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Abstract. This study was carried out to investigate the effect of temperature (15~40°C) and the spraying plant
growth regulators (GA4,+BA and prohexadione-calcium) during full blooming on pollen germination and pollen
tube growth of the commercial apple cultivars (‘Fuji’ and ‘Tsugaru’) and apple cultivars bred in Korea (‘Chuk-
wang’, ‘Gamhong’, ‘Hongan’, ‘Honggeum’, ‘Hongro’, ‘Hwahong’, ‘Hongso’, ‘Summer dream’ and ‘Sunhong’). Pol-
len germination and pollen tube growth were increased with increasing temperature from 15 to 25°C, but high
temperature over 30°C inhibit those. The apple cultivar bred in Korea that shows the highest value on pollen germi-
nation and pollen tube growth at over 30°C was ‘Sunhong’. The spraying GA,.,+BA increased pollen germination
and pollen tube growth than control, but that effect was not show at 40°C. The spraying prohexadione-calcium was
not affect to pollen germination and pollen tube growth. In conclusion, if the air temperature during full bloom of
apple tree rises about 30~35°C, the spraying GA4.,+BA after artificial pollination will be good to increasing fruit set.
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sk & grle] AEES Aol Eelal, T
W71 710l 32°C7HA st AldTEelA 2 A
& HA] Fkthar stk F, o Helle aEskAl %
d Jig7] 30°C oPd il o3t Ale] S, S
A EFo] T AF2dslel oal ZAVE 2 Uk

sHH, SEualxe Walle Al 2 AEEE
S EXog whlr] AsZ AtAl, HIpA|, I vl
AR gibberellic acidy:;+benzyladenine(GA4+BAYF 4=
gz AWAA A AAIQ] prohexadione-
calcium(Pro-Cays A¥3lal  J+=dl(Byun 5, 1999;
Paek¥} Cheong, 1977; Sagong 5, 2014; Yoo -5,
2016), ol ekAlEe] BI= FEo A © AXE
5o 7PdEAd wEt & 2olE HAtH(Yoder &,
2009). L} oAl o} A7 S S AR
59 25 S Wolgd gk AUt §ls ¥ ol
g} olejgh ofAIXE|7} VIR Algke] SR dolef] of
gk FERS WX Aol disl] Agt vt gl

wEbA B AR NS a2ef ok Al 42
=, 78 B EAE S5 F e VIRAEE v
staz), sl 4 AESES e Ve 2 AR
ZAA7} sht doks W shEd Aol mXle d3s
AP

A
—&— Maximum
—O— Minimum

— 30

]

9

@

2 20

©

@

3

& 10 1

=

0 4

TR, A, R, AvER, A8y 4ES A}
ko2 3ked 21d(2009~20103) FF AA)EATE

APE RS md FEEE A7) =U3 A3l
AR, e B|ZRE oS olgAZl FH, E petri-
disholl FAHAIE 231 oS SEe & 548 v o
AElE 25°C9] AAFH(VS-3DM, Vision, Korea)ollA] 24
AlZE B JNeRAATE JlekE SHEES 270meshd] Al
o &8 oMES FojFHA AR F, deFlAs ¥
S A9} g el Eol -20°C Adgarel
R =

SHE w8 wiAl= S0l sucrose 10%%} 75mg/L
boric acids €Hd3] 83lA17]aL pHE 7.02 A3+ H,
oq71el 1% agars H7}Ele]  1.06kg/em®e] 3t
121°Ce] 2o x ZHE 7IjPdw7]oA 158 7FEA]
A WE HlYAS XE Sem petri-dishol]l 15mLA B
g & Aol A 24 B9 SIAIA THEU

SHE AF A F9AY 7PIREE 7P Al
ATA AP Mol AR AF 7VIRST (e
T AEE 9] AN FRE ARES o8
sl¥en, 1 A¥k= Fig. 139 2ot

2. 20| g I MY |4 FFE =E golE
% EEa ME

FAR= 29 25 Fef AFRE sEe o8-St
ALttt A AE F5E SRES olFpAZE £l
& 2479 petri-dish #iA] Aol 31=A] olFPAITRE
71Ax Bhes AVIRE F, ARl wiRIsiT. A

oft A i

o] L& 655(15, 20, 25, 30, 35, 40°C)0E JHE3}
AL, 25l AYAIZEE 12207 AHEEE 60%E X
ettt 2= F59 WHES= petri-dish VIS 19+
oz g wpEow, FFHUIL F 1880l

B

04/09 04/14 04/19 04/24 04/29 05/04 05/09

Date

04/09 04/14 04/19 04/24 04/29 05/04 05/09
Date

Fig. 1. Seasonal change of air temperature at Gunwi region from bud breaking to full blooming of apple tree bred Korea in 2009 (A) and

2010 (B).
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AEHRA] Aol 30%2] Sk olas HQl SHEe
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HiR] AdellA] 30% oPde] Wolgs Holw shHEolzhd
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Table 1. Pollen germination at various temperature of some apple cultivars bred in Korea in 2009.

. Pollen germination (%) Average of
Cultivar :
15°C 20°C 25°C 30°C 35°C 40°C cultivar (%)
Chukwang 14.9 46.0 514 37.0 0.0 0.0 249 &
Fuji 46.5 454 62.4 48.2 8.9 0.0 352 ab
Honggeum 385 30.2 62.6 39.2 0.0 0.0 28.4 cd
Hongro 35.1 38.7 63.8 48.4 1.5 0.0 313 be
Hwahong 229 374 61.8 47.1 0.7 0.0 283 cd
Sunhong 47.6 74.9 63.2 45.7 6.2 0.0 39.6a
Tsugaru 49.7 63.9 59.4 50.1 5.0 0.0 380a
Average of temperature 36.5¢Y 48.1b 60.7 a 451b 3.2d 0.0d
ANOVA
Cultivar (A) ok
Temperature (B) Ak
AxB sk

“ Means separation within column by Duncan's multiple range test at P=0.05.
¥ Means separation within row by Duncan's multiple range test at P=0.05.

" Significant at P = 0.001.
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Fig. 2. Photos of pollen germination and pollen tube growth at various temperature of ‘Hongro’ apple cultivar in 2009.

Table 2. Pollen tube growth at various temperature of some apple cultivars bred in Korea in 2009.

. Pollen tube growth (mm) Average of
Cultivar °
15°C 20°C 25°C 30°C 35°C 40°C cultivar (%)
Chukwang 1.06 1.32 1.74 0.90 0.00 0.00 0.84 b
Fuji 1.30 1.79 1.84 1.04 0.24 0.00 1.04 a
Honggeum 1.40 1.26 1.63 0.84 0.00 0.00 0.86 b
Hongro 0.99 1.07 1.54 0.98 0.07 0.00 0.78 b
Hwahong 1.03 1.36 1.46 0.80 0.08 0.00 0.79b
Sunhong 1.00 1.12 1.57 0.74 0.25 0.00 0.78 b
Tsugaru 0.89 0.89 1.58 0.67 0.16 0.00 0.70 ¢
Average of temperature 1.10 ¢ 1.26b 1.62a 0.85d 0.11e 0.00 f
ANOVA
Cultivar (A) oAk
Temperature (B) oAk
AxB sk
“ Means separation within column by Duncan's multiple range test at P=0.05.
i*l*\/le.ans. separation within row by Duncan's multiple range test at P=0.05.
Significant at P = 0.001.
S, 1999). & AR AlEESES B 3R Zols = AR sPIES ZTI@Ael -2~-5°Ce] Aol
2 19~40% HESAIL, 25°CNA 40~60% H=(Tables 1 LAYSHA =} o] Whio] A Art §-& ARy
and 3)E WA w2 ShE Tolgg Ho, 2010d  of, &, 40| AstErar skt

o] Txw Wy A wols 2 EP AF oy}
200939 Ayt "‘zo]c}i‘:]-(Tables 1, 2, 3 and 4). o=
2009099] 79 shE AFH @Y 2089FE 49 22971K)
A F#HA7)Lo] 0°C olslZ U2zt Fo] §lAITKFig. 1a),
20105390 3HE AFH 4 28YFE 49 30Y7KA]) 1-2
g Hell HA7Io] -1.3°C7HA] EoRr] WeeE 4
== (Fig. 1B), Palmer 5(2003) 2 Seo2} Noh(2010)

AlRlof-AE3E, 257 X35 2016

Aol shE wolg W slEE &S (pollen tube
growth rate)2] 5];5'-]&5‘— F2o et 22N 29°C
7R 7)eo] LElE Zlsle Aow IdEA Yt
(Petropoulou®} Alston, 1998; Yoder &, 2009). ¥ A3
FEY sht Wols 9 sEd A Zdole uiiE
25°Ce] HarA|e| 5%?& T 30°CHE 3] ARkt
HaL, 40°Collxte sHEEo] WolalA] R3H=H(Tables
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Table 3. Pollen germination at various temperature of some apple cultivars bred in Korea in 2010.

Culti Pollen germination (%) Average of
ultivar .
15°C 20°C 25°C 30°C 35°C 40°C cultivar (%0)
Chukwang 212 29.0 41.1 259 0.0 0.0 19.5 b*
Fuji 25.8 36.9 52.1 30.5 8.4 0.0 256a
Gamhong 19.1 30.2 37.6 25.4 6.0 0.0 19.7b
Hongan 22.1 27.7 383 23.0 4.4 0.0 193 b
Honggeum 19.1 28.8 41.0 27.0 0.0 0.0 1930
Hongro 18.6 279 42.7 25.7 2.9 0.0 19.6 b
Hongso 21.4 28.5 384 24.8 5.7 0.0 19.8 b
Hwahong 20.1 30.2 40.7 25.7 2.8 0.0 1990
Summer dream 19.1 28.6 36.9 243 5.4 0.0 19.1b
Sunhong 20.9 28.8 41.4 26.3 8.3 0.0 21.0b
Tsugaru 20.4 31.5 39.6 26.2 5.5 0.0 20.5b
Average of temperature 20.7 & 29.8 b 40.9 a 259¢ 45e 00f
ANOVA
Cultivar (A) wEE
Temperature (B) Hokk
AxB *

* Means separation within column by Duncan's multiple range test at P=0.05.
¥ Means separation within row by Duncan's multiple range test at P=0.05.
**** Significant at P = 0.05 and 0.001.

Table 4. Pollen tube growth at various temperature of some apple cultivars bred in Korea in 2010.

Culti Pollen tube growth (mm) Average of
ultivar -
15°C 20°C 25°C 30°C 35°C 40°C cultivar (%)
Chukwang 0.31 0.35 0.75 0.25 0.00 0.00 0.28 be”
Fuji 0.55 0.35 0.74 0.35 0.33 0.00 0.39 ab
Gamhong 0.24 0.57 0.43 0.28 0.28 0.00 0.30 abc
Hongan 0.38 0.52 0.45 0.59 0.39 0.00 0.39 ab
Honggeum 0.24 0.34 0.60 0.22 0.00 0.00 023 ¢
Hongro 0.28 0.52 0.77 0.23 0.31 0.00 0.35 abc
Hongso 0.40 0.61 0.57 0.44 0.39 0.00 0.40a
Hwahong 0.44 0.24 0.64 0.33 0.22 0.00 0.31 abc
Summer dream 0.34 0.51 0.61 0.28 0.29 0.00 0.34 abc
Sunhong 0.53 0.41 0.66 0.39 0.45 0.00 041a
Tsugaru 0.33 0.35 0.82 0.36 0.31 0.00 0.36 ab
Average of temperature 0.37 be” 043 b 0.64 a 0.34 cd 027d 0.00 e
ANOVA
Cultivar (A) *
Temperature (B) Hokk
AxB NS

* Means separation within column by Duncan's multiple range test at P=0.05.
¥ Means separation within row by Duncan's multiple range test at P=0.05.
NS.%.*** Non significant or significant at P = 0.05, 0.001, respectively.
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gdaith B AJgoA] A B3y (Marcucei 5, 1982)9)F
9] 40°Colx] sHEEe] Wols A XY A
(Tables 1 and 3y A2 A4t shE-S 22~25°C =
204 AL filter paperdl] XdsEAY 22 Adlsert
95% AEZ =& XA 2417t A= 4=3H(hydration)?]
3 iAol xdehd SR oo EolAIANE,
e SHES ] *E 3 AuisErt 47 25°C,
60% BER] oA AT AZRATE SR Wolgo] 2
Al gt ®al(HoppingZh Jerram, 1980; Hopping
7} Simpson, 1982) ¥ =FE}E]2(glutathione) &A=
shidolo]] FAAQ F3S  w|X|=v|(Zechmann 5,
2011), Al & 40°C ZH0A 2417F ol ZAxA)7H
o W ST o] 28°Co R TAaHTE
Hil(Ma 5, 2008)5 PlFo] Hof, & AP sl
glo] 3ol xdH petri-dishE W2 2% 2 st
7F Z¥2E 40°C, 60%S1 Aol mixIetA7] wiZol Ayt
52 40°C9] 1ol ofaf SR olo] Tofske B
o] AAHS7] HEosE FHEHA
g, S AP, T2, U w5 A
A AR ApEEY 81%E  HR3kal AThShinzt
Kim, 2010). & A3%5E 5 A<} amjzlsdo] gl
FEE G B gla, FRoAe FRjbH AL
PIREE Earo] abizIsdo] gl AeE deEA 3l
tdl(Heo 5, 2011; Lee 2013), £ AlFedA
30~35°CllA] 3R Wolgo] HH F5& FA, A%
2 271 Ak (Tables 1 and 3). =, Ti7]9 30~35°C

=
[<3)

WAZAAE S 24 Al EE

o} Mgeoz A I AlApiEE o773 o) 7]l
30~35°C] a1go] WAE AHg-, AETS TGRS 3t
o2 A8k Ao] Ajst Aoz ATl

2. 2EY MEIEN Mol BE I A FoE
So| 312 Wolg ¥ siEm MF

3

i

Aol A AAZEA (GA4+BA, Pro-Ca) 2752
25 SHE Wolg-S Aol Aozt JIAANE, &
2o 20002} 35°ColA GA4+BA A2}t FAle
THU foJalA =Skl Pro-Ca A= 35°Co|xqH
FAETES fofsil =3tk 2TEFol A= 30°ColA
T GAytBA A7t FA TR E%AL, Pro-Ca A
= Tl ZFo)7t ISITH(Table 5 and Fig. 3).

AP AR HeTEe] 2= SR A1
Aole FAgTet 2o} YIFARE, F2 A= 30°C
N GAyBA HElF7F FAETRT FolehAl A
o, Pro-Ca AT FAEF<}F Zpol7} gl 227}
FroME 20°CoMRE GAL+BA AT FAETE
o 403, Pro-Ca AE]7~= 35°CAARE FAg]+Hh
ZFSITH(Table 6).

dukd oz AW Alo|E7|HS Rt Wols
2 FEH RS FINA AAES SIS AR
A Jth(Maita®} Sotomayor, 2015). ¥ AP =
FE 9 Ao wep gkl IBeA FUARE
GA4tBA AE79] skt Wolg 9 skt A Zo]

Table 5. Pollen germination of different apple cultivar according to various temperature and bio-regulator in 2010.

Pollen germination (%)

Treatment

15°C 20°C 25°C 30°C 35°C 40°C
Fuji
Control 25.8 ab” 369a 52.1a 30.5a 84a 0.0a
GA47tBA 18mg-L" 269 a 359a 62.7 a 353a 123 a 0.0a
Pro-Ca 125mg-L"'! 18.6b 277 a 52.8a 243 a 119a 0.0a
Hongro
Control 18.6 a* 279b 42.7 a 25.7 ab 29b 0.0a
GA47tBA 18mg-L" 259a 36.0a 556a 394 a 10.7 a 0.0a
Pro-Ca 125mg-L"'! 18.0a 277b 441 a 213 b 104 a 0.0a
Tsugaru
Control 20.4 a* 315a 39.6a 262 b 55a 0.0a
GA47tBA 18mg-L" 275a 38.5a 526a 38.8a 143 a 0.0a
Pro-Ca 125mg-L"'! 182 a 275a 42.1a 224b 14.6 a 0.0a

“ Means separation within column by Duncan's multiple range test at P=0.05.
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Fig. 3. Photos of pollen germination and pollen tube growth of ‘Hongro’ apple cultivar according to 30~35°C temperature and bio-

regulator in 2010.

Table 6. Pollen tube growth of different apple cultivar according to various temperature and bio-regulator in 2010.

Pollen tube growth (mm)

Treatment
15°C 20°C 25°C 30°C 35°C 40°C
Fuji

Control 0.55 a* 035a 0.74 a 035a 033a 0.00 a
GA47+BA 18mg-L"! 042 a 0.55a 0.63a 0.51a 028 a 0.00 a
Pro-Ca 125mg-L"' 025a 0.30a 0.57 a 033 a 023a 0.00 a

Hongro
Control 0.28 a* 0.52a 0.77 a 023b 031a 0.00 a
GA4.;+BA 18mg-L"! 026a 0.70 a 0.73 a 0.65a 037a 0.00 a
Pro-Ca 125mg-L"' 032a 034 a 0.50 a 025D 023a 0.00 a

Tsugaru
Control 033 a* 035b 0.82a 036a 031a 0.00 a
GA4.;+BA 18mg-L"! 031a 0.55a 0.69 a 044 a 031a 0.00 a
Pro-Ca 125mg-L"' 0.19a 029b 0.56 a 034a 0.18b 0.00 a

? Means separation within column by Duncan's multiple range test at P=0.05.

1
.

FAETEY =8k, Pro-Ca AHelq<= ATt
zpol7} A9l Ith(Tables 5 and 6). ©l= SIFFE &
GA4tBAS AR Axshd 3l W) S 5
APHE Hal(Park 5, 1998)9} BISEIo ), Pro-Ca
AT Al Zdbso] FAlETEAY =the ®Hal
(Greene, 1999) % AWAA 3fo] H&7F sHio]
olg H E# AFEC] IVMEUE Hi(Maita9}
Sotomayor, 2015)%} G5t} E A|Fo|A Pro-Ca *|2]++
o] s ol gl SEH A Aoyt FAETe At
o7} A9 INE Z(Tables 5 and 6y ¥ A|Fol|A &
Ofxk= AIFHA] Fkort 35°CollA Pro-Ca #2759

190

Wolgo] A7 2] ot =™ AF(Table 5
and Fig. 3) % 3RS o7l A s 3t
(hydrationA|7]% okgo] FXHETR= ¥ al(Hopping?
Jerram, 1980; HoppingZ} Simpson, 1982)5 W7o B
o, Pro-Ca®ll I3t 3kt W GA ¥ 74 a3t 2%
2] A Pro-Ca 8 w|M|AEe] ]38t 4=8}(hydration)
2k o3 QA7) wiiEem FRHJCEE, I
shitol A sHEe| SR A ey 3
ol Bl Zato]] FAHAR] FFS FEAol sl A7
Zav} vy SeE Q)

opFe]l AAE FTHSNEH, gt Zoll AHT T
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S A7 wWEeE AAEATMa T, 2008;
Zechmann &, 2011).
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¥ 2
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