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Table 1. The respiration rates and ethylene production of 'K-Y-cross' cabbage heads at different
temperature in April 2022.

Temperature Respiration rate Ethylene production
(°C) (mL CO-kg™-hr?) (uL CoHs kg™ -hr?)
1 11.39+ 0.33f* 0.46 + 0.11 bed

5 10.82+ 2.23f 0.31+0.11d

10 1450 + 2.49 f 0.43+0.07 cd

15 26.65+3.01le 0.67 £ 0.26 bcd

20 36.20+ 2.36 d 1.09+0.33a

25 4419+ 159 ¢ 0.82+0.10 ab

30 59.16+ 2.00 b 0.66 + 0.04 bed

At harvestY 72.16 £17.59a 0.77 £ 0.18 abc

“Means within columns followed by the same letter are not significantly different at p < 0.05 by
LSD test. (n=5)
YCabbage heads were tested at room temperature after harvest.
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Fig. 1. Thermal images of cabbage head at harvest and after (Left) vacuum cooling and (Right)
room cooling at 1, 5, 10 and 15°C of core temperature. (by FLIR Thermal studio 1.9.3)
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Table 2. Predicting the respiration rates of 'K-Y-cross' cabbage head by the average temperature
after room cooling and vacuum cooling in April 2022.

Core temp. Mean temp.? ) Respiration rateY ]
Treatment Sig. Sig.

(°0) (°C) (mL CO2-kg™-hrt)
Vacumm cooling 1.53+0.49 10.21+0.28

1 ) NS NS
Room cooling 1.98 + 0.30 9.96+ 0.15
Vacumm cooling 5.60+0.74 12.78 + 0.65

5 i NS NS
Room cooling 6.53 £ 0.52 13.60 + 0.50
Vacumm cooling 7.05+1.54 14.20 £ 1.53

10 ) NS NS
Room cooling 8.98+1.30 16.22 + 1.50
Vacumm cooling 14.48 + 0.37 23.77 £ 0.60

15 ) NS NS
Room cooling 12.43 £ 0.15 20.63+0.21

* ** *x% Significant at p < 0.05, p < 0.01, and p < 0.001, respectively; NS = no significant.
(n=4)

“The mean temperatures of cabbage heads were tested by thermography cameras.

YSubstitute the mean temperature of the head into formula: y= 0.04x? + 0.38x + 9.28 (R2=0.973)

Fasulh 4227.17~4218 32 4055.67cm’e @ EH A 1! k2 ER A Hh st | ¥ &
¥ LB d $52A 3 Au5 06- 06§r058g cm? ;e E 4 e a2 HEE
RREEERS L 054 gem? B B2 HEREEFR)] > AEE 043 g cm31
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HER L ZFAPP B B2 FAMREER 4 SRS Ea 2021 & 11 1
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°Comin's Ip# 4 7 $ffez H % s iR E R RS 0.39°C min > # 5 fifh 5 0.33
°Cmin' > prFRE R B | HERRERAp I T EFETH35TSF 17 &4
Vg EAR R X FHAYPTHREARIER A RESL LT RUMHZ B
BFERREAMMB (X4 3R 1° PHRIPERTARLS Y PERFREZEL SRS
BT AR LT R R 10 S fed Lo R R
¥R fE 3738 % @ 40 ryi:t.‘ Q2 EERERBRE Y HKY 2758 .
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Table 3. Comparison of the mean temperature, 2/3 site, 1/3 site and central temperature of 'K-
Y-cross' cabbage after vacuum cooling.

Temperature setting (°C)

Cabbage head
1 5 10 15
Mean 198+049a*> 560x0.74a 7.05+ 1.54 ab 14.48 £ 0.37 b
2/3 site 1.83+0.47a 4.03+0.64b 6.45+0.75b 15.15+ 1.06 ab
1/3 site 1.68+0.52a 473+ 0.78 ab 6.95+ 1.40 ab 15.80+ 0.54 ab
Central 233+0.84a 5,58+ 0.78 b 8.70+1.19a 1640+ 0.90a

“Means within columns followed by the same letter are not significantly different at p < 0.05 by
LSD test. (n=5)

B2 HFRZRAIY IR SCREP PR HERGDELT ERARR (A2 R
AEv SRR 1C P ETRET BAER B)-
Fig. 2. The outer leaves of cabbage were chilling injury after vacuum cooling to 5°C of core

temperature (A) and 1°C of core temperature (B).
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B3 AN HEEZHEL (A)F 34 BIP wERICCLERY AR (B Foygd FL b
Fig. 3. The temperature curves of 'K-Y-cross' cabbage during vacuum cooling (A) and room

cooling (B) at 1°C. (examined by Large size of cabbage)
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Table 4. Influence of harvest time and different sizes on weight, volume and density of 'K-Y-
cross' cabbage heads harvested in January and April 2021.

Weight (g)

Harvest time  Size Volume (cmd) Density (g-cm=)

Large 2000.00 + 67.18 a* 3326.33 £ 165.99 a 0.60+0.05a
January Medium 1690.75+ 184.30 a 2780.25 % 243.16 a 0.60+0.02 a
Small 1083.38 £ 230.94b  1875.50+ 393.25b 0.58+0.02a
Large 2247.67 £ 87.07 a 4227.17 £ 399.23 a 0.54+0.06a
April Medium 1826.67 + 97.34 b 4218.00 + 268.15 a 0.43+0.03b
Small 1398.00 + 94.04 ¢ 4055.67 + 507.49 a 0.35+0.02b
HTY (H) ** *kk *hk
Size (S) kK faladed NS

“Means within columns followed by the same letter in same havest time are not significantly
different at p < 0.05 by LSD test. (n=5)

YHT=Harvest time.

*, ** *x%: Significant at p < 0.05, p < 0.01, and p < 0.001, respectively; NS = no significant.

2532021 F 12 4" e d S5 N EFLZTTFALZERSRER -
Table 5. Cooling rate of different sizes of 'K-Y-cross' cabbage head harvested in January and
April 2021 during the vacuum cooling process.

Harvest Size Initial temp. Final temp. CT” CRY Leaf layers
Time (°O) (°O) (min)  (°C/min) (no.)
Large 16.79+0.45 10.17+0.33 25 0.26 38.25+ 1.48 a*
January  Medium 17.06+0.83 1045+ 153 25 0.26 3775+ 1.79a
Small 17.48 £ 0.78 9.53+2.61 25 0.32 35.75+0.83a
Large 25.32+0.28 17.07+2.75 25 0.33 35.75+1.34a
April Medium 2536+ 0.17  16.90 £ 0.30 25 0.34 30.25+047b
Small 2538+0.12 15.71+0.37 25 0.39 26.75+1.63b

2CT=Cooling time.
YCR=Cooling rate.

*Means within columns followed by the same letter in same havest time are not significantly

different at p < 0.05 by LSD test. (n=4)
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B4 - AR YERZLZ2EZFFALIHEY BRI 5102 15°C2 AL EF
Fig. 4. The weight loss rates under room cooling and vacuum cooling at 1, 5, 10 and 15°C of 'K-

Y-cross' cabbage core temperature. (n=5)
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Study on Vacuum Cooling of 'K-Y-cross' Cabbage

Jung-Yu Liu”  Chang-Lin Chen®

Key words: Cabbage, Vacuum cooling, Room cooling, temperature, Respiration rate, Ethylene

production

Summary

The cabbage cultivar 'K-Y-cross' is one of the important vegetables in Taiwan. In order to
establish a standard procedure of vacuum cooling for different grades of cabbages in spring and
winter, the respiration rate and ethylene production were investigated during 1°C and 15°C. The
result showed that the respiration rate and the ethylene production of cabbage heads were 14.5
mL CO,-kg!-hr! and 0.43 uL C;Hs-kg!-hr'! at 10°C, with no difference compared to 1°C and
5°C. In addition, it was easy to cause chilling injury when the core temperature arrived at 1°C and
5°C by vacuum cooling. The respiratory heat and ethylene production were dramatically inhibited
by cooling to 10°C without chilling injury on the outer leaves. Furthermore, the temperature of
the cabbage harvested in January decreased faster by vacuum cooling than the cabbage harvested
in April. The cooling speed of small-size cabbage heads harvested in January was 0.39°C - min™..
In comparison to vacuum cooling, room cooling spent 20~30 times longer dropping the final core
temperature to 10°C of the cabbage. In spite of the fact that cabbages lost 3.5% weight after

vacuum cooling to 10°C, the cabbages still keep the marketable value.

1) Student in M.S. program, Department of Horticulture, National Chung Hsing University.
2) Assistant Professor, Department of Horticulture, National Chung Hsing University.

Corresponding author.
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%ﬁéﬂ%”'f’ FEFESMY R BFATIEE S N 3 F RS
PAR AR ll?fz&r]mp T

HoR 22

-~ e

A HAEY T E IR S B XAy o2 (KNOWN YOU SEED CO.,
LTD)hi £ 54 o 7 A+ 5 £ T5% (vv)iFp e f 4 % 3 A 480 4 CRGRCREE
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(A) e (B)

/ Y trnl f A trnl

, N N

y ¥ - 4 4\
- ] :

5 b Prrn
! & E 3 |
i MT91t-PpsbA-EsmGD |
trnA || pMT91t-PpsbA-MyrDG trnA ‘\ P P || DAAO
| | 9994 bp ‘
| W 10482 bp -\
TpsbA T PpsbA
£ . PsbA  m
Esm

Bl 1~ #5 {CH B¥ - (A) pMTI1t-PpsbA-MyrDG %2 (B) pMT91t-PpsbA-EsmDG - trnl %
tnA 5 pH EY FATPESMFRE 2R 5 Prrn fo PpsbA 5 E %44 B fads
+ ; TpsbA 5 £S5 HWIFR % 23 | DAAO 5 < D-alanine 2_ &35 &L 7] ; GUS 5 3R %
AF Myr 5 s 2 h + 2. cDNA Esm 5 b % L 3B i dv i3 4F 5 2. cDNA-
Fig. 1. Map of transformed vector. (A) pMT91t-PpsbA-MyrDG; (B) pMT91t-PpsbA-EsmDG.
trnl and trnA are homologous recombination sites cloned from cabbage (Brassica
oleracea); Prrn and PpsbA are chloroplast specific promoters ; TpsbA is chloroplast
specific terminator ; DAA4O is D-alanine resistant gene for selection ; GUS is marker gene ;

Myr is cDNA encodes myrosinase ; Esm is cDNA encodes epithiospecifier modifier °

vk T e A 9
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PAgRTES N RiC BFRIE %OV FF S FREVEREL AR BF
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FESAMBEHE 2 IE RT AT AFIRAFTHE S (948KkPa) 0 A F]
e * He § 5%t A 71 &% > B4 % macrocarrier FFEHF TS5 1 cm > 32 1E 4 &4 F
BESLE TS 6em v iyl M 4 E 2 B4 WE # 900 (pound per square inch) & 4 i 7 A
Tl o
N T Tt T
oS>t 7 5 1.5¢g/Isucrose ~ 7 g/lagar ~ pH=57 cn 12MS 3 % A % 3 % -

>
rni?
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& F AT aphtr X 05cm & & 0 B3 7 F 30 mg/l 2 D-alanine shf 2 32 & K¢ &iE o &
FIBP B85 E2 %A1 77 45mg/lD-alanine thfd 532 % A - 0 51 & Ape-
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ABIREFEFI > REARP I - FEDF o R RERIZE (FRE CTRE
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Tﬁtﬁ B At IR
1. mw DNA ¥ 3~

o4 DNA 3B~ 2 13 :xp 4 A B P % F14 DNA /| £ 58~ (Clarke, 2009) - #7i#
fie @l CTABbuffer iR & #23 {237 60°C-R i $h3F# 4 * o f2B~ 4 & & 400-500 mg & 57
o e MR F AR RS I E Y F P 4o~ E# 2 CTAB buffer 400
ml )2 %2 S5ul RNaseA (1 mg/ml) 2R 3 > &> 60°C-Kip#h4c# 30 ~ 48> & 5 4 4551
BEAeR 3 o wmF 4 THA phenol:chloroform: isoamyl alcohol (25:24:1) » ZF R &£323 >
£ MGE B e e > B iR G 4°C ~ 12000 rpm 5 A ds 0 Bt FiR 3 OATED
eppendorf > 4 » & #8 4% isopropanol > R & 353 > *+-20°Cif 44wk DNA30 ~ 45 > 2 4°C ~
12000 rpm ~ 15 & 4@ s & > Hro = {82 f 7 F% > 4v~ 1 ml 70% EtOH i + % DNA it
B o B0 4°C~ 12000 rpm ~ 5 A 4B AL o BReo R A (82 " it %% b 5 DNA R &
BOFPEAEE 2 2 0 (8 4~ 30-50ul & A2 3+ kw3 0 DNA & 33 %5 -20°CR 35
2. Polymerase chain reaction (PCR) 4" 17

PCR i¢ * EBL Master Mix (2x)red dye> 3¢ L e ] £ i3 i 700 5 » 3% % 4c » £ &~ DNA>»
F Rin e 7 12.5pl2x PCR Master mix ~ 0.5 pl forward primer (1 uM) ~ 0.5 pl reverse primer
(1 uM) ~ 11.5 pl ddH20 ~ 1 ul DNA # & (100 ng/ul) = PCR F Jif it 3k % step 1 1 95°C
4% 2min ~ 1 cycle ; step 2 © 95°C a3F 30 sec ~ 55°C 20 sec ~ 72°C 20 sec ~ 30 cycle ; step
3:72°C5Smin ~ 16°C ~ 1 cycle » £ 15 ¢ * 1x TAE buffer ~ 1% agarose gel i& {7 "} 48 7 A F&
o ¥l DAAO £ F12_ 313 B 7|5 Forward : TCCCAATGCTTATCGCTCGG -~ reverse :
ATCAGCCATGCCGTAAGAGG ; # B GUS £ Fl# B2 51+ B 7] 5 Forward : TGGATCG C
GAAAACTGTGGA -~ Reverse : CGGTGATATCGTCCACCCAG ; & iB| Esm £ F1H& pl2_ 31+
B 7] % Forward: CCGGCGGAATCTATGACACT ~Reverse: GCATTGTGAGTCCCTACCCC;
bl Myr F T R12-513F B 75 Forward : TGCTTACCAGGTGGAAGGGG ~ Reverse :
CTCCATGAACCATCCCAAGAAGA -
3. # 4 RNA 55

[SX)



21-

FEPdEp e & 100 mg > MR K F B bk 18 0 B 3T eppendorf > 4r » 1 ml TRIzolTM
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oo 10 ~ 480 2 “fi gokis o der 1ml 354 20 70% EtOH » 2 4°C ~ 7500 rpm &< 5 4
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PCR machine # B RNA - %. “r#ﬁ primer L& > E & ~ p%r?* 2 65°C ~5 A48 0 2Ris
4°C~1 4~ 48 > #v » 1 pl HiScript I Reverse Transcriptase (2000 U/100 ul) » PCR machine i§ & -~
PRV 2R ®_ 5 42°C ~ 30 » 4538 17 cDNA & = » 78{8 85°C ~5 » 454 ) i¥ 2 & & » cDNA #
o 3 35-20°C -
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EET g LA A AT AT SR RS S A D
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Fig. 2. Broccoli hypocotyls were selected with d-alanine and spectinomycin, respectively, and

induced regeneration after particle bombardment. (A) Hypocoyls were arranged before
gene transformation. (B) and (C) Callus formation under D-alanine treatment. (D), and (E)
Shoots were induced from callus and still selected with D-alanine. (F) Plantlet was

achieved after rooting. Bar = 1 cm.
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(B13B) » B i R_757bp % /[ e Myr AFI B> BRA LT Myr AF 5 F 550 R
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T ¥ FHIPIF] 518bp X o) e Esm A F) ¥ B (B 4C) o
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MyrDG transgenic plants

(A) M CK N | 2 3 4 6 8 9 10 M
=
DAA0
s0 — 28 ~ sss5bp
R
-
(B) M CK N | 2 3 4 6 8 9 10 M
= =
so0 — [ — GUS
o 498 bp
©)

Myr

800 757 bp

700
500

Bl 3~ PCR & #] pMTO1t-PpsbA-MyrDG #& 78 $x ° (A) & ik| DAAO £ 71 (B) #i#] GUS &
%] 5 (O)¥& B Myr £ %] o

Fig. 3. PCR analysis of DAAO (A), GUS (B) and Myr (C) genes in transplastomic pMT91t-PpsbA-
MyrDG plants. M: 100 bp DNA marker ; CK: non-transgenic plant ; N: H>O as negative

control.

Z ~ FIEF AR RT-PCR & 7

#PCR Rl % @ £ 48 5L F]onfl 78t 5 P~ RNA » i€ 4 # 12 RT-PCR & i#l#8 & 7]
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3t 5 stk > pMTI91t-PpsbA-MyrDG # 48tk no. 2~3~4~9 ¥ & B3]~ & Myr A 714
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IR ST | Esm %143 (B 6) -
=~ 7k GUS i 1R

GUS &1 % ¢ &% B m pMT91t-PpsbA-MyrDG # 7 k> *+ 5482 £ & £ 4 GUS /&4
F Jis > @ pMT91t-PpsbA-EsmDG # 7tk B[t 3 2 chfg bl dgm & 3 GUS B F 5> A4
MY HGUS A F s B R H ik F (M)
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EsmDG transgenic plants

(A) .
M CK N P 3 4 6 8 11 13 15 M
DAAO
555 bp
(B) M CK N P 3 4 6 8 11 13 15 M
GUS
" _-<498bp
M CK N P 3 4 6 8 11 13 15 M

©
5 — Esm
- n ) w bp

Bl 4 ~ PCR # ] pMT91t-PpsbA-EsmDG #& 78 & - (A) # B DAAO # %] ; (B) # P GUS £
%] 5 (C)# 8 Esm 4 7] -

Fig. 4. PCR analysis of DA40 (A), GUS (B) and Esm (C) genes in pMT91t-PpsbA-EsmDG
tranplastomic plants. M: 100 bp DNA marker ; CK: non-transgenic plant ; N: H,O as

negative control.

MyrDG transgenic plants

CK 2 3 4 9

Actin

Bl 5 ~ RT-PCR #if] pMT91t-PpsbA-MyrDG # 78 tx Myr £k F] °
Fig. 5. RT-PCR analysis for Myr gene in MyrDG tranplastomic plants. CK: non-transgenic.
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EsmDG transgenic plants

CK 3 4 6 8

Esm

Actin

B] 6 ~ RT-PCR 1% iB] pMTI1t-PpsbA-EsmDG #& 78 $k Myr £ %] »
Fig. 6. RT-PCR analysis for Esm gene in EsmDG tranplastomic plants. CK: non-transgenic.
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Fig. 7. GUS histochemical staining assay of tranplastomic plants.
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Study on Transformation of Myrosinase and Eptithiospecifier
Modifier Genes into Broccoli Chioroplast

Po-Heng Chen"”  I-Chun Pan®  Meng-Jiau Tseng”

Key words: Broccoli, Chloroplast gene transformation, Myrosinase, Epithiospecifier modifier

Summary

Myrosinase-glucosinolate system is the defense mechanism specific in Brassicales plants.
The downstream products from glucosinolate hydrolyzing by myrosinase can against insects and
diseases. One of the products is isothiocyanate even have the pharmaceutical function for human.
Sulforaphane is the most powerful anti-cancer isothiocyanate for now. Broccoli seeds and sprouts
is rich in sulforaphane, but the edible flower head of broccoli has lower content of sulforaphane.
To improve isothiocyanate content, the key genes of isothiocyante biosynthesism Myr and Esm
genes were introduced into broccoli chloroplast to overexpress by particle bombardment gene
transformation in this study. The tranplastomic explants of broccoli were selected in regeneration
medium with D-alanine after particle bombardment gene transformation. Results of PCR showed
that foreign genes can be detected in tranplastomic broccolis. Furthermore, the target genes can
be expressed in tranplastomic broccolis confirmed by RT-PCR. The GUS histochemical assay
proved that the GUS transgene can be transcripted and translated into functional protein in

tranplastomic broccolis.
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Table 1. Effects of root temperature on growth phenotype of okra seedling at two-leaf stage.
B e L 0 g HY AEEdfilem’) s ¥s
(cm)  (mm)  (cm) T g gz (om)

¥R e 14.93 3.94 18.80 2.83 24.96 26.61 15.84 74.10
fed2 15.93 4.32 40.98 3.17 30.38 47.83 39.12 122.24
t test 0.043 0.003  0.0002  0.230 0.034  0.0004 0.001 0.000

Pvaluez %k sksk sksksk NS % skskk skskk sksksk
w1 3n Y g %‘”J R/S
#E it #E  fof  WE gt #E  cE ratio
©®  (® ©® (©® ©® (9 ©®  (® (%)
e 513 0.62 1.90 0.31 1.94 0.16 3.12 0.16 34.0
I e 8.20 0.73 3.47 0.39 2.79  0.18 6.23 0.23 41.0
ttest  0.0004 0.023 0.0001 0.023 0.004 0.015 0.001  0.009 0.072
P Value z sksksk * sksksk * sk % sksksk sksk NS
BoEIRZkE ER ok 7k Wz kE
(%) (%) (%) (%)
HRE 88.0 84.0 92.0 95.0
S 2 ke 91.0 89.0 94.0 96.0
t test 0.0003 0.0001 0.001 0.001
p Value z sksksk sksksk skskk sksksk

Z Value from ¢ test: NS, *, **, *** represented nonsignificant or significant at P < 0.05, 0.01 or
0.001, respectively.
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Table 2. Effects of root temperature on growth phenotype of okra seedling at four-leaf stage.

B FiE g 1IE ¥ 7 AEEfi(em) WE 5 A
(cm) (mm) (cm) %- % $-% $=% $e ¥ $7 5  (cm)

¥R 2153 578 467 34.68 41.13 6738 87.71 78.08 56.09 311.61
EJ2 2373 642 517 5748 31.85 5833 83.93 122.79 11573 412.65

ttest  0.085 0.016 0.101 0.002 0.130 0.127 0.410 0.009 0.001  0.002

Pvalue? NS * NS Hok NS NS NS *k *k *E
IR ¥ 2 7 12 R/S
#EE it #E ot @t gt #E o€ ratio
©® (® @ (® ® (©® @ (9 (%)
e 18.24 1.84 7.39 1.27 7.28 0.57 8.50 0.42 23.0
EJ® . 26.39 2.17 10.01 1.57 10.37 0.60 14.84 0.74 34.0
t test 0.001 0.013 0.009 0.009 0.001 0.294 0.001 0.0003 0.01
Pvalue z k% * k% kk kksk NS kkk kkk k%
By ok Er kg £k E ek
(%) (%) (%) (%)
HRE 89.93 82.84 92.17 95.02
JeldL B 91.76 84.27 94.18 94.98
t test 0.0003 0.042 0.0001 0.888
P value 2 HoAk * ok NS

“ Value from ¢ test: NS, *, ** *** represented nonsignificant or significant at P < 0.05, 0.01 or
0.001, respectively.
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Table 3. Effects of root temperature on growth phenotype of okra seedling at six-leaf stage.
e 2 e W T
BE FE EP fus T AFE filem) e
Fog B T L5 o 5 s g A 4
(cm) (mm) # (cm) %o P %I 5 R R
HRE 3433 881 8.17 47.80 137.69 194.58 219.08 156.87 87.63 854.73
WLZE 3793 10.88 8.83 6625 179.98 252.96 314.28 326.54 254.81 1451.45
ttest 0,006 0.013 0.148 0.009 0.221 0230 0.085 0.002 0.052 0.001
Pvalue*  ** * NS ok NS NS NS ok NS *x
RN i i 12 R/S
B E ¥t g e G g wE §E B E PT84 ratio
® @ ® (© @ (@ ® @ O
¥RRE 3805 4.06 19.99 241 19.87 1.64 13.57  0.79 20.0
FRILE 10545  7.01 46.22  4.69 40.36  2.32 3482  1.74 25.0
ttest  0.003  0.007 0.002 0.007 0.003 0.018 0.002 0.004 0.014
PValue z skk sk sk kk koK % kek sk %
AL R 4 Eraokd LI g kg
(%) (%) (%) (%)
¥R e 93.29 87.91 91.72 94.15
JoJL e 96.82 89.65 94.29 95.05
t test 0.008 0.153 0.001 0.003
P value * ok NS oAk ok

Z Value from ¢ test:

0.001, respectively.

NS, *, ** *** represented nonsignificant or significant at P < 0.05, 0.01 or
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Effect of Root Temperature on the Vegetative Growth Phenotype
of Okra (Abelmoschus esculentus)

Yu-Chuan Peng”  San-Gwang Hwang®

Keywords : Okra (Abelmoschus esculentus), Root temperature, Stem diameter, Leaf area

Summary

The effect of root temperature on different vegetative growth stages of okra seedlings was
investigated in this study. Our results indicated that treatment with increase in root temperature
under suboptimal temperature conditions significantly enhances stem diameter, root length, total
leaf area, plant fresh weight, above-ground dry weight, leaf dry weight, root dry weight, above-
ground water content and stem water content in two-leaf, four-leaf, and six-leaf stage seedlings
as compared to non-treated control. These results suggested that increase root temperature under
suboptimal temperature conditions may effectively improve vegetative growth of okra and low

temperature is one of the important factors inhibiting vegetative growth of okra.

1) Student in M.S. Program, Department of Horticulture, National Chung Hsing University.
2) Associate Professor, Department of Horticulture, National Chung Hsing University,
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Klasmann-Deilmann =~ # # & -

. fAfEF E = vt 2 (2 ExB=9x7cm) o
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LojEh4 3 C %0 2021 & 47 1p B A7 L FFEF LREFRATY 0 R
ERIHZI2Y O BTREFMTIF2 LR T AR 8P AER > Bk
3 2 £ #5(Model LBG-500; Lead-Biotech Instruments Co., Ltd., Taichung City, Taiwan) iE
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(1) 4>7= p #(Days to the first visible flower bud, DTF) : 3e4%d &4 & B 4pdc b 1 5 = )

AT 2mmpFear g e Hico

(2) 4= 1= & =(Node-count increase to the first visible flower bud, NTF) * & % 5 = Ji3R¥ 2 =

TERE 2mm P BT A B WY B E YL R LY, v d
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01-039 * %3 5 AP > 04069 5 ¢ RApHM ~ 0.7 21 RIS § AARH -
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910 /| P*(16.6 & ~15.9 &) > 8 | PFAJZ R F B M s T80 2 (14.6 &) 0 'FTHF- 5L
B 1l REAJET > F B et (173 &) 892 10 | FASER A, FREF
;Lﬂ P H Y R B P RIET F oA M T (141 &) (F 2) o' B B TR B A 8-
11 | e T 3o kg £ 8 > > 10 PFAJR Y S 6B » 11 BT 3 58395 > @ f 12
VBRI TRIEERIET AL > FTPE - L2 BRG] A 9 ) FAIET S RF 0 i
100% > S F kP pEdg+e T 11 /| @ T T 58.3% > 12 /| PEAIL T &' Fehi % 4p
FodRITYT A (%\» 3)°
SN CEPHARY R THERATEEL B
P /R® TS 8/16 J‘EE? P AEIET oA H 38R AESEAT
O ERTRYE] - BL 0 2 4n T P B Ap TR E s Tt R 28 X (S E A
SHAA SR - ¥ A2 TR T 20T B2 &M»m«f—ﬁ?% (z\ 4-5)"n

Zo Lk dR S R AT - BU R R ke e B
Table 1. Effects of photoperiodic treatment on DTF of 'Baigu’ and 'Xintaoyuan No.1' water
spinach.

o fh 8| P 9| pF 10 /| p* 11 ) p* 12 /) p
o A 13.3+1.7b? 16.0£2.7b 14.0£1.7b 21.2+4.3a ND?
T F - 5L 13.4+1.6¢ 16.6+2.2b 14.6+£2.1bc 20.0+3.6a ND
t-test 0.886 0.637 0.406 0.481
p! ns ns ns ns

1P from t-test: ns representing nonsignificant at P < 0.05.

2Means in a row with the same letter are not significantly different by Fisher's LSD test at 5%
level.

$ND: Non-Detected.
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$0FAFATIRAS LS I P RSB )8 A ELT RASLERIS
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CEBELR Y ik is 8 AES q~pﬁL@@.§7 158 = » 2 B &£ 4 TI%

Frdlez dpivp#crd 3P 2EATHEZ 165 8RR 21 5P AELTHEZ
179% > F o™ > 3 8F AE2 THEED 158X (% 4) ' F'HATHEI- U HF &
38 FAEATIHFE ITEY > ¥ 8 FAEA TR RILEG BB s E & (153 &
21156 &) 6 B3R 2 48 AES TR R AL 4 ﬁxlmmaﬁmw(log §) 0 3THE
BRI A AE A THERAIL G B M aa T (105 &) (£ 5) > B Sy %4 T
P oo o & g @ dfp B 4L > X' ¥ fEa o 2 4p ML L F (r=0.894) > AT -
5L F 2 Ap B TR dcR] 5 0.83L(B1 1~2) o 'd F AT 5] BB TR B & 3 7096 0
=z ‘” AERESPREF AR BV A S0 T P AEL TRE L EL B TR B
£ 1009%(% 6) -

2 KFRITH Y FHATHE - R R LT L
Table 2. Effects of photoperiodic treatment on NTF of 'Baigu’ and "Xintaoyuan No.1' water
spinach.

o fh 8] pF 9 | pF 10 /| p* 11 ] P 12 ] P
o A 14.6+1.1c? 16.6+1.0ab 15.9+0.9bc 17.8+2.0a ND3
'FTEYFE - 5L 14.1+0.3b 15.1+1.2b 15.3+1.1b 17.3+x2.2a ND
t-test 0.275 0.013 0.268 0.632
p! ns * ns ns

1P from t-test: ns, * representing nonsignificant or significant at P < 0.05, respectively.

2Means in a row with the same letter are not significantly different by Fisher's LSD test at 5%
level.

$ND: Non-Detected.
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Table 3. Effects of photoperiodic treatment on flowering percentage of '‘Baigu’ and "Xintaoyuan

No.1'.
¥ 1 8| p¥ 9 | p¥ 10 ] p¥ 11 ) & 12 ] p&
v 75.0%? 66.7a 91.7a 58.3a ND?
'R F] - B 91.7 ab 100.0a 83.3ab 58.3b ND
t-test 0.374 0.116 0.519 1.000
p4 ns ns ns ns

e SUNTES RISV

2Means in a row with the same letter are not significantly different by Fisher's LSD test at 5%
level.

SND: Non-Detected.

4P from t-test : ns representing nonsignificant at P < 0.05.

%4 CED RIEEF B R L TR B ERATE - U R E TP 2 B
Table 4. Effects of short-day treatment on DTF at different growth stages of '‘Baigu' and
‘Xintaoyuan No.1' water spinach.

v fd S3Lt S4L S5L S6L S7L S8L
"o 16.9+1.4%ab® 17.7+1.6ab 15.0+3.0b 18.8+3.9a 17.6+2.7ab 14.7+3.1b
F ] -
" g 16.5+16 a 16.9+1.7a 17.9+4.3a 17.8+3.7a 17.4+4.0a 15.8+2.9a
t-test 0.516 0.350 0.385 0.524 0.712 0.194
P4 ns ns ns ns ns ns

1S 4 TRpER 3L = B AEH o SR o

2hefp Bz i 5 X o

¥ Means in a row with the same letter are not significantly different by Fisher's LSD test at 5%
level.

4P from t-test: ns represented nonsignificant.



-49-

5. EP RIEHF YR L TR P ERRE- B RE TSR PP
Table 5. Effects of short-day treatment on NTF at different vegetative growth stages of 'Baigu’
and "Xintaoyuan No.1' water spinach.

wefd S3L! S4aL S5L S6L S7L SsL
"6 ' 10.9+0.4%d® 10.9+0.5d 13.6+1.2d 13.6+1.1c  14.8+1.3b 15.3+0.9a
TR F -

10.9+0.7 cd 10.5£0.4d 14.0+1.4c 14.3+0.7b  15.3t1.4ab 15.6x1.9a

19

t-test 0.878 0.234 0.191 0.126 0.211 1.000
p4 ns ns ns ns ns ns
IS: ¥ A2 TR 3L = R AE R gl o

v xzx

LR - SR BRI

¥ Means in a row with the same letter are not significantly different by Fisher's LSD test at 5%
level.

4P from t-test: ns representing nonsignificant at P < 0.05.
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Fig 1. Correlation between vegetative growth stages (number of leaves before short-day
treatment) and NTF of '‘Baigu’ water spinach.
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Fig 2. Correlation between vegetative growth stages (number of leaves before short-day
treatment) and NTF of 'Xintaoyuan No.1'water spinach

6. B RIEAE IR Y R L THEREFALF TR
Table 6. Flowering percentage induced by short-day treatment on different vegetative growth
stages of water spinach.

SfE s3L! s4L S5L S6L S7L ssL
L 96.0%° 96.0a 83.3a ol.7a  100.0a 91.7a
FTHE- 5 9604 96.0a 75.0a 9l.7a  100.0a 91.7a
-test 1.000 1.000 0.643 1.000 1.000 1.000
> ns ns ns ns ns ns

IS £ A THE 3L B AEER e o

PR TR B E 259 o

$Means in a row with the same letter are not significantly different by Fisher's LSD test at 5%
level.

4P from t-test: ns representing nonsignificant at P < 0.05.
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Effects of Photoperiod on the Flowering of Water Spinach
(Ipomoea aquatica)’

2)

Tsai-Jung Ma? San-Gwang Hwang®

Key words: Photoperiod, Flowering, Critical day length

Summary

Water spinach is one of the important summer vegetables in Taiwan. It can be cultivated in
winter but is easy to encounter flowering and flowering reduces its commercial value as an
edible vegetable. Since there were relatively few studies related to water spinach flowering in
the past, this research aims to investigate the effects of photoperiod on the flowering of water
spinach. Results from this study showed that water spinach is a short-day plant, and its critical
day length is between 11 and 12 hours. When the day length was more than 12 hours, no flower
bud was formed in two varieties tested. On the other hand, for both varieties tested, flowering
was induced after receiving short-day treatment in the seedlings at 3-8 leaf growth stages. It was
therefore assumed that the phenomenon of photoperiod-insensitivity juvenile phase was not
present in water spinach, even it did exist, the juvenile phase must be very short. Under eight-
hour day length conditions, a high correlation was observed between the nodal position of the
first visible flower bud and the number of true leaves before short-day treatment in seedlings of
both varieties tested. The number of true leaves before short-day treatment in water spinach
seedlings may be applied to predict the nodal position of the first visible flower bud under 8-
hour short day conditions.

1) This paper is a part of the first author’s M.S. thesis.

2) Student in M.S. program, Department of Horticulture, National Chung Hsing University.

3) Associate Professor, Department of Horticulture, National Chung Hsing University.
Corresponding author.
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Fig. 1. Effect of heat treatment on appearance of vacuum packaged fresh-cut bamboo shoots
during storage at 1°C for 4 weeks.
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Table 1. Effect of heat treatment on color of cut surface of vacuum packaged fresh-cut bamboo

shoots during storage at 1°C for 4 weeks.

Storage time Treatment L* ax b* C* h°

CK 8740a> -094a 1323a 13.28a 94.03a
70°C 30sec 86.50 b -1.02a 13.23a 13.27a 9443 a
100°C 30sec 86.60ab -0.93a 13.73a 13.77a  93.89a

At harvest/
After treatment

CK 86.10 a -0.67a 12.92b 1294b 9296 a

2W 70°C 30sec 86.00 a -0.74a 1243b 12.46b 93.40a

100°C 30sec 81.70b -0.79a 1395a 1398a 93.23a

CK 83.30a -0.78ab 12.35Db 12.37b  93.63a

3w 70°C 30sec 84.20a -0.83b  1245bD 12.48b 93.87a

100°C 30sec 8150b -066a 14.3la 1433a 92.68b

CK 79.90c -1.00b  1155b 11.60b  94.96 a

4W 70°C 30sec 84.40 a -0.88ab 11.29b 11.33b  9454a

100°C 30sec 82.00b -0.84a 13.33a 13.36a 93.64b
Storage time Kk *kKk *kk *kKk *kk
Treatment Fkk ns Fkk Fkk Fkk
Storage time x Treatment okl ns * * ns

“Means within a column followed by the same letter are not significantly different at p<0.05 by
LSD test.

* ek Hck: Significant at p<0.05, p<0.01, and p<0.001, respectively; ns= no significant.
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Table 2. Effect of heat treatment on weight loss, firmness and cutting force of vacuum packaged

fresh-cut bamboo shoots during storage at 1°C for 4 weeks.

) Weight loss Firmness Cutting force
Storage time Treatment
(%) (N-cm?) (N)
CK - 146.61 a 156 b
At harvest/
70°C 30sec 0.50 b? 158.59 a 1.62b
After treatment
100°C 30sec 1.39a 148.94 a 1.86a
CK 195c 120.41 ab 190a
2W 70°C 30sec 2.36b 135.80 a 1.77a
100°C 30sec 292a 117.67 b 2.00 a
CK 2.67b 111.55a 1.44 ab
3w 70°C 30sec 3.09 ab 119.58 a 1.36b
100°C 30sec 3.56 a 106.10 a 1.66 a
CK 331D 104.44 a 1.46Db
4W 70°C 30sec 3.59 ab 111.26 a 1.84a
100°C 30sec 3.86a 106.85 a 1.58 ab
Storage time Fhx fala ikl
Treatment falalel ke *
Storage time x Treatment ns ns ns

“Means within a column followed by the same letter are not significantly different at p<0.05
by LSD test.
* F* xkx: Significant at p<0.05, p<0.01, and p<0.001, respectively; ns= no significant.
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Table 3. Effect of heat treatment on electrolyte leakage, acetaldehyde and ethanol of vacuum

packaged fresh-cut bamboo shoots during storage at 1°C for 4 weeks.

. Electrolyte leakage = Acetaldehyde Ethanol
Storage time Treatment
(%) (umole-g!' FW)  (umole-g!' FW)
CK 23.04b 0.003b 091b
At harvest/
70°C 30sec 24.39b 0.014 b 1.21b
After treatment

100°C 30sec 49.58 a 0.080 a 2.01a
CK 77.64 a 0.196 a 12.22 a
2W 70°C 30sec 62.10 a 0.177 a 11.13 a
100°C 30sec 65.87 a 0.145a 6.95b
CK 76.40 a 0.310 a 17.00 a
3w 70°C 30sec 70.07 a 0.238 a 14.33 b
100°C 30sec 83.78 a 0.251a 9.12¢c
CK 97.16 a 0.656 a 15.56 a
4w 70°C 30sec 93.46 a 0.333b 13.70 a
100°C 30sec 93.46 a 0.335b 9.90b

Storage time kel fakaie ki

Treatment ns * Fhx

Storage time x Treatment ns * il

“Means within a column followed by the same letter are not significantly different at p<0.05 by
LSD test.
* F* xkx: Significant at p<0.05, p<0.01, and p<0.001, respectively; ns= no significant.
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4, B ELEE T E F A7 Ji %}*%‘? I°CCT 7&K 234 F 8881 &4 ~POD &
1~ PPO #E 2 B2 58
Table 4. Effect of heat treatment on TPC content and activities of POD and PPO of vacuum

packaged fresh-cut bamboo shoots during storage at 1°C for 4 weeks.

. TPC POD PPO
Storage time Treatment ) )
(ng'g' FW) (AA'min! g FW) (AA'min'-g!' FW)
CK 803.89 &* 17.21a 3.15a
At harvest/
70°C 30sec 646.60 b 15.54 ab 2.95a
After treatment

100°C 30sec 787.79 a 14.04 b 2.98 a
CK 722.65 ab 17.05a 3.38a
2W 70°C 30sec 806.62 a 15.21ab 3.24 a
100°C 30sec 640.24 b 12.93 b 3.24 a
CK 879.98 a 16.97 a 3.25a
3wW 70°C 30sec 802.38 a 17.82a 341a
100°C 30sec 850.16 a 12.80 b 3.08 a
CK 893.40 a 18.59 a 3.13a
any 70°C 30sec 801.64 b 15.99 a 3.13a
100°C 30sec 884.49 a 13.14b 2.84 a

Storage time Fhx ns ns

Treatment ns falaiel ns

Storage time x Treatment ** ns ns

“Means within a column followed by the same letter are not significantly different at p<0.05 by
LSD test.
* F* ek Significant at p<0.05, p<0.01, and p<0.001, respectively; ns= no significant.
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FEEFFCBELLYT S a¥ b* i A 0 o T E B 7 MF ERET 11 o] PPO & A TS
Fitete TF - HhA3d P PRERRILSE L TG
$ 2 X 5g cofl & (Changand Kim, 2015) o A 225k 5 % 27 1 i % A F5 5 4p 000 448 e L*
MERTRIPE R 4o @ T % > 70°CE 100°CHE AL 30 fychiEr v § GRTEY O F R
L¥» 7 BASLT 11§ srat EAhT {2 100°CH ST 30 ) it *7 © f LR fF e b*
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#48 € % % (heatstableenzyme) » *3#% ? 100°C#t 2 ¥ POD R~ (% 4) - 2 3
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100°C% 70°C#4 ed2 (s T KA 4 > BE BRETERD B % 12 100°CH D 1 enfif 7 ﬁ 7
BEFRFOALF 8 T0OCHRILA € F i » Ft @ o §EBEL 3¢ KL 2 70°C
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Effects of Heat Treatment on the Storage Quality of Vacuum
Packaged Fresh-Cut Bamboo Shoots
(Dendrocalamus latiflorus Munro)

Pei-Rong Wu"  Huey-Ling Lin”

Key words: Bowning, Peroxidase, Polyphenol oxidase, Storage quality

Summary

This study focused on investigating the effects of heat treatment on the storage quality and
browning of vacuum packaged fresh-cut bamboo shoots during storage at 1°C. The results
revealed that fresh-cut bamboo shoots with heat treatment at 100°C for 30 seconds exhibited
lower levels of acetaldehyde, ethanol, and peroxidase (POD) activity. However, the least color
change in appearance was observed in fresh-cut bamboo shoots with heat treatment at 70°C for
30 seconds. These bamboo shoots also exhibited lower weight loss and cutting force, contributing
to a better preservation of the texture. The appearance and internal quality were similar to the

freshly harvested bamboo shoots. Furthermore, heat treatment at 70°C for 30 seconds maintained
their commercial value even after storage at 1°C for 4 weeks.

1) Student in M.S. Program, Department of Horticulture, National Chung Hsing University.
This article is a part of a master's thesis written by the first author.
2) Professor, Department of Horticulture, National Chung Hsing University, Corresponding

author.
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Fig. 1. The difference in appearance between non-woody cuttings (A) and semi-woody cuttings (B),
Bar =5cm.
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B2 AAF L EAA)EE AT FEAB)FEr F 2022 L4k Bar=5cm e
Fig, 2. Root phenotype of non-woody cuttings (A) and semi-woody cuttings (B) after four weeks of
cutting, Bar =5 cm.
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2L ABEAATLRBEL AT BRI Er FE2FEF - RTFE 8
Table 1. Survival rate, sprouting percentage, and shoot phenotype of non-woody and semi-woody
cuttings of gac after four weeks of cutting propagation.

A B Y F M £ R RHE
(%) (%) (cm)
AR 83.3£14.4 91.7+14.4 15.146.8 4.5+1.8
LA ;{WL RN 91.7+14.4 83.3+14.4 17.9+4.0 5.6+0.6
t-test 0.27 0.52 0.59 0.41
Px ns ns ns ns

*P from t-test: ns representing nonsignificant at P < 0.05.



22-

2 AFEEAAFTIRBAE L AT LRMBIHIT/e FRE2FRFE IMA £ PR
Table 2. Rooting rate and root phenotype of non-woody and semi-woody cuttings of gac after four
weeks of cutting propagation.

- L f £ i e A
(%) (8) (8)
A A~ Fg* RERE 100.0+0.0 1.36+£0.4 0.09+0.02 13.2+0.8
L ARG 100.0+0.0 2.68+0.3 0.15+0.05 59.7+9.0
t-test 1.0 0.01 0.19 0.01
P* ns k %k %

*P from t-test: ns, % representing nonsignificant or significant at P < 0.05.

23 AR FAAFTLRBEL AT BB EZEE - T KRB E T BEMBER
Table 3. The cutting weight, stem diameter, starch and soluble sugar concentrations in non-woody
and semi-woody cuttings of gac before cutting propagation.

e FREE BRI Ao A
R (© B (%) (%)
* A ?’ it #@ﬁg 7.4+0.2 4.6+£0.3 3.840.8 4.34+0.7
g § ’}T’r fL #@‘37]?,@,, 9.0+0.5 5.0+£0.2 5.3+0.8 55404
t-test 0.018 0.12 0.04 0.03
P k ns 3 k

*P from t-test: ns, % representing nonsignificant or significant at P < 0.05.

S ARAFTCREBRRZCEFTERL R

FHHEAR T TN AR ER 2GR KRS FORE T AR S B9 TR sledi
Fpb Ak Ay 2 ERRE MAS TR AP FURLRER AT AITERRT A A
it kb ERETAEMER A B 5 3.8%% 43% > & L AF M IEAA A B 5 53%
55% P E AT MBAEIRE(E 3 AT BB A 554 7R 19408 pgg !
FW ~ #5ic i fs 7 £ 0.035 mmol-g 'FW 2 Fusfix fie 7 £ 31.9 mg/100 g FW % B8 ¥ 33+ X &
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B2 F ~Z2ER1.05% B~ 2R 0.16% 42~ 2 kR 0.96% ~ 4f ~ 2 k& 1.03%% P23
kR 1244 ppm > @ %%%ﬁri“ﬁzﬁ,@ii ~EER 099% - mEE kR 020% 47 F kR
1.76% ~ 4F ~ % )k & 0.63%% /2~ % k& 11.58 ppm > H ¥ L *\’Ffrf“ﬁﬂﬁ@iéi S 4T R R
ERBERSAATOER A AATBRLBE PAFRADNEFF NL AT ER
(%9

AN AFEEAATURBEL AT BRI ED 2L &5 PRYPORAR ~ FURS B
EV sty 3 E
Table. 4. The contents of total phenolic compounds, free amino acids, ascorbic acid and soluble
protein in non-woody and semi-woody cuttings of gac before cutting propagation.

A Rp-fgit &4 bR R i Pk e Y Y e
(ng'g 'FW) (mmol-g ' FW)  (mg/100 g FW)) (mg-g ' FW)
* A %% REE 1940.84+178.0 0.035+0.002 31.9+5.9 7.3+0.3
LA ’E’TL RN 1268.5+153.9 0.026+0.002 9.8+1.5 11.2+0.8
t-test 0.001 0.0002 0.004 0.001
P* k k Xk k

*P from t-test: % representing significant at P < 0.05.

A5 AFEEAATRBREL AT BRI E 2§ B FEmAE2 kR
Table .5. Concentrations of nitrogen, phosphorus, potassium, calcium and boron in non-woody and
semi-woody cuttings of gac before cutting propagation.

g S ¥ ok 2ol 4r p2z
R (%) (%) (%) (%) (ppm)
A AT M 0.99£0.04 0.20+0.03 1.76+0.29 0.63+0.13 11.58+0.44
LAFicdE 1.05£0.02 0.1620.02 0.96+0.16 1.0340.03 12.44+0.05
t-test 0.03 0.049 0.003 0.002 0.01
P* * * * * %

P from t-test: * representing significant at P < 0.05.
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Ry Bz RFAF i 2 EB/IED 2447 3B LERS T ;a i (Denaxa et al., 2012
Wojtania et al., 2019) » * *HRM E ST EF R D BAFR S & FFRF 2 L1048
(Wojtania et al., 2019) » £ & FF i 3&f8 4 * ~ % § - f@ht’fﬂykiiéﬁ%ﬁ%*% WA AR
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Effects of Semi-Woody and Non-Woody Cuttings
on Cutting Propagation of Gac (Momordica
cochinchinensis)?®

Yong-Sen Qiu?  San-Gwang Hwang®

Key words: Gac, Cutting propagation

Summary

Gac (Momordica cochinchinensis) is a newly emerging vegetable in Taiwan. Gac fruit includes
seed, aril, pulp, peel all have medicinal values. Since gac is a dioecious plant, mass production of
female plant is achieved by cutting propagation to avoid the uncertainty of gender on seeds. In terms
of cutting propagation, the degree of cutting lignification has a huge impact on the growth of cutting
plants. This research explored the effect of using semi-woody and non-woody cuttings on the
propagation of gac. Our results showed that there is no significant difference in survival rate,
percentage of budding plant, young shoot length, number of leaves per shoot, and rooting rate between
cutting plants derived from semi-woody and non-woody cuttings. However, root fresh weight, root
dry weight, and total number of roots were all significantly higher in semi-woody cutting compared
to non-woody cutting. On the other hand, the concentration of starch, soluble sugar and content of
soluble protein in the semi-woody cuttings before propagation were all significantly higher relative
to the non-woody cuttings, suggesting that semi-woody cutting can provide more carbohydrates and
protein for the ongoing growth of cutting plant. Furthermore, results from nutrient analysis of cutting
before planting indicated that concentrations of nitrogen, calcium and boron which have significant
impact on cutting propagation are higher in semi-woody cutting compared to non-woody cutting.
Taken together, results from this study revealed that using semi-woody cutting for the propagation of
gac is more efficient than using non-woody cutting.

1) This paper is a part of the first author’s M.S. thesis.

2) Student in M.S. program, Department of Horticulture, National Chung Hsing University.

3) Associate Professor, Department of Horticulture, National Chung Hsing University,
Corresponding author.
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(T )45 1 4~ i i (superoxide dismutase, SOD) & 14 4 47
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Figure 1. Effect of spraying different concentrations of salicylic acid (SA) on relative chlorophyll
content (SPAD value) and chlorophyll fluorescence (F./Fm) in leaves of 'Kyoho' grapevine under
heat stress and following recovery.

BS: before spraying; AS: 24 hrs after spraying; H: 40°C heat stress; R: recovery at 27°C. Each
value represents the mean of five replicates. Different letters indicate significant differences by

Fisher’s LSD test at P < 0.05.
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Table 1. Effect of salicylic acid spraying on SOD activity in leaves of 'Kyoho' grapevines under
heat stress and recovery. *

Treatment Before spraying After spraying HT3d Recover 1 day
CK 328+33YAB 424+15 aAX 36595 abAB 287+27 bB
SA 0.5mM - 456+35 aAB 468+4 aA 393+53 aB
SA 1.0mM - 415+38 aA 342+28 bA 355+57 abA

ZDifferent concentrations of salicylic acid (SA) were sprayed on pot plants 24 hours before moved
to 40° C plant growth chamber. The plants were moved back to room temperature (27°C) for
recovery after 3 days of heat treatment. One unit of SOD activity was defined as the inhibition
of 50% NBT photoreduction under the assay conditions.

Y Mean + standard deviation of three replicates.

* Different letters within the same column (small letters) and row (capital letters) indicate
significant differences by Fisher’s LSD test at p < 0.05.

2. B kPRHES T FES APX ELAFEER T LY
Table 2. Effect of salicylic acid spraying on APX activity in leaves of 'Kyoho' grapevines under
heat stress and recovery. *

Treatment Before spraying After spraying HT3d Recover 1 day
CK 0.73£0.10" B 0.83+0.02 aAB* 0.96+0.05 aA 0.97+0.12 aA
SA 0.5mM - 0.89+0.17 aA 0.8110.06 bA 0.974£0.26 aA
SA 1.0mM - 0.95+0.02 aA 1.00+£0.09 aA 0.90+0.21 aA

Z Different concentrations of salicylic acid (SA) were sprayed on pot plants 24 hours before moved
to 40°C plant growth chamber. The plants were moved back to room temperature (27°C) for
recovery after 3 days of heat treatment. One unit of enzyme activity was defined as the
degradation of 1 pmol ascorbic acid per minute.

¥ Mean + standard deviation of three replicates.

* Different letters within the same column (small letters) and row (capital letters) indicate
significant differences by Fisher’s LSD test at p < 0.05.
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Table 3. Effect of salicylic acid spraying on CAT activity in leaves of 'Kyoho' grapevines under
heat stress and recovery. *

Treatment  Before spraying After spraying HT3d Recover 1 day

CK 0.022+0.006¥ A 0.017+0.009 aA*  0.025+0.013 aA 0.014+0.001 aA
SA 0.5mM - 0.027+£0.021 aA 0.014+0.007 aA 0.014+0.007 aA
SA 1.0mM - 0.024+0.001 aA 0.013+0.009 aA 0.016+0.004 aA

Z Different concentrations of salicylic acid (SA) were sprayed on pot plants 24 hours before moved
to 40°C plant growth chamber. The plants were moved back to room temperature (27°C) for
recovery after 3 days of heat treatment. One unit of enzyme activity was defined as the
degradation of 1 pmol H,O, per minute.

¥ Mean + standard deviation of three replicates.

* Different letters within the same column (small letters) and row (capital letters) indicate
significant differences by Fisher’s LSD test at p < 0.05.

SA 2.0 mM SA 1.0 mM SA 0.5 mM CK

B 2.'E%'F % 2023 # % % %74
Fig. 2. Fruit clusters of 'Kyoho' grape in 2023 summer crop.
CK, control; SA, salicylic acid treatments were applied at 30 DAB and 60 DAB (veraison).
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Table 4. Effect of SA spraying on fruit qualities of 'Kyoho' grape in 2023 summer crop. *

Berry wt. Skin color TSS TA
Treatment ) TSS/TA
(9) index (°Brix) (%)
CK 10.64+0.70va* 6.9+1.0b 18.62+1.09b  0.35+0.03a  54.20+7.15c¢

SA 0.5 mM 11.80+1.06 a 8.1+04a 19.47+0.38a  0.28+0.02b  69.85+4.89 a

SA 1.0 mM 11.35+0.84 a 6.7£0.6b  17.83+0.58b  0.29+0.02b  61.50+5.33 b

SA 2.0 mM 11.24+129a 49+08c 16.57+0.51c  032+0.01a 51.25+1.88c¢c

2'Kyoho' grapevine’s fruit bearing branches and fruits were sprayed with different concentrations
of salicylic acid (SA). The treatments were applied at 30 DAB and 60 DAB (veraison).

¥ Means + standard deviation of six replicates.

* Means in the same column followed by the same letter are not significantly different by Fisher’s
LSD test at p < 0.05.

i

R SAG S AR PR BT R e m 30y B R
Alregs Mo MERZ SA (0.1-1.0 mM) ¢ $HHE 4 o lw e i¢ quwagg TEE
ROS» % # H0p'% 7 &~ f ROS 2 #h » 7 8- il s + » 7 G 1 4f gk b
AERS AR S i 8 2 @ (4 (Datetal., 1998; Rao et al., 1997; Horvéth et al., 2007) »
Kf P2 b SAT G E 3 B CAT % &2 4 4 (Chenetal, 1993) » ra gt = sV e H 75
kA AF HO, 7 & 0 fe EptFrpoadk LApmeid o Bo] PFige B2 HO v g At B R
% HO (Datetal., 1998; Raoetal.,, 1997) &7 £+ 2 F77 ¢ > SA dZ2 § »cik & # F
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Delgado et al., 1998; Wang and Li, 2006) -

AT F B SA0S5 MM &2 SA 1.0 MM &J2 2 SPAD B e & T PE R BERY 22 R
el FLL > LAZEEHEYF SA L0 MM &2 ez SPAD B Apfikid 8w T ME g
BRici@ie ] > SALOMM 3 3 %2 2 kR VR EF A3 RE R TAFESZ 28 &
E%%¥%k35  SA0SMM Aut ez F/Fn EABEERYPT ST HEF OB E2Z R
%0 T a8 SA AR S i me ) ROSER V2 F M o e awif 3 X (590 F mu
B ARMFLRL T ABRREY ZERPAEEFTRAE -
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Wang £ Li (2006) ‘Jingxiu’ (Vitis vinifera) § § = 2% #4L > £ o #f %5 0.1 mM SA (&
HSOD /EM A Admis 2 | BwlgE 4w A 24 | REHETYIAHBEANELR &
TSRS 05 MM SA RJ2 0 HEM'Y FE PR SOD /pr & 30T

I wiE 1% 5(SA AJLE 5 %)« El-Hady % (2021) 1 # i 5 % AL £ a5 005
1.0-15-~20mMSA > & rd2is 10 p ik 247> R 1.0mM & 15mM Jed2 it
A EH B 2 SODEM » MER A2 SOD EHR e T% » @ 20mM 2. 3 kB AJL
B F ko T AAREFRAFFLPN SA RIZEAR L F A £ o7 ik (dose-dependent
manner) > $i g kR 2. SA 2V Bk HFFREFR -

'ERYFE P SARILEH APX BT F—JL’%‘L B om 41 SA a2 B 3 APX
BRI 20k 0 R AR EER 32 HREZ APX BEHARREERE YA IRF
# SAOSMM a2 2B > Vot Fl s SA 2 e TR kA 4 Rk o BRI EHR IS
SA 0.5 MM AJR i 2 5 4k Tl enih T AR B e i > Flpt B APX S L Rl B G T %
Wb g R R L o

B CATEH 6 > AxFm 7 HFMSAILe2 CAT FHarfwis 131w ﬁPF’“T
AT FLAFLY ABRPFRERY AEY SA L 1 AN Awm Ay Y S
CAT /#1 % SA rJg2rd| 2. 35 tdic] P 4R (Rao et al., 1997; Dat et al., 1998 Horvéth
etal., 2007) » % 2t 2 7t > &SA@\#&?@_##&J“ R 22 gl HoOp i Jo 1 2ol
- MELH ¥k i (Zeieretal., 2004; Liuetal., 2013) » &84 A 7 B %+ B SA TR G
@ 2hdrd] CAT %42 22 % (He and Zhu, 2008; Mutlu et al., 2009) -
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F#'S EH 53%%° »SA0SMM AU o2 %9 AR B RYEEE > SA20mMM Au® w2
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Effect of Salicylic Acid Treatment on Heat Stress Tolerance and
Berry Quality of 'Kyoho' Grapevines

Shi-Feng Duan"”  Ching-Cheng Chen?

Key words: Chlorophyll fluorescence, Heat tolerance, Antioxidant enzymes

Summary

Salicylic acid (SA) is a phenolic compound synthesized by plants, which can improve plant
stress tolerance. In this study, SA solution was sprayed on the leaves of 'Kyoho' grapevine pot
plants to test effective concentration of SA treatment, and field experiment was conducted to
investigate the effect of SA treatment on grape fruit quality. SA 0.5 mM treatment was more
effective than SA 1.0 mM treatment in enhancing antioxidant enzyme activities. The plants treated
with SA 0.5 mM could maintain significantly higher superoxide dismutase enzyme activity than
the control plants during recovery at 27°C. SA were sprayed on fruiting shoots and clusters at
young fruit stage and at veraison. The fruit color index and TSS of SA 0.5 mM treatment were
significantly higher than those of the control at harvest, while SA 2.0 mM treatment were
significantly lower. These results suggested that SA 0.5 mM treatment accelerated fruit maturation
while SA 2.0 mM delayed it. It is necessary to investigate the impact of SA treatment on growth
and development of flowers and fruits in order to evaluate the possibility of practical application

in grape commercial production.

1) Student in M.S. program, Department of Horticulture, National Chung Hsing University. This
paper is a part of the first author's master thesis.
2) Assistant professor, Department of Horticulture, National Chung Hsing University.
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Shoot Tip Culture of 'ltalia’ Grapevines
(Vitis vinifera Bicane x V. vinifera Muscat’ Hamburg)

Thanyarat Rungreung”  Jer-Chia Chang 2

Keywords: 'ltalia’ grapevine, plant growth regulators, lateral shoot, fruiting shoot, shoot tip

Summary

The objective of this study was to establish the efficiency conditions for explant type, season,
and concentration of plant growth regulators to develop an in vitro micropropagation protocol for
‘Italia’ grapevine (Vitis vinifera Bicane x V. vinifera Muscat’ Hamburg). Shoot tips of net-house
growth plants were sampled as 1 mm long and cultured on Murashige and Skoog (MS) basal
medium supplemented with 0.0, 1.0, 2.5, or 5.0 mg/L BA for shoot initiation (2 weeks) and
multiplication (4 weeks). The survival rate, shoot weight, and shoot length were obtained with
2.5 mg/L BA and lateral shoots during spring. However, the explants were effortless to be vitrified
when exposed to higher BA concentrations, whereas, for shoot initiation and multiplication, 1.0
mg/L BA was preferential. For root induction, 1-2 nodes of explants were cultured on % MS
medium supplemented with 0.0, 0.5, 1.0, and 2.0 mg/L IBA. The highest rooting percentage in
both spring and autumn seasons were achieved with lateral shoots with 2.0 mg/L IBA. The
survival rate after acclimatization (90.00%) was successfully observed with 0.5 mg/L IBA
supplementation and lateral shoots during the autumn under greenhouse conditions. In conclusion,
the using of BA and IBA were effective plant growth regulators to improve and enhance shoot tip
culture efficiency of the 'ltalia’ grapevine.

1) Graduate student in Master Program, Department of Horticulture, National Chung Hsing
University, Taichung, Taiwan.

2) Professor and corresponding author. Department of Horticulture, National Chung Hsing
University, Taichung, Taiwan.
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Introduction

The grapevine (Vitis spp.) area harvested covered 6.73 million ha, yielding 10.93 tons/ha
around the world. The largest grapevine producers include China mainland, Italy, Spain, USA,
and France (FAO, 2021). They being consumed as fresh, used for winemaking, as well as raisins
production, and also the creation of jam, juice, jelly, vinegar, and seed oils (Mukherjee et al, 2010;
Naidu et al, 2014; Toma, 2018).

Generally, grapevine plantlets are propagated through asexual reproduction methods, such as
cutting, division, grafting or budding, layering, and tissue culture (Erwin, 1995). Tissue culture is
an essential method for propagating woody plant species (Mozafari et al, 2016; Wang et al, 2022),
the first successful grapevine tissue culture experiment was conducted in 1941 by Morel (Bouquet
and Torregrosa, 2003). The explants commonly used in micropropagation for culture initiation
include meristem, shoot tip, and axillary bud (Bhatia and Sharma, 2015). Plant growth regulators
such as cytokinin and auxin are often introduced to the medium to increase shoot length, shoot
number per explant, and leaf count (Poudel et al, 2005; Read and Preece, 2014; Bhatia and
Sharma, 2015; Batukaev, 2021). Studies on the effect of 6-Benzylaminopurine (BA) have shown
the number of shoots increased with increasing BA concentrations in grapevines (Poudel et al,
2005; Batukaev, 2021), whereas indole-3-butyric acid (IBA) and 1 Naphthaleneacetic acid
(NAA), both synthetic auxins, are typically added to the rooting medium to enhance root initiation
(Klerk, 2002; Read and Preece, 2014; Amiri et al, 2019). Nevertheless, it is possible to initiate
root in grapevines without adding any plant growth regulators to the rooting medium (Melyan et
al, 2015; Nascimento et al, 2019).

‘Italia’ grapevine also called 'Italia IP65' (Vitis vinifera Bicane x V. vinifera Muscat” Hamburg)
(VIVC, 2023) has been popular with its huge berry, fragment and both use for fresh and process
purpose; however, little is known regarding its micropropagation. The objective of this study was
to determine the efficiency conditions for explant type and plant growth regulator concentration
to develop an in vitro shoot tip culture protocol.

Materials and Methods

Plant material

Shoot tips of 'ltalia’ net-house growth plants were randomly selected during the spring of 2021
(March-April), autumn of 2021(October-November), and spring of 2022 (March-April) which
lateral shoots (Fig. 1A) were collected before and during “berry set” stage, and fruiting shoots
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(Fig. 1B) were collected after “berry set” stage at the Horticultural Experiment Station, National
Chung-Hsing University, Taichung, Taiwan.

Fig. 1. Shoot tips of 'ltalia’ grapevine which is cultivated in Horticulture Experiment Station.
The plants are 10 years old. (A) Lateral and (B) Fruiting shoot tips (indicated by red
circles).

Preparation of basic medium and culture environment

The basic medium was prepared based on the MS formular (Murashige and Skoog, 1962) from
Duchefa Biochemie bv. which including of 3% sucrose, 0.8% agar, and 0.02% activated carbon
(for rooting culture). The pH of the medium was adjusted to 5.8 before adding agar and
autoclaving. The culture media were sterilized in a high temperature (121°C) and high-pressure
(1.50 kg/cm3 autoclave for 20 min. The temperature in the cultivation room was maintained at
25 QC + 22C with 16 h photoperiod at a light intensity of 5,000 lux which the light source consisted
of a combination of plan lamps and fluorescent lamps.
Shoot initiation

Shoot tips were sampled as 1-1.5 cm long. The explants were sterilized in 75% alcohol for 1
min and divided into small pieces which containing the shoot apical meristem and 3-5 primordial
leaves (length 1 mm) and cultured on paper bridge in full-strength MS liquid medium
supplemented with four levels of BA (0.0, 1.0, 2.5 and 5.0 mg/L) (Sigma Life Science). Two
weeks after cultivation, the survival and contamination rate, as well as percentage of browning or
dead explants, were observed and recorded. Each treatment consisted of four replications per
treatment.
Shoot multiplication

The explants from initiation stage were transferred from liquid medium to agar medium with
the same concentration of BA (0.0, 1.0, 2.5 and 5.0 mg/L). Data on shoot multiplication were



-46-

determined based on the following parameters: total number of mean weight per culture (g),
shoots produced per explant, number of leaves per explant, and mean length of shoots per explant
(mm) after 4 weeks of cultured. Multiplication capability of shoot subcultures was recorded every
4 weeks for 7-month period with three replication per treatment.
Root induction

The explants were repeated shoot initiation and shoot multiplication stage with supplemented
BA concentation at 1.0 mg/L. After 4 weeks, general shoots were maintained on half-strength MS
medium supplemented with 2.0 mg/L IBA (Sigma Life Science) (Hsieh and Shiesh, 2018) for 8
weeks. Subculturing of the rooting cycle was performed every 8 weeks to establish a large mother
stock before initiating the experiments. Microshoots were measured 1-2 cm with included 1 or 2
nodes and subcultured on fresh %2 MS medium supplemented with four concentrations of IBA
(0.0, 0.5, 1.0, and 2.0 mg/L) without cytokinins. The experiment during autumn consisted of three
replications per treatment; the experiment during spring, each treatment consisted of four
replications. After eight weeks, the rooting percentage, primary root number per explant, and
primary root length (cm) were recorded.
Plantlets acclimatization

The shoot cultures with well-developed roots were carefully removed from the bottles and
washed thoroughly with tap water, then soaked in a fungicide solution contained 1 g/L Benomyl
[1-(Butylcarbamoyl)-1H-1,3-benzimidazol-2-yl methylcarbamate] and 1 g¢/L Mancozeb
[manganese ethylenebis (dithiocarbamate) (polymeric) complex with zinc salt; 1000x] for 10-15
min. The plantlets were transferred to small plastic pots filled with a mixture of peat moss,
vermiculite, and perlite (1:1:1 ratio) (Aroonpong and Chang, 2015). The pots were covered with
a plastic cup to provide high humidity for 2 weeks, loosely closed for 1 weeks, and then opening
it for 1 weeks. The plantlets were grown under greenhouse conditions in a growth chamber with
a temperature of 25 QC/20 «C + 2°C (day/night)(Ferrara et al, 2018) with light intensity was set at
6,000-10,000 lux and watered every 2 days for 4 weeks. The survival percentage were recorded
after 4 weeks.
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Statistical analysis

Analysis of variance (ANOVA) was performed using Statistical Analysis System (SAS
Enterprise Guide) version 9.4, 2003. The means were compared using the least significant
difference (LSD) test at a significant level of p < 0.05. Additionally, a t- test was performed to
compare the experimental data, also using SAS Enterprise Guide version 9.4, 2003 with a
significant level of p < 0.05.

Results

The results showed the highest survival rate of 90% was obtained in the treatment of lateral
shoot cultured in liquid medium containing with 2.5 mg/L BA during spring 2021, but there were
no significant differences compared among the treatment (Table 1). There were not significantly
different in bacteria contamination and explants browning or dried. However, the rate of fungi
contamination was found to be high during autumn of each treatment (Table 1).

There were no significant differences in shoot weight of each treatment (Table 2). However,
among the control and BA treatment resulted significantly affected the shoot length and shoot
number of 'ltalia’ grapevine in vitro shoot shoot tip culture in both of lateral and fruiting shoots
treatment during spring 2021 experiments (Table 2). The highest shoot length was obtained in
lateral shoot when treated with 2.5 mg/L BA (2. 86 mm), whereas number of shoot was highest
when using 1.0 mg/L BA concentration with lateral shoot. There were significantly different in
leaf number, The highest and lowest leaf numbers were obtained in the 1.0 mg/L BA with lateral
shoot (6.90) and 0.0 mg/L BA (0) treatments group, respectively (Table 2).

There were not significantly different in the shoot multiplication rate among different
subculture period (Table 3). Nevertheless, the highest shoot multiplication rate was observed at
the fifth subcultures (3.23) (Table 3).

Roots that formed spontaneously from lateral shoots without adding plant hormones to the
media exhibited the lowest rooting percentage of 17.71% (Table 4). However, supplementation
with 0.5 mg/L IBA obtained the highest root length (10 cm), and root number per explant (4.06),
whereas 2.0 mg/L IBA was the highest rooting percentage (72.29%.) (Table 4). The highest of
rooting percentage, root number, and survival rate on root initiation of fruiting shoot was obtained
in 2 mg/L IBA treatment (Table 4). Although there were no significant differences in rooting
percentage, root length, or survival rate between fruiting shoots and lateral shoots under the
identical IBA treatment circumstances. However, when IBA concentration levels were considered
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Table 1. Effect of BA concentration and season on shoot survival and contamination rate of 'ltalia

grapevine.

BA Explant  Survival and contamination (%)”

(mg/L) type* A B C D

0 Sp21,L 78.90+12.82*ab" 0b 11.10+£12.82cd Oe
Sp21, F  65.77+16.16bc 0b 0d 24.23+16.16bcd
Au2l, L 51.82+13.27cdefgy Ob 36.13+11.54ab 5.55+11.10de
Au2l, F  25.91+20.53h Ob 42.95+18.76ab  28.05+23.93abcd
Sp22,L  42.47+18.05defgh 0b 0d 47.53+18.05a

1 Sp21, L 67.79+0.00bc 0b 11.10£12.82cd 11.10+12.82cde
Sp21, F  66.15+17.64bc 0b 5.55+11.10d 18.30+21.42bcde
Au2l, L  40.80+6.86efgh 0b 45.00+4.74ab  11.10+12.82cde
Au2l, F  25.91+20.53h Ob 42.95+18.76ab  28.05+23.93abcd
Sp22,L  61.57+20.54bcde 0D 0d 28.43+20.54abhc

25 Sp21,L  90.00+0.00a Ob 0d Oe
Sp21,F  66.62+20.09bc Ob 5.55+11.10d 21.33+16.73bcde
Au2l, L 58.54+12.69bcde 0b 31.46+12.69ab Oe
Au2l, F 33.98+11.15gh 0b 44.91+8.40ab  24.73+5.05bcd
Sp22, L 52.20+18.35cdefg Ob 5.55+11.10d 35.66+15.53ab

5 Sp21, L 47.62+13.45cdefgh 11.10+12.82a 8.08+16.16d 30.58+21.51abc
Sp21, F  62.74+5.83bcd 11.10+£12.82a 11.10+12.82cd 11.10+12.82cde
Au2l, L 57.75+26.28bcdef 5.55+11.10ab 26.70+31.03bc Oe
Au2l, F  36.13+11.54fgh Ob 43.33+16.80ab  18.30+21.42bcde
Sp22,L  61.95+23.93bcde 0b 0d 28.05+23.93abcd

“The explants were cultured on MS medium. L= lateral shoot and F= fruiting shoot; Sp21= Srpring
2021, Sp22= Spring 2022, and Au21= Autumn 2021
YSurvival and contamination (%); A= survival, B= bacteria contamination, C= fungi

contamination, and D= browning or died.

*Mean + standard deviation of four replication.

“Mean values within each column followed by different letters indicate significant differences
according to LSD test (p < 0.05).
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Table 2. Effect of BA concentration and season on shoot multiplication of 'Italia’ grapevine.

BA Explant  Shoot weight Shoot length

Shoots no. Leaf no.
(mg/L)  type? (9) (mm)
0 Sp21,L  0.01+0.00°h* of of of
Sp21, F  0.02+0.00h of of of
Au2l,L  0.02+0.01h 0.50+£0.58def  0.35+0.40f 0.88+1.03cdef
Au2l,F  0.01+0.01h 0.25+0.50ef 0.18+0.35f 0.25+0.50def
Sp22,L  0Oh 0.39+0.21ef 0.29+0.23f 0.14+0.09¢f
1 Sp21,L  0.92+0.10bcdef  2.45+0.17a 5.84+0.20a 1.55+0.13cdef
Sp21, F  0.69+0.11defg 1.68+0.62b 5.56+0.92a 1.15+0.27cdef
Au2l, L  1.71+0.28a 2.42+0.50a 1.61+0.16¢cd 6.90+0.81a

Au2l,F  0.71+1.42cdefg  0.50+1.00def  0.31+0.63f 2.00+4.00cd
Sp22,L  0.51+0.18efgh 1.14+0.20bc 3.05+£1.20b 0.70+0.24def
2.5 Sp21,L  1.29+0.08abc 2.86+0.12a 5.53+0.32a 1.88+0.49cde

Sp21, F 1.45+0.16ab 2.44+0.16a 5.34+1.04a 1.05+0.04cdef
Au2l,L  1.69+0.43a 1.61+0.28b 1.43+0.05cde  4.24+0.83b
Au2l,F  0.16x0.33gh 0.25+0.50ef 0.80+£1.05def  2.50+3.00bc
Sp22, L 0.46+0.28fgh 0.75£0.43cde  2.00+1.03c 0.52+0.34def
5 Sp21,L  1.09+0.32bcde 1.18+0.21bc 2.95+0.79b 1.15+0.16cdef
Sp21, F 1.13+0.21abcd 1.08+0.17bcd  3.50+0.58b 1.24+0.17cdef
Au2l,L  0.17+0.12gh 0.25+0.50f 0.23+0.45f 0.25+0.50def
Au2l,F  0.82+0.94cdef 0.50+£0.58def  0.52+0.60ef 1.58+1.83cdef
Sp22,L  0.07%£0.06h 0.64+0.36cde  1.29+0.69cde  0.31+0.20def

“The explants were cultured on MS medium. L= lateral shoot and F= fruiting shoot; Sp21=
Srpring 2021, Sp22= Spring 2022, and Au21= Autumn 2021

YMean + standard deviation of four replication.

*Mean values within each column followed by different letters indicate significant differences

according to LSD test (p < 0.05).

fruiting shoots had a higher rooting percentage, root length, and quantity of roots than lateral
shoots in the control group (0 mg/L IBA) (Table 4).
After acclimatization, lateral shoots treated with 0.5 mg/L IBA exhibited the highest survival
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rate (90.00%) (Fig. 2A). Whereas the highest survival percentage of post-acclimation was 80%
in the 2.0 mg/L IBA with fruiting shoot treatment group. Overall, there were no significant
differences in survival percentage among the both lateral and fruiting shoot treatments (Fig. 2A).

After 8 weeks of root induction in spring 2022, the results showed that rooting percentage, root
length, and root number did not differ significantly among IBA used in lateral shoots. The medium
supplemented with 2.0 mg/L IBA led to the highest rooting rate (72.17%), root length (9.07 cm),
and number of roots (2.64) (Table 5). There were no significantly different in rooting percentages,
root length, and root number among different IBA concentrations in fruiting shoot treatments
(Table 5). The treatment supplemented with 1.0 mg/L IBA resulted in the highest rooting rate
(67.79%) for explant shoots that rooted. The longest and shortest root lengths were obtained in
treatment with 1.0 mg/L IBA (5.29 cm) and 0 mg/L IBA (3.52 cm), respectively (Table 5). A

comparison of experiments among lateral shoot and fruiting shoot revealed no significant

differences.
A 120 7 s ns B 100.00 - Lme_r_al shoot
| Lateral shoot Fruiting shoot
Fruiting shoot 1
1001 ns 80.00 |
—~ 80 A1 N ]
B £ 60.00 |
— ns — *
£ 60 4 E ] 1
= z
= 1 1 S 40.00 4 [
40 4 @ |
20 4 20.00 -
0 0.00

Tl Tl T2 T2 T3 T3 T4 T4 Tl Tl T2 T2 T3 T3 T4 T4
Treatments

Treatments

Fig. 2. Survival rate after acclimatization of different 'Italia’ grapevine microshoot types in autumn
2021 (A) and spring 2022 (B) with different supplemental IBA concentrations. T1=
without IBA (CK); T2=0.5 mg/L IBA; T3=1.0 mg/L IBA; T4=2.0 mg/L IBA. Significant
differences between lateral and fruiting shoots according to t-test analysis are indicated

with ns= non-significant, *(p < 0.05), and **(p < 0.01).
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Table 3. Shoot multiplication rates for 'ltalia’ grapevine after different subculture periods 2.

Times of subculturey Multiplication rate

1 2.00+0.40c*

2 3.17+0.42ab
3 3.07+0.50ab
4 3.13+0.47ab
5 3.23+0.40a

6 2.47+0.38bc
7 2.67+0.32abc

2The explants were cultured on MS medium supplemented with 1mg/L BA.

¥ 30 days per subculture.

*Mean values within each column followed by different letters indicate significant differences
according to LSD test (p <0.05), the values were mean + standard deviation of three replication.

The medium supplemented with 1.0 mg/L IBA in lateral shoot experiment resulted in the
highest post-acclimation survival rate, whereas the highest and lowest survival percentages were
observed in the 0.5 and 1.0 mg/L IBA with fruiting shoot treatment groups, respectively (Figure
2B). Moreover, there were significant differences in survival (p<0.05) between lateral shoots

(40.42%) and fruiting shoots (65.61%) treated with 2.0 mg/L IBA (Fig. 2B).

Discussion

In the present study, 'ltalia’ grapevine shoot tips were treated with different concentration of
BA for shoot initiation and shoot multiplication, as well as IBA for the root induction by in vitro
shoot tip culture method. It was found that the culture medium added with 2.5 mg/L BA had the
highest survival rate after 2 weeks of cultivation, although there were no significant differences
among treatments. The lowest survival percentage (25.91%) was achieved using of hormone-free
media (table 1). Khalafalla et al. (2011), reported that after 4 weeks of culture of Boscia
senegalesis (Pers.) Lam. Ex Poir., multiple shoots did not develop on a hormone-free MS medium
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Table 4. Effect of IBA concentration and microshoot type on in vitro rooting of 'ltalia’ grapevine
in autumn 2021.

Type of Rooting Root length No. Root per
IBA (mg/L)?
shoot percentage (%) (cm) explant
0 Lateral 17.71+15.34%¢c* 7.21+8.31a 3.00£2.65a
Fruiting 50.77+0.00ab 8.30+£3.31a 3.44+0.38a
ns” ns ns
0.5 Lateral 43.08+6.66b 10.00+3.65a 4.06+1.58a
Fruiting 21.93+20.02b 8.93+10.22a 1.00+1.00b
ns ns ns
1 Lateral 30.7947.31bc 8.03+£9.17a 2.33+0.58a
Fruiting 38.86+12.11b 6.38+2.41a 4.17+1.76a
ns ns ns
2 Lateral 72.29+15.34a 7.86+1.16a 3.83£0.76a
Fruiting 64.22+25.39% 8.75+2.90a 5.67+1.53a
ns ns ns

“The explants were cultured on half-strength MS medium.

YMean + standard deviation of three replication.

*Mean values by different letters indicate significant differences according to LSD test (p < 0.05).
“Significant differences between lateral and fruiting according to t-test analysis are indicated with

ns= non-significant, *(p < 0.05), and **(p < 0.01). Values are Arcsine / % transformed.

for all types of explants were zygotic embryos, cotyledonary nodes, hypocotyls, and radicals,
although they remain green.

Among the different BA concentrations used for multiplication, 2.5 mg/L BA resulted in the
highest shoot weight (1.71 g), whereas 1 mg/L BA led to the highest number of shoots per explant
(5.84) and leaf (6.90) per explant. Treatment with hormone-free medium resulted in the lowest
shoot growth parameters (Table 2). These findings are consistent with a previous study found
that, BA could be an effective cytokinin for increasing Vitis shoot growth (Abido et al. 2013).
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Table 5. Effect of IBA concentration and microshoot type on in vitro rooting of 'Ttalia' grapevine

in spring 2022.
Rooting Root length No. Root per
IBA (mg/L)? Type of shoot
percentage (%) (cm) explant
0 Lateral 58.54+12.69Ya* 6.10£2.91a 2.25+1.30a
Fruiting 42.85+8.02b 3.52+1.06a 1.57+0.78a
ns" ns ns
0.5 Lateral 51.34+8.06a 5.23+0.81a 1.86+0.65a
Fruiting 51.25+4.29ab 4.56+1.26a 1.75+0.18a
ns ns ns
1 Lateral 56.02+11.15a 8.14+3.88a 2.46+0.79a
Fruiting 67.79+£0.00a 5.29+1.71a 2.21+0.69a
ns ns ns
2 Lateral 72.174+23.33a 9.07+4.76a 2.64+0.94a
Fruiting 57.28+22.16ab 4.90+2.74a 2.29+1.15a
ns ns ns

“The explants were cultured on half-strength MS medium.

YMean =+ standard deviation of four replication.

*Mean values by different letters indicate significant differences according to LSD test (p < 0.05).
“Significant differences between lateral and fruiting according to t-test analysis are indicated with

ns= non-significant, *(p < 0.05), and **(p < 0.01). Values are Arcsine / % transformed.

However, the explants appeared glassy with water-soaked leaves when the strongest BA
concentrations (2.5 and 5.0 mg/L) were used. Similar results were obtained where the use of 2.0
mg/L BA in the medium resulted in multiple shoots along with hyperhydricity, as reported
previously by Mukherjee et al. (2010). However, To prevent these issues, increasing agar
concentration and decreasing cytokinin and/or ammonium ion concentration were suggested
(Paques, 1991).

Furthermore, the survival rate, contamination rate, shoot length, and number of shoots per
explant were influenced by seasonal variation, type of explant genetic source, and sampling period
(Masoudi et al, 2020). In this study, the survival rate being higher in spring, whereas the
contamination rate being higher in autumn. Similar with Masoudi et al. (2020) found a
contamination percentage in fall was higher than spring for all apple tree varieties studied
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(‘Golbahar,' 'Sharbati,’ 'Soltani Shabestari,’ and 'Golden Delicious’). The highest shoot
multiplication rate was observed at the fifth subcultures, but there were no significant differences
compared with other subculture periods (Table 3). In contrast, Khalafalla et al. (2011) reported
that after the third cycle of shoot subculturing for long-term culture with BA supplementation, the
multiplication rate was decreased.

Rooting normally occurs 1-2 weeks after transplanting to fresh medium, with or without auxin
(such as IBA or NAA), and complete root formation occurs after 4 weeks (Chee et al, 1984;
Khalafalla et al, 2011; Mozafari et al, 2016). The findings of rooting experiments in this study
(Table 4; table 5) obtained that both hormone-free and IBA-supplemented media improve rooting
effectiveness of the 'ltalia’ grapevine. However, IBA has been identified as more effective auxin
for in vitro rooting (Helior et al, 1997; Khalafalla et al, 2011). For instance, Celik and Batur
(1990) observed the highest rooting development of 'Kaleck' grapevine was obtained with
combinations of 1.0 mg/L IBA without BA or 0.5 mg/L BA. In the present study found that the
supplementation of 2.0 mg/L IBA provided the highest rooting percentage for 'ltalia’ grapevine in
autumn with both types of explants (Table 4) and in spring with lateral shoot (Table 5), correlating
with the findings of Poudel et al. (2005) who reported that 2.0 mg/L IBA was the optimal
concentration for the rooting of ‘Kadaioun R-1 grapevine. The acclimatization success rate of
grapevine varieties can vary depending on the specific conditions. Laslo et al. (2010) noted the
effectiveness of acclimatization of grapevine depends on factors such as initial temperature,
humidity control, and reduced light intensity. Kinfe et al. (2017) obtained a 92.0% survival rate
after acclimation of the 'Chenin blanc' variety. In the present study, the autumn experiment with
lateral shoots achieved the highest survival rate of 90% with 0.5 mg/L IBA supplementation,
although the survival rate in the other experiments was considerably lower.
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pineapple (modified from ministry of agriculture, Taiwan).
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Fig. 2. Grading chart of internal browning severity of pineapple pulp (modified from Paull and
Rohrbach, 1985).
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Fig. 3. The appearance of winter- and spring-season 'Tainung No. 17' pineapple fruit at harvest
day, after stored at 10, 12.5, 15, or 17.5°C for 10 days, and followed by 25°C for 3 days.
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Fig. 4. Longitudinal section of winter- and spring-season Tainung No. 17' pineapple fruit stored
at 10, 12.5, 15, or 17.5°C for 10 days followed by 25°C for 3 days.
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Table 1. Browning incidence, browning severity, abnormal peel color ratio, and crown damage

score of winter- and spring-season 'Tainung No. 17' pineapple fruit after stored at 10,
12.5, 15, or 17.5°C for 10 days followed by 25°C for 3 days.

Browning Browning Abnormal Crown damage
incidence severity peel color score
Temperature (%) (0-6) ratio (%) (1-5)
January  April  January  April January  April  January April
10°C 80a*A 17aB 24aA 05aA 0 0 2.0aA 25bA
12.5°C 80aA 33aB 14aA 0.7aA 0 0 2.0aA 2.3bA
15°C 80 aA 0aB 1.2aA 0.0aB 0 0 2.0aA 25bA
17.5°C 80 aA 0aB 16aA 0.0aB 0 0 20aB 3.7aA
Harvest time falaiatd Hkk - —
Temperature ns. ns. - *
H.x T. ns. ns. - *

z Means within columns (small letters) and within row (capital letters) followed by the same
letters are not significantly different at p<0.05 by LSD test.

Yns: no significant, * significant at p<0.05, ** significant at p<0.01, *** significant at p<0.001
by LSD test.
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Table 2. The activities of polyphenol oxidase (PPO) and peroxidase (POD) of winter- and spring-
season Tainung No. 17" pineapple fruit after stored at 10, 12.5, 15, or 17.5°C for 10 days
followed by 25°C for 3 days.

PPO POD
Temperature (AA/min/g FW) (AA/min/g FW)
January April January April
at harvest 2.86 2.44 1.26 1.02
10°C 3.84 aA* 2.17 aB 1.26 bA 0.79 aA
12.5°C 3.47 bA 1.98 abB 1.79 aA 0.81aB
15°C 3.39 bA 1.77 bB 1.47 abA 0.85aB
17.5°C 3.42 bA 1.79 bB 1.47 abA 0.76 aB
Harvest time Frky flalel
Temperature falalel ns.
H.xT. ns. ns.

z Means within columns (small letters) and within row (capital letters) followed by the same
letters are not significantly different at p<0.05 by LSD test.

Yns: no significant, * significant at p<0.05, ** significant at p<0.01, *** significant at p<0.001
by LSD test.
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Table 3. The pulp color of winter- and spring-season 'Tainung No. 17' pineapple fruit after stored
at 10, 12.5, 15, or 17.5°C for 10 days followed by 25°C for 3 days.

L* a* b* Cc* h°
Temperature
TJanuary April January  April January April January April Januvary April
at harvest 76.7 74.6 13 43 32.6 429 32.6 43.1 87.7 843
10°C 72.0 bA* 72.2 abA 19bB  5.6aA 349bB  42.7aA 349bB  43.1aA 86.9aA  825aB
12.5°C 74.3 abA 69.0bB 3.8aB 5.5aA 39.9aA  415aA 40.1aA  419aA 846bA 825aB
15°C 77.3 aA 74.4 aA 33aB 6.1aA 35.0bB  43.5aA 352bB  44.0aA 84.7bA  82.1abB
17.5°C 78.6 aA 68.6 bB 3.1aB 6.9 aA 35.6bB  43.3aA 357bB  43.8aA 85.1bA  81.2bA
Harvest time ey ok ek ok okt
Temperature * ns. ns. ns. o
HxT. o ns. *

z Means within columns (small letters) and within row (capital letters) followed by the same letters
are not significantly different at p<0.05 by LSD test.

Y ns: no significant, * significant at p<0.05, ** significant at p<0.01, *** significant at p<0.001
by LSD test.

4 R1TEUE M4 5 %3010~ 125 152 17.5°Cem#10% ~25°Cw §3X 2 % F &7 o
Table 4. The fruit quality of winter- and spring-season "Tainung No. 17' pineapple fruit after stored
at 10, 12.5, 15, or 17.5°C for 10 days followed by 25°C for 3 days.

Weight Firmness TSS TA
2 TSS/TA
Temperature loss (%) (N/em?) ( Brix) (%)
January April January April January April January April January April
at harvest - - 21.47 24.12 15.2 16.7 0.91 0.51 16.8 36.1
10°C 4.9aA"  52DA 19.5aA 203aA 14.8aB  17.2aA 0.83aA  0.64aB 17.8aB  272aA
12.5°C 42aA 42cA 22.8aA  2l.1aA 15.8aA  154DbA 0.90aA  0.63aB 18.1aB  24.4aA

15°C 5.6aA 5.4 abA 224aA 234aA 153aA  16.7aA 0.78aA  0.63aB 205aB  269aA

17.5°C 4.9 aB 5.8aA 229aA  20.6aA 15.1aB  16.5abA 0.86aA  0.67aB 17.6aB  24.6aA
Harvest time ns¥ ns. ok ok ok
Temperature ok ns. ns. ns. ns.
H.xT. ns. ns. ns. ns. ns.

Z Means within columns (small letters) and within row (capital letters) followed by the same letters
are not significantly different at p<0.05 by LSD test.

Y ns: no significant, * significant at p<0.05, ** significant at p<0.01, *** significant at p<0.001
by LSD test.
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Table 5. The average temperature, max temperature, minimum temperature, relative humidity,
and rainfall in 7, 30, 60, and 90 days before harvest in January and April, 2022.

Max Minimum

Temperature RH Rainfall
Days before C) Temperature  Temperature (%) (mm)
harvest °C) (°O)
Jan. April. Jan. April. Jan. April. Jan. April. Jan. April.
7 194 279 249 333 152 231 79.0 704 0.00 0.07
30 198 245 249 288 160 199 792 746 015 0.26
60 207 239 258 288 168 194 771 742 010 0.52
90 221 222 271 271 184 178 766 771 042 0.79
oW

HRATE G A RCGE AEE S 0 F AR 0 W R B 5 AT R
B BRAHFRERR 5 125C(F %, 2014) 0 g R E T RTE R G AL RE S
R ATE RIAEE R P APFEEAD NIRRT B R TR A L
FRIFEookiEKk EE) R A8 B ¥~ %A 4 G 4R 2 % w4k (Nakasone and
Paull, 1998) ' RATHH 41 £ % (17 )& 4 % (47 )£.10 « 125 « 152 17.5°C p4010% « 25
Cw @33} 2R EFHANMES BFNT > S FOIRARGF I (B3 £ 55
FLLERARERYBUSYLHARRMFLE 7 55% 9 1T5CHRY B
FTEFARMEA AL ER AR TS EE R TR pE KB RE B R0
BT EAKGM(RD) 0 HEEFEES D S RS £ T 4D TS B
(Sangsoy etal., 2022) > F]} A2 FE & dc2 7 MEMX LB H < > S p kv g4
FEFEEMAEL A PR o Sangsoy £ (2022) A A X F A KB A TR D EHER LR
i e AFERG R 0 FRFHCDIR P IR R TR G E R L0k
B w5 FEF(R5) P FEF RS RN ALERFRY RSN FL TR
B2 FPREAKIIECH TR AN FF N LR (A1 M)t F R
175 CRA R 2 bk 2 15C TR 903 o R B e 2k d (W4)
S % 2 H2009)% & RATHLY H30125% 15CRPif 2 Al 1t R Ap 0 2 *F Hong % (2013) 3
F'Comte >t 25°C T BFE24% 1 & MIMBE AT A 0 AT T K p AR AT 2 EI
FEoOAERELESTG T A

BHER AR LR Zd WA HARR > PR R ARG LR BT AN
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Effects of Storage Temperature on Chilling Injury and Fruit
Quality of Winter- and Spring-season Harvested "Tainung 17
Pineapple Fruits during Low Temperature Storage

Hung-En Tsai ¥ Huey-Ling Lin ?

Key words: Storage quality, Internal browning, Polyphenol oxidase, Peroxidase

Summary

This study investigated the effects of storage temperature at 10, 12.5, 15, or 17.5°C for 10
days and subsequent simulation of shelf conditions at 25°C for 3 days on the incidence of internal
browning, browning severity, and crown damage core of winter- and spring-season harvested
‘Tainung No. 17" pineapple fruit. The results showed the incidence of internal browning in April
fruits was significantly lower than that in January fruits. The browning severity in April fruits was
significantly affected by the harvest month, with January fruits were store at 10-17.5°C showing
significantly higher levels of browning than April fruits. No abnormal peel color was observed
on the fruit skin after rewarming in all treatments. The activity of polyphenol oxidase in fruits
harvested in January and April and stored at 10°C for 10 days and then followed by 25°C for 3
days was significantly higher than that in fruits stored at 15-17.5°C, and enzyme activity was
higher in January fruits than in April fruits among all temperature conditions. The harvest month
significantly affected the soluble solids and titratable acidity of fruits stored for 10 days and then
followed by 25°C for 3 days. Soluble solids in April fruits were significantly higher than those in
January fruits, while titratable acidity was significantly lower in April fruits. In conclusion, for
export purposes, April spring fruits are high storage quality, as they exhibit light chilling injury
symptoms of internal browning after 10 days of storage at 15°C and then followed by at25°C for
3 days, and they have a higher TSS/TA.

1) Studentin M.S. Program, Department of Horticulture, National Chung Hsing University.
This article is a part of a master's thesis written by the first author.

2) Professor, Department of Horticulture, National Chung Hsing University, Corresponding
author.
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Fig. 1. 0.08 mm-thickness AMAP and PMAP of 'Jing-Long' carambola fruit: Changes in A. O
and B. CO; during 22-day storage at 0°C.
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Table 1. Fruit quality of Jing-Long' carambola fruit after 0°C 22 days with 0.08 mm PE MAP
treatment followed by 5°C forl5 days.

V\/Iglsgsht TS_S TA Firmness Bzﬁ\éver;(lxn g Mar_ketable
(%) (°Brix) (%) (N/cm?) (0-2) ratio (%)
Before storage - 6.10 0.32 61.27 0.00 100.00
CK 0.50 a* 7.00a 0.30a 6292a 0.20a 100.00
0°C 22d» PMAP 0.19b 7.22a 0.25a 56.48a 0.00 a 100.00
AMAP 0.22b 7.08 a 0.25a 59.12a 0.20a 100.00
CK 0.42a 7.48a 0.30a 59.63a 0.00 a 100.00
o PMAP 0262  688a 92 57482 060a  100.00
AMAP 0.23a 7.14a 0.24b 54.83a 0.40 a 100.00
. CK 0.86a 7.88a 0.27a 49.98a 0.60a 100.00
gsgczfgd PMAP 0.29b 6.84 b 0.25a 54.73a 0.60 a 100.00
AMAP 0.23b 7.08 ab 0.24a 4954a 1.00a 80.00
i CK 1.00 a 7.20a 0.25a 49.99b 0.60b 100.00
252(:2?‘5101 PMAP 0.28b 7.68a 0.25a 59.12a 0.80 ab 100.00
AMAP 0.35b 6.64 a 0.24a 65.57a 140a 60.00
Storage time(T) * ns ns ns FHx -
Treatment(t) Fhx ns ** ns * -
(M) x (1) ns ns ns ns ns -

“Means within each column followed by the same letter(s) are not significantly different at
P<0.05 by LSD test.

YMeans low temperature quarantine treatment is core temperature 1.0°C for 17days.

*the browning index are according to the level of browning spot and rib-edge darkening on the
fruit surface, as 0=0%, 1=browning area less than 20%, 2= browning area more than 20%
surface which is unmarketable.

ns: non-significant, *: significant at P <0.05, **: significant at P=0.01, ***: significant at P =
0.001. (CK: control group with 0.03mm PP packs in each single fruit, PMAP: passive modified
atmosphere packaging, AMAP: active modified atmosphere packaging, TSS: total soluble
solids, TA: titratable acidity)
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Table 2. Fruit quality of 'Jing-Long' carambola fruit after 0°C 22 days with 0.08 mm PE MAP
treatment followed by 5°C for 15 days and moved to 20°C for 1 day every 5 days.

WO 1ss  TA e Cogtd Mool
(%) (°Brix) (%) (N/cm?) (0-2) (%)
Before storage - 6.10 0.32 61.27 0.00 100.00
CK 0.79a* 6.82a 0.27a 56.68a 0.20a 100.00
228?;2% PMAP 060a 686a 027a 5368a  020a  100.00
AMAP 0.70a 6.96 a 0.25a 55.18a 0.20a 100.00
0cc22d  CK 091a 750a 025a 53.38a 0.00a 100.00
+5°C5d PMAP 0.84a 6.68 ab 0.27a 59.37a 0.40a 100.00
+20°C1ld  AMAP 071a 6.16b  026a 60.07a 0.60a 100.00
0°c 224 CK 1l1la 7.90a 0.29a 54.83a 0.00b 100.00
+5°C 10d PMAP 0.90a 7.22 ab 0.25ab 57.33a 0.80a 100.00
+20°C1d  AmMAP 0.79a 664D 0.23b 62.32a 1.00 a 80.00
CK 118a 7.46a 0.24a 50.64Db 1.00a 100.00
0°C 22d 62.17
+5°C15d PMAP 056a 7.30a 0.23a 1.00 a 100.00
+20°C 1d ab
AMAP 130a 7.58a 0.23a 63.82a 1.20a 80.00
Storage time (T) ns ns ns ns ikl -
Treatment (t) ns ns ns ns ** -
(M x (@) ns ns ns ns ns -

“Means within each column followed by the same letter(s) are not significantly different at

P<0.05 by LSD test.

YMeans low temperature quarantine treatment is core temperature 1.0°C for 17days.
*the browning index are according to the level of browning spot and rib-edge darkening on the
fruit surface, as 0=0%, 1=browning area less than 20%, 2= browning area more than 20%

surface which is unmarketable.

ns: non-significant, *: significant at P =0.05, **: significant at P=0.01, ***: significant at P =

0.001. (CK: control group with 0.03mm PP packs in each single fruit, PMAP: passive modified

atmosphere packaging, AMAP: active modified atmosphere packaging, TSS: total soluble

solids, TA: titratable acidity)
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Table 3. Fruit quality of Jing-Long' carambola fruit after 0°C 22 days with 0.08 mm PE MAP
treatment followed by 5°C for 15 days.

L* a* b* C* h°
Before storage 50.28 -7.42 27.79 28.77 104.86
CK 47.69 & -8.08 a 30.96 a 32.08 a 104.80 a
0°C 22d¥ PMAP 47.96 a -8.05a 28.85a 29.97 a 105.76 a
AMAP 49.54 a -6.94a 29.52a 30.35a 103.24 a
CK 48.63 a -6.70 a 30.09a 30.83 a 102.57 a

0°C 22d+5°C 5d PMAP 50.16 a -5.84 a 28.79 a 29.43 a 101.20 a
AMAP 47.46 a -6.67 a 28.77 a 29.54 a 103.06 a

CK 46.86 a -6.65 a 29.64 a 30.41a 102.66 a
0°C 22d+5°C 10d ~ PMAP 49.98 a -5.88 a 30.74 a 31.32 a 100.89 a
AMAP 49.27 a -5.78 a 31.44 a 32.03a 100.64 a

CK 48.11a -6.38 a 29.93 a 30.61a 102.01 a
0°C 22d+5°C 15d  PMAP 47.37 a -6.53 a 31.38a 32.07 a 101.85a
AMAP 48.36 a -6.14 a 30.77 a 31.40 a 101.37 a

Storage time (T) ns ** ns ns **
Treatment (t) ns ns ns ns ns
(M) x (1) ns ns ns ns ns

“Means within each column followed by the same letter(s) are not significantly different at
P<0.05 by LSD test.

YMeans low temperature quarantine treatment is core temperature 1.0°C for 17days.

ns: non-significant, *: significant at P <0.05, **: significant at P=0.01, ***: significant at P =
0.001. (CK: control group with 0.03mm PP packs in each single fruit, PMAP: passive modified
atmosphere packaging, AMAP: active modified atmosphere packaging)
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Table 4. Peels color of 'Jing-Long' carambola fruit after 0°C 22 days with 0.08 mm PE MAP
treatment followed by 5°C for 15 days and moved to 20°C for 1 day every 5 days.

L* a* b* C* he
Before storage 50.28 -7.42 27.79 28.77 104.86
0°C 2o CK 49674 -7.23a 29.67 a 3054a  103.75a
0 1d PMAP  51.11a -6.28a 30.33a 30.99a  101.73a
AMAP  48.19a -6.31a 28.13 a 2889a  102.90a
0°C 22d CK 50.61 a -6.08 a 30.07 a 30.70a  10151a
+5°C 5d PMAP  49.90a -5.94 a 26.81a 27.47a  102.46a
+20°Cld  AMAP  4961a -6.44 a 29.12a 29.84a  102.57a
0°C 22d CK 50.20 a -6.10 b 27.48 a 28.16a  102.53a
+5°C 10d PMAP  52.28a -4.60 a 27.44 a 27.83a 99.61b
+20°C1ld  AMAP  51.95a -4.44 3 27.34a 27.73a 99.35 b
0°C 22d CK 51.75a -5.15a 26.78 a 27.29a  100.90 a
+5°C 15d PMAP  50.15ab -491a 27.63a 28.09a  100.17a
+20°C1d  AMAP  48.69b -5.66 a 28.00 a 2859a  101.46a
Storage time (T) ns il ns ns **
Treatment (t) ns ns ns ns ns
(T) x (v) ns ns ns ns ns

“Means within each row followed by the same letter(s) are not significantly different at P<0.05
by LSD test.

YMeans low temperature quarantine treatment is core temperature 1.0°C for 17days.
ns: non-significant, *: significant at P =<0.05, **: significant at P=0.01, ***: significantat P =
0.001. (CK: control group with 0.03mm PP packs in each single fruit, PMAP: passive modified
atmosphere packaging, AMAP: active modified atmosphere packaging)

TE-FB2ZAEFHBINTED D AL RBRFVREEFLE OV IRILEENGF &
5°C 5= 2 10= 2 4+ /% (750, 7.90 °Brix) & % % **AMAP(6.16, 6.64 °Brix) » ¥ i % ;

(0.29%) %8 % % **AMAP(0.23%) + # & # I & £ B 1 » £ 115C 15% wif 14 2
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Fig. 2. Contents of MDA of 'Jing-Long' carambola fruit after 0°C 22 days with 0.08 mm PE MAP
treatment A. followed by 5°C for 15 days and B. moved to 20°C for 1 days every 5 days.
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Fig. 4. Appearance of Jing-Long' carambola fruit after 0°C 22 days with 0.08 mm PE MAP

treatment followed by 5°C for 15 days and moved to 20°C for 1 day every 5 days.(bar=5
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Effect of Modified Atmosphere Packaging on Fruit
Quality of ‘Jing-Long’ Carambola (Averrhoa carambola
L.) Fruit under Low Temperature

Kai-Wen Lin ? Huey-Ling Lin ?

Key words: Respiration rate, Browning, Low temperature quarantine

Summary

This study investigates the effect of modified atmosphere packaging on the
postharvest quality of ‘Jing-Long’ carambola fruit during a simulated export quarantine
process at 0°C, as well as its tolerance to low temperatures. The results demonstrate that
‘Jing-Long’ carambola fruit, subjected to low-temperature quarantine, maintains a 100%
marketable rate even after 15 days of storage at 5°C, with less than 20% surface area
affected by browning. The use of 0.08 mm thick LDPE modified atmosphere packaging
bags effectively maintains the gas composition within the bags. However, the results only
show a significant reduction in weight loss compared to conventional packaging, with no
significant differences in fruit quality observed. Thus, there is no significant improvement
in the storage quality using modified atmosphere packaging. ‘Jing-Long’ carambola fruit
exhibits cold tolerance characteristics, as it only exhibits minor fruit damage after low-
temperature storage. Therefore, under export conditions, conventional packaging remains
a more cost-effective approach.

1) Student in M.S. Program, Department of Horticulture, National Chung Hsing University.
This article is a part of a master’s thesis written by the first author.

2) Professor, Department of Horticulture, National Chung Hsing University,
Corresponding author.
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Fig. 1. Effect of treatments on blueberry phenological stages.
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Table 1. Comparison of the effects of plant age and treatment duration on blueberry flower bud
after 4-8 weeks of treatment.
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Treatment Treatment Significant
1Y:-CK 8.00+2.80 ¢ 2Y-CK 27.25+5.64 ¢ ns*
1Y-CT-SD4W 4570+9.63 b 2Y-CT-SD4W 71.00 £18.30 bc ns
1Y-CT-SD6W 70.30 £11.66 b 2Y-CT-SD6W 127.25+25.27 b *
1Y-CT-SD8W 147.80 £17.44 a 2Y-CT-SD8W 230.57 +45.07 a ns
Duration(D) ek
Age (A) **

DXA ns

z1Y=one-year plants (at least n =8); 2Y=two-year plants (at least n =5); CT=cool temperature
(Day 20°C/Night 15°C); SD=short day (10 hr), 4W=4 weeks, 6W=6 weeks, 8W=8 weeks.

YMeans £SE within columns followed by the same letter are not significantly different at P<0.05
by LSD test.

Xk Ak kxke Significant at p<0.05, p<0.01, and p<0.001, respectively; ns=non-significant.
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Table 2. Comparison of the effects of plant age and treatment duration on blueberry flowering
after 4-8 weeks of treatment.

Treatment Treatment Significant
1Y?*-CK 38.80 £8.61 ¢¥ 2Y-CK 103.75+26.48 ¢ nsX
1Y-CT-SD4W  195.88 +40.33bc  2Y-CT-SD4W 272.43 +61.16 bc ns
1Y-CT-SD6W 303.88 +57.91 b 2Y-CT-SD6W 420.25 +107.33 b ns
1Y-CT-SD8W 630.10 +93.01 a 2Y-CT-SD8W 773.00 £139.28 a ns
Duration(D) Fhx
Age (A) ns
DIA ns

z1Y=one-year plants (at least n =8); 2Y=two-year plants (at least n =5); CT=cool temperature
(Day 20°C/Night 15°C); SD=short day (10 hr), 4W=4 weeks, 6W=6 weeks, 8W=8 weeks.
YMeans £SE within columns followed by the same letter are not significantly different at P<0.05

by LSD test.

¥k Ak ke Significant at p<0.05, p<0.01, and p<0.001, respectively; ns=non-significant.
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Effects of Cool Temperature and Short Day Length on
Reproductive Growth in Blueberry (Vaccinium Corymbosum L.)

Ying-Chun Cheng”  Chang-Lin Chen®

Key words: Blueberry, Cool temperature, Short day length

Summary

In subtropical regions, exposing to chilling temperatures is generally required because the
chilling requirement is not enough in autumn and winter. The blueberry was planted in high land
or dependent on imports. Currently, low chilling requirement blueberry cultivars show potential
for cultivation in subtropical regions. This study aims to explore the effects of cool temperature
and short-day length on reproductive growth in the low chilling requirement blueberry in Taiwan.
The one- or two-year-old plants treated for 4-8 weeks not only accelerated bud formation and
bloom but also increased bud and flower numbers. As the treatment duration increased, the plant
exhibited early flowering and flowering concentration. The 6-week treatment with cool
temperature and short-day length showed high potential to shift the production period for

ornamental potted blueberry plants.

1)Master student, Department of Horticulture, National Chung Hsing University.
2) Assistant Professor, Department of Horticulture, National Chung Hsing University,

Corresponding author.
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Appendix 1. Appearance of the blueberry flower bud.

WEBl- s EEB R
Appendix 2. Appearance of the blueberry flowering.
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ppm GAs+ 5 ppm CPPU » {8 20 P &J2 20 ppm GA;+ 10 ppm CPPU - '@ ¥ 'z "@3E ') w)
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FETHAARD B
(=) % #Z (berry weight) % #81L £ (rachis weight)
T+ & T (CP4202S, Sartorius)f~£ R » H =5 g
(=) &7 3 ¥ F354 (total soluble solid, TSS)
S R H(PAL-1, ATAGO)R| £ » H = % °Brix °
(=) ¥ iF ¥ p&(titratable acidity, TA)
®* p $F TR(TIM840, Titralab)ip] =_» & IFE e 5 1R > % e B %P 2 7 JF 2
ez g HEZZi%-
(=) ¥+ pH &
% f # i % th(TIMS4O, Titralab)ip] %_ -
() * 274p #(berry shape index)
RUEEE b M VN S
(=) &1L 2 /Z(peduncle diameter)
BRI E S e Ry - AAF2E/E > ) mmo
(=) ‘] %14 & iZ(pedicel diameter)
MR o) % H Forachis Al R feAcBEs ¢ FFEL

2B EHix: mm’wkrrFﬁ?]b“rTr o

avNRABHIE
b:RIERKE
TE cRIECESE

(~) &2 ji(receptacle diameter)

R BRSBTS
mm > 4o+ B PTT e
(4) %3 & A& (receptacle length)

MR RR) R R R T ST LRl H

10 cm
% mm o ot BlPTT e fe———
() AL 5% & & (deflection angle of rachis) -_17\,
B TR H- A BN E - A1 10 om e

B A BT (BRF YRR S0 g 2 A £
BT R R 100 g 2 5 AS) 0 R R R A H AR 152 A
&R o H 5 B (degree) o :
(- - ) #t 2 (abscission rate)

VPR 2 AR L LR 10 ) 0 P E AR AT
2 %Pk #Hc ¥ ,ﬁ%.‘l BB HciB2 o Him5i%-o
233:1}7% 55 ;‘J— S ‘}’?

R ficdy 1 A3t 488 SAS (SAS Enterprise Guide 7.4) ¥ 2. ANOVA (Analysis of variance)
BITRS LAITE B B F AL PR 4 Tleast significant difference, LSD)'" e p g2 2. X B &g ¥
oo S % 2 iy 35 54 angular transformation > £ i {7 5Lt A 4T o
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[TRN £

SR EmE B TS 53 2 R AVG AT

R Rk Aok 1 9F > AVG B 5 R Az A BB fo Lz W
(0.3%) » * B F i3 44 PR 2.(7.0%) o @ 3% 150 ppm AVG 2. B AL 2 B i5% 5 <+ ]
H 150 ppMAVG 2. C ST f%ife & 1 4 # 4 Re R M T LE « R E 5 5 o AU B
B2 ORI AILT B % AVG 1 C AL F MOt H B A BASISHEBRANFLL -
BT ABEGF G AL BALHERHEN a CALMNANTLE - 7 iF T
PH 2 % f8% /=2 w ’/%@«‘ SHBEYREFLE R4 ARJLE ¥ &3 (1.06)
HuioaglEF LR c %MK 6 AU ez TS & RIS FEONHRE ¥ A0]
SHEEE %#ﬁéiﬂw@ﬁ—l.&%ﬁ—a‘@*“ R FHETEF A Z C il F 3 0 HR
pom BERIEHHBRERFALE -

BUECTE TS 5 XA 2 ERPEFT AVG rIZE A0 E 2 A7 0 R RE S T OF 2
PH % Ajdp i~ ] S B /22 B d = G Al le B e %;T%”zl_ﬂ o BT B ILFA S
Gk AZ BRIZYEFUWHRBE CRIZREEF o ARG 0 A RIZZ R
HERFFHRE BB LR %E%“l*‘\‘“ﬁﬁ@ B e, Fﬂlﬁ%?%hi?i o fAL
EEH CAZ BERESEFZ O HRBRE CalBplodmalFid o %H3EF 30
CABER“HEL A % EEA G AL BAN o P YA HE L -

1B FEENRTH S22 BRI ILAVGZ 57 &F
Table 1. Effect of applying AVG 5 days before full bloom and at veraison on fruit quality of
triploid grape "Xingcui'.

Berry weight Berry shape Rachis

4 [o} :

T © TSS (°Brix) TA (%) pH index weight (g)
CK  9.240.92" 17.741.2a  0.39+0.14a 3.2740.14a  1.03+0.02b 8.2+1.4ab
A 8.6+1.8ab 16.7£0.4b  0.45+0.17a  3.2240.09a  1.06+0.04a 9.4+1.3a
B 8.2+0.9ab 16.5+0.6b 0.46+£0.22a  3.1740.15a 1.02+0.02b 7.9£1.1b
C 7.7+£0.7b 16.9+0.5ab  0.46+0.15a 3.16+0.13a 1.05+0.03ab 8.8+1.2ab
T anglil ﬂoefc :;OCT“S Peduncle dlz:fnlggr Receptacle  Receptacle  Abscission

diameter (mm) diameter (mm) length (mm)  rate (%)

(degree) (mm)
CK 23.6+14.5a 5.03£0.54ab 2.74+0.24a  4.00+£0.23b  1.66+0.21b 7.0+£8.3a
A 5.9+ 4.3b 5.36+0.36a  2.81+0.33a  4.26+0.35a 2.17+0.26a 0.3+0.9b
B 9.1+ 6.3b 4.88+0.22b  2.34+0.24a  3.56+0.29b 1.74+0.24b 3.4+3.8ab
C 3.3+ 4.8b 4.97+0.47ab 1.97+0.09b  3.62+0.15a 1.40+0.12c 1.7+1.4ab

ZT: treatment, CK: No AVG treatment. A: 150 ppm AVG was applied to flowers 5 days before full bloom.
B: 150 ppm AVG was applied to clusters at veraison. C: 150 ppm AVG was applied 5 days before full
bloom and at veraison.

¥ Mean £ SD, n=7. Significant differences between treatments are expressed by different letters according
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to the LSD test at p < 0.05.
A2ZBMIFEEVNETHE X R AL AVG 2 57 5T
Table 2. Effect of applying AVG 5 days before full bloom and at veraison on fruit quality of
triploid grape 'Xingfeng'

., Berry weight oD Berry shape Rachis
T ©) TSS (°Brix) TA (%) pH index weight (q)
CK  13.9+2.9ab¥ 17.741.2a  0.22+0.16a 3.26+£0.05a  1.19+0.04a 9.6+1.2b
A 15.3+2.6ab 16.7+0.4b 0.32+0.15a 3.25+0.14a 1.16+0.04a 14.5+£3.1a
B 16.3+1.2a 16.5+0.6b 0.42+0.26a 3.26+0.14a 1.19+0.03a 12.5+3.2ab
C 12.8+1.0b 16.9+0.5ab  0.30+0.16a 3.48+0.32a 1.15+0.03a 11.7+1.5ab
Deflection . Peduncle Pedlcel Receptacle  Receptacle  Abscission
T angle of rachis diameter (mm) diameter diameter (mm) length (mm) rate (%)
(degree) (mm) g
CK 17.0£ 9.1a  4.20+0.24c 3.56+0.29a 5.37£0.60b  2.14+0.20b 3.842.5ab
A 1.9+ 1.4b 5.69+0.62a 3.77+0.17a 5.87+£0.50ab 2.65+0.20a 2.0+3.2ab
B 9.2+ 7.1ab 5.07+£0.47b 3.74+0.37a 6.13+£0.47a  2.75+£0.27a 4.1+1.7a
C 10.4+£10.6ab 4.20+0.43¢ 3.54+0.20a 5.46+0.28b 2.19+0.21b 1.0+1.4b

ZT: treatment, CK: No AVG treatment. A: 150 ppm AVG was applied to flowers 5 days before full bloom.
B: 150 ppm AVG was applied to clusters at veraison. C: 150 ppm AVG was applied 5 days before full

bloom and at veraison.
¥ Mean £ SD, n=7. Significant differences between treatments are expressed by different letters according

to the LSD test at p < 0.05.

S EmEEE B 1] 32 BT 4% AVG 2 CPPU AR

R AR %ok 360 > AU AR TR 11X 2 B 4% AJL AVG 2 A % B
@Hﬁfg&«ﬁ&*mw% B CPPU 22 C & D RJLRlm i F AR - dlie
BFREA S pH S e AT E A E T R4 T 5 OE R, w%ﬁ‘fi
‘ovﬁim 255 0 B AJL(0.22%)H ¥ § >0 46 1(0.18%) » H AT o 5t 417

EHFLE - CZ2 DAz RSV ERAEFHIHRBE 7 AZ BRJ2l@HE. Fmép
FLE %%{‘E‘E_IYB%@W&E?AM HRE DA E AR Y LE %K E R YDA
EHFRHE CRIEMEFE T HBYE A A2 Br@HoddReaFLil o

Moz B FIOBFHUNHRBE > A LR EEFALE -

gt BT 11 X 2 BT 4 X AJL AVG 2 CPPU 2 % % 4rd 40 BTt %
TR A pH B gl RE AP AR RIS ) RHESE S
FEERSSEHREEFFLE CATVRLANS 5 TARILE FOTHE > 14
ARERBFLE R LANL DARETE W HEL HOAZAHEHTLE
Aggez i R e g %43 B -C2 DALY K HE R -

[k
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A3ZRMEFERNREH I XZEED 42 L AVG 2 CPPUZ %3 & F
Table 3. Effect of applying plant growth regulators 4 days and 11 days before full bloom on fruit

quality of triploid grape 'Xingcui'.

, Berry s Berry shape  Rachis
T eight(ey 1SS (Brix) - TA(%) pH index  weight (g)
CK 8.5+0.5aY 18.2+1.3a  0.18+0.02b  3.35+£0.05a  0.98+0.0la  7.6+1.2a
A 7.6+0.7b 17.6+1.3a  0.19+0.05ab  3.32+0.09a  0.97+0.02a  7.1+1.0a
B 7.5+1.3b 17.9+1.5a  0.22+0.05a  3.34+0.10a  0.97+0.02a  7.3+1.8a
C 7.7+0.6ab 17.6£0.8a  0.22+0.05ab  3.32+0.09a 0.99+0.02a  7.8+1.2a
D 8.3+0.5ab 18.3£1.3a  0.18+0.02b  3.33+£0.03a  0.97+0.0la  7.9+1.2a
T angli ﬂoe]:: :;Ocr;lis _ Peduncle dlzzfnlggr .Receptacle Receptacle  Abscission

(degree) diameter (mm) (mm) diameter (mm) length (mm) rate (%)
CK  20.0+5.0a 3.78+0.25a  2.10+£0.17a  3.68+0.17ab 2.01+0.16b 10.83£3.95a
A 15.0+8.7ab 3.71+£0.53a 2.11+0.21a 3.56+0.16ab 2.01+0.08b  3.39+£2.66b
B 13.6+4.8ab 3.87+0.29a 1.89+0.18b 3.3740.24b  2.02+0.23b  3.01+2.96b
C 12.1+10.8b 3.48+0.38a 2.11+0.17a 3.57£0.13ab 1.80+£0.13c  3.24+1.84b
D 10.7+4.5b 3.534+0.29a 2.17+£0.08a 4.10+1.07a 2.1940.17a  3.72+4.95b

ZT: treatment, CK: No AVG or CPPU treatment. A: 150 ppm AVG was applied 11 days before full bloom.
B: 150 ppm AVG was applied 4 days before full bloom. C: 5 ppm CPPU was applied 11 days before full
bloom. D: 5 ppm CPPU was applied 4 days before full bloom.

¥ Mean + SD, n=7. Significant differences between treatments are expressed by different letters according
to the LSD test at p < 0.05.

%% >

E K AVG BT 1 0 R AR ¥

s *

(Babahk 2021) -

WEME BT 1-3 i A&J2 50-300 ppm AVG
ﬁ'{a e '\:'_’9"\\

» Frd]

i

BE AR 2 E M %9 15 R(ripening)iE fLE B ¥
2015) 15 2 B g B IRAL EEF § S HBET K
i (Cherinetal., 2004) - ¥ % & $if4z > ¢ % 4 &
g EL i kB H 4e 3 2 AB%(Trainotti et al., 2005)
s g o ¥ b > Dal Cin % (2008)4p ¢

4 & & F k2 ef e % (Fortes et al,
o] 2o e g E EEF ACO AT+ £ £
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R SRt SR e
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)'@’if
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2A4ZBHMFREVEED 1L X2 B9 4 X AJ2 AVG 2 CPPU 2 % § &1
Table 4. Effect of applying plant growth regulators 4 days and 11 days before full bloom on fruit
quality of triploid grape 'Xingfeng'.

. Berry weight R Berry shape Rachis
T (@) TSS (°Brix) TA (%) pH index weight (g)
CK  11.3+£0.9a¥ 17.940.5a  0.33+0.12a  3.16+0.11a  1.09+0.02a  10.1£1.9a
A 12.2+1.5a 16.3+1.0b 0.28+0.08a  3.19+0.08a  1.09+0.02a 9.8+1.1a
B 12.9+1.1a 17.241.1a  0.31+0.07a  3.22+0.13a  1.07+0.02a  11.7+3.8a
C 12.7+1.6a 17.0+£0.5ab  0.30+0.04a  3.13+0.05a  1.09+0.02a  11.7+1.6a
D 12.842.1a 17.740.8a 0.26+0.04a  3.18+0.05a 1.07+0.04a  11.9+1.5a
Deflection . Peduncle Pedlcel Receptacle  Receptacle  Abscission

T angle of rachis diameter (mm) diameter diameter (mm) length (mm) rate (%)

(degree) (mm) £

CK  13.6+7.5a 3.73£0.39a  2.67+0.28a  4.52+0.23a 2.50+0.14b 10.0+£5.2a
A 11.849.0a 4.16+0.35a 2.5740.24a  4.56+0.29a 2.57+0.21b 10.0+7.6a
B 17.9+7.0a 4.01+0.49a 2.54+0.21a  4.64+0.30a 2.68+0.25ab 2.7£3.9b
C 16.4+6.9a 3.77+£0.41a 2.46+0.18a 5.04+1.39a 2.71+0.16ab 2.5+£2.0b
D 14.3+£5.4a 4.03+0.50a 2.54+0.30a  4.94+0.26a 2.83+0.24a 1.5+£2.5b

Z T: treatment, CK: No AVG or CPPU treatment. A: 150 ppm AVG was applied 11 days before
full bloom. B: 150 ppm AVG was applied 4 days before full bloom. C: 5 ppm CPPU was applied
11 days before full bloom. D: 5 ppm CPPU was applied 4 days before full bloom.

Y Mean £ SD, n= 7. Significant differences between treatments are expressed by different letters
according to the LSD test at p < 0.05.
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Effect of AVG and CPPU on Cluster Quality of
Triploid Grapevines

Fu-Mao Hong " Ching-Cheng Chen?

Key words: Berry shatter, Rachis weight, Deflection angle of rachis.

Summary

This study was conducted to investigate the effect of AVG and CPPU on cluster quality of
triploid progenies 'Xingcui' and 'Xingfeng' crossed between diploid 'uscat Bailey A' and
tetraploid 'Kyoho' grapevine. In order to reduce berry shatter after harvest, AVG and CPPU were
applied at different developmental stages. The results showed that applying 150 ppm AVG or 5
ppm CPPU 4-5 day before full bloom (DBB) reduced berry shattering of "Xingcui' and 'Xingfeng'
grapes during postharvest handling. However, the berry weight of 'Xingcui' was decreased when
150 ppm AVG was applied 4-5 DBB and at veraison. Applying 5 ppm CPPU 4-5 DBB, followed
by 2 ppm GAsat full bloom, 10 ppm GA3 + 5 ppm CPPU 10 DAB and 20 ppm GA3 20 DAB was
a better method for producing fruit with higher quality for 'Xingcui'. For 'Xingfeng', AVG 150
ppm AVG or 5 ppm CPPU applied 4-5 DBB, followed by 2 ppm GAjs at full bloom, 10 ppm GA;
+ 5 ppm CPPU 10 DAB and 20 ppm GA3s 20 DAB was a better treatment for overall cluster
quality.

1) Graduate student, Department of Horticulture, National Chung Hsing University. This paper
is a part of the first author’s MS thesis.
2) Assistant Professor, Department of Horticulture, National Chung Hsing University.
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Table 1. Effects of UV-B irradiation on growth characteristics of edible amaranth .

UV-B Treatment Plant HeightStem DiameterLeaf Thickness Leaf Area IS:?:s()rlt Shoot Dry - Moisture
Stage (WW-cm?) Leaf Number (cm) g (mm) (mm) (cm?) W&i}(};ht W(egig;ht Cc(;(r;tjnt
Seedling 0 4.44ab* 13.83ab 2.89b 0.23a 107.06a  2.72a 0.19a 93.00c
10 4.89a 14.58a 3.29 0.24a 117.86a  3.14a 0.21a 93.39hc
30 4.3%b 12.67bc 2.81bc 0.23a 79.27b  1.95b 0.12b 94.02a
50 4.11b 11.63¢c 2.60c 0.23a 64.00b  1.52b 0.09b 93.88ab
Harvest 0 10.06a 40.98bc 9.27a 0.32a 737.64b 54.84a 6.95a 87.79a
10 9.83a 44.44a 7.97b 0.30a 1115.98a 45.30ab 6.84a 86.00b
30 10.06a 43.29ab 8.33b 0.28b 706.48b  33.48¢ 4.23b 87.07ab
50 9.28a 39.45¢ 8.23b 0.30a 780.00b 38.61bc  5.07b 87.83a

!Means in a column in the same stage with different lower-case letter are significantly different by LSD test at (P<0.05).



# 2.UV-B RS$TH 5 § 1 23 fdez L
Table 2. Effect of UV-B irradiation on gas exchange parameters of edible amaranth.

Intercellular Carbon

UV-B Treatment  Transpiration Rate  Net Photosynthetic Rate Stomatal Conductance

Stage (HW-cm?) (mmol m2s7") (umol m2s71) Dioxzﬂfncofzfsﬁgaﬁon (mol m2s")

Seedling 0 13.34a! 13.52ab 272.59a 0.23a

10 10.81b 10.96b 282.52a 0.20b

30 11.55bc 13.53ab 268.08a 0.22ab

50 10.89¢c 14.86a 258.65a 0.21ab
Harvest 0 3.67a 16.42a 207.55b 0.12a

10 2.80ab 7.83b 230.17b 0.11a

30 1.99b 7.11b 207.78b 0.08a

50 1.72b 2.31c 320.55a 0.07a

Means in a column in the same stage with different lower-case letter are significantly different by LSD test at (P<0.05).

23 UVBRHHEEE S TARAFI2HP

Table 3. Effects of UV-B irradiation on stomatal in the lower epidermis of edible amaranth leaves.

Stage UV-B Treat_r;nent Stomatal Denfity Stomatal Length
(MW -cm?) (number mm-2) (um)
Seedling 0 5280 .72bt 1.72a
10 6301 .53ab 1.83a
30 7173 .15a 1.74a
50 6124 .85ab 1 .81a
Harvest 0 8315 .67a 1.3%
10 9354 .14a 1 .36a
30 8539 .46a 1.32a
50 6831 .57a 1 .44a

Means in a column in the same stage with different lower-case letter are significantly different
by LSD test at (P<0.05).
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Fig. 1. Effect of UV-B irradiation on Fv/Fm of edible amaranth seedling(A) and harvest(B) stage.
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Table 4. Effects of UV-B irradiation on chlorophyll and B-carotene concentrations in edible

amaranth.

Stage UV-B Treat_r?ent SPAD Chloroghylla ChloroghyIIbTotaI Chl_?rophyll B-Car_cl)tene
(UW-cm) (mg-g™ FW) (mg-g~FW) (mg-g=FW) (mg-g* FW)

Seedling 0 12.63ab! 0.47a 0.11a 0.59a 0.097a

10 13.56a 0.50a 0.12a 0.62a 0.097a

30 12.16b 0.53a 0.13a 0.66a 0.105a

50 10.83c 0.57a 0.14a 0.71a 0.110a

Harvest 0 18.15ab 0.75b 0.14a 0.88c 0.173a

10 19.11a 0.86a 0.17a 1.02b 0.188a

30 17.87ab 0.90a 0.16a 1.07ab 0.193a

50 17.51b 0.93a 0.18a 1.12a 0.194a

!Means in a column in the same stage with different lower-case letter are significantly different by LSD test

at (P<0.05).
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Table 5. Effects of UV-B irradiation on ascorbic acid, nitrate, total phenols, and total flavonoids

concentrations in edible amaranth.

UV-B Treatment Ascorbic Acid Nitrate Total Phenols Total Flavonoids

S uweem?)  (ggiFW)  (mgglFW) (mg-g’FW)  (mgg’Fw)
Seedling 0 0 .57bt 0 .43a 1.61a 0 .60a
10 0 .50b 0 .47a 1 .64a 0.57a
30 0.76a 0 .43a 1.37a 0 .61a
50 0.72a 0 .51a 1.37a 0 .61a
Harvest 0 1.49a 0.23b 5.27a 1 .43a
10 1 .47a 0 .47ab 5.15a 1.55a
30 1.28b 0.75a 4 6la 1.41a
50 1.29 0 .41b 4 93a 1 .40a

Means in a column in the same stage with different lower-case letter are significantly different
by LSD test at (P<0.05).

% 6. UV-B R4 T g 5 122 358

Table 6. Effect of UV-B irradiation on antioxidant enzyme activities of edible amaranth.

Stage UV-B Treat_rznent _ ;AP)l( _ CA'll'
(LW -cm™) (unit*-g* FW) (unitY-g* FW)
Seedling 0 3.83al 0.0576b
10 3.69a 0.0632b
30 3.86a 0.0690b
50 3.33a 0.1242a
Harvest 0 17 .78a 0.291a
10 14 .64a 0.171a
30 17 42a 0.184a
50 16 .33a 0 .246a

X:fE 2 S H = unit=% £ 45} #4£ 1 nmol H0,

y:f% 2% &1 H - unit== & 487} 4~ 1 umol ascorbate

Means in a column in the same stage with different lower-case letter are significantly different
by LSD test at (P<0.05).
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Effect of Ultraviolet-B Irradiation on Growth and Antioxidant of
Edible Amaranth (Amaranthus tricolor L.)

Chi-You Hsu"  San-Gwang Hwang”

Keywords: Edible amaranth, Ultraviolet-B, Antioxidant

Summary

This experiment used the edible amaranth variety 'White Leaf' as the experimental material
The impact of different intensities of ultraviolet-B (UV-B, 280 nm <A <315 nm) lighting at night
on the growth phenotypes, concentration of antioxidants, and activity of antioxidant enzymes of
greenhouse-cultivated edible amaranth at seedling and harvesting stages were investigated. For
seedlings of edible amaranth, treatment with 10 uW-cm™ UV-B had similar response in terms of
growth phenotypes, concentration of antioxidants, and activity of antioxidant enzymes compared
to the control group. Compared with the control group, treatments with 30 uW-cm™ and above
had a significantly higher ascorbic acid concentration but showed weaker growth phenotypes.
Treatment with 50 uW-cm™ had significantly higher catalase (CAT) activity. For edible amaranth
at harvesting stage, treatment with 10 pW-cm? UV-B had a lower net photosynthetic rate,
exhibited higher plant height, stem length, and leaf area, displayed similar concentration of
antioxidants and activity of antioxidant enzymes, and showed higher chlorophyll a and total
chlorophyll concentrations as compared to the control group. Treatments with 30 and 50 pW-cm’
2 showed weaker growth phenotypes and lower net photosynthetic rates, had higher chlorophyll
a and total chlorophyll concentrations, and displayed lower ascorbic acid concentrations relative

to the control group.

1) Student in M.S. program, Department of Horticulture, National Chung Hsing University.
2) Associate Professor, Department of Horticulture, National Chung Hsing University.

Corresponding author.
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Effect of Temperatures on Flower Bud Differentiation
of Strawberry (Fragaria x ananassa)

Yu-Yi Chen” Yu Sang?
Key words: Temperature, Strawberry, Flowering bud differentiation, Plant growth

Summary

'Perfume’, 'Red Beauty', 'Peach Honor', and "Yu Xue' strawberries exhibited larger stem
diameters after two months at 20/15°C (day/night) compared to 25/20°C and 15/10°C. The
number of leaves was higher at 25/20°C than these at 20/15°C and 15/10°C. After 46 days of
forcing, the differentiation of growing points was observed. For 'Red Beauty' and 'Fragrance'
strawberries, the lower the temperature, the faster the differentiation rate. For "Yu Xue'
strawberries, flower bud differentiation occurs faster at higher temperatures, while 'Peach Honor'
strawberries were not affected by temperature. After transferring the plants to the greenhouse, the
flowering days of 'Perfume’ strawberries under only 20/15°C treatment were significantly less
than other treatments. Except for 'Peach Honor' strawberries, the total number of flowers on the
first inflorescence of other cultivars of strawberries was higher at 25/20°C compared to 20/15°C
and 15/10°C. In conclusion, the speed of flower bud differentiation was various depending on the
cultivar under growth temperature, while the flowering days were not affected by temperature.
Under 25/20°C induction could get the highest total number of flowers among three temperatures.

1) Student in M.S. program, Department of Horticulture, National Chung Hsing University.
2) Professor, Department of Horticulture, National Chung Hsing University.
Corresponding author.
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