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Abstract

This study was focused on fruit growth analysis and the influences of harvest maturity on fruit quality and incidence of
flesh watercore in Japanese pear (Pyrus pyrifolia Nakai cv. ‘Hosui’) grown by top-grafting at Sunshin area in Yilan County of
Taiwan. The growth of fruits from outer, middle, and inner canopies measured by cumulative longitudinal and transversal
diameters was shown to be a single sigmoid curve. The fruit shape indexes (longitudinal diameter/ transversal diameter) were all
above 1 at initial stage, and then progressively declined to under 1 in fruit faster growing period because of transversal growth
exceeded longitudinal growth, and were stable and between 0.84 and 0.89 at harvesting stage. The curves of fruit absolute growth
rate shown bell shape, indicating the growth speed during ontogeny of pear fruits followed by slow, fast and slow regime.
Meanwhile, the relative growth rate of fruits was from high dropped to low smoothly during development. Physiological maturity
of pear fruits estimated by regression line during the declining growth rate period was at 150 to 160 days after anthesis. The
appearance, composition and watercore percentage of fruits at higher maturity (172 days after anthesis) were measured, the data
shown the incidences of watercore were exceeded 50% in any canopy position, particularly the inner canopy fruits were 69%, the
highest. The fruit quality and incidence of watercore of pear fruits harvested at 120, 127, 134, 141, and 148 days after anthesis
had been analyzed, respectively. The results suggested the higher maturity of fruit harvested the more serious watercore of fruit
was, and the higher fruit weight and soluble solids content were also found; however, the flesh firmness of pear was lower. The
investigation results of 2006 were similar to 2005. The relationships between watercore percentage and fruit maturity and soluble

solid content were highly positive, while highly negative with the flesh firmness of pear.

Key words : ‘Hosui’ pear, fruit growth analysis, harvest maturity, watercore, fruit quality

*Corresponding author E-mail: ctkuo@niu.edu.tw

3 I | Iy Loescher, 1984)Kajiura =~ * (1976) ﬁgﬁéﬁm L
TERIE R BT A R 2 PR
AR )= P RTRLAE % T g T AL B A
BRFSLE o o B 10 ™ 579 et 30 P (sorbitol)
OB » L TG4 2 B R o 5
ﬁJ(Yamakl etal.,1976) o FEEH AUk E AL
JI(Marlow and Loescher, 1984) <= > Kajiura %~
S (1976) VP 8T || 4 AL 1925 (Watercore in

Japanese pear) © F T A [ ] EO R 0
mvowﬁaﬁww’%%L¥Wﬁ@%#~%%
1 B DT, 1985) I (WIS PRy * £

T FERT AL > ﬁj Z R Jﬁh% Mi&iﬂﬁ % U B VA B (BT, 2005) -

i o I TS GEIRE B BT R B > Ry e -
I F@%ﬁw%iﬁﬁjﬂ%%%* e RAIRET] » R B
BRSSPV ST o <

ﬁg’]‘fﬁﬁl.j/* R A JJ‘JPEqu i EAVED
£, e I FIgT ‘%ﬁ*? VA
Tj# fﬁt Flig jijl; WF%\ E HJ J J\< ;9? %I [ﬂ:(Coombe 1976) ﬁ FI HJ%\GH [/5[— T,fr y FIJ
LI (22, 2000) ©

P LRUUS VAT A4 B B 2
PERTEE o I B B AR
ﬁ#ﬁ%&*@#»wmﬁgﬁﬁﬁﬁw%a

R4 S RSB R » iy A
:F'%[I,ZOOO) o “f<. ik (Watercore) » kLl B ZU I A %

C RLE S~ T8 ST R
TR 2 RIPRR Y
= U3 A B(Westwood, 1993) « 'L >
fit | 14 5 (Japanese pear) By ff = 7 plIE 1 it
WP TS 1972 E%@xﬁﬁ%ﬁm@ﬁi#iﬁ i
(Sakuma, 2003) » I H4 [ 17 »%J%!JEI R
iy 3t B B > 22 B SR 1 (Campbell,
2002) > BT F,?ﬁ%@aiﬁ ﬁ‘v’%‘»’%i;‘/@‘w%?}'f%ﬁ
if&*ffﬁii(%, 1979) > {7} Wmt"w%ﬁfﬁ *5_ Y

r"'

_

(Cumulative growth)fiV{F] S F74flizst ~ 78754 =
< (Absolute growth rate; AGR) ™™ ffI%f 4 =< i
(Relative growth rate; RGR)Z# 1% (Opara, 2000) - 3]
Y L I Ué&? T I ekl 9t )~ YRR

& ##-(Physiological disorder) [V — (Marlow and
Y g %BE},}]‘J gﬁagaﬂ:y[ﬁq% s “E“"&‘E J}Eﬁ NI

70



rl‘ %ﬁ‘

TESTATINYE S S A OSSR Y A Lee
and Young, 1983) ° fRI&Hy 5 F‘m%%@fﬁ%%
AASTS T TR RTINS (3, 1995) « FRl 3%
R RS BhaR S R G 2[RI
ik % S (Brown and Watkins, 1997) o FEL W FiRE!
IR 15 55 PRl -
5% % 37 I1(Crisosto et al., 1994) o FPVE!(“E R
P R F’Tﬁiﬁ’”ﬁf RIRbEp T E  B
FIAE R p ] SRR ﬁ@%@HHWWH
(Crisosto, 2004) »
@ﬁj o EIRRERVAE T o HESRLRISE >~ & ]
IR Al s ) HILRLE S f}l%‘ CHET
LAk e == NG A
1999)  “EJ= A0 7 WAL A rjﬁi;ﬁﬁfﬁ“fimﬁj\
[fil > i) = g P e B el PRI PR SRR
7&’5{7%@\&"5@1’[’%@* HEYEE TR
o h FRERE IPURRE TN E0 S ROT AT RIRY SR Y
M@‘%* ’ ?%k*]‘ REGES el il R
gk £ UK E RS W@rﬁ%iﬁnﬁf&
R e E Vg

[/ ¥ [~ (Internal browning)f*

" i (Ferguson et al.,

=
BAS

HATY

CHERHY
T FREBHT 2005 R 2006 F 53T RS RS
PP RO A G SR - D I
ORI PR A B T R
BT 12 5 0 A RO RERAS R T R

PR B RRELE -
ROERH

()2 BZ 4 K4S
IEIEES o

+ R ICFPRIT 2004/12/30 4% » 2005/1/24
TR o e 25 S(2/18) » STV 4 SRS - 11
rl*}%*' £l ﬁqﬁ'ﬂﬁ%ﬁﬁ L, ﬁﬁ%:}?‘,&?l e

SHRO~1.5 1.5~3 1 3~4.5 2R 55 [Tk 55 B N
L0~ PR 913573 Pl S S &

3@* ) B 1%@‘%%? n“pjglﬂww g‘ 4485 B4

AR RIS G SR T o

71

L

W FE 16 [N EE o TR ] 4 TR R ARy
TR AT o ST RS AR (!
4 > Mitutoyo) 1 U R WA i o ST RLRUA ?Zﬂ
= PR HISEES » A P A SRR P B -

(1) RAAi% S pngee s pLE Py sy wbﬁ.g,*&m
AR s [ B~ B TREAR L ARRGRI st o

(2) 7478 (Fruit shape index) » LK (N H0

VAR AR T R

(3) 8IS SRR (AGR) > HEOF T
R s S FHET 208 - AGR=(wow,
) torty) 5 Nl Iwa w53 BIRL e R el e 3 A
IR "’E‘Hﬁj 1”;’1(@,' , 1987; &=, 1999) -

(4) AR AR (RGR) » FHRE R f] 7 ] A2
TR E AP RS F s 30 RN U8
RGR=[( wp-w )=w;]+( tp-t; ) x 10095 ;
w7 DL 5 A e SR AR ORI =gl 2 (i,
1987; &7, 1999) °

P st e

1w,

2. & RS s (Physiological maturity)

4 RIS TR JIE«FU fifl > F{IE N AL e sah
SRR [ S [ERsU % Jlsl (linear regression) >R
ST A B MO+ 1
AERfAFTN UL R AN RS T (Lee
and Young, 1983) -

(Z)®En%

T 2005/07/15 fldr & igﬁgﬁ g o b HIRIS S "ﬁJ

RS SIS BTETE S

=2L -

Bt~ gl R 172 R N 4

& 2R 4G 16 W BT RS ATR

7 -

LN TS5 A

(1) %J“ﬂf: VLR (3 TWE-6K)R
TPEEE o BIVE LR o
E5 203

(2) Jdprpes EREFTEELE T 9 N P
0 2 T R T S Y 1m
(IR~ T R S C

CO, analyzer, climax model CM11A)JEl = %
[BRIELS > G ETEL Pk s> 6 I mgCOy/kg/hr

Ao o PRHIZY PP SR F R O,



E R G E R s SR e B S LR S E RV

1986) -

llu

R L
COPPRRE PP ERGUS SMS TA-XT2) 2=l & S5

H 3 BEFESH( < £ 0.3mm) 7 5 %J“‘é'ﬁﬁ~ig_lﬁz g R R BN A= N R fr[«
VSRR R RV B R R R SR
I'g/lem*#A. o q‘?ﬁ 1V B-~C-~D gV » Jlss i gt & -fo J*{Uf,\l

(4) TR TERPs BBl ORI o TR B ol bl 2 o RPN AR+ [
HFTEH(F1 4 » ATAGO PR-101)3]=E 0 » I'[°Brix %Eﬁﬁ,ﬁfﬁ#%ﬁ’iﬂﬁg@ x 100 %%V o
£.5. - (U RS S B 2E s ) il B
IR LB R AT FI 125 2005 5 R

% M ﬁimﬁuilﬂ(ﬁ%ﬁ » 702 SM Titrino) H LR P HORS 2005/01/30 1 $% - 02/20 (LR
WD > I%'J*L- pH=7.0 > I'] 0.IN ¥ NaOH frﬁ 6/21 ~ 6/28 ~ 7/05 ~ 7/12 ~ 7/19 Y% > FRYSHY B, 55

g&ﬁ;,]:{ TR 25°C AT > HTRE R @ FIIEE LR 120 ~ 127 ~ 134~ 141 ~ 148 = o [
(6) WAIFIESAI B : [P AN T (B B 8 NGRS & W R Al
Merck RQ flex plus)if il {772 1000 & - <7+f<, 2ARNHN AL A FE8 [E - Fl SELE
U A BN IRE Y FHRTHICE D g/l - SRR AT I A o SR
(7) B PR R Sl S 2V D e PRI R VBT L

B

A 1ML S DA LS = 3180 (A)E T 0 I3 0~ (B)AR » J53% 1~ (O)F T » J532 2~ (D)
fﬁ?z;“f »J518 30 HER AR 2 AT o

Fig. 1 Index of incidence on watercore in flesh of ‘Hosui’ pear fruits (A) sound, 0, (B)slight, 1,

(C)middle, 2, (D)serious, 3. The bar represents 2 cm.
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Fig. 2 Measurement and analysis of ‘Hosui’ pear fruits from inner, middle, and outer canopy
positions during developmental period, changes in (A) cumulative growth of longitudinal
diameter (B) cumulative growth of transversal diameter (C) AGR of longitudinal diameter
and (D) AGR of transversal diameter (E) RGR of longitudinal diameter and (F) RGR of
transversal diameter. Each value represents the mean of 16 replicates. Bars indicate

means + S.E.
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Table 1 Fruit quallty and percentage of watercore in flesh of ‘Hosui’ pear at high maturity (172
days after anthesis)
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Table 2 The influences of harvest maturity and canopy position on fruit quality and incidence of
watercore in flesh of ‘Hosui’ pear fruits in 2005.
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TH5 213.6+18.5 425.4+.50.2 13.8+1.4 1041 10.1£0.2  0.19+0.01 4
I 322.74944a  494.0+£789bc  17.2+0.6b  1l£la 10.1+0.8 de 0.22+0.04a 0
7E[5FL I 316.7£33.7a  427.7£50.9 cdef 15.7+0.7bc  11£lab 10.6£0.5¢ 0.19£0.01bcd 13
(1347) 5] 228.84304cd 44994574 cde 20.7+0.1a  9+0c  9.8+0.2 def 0.19+0.01bed 0
TIH 28944526 457.2+33.7 17.9£2.6 10+1 10.2+0.4  0.20+0.02 4
9 318482.3a  406.1£57.7def 16.3£0.3b  1lxlab 11.520.4b 0.19£0.03bcd 13
7E12F1 1 318482.3ab  428.0+38.8 cdef 16.7£1.2b 11+0abc 11.5£0.3b 0.20£0.02ab 13
(1417%) 5] 236.9442.0bed 383.9+57.0 efg 163403 b  10+0abc 11.340.3b 0.20£0.0lab 13
T 291.0+46.8 406.0+22.1 16.440.2 111 11.4£0.1  0.20+0.01 13
It 336.8+54.8a  447.1+68.9 cde 14.6+1.4bcd 10+1 abc 12.2+0.7a 0.20+0.03abc 13
TEL19F 1 333.1+£58.1a  338.9+72.7f 164403b  10£labc 12.3£03a 0.17£0.02d 25
(1487) 5] 280.5470.7abe 417.9459.9 def 20.2+09a 10+0abc 12.2+40.6a 0.22+0.03a 38
Ti5 316.8431.5 401.3+56.0 17.1£2.9 100 12.2£0.1  0.20+0.03 25
Al e B SR > A R BTSSR AT 5% 2 B <% e “Means followed by the same letter are not

significantly different by Duncan’s multiple test at 5% level.
YISl £ BYERGE (n=8) © " Mean = standard error (n=8).

LR [IF'EbH?Z[EJF/JﬁH I/ggir'l ?E%‘fsw =

il I!'[f RS FERL ~ E18 ~ APHT B AR R
B2~ f5%i(Coombe, 1976) FITEM‘%N I%T* fue
N ‘Fﬁi'?l"ﬁﬂi@:iﬁl LR JBNE, 200D o ZURE G FILT ) gt

P R R i TR R KBRS R B
Sl R TR e gy O PTIHE R EERIH@ 2 A.8) - 1

(Coombe, 1976)« [l 2(A B) Tt 2o 5 iy O TIIVA T REPGE T S RRE » 1
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Fig. 4 Relationships between incidence of watercore and harvest maturity (A), fruit weight (B),

flesh firmness (C) and soluble solid content (D) of ‘Hosui’ pear fruits in 2005.

A 3 BB R B3N T L 3 W) BURHT =)t *;]\,%3(2006 )

Table 3 The influences of harvest maturity and canopy position on fruit quality and incidence of
watercore in flesh of ‘Hosui’ pear fruits in 2006.

I O T E N 1Y (N e S e % L S R

P % @ @) ey 0 12 3 g F
6 £ 16 1 #I 267.9457.6bc” 318.8+41.5a  10.9+03cd 24 5 0 1 027 20
(145 =) '] 259.8+492¢ 3164x412a  108%0.7d 22 7 1 0 030 27
I 263.945.7 317.6x1.7 10.9+0.1 23 6 05 05 029 23
65231 I 3207£51.7a 2854438.1bc  11.1+04bc 20 10 0O O 033 33
(52=) @[] 296.5%535ab 2658£37.0c  11.3*0.6b 16 13 0 1 053 47
Ti5 308.6£17.1 275.6+13.8 11.2£0.1 18 115 0 05 043 38
67130 F1 I 291.5+46.9 abc 307.9+458ab  11.6+0.5a 20 S5 2 3 0.60 33
(159=) Il 278.0+66.1bc 276.0+46.8¢c  117%07a 13 7 7 3 100 57

I 284.849.5 292.0+£22.6 11.7+0.1 165 6 45 3 0.81 45
Z[ﬁ] SR Y AN AT A B IS SRR T S%REE £ <= e “Means followed by the same letter in each
column are not significantly different by Duncan’s multiple test at 5% level.
YISl + BRYEEGE (n=30) © * Mean + standard error. (n=30).
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