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Fig. 1. The appearance of ‘Tainung No.2’ papaya fruits picked from different growth node on
March.
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Fig. 2. Changes in freckle incidence area, a*, b*, and Fv/Fm value of ‘Tainung No.2’papaya

fruits adaxial and abaxial peel picked from different growth node on March. Vertical bars

represent =SE (n=4). Dotted line indicates the onset of skin freckles.
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Fig. 3. Changes in peroxidase (POD), polyphenol oxidase (PPO) activity and total phenolic
compound (TPC) content of adaxial and abaxial peel of ‘Tainung No.2’ papaya fruits
picked from different growth node on March. Vertical bars represent =SE (n=4). Dotted

line indicates the onset of skin freckles.
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Fig. 4. Changes in macro elements of adaxial and abaxial peel of ‘Tainung No.2’ papaya fruits

picked from different growth node on March. Vertical bars represent +SE (n=4). Dotted

line indicates the onset of skin freckles.



o w

- ARAERE R R AARF RPN

é%»%@%xk@ar&’~%iﬁé“ﬁ$cﬁ FIRASSHES AL
FEHARERI R I (B ) I P A RIEAGEIRBZESET MR EAL a*ES S HBIF
NRpEGL(R 2-B) s P AT R U REA G e > AR 2 EAFIESEE O FANE
KRHT » KA MoIPRERESLFFI RFom o bYEIA > iR AR %A
—ﬁ(%} 2C) FIPA AT F A NS RET AR EAREPE o A R L RFRKF 0 ak s

R H o R AR EBE RS o RS E(2008)2 B%Apis o B O 110 i
aqzv\a«gy LiE(RAR) a* b*2 CHE(AR)YT € H 4 o

AR FLR 0 AFRW 3 FEEFHES ’?‘;é%?f‘:‘i-‘%*-““‘ 4 82 %% %9+
TR AEAL CEEFESIHR > S EFHAR L F 4 EE Argtafe 2
80-90%(M®] 2-A) > & (2008)~ w3 9 * ~ 11 * E’%Eé*\/\%“ﬁ’ﬁﬁ’?* mAE 9T PER
B s A A PRI RAE e ff 5 1025% 11 7 R F R E 10 § % 4
LG BN 28 17 § 6 Foma fh 5 50% o 7 ;é%.si%ﬁ"“(zoofﬁ)‘*%
oK ARIFLAR Y PERFFAAR BB Am F4 L REF RS 4 K
PRELEEHALFE ST g2 s SRF (E101saeta| 1994) RN
R L g1 1F e R K e ldedF A Az it me B s g5t o a sl4ea
Ao SHIERARER A AASF B AR AmE EY EA 4 @ 0 [2-5
BAEFTSEL T 79" 385 a8 mGt > 2007) -

ESZ2F LR FvV/Fm g% F SR EES € Bprs MO0 5 11 & 2T @ A0
o ek :?J%ji R E T FARFL A RIE AL SRR 2-D) Bor b S A S F A R

PlEABEE  ARHZESZ Y L Fv/Fm i & ""(2008)*%— Ro W EFEIPFTE

éi}\%ﬁ’*“*i’hl‘bfx’ AR EZEERAS TSRS R kR T
%% > @ & Fv/Fm ™ "% (Bron et al., 2004) > % £ %-#c Fv/Fm % PSII ** dark-adapted & 2 #«
BROCH A RBHAL Y R EL A BBIR S Bk fEda 7 0 FFm B 5 ik
0832 gy XD > HiE u_ﬁ_g‘f" (% 2 2003) > F & F FL® UFh & F 25 %
CpEsE P FE S RBEHE G S 27 Lg kA IR E w2 if 2 (Smillie et al., 1987; Sanxter
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R I 2 E R R L SEEE 3% R NGASE LR iy S R F R N
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FhRoRo gMEETAL TR BHET ﬁ?i&alﬁ% VISR 6 B AH S T i AT
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23 g dp A & % S AT § £ 44 - 7 § (Doshi etal, 2006)~# 41 (Ding et al.,
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NIMHRRAT L PR FANIEE A a Rk AMERZ AR g s P
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b % % 27 Campostrini(2005)4p 7 o * R4 (¥4 2. 4 WP B4 5 B > 4o f v 4, ;gj;'}?a .
HE SRR EER T Y ¢ 53 hINA 2 R g L P POE 0 G2 2OPR
82 sz e 5 1B 88 (Saure, 2005) 0 i f A RN mm B kAT T @ P M R F oA ZATER
Hobe o JRIT R TS ’(1)ﬂﬁ$%£.sm’-’?é¥s*ﬁii WA k2 £ R A F 0 et R %9
RS EFBERATRS IS R RARFI R ES L 12 %“%’"’%”T He kA
® 0wy g F > Campostrini ¥ (2005)F F 35 R 7 haT o £ 3f Flw e BT RE
A o ﬁJ’F*, SRE T 0 € R e R 4 R - L R T A A e
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Changes Mineral Nutrients, Peroxidase and
Polyphenoloxidase Activity and Skin Freckle Development
in Papaya (Carica papaya L.) Fruits

Fang-Yun Liu”  Huey-Ling Lin”

Key words: Calcium, Physiological disorder

Summary

Skin freckles on papaya fruit is a physiological disorder which predominantly occurs on
fruit developing through the cold season of winter and early spring. It seriously affects the skin
appearance thus reduces the visual quality and the market value of the papaya fruits. The
objective of this study was to harvest fruits of different developmental stages at the period of the
highest incidence of freckles, in order to analyze content of mineral elements, and to measure
the activity of related browning enzymes of the abaxial and the adaxial peel. As fruit went
through developmental stages, the area of freckle incidence greatly increased. Mineral analysis
showed that concentrations of phosphorus, calcium, and magnesium in the peel increased
gradually with maturity, but microelements, such as iron and manganese decreased.
Furthermore, except for calcium, there was no significant different in mineral contents on both
abaxial and adaxial sides. The level of calcium was higher in the abaxial peel than the adaxial
peel of the fruit. It was assumed that the higher calcium resulted in harder cell walls; external
environmental stress or late growth stage increased turgor; the structure of epidermal cells
cracked; and hence freckles occurred. The enzymatic activities of peroxidase, polyphenol
oxidase and the content of total phenolic compounds of the abaxial and the adaxial peel
increased progressively during the period of fruit maturation, and the activities of the abaxial
peel were significantly higher compared to the adaxial peel. Finally, the obvious freckles that
appeared on the abaxial portion of the fruit may have been associated with the browning of fruit

under environmental stress.

1) Graduate Student in MS. Program, Department of Horticulture, National Chung Hsing
University.
2) Associate professor, Department of Horticulture, National Chung Hsing University.
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Fig. 1. Changes in tannin print of 'Bull Heart’ persimmon fruit during astringency removing

with different method.

LR EHE SRR DY
Table 1. Changes in astringency index of ‘Bull Heart’persimmon fruit during astringency
removing with different method.

Astringency index

Treatments
17 2 3
CaOH 45a 27a 13a
EtOH 50a 1.7ab 10a
CO, 3.0b 2.3ab 10a
Vacuum 25b 10b -
“Days after treatment.

¥ Mean separation within column by Duncan's multiple range test at 5% level.
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Table 2. Changes in firmness of* Bull Heart’ persimmon fruit during astringency removing with
different method.

Treatments Rirmness(N)
17 2 3
CaOH 49.6 & 48.3a 450a
EtOH 40.7b 4.4 a 42.0ab
CO;, 43.7 ab 39.1b 39.7b
Vacuum 496 a 440a --
? Days after treatment.

YMean separation within column by Duncan's multiple range test at 5% level.

F 3MFESEHRICHFET 2V BRIEANF PR
Table 3. Changes in total soluble solid ofBull Heart'persimmon fruit during astringency
removing with different method.

Total soluble solid(°Brix)

Treatments

1” 2 3
CaOH 11410 116a 11.3a
EtOH 144 a 119a 116a
CO, 11.7b 11.3a 11.2a
Vacuum 11.2b 11.2a -
? Days after treatment.

YMean separation within column by Duncan's multiple range test at 5% level.

4 WS EHECcfFEALEZFE
Table 4. Effects of astringency removing method on L values of the peel color of ‘Bull Heart’
persimmon fruit.

L values
Treatments
17 2 3
CaOH 536a 59.7 a 56.9a
EtOH 529a 54.3 bc 53.2b
CO, 547 a 535¢c 55.6 ab
Vacuum 545a 56.1b --
“Days after treatment.

YMean separation within column by Duncan's multiple range test at 5% level.



-22-

205 BES Aol Rl atl B
Table 5. Effects of astringency removing method on a values of the peel color of Bull Heart’
persimmon fruit.

avalues
Treatments

17 2 3
CaOH 108 & 79a 9.0a
EtOH 10.8a 111a 10.1a
CO, 87a 105a 9.2a

Vacuum 7.7 a 8.6a --

“Days after treatment.

YMean separation within column by Duncan's multiple range test at 5% level.

2 6 Mg EHEofFEA biEZ P
Table 6. Effects of astringency removing method on b values of the peel color of ‘Bull
Heart’ persimmon fruit

b values
Treatments

17 2 3
CaOH 58.8 & 39.6b 48.1 a
EtOH 570a 559a 48.0 a
CcO, 523 a 50.6a 56.6 a

Vacuum 57.1a 5l.2a --

“Days after treatment.

YMean separation within column by Duncan's multiple range test at 5% level.

20TMFG Lo RE LEsBY
Table 7. Effects of astringency removing methods on L values of the pulp color of ‘Bull
Heart’ persimmon fruit.

L values
Treatments

17 2 3
CaOH 54.27 ab’ 60.62 a 55.41a
EtOH 56.76 a 60.61 a 5759 a
CO, 53.87b 5093 a 52.97b
Vacuum 55.80 ab 59.11a --
“Days after treatment.

YMean separation within column by Duncan's multiple range test at 5% level.
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Table 8. Effects of astringency removing method on a values of the pulp color of persimmon

fruit.
avalues
Treatments
1° 2 3
CaOH 743 6.22a 6.22a
EtOH 559b 6.58 a 6.12a
CO;, 6.95a 590a 5.58a
Vacuum 571b 6.20 a -
“Days after treatment.

YMean separation within column by Duncan's multiple range test at 5% level.

200 MIES EHACHRE bEZ B

Table 9. Effects of astringency removing method on b values of the pulp color of persimmon

fruit.
Treatments b values
1¢ 2 3
CaOH 3221 30.67 a 3l.26a
EtOH 31.12a 30.90 a 32.06 a
CO, 3201a 30.98 a 31.53a
Vacuum 30.00 a 3l.76a --
“Days after treatment.

YMean separation within column by Duncan's multiple range test at 5% level.
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Fig. 2. Changes in browning of 'Bull Heart’ persimmon fruit during astringency removing with
different method.
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Feasibility of Vacuum Packaging Deastringency in Removal of
'‘Bull Heart' Perssmmon(Diospyros kaki L.) Astringency.

Fong-Jhen Chu®  Ching-Chang Shiesh?

Key words : 'Bull Heart' Persimmon, Removal of astringency, Vacuum packaging.

Summary

The objective of these experiments was to investigate whether vacuum packaging
facilitates the deastringency of ‘Bull Heart’” persmmons. Among the different treatments,
vacuum method showed the fastest deastringency rate, followed by carbon dioxide and alcohol.
Deastringency by calcium carbonate suspension was the slowest caused by the longer time
CaCOstook to remove astringency. However, the fruits treated with vacuum packaging methods
showed the highest fruit firmness and best peel color. In contrast, vacuum deastringency not
only had the highest deastringency rate but also preserved the quality of persimmons better than
the groups treated with carbon dioxide or alcohol. As a result, the vacuum method is the ideal
way to remove astringency.

1) Graduate Student in MS. Program, Department of Horticulture, National Chung Hsing
University.

2) Associate professor, Department of Horticulture, National Chung Hsing University.
Corresponding author.
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21 ALY AFERARERH e EWHAIFTLBE -
Table 1. The effect of major salt concentration of medium on seed germination of Cymbidium
ensifolium (L) Sw.

Germination(%)”

Medium Months after sowing

1 2 3 4 5 6 7
6MS 0a 29a 53a 85a 105a N4a 109a
1/8MS Oa 19ab 24b 41b 56b 6.4b 6.8b
V10MS Oa 15b 1.7b 27b 36b 43b 56b

? Means with the same letter in a column are not significantly different by LSD test at 5% level.
Y The seed maturity is 250 days after pollination, culture duration was 7 months culture.

22 BEAY ARPEBERHe SFRAIF T8
Table 2. The effect of sucrose concentration of medium on seed germination of Cymbidium
ensifolium (L) Sw.

Germination(%) ¥

Sucrose{gh) Months after sowing
1 2 3 4 5 6 7
20 0.0a 05a 10a 21a 28a 39a 53a
30 0la 05a 07a l4a 19a 2.3b 34b
40 0la 0.1b 07a l4a 22a 2.6b 33b

* Means with the same letter in a column are not significantly different by LSD test at 5% level.
Y The seed maturity is 250 days after pollination, culture duration was 7 months culture.
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23 FRIAHAEH e FFRAFE T LB
Table 3. Effect of various seed pretreatments on seed germination of Cymbidium ensifolium (L)

Sw.
_ Germination(%)”
Treatment (min)
1% NaOCl 0.1N NaOH Ultrasound
0 6.2b 6.2a 6.2b
15 92a 0.3b 153a
30 27¢c Ob 139a
45 1.2c Ob 141 a

* Means with the same letter in a column are not significantly different by LSD test at 5% level.
Y The seed maturity is 250 days after pollination, culture duration was 7 months culture.

A4 RUMRAFTHe T FAFFTLEEL -

Table 4. Effect of different liquid culture time on seed germination of Cymbidium ensifolium (L)

Sw.
Liquid culture period Germination(%)” Browing(%)
1 week 3.8b° 1.7b
2 weeks 3.8b 28b
3 weeks 3.3b 27b
4 weeks 106a 8.7a

* Means with the same letter in a column are not significantly different by LSD test at 5% level.
YThe seed maturity is 380 days after pollination, culture duration was 7 months culture.
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Arditti, J.1977.Clona propagation of orchids by means of tissue culture,a manual. In Orchid
Biology Reviews and Perspectives l,ed. J. Arditti, pp.202-293.Ithaca and London: Comell
University Press.
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germination in vitro.J.Amer. Soc. Hort.Sci. 130(5): 747-753.
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-36-

Study on Asymbiotic Seed Germination of Cymbidium
ensifolium (L) Sw.

Bei-Yu Chang”  Tsai-Yih Wang?

Key words. Seed germination, Pretreatment

Summary

Asymbiotic seed germination for Cymbidium ensifolium (L)Sw. is programs to produce
seedling.The seeds of Cymbidium ensifolium sowing on 1/6 MS medium, germination
percentage of the seeds is 10.9%.The seeds sowing on 20 g/l sucrose medium, germiniation
percentage were 5.3%,but seed germination percentage of medium without sucrose is 0%.The
seed of 250 DAP pretreated with ultrasound 45 min. were effective in improving the
germination percentage,but seeds pretreated with 1% NaOC| and 0.1 N NaOH may destroy the
seeds and resulted in the decline of germination percentage. The seeds of 380 DAP on liquid
culture with 4 weeks, germination percentage were 10.6%,but 8.7% seeds were browning.

1) Graduate student in MS. program, Department of Horticulture, National Chung Hsing
University.

2) Professor, Department of Horticulture, National Chung Hsing University. Corresponding
author.
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Fig. 1. Effect of different pretreatments on explant survival rate, browning rate, and contami-
nation rate ininitial culture of Paphiopedilum (Paph. delenatiixPaph. aremniacum).
DR:dry 2 weeks and exsiced root then day for 1 day. D: dry 2 weeks only.
R: exsiced root and dry for 1 day. C: without pretreatment.
Z: Means with the same letter in a column are not significantly different by Duncan’s
multiple test at 5% level.
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Fig. 2. Effect of time in 1% NaOCI on explant survival rate, browning rate, and contamination
rateininitial culture of Paphiopedilum (Paph. delenatiixPaph. aremniacum).
Z: Means with the same letter in a column are not significantly different by Duncan’'s
multiple test at 5% level.
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Fig. 3. Effect of different number of leaf on explant survival rate, browning rate, and contami-
nation rate ininitial culture of Paphiopedilum (Paph. delenatiixPaph. aremniacum).

Z: Means with the same letter in a column are not significantly different by Duncan’'s
multiple test at 5% level.
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Fig. 4. Effect of BA and the numbe of leaves on explant survival rate in initial culture of
Paphiopedilum (Paph. delenatiixPaph. aremniacum).
Z: Means with the same letter in a column are not significantly different by Duncan’s
multiple test at 5% level.
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The Establishment of Paphiopedilum in Vitro.

Hui-l Huang?  Chien-Young Chu?

Key words. Paphiopedilum, Initial culture, Survival rate

Summary

The clonal plants of blossomed Paphiopedilum (Paph. delenatii < Paph. armeniacum)
hybrids propagated by division were used as materials for initial culture. It succeeded to develop
lateral shoots from the stem explants.When the material drought for two weeks before culture,
the survival rate increased. To sterile by 10% NaOCI with 0.1% Tween 20 for 9 minutes resulted
in higher survival rate. Also, material with five leaves resulted in higher survival rate. Moreover,
explants cultured on hormone free medium enhanced the survival rate to 66.7%.

1) Graduate student, Department of Horticulture, National Chung Hsing University.
2) Professor, Department of Horticulture, National Chung Hsing University. Corresponding
author.
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Fig 1. Appearance of gel base used in this study (left). After soaking the root of Phalaenopsis.
I-Hsin Cream ‘KHM 246’ seedling into gel base (middle), Appearance of the root with
sugar ester already dried. The plantlets will be placed in room and until it completely dry

(right).
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Fig 2. Appearance of emultion oil base used in this study (left). Appearance of the root treated

with emultion oil after one day (right).

E] 3. /1»/? 'I"‘/ﬁ-_’s\"J i?ﬂ‘!;?"ﬁ? 7P ’}5‘%&?7 QT? }ﬁ( )J—f“fﬁg E (El) J'ﬂ#&ﬁ%‘_’_ﬂg

() 7 FeAb+EMEfa 2
Fig 3. Root appearance of control (left) -~ Gel-sorbitol (middle) and SE-Trehalose (right)

treatment with Phalaenopsis. I-Hsin Cream ‘KHM 246’ after 1 week simulated

transportation.

EH)EZFz 2280

ESE 2 (SPAD)ARRME S N B AL e T EL EHER (R ) MBS L B2
”ﬁlﬂiﬁﬁiﬁ@¥éﬂ’Wﬁﬁ—ﬁmﬁﬁw’ﬁ%ﬁm FEA S P RO VR
W2 HE &? HE AT T 287 H = ¥ SE-Tre ®(12.8) > G-Tre(16.57) >
G-Sor(17.27) » % %= IR T = EF L2 3 0 G-Gly(53.8) L BRI T = E
. x%ﬁrwu BERPESZDLEEY FRAET (I AET) -

L2 PY



-52-

#. 1. Phalaenopsis. I-Hsin Cream ‘KHM 246’55 M- 4% 12 0 ASZ 7 iR R H| 3 PFE 5 ~ pr
WEEIRA- FRESFFREZTEERE o

Table 1. Effect of different chemical treatments on SPAD values of the lowest leaf of

Phalaenopsis. I-Hsin Cream ‘KHM 246’ in pre-storage ~ after 7 days simulated

transport and 1 week re-growth in the greenhouse.

SPAD values
Treatments

Pre-storage Post-storage Re-plant
CK 3590 a° 3637 a 287 ¢
Gel-Sor 33.10 a 35.77 a 17.27 be
Gel-Tre 32.10 a 29.77 a 16.57 bc
Gel-Gly 39.80 a 4957 a 53.80 a
SE-Sor 35.57 a 29.77 a 40.67 ab
SE-Tre 23.80 a 36.63 a 12.80 bc
SE-Gly 32.67 a 3127 a 32.47 abc

z: Mean within columns by different lowercase letters were significantly by Duncan’s multiple

range test,5% level.
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0.630.D/g # 1 1.70 0.D/g» H 4w 5B 4R #6— 15 032855 4 4 1.3 3] 1.50.D/g 2
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Fig 4. Effect of different chemical treatments on root activity (TTC) of bare-root Phalaenopsis.

I-Hsin Cream ‘KHM 246’ after 7 days simulated transportation and 1 week re-growth
in the greenhouse.(CK,control ; G-Sor,gel+sorbitol ; G-Gly,gel+glycerol ; SE-Sor,sugar
ester+sorbitol ; SE-Tre,sugar ester+trehalose ; SE-Gly,sugar ester+glycerol)
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Table 2. Using sorbitol or glycerol gel on Phalaenopsis. I-Hsin Cream ‘KHM 246’ affects

SPAD values of the lowest leaf after simulated transport and 1week re-plant in the

greenhouse.
SPAD values
Treatment

Pre-storage Post-storage Re-plant
G-Sor 1.5% 39.31 b° 36.15 ab 416 b
G-Sor 3.0% 4349 a 40.79 a 279 ¢
G-Gly 2.0% 3641 b 32.78 ab 47.1 a

G-Gly 4.0% 36.26 b 3040 b -7

CK 3556 b 27.60 b --

z :Mean within columns by different lowercase letters were significantly by Duncan’s multiple
range test,5% level.

' Samples are not sufficient because of dropping leaf.



-55-

# 3. Phalaenopsis. I-Hsin Cream ‘KHM 246’413 5 Ja T L #] BEFE 2% 4 b 34 f 0 {8 7 i
gL
Table 3. Effect of sorbitol or glycerol treatments on chlorophyll content of the lowest leaf of
Phalaenopsis. I-Hsin Cream ‘KHM 246’ after 2 weeks re-growth in the greenhouse.

Treatment Chl a. Chl b. Total Chl.
(mg/g FW) (mg/g FW) (mg/g FW)

G-Sor 1.5% 0.16 a* 0.04 a 025 a
G-Sor 3.0% 0.29 a 0.08 a 047 a
G-Gly 2.0% 023 a 0.07 a 037 a
G-Gly4.0% 0.16 a 0.05 a 026 a
CK 0.20 a 0.04 a 033 a

z :Mean within columns by different lowercase letters were significantly by Duncan’s multiple

range test,5% level.

# 4. Phalaenopsis. I-Hsin Cream ‘KHM 246’4 13 5" ja T L #] BEF% 2% 4 b 34 f 5 3 {8 F i

FEsERE -
Table 4. Effect of sorbitol or glycerol treatments on chlorophyll content of the second leaf from
upper of Phalaenopsis. I-Hsin Cream ‘KHM 246’ after 2 weeks re-plant in the

greenhouse.
Treatment Chl a. Chl b. Total Chl.
(mg/g FW) (mg/g FW) (mg/g FW)
G-Sor 1.5% 0.25 bez 0.07 abc 0.41 bce
G-Sor 3.0% 0.23 be 0.06 bce 0.38 bce
G-Gly 2.0% 037 a 0.11 a 0.62 a
G-Gly4.0% 0.34 ab 0.10 ab 0.55 ab
CK 0.19 ¢ 0.05 ¢ 030 ¢

z :Mean within columns by different lowercase letters were significantly by Duncan’s multiple

range test,5% level.
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Gel-Sor Gel-Sor Gel-Gly Gel-Gly CK
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Fig 5. Effect of different concentration of sorbitol or glycerol gel treatments on root activity
(TTC) of bare-root Phalaenopsis. I-Hsin Cream ‘KHM 246’ after storage.
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% 5. Phalaenopsis. I-Hsin Cream ‘KHM 246’12 % ek B 55 3| IR F6 15 - B2 % 2 754

ERVARBEE -
Table 5. Effect of sorbitol or glycerol gel treatments on flower stalk length and number of new
roots after Phalaenopsis. I-Hsin Cream ‘KHM 246’ re-plant in the greenhouse one and

half months.
Treatment Flower stalk Number of
length (cm) new roots

Gel-Sor 1.5% 10 15.5 az

Gel-Sor 3.0% 10.5 9.0 ab

Gel-Gly 2.0% 12.5 13.0 a

Gel-Gly4.0% 4.5 55 b
CK 8 10.5 ab

z: Mean within columns by different lowercase letters were significantly

by Duncan’s multiple range test,5% level.
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Effect of Chemicals Treatment on Quality of Bare Root
Phalaenopsis I-Hsin Cream ‘KHM?246’ after Simulated Shipment.

Tsu-Yuan Chin"”  Ruey-Song Lin”

Key words: Phalaenopsis, Humectants, Bare root simulated shipment.

Summary

The aim of this study was focus on the Pahleanopsis I-Hsin Cream ‘KHM?246’ physiology
effect caused by water deficient of root during bare-root transportation, and expected using
chemical pre-treatment to alleviate the effect of water stress and to reduce the injury, so that the
plantlets could recover root vigor as soon as re-plant it . We selected these two moistrum bases
and add chemicals which like trehalose ~ glycerol and sorbitols that regulated osmotic potential
of tissue, and soaking the roots into chemicals before simulated transportation.

Bare-root Phalaenopsis I-Hsin Cream ‘KHM246’pre-treat with different moistrum as
below in the first section , 3% sorbitol (Sor) ~ 2% glycerol(Gly) ~ 5% trehalose(Tre) each added
into gel(G) and sugar ester(SE) respectively. The root activity result shows SE-Gly 1.13 O.D/g
was the highest, and after re-plant the root activity was improved effectively in other treatment
except for the control. G-Gly treatment has the highest total chlorophyll content (0.66 mg/g),and
bottom leaf become yellowing in all control plant. The yellowing appears in basal leaf was
improved within G-Gly ~ SE-Sor and SE-Gly those treatments. The result shows that trehalose
didn’t improve the growth vigor of Phal. root after transportation, and it seems that 3% sorbitol
concentration was a osmotic stress toward the root.

Using 1.5% ~ 3.0% sorbitol and 2% -~ 4% glycerol in gel base as pre-treatment chemicals in
section two. The result indicate all the chemical treatments could improve root activity and
reduce yellowing situation better than the control treatment. Those result indicate that
Phalaenopsis I-Hsin Cream ‘KHM246’ plantlet with well root activity produced more new
roots and revealed the flower stalk earlier. Higher concentration of chemicals may lead osmotic

stress in plant’s root.

1) Graduate student, Department of Horticulture, National Chung Hsing University.
2) Professor, Department of Horticulture, National Chung Hsing University. Corresponding
author.
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NADH - 3 mM 4-methylpyrazole = 10 mM Na-pyruvate > 4r » 0.2 ml FB~j% > = 104k
kRt B 340nm vx kB 1 A 4B 2 A5

.
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5.2 fi 50 & 54 7 (ADH)

PATEAY L g BNIEATH Y >R e § A4 A B2 3 {2 4 5 ml extraction buffer
% 0.1 gPVPP & £323 {& » extraction buffer # 7 100 mM HPEPS-KOH (pH 7.4) ~ 0.5 mM
ZnCl, ~ 1 mM DTT ~ 10 mM 2-mercatoethanol ~ 12.5 % glycerol » ** 4°C T 12 12000 g &t
20 &4 0 B R TERARI Y 0 2ARNRF T RET o ADH B AT 0 e fEZ R R
RS

Acetaldehyde +NADH +H ﬂ» Ethanol +NAD"
W F# g P 4e ~ reaction buffer (pH 6.4) > F A AR BT RITFEFHFRE > A4 7 90
mM Mes-KOH ~ 1 mM DTT ~ 3 mM MgCl, ~ 0.2mM B-NADH > 4c » 0.1 ml 2% F J& 72
F7t6 0 £ 4~ 0.1 ml29.7 mM acetaldehyde /& & 323 {5 » = T e £k R 3300 & 340 nm
Bk E ] A AR 2 ).
ERNIC TS

b ek R R SAS B S 4088 (SAS Insbitue, Cary, NC)® 59PROC ANOVA (analysis
of variance procedure) i {7 % > & #7(a = 0.05) > 12 Fisher’s LSD i& {7 & e J2 T 3208 et
e

ﬁ%ﬁﬁ%lf&v~g§4’ Fgﬁwgga’gwﬁgﬁgﬂ
F

L) 5 3.7-264 % e 4.6-17.7 % o & 4 F A w5 9.7-15.9 %dr
11.1-14.7 %> 5= F A5 5 0% 0-11.1 %= 4542 3 6 b fr;%\*“ # it S fh
—,’f—!;‘é‘f}éfs‘é%:}ﬁf}ii%’é%ﬁ" 5 5 41.7-77.8 %fr31.7-82.1 % % 1+ % A %] 5 17.9-32.8 %
Fo14.1-41.7 % » 7= F A6 5 0%Fe 11.1-74.4 % » &w 41 Hi«ﬂsﬁ\wq\%@m%j .

-;ps ;*?*v?;‘é"k%éﬁ#\aﬁﬁﬁri%&r@ 1o ktsme 2 Bl B~ B2 A K28 Kk
Wit R@F 2 ARAck 20 ¥ P24 R AR G oo A ST HE TN
FRHB LR LB AN RS HEER TR R F A R 11.62(29.7 %)
- 146 g(30 %) > 4p¥4 £ & 5 -7.4 40275 g/g/day’ @ @@wﬁmw 3.4% > tp4ts
L Fh-llggday 3977 SRR RME e SR BFREARTLE 2 PE
Aok X AEE A R 42897 %) 8g(16.7 %) &g%m«‘gﬂ 3RS 16.6
g(Bl1%) > B SAFHE RS A 192273 %R B FLE L HI -~ EhE{r
HEEIfHA L@ S AN 111~ 1290 10.6 g/g/day B F B AR e X B 0
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Table 1. Percentage of wilting, yellow leaf and dead plant of rape to waterlogging for 4 days in
the field following drainage for 3 days.

L 5 (%) %L (%) 7= % (%)
#FER 5 Ex E R £ 2R EHE ¥EX ¥R
EH2 26.4 bc” 4.6c 15.9 be 14.7b 0.0a 0.0b
gk 7 77.8 a 31.7bc  25.0abc  14.1b 00a 472a
oA 37c¢ 48c 12.0 ¢ 12.5b 00a 11.1b
R 20.6 be 17.7 be 9.7¢ 11.1b 0.0a 0.0b
xEBh 41.7abc 444D 17.9 be 26.4 ab 00a 744a
A E 71.1a 82.1a 32.8 ab 417 a 00a 11.1b
& = 43.8 ab 313bc  37.8a 20.6 ab 00a 11.1b

“Means within the same letters in a column are not significantly differen by Fisher’s LSD

test at 5% level.

60 r B BHEe Up
B F ki (B

k2 (%)
Bl 1. b Fatrate B ke X~ PRz X {8 FING@EE 2 A
Fig 1. The fresh weight of rape to waterlogging for 4 days in the field following drainage for 3

days. Bars represent standard error of the mean of three replicates.
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22 M FEHERY FAokE A BRI GHERSE BT A S L S
Table 2. The decreased amount of fresh weight, decreased percentage and relative growth rate of

rape to waterlogging in the field for 4 days following drainage for 3 days.

FOE () BOLE A E (%) EERTEE
R ] UF—F (UF—F)/UFx100 % (g/g/day )
#oRFX O Pk PRFX PR PoRFRX O Pk R
] 11.6 a” 16.6 a 300a 3l.1a -T4c I1.1a
AmAk 7 1.7b 11.8 ab 5.3 bc 27.3 ab -1.3ab 20c¢c
oA 14.6 a 10.3 ab 30.0a 19.2 be -75¢ 9.3 ab
= 1.4b 11.8 ab 34c 23.1 ab -1.1a 8.1 abc
Sk 51b 10.0 ab 16.0b 25.8 ab -4.0b 3.2bc
EhE 46b 42¢ 13.5 be 9.7¢c -3.4ab 120a
o X 3.1b 8.0 bc 9.1 bc 16.7 be -2.3ab 10.6 a

4R R T RK R % AR A £ i 5 =(F-UF)/UF/4x100%
oz xpgd £ @& F=(F3-F0)/F0/3x100%
YMeans within the same letters in a column are not significantly different by Fisher’s LSD test at
5% level.

WOER KIS E PR RS PN G E AR 2 e A 30 b kAU E PR
RlARPAEL LR ST LRI kT J)E“ 'Olg(32%) RS AR
«E‘* > 08 g/g/day ¥R EAF LA R H I FIARER S EHFI L L S

B0 1.1 g(27.6 %)Fr 1.4 2(29.9 %)’#Bi&iéﬂi’;' 6.9 v 7.5 g/g/day 5D B %
% CCEPERPORZ ABIER I3 % B FIW I RLAEFLE  EEM A
Bow B RPN RKZ R i E 2 p¥d B F 5 05 glgiday frrx B HL9
g/g/dayﬁ%ﬁ%g’_ﬂ R E M H W T B BApE A £ 5 43 9.6-12.3 g/g/day o

SORE S T AN MF R T 2 B AR T
( )RR IE T F 30 T ARG E 2 RINEK T B R

MOFRPRTME T X BRI A IRE T NECR T g % 2 A ded 40 fE PR E
M T PRE TR 4 R R R RS F R A B Y
RO GIBEFONETHI LRI AR PMEE LR G GRAF 3B )
ME A RBERS 141 (472%) 0131 g(@3.1 %) 5 F &M L H I fo g #2040
B 914079 g B TRMBEE LIS G T AR R F kA A3 1.91-1.98 g0 3 1
GEAA I X B ) BEFR ST 104900958 S A FERM L H I oL BI04 uR
05340 0.56 g °
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B B HEL (U
@4 kA (F)

ok dk ()

B 2. 0@ Flathare Bd ke X~ Rz X 88 F g0 2 )
Fig 2. The dry weight of rape to waterlogging for 4 days in the field following drainage for 3

days. Bars represent standard error of the mean of three replicates.

L3 M EEHRNT BAKr A B A BRERCE RO T A ol £
Table 3. The decreased amount of dry weight, decreased percentage and relative growth rate of

rape to waterlogging for 4 days in the field following drainage for 3 days.

FE (@ RS (%) Lt
L ] UF—F (UF —F)/UFx100 % (g/g/day )
oREX k=X PREX PRZ X PoREX Pk

P& 1.1a" 14a 27.6a 27.6a -6.9¢ 10.0 a
A AR 7 03b 1.1 ab 9.8 be 254 a -2.4 ab 0.5¢
oA l4a 1.0 ab 299a 19.4 ab -7.5¢ 9.6a
g &= 0.1b 1.3 ab 32c¢ 250a -0.8a 7.1 ab
xE)h 05b 1.0 ab 159D 27.0a -4.0b 1.9 be
e 0.5b 04c 14.1 bc 93b -3.5ab 123 a
o 2 X 0.4b 0.8 be 10.8 bc 17.6 ab -2.7 ab 10.3 a

SRR KT RRR R ARgE 2
Bokz A gpgts

Y Means within the same letters in a column are not significantly different by Fisher’s LSD test at 5%

i# % =(F-UF)/UF/4x100%
i# % =(F3-F0)/F0/3x100%

oA

level.
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o4 RFH FWME T X SHEIRE PR B T MEGE
Table 4. The fresh weight and dry weight of hydroponic rape under low oxygen condition for 5
days.

#E (g itE (9)
iR o b2 TR B3R LB
TE ¥R e 32.3a° 191a 3.10a 0.196 a

B EE 1 232¢ 1.38b 223¢ 0.152b
, AR e 299b 1.98 a 2.86b 0.193 a
Ag ik 7 .

e ] 15.8d 1.04 ¢ 1.50d 0.118 ¢
3@ ol 29.6 b 1.96 a 2.97 ab 0.194 a
A * % 21.7 ¢ 1.40b 2.11¢ 0.129b
xph ol 30.4b 1.94 a 2.98 ab 0.193 a
i3 17.3d 0.95¢ 1.61d 0.094 d

r\:’%ﬁé— kY skok kk sk

}@7— sk kk sk kk

rr%'f;é_ X R k% k% * % * %

“Means within the same letters in a column are not significantly different by Fisher’s LSD test at 5%
level.

"n.s., *, ** indicated nonsignificant or significant at p=0.05 or 0.01, respectively.

ﬁﬁ&miiﬁ%kﬁﬁ %ﬁﬁwé£W%ﬁ§¢%_€ R PR e b
: BTIRGE A B 17r513%"*
?ﬁii&ﬁ*f‘f*“22433496

T
006ﬁ009mygDW“%é:Fﬁlbwigﬁ003ﬁ002mygDW Bk g LR HI L
AN MF TRER S AEE 00470006 mg/gDW EEFE K - ¥R EE LR
GaRE I 3B )N MY TEHR AR FLR RP FEA 55 03140032 mg/gDW >
HMEFLHI fo g &2
(Z) R IE THEREY R ER PR
ﬁ%ﬁﬁ%M§V%%ﬁTﬁfLmy%wim%@xm’%¢§ﬁ%#§TLm{
"rﬁ'fi WATRERFRS > B G BIFAETR A S X EB )RR A A o ]
$20304 5 - A LDH BB FRIR RS 2.8 B 305 = X 5 LDH F '8 M
RAEEMEFLR » GEMHA I L £ 2 LDH % AR 4piT 0 ¥t F - X pF LDH E A
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FHRF RS 18034 8 > ARt LDH BERT S = % B F B 0 R
HR2F 1.6 pmol/g min FW =+ » ‘% # X LDH F P> % = X (745 53 4 1.5 umol/g
min FW £ 3| & 5 % -3t 5w % {48 F "% 1€ 5.7 pumol/g min FW>3t % = X iR 23 63.3
% ‘XBH’LDH #H >33 35 =2 AP agF R pir 4R e % e X {8 LDH ¥R
PREFRFITR YT X AFF RREEREF I 2.6 umol/g min FW -

% ADH % 1+ 4 J4F254c B 3(B) #7173 &8> 1§ T ADH &2 4 ﬁnﬁﬁ@ eRERS
HP e 3B h it A8 n 4o b ABARP R 4o D o ABAR P T ¥ - R ADH E
B HOH AR B 4 2.9 B RE2 iR D3t % = X ADH #4239 pmol/g min FW % & <>
wE e A %Q:ADH“"*‘?;‘fii“gi%c%?%fi AEHBEF 3R o i ;Wﬁﬂ BT
ARF Ap 0o 3ty ADH B HE PR DI R (S X Bt K ‘R 203045 T ADH B
PEEF N e X ADHFEEREREE 4 Bo4{6 % T X ¥ "% M 3.2 umol/g min FW »
MR FE D 316 umol/gmin FW e ‘g # x R34k 5 = X ADH B MEE D35 > ik
$HEE R H e 3.5 2 0 B X A E R0 2.3 pmol/g min FW » % 8 T % i biik 4k Bt 8 e
51%-° 3% 0% 45 %= 2 ADHREMEEF# S 10 B & 13.6 pmol/g min FW » % £ 1% ibr
B T T X PR R S e 85 % o

25 KB EWME T X BHERE TR ER R
Table 5. The carbohydrate content of rape under low oxygen condition for 5 days in hydroponic
culture.
ot e TR E iz £
(mg/g DW) (mg/g DW)
182 ¥R w 19.57 bed 0.30 ¢
H _ A
ik % 25.74 a 0.26d
ieis 2 ¥R w 18.77 cd 0.30 be
o ] 21.35b 0.31 abc
g #a ¥R E 17.74 d 0.30 be
W5 2642 a 0.24d
s B h %Jrﬁ@f’_ 18.88 cd 0.32 ab
ik % 20.63 be 0.32a
@g ok sk
S X L x *x

“Means within the same letters in a column are not significantly different by
Fisher’s LSD test at 5% level.

Yn.s., *, ** indicated nonsignificant or significant at p=0.05 or 0.01, respectively.
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Fig 3. The activity of LDH (A) and ADH (B) in root of rape under low oxygen condition for 5
days. Bars represent standard error of the mean of three replicates and are not visible if

smaller than the symbol.
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N RS SRS A CR A L

B #ﬂ*.‘zg KTF R RATRYFANE T HR AR RTFZF R R TR A A
L i N ERE Y rﬂ@ ekt o FEE kL X g T mFEARF EMk ’ ﬁ‘fc’a‘ R &
Eawd @ H¢ (Jackson, 1956)-4F 2 ¢ dp i F# -k 32 30 * @S F A Fefd
FTIEEZE § 73 A £ (Gutierrez et al., 1996) o Ashraf = Mehmood (1990)#*\7: (R =
FEE T R AJZ > B.juncea L>t i K T bR E 2 E o AP RTE B A BF 0 B
napusL P EEF R0 B or A mE ok e

SRR FEME TRERAEZ R
(— JILF HHERE L 2 RUR Y £ 2 B

Daugherty v Musgrave(1994)2_ i ¥ 32> -k X {8 > 8 R Sfiee 382
BT @IS ERERC oA S AR EEL L A RR B FRT RRE -
Ko wik R A e X B ) R I E R R AR 0 TR K e L B
IR B AL H A A ME T o P e T3R5 E 4 £ IR % (Keyhani and
Keyhani, 2004) -

MR LRI IE EHER 0 W F (2 5 g £ R AL
e m kA § B R EH 4 ? ke LR G M
(Huang and Johnson, 1995) o ¥ iFi& 4+ w2z % it £ % & (Heides et al., 1963) » g ki &
P § T L S BT E T £ & 3 E M 4E(Setter et al., 1987) > @ Benjamin
fe Greenway (1979) R0 5 #Een kA £ F] 5 434 £ > o

(Z)MF Happirt 2 P58
ﬁrfb?'ﬁ’sﬁ‘ﬁd’é‘*iﬁﬁ—rfg%&ﬂ%# & ™M § ¥ 3 ADH{-LDH # A Ao A

(Mustroph and Albrecht, 2003; 2007)> d & &% ¥ ¥ B3 8cg (7 Fodd jd R e g B X730 40 5 T
LDH{-ADH# {4 Ir i if 4k 8 - @id K 2707 @i -k eh'dgit #0485 41 - 19

Z_LDH= % %ig"\z » 3 FADHE M LDHE % s m Bde > 2 mtd ke S B HRI4p
F > ADH#E A4 4% B > s LDHE 4 2 % 3 - Kato-NoguchifrMorokuma (2007) Kk &
§hEF - AT o ADHEP IO EH/ F > LDHR R4 F £ 8 > ADHE 4 4:29-3212 2 %
f8 0 HATPE R 5 1 F Hm™ 54648 % > & ADHyE (15 40 10-128 2 536 3 ATP 3 & %
18-22 % o REm KRt R F T o FADHFE AR S @t (AR F o 37 PR Y dp U
HE RSP L ES 2 3R F TR T ehvk 2 — (Drew, 1997; Ricard et al., 1994;
Tadege et al., 1999) - CaofrCai (1991)3% % i# 'K T ADH/E M1 3¢ 3 4e e - wd it -k sem 5 4
g S F1F F A0 TR R AR ATP;ﬁd FPF & F #pE2 & (Perata and Alpi,
1993) > ® A & @452 Tl pEiv® Rp 2 F 54 § 3BT LBy we ik 3 T 358
2 F]+ (Vartapetian, 1993) » 3% 5 fF £ 3 D30 F TR F FM 0 T RE kS s A2 B
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EEF T H BB 0 8 K2 52 ahpF F (Vartapetian et al., 1976; Webb and
Armstrong, 1983) -

é%mm@ﬁﬁmﬁwpﬂﬁlmfk ARty AR AR E TENAE
ADHZ LDH/EM > BT 3042 § T 2 » 8% > s » ADHELIZ A S A 4 5 ¢ fiF - &~
LDHi: 2 S A4 S f > - H AP A AR%Y §oFA47 > T8 7 28 Wiy 82 &
FoVaBRRABRNY IRFE 22T LT e BASROIMAEE L e v
Senfpd oo b Fat ok 2 WAL R R RFT R SR L P R A f A
FEHFR ML F oOBNVREREF IR ATV RENEFLEF 2B -

] %&

PIRE SR 22002 B FUEF-07 3BT AR LRPAIL o SF F R FELL
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Screen the Rape (Brassica rapa L.) Cultivars for
Waterlogging Tolerant and Its Physiological Responses to
Low Oxygen Condition

Wan-Ying Lin”  Yu Sung?”

Key words: Rape, Waterlogging, Fresh and dry weight, Carbohydrate content, LDH, ADH

Summary

Seven rape cultivars were planted at open filed and net house to conduct waterlogging
study. Results showed that rape cv. ‘His-ba-wang’ and ‘His-le-tian’ had low wilting and yellow
leaf as well as no dead plant. Plants fresh weight were reduced 16.4-19.6 % and all plants
recovered after 6 days of drainage, then they were classified as waterlogging tolerant cultivars.
Growth of rape cv. ‘Fu-lu-tian’ and ‘Sa-ou-li’ were significantly affected by waterlogging. Their
fresh weight were significantly reduced 26.5-42 % and also with high fatal rate. Plants were not
recovered after 6 days of drainage and then classified as waterlogging intolerant cultivars.

Hydroponic rape under low oxygen condition showed that the fresh and dry weight in leaf
and root of waterlogging intolerant cultivars were significantly lower than waterlogging tolerant
cultivars. The total soluble sugar content were increased in root of all cultivars after
waterlogging. The waterlogging tolerant cultivars were significant higher than waterlogging
intolerant cultivars. The starch content in waterlogging tolerant cultivars was significantly
reduced, but it had no difference among the cultivars of waterlogging intolerant and control
plants. The anaerobic fermentation enzymes in root showed LDH and ADH activity were
increased, especially the ADH activity in rape cv. ‘Sa-ou-li’. Both enzymes activity were
induced simultaneously in rape cv. ‘His-le-tian’ under oxygen lacking condition. In cultivars
‘His-ba-wang’ and ‘Fu-lu-tian’, the LDH activity was increased firstly and then the ADH
activity was increased after LDH activity decreased. The ADH activity was increased earlier

than LDH, the LDH activity was increased in rape cv. ‘Sa-ou-li’.

1) Graduate student, Department of Horticulture, National Chung Hsing University.
2) Professor, Department of Horticulture, National Chung Hsing University. Corresponding

author.
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AG F I e RarRE S SN0 L @R T RGOS 49 A ERA KA A

TOUE PR RT BT R 0 ARE T UEA DO G o
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R G B ML BB R OE LA 3 0 ARG £ 17 F R4k ha T2 - (
%@’w%ﬁﬁ@ﬁﬂ\ﬁ h o AR EEIBT CFFET AR pENHY
AR R BEELBGEDBE L o4ok o v B7 g s F 12
Wend & P oo

BB R N E Y 0 2 AR (1987)8 8 sk(1994)F £ B B P 5§ cnfa il
AAERRR > B p FSHE o MARJRWA AT L BERREFET B0 N - o L
Wﬁé?%%miﬁgﬁ,aaammé%%aﬁ$ﬂw?%m’$ﬁﬁﬁﬁ*%@%@
A TG R REE R SR g o i@ﬁv&ﬁﬁ“ﬁiéﬁ.lﬁll‘? @ H R F LR
E %}g%}s’*‘:;w BnfE R Fl R 20 &? i3 F3F 5 M OTIREdp M AT 7 4o Proctor(1962)
it H S8 2 b 2575 14~ Jackson & Dunn(1988)%'“ AEREPERERFEL R
£ (2008)4F 31 W] B & =8 § 2 KB [2g% - Crawford - Godbey(1987)#F 3¢ Flep chik B i
8 o T fmﬂra;;zm;mg PRV ER & F SR L7 #ﬂ}‘?m" hiF 5
T R EsG ¢ Y £ Crawford - Godbey(1987)éh= B e 5 A >4 W 5 (- ) 4 p
% 12 g% (Intrapersonal Constraints) ~ (= ) * % & 712 & (Interpersonal Constraints) ~ (= ). 1%
Fe #%(Structural Constraints) i} AWNAER A T O BE LB AR EREROIERT)E LT
Lfﬁ?f’l‘ﬂ“l’ﬂﬁia I E R E AT R e

ARG R R TR E S E R IR T F

f‘}}%‘, FRR o FRRAIEFP S DY AfERI I B
z
-

LS 2 10k )
Lk 0 R hjRiaEer %
PERDFF o AF T LSRR FRERR SfER R R ER L B A Y

ERR SR R AR BRI



-81-

S

- \&'H;Z *#_

AR AR DL FEHS
CEE L ER TP Y
2R (WD)

Tho A R R R R 2 2 BB g o 1R R E
7] 4 %m\®4?§%%§’ﬂ&ﬁpiﬁw%1m%ﬁ

H1 e at Fl &
y}i\?.,ll A
& :
gE H3
KT AER
Per
BT i
B (i v
: H2
SR > T
2i1e i
YRR
Bl 1 A7 F R

Fig. 1. Research framework of this study

R ERFEREA D
(-) BE®mez g
ﬁ% ﬂ%J’%{t%T®%ﬁ+@m? S - N G R
FARY KRBT R ARF A FEAR 2T Sk d &2 F F (Berg, 1998) -
Ym(1994)3fﬁ VI TORT e R R A R G 0T R Bl AT L0 BRI R

[EENLRCEa . PR A il SE A
[ - L]
Jf WA T B chz %gr PR T BIMPEAPE O RFAFLELA L AT 2 LR
P8 infEm Al Fl R R IR L 30~50 A& B AT



-82-

% 1. PR IE A

Tablel.Interview a program

=~ M R I8

12’?"%"'1“% ill = gl L3 1.3]“' T’JF]: e /E’ffi'* ¥ fbgqm' }%'fﬂgé‘té
Fm(EX : A EpE | fRis

\\\?{r

B inm

\;@3__
o

) 2.3%‘!";5’,}_1Tmﬁ4”;‘,5.,+5g:‘ DR BRI E AR R R SRR
FRE L
a4 g Flh 2 3AF G HH U R G K R s MR ALY R
b5 R e R gwmﬁﬁ%?

4% fAErcsk 3 P VBN Z R icL h?
3 ETRE 2 N T RS (S ARERY £FF NI BN H nfRRGKR DS R
L

5 e fRa > N EE R RO IR B R TR R A
W UL 9

6.FF K ABERET Y PABRDS T URBE
LR AIF RS F 0§ ER RS T2 8RR F?

2. BEZ R

#P%ﬁ@%GM@ﬂM@%%&&&;‘ﬁﬁ%&@é%éfiéﬁ;’*ii
B34 AFETUEAREZE REFIBP LR FOF2ZBE 27PN £
32 BRFEME RN DU SRR E R F LT BA LRI AL G DAY
EASE2FEFE FTAREA CF SR PR
(=) FEE 4

Ed PR A B ERTe e (1) EmAE () ALF R B gLz
NF A AT

(DA ZHFRFLFRERELZIPEP LRAROFZGEREFHE - d pF A
RS A2 BrEaaRp o R P T BBP LR RS FIETE S 4| R R E
L0092 27 AV REILE TR AP LE RO F L R gt b o

QB A ARFTHEE > & 3 EF S5 - 120 - B8 BE S KTER T o 4
WP s F AR S B v BRY Y AR E A BYTERF -
) Bhapir s
1. 4 8

¥ Jkdp R R RS L BB B e 2 B RS ) &ﬂiﬁaﬁiﬂiﬁﬁw
R G- THVREGRE 2 & 1998) ) FlPE TR R F G RIS AF B 5



-83-

PLRFOFFE Bl R @FRd T fId 237 5 5L ERH TN LF B2 — o 9
BEYEFEPLRFOFFEESET ARG TREET B LR T FlTE kF £52E A
BT 450 A% B2 RRRAFLF o

T ERER +J\@§Hiﬂ%w’%F{Zm%WLWif@wk%@¢m&%é
RAE TR ERRELP B R 2 ETHP B2 - FEHE L AFTTHER LR
Bl
2. Fp R RS

AT {REZRFFEORFEF AR CAAFELLIP LN  EPAARFEP
o fs Ak ﬁ Bo- - N R B LB EEY R TERT - 2
FHE QLT REECREDOVIFERFEEE N F 8T FHEHEHMNAGF 2
fE2 e AT BER €2 LA LB E EP o
Z o FRAR R
(=) 4w it P53+ (Descriptive statistics)

-2 REFR Kk EET P e R T o I ek < 7 e - e 2 S S U e 2
Rk ek kA R T AT I IR S R ke i B A T B
Bt Pk s 8 4 U hsiy b 1 A AL

Frilt i wmp T2 e A AAF8 ~Teafiinkir @ %Ay
B2 PRI T i 2 BT o
(=) 7 & » 47 (Reliability Analysis)

AT HEEZRENT BE R TE o Cronbach’sa B#icd B3R REFEF 2> £ 7
B HFHE - BRI A R o
(2) %1% ~ {7 (Factor Analysis)

Fl & A 47 i LB R DR R M R TR sk TV R L BRI R
M TR (5RakpT > 2000) o WAF SRR U T AR ERIL R TR Dl G ) A o AR
1 ER B R 390 6o R FR A ATIRE o TREd 47 g S IR IR F] S 3R P OSER

B % B 3w

- AR

£ EY G A hERERETERT 167 =(488%); A% R BREFESG 175
=(51.2%) M0 A F § 3 226 (=0 (b 4%~ B(57.9%); & £ 3 164 =5 ik 4%~ Be(42.1%) -
EGEA T 002130 RF R S h S 0 £ 140 2(35.6%) 1 A5 3140 A 0 2 97 =
(24.79%) : # 4kik= 5 41-50 & 0 #3550 2(12.79) 5 51-60 A 2 12T K 5 5349 (12,5
96) 20 At T o $3 48 (12.2%) 5 61 ALK 0 £359 4 (2.3%)



-84-

HBE2ZBE S EFIFEER S > £ 18 2(30.1%) B 2 H A B3 92 2235
%) £ R Mgiﬂﬁﬁ&%@é% v 23 71 m(18.19%) c X EE Y KT MLANMEH A F
ABch 0 53228 2(61.0%)  H R B Y B K3 T3 (195%) £ F S ALEREE(E
1529%) « 2% B A # Jo» 5 5 19,999 A 11T » £+ 95 +(25.8%) 5 2 = 5 30000-39999
~(19.8%) 5 £ % & 7 fe» 40000-49999 =¥ 2 25 E > k3t 56 4 (15.290) o 25 E U4FRR R
B R E L gL 5L Rg 0 & 228 (58.3%) 0 ¢ 4k £ 161 (41.2%) - FE
FARRZARED Y PTG SR T% H 248 (65.3%)5 F ) zﬂ~ 132 +(34.7
96) ° X FEFE UL A IE FhrEE S b b 0 £33 342 2(87.0%) 5 H St 4 B At 2R
2 ?pu:‘ﬂ P E 22 (5.6%0) ; E F B RS RHE B2 BE 0 £ 15 2(3.8%) -

2 ISP LR AR L B H 3168 (43.1%); B = AP %0 £ 3145 = (37.2%)
1“15 LA KYEL 37 (95%) c ¥FE AR Y2 M1 E T A LB 5 H 145 =
(37.0%) 3 B 3 22 » K35 106 (27.0%) 5 £ K 5 #2 2 wHd - X35 60( 18.3%)%
57(14.5%) - 5% A B G PFR 2L 13 ) pF 5 B % 0 235 233 2(60.0%) 5 H =& 5 3-6 /| pF »
£3576 2(194%) 5 £ 5 1P PP 0 H35 65 2(16.6%) ©
I SN fRRIERTFIZ R RTE

fEWIEmFl 2 aar 2R 2 5 0 HT0E 3 MK H4od 2 BFL L FIemFl i T
“@ﬁﬁw*[“éﬂﬁﬁéﬁﬁﬁﬁwﬂmﬁﬁéaf%mﬂzﬁﬁﬂj\ﬂﬂﬂéﬁiz@aﬂwk@
FREfERR SREETER T EEE AR P ERA B R RRET AR TS
§F S BRANEET AP PR ERETEE  ur TR TR ol R S
Bos X RE RS ed R o W EGVEAE R SRR R N L 2
W ERRTFIFRL ERm BB L HERILET]Z IRLF R & MehT izt B 4 5 5
TAEFRLERRRAT S RORTIT LA A FARRETES A E L RTS A
ARFAHRE D FREEEEEEE T AEF I r B P R (R KEL R

BAAEEAR S FHERETES AT R FEONTE A R FR RN
ﬁu%Jfﬁm;saﬁ@;ﬁ@m%wmz3$$ﬁpa%ﬁw@y¢w?ﬁ.Ww

B MG w2 BARTL A o



% 2. fRRIERETFIZRF R

Table2. Factor analysis result of agreement level of interpretive constraints
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Discussing Reasons Why Visitors not Participating Personnel
Interpretation — A Case Study of Yangmingshan National Park

Shih- Jung Su " Sheng-Jung Ou ”

Keywords: Interpretation, Constraint, Corresponding strategy, Interpreter

Summary

Environmental education is one of the most effective ways to protect environment that
has dramatically been changed for last few decades because of overusing and decreasing
resources. In the field of environmental education, it is said that interpretation plays a critical
role in protecting the ecological environment of Taiwan. Among interpretative media, personnel
interpretation has been proved as one of the most preferred media for its quick response, direct
information provision, and vivid interaction with visitors. However, the frequency and number
of visitors who participating in personnel interpretation is not as high as it is expected in reality.
It is doubted if there exists constraints in participating the personnel interpretation and what
specific constraints might be. Therefore, the purpose of this study is to find out reasons why
visitor not participating personnel interpretation and its corresponding strategies.

The study used both qualitative and qualitative methods to obtain the required data. First of
all, the study adopted depth interviews to explore factors why visitors did not participate in the
personnel interpretation and strategies which interpretative volunteers might use to correspond
with the interpretative constraints. Then, the study used questionnaire survey and convenient
sampling method to obtain opinions from visitors in Yangmingshan National Park. The major
findings are described as followings.

Based upon the research findings, the study proposed practical suggestions for using
appropriate strategies to solve interpretive predicament and enhance visitors’ participation in
interpretive program in order to achieve the goal of sustainable environment. Moreover, the
study also mentioned suggestions for future studies.

1) Graduate student, Department of Horticulture, National Chung Hsing University.
2) Professor, Department of Horticulture, National Chung Hsing University. Corresponding

author.
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Fig. 1. Effect of cold treatment(12°C/3°C - 3-5 days)and rewarming to ambient temperature at
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Fig. 2. Effect of cold treatment (12°C/3°C - 3-5 days) at different days after forced flowering

treatment on the leakage of “TN-17’pineapple leaves and shoot apex.



Bl 3.0 B - 5001 22 A EHREMERIZ (PE 12T 2E 3C)3~5 2 Stk E ¥
£ H
Fig. 3. The symptom of chilling injury of ‘TN-17’ pineapple leaves after cold treatment
(12°C/37C - 3-5 days).



A 2.5 r AgGreenpart ofleaves ~ —m— Control
—A— Cold treatment

15 |

Ethylene production
(ul* C2H4/Kg * Hr)

05

(=]

0 6 12 17 22 36 50
r B:White part of leaves

N
n

)

—_
W
T

Ethylene productior
(ul * C2H4/Kg * Hr)

o
W
T

0 6 12 17 22 36 50
C 35  C:Shoot apex

Ethylene productior
(ul * C2H4/Kg * Hr)

0 6 12 17 22 36 50

Days after forced flowering

Co R ITE R HEEN T R TR 12T PR A 3C RE MR AJE 3~5 X % ¢
EH (A)~ddE5 (B) 2587 (C) ¢ @i -
Fig. 4. Effect of cold treatment (12°C/3°C > 3-5 Days) and rewarming to ambient temperature at

different days after forced flowering treatment on the ethylene production of ‘TN-17’
pineapple leaves (A ~ B) and shoot apex (C).

SRR
0% 5 54.79%  SEWITX HH 4 o B F B b 2 3RS S0 > E BG4 mA
2 ELE

R
s
a
M
=
%sa
1%
e
=
%:s
ﬁa
m) ok
=k
=
., F_\t 3
o
=F
yal
Qe
3
e
@
|
x
TN
Ll
&
5
e
T

FE T F 5 7321%; MUR S E S G 2N B §d 5536%F 2 3 61.30% R G MGE
FedZ i PR o R AR MR N E TEIRAL 7 B 4§ TR X B Ao @ B4 0 d 57.12%9%
F A3 62.96%; il 6% 12X MR RILEE TR 7B 6T D 44.46% 49.76%>
M2 X2 BT E B ARIEZ T PELE(RS



A:Green part of leaves

Respiration (ml* CO2/Kg * Hr)
— —_ [} e}
93 S v S 93
S S o S S
T T T T

(=}

—— Control
—A— Cold treatment

0 6 12

200

150

50

Respiration (ml* CO2/Kg * Hr)

B:White part of leaves

17 22 36 50

C 250
200 |
150

100

Respiration (ml* COx/Kg * Hr)

50 r C:Shoot apex

0 | |
0 6 12

18 24 36 50

Day after forced flowering

Bl S B 173 B MRS BETIFE 12CP RS 3C R MR AL 3~5 % %4
Jux

CINNEE -

(B); :‘i‘fg (C)vi’ 154 _} 2

'%fLo

Fig. 5. Effect of cold treatment (12°C/3°C > 3-5 days) and rewarming to ambient temperature at

different days after forced flowering treatment on the respiration rate of ‘TN-17’

pineapple leaves (A ~ B) and shoot apex (C).



A 80 r A:Green part of leaves

70 +

60 QF ; !

50 +
40
30 T _g Control
10k —A— Cold treatment

0 1 1 1 1 1 1 1
0 6 12 17 22 3 50

Carbon (% DW)

B 80  B:White part of leaves
70
60
50
40 +
30
20

Carbon (% DW)

0 6 1217 22 36 50
C 80  C:Shoot apex
70 |
60
50 |
40
30 |
20
10

Carbon (% DW)

0 6 12 17 22 36 50

Day after forced flowering

W65 B 17TH HAE 0 g TR 12T PR 2 30 RIR MR A2 3~5 % %
SER@A) 0 EFB)E EMOBE BL R -
Fig. 6. Effect of cold treatment(12°C/3°C > 3-5 days)and rewarming to ambient temperature at

different days after forced flowering treatment on the C concentration of ‘TN-17’
pineapple leaves (A ~ B) and shoot apex (C).



-10-

o w

—\ﬁﬁMﬁﬁawgﬁﬁ’ kg
CEETRA 2 TRF TS D PSIL k Beh kel g o g o B KR R84
TR ME R U] Z F it jr ket e vh s & BRIk S B AR
gy de iR BB Fev +h4 & 2 (Martin et al., 1981 5 Aro et al., 1993 ; Flexas et al., 1999 ;
Melis 1999 ; Allen et al., 2000) » %88 & st G A2R S € F B> ESF ¥ L St > &=
HHRVBEOCRITISCEHEFSINMPESZY X & fé‘_?:/@“—’%é 6123 17 % i85
R EITw R R QX ’FV/FmF - PR TR B K R ER A BRI F S
E«,,E”“ﬁm_ﬁ‘PSHF/’@“ g ,EE;&?’K&“ D1 v + o Mg PSIH 1 D1 39 F| 5
P680 hif T & < 3| H s 5 (O) =3z # (Gong and Nilson, 1989) » 8 & sgehynés |4 7% €4
€ i3 =+ DI F-v 32 3& (v3¢ 5 7 *%(Gong and Nilson, 1989; Aro et al., 1993) » ¢t ¢t D1 3~
Bl R &R RAp ¥ R0z SRR > L R MURT Z BHEORHF Gk R B Bt DI B
vNERATE & MR T ¢ 4447 %7(Kudoh and Sonoike, 2002) » #2388 PSII g + 25 > i =
BHEPAMELESE F LS8 FVFmaE ™ (B 1) &% 2 L 3% Fv/Fm &7
FReiE o E 9 M Fv/Fm I 00 & BRI, E¥F ¥ L Fv/Fm 2w g (e 1~2
T p g/ﬁr/ﬁr‘?" > Fryer 8 (1995)4p M & 3£ § % h D1 F-v § BT iT- &
m A B er/’\/’>$? MR w RN AR ke B v 12 ) pF
EDI}Ugﬂﬁib$’x%le}ﬂgéﬁ’ﬁ%b$le}ﬂg%%»%le
#v (Ohadetal., 1994) » PSII & &7 B {R{s Vi FAET DT LM > m PR H Fs &
M1 Fv/Fm $8cendf4e b o d § % S 8chin o @H%”ﬁF SR RIS T R E -
S RETRRE YR N
FE R EAMEBRIERLE TS MEEFTESH AP IDESHPIRG >
§$gﬂ%mﬁﬂ’ﬁﬁﬁg€m1%?ﬁﬁ{%ﬁ%@é#%ﬁm@q —(&mmmd
Wise, 2000 ) o M8 @ (755088 % 2id 2 S % 5 FR 0 H 3 @ Rl K SLELR > g 2 e
el P F RO 0 3 AR fEF %R S M 4o (King and Ludford, 1983; Autio and
Bramlage, 1986; Woods et al., 1991) - E HE"HEAKDET > EPEIMPERRBH I
BEERT o F S NP RILEE S NS TSP Y —"U\H‘Pf’.._(gl 4A) > R (S
TRk &mﬁi(b’%‘] 3 Vgt apEE G B o B¢ BT g% £ 4o polyphenol
oxidase (PPO) (iz** Choloplast _ ) ~ Polyphenol (=3%7% e ) fep XK T 3 —‘F'T E IR
Fo R RIS FRIS g A2 T o ¥ 7t ascorbate peroxidase (AsPOD) - catalase
(CAT) -~ peroxidase (POD ) - phenylalanine (PAL) % ¢ f# 11 * &k & §7iF % Freactive oxygen
species (ROS) > i“‘fﬁ 5 H,0, o ¢ PPO* 5 kit b4t 2 > PPO 5 2 4k it 2
PR EEyY € i@il“ﬁﬁ»” A 0-Z A o-fRoo-fRE MR LT P B g
%m B LEAR R Rghd hi &4 Y (Zhou etal., 2003) « fp ATRBET



-11-

BHIE P 949 T R T PPO shif fE gt dp A Flehd it 0 @ G § 2 15 PPO s it
24 Mk Flend R 4 % B H 4o (Stewart et al, 2001) > § HE R MR T AR E LR

@’%u%ﬂ%%mﬂ%’a%ﬁﬁﬁiﬂi?ﬁ@’wum%%ﬁiﬂ’“¢g1%ﬂ
F s (B 3) o @ P d & ME@EFE > AMETRT REFT ERE S (F

4B)s'\':",,bf_]n MM B ETEHRSE BNH 4,‘#m4fa+§i" » MOR HHE 3«,‘?3? | e

R RE  AAILHE N F G 0 KGR T E kehd (B 40) 0 T il AU MUR BT et
ERREFATT AL EAFETHE PP eel G F TP e A £33 Hig
FE ARG D AT 2 A REB BB ETR G A R AT TR B T A A
N

TR

~ =

+ T TET‘:"K ,},

BT Fpt R Ti'}ﬁ%fg‘iﬁxﬁ;'é‘ Wang £ Adams #
(1980)45 ) » 3¢ MG AR cniFde » MBHREE wiR A ¢ s ¢ p0 > s fhe F2
EARICE - BEFURBI A (L EPpLe i i #Nﬁk mmwaﬁ4b¢m
B4+ i 5 ACC synathase © i T ACC £ ACC oxidase i § 45 A # > % fethw i {

ACC synthase 724 & > i % ¢ %+ £ 4 & % (Wang and Adams, 1982) o <8 fd® {4 % ¢
Erae G HRE(B 4A) A EY AR ETRLAT APV ﬁﬂ%i
FEANGE REESPANEERIRALAKESGLT A ELEENPERBRCET
@RS A DR THAVRPE 2 TR AMET ACC g zﬁm@ﬁiﬁ“ﬂgm

-
Ao w R SR AR e FE D BRI F YRS FALERNHER .
% 5

RE R g it e B fﬁ%;‘ B Wi ts o HR K A dr e K ¢ F R (B
5A) - Wang(1982)4; ) » ii§ i g ERiT fﬁﬁi“?%ﬁiﬁii AR W™ LG W
R inve d 4 mﬁwoaﬁ,mmzﬁkwm@ CERRABEIE . W AHY B AL
Afgomdw RS > NBERE RN S @ S 538 F (Lyons, 1973 Wang, 1982) -
@ﬁ?w3€M»§§¢€M>&wﬁ@1$iE&iﬂ(ﬁSB Q) -

B E Y EET AR B
L&+ 848 %1‘5 Rl HET R - BRPEDLEE TR F K n'E M (Wise

and Naylor, 1987) > %15C ™ RubiscocrE {24 ¥ 5 PEPCe= A2 - 3 = 22— » ¥ 420C
T Rubisco®2 PEPC 7% 14 9 £ 15°C 7 932 % + (Kingston-Smith and Foyer 2000) » % =
ETHRER ST i RPPE FE o F P TR A MR T R
Mo ABEAEF IR E EPHEUTHBE - E F O 4 “K’\éfﬁﬁﬁi‘ckl“
?'"*ﬁ‘«i Wi fo FED S TR L E VD I GRS KRR
SEVRGE



-12-

54 2 p

IheE 2007 B BRRTERIERLF2FT R EX X FFEFFL “TH L%
< o pp. 56-61 -

cARFE L ESE 02008 (TR L § SnEr o

Frcte B ¥ L R € 2006 F H i kg o B p http/kmweb.coa.gov.tw
/subject/mp.asp?mp=7 °

Frcle R ¥ L B € 02008 REXME / FT XTFH

283 1985 pliwefde o ¢ WFE4E 31:1-5-

R T F102001 c BH SR RARE AKEY o DB HEEL ,%E?:}fiaﬁ,?g
FIFG g LT opp.1-14 ¢

FHA 2004 SHEBHALEHRREFE - SRR HFETEFEFAFEET c N2 L4
< B e opp. 1-12 -

Allen, D. J., K. Ratner, Y. E. Giller, E. E. Gussakovsky, Y. Shahak, and D. R. Ort. 2000. An
overnight chill induces a delayed inhibition of photosynthesis at midday in mango
(Mangifera indica L.). J. Exp. Bot. 51: 1893-1902

Autio, W. R. and W. J. Bramlage. 1986. Chilling sensitivity of tomato fruit in relation to
ripening and senescence. J. Am Soc Hortic. Sci. 111: 201-204.

Aro, E. M., LVirgin, and B. Andersson. 1993. Photoinhibition of photosystem II. Inactivation,
protein damage and turnover. Biochimica et biophysica acta. Bioenergetics. 1143: 113-134.

Flexas, J., M. Badger, W. S. Chow, H. Medrano, and C. B. Osmond. 1999. Analysis of the
relative increase in photosynthetic O, uptake when photosynthesis in grapevine leaves is
inhibited following low night temperatures and/or water stress. Plant Physiol. 121: 675-684.

Gong, H. and S. Nilson. 1989. Effect of temperature on photoinhibition of photosynthesis,
recovery, and turnover of the 32 kD chloroplast protein in Lemna gibba. J. Plant Physiol.
135:9-14.

Kingston-Smith, A. H. and C. H. Foyer. 2000. Bundle sheath proteins are more sensitive to
oxidative damage than those of the mesophyll in maize leaves exposed to paraquat or low
temperatures. J. Experi. Bot. 51: 123-130.

Kratsch, H. A. and R. R. Wise. 2000. The ultrastructure of chilling stress. Plant Cell Environ. 23:
337-350.

Martin, B., D. R. Ort, and J. S. Boyer. 1981. Impairment of photosynthesis by
chilling-temperatures in tomato. Plant Physiol. 68: 329-334.

Melis, A. 1999. Photosystem-II damage and repair cycle in chloroplasts: what modulates the

rate of photodamage in vivo? Elsevier Science 4: 130-135.



-13-

Ohad, 1., N. Keren, H. Zer, H. Gong, T. S. Mor, A. Gal, S. Tal, and Y. Domovich. 1994.
Light-induced degradation of the photosystemll reaction centre D1 protein in vivo: an
integrative approach. pp. 161-177. In: N. R. Baker, J. R. Bowyer, (eds.). Photoinhibition of
Photosynthesis: From Molecular Mechanisms to the Field. Bios Scientific, Oxford, UK.

Wang, C. Y. 1982. Physiological and biochemical responses of plants to chilling stress.
HortSciencel7: 173-181.

Wang, C. Y. and D. O. Adams. 1980. Ethylene production by chilled cucumber (Cucumis
sativus L.) . Plant Physiol. 66: 841-843.

Wang, C. Y. and D. O. Adams. 1982. Chilling-induced ethylene production in cucumbers
(Cucumis sativus L.) . Plant Physiol. 69: 424-427.

Wise, R. R., J. McWilliam, and A. W. Naylor. 1983. A comparative study of
low-temperature-induced ultrastructural alterations of three species with differing chilling
sensitivities. Plant Cell Environ. 6: 525-535.

Woods, F. M., J. O. Garner, Jr, J. L. Silva, and C. Phromtong. 1991. Estimation of chilling
sensitivity in leaves of sweet potato by chlorophyll fluorescence and electrolyte leakage.
Phyton 52: 33-37.

Zhou, Y., J. M. Dahler, S. J. R. Underhill, and R. B. H. Wills. 2002. Enzymes associated with
blackheart development in pineapple fruit. Food Chem. 80: 565-572



-14-

Effect of Cold Treatment at Different Stage after
Forced-flowering on the Development of ‘Tainung No.17’
Pineapple Plant.

Hsien-Hao Tseng " Huey-Ling Lin

Key words: Ananas comosus L. Merr., Chilling injury, Chlorophyll fluorescence, Membrane
leakage, Ethylene

Summary

In order to produce pineapple fruits year round in Taiwan, pineapple growers usually
forced flowering in the late fall or winter to force the production of pineapple fruits by late
spring or summer. The purpose of this study was to investigate the effects of low temperature
upon the development of the “TN-17’ pineapple plants and fruits, during different time periods
after forced flowering.

The ‘“TN-17" pineapple plants underwent an application of forced flowering. Next they
were exposed to 12°C/8H, 3°C/16H for 3-5 day periods during different stages of their
development, then the they allowed to grow to maturity. On the 6th ~ 12th and 17th days after
forced flowering, chlorophyll fluorescence parameter Fv/Fm decreased. However, in browning
areas caused by chilling injury, Fv/Fm, chlorophyll fluorescence parameter and chlorophyll
content decreased to almost 0. Additionally, the green part of leaves suffered high membrane
leakage. Ethylene production and respiration rate increased slightly in the green part than
control, but total carbon content decreased in the white part. In conclusion, forced flowering and
low temperature treatments resulted in the following: browning spots on the green part of leaves,
decreased Fv/Fm ratio, increased ethylene production, respiration rate, decreased total carbon

content.

1) Graduate Student in MS. Program, Department of Horticulture, National Chung Hsing
University.
2) Associate professor, Department of Horticulture, National Chung Hsing University.
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IR o Bb ik —%#&/?Jm_/gw‘*é' BHEF W E T VLT
PAREFEBATR RS FE RGN PRAETRER I 2 B T

RS s R T

* "ﬁ\

_é_ﬁ

o}

Fl & 5% e (heat treatment)dp 7l A SRFECT o 1 F R (X 36°C~507 ) i i
PP &R R UEEER AT A AP ET 2 RENEG T E P h2 &2 5% (Lurie,
1998) o # edZ ¥ g B T * AL 5 #4 K 2 (hot water dipping treatment; HWT) » 7 44 *

1) Wzv? & FHRELF (ALsemy 4 o
2) Mz d A BT f Lyl vy o
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%§§:j—;;};3 RE A o EE R FEJLE RV iE 50-70C 0 - xR B 46-47C 18 4
F20 485 0B RJZ FN(F 0 2004) o “,’Tfttiﬂ ra FAIF e HEF R e m(E o
2008) -

Bl - R g REF AR E AT PBADER] > F %7 ¥7(Paull
and Chen, 2000) * # % S # 2 (5 7 § & f& & "% 14(Klein and Lurie, 1992) o #4 i d® *% i< $
FR VIR fé(Weerahewa and Adikaram, 2005) » @ "% i< 0% S FL AR PR FRPL 2
%L A (F,2004) o

RAIFA L B4 (ThEhA 4 ~ vt & & 2 acetyl-CoA it #(Katz et al., 2007) »
frps A A 7 5 citrate synthase(CS) it oxaloacetate(OAA)% acetyl-CoA Jk¥5A 24 - @
% mitochondrion-aconitase(mACO) £ # = £ & gt ¢4 - £ 5 mitochondrion-isocitrate

dehydrogenase(mIDH) i#_i* 4 = 2-oxoglutarate(2-OG) » * 11 %45 & #ﬁx TRk w0
P55 cytosolic-ACO(cACO) £ cytosolic-IDH(cIDH) it * 3%t @ 5 % éﬁ&’ 4 L erd
(Sadka et al., 2000; Katz et al., 2007) o F]p* » @ e g = £ 3| CS B AR F 2R 2

3] ACO 2 IDH eni®® “13 iy o — B35 Jp S e & = il é;zkﬁ;—% % phosphoenolpyruvate
carboxylase(PEPC) » H i & 73 &t w2 T ¢ > ¥ #Lit phosphoenolpyruvate(PEP)% it 2 #

OAA fF Ji > OAA R+ '§ malate dehydrogenase(MDH) ig.i* & 4 g % it > » 7 ST AT2
i® % (gluconeogenesis) ™ i i = #E#E (Beruter, 2004) o ¥ *F i R4 > FEET SR FR
7% 5 fumarase it @ A 2 > @ 5 MDH #it & 33 OAA» e H % @it OAA & 2 jF
5 it (Katz et al., 2007)- 3 % f B 7 &im? § & 2584 ¢ 5d ME & MDH #. &  3#(Katz
etal., 2007) -

SPMALATRHNEY RFPLR TR 2 — a F RN EIERAESE M &
FWHRABIME R SR ETRAZEE TR AR P OE A HET SR
PR LIRS FWRIERCIE M AR AL I FALU T HSTRALR
L3 RMAEEE TR MR AASLE P HE R LR AP HE T RTRELE
«=,‘; o

HoR g 2

- &R

BEHEHES CHALL R HPRSA SR 178 MR e E R LB E S 2 H
DB 2007 E T PR o B EFARBIET R LS LAE FEREP L
cRIP2BH -
Y

%
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BB % RET36C 39T ~42TC2 45°C fg 2 B d s B {5 7 R (2542
COFEKEG P A NB A TR REBI L #I8CAR 43 LB 0T 3EEQ52
CTYT 21688 - CKl 533 HQE2C) &k 21 =2 %% »CK2 5 28 Frg2x 8CH
F14 X BB FRQR2O)ERT 2259 - FAIZ 635 F o« FFIRD A0
mERE X AIE ér_ FHEPEFToFHEEAEATY R HSEKREIET Y B2 ‘f%'b‘
2 %R 12em’ s F R F ARA L BB20CT R o PR ATES 2R T
ZEpEHERLETLIEH 23 E4 -
Z o Rz A

BHR - REER2 LT PRI B2 HERREUFHFLRESF P EFR
ROoBRESgAe Bk 20ml MIBFS LR E 2 a4 B340 CHE KB 3044 |
3 (10,000 xg) 10 4 45 o B~ £ % 1.5 ml {2 12 0.45 pm i /g (Millex-HV, Millipore)“ff 2
Fe B B4 B 2kt ik 4p & 47 & (high performance liquid chromatography, HPLC)[ %[/ : Hitachi
pump L-2130 ~ # | £ : Hitachi UV detector L-2400 ~ column : Waters KC-811]4 72_ » &
FTIEE S F R A 60°C > ##54p 0.1% phosphoric acid » #ti# 1 mlmin™ » % ¢ % Rl
£ 210nm > BT 20l U A R o
T~ O A PHPFE £ (CS ~ MDH ~ ACO ~ IDH ~ ME ~ PEPC)# 2 & {7
(A R

f¥% 2 X P~7 %/ Chen 2 Paull (2000)2. = ;2 2 & o #-4 f 2. B # % p &0 & B
RREF P OB ke R BER=13 g0t BB % R R 5g 4 ~ 15 ml # #5100 mM
3-(N-morph011no) propanesulfonic acid (MOPS > ©2 5 M NaOH # & % pH7.5)°> 1 mM
ethylenediaminetetraacetic acid (EDTA)> 2.5 mM DL-Dithiothreitol (DTT)>0.05% Triton X-100
(v/v) > 1 mM phenylmethylsul fonylfluoride (PMSF) > 20 pM trans-epoxysuccinyl-L-
leucylamido-(4-guanidino) butane (E-64) > 10 mg/ml polyvinyl polypyrrolidone (PVPP)]r 32 %
WA RE 2 A4 (13,000 xg) 30 A48 B P RR AT AMREE IR VR
v HzE -MDH-CSiElke ¥ b Bew V‘\'Hﬁ;% ik Smlo i % 4 BiEiRik ¥ F (Amicon
Ultra 30,000 MWCO, Millipore) % * fi% % o 12 % 7% [100 mM MOPS (pH 7.5) > 2.5 mM DTT]
R ARAR 500 B2t o 3w (3500 xg) kMgt A D LSmb ¥ SRk RS T 2o
PEPC ~ ACO~ME ~ IDH /#% o 2424k 358 0 4CT o 5Bz 2 2 4p 0 2 P Sigma
2 USB = &
2. B9 Tz ERT

%P Bradford(1976)z_ = ;213 & » B~ 4 ml F R#E#[0.01% (w/v) brilliant blue G-250,
4.7% (v/v) ethanol, 8.5% phosphoric acid]4c » 0.1 ml ¥ ;3 {52 5P% > F B2 ~ 418 >
v 4 sk kB 3+ (Thermo Spectronic, HeAIOSa)ik] Tk £ 595 nm 2 OD g o fR 2 & & 5 2 o 5
#-v9 (bovine serum albumin, BSA) 0-125 ug z. OD & -
3. R A Rl T
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(1) CS (citrate synthase)

* B2 %% Morgunov and Srere(1998)i2 & 2_ » 1 ml ¥ &% /% [100 mM Tris-HCI
(pH 7.5), 0.5 mM OAA, 0.2 mM Actyl-CoA, 0.2 mM DTNB, 50 pl ¥ ;3 {42 % B R &
By tep e E3IF 0 FRRISHE A& 420nmz = OD F -
(2) MDH(malate dehydrogenase)

* i %3 % 4% Morgunov and Srere(1998)i2 it 2. o 1 ml & &% ;% [100 mM Tris-HCI
(pH 7.5), 0.2 mM NADH, 0.5 mM OAA, 50 ul ¥ 3 142 582 R &£353 {8 p| %2 5
)0 F &304t 0 A& 340nm 2 T % OD iF o
(3) ACO(aconitase)

~ip|F_3 % 4% Jenner ¥ £ (2001)i2 &+ 2. o
cACO(cytosolic-aconitase)F| =_: 1 ml ¥ &% /% [80 mM HEPES-NaOH (pH 7.5), 0.05% Triton
X-100, 0.5 mM NADP, 0.2 U NADP-isocitrate deyhydrogenase, 8 mM aconitate, 5 mM MnCl,,
50 Wl PR R RAEEPR] R £ LRI B 104 0 F 1 A4 0 K 340 nm
z. +H2 0D ig o

mACO(mitochondrion-aconitase)iP] _: 1 ml ¥ &% % [80 mM HEPES-NaOH (pH 7.5),
0.05% Triton X-100, 0.5 mM NAD", 0.2 U NADP-isocitrate deyhydrogenase, 8 mM aconitate,
SmM MnCl, S0 Wl ¥ /3 L fF 2 kM5 Poi] iR £33 BRIRUEE 1040 F o 1 2415
AE 340nm 2 = OD g -
(4) IDH (isocitrate dehydrogenase)

*plE_* 2 4% Gallardo & 4 (1995)i2 1 2 o
cIDH(cytosolic-IDH):#| Z_: 1 ml ¥ J&:% ;% [100 mM Tris-HCI (pH 7.5), 5 mM MgCl,, 2 mM
isocitrate, 0.5 mM NADP, 50 pl ¥ ;3 14 f% % k ﬁﬁﬁﬁ*;‘,’%) R BB RRITHELNF o F G
1 ~48:5 > A& 340nm 2+ =2 OD g -

mIDH(mitochondrion-IDH)/B| Z_: 1 ml * /&% % [100 mM Tris-HCI (pH 7.5), 5 mM
MgCl,, 2 mM isocitrate, 0.5 mM NAD", 50 ul ¥ ;4 [+% % & .%f'ﬁi«”ﬁ’»;‘,"z‘ 2R £355 {8p) T Ak
10§ > F Bl ~48% > A& 340nm2 + 2 OD i@ o
(5) ME(malic enzyme)

~ipl T ;2 %% Knee and Finger (1992)i & 2_ »
cME(cytosolic-malic enzyme)iB] Z_: 1 ml ¥ &% % [100 mM MOPS (pH 7.0), 10 mM malate,
0.5 mM NADP, 5 mM MnCl,, 50 pl # 3 2 % k35 P ] - iR £393 (R 2t & 10 ) -
FRE 1 #4818 > & 340nm 2.+ 2 OD i#F -

mME(mitochondrion-malic enzyme)®] Z_: 1 ml ¥ &% % [100 mM MOPS (pH 7.0), 10
mM malate, 0.5 mM NAD", 5 mM MnCI2, 50 pl ¥ 3 2f5 & kG EBi]» R E353 2Rl
w104 F 1 ~ 4818 > A& 340nmz2 =2 OD F -
(6) PEPC (phosphoenolpyruvate carboxylase)
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Pl E > %% Merlo & £ (1993)i2 & 2_ o1 ml ¥ J&i% ;% [100 mM Tris-HCI (pH 8.0), 5
mM MgCl,, 50 mM NaHCO3, 3 U malate dehydrogenase, 0.2 mM NADH, 2 mM PEP, 100 pl
FRMREFRGEPR] RS BRI E 104 0 F s 1 A4S 0 K 340 nm 2 T
" OD i# -
(7) By

%P Morgunov and Srere(1998) > 12 DTNB *t Ay ™ 2. molar absorption coefficients 3
13,600 M cm™ » NAD(P)** Asg ™ 2 molar absorption coefficients * 6,300 M'em!' 48 2 o
ER I AR

A 3% 2- BcPy 1 Microsoft Excel 32 1 %] iv32 8 £ 2 4p B 14 47 > & 12 SAS(Statistic
Analysis System) £ % @it #8 :£ 7 ANOVA 4 47 » 11 & -] 3 ¥ £ B ;* (Least Significant
Difference method, LSD)# 3 &+t # s~ 47 » &g ¥ -k % (significance level) 5 5%

B %
ER TR AR R EASYE ARG SR B A AArd | A SR B AT

ZREFTE S 0.63% b B TR (CKDY T " 0.12% 504 # (5 (CK2)9 ™ *% 0.14%
EEEALR RFAILISG64SC)R IR 7 £ 2 AU w(blank)T ﬁ&miﬂ e g E 2
A A2 (SR B R frf 45C+8C2 2 Bg ¥ CK1 2 CK2 B+t H i /f@ﬂzﬁ&ﬁ—?i
PojRB2AEE AGEFAIED2ZHFEEIES 0.19% L#’iﬂ?*@?%;(cmmgs«*
A ] FE0.17% 0 gt »?W(CKz)E LB FA R RFRILIS(B64ASC) R B
blank ¥ & L3R 2 R EAREIOHFENCKL L2 CK2 LB A H¥ - AGE
B ST w2 e, 28 5 0.82% &4 ﬁq,g(CKZ)%ﬁ”—?T 555 4T %% 0.09%; 8 B EIE 1 (36-457C)
BpEgeblank T EEFLE oA ZBLEARTECKI Z CK2ERFLR - ug K
Lé@%‘n °

e B 17 BUBHEF VR FASLE LRI 2 T AP M SRR R A "“'l“*%“’“
4k 22 £ 3. CSEEZ M RET i??(CKl)F&/r #¥ + 2 % 3.77 mmol min” g "Fw: @
54 RG24 (CK2)#is » %) 2.34 mmol min' g' Fw e & A EAF2 LB ;L Elgn
RS “-s:zm%/f@“’m ARTH(36-45C)F » B CSPpA by + 22 A A7
120 36°C3 42°CEBRIL2 CSFEE AR FRoblank F 5 v B0 kg% Ll
} 1 36°C‘)E7'§@%«%§-§ AR o 5B B AIR 84 5 (36-45°C+8°C)2 CS % i1t CK2
FENFAL RGEBAILE G ARG 2T 2 HiR g 42CH8CAIL K &7 CKI
PFRAT VAR R o MDH B E AT R RTER(CKD) BT P2 1 324
mmol min" ¢! Fw » @ 584 # AL 2. CK2 #i% » %) 2.81 mmol min™ g’ Fw » 2 iv 4 + &
PEREALR VARG A ABE o TR IF AT A ART @(36-45°C)iﬁ » 3 MDH p%



-20-

ZEM G PR 2 ol ERblank B R F A0SR o KRB AL AR
(36-45°C+8°C)1 MDH fi§ % & 12 42°CH8C AL » R F# CK2 # » » # s 2 CKl
BEEFLR OV EMRRET 45CH8C AR ¥ CK2 § » * 352 CKI J'Mﬁfgfg;?l °
mACO f% % & ]VH’\ blank ~ CK1 2 CK2 2. B+ @ Bf % £ B » (et CK2 F 23 2 255
LR EREFALR ';:,L,%'f@wm APTIR(36-45C)F - Bk blankF’*T ANFLE
fe 3% 30-45°CF & 2 2 A5 5 AR G SRR o R F AJT 1 4 F(36-45°C+8°C) %
itk E1e CK2 2 CKI s2alg¥ L8 > iey _,_m_/%')?f@“’,g,r}’%ﬁ’rug 2 ]‘3—’1 s H oW
36°CHEC AL F & CKI #ofiif » 5 42°CH8C AR 4 & CK2 ffeiT ; »id b % l“ﬁ AR
Fi o cACO F2 2 B2 W E S pFR(CKL 2 CK2)f8 /&% M o SR F AT A A PTiR
(36-45C)% - “ﬁ 39"@%,@3_7& b B AR R 39k F i blank G 5 LR G R
e 358 ¥ # blank 3 1% (GUR B EJIR 18 4 B (36-45°CH8C) 2 i 87 5 45 C+8 C/?@‘i’—;fe‘:a;f
FRCK2 3 H4a22 CK2IAHFLE VAR RIRE CR2EaEF2LLE -
mIDH ﬁ?% EHE OV EMA LR Y g F LR o cIDH fE & S EEET T R (CK)FE R
¥ 453umolm1n g' Fw> @ 3_/3_/5 (3645C);g——,pr+’7§§ﬁ;7%hP4($39C1*
T2 vh) R G A2 A E 0 B Y 39T 2CHRFAREFLEIHF > i
2 AR o R B AR 15 4 5 (36-45 C+8C)\ﬁ" 2 EMEERCK2 28 07 2 CKIL R
BT B¢ A2°CH8C AL 2 F A F CKL 5 M5 W@ git 4 s, tig
36-45CH8C a2 2 5% v- 3o CK1 5 M o mME f¥ % & #2030 ¥ B B (CK1)p¥ ¢ %
Moo FEAFRCK)T AaFHEE 0 E R BEEF K o SR F AR ARTR
(36-45C)¢ » BpsA Atz blank ¥ @ AT ¥ 2 £ B > R HFMG L A L E LR
Bl BEE TR 2 R o SUR B AR 1S4 H(36-45CH8C) 2t Aty CK2 X kg A
Bl s e cME fE &S 142 blank ~ CK1 2 CK2 2 FFY @ lg ¥ £ 8 >

Ll Bt CKIL 2 CK2 %;ng?@m o SR B RILA A RTR(36-45C)F Ak Aty 1
2 A 0 R F R blank 5B 5 ARG 36°CE 39C ALY blank EEFALE 0 A
42°C 2 457C /2 4 ¥ # blank 3 1% o SR B IR 15 4 R (36-45°CH8C) 2 A i 1214

42°CH8C2 *h » OB FMCK2 5% 5 W e CK2 X gl ¥ £ 8 > v g 1t r"]“ﬂ‘ﬁ“nrg 2 4%
# o PEPC ¥ % i 1430 ¥ B P (CK P B 3 1+ 2 5 300 F(CK2) 1 ¢ dF itz B e
FORFARSEIS(36-45C)E BRI A B A B F L E M i ABR o s;:ﬁ;%@fw@i
(36-45CH8C) 2 it A b 124 42 CH8CAIL 2308 CK2 £ A ¥ 4 8 » @ 42°CH8C A
BERCK2 5% 0 fe & Ad2(36-45C+8°C)2 iE 12397 # CK2 & 2 484 v E % v 4 4
17Xy bl

e R 17T BB HEF ORI AILE AR LGSR R AN SRR R R
B2 Mk 407 o AEE T 6 BRIFFAZ 2 cME(r=0.8585)(P=0.01)% &g F
1M B %L £ (r=-0.5525)(P=<0.1)% PEPC(r=-0.5575)P=0.)%: B ¥ { 1P M ; ¥ %
it 7 £ 2 PEPC(r=0.5560)(P=0.1)% & ¥ & 4 B > &2 mACO(r=-0.5438)(P=0.1) - mME(r



%p 5 ¥ cIDHr=0.6081)(P<0.05)% PEPC(r=0.6774)(P=<0.05)% & ¥ 1 %
mACO(r=-0.5463)(P=0.1) % kg % f 4p B o

21L'GR1TE R HEF SR I L2 LRI B E
Table 1. The acid contents in 'TN17' pineapple fruit flesh after hot water dipping treatment and

cold storage.

Treatment” CA’(%) MA (%) TA(%)
Blank 0.63+0.07 a* 0.19+£0.02 bed 0.8240.09 ab
CKl1 0.51+0.00 ¢ 0.36%0.00 a 0.874£0.00 a
CK2 0.49+0.06 c 0.21+0.02 bc 0.71£0.06 ¢
36C 0.64+0.05 a 0.20+0.02 bed 0.84+0.06 a
39°C 0.5840.06 abc 0.1840.02 bed 0.76+0.07 abc
42°C 0.62+0.06 ab 0.19+0.02 bed 0.81+0.07 abc
45°C 0.62+0.09 abc 0.18+0.02 d 0.80+0.10 abc
36°C+8°C 0.56+0.10 abc 0.22+0.05 b 0.77+0.13 abc
39°C+8C 0.58+0.12 abc 0.19+0.02 bed 0.77+0.13 abc
42°CH8C 0.54+0.06 be 0.19+0.04 bed 0.73+0.07 be
45°C+8°C 0.60+0.10 ab 0.1840.03 cd 0.78+0.12 abc

“ Blank: No treatment and storage. CK1: No hot water treatment and stored at room temperature
for 3 weeks. CK2:No hot water treatment, fruits were stored at 8°C for 2 weeks followed by at

room temperature for 1 week. 36-45°C :After treated with hot water, no storage. 36-45°C+8°C:
After treated with hot water, fruits were stored at 8°C for 2 weeks, followed by at room
temperature for 1 week.

Y CA: Citric acid, MA: Malic acid, TA: Total acid.

* Mean+ Standard error. Mean separation within columns by Least Significant Difference (LSD)
test, P=0.05.
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Table 4. Correlations between organic acid contents and organic acid metabolizing enzyme

activities and specific activities in 'TN17' pineapple fruit after hot water dipping

treatment and cold storage.

Acitvities Specific activities

CA MA TA CA MA TA
CA — —
MA -0.5525%* — -0.5525%* —
TA 0.4402 0.5052 — 0.4402 0.5052 —
CS 0.0004 0.1859 0.2006 0.0781 0.1315 0.2225
MDH 0.1208 0.0601 0.1898 0.2902 -0.0358 0.2619
mACO | 0.2749 -0.5438* -0.3012 0.3751 -0.5463%* -0.2002
cACO 0.4927 -0.4750 -0.0016 0.4503 -0.3174 0.1244
mIDH 0.0404 -0.3800 -0.3676 0.2059 -0.2977 -0.1075
cIDH -0.4496 0.5029 0.0763 -0.4886 0.6081** 0.1492
mME 0.3504 -0.7104**  -0.4025 0.3758 -0.4121 -0.0548
cME 0.8585***  -0.5953* 0.2475 0.8153***  -0.4046 0.4083
PEPC -0.5575%* 0.5660* 0.0325 -0.5558* 0.6774** 0.1544

N

CA: Citric acid, MA: Malic acid, TA: Total acid, CS: Citrate synthase, MDH: Malate
dehydrogenase, mACQO: Mitochondria-aconitase, cACO: Soluble-aconitase, mIDH:
Mitochondria-isocitrate dehydrogenase, cIDH: Soluble-isocitrate dehydrogenase, mME:
Mitochondria-malic enzyme, cME: Soluble-malic enzyme, PEPC: Phosphoenolpyruvate
carboxylase.

* ok kx: Coefficient significant at P<0.1, 0.05, 0.01, respectively.
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Effect of Hot Water Dipping Treatment and Cold Storage on
Organic Acid Metabolism in '"Tainung-17' Pineapple Fruit

Ming-Chi Liu " Ching-Cheng Chen

Key words: Pineapple, Hot water dipping treatment, Cold storage, Organic acid metabolism

Summary

Citric acid contents in 'Tainung-17" pineapple fruit decreased after room temperature
storage or cold storage. After hot water dipping treatment and cold storage (36-45°C+8°C), citric
acid contents increased. Malic acid contents increased after room temperature storage, but there
were no significant changes after hot water dipping treatments. After hot water dipping
treatment, citric acid contents was not significantly different from the blank, but was higher than
non-treated fruits after cold storage. After hot water dipping treatments, CS, MDH, cIDH and
cME activities increased, but cACO and mME decreased. After cold storage, CS, MDH, mACO,
cME, cIDH and PEPC activities in heat treated fruits increased. Higher CS activity favored
citric acid synthesis and higher activities of MDH, mACO, cIDH, cME and PEPC favored malic
acid synthesis, which could be used in the TCA cycle or other biosynthesis pathways. An
increase in cIDH activity might increase amino acid biosynthesis. Citric acid contents was
positively correlated with cME activity and negatively correlated with PEPC activity. Malic acid
contents was negatively correlated with mACO and cME activities and positively correlated
with PEPC activity. The results suggested that organic acid contents in pineapple fruit decreased
after hot water dipping treatment maybe due to an increase in respiration rate or be used for

stress responsive protein biosynthesis.

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

Corresponding author.
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Fig 1. Effect of seed storage time on germination of papaya seeds dried by oven (35°C) and

room temperature (26°C). Bars represent standard error of the mean of three replicates.
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Table 1. Effect of seed storage month and maturity on papaya seed germination.

PTE P Y (month)

1
0 1 2 3
L1Y 1.1a* 3.7b 184 a 28.8a
L2 0.0a 4.0b 14.8 a 22.9 be
L3 0.0a 4.0b 192 a 199¢
L4 l.l1a 6.9 a 159a 28.1 ab
LSD 2.5 2.6 7.1 5.7

PERGER 5 8C

L1 A#E S ~L2EAR L3 SRES H 14 5R

*Means within the same letters in a column are not significantly different by Fishers LSD test at
5% level.

SR §-FLE ¥ - AP kO

1% 2 GA kR RIZ S A AT HEFTF T3R5 S50k 30 450 GAs ik
RPREPIRF 275 787 5% GARRZH 4Tk B o &+ 1 fr 250 ppm GA;
BdRis o VR BF YT FET 50 % 0 T EE R 150 o 200 ppm GA; AIE 2 14.4 ~ 16.6 2
27.7% o

1% 123404 % KNO;ERZE24 [ AAET  BEARERHESIFY
FHR () I KNOER T HF L KNOsER D 1 %48 1 4% 7 B F %3
T5d 10%%%E 2 17.8%

BE% GA; & KNO; 4§ A A+ 8 ¥ F2c% 2 35 2f|* g
KNO; % 100 ppm GA; v 1 % KNO; & 2+4 2 24 -] pFrgf 5 5 4R 4% 3
%(# 1) I B FRE GA; & KNO; &2 &

200 ppm GA;3 4r 1 %
i3 71.1~83.3
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Table 2. Effect of media and temperature on germination of papaya seeds.

b N 2R (C)
20 25 30 35 25/30 25/35
o id 18.8 ab® 31.1bc 75.5a 10.0a 78.8 ab 83.3 ab
ey RGBS 30.0a 41.1ab 8l.1a 11.1a 88.8a 96.6 a
s R Fy 2 10.0 ¢ 48.8 a 5550 8.8a 50.0b 65.0b
FoR 2 I1.1bc  26.6¢ 46.6 b 133a 60.0ab  73.3ab
LSD 11.7 12.5 11.3 6.0 322 27.7
BEr 26.6b 300b 544b 7.7b 58.8b 60.0 b
- E RS 422 a 333D 76.6 a 8.8b 68.8 a 77.7 a
Fj 2 28.8b 300D 58.8ab 35.5a 733 a 68.8 ab
ok 333ab  6l.1a 66.6ab 333a 71.6a 733 a
LSD 17.0 134 18.4 8.3 9.9 11.6
r\—’,\;,,%é *Y
B R *x
R R ok
o LRI o
i EGR o
AR A EGR o

“Means within the same letters in a column are not significantly different by Fishers LSD test at 5% level.

"n.s.,*,** indicated nonsignificant or significant at p=0.05 or 0.01, respectively.

23§ AR R R ER GAS24 | RIS T el B

Table 3. Germination of papaya seed after soaking 24 hours in different concentration of GA;.

Je%x 0 JE B (ppm) w55 (%)
100 4.4bc”
150 16.6 be
GAs 200 27.7b
250 50.0 a
H,0 (CK) 1.0¢c
LSD 18.3

“Means within the same letters in a column are not significantly different by Fishers LSD test at 5% level.
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Table 4. Germination of papaya seed after soaking 24 hours in different concentration of KNO;,

Fied2 ER (%) # 5 % (%)
1 10.0 b”
2 15.5 ab
KNO;
3 16.6 ab
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, A4 V78
H,0 (CK) 1.0¢c
LSD 7.5

“Means within the same letters in a column are not significantly different by Fishers LSD test at
5% level.

25 PR RRERGLERILEZRPFERHE AAATFT FOPE
Table 5. Effect of different combination chemical concentration and soaking time on

germination of papaya seeds.

fe L =R (hours) #75 (%)
200 ppm GA3 + 1% KNO; 2 76.6 a*
200 ppmGA; + 1% KNO; 4 8l.1a
100 ppm GA;3 + 1% KNOs 2 71.1a
100 ppm GA; + 1% KNOs 4 76.6 a
200 ppm GA; + 1% KNO; 24 833a
100 ppm GA; + 1% KNO; 24 78.3 a
50 ppm 6-BA + 1% KNO; 1 322b
50 ppm GA3 + 100 ppm 6-BA 1 6l.1a
0.7% KNO; + 33.3 ppm GA3 + 33.3 ppm 6-BA 1 57.7 a

LSD 23.9

“Means within the same letters in a column are not significantly different by Fishers LSD test at
5% level.
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BHBETF o ANAT B3 FERET TR ERERT F LkEBLERTRT SFTETT
S TREFFYES | RS A b o A NS A 35Cack iR 1 26C 3R T
EfEF 3 8-12%271«2 » EPTERS "s?fﬁ*sz?iﬁffﬁmigﬁ A RBEEYF o fEF FokE S
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SAE o R EA A A S 35CHRRT R 26CE T REFTF LR
v F - HER o 3F S (F 0 1992; Christopher et al., 2000)4p ¢ VEEJLY U BF S A
FAHRAME FREF I NRGERDRE T URFEF OFT 0 Tt A A RS R
BRE3SCHEick  m pRFLHET I o

BFE T o7 BEEER > RHFHANSREHE TR > g1 19-29CF 7 S i qTpT
52 2731C 5 mE T P dicr T 6 2127CT @hA BT A% s HK
A pLEERIR L b R TR G A E - AT RS
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Nikolaeva (1977) #-#& + ik R A~ % “F & ik PR (exogenous dormancy) ~ P 7 ik R
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FO AR 2 R P ATRRR] T AR P alde ik o B X T A LA TR TS
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Effect of Fruit Maturity, Seed Moisture Content, Medium and
Chemicals on Papaya (Carica papaya L. ) Germination

Thi-Huyen Nguyen”  Woo-Nang Chang 2 yu Sung” Chiu-Yen Wang *
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Summary

The germination of papaya seed was significantly affected by fruit maturity and was
significantly improved by increasing seed storage period. Seeds dried by 35°C with 3 months
storage had 45% germination which was significant higher than 35% of seed dried by 26°C.
However, the optimum temperation in seed germination was 30°C, the germination percentage
of ‘Tainong 2’ could be raised to 88.8 and 96.6% at 25/30°C and 25/35°C, respectively. Seeds
incubating at 37°C and using GAjz;, KNO; could improve seed germination percentage. It
showed that mixture of GA; and KNO; solution had great germination percentage compared to
use GA; and KNOs alone.
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Response of Eggplant (Solanum melongena L.) as Rootstock
for Tomato (Solanum lycopersicum L.)

Surgj Raj Poudel  Wen-Shann Lee?

Key words. Grafting, Rootstock,Yield, Blossom end root

Summary

With the aim of determining whether grafting could improve the agronomic behavior of
tomato, an open field experiment was carried out to determine growth, yield and fruit quality of
tomato cv. ‘ASVEGI10' either non-grafted, self grafted or grafted onto two eggplant rootstocks
cvs. ‘EG203 and ‘VFR Takii’. Vegetative growth tended to be depressed, the incidence of
blossom end rot (BER) and soluble solid concentration (Brix) of fruits were increased by
grafting on eggplant rootstocks. Total yield and average fruit weight were significantly
influenced by eggplant rootstock, whereas no significant difference was observed on fruit
number per plant. The increment in the total fruit yield of the non-grafted plant resulted into
14.23% and 12.62% more fruit weight per plant than the ‘VFR Takii’ and ‘EG203', respectively.
Both the fresh weight and dry weight of leaves, stems and fruits were significantly higher in
non-grafted control. Reduction in fruit yield and /or fruit quality of tomato grafted on eggplant
rootstock may have been due to differences in the requirements for assimilates and mineral
nutrients between tomato and eggplant.

Introduction

Tomato (Solanum Lycopersicum L.) is a crop of high importance in many countries;
according to FAOSTAT 125 million tons of tomatoes were produced in the world in 2005.
China, the largest producer, accounted for about one-fourth of the global output, followed by
United States and Turkey.

1) Graduate student, Department of horticulture, National Chung Hsing University.
2) Assaciate professor, Department of Horticultur, National Chung Hsing University.



Viewing recent data concerning the Mediterranean area by Leonardi and Romano (2004) it
was reported that Spain is the most important country for the spreading of vegetable grafting
with mainly tomato and watermelon, with 40 and 52% of the total of 154 million plantsin 2004,
respectively. They also indicated that in Italy an increasing dissemination of the grafting
technique increased the number of the vegetable grafted plants from 4 million in 1997 to 14
million in 2000.

Although in the beginning, tomato grafting was adopted to limit the effects of Fusarium
wilt (Lee, 1994), the reasons for grafting have increased dramatically over the years. For
example, grafts have been used to induce resistance against low (Bulder et al., 1990) and high
(Rivero et al., 2003) temperatures, to enhance nutrient uptake (Ruiz et al., 1997); to improve
yield when plants are cultivated in infected soils (Bersi, 2002); to increase the synthesis of
endogenous hormones (Proebsting et al. 1992); to improve water use (Cohen and Naor, 2002);
to increase flower and seed production (Lardizabal and Thompson, 1990); to enhance vegetable
tolerance to drought, salinity and flooding (AVRDC, 2000; Estan et al., 2005). Moreover, many
researchers reported that an interaction between rootstocks and scions exists resulting in high
vigor of the root system and greater water and mineral uptake leading to increased yield and
fruit enhancement (Lee, 1994; Oda, 1995; Bersi, 2002). On the contrary, Romano and Paratore
(2001) stated that vegetable grafting does not improve the yield when the selection of the
rootstock is not suitable, for example the self-grafted plant ‘Rita x Rita’ had a lower yield than
the non-grafted plants. Also there are some contradictory results about the fruit quality traits and
how grafting affects them. For example Traka-Mavrona et al. (2000) report that the solutes
associated with fruit quality are translocated in the scion through the xylem, whereas L ee (1994)
states that quality traits e.g. fruit shape, skin colour, skin or rind smoothness, flesh texture and
colour, soluble solids concentration etc. are influenced by the rootstock. However, other
researchers showed that grafting did not affect fruit quality (Romano and Paratore, 2001).

The aim of this study was to evaluate a popular Taiwanese commercial tomato, ‘ASVEG
10, self-grafted and grafted on two eggplant rootstocks (‘EG203’, and ‘VFR Takii’) for yield
and fruit quality attributes.

Materials and Methods

Plant material

The commercia tomato (Solanum lycopersicum L.) hybrid cv. ‘ Taichung AVRDC No 10’
(ASVEG 10) was used as self-grafted and non-grafted control, while two eggplants (Solanum
Melongena L.) cvs. ‘EG203 and ‘VFR Takii’ were used as rootstocks. To obtain equal stem
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diameters at grafting, seeds of eggplant were sown earlier than those of tomato. When the plants
of eggplants and tomato had 3 to 4 unfolded true leaves, tomato scions were grafted onto tomato
and eggplant rootstocks at first internode of the rootstock and scion by tube grafting (Oda, 1995).
The later, an €lastic tube was mounted on the slant cut end of the rootstock in the tube. The
grafted plug seedlings were sprayed with water, placed in healing tunnel covered with a black
polyethylene film to keep the relative humidity above 95% and create darkness inside the tunnel.
After acclimatization, the grafted plug seedlings were kept under full sunlight in the greenhouse
for 7 days and transplanted 14 days after the grafting to the open-field at the National Chung
Hsing University on Nov. 8, 2008. Normal cultura practices were followed for irrigation,
fertilizer and pesticide application. A randomized complete block design was adopted with 4
replications, each consisting of 12 plants, spaced at 0.5x1.0 m.

Growth of grafted plants and Stem thickening at scion bottom

Stem length (cm) from graft interface, number of leaves, circumference (mm) at the
thickest part of the stem (G) at the graft union, 3 cm above (S) and below the graft interface
were measured on 12 grafted plants in each scion/rootstock combination at three different dates
26, 44 and 62 days after grafting. Index of stem thickening (1ST) was calculated as follow: IST
=GIS.

Fruit quality and yield

Fully-mature fruits were harvested on the same day and juice of sample fruits were used
directly for the determination of total soluble solids (TSS) using refractometer (N-1, Atago Co.
Ltd., Tokyo) and expressed as Brix%. Six fruits (first fruit of first cluster) were harvested from
each replication and were used for determination of Brix percent before that the same fruits
were used to determine the fruit firmness using Sun Rheo meter Compact-100 (Scientific Co.,
LTD.) and expressed as (Kg/cm?).

For the determination of vitamin C the equipment RQflex Reflectometer was used. Fully-
mature six fruits from each treatment from cluster 3 and 4 were randomly selected and sliced
along the equator at 1 cm thickness. Twenty-four fruits from each treatment were used for the
measurement of pericarp thickness with the used of instrument digital Vernier Caliper.

Fruits were harvested at the mature stage starting from Feb. 10 to 23 March, 2009. Yield
was measured from the 12 plants from each treatment. The harvested fruits were counted and
weighted to determine number of fruit per plant and fruit weight up to 140 days after grafting.
BER percentage was measured on the harvested fruits from the 12 plants from each treatment.
The infected fruits were counted to determine the percent BER per plant.

Fresh weight and Dry weight
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The fresh weight was determined for plants that were harvested at graft union and
separated into leaves, stem but in case of fruits immediately after harvest weight and took it to
oven dry. Samples of 8 plants from each treatment were used for fresh and dry weight. For the
dry weight determination the plant tissues were dried in a ventilated oven at 90 °C for 48h.
Inorganic mineral nutrient concentrations

From the eight plants, three sample leaves (just below the pinched portion after fifth cluster)
of each of the graft combinations were collected together with final harvest 140 days after
grafting.

Total nitrogen content of plant samples was determined by Kjeldahl method (Bremner et
al., 1965). Total phosphorus contents of plant samples were estimated by perchloric acid
digestion assay method (Yamakawa, 1992). Tota K, Ca, Mg, Fe, Mn, Zn & Cu contents of
plant samples were determined by Atomic Absorption Spectrophotometer digestion assay.
Statistical analysis

All data were analyzed using Analysis of Variance (ANOVA) and a mean separation test
was carried out by using procedure of statistic Analysis System (SAS; SAS Ingtitute, Cary, NC
USA; version 9.1) followed by least significant difference (LSD) test (P <0.05).

Results

Growth of grafted plants and Stem thickening at scion bottom

Both the Plant height and number of leaves of non-grafted were significantly greater than
the eggplant rootstocks at three different dates 26, 44 and 62 days after grafting (Table 1). The
maximum plant height 117.81 cm was gained by non-grafted plant and ‘VFR Takii’ gained
lowest height 87.75 cm at 62 days after grafting. Furthermore, the non-grafted plant always
showed the highest value of plant height than all other grafted plants in al above three days.
The highest number 13.37 of leaves per plant was noted in non-grafted which were statistically
identical with self-grafted 13.18 and the lowest number of leaves 12 was found in ‘VFR Takii’
at 62 DAG. Both eggplant rootstocks showed the statistically identical leaf number at 44 and 62
DAG (Table 1). At the beginning, 26 DAG the leaves number of no-graft and self- grafted
tomato plants were statistically identical to ‘' VFR Takii’ but that was different with ‘EG203'.

Circumferences at the thickest part of the stem (G), at around graft interface, at 3 cm above
(S) and below (R) the grafts interface, 26 and 80 days after grafting onto eggplant rootstocks are
shown in Table 2. At the beginning (26 DAG) circumference at G was smallest 7.51 mm in
VFR Takii rootstock and largest 9.41 mm in tomato rootstock. As increasing the days the



Table 1. Leaf number and plant height of tomato cv. ‘ASVEGI10' plants non-grafted, self-
grafted and grafted on 2 eggplant rootstocks.

Rootstocks Days After Grafting
26 44 62
Leaf number
Non-graft 52 9.9 134
Sl f-graft 54 9.1 13.2
EG 203 5.0 8.2 121
VFR Takii 54 8.0 12.0
LSDo.os 0.4 0.7 0.7
Plant height (cm)
Non-graft 28.0 69.5 117.8
Self-graft 27.6 68.3 1129
EG 203 214 51.7 91.3
VFR Takii 20.3 49.6 87.7
LSDo.s 1.81 3.30 297

circumference at G was increasing on the two eggplant rootstocks. At 80 DAG circumference at
G was significantly smallest 17.26 mm in self-grafted plants. Likewise those at S and R were
also significantly different between tomato and two eggplant rootstocks in al cases. The ratio of
S/R was almost one in self-grafted plant at 80 DAG onwards. But the ratio of /R in eggplant
rootstocks remains higher than selfgraft. The index of stem thickening (G/S) was smaller in
tomato graft on tomato rootstock than both eggplant rootstocks. In comparison to eggplant
rootstocks ‘EG203' rootstocks showed the higher G/S value in all consecutive days. These
results show that stem thickening at the graft union differs, depending on rootstocks used. In
plants grafted on eggplant rootstocks, stem diameter of the rootstocks was smaller than that of
tomato scion.
Fruit yield

The number of fruits harvested per cluster was statistically not significant among the
rootstocks. Maximum fruit numbers of 31.56 were harvested from non-grafted (Table 3).
Present study showed that the number of fruits per plant was not significantly difference among
the rootstocks as shown in Table 3. The highest number of fruit of 31.56 was recorded in non-
grafted and the lowest number of fruit of 28.9 was recorded in self-grafted. There were



Table 2. Circumference of stems, ratio of scion/rootstock and index of stem thickening in
tomato cv. ASVEG10 plants 26 and 80 days after grafting onto 2 eggplant rootstocks.

Circumference of Stem (mm) * Ratio of scionand  Index of stem

Rootstock Root (R) thickest (G) scion(S)  rootstock (SR)  thickness (G/S)
26 days after grafting
Non-grafted 8.3 9.2 9.0 1.09 1.02
self-grafted 7.0 9.3 7.8 1.10 121
EG203 51 7.6 5.9 1.17 131
VFR Takii 4.5 7.5 5.9 131 1.28
LSDos 0.6 0.8 0.8 0.10 0.08
80 days after grafting
Non-grafted 14.4 145 14.5 1.01 1.00
self-grafted 134 171 13.6 1.02 1.27
EG203 115 20.7 13.6 1.23 1.53
VFR Takii 111 20.1 144 1.26 1.40
LSDo.05 11 16 13 0.09 0.09

* Measurement at the thickest part (G) immediately above the graft interface, at 3-cm above (S)
and below (R) the graft interface.

significant differences between the tomato and eggplant rootstocks in respect of average fruit
weight. Maximum fruit weight of 137.42 g was found in non-grafted tomato which was
dtetistically identical to self-grafted of 135.9 g however, the tomato grafted on eggplant
rootstock showed almost same weight of 128.2 g that was significantly difference with that non-
graft and self-graft (Table 3).

Fruit yield records of tomato plants grafted on eggplant rootstocks reveaed that yield on
eggplant rootstocks was significantly lower than that on tomato rootstocks (Table 3). The
highest yield of 4336 g/plant was recorded in non-grafted which is significantly higher than
from two eggplant rootstocks. Interestingly, the lowest yield of 3719 g/plant was recorded in
‘VFR Takii’ and was statisticaly identical to self-grafted and ‘EG203'. Rootstock did not
significantly impact fruit per cluster and number of fruit harvested (Table 3). Yield differences
were just because of small size fruit.

A negative effect of grafting was shown when eggplants were used as rootstock. The total
fruit yield of non-grafted plants was significantly higher in comparison with that of the plants



Table 3. Tota yield, number of fruit per plant, fruit per cluster and fruit weight of non grafted,
self grafted of tomato cv. ‘ASVEGI10' plants and graft onto two eggplant rootstocks.

Rootstock  Total yield (g/plant)  Fruit no/plant  Fruit/cluster  Average fruit weight(g)

Non-grafted 4336 31.6 6.18 137.4
Self-grafted 3925 28.9 5.98 135.9
EG203 3789 29.6 591 128.2
VFR Takii 3719 29.0 6.00 128.2
LSDg.0s 385 3.1 0.62 8.6

grafted onto both rootstock cultivars. Finally, these increases in the total fruit yield of the non-
grafted plant resulted into 14.23% and 12.62% more fruit weight per plant than the ' VFR Takii’
and ‘EG203’, respectively, whereas self-grafted plants show not significantly different
production to both eggplant rootstocks (Table 3).

Fruit quality

The fruit size (horizontal and vertical diameter) of tomato grafted on eggplant rootstock
was significantly smaller in eggplant rootstocks than non-grafted and self-grafted. Both
horizontal and vertical diameter of the fruits of nongrafted and selfgrafted possesses
significantly higher vale than tomato grafted on eggplant rootstock. The highest value of
horizontal diameter was found in nongrafted of 6.33cm and vertical diameter was found on
selfgrafted of 5.48 (Table 4).

The incidence of BER was increased significantly on eggplant rootstocks. With in eggplant
rootstocks ‘VFR Takii’ showed the higher percent 22.03% BER than the rootstock ‘EG203’
which was recorded 17.29% BER. However, the incidence of BER was lowest 8.52% in non-
grafted (Table 4). The incidences of BER on the fruit of tomato were quite different according
to the harvesting season. At the early stage of the season (Feb 10 to 24) the incidence was quite
lower than the BER incidence observed at the end of the season 29" March.

Analyses of fruits from tomato and eggplant rootstocks showed that soluble solid (°Brix)
level was increased significantly on eggplant rootstocks (Table 5). The highest value of Brix
was recorded on ‘EG 203 of 6.04 which was identical to ‘VFR Takii’ of 5.90. Similarly, the
lower value of brix was seen on nongrafted and selfgrafted which were 5.20% and 5.50 %
respectively (Table 5). Vitamin C was increased significantly in “VFR Takii’ rootstock of 25.75
mg/100 g fresh weight but in the case of ‘EG203 (21.70 %) was not significantly different to
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Table 4. Fruit horizontal & vertical diameter (cm), Fruit diameter and percent blossom end rot
of tomato cv. ‘ASVEGI10 non-grafted, self-grafted and grafted onto 2 eggplant

rootstocks.

Rootstock Zﬂ?a?géglg) dita/rgettlgra(lb) ilr?(laIZT(%tg) YBER'
Non grafted 6.33 5.46 0.87 8.52
Self grafted 6.24 5.48 0.88 12.83
EG203 6.04 5.17 0.86 17.29
VFR Takii 6.05 5.15 0.86 22.03

LSDoos 0.18 0.16 0.03 6.18

YHorizontal and vertical diameter: 48 fruits per treatment randomly selected from 3 and 4 cluster.
’BER (Blossom end rot) percentage: Average from 12 plants/ treatment.

both non-grafted and self-grafted plants of 22.00 and 23.14 % respectively. Fruit firmness and
Pericarp thickness, both values were lowest tomato fruit grafted on eggplant rootstocks (Table
5).
Dry and Fresh weight

From the data presented in Table 6, it is seen that there were significant differences
between the fresh and dry weights of leaves, stems and fruits 140 DAG. The non-grafted plants,
which bear a significantly higher fresh and dry weight of all plant parts (leaves, stem and fruits)
than other three treatments. This might be due to the depressed growth of grafted plants
specially in tomato grafted on to eggplant rootstock.
Inorganic mineral nutrient concentrations

Major and trace elements concentration in grafted tomato plants at fina harvest are
presented in Table 7. Calcium (Ca) content varied from 2.11 % to 2.60 % and the highest
concentration was found in non-grafted where as lowest was in eggplant rootstock cv. ‘VFR
Takii’. Self-grafted plant showed the moderate concentration of Ca and was not significantly
different than others 3 rootstocks. The highest Phosphorus (P) concentration was found in ‘VFR
Takii’, which was dtatistically different from self-grafted and non-grafted. Potassium (K)
contents of the grafted tomato plant varied from 4.57 % in ‘VFR Takii’ to 4.07 % in ‘EG203'.
Manganese (Mn) concentrations were significantly lower in ‘EG203’ rootstock and the highest
concentration was seen on self-grafted. The concentration of Zinc (Zn) and Cupper (Cu) were
significantly higher in both eggplant rootstocks than non-grafted and self-grafted.
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Table 5. Soluble solid (Brix), vitamin ¢, and fruit firmness of tomato cv.’ ASVEG10' plants non-
grafted, self-grafted and grafted onto 2 eggplant rootstocks.

Rootstock Solubl_e solids Vit.C Firmnegs ' Pericarp
(Brix %) (mg/100gm FW) (Kg/lem?) thickness (mm)
Non grafted 5.26 22.00 2.45 6.88
Self grafted 5.50 23.14 2.42 6.95
EG203 6.04 21.70 1.81 6.11
VFR Takii 5.90 25.75 2.13 6.10
LSDoos 0.28 241 0.18 0.30

Table 6. Fresh and dry weight of tomato cv. ‘ASVEG10' non-grafted, self grafted and grafted
onto 2 eggplant rootstocks at 140 days after grafting.

Leaves Stem Fruits Totd

Rootstock
FW(g) DW(g) FW(g) DW(g) FW(g) DW(g) FW(g) DW(g) DW/FW%

Nongrafted 933 131 630 86 4574 377 6137 594 9.70
Selfgrafted 855 119 572 77 3578 326 5005 523 10.46

EG203 569 82 414 65 3044 273 4027 421 10.53
VFR Takii 590 83 474 70 3055 240 4120 393 9.55
LSD 05 142 25 86 15 758 63 852 77 0.62

Table 7. Concentrations of inorganic mineral nutrients in the leaf of tomato cv. ‘ASVEGI0',
non-grafted, self-grafted and grafted on 2 eggplant rootstocks 140 days after grafting.

Magjor elements (%) Trace elements (ppm)
Rootstock
Ca N P K Mg Fe Mn Zn Cu
Non-grafted 260 217 0.28 4.08 0.65 165.11 101.08 16,59 7.00
Self-graft 229 224 028 436 0.62 18455 11026 1891 6.55
EG203 216 241 031 407 0.59 14944 7018 29.61 21.10
VFR TaKii 211 246 0.37 457 0.68 164.33 101.85 33.13 18.76

LSDg.s 033 036 0.07 037 014 33.29 33.61 6.17 322




Discussion

Plant heights leaf number and maximum leaf length al were significantly smaller in
eggplant root stocks. These results indicate that grafting tomato plants on eggplant rootstock
depresses the growth of the plants. Tomato stem swelled immediately above the union. This
overgrowth is a characteristic of graft incompatibility which is associated with poor connection
of vascular bundles between the scion and rootstock (Hartmann and Kester, 1975). The small
stem diameter of rootstocks may have resulted in poor development of the root system.
Therefore, that water deficiency in plants on eggplant rootstocks was caused by poor connection
of vascular bundles and/or a small root system. The growth of scions was depressed and that
stems at the graft union thickened markedly 18 weeks after heterografting (Odaet a., 2000).

Numbers of fruit per plant in the tomato/eggplant grafts were as high as those of the
tomato/tomato grafts, however, reduced fruit yields, smaller fruit, higher percentages of BER,
and increased SSC values were observed in tomato fruit in the tomato/eggplant grafts, compared
with the tomato/tomato grafts (Kawaguchi et al. 2008). Previous research conducted by Cheng
and Chua (1976) aso revealed reduced yields and smaller fruit sizesin tomato/eggplant grafts.

Soil conditions such as low moisture content (Mitchell et a ., 1991b), salinity (Mizrahi and
Pasternak, 1985;) and low osmopotentials (Ohta et al., 1991) generally increase soluble solids or
sugar content of tomato fruits but retard vegetative growth of plant and thus fruit production.
Water deficiency, salinity and water stress in plant did not reduce solute accumulation but
impaired net water import into tomato fruit (Mitchell et al., 1991a). These findings indicate that
water stress to plants generally increases soluble solids and sugar content of fruits but depresses
growth and fruit yield.

Low Ca concentrations in tomato/eggplant scions might result in an increased incidence of
BER in this graft combination, as BER is generaly thought to be caused by Ca deficiency
(Pilbeam and Morley, 2007). Deficiency (Otsuka, 1960b) and increasing concentration
(Yamazaki et al., 2000) of Ca appeared in tomato scion depending on rootstock species.
Increased concentrations of P (Otsuka, 1968) were also observed in heterograft combinations. In
melon plants grafted on Cucurbita spp., low nitrate concentration with high nitrate reductase
activity, low free amino acid and soluble proteins and high organic N were detected in their
leaves (Ruiz and Romero, 1999).

The yield advantage of grafted plants has been shown to be clear when they are grown on
infested soil (Poffley, 2003; Besri, 2002). In this experiment, there was no obvious advantage of
grafted plants, because the plants were grown in pathogen-free soil. Thus, grafting with resistant
rootstocks is recommended only when the risk of the disease is high, because the yield increase
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might not be significant when disease pressure is low, as we observed in this study. During the
field experiments, slower vegetative growth and changes of fruit quality, including smaller size,
more blossom end rot, and higher soluble solids were observed when eggplant rootstock was
used compared with tomato. When using scarlet eggplant (Solanum integrifolium Poir.) as
rootstock for tomato, similar results were observed and attributed to poor connection of vascular
bundles at the graft union or a poor root system making the plant water deficient (Oda et d.,
1996). These results highlight the need for screening to identify the scion and rootstock
combination with the least detrimental effect on fruit quality as well as the need to develop
proper management practices for grafted tomato plants using eggplant rootstocks, such as
maintaining higher soil moisture.

The fact that the grafted plants produce better results than non-grafted ones when grown on
infested soils indicates the potential economic value for a grower of growing grafted plants
(Bletsos, 2003). Since grafting gives increased disease tolerance (Besri, 2002, Poffley, 2003), it
should be useful for low-input sustainable horticulture of the future.
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Kalancho€ Regeneration from Flower Buds and Leaves in vitro

Sujittra Tejakhod " Chien-Young Chu®

Key words: Shoot regeneration, Flower bud explant, Leaf explant

Summary

Flower buds from 2™ level of Kalanchoé blossfeldiana ‘Beacon’ and ‘Sunrise cyme
inflorescence were used as explants. Explants cultured on medium containing half strength MS
combined Imgl" BA and 0.5mgl" NAA proliferated more shoots. Marginal leaf explants of
‘Beacon’ cultured on the foregoing medium as well as leaf vein explants of ‘Sunrise’ cultured
on the %3 MS medium supplemented with 2 mgl" BA and 0.5 mgl' NAA regenerated more
shoots. New shoots began to initiate roots within 2-3 week after transferring to the 2 medium

without plant growth regulator. All rooted plantlets survived after transplanting.

Introduction

Kalanchoé blossfeldiana Poelln. is one of the most important potted plants because of their
ease of propagation and low water requirement, moreover wide colour range of flowers and
bright attractive green leaves (Hernadez et al., 2004; Hwang et al., 2008). The micropropagation
of Kalanchoe had been developed by using shoot tip, node, internode, and leaf as a source of
explants (Smith and Nightingale, 1979; Dicken and van Staden, 1988; Frello et al., 2002;
Jaiswal and Sawhney, 2006; Sanikhani et al., 2006).

Using floral organs as explants had been recognized as potent source for micropropagation.
The advantages were ease of sterilization, low rate of contamination, and conservation of the
mother plant which used in initiation culture (Tomsone et al. 2004; Tunjit, 2008). In addition,

explants of floral organ exhibited efficient for shoot regeneration e.g. flower bud of carnation
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(Miller et al., 1991) and Hylotelephium sieboldii (Nakano et al., 2005), flower of rhododendrons
(Tomsone et al., 2004), scape of gerbera (Chu et al., 2006), florets with inflorescence of
Euphobia milli (Tanjit, 2008) and Ponerorchis graminiflolia Rchb. (Mitsukuri et al., 2009), and
branch of inflorescence of Limonium (Topoonyanont et al., 2000).

Materials and Methods

Pot flowers of K. blossfeldiana cv. Beacon and cv. Sunrise were grown in the greenhouse
of the National Chung Hsing University. The levels of double cymes inflorescences were
described as Fig. la. While leaf explants were obtained from the 4™ or 5™ leaf pairs from shoot
tip. Flower buds from levels of inflorescences or leaf pieces from various leaf positions (Fig. 1b)
of both cultivars were used as explants.

All explants were harvested and surface sterilized with 0.5 % (w/v) sodium hypochlorite
for 5 minutes for flower buds, or 8 minutes for leaf explants, respectively, then, rinsed three
times with sterile water. Flower bud explants were placed vertically into the medium, while leaf
explants from different parts were placed horizontally as well.

Shoot regeneration via flower bud explants

In order to determine the effect of explant position on the response to in vitro culture, only
young flower buds at the level of 2™, 3™, 4™ or 5™ of “Beacon” were cultured in the medium
consisted of 4.4gl" MS salts (Sigma Ltd., Min. U.S.A.), 30g I"' sucrose, 7g I"' Bacto-agar, 1mg I
" BA and Img "' NAA. The pH of medium was adjusted to 5.7 prior to sterilization at 121 °C
for 15 minutes.

Flower buds of both cultivars, Beacon and Sunrise, at 2™ level were used as explants. The
medium of MS salts at half strength supplemented with the combination of BA at 0, 0.5, 1.0, 2.0
or 4.0 mg 1" and NAA at 0, 0.5 or 1.0 mg 1, respectively.

Shoot regeneration via leaf explants

Leaf explants of lamina with midrib segment (P.1), margin part of the leaf (P.2), or leaf
blade between vein and margin (P.3) were cut into 5 mm x5 mm pieces. The medium for leaf
explants were the same as 2 MS basal media that described above, but supplemented with
combinations of BA at 0, 1, 2 or4 mg I and NAA at 0, 0.5 or 1 mg 1.

The culture environment was maintained at 25+2 °C, 35 pmol m™”s”’ PPFD from cool
white fluorescent lamps (East Asia, FL40D/38, Taiwan), 16-h photoperiod. After 2 months of
culture, new shoots regenerated from each explant were counted. New shoots were cut and

placed in test tube filled with 10 ml 2 MS salt medium for shoot elongation and rooting. After
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3-4 weeks, plantlets with well developed roots were transplanted to 128 cell tray with BVB
substrate (Bas Van Buuren No.4 medium, Visser Co., the Netherlands). Young plants were
placed on mist bench with covered by saran sheet from directed sunlight for 2-3 weeks. The
plants were shifted into to 2 inch pots and then 3.5 inch pots until flowering.

Experiments were conducted according to completely randomized design CRD), ten
explants as ten replicates for each treatment and repeated 3 times. Data were analysed with
SPSS version 16.0 using one way or two analyses of variance (2-ways ANOVA), according to
Turkey’s test, at p < 0.05.

Fig. 1. The flower buds explants from different levels of a cyme inflorescence (a); leaf explants
used in the experiments, midrib (P.1), leaf margin (P.2), and leaf blade between vein and
margin (P.3) (b).

Results

Flower buds from different levels of K. blossfeldiana cv. ‘Beacon’ were found browning
(data not shown) when cultured on MS medium supplemented with 1 mgl' BA and 1 mgl”
NAA. There was no any significance between flower buds from different levels of cyme
inflorescence (Table 1). The bud of K. blossfeldiana cv. ‘Beacon’ proliferated 1.6~3.4 shoots.

Unfolded flowers from 2™ level were cultured on 1/2 medium containing BA at 0, 0.5, 1, 2,
or4 mgl'l, and NAA at 0, 0.5, 1,2, or 4 mgl'l, respectively. Flowers buds of ‘Beacon’ were no
significant response to BA combined with NAA. There were some regenerated shoots from
buds cultured on medium contained BA at 1 mgl” combined with NAA at 0.5 or 2 mgl™, or
NAA at 1 mgl'supplemented with BA at 2 or 4 mgl™ (Table 2). Flower buds explants of K.
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blossfeldiana ‘Sunrise’ cultured on the medium containing BA at 1 mgl™” combined NAA at 0.5
mgl' proliferated more shoots as 3.2 (Table 2).

There were few regenerated shoots from cv. Beacon leaf explant. The proliferation rate
was not significant difference among treatments. Each explants regenerated 0~1.8 shoots only,
and the highest was from marginal leaf explant cultured on media supplemented with 1 mgl”
BA combined 0.5 mgl" NAA. In addition, leaf vein explant (P.1) did not regenerated while
cultured on medium containing both BA and NAA at 1 mgl™. Leaf margin explants (P.2) did not
regenerate when cultured on medium containing higher concentration of BA (Table 3). Also,
explants from leaf blade between vein and margin (P.3) showed the same tendency. The
increase of BA and NAA concentration resulted the lower regeneration rate (Table 3).

The treatment of ‘Sunrise’ leaf experiment indicated that supplement of higher
concentration of BA or addition of NAA from 0.5 to 1 mgl' in medium at the same BA
concentration did not increase the number of regenerated shoots, except marginal leaf explants
only. The maximum shoots amount as 5.3 was obtained from leaf vein explant cultured on
media supplemented 2 mgl" BA and 0.5 mgl" NAA, however, only explants cultured on media
containing 4 mgl”' BA combined 0.5 mgl’ NAA had significantly more shoots regeneration
than leaf explants from other positions.

Most shoots began to initiate roots within 2-3 week of transfer to free from plant growth
regulator medium. The rooted plantlets were successfully transplant to BVB substrate with a

survival rate of 100%.

Table 1. Effect of floret levels of the cyme inflorescence on shoot regeneration

Level on inflorescence Shoots/explant'
2 34a
3" 2.5a
4" 1.6a
5® 26a

' Means in a column followed by the same letter are not significantly different according to
ANOVA, Turkey’s test at 5% level.
Explants cultured on MS medium containing 1 mgl™ BA and 1 mgl™" NAA.
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Table 2. Effect of BA and NAA on shoot regeneration from flower buds at 2™ level.

BA (mg/l) NAA(mg/1) ‘Beacon’ ‘Sunrise’

0 0 0a” 0b

0.5 1 Oa 0.5 ab
1 0.5 1.7a 32a
1 1 0a 0b
1 2 0.8a 0.8 ab
1 4 Oa 0.8 ab
2 1 03a 0.8 ab
4 1 1.5a 0.5 ab

“ Mean separation within each column followed by Turkey’s test at P < 0.05. Data collected
after 2 months of culture.
Y Explants cultured on half-strength MS medium containing different BA and NAA

concentration.

Table 3. Effect of BA and NAA on shoot regeneration of ‘Beacon’ leaf.

BA (mg/l)" NAA(mg/l) Leaf vein” Leaf margin Between leaf

0 0 0 0 0

1 0.5 0.4 1.8 0.8
1 1 0 0.1 0.2
2 0.5 0.8 0 0.3
2 1 0.2 0.1 0.2
4 0.5 0.2 0 0.1
4 1 0.2 0 0.1

“NS: Non significant. Data collected after 2 months of culture.
¥ Explants cultured on half-strength MS medium containing different BA and NAA

concentration.
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Table 4. Effect of BA and NAA on shoot regeneration of ‘Sunrise”’ leaf.

BA (mg/l)*  NAA(mg/l) Leaf vein” Leaf margin Between leaf

0 0 0a% AY 0b A 0a,A

1 0.5 39 a, A 2.3 ab, A 3.1 a, A
1 1 38 a, A 35a A 2.8 a, A
2 0.5 53 a, A 1.4 ab, A 1.3 a, A
2 1 1.3 a, A 1.5 ab, A 1.8 a, A
4 0.5 30 a, A 0.5 ab, B 0.7 a,B
4 1 24 a A 1.6 ab, A 24 a, A

% Small letters mean separation within columns according to Turkey’s test at P < 0.05.

Y Capital letters mean separation within rows according to Turkey’s test at P < 0.05.
Data collected after 2 months of culture.

X Explants cultured on half-strength MS medium containing different BA and NAA

concentration.

Discussion

It was found that the regenerated shoots from the petiole or leaf explants increased greatly
when NAA was added together with BA (Yang et al., 1995; Modgil et al., 1999; Kantia and
Kothari, 2002; Guo et al., 2005; Zhang et al., 2000). Furthermore, the combination of these
plant growth regulators were also efficient for shoots regeneration from flower bud explants
(Miller et al., 1991; Nakano et al., 2005; Mitsukuri et al., 2005). In this study, whatever flower
buds or leaf explants from K. blossfeldiana cv. Beacon or Sunrise were cultured on half
strength MS medium without growth regulators were incapable of proliferation (Table 2, 3, and
4).

Miller et al. (1991) found that the adventitious shoots arisen from sub-epidermal cells of
carnation petal base. Kakeni (1979) assumed that the regeneration area of flower bud explant
was associated with the zone of cell elongation in that area. On Kalancho€, shoots only
proliferated at the proximal region near the receptacle (data not shown). Moreover, the floret
culture of Ponerorchis graminiflolia Rchb. (Mitsukuri et al., 2009) and Doritaenopsis
(Vendarme et al., 2007) showed floret from the lower position had higher frequency of bud

formation and promoted more survival rate than the lower level of floret explant. In this study,



-59-

flower from flower bud at 2™ level of inflorescence also had higher regeneration rate (Table 1
and 2).

In terms of using leaf as explant, shoot regeneration mainly occurred from the basal mid-
vein explant. There were many researches about using lamina segment with petiole or midrib of
leaf as explant induced higher frequency of shoot regeneration (Tiwari et al., 1998; Modgil et
al., 1999; Kantia and Kothari, 2002; Papafotiou and Martini, 2009). Papafotiou and Martini
(2009) expected that the explant with petiole or midrib from the basal part of leaf probably had
more plant growth regulators and had sufficiency of nutrients through the mid vein. However,
more shoots proliferated from leaf margin explant of ‘Beacon’ (Table3). Many species of
Kalanchoé were known about their ability to produce new plants on the leaf margin via
embryogenesis (Jaiswal and Sawhney, 2006; Garces et al., 2007; Kulka, 2008). In vitro, the
most factor associated with continuous proliferation of embryogenic cells was auxin (Merkle et
al., 1995). The global embryo formation required auxin, but it was transferred to medium
without any plant growth regulator for further development. Early studies of Wetherell and
Dougall (1979) on carrot embryogenic culture supported that the most normal differentiation to
adventitious shoot was usually achieved through the complete removal of exogenous auxin from
the medium. The margin of leaf had few of endogenous hormones compare to the vascular
bundles tissue (Jaiswal and Sawhney, 2008). It was suggested that loosing of apical dominance

of sufficient auxin induced shoot proliferation from leaf margin area.
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=m0 A FRA e R Bk T st 5 (Dresder, 1990 ; Karawwa, 1989) ;

B e Fd ThE SV EW X a B A Fanh 45 BT EB R A el ¥
dRFTERERTAFT ST T HET ARG T AT A FESRATE
(Hew and Yong, 1996 ; Tanakaer al., 1986 ; #% » 1997 ; 3& » 1996) o ~ .« jf B 1o % 7 22 ok
SIpiG PR FIG R A DT RRT L ROR Y £ 2 RS §AEF Bk Bl i

‘-\-?

1) Wed B ERES AL
2) W A RFES S FH o AR
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fem B o0 Tt - AR Y ?Kifﬁzi LCE2BBEIRE FE N ERS RS ERE T
7 (HewandYong,1994) - Bt & # v A G F £ 05 %A > T2 LB TR EATT )
* g & KR o

BB IR RILAHEY AN TR IR AW L 567 0 ed A G
WHEY R AAYAEE LA EORAER Y BT R TERNA - Ft e d
B2 AT EZALTEEARFIEAEDEFT - R

~ & B Oncidium ‘Gower Ramsey’ % ‘Volcano Queen’ 2 #5%* 180 ppm % 240ppm =
A LR R FITET(F 0 2007) c AFEE U F R AT ER AT > - Heh
FiH o AR ERAIETH AL ER R RS P Y R {F e kg s
TERE O NREAGADP IR EFTLP Do

B g S

(=) £+ H#

MY BAFFEY IR EM - E2F G 2 BARBIRE PP S
=& fd Onc.'Gower Ramsey’ 35 & 3V AT ~ AR 2 A 0 10112 v B 5 A > At
BRI A -BGLON B R MBI 12 202 2 8 M 2R o 2R
AR ok R T L ERUFERTES 2 o
(=) #&> 2

¥ w2 T 548 Onc.'Gower Ramsey’ — # 2 iy $h > 1407 e engi s k& O(¥ R
) ~160-~ 240~ 320 ppm i {7 385 » B4 e > 4 i 2o p 3¥(2002)* e fe = 5 NHNO 39.1g/L,
MgS0,.7H20 48.6 g/L, Ca(NOs),.4H,0 60.6 g/L, KNO;67.4 g/L CaCl,.2H,0 68.3 g/L, H3BO;
2.86 g/L, ZnSO, » 7H,0 0.22 g/L, CuSO,  5H,0 0.08 g/L, MnSO, « H,O 1.54 g/L ,H,M0O,
0017 g/L, kA&7 FRE* & 4 8] 5 P05 36.6, 55.04, 7339 g/L & 12 RO -KAFF & * >
F2 PHERFEL 6.0 F @55 = > F=%% 150 ml > Hpp] ik % g m* Gk
B TEFeRERATALA CTCAST BIREP LKV EFE AZIEERL B
FEFRFEANLEZ AL FEAHLE -

() AHER i
1 HHATHE ARBRE > BREPUHFRLEFAL  ¢HBERES - 5 B

RESEY RIHE L2 E - BREERGuR L F o
2. RImEM kP Steponkus and Lanphear (1967) 2. = 2 > #dxjaw R AiEIk 2 B4

2-3 cm Rz HF A5 0.1 g B TTC 7% (0.6% triphenyl tetrazolium chloride ~ 0.05 mM

Na,HPO,-M KH,PO, buffer pH 7.4)¢ > ¢ 3 B T 2 8 d2 17 /| PF o ZR 1S #4300 &

Aok E MR A B o FEE Y 0 4o 20ml 95 % P 1S B 4 T8 CHRIE kg
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WY BT 2044 4ris L O5%FpH 2B 2 20mlo A A sk k& 3Hip) 2 & 480 nm
BET 2k o

3 FHEFE I MELTRPELR 0L EX U mp o UM iR R & EH(F
D" 3=80:20)10ml AT 2 24 PR IEBFESE 0 R KT 43t
(Hitachi, U-2001)ir] 2+ 645 ~ 652 % 663 nm 2w % i -

4 MEFEFEILIAEARCTASTR AL TERT0% 5 Y > #r
AT AR Y R B Il & 2382 °C o "citﬁﬂ YA 14’3’3#‘] wp o 1212 ) p
KRG ENA AL RBARGE 18umol - m2-sTy TR F B T A i 12 21
o TR R .

F3 N
2%

(=) A" E R RJIH 2  Flithd £ 2 5

2 7 5 &8 Onc. Gower Ramsey’ .7 Fe ehgi 57 Jk & 0~ 160~ 240 2 320 ppm /2
T oo RIREATRIR G BIRESNE BRI FELLEARANFLRE T AN
320ppm fie i€ 48cm> @ £ ~ B AR E BEE L EIEA Y 5 K& 10.7-11.6~ & & 2.63-2.7cm %
B & 50-56g A (% 1) o ffI3nerngd £ 384 > 11 240 ppm 2 B dT G g i £ 13.82 9
320 ppm B & 14 9.739(% 2) o @ ftTF PEENT AJR Y > 5 % 320 ppm 2 BT AT H e
FMFEE 2 BIRE TR T RE B AIE L RE -

LA AT EREILT > PR HESZ SR A A PRNMER ERES R =
E 1 240 ppm B o T i P02 160 ppm 2 BT R R SRR E o R B m 3 o mE ]
BHRRTEER(B L 2 < fr 5548 One. ' Gower Ramsey’ &7 e eri 57 )k B AJ2 6 B
fE4IRE S & 0 1 240 ppm EJE T G HF GE 1 2.96 O.D /g(R 2) -
(Z) BT ER ASEH Y R RE

2 i 548 One. ‘Gower Ramsey’ &7 I ehgie Jk & 0~ 160 ~ 240 2 320 ppm Jiw
BT od PP E - FTEE L A E M T R RERERSEE(R )

‘a:x‘

160 ppm = #icdoE o 84 % (£ 3) 0 W AN A A Pﬁm@&”/k&}f@m‘f H =
ﬁé‘rm%lb C R R R R LT 0 MY ER 160 ppm shiE A S RE 0 F R

’m/)&@: A R E o AW S 11k ~993 5% 358 (ge @ Fgﬁﬂéﬁzfrﬂi#@
b itikR f‘ AT REFALAR > 43 126-1352mm % 8.8-95 % = L (% 4) - F oo
EEI P ESET > 160ppm Z A ER VA SRGEE 2 ERE YRR o
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21 B R R RSE 6 B 7 (4% o Gower Ramsey' B3t 4 &k in 2 g
Table 1. Effect of fertilizing phosphate treatment after 6 months onpseudobulb growth of
Oncidium ' Gower Ramsey’.

Pconc. Height Width Tickness Fresh Dry Water
weight weight content

(ppm)  (cm) (cm) (cm) (9) (9) (%)
CK 11.6a" 5.3a 2.6a 53.1a 3.4a 93.9a
160 11.1a 4.9ab 2.5a 50.6a 3.4a 92.7a
240 10.9a 4.9ab 2.7a 53.9a 3.8a 92.5a
320 10.7a 4.8b 2.6a 56.0a 4.4a 91.8a

“Mean speration within columns by Duncan’s new multiple range test at P< 0.05.

2. BB ER AERJZ 6 B Y (¥ o i ‘Gower Ramsey' 133Ric £ 2 @ £ 2 B8
Table 2. Effect of fertilizing phosphate after 6 months on root dry weight and fresh weight of
Oncidium ' Gower Ramsey’.

Z);‘r’rrl‘)c' Freshweight (§)  Dryweight (§)  Water content (%)
CK 13.8ab? 13a 90.0a
160 10.4b 1la 87.7a
240 17.4a l4a 91.8a
220 9.74b 1la 84.0a

“Mean speration within columns by Duncan’s new multiple range test at P<0.05.
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Fig. 1 Effect of fertilizing phosphate treatment after 6 months on leaf. A. chlorphyll a , B.
chlorphyll b, C. total chlorphyll content of Oncidium ‘Gower Ramsey’. L1&L2 : upper
leaf ; L3&L4 : leaf-bearing
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Root activity (OD A480/g)

© W

160 240
ppm

Bl 2. B8 kB AJE 6 B 7 (S ¥~ <~ ff ‘Gower Ramsey’ 133875 142 82 58
Fig. 1 Effect of fertilizing phosphate treatment after 6 months on root activity of Oncidium
‘Gower Ramsey’.

4 3. B R R AJEYE Y i ‘Gower Ramsey' ML 3 % - & W R 2 P
Table 3. Effect of fertilizing phosphate treatment on the time to first flower open of Oncidium

‘Gower Ramsey’.
P conc. the time to flower stalk emergence
(Ppm) (days)
CK 103.7&
160 84.25h
240 90.4b
320 91b

“Mean speration within columns by Duncan’s new multiple range test at P<0.05.
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# 4 BT kR RJLE 2 ¢ 7 Gower Ramsey’ 1 B & T2 B
Table 4. Effect of fertilizing phosphate trestment on cut flower quality of Oncidium ‘Gower

Ramsey’.
P conc. Stalk Branch Florets Vase Flower
length no. number life fresh

(Ppm) (cm) (day)  weight(g)
CK 133.5a  8.0ab 62.1b 9.5a 24.8c
160 135.2a 1la 99.7a 9.1a 35.8a
240 131.0a 9.3ab 96.8a 9.1a 33.5ab
320 126.2a  10.5ab 100a 8.8a 29.5b

“Mean speration within columns by Duncan’s new multiple range test at P<0.05.

o w

% & i Oncidium ‘Gower Ramsey’ %% Fgi'e kR s * T o (e A {I3ME R fF &
o %2 320 ppm 2 AT A TR L (£ 25 B 2) 0 #rdeip] ¥ it 320 ppm RSTIk & ¥ ow i
Eihehd £ kG G822 kAR B PERDE £ A B A ROs o g feif (2007)45
1 Oncidium ' Gower Ramsey’ 2 Oncidium 'Volcano Queen’ 13— & X 152 {7 # 4 # 48
3z LB 2 5> 300 ppm HUESL Y o 42555 i > 4 240 ppm 2 180 ppm shAJST ¢ - {1
EMRE o FIP RV A & or 300 ppm 1L b R kR Y Y S ORI B R o

AR ESFZNTE BRGNS BT ORI Y R S o FI LB AT R BE
AP hen BER - CHOBHF ATt g8 R ER e TR X ES S TS
SRR PR BT RTELEE AR 2B LS T s :,&/,}ﬁaF(JO|ner 1983) -
Tl BT B AP PR b e £ o T T R B T RF 0 F S E g
EoAaEFEEFUER AR BY BRI LT it Fptd E%FE i
A7k & 5% ghip 4 (Hill and Bendall, 1960) o i +emliie 36 * 35 % 1 % B % &2 o ¢
e ﬁfr’(Bernlel’ etal.,1981) » #7r2 B % giie (g2 ¢ B ERE R Y R R e e(E
3) -

ARAR ST AR R T2 dT 0 FREDTAR ST B Y R
0k & 160 ppm fiE AR FTRCE o F R S A < i 3{3‘ 7 = € (% 4)> 240 ppm =
2. 35 e (2007) % % 4p iz - 12 180 ppm % 240 ppm lrﬁ/»* g7y RIFHLR g
JE B H 4e 320 ppm pF > BER B fa i g fOlicE L > e H A X o K (£ 4) - 7
[ ST B B’&““'J&E:fﬁ%a 160 2 240ppme & F] 5 Bk 3 o fAsf e de 97 & 4 ik

L
5
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7€ FE A BB 7 a9t £ %] (Moody and Bolland, 1999) » 4r12 20 kg/ha i
WEEARLAT G B 0T R S R 5 0% 5 5 = (Handreck, 1997) - @ Oncidium ‘ Gower
Ramsey’ # *Volcano Queen's * 47 180 ppm #  240ppm i th 4 £k i b2 § #5 >
CEE (i 0 2007) o e ¥t - A FAES DS 3 0 AR ARE B TR TR )
'+ & B ¥ 2 17 % (Wang, 2000) -

Vi gﬁ_l 2o

FAKE 2007 B2 S 2 R BRSO R Y

ARZ 21997 2 e KR F EF R TEBTHIOFRIELELE - H2 P 2

By LR o

SRzl 01996 AR CRARZWHRERF L LERTTLEE W2 o # S FHAS
TETAE LR o
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Effect of Phosphorous Supplement on Growth and
Flowering of Oncidium * Gower Ramsey’

Ting- YuanYou”  Ruei-Song Lin?

Key word: Oncidium, Phosphorous, Growth, Flowering

Summary

Different level of 160 , 240 and 320 ppm phosphate supplement treatment on plant growth
of Onc. 'Gower Ramsey’ pseudobulb height, width and fresh weight did not effect much , only
except in treatment of 320 ppm have lower tickness 4.8 cm of 320 ppm pseudobulb. The better
root fresh weight and root activity investigated treatment 240 ppm , but the root fresh weigh 320
ppm treatment suffered harmful effect . Asfor flower cut flower quality except treatment of 160
ppm treatment shorten branch number , florets number and fresh weight is 11, 95.7 and 35.8 g .
Different level of phosphate on chlorphyll content of except treatment more than control. On cut
flower quality phosphate supplement 160 ppm treatment has better effect. And phosphate
supplement 160 , 240 and 320 ppm treatment the time to flower days is obviously shorter than
control .Therefore, phosphate supplement in cut flower quality and the time to flower days is
obviously shorten , but the higher level of phosphate supplement may damage plant growth .
The 160 and 240 ppm phosphate supplement on growth and cut flower quality. Showed the
better performance.

1) Graduate student. Department of Horticulture, National Chung Hsing University.
2) Professor. Department of Horticulture, National Chung Hsing University. Corresponding
author.
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1 LR
Table 1. Finishing Plant name

By LR rrBe g ¢
T 4 ¥ $ Rhipsalis Rhipsalis mesembryanthoides Haw.
¥ 7 4R + ~#  Cynodon Cynodon dactylon (L.) Pers.

WE R 5 #% %4t Portulaca Portulaca grandiflora Hook.

B gt 5 % 541 Portulaca Portulaca oleracea 'Wildfire'

L BHF 5 #% ® 4L Portulaca Portulaca pilosa L.

B2 5 #% B4 Anacampseros 4 Anacampseros rufescens

NI # % 4+  Bryophyllum Bryophyllum pinnatum (Lam.) Kurz
A # %  Bryophyllum Bryophyllum ‘Crenatodaigremontianum’
B AmiE # * 4+ Echeveria Echeveria 'Lola’

=R # % 4  Echeveria Echeveria pulidonis E.WALTH.
g # % #  Graptopetalum 45  Graptopetalum paraguayense
L& $ %= 4  Kalanchoe % Kalanchoe blossfeldiana

+ B2 # F 2 # Kalanchoe Kalanchoe fedtschenkoi HAMET & PERR ‘Marginata’
AgEREEYT F 1 Kalanchoe Kalanchoe garambiensis Kudo

3 K # % & Kalanchoe Kalanchoe hybrida Desf. ex Steud.
SRR EEE S # %+ Pachyphytum %  Pachyphytum compactum Rose

|l % # % 4+ Pachyveria Pachyveria clavata 'Cristata’

g e F X4 Sedum % Sedum lineare “Variegatum”

1z 34 F 24 Sedum Sedum rubrotinctum

WhEF = F x4 Sedum % Sedum mexicanum

mEFEY F 24 Sedum % Sedum pallidum f. variegatum

e B4R £ 24 Sedum % Sedum spp.

X £ 24 Sedum % Sedum multicaule

HEHHT

"84 % 4 Commelinaceae 4 Callisia repens L.
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2. EEGFEFE

Table 2. Finishing plant survival

B LA B ¥
% 2 ih 4i7fiRh1psahS Eé, Rhipsalis mesembryanthoides Haw.
LGRS # % #  Bryophyllum Bryophyllum ‘Crenatodaigremontianum’
% i $ % #1  Graptopetalum /5  Graptopetalum paraguayense
3k ® % #  Kalanchoe Kalanchoe hybrida Desf. ex Steud.
% B2 # § < 1 Kalanchoe Kalanchoe fedtschenkoi HAMET & PERR ‘Marginata’
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Table 3. Applicable form of drought-tolerant plants
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Table 4. Thin-layer green plates, temperature and floor temperature analysis (H=:°0)
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Table 5. Callisia repens L., Sedum mexicanum, Kalanchoe garambiensis Kudo in the soil layer

thickness 1cm, 3cm, Scm difference between the temperature and heat flow analysis
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Table 6. Callisia repens L., Sedum mexicanum, Kalanchoe garambiensis Kudo in the same layer

thickness difference between the temperature and heat flow analysis

2 i T o Byl (P) T ¥ (P)
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Table 7. Thin-layer plate in the layer thick green 3cm, Scm of thermal conductivity
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Study of Thermal Effects of the Drought-enduring Plants
on Thin-layer Green Roof

Hsiang-Ping Lien”  Tung-Chi Liu?

Key words: Thin-layer green roof, Drought-enduring plants, Thermal conductivity

Summary

The purpose of this study is the selection of drought-tolerant plants suitable for thin-layer
green roof, and different plants in different soil thickness of the thin-layer green plate of heat
conduction efficiency. From this study to find in Taiwan as a thin layer applied on the basis of
green technology. The results of this study showed that thin-layer green roof can reduce the roof
surface temperature of the floor. In the soil thickness 5cm of the thin-layer green plate can
reduce the temperature of 23.3°C. The thin-layer green plates because of different soil thickness
and plants, so the floor surface of the cooling effect of the significant differences. Then, through
the thermal conductivity to understand of the thin-layer green plate of heat transfer rate and
capacity, that the soil thickness lcm of the best insulation green plate is Kalanchoe
garambiensis Kudo; followed by the soil thickness 5cm of the Sedum mexicanum green plate;
finally, there is the soil thickness 5cm of the Callisia repens L. green plate. Therefore, the
thin-layer green of summer heat energy conservation in buildings in Taiwan is an effective way

to reduce carbon, and should promote the importance of greening.

1) Graduate Student, Department of Horticulture, National Chung Hsing University.
2) Assistant Professor, Department of Horticulture, National Chung Hsing University.

Corresponding author.
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Studies on Initial Shoot Tip Culture of Guava
(Psidium guajava L.)

Naphaphorn Saelew®  Yau-Shiang Yang?

Key words: Psidium guajava, Tissue culture

Summary

This study conducted to study the effects of pre-treatment, medium and hormones on shoot
tips culture of guava (Psidium guajava L.) cvs. Jen-Ju, Li-Tzy, Pakistani, Shyh-Jii, and Huang.

Shoot tips about 2 cm in length were harvested from different season and were treated with
100 mg/I ascorbic acid and 150 mg/I citric acid for 20 minutes before disinfection, followed by
surface sterilized with immersion in a solution of 1% sodium hypochloride for 10 minutes.
Shoot apexes with 2 leaf primordia in 0.2-0.3 mm length were excised under microscope and
cultured in different media

The results showed that the survival percentage of pre-treated explants was higher than
non-pretreated. All of the cultivars cultured on the filter paper bridge liquid medium had higher
survival percentage than on solid medium. Moreover, the survival percentage of medium
supplemented with antioxidants, 100 mg/l ascorbic acid and 150 mg/l citric acid, was higher
than the medium without antioxidants. Incubating explants under darkness condition for 15 days
before moved to lightness condition increased survival percentage and fresh weight. Survival
percentage and fresh weight were higher in treatments of using spring and autumn shoots than
summer shoots. Optimum medium for initial culture was medium containing 0.1 mg/l IBA and
lor2mg/l BA.

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

2) Professor, Department of Horticulture, National Chung Hsing University. Corresponding
author.



Introduction

Conventionally, guava is propagated through seeds; however, air layering, cuttings,
stooling, and budding are also found to give appreciable success (Jaiswal and Amin, 1992) but
the rate of multiplication by these methods is not very fast. Micropropagation method could
assist in rapid and mass production of clonal stock of newly released improved cultivars of
guava (Mishra et al., 2007). Clonal propagation of guava through micropropagation has been
demonstrated using shoot tip (Papadatou et al., 1990; Lee and Yang, 1994), nodal segments
(Amin and Jaiswal, 1987, 1988; Loh and Rao, 1989; Mohamed-Yasseen et al., 1995) and shoot
buds (Amin, 1986; Amin and Jaiswal, 1988; Papadatou et al., 1990).

Of the severa diseases affecting guava, wilt is the most important, as it occurs in endemic
form and may wipe out entire orchards in a region (Singh, 2002). During the last two decades,
this malady has been reported from several countries including India (Dwivedi et al., 1990) and
South Africa (Schoeman et al., 1997). In this research, an efficient plant initiation in vitro from
shoot tip of guava were studied for produced healthy plants and high quality plants.

Materials and Methods

Materials

Five years old trees of Psidium guajava L. cvs. Jen-Ju, Li-Tzy, Pakistani, Shyh-Jii, and
Huang grown on the Horticultural Research Station, National Chung Hsing University, Wufeng,
Taichung, Taiwan, were used asinitial explants sources.
Culture medium

The basal medium contained half strength of MS salts (Murashige and Skoog, 1962), 30
o/l sucrose and 7 g/l agar (Bacto-agar) for solid medium or use paper bridge for liquid medium.
The pH vaue of the medium was adjusted to 5.7 with 1IN NaOH or 1N HCI and then autoclaved
at 121°C, 1.25 kg/cm? for 20 min. The plant growth regulators (IBA and BA) were
supplemented according to the experiments detailed below. Shoot tips were incubated at 25 +
2°C under a 16 hours photoperiod and light intensity of 2,500 to 3,000 lux. The cultures were
maintained for 45 days for shoot initial culture and 60 days for shoot multiplication and growth.
Methods

Active shoots were collected and leaves were removed. Shoots were cut with
approximately 2 cm long and soaked into 100 mg/l ascorbic acid with 150 mg/I citric acid for 20
min to prevent accumulation of phenolic compounds. After that surface sterilization with a
solution of 1% sodium hypochloride (NaOCI) plus 1 drop Tween 20 for 10 min, the shoots were



rinsed 5 times with sterilized distilled water under axenic condition in a laminar-flow cabinet.
Shoot apexes (0.2-0.3 mm long) containing the meristem with two leaf primordia were excised
under a microscope and cultured into the medium incorporated with antioxidants (100 mg/l
ascorbic acid and 150 mg/I citric acid). After culturing, shoot tips were incubated under dark
condition for 15 days then move to light condition. Survival percentage and fresh weight were
recorded. Survival percentage was counted from green shoot grown out.
1. Effects of antioxidantsin the medium on initial shoot tip culture

In this experiment, 'Pakistani' guava was taken in spring season. Before surface
sterilization, explants were pretreated by one of the following solutions for 20 min: 0.7% PVP
(polyvinyl pyrrolidone) with 2% sucrose; 100 mg/l ascorbic acid; 150 mg/l citric acid; 100 mg/|
ascorbic acid plus 150 mg/l citric acid; or 0.7% PVP with 2% sucrose for 20 min and 100 mg/I
ascorbic acid plus 150 mg/l citric acid for 20 min. After surface sterilization, explants were
cultured on mediums which were supplemented with or without 100 mg/l ascorbic acid and 150
mg/l citric acid after autoclaving. Ascorbic acid and citric acid solutions were added by filtration
through a 0.22 um filter (Minisart, Sartorius). There were 2 treatments with 6 replications each
with one treatment as one replicate. The cultures were maintained for once after 45 days of
incubation. Survival percentage was recorded.
2. Effects of darkness and lightness treatment on initial shoot tip culture

In this experiment, shoot tips from different cultivars (Jen-Ju, Li-Tzy, Pakistani, Shyh-Jii
and Huang) were taken in autumn and cultured on solid and liquid medium. Experiment was
carried out under different environment of darkness and lightness treatments. The cultures were
incubated in darkness for 15 days and then move to lightness and another one was incubated in
lightness after cultured on medium. Experiment divided into 4 treatments for darkness and
lightness, respectively, 5 replications each with one cultivar as one replicate. The cultures were
maintained for once after 45 days of incubation. Survival percentage and fresh weight were
recorded.
3. Initial shoot tip culture of guavain different growth season

In this experiment, shoot tips were taken in different seasons of 2007 (spring, summer, and
autumn), five cultivars (Jen-Ju, Li-Tzy, Pakistani, Shyh-Jii and Huang) were cultured on %2 MS
liquid medium contained 30 g/l sucrose, 0.1 mg/l IBA, and 0.5 mg/l BA. There were 3
treatments and 5 replications each with one cultivar as one replicate. The cultures were
maintained for once after 45 days of incubation. Survival percentage and fresh weight were
recorded.
4. Effects of BA on initial shoot tip culture

In this experiment, shoot tips of 3 cultivars in 2008 (Li-Tzy, Jen-Ju and Shyh-Jii) were



cultured on ¥2 MS liquid medium contained 30 g/l sucrose and 0.1 mg/l IBA adding different
concentrations of BA at 0, 0.1, 0.5, 1 and 2 mg/l. There were 5 treatments and 3 replications
each with one cultivar as one replicate. The cultures were maintained for once after 45 days of
incubation. Survival percentage and fresh weight were recorded.
5. Statigtical analysis

Data were subjected to analysis of CRD (Completely Randomized Design) using general
linear model (GLM) procedure (Statistical Analysis System; SAS, 2007). Significant differences
among treatment means were measured by Least Significant Difference test (LSD) at P<0.05.

Results

1. Effects of antioxidantsin the medium on initial shoot tip culture

The data on the effects of antioxidants in the medium on initial shoot tip culture of
'Pakistani' guava has been presented in Table 1. There were significant different in survival
percentage between medium with and without antioxidants. Survival percentage of medium
with antioxidants (67.5%) was higher than medium without antioxidants (33.1%).

Table 1. Effects of antioxidants in the medium on initial shoot tip culture of

'‘Pakistani' guava
Survival (%)
Pretreatment . .
antioxidants no antioxidants
Control 45.0 30.0
PVP 68.4 55.0
Ascorbic acid 80.0 57.9
Citric acid 78.9 25.0
Ascorbic acid + citric acid 87.5 105
PVP + ascorbic acid + citric acid 45.0 20.0
Mean 67.5+184 & 33.1+19.2b

“Mean + SE, in the same row followed by the same letter are not significantly
different at p=0.05 by t-test.



2. Effects of darkness and lightness treatment on initial shoot tip culture

The effects of darkness and lightness treatment on initial shoot tip culture in different
medium type were presented in Table 2. There were significant different in survival percentage
and fresh weight of solid and liquid medium between darkness and lightness treatment. Shoot
tips in liguid medium and incubated under darkness treatment were the highest of survival
percentage and fresh weight (35.2% and 3.8 mg, respectively). Both of solid and liquid medium
incubated under lightness treatment were recorded not significant different in surviva
percentage and fresh weight.
3. Initial shoot tip culture of guavain different growth season

Survival percentage and fresh weight in initia culture of shoot tip in spring, summer and
autumn were recorded in Table 3. There were significant different in survival percentage among
growth season. Survival percentage of shoot tip in spring season (64.6%) was higher than in
autumn and summer season (50.9 and 34.7%, respectively). Fresh weight were recorded not
significant different among growth season. Moreover, fresh weight in spring season (2.7 mg)
was higher than in autumn and summer (2.4 and 2.3 mg, respectively). Comparison in different
season to take shoot tip for culturing, it was found that survival percentage and fresh weight was
more effective in spring and autumn than summer, in summer season had lower survival
percentage and higher browning percentage.
4. Effects of BA on initial shoot tip culture

The effects of BA on initial shoot tip culture were presented in Table 4 and 5. There were
significant different in survival percentage among different concentration of BA. The maximum
in survival percentage was recorded in medium containing 2 mg/l BA (78.8%) followed by
medium containing 1 mg/l BA (72.1%) and the minimum survival percentage was recorded in
medium containing 0.1 mg/l BA (24.6%). The results recorded that there were not significant
different in fresh weight among different concentration of BA. The maximum in fresh weight
was recorded in medium containing 2 mg/l (2.2 mg) followed by medium containing 0.5 and 1
mg/l (2.1 mg) and the minimum fresh weight was recorded in medium containing 0.1 mg/l (1.7

mg).



Table 2. Effects of darkness and lightness treatment on initial shoot tip culturein
different medium type

Treatment Mediumtype Cultivars Survival (%) Fresh weight (mg)
Pakistani 23.1 34
Li-Tzy 333 34
_ Jen-Ju 125 2.0
Salid
Huang 26.3 15
Shyh-Jii 0 -
Mean 19.0+ 13.0b’ 26+1.0ab
Darkness o
Pakistani 25.0 4.9
Li-Tzy 40.0 59
- Jen-Ju 40.0 29
Liquid
Huang 41.2 25
Shyh-Jii 30.0 2.6
Mean 3b.2+124a 38+15a
Pakistani 12.5 14
Li-Tzy 28.6 1.7
_ Jen-Ju 5.0 1.1
Solid
Huang 25.0 11
Shyh-Jii 0 -
, Mean 142+73b 1.3+03b
Lightness .
Pakistani 25.0 3.3
Li-Tzy 111 31
o Jen-Ju 0 -
Liquid
Huang 20.0 12
Shyh-Jii 5.3 15
Mean 12.3+10.3b 23+11ab

“ Mean + SE, in the same column followed by the same letter are not significantly different
at p<0.05 by Least Significant Difference test (LSD).



Table 3. Initia shoot tip culture of guavain different growth season

Season Cultivars Survival (%) Fresh weight (mg)
Pakistani 46.5 4.9
Li-Tzy 56.1 18
) Jen-Ju 70.8 19
Spring Huang 76.3 2.2
Shyh-Jii 73.2 2.6
Mean 64.6+12.7d 27+x13a
Pakistani 111 4.3
Li-Tzy 42.9 15
F— Jen-Ju 48.8 15
Huang 419 18
Shyh-Jii 28.6 2.2
Mean 34.7+151b 23+12a
Paki stani 45.7 4.3
Li-Tzy 43.9 17
Autumn Jen-Ju 64.0 17
Huang 48.6 19
Shyh-Jii 52.4 2.3
Mean 50.9+8.0ab 24+11a

# Mean * SE; in the same column followed by the same letter are not significantly different
at p<0.05 by Least Significant Difference test (LSD).

Table 4. Effects of BA on survival percentagein initial shoot tip culture of guava

BA concentration

Survival (%)

(mgll) Li-Tzy Jen-Ju Shyh-Jii Mean
0 33.3 10.3 41.4 28.3+16.1b°
0.1 23.3 7.1 43.3 246+ 18.1b
0.5 43.3 30.0 26.7 333+ 88b
1 63.3 90.0 63.0 721+ 155a
2 93.1 80.0 63.3 788+ 149a

“ Mean * SE; in the same column followed by the same letter are not significantly different
at p<0.05 by Least Significant Difference test (LSD).



Table 5. Effects of BA on fresh weight in initial shoot tip culture of guava

BA concentration Fresh weight (mg)
(mgll) Li-Tzy Jen-Ju Shyh-Jii Mean
0 14 24 18 1.9+054&
0.1 29 0.0 2.2 17+15a
0.5 14 2.8 2.2 21+0.7a
1 2.3 1.7 2.2 21+03a
2 1.7 2.6 2.2 22+05a

# Mean * SE; in the same column followed by the same letter are not significantly different
at p<0.05 by Least Significant Difference test (LSD).

Discussion

The reduction or elimination of phenolic oxidation during culture initiation is essential for
successful and efficient establishment and culture of many woody species in vitro. Browning is
generally considered to result from the oxidation of phenolic substances released from the cut
ends of explants by polyphenol oxidases or peroxidase. The commonly employed to overcome
the harmful effect of browning include the use of adsorbing agents such as activated charcoal or
polyvinylpolypyrrolidone, inclusion of antioxidants in the medium or soaking the explants in
antioxidant solution, transfer of explants to fresh medium at frequent intervals or sealing the cut
ends of the explants with paraffin wax (Broome and Zimmerman, 1978; Weatherhead et al.,
1978; Lloyd and McCown, 1980; Amin and Jaiswal, 1988; Bhat and Chandel, 1991). In the
present study, the browning problem was overcome by soaking the explants in ascorbic acid
with citric acid before culturing, and including ascorbic acid with citric acid in the medium.
Explants were pretreated by ascorbic acid with citric acid and cultured on medium containing
antioxidants have been found to be more effective than those in the other pretreatment and
medium without antioxidants, which is according to the methods by Murashige (1974) that use
of ascorbic acid and citric acid as antioxidants in the establishment stage, furthermore, Lee and
Yang (1994) used 0.7% PV P adding 2% sucrose to rinsed guava shoot tip for 20 min, and then
rinsed with 150 mg/l citric acid and 100 mg/l ascorbic acid for 20 min before disinfection to
culture for preventing browning.

Murashige and Skoog's (1962) medium had been used for micropropagation in several
plants. Thomas and Ravindra (1997) reported that low strength medium or distilled water was



useful to initiate a primary culture. In the present study, shoot tips were cultured on Y2 MS
medium, this is in agreement with results obtained by Lee and Yang (1994) who found that
guava shoot tip explants had the highest survival percentage and fresh weight when cultured on
% MS medium compared with ¥2MS, MS, 2M S and WPM medium.

The liguid medium could enhance growth and multiplication rate of several plants more
than solid medium in micropropagation. For example, chrysanthemum (Hahn and Paek, 2005),
pineapple (Ananas comosus L. Merr) (Escalonaet al., 1999), banana (Alvard et al., 1993), and
plantain (Musa AAB) (Roels et al., 2005). In the present study, survival percentage of explants
in liquid medium was higher than solid medium which is according to the results by Ichihashi
and Kako (1977) investigated that Cattleya shoot tip explants survived better on a stationary
liquid medium containing oxidase inhibitors than on a solidified medium of similar
composition.

Although light is invariably essentia for the growth of normal green shoots and plantlets,
unorganized cell and tissue cultures can frequently be grown in its absence, and darkness may
be beneficial to growth and morphogenesis. In the present study, survival percentage and fresh
weight of explants in darkness treatment were higher than lightness treatment. When incubated
explants in the dark after culturing for 15 days can help to prevent browning. Blackening is
usually reduced or prevented by such dark treatment and sometimes subsequent growth is
improved even though tissue discoloration is not observed. Applying a dark treatment in vitro
was successful in lowering oxidation products and increasing growth in the epiphytic orchid
Phalaenopsis (Pieper and Zimmer, 1976). The same treatment decreased the presence of
oxidation products in both Garrya and Hamamelis, but also lowered explant viability and new
shoot growth in Garrya (Marks and Simpson, 1990). Explants may be transferred to normal
light after a dark treatment, although transfer to light of low irradiance may help to prevent
browning. For instance, shoot cultures of Carya illinoinensis were kept in the dark for an initial
2 weeks, therefore in a 16h photoperiod (Lazarte, 1984).

The success of shoot meristem cultures is affected by the growth condition of the stock
plant and the season during which the explant is obtained. Lee and Yang (1994) had studied on
shoot tip culture of guava but they did not study about season to take shoot tip, so in this study
had studied about season to take shoot tip. Guava shoot tips were taken to culture in spring,
summer and autumn season, however, survival percentage and fresh weight was more effective
in spring and autumn than summer, which explants in summer had high browning percentage
when culturing. Moreover, Goktirk Baydar et al. (2006) found the highest percentages of
explant survival were seen in grapevine shoot tips collected in May, while explant survival
gradually declined during the summer. It was found that explant survival, shoot number per
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explant and shoot length were strongly related to the month of explant collection. Roussos and
Pontikis (2001) also reported that explant collection date seemed to be a major factor
influencing the relative concentrations of various phenolic compounds in olive explants.
Moreover, Thomas and Ravindra (1997) reported that best response of explants in mango from
shoot tip was collected during June and August, in addition, Zizyphus nummularia explants
harvested during July and August were found to be the best for culture (Rathore et al., 1992).
Explants collected during other periods showed more medium discoloration, turned brown
sooner and showed no growth response. Amin and Jaiswal (1993) reported November to
January was the best season for initiation culture of jackfruit from field-grown trees.

The most important factor for successful tissue culture is plant growth regulators.
Papadatou et al. (1990) had been reported, maximum proliferation of guava seedlings by in vitro
shoot tip culture was achieved with 2 mg/l BA, and the optimal BA level for shoot tips of guava
seedlings was 0.1 mg/l (Loh and Rao, 1989). Although some crops were observed that in
addition to BA, but alow level of auxin was necessary for optimum growth. In shoot tip of 'B8'
carambola was achieved when cultured on medium containing 0.1 mg/I BA in combination with
0.02 mg/l IBA (Lin and Yang, 2002). Moreover, Lee and Yang (1994) found that the best growth
of 'Erse-Xizi-Pa and 'Tai-Guo-Pa' guava shoot tip were cultured on medium containing 0.1 mg/I
IBA supplemented with 0.5 mg/l BA. In the present study for autumn season, the best result was
cultured on medium containing 0.1 mg/l IBA supplemented with 1 mg/l BA. In spring season,
the best result was cultured on medium containing 0.1 mg/l IBA supplemented with 1 or 2 mg/l
BA. Furthermore, Loh and Rao (1989) reported that guava shoot tip explants cultured with
higher BA concentrations (5 and 10 mg/l) turned brown and did not grow further.

In conclusion, during shoot tip culture of guava in vitro, shoot tip were harvested about 2
cm long in spring or autumn, soaked with ascorbic acid plus citric acid for 20 min and surface
sterilization with a solution of 1% Clorox for 10 min plus Tween 20. Shoot apices 0.2-0.3 mm
long were excised under microscope and cultured on %2 MS liquid medium (paper bridge)
containing 30g/l sucrose then incubated in dark condition for 15 days, after that move to light
condition. The best of initia culture medium was medium containing 0.1 mg/l IBA
supplemented with 1 or 2 mg/l BA. After cultured for 45 days, explants were transferred to solid
medium of the same composition containing 30 g/l sucrose, 7 ¢/l agar and 0.01% activated
charcoal.
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Table 1. Effect of storage temperature on the ethylene production of bamboo shoot during

storage.

Storage Ethylene production (pul C,Ha/kg-hr)
temperature 1” 3 5
1C 0.37 0.43 0.00
5C 0.35 0.03 0.02
10°C 0.26 0.10 0.06
15C 3.20 0.26 0.36
20°C 1.61 0.37 1.06

* Storage time(day)

% 2. p7 /n.)ifj’fﬂ”ﬁpi""ﬁ fgrg

Table 2. Effect of storage temperature on the respiration rate of bamboo shoot during storage.

Storage Respiration rate (ml CO,/kg-hr)

temperature 1” 3 5
1C 33.96 28.82 5.76
5C 44.15 34.89 12.42
10°C 55.58 51.38 31.49
15C 78.79 55.09 39.82
20C 70.29 58.85 41.94

“Storage time(day).
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T2 R 3~ 6C)RTRPEF > A 3T ARTRS F R F 2 2 A 4 F L F R
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Table 3. Effect of storage temperature on the hue ange of cut surface of bamboo shoot during
storage.
Storage Hue ange
temperature At harvest 1” 3 5
1C 96.7 91.0 aAY 91.3 aA 92.8 aA
5C 96.7 89.6 aA 89.7 aA 91.9 aA
10C 96.7 79.1 aA 86.1 bA 85.4 bA
15C 96.7 87.6 aA 79.9 cB 77.9 cC
20C 96.7 84.1 aA 77.4dA 72.5dA

“ Storage time(day)
Y Mean separation within column (small letters) and within row (capital letters) was by

Duncan’s multiple range test at 5% level.

= RTRCE R BT OH AR 28R

BHRBRY OPFREY | APFLAERFTARFLR RS AR S APFMNREEREKT
FH5~200)H BB > (£ 4) e MIGE TR RILT PR LR G 5% ¢ R 19
AU A RE R T PR S ERALE B2 %A 13 6CHE AR AR
oE AR (g A7) -
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Fig. 1. Effect of storage temputure on the appearance of cut surface of bamboo shoot during

storage.
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Fig. 2. Effect of storage temperature on the appearance of cut surface of bamboo shoot after 19

days storage.
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Fig. 3. The chilling injury of bamboo shoots accrues after stored at 1°C or 3°C for 19 days.
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Table 4. Effect of storage temperature on the firmness of bamboo shoot during storage.

Storage Firmness (N)

temperature At harvest 1” 3 5

1C 68.0 84.2 aA” 91.0 aA 83.3 abA
5C 68.0 85.5aA 74.1 bA 82.5 abA
10°C 68.0 82.1 aA 86.7 abA 74.5 bA
15C 68.0 86.2 aA 103.1 aA 103.4 aA
20C 68.0 89.4 aA 90.5 aA 89.3 abA

?, ¥ as described in table 3.

M
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£
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Table 5. Effect of storage temperature on the polyphenol oxidase activity of bamboo shoot

during storage.

Storage Polyphenol oxidase activity (/\A41¢/min/g-FW)
temperature At harvest 1° 3 5

1C 2.5 1.4 bAY 1.3 cA 1.1 bA
5C 2.5 2.2 abA 1.5¢cB 0.9bC
10C 2.5 2.3 aA 1.7 cA 2.5aA
15C 2.5 2.2 abB 2.5bB 3.2aA
20°C 2.5 2.7 aA 4.1 aA 3.4 aA

¥ as described in table 3.

06 PRGE R MRV OH BT AR E L B

Table 6. Effect of storage temperature on the peroxdase activity of bamboo shoot during storage.

Storage Peroxdase activity (AAgzo/min/g-FW)
temperature At harvest 1° 3 5

1C 14.8 20.2 aA? 12.6 aA 15.3 abA
5C 14.8 17.8 aA 15.1 aA 16.1 aA
10C 14.8 19.3 aA 11.3 aB 11.4bB
15C 14.8 19.6 aA 12.0 aB 14.6 abB
20°C 14.8 19.1 aA 13.4 aA 14.3 abA

¥ as described in table 5.
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Table 7. Effect of storage temperature on the phenylalanine-amino lyase activity of bamboo

shoot during storage.

Storage Phenylalanine-amino lyase activity(mg t-cinnamic acid/hr.g-FW)
temperature At harvest 1°? 3 5

1C 3.9 3.8 bCY 5.3bA 5.0 aB

5C 3.9 4.0 abB 5.2 bA 53aB

10°C 3.9 4.1 aC 5.5aA 5.2 aB
15C 3.9 4.1 aB 5.4 abA 53 aA
20C 3.9 4.2 aB 5.3 bA 5.0 aA

%, as described in table 3.

E ?T@Wii«ﬂﬂ Fapgt ey 2208
\J.*"L. L\*,,,% 2 Lt_é E&@Fylﬁ%ﬁﬁgéﬂ s fzg“ﬁ&;g?%"ﬁgﬁ“ﬁqﬁa’%( ,£4 -
"% mﬁw IR fcefip = R 68 2 £ 5 1.00 mg/gFW - prigs 5 t HEHh

0.8~0.99 mg/g-FW (% 8) -
FCFRERMRY fREARE E

fe ey R FRTRUR R G e d B4 0 15 2 20CRTRE TR L A et B R
Bl g a1l B 2@E5 13.65133% ik n_a_ugr'wn (% 9);1-5-~10CH*
FH SRS R D05 B B A Y S 935935 10.0%  ¥- B A AL ERES .

LS BREAHRES fARN RS RLBY

Table 8. Effect of storage temperature on the total phenolic compound of bamboo shoot during

storage.

Storage Total phenolic compound (mg/g-FW’
temperature At harvest 1°? 3 5

1C 1.00 0.84 aA? 0.71 bA 0.90 aA
5C 1.00 0.81 aA 0.86 abA 0.80 aA
10°C 1.00 0.99 aA 0.91 abA 0.99 aA
15C 1.00 0.99 aA 0.95 aA 0.87 aA
20C 1.00 0.99 aA 0.92 abA 0.96 aA

?, ¥ as described in table 3.
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Table9. Effect of storage temperature on the crude fiber contents of bamboo shoot during

storage.
Storage Crude fiber contents (%)
temperature At harvest 17 3 5
1C 6.1B 9.3bA” 8.6cA 6.8cB
5C 6.1C 9.3bA 9.6bcA 8.9bB
10°C 6.1C 10.0bA 9.3bcAB 8.5bB
15°C 6.1C 13.6aA 10.4abB 11.7aAB
20°C 6.1C 13.3aA 11.1aB 12.1aAB

%, as described in table 3.

FEe H B PAL EHH 4 F ekl > e g £ B © muF i g(% 9) 0 i
Bprglefed ey B aRn P A - 2 By MERRT K PAL BT RS RRR
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ERAPAL R 4 ~ A4 7 £+ 2 sg i (Ketsa et al.,1998 ; Cai et al.,2006) -
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Effect of Storage Temperature on Quality of Bamboo Shoot
(Dendrocalamus latiflorus Munro)

Huey-Ling Liu"  Ching-Chang Shiesh *

Key words: Bamboo shoot, Storage temperature, Quality, PPO, POD, PAL, Crude fiber contents

Summary

Postharvest bamboo shoots (Dendrocalamus latiflorus Munro) are characterized by an
increase in respiration and ethylene production, thus resulting in the rapid deterioration of
bamboo shoots. After harvest, respiration and ethylene production in bamboo shoots increased
with temperature. However, bamboo shoots stored at 1°C, 3°C, and 6°C resulted in the
following: good appearance; lower firmness; decreased PPO, POD, and PAL activity; and
decreased fibre content. On the other hand, storage at 1°C and 3°C caused chilling injury after
19 days. The results showed that 6°C is optimum storage temperature of bamboo shoots and the

storage life could be extend to 19 days.

1) Graduate Student in MS. Program, Department of Horticulture, National Chung Hsing
University.
2) Associate professor, Department of Horticulture, National Chung Hsing University.

Corresponding author.
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Table 1. The shoot fresh weight after water logging and recovery of 'A-Feng', 'Feng-Shan',
'Feng-Jing' and 'Feng-Jen' Pakchoi treated with PP-333.

[m

@ PP-333 BuZz v 'R R B L S RE BB ORE Bk sz b

o4
2R
F

\rﬂ«

ot il FdZ #k0x  Fk23x F2-FO/F0 RS RS5-F2/F2
kR ___(F) (F2)  x100%  (R5)  x100%
# ¥ (g) (%) # ¥ (g) (%)

" h CK 32.33 25.04b  -22.5+1.0° 16.86a -32.7+1.3
PP-333 29.92 a 3142a 5.0+1.3 19.01 a -39.5+1.4

Bl CK 32.25a 22.69b  -29.6+0.9 18.61 b -18.0<1.1
PP-333 26.89 b 26.11a -2.9+1.1 27.40 a 4.9+1.5

B CK 3599 a 30.13b  -16.3£1.0 25.13 a -16.6+1.4
PP-333 32.54a 3591a 10.4+0.8 28.81a -19.8+1.4

E2 CK 37.29a 30.00a  -19.5+1.2 23.04a -23.2+1.8
PP-333 31.98b 30.70 a -4.0£0.9 20.13 a -34.4£1.6

RN PR ®E 2 F# &7 02 Fisher’'s LSD test & iE P=0.05 e ¥ -k #

Y . standard error



-33-

402, 4 EgaAl PP-333 AT [ 6 FUR R B LB AR RS R E Bk 2
RICE o

\4

Table 2. The shoot dry weight after water logging and recovery of 'A-Feng', 'Feng-Shan',
'Feng-Jing' and 'Feng-Jen' Pakchoi treated with PP-333.

Rl e #Fok0Ox  #F-k2X  F2-FO/F0 %A 5% R5-F2/F2
EE S (FO) (F2)___. x100% ____(R5) __ .~ x100%
T E(2) (%) §CE () (%)
G CK 3.17 a* 240b -243+1.0°  154a -35.8+1.1
PP-333 3.19a 2.85a  -10.7£1.0 1.63a -42.8+1.2
B oL CK 321a 199b  -38.0+0.9 1.90 b 4.5+1.2
PP-333 2.75b 2.79a -1.5+0.8 2.86a 2.5+1.5
B A CK 371a 3.15b  -15.1%1.1 222b -29.5+1.4
PP-333 3290 333a -1.2+0.6 3.06a -8.1+1.6
(E CK 3.66 a 3.04a  -16.9+0.8 239a 21.4+1.8
PP-333 3.10b 3.09a -0.3+0.9 220a -28.8+1.6

RN PR ®E 2 F# &7 02 Fisher’'s LSD test & iE P=0.05 e ¥ -k #

Y . standard error
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Table 3. The shoot fresh weight after water logging and recovery of 'A-Feng', 'Feng-Shan',

'Feng-Jing' and 'Feng-Jen' Pakchoi treated with CCC.

Ryl Jed2 FokOx Fok2=x F2-FO/F0 % /AR 5%  R5-F2/F2
kR __(Fo)  (F2)  x100% __ (R5)  x100%
# £ (g) (%) # £ (g) (%)
PR CK 35.53 a* 27.03 a -23.9+1.0Y  20.09b 25.7+1.1
CcCcC 32.05a 30.15a 59409 29.8la -1.1£1.2
B oL CK 37.86 a 2227 a -41.241.1  1031b -53.7+1.2
CcCcC 29.07 b 23.01 a -20.8£1.0 1437a -37.5+1.0
B CK 35.08 a 2629 b 25.140.8  14.56a -44.6+1.5
CcCcC 30.08 b 30.52 a 1.5409  12.94a -57.6+1.2
(E CK 3746 a 31.65a -15.541.0  15.11a -52.3+1.8
CcccC 31.83b 32.29a 14409  16.55a -48.7+1.2

RN PR ®E 2 F# &7 02 Fisher’'s LSD test & iE P=0.05 e ¥ -k #

Y . standard error
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Table 4. The shoot dry weight after water logging and recovery of 'A-Feng', 'Feng-Shan',
'Feng-Jing' and 'Feng-Jen' Pakchoi treated with CCC.

7 Jeld2 FokOx Fok2=x F2-FO/F0 & /Am 5%  R5-F2/F2
kR L EY o (F2) o x100%  _ (R5) . x100%
it (g) (%) L (g) (%)
PR CK 3.99 a* 2.95b -26.141.0Y 1.99b -32.5+1.2
CcCcC 3.10b 3.36a 84409 2.74a -18.5+1.5
oL CK 3.69 a 2.56a -30.6£1.0 127D -50.4+1.6
CcCcC 2.66b 245a -7.9+0.8 1.52a -38.0+1.3
B A CK 3.63a 2.54b -30.0409  1.27b -50.0+1.9
CcCcC 261D 3.13a 19.9+0.6 1.68a -46.3+1.6
E23 CK 3.69 a 3.18a -13.840.8  1.71b -46.2+1.8
CcCcC 3.16 b 3.19a 0.9+0.8  2.07a -35.1+1.4

RN PR ®E 2 F# &7 02 Fisher’'s LSD test & iE P=0.05 e ¥ -k #

Y . standard error
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Fig. 1. The increased percentage between treated with plant growth retardants and control of

four cultivars Pakchoi after waterlogging for 2 days and recovery for 5 days.

i
Sw bl 6 g dE( A PP-333 2 CCC ¢ B8 H 4 £ B > ks Mgl
o WREPRAG T F MRk AU RFCEE A FARFLRAILE N
T AT ORI T LY EerE 2R RT X NSRRI R S
M3 AR > PP-333 'k L'~ CCC R|*H'fP 5k f id - PP-333 2 CCC #1735 * k& "7
WP 255 304050 ppm 2 300 ~ 400 ~ 500 ppm - H Z & F v FRfEH R o A
T B R B RIE R K A 10t -

x5 H ’fﬁ szed (uniconazole)tid F > TR U Fh R 2 A LR NE 2 KA wie 2 4
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Hi e - +-ﬂ%«wg’—4c CH AR BB (L E > 2000) ¢ 1A £ PG iE AR A i BT E Fr ] &
BEHTLE S FORE T OEL  RF AT B FEdDR R A AR (2
kS ’2008)

MR E R T o ARV IR i CpEE AL F 1 40 8L it fF (superoxide dismutase,
SOD) -~ i ¥ it %% (peroxidase, POD) %2 i § i* & fiz(Catlase, CAT) & » &> 73 = fF
(malondialdehyde, MDA):4 # » i@ B 3% 8 ¥ 5 % L1 (Qiuetal,2005) ** 4 & e
A »ed (uniconazole) ¥ # < B fdk KRBT  BEFRAILF CPREAES PE2 AEF
Pl it EEeEE > G AR R Z fERA A f%*ff@m’?? “iﬁ?%f”‘f“* RER NS S S L3
%2482 4% (Zhangetal,2007)c #7130 F F S F LG T S RAERRIER R
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The Influences of Plant Growth Retardants on Pakchoi Plants
(Brassica rapa L. chinensis Group.) to Flooding Tolerance

Shih-Wen Chen”  Yu Sung”

Key words: Pakchoi, Plants growth retardanrs, Survival rate

Summary

The aim of this research was to solve the problem of flooding in the production of Pakchoi
plants in summer. The plant growth retardants (pp-333 and CCC) were tested in order to assess
the effect of their use on the flooding tolerance of Pakchoi plants. The fresh and dry weight of
Pakchoi plants treated with PP-333 and CCC were reduced. The lose of fresh weight was
reduced to 16.9-27.5 % under waterlogging. Furthermore, the growth of plants recovered was
increased after flooding 5 days, especially when Pakchoi 'Feng-Shan' treated with PP-333 and
'A-Feng' treated with CCC.

1) Graduate student, Department of Horticulture, National Chung Hsing University.
2) Professor, Department of Horticulture, National Chung Hsing University. Corresponding
author.
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> W] #-'Hayworth' ~ 'Leonardo’ ~ 'La Douce' ~ 'Mond ~ 'Gabrielle' ~ 'Kelly' ~ 'Yazmin' %
EREsfE2 95 & je 2 & ME(S 'Gi x Hay 95-1' ~ 'Gi x Hay 95-2' ~ 'Gi x Hay 95-3' ~ 'Gi X
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I o HEpE AR T - Kfi TEFEZ 225 o @ ﬁ%ﬁ#wﬁ_ﬂ AR TEE A REARE
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Figl.Pollen germination of Kalanchoe cultivars, incubated at 25°C for 2 hours. Leo: 'Leonardo’,
Hay: 'Hayworth', LaD: 'La Douce, Bar: '‘Bardot’, Bas: 'Bassey’, Lor: 'Loren’, Sor: 'Sorvino,
Ga: 'Gabridle, Mo: 'Mona, Jo: 'Jodie, Ke: 'Kely', Ya 'Yazmin' ,Lea: 'Led, Isa: 'Isabella,
Gi: ' Gimi', Bee: 'Bee, Be: "&£, Sun: 'p '

CERELEZ TR A E RIS F B
£ PR f ‘Mona i 2 %9 F i > 5 90% ¢t > H g g &
100% - 'Hayworth'f % — i #73E d1 efg $k » 4o'Hay 96-2fr'Hay 96-4H p 22 7 5 4
B % 100%: 10% > @ 95 &3 1 en¥E ~ £ 7323 4 'Gi X Hay 95-1' ~ 'Gi x Hay 95-2'¢ip %
MR HART 2D F P & A w5 :60%-40%- 100% 50%: 'Gi' X 'Hay 95-3'# 'Gi x Hay
95-7'2 p X B F A% 5 T0%: 20% - 'Gi X Hay 95-12'='Gi x Hay 95-17'p 2 2. %% % %%
£100% (% 1) €M EMLF T2 b d o0 e & B F 5 A 100% (&
2) -

w

2 H CEMER I I RILBRTEFT X

‘Hayworth‘;i RS L 5% A 116 AT F T o B F T L 245% -
‘Leonardo' i 2 s B S 5 2.2% 0 3815 F SRBIF T 0 B F T F 5 42% - Kelly'p
RS EE L 758% iR 6 BAIEY  BFF T IR G 0.6% - 'Gabrielle
LenR A L 327% 0 fEF A F T o Yazmin'ehp 2R EF 5 04% 0 T AL T G 3k
F3Y o A3 F T 55 125% - 'La Douce'p 2 RS 5 0.0% - 'Mona p 2 RS G
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Table 1. Therates of fruit set, seeds harvested and seed germination of double kalanchoe selfing.
SR IS
, (%7 &/ Tof+ HE  FYF
ol T R Tota ¥ Seed , _—
_ _ ¥ ¥) ~ Sowing Germination
Cultivarg/lines _ seeds Ovary/ formation
Fruit set capsule seeds (%)
harvested capsule (%)
(%)
'Hayworth' (Hay) 100(20/20) 528 337.1 16.8 5.0 472 245
'Hayworth' 96-2  100(20/20) 591 341.3 29.5 8.6 591 485
'Hayworth' 96-4 10(1/10) 2 293.0 0.2 0.1 - -
'Leonardo’ 100(24/24) 72 231.9 51 22 119 4.2
'Kelly' 100(10/10) 1732 2285 173.2 75.8 900 0.6
'Gabrielle 100(16/16) 311 158.4 51.8 32.7 311 0.0
Yazmin' 100(20/20) 24 243.2 1.2 04 24 125
‘LaDouce 100(10/10) 0 258.3 0.0 0.0 - -
'Mona 90(9/10) 3 134.8 3.0 2.2 3 0.0
'Gi x Hay 95-1' 60(6/10) 96 233.2 9.6 4.1 96 0.0
'Gi x Hay 95-2' 40(4/10) 0 233.8 0.0 0.0 - -
'Gi x Hay 95-3' 70(7/10) 0 258.3 0.0 0.0 - -
'Gi x Hay 95-7' 20(2/10) 0 233.2 0.0 0.0 - -
'Gi x Hay 95-12' 100(10/10) 88 262.1 8.8 33 88 113
'Gi x Hay 95-17' 100(10/10) 149 2111 14.9 7.0 149 295
'Gi x Hay 95-1' x
) 100(10/10) 144 233.2 144 6.1 144 16.6
'Gi x Hay 95-2'
'Gi x Hay 95-2'x
50(5/10) 13 3310 13 0.3 13 0.0

'Gi x Hay 95-1'
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Table 2. The fruit set, seeds harvested and germination of double Kalanchoe crossed with single

kalanchoe.
e
el SfEF e TomzkiEc T SMA5 Seed H g &
Fruit set EIEEE S
Cross ) Total seeds Ovary/ Seeds/ formation Germination
(%) (% 5 d5/ Sowing seeds
combination . harvested capsule capsule (%) (%)
Ff #)
'Isabella’ x
. ., 100(10/10) 343 297.0 34.3 115 343 45.7
Hayworth
'Hayworth' x
, , 100(10/10) 85 337.1 85 25 85 42.3
Isabella
'Isabella’ x
. , 100(10/10) 174 297.0 17.4 5.8 174 44.2
Leonardo
'Leonardo’ x
, , 100(10/10) 122 231.9 12.2 52 122 50.8
Isabella
'Isabella’ x
, , 100(10/10) 178 297.0 17.8 59 178 10.6
LaDouce
'LaDouce’ x
, , 100(10/10) 0 258.3 0.0 0.0 - -
Isabella
'Gimi' x
, . 100(10/10) 35 291.2 35 12 35 14.2
Leonardo
"Leonardo’ x
, , 100(10/10) 121 231.9 12.1 52 121 9.9
Gimi
'Gimi' x
, ~ ., 100(10/10) 3 291.2 0.3 0.1 3 0.0
Cardina
'Cardinal’ x
Gim 100(10/10) 60 182.8 6 3.3 60 333
imi

Single flower: 'Isabella, 'Gimi'
Double flower: 'Hayworth', 'Leonardo’, 'La Douce, 'Cardina’
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% 2.(4%)
Table 2. (continue)
FRE(E ¥ &
erms FEEE RETE Tousk Togsg | ik §7
Seed
Cross #) Total seeds # Ovary/  Seeds/ formati Sowing Germination
ormation
combination Fruit harvested capsule capsule %) seeds (%)
0
set(%)
‘Mona' x
e 100(10/10) 44 134.8 4.4 3.2 44 727
Gimi
'Cher' x
e 100(10/10) 37 153.3 3.7 24 37 67.5
Gimi
'Gimi' x
, , 100(10/10) 124 291.2 124 4.2 124 12.1
Bass
'Gimi' x
, o 100(10/10) 540 291.2 54.0 18.5 196 474
Sorvino
'Gimi' x
, , 100(10/10) 17 291.2 17 0.5 17 17.6
Loren
'Gimi' x
, , 100(10/10) 40 291.2 4.0 13 40 25.0
Bardo
'Leonardo’ x
L 100(10/10) 113 231.9 11.3 4.8 133 6.1
Bee'
'‘Bee' x
100(10/10) 15 - 15 - 15 0.0
'Leonardo’

Single flower: 'Gimi', 'Bee
Double flower: 'Mond, 'Cher', 'Bass, 'Sorvino', 'Loren’, 'Bardo’
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23 EEFTHRAFRE LY R LR
Table 3. Comparison of vegetative characteristics between Kalanchoe cultivars and offspring

lines.

A5 the EBlg SFLR EL(FEWR) EX ELE ERLA

Cultivars/Lines (cm) (cm)  (mm) (mm) (mm)  (mm) (mm)
'Hayworth' 423% 147°  17.3° 99.6° 50.5°  1.07° 17.3°
'ISA x Hay 96-2°  31.2° 16.8° 14.9° 80.0° 458 1.08™ 19.1°
'|SA x Hay 96-3°  29.7° 20.1* 13.8° 123.9° 64.9° 1.28* 30.5
'SA x Leo96-3  29.7° 206 17.3° 145.12 72.22  1.46% 25.9°
'Cher' 26.8% 18.0° 9.1% 04.7° 56.8° 15 15.3°
'SAXxLe096-2° 26.0° 14.2° 1247 110.6* 62.8¢ 15° 19.9°
'Leox ISA 96-2 308 13.1° 84° 104.42 584 207 27.8%
'(Sx KG) x Hay 96-1' 29.4*% 16.2° 14.3" 123.42 67.7%° 1.8 17.7°
‘Jodie 27.4° 168 13.3° 103.2° 57.3° 1.1° 25.6%

Y1 Hay: 'Hayworth' ~ Leo: 'Leonardo’ ~ (SXKG): 95 #'Simon' &2 48 % f & % ¥ 52 9 4 H &
FIREFAARFATGLSD AT HEAS -
“: Means with the same letter in a column are not significantly different by LSD test at 5% level.
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Table 4. Comparison of productive characteristics between Kalanchoe cultivars and offspring
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lines.
, =S 5 SRR U = S O I = F N N S c MRS R L =i

| é’/ |d /3‘
Qﬁlghmsaa £ROER B W ER KR TR TR
(mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm)
'Hayworth'  12.4* 157.1* 7.3 177 138 85 86° 49 55

ISA x H
9.2 Yoo 1202% 515 174 1165 75 86  60° 48
ISA x H

06.3 Y og 1011 57 193 145 70 77 5%  60°

'ISA x Leo
96.3 10.0° 1426* 91*° 188 184* 68 79 49 54
'Cher’ 122* 551° 7.2 2422 2715 74 94 54 67

'ISA x Leo
9.2 108" 666° 66° 197° 216 7.3* 86 57° 57

'Leo X ISA
96.2 9.7° 1315° 7.4* 196" 145 7.2 8.5% 56 58

'(SxKG) x
(Hay% )1 105* 117* 1074 97° 161° 74 93 67 1.9
‘Jodie 10.4* 89.7° 6.0° 237 246 722 84 54>  6.1°

Y1 Hay: 'Hayworth' ~ Leo: 'Leonardo’ ~ (SxKG): 'Simon' crossed with K. garambiensis.
IR EFAAPR 4T G LSD A4

: Means with the same letter in a column are not significantly different by LSD test at 5%

level.

R WELE -
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R A R = E
A% (Horn, 2002)
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The Breeding of Double Flower Kalanchoe

Yi-Ting Cheng®  Chien-Young Chu?

Key words. Pollen germination, Seeds germination, Plant selection.

Summary

In this research, double type and single type kalanchoes were used for pollen viabilility test,
crossing between cultivars and breeding good lines of double kalanchoes.

At 25°C, double-type kalanchoe 'Mona pollenia cultured on the medium containing 5%
sucrose, the germination rate was higher to 20.7%, the 'Kelly' was 18.2%.The pollen
germination of single kalanchoe 'Gimi' was 30.8%. However, 'Sunrise’ pollen did not germinate.

Besides ‘'La Douce, 'Hayworth', 'Leonardo’, 'Kelly', 'Gabrielle', "Yazmin' and 'Mona got
seeds after selfing. But seeds from 'Gabrielle’ and ‘Mona selfing did not germinate. 'Isabella
crossed with 'Hayworth', ‘Leonardo’ or 'La Douce' seeding rate was 11.5% ~ 5.8% or 5.9%,
respectively. As well as seed germination was 45.7% -~ 44.2% or 10.67%, respectively.
'Hayworth' or 'Leonardo’ crossed with ‘I sabella the seeding rate was 2.5% or 5.2%, respectively.
The seed germination was 42.3% or 50.8%, respectively. However, 'La Douce' crossed ‘I sabella
did not get seed.

In this research, six compact and branching plants with thick leaves and more flowers
were selected.

1) Graduate student, Department of Horticulture, National Chung Hsing University.
2) Professor, Department of Horticulture, National Chung Hsing University. Corresponding
auther.
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% 1. 2L B i1 7 Impatiens walleriana 'Accent Coral'# f8.3t 7 e R #2458 4 % {5 43 F 3K
2R 2P
Table 1. Effect of plug cell type on the shoot growth of the 4 week old Impatiens walleriana
'‘Accent Coral' seedling.

cdll Plant Stem Fresh Dry Leaf

type height diameter wit. wit. area

(cm) (mm) 9 (mg) (cm?)
square 2.60c¢’ 2.9a 0.65b 52.8ab 11.05a
round-square 3.10a 3.0a 0.76a 59.1a 11.94a
round 2.82b 2.9a 0.61b 46.7b 10.97a

“‘Mean in each column followed by the same letter were not significantly different (P=0.05)
according to Duncan’s Multiple range test.

)~
T\
P2y

% 2. 2404 i35 Impatiens walleriana 'Accent Coral'# 153t % e R $23] 3% 5 % {8 44
2RZPE
Table 2. Effect of different plug cell on the shoot growth of the 5 week old Impatiens walleriana
'‘Accent Cora' seedling.

cel Plant Stem Fresh Dry L eaf

height diameter wit. wit. area

type 2

(cm) (mm) ) (mg) (cm’)
square 3.93b° 2.4a 1.13b 86.5b 14.05a
round-square 4.34a 2.5a 1.36a 99.9a 11.13b
round 3.76b 2.5a 1.32a 96.4ab 14.15a

“‘Mean in each column followed by the same letter were not significantly different (P=0.05)
according to Duncan’s Multiple range test.
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Table 3. Effect of different plug cell on the shoot growth of the 6 week old Impatiens walleriana
'‘Accent Coral' seedling.

cdl Plant Stem Fresh Dry L eaf
type height diameter wi. wit. area
(cm) (mm) 9 (mg) (cm?)
square 4.66b° 4.6a 1.87a 132ab 20.01a
round-square 5.09a 4.5a 191a 128b 19.48a
round 4.78ab 4.8a 2.19a 156a 21.31a

“‘Mean in each column followed by the same letter were not significantly different (P=0.05)
according to Duncan’s Multiple range test.

4 4. 22 B 1075 Impatiens walleriana 'Accent Coral'# {8t % e R #2358 7 % {8 $43 + 30
22 REo
Table 4. Effect of different plug cell on the shoot growth of the 7 week old Impatiens walleriana
'‘Accent Coral' seedling.

cell Plant Stem Fresh Dry L eaf
height diameter wit. wit. area
type 2
(cm) (mm) (9) (mg) (cm’)
square 6.11a 5.1a 2.75a 171a 23.56a
round-square 6.41a 5.2a 2.67a 167a 23.45a
round 6.01a 5.1a 2.86a 176a 23.60a

“‘Mean in each column followed by the same letter were not significantly different (P=0.05)
according to Duncan’s Multiple range test.
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Table 5. Effect of different plug cell on the root growth of the 4 week old Impatiens walleriana
'‘Accent Coral' seedling.

Cdl Root Fresh Dry
type length wi. wit.
(cm) (9) (mg)
square 10.75& 0.36b 23.4b
round-square 11.60a 0.43a 28.6a
round 12.14a 0.35b 22.4b

“‘Mean in each column followed by the same letter were not significantly different (P=0.05)
according to Duncan’s Multiple Range Test.
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Table 6. Effect of different plug cell on the root growth of the 5 week old Impatiens walleriana
'‘Accent Coral' seedling.

Cell Root Fresh Dry
type length wi. wi.
(cm) 9 (mg)
square 12.76& 0.57a 32.7b
round-square 10.63ab 0.60a 37.8a
round 10.15b 0.56a 31.8b

“‘Mean in each column followed by the same letter were not significantly different (P=0.05)

according to Duncan’s Multiple range test.

# 7. 2£7¢ B 11075 Impatiens walleriana 'Accent Coral' # 183t % e R #5458 6 % {8 3 T 3%
4 E2

Table 7. Effect of different plug cell on the root growth of the 6 week old Impatiens walleriana
'‘Accent Coral' seedling.

Cdl Root Fresh Dry
type length wit. wit.
(cm) (9 (mg)
square 13.9& 0.75a 3%
round-square 12.99a 0.73a 39%a
round 14.46a 0.82a 44a

“‘Mean in each column followed by the same letter were not significantly different (P=0.05)

according to Duncan’s Multiple range test.
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Table 8. Effect of different plug cell on the root growth of the 7 week old Impatiens walleriana
'‘Accent Coral' seedling.

Cdl Root Fresh Dry
type length wit. wit.
(cm) (), (mg)
square 15.17& 0.95a 69a
round-square 14.67a 0.82a 55b
round 13.84a 0.82a 54b

“‘Mean in each column followed by the same letter were not significantly different (P=0.05)
according to Duncan’s Multiple range test.

B square shape
8 round-square shape
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Fig. 1. Effect of different plug cell and growth weeks on seedling index of Impatiens walleriana

'‘Accent Coral' seedling.
Seedling index: " (Stem diameter/ Plant height)+(Root fresh weight/ Shoot fresh

weight) ; xPlant dry weight.
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Fig 2. Effect of different plug cell and growth weeks on root activity of Impatiens walleriana

'‘Accent Coral' seedling.
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Effect of Plug Cell and Seedling Age on Growth and
Senescence of Impatiens

Wen-Yi Liao®  Ruey-SongLin?

Key word: Impatiens, Plug cell , Root activity, Senescence

Summary

This experiment mainly researches in the influences of growth of Impatiens walleriana
'‘Accent Coral' on the different plug cell and seedling age .plug seedling in the early growth of
week four and five, the plant height, the weights of fresh and dry of both the shoot and roots
growth better in round-square shape, but in week seven, the growth has no obvious difference
among each plug cells. The seedling index of plug seedling has no significant change in week
four and five, but it increases quickly in week six and has little difference from week seven. The
root activity decreases along with the increase of the growth weeks;, There is no obvious
variation among the different plug cells.

1) Graduate student. Department of Horticulture, National Chung Hsing University.
2) Professor. Department of Horticulture, National Chung Hsing University. Corresponding
author.
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Adjusting Strategies of Management for Fu-Yuan Forest
Recreation Area
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Key words. Forest recreation area, Management models, Management strategies

Summary

There are 18 national forest recreation areas in Taiwan. Each national forest recreation area
is located in a different altitude level; therefore, the resources of each forest recreation area is
different. From the marketing and management point of views, each forest recreation area
should develop its own strategies of management instead of adopting the universal guidelines
from the Bureau of Forest. Fu-Yuan forest recreation area is specialy selected to discuss the
strategies of management for future development. The in depth interviews were conducted to
propose the most suitable strategies of management for future development. Three major
managerial dimensions (dimension of resources and the environment, dimension of facilities
and services, and dimension of tourists) were revealed after the in depth interviews in this study .
Moreover, the on-site visitor survey (258 valid questionnaires) also provided the valuable
information about visitors perceptions and the acceptances of future changes about the
management.
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Table 1. The basic characteristics of the individual
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Table 2. The student regarding plants constructs really understanding degree of the curriculum

teaching way
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B %R+

L 5.9 21 41.2 26 51.2 1 20 - -
KT AR

TR T 27 52.9 13 255 11 21.6 - - - -
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Table 3. The student regarding Construction of the stone pavement really understanding degree
of the teaching way
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Table 4. The student regarding brick material surface construction really understanding degree
of the teaching way

. % S 7 f2 1 f% 7?7 f# P SV IR ¢
7
F Afc FA Adc FAY Adk FAL ABk FA Ak g
R - - 1 2 - - 31 60.8 19 37.3
~ F R - - - - 7 13.7 37 72.5 7 13.7
R - - 6 11.8 39 76.5 6 11.8

B 5 4R+

P 5.9 20 39.2 25 49.0 3 5.9 - -
FOEF LR

TR T 32 62.7 10 19.6 9 17.6 - - - -

5. F 4 8 mb G e 1F THARGRT V0 R R L A4
Table 5. The student regarding Brick material curb construction really understanding degree of

the teaching way

~ P I %7 f% 0 f# 7 fE EON SN &

e Al FA Al FA Al FAL Al FAN A#k FA
A e - - - - - - 29 56.9 22 43.1
~ FEM - - - - 9 17.6 33 64.7 9 17.6
ol - - 3 59 39 76.5 7 137 2 39
W5 g+

s 3.9 14 275 32 62.9 2 39 1 2

HEF LR

TR T 31 60.8 11 21.6 9 17.6 - - - -
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Table 6. The student regarding Brick flower bed construction really understanding degree of the
teaching way

% S 7 f2 1 f% 7?7 f# P SV IR ¢

Ll FAY Adk FAY Adk P A FA AE Fav

S|

A e - - 1 2 3 59 26 51.0 21 41.2
¥ F R - - 1 2 9 37.3 24 47.1 7 13.7
I TR - - 6 11.8 39 76.5 5 9.8 1 2

B " AR+ - -
L 3 5.9 20 39.2 27 529 1 2
KEF R

2R a 29 56.9 12 235 10 19.6 - - - -

27 FAENGFEIBARE S N AFY ey FeRi
Table 7. Which several teaching way does the student construct regarding the landscape
gardening even more to have the help in the study
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The Study of the Domestic Landscape Engineering Education

Che-YuShu®  Sheng-Junng Ou?

Key words. Landscape engineering, Landscape engineering education, Qualitative research

Summary

The purpose of this study was to explore the current domestic landscape engineering
education, by interview Landscape experts and scholars, the collection of relevant information,
as well as the Taichung Agricultural Senior High School teachers and students to assist the
model, let Department of Horticulture, National Chung Hsing University, students learn through
hands-landscape gardening skills and building structure construction operations Park-way
Sequence, and then testing the questionnaire, the information obtained will be analyzed.
Statistics survey found that students. That through the demonstration of high agricultural
students and teachers on the following aspects of the construction of gardening study. A better
understanding, " model implementation” study the effectiveness of the medium of instruction is
superior to other methods. The study concluded that the course should be amended annualy,
from academia, industry, and practical experience to participate in courses of the amendment,
and the establishment of Industry-university cooperation to establish the actual case thinking, so
that students understand the concept of construction, budget, and other ideas. Research has aso
suggested that students enter the job market before gardening with technician license, also
requires students to understand the basic practices, measurement, material estimates skills.

1) Graduate student, Department of Horticulture, National Chung Hsing University.
2) Professor, Department of Horticulture, National Chung Hsing University. Corresponding
author.
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Table 1. Treatment of plant growth regulators.

3 DBF? 15 DAF* 25 DAF
Treatment BA 100 ppm+
GA; 12.5 ppm GA; 25 ppm
Cytex 4000 ppm

B+C—GA;—Non +’ + -
B+C—GA;—GA; + + +

Non —GA;—Non — +

Non —-GA;—GA; — + +
Control — — —

z:DBF means days before flowering > DAF means days after full bloom

y:+ treated » — non-treat
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Fig. 1. Effects of plant growth regulators on berry growth of 'Kyoho' and 'Hony Red'.
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Table 2. Effects of plant growth regulators on quality of 'Kyoho' grapes.

Bt e 54 H R R Y e [ir i

fedL . . ) .
, Berry Rachis Color  Firmness HA) P Acidity
Treatment . . . .
weight(g) weight(g)  index (kg) TSS (° Brix) (g/100ml)

B+C—GA;—Non  14.3b’ 6.1b 8.2ab 0.28a 17.9ab 0.74a
B+C—GA;—GA; 17.1a 7.4a 7.1c 0.21b 16.8¢ 0.67a
Non -GA;—Non  13.1c 5.6¢ 7.9b 0.21b 17.6b 0.53b
Non —-GA;—GA;  14.3b 7.2ab 7.1c 0.23ab 17.2bc 0.47b
Control 11.7d 5.1c 8.7a 0.20b 18.4a 0.54b

z: Treatment shows in Table 1.

y: Mean separation within column by Tukey’s studentized range test (P= 0.05)
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Table 3. Effects of plant growth regulators on quality of 'Honey Red' grapes.

o Hipd fadh e %4 AR RE-X e e
Berry Rachis  Color  Firmness HA P Acidity
Treatment” , , : .
weight(g) weight(g)  index (kg) TSS (° Brix)  (g/100ml)
B+C—GA;—Non  13.0v” 7.6ab 4.4b 0.16a 16.9a 0.8a
B+C—-GA;—GA; 14.7a 10.1a 4.3b 0.15a 15.3b 0.5b
Non —-GA;—Non  12.1c 6.1b S5.4a 0.13b 17.5a 0.7ab
Non -GA;—GA;  14.3ab 8.2ab 5.6a 0.12b 17.4a 0.5b
Control 11.8¢ 4.6b 5.8a 0.10c 17.5a 0.6b

z: Treatment shows in Table 1.

y: Separation within colum by Tukey’s studentized range test (P= 0.05)
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Table 4. Effects of plant growth regulators on cell layer and cell thickness of berry in
'Kyoho' grapes.

fe JR * fn 7z & i Cell layers Lk omre B R
Treatment % p Pulp % A& Skin  Pulp cell thickness(um)
B+C—GA;—Non 34.5a” 26.4a 321.4b
B+C—GA;—GA; 353a 26.7a 367.4a
Non —GA;—Non 25.3bc 22.1b 320.1b
Non —-GA;—GA; 28.6b 22.1b 358.7ab
Control 24.1c 22.4b 304.4b

z: Treatment shows in Table 1.

y: Mean separation within column by Tukey’s studentized range test (P= 0.05)

25 A EBEHEFT LT EFE ek LREZEE
Table 5. Effects of plant growth regulators on cell layer and cell thickness of berry in
'Honey Red' grapes.

fad2 * fmrz K e Cell layers L e B R
Treatment % # Pulp % A4 Skin  Pulp cell thickness(um)
B+C—GA;—Non 31.3a" 28.4a 315.3ab
B+C—GA;—GA; 32.0a 28.7a 333.3ab
Non —GA;—Non 24.4b 22.1b 297.3b
Non —-GA;—GA; 27.2bc 23.1b 341.6a
Control 25.4b 21.7b 264.8¢c

z: Treatmen t shows in Table 1.

y: Mean separation within column by Tukey’s studentized range test (P=0.05)
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Effects of Plant Growth Regulators on Fruit Growth
and Quality of 'Kyoho' and 'Honey Red' Grapes

Ruei-Jia Lin”  Bing-Shiunn Chen®  Yau-Shiang Yang®’

Key words: Fruit size, Fruit cell

Summary

The objective of this study was to evaluate the influences of plant growth regulators
including BA, Cytex, and GA; on fruit growth and qualities of 'Kyoho' and 'Honey Red' grapes
in summer.

In various treatments of plant growth regulators on 'Kyoho', the treatment of 100 ppm BA
contained 4000 ppm Cytex on 3 days before flowering and treated with 12.5 ppm GA; and GA;
25 ppm on the 15th and 25th day after full bloom, respectively, it was found that the most heavy
berry weight was up to 17.1g and more than control 1.5 fold. However, this treatment showed
the decrease in total soluble solids, the higher of acidity and lower skin coloration.

In various treatments of plant growth regulators on 'Honny Red', the same treatment with
'Kyoho' showed the most heavy berry weight was up to 14.7g and the control treatment only
have 11.8g; but had lower total soluble solids and lighter skin coloration than the control and no
significant differences in acidity.

Treatments of BA and Cytex before flowing promoted the number of cell layers in 28~36%
of the flesh and skin, treatments of GA; after full bloom could enlarge 19~27% of the plup cell

thickness.

1) Graduate student, Department of Horticulture, National Chung Hsing University.
2) Instructor, Department of Horticulture, National Chung Hsing University.
3) Professor, Department of Horticulture, National Chung Hsing University. Corresponding

author
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Table 1. Effect of transportation temperature on the peel yellow index of 'Pokan’ fruit.

Transporting Temperature Yellow rate/

(C) At harvest 1C-14days 14daystransport  257C-3 days
1 3.0 2.0 23¢ 24d
3 3.0 2.0 1.9d 2.3d
6 3.0 2.0 24c 29c
9 3.0 2.0 31lb 35b

12 3.0 2.0 39a 40a

15 3.0 2.0 40a 40a

18 3.0 2.0 40a 40a

“Mean separation within columns is by Duncan's multiple range test at 5% level.
YY ellow index: 1= yellowing areafrom 0 to 25%; 2= 25 to 50%; 3= 50 to 75%; 4= 75 to 100%.

o2 pERASNERAHENEA L BB
Table 2. Effect of transportation temperature on the peel L value of 'Pokan’ fruit.

Transporting L value
Temperature (‘C) At harvest 1C-14days 14 daystransport 25C-3days
1 40.2 42.7 43.0 cd” 45.7c
3 40.2 42.7 41.6d 45.1c
6 40.2 42.7 44.7 ¢ 46.1c
9 40.2 42.7 49.8b 53.8b
12 40.2 42.7 57.2a 579a
15 40.2 42.7 58.7 a 589a
18 40.2 42.7 58.4 a 59.5a

“Mean separation within columns is by Duncan's multiple range test at 5% level.
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Table 3. Effect of transportation temperature on the peel a* value of 'Pokan’ fruit.
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Transporting a* value
Temperature (C) At harvest 1C-14days 14 daystransport 25C-3days
1 -8.9 -8.8 -6.8 d” -48d
3 -8.9 -8.8 -85d -6.2d
6 -8.9 -8.8 -6.9d -5.1d
9 -8.9 -8.8 -34c 38c
12 -8.9 -8.8 6.2b 14.3b
15 -8.9 -8.8 12.3a 15.7 ab
18 -8.9 -8.8 11.4a 16.3a
“Mean separation within columns is by Duncan's multiple range test at 5% level.
F A PFERRE N ERAHIEY S AL DrEZ B
Table 4. Effect of transportation temperature on the peel b* value of 'Pokan'’ fruit.
Transporting b* value
Temperature (C) Atharvest 1C-14days 14 daystransport 25°C-3 days
1 43.1 46.2 46.9 o 476c¢C
3 43.1 46.2 43.2¢e 47.2c
6 43.1 46.2 47.3d 479c
9 43.1 46.2 535¢c 59.2b
12 43.1 46.2 64.0b 66.7 a
15 43.1 46.2 67.9a 65.9a
18 43.1 46.2 64.8b 67.3a

“Mean separation within columns is by Duncan's multiple range test at 5% level.
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Table 5. Effect of transportation temperature on the peel a/b value of 'Pokan'’ fruit.

Transporting albratio
Temperature (C) At harvest 1C-14days 14 daystransport 25°C-3days
1 -0.22 -0.20 -0.16 d* -011c
3 -0.22 -0.20 -0.20e -0.14c
6 -0.22 -0.20 -0.16d -0.12c
9 -0.22 -0.20 -0.08¢c 0.05b
12 -0.22 -0.20 0.09b 0.21a
15 -0.22 -0.20 0.18a 0.24a
18 -0.22 -0.20 0.18a 0.24a

“Mean separation within columns is by Duncan's multiple range test at 5% level.

% 6 IFERALMERAHBEME T ES ¥ L S22 B

Table 6. Effect of transportation temperature on the peel Fv/Fm value of 'Pokan'’ fruit.

Transporting Fv/Fm
Temperature ('C) Atharvest 1C-14days 14 daystransport 25°C-3 days
1 0.784 0.771 0.732 & 0.703 a
3 0.784 0.771 0.750 a 0.726 a
6 0.784 0.771 0.739a 0.704 a
9 0.784 0.771 0.704 b 0.626 b
12 0.784 0.771 0.669 c 0.586 c
15 0.784 0.771 0.619d 0.530d
18 0.784 0.771 0.567 e 0.550d

“Mean separation within columns is by Duncan's multiple range test at 5% level.
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Table 7. Effect of transportation temperature on the total soluble solid of 'Pokan'’ fruit.

Transporting Total soluble solid (" Brix)
Temperature ('C) Atharvest  1C-14days 14 daystransport 25°C-3 days
1 9.4 9.0 93 8.8 abc
3 94 9.0 9.1a 8.9 abc
6 94 9.0 89a 8.8 abc
9 9.4 9.0 8.8a 8.6 bc
12 9.4 9.0 9.0a 95a
15 9.4 9.0 9.2a 8.3c
18 9.4 9.0 8.9a 9.1ab

“Mean separation within columns is by Duncan's multiple range test at 5% level.

# 8 ITERREMERAHEY ST T F LRZPP
Table 8. Effect of transportation temperature on the titratable acidity of 'Pokan’ fruit.

Transporting Titrable acidity (%)
Temperature ('C) Atharvest  1°C-14days 14 daystransport 25°C-3 days
1 0.69 0.67 0.67 0.52
3 0.69 0.67 0.65 0.60
6 0.69 0.67 0.61 0.59
9 0.69 0.67 0.60 0.55
12 0.69 0.67 0.65 0.53
15 0.69 0.67 0.67 0.55

18 0.69 0.67 0.62 0.58
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Table 9. Effect of transportation temperature on the TSS/TA of 'Pokan’ fruit.

Transporting TSSITA
Temperature (C) Atharvest  1°C-14days 14 daystransport 25°C-3 days
1 13.67 13.52 13.79 16.80
3 13.67 13.52 13.99 14.83
6 13.67 13.52 14.66 14.83
9 13.67 13.52 14.75 1557
12 13.67 13.52 13.86 17.82
15 13.67 13.52 13.69 15.26
18 13.67 13.52 14.29 15.89

# 10. REERE MERAFEYH FFTHARZPE
Table 10. Effect of transportation temperature on the firmness of 'Pokan'’ fruit.

Transporting Firmness (kg)
Temperature ('C) Atharvest  1C-14days 14 daystransport 25C-3 days
1 7.53 5.65 473 4.83b
3 7.53 5.65 4.86 a 4.99 ab
6 7.53 5.65 4.88 a 543 a
9 7.53 5.65 4.74 a 5.32a
12 7.53 5.65 479 a 4.81b
15 7.53 5.65 3.99b 453b
18 7.53 5.65 458 a 4.65b

“Mean separation within columns is by Duncan's multiple range test at 5% level.
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Table 11. Effect of transportation temperature on the button abscission rate of 'Pokan’ fruit.

Transporting Button abscission rate(%)
Temperature (C) At harvest 1C-14days 14daystransport 25°C-3 days
1 0 10 0 25
3 0 0 0 25
6 0 0 0 35
9 0 0 0 45
12 0 0 60 60
15 0 0 65 85
18 0 0 85 85
7w
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Effects of Transportation Temperature and Cold Quarantine on the
Quality of 'Ponkan' (Citrus reticulata Blanco) Fruits.

Ming-Li Bo?  Ching-Chang Shiesh?

Key words: Citrus reticulata Blanco cv. Ponkan, Cold quarantine, Transportation temperature

Summary

After the cold quarantine treatment at 1°C for 14 days, the coloration was enhanced when
the fruits were stored at 12°C, 15°C, and 18°C . Also, the changes of the L, a, b, a/b, and Fv/Fm
were obvioudly after stimulating transportation storage and rewarming, while the fruits stored at
1°C, 3C and 6°C showed a poor coloration on the peel. It might be inhibited under low
temperature circumstances. The best result indicated on the fruits stored at 12°C, and the color
of the ones stored at 18°C was darker and approaching orange after rewarming. Total soluble
solids (TSS), titratable acidity (TA) and TSSITA were not affected significantly by different
temperature storage, however, the results showed lower firmness and higher button abscission
rate on the fruits stored at 18°C .Therefore, storing pokan fruits at 12°C to 15°C showed better
coloration and effects.

1) Graduate student, Department of Horticulture, National Chung-Hsing University.
2) Professor, Department of Horticulture, National Chung-Hsing University. Corresponding
author.
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Table 1 Relationship between irrigation amount and soil water in pot.

Amount of irrigation Days after transplanting
( ml/pot/day ) 0 7 14
water capacity (%6)
600 36.32 a 3542 a 35.10 a
400 28.78 b 30.50 a 29.20 b
200 17.36 ¢ 1518 b 16.80 ¢

water potential (MPa)

600 0.00 a 0.00 a 0.00 a
400 -0.02 a -0.04 a -0.04 a
200 -0.86 b -1.38 b -1.30 b

*IE P N LK X RB R EMRH%P=005 EF 2 pk A A EFLR.
*Means in column of item followed by the same letter are not significantly different by
Duncans's multiple range test at 0.05 level.
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BoohFEAPRASLE M FRE 2 H FEE > 12 0140005 mg L Ege 4 ) L 48.84
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d—_j p 12 200 ml ﬁ’&lﬂ/g/%%i’i—\‘f\ JfE' ’l‘#\ LJfE' 614 p > 9 %'% R~ ﬁq ’fE‘ ’H:\—\/' IR
rﬁ CICEIOMF R HEE ) AJZER 01005 mg LSRR e = k2 1 b 302 g E
§5F AW 5 2237~ 27.87~ 1327 £ 13.71~ 1329 0.90¢ -

40 | —*— 0.1 mg/L
1 —o— 0.05 mg/L
| —— CK
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. | LSDy 05
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Fresh weight of shoot (g )

30 ~
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10 4

0 7 14 21
Days after transplanting

Bl #dFZP @2 FEHRE |6 F4 7288
At g Bt 1. C:to i g

Fig. 1. Effect of brassinolide on the growth of 'Pak-Choi' in three different months.
A: October crops; B: November crops; C: December crops



-30-

1A
4A-0.1mg/I
| = 0.05 mg/l
3 1 mmm cK
o
< 27
> i
I 1]
i ]
o | I 1mm
o 0 - :
— 1B
O 4
o |
e
» 3 -
(V-
5
o 2
+—
('6 d
S
< 17
%OA_- _ | .
S
© JC
)
> 47
=l
o 37
0: d
2A
1A I
o L mum 1 | ‘
7 14 21

Days after transplanting

B2 dF2p ¥ PR ]G F0 s EdF2 258
AL Br -1 832.CtL- 8 g
Fig. 2. Effect of brassinolide on the relative growth rate of shoot of 'Pak-Choi' in three
different months.
A: October crops; B: November crops; C: December crops
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Amount of irrigation ( ml / pot / day )

RBl3 i EFRPfadt 9 FAPPIMRARERR 142 e 2 I
Fig. 3. Effect of brassinolide on the fresh weight of shoot of 'Pak-Choi' after transplant 14
daysin varied soil water status.
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Fig. 4. Effect of brassinolide on the dry weight of shoot of 'Pak-choi' after transplant 14 days
in varied soil water status.



-32-

o w

- N EpEy

10~ 11~12 0 2 = @B le koo SR B2 3 A T 120 BAESRF R

LI FEPSEL AN ARLFZEELBE LG R

5107 RGBT AR Al 2 AR 0140005mgLt 2 FE PN AT E G
w

o AL - f&éiﬁ%é*i?’-' FRNHmBE s PR 6100 f22 4 TE 120 4
BdB2 £5A4pE 5 110 2 4 :ﬁéﬁsﬂ’*%wwﬂfﬁwmﬁ 2120 2 4432 0

REHEI HBES THERE I LT oo 0 FEfEH 3% kR 005 mg LT
£00lmgLtz @ ¥ 7% fa/id > G B E D G R ERAES Tonk o B N4 T K
B SHREART L AR EER 9 F2 47 0@ 2 005mgLt# 0.1 mg
L A bR B L B07 B Y -
- o~ EkAs
K 5403 (2001)4p 1 o ib FE P i LB chd K2 ] AT G e BRI 0 B

SRR 0 XA AR R AT RF PR B0 PR i ime W R 2 AF 0 R
s s B s {5 2ok ok A @ Wang fr Zeng (1993)4p ! 0 b FE P fin
2R H B KR IGE 2 s T A R e B S Ry

IHKAEBET M FE P ER 00501 mgLt AL 0 B F Lk 6 FA T LHF
Pk o o8 FA28HARETHA5E Y 0 AN 122 ’@20.05-0.1mg Ltz %
FPMAg kA EA G O MPa diFsfrg KGR i 23 g w45l 14 % > p b 30
FEHFRF HRE B I ELBIHF > A2 HARFRERE > kA BER5-022
04 MPa ™ 5 AR TR R P G S §5E L B0 BE 0 R4k A BA L -0.86
1-1.38 MPaz. a4F 5z 4 3 > e W BT HER g P 3REE ~ grE MO 1 A RE R
fegkzfith BP9 i FAPfy 005 Mg L AUE X 22 A RET 2 HE e L 7
%ﬁ’ﬁ%&ﬁ%&@’gygm%’ﬁimimﬂg

RHREGEFHT ODEFEFPMHBED LI E L ER A ER ) FL AT HT
Bk o d A P RBEH IR b kA EE 2 E%REEF 0052 01lmgLT L
BIOAEE o LrCRAFR TR 0 005mgLt AU S it A A FRBE
BT M EEPEAR L 005mgLt P MR B R AL o Aie * PEHS - X% N
'\ﬁ*a”%?iﬁé“ﬁ 3% L rz“s" FRRPF B EY LKL ER KRR EF B FE P
faP S MEREF2ZIFA D F RN R T RE T 2 G B IR

A=



-33-

2 §J¢
TBR R AT EF 1995 R FE P RR AP o o T R E A

2 547 - 21: 615-621 -

TEF R EAS 1988 Ad FEPMRETELEPRE
29-31 -

FERF R E SRR A 21994 2R EF P AT AL Efr AR RO
o 4 1B E W - 6:423-425 -

PF s AeE s AL 1995 AR R RPN ¥R FH e AR AV BRI R T2
BB o4 AW - 31:37-39 -

FET 3 o200l ¥ EPNBREE 4 E BRI ER o B U
#F - 18: 560-566 -

BEE - BENR-FE -3 7 2°1996°BR-120 e vt cg* sk o LT gi§ -2:30-32

P~ Ag g 219950 8 F-CHRETFER RITR(Z)- pp317-322° PEA LA

BRBEE 555801998 DA-6{vBR+GA ¥ L F 4 Efrk @ Fen@ T FIEF IR -
25: 356-360 -

BIAL ~FAATh 3 B 1996 2R 2P IET AFRLEfrAENRE-
B oo 3 2-12

FER] ~ Tidp > 22K 22007 % FE P fa ) o At e AR A 2 A o @ 2 Rk
< B B4R (p HRFLEK) - 35:95-100 ¢

Anuradha, S. and S. S. R. Rao. 2001. Effect of brassinosteroids on salinity stress induced
inhibition of seed germination and seedlings growth of rice (Oryza sativa L). Plant Growth
Reg. 33:151-153.

Clousg, S. D., M. Z. Daniel, and M. E. Baker. 1992. Effect of brassinolide on gene expression in
elongating soybean epicotyls. Plant Physiol. 100: 1377-1383.

Grove, M. D., G. F. Spencer, W. K. Rohwedder, N. B. Mandava, J. F. Worley Jr., J. D. Warthen,
G. L. Steffens, J. L. Flippen-Anderson, and J. C. Cook Jr. 1979. Brassinolide, a plant
growth-promoting steroid isolated from Brassica napus L. pollen. Nature 281:216-217.

He, RY., G. J Wang, and X. S. Wang. 1991. Effects of brassinolide on growth and chilling
resistance of maize seedlings. In: Cultler HG, Yokota T, Adam G (eds)
Brassinosteroids—chemistry, bioactivity and application. ACS Symp Ser American
Chemical Society, Washington, p. 220-230.

Hirai, K., S. Fujii, and K. Honjo. 1991. The effect of brassinolide on ripening of rice plants
under low temperature condition. Jap. J. Crop Sci. 60(1):29-35.

TR

\—\w

/

o

R e

o



Kulaeva, O. N., E. A. Burkhanova, and A. B. Fedina. 1991. Effect of brassinosteroids on protein
synthesis and plantcell ultrastructure under stress conditions. In: Cultler HG, Yokota T,
Adam G (eds) Brassinosteroids—chemistry, bioactivity and application. ACS Symp Ser
American Chemical Society, Washington. p. 141-157.

Mandava, N. B. 1988. Plant growth-promoting brassinosteroids. Ann. Rev. Plant Physiol. Plant
Mol. Biol. 39:23-52.

Marting, F. D., Q. Y. Wang, B. T. Sofia, and R. N. Beachy. 1998. In vitro stem elongation of
sweet pepper in media containing 24-epi-brassinolide. Plant Cell Tissue Organ Cult. 53:
79-84.

Miklos, S., N. Kimga, K. K. Zsuzsanna, and J. Mathur. 1996. Brassinosteriod rescue the
deficiency of CYP9O0, a cytochrome P450, controlling cell elongation and de-etiolation in
Arabidopsis. Cell. 85: 171-182.

Sairam, R. K. 1994. Effect of homobrassinolide application on plant metabolism and grain yield
under irrigated and moisture stress conditions of two wheat varieties. Plant Growth Regul.
14: 173-181.

Sasse, JM., R. Smith, and |. Hudson. 1995. Effect of 24-epibrassinolide on germination of
seeds of Eucalyptus camaldulensis in saline conditions. Proc. Plant Growth Reg. Soc. Amer.
22:136-141.

Schilling, G., C. Schiller, and S. Otto. 1991. Influence of brassinosteroids on organ relation and
enzyme activities of sugar beet plants. In: Cultler HG, Yokota T, Adam G (eds)
Brassinosteroids—chemistry, bioactivity and application. ACS Symp Ser American
Chemical Society, Washington. p. 208-219.

Singh, I. and M. Shono. 2005. Physiological and molecular effects of 24-epibrassinolide, a
brassinosteroid on thermotol erance of tomato. Plant Growth Reg. 47:111-119.

Wang, B. and G. Zeng. 1993. Effect of epibrassinolide on the resistance of rice seedlings to
chilling injury. J. Plant Physiol. 19:53-60.

Yang, Y. H. , H. Zhang, and R. Q. Cao. 1999. Effect of brassinolide on growth and shikonin
formation in cultured Onosma paniculatum cells. J. Plant Growth Reg. 18:89-92.



-35-

Utilization of Brassinolide on 'Pak-Choi' (Brassica
campestris L. ssp. chinensis) Crops

Wei-RuKuo”  YuSung® Woo-Nang Chang?

Key words:. 'Pak-Choi', Brassnolide, Water stress, Shoot fresh weight

Summary

The 'Pak-Choi' seedling grows for 15 days in 128 cells tray. The seedling was treated with
the 0.1-0.05 mg L™* of brassinolide before transplanting 3 days.

In October crops, the fresh shoot weight of control was significantly reduce, there was has
not significant difference between 0.1-0.05 mg L™ of brassinolide treatment after transplanting 7
or 14 days. But the fresh shoot weight of 2 treatments and control was not significantly
difference after transplanting 21 days. In November crops, the growth of 21days transplants of
two brassinolide concentration treatments was not significantly difference compared to control.
In December crops, the fresh shoot weight of control was the heaviest, but has not differently
significantly between two brassinolide concentration treatments after growth 21 days..

The dry shoot weight of two brassinolide concentration treatments and control different
was not significance both. When soil water potential maintain at -0.04 to -0.02 MPa, the two
brassinolide concentration treatments was not significantly different on the fresh and dry shoot
weight respectively, although 0.1 mg L™ of brassinolide treated transplant had high fresh weight.
In the dry soil of water potential maintain at -1.38 to -0.86 MPa, the fresh weight and the dry
weight of the two treatments are higher than control significantly. The fresh weight of 0.05 mg
L* was high.

1) Graduate student, Department of Horticulture, National Chung Hsing University.
Corresponding author.

2) Professor, Department of Horticulture, National Chung Hsing University.

3) Adjunct professor, Department of Horticulture, National Chung Hsing University.
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%13 phosphinothricin acetyltransferase (bar) # %114 2 5-enol- pyruvyl shikimate-3-phosphate
synthase (epsps) AT & - AFIA SR F I 5 - F FAFLR D PR LT N HEE T
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* 35k 14 #(K-Y cross) &2 4 EE(Brassica oleracea L. var. capitata L.) & 5 £ F4#&
T2 AL o #d B 1L TO%IEPH AR 30 ) 0 B 10 2.5%% & Fhdh A 6 S ] 15 A 41
J\/)a HZ S BFHRAET T 3%EBE 08%/3‘ F 9% (agar)sn MS A A3z A A o B R ER
% 25/20°C(D/N) » %35 B 150 uE/m” sec > 16 | P8 > 32 % 5 % {5 > BoH T i dhia s
B 15 Ak FliE 2 4 o
(5)~ #mz A2 g

AFEGREHS S D ARy CpE & A Fl(daao) & E p = & fE* B Trigonopsis
variabilis>daao & F12 fa L 430d ¢ B F o5 4 B EF T AP P REEF D & E ATE
A HEH 0 daao A F o fEHEH A S L 0 1 pCaPDAO-gus © P 5§ 12 CaMV 35S
Frds+ %2 nos ¥ %+ hidaao & gus(B-glucuronidase) 7k #]~2. pRPDAO-gus: f F# & 5 14 rbcS
(Rubisco small subunit) gx# 3+ 2 nos ¥ %+ & daao & gus & %] ~ 3. pCaPDAO-egfp : F B
£ 3 ™ CaMV 358 fx#»+ 2 nos ¥ g+ ffrdaao £2 egfp (enhanced green fluorescent protein)
7 F]~4. pRPDAO-egfp: I+ ¥ & 3 14 rbcS (Rubisco small subunit)fz#+ + % nos ¥ %+ srdaao
2 egfp £ %] -

0~ 1/2*.

(<) HEZ LR AAANE i E

PR FEAL 5 224 FTuih(03-05 2a)ERRELARMS BAEAT T 3%
sucrose ~ 0.4 g/ 22 MES ~ 0.5 mg/L 2. BA ~ 0.05 mg/L 2 picloram ¥ 0.5 mg/L 2 AgNO; ~
pH 5.8)% » 4c » 70-90 pul = #2 e f5 B 48 Bk (35 % 2 28°C 4 18-24 /] B¢ » OD600 2 &
L0.8-1.0) > ** 28C £ I igF k35 % 48-72 ) BF o R 14T skt 5§ 500-1000 mg/L
carbenicillin 9 % 77 7% 20 A 48 3-5 = > T HAL L G R ] o B RS R
BOVRAL RICA R 0 RS RE L E A £ 2 5 500 mg/L carbenicillin &4 §F
LA EAMS 2445 F 3%sucrose~0.4 g/L 2 MES~0.5 mg/L BA~0.05 mg/L picloram-
0.5 mg/L AgNO; ~ 0.7-0.8% agar, pH 5.7-5.8) » 32 % i£ 2 5 25/20C(D/N) » %3 & 5 150
uE/m*sec > 16 /| FEXFH » BIE 30 2 B2 % - 5> FYHL NSRS T H I T
o #3173 250 mg/L carbenicillin (73 4932 & AMS 32 % £ 7 1.5% sucrose ~ 0.7-0.8%
agar,pH 5.7-5.8) » FH R B R I 3-5 24 T HF R E 7 HFEREHK o
(=)~ 154 4 DNA 3P~

1235 Muttler (1987) #1323 et » f2Br 254 g EE P o8 Ui § &4
AR B R E A E SR R4~ 10ml 3% (0.7 M NaCl, 1% CTAB, 10 mM EDTA,
2% B-meraptoethanol, 50 mM Tris-HCI pH8.0) 4= & & 353 & » &t 60~65C-kip 1-1.5 /)
FF o 5w R {5 4e » 3 884 phenol : chloroform : isoamylalcohol (25:24:1, pH 8.0);% £ 323 »
™ 4°C » 12,000 rpm (Sigma 2K15, rotor 12139) &« 15 4 48 > B~ ik T ATHLS F oo 4o »
%84 B B 5 (isopropanol)i® & 323 > # B >0-20C ik 2-3 ] BF o £ 12 10,000 rpm *t 4°C
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oo 15 S &1 L vh ik T0%IFH ikt 8 0 p Rk 52 DNA » 12 TE (10 mM Tris,
1 mM EDTA, pH 8.0)% 7% v ;3 DNA o % B~% = e $» DNA > 54 kb jr ik T8 >
P 3-20C ¢ ik 18 s o

(E)~#EAFEF 2 R EFRE F AT

f1* PCR it P A FI SRR RIZ A5 £ FF 5 PHERATF gy L
DNA(200 ng) % #-4% *PCR 3 F B84 5 25ul> ¢ 3 7 1 & reaction buffer~ dNTPs (0.2 mM
each) ~ 513 (1 uM)% 0.5U Extag'" DNA polymerase(Toyobo, Japan) » ¥ &P % ** DNA %
& p% % 4440 & J& % (Peltier Thermal cycler, PTC-200; MJ Research, INC)*® o

MR npt IT & %]2_ 313 5 5-TCAGAAGAACACGTCAAGAAGAAGG-3’ (NPTII R)%
5’-ATGATTGAACAAGATTGCCAC-3’ (NPTIIF) > ¥ #{ 5 795 bp 2 nptIl A ] 7 £ - & &
AR5 94°C 5 4 485 94°C 30 #; 58°C 30 455 72°C 90 45 - £ &7 35 B cycles » B fE L & (T
72°C 10 » 45 1 B cycle »

P daao £ F]2_ 51+ 5 5'-ATGGCTAAAATCGTTGTTATTGGTGCC-3' (DAAO-1)%
5'-CTAAAGGTTTGGACGAGTAAGAGCCTC-3' (DAAO-2) + it 1,071 bp 2 daao # 7]
PR F AR S 94°C 5 A 455 94°C 30 455 58°C 30 ;5 72°C 90 §5 > = & {7 35 B cycles »
s 7 72°C 10 ~ 48 1 B cycle o
(z)GFP % ¢ ¥ k2 GUS EHALJ 247

i# P~ CaDAO-egf 2 RDAO-egfp #7a+ FF & > fI* /4L F ki ik 3 (Kodak
Image Station 4000MM) » § &k 430~500 nm PR &+ 1 & 20 $5 {5 - WP GFP & ¢ F k3
FEnfEa) o

i B~ CaDAO-gus 2 RDAO-gus 78+ £+ &2 (7 GUS /B3 & & 47 o #gr A 472 4
=3 Y GUS & 7% 7% ¢ [2mM XGlue (5-bromo-4-Chloro-3-indoyglucuronid); 100mM
sodium phosphate (pH 7.0);10mM EDTA;0.5mM K3Fe(CN)6 (Potassium ferrocyanide);
0.5mM K4Fe(CN)6 (Potassium ferrocyanide); 0.1% Tritone X-100] > £ % 3 § 30 » 4818 » #
Bt 37C R ML 12-16 [ FF > £ 12 T0%IFp A2 m S % % ek » TRZ GUS Btz
FiF

3

it

- ~ pCaPDAO-gus ~ pCaPDAO-egfp ~ pRPDAO-gus ~ pRPDAO-egfp 48 4 78 3| 4~ # ' ¥
()~ MAFRE L THEF 4 Y i‘:ﬁfiﬁ’" i %

AP FEWM AFRLL THREL L F 20 ppm kanamycin m# AREA
PR30t FTHRESE AFE 12~25% > T35 20.6% (& 1); @ 3 5 mM
D-alanine > RI-¥355 48.8% o % 12 25ppm kanamycin % & éiE 0 BT L y



4]-

12 6 mM D-alanine % &% » B| 5 # 2 F e f & F 5 24~53% > T355 30.6% o p k% BT
kanamycin 2 D-alanine ¥ 8 7* H FL 4 T H G HER LB F O B o #F o L
kanamycin > 3 4c > £ ER 0 H FRAMET &= 24T K a4 F12 44 D-alanine
2L RMGRER DG EIRAAR o fws T JEE A D-alanine 224 FR 4 TH A G AP
2k Flenis 52 M 4v (escape plants) o

# 1. 5B & F# 72 pCaPDAO-egfp ~ pRPDAO-egfp ~ pCaPDAO-gus ~ pRPDAO-gus % 5 48
2 G FT OB A FERE A TH > & 77 20 2 25 ppm kanamycin & 5
2 6 mM D-alanine éh 2 322 /L > 4 £ 302 {8 > g H X FDE L F o

Table 1. Survival percentages of regenerated shoots without rooting of 'K-Y cross' cabbage via
Agrobacterium-mediated transformation grown on the regeneration medium containing
20 and 25 ppm kanamycin or 5 and 6 mM D-alanine for 30 days. The transferred
plasmids included pCaPDAO-egfp, pPRPDAO-egfp, pCaPDAO-gus, and pRPDAO-gus.

20 ppm kanamycin 25 ppm kanamycin
Plasmids P = TH & Wi = TH X
B #p # % (%) B #p # % (%)
pCaPDAO-egfp 35 27 22.9 15 15 0
pCaPDAO- gus 77 65 11.6 10 10 0
pRPDAO-egfp 67 50 25.4 9 9 0
pRPDAO-gus 73 58 20.6 9 9 0
B 252 200 20.6 43 43 0
5 mM D-alanine 6 mM D-alanine
Plasmids Wi = TH X i = TH X
E8. S i i ¥ (%) B i i 5 (%)
pCaPDAO-egfp 41 21 48.8 36 25 30.6
pCaPDAO- gus 16 6 62.5 17 8 52.9
pRPDAO-egfp 71 28 60.6 55 42 23.6
pRPDAO-gus 96 38 60.4 99 46 53.5
B 41 21 48.8 36 25 30.6
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(Z) s MR 4 THEE A ik 6iE

d 310y B 5 mM D-alanine & 20 ppm kanamycin Jk & § #7EFE S E 2 2 AF R
ATHAETAEFREIFERI LA ST AT BEERFAR L T 2 S ET
HE A4 Z 34315 > £ i2 (7 kanamycin & D-alanine 2 &% o

d 3t Ak @ gpliEiE ¥ o0 D-alanine JE R 0 1T 5 63 daao #EA T W2 % cip% Y B
I > §F3F daao 7 ¥ H ehif § D-alanine JE & /35 mM 3 10 mM 2 fF o F] A IR eh
ek * 7.5mM D-alanine % & :E daao #7857 # - F, *F e 3 12 kanamycin & i F 3£
AHETHHEERLZE 100ppm o HIRATE 9 i IR % o 12 100 ppm kanamycin 7.5 mM
D-alanine % & 5% | & :E (CK)z. 30 = chiff27 » 3 AL I~ B8 Al en® it (&
e l. AEEHRGELFREL L TH > 100%ch532 5 {4 #F4 Lhlba) > ¥ 37E 2
§F ¢ "I % 12, 12 100 ppm kanamycin & iE F > T3 ¥ FHAE > 2F 40.8%RT
¥ 79 53,12 100 ppm kanamycin & ¥ F > 59.2%=0i74 FH A& #re 4. 02 7.5 mM
D-alanine # % » § 54.4%:F H 4 £ £ PlFrdlie s 2 7= 5 5.20.1%:4 £ P AR bk
= A 30 P REFEL RBEEE A 2 6. F b 16.46%B P EE S B ARV R o AR
SEH -3 H T A A AL 2RI s B At T BT A TP A o

#2. 5 B 4% #4752 pCaPDAO-egfp » pRPDAO-egfp » pCaPDAO-gus ~ pRPDAO-gus ¥ F ¥
2 T rdhend 4 57 HOE R > B % &7 F 100 ppm kanamycin ~ 7.5 mM
D-alaninesni 4 32 % A > 4 £30% {82 #2595 247 - CK T A 7 e & iE B 24

Table 2. Analysis of regenerated shoots with roots of 'K-Y cross' cabbage via Agrobacter-

ium-mediated transformation grown on the regeneration medium containing 100 ppm
kanamycin and 7.5 mM D-alanine for 1, 10, 20, and 30 days. The transfer plasmids
included pCaPDAO-egfp, pRPDAO-egfp, pCaPDAO-gus, and pRPDAO-gus. CK:

without addition of screening chemicals into the culture medium.

Kanamycin D-alanine
CK
S R =Y 100 ppm 7.5 mM
TR/ R (%)
HFHFAELE SFTEAG 0 19/19 (100.0) 20/49 (40.8) 0
FHAE S FTE L 0 29/49 (59.2) 0

0 0 43/79 (54.4)
RS 4 0 0 23/79 (29.1)
0

E RS 5 0 13/79 (16.5)
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S EEH PR ATE LIRS
(-) ﬁ",\r.ﬁr& I CUAR LS ST 3
= w fAH R 35 § nptll & %) Flpt PCR A {7 78R8 F 3§ nptll & %]

Y jlpLEl' e thenéFiE o B 1 5 12 PCR 4 {74 7 pCaPDAO-egfp &2 pRPDAO-gus ER
G EE R 2 nptll A - B A AP G]T B¢ AT ST AW Y A4 PCR A
CaDAO-egfp-27 ~ 30 2 RDAO-gus-3 ~30 % #7 1 $h 7 & (7 5 8 e 0.8 kb 2 nptll ¥ £
BE X4 A bR ePIE F RIRGE > AR R EF (CK) o

EPAH FHE * 2 DNA» 12 daao Bgrﬁfr %2k 32 513 (DAAO-1 2 DAAO-2)
#FPCRFA G- FRL 21T 2 daao AF] > BIF 2T AW IR DK 1.08 kb 2
EA A HREZ AES M2 EHRPIE;ETFT AL o B2 52 PCR A 174 7 daao £ 7]
HE2 - RE2MbSF cFHRSEEE e Ao f2 4 RSV BRI DFEH 2 1.08 kb
rdaa0 A FIHE o S PCR 4 G E etk » £ EF 1 tk CaDAO-gus 74 F(3) 2
#k RDAO-gus # 7% 4 £(26+39)4 $ CaDAO-egfp ## 7 + §£(27-40~41+42)~1 & RDAO-egfp
(70)# 754 & > £ 8 tk o 2 ¥ RDAO-gus-26 ~ RDAO-gus-39 % CaDAO-egfp-41 % & 78 4
f;ﬁpu%@ﬁﬁi?ﬂﬁﬁﬁm*kmﬁ@ﬁﬁ°

— Plasmid/pCaPDAO-gus

— CaDAO-egfp-3
— RDAO-gus-3
— RDAO-gus-26

Bl — CaDAO-egfp-27
— CK
— Marker

e
>

<« 0.8 kb

08kb  05%h (npt 1)

(npr 1I)

B 1. 1% 7#E 7 pCaPDAO-egfp &2 pRPDAO-gus % 482 '4= #'+ FE % > 12 NPTI-R
z NPTII-F 551% > & PCRF A~ 47 nptll &£ %2 35 - CK: %#@i AR H o

Fig. 1. PCR analysis of npt Il gene in regenerated 'K-Y cross' cabbage after transformation with
pCaPDAO-egfp and pRPDAO-gus plasmids via Agrobacterium tumefaciens. DNA
fragment of npt 11 (0.8 kb) was amplified from a leaf DNA of regenerated cabbage using
primers NPTII-R and NPTII-F and analyzed with electrophoresis on agarose gel. CK:

nontransformed cabbage.
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(daao) (daao) (daao)

B 2. 5 B 4% F#E 7 pCaPDAO-egfp ~ pRPDAO-egfp ~ pCaPDAO-gus ~ pRPDAO-gus ¥ 548
2 EE P02 DAAO-1 2 DAAO-2 % 513 5 PCR &~ Ji 4 7 daao # %](1.08
kb)z 13 o CK @ A7 4= # 4 F o

Fig. 2. PCR analysis of npt Il gene in regenerated 'K-Y cross' cabbage after transformation with
pCaPDAO-egfp, pRPDAO-egfp, pCaPDAO-gus, and pRPDAO-gus plasmids via
Agrobacterium tumefaciens. DNA fragment of daao (1.08 kb) was amplified from a leaf
DNA of regenerated cabbage using primers DAAO-1 and DAAO-2 and analyzed with

electrophoresis on agarose gel. CK: nontransformed cabbage.

(Z)GFP % ¢ & %% GUS &% ¢ 245

i P~ 43 $k CaDAO-egf 2 RDAO-egfp #7854 T3 5 > 1204 sk ¥ L i+ B2 1k s(Kodak
Image Station 4000MM) 4 ip| GFP % & & &% 47 m‘r%lly c WERESK G TR Y F
PR 54§ £ (430-500 nm){s 7 g T 4T 4 F E(F] 3) 0 4 2 th RDAO-egfp (82 ~ 74) % 2 41
CaDAO-egfp #784H (69 ~ 58)cns ¢ ¥ k#4055 2] » @ $HR e (CK)P & FicE s ¥
% o 3F P~ 4] $k CaDAO-gus 2 RDAO-gus #7584 & » &7 GUS iFfE 4 & & ’}fr o H R A
2. GUS e d F 2 Ade BRIFIHF B2 25 4oB 4977 A REV A L Z fA8gA]
B3 GUS i d £ Z@—‘F*f B 22% > ¢ 233555 },’f%ﬁ it 34% > & GUS m}é‘_m;; I ER
—F‘f it 44% o
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pRDAO-egfp-82

& k=
pRDAO-egfp-74

*’

- X

[ 4
-

pCaDAO-egfp-69 pCaDAQO-egfp-68

& .

pCaDAO-egfp-58 CK

Bl 3. sk kEci ik kb (Kodak Image Station 4000MM)#z i#] 5 B 1% f 72
pCaPDAO-egfp # pRPDAO-egfp 542 4= #'H FE ¥ -y FR&FLFIE
§F ()2 RS- d k()2 o HRECKR B F4Ed 3% -
Fig. 3. Comparison of fluorescence (left) and brightfield (right) images of regenerated 'K-Y
cross' cabbage after transformation with pCaPDAO-egfp, and pRPDAO-egfp plasmids
via Agrobacterium tumefaciens. CK: nontransformed cabbage.
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pCaDAO-gus-79 pRDAO-gus-67 pRDAO-gus-56
pCaDAO-gus-63 pRDAO-gus-13 pRDAO-gus-51 pRDAO-gus-65
pPRDAO-gus-24 pRDAO-gus-7 CK-1 CK-2

B 4. B 4% ¥ 75 pCaPDAO-gus 2 pRPDAO-gus F a2 "4~ #'H FF & > 27 GUS B4 %
§ iz i) e CK: A7 44 e

Fig. 4. Gus histochemical staining of the regenerated 'K-Y cross' cabbage after transformation

with pCaPDAO-gus, and pRPDAOgus plasmids via Agrobacterium tumefaciens. CK:

nontransformed cabbage.

o w

- ~ Kanamycin % D-alanine & * {éE# 7w 4 &

NptIl A& F1& 4 ¢ neomycin phosphotransferase # 4 #if& it & s i¢ & A¥EH &4t
% (5]4r kanamycin)% 2 1% > @ fEr T%’r o 5 kanamycin it [R - B4R 4 wiE E %
W2 SR WHFD FEL it d BY chg It M ERES w2 chm = oa @
Fliedrd 3t 7 5 4o kanamycin e F] (nptll) > %)@ #r+4] 7 kanamycin s0i® % > #7102 5 d
kanamycin #% 7 48 WBJ-‘.%%‘? AL ERE AR HE 0 ko - Ik H 3 #1485 4 ¥ kanamycin
R ARRAREFER FILHE I E b A G ESaY DHEEERLSREFES - bldr
KAER B e hiEE R R S 500 ppm > d 3t kanamycin & {2+ 3 § HEE g > § T
#7100 kanamycin - % A H F FRE PP B RS oA FFEREPF P EAAHR S o A B3
Wk FlE g iR Y kR 5 200 ppm ~ B4 E R Y TSppm - F it * 100 ppm # F5 5
3F ¥ 2 5 JE {7 $L kanamycin g 2L FlE K o
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B EHER R e DT oo % kanamycin % & i & 7 87510 ppm 2 200 ppm
FEGAHFEAFT R 20ppm K FEX LG ETH - 100pm*k FE e ERGH FT
Wodng 3 5 Y eI I 25 ppmPlid % A K 4244 Y H 287 < B 7 kanamycin
}-Jr'fj T #\ E, Jfglmi—fﬁ%“'mﬂz‘ E‘.{Rrﬁ T E RS TS AR A E ME AR e Ak
FoeREST Y Fes S X itkanamycin s et i B BASTET R B AT kR
Az kanamycin' R F] o

< 3R> DA R 2 oAt Ed N B P g A2 4 4 T o Erikson €2 3 mM
D-alanine # 3 mM D-serine & i% daao 2 @7 frd o A+ > EHH L EF 2L A
Flig X M AFHRE - APy 58T 6E daao #Ead F2 A5 17 H i §
D-alanine )k & 4t 5mM %2 10 mM 2. & > 2k @ & Jk & ¢h D-alanine #2554 4 7 # {8 § ong
122 4 7 H4F 0 11 7.5 mM D-alanine %k &% daao #7w e F4I5 H o Pl g 4 £ DHe
Flies 3 50= 2 FHPEERDAE- > A 30 ppFL EBPGED A AR FITRA
oo kot F MY D-alanine 2 L X MG ER Vi 2 LR HI)"' v Fl gt g K At
D-alanine 2. 4 £ 2 5 H A 3 &7 P A F]i8 54 5 4o (escape plants) o

~HE2 R A e

AREHFCEZ RN ETRME L o FRELT A A2 T RphiT LR
#iT R I?']/li@ﬂgr—]gﬂ‘ 'R 230p ;;,)]*uné M RELEDI LA R 21451 2607
RHFL2ATHERS S LREFRAEFTHFERR -

#HD-"< Ak F i pE 2% A %] (pCaPDAO-gus ~ pCaPDAO-egfp ~ pRPDAO-gus ~
pRPDAO-egfp): H Fimre ¥ » B 4 {8 ehy F3 A MH 1 7 7 carbenicillinz £ 2 32 % A
wﬁf&lﬂﬁﬂl ’13:,"*“*7‘45‘@?”1;«’1/%\'@ _E'. :{%—"71%_%9,;:3 PR A
Cacd ol ST A ES 2 SREE AN A}ﬁj—ﬁi?‘fﬁ’”b FERF AT FL
gt > BE ot bR EWF L A 0 i = 4t & (chimera) £ 74
FlEd o § TRET P PR > R BT H - THB ‘%%% : tb %% B A e 4 A1
WEERF XN YL T - 25 ) (1-1.5 cm){s - IFRERAEFFRLHE
o FRAEBY AT B(7THE %  BHEF2P {8 o %\éa: ”’—‘F'T" PR A L2 A
117.5 mM D-alanine & i ¥ i d T E R PR R FL P AR YR ﬂ“&;’bfa
Mg e e E PR L Gk R Bk AR R I0R 2 fpE A %E’Q
AgB o ERFERB LR IE S FREL oIl AR TR R AR UMD ﬁm
AEEA B T BAT RS .

ZoEEH PR AT LIRS

12 PCR 4~ {7 & 78 pCaPDAO-egfp ¥7 pRPDAO-gus % F %82 '4=#'H FE * 2 nptll &
Fleni & Bor 7R E IR Y 0 0.8kb 2 nptll ¥ B0 B2 ARG L g pRepiE A SOk 0 AR
e AR & EF o 2 PCR A {7875 daao A Fl2 p% e % r e A a e & 2 £ 4 fEtkiD
¥ P E# 2 1.08kb hdaao A F Lo AFE Y x E A4 gus 2 egfp & F1 PCR #

“J
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Bl AR TR G WRIRIFEH R IR o b G B - B H R TR HEaE o

R R GFP % ¢ ¥ kg4t R A 5 7 b ¥ RS % (430-500 nm)
¥ F FIEACE S F k> ik 16%: CaDAO-egfp 2 RDAO-egfp #78+ Fioth o i (7
CaDAO-gus 2 RDAO-gus #7784 £2 GUS F 4 ¢ » 47 > 7 56%:nig 7 8 1k £ GUS &
BihEEd F O o

AFT Y A7 iz 202 D-alanine &E AFIIRL 2 T HE ¢ FRE A FTHY FoliE k
Yoo fnptll 2 daao £ F]2. PCR A 4758 % » ¢ mind AT e B3 FHHBLI W P&
h GFP % ¢ ¥ £2 GUS #E{eniEd £ i > 87 D-alanine ¢héff kst B 45 54 # o0y
FHAIv 7o REF - EHFRE HwnP w227 Fd 232 9 R T ié D-alanine
fr kanamycin & 3 0 B2 FlAp v ey AR S 0 R A F1 5 4 T 4 kanamycin 2
LRRGER AR 0 T B D-alanine R iE kAL A fu ke L Frit kanamycin

FE{ A AR

£ 3
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Using D-Amino Acid Oxidase Gene (daao) as the Selectable
Marker Gene for Cabbage (Brassica oleracea L. var. capitata L.)
via Agrobacterium Mediated Transformation

I-Chi Lee”  Ming-Te Yang” Meng-Jiau Tseng ”

Keywords: D-amino acid oxidase, Selectable marker gene, Cabbage

Summary

The daao gene was separated from the yeast Trigonopsis variabilis, encod D-amino acid
oxidase (DAAO). The daao were transfer into cabbage and Arabidopsis thaliana as a selectable
marker substituted for resistance gene when genes recombination. The purpose of this reaserch
is (1) using D-amino acid oxidase gene (daao) as the selectable marker gene for cabbage via
agrobacterium mediated transformation. (2) Pros and cons of the two methods with daao and
nptll gene as the selectable marker gene for cabbage via agrobacterium mediated
transformation.

Cabbage explants were selected with kanamycin antibiotic or D-alanine agent by tissue
culture, some of plantlets were harbored the selectable marker gene which is daao or nptll gene
conformed by PCR analysis. The egfp or gus target gene displaied in cabbage plantlet were
conformed by gfp fluorescence assay and gus histochemical stain.

These result show that D-alanine selectable system is a feasible scheme for cabbage
transformation via agrobacterium mediated.

1) Graduate student, Department of Horticulture, National Chung Hsing University.
2) Associate Professor, Institute of Molecular Biology, National Chung Hsing University.
3) Professor, Department of Horticulture, National Chung Hsing University. Corresponding

author.
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LRI SRR R AL 5 S S

& AR R T Euphorbia milii 'Olympus'{='Supo Roek's 5-#&2 E. geroldii
RAFBEFAFRT P E O Em {2 B oGz pg -

'Olympus'# 'Supo Roek'fr E. geroldll e b R E K o KR R BT IR
PRS2 E Ry 1/4MS REERZ BEAY ORGSR L
% o 'Olympus'{e E. geroldii 73415 % 3 2 22 A28 MSE A A KRiE o
T % 25 % - 'Supo Roek'{r E. geroldii 1 345 18 % 6 % %2> 33 % % 1/4 MS B4
/;éliw*%ftk BUEEEE 8 o BAEAI2MSBEERZ A AT R
m}g} % ’E"T‘ & oo

*:#% %'Olympus'fe E. geroldii 232 & 9 2% 7 > HiE%E Bp # o
UEJE 24 $kis % > @ &'Supo Roek'fr E. geroldii %235 % F % ¥ > £ JE ¥ 32 ki
o R 20RAEE D R E SR T 3 RAE R G eEAEL Lo
otk o
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A 1 (E. milii Des Moulins) % §]9 4 H % rg’fé,amfffr- THEEEBRY R EoTER
=7 H-d ’fﬁﬂﬁ'wﬁ:* SR TR s BB R EEC BB U R
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-~ T A

7o+ & Euphorbia milii 'Olympus'f-Euphorbia milii 'Supo Roek's &f 12 2 i 24 &
E.geroldii o #73 #1#1354835 30 L ¢ BLFuE 59 @B FFRARBHRF 2L FR P T o
SRR T ARG ﬁ’*

B 2007 & 6% 421 2008 # 6 " s A S ¥ BiEME B P AP & T 03 4 'Olympus'~'Supo
Roek'fr E. geroldii s7< #p 22 48 R4 3k o
Z SRR

B~ E. geroldii § p = §?L 2. FTHE TS A W) $ 3N R TS 'Olympus'2? 'Supo Roek'# B & 34 2.
HE PP EPEAUARIIF SXPF I RI LSBT L IR FHRAEBZRE
Fya3ram s F],J\,ph,;r, 30 RSk ,;];,‘& T 54 ;Lkakg‘ufé—ak BT g2 i\%%},
10ml £ & A an2 g ¢ 2.5emx15cm ;3 B ExE R) - BARAZ 2E ~ 12 & 1/4 2 MS f
(Murashige and Skoog Basal Medium, Sigma Chemical, Mo., U. S. A.) » 30 g/l 2_ & Jf%( i
A dFm))r1 3 9 g/l 2 Difco Bacto-agare 32 % 7.5 0.1 N 22 NaOH & HCI # & pH £ 5 5.7 +
0.17% » % »#ES" 2 121C » %5 & Llkglem® » B 15 5 48 -

PTRADARBEIARIRE R ]Fbl[%%ﬁﬂ,yé\,:;‘ufé—*gr}iﬁiﬁ\ s E IR
FlmmE s # 3 kBEBE(CE* FLAOD/AS » X3 7% A 5+ 2 umol/ ssm?) o % iF
SPH L6 [ 8P B A FTER25£2C -

E1IB BALE AERpFLNES T RNl o R T R M e
ANFETHE i F}E éﬁri‘“ & k= 4 5 1/4MS fie = ~8 mg/l 2. BA( 6-benzylamino purine ) ~
30g/12 R 19% ~2g & 14 pd (Carcoal, Sigma) ~ 9 g/l 2. Difco Bacto-agar ~ pH & 5.7+ 0.1 °
FRBRELI loem B Bt AE 2 2802 > AR NEE S0 kBT o F
»~'€r7iwu.% ER#HIr ¥ ERERSRE -

“,lrf Mok g A ‘%ﬁk‘* eh s RERE I EE R DR 83K 3 (completely randomized design) 0 i#
S By f1* CoStat 6.1 #x48 (CoHort software, Minneapolis, USA) 12 88§ = § %5 A {7
(Duncan's multiple range test)'* $iz 596 £ £ & % |4 o
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MF MR ALY B GEE RpRP R TEER v BRI i«%"v‘ A F >R
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Bl 1. (A)E. milii 'Olympus'{= & 2. % 7 FF B fodp $# 18 o B fLeg frze foen?jfs o [1]

FEAR - [II] FEAR - [II] FERLFS o [IV] spESR o [V] g%

Mo [VI] 227=(M)E R - g F PR ¢ EBP < 3 0 dbik» B3] IVET S #
PR YR o

Fig. 1. (A)The development of E. milii 'Olympus' cyathium and relatively. (B)Different

development stage of stigmas and male flowwes. (I )bracts closed (II )bracts just

opened(Il) bracts color visible (IV ) pistil matured (V) stigmas withered(VI) male

flowers(M) anthesis. Stigmas excrete mucilage with time. At stage IV, stigmas matured

and style turned red color.
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S5 A u] 5 2319 5 25% ~ 8.7% X 15.8% & H RAIEISR § A L G (R 2 W3
B 4.A) - &'Olympus'f- E. geroldii "232 % F %% ¢ > FiE% 2 & pi & * fithen™ N EF 24
Ris ik o

6 [ -

/\S ' O MS 'Olympus' x E. geroldii
7\ O 50 |-
EN b 1/2 MS
~ .S 40 .
w g 1/4 MS
= 5N
_E'Z_ )
:f‘ % 20

"y A

& 7

0 . . I . . ,
3 4 5

6 7 8
Ehis 2 (%)
Days after pollination (day )

B 2. MSfe = Jk R 22 3258 14 % ¥Rl 75'Olympus' x E. geroldii #2442 & 2_ %43 0 £ e’ 580
Fig. 2. The effect of MS strength and days after pollination to radicle elongation in embryo
culture of E. milii 'Olympus' x E. geroldii
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Fig. 3. Effect of MS strength and days after pollination on callus formation in embryo culture of

E. milii 'Olympus' x E. geroldii

Bl 4. E. milii 'Olympus' < E. geroldii 2 #2335 % - (A) £ 1 B &> pa&d 2 hG e
#(B)v 4 %%ii%} FEHO)THRH Dy .
Fig. 4. Embryo culture of E. milii 'Olympus' x E. geroldii. (A)embryos germinated and formed

callus after one month. (B)white and loose callus. (C)plantlet ready for ex vitro culrure.
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Fig. 5. Effect of MS strength and days after pollination to radicle elongation on embryo culture
of E. milii 'Supo Roek' x E. geroldii
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Fig. 6. The effect of MS strength and days after pollination to callus formation in embryo
culture of E. milii 'Supo Roek' x E. geroldii

# 7. E. milii 'Supo Roek' < E. geroldii « (A)#- § 53 % A R £ AL YHE 2 (B)F
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Fig. 7. Embryo culture of E. milii 'Supo Roek' x E. geroldii. (A)shoors generation from callus.
(B)expension of cotyledons. (C)cotyledons limied by endoapern.
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Embryo Rescue of Interspecific Hybrids in 'Crown of Thorns'

Gi-lau Wu"  Chien-Young Chu?®’

Key words: Embryo culture, Days after pollination, Medium, callus

Summary

Euphorbia milii 'Olympus'and 'Supo Roek' and E. geroldii were crossed for developing
thornless 'crown of thorns'. In the crossing of E. milii 'Olympus'x E. geroldii and E. milii 'Supo
Roek'x E. geroldii, we found the fruits droped before maturing. The immature embryos of E.
milii 'Olympus' x E. geroldii and E. milii 'Supo Roek' x E. geroldii were taken from ovaries
after 7 days of crossing and could be rescued on the medium containingl1/4 MS formula. The
radical elongation was better. The immature embryos of E. milii 'Olympus' x E. geroldii were
taken from ovaries after 3 days of crossing and could be rescued on the medium containing MS
formula. The callus developed better. The immature embryos of E. milii 'Supo Roek' x E.
geroldii were taken from ovaries after 6 or 8 days of crossing and could be rescued on the
medium containing 1/4MS or 1/2MS formula. The callus developed better.

Twenty four progenies of E. milii 'Olympus' x E. geroldii were got through embryo
developed directly. In E. milii 'Supo Roek' x E. geroldii, 32 progenies grew up. There were 29

progenies developed from embryo directly and there were 3 progenies from callus regeneration.

1) Graduate student, Department of Horticulture, National Chung Hsing University
2) Professor, Department of Horticulture, National Chung Hsing University, Corresponding

author.
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PRERAFSEEFIFT S 2R A 2R S P87 5 % RA LY (195%) & - * i+
BTG F LR it £ @ iE ,frrigﬁc P EJE 20 AR B Y 5 4 64.0%
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2L RS ARTASUPEE LS 150 T 2" ERFAFAT LF 7T 32 B°
Table 1. Effects of ultrasonic treatment on seed germination in vitro of Cymbidium sinense

'Da-mo'“.
Duration Embryoed seed (%) Seed germination (%) Browning (%)

0 52.5 195¢eY 29.1 bc

15 535 42.8d 41.4b

30 50.9 43.7cd 28.8 bc

45 50.7 42.1d 18.3¢c

60 44.3 62.1 ab 629a

75 41.3 53.7 bc 16.2c

90 30.3 65.5a 68.8 a

z: Datawere collected after 28 weeks of culture.
y: Meansin column with the same letters are not significantly different by LSD test at 5% level.

F 2. 4k BRILPE R ¥k 15 150 % iiﬁﬁ: ﬁf'xi@f@-&-’? g &z B fn z
Table 2. Effects of soaking duration in akali solution on in vitro seed germination of
Cymbidium sinense 'Da-mo'”.

0.01N NaOH 0.01N KOH
Ezl:rr]?::.o)n Embryoed gem??r?:ti on Browning  Embryoed gerri?r?gti on Browning
seed (%) (%) (%) seed (%) (%) (%)
0’ 52.5 19.5a" 29.1b 52.5 195a 29.1b
5 574 19.3a 389ab 56.4 11.4ab 51.2a
10 54.6 216a 415a 57.3 16.1a 27.8b
20 55.3 215a 37.3ab 574 7.7b 55.5a
40 56.1 222a 385ab 57.5 7.3b 60.5 a

z,y: Thesame as Table 1.
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Table 3. Effects of soaking duration in NaOCI solution on in vitro seed germination of
Cymbidium sinense 'Da-mo'”.

Seed germination

NaOCI soaking (min.) Embryoed seed (%) Browning (%)

(%)

0’ 52.5 19.5b* 29.1b
10 51.6 51.8a 52.1a
20 46.0 64.0a 63.3a
30 51.9 54.6 a 31.6b

z: Datawere collected after 28 weeks of culture.
y: In the control, seeds were soaked only in water.
x: Meansin column with the same letters are not significantly different by LSD test at 5% level.

4 ME@C)RFFHEFS L 1IT02 2" EERAFRET F 7287
Table 4. Effects of low temperature storage on in vitro seed germination of Cymbidium sinense
'‘Damo'”.

Duration (days) Embryoed seed (%) Seed germination (%) Browning (%)

0 64.3 29.0a’ 423 a
10 67.8 276 ab 239D
20 60.3 16.0 bc 21.7Db
30 60.5 10.2c 16.8b

z: Datawere collected after 28 weeks of culture.
y: Meansin column with the same letters are not significantly different by LSD test at 5% level.
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Table 5. Effects of liquid treatment on in vitro seed germination of Cymbidium sinense 'Da-mo'?.

Duration (days) Embryoed seed (%) Seedgermination (%) Browning (%)

0 49.4 32.2c¢’ 483D
10 313 55.3 ab 735a
20 29.2 58.1a 32.3cd
30 26.5 60.5a 374c
40 23.9 49.5b 24.6d
50 20.8 49.4Db 265d
60 198 56.2 ab 55.8b

z. Datawere collected after 28 weeks of culture.
y: Meansin column with the same letters are not significantly different by LSD test at 5% level.

i

i Z?—‘fﬁ}g& Wik t8 150 2 ehfdF 2 FARR A BT AJEV F R B AT BT I Kk
prcl F,;fé—w? i B Al L A # B -2 o Lee et aI.(2007):};1 11 % 18 42 & jF (Calanthe
tricarinata) ¥ #F 54z A BT ASLiE M 4 ABA kR Y 116 ng mg' FW T 1 6.6 ng
mg* FW - @ F § 45 ¥£f§ (Paphiopedilum phieippinense)f&+ 54 § it R i A2 90 4 48
o FRBIIAA A 2 FA(2 om0 1997) ¢ F o AgF A BT AL i A4 0 R
f FRFRFRF PP T AFRABA 0 WERSYOR A frR A 0P R AT
¥ % i&rg o B A& AT AT ok BT AJT 60 fr 90 A A PEF T % (62.1%7r 65.5%) %
(1) SERNSFURFART LIS Mt BRI F T FREMFFT L F'(30 A BR
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ﬁ%ﬁ*%?#’fﬁ*%?a%%&gﬁ?ﬁﬁﬁm‘ﬁﬁéha$ PR REES
o (1991)3F 2 F 5% 4p 0y > = iveg7E 2 0.5% NaOCl 3% 4 154~48 > v BaeH &5 %
FTHEEE D 60% 1 o Hif4E AT 11 1% NaOCl & IN NaOH i3 i Au® » 7 i 5 7 %
ﬁﬁismw1’fﬂﬁ+m&/WA&&Q%%&ﬂ%W&Wk&fL%@%maI
2007) - @ # % & 4 #£ 3 (Cypripedium macranthos) 2z 0.5% NaOCI i % &J2 60 » 45 0 7dg
e 3B FTFFEF 72% > @ 12 1% NaOCl 3 % a2 60 » 45 0 BIFE+ 3 5 5 7 5 3
0%(Miyoshi and Mii., 1998) = } it 2 % 2 EH LB HLZ AT L 23 P& BF AL D5 A&
fei% %14 M (Leeetal., 2007; Van Waes and Debergh, 1986a) -

+ % & ¥ ¥ i (Cypripedium macranthos)(Miyoshi and Mii, 1998) - &~ 2= f ¥ i
(Paphlopedllum purpuratum)(%1% > 1995)f&+ £t 4CT MKER % - BKFF > 7 3
KRG MEERFFT > R AR 0 AKACHMIERIE- RFERF LR & AR
FRFARFAEFF T FETFAIIEF hat £ 5 E077 (4 4) p %% F a2 Van Waes
and Debergh(1986b). s % p e » & ® g - 4hfam L W ME (6C) 2 - PR > $HfE+
T ardlenier > L RFV R ER AR LS THRET M o

Van Waes and Debergh(1986a)#. % 3| 12 '~ 7 (Dactylorhiza maculata) & + 4 & 2 &+
«Eﬁ%ﬁ4éwuﬂt%ﬁﬂiﬁ%%J*?4$°‘&ﬁ%%ﬁ%@xm%ﬁﬁé
EWAFKY R EVRENRTIEIEGRMRT L 30 X 0 T ORGEF AT T F
iE 60.5%(7\» ) Vi AT xiEn kY - KR B RS PR A o

< )?e
Eikif~ 3w 1990 h 2 &A% 7 - ¢ FFE 36:198-209 -
FEMER 21997 EEfF L R X S RAET T AILHE FF T L B - p.630-644 -
FEBTPHFAT S EF L6585 o
£ “”f#’ 301001 LT L AFE Y ¢ AFIE 37:183-198
FHF 1950 vEEBRFEAKRLLAT RN Y B FFLEFF TR LGS
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Effects of Seed Pretreatment on Seed Germination in
vitro of Cymbidium sinense '‘Da-mo’

Chiung-Hui Huang”  Tsai-Yih Wang?

Key words: Cymbidium sinense 'Da-mo’, Asymbiotic germination, Pretreatment

Summary

Seeds of Cymbidium sinense 'Da-mo" with ultrasonic treatment for 60 min. and 90 min.,
0.5% NaOCl solution for 20 min. or liquid treatment for 30 days could increase the seed
germination percentage to 62.1% and 65.5%, 64.0% or 60.5%, double higher than control. No
significant improvement on germination was found in 0.01N NaOH solution. Seed germination
was inhibited, when seeds pretreatment with 0.0IN KOH solution and low temperature
treatment.

1) Graduate student in MS. program, Department of Horticulture, National Chung Hsing
University.

2) Associate professor, Department of Horticulture, National Chung Hsing University.
Corresponding author.
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EEFTREL LI BE lr’ﬂ#F? o AT F P RN HE R RZARBH EFFE

ik R B o Tt o U S 4R B0 d 1994 & 1999 # - 2002 £

2006 & iy e TS RV H o MRS X XL HERR TR FHARER A

Fier F S > HEEX LRBPOLESRRBEAH O BRLEE RS D

FARFER AT REF AT

1~ 3k % 21994 & 3 2006 & F > A o fAiZ £ RS | mARE BT &R EH
fvo PARE R G MBI F g .

2. 1345 1994 = 3 2006 & ¥ ik B 3 e A5 )5 a1 % 0 B bR 4% 550

3750 2% R 13 BB B506 0 b o Hak B B Rk o i £

PG EA AT S FIRFHEHE SRR R

3 HHERTHAMRBE r e BB BRI b BT &b 4650 2 ¢
PG E etk e e EEVR o
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RN A L A ﬁ\fﬁwjfﬁf’i\lr?v P AR oY B RER O AR B F oo S 921 4 B
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8% g -

1) Wz»¥ &4 %@ﬁ%wﬁﬂjﬂ 4 o
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Fo 1 % R T st 4 (1996~2004)
Table 1. Tables of natural disasters. (1996 ~ 2004)

il 3 A 3R

1996 ey w7 R

1999 921 + ¥ KL T3

2001 PFTER YRR

2001 PR R ¢ R TR

2004 SRR R SRR

HH AR FFR I o EARTRAZ I ETAREFHBERZELFF L —d W
LR BRET "U‘Fé‘zﬁ‘“ CEIE N & f;\ﬁ:@_ S0 3o (GE B 0 1996) o < 3
BRBOLEM nfEd A AT HFAPE B F ok R EIHG EH N BPEES &
LY {‘a‘_@ﬁs\uid7—-—,ﬂgbd,&iaﬁfﬂlm&@{ LE SR o

g T (1997)2 < 45(2002)3 & A 4730 57 B A BUh B R #me > Hp g4 &
REig#de HAHBRARIME > »Lihs A & 20~30 & > vic— £ 408 A4
PR R INH R R ER E e R iE R o M e FA F LIl B RN
15°~30°5 5 o ¥ i 5 o kL B @B AN KR A8 e FET] > SO0 % B8 BT
PR R AT H o A E R AR TR R A AT PR R T

Aph B RO EE PR AN AL I ARNTIEL P ESRBRS 2 B
oML ARRIER © § 8 R A p] ?Mwﬁjwo

EHES AR B RAE Y ORGP ARGSRE 0 5 P FOE ) 2000 & o > X
RPEXW0OEF LHE - He 13 5%’{-)5@/}#%?’"%;;}*;119?#,1, s BORE A B AT By
PO ERREG T LAHE o TP R AR B Ak B RHEE FES PR
dORFIEE SV PR8I EE Ol E L AL B RAES RIEFHE A R T 14
Fobo a7 RS 1 R o B A P ARG R 4 RETIH G R RAEE
*%&ﬁ?W”wﬁLA’F*ﬂﬁﬂﬁﬁ%?’WA<ﬁ4ﬁsznu@;aaﬁym

FoEART IR Ft p Rehw i 4 H b B R SR RS 7 B

ARR FREHFREIRAEIALTLE S S G ARB AR T FEE R E
WA R b B R MARE R S Bogdenip AT TR0 0 AAT S i R IF R BAREE
HAruh B % A 1994 E 3 2006 £ FARS B A F TR A F]F 0 F 30k 100 2 = *100
SRERTTHRE L 35 %ﬁﬁzﬁﬁﬂﬁz7$’9ﬁ*ﬁazk%ﬂﬁ&§aﬁﬁ
wARE S o B AR DR XALTE 1994 3 2006 & LR RS RRB 7 BN



-75-

e @ AFY P A A B F A A b B R 1994 & 3 2006 & B ik A R
o SRR DA S a%m FRESF;HK oAb B RRBE LG RY
B 1R HBORERE P RVRTR FLRECHEAAMSAL 2 A#HTH -

HoR s

- B
Al

R R R R S A 1094 & - 1999 £ & 2002 £ » wrdp i B TR > TIFF
Hit s 2R 24T R 05M o A 2006 & chin BB B R AR GF U2 TIFF #
X iRt AR 0AM e 2 ¢ 1094 & 2 1099 & 5 2 6 4x7 R > 2002 # 2 2006 & 5
$50 R B e BB AT B (L 4 2)

# 2.1994 & ~ 1999 £ ~ 2002 & 2 2006 & #c iz by B2 F AL £
Table 2. 1994, 1999, 2002 and 2006 digital aeria image datatable.

# 1 ey R v 7 iRt R ipdEp
1994 e N S 1:5000 0.5M 83/12/16
1999 AR RS AR 1:5000 0.5M 88/12/10
2002 $54 I stz i 1:5000 0.5M 91/07/26
2006 $54 I b F ik 1:1000 0.1M 96/02/02

(=) # e A5 -73](Digital Terrain Model > DTM)
2 Arc View GIS 9.0 5 i& # ¥ 254 45 H 2 4 17 A0M*40M shficid b+ 25403 » ¥ i de &
ARE R e R B T a5 TR (Raster Data) -
N e T
(=) # & o 2§17 4048 (Definiens Professional 5)4f &1 4k & # 3P
AR Y g% 1994 & ~ 1999 & ~ 2002 & £2 2006 & i by B g U pe it o 2 g

HIE RGBS 0 B 7 1994 £ 40 1999 & 5 2 v s § > 2002 & 4 2006 £ L 454 4 W

FOb o b o B P ‘H‘"“"‘? B oS d g BB L B B
B R o BB B AT
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1994 i {r 1999 # 4% FHFAL S 54 T i A~ F %;%i»’i’wwf@m B R

B OBM > SE A TR A BES 0E L8 S B AP A MR LERD BR T
5 1505 g4 /254 %4 0.9-0.1 ; i;ﬁ/ﬂf@zﬁg{os-%o
2o B GA BN FAL S FIARBR GRS G0 F o iR 2 AR > N A

AR S R ROV PR O TR A B2 o IR T e r AR ek E L
KRR WAaRBr I nEmAR(LA 3)-

ERRCR R ed A R R

Table 3. Black and white aeria image of steps and the results of segmentation.

BB 126 b B i # R 28 44 i e n Y Rk Bt

295 ¢ wug B g

2002 # - 2006 # sz §2 i3t & };]-1,3 7
0.1IM » RGB 3 - 47 ¢ #uz ikl l%’»/w\ B s mEHE Rz
0.2-0.8; & ‘)ﬁ“/?ﬁ % %#04-06 -

Fod ARG PRI AFHR AT BB LA R c aARBEE T B
B~ GEUR S ZE 5RO Tt A K LE‘*'j EF AR B S anT 5’#??%@‘/5@&’ ERAIE S oY
SR BB e o B AR RIGE R A e R IR RS R Sk 4 ik
FEE(LE 4) -

¥ 5347 & & % 0.5M fv
X E 5 1005 g d A5k S
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24 N G RGA U IS LS
Table 4. Color Aerial Image Segmentation steps and results.

RN A

= N ,‘?/

I 1-55 4 4

% % 28 5 4 T Bk

(= )ArcView GIS9.0 ~ {7 B & £ dr 2 3 § %38
W p e MR R D h MR R o B N *‘«}—' » 3+ Arc View GIS9.0 453 & prdlp

B ¥ A ) 0 1 E 1T AOMYAOM endic B 2 5 H0T) 0 BEHE A RN T MR
ﬁﬁﬁ&&8&2ﬂ§$ﬁ$$¢¢7&,ﬁ?$ﬁﬁﬁ¢$8&,§$ﬁ?ﬂ§%¢&
PAAREE S T 7 RSB R SRR TS OB EL T

%Pi—w‘iﬁ 35 i 100M*100M #T 3 % > H &K B i i 5 3 o prdp ik > 5
BpEdpF NARREE T REBRFARASFTEE LT HR(RLEZD) -2 AR -B% ~
CRAFTMBHAALZEFRER? 7 DR -ERFRe 3 ALEEZ pATE
GHApARBERG RS -

% 5. 3w A4
Table 5. Research type area sorting table.

# %  $2(m) BE
A 150-250 5
B 250-350 5
C 350-450 5
D 450-550 5
E 550-650 5
F 650-750 5
G 750-860 5
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# 35 BRI HRREDIFERLIPGS A RFS IAFEN AL F R A
1994 Ecn St P A AR cnd 2 U Al B A 7 M FAEE] AR XA 4k
PR F R ES 2R R Fling B 2 SN 2 AR R A
Ay enfid S 2 et A S AR B B T AERER S E R

AT o

L

3
*ﬂ

-~ FERBE HBES

MG MFF1 1994 & 3 2006 £ X AR T E N A bk B ORARS WS PETAE
1994 & ~ 1999 & ~ 2002 & fr 2006 # i =4y B2 G F AL LI SR B 0 T4 Arc View
GISOO0 Mk 2o~ 47 > FHFERGE & T A2 F i # A F]F o

% 6. B H v Fdk (1994~2006)
Table 6. Bare area comparison table. (1994~2006)

A ph B RS A () 46552817

R 1994 1999 2002 2006

i 438 303 1211 1286
% % () 872908.7 599943.9 555551.1 506341.6
# # (ha) 87.2 59.9 55.5 50.6
RB oA (%) 1.8 1.2 1.1 1.0
Boo| & 4 (m) 31 0.7 0.5 3.8
B 6 f# () 141742 85808.3 15063.3 15649.8
T a1 (1) 1869.1 1954.2 454.9 3937
28 A (m) 7695.9 5641.1 1183.4 946.2

EAFRFHREF o HFEEAIT(ALE L) 1994 & ik B o ff 5 872 2 F kB o F
W189% 0 ARBEEAOT e BB ARG R A 141742 T 2% s BB fEF 31T
D% ARG G A TI0E 18691 T % 2% s fRE L L 76959 T 3 2 % 5 1999 # Huk o A
5599 27 » kB H 307 o AR B G A 1296 R < ikf o ff§ 858083 L 2w



-79-

BolARB G AT 07 T3 2% > ARB o A T0E 19542 T2 2w L L 56411 T
2% 52002 # Ak E B ff 5 555 2 0 BB 1221 re ARE B fE Y 11% 0 H B SRR
mfEF 150633 T 2% o E ARG G fiF 05T 2k o KE G ffTioE 4549 L 2 o
B A L 11834 T 2% 52006 E ik ok A+ 50.6 2F 0 Ak B 1286 S0 AR
W19 HEAARB G AT 156498 T 2% s BB E G AT 38T 2% kB R
T 3037 T3 2 R L 9462 T 2% (LA 6 HAZ o fF 138 o5 4eT
B e A y
< puh B R AH )
RBEFHAPTREFE ARG G A 2 1094 & 0 1.8% B F » 2006 £ ¢ 196 B 4 » 1994
#3 2006 & Ak oh A AR RE E RS SuBR o kB G PR £ 0 1994 E ¢h 7695.9
T ShoAE o @ 2006 # 09462 T 3 % G ko] fE o HARE L 4on ) 1994 # ik
Bt £FES 0 F 20 2006 # ik g i L BE] 0§ B RBEORE -

i m A (%)= 100

R E 1R W0 1GE 130 e 10 1SR ik e s TR RIS i Lty rE
1 1 i 1 1 i 1 1 i

13- N Laron
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B 1 4@ &4 47(1994~2006)
Fig 1. Bare areatelescope analysis. (1994~2006)



-80-

ARG & f(ha) Bl w42 5 % (ha) B ¥ v 4 F

100 6. 25% 7T
90 | 6
80 I
0T - 5%
60 |- 4 4%
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40 4 3%
30 <2y
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10 1%

0 0%
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£ >

B 2. AREF w2 w40 5 (1994~2006)
Fig 2. Bare area and reply rate. (1994~2006)

B &R w0 1 1994 & 1 1999 & Fénw 4 5 6.2590 5 B 0 W AR B i
213200 0 @ LR enE L0k B v S L 35%(LE 2) -

B PSR GEE AT A% 0 1994 # 5 2006 # GURG G EER S 0 F
BTG w R G 3500 @ 1994 & LR 4 5 B RE B 1999 kG A F
BB A4HE )5 2002 # 2 2006 £ ARG BB H 0 BT RHGRE o B 1994 £k
FM/J“ < HAARE 0 3 2006 E GRG0 ¢ RS RS -

“ﬁﬁ&%%ﬂwqﬂT+ﬁﬁ

AL A A R S 0 A F) T AT L ARG S 6 T B B A F S 8
RS Y S R RN N PR
() B e B2 e RAFTREL R

LR BB B A S RS TR A TR RS A e BT
i 5 AOM*AOM 4238 TALPE » § 22 6 3 BRL - Tl AEHIFL S G
AP BRSOl BN TALL 4655 20F R AT L 4642 21 0 A B AL B
$ 132 0 4 % 0.29% -

(£)1994 & 3 2006 # 4k & 3= = A5 F]F & 45

FHRBE T AR BT LB AT F 24T LR AL FOSF R AR FL KD

B3t 3 b A) A e AT IR BIAE S Bt e A0 &FM%?%&« PR
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LA B s AT+ &2 47 ¢

A TF]F 247 F I 1994 & 3 2006 £ F 0 AR & 3T L 550 o = 3 750 o ' A7k
M HlE (BT
2R B B B F]S 247

1994 & 3 2006 & & - 4k @& 3 > Bl > 3 & 55963 1009 o #1ikit G & o Jf3t
s (12 8)
Bk B L F A4

APk B HRLREAGT A 0 FPatse PR Rl e 5> 1994 EARE
e FF ATkt X S A e iF 26901999 ARG 0 A A el anibt fx 5 ik 31
9622002 AR A LBt Bk o 1B 290 0 2006 Ak B B 5 @ o anib it B 5§k 1.3
%(L % 9) -
FETR S ST QNI

195 1994 = 1 2006 # Bk G 3t A R ~H B ol o 2 A5 F]3F 247 8 S 40T

(DR A B B TFE =548 550 4 ¢ 1 750 2 ¢ [ -

(28 &t 53 (55%-100%) » 8L & 5590 F > A kA ko Fle G HEHE SR

Frimz & &M o

@3k FFHFLHEAT A o dRBGr it ddde A A® LR

|}

# 7.1994-2006 # A% & # /& fi izt 4 (¥ = ha)
Table 7. 1994-2006 years of bare area elevation tables. (Unit : ha)

AL

2R 1027 1204 626 389 243 213 84
£ P 150-250 250-350 350-450 450-550 550-650 650-750 750-860
%o fp 19.5 13.0 114 115 184 6.1 0.8

1994 & % 19% 1.1% 1.8% 3.0% 7.6% 2.9% 1.0%
> ®"M 05% 0.3% 0.3% 0.3% 0.5% 0.2% 0.0%
HREwfE Ll 11 32 5.6 14.7 234 6.6

1999 ~ % 0.1% 0.1% 0.5% 1.4% 6.1% 11% 7.8%
> ®Y 0.0% 0.0% 0.1% 0.1% 0.4% 0.6% 0.2%
B 6.7 6.2 4.2 8.5 6.4 9.1 3.4

2002 A ® Y 0.7% 0.5% 0.7% 2.2% 2.6% 4.3% 4.0%
>wY 0.2% 0.2% 0.1% 0.2% 0.2% 0.2% 0.1%
g fp 11.2 18.9 7.0 5.4 4.5 22 0.6

2006 A w0 1.1% 1.6% 1.1% 1.4% 1.8% 1.1% 0.8%
>w" 0.3% 0.5% 0.2% 0.1% 0.1% 0.1% 0.0%
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7 8.1994-2006 # A% & # L & ki3t 4 (¥ = : ha)
Table 8. 1994-2006 years of bare area slop tables. (Unit : ha)

R A T (%)

A R 916 744 1489 825 540 128 0
0 g - sy ZBxE ZExHE vy I Sk = i
0-5 5-15 15-30 30-40 40-55 55-100 100-
B e 75 12.6 18.6 16.0 13.0 13.6 0.0
1994 ~ % 0.8% 1.7% 1.2% 1.9% 2.4% 10.6% 0.0%
%Y 02% 0.3% 0.4% 0.3% 0.3% 0.3% 0.0%
B 21 6.7 9.4 8.6 131 16.6 0.0
1999 ~ % 0.2% 0.9% 0.6% 1.0% 2.4% 13.0% 0.0%
>w" 0.0% 0.1% 0.2% 0.2% 0.3% 0.4% 0.0%
R w14 8.3 10.9 7.0 101 7.0 0.0
2002 A& % 0.2% 1.1% 0.7% 0.9% 1.9% 5.5% 0.0%
%" 0.0% 0.2% 0.2% 0.2% 0.2% 0.2% 0.0%
R w14 6.2 14.9 8.8 9.4 9.1 0.0
2006 4~ ® ' 0.2% 0.8% 1.0% 1.1% 1.7% 7.1% 0.0%
%Y 0.0% 0.1% 0.3% 0.2% 0.2% 0.2% 0.0%

7 9.1994-2006 # A% & # L ki3t 4 (¥ = : ha)
Table 9. 1994-2006 years of bare area aspect tables. (Unit : ha)

Hoe o T
A R 544 270 224 460 872 915 754 602
Ei» I8P # KAt N EN= % o @ & o A
R w fE 6.7 6.9 58 6.9 174 14.7 139 8.3

1994 & % 1.2% 25% 26% 15% 20% 16% 1.8% 1.4%
>®Y  01% 01% 01% 01% 04% 03% 03% 02%

o fE 6.6 8.5 6.2 7.0 6.9 5.9 9.6 5.0
1999 ~ % 1.2% 31% 28% 15% 08% 06% 13% 08%
> E* 01% 02% 01% 02% 01% 01% 02% 0.1%

w64 5.0 4.5 5.6 5.6 59 5.6 59
2002 A w0 1.2% 18% 2.0% 12% 06% 06% 0.7% 1.0%
2w 01% 01% 01% 01% 01% 01% 01% 01%

G wfE 6.7 3.2 22 5.0 10.1 7.7 9.9 51
2006 4~ ¥ 1.2% 12% 1.0% 1.1% 12% 0.8% 13% 0.9%
=%y 01% 01% 00% 01% 02% 02% 02% 0.1%
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#7122 (1994~2006)

Table 10. Green cover change the results table. (1994~2006)

%

42 (M)

1994 & 1 2006 & % § B % %

150-250

1994 # 3 2006 £ F > A 1 A-1 2 A2 % Bk it » Tio
BRYARFEL 83 HRFILALE A2 kB afi~ > %R
FE50%  MBEF Z SR FARES > FIwRRRPE oA
A-33 A5 % % F0iE 6090 b 0 5 R AR IRE E ] bR R
He W AS% B wshFem - 5-26% -

250-350

1994 & 3 2006 # F + B %12 B-L % v fFajd it » T35 Ry
% 5 556067 B-3 ¢ 0 f v f F B £ 56320 1 2006 # 1t -
B®% ¥B-1%%ho filik& wip o

350-450

1994 # 3 2006 #F »C %1 CA4 % hwpFa,hit  T0%jw
BFE097% C2T%frhishi s-777% C2%Rhvik
FERCOFVEME > CATFES R FRERT S CFR
PrE- SR G EREA CRERUARE LT P E RO H
gl > %1999 # X A C-L AP A 0 1999 & {51 C-2 B

450-550

1994 #3 2006 # % D % S ho AR > > M D5 B R w35
> T hEwHaF L 142% D3 T hvra F L 0 2-3.99
9% D % 11999 £ % Ko A0 0 2002 £ % B o A H 4 0 1 2006
£ Ro FrREARE

550-650

1994 £ 5 2006 2% E% L EB & Bw A b & T30% KWk
%% 35806 E-4 L% v hi o 5-329

650-750

1994 & 3 2006 & B *F % 1 E-1 % B w 57,5 & > T35% f v 4
%% 53906 F-2 Ta% Bwih S h £ 0 5-169 o

750-860

1994 22 2006 £ > G % U G3 4 B v Faihit ) TH%Gw
BFE-091% G4 T v S R4 5-576% 2 R F & 1999
EARB G T 43428 T3 e s Fpt 3 2006 # b B R G AR
wiR T 1994 Ekin > ERG R R L LB o
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Study of Green Cover Change for the Bare Areain
Taichung's Ta-Keng Scenic Zone

Tzu-Hsien Chuang®  Tung-Chi Liu?

Keywords: Remote Sensing, Green Cover Change

Summary

TaKeng Scenic Area is a important natural scenery rest area for Taichung City. Go
through 921 heavy earthquakes, NARI typhoon and 72 floods, etc, Hillside of scenic area
collapsed, and lots of important landscape resource plant impaired after those serious natural
calamities. The purpose of this research is comparing green cover transition over the years of
those bare areas of Ta-Keng Scenic Area. So utilized Definiens software to clear the bare area
up from aviation image which are during the years 1994, 1999, 2002, 2006. Than compared
previous green cover zone with those bare area, and probed into distribution and topographical
factor of bare areas. After compare the green cover transition of every disaster areas of each
years after calamity and find out about the recovery situation of green cover area. The result of
study is found as follows:1. During 1994 to 2006, the bare areas of Ta-Keng Scenic Area
reduced year by year; and bare quantity increased. Bare areas were tendency to distribute into
low-elevation. 2. Factor analysis which accordance with bare areas dates between 1994 to 2006
exhibit that bare area distributed over high ridge between 550 to 750 meters, and slope more
than 55%. This topographical condition is hard to vegetation recovery. 3. Probe into various
kinds of district bare areas and green cover transition analysis. The result shows Ta-Keng
Scenic Area, elevation above 650 metres, bare areas and forest areas had already been replied
year by year.

1) Graduate student, Department of Horticulture, National Chung Hsing University.
2) Professor, Department of Horticulture, National Chung Hsing University. Corresponding
author.
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