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We have studied the mycelia growth of four soil-borne fungal pathogens under light qualities and two
lighting types (continuous and intermittent) provided by light-emitting diodes (LEDs). As a result, each
mycelia growth on Phytophthora cactorum KACC40166, Athelia rolfsii KACC40170, and Helicobasidium
mompa KACC40836 strain showed the similar growth rates within 10% or less difference among
treatments compared to dark control, regardless of lighting types. However, the mycelia growth on
Rosellinia necatrix KACC40168 strain was significantly suppressed by blue, blue+green and blue+red
LED as well as fluorescent lamp compared to a dark control, in common with lighting types. The
melanin pigment on R. necatrix KACC40168 strain showed relatively to induce more strongly under
green LED and fluorescent lamp, whereas no induction under red LED and a control, regardless of
lighting types. Thus, the hypha width on R. necatrix KACC40168 was significantly thinned by blue and
blue+green LED compared to a control, in common with lighting types.

Keywords: Apple, Light-emitting diodes, Melanin pigment, Mycelia suppression, Soil-borne fungal
pathogens
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IAE T B3 AL w11 46117} A A H Yol o]
27 =o g7t AAH o2 & &4F FTHKIm F, 1995;
Lee 5, 1995,2015).
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Yok B3, HA o] e Fofl = o] m] 2|59
olo] & W A 2 FA 5] Fo] A E7HsT
7F o F-&- o] th(Lee, 1995).

St vk = A A1 Whgtho] @ & (light-emitting diodes,
LEDs)= th foflZtEo A 2 FHF ol vA= 9
F= T AT AFFLY st E o] & H AL Ytk
(Heo 5, 2012, 2013). 2| Eo] A& A2 Aol u]A]
+ LEDs®| kol et A= &ds] AP HIL e, ¢
WA o 2 FA N FF FFo| AL A Z2} o}, +
AL A, A A G2 ] dhd o] oF 4] =34 (positive
phototropism) == 24 2334 (negative phototropism)<-
2 Z-8-3tt}(Casas-Flores2} Herrera-Estrella, 2016). LED % AY
B2 A 70| X8 o (Botrytis cinerea)®] - AHE -2 AAIg
thal ® 1 (Choi 5, 2013; Kim 5, 2013)6}0“‘_7_’ Suthaparan 5
2010/ 0] 392 Aol A B17h2EE A sHE 1) 9l
o] ofztof LED 2 A3 A7} & A o] 2kaL 5} SiTh. Fuller
5(2013)2 LED H A +Z A =3+3F0] Aspergillus fumigatus
o EA ol & AAAY| T FAF A2 F7H L Aol
st 50 AEd Ao S AT AEY weko] g
A4 e AT D Bastgn 53, =gy AR
Verticillium alboatrum 2] 243 g AJ o] A M Poj| A= A &
Qo H AT A= I A & I (Kaiser, 1964), Athelia rolfsii
o 29 Y4 e F 2ol o3l Aot 2717 Srhshalct
(Trevethick2} Cooke, 1973)= L7} AW AL URE 31
AA 7= S A B At Y] o AHY AT} LED FE 6]
Foll gt A+t b2 v H| g A ol o}

b 2 Aol A= LED A, A A Bl =AY ol 33t o]
Ao £ stol A A& 9 7HE A FAL o /\Pﬁr‘%
FE AN = EFH A 9, Anja o, A
MFH S D AGANFHE o FAME Al v X = %‘%k
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SA #F U HHYHH 2 Ao A ARERE FA IXH
2= UdFF2 98 F(P cactorum KACC40166), T A}
Q1 S H| Tk A (A. rolfsii KACC40170) 3 Ak 7H-r—4‘ﬂ*4

(H. mompa KACC40836) 9 Apd+ 72 D7) FH ¥ (R
necatrix KACC40168) 2. 2 0| & 435 &1 5% %%Pﬂ%l
I3h & oA A g 2 A B (www.genebank.go.kr) of A
B ol AHg BT A7) @ W R A AR L
£] 3} 2151l ] ¢ potato dextrose agar (PDA; Becton, Dickinson
and Company, Sparks, MD, USA) B 2| & 4 &, Petri dish
(90x15 mm; SPL Lifescience, Seoul, Korea)ol] £33 tF-S A}
L3l g o) 2oF vh2 7}71 9] 3= Cork borer 23 (Usbeck,
Radevormwald, Germany) S ©]-8-3} 4 PDA H} X] o] x]A}3}
31 24} %F 7] (MIR-154; Panasonic, Tokyo, Japan) 8] 2= &
22°C+1°CE 24T 127 AN F T A F AR Z AR
steith

LEDsZ 0|23t 2 2| W, LDs=S FYoz o
AW F2A R of o3 B Ut 9 ‘—ﬂ“\}"g e s
7] $13to] PDA i A] o] &t 9] agar plugE PDA Hjj ] o]
2] 43 th2, LED Chamber System (Sungjae Inc.,, Seoul, Korea)
£ 0|83} 4-14Y F-2F v &3} T} LED chamber U] 8 o+
L5 22°C+1°CH AL AT S =5 50%+10% 2 9] 51 T
Chamber U} 322 LED %44 (B, 450 nm), & 44 (R, 660 nm), +5
AH(G, 540 nm) &] T A 3F 351} A A+ 2H(BG), 7 M +2] A4 (BR)
4 S A (GRY £ 3F 5 T 6T 2= oo, o
Z2FA Ad2A0)H FFSF) AYE FAch 24 3dE =
AL 3B7E =80 umol - m? -+ s 2 A ATk LED E3HE<l
BG, BR % GR A 2| oA z} FH o EdH &2 1M1= =3
AT FRA RS 19 16X 7|22 &2 51 7] 16
A7 d&ste] FS 2ASHE 94 2AER 7] 16417
e 23203 A HAES HHEHoE 243 HE 2

A2 o] H2 2 AL,
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G508 Lo HMOH—B_EMA(MItutoyo
2tk A3 L 344t
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] 7J (Leica DMRE; Leica, Wetzlar, Germany)<
AT A o] RE Qe R R
-‘Hi B3 ].0410515101_,];%40].0:] 7-;(40].0:1

SAHEM W, A2 75 A &4 CoStat 6400 (CoHort
Software, Monterey, CA, USA) Z 2 13 & o83} 43}

o, A8 7+ A2 5% 4| A Duncan’s multiple range

test® 7 A3}k

2
LEDs Z&O| AKZZAZL ZAMMEN 0O/X|=
g LEDsE o] &3t d&=x %ﬂ%ﬁiﬂmﬂ&¢a44

AP Ao u] A= G ZAMSH 2 3= Table 13 2t P
cactorum KACC40166 F 2] d-AMYA-S o 221 D A8+
o vl wate] G Ao A FAHSE F-5HA A = %
I GR AT A& FetA R oH, Y| A=
T A= AZFo] 7} A A = A] AT A rolfsii KACC40170 o5+
O] FAMY AL t 24191 D A 2]+ o B FL, B & BG A 2] -]
A o5kl A A =] L3 H. mompa KACC40836 o 2] AL
AY7F- o 221 D A 2]t <} v w5t B, BG H BR A 2] ]
A 52 51A A= Atk 3, R necatrix KACC40168 52
AP t 221 D A 2] o u], BE A 2ol A {9
3 A A = At

LEDs ZZE9| ?_*sa*- A7t FAMEEO Ol xl=
. LEDsE ©] ZAZF AL B Ut 459 ‘_nL
AR o] B R = FFES 2 A 2 3= Table 29 Z T} P
cactorum KACC40166 3 2] FAMIA-S ) 21¢1 D A&+
o} B] w5} FL, G, R E BG A 2] Lol A F-&J 51 A £21 = i th
A. rolfsii KACC40170 5= 9] FAI A& t) =<1 D A 2] 79

H| 1 5}0] B, G, R, BG & BR A 2] Lol A §-4J51A A=
L, FLA 2ol A= -9 8HA SR E = A S = YER T H.
mompa KACC40836 T3 2] FAHIAL th21¢l D A8+
o vl 5lof BLF G A 2] Lol A -2 5HA] A A = et E3L
R. necatrix KACC40168 o7 2] AN A2 o =12l D A g4+
o} B aL5}od FL, B, G, BG & BR A 2| ol A -9 5HA <A &
REeURAZFA A= /748 A SH = A

——

LEDs ZHE U ZyxA WHo| Wapd MA U FALE
of oxl= B F& L F2A A W& R necatrix
KACC40168 2] Hetd M4 9rd A &= Fig. 1 L Table 3
I 23 A ZS ZARSE A= Table 49} o G2 AR
Hel A4 9 ZFE A} 5 GOFFL A 2] Ftof| A dabd A A
THAN A O 2 A f == A H S 53 B BG E
BR A 2] -2} GR A 2] Lol A= oFstA A @ = o™, DL R
A2 Fo A= FE= A Fokrh E3 FeHE U] s}l A
A ES ARG AT, B3R e dAFE2 HERTD
A 2]t e} v 5}o] B, R, BG H GR & 2] Lol A F-&J 51A ek
ok B E7 = FAY #AF 2 25 D A 2ot v

Table 1. Each mycelia growth of four soil-borne fungal pathogens cultivated under different light qualities and continuous lighting

Each mycelia diameter of four soil-borne fungal pathogens

Treatment*

Phytophthora cactorum Athelia rolfsii Helicobasidium mompa Rosellinia necatrix
KACC40166 (n=3)" KACC40170 (n=4)" KACC40836 (n=4)" KACC40168 (n=3)"
D 614+1.4b 82.4+0.7 a 583+1.5ab 81.0+£35a
FL 60.2+0.6 bc 76.0+2.9 bc 55.1+2.5bc 31.9+2.2d
B 60.2+2.3 bc 749+4.0c 52.5+2.7c 22.2+08e
G 59.3+0.4c 78.7+3.1 abc 55.242.1 bc 54.4+6.0 bc
R 62.1+0.5 ab 78.5+1.3 abc 59.4+09a 60.7+10.8 bc
BG 61.1£0.2 bc 77.5+£2.5 bc 53.8+3.1¢ 26.6+1.8de
BR 61.5+0.8 b 80.2+1.1ab 53.4+3.7c 29.7+2.0de
GR 63.6+£0.8a 79.4+3.4ab 55.3+1.8 bc 474+£35c¢

Values are presented as meanztstandard deviation.

Different letters within columns indicate significant difference based on Duncan’s multiple range test at P=0.05.
*Each treatment code is as follows: D, dark condition considered as a control; FL, fluorescent lamp; B, blue light-emitting diode (LED); G,
green LED; R, red LED; BG, blue+green LED; BR, blue+red LED; GR, green+red LED (1:1 in energy ratio).

'Replication number per each treatment.
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Table 2. Each mycelia growth of four soil-borne fungal pathogens cultivated under different light qualities and intermittent lighting

Each mycelia diameter of four soil-borne fungal pathogens

Treatment*

Phytophthora cactorum Athelia rolfsii Helicobasidium mompa Rosellinia necatrix

KACC40166 (n=3)" KACC40170 (n=4)' KACC40836 (n=4)" KACC40168 (n=3)"
D 553+1.7 ¢ 714+12b 34.0+0.7 a 64.4t3.8b
FL 57.4+0.7 ab 779+1.8a 33.2+23ab 29.8+1.2d
B 56.5+1.6 bc 64.9+2.7d 304406 b 26.8+0.2d
58.6+1.7a 67.1£1.2 cd 30.0+3.0b 573+4.7 c
R 57.4+09ab 64.8+0.7d 31.8+3.4ab 76.1+x1.0a
BG 574+1.0ab 66.5+1.1 cd 324+1.8ab 26.9+1.6d
BR 56.5+1.0 bc 66.4+1.9 cd 34.1+16a 28.6+1.2d
GR 56.8+0.9 abc 68.7+3.1 bc 342+14a 63.9+3.5b

Values are presented as meanz+standard deviation.

Different letters within columns indicate significant difference based on Duncan’s multiple range test at P=0.05.
*Each treatment code is as follows: D, dark condition considered as a control; FL, fluorescent lamp; B, blue light-emitting diode (LED); G,
green LED; R, red LED; BG, blue+green LED; BR, blue+red LED; GR, green+red LED (1:1 in energy ratio).

"Replication number per each treatment.

Fig. 1. Difference of mycelia growth and melanin pigment expres-
sion on Rosellinia necatrix KACC40168 cultured under different
light qualities and continuous lighting for treatment period. Each
treatment code is as follows: D, dark condition considered as a
control; FL, fluorescent lamp; B, blue light-emitting diode (LED); G,
green LED; R, red LED; BG, blue+green LED; BR, blue+red LED; GR,
green+red LED (1:1 in energy ratio). Arrows indicate the marked
mycelia growth inhibition (white arrow) and melanin pigment
expression (black arrow).

15} B, R, BG, BR ¥ GR & 2] o A 524 QLA eFokaL
w2 £-2 BEFBG A B ol A -2 5HA| GFSkTt.

o F

LEDsE o] &3 Fd 3 Fx A o] At EFY Y
o 4% 9 FAA A O] v A= FFS ZASE Ao A P
cactorum KACC40166 v == F XA WPl A4 2 7Hd =

Table 3. The melanin pigment expression in Rosellinia necatrix
KACC40168 cultivated under different light qualities and lighting
types

Lighting type
Treatment*
Continuous Intermittent
D - -
FL ++ ++
B + +
+++ +++

R - -
BG +

BR +

GR + ++

*Each treatment code is as follows: D, dark condition considered
as a control; FL, fluorescent lamp; B, blue light-emitting diode (LED);
G, green LED; R, red LED; BG, blue+green LED; BR, blue+red LED;
GR, green+red LED (1:1 in energy ratio).

-, N0 melanin pigment expression; +, weak; ++, intermediate; +++,
strong.

Aol A A 7 F AR Ol v K] = G gFo] Aol
2] 9] 3322 3 AT} A rolfsii KACC40170 o F+=
AL B BOFBG A 2] ol A FAMEAo] -9
& Q3L H. mompa KACC40836 o++= B A 2] ol A A
o] f-o5HA A = itk TEA| T oAk FFEL
I F2 A 2F BAA Aol 7E I HA = B5t
Z248] 2o 7} 10% o] W 2 ob 5 FARSE AR A kA
1 9tk 8, R necatrix KACC40168 FF= A4 9 7+ %
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Table 4. The hyphal width of Rosellinia necatrix KACC40168 cul-
tured under the different light qualities with continuous lighting

Width of hyphae (um)
Treatment*
Without swelling Swelling With swelling

D 2.8+1.0a 57+14ab 3.0£1.0a
FL 2.9+0.6a 57+1.1ab 2.6+£0.9 ab
B 2.1£0.6 bcd 43+1.1¢ 2.2+1.0 bc

2.5+0.4 abc 6.2+1.0ab 3.2+x13a
R 2.0+0.5 cd 55+1.2ab 2.1+0.6 bc
BG 1.8+04d 45+09c 1.8+0.3 ¢
BR 2.6+0.5 ab 4.8+0.6 bc 1.8+0.4 bc
GR 2.2+0.5 bcd 5.24+0.8 bc 2.2+0.4 bc

Values are presented as meanz+standard deviation.

Different letters within columns indicate significant difference
based on Duncan’s multiple range test at P=0.05.

*Each treatment code is as follows: D, dark condition considered
as a control; FL, fluorescent lamp; B, blue light-emitting diode (LED);
G, green LED; R, red LED; BG, blue+green LED; BR, blue+red LED;
GR, green+red LED (1:1 in energy ratio).

B5% GR A2 TE A 93 U A FL B, G, R, BG X BR A 2]+
o A fold A AA = ¢t 53],B,BG L BR 52 FMF
< ZR A2 FFL A 2= 21 D A 2] tH] o
A& 2-38) JAIAF T o] = LED A o] Thulrtof
741l o | A o] 7] wjiof] Y F-Fo| o] FAHY
zro| A Fte Bl (Choi 5, 2013)2 Abd#7o &9l
F-2W-2-55 o] 5t (Neurospora crassa) 2] 3 <& \h-g-2 A A%
off o s A gt U o i th= H 3L (Fuller 5, 2013)2}

Ul A 0 B n] PEL Bo] oF - AA W2
A2t Al 2dlo] ISR 3F W5 F 7o
OF&}al(Fuller 5, 2013) #Fofl = EF
A 3tk (Sanchez-Murillo 5, 2004)= A
Aol AN FE = A Qg
GA-F50] AugEF D A2Y 5
| o] 213} A= of Afo] 2 FE W FEAL
Jo] =gl )R] ok A o 7 A7t ),
< F 7Y FAFABGE Foll Yl gt HRe R
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necatrix w54 = LED F A © U3 D g ol OE FAMY
2R A oL Aol e A o7 YT
R. necatrix KACC40168 o+ 5=¢] Wehd M40 W A==
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T3 Lee (2002)7F H g Al 2hd A2 O] ARG 1 W /g o]
B AHTHAE S AL ¥ =gy oA Hebd vt
A A 1} 7 o] 9l thWolkow 5, 1980; Woloshuk 5, 1983)
L A A3 Y R necatrix KACC40168 327} LED =233
I FFG DA dapd AT A R EE = Ao R
Hol At W WA 7 = Aol A SH T
5, 338t ¢ u] 7 3}of| A R. necatrix KACC40168 w52 o
F E& 2AE A A AE Q1T A ol ®oko) 3
2] 74 0] 7.5-10 um©°] L BFH 7} glis FAFEZ 5 um
|3}2+= X 31 (Jones?} Aldwinckle, 1991; Richard, 1990)2} Tk
Ao 7} %1"*‘4 T2, Lee (2002)7} H L% -2tz o
FO wAF F225-12 pm B 92t A FARSHR =], o]
= LED H A ©h U g3t A 452 S otgof o) AL Fol
SFOFAH A FAME o] A A== AL & A ZHH
ol AN E BT Z, 2 AP AHER At EGH HA
% % R necatrix KACC40168 o] ol ¥H-g8 4= Ql+=
F e E&A7F A& Aol Az E ) B &0, B,BG 2 BR A 2
o 2ol LED A Fo] Z3tH FALF LA E T =
2 AAHE AN 7= 27 QAL LED =AY g2 et
d AL IR £33 JFS F=A0E Hot HUAd 5
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AAERE AA sk Hakd £ 3771 d 2
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7R 2 AU FFo|Y 5 FE ALE B #7l
A = o] A% (Choi 5, 2013; Kim 5, 2013; Suthaparan %,
2010) A o2 BAH 7HA 7t & FA=olU A Edd 5
AL AT 5 e AN Askit 3 wAl g
49L& Aolnl, ol A4 79U} Bek s 5 o Ay
of 215 714} 70 4] LEDs % o] 85 B30 2 Ah
ol B 5 AR WAISHE We Aol 4 A
Aolet werey

A4t 4 —‘——4 44*3”"“ H) 2= FF
2 AT 1 A3, P cactorum KACC40166 (& 1), A
rolfsii KACC40170 (18| ¥ o) 2 H. mompa KACC40836 X}
FENFHH ) —75—‘5 FZ2A T Zhof| o] glo] 2
T} vl ste] A 2] 7F10% oW & 2Fo] = FARE FARY
AL Bk 1E R E’_P, R. necatrix KACC40168 (S 7 F- 15
) FFY FAMIAL FRA Y o] FEoE Y2
o} Bl slo] LED MG, F A+ 3, M+ 44 &
&4F 9 FFT A A Y 5HA A A = LT R necatrix
KACC40168 #32] Hatd Al sz Ab v o= AFet ¢
o] LED =333} 35 sto| A A d oz FhstA ddw
whel o), LED 2493} o) 270 4 & 554 ehofeh o2
o], R. necatrix KACC40168 o 5= 2] A} &-& 2 A} HH Zhoj)
&2 29} B Shof LED A3} A+ = 53

Fo A 724 AA eFobF T
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