Protected Horticulture and Plant Factory, Vol. 28, No. 4:352-357, October (2019)

DOI https://doi.org/10.12791/KSBEC.2019.28.4.352

LIRF Y| 25

=X2Pt AL} g2 ot B

pISSN 2288-0992
elSSN 2288-100X

FX['2| &otet

LIFEE Halof| DIX|= L&

ESTA S
ZYe)E

=i

ast -

e

Influence of Thermal Treatments on Germination and Internal Compositions
of ‘Hongro’ and ‘Fuji’ Apple Trees during Endodormancy

Jung Gun Cho, Suhyun Ryu, Seul-Ki Lee, Jeom Hwa Han, and Jae Hoon Jeong*

Fruit Research Division, National Institute of Horticultural & Herbal Science, RDA, Wanju 55365, Korea

Abstract. In this study, we investigated the limit temperature range which is effective for dormancy release of
‘Hongro’ and ‘Fuji’ apples during the endodormancy period. The germination rate was 50% or more in all treat-
ments except of ‘Hongro’ -5°C treatment. The germination rate of ‘Fuji’ was 86.3% at the temperature of -5°C. The
concentrations of carbohydrate and mineral components were significantly different between treatments but did not
show any tendency or specific change. However, the sorbitol contents of ‘Hongro’ -5°C treatment were higher at
29.62 mg/g than those of ‘Fuji’, which was not affected for dormancy release. The results of hormone analysis
showed that ABA(abscisic acid) and JA(jasmonic acid) in ‘Hongro’ -5°C treatment were respectively 176.48 and
15.72 ng/g. ABA, JA and SA(salicylic acid) contents in 'Fuji' apple tree were significantly lower than those of
‘Hongro’. As a result of this study, the limit temperature range effective for dormancy release was different accord-
ing to the varieties, and ‘Hongro’ did not affect with 30.3% of germination rate at -5°C. However, ‘Fuji’ is 86.3%
even at -5°C it was suggested that ‘Fuji’ had a chilling accumulation for dormancy release.

Additional key words : chilling accumulation, endodormancy, hormone, Malus domestica Borkh.
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2= A ¥ A&EA e AdEjolth(Saure,
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g} )A}FH (paradormancy), IHZH-rr‘E(endodormancy),
B4 FH (ecodormancy) 2 TESIGOH, WAlFHS
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7] 93k A2 W= 0-7.2°C Alel?l AeE dEA
Rom, 1 oPFe] 7| = FHH chill unif(CU)RE
& 'L Az gAste] 15.9°C oPdele AR
FEFS vRER 59 TerkEs 2 "tk (Andersont
Seeley, 1992; Richardson %, 1974). o]& 3 A4 %
£ Aklele EdES iR 0°C ofake} 16°C o3l
A Aol —%’#Z—*‘QX] %= Zﬂ—i A o, Al
9] XS W 0°C oJ3follA] Ao =
Zlo] A %“‘ L %“e]x] 2T}

Al v, B5olel 22 Aulak(Rosaceae) 2= F
H A9 Blat, Aol FA e Aol oJsiA 7=
dFe] Wsh= 3] H2 AR dvix Uth(Heide,
2008; HeideS} Prestrud, 2005). &L} A 723}
of W2 71 Aoz o}, vyl 2 SRV 2
2 Sto =z o] rhssk AEAE 4 (phenological
events)o] W3alslal o}, 53] fjollAde A 3087
(1977 2006) /\].jq, 4‘6‘11991 U]—7H7]7]. ;(]5:7(4__& 901 Hlﬂ—
e, 2] iy 9= vﬁ: 71 e U9
gk BAI7E Ak(Seo, 2007). FEZF o3t w719 st
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PAFR7) L=t A F20 oh FA09] dole} UlREA W) X

2 Wkl 71918 o= FA .

] B Afeae SejuaelA AulEE Fa A
7 EE FR9} FAE thges Fuehd] 2o
& ARLTEE F5Y  de FE Mex s
SolH 12} FA7] AUAE ANFHst] WolEAge AA
aRch. m=g A ol me AEfF wskE 24
et FH B F8 AEledEE dER abscisic
acid(ABA) 5 S2&, FE3 3 E@5slas 45k
Fraze] JAAAE golRaat skt

~
1. NEME Y Lolg =A
2 AR A5 o5 Al SHddS2E A
MOS o= 3 AR =20, A 39S i
2 201820199 AA AABIATE AT F20, ¢
Fo] WaAFE elgol] D3 AL 2o a3k 3
255 7] st UAlFAe] ¢s] JdPS Ao
2 A 1€ 79 294 TRE FEEE 450708 AH
3t A 7R &= ] 7Fss A2BOD Hi
oF7)(VS-1203P4S-3C, VISION Scientific CO., Korea)ollA]
25 AEE 9l 22t -5, 0, 5, 10, 15°CE X238t
Aok o538 1€ 159 chilling hour Zke] 1,656 CHY wj
UAFo] 2hs] el Aoz e AN 2=
A 7S ARl doleS ZARIST. Wols =
ARE 9ISt AR N oPdel w5 EES oA TIRE
gpdoz &% 25°C, Alss 70%7F FAIEE AE 2
Ao 2 FHAo R Hol oJHE AR AR H
olEfi= SAIEA] 9i7]A|2] SAS Enterprise Guide 7.1(SAS
Institute, Inc., Cary, USA)S o]-83le] E-A418190c}.

2. BrglE A RelY 24

sl B BAE A= 0.5¢S 500mL AFEE
2~=0f] Y31 07N HCL 20mLS #71eF &, 100°Ce]
2ZolA 242 308 B THRE & 898 oixE
A7t the SFE A §3o] 100mLe] H== 31
o}, ®39 3mLol| dinitrosalicylic acid SmLS 7}5 %
1087 291 & 752 A4 832 5omLE o] vl
ARl 3 SFESEHEA7](UV0250 1PC, Shimadzu, Japan)
£ o83l 550nmellM FB=E S733150Tt

g T2 Kerepesi 5(1996)2] WS ot 74
3lo] ARSI AR 0.5¢00 33 SRS 25mLE 7}
3l 100CA 3087t F53 & 133 F&sA AT
4°Coll A 12,000rpm o2 20%7F ARSI dofHl A
NS Cl18 cartridges (Sep-Pak, Waters, USA)Z 43}

Ao -A =25, M2sd M4 20194

3lo] B399tk UPLC (Waters, Ma, USA)E 2] &
A BAseH, fEg e ARSE AHS
Acquity UPLC BEH amide (100x2.1mm, 1.7um,
Waters, USA)CZ 70°ColA] 14% &<t 431300 o]
B2 0.1% triethylamine®] ¥3FH 85% acetonitrileS
Fgagon, ofFEEE 0.3uLmineldct. felgel
HAES ELSD AZE71Y o5 oE Ha 7k=(40psiyt
FEE oM, drift tubed] =& 40°C, gain 20002
ARsiant. HE A" AR 2 fructose,
sorbitol, glucose, sucrose(Sigma-Aldrich Co. Ltd., USA)
Z}z7e] RFES o8] ARds A

3. 328 EY
EE Y AEs AR e wE A
21321 o583 1€ 159(1,656 CH) 7FAS] =& AF3t

o —1011
o

2]
Fom, AL Ase dAELE FANZ A A
A7 -80°CZ FAlBIATE. 228 £4L& Pan T
(20109 WS ot FAsk ARBSIGITE 2 AEs
AA oA Este]  20mgS  2-propanol/H,O/
HCI(2:1:0.022, vol/vol/volyS 13t = 8vll 500uLE
7Kt 3 4°ColA 100rpme] 52 3027 eSS
Dichloromethane ImLE 37}8F 3 4°CollA 3087t vk
A T 13,000xg2 5% AEelsiact yRasEd
& 2E FEE  (4)9,10-Dihydrojasmonic acid(Sigma-

Aldrich Co. Ltd, USAYZS A3l Az
Agilent 1260 HPLC A|2Hl(Agilent Technologies,
Boblingen, Germany)°ll 2% API4000 ZTFEA7]

(SCIEX, USA)pIA #2433t} Turbo-spray’} F-2HE
API4000 ZAEEA 7= o] o] Y-S -4.5KVHlA
E|lB)E fREoH, 7k 25 600°CE AP
A& 10uLE Esclipe plus C18 column(4.6x50 mm,
3.5um, Agilent Technologies, Boblingen, Germany)el|
FYste] £43190h HPLC ¥4 2702 o)8d A=
0.1% formic acid® X33t methanol, ©]5% B= 0.1%
formic acide XS watersS AMESIOH, o5
&5E 500uL/min, 23 25E 30°CE FA50H. 3
=z 328 A BXS sl 2-cisd-trans-Abscisic
acid(ABA), indole-3-acetic acid(IAA),  jasmonic
acid(JA), salicylic acid(SA, Sigma-Aldrich Co. Ltd.,
USA) stock 8- 100% methanolol] Img/mLe] F&
= sAsle] Againt.



g 7HAE F2/duljollA] Wolr|A dokihg d57t
159 ojell 50% o) Holst Z-F- WiAlFHe] dud
Ao F HHsH (Hauagge2} Cummins, 1991; Kweon 5
2013), & AldelMe 2= ATEE AR A% %
2.5°C AYTE AL e AT Wolso] 50%
oPgo|ATHFig. 1).
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Fig. 1. Effect of thermal treatments (-5, 0, 5, 10, 15°C) on the
germination rate of buds of ‘Hongro’ and ‘Fuji’ apple trees
during endodormancy. Vertical bars represent the standard
errors of the means.

- °l&7]

@S AT

T Wolg-S BE AETellA 50% oPdole
FT2EFIE g2A 50 AT 863%= Tig-
A veRtom, 312 A 15°CIME 60.7%= FH
o] Bl AoF Uehit). dukd oz de] 2]l Q=
AL Q7% FdE2Ql Chilling Hours model(Bennett, 1949;
Weinberger, 1950), Utah model(Richardson &, 1974)
North Carolina model(Shaltout®} Unrath, 1983)°14] 0°C
ofgle] e AFA HTFS TA BT ACE U
A ot Al T2 - 0°C ofete] RLoME
olgo] A Ueh AL FHY a3t s o= &
e o3k Ad= 2207 7 Bl 7 &3]l
L5 0] (Thompson &, 1975), 0°Col| 77k 2=7} Al
S A Elel adHolzks Adel FARIIH
(Naor 5, 2003).&="9] Wol&-L 0, 5, 10°C A]TFoIA
217t 946, 93.1, 93.3%= UER} FHo] ElulE Ao
A=y, 50 HETFME 303%2 FHo] ElukE |
e Aoz WAL B AP Ade QM HaE
(Anderson”} Seely, 1992; Hauagge®} Cummins, 1991;
Kim %, 2006; Kweon 5, 2013)¥} 7ro] o) ujg} A
2 S ol v Ao7t vk A FARIAH.

2. B=ratE A RelY Hst

X 72l
WA 7R & 25 APl wE i 24

Table 1. Comparison of total carbonate and mineral concentrations in buds of ‘Hongro’ and ‘Fuji’ apple trees at different thermal treat-

ments during endodormancy.

. Treatments® Concentration(%)
Cultivars o
‘0 Total C Total N P K Ca Mg
Hongro -5 31.91a-¢” 0.80ab 0.148a 0.68a 0.73b 0.13c
0 32.29a 0.74cd 0.136b 0.64ab 0.69bc 0.12d
5 30.57ef 0.69f 0.129¢ 0.63b 0.74b 0.13¢
10 32.12ab 0.77bc 0.138b 0.57¢ 0.83a 0.12d
15 30.72d-f 0.73de 0.134bc 0.62b 0.70bc 0.13¢
Fuji -5 31.04c-f 0.70ef 0.120de 0.53de 0.80a 0.14b
0 31.21b-f 0.76¢cd 0.133bc 0.55¢cd 0.80a 0.16a
5 31.44a-e 0.63g 0.123d 0.54ce 0.67c 0.14b
10 30.24f 0.67f 0.115¢ 0.41f 0.58d 0.13¢
15 31.69a-d 0.83a 0.129¢ 0.50e 0.84a 0.16a
ANOVA
Cultivars (A) ns ** ** ** ns **
Treatments (B) kk kk ks ks k% kk
AxB ns ns ns ns ns ns

“Treatments were controlled temperature at -5, 0, 5, 10, and 15°C in low temperature incubator.

YDifferent letters within the same column show a significant difference according to Tukey’s studentized range test (honest significant dif-

ference) at the 5% level.

ns, non-significant; **, significant differences at the 5% levels according to two-way analysis of variance(ANOVA).
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sjol A Ul F9 Bl vid Qe Jolugich @
Fob 4 s ARl ol Aol ot <

S UeiAlE &skem, 53] Al g=e)
| 2lole AAEA] EUTHTable 1), TESH
, K Ca, Mg®| 7% dA3H S718HA
2 giom, frofghk e <ol Solst
%}&&E‘r. olelgt Ayl IuHdEe] 7
T 2=l ofsf FEiskAl WslelA %
JMQE% % AEZF Zagh Fioloh
/\]'44"/%‘94' 22 Aujil(Rosaceae) &2 AHbH o=
FEE fEE SolA AHIE(sorbito)S 12} A
T, & fede] tFES sorbitolo] XAkl Utk
(Loescher 5 1990). f2]9-2 d=o] FHd o] 9
om Fo] PHAX Frtslal ALH WIS 57
Ale Aeg dHA O™ (Kim &, 2006), 53] Akt
o] I e FH Amrt Zod4E Flelal #F
Ho| elulEy w9 W) wolrt o]FoRA Hw 7H
23] "tk(Sivaci, 2006). ¥ AlPoNM= Al £ E}
glo] Qs 2 Ao Fa3 &= Helol| Wt f
2| el Wsls golEUTHTable 2). AR &=2°9]
sorbitol g Wolgo] TP Be 5°C ATl
29.62mg/gC & FA| YEREOoH, Wolgo] 60%=E S}
S 15°C HETlHE 39.22mg/gl 2 7 Bl UEeRst
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A7) Al F2 ob FAe) wols)

= Wl A= I

ok oolefdt dife wf dqarla FHe] Sol7baA
sorb1t01°] Z7Fh A2 7R3ste] FHo] EutEe
¢ ZHadEhe Ao 5, 2013)8 FARIRCH, B oA
ﬁdoﬂ/\it FE -5, 15°C AETelA AR FFo] dE
3 o] FolXA| ol FUH O sorbitol FFo] A
8" Aow A=} olydt AFJE Ho}l sorbitol
Pe AL Z49 9 FH ehis vl glov]
o] wolz oldle] 7hadh= A _& A=, sorbitol
slako] W3l #EE 9 el oRE _L]rol-al = s
Aoz HAdH, J# B /\]?7401]/\1 X = (glucose),
A (sucrose) L I (fructose)2] WH3b= L=l u}
2 9 e} ojRel Qe AL UehhA ettt

3. 3E& Hs

2] AT g - Qlo] AEAREE
A = shjel 3R e 293 IS 3}, E3)
FHz D #FHo] U= AeFE LI abscisic
acid(ABA)y= A=A WollA 5 H= A o342
%3P (Zhu, 2002; Zhang 5 —a, 2006), @‘%zﬂ o] Age)A]
?l HslE el A2, 9 &, 7 B 2§
Ea =t Eal iy Xﬁ‘ﬂ“" ﬁok*o“]?lli}(Boneh 5, 2012;
Davies, 2012). ¥ AJgolM= WAIFA 7IZF -5°CelA]
15°C7HA] &% A& sl i ddd 5289 |

Table 2. Concentrations of glucose, fructose, sorbitol, and sucrose in ‘Hongro’ and ‘Fuji’ apple buds at different thermal treatments

during endodormancy.

. Treatments” Concentration(mg/g)
Cultivars 0
‘) Glucose Fructose Sorbitol Sucrose
Hongro -5 6.14b" 7.50b 29.62b 17.28a
0 7.57a 8.36a 25.12b-d 18.54a
5 3.73¢ 4.11c 25.57b-d 8.07bc
10 3.17c 3.37cd 27.36bc 7.80bc
15 3.70c 3.17de 39.22a 7.12¢
Fuji -5 2.92¢ 3.16de 22.56¢c-¢ 8.18bc
0 291c 2.40e 19.67e 9.62b
5 2.67cd 2.71de 21.40de 5.98¢
10 0.51de L.11f 13.39% 3.50d
15 1.63de 1.39f 25.38b-d 6.40c
ANOVA
Cultivars (A) ok ok ok ok
Treatments (B) *oK *ox oK ok
AxB ns ns ns ns

“Treatments were controlled temperature at -5, 0, 5, 10, and 15°C in low temperature incubator.
*Different letters within the same column show a significant difference according to Tukey’s studentized range test (honest significant dif-

ference) at the 5% level.

ns, non-significant; **, significant differences at the 5% levels according to two-way analysis of variance(ANOVA).
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Table 3. Concentrations of ABA, JA, IAA and SA in ‘Hongro’ and ‘Fuji’ apple buds at different thermal treatments during endodor-

mancy.
. Treatments” Concentration(ng/g)
Cultivars o -
) ABA’ JA IAA SA
Hongro -5 176.48a" 15.72a 11.57cd 102.59d
0 22.62g 9.93b 11.90bc 102.59d
5 76.67d 7.19¢ 13.11a-c 102.96d
10 119.62b 4.20ef 13.74ab 154.44c
15 87.41c 8.87b 9.69de 237.22a
Fuji -5 40.37f 5.34de 13.39a-c 62.59g
0 39.20f 5.16de 12.85a-c 67.22fg
52.02¢ 5.91cd 14.57a 90.92¢
10 76.11d 3.31f 12.33bc 76.67f
15 42.17f 5.89cd 8.46de 193.70b
ANOVA
Cultivars (A) ** ** ns **
Treatments (B) *k *x ** **
AxB ns ns ns ns

“Treatments were controlled temperature at -5, 0, 5, 10, and 15°C in low temperature incubator.
YABA, abscisic acid; JA, jasmonic acid; [AA, indole-3-acetic acid; SA, salicylic acid.
*Different letters within the same column show a significant difference according to Tukey’s studentized range test (honest significant dif-

ference) at the 5% level.

ns, non-significant; **, significant differences at the 5% levels according to two-way analysis of variance(ANOVA).

312 YolBQUTHTable 3). AlHE= = wolg A 2
7} -5C Aol A 7P @A JERd=T (Fig. 1), 32
2 B4 AoA  abscisic acid (ABA)Z} jasmonic
acid(JA) $He ZHz} 176.48, 15.72ng/gS 2 71 =4
VeIt TS F1]09] - ABA, JA, SA e A
Aoz T2 HTE FofshAl Wkom 1AAE g
2po)7} YT, Salicylic acid(SAy= 7H3E EX5H <
AZ1 SA A ofs) Akt ~EHAE frEete] W
AFde] EllEe Zo® 9¥EA o (Horvath,
2009), & A1 2y FHeilel] wel SA o] o
g AgE YeplA] & AL 254 A% At
FEEA] S Aujolx EA487] WEeR FaET
ABAE 2u0jipollA] Fo] fA|Esd desh dnt
Aoz yAFHe] JMAIE W E3 FHo] ElulEEA
FFo] adhe Ae®E IHA Jom(Lavee, 1973;
Powell, 1986), & AlFoM% A A7} FABH F
A el wE} ABAE 7HAslal, Fe] ElulER] 29k
< e =4 Jehle 2 2RI ddok 2y
olgfgt ABA, JA, SA el WPl w9 FH el
ojugt ks sl=Al= oAl HWEEHA WERAIA &
kO™ (Horvath, 2009), FH7] 9] FZo] s &0
g 2g3h=Ale T A7 o Hagh ol
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2 d7e AR g20e) X UIAlFH 71zt
% el FE83 S E HAE dolRax} 5
sHTh A 2ol o3 WAlFH el o FE gRlst
7] Y5l e AP Woles AR Av e
-5°C ATE AlRlg B AElgellA dokso] 50%
opFo R et HEgE Fx9] 2% Agd ol
& -5°C AYTIAE 86.3%E FrHol ElpEct. &
FshEd 7R Wk ARt folgt Aol AU
o} dA Aoy Solgt wskE UERA] 28t
Ty fEld 24 A3 sorbitol S FA ERF o
ol wh FrHo] BpEA] & F2-5°C AT
73F 29.62mg/gC 2 E=A] YERE o™, Fo] elgkE A
o2 AdEE ATe W2 Folgnh E28 14
Ay} FHo] BaEA] e S= -5°C AT AT
ABA (abscisic acid)?} JA (jasmonic acidj= ZHZ}
176.48, 15.72ng/gC 2 =7 YElgom, BE 2]
Al Frdo] BlubE Zo® Uehd$A 9] 5 ABA,
JA, SA(salicylic acid) o] T2’ FFRU F2JsH
S ettt B A5 Ay §A el a3k 3
25 Hele F2O et tEn FE = -50CelA T
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WAFR7] SEAR) Al F2 o G wWolsl e wslo] mAE

ok&o] 303%% FrHo] Bl o5& Fo® YEhto
), Z2E 0°C o5l -5°CAlME 86.3%= =A UE
U A =49 aipt Je Ao ddE

27} FAO]: WAF, AR, AeeTE, seE

2 dA7e w218 FedA Ay AeaT
T S % WPIlIE S ATHPI01340701) A
A} A el ol Ty A
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