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Abstract

We investigated the applicability of using spray pollination to pollinate two Japanese pear
cultivars, ‘Akizuki’ and ‘Shuurei’. The level of fruit set in both cultivars after spray pollination using
media containing 0.3% (w/v) pollen grains, 0.1% (w/v) agar and 10% (w/v) sucrose was almost the
same as the level after hand pollination. Even if not pollinated, some fruits with intact seeds were
set on ‘Akizuki’ and ‘Shuurei’, indicating that both cultivars are weakly self-incompatible. In
addition, a small number of fruit without intact seeds was set on ‘Akizuki’, indicating that this
cultivar is parthenocarpic or pseudo-parthenocarpic similar to ‘Kosui’, another Japanese pear
cultivar. With regard to fruit size, shape and other fruit quality parameters, spray pollination and
hand pollination gave comparable results. Thus, spray pollination is a labor-saving method for

cultivating ‘Akizuki’ and ‘Shuurei’ Japanese pears.
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ZL O=FR P RBEIARAMENETHD Z Ln
5, EEBSTIFHELHRT 2720 N LZH A
CATbNTWE., NLZBERIIRAEN v Rs N
TWIEMNICERT 2 LEX DL s, BEFD
LRI OMENLETH L. L L, EERIFEO
F VAR TIEHCTOSBILSEATEY, 5718
NOWMRIZELAHEL L Z>TWE. ZOZEnb, 4
T N LZ M OREIEm RO N TnWE, 2
Dz, INFTICALZHOREL B35bx B
ICEHER R OMEARLE N ZMROMEIED LN TE
7. L2 Ld s, SHERHITHFRFERICTM 2
LHEOQHHIZED, =Ky F Y TOEAIHEATY R
V. F T, B BEE, ERSEICLETHDL D
EEBHEANOIEMMNBEICLATNELL T LIZE>TE
EOBRN R REDIANLE L EAIHHE STV DS (57
S, 1999).

B NIz LT, 74 70—y TILA
Tz FE L E T (Hopping - Simpson, 1982).
WA, IR L 22 e & R & TR
LCEms 54T, BITORRIZEZHICHN,
VEEW R A AR IZ 2 B 2 LD S SN TV B (EHF
5, 2002). F7o, WWICEE LR ETHVD 20,
VEOBERRICHIEENTRTH L, =k Fvils
WTH R TN TBY, K IZowTE, B
ZIN X o TETZW & IZIEFASEO/HEEIESNT
W5 (FAH S, 2007 ; Sakamoto &, 2009). T 7o, %
WA OVEERE N, BT IR CEEEFER T
WS &30 1E, N FAT L =2 e
TH2EMEHRMTEL I EZHEL TS (BHS,
2007 ; Sakamoto &, 2009).

—J7, IRFETIZ, HEK BIO EE BV,
W H Tl EREIMELN TR (Hil - [
,2004). F/2, Fotbo=FkrF U NEICBIT AR
WEZHOBERECOVTHEHSNIZER TV RN

IS E B K OE K EERIT AR
F B ARERESER EHEE SN TDE (RS
2009). =R ¥ FIOMEFRIIE, INLOM, BEA
MAEEREOWMEM =S (Hiratsuka - Zhang, 2002),
HEAET 2R SO EEL RIZTTIEPAS
NTW5, INHLOZENL, =Ry FUifizBlg
LI OEAET S 2T 5 720120F, WS
LI EDON BRI T2LEDN D 5.

‘HEOE BLU BE E, MOATBUEANEZE -
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F S SE PR A I e R I e T AT E L, Z
22001 4, 2003 4E I sRfEE SR S s =k v T
Thb ‘HEDE 1L BHEFTIZIHTHISHAL, &
K& TR OMICPHES NG A ORF L TH 5.
REFIXH00 ghithe 2 h), WHIZEHETHKL2L, &
WRITBRIFTH D (FS, 2002). B &, BEETIZI
HEAIZEE L, PR EIL 350 g FET, BXDDH -
THERIIEIFTH S (FES, 2004). 'HEIE 1220
T, EEMICHEEmES AL TBY, BE 2o
WThH, BERBSEICBWTERLSED 5, T
bEHEAL TG ST W5 (L, 2012).

Doz &ns, RIFFETIE, 58D HEERE DL
KOWFEE NG HEDSE BIU E 2B
B HhOBEHAEEHO2ICTLI 2 HME LT,
FAK THW LN TV IERRE L H W B
ATV, REEEBLORERE ISR IZTREL R L
7.

HRELOFE

AR, RAZATBGER N JRSE - Bl R SE BT AR A T ZE
B R 72 (R T ) DR 128 S T
WwWh HEODE EAIEB LU FKE A 1EZE
vy, 2012 4F & 2013 41247 o 7z

1. TERREROMERK

> oa B 10% S, FERE 0.1% AN L 72 ia i & ket
L7, ZoEifiz, -30C ClF L7z "FIE3 ok
TR 2 IR 1 100%, 15C OAF T 2 BERIIE L L 72 #2102
0.3%(w/v) DIEFECTRE L CIEMRER E L, Bilsm
W7z,

2. BRZHHAR

MEEIZ X B2l d 5720, BAERTICEFERT
B2 &2 WEL, WAEORIICEDLET, 20124
4 H20B X021 H, 20134134 H 8 HIZ%H 1T
o7z HAEZE ) ORFEEENL, BIEEMD 2 WIED
L IZBEERI DAL AT, 14EF ) 4720 5AEIZFHE
L, BAEEROWEICRIEFO—% RE L CRE
BB SEBIC, BBRT LT EITo . %
M, EHICRESTHEL, REICX 22 HhEE
Wr L7z, AU R, BTl B L Ol (8
B X 2013 ORI ERE) D3IXKE L7z Bl
AT, AR L 7oAEEEE e v, N FAT L
— Lo TR AT 2. WITZH T, ARTIZX
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D5 EICHML 2RAER 2 v, ERICL->TxH
Eitolz. F7:, MB TSR EEME, FIAEETIC
WEL, RERICEREIL, fEBESEL LR =
BEITOITHENE L. SRBEXIZo% HEOX
TIX 1720 204629, FH601EE ) 2, BKE T
1330462 ) 2L 7.

3. BEEPLUOREREDHFE

BB DFEFEFRE, ke 2 MBS L 72w
HTREIRS SO TOERETHALTVE L0
EREELTVDL DL LTHMAELL 2otk MGlL
TPAEZHIZOWTIE, 1B I 1 RO EFRL, 4
R CHE O EIREIZ R D L) ICHE L 205/ %
Tole. ZoOMOBEFHRIZOWTI, & TEfTE L.
N, =y F el —Fv— b (ELF
T3) #HWT, CwWbHfhaotasry I —F v —
FO3NE L2 RERNARNAE L 72, IHEL 72 RFE
DWW, REE RIEOEL (RAME/ RAME),
BitHEE (Brix), pHB X O AEFHEREL 2.
e, HENICEFICETL TV 0%
EeffLl, ESPHL LAV DERES

Fif-& L T4 L7z, Brix BX O pH &, RIFERE
DX 2 2 WA S0 L2 RA R T L 2R
l22WTC, FEERT (PR-101 a, ATAGO) B L U pH £ —
% (twinpH B-212, HORIBA) |2 X V) % % HI5E %47 > 72.

BRESVEE

1. BREMDPIEERELOBEFRICKITTE
‘HEODE IIBWT, 0124FE0RERIT, EBITTH
X A% 88%, VA% H XA 82%, 2013 41344 % 95%,
9% &0, BIThXLBERSHXEOMICHEELR
FEIIADSNT, (ZIFFAEOMEELDIE SN (Table
D). $72, 2B XI2BWTIE, 2012 4613 52%, 2013
I 59% E Vs FERE 2572 (Table 1). B 12
BWTIE, 2012 EDREERIL, BITZHIXA92% Th
S72DxF L, BRI R T2% S o7z, 2013
FIZBWTUE, ETZHIXIE84%, B TIE
78% &7, 1FIFFEEOMEERNIE SN 2013FED
MEZHEIZB VT, 14% DFEER L 72 - 72 (Table 2).
20124ED B I2BWT, BHZHEORERIE
TZHIXE Y 2EMRT L7225, 7EREOKERTLR

Table 1. Fruit set and number of intact seeds after spray pollination of ‘Akizuki® (2012-2013)

Pollination method Fruit set’ Number of intact seeds per fruit
2012 2013 2012 2013
Spray” 82 a" 96 a 5.2a(34)" 3.8a(35)
Hand 88a____________%a ____________ 56a(4l) ________4la(40) ____
oy 45a(15) 1.8 b (15)
No pollination 52b 59b 0 (10) 0 (10)

% Average percentage of fruit set in each cluster of five flowers; number of flower clusters counted = 60.
Y Pollen grains were suspended in media containing 10% (w/v) sucrose and 0.1% (w/v) agar at a final concentration of 0.3% (w/v) .
* Different letters within a column indicate significant differences by the Tukey-Kramer Test.

" Fruit number used for analysis is shown in parenthesis.

Y The upper row refers to seeded fruits, and the lower row refers to seedless fruits.

Table 2. Fruit set and number of intact seeds after spray pollination of ‘Shuurei’ (2012-2013)

Pollination method Fruit set’ Number of intact seeds per fruit
2012 2013 2012 2013
Spray” 72 b* 78 a 5.8b (21)" 4.8 a (16)
Hand 92a 84a 7.3a(16) 5.6a(19)
No pollination " 14 b — 15b (4)

? Average percentage of fruit set in each cluster of five flowers; number of flower clusters counted = 30.
Y Pollen grains were suspended in media containing 10% (w/v) sucrose and 0.1% (w/v) agar at a final concentration of 0.3% (w/v) .
* Different letters within a column indicate significant differences by the Tukey-Kramer Test.

" Fruit number used for analysis is shown in parenthesis.
¥ Not determined.
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IR EROBRIZIETHTH o7z, FK 128
LR Z ORI BV T D, B O ERHE
WZED6~TEHETTRTTEEHEDTH LD, ER LK
I e AR S T TIE E O FEROET Tl
BWZ EPHE SN TWw A (Sakamoto 5, 2009). T
LD Epn, SRR LW Ic B TiE, Bl
ZEN L o TEHMRLNIVOREEREEL Z LHvf
BETH o7z,
RBAEEICBVWCIIREOEER ICHEAT
WEETHDLD, THZTDOLDODOEEIIFEEERTIL
CEAETRIZE > TRENE, BRZH T, BT
ZHE D DBHFIIHETA2EREN LR Enb
EEETESV R NEACH D (FE - HFR, 2004 5 )
AR, 2009). L2LAah5, FK OBEEZHRBEOY
Hl, ETFElBAT 5L OOEITEHIX & #a v
EEEFEFOLNL ZEPHRESINTWLE (HT 5,
2006). FE4E 5 (1993) 1&, AR BHET RS H A
AR LTVRD I EE2ME LT3, BRAS (2009) b,
MEZIEME T D 55K 2B WT 6 ~ 44% DFEFERH
Boh, »roon-RECEESE TS EEN
Ghproleb W RERN S, WA RO REE % R
LCTwa. SEK OBELEREICOWTE, REITH
TEMLDHERINDL LS, BHELE RO i
PEDZEZSNBD, K OHBEFEMED L I3BEHE
BAE RS, HTHEOLVICED L THEEZHICBW
THWEEFEPRONLERTE VWL EZ HNS.
—7, HEIE BT, BHEEHX BT
ROPWERICEINZ2HEFHICIZ2EME D ICHEER
FIFBO BN L o7z (Table 1), F7z, EZHX O
FERIZ2012FEB L 20134 L HI250% 22, Fo
T ZML TR WIZE b T EniEFEREL R L
72, AR & D ICEZH I BT 25 R RED U S
N7z, 209 bdEL b 15 FI2B W TR T 252
S 1 RD 7Y oS T ORI, 2012 413734 4.5 1,
20134ETIE 18 TH o7z (Table 1). F72, MEL D
TEMLARD SN H o7z 10 RiIZOoWTIE, TR
TEMTHPHER SN KR 2BV, BEsh
X CoOfEFHE, BIrHXKIZHRT 2012 FI3FEIC
B, 013EDAEEZIRVD DL WEINIZSH -
7o, F72, 2013 F DI RIXIZ BT 14% DG FEFRED
Boh, hOoVTNONFERED S b EEET MR
SM7z (Table 2). #5 (2002, 2004) 2L, HE
D BXU HE BERAMEMEEZRL, £0OS
BT E HI2S3S4THSE. —h, HExOX B
LU KR 2o TIEHEL Wb oo, =5k
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IV OHZEAMEMEORE T MERE S L Z &
DS &N TWw5b (Hiratsuka - Zhang, 2002). AHFZE
IZBWT, ‘K LRLZDESHKIIBWTLEeM
TN s, ' HEDX BLU BE 1L,
HRAFEGEOREDSTFCZ LWL 22k 572
2T, ‘HESE IonTIE, EEHXT—HoRE
CAREEMMFRROONTzZ Ens, HAKEEE
I AREREEZ A LT b L g S,
SROREETIE, BRSHHREOE T EAHE T
WCEDRESEINTVADPIZOVTIEETHEZ T TWw
vy LA L, ORI R H CAE O
NOMFERIIEEIZEZ N L6, BRANEED
BENHVIES, HAREIIHEZHIRILTS L0
EHEEEIND. T, &L oEZHTIE, EHH50MH
FHEERIIKTTLI L2, BESHZTTIET
DRKEFERERET H I EDTE 2\, A, 5 e
O IIBIT M & I TR RIS T,
20124E 0 BE DAMIEAETHOET L0 5
otz oT, TNHOMETIE, —ZEDOHET
HRZWDEIL T 5720, EATZHICHNT, FEEA
DA A 8 DD 7 WIEW T e T
HY, HRELTHEITZWX L FBEO/EEIES
NboEHEEsNs, $72, BE O ICHRT b
DE TRIVEELLEEIEONLD, COER
ELT "HEDE OFOHBM RN T 713 h A
EDBEGLTWbbDEEZ 5N

Ll HEDE BIU HE 0oAORETH
ST, FOMO=FR Y F I REIZBNTH, BEAR
FE AR O 55 Al R0 B2 i SRk & 72342 HE 2 5 21
MxFEo MMl TIE, Bk 2@ T & 2 WREMEAVR
X7,

2. ARZMHARERBEICRIETRE

BREOBYHERT, ‘Hx0% BIU BE 1
BOTERTEOEC R ko 72 (7
&), T7o U L 72 RFEORE, RO N T,
TEAT SR X &SR X & ORI 2R 5z 2
o7z =N AEZHIXORFEIIHEIZ/N S o 72 (Table
3, 4). —HIZ, HTOFEFREOREICKE HE
BeRiFyIermoncts), REORTSFLIF
LI THEMEL, FBTHOLWRIETERELK
BENLESNTWL (B, 2007). HEOE 128
VT, BITZHIX & @2 X TR RIS A B
RO SN Lo Trow, RESLRBHEBIELR
WONLGRoTbDEEZ LN B T, B
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T X OMEFHMEIT R KICHARD W EHTTH o
2, REBRPREBERICIIEIBDOSN Do 72
(Tables 2, 4). FLIZEFDOY ¥ TIZHBWT, FBTHD
SN REONIET ICRET L), ZOBROWMES
K OHHERIEEICL Y, RERLEOESDIT S L
ENTWAD (L, 2005). BEZHXo FKE 128
WU F A % 0 o 72 2013 4 T b P 48
FRA>TW2Z ens, ZOREOH O T
X, FOBROBEESH WY IITH) ZLIckh, BE
ERLRBICREE L2V 0 LEZ LN 2O,
PEEEB L O pH ICIZZM HEOENIC L 2 2ITRBO 5
o7z (Tables 3, 4)

Doz ers, BilshIX EBIThX T, %
BIZREGERDPBO N o728, T2, 55
NIREORTESRERIZLENBOOL o722 &
Mo, WIS BT, K L RERICE
SIFM 2 BT & 2 N L LTHHT A2 &
MUREEE 2 BT,

m =B

BHEOE BIU HKE IIBT LB D

BHEZHASH»ICTHEREMELT, 'K TH
W BTV BB R & W CERSZH EIT,
ERBLIOREMEICRIITTRETRET L. 20K
R, HEOE TRHETIH L MEORKERENLEL
THEHNZ KB T, FIZX-> THERZHIXTO
HEROKT 20 5Nz, BITZHO 8 HIRED
RERIHONTEY, RENLHBERLHERT D12
B0 Thor, MTBHXIZBIAHEEREESNT:
REIZEINIREMTROBERIS, 'HEOE B
LU R I, BRAFEMORBENTEV 2 & ATH
BT AT "HEDSE T, HAHEEME
F3BHAFEREL AL TWLZEHHL 2
NHOGETIE, NTZMoOFEICED L THRSH
MW—EREIIE T TLHEDEHEESN, TOZ LD, I
SHIZAEM A B R e WIBHZIC BT, EIT%
BIEORERPHONLIEREEZ SNz F7/2, &
W2, REERLZFOMOEFNEITHEEL RITS
Tiroln LEoZ s, HE0E BIU HE
IZBWTh, BRI E N LA & L TR
MBI ENTETHD.

Table 3. Effects of pollination methods on ‘Akizuki fruit quality (2012-2013)#

Pollination Fruit weight (g) Index of distortion of fruit shape’ ° Brix pH

method 2012 2013 2012 2013 2012 2013 2012 2013

Spray” 578.6a" 540.6a 1.03a 1.03a 12.1a 119a 5.0a 5.0a

Hand 547.7a 537.6a 104a ~~ 103a 122a 119a ~ 5la __ 50a

No pollinatior! 4985a 448.2b 1.04a 1.04a 120a 11.8a 51a 50a
313.1b 350.2c 1.03a 1.04 a 12.1a 11.8a 5.0a 5.0a

? Number of fruit analyzed for each treatment(n=10-41) is indicated in Table 1.

Y The ratio of the maximum and minimum diameters of the equatorial plane of each fruit.

* Pollen grains were suspended in media containing 10% (w/v) sucrose and 0.1% (w/v) agar at a final concentration of 0.3% (w/v) .
" Different letters within a column indicate significant differences by the Tukey-Kramer Test.

¥ The upper row refers to seeded fruits, and the lower row refers to seedless fruits.

Table 4. Effects of pollination methods on ‘Shuurei fruit quality (2012-2013)

Pollination Fruit weight (g) Index of distortion of fruit shape’ ° Brix pH

method 2012 2013 2012 2013 2012 2013 2012 2013
Spray” 403.1a" 360.7a 1.04a 1.04a 13.0a 129a 52a 52a
Hand 4133a 369.7a 1.03a 1.03a 128a 12.8a 52a 52a
No pollination - 217.8b — 1.02a — 12.1b — 52a

?Number of fruit analyzed for each treatment(n=4-21) is indicated in Table 2.

Y The ratio of the maximum and minimum diameters of the equatorial plane of each fruit.

* Pollen grains were suspended in media containing 10% (w/v) sucrose and 0.1% (w/v) agar at a final concentration of 0.3% (w/v) .
" Different letters within a column indicate significant differences by the Tukey-Kramer Test.

¥ Not determined.
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