lol A2 7
olA

, 1% g.3).

olick et 5300 el et a-anl} fsishel, ol 18], G el anh o4 ol
VIS 03K B0 V0|92 o) et BRI RE B GEcisLOn Refedol Bl o ek
SO} AT Sl e, A R B 0. e, AT, Sl Sl gtk A
735 dmg 2 55 2] 17 Aol e 05|, 27141580] 4T BT 0] 1 A2 o AT, o,
1] SolA Qkrstrt. oloh o] 24 LEDR: 1ntuiclufefoll A1z 5l e weke 244 AE U A5E 5
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Fig. 3. Effect of red light-emitting diodes (LED) on vine elongation in the in vitro node culture of 10 sweet potato cultivars after 4
weeks of culture. Different letters above columns indicate significant differences according to Duncan’s multiple range test at
the 5% level.

71l 7105195, ER"HhsA| A 0] Al EEAY Wl i) Aizto] Z21A LED Slof|A -G-2]51A] 215 2thShin et al,, 2008), AF5

o= AVFF A 2T 7= M LEDE T A4 LED E)tH]80] 2 2310 Febde] SX1%7] whzol] f-=]
1ol 0] T A% B 7H 018 B 62 o) T2 519 o} Rl Chatal, 2013), 2 AR} 22 Aegol]
Cf 61 A1 LEDME} 481 LEDOlA Aol S 7holte] /el 271 200] 50, et A 5ol
Solot Z271 2jo]7} eI =]t Manivannan et al,, 2017),

oV} o] A12] Aol w|A= LED 9] ke 41%0) 7 9 £50] e} thezv] ool 4] LED 42 2
& AR FAE TP i 1 BRI So] Aol w22 o1 5 Sick. 2 Aol 71472 54 LEDe]
A 7P AFARIEH, £715 7= 214 LEDOA 71 RA] el K(Table 1), AR RS Q1A= 21:78(7:2) S9bd2 o8
Sh=Z10] @ strtal FAE|QIet. 71 o= AAgo] Z71A oA, A S W AT Foll 9= rlA| o s
(Briggs, 1993), Tennessen et al.(1994)]] 6P F-2 1] =1.0] 24 LEDTHS AR5 JA I, 1T 7Hof] Fol 2] 2320] 2+t
O = olsto] £33 o] ZHAsHA Flokal 51T Yorio et al.2001) & A2, B Al 5-0] HESof = 2 LED2} 30umol-m®
st QO] A LED Ego] Sl SH3lrt. TRt Aol whet 249 2114 LED 29182 thEt, U (Lian et al.
2002)2}=3HKim et al, 2004b)=21:3=1:1, HFft(Nhut et al,, 2003a)= 2]:4=4:1, Z7|(Nhut et al , 2003b)=2:4=3:7 A
=7} e} b clol] 4o o, £7] 21240 L - 17 7otk e 2 LED 34 ol 257
epelol 1234 7o, 2:74(7:3) ST LEDAA 1277 sl Al Aol i =82 Sgel A A )
Fotod, Sem o Akt HE B mfloh= Zlo] P HUT HIYT IS TS 4 Jlo] AR A A o= ik

1=

[o

|

[¢]

2 =

b fola s 0] 7)) 2A1BA) Aol mIAI= LED] Gk A7) $lsted, Bl 41dn], cigial o] 4]
SAA 10mm =1719] k] et 02mgL BAS AR MSHlAle] lofstich, BAe G5 o7 slel, 24

(660nm), A (460nm), B A1:2(8:2), Z1:3(7:3) LEDE-20cm 7 2]of|4] 150 £ Sumol'm 25" 3HA)-5- G WaFA|<(PPF )2
FAIoH o, 72 16/8(day/night) AT, HIS e = 25°CE Z246}3]Tt LED 3g-dof thet FE1 ik

B2 0 = 10552 v ul RS olo] A=A S ARSI Bl 35 2ol 7141732 A
FrofotAl 7 ot o ™, Aol A 7 WSkt 7154k 21153 (7:3) 2 ¥l LEDOl A S7 kst Al 2 s A
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Aol 74 ke T ) LEDOIA] AZA%-S G0l H57 2jo] 2 Mk 27140l 4AE U 185 5L 4
o, gt 41ghe] 5ol Zick mebd LED 8 o4k el skl ek 44 LEDO|H 357 Hl¥slod Sem o} 7]

& AABAE EQOIASHE Hlo] AT GHEHLF RIS 17 o BT 4 itk

FIMFL0: =%, AT, Ipomoea batatas, FH|HISF, =71/ 7%
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