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Abstract; In order to elucidate the effects of different harvest times on fruit maturity, storage performance, eating
quality, and response to low temperature of the new red-fleshed kiwifruit cultivar ‘ Donghong’ , the fruits of ‘Donghong’
grown in Danjiangkou City, Hubei Province, were harvested at nine different times (H1-H9) , ranging from 125 to 181
days after full bloom (DAFB) in this study. One group of the fruit was stored at 1 °C for 16 weeks to evaluate the effects
of different harvest times on fruit maturity, softening rate, storage disorder, and soft ripening quality. Another group of
the fruit was stored at 1, 5, 10, 20 °C for 7 days to assess the influence of different harvest times on the fruit’s response
to low temperature. The results were as follows; (1) The fruit from H1 to H6 exhibited similar early maturity at harvest,
whereas those from H7 to H9 had an advanced maturity, with the fruit being in a rapid softening phase. However, no
significant difference in dry matter content were observed among each harvest time except between HI and H2. (2)
Harvest time significantly affected fruit softening process during cold storage. The early-harvested ( H1 —H3) fruits
displayed a typical sigmoidal softening curve with three distinct phases ( slow-fast-slow ), while the mid- and late-
harvested fruits showed an incomplete sigmoidal curve with only one or two softening phases. (3) The time taken for fruit
firmness to reach the edible threshold (9.81 N) decreased significantly with delayed harvest, from 15 weeks for HI to 3
weeks for H9. (4) Only the early-harvested (H1-H3) fruits exhibited a relatively high rot rate (5.0%-16.5%) , while
the rates for all other harvest times were within the range of 1.0%-2.0%. (5) Harvest time had no significant overall
effect on indicators, such as soluble solids content (SSC), total sugar, total acidity, SSC/acidity, and sugar/acidity in
ripe fruit, while vitamin C content progressively declined with delayed harvest. (6) The capacity of fruit to respond to 10
°C low-temperature induction with accelerated softening was evident across different harvest times, but this capacity
weakened in the H8—H9 fruits with delayed harvest. In conclusion, harvesting ‘ Donghong’ kiwifruit too early (HI-H3)
increases the risk of storage rot, while harvesting too late (H7-H9) significantly shortens storage period. However,
harvest time has no significant effect on the main flavor quality traits, such as SSC, total sugar, total acidity, and their
respective ratios. The period of 159-165 DAFB, corresponding to a fruit firmness of approximately 55 N, represents the
critical point for rapid softening. It is recommended to harvest before this critical point and utilize 10 “C treatment to
achieve rapid post-ripening of the fruits.

Key words: kiwifruit, harvest, storage, fruit quality, softening, low temperature
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Table 1 Maturity of ‘ Donghong’ fruits at different harvest times

R g BEDE o SR o RAEE Rhbe In#gffﬁ%

;ZZS‘ Harvest datle  DAFB weight Fm“(ff\l")““e“ firmness F“*?ho ‘)’"l‘" SSC content
(d) (2) (N) (%) (%)

H1 2022-08-19 125 82.26+2.53ab 62.97+1.14a 45.10x1.21a 103.51£0.55a 8.66+0.36¢d 17.40+0.23b
H2 2022-08-25 131 83.03+2.48ab 60.92+0.96a 46.17+1.38a 101.37+0.60b 8.94+0.43cd 18.41+0.15a
H3 2022-08-31 137 80.62+2.30b 58.42+0.98a 43.75+0.81ab 100.13+0.47bed  8.97+0.57cd 17.64+0.21ab
H4 2022-09-07 144 82.15+2.24ab 62.37+1.58a 44.74+1.05a 99.54+0.42cd 8.95+0.38cd 18.18+0.20ab
H5 2022-09-14 151 86.55+2.48ab 58.22+1.09a 46.26+0.83a 98.73+0.36d 9.52+0.40bc 17.87+0.13ab
H6 2022-09-22 159 86.77+2.20ab 59.77+0.97a 38.95+£0.87bc  101.15+0.34bc 7.55+£0.27d 17.77+0.16ab
H7 2022-09-28 165 84.31+£2.29ab 49.83+1.22b 44.13+£0.95a 98.51+0.29d 10.81+0.29b 17.93+0.20ab
H8 2022-10-09 176 91.75+1.80a 28.11+2.13¢ 46.40+1.01a 96.69+0.13e 12.45+0.23a 17.64+0.20ab
H9 2022-10-14 181 82.56+1.89ab 13.32+1.15d 36.46+1.46¢ 96.82+0.20e 13.04+0.34a 17.76+0.18ab

U : DAFB. BAEWE KA SSC. AT TEBIE Y & B, [RBIAR [F)/NG TR R 8 [R] R MO 22 18] (9 {22 57 2.3 ( Tukey K255 ,0.05

KF) o T,

Note; DAFB. Days after full bloom; SSC. Soluble solids content. Means in the same column with different lowercase letters represent

significant differences between different harvest times (Tukey test at 0.05 level). The same below.
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Means with different lowercase letters represent significant differences between different harvest times at the same storage time point ( Tukey test

at 0.05 level ).
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Fig. 1

Changes of fruit firmness, fruit core firmness, soluble solids content (SSC) and correlation

of fruit firmness and SSC of ‘ Donghong’ fruits during cold storage at 1 °C
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BEURTF1.2%, B EARERER S (£2), B
SR MO ST 1% 8 e 23 Bl i Ao ) A2 K 17 3,
PLHT o B, AR Y 10 J8 12 JE A 16 JH
Jo BB 12 543 5112 0.917% 1.064% F1 12.621% ; %
BRI T d 5, R RERn(FE2), M
FLZF, ARl (HA-H9 ) SR e S 7 IR I b 6 45
B IR ATCIE 2 AR B IR 7 d TR A R A&
BARK GRS KT 2.2% X H7 52 10 JH+7
d BN (4.396%) (£ 2)
23 AEIRKHAM RIS RARENER R M

AN RS XS ZRE1 B HRCA R N AE B R
B B3 i A — 30, v e o] i o DR L R
BRI | TR EL RO R LL 45 IXUBR 48 s 52 ) EL 1,
A K 2 HORMO 2 18] 0 g k22 5 i i A R C
RS K (3R 3) o AN AL R ST IR S B S R
JEHHE 4~6 N Z (], UL SO 780 A H &k
WO R e R 22 5, TR BE Y & 2 4 P e
15.0% ~15.9% 2 1], B H1 F1 H3 WA A, Hifh R
WO Z 18T i 25 1 22 S o SR RISV R 4 ) 4R Hh A
10.5% ~11.5%H1 0.71% ~0.76% Z |f] , %% R Wil =z
(] 350Gt 25 M 22 55 5 AR R b, R L RO AR L 7 4%
SRWOWZ [ IR TC B E 25, B, gAER C &
TEAR A RO Z ) A v 2 R, SR
Sk Bt R A A R & TR R, N HT Y B A i
143.03 mg - 100 g [% & H8 Ay e {K & it 126.51
mg - 100 g BFIR 11.5% (£ 3) .
2.4 7[5 3R WA HA 3t B S NiE Bz AR 38 B 1 B B2 i

PeFER (H1-H2) .\ F (H5-H6) I (H7-H9)
AR i S5, BT 4 A OR RN iR B (1.5,
10,20 °C) 7L 7 d, A0 S S Ad 2 i m 35 1 & T2
Wy 0 AR Ak, LR B A [ SR SO SR S A A [R] I
R FE N B G AR, AR A R RN
[F] SR WSO SR S 2 B AT W R 10 °C 3 S P Ak i
AE 7 (HBERMON R | % B 7 R, Hik
M5, H1-H2 B R ISCR SE A I BEAE 10 °C R 3%
T HAh 3 ANEEE, 1 CHI 5 °C F R R e ig,
20 °CURZ 3 XF R Y AT Pk [ R 4 5 i BLAE 10 °C Al
5 C T fe s, (A A B 2 (0] G 2 Pk 25 ¢ (]
2) . H8-H9 BRI R 5L (s FEAE 5.,10,20 C
ZI, R EEES AR CAMEBE RS 10N
A R B A A T T DR i A R
B (H HO FES AT [ 4 F 8 75 A R 9L 2 ()
T2 5 (& 2) . H5—H7 B SR e 5 52 1 hif

JESFR BN 10 C AEEEF e %, Hivk A 5 °C 1 20
C,1 C o, TEMEEIEY & & A a1
H5 RACHE 20 C R Al PERDIEY) & f i, 5 10
CIRWEMNZET (K 2), XEKI] 10 CARE] 2
WS H5-H7 SR &b, m 1 CF ik ig,
PRI SR 30 S 3 52 i SR 52X 10 CAR IR 75 5 ) fk
1) Wi 7 HE T

3 it

3.1 RHART RERAE R R AR —

AN TR SR AT I X SR 552 1 2 i B AR AN [ 2 B 1 5
M, BRMEBERSCEA A BNTEMARK LT A, Y
AR EERR, REC 2 Tk SR AR R
(Burdon, 2018) , AHF5E4E R R, A5 7E 48 KT
A3 KM 2 181 TG 5 25 P 25 57, 26 BH 4B 3R SR IS A Al
VRS — TR SR, ¢ AR ST v R
P A S S U A SO S B RN AE . A
HI B8 (125 DAFB) 2, iliEHEEY SR FA 2
8.66% , I Ai45Ha & 1 & H6 I A T 4f s 7,
% HY WHY A B I8 13.04% , w]iE 1 E IR &
WA ERET LT RE S 2022 4F 6—8 H E iR
TR (IMEE2023) G0, HARDI  ARLL FidE T
] — SRl 9 ¢ 4267 7F 2022 4EA: K Zevh ) HAT vk
R4 O e 22 B0 R A W) R 3 (B S0 R 4 2025)
Sl S A2A B AEH1-H6 BHR RS E (2 60
N) s HBEA HT J& , F 500 B I a1 el R, Tk
P& w Pl T, 756 R pk SR S0 1 A PR 4R
1k By Bt 14 # A 45 4F ( Richardson et al., 2011;
Burdon, 2018) , kA 5 50 AL B B 43k 9242 4%
-t AR Ak - B8 Ak 3 A~ B, Hodr s b 5
TEN R R R i A O, ANAE 2R B R R R T
K&, INFEFR BN VE By K ff - SO T DR ) & 19
P ETT (Burdon, 2018) . IEAN, ¥y F i AE 4
KEB R MU Z 18] TG i 2 1 22 5, R B A 1R RS-
REER MY & &, APT5ERY],  Hortl6A”
RELTY G ARE GG, EA R
a/MEHETE 0.5% ~1.0% (Burdon et al., 2014) ,3X1E
EEAFAERA L, &R RETYR & &7E
2021—2023 4E R B A & B S R R e 1y
RS (BCRAE,2025) . T A R BIR B,
HEREIESRIVEREFEENA L, 28k EF il
(AR 20 422
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Table 2 Rot rates of ‘ Donghong’ fruit after different periods of low temperature
storage at 1 °C and after being transferred to 20 “C shelf for 7 days
T JE£E3R Rot rate (%)
Harvest
time 10 JA 10 A+7 d 12 J& 12 JA+7 d 16 J 16 JA+7 d
10 weeks 10 weeks+7 d 12 weeks 12 weeks+7 d 16 weeks 16 weeks+7 d
H1 0.917 5.505 1.064 6.383 12.621 16.505
H2 0.000 3.409 0.990 2.970 1.000 5.000
H3 0.000 0.000 0.000 0.000 10.000 13.750
H4 0.000 1.075 0.000 1.942 0.000 1.000
H5 0.000 0.000 0.000 1.818 0.000 0.971
H6 0.000 0.000 0.000 0.000 0.000 0.000
H7 0.000 4.396 0.000 0.000 0.000 0.980
H8 0.000 0.000 1.087 2.174 1.111 1.111
H9 0.000 0.000 0.000 1.075 0.000 0.000
x3 KA BRBREAERIRREIT
Table 3 Quality analysis of ripe fruit of kiwifruit ‘ Donghong’
- [y . P .
gy REEE s di ot i X o W% C
Fruit e & & ‘1 [ 7% L WHIR H Lo
Harvest ) . Total sugar Total acidity - e . Vitamin C
. firmness Soluble solids content SSC/ Acidity Sugar/ Acidity M
time (%) (%) (mg - 100g™)
(N) (%)
H1 6.27+0.14a 14.45+0.22¢ 11.15+0.21a 0.71+£0.00a 20.26+0.12a 15.63+0.35a 143.03+3.29a
H2 5.98+0.18ab 15.86+0.26a 10.90+0.24a 0.73+0.00a 21.70+£0.06a 14.91+0.35a 141.48+1.97ab
H3 5.82+0.19ab 14.67+0.18bc 10.62+0.29a 0.72+0.01a 20.50+0.34a 14.85+0.64a 132.38+1.58bc
H4 4.78+0.12cd 15.62+0.20ab 11.52+£0.11a 0.72+0.01a 21.60+0.42a 15.92+0.30a 135.07+2.19abc
H5 4.810.15cd  15.80£0.23a  11.29+0.13a 0.720.03a 22.11£0.77a  15.79+0.48a  130.813.15¢
H6 5.04+0.19¢d 15.66+0.22ab 10.77+0.51a 0.75+0.01a 21.00+0.32a 14.45+0.80a 130.19+0.28¢
H7 4.63+0.18d 15.09+0.21abc 10.64+0.21a 0.72+0.01a 21.03+0.41a 14.81+0.11a 127.47+2.15¢
H8 5.23+0.18bed 15.33+0.19abc 10.55+0.26a 0.72+0.02a 21.48+0.64a 14.80+0.80a 126.51+£0.39¢
H9 5.46+0.21bc 15.63+0.34ab 11.01+0.22a 0.76+0.01a 20.58+0.23a 14.50+0.38a 135.00+0.48abc

3.2 RINHIBREZ IR LHL
ER R AT S

JERhER S S B, W 3 g 48 T B -
12T B 3 B Bt ( Schroeder & Atkinson,
AW B R (HI-H3)
3 BB S BUERAR K 5 T R R A SR IOR S R R |
A sh AL, RIF AR 2 A1 AR B,

ZW 4 5 ¢ Hayward’

( Burdon et al.,

Wi 53 S pb g e AR S
PR - 2%
2006) ,
MR SR B e Y

2017 ) A

‘Hortl6A’ ( Burdon et al.

, 2014 ) fib i e 4238 B ER

HAHAF , 22 BH SR J5 1k B B 4 i 5 1 5 R IR0 i 2
BES IR G, BEAh, S SEAE I A 41k 3 R IR
2 RN BB A PR R (HL) SRR SR SE HR
fRJa sl g | H il R [ 2 o] 1 KR
15 J& 5 B3 ( HO ) SRR S B FE M 1 5¢
meﬁﬂmﬁﬁLAmeuﬁ%aﬁSE

(9.81 N) %

B R 9.

81 N

S i BUR LGP E YIS
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Means with different lowercase letters represent significant differences between five treatments ( different storage temperatures and at harvest) for

the same harvest time (Tukey test at 0.05 level ).

B2 ARERUHE FL REEARTREE T 7 d EHREEE (A) MAIBEERYSE(B)WER
Fig. 2 Changes of fruit firmness (A) and soluble solids content (B) of ‘Donghong’ fruit in
different harvest times after 7 days of storage at different storage temperatures

TEA PN 5 8 B e 1 ER A TR

DR EARACTE MBS ol A, K&
ARG B R PR A B 55 R0 il B A AN (] ) A i
BRI EL 1-MCP Ab BEXT ¢ Hayward ™ 5 52 1)
HMR R R R AL O B AR R EAS AR R R BE Y
0 %% R (Burdon et al., 2017; Li et al., 2017;
Gong et al., 2020) , AWFFEH,  FRLL” RIS #Y
SR B JE AR AN ] SR W 22 T 728 AR i B /0N, 2= HO
I I AT DR 47 7E 36 N, O i 7 [a) 99 2R S (13
N) . Bl 5 B RIR I 4 SRR W] AN [ERUBIRT © 2R

AN S W N T S R ST R SN B
SRR AL, R S RN B HES
‘Hayward * i Bl 0 2 38 B9 26 1E T AR XAS )
(Burdon et al., 2017; Gong et al., 2020) , iX—2=
S A YT o TR P R OB R B S AR I
v i — Y
3.3 RUGHAR MG m E & R

i1y 7 N T W R o G B S M € SO NS = (A9
T Y S 1 e, HE E R F (Burdon,
2018) o BiApE B e M B % 38 £ 45 B R R R
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(CERAR R 2 ) R 3 A 6 (0 A= 3P 0% 3 R
15 G M TR A5 ) T ) T, T D PN e e A A
FEZAR T X0 58099 % 19 73 1, Manning %5 (2016)
WM, ¢ Hortl 6A” FESCAE MGV J80 1) Ji 2 %
Z RO AN SR S5 W R SR Z R, & R T
YRR SR B KRR ARG, RO R
WA ¢ AR 2T S St 3 IR 0 i T S 2 R R )
H1 BFISR S 3208 T 05 0 SR S0 8 s Rl & T
o, SR HOR R R & B R 58 4 1) 3R 52 ( Manning
et al., 2016), [6 B, 5 #F 58 iF 5 F R W
‘Hort16A’ Fll“ 4x#t HA2 5 5 & A V8 E ( Burdon et
al., 2014; Manning et al., 2016; = W W &,
2020) . SRMIZEARWIIE D, AR ML H] AR sk
H PR SR VA IR (K BOIR L BURLIR ) (Burdon et
al., 2014) , F] B8 5 IR B 55 v, )R 2 o
FRs S A oG, HO 5 UM A 15 5 22 0P
34 RPN FERIRALEZ M

AN 7] SR AT K 9 A A 2 28 R 52 & JBE 1 55 g 2
AREPFITRGE, H 4RI 58 & — B (R BT
452011 F [ 37 %, 2019; Choi et al., 2019;
Tilahun et al., 2020; FRALSE,2020; Goldberg et al. ,
2021 ; BRIONAE,2021) , RAE 250055 A A #E 3R
SRMC AT $ R R T A T DR
SOWE B DA SRR R L (1 57 4F, 2019 5 2R /N 55
2020; Goldberg et al., 2021) , 4K i 75 A #f 5%
CIRLD RSIRRAEA R C AR WO IR B AT R
(B RIEIE 11.5% ) 41, FoAx 5 Beds b (T i o
T RbE BRI R L FORE R L A4S ) Y E
FAAL X —25 AT e R 4 T G
EMERAR, ARG RE £, Rk
PG 0T I B 4 i SR T R
JEIEAH S (Burdon et al., 2004) 1M ¢ AR 41 R 5ZR
WE 4 A AR AN R IO Z I/ (H1 5 H2 =2
IR AN ) G E 22 R, AR E L 17.5% ~
18.0% 2 0], RGBT FH 15 (FRIWEE,
2021) ¢ g (BRALAE,2020) f Bl JR AT #E
AT, S SRR R TE 45 R MO ) O 2
ZRHMTF 0.71% ~0.76% W /NEFE N, X 5
A BRI RR B B R U IR T T R 1Y
AR A FF (BRI, 2020) ,H < 20 B B m
SR T o AR R SR S b T ROR B OR R
KA R ZE) JC PR 22 % (Tilahun et al.,
2020) , T RAT ) X SE 4R R C SR

e A5 AH B2 5 4l 4E 42 3R C 2 i R W [R]
S EFECE ETHE T B (RS, 20205
PROBUOWLAE,2021) , 5AHESE Hh 0y 28 AL 34 — 2
TS LT 73 W AE I 23 78 A AN J 35 I 30 R i
RIAERE VAN b R A (B R R ) |, $Eom
FOXUR 55 05 & W) 50 T RE AF A 25 S (EAS o — 2
W5,
3.5 SRYTHA 220 SR S5 M Az (KR 5 S AL B BE
SRR 175 5 KA 1 e 7 RE g 8 52 SR WU
P, ARFFLR R, 10 C AL AT ik © AL
RIACF I EEY) & & E I, 5 Hayward”
1 Hort16A” 7 8 ~ 12 C T 4 Ak fe P 1) 45 18 A4 4%
(Burdon et al., 2017; Mitalo et al., 2019) ., HJik
5 (2024) BFFER W], R Bk SR S i BR T S 015
SRR AR (8~ 12 °C) RS
P R, XRIRB AU T O, T2
SRS P AV L, I 3 o o A AR A Y R 2 R A
FECTHEEEDEY) & m SN S L T
[%( Mworia et al., 2012; Mitalo et al., 2019) ., #k
T, AN [] SR AT 30 2R 5 198 AR Jlk v 137 568 88 AN [] - H5 —H7
P 300 2R S w7 i kg S TSR (HIT ) SRS 2R 52
PSS, Wi (H8~H9 ) SR A 52 I 75 AN [a] i B2 1 4k Ak
ERARE, ZEHS  Hayward” (Burdon et al.,
2017) F1 ¢ Hort16A”° ( Burdon et al., 2014 ) A4 i
oy —2, BN, AERS 121,156,170 d SR UL HY
“Hort16A ™ F 5273 7l e B A FRAY | — & 1) A5
4B 7 i ) BE /7 ( Burdon et al., 2014) , X F R
S XAV ek 1 £ L 7 T R AR H A B B B

4

KM X S B B L S AR A R
KA e 137 8 7 BGOSR SR S B
Je TR IG5 R (i R C SRR ) .
IR ARED PSR MOTT AN BE 3 fE o SR E A R
i ARG T i — 25 T (E S b SR s
Bk, i s . 255 01, 159 ~ 165 DAFB ]
AEE AR 2L SRS P s B Ak e Bl I B e, X SR
S RE I FE 2 R 55 N, AFSRISCH R 52 B
M. 10 °C A% 175 S SR SE 3k i Rk g, 9 H b i
(151~165 DAFB) R Yt 5 5 114 i) Ly A1 3L 68 T %k
WE ., LRAHEIE, UL IR BRI A D b
Je 3 I AL 85 R SR W (AT P DR W AN R 1
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