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Summary

Citrus is among the most salt sensitive of horticulture crops. Growth and yield of citrus are
seriously limited by salinity in many areas worldwide. Salt damage usually manifests as trees
physiological disturbances and growth reduction. Factor affecting citrus response to salinity
included salinity levels for onset and rate of yield decline in mature trees. The salinity is
concerned with the regulation of chloride and sodium concentration in the leaves, stems and
roots. The factors underlying changes in leaf gas exchanges parameters, reduction in growth and
foliage damage at increasing salinity levels depended on scion-rootstock combination. Foliage
damage as leaf burn and defoliation associated with accumulation of excess toxic levels of
sodium and chloride in leaf cells. However, this problem can be minimized by using rootstocks
that restrict the uptake of these ions. Genetic transformation methods have been applied in citrus
to improvement salt-tolerance mechanism.

Introduction

Salinisation of agriculture land is occurring throughout the world especially in regions
where water irrigation has high salt concentration and water evaporates rapidly from the surface
soil. Citrus is grown commercially in over fifty countries and ranks first in world production of
fruit crops. Salinity is already an important problem in citrus production and is threatened by
increase salinity due to the use poor quality irrigation water (Garcia et al., 2002).

Citrus are among the most salt sensitive of horticulture crops (Mass, 1990). However, the
ability of citrus trees tolerance to salinity varies among different species in these genera and
depends on the rootstocks (Maas, 1993). High concentrations of chloride and/or sodium in the
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leaves of citrus trees have been frequently related to disturbances in nutrition, gas exchange and
water relation (Ruiz et al., 1999). Citrus commonly grown in regions where the salinity of
irrigation water is relatively low, typically < 0.5dSm-1, it is also growing in the regions where
the salinity of irrigation water is significantly higher e.g. 1.4 dSm-1 (Bielorai et al., 1978).
Depending on soil type, method of irrigation and frequency of irrigation, the soil solution
salinity might also increase several fold between irrigations (Marschner, 1995). Tree growth and
fruit yield of citrus species are impaired at soil salinity of about 2 dSm-1 soil saturation extract
without the concomitant expression of leaf symptoms (Bingham et al., 1974; Cerda et al., 1990).
Continual improvement of rootstock and scion will be necessary to sustain irrigated citrus in
increasingly salinity environments. Screening technique to reliably predict the performance of
scion rootstock combination as mature trees under salinity conditions and identify good donor
of salt tolerance for rootstock breeding programs (Garcia et al., 2002).The greater rootstock salt
tolerance such as Rangpur lime and Cleopatra mandarin, is associated with their capacity to
limit the accumulation of CI- in leaves. Other rootstocks, like trifoliate orange, demonstrated a
capacity to restrict Na+ transport to the shoot at low salinity. A high concentration of salts in
root zone substantially decreases leaf water potential and photosynthesis (Bafiuls et al., 1997).
Plant physiology responses to stress are modulated by hormones such as abscisic acid (ABA),
ethylene. Citrus plant rapidly response to water deficit or salinity by increasing endogenous
ABA level (Gémez-Cadenas et al., 1996, 1998). In salinity citrus leaves, the increase in chloride
levels has been correlated with the accumulation of 1-aminocyclopropane-1-carboxilic acid
(ACC) and its subsequent oxidation to ethylene (Gomez-Cadenas et al., 1998). The capacity of
citrus trees tolerate salinity varies among different species and depends upon the rootstocks.
Garcia- Agustin and Primo-Millo (1992 and 1995) reported that mutagenesis technique have
shown some promise for induction of salt resistance in citrus. Another approach is the isolation
and transference of genes directly implicated in salt tolerance mechanisms. The over expression
of HAL2 genes were demonstrated to improve growth and yeast under salt stress (Gaxiola, 1992;
Glaser et al., 1993). The research have successfully transformed plant of Carrizo citrange via
Agrobacterium tumefaciens with the halotolerance gene HAL2, originally isolated from yeast
and implicated in salt tolerance mechanisms. In an attempt to improve the behavior of this
important genotype under salt stress (Cervera et al., 2000).

This paper reviewed these research reports to summarize the state of understanding about
the response and tolerance of citrus trees to salinity.



Salinity effect on citrus

I. Growth and yield

The critical salinity level (where plants are adversely affected) varies with the buffering
capacity of the soil (soil type, organic matter) climatic conditions and the soil moisture statutes
(Boman and Solver, 2002). Salt damage induced symptoms such as reduced root growth,
decreased flowering, small leaf size and impaired shoot growth are often difficult to assess. Leaf
injury result from the accumulation of toxic ion chloride and sodium from salt induced
nutritional deficiencies (Bernstein, 1965; Boman and Solver, 2002). As salinity increased the
leaf size will be decrease, begin to shed and thinning of the canopy (Syvertsen et al., 1988;
Lloyd and Howie, 1989a). The relationship between salinity and yield may be expressed
negative linear response function at salinity above a critical threshold (Maas and Hoffman,
1977). The research reported that reduction in fruit yield occur without excessive accumulation
of CI" or Na+ and without any apparent toxicity symptoms indicate that the dominant effect in
osmotic (Bigham et al., 1974; Bielorai et al., 1978, 1988; Levy et al., 1979; Cerda et al., 1990;
Dasberg et al., 1991). Lemon trees on Citrus Macrophylla rootstock, orange trees were reduced
fruit yield with applied water salinity. The reduction due to a decrease in number of fruit per
tree (Bielorai et al., 1978; Dasberg et al., 1991; Garcia- Sdnchez et al., 2003). The increase of
lemon fruit yield was observed by increasing the quantity of water. Salinity and among of water
apply affected fruit quality (Gracia- Sanchez et al., 2003).
I1. Rootstock varieties and scion —rootstock combination

The performance of citrus rootstock have been evaluated using rootstock seedlings and
grafted plants. One way of improving the salt tolerance of citrus is to graft scions onto salt
tolerance rootstocks. Rootstocks differ in their salinity tolerance as estimated by the ability to
inhibit the accumulation of CI" and /or Na+ in leaf of the scion (Storey and Walker, 1999). Salt
tolerance in citrus is intimately linked to rootstock characteristics (Levy et al. 1999; Levy and
Syvertsen, 2003; Moya et al., 2003). Story and Walker (1999) compiled the numerous studies
have reported in which large number of rootstock, hybrid and scion have been screened
(Peynado and Young, 1969; Wutscher et al., 1974; Ream and Furr, 1976; Peynado and Sluis,
1979; Grieve and Walker, 1983; Sykes, 1985a, 1985b; Gallasch and Dalton, 1989; Chen, 1992).
The results of several earlier studies and ranked the rootstocks in order of their relative
elemental concentrations (Embleton et al., 1973; Wutscher et al., 1974; Ream and Furr, 1976;
Creda et al., 1977; Joolka and Singh, 1979; Peynado and Sluis, 1979; Grieve and Walker, 1983;
Walker et al., 1983; Behboudian et al., 1986; Syvertsen et al., 1988; Vardi et al., 1988; Banuls et
al., 1990; Zekri, 1991). Maas (1993) noted that there is considerable diversity in salt resistance



within the citrus genus and between closely related species but there are also examples of
consistencies in the ranking of rootstock. Screening large number of scion- rootstock
combinations for yield in a range of environment, although a desirable goal is not feasible.
Since then, there is a need for a screening technique to reliably predict the performance of
scion-rootstock combinations as a mature tree under saline conditions and identify good donors
of salt tolerance by Cleopatra mandarin when used as rootstock for citrus rootstock breeding
program (Garcia et al., 2002).
I11. Effect of different salt

Several studies indicated that the concentration of Ca2+ in the soil solution is an important
factor controlling the severity of specific ion toxicities (Maas, 1993). Zekri and Parson (1990a)
were studied on four months old sour orange seedling growth in NaCl on the addition of CaSO4
ameliorated the some effects of salinity in citrus. Similar results was reported by Bafiuls et al.,
(1991) supplement Ca2+ as CaSO4 and Ca(NO3)2 to saline root solution partially reversed
growth inhibition and reduced defoliation of two years old Navel orange scion. The addition of
Ca2+ greatly reduced the transport of Na+ and CI to the leaves of scions budded to either
Cleopatra mandarin or Troyer citrange rootstocks. Calcium uptake by leaves increased
concomitantly with increasing Ca2+ concentrations in the external solution (Maas, 1993).
Bariuls et al. (1997) studied on growth and gas exchange of Valencia orange scion grafted on
Cleopatra mandarin or Poncirus trifoliate rootstock which expose to different salts NaCl, KCI
and NaNO3. The result showed that both chloride salts caused a similar reduction in
photosynthesis and stomata conductance, whereas NaNO3 had no detectable effects on these
parameters. Salem and El-Khorieby (1989) found that different types of salts applied in
concentrations reduced growth of four rootstocks in the order NaCI>KCI>CaCl2. Potassium
nitrate supplementation improved the performance of salinity plants base on the increase in total
biomass and significant reduction in leaf abscission. In addition, increasing leaves nitrogen,
chlorophyll concentrations and photosynthesis of salt- treated Navelina orange grafted into
either Carrizo citrange, Citrus macrophylla or Cleopatra mandarin (Iglesias et al., 2004). Cerezo
et al. (1999) and Tyerman and Skerrett (1999) indicated that chloride was reduced in the
nitrate-supplemented trees through an antagonism between chloride and nitrate uptake at the
fibrous root-soil interface.
IV. Sodium and Chloride accumulation

Under saline conditions, growth of Citrus species may be reduced as a result of the
accumulation of Na+ or CI or both. Various differences among Citrus species in their ability to
regulate root uptake and transport of Na+ and ClI from roots to shoots have been reported
(Grieve and Walker, 1983; Behboudian et al., 1986; Storey and Walker, 1987; Storey 1995,



Storey and Walker, 1999). The accumulation of Na+ and CI in leaves may be influence by
rootstock, scion or both depending on the scion-rootstock combination (Storey and Walker
1999). Grafting of lemon scion varieties on sour orange and Citrus macrophylla produced
variable effects of leaf Na+ and CI concentrations (Nieves et al., 1992). Maas (1993) reported
that chloride was accumulated sooner and much higher concentrations in leaves than sodium.
The relative capability of rough lemon and sweet orange rootstocks to exclude CI from the
scion showed the contradictory. Grieve and Walker (1983) indicated that rough lemon
accumulated CI" more readily than sweet orange, whereas Cooper (1962) indicated in contrast.
Levy and Shalhevet (1990) reported that sour orange was much more effective than rough
lemon in excluding CI™ from leaves of mature ‘Marsh Seedless’ grapefruit and ‘Washington’
navel orange trees. Ranked the best CI excluders as Sunki mandarin, grape-fruit, Cleopatra
mandarin, Chinese Box orange and Rangpur lime. The same author ranked the best Na+
excluders as sour orange, Cleopatra mandarin, Rusk citrange, rough lemon and Rangpur lime.
Walker and Douglas (1983) reported a limit to the accumulation of CI in the root that was
independent of NaCl concentration in three self-rooted plants (Citrus reticulate var., Citrus
karma Raf., Citrus media L.) that had differing CI' accumulation rates in the leaves. However,
Barfiuls et al. (1990) observed that the upper limit of root CI concentration differed for each
scion-rootstock combination assayed. Scions on Cleopatra mandarin accumulated less Cl- in
their leaves than did scions on Troyer citrange. In addition, leaf CI" levels in Clementine scions
were lower than in Navel orange when both were grafted on the same rootstock, whereas
sodium concentration was lower in scions on Troyer citrange than in Cleopatra mamdarin
(Bafiuls and Primo-Millo, 1995). Fernandez-Ballester (2003) indicated the genotypic differences
among rootstocks, root capacity for CI accumulation also depends on the scion-rootstock
combination. It is also closely related to juice CI as ‘Marsh Seedless’ grapefruit and
‘Washington’ navel orange scions on three rootstocks (Levy and Shalhevet, 1990) and with
yield of ‘Marsh Seedless’ grapefruit grafted on rough lemon rootstock (Levy et al., 1992).

Photosynthesis

Several studies have determined the effect of salt stress on water relations and gas
exchange of citrus plants. Under high concentration of Na+ and CI " in citrus leaves also caused
substantial reductions in CO2 assimilation rate and stomata conductance. (Walker et al., 1982;
Behboudian et al., 1986; Lloyd et al., 1990; Banuls and Primo-Millo, 1995; Banuls et al., 1997;
Gbmez-Cadenas et al., 1998; Garcia-Sanchez et al., 2002). Lloyd et al. (1987b) examined the



effects of salinity on the relationship between CO2 assimilation and stomata conductance and
concluded that the reduction in CO2 assimilation also due to direct biochemical inhibition of
photosynthesis capacity. The factors responsible for the different effects of salinity on
photosynthesis in citrus are complex. Plant response varies with season, tree and leaf age,
various soil and environmental condition (Syvertsen et al., 1988). The reductions in leaf gas
exchange of citrus influenced by rootstock (Lloyd et al., 1987b; 1990) and the
scion(Behboudian et al., 1986; Lloyd et al., 1990; Bafuls and Primo-Millo, 1995;
Garcia-Sanchez et al., 2002).

Hormones

Several of physiological effects are modulated by hormonal intermediates, such as abscisic
acid (Zeevaart and Creelman, 1998) or ethylene (Gémez-Cadenas et al., 1996). However,
hormonal signals are likely to be secondary responses caused by primary effects of salinity are
osmotic and accumulation of toxic ions (Munns, 1993).

Salinity promotes senescence of plant tissue by increasing the production of ethylene
(Kefu et al., 1991; Zhao et al., 1992). ABA is known to play an important role in the efficiency
of water use in plants under environment stresses. Citrus plants rapidly response to a water
deficit or salinity by increasing endogenous ABA levels. In addition, ethylene modulates leaf
abscission in citrus plants under salt stress (Gomez-Cadenas et al., 1996, 1998).The effect of
ABA treatment on citrus response to salinity was studies by Gomez-Cadenas et al. (2003) using
grafted citrus plants Salustiana scion on Carrizo citrange rootstock growth in the salt stress. It is
shown that ABA regularly added to the watering solution reduces the damaging effects that a
high NaCl concentration causes in citrus plants. The salt induced defoliation was delayed by
ABA treatment probably through mechanism that slow down plant metabolism, chloride uptake
and accumulation in leaves, that is initial reduction of stomata aperture and transpiration. ABA
appears to improve tolerance to salinity in citrus. In salinity citrus leaves, the increase in
chloride levels has been correlated with the accumulation of 1- amonocyclopropane-1
carboxylic acid (ACC) and it subsequent oxidation to ethylene (Bar et al., 1998)

Introduction of salt tolerance

I. In vitro mutagenesis



Mutagenesis techniques have shown some promise for induction of salt tolerance in citrus
(Storey and Walker, 1999). Since the nucellar tissue readily undergoes embryogenesis when
culture in vitro with suitable medium (Button and Bornman 1971, Kochba et al., 1972). Garcia-
Agustin and Primo-Millo (1995) using unfertilized ovule of Troyer citrange treated with a
mutagen to induce genetic variability. Screening for salt tolerance was accomplished on
complete plant regenerated from ovule culture, the selected plant grown well, less leaf damage
and lower concentration of CI' and Na+ in leaves than original clone.

I1. Gene transformation

Increasing interest has been shown in stress- induced changes in gene expression and gene
production. The majority of studies have been conducted on NaCl adapted cultured cells
(Ben-Hayyim et al., 1989, 1993; Naot et al., 1995), with a focus on genes encoding proteins that
increase in salt-adapted cells (Ben-Hayyim et al., 1993). This study approach is yet to be
translated into increased resistance of whole citrus plants in either the glasshouse or field. The
capacity of citrus trees to tolerance salinity varies among different species and depends upon the
rootstock. Carrizo citrange is nowadays the most extensively used citrus rootstock due to its
general good agronomic behavior. Genetic transformation of Carrizo citrange was attempted by
Moore et al. (1992) and Gutiérrez et al. (1997), but difficulties with rooting of transgenic plants.
Currently, the study have successfully transformed plants of Carrizo cirange via Agrobacterium
tumefaciens with the halotolerance HALZ2, originally isolated from yeast and implicated in salt
tolerance mechanism (Cervera et al., 2000).

Conclusion

The salt tolerant of citrus plants is associated with the restriction of Na+ or CI
transport from the root to shoot. This exclusion trait for both Na+ and CI is heritable
(Sykes, 1992), suggesting that breeding and selection for CI' and Na+ excluding
genotypes will continue to be a potential rewarding area of research. Improve
understanding of membrane transporter system for Na+, ClI and salinity impacts on
citrus growth regulator levels and effects on growth. With the recent advent of gene
transformation technologies for citrus, the way is open to manipulate citrus salt
tolerance by insertion of specific tolerance genes. The immediate challenge, However,
is to further understand the primary physiological processes involved in uptake and root
to shoot transport of Na+ and CI  (Storey and Walker,1999).
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Fig. 1. Changes in nitrogen element contents in fruit peel and pulp of “Shinseiki” and “Shinkou”
pears during fruit development.
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Fig. 2. Changes in phosphorus element contents in fruit peel and pulp of “Shinseiki” and
“Shinkou” pears during fruit development.
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Fig. 3. Changes in potassium element contents in fruit peel and pulp of “Shinseiki” and
“Shinkou” pears during fruit development.
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Fig. 4. Changes in calcium element contents in fruit peel and pulp of “Shinseiki” and “Shinkou”
pears during fruit development.
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Fig. 5. Changes in magnesium element contents in fruit peel and pulp of “Shinseiki”~ and
“Shinkou” pears during fruit development.
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Fig. 6. Changes in iron element contents in fruit peel and pulp of “Shinseiki” and “Shinkou”
pears during fruit development.
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Fig. 7. Changes in zinc element contents in fruit peel and pulp of “Shinseiki” and “Shinkou”
pears during fruit development.
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Fig. 8. Changes in copper element contents in fruit peel and pulp of “Shinseiki” and “Shinkou”
pears during fruit development.
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Fig. 9. Changes in manganese element contents in fruit peel and pulp of “Shinkou”pear during
fruit development.
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Changes in Fruit Mineral Element Contents of Top-Grafting Pear
During Fruit Development

Sung-Tian Shih ¥ Bing-Shiunn Chen®  Ching-Cheng Chen ¥

Key words: Top-grafting pear, Fruit development, Mineral element

Summary

Changes in fruit mineral element contents of top-grafting pear were examined. The results
showed that the contents of P, K, Fe and Zn in fruit peel and the contents of P, Ca, Mg, Fe and
Zn in fruit pulp of “Shinseiki” pear declined during fruit development. The contents of N, P, K,
Zn and Cu in fruit peel and the contents of N, Zn and Cu in fruit pulp of “Shinkou” pear also
declined during fruit development. Content of Fe in fruit peel and pulp of “Shinkou pear risen
during the early stage fruit development, that showed different with “Shinseiki” pear. Changes in
Ca and Mn element contents in fruit peel and pulp of "Shinkou™ pear were consistent.P contents
in the pulp were higher than in the peel of "Shinseiki” and “Shinkou” pears during fruit
development, and K contents were also higher in the pulp than in the peel from 8 weeks after
full bloom till harvest.

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

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

3) Assistant professor, Department of Horticulture, National Chung Hsing University.
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A DE %R o %#&ﬁ“ﬁ F 5 %i Bdeddidnsd 2 HE A F4raadA 2 nptll #4735
1 4~ » (Svab and Maliga, 1993; Carrer and Maliga, 1995; Zoubenko et al., 1994) - n\:lzk U|dA
(Staub and Maliga, 1993; Bock and Maliga, 1995) ~ gfp (Khan and Maliga, 1999; Sidorov et al.,
1999) S F HEA R ESWAFES B S # @S A T 5457 ca g™ k{4
FEERERF LG DA FlAe Bt 3 39 A F) (Kota et al., 1999; De Cosa et al., 2001)
2 codA (Serino and Maliga, 1997)4 7] ~ Fuh 3 #| )k ] —EPSPS (Daniell et al., 1998)z\
EPSPS (Daniell et al., 1998) ~ + 554 £ 3 & 2L F]—hST (Staub et al., 2000) ~ B 3]+ & u~
(Daniell et al., 2001)% » " E WA FEHS FIF - p AT E A F5HN A £ 4
oo Bk PR e P A FIHEAS B KR}

FERET s Ak R FHEY 0 T E SN RS f 0 57 ¢
EFTCRIE PP 7 PR OESWATFE 3 b RAFI AR AR ¥ v
AF PR P AFESET 7 67 AFIFRE AFEE > FRFESWAFIER
PTET H A AT AR LA FIE A (T d 2 A T4 2 BUR 2 BT (Bock,
2001; Daniell et al., 2001c)- P = 3t & 5 /jHia 4 & 48 A Flle ap? 3 @30 P 3 19 % (Sato
et al., 1999) A3 FARHBEP e F LN EEFESWAF R IF > I PCR
e N s ERo iy FE KM A TP invert repeat (IR)® trnV | rrn 23Sz 3 (% 4
kb) » 8 %4 & 5 5 RFE S A T L R o

L I B F

-~ R

AEH UL F R E T HEE Y 2% (K-Y cross) 2 1% 4 ' (Summer Summit) % &
f82_ 4 §(Brassica oleracea L. var. capitata L.) 5 A Fl#& 4 cjg 4L 444 o - FHF &
Fiafa U2MS JA A3 & A9 > 7 X 58 Pl 2 8 R 3P %@»%é“iﬁ% R AEE LD B
2B MARE - I EATEE Y c FHPFRHLEFARBAT LT ESE T B A
182" 22 2BRAEZFHRHN -
Z R E
(-) ESMAFER
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LIRS U LR S S FESHAF R g4 F e Bt 3o mf @
FEhe g A xR A2 3 Tl B 5] (AP000423) 7 - EHF S AT e IR\ 2 IR ¥ ¥
Sl IS I ’ﬁﬂjﬂ’} |* PCR &= ;85 41 IR %32 rrn16S 3 rrn23S fF enfr iz &

oo

“N c\"}
h& 1‘*“*

.‘,

g Ay 2 RS WA F e DNA G 013 5 5 -GGTAATTCTCTTTC
TCGAGGGGACGGGGAAGGG-3’(C16S-1)2 5’-CAGCCCATGGCACAACGACGCAATTA
TCAGGGG-3’(C16S-2) & 5’GGTGGAGCATGTGGTTTAATTCGATGCAA AGCG3’(C16S-1)
% C16S-2> Fpdp & = H FH %4 A 7l IRy ¥ trnV ~ 16S ribosomal RNA % trnl =i 7]
BAFE P PCRF JEiE2 L 94C 1448 -64C 404 ~72C 2445 30 BiHR - ¥ - &
313+ % 5’-CCAAGGTCAACATTAGCATGGCGTACTCCTCC-3’(C23S-1)%2 31+ 5’-GGCA
GTTCAAAAGGTTGACCTATTTGGG-3'(C23S-2) » sp# & = FE SR A T IRy P &0
trnl ~ trnA % %4 23S ribosomal RNA sl 51 5 5[ # L« #-2 PCR F 2 = (& eng g » 1Y
BT AL T & £ 12 Gene Clean I kit(BIO 101 Inc.)w J<3g & =+ -] &
DNA 7 £ » £ 5 %% pGEM-T Easy Vector System (Promega Inc.) # - i& {7 DNA & 1 1% o
(2) EHMWE R S PR

¥ B 2 NCBlI R F#E s H > /miLh 5T e pGEMCL6S %
PGEMC23S 748 » #-H ¢ ch FESMA T 2 B~ WA T pAS201 (4 ¢ B+ F o5
4P B AR AR EF TR e pZS197 A F)¢ chx B aadA & Fl(prrniaadaipasA) o i
# 3| pBluescript I SK(-)f* 48 + = % pAS201)- = % 3 § ™ prrn & g+ o aadA 2 %] » 12
2 B EESMA T pASCC201 Fag » v e A FIEH 2 HRA TR AL * -

(2) Esami g

%% Bock (2001)e0 j2 > B adBz R ALE T2 g Y 1~3 X > EBEEE ATH
s 5 100~200 5o 0 1 & Bk ik 2 =0 4e ~ Isolation buffer (5 % Isolation buffer (pH6.8) :
1.65 M sorbital, 5mM sodium pyrophosphate, 250mM Hepes, 10mM EDTA pH8.0, 5mM
MgCl,, 5mM 2-mercaptoethanol) » £ 2 fw e 32 F 4 Zu 2 353 d7 /% » B Bl ELR B B0 3T
1mm? CETE A A ACZ A S P JIT-EFRZERFAA -LR1 D51 Grinding
buffer (100ml 5 i isolation buffer-5mL £ Isoascorbate buffer 4 -k £] 500ml)4e » e g @
23 83 3~5 ~ 48 > 12 2 K Miracloth (Cal-biochem) 14 = H’J;‘}@“&@;‘)@{i% v s 10 A 48
(4000 rpm) » 2 LR Fi% 0 4o r 2~5 F 2 01 2 Grinding buffer w2 » A4 ks ahfin
T o] 4e ~ Percoll(3E £ 4 9ml £780% Percoll £2 16ml 40% Percoll ;& £353) » g 10 &
48(6000 rpm) o H Fla s B 2 BE L% e P o PR L BBRESEE (40%
Pﬂmm’T%éiﬁﬁﬁﬁﬁmm%%%Pwmm’i%j%ﬁﬁ&%ﬂﬁT%&5ﬁ&
05~1 AP [ wE BT R RMIIY - AT4CF o L4 2 BMAH S 1 & Grinding
MMM’ﬁwlbﬁﬁWOWWQ%éF%ﬁ’ﬁﬂ%*{*ﬁﬁ% PR R E B
Fris s B 0-T0°C k07 REF BT # * 40 & 4 DNA & RNA % % &J2 RNase A & DNase
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| > £ %% Bock(2001) 17 % B2 o

ik
*ﬂ

- CEAAFIM R FES ST

ARSI F R E SRR Y 2% ' (Brassica oleracea L. var. capitata L.) &
> 4ESatos (1999)#7% % 2 2 B 2 bW % 4 A F w (AP000423) & ) » ¥ 8-k
fo = B E %A F(X15901) - ¥ 4 47 (Hiratsuka et al., 1989)% 3+ 4 = 2351+ » C16S-12
C16S-2 » C23S-12 C23S-2 > 4 EE %A 7|2 DNAL 0w » 2 (FPCRF J& » 7 2 &
Puf BT A2 % s AeBl1HTw o 313 C16S-1% C16S-28 %2+ kAl i1y FFE %
A 7 e IRAT & ¢ atrnV ~ 16S ribosomal RNAZ trnl sl 71 5 7)) 3 £ » 5p 8 5 2.0 C23S-1
2 C23S-251 3 & AN EFSMAF 2R BIRAP antrnl ~ trnA ~ 2 384 23S
ribosomal RNA= L F1 5 7)) & £ 0 fp 8P 522 kb - PCRA 4 13 % 3 A & 47 » 382.0% 2.2 kb
NiEB I PEEF MR BEHR R od NP R I AT HEREZEEWA T EL
18 & Ft AR R & - %551+ CL16S-5 51+ C23S-245 fie » SPCRF Jgte » M T
#4725 % v3.0 kbehin B § PCRE L g 4 (R - £ %1 = B Y Ew e 245
**pGEM-T Easy Vector System (Promega Inc.)® » 4 %] & & 5 pGEM-C16S -~ pGEM-C23S 2
PGE M-C18S » M fE% (7% sE# S~ | D FE@ (s » £ FE /1 17 o
N K - AR

# pGEM-C16S ~ pGEM-C23S % pGEM-C18S th# A i % » i £ 4 2 frent £ »
2E G 4101 BREEGR F) o dt k RE Y B d SeqWeb Bt R A 4T 2 Bk B 0 &
-\—J——;‘ 2

kfe s 2K SRR ORT CET S EF BN ESMICRA S EE e it o {
B AT RSB A SR 0§ B E 94~90%cAp it o FPL B % T UG R
1~47 B 5 5 3854 trnV A 715 7] » &% 279~1770 & 7| 5= 16S ribosomal RNA & #1571 » %
2086~2121 % trnl 5'exon £ F1 5 7] » % 2843~2875 % trnl 3'exon & ¥ & 7] » % 2940~2977
% trnA5'exon & F15 7)» % 3779~3813 i trnA3'exon £ F1 5 7> % 3965~4103 % %4 23S
ribosomal RNA A F15 7] o
=~ EE HpASCC2012 5 ~ A FIHE 2 @ ~ G E & 247

#ew kG EE SIS A F9pGEM-C16S 2 pGEM-C23S 7 48 » 11 "L % % 1F
R i FESWAT YA YA pAS0L L R (F2) 0 #H & L
PASCC201 » = & — i * §*42(Universal Vector) - & 7 7 frspectinomycin/streptomycinz
aadA(prrni fed> 3 > psbA:Z # &3 VA F > WA FEHS E (s .féé“gs?ﬁﬁiﬁi * oo H-
PASCC201% H @ @ P {\48 > »1 7 F'UFIFE R 1F% X0 A0 318 > £ FPFILmlesS &
mMn23S A FI P K LFEs2 > B %4 B3 77 > 1% & 3 SRR A 4707 NP
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Primer (C165-1/C16S-2)
Primer (C23S-1/C23S-2)
Cabbage chloroplast DNA
Broccoli chloroplast DNA
Primer (C16S-5/ C16S-2)

0]

X
5]
=
|

— H0

o}

X~
3
=
|

45kb

2.2kb

2.0kb 3.0kb

RIL v 04 EE %4 A FLeDNAS 4 - {1 * 315 C16S-1/C16S-2 ~ C23S-1/ C23S-2 ~
C16S-5/C16S-2 i& (FPCRF & > 3ty E S 4rrnl6S 2 rr23S T &8 2_ % ik & B i3 o
Fig. 1. Amplification of DNA fragments in the region of chloroplast rrn16S and rrn23S gene of
cabbage ('K-Y cross) by PCR. The C16S-1/C16S-2, (C23S-1/C23S-2, and
C16S-5/C16S-2 were used as primer.

pASCCZOl?‘r{%\ZJ FREF F o EESMn1eSInA £ rn23SR A ik Flo 4 7 B 4T A A
iy FESMATELT 20IREEBP > Fp 2w X g FFE ”mimDNAl*’i;i” RDNA >
F R R R X ST A B o JIF e 2 B A 5403 ;0 4 512 pGEMCL6S
2 pGEMC23Seh2k ] 3 B 5 £ 45322 0 S % 4cBl4 #7or o frrnlBS(RI4A) 3t 4 0 & B 1Y
Hind 1112 BamH 115 % {5 7DNAE 5 = B gL il > L {HR-KA&E Pl a4 B
Ho HES D AEEE . @ 4rm23S 5 #F 4Rt A (F14B) 0 5 uBgl 111E* 15 s B
e%%rfudi?ﬁl XA AR R NER 0 KR deH T A - Beopy e
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Hot |

hla(AMP)

pas201

rep (pMB1)

Sacll

M(G)

4311 bp

Hincll

sSmill Hind Il

Xhol

aada

EcoR1
Pstl

%Sma 1
- —BamH|

Pstl

PGEMC165

5115bp

Not |

Not]  Xbal EcoRlI
| Hinc Il Hing 1

Sml

1l
hla(AMP)

rep (pMB1)
6411 bp

rep (pMB1)

PASC16S

bla(AMP)

PASCC201

Ec

G}

oR |

Pstl
,—Hhal
D — pBlueC23s
4964 bp

Hind Il

Cabbage 235

8561 bp

Cabbage 165

Not |

BamH |

Pst|

BamH 1

ha |
BamH1 Pstl

¥ 2 Y EELERHEpNAE pASCC2012 44
B Az o

Fig. 2. Construction maps and restriction maps
of pASCC201. Restriction enzymes were
used for plasmids construction.
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M — pGEMCI16S
pASC16S
pASCC201
pBC23S

M — pGEMC23S

m — PBlueScript

<+— 8.6kb
<— 49kb
<«— 21kb

B3 mm > BB A7 EESHMEE T pASCC2012 & faft -

Fig. 3. Southern-blots hybridization of plasmid pGEMC16S, pASC16S, pASCC202, pBC23S,
pGEMC23S and pBluescript. Plasmid DNAs were extracted and digested with EcoR
I(E), Pst I(P), Xho I(X), Pst I and Hind 111(P/H). The DNA was resolved on 1.5 %

agarose gel, and then transferred onto a nylon membrane and probe with rrn16S and
rrn23S fragments simultaneously.

EEB G AT 2 A pASCC20L TR 2 M L 24 afde 2 B k' it oo A
F12DNA » @ {5 v aadAZ FI1# il 5 2 TPCRE e A 45 @ S % Bm ' $ R0
Pk § 08 kbehig F B o £ iz 4 FESMA FagrF 2 513 C16S-7% C235-6
B HEPCRE A 72 %% » B Tr @R 2 2 4o fkg ¥ 7021 kbehiz ¥ 335 PCReA
Foom HREFIRPEA07 Kbeni B & 4 ik o B R PR FlaadARE R F At
ESMAT Y c laadAR FIP R A AR 2 5 5 BBEE S BB A A2 BE o r
BEomaadAR Fle HA T FE S > © £ RaadA mMRNA > Flpt iz @y FH5 03 &
mtspectinomycin/streptomycin & 4 % chiF |+ (Hcdp A L IR) o
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E H B S P E H B S P
(A)
| |
Total DNA Chloroplast DNA
B Bg X Xb C B Bg X Xb C
(B)

Total DNA Chloroplast DNA

Bl 4. 4 E%DNAR £ % tDNA % fe "4 (a2 iT* (& > 12rnl6S (A) 2 rrn23S (B) %
ATEGEE Ke D RRREIAFZEE -

Fig. 4. Southern-blot hybridization of genomic and chloroplast DNA of cabbage ('K-Y cross').
The DNAs of cabbage were extracted and digested with EcoR I(E), Hind 111(H), BamH
1(B), Sac I(S), Pst I(P), Bdl 11(Bg), Xho I(X), Xba I(Xb), and Cla I(C). The DNA was
resolved on 1.5 % agarose gel, and then transferred onto a nylon membrane and probe
with rm16S (A) and rm23S (B) fragment. Twenty micro-grams genomic and ten
micro-grams chloroplast DNA of each sample.
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o

AEHRZMA LI F A E B RiEE Y 24 §F(Brassica oleracea L. var. capitata L.) »
d 3P %’ﬁ ML HRL T R ’%‘?f‘i"fisb%\ Sato 3%‘3‘5(1999)5“%@‘%i =R
B E %48 A& 7] 2 (GenBank accession number AP000423) 5 £l > & &2 kfeR B E S A
F]b %A 47 (X15901; Hiratsuka et al., 1989)2% 3+ 313 » & 3+ E# %4 DNA 5 #74 » 12 PCR
7 AT FESRHAF e & 42 IRy artrnV ~ 16S ribosomal RNA -~ trnl ~ trnA »
% R4 23S ribosomal RNA ik F1 B 5 # Lo i@ B B % 7 PCR#T& 2 en3 B 3 A 5] 5
2.0 kb(pGEM-C16S) ~ 2.2 kb(pGEM-C23S) 22 3 kb(pGEM-C18S)# [# + iv % (Sato et al., 1999)
% 3 ¥ (Shinozaki and Ohyama, 1986) 3 & %8 £ 7] & %8 (8] 1) -

#- pGEM-C16S ~ pGEM-C23S ¥z pGEM-C18S 3 i 78 % & W] % = T_F » FIATE = e
Mo FESMATFIFE S 4103 BékA - GC 7 £ 5 522 % » £k f&(Hiratsuka et al.,
1989) ~ # % (Shinozaki and Ohyama, 1986) ~ f# = i© 7% (Sato et al., 1999) » # I ¥ 4 (Ohyama
etal., 1986) 4k H4p 07> e 22 30 372 R ff % B enE %48 AL F1A 7] GC content 5 38.9 %(Sato
et al., 1999) £ jefx~ « B¢ ¥ R W4|fE 4 3 Apal ~ BamHI ~ Bgll ~ EcoRI ~ Hincll ~
Hindlll ~ Ncol ~ Sacl ~ Sacll ~ Smal ~ Xhol % > %= e B 7] & £ NCBI P e T4 2ot
Ho25HTE 24 " FEOF VEY - RKE e FHR22 FEMA TG 33
SRR I PIEE B S SR 2R 42 94~99 %2 o F 5 SeqWeb e g0 RE 1L A 49 5 % A
704103 BEc AT A 2 6 XA L% 147 KA 304 trnV A FE 5] & 279~1,770 & 7))
% 16S ribosomal RNA £ %15 71 5 % 2,086~2,121 % trnl 5'exon A F15 7] ; % 2,843~2,875
% trnl 3'exon A F15 75 % 2,940~2,977 i trnA5'exon & 15 7; % 3,779~3,813 % trnA 3’
exon & F15 7] ; % 3,965~ 4,103 i #% 4 23S ribosomal RNA A F]1 5 7] -

W

i
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Development and Establishment of Plastid Transformation Vector
for Cabbage (Brassica oleracea L. var. capitata L.)

Cheng-Wei Liu" Meng-Jiau Tseng ?

Key words: Cabbage, Chloroplast transformation, GUS gene

Summary

Expression of foreign genes via plastid genomes not only dramatically enhances the level
of expression (5,000-10,000 copies of prokaryotic chloroplasts per plant cell), but also prevents
out cross of the introduced foreign genes via pollen grains (their maternal inheritance in most
crops). The objectives of the current research are to isolate plastid gene sequences from cabbage
(Brassica oleracea L. var. capitata L.), and to construct a universal transplastomic vector for the
gene transformation of Brassica vegetables. A 4.1 kb of DNA fragment of cabbage chloroplast
between trnV and rrn 23Sof invert repeat (IR) was amplified with PCR. This fragment contains
trnV, rrn 16S trnl, trnA, and a part of rrn23S. A universal transformation vector (pASC201)
for Brassica chloroplast was constructed with trnV—rrnl6S (left) and trnl —trnA—rrn 23S
(right) of IR region as recombination site for the insertion of transgene, and a chimeric aadA
marker gene (spectinomycin resistance) was also inserted between rrnl6S and rrn23S plastid
gene sequences.

1) Postdoctor Fellow, Department of Horticulture, National Chung Hsing University.
2) Professor, Department of Horticulture, National Chung Hsing University. Corresponding
author.
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FI* 2 &Kk 2 RAPD & =+ satks 17
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o oAb g B2

MeEF P F R ABHAE AN A B

R AFHRAY AR E RAPD 4 F 53558 % 14  Xanthosoma Jc # & 2 i#
BB R AT KA B RS 0 F KCX00L £ 002 £ ~ E*% 7 B
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13 Tl?»v]’z%,?iiﬁfé:}pfu}ié 0.70~0.87 z- 3z w » 11 KCX001 = & 0.70 2 %
= » KCX003~005~006+-~007 3 013 12 0.79 2. AR M B o= § = 3 ' » - &
= 087#9’”5‘;7\%—%@ o p 88 B W31 FFN29BE 5 A2 53, Tiak
BalF+v A4 65 BHFEF & ii']'tt—%‘“ﬁ 28 % > A1 5 423% o HE A 7
BEE LS 3#HE % - EHied KCX002 12 0.64 2z i #4p v B H> 2= KCX001
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£ (3% 5 1996) 0 H @ % g & AT L B AR A 1 E % g do ] 1FIFH (Sakai, 1979) -
i I‘IEI]“:‘ i* ?}?‘_vp‘ s “;.-RI%F'&E R & ;\;iﬁ; ,g/jl ??Fﬂfﬁﬁf‘lifﬁ’ fe

PR R R FERS REARE 2 T T2 waf«ra;ﬁﬂ EEEPAR S E NN R

B 1984 & % R4 F REMHA 2 A3 A o frHEAEFE 0 R FEERE

BB A AP Feoni B e F@aRFECHDRT 22 35 - Welsh 2 William »% 1990 #% )2

RAPD 4 #7 HitFE § Pt ~ 5@ HHE 2 2 Q2 R% AR LRY ALt 2 3 8A47

4 (2 % > 2001 ; Welsh and McClelland, 1990 ; William et al., 1990) - * ¥ 2% i & p 15 )

¥ gt A 477G Xanthosoma B2 fE il G B R IR 2 e B 2 g o

d B ¥eicagiEa » 3% E 12 B Xanthosoma & (KCX) 2. fx & & (accessions) »
TR E R AR Bk ko R 13 Bk (R D)

% 1. &3 (Xanthosoma )6 i 4% 22 Jc 3 2k o
Table 1. The Xanthosoma accessions and their origins in the study.

75 (Rl [ (Rl
KCX01 ARl KCXO08 el g

KCX02 R it ﬁd@”}%" KCX09 B A B % SR
KCX03 B B K & SR KCX10 o

KCX04 r@‘\m,.«ﬁﬁ’f?% KCX11 B A Rk = b R OR
KCX05 ? KRR KCX12 B L BT - TR
KCXO06 B R 1»“5‘»'3 KCX13 9 LRk 7 7R
KCXO07 Ay CHXO01 I 2V

=~ A5 MK 3 Xanthosoma 2. #55)
(=)~ kA i

ARG TRRIEFAERY v R TEEAPFEAATD BT E A2
AR Mk A 0 38 P 4% IPGRI (International Plant Genetic Resources Institute) 2. 3+ %_
M o A A2 ARk Y 27 3F B PR 2004 £ 4 0 11 piEfT o F BT k=R



-41-

3tk &R 2 2 2 E B E(IPGRI, 1999) ¥ 24 78 3+ T IR 432004 £ 7 * 14 p 27
F R A EP3 BB L -
(2) ks 4T 2 R R A A

A5 MR A TP 2 2 8 sk 1 COSTAT #c48 i 7 Student-Newman-Keuls Test (5 %
KB B%) S FT s L FEFE LR AFSLRR o

AT AT Tk o R Gower 2 Ap IR SN E R KRR B R
(Dunn, 1982) » H 3+ & o 58 4o
Si=ZCj/n
SisiZ A feh AR A N AAAKLTA B PICAARE IBLEAEY
(@=0.05)ctjk 2 50 p o A e fk ARARAI LR AF UL LEHFFL0 R
Ap keI B ‘f BIE P BeE Ak k2 4p iR o 1% NT-SYS 2.1(Numerical Taxonomy
and Multivariate Analysis System )& Eficd8:- 5 28 kA 3 B2 B Bip iAo £ T 5
& ;% (unweighted pair group arithmetic average, UPGMA):& {7 # #_4 7 (cluster analysis) » 12
ﬁ&;fz 13 B & k2 i @ 4p 0 & Ak Bl (Sneath and Sokal, 1973) -
= ~ RAPD 4 # #3%5*t Xanthosoma 2. #-5|
(=)~ fed 8 Fle DNA 53~

i 5 Junghans fr Metzlaff(1990)2. DNA 3B~ & 4o 12 if 4F > fB~ 0.1 g #7# bc > ¥
315 ml 2 el B ¢ o R R F BAe 4~ 500 ul 22 60 C F B~ i 7% (extraction buffer
z 100 mM Tris-HCI » pH8.3 » 1.4 M NaCl > 20 mM EDTA - 2 % CTAB - 0.2 %
B-mercaptoethanol) » #-Ef2_ Jc & 4 RIBDIEEA 65 C-kip 30 248> B30 3R 1 A 481 4
» 500 pl 2_ chloroform/isoamyl alcohol(v:v=24:1) » #= 4= # %> 20 Au\éi 3338 & 511 1600 X
g4t 10 A4k o B b FiR o 4o~ 340 ul 22 & {5 A (isopropanol) o # % ¥ 4°C o @ik !
oo 2 1600 X g s 10 4 45 o "fi ik FT *ff&m/&iﬂ(pellet) v e or 200 pl e A
fi=% (washing buffer > 2 76 % EtOH 4~ 10 mM ammonium acetate) > /&% 2 -] p= > £ 12 1600
Xg#rs 10 & 450 5 T“ Gt ML Tk 4 04 50 ul 20 TE ¥ ik (10 mM Tris-HCI, pH 7.4,
1 mM EDTA)*c » 127% ﬁw » v~ 3 ul 10pg/ml 2. Rnase A (Ribonuclease, Sigma Chemicals
R4876 Type 1.A) > & 37 CT# % 1 - pF > 3320 CH * - DNA kA& {1+ UV
spectrophotometer (ODZGO) Bl E_e
) REpErag sk

expe2 T DNA R Rk R AR+ 25ng/ wl> B30 4°CH* » (P52 FRERE
Z 4 F P DNA- Az £ % 88 B35l 327 F Jpo 1% A% DNASONG %
B (PR 25ng/ | cnDNA B R 2 pl a8 25 wl F P 27 F o 2@ 71X
Ex Taq polymerase buffer ~ & 100 M 2z dNTP~0.2 yM 2z 51+ 2 0.75 U 2 Taq DNA
polymerase (Super-Therm) » % 95 % 3% i§ & £74] % ¢ (Applied Biosystems Gene Amp PCR
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System 2700, ABI)i& {7 PCR#{ 78 F Jiso F JiiF i 5 94°C 5~ 48(1 #5%)>[94°C 1 » 46>36
CLlA&E>72°C2 ~48](40 AR)DT2TC S5 AL hR) - F k26 p & k3 24CT o
(2)~ A~ 472 DNA 7 A1 7 Bk

EREFEEF M2 DNA 2 B > P~ 12 pl 7 ik 40 » %7%)(6 X loading dye:10 mM
Tris-HCI (pH 7.6) » 0.30% Bromophenol blue > 0.30 % Xylene cyanol FF, 60 % glycerol and 60
mM EDTA) » ;. » 2 %% 3§ 75 ¥} %8 (Agarose |, Amersco) » 2 % 900 ml 0.5 X TAE %
%7 & 3 (Agaro-Power A7020, Bioneer) ® 5 % /& 100 V i& {7 & 74 ) 90~95 & 48 o & & (S #
WeaE ~ 5 1 1/100ml ;4. it z 4z (ethidium bromide, EtBr);z % # 4 ¢ 10 A,\é@_’ T Aad s
kP2 304480 £ AUV ERDL AL o DNA EF o
()~ FA A7

i% 3% Wilde % £ (1992)?% F2tix o A - R NG - B F R DIE
T m g j %'0'2 = DNA 53 Bl 1% NT-SYS 2.1 g # i& 7 UPGMA # F ~ %’? ’
R AR Fé“ ¢ RAPD 253 @ 4p 02 AT B -

ik
*ﬂ

- ~ A R Mkt Xanthosoma 6 78k 22 #E%)

ph TRRITF RS o Rl TERBHBA D | Tk k2 4837
B RAA AP Y T kR PR FSRAKRE 2 EgE S8 ERY
B A SERE T AL A RES R d CE R BRI CEERY EE R AR
FRRANE G AR L PY P a4 5 o KCX0L 2 KCX02 22 H s 3 F 3R kgrd s 12 3
k- B Y € 2) e ppd PR KCX02 % % 4 ’ﬂfﬁég“b.’é”’:”m“’w%
pE ¢ 1 KCXO01 5 % % » KCX02 & & *,E: ) éﬁé'ﬁ ik B d 1 KCX01 7 &% ¢ » KCX02
'ﬁ';}%} 3 ’fk'ﬁ b .wm.&z? s E P sE 2 Thprd ng KCX02 Z k% ¢ > Hapy i

IR EARE L o d A KCX02 AT A REL A RZA G ’F‘%—ﬁ ERE A A A
ps ﬁﬁ’m WL ~;Lé; d NG p RE R RG G ApR I r KCXOL 2 TR N d
eEG e CHRE I L :’é@ﬁ TARND R oL Bl k2B FA ke f%ﬂ,—‘gﬁx%ﬁ
o 2F 5B HIERAE G FPA3BE L FEA20H > 15 KCXO0L 22 = 4 &g e
A5 ~ KCX07 iﬁfsﬂ_?%ﬂ,& KCX09 —‘,5 =7 FlF A

EorE% 013 Bl i@ pAEERS S 097(KCX08 22 KCX11) » & 4
0.64(KCX01 & KCX12 2 CHXO01)(# 3) o ** Ak B ¢ » KCX04~08-009-10-~11-12 %
CHX01 % 7 Bz g P 4piuig 5 087 2. % - ¥ » KCX03 ~ 005 ~ 006 ~ 007 % 013 14
079z jpinR e % - FH A3 HFHEF24p AR 0.77 > KCX0L 2 0.70 i3 @ip i & =
T EF=ZH(BDL -
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= ~ RAPD 4 & {&35*t Xanthosoma Jz & x 2. &4

188 A5 F TR k2 RAPD A 47 S %973 5133573 xx 24 1 * ]
A%+ 300~3000 bp(# 4.) > H ¢ 29 @3l F B3 S A o 4 Bi3lF P BT g_i 3 r[#n,i%i
(3!+ OP-AM19 ~ OP-AQ1 2 OP-A07) > # % % 13 @ (5!+ OP-EQ1) » *+ & # 7189 B 3 +§
A 280 FAMEE o TIERIIFT AL 650F 0 £ AL i TI0L 28 6F
Al 5 42.3% o

& UPGMA #E 2472 % > 14 Byc g 7 & 3 3 # (B 2) » KCX02 1 & X 2_ 3§ @ 4p
A 0.65 = = % - 3 KCX01 R 086 2 i g v e % =3 > Hepygl k2 4p i
Bf099 bt > ¥ 12 KCX03-04~05-06-07~11+12-13 % CHX01lz :f @ B & &
0o

% 2.14 % Xanthosoma Jz & % 2_ 25 fE Mk
Table 2. Morphological traits of 14 Xanthosoma accessions.

s o ®mdoe E% it ax
B B e vakd Tegd gk YRy E 4
KCXO01 K3 el X %4 X P, Y ke d by e
KCX02 &% e R N R 3 i i
KCX03 K3 % o2 B d %4 dopera, 6 g R
KCX05 X %% Wk %% %4 §oraEa, g g R
KCX07 % % A %¢  mmsa, v 4 0 We %
KCX08 4 %% %% X %4 doraEn, g4 R
KCX09 %% % G X %4 PREFA, w4 e R
KCX10 * % N % g %4 §oaa, g d NG
KCX11 K3 %% N X %4 §oraEa, g g R
KCX12 * % N X %4 §oraEa, g g v R
CHX01 & % N % % d -1 £ i) v 4 NwE
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# 3.13 & Xanthosoma Jc & & 2 1§ @ 4p 10 (2 BcaprL o
Table 3. Matrix of similarity coefficient among 13 Xanthosoma accessions.

01 03 04 05 06 07 08 09 10 11 12 13 CHXO01

KCX01 1.00
KCX03 0.69 1.00

KCX04 0.72 0.82 1.00

KCX05 0.80 0.80 0.77 1.00

KCX06 0.77 0.80 0.82 085 1.00

KCX07 0.72 0.80 0.80 085 0.77 1.00

KCX08 0.69 072 0.85 0.82 0.80 082 1.00

KCX09 0.69 0.72 090 077 080 082 092 1.00

KCX10 0.67 0.80 092 080 077 077 092 090 1.00

KCX11 0.72 077 0.87 085 082 080097090 095 1.00

KCx12| 0.64 | 074 085 082 074 080 095 087 092 092 1.00

KCX13 0.69 0.80 0.80 077 0.82 080 074 077 072 074 069 100
CHX01| 0.64 ] 0.80 0.85 074 077 080 090 0.87 090 087 090 072 1.00

- 9

| T T T T I T T T T T T T T I T T T T |
0.70 0.77 0.85 0.93 1.00
Coefficient

B 1. f1* 39 58 B4 4Kk 4 47 13 B Xanthosoma qz & & 2 i @ 4p i B Ak W) -
Fig. 1.Dendrogram illustrating genetic similarity among 13 Xanthosoma accessions calculated
from morphological traits.
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% 4. RAPD 4 477 13 i Xanthosoma iz & % & % Az 313 2 H 5 A4 o
Table 4. Summary of total numbers of amplified DNA fragments and numbers of polymorphic

band for each primer used in RAPD analysis of 14 Xanthosoma accessions.

Operon Sef:]uen(,:e Total Polyn:.o(r);hic Operon Se?uen(,:e Total Polyn:.o(r);hic
primers (5°to 3) Bands bands primers (5°t0 3) Bands bands
OP-A01 CAGGCCCTTC 3 1 OP-D02 GGACCCAACC 8 5
OP-A05 AGGGGTCTTG 5 2 OP-D05 TGAGCGGACA 6 3
OP-A07 GAAACGGGTG 3 1 OP-D08 GTGTGCCCCA 8 5
OP-A09 GGGTAACGCC 10 5 OP-E01 CCCAAGGTCC 13 5
OP-A11 CAATCGCCGT 5 3 OP-E06 AAGACCCCTC 7 3
OP-A20 GTTGCGATCC 6 4 OP-E19 ACGGCGTATG 8 3
OP-B05 TGCGCCCTTC 5 2 OP-FO8 GGGATATCGG 5 4
OP-B06 TGCTCTGCCC 8 3 OP-F11 TTGGTACCCC 10 5
OP-B07 GGTGACGCAG 5 1 OP-F17 AACCCGGGAA 5 3
OP-B11 GTAGACCCGT 5 1 OP-G06 GTGCCTAACC 6 3
OP-B13 TTCCCCCGCT 11 7 OP-G09 CTGACGTCAC 6 3
OP-C01 TTCGAGCCAG 4 2 OP-AMO03 CTTCCCTGTG 11 3
OP-C07 GTCCCGACGA 7 3 OP-AM18 ACGGGACTCT 5 1
OP-C11 AAAGCTGCGG 7 1 OP-AM19 CCAGGTCTTC 3 1
OP-C19 GTTGCCAGCC 4 1

Total 189 80
Average 6.5 2.8
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[ I I [
065 0.74 0.82 091 1.00
Coefficient

B 2. f1* 29 = RAPD 51+ & 45 14 1 Xanthosoma fc & % 2_ i @ 4p i R 5k B -
Fig 2. Dendrogram illustrating genetic similarity among 14 accessions of Xanthosoma
accessions calculated from RAPD markers.

o

FARLERAHEFTTHLCS B DHER LR BT RR C TR
Zojeh kA% ERPIRAIAEZ A E 0 A P FR TR F(Irwinetal., 1998) 0 E T % 18
Lo e b AR RF NG REEFRA N FEFEE AL F 4 2
JZEF T ERTAEL R FBRBF AR RS LD f’rfjﬁiﬁwjﬁ_@ 15 fi
¥op “f ¥ 4F e &k (Greene and Pederson, 1996) o # 9 Sk ¥+ #73# B2 Jc & kB (7 f R mPn 2
A o BaE s ek k2 BAPM TR IS ST e

B RERY ",f KCX001 % 002 ** & ggd ~ £*%7 wZppd ~Eppd ~ £
FiBz TakEmd SKCX001 2. # FAk s T4 2 p ¢ HH LR AR HE kR
BEUIEPREA o MIREP R F B2 A LRSS 4 THHE IR R > BTN
EAADEC ARG TR R LR > W H Y 39 5 P I R b
TRz MR I3 B R k2 HE ST o

d 2713 B 2 AEA T 0.64~097 > BP ¥ A 5 3% LFE - &
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FoOFNIFERIALR B LA FTRATEER I Z LR E RGBSR PR A
BT S X R E A LD 2 UPI( 0 1993) > rt R iFL BAERGEFLELLF AR
F B3 2R 5 (Bradubury et al., 1988) » et a B F 3Ziu k2 fd R o iR {GF
PRI U BN

W EE2Z 29 B F AP "% OP-B13 = *» KCX008 ~ 009 # 010 & 2 .
b His 513 A4 2 FANMIEF W AR KCX001 2 002 > T3aF 313 & 4 ahifd #e&?
Schnell % « (1999) ¥ 3| chX 35 5.7 iFf iz o & FHEL T2 B % > f R R
KCX002 2 H s qx & 5 2 i @ 4p i & $:2(0.65)*h » 51 p § 3 2. KCX001 » 12 0.86 2 #&
Mg BB B W p S8 L ePT2 gl ko ApiAEB:E 099 VAL AT B
4 €453 7o E.d 3t Xanthosoma z- 2800 B2 6% oL ERba R F g4 8
DR AGET GEEE e

Ay ¢ i B4p iy 0.65 22 KCXO002 » %“;r:“ CERZ FRER T S AL T
it /&> Xanthosoma violeceum Schott - Schnell % 4 (1999)12 7 B % 3| 44351 3 ¥ 18 rlasfy"pp\ ks
# 53817 RAPD A 470 % » 4 5 + % Xanthosoma caracu Kock and Bouche ﬂeranthosoma
violeceum Schott =z & x 2_4p ulfi—; L0872 @R F)F 4 AT a3l 3 Bk b o
FRE&T B B i BR A AN g g iR B2 15 BRARBEAEL
= 3L o pivAk L 1.00 0 H 2R Xanthosoma FIi- B 5 s A R Fia R B SR
H2 AT RE > R F 2 AR R ER RS A A B MEARY A% FTRE T AR
MR LA AR LR o d AL R RT A R LRk b BB LT R
fho AR SRR 2R TR AR T SR TA A F

\y
S
[e=2
A
gt

v

TP~ BEPNFS S o iz - 2001 - 2 ISSR £2 RAPD 4 F fhi& 47 VT R AR R @4
e ) P Eg Y 50(1)'54-67 8

B h e 1971 - MR A HE o 5 /%*”‘ 2 5 pA417-418 -

FFE it FF 01994 o o$¢%—nr4~n m 2 Z5g c MBI A S RRETEAL

¢ o 54 0 p.1665-1735 -

PR S 21993 o fh o FfEih R RN e BB e A4 it ¢ & & 11 p.4b-58 -

FRFE Py PN Avadhani 1996 = & & L o ¥ R gEE L P pl4-1T o Bk ik o
Rriva fL 5 4 o
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Genetic Diversity in Xanthosoma Based on
Morphological Traits, RAPD and SSR

See-Min Tee  Yu-Sung ?

Key words: Xanthosoma, germplasm, RAPD, genetic diversity

Summary

The genetic diversity of 14 Xanthosoma accessions were evaluated by morphological traits
and RAPD (randomly amplified polymorphic DNA), The morphologies among accessions were
indistinguishable except colors of leaf blades, leaf centre, leaf veins, petioles corm shape, colors
of buds and flesh of KCX001 and 002 accessions. The KCX002 accession was lost during
plantation. The rest were clustered into 3 groups by UPGMA cluster analysis with genetic
similarity 0.70~0.87. KCX001 was the only accessions in 3" group with similarity 0.70. The 2™
group included KCX003, 005,006,007 and 013 with similarity 0.79. The 1% group included
other 7 accessions with similarity 0.87.

Twenty-nine out of 88 primers that amplified reproducible polymorphic band were selected
for RAPD analysis. The polymorphism was 42.3% with an average of 2.8 polymorphic bands
per primer. The cluster analysis result 3 groups with KCX002 comprised the first with genetic
similarity 0.64. KCX001 was the only accessions in 3" group. The other accessions had high
genetic similarity values of 0.99 and comprise3d the 2™ group. The result reflected that many of
the Xanthosoma accessions in this study were actually duplicates.

1) Graduate student, Department of Horticulture, National Chung Hsing University.
2) Associate professor, Department of Horticulture, National Chung Hsing University.
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2 < [ £ (Horticulture NCHU) 30 (1) : 51 - 64 2005 -91-

PEG -k & i 4 AT 72 Sk Ha i th ~ % B 2 £
RS TR X

oKy x B2

MizE @ 1 ~PEG~ kA8 ~ ki

FHE BRI 2 42 i 17 PEG # -k AL 0 2%% 4% PEG AUz fE
BREZF S FHEFFEMEIEY KSR TS SR LTV R ST H L -
2% PEG roZhg ¥ H 4 % F H i £ % 2 = &30 F o F e ARk
¢ %94 EWFB A 3540 2 45 % 12 0.5% PEG -k A i B ST » PEG
ASLEEE g4 %R g 2 £ im0 PEG AURL it bIL B A AF o B ITI 45
5 FraAkz CAH #FHZ capsaicin 2 £ 53 > REHBRE LR 3 BF -

L
KL

% #i(Capsicumannuum L.) % #-4%(Solanaceae) # s/ (Capsicum)- £ & % & 4 ¥4 R
AP AEND EWETRE R EPARGEEE 1991 2 H BT LB RFBFTIH P
WAL R LG A gt 30 B Coannuums i ikek & LT A S AR (s e
M- 1988; # - 1991; Bosland and Votava, 2000) » 3k# 37 % B i £ & (T4 » 2004 & 3%
P2 A AR FE 2367 F v e w2 AR G 1644 F o K ik 2% 65 % (FAO,
2004) o ShHR % F R MEF AR T OED HATH S B 2L o 4T RH Bk
Ba L JF ek Bip S vk~ gpd 2 M3 & A C(HE 0 1976, 3 0 1992) -
A% F kAL £ d capsaicinoids A 0 %@ N SReRAZA Y 1979 & & X BRI
HrAZ EF MR ABF I ARBEFFBER KA P RE FERIEE TN
gkek £ 37 4% . (Johnson et al., 1996; Iwai et al., 1979 ) o krk &2 T 35 FF 4p 5 BE 7% © 4R35 3

1) M2 EAFFEF L2 -
2) WMz A F RS g vy e
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PEOBRMBEEAAZEREIEEZ PR WA S T2 e G FT e o Her 2
%8 K Ji 2. %% 4o PAL(phenylalanine ammonia lyase)i# 14 % 5 834 % 2. R % &
© AT (D|xon and Paiva, 1995) » C4H(cinnamic acid-4-hydroxylase)£2 5k 3 2_ B %5 B 4ok
B2 o
KA GHSEFRAR S - iR MP P T LER 2R SR YRR R
?E T F| s #aﬁ 7 7L bR R 2. 4 & % F 7 (Taiz and Zeiger, 2002) - % § ¢ 5k
VLR B TS s Bk KRB T % 9 ) dhcapsaicin 2 dihydrocapsaicin 7 £ ¥
B (Estradaetal 1999; 3 > 2002) - A% J|* PEG Admiiiattth > & 1k 2
Tk U% fo BLARED O R RIZHI B ERA L R F AL 2 s 20
i€$w%ﬁ% ELEAY

7o & 3

- ~2%% A% PEG kA eJZHikiEth ~ % F 4 & 2 5 F iR B
(-)T 5% 2

v 4 e (CHungariana )ik ts A G RS M AL (2 A AT 2 F) o RfEF A h e RY 5 B
NS K Tk BRL BN RN T2 RRERET T R BB 4 F
§%ﬁgzﬁﬁ%:ﬁ}=$0540@;4@*—ﬁ,%ﬁf?&ﬁ»w&4%*lm0
BESHNPIKS32:3, 8 H)- =« Gu kil #7 F AEL 5 Qe A d £ 2
B py g B = LAUVIV) B R AR
(2 ) kA e

RIS - A8 BE - AR BEFHS Bt ka gL 2oy - 2
A% % & (£ 24 cm x %15 cm x# 8 cm) » *> 1 L Hoagland % i (Epstein, 1072)# 4 %] +: »
209 # 40gPEG 6000> 3 fiz = 2 %% 4% PEG # ife i3 it 1% 5 4k -k jd> 11 % i 4 PEG 6000
2 Hoagland % i 5§t/ o £ ¥ & < e ip o WL Y 500ml Fip 0 F = B WL AT
(322 EHREFE 7 A BESE Fﬂl&.#%ﬁ? EEEAY 2003 £ 7 7 5 v @5 E
F8 RPN FE%RE R > E K3 (Complete Randomized Design ; CRD) » # g2 =

L
(D F ik SR e -t 1
WEAEGEFR2ERE > ARRIETAED > FRIERAE R 2 £ h
LEANI & - AR ZFEH D HEHRE 5 - AR # 4 F 45 2 jEgE(cm) o
Z§£ﬁ1$—¢&T1awﬁmm)
b MBI E D MAE R D AN A B P IMBEE(Q) o M P IVE AL L KK ¥
0

C2 448 48 | PFiS =32 £(0) ©
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A% T IEEGTE RSB BT A G kA o fEBR T IR E (Q) o Mk T IR
24 R B 70 °C2 M 48 ) B iE FRiC £ (0)
5.4 T RN £ (M I E I o
(z)E %2 :?iz‘i

g

gl gia l/ﬂﬂ@ % 30 ml é}ﬁ:»? ¢ 12 2,700 xg%ﬁ» 10 ~ 48 - #F 4 & wB’»’E'J iR
)R] £.663.2 nm ~ 646.8 nm 2 470 nm z_ =% sk & o 2 80 % acetone & F v X FiER
@E'M#\’Aﬁxﬁ’» o o2ERh o E¥EarzESE b2 2 83E o e

% % a: Cha=12.25xA663.2-2.79xA646.8

%% b : Chb=21.5xA646.8-5.1xA663.2
T
%

™ \
&

TJ m m b\

%ok & 4% (leaf water potential (LWP) » o)
% Kameli 3(1995)1 £ (1995)=-k Fvip] 72 2 dew point hydrometer/ psychrometer
(Wescor Co.) Bl 2 F ¥ -k~ g o 32 5 M3t BB- P ER P B0 p (Wescor
C-52 sample chamber) poo - ) RS & B R &R - (dew point microvoltmeter >
Wescor HR-33T) » ip| % % B2 #c T B (u V)% 51 2 R
TRIEZ TR ER SR ARD
corrected pV= pV reading/ (0.325+0.027xT) » T= #& &1 F & (C)
F)EFATHEBE
BB X 28R %F FAIEAE B FHR=5 2R -BEAP 47 ¢
1% & :d 53572 £ &(Cm)-
2% R ET RG22 55T AECM) -
BEFHEZ §rE I ATHRREFFHENTLERLIHEL(Q) L TOCHEIT2 % {8 > #F

)

FAMERY 2P A DEATE RS R TR B RS R B
QP EAnEFEEY 2R A0 2 fw/i A E RS EFINE
HEwA -

(= )% F 3eh = 2R 2

1. Capsaicin % dihydrocapsaicin 2. % B~
Bl s P R Y 25 X R 2B EREE  Br 004 ik Sk R o e 2

ml 7 fe >t %A ® > 0 250 rpm 3t F R T H#EE 4 ) pFELS > % 3V FE 045 um E /S 13 mm

PVDF(polyvinylidiene fluoride) 2. millipore i& /g /& /7% £ ** 2ml ] #g ¢ »B~ 10 pl & HPLC

4 ¥5 capsaicinoid(capsaicin % dihydrocapsaicin) - # g2 = $k - = & % (Tsou et al., 1997) -

2. Capsaicin % dihydrocapsaicin 2. z_& 4 #7
HPLC % #7 = ;2 12 HITACHI Autosample L-7200 # & &= B~ 10 pl ;. » Intelligent Pump
(HITACHI L-6200)® - - RP-18 column (MERCK Lichrosorb) » % guard column »+# &
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o Hofg ek kg % B(HITACHI UV-VIS Detector L-7420):p] ©_229 nm F z2_¥x sk @ » 12
Chromato-Integrator (HITACHI D-2500)3z 45 o

Az (merck): 2 33 -k=65:35(v/v)iR & 353 > 553t 14 0.45 pm(Whatman filter, No. 41)
Wi is (5 indoAp > nik 1.0ml/min > = 5n s R 5 30 4 48 -

Capsaicin (M2028, Sigma)¥ dihydrocapsaicin(M1022, Sigma);% *+ 100%z fg # > & %] 12
50 ppm 2 100 ppm & %72 7% > ) /5 6.83 4~ 427 ¥ capsaicin-9.88 4 4i | 5 dihydrocapsaicin
2o VTR R BV o g 20 F R 3B k57 capsaicin #2 dihydrocapsaicin z € (AVRDC,
1989) -
S RFAEMEYPPEG kAR AIEHAMET 2L AR E I E A MR ZBE
()7 R %

z «r\f"‘
B SARERTE T P E R R R o T P AE2Z v e EW 35 Lok
#F PR3 L2 Hoagland % i% » 1 B2 %3 75 A2 > RE3I A EFRTH - 2

$HIRH o B WAE KB o
(= )k A e

RN F e &2 57 o A B0 35540 2 45 X 4 BB 40 TR A RJE 0 L
50 = %9 » o w| g2 1510 %2 5 % - 12 0.5 % PEG 6000 %,,z,p,,:z (T4 4% K B2 » 11 3
¥ PEG 6000 % ¥ o %> 2004 & 1 " ¢ X EFHEE LFF P27 F%HER

4 %% 3+ (Complete Randomized Design ; CRD) » # &2 = $k 5 = zvf_ B oo

E)xF 27k 4

AEFRTRE0 X% A 2BA=5 TR BAED FFEHR- -
(m)5From? kg 2 B Z SR 2
1. Capsaicin 2. 3 B~% T § £ 47 I BRI 0 2 E ik - o
2. Phenylalanine ammonia-lyase (PAL) /% 4
FP ATt i F 0B 05 sLfs Ao BN P o 4o 2 3 ml E B (50 mM Tris-HCI
buffer, pH 8.8, 1 mM EDTA, 15 mM B-mercaptoethanol, 50 mM ascorbic acid)*+ 4 “C 7kiz ¢ #=
Br¥og o x4 CT L 20,000 g diee 30 Ao Bt ERpEE I 5
ml(Ochoa-Alejo and Salgdo-Garciglia, 1992) » # e 2 = $k 2 Bo— & > = £ 5§
H4r B 01 ml 2% 1 ml 100 mM Tris-HCI buffer (pH 8.8) ~ 0.5 ml 10 mM
L-phenylalanine (Sigma)% 0.4ml & &+ kR &2 37°CA L 447 F B 1/ B4~ 0.5ml
6 MHCI 3% 4 F Jis o pCfati® &% 4 ~ 7.5 ml diethylether {¢ > 5 20 ‘C12i8 & 5 32 %
370 0 B a2 3B % 2 3 ml 50 mM NaOH 3 #1214 B 2 290 nm j& & 2_ ¥ & {& > cinnamic
acid 7 % A B M H AL E - L HCIRRPAFER LT o
3. Cinnamic acid-4-hydroxylase(C4H) = |4+ 2_ip] 7_
FPATE ST ST B 05 5 e o3t 4T R F A RS i A 6 ml 100 mM
Tris-HCI buffer, pH7.5 $53 3% > = 4 °C 12,850 xg » &~ 20 % 4&(Ochoa-Alejo and



-55-

Gomez-Peralta, 1993) P AEIT - LB - % £ K o

A4 2P~ 05 ml b ogige 1.5 ml 100 mM Tris-HCI buffer(pH 7.5) ~ 0.05 ml 20 mM
D-glucose-6-phosphate ~ 0.05 ml 12 mM B-mercaptoethanol ~ 0.05 ml 8 mM cinnamic acid ~ 0.05
ml 8 mM NADP ~ 0.05 ml D-glucose 6-phosphate dehydrogenase (1000 units/12.5 ml)+4c » % &
B ol * Ak kR (UV-1201 - SHIMADZU) 1 time-course 77 ;%R € 340 nm L & =

A d e sk S o

4. Capsaicinoid synthetase(CS) % 1+

FB AT 2 R % B~ 0.5 R Ps B R AL § AT B 1S 03k 40 6 ml 100 mM Tris-HCI(pH
6.8) > 2 &1 12850xg » 3 4 Cars 30 4 48 0 4;%@31*%* - % ZFEFK o

#1502~ 0.3ml t 5% ~0.1 ml 0.4 M Tris-HCI(pH6.8) ~ 10 ul 0.2 M vanillyanine ~ 5 pl 40 mM
ATP ~ 5 ul 40 mM MgCl, ~ 5 ul 40 mM 8-methyl-6-nonenoic acid ;& & » 37 'C ™ * & —

P 72 0.1 ml AM HCI % i+ £ & > £ 4 0.5 ml chloroform #<% 50 C* & Z 5% 3| & .T!J
F kR Ziel ml acetone 2 1 -] FF{é>* 3* 4 0.45 um E /& 13 mm PVDF(polyvinylidiene
fluoride)z_ millipore % g ° EFRE2ml A o 3 LY B 10 pl # HPLC A 47
capsaicin(Ochoa-Alejo and Gomez-Peralta, 1993) - = g2 = $k 2 B-— % > = £ K o

5. Peroxidase &4

TP AT e %R 0 B~ 0.5 sUPs A 0 4o ~-20 ‘CHE 4 chacetone S ml s 11 AT R B
#-Jg A (Whatman filter No. 40) % » ik L & ¢ % E 2 4 F 4cd Bk > 3 11-20 °C 2 acetone
P REI Kf Hoad E oo F PG o "fﬁi T S 2 acetone » B A P A T 0
25 ml 2% (50 mM Tris-HCI , pH 7.5, 1M KCI)323 % f% > > 4 CHERB T RT - 1/

PF 7512 10,000 xg Bt 30 248 0 F EIEZZ % 0 = £ o

A3t P2 100 Wl bk o e x B 2.9 ml (0.6 ml 5 mM capsaicin ~ 0.3 ml 1 mM H,0; ~ 2
ml 0.15 M Tris-acetate pH 6.0)2_ & &:3i% » & & 15 & 4818 £.262 nm T =k E 2 i »
"1 F HOp, K 2 Z v & e 2 (Bernal et al., 1995)  “fip| vk % {12 €262,75.3 x10°
FEALF P /g‘ £ (mmole) -

(T)ezt2 47 - A 7B * SAS £ Z # 1 (SAS Inst, Inc., Cary, N.C.)*¥ 2
ANOVA(anaIyS|s of variance) it (7 % > & 37 > H T i5E 1 K 85 4 47 (Duncan’s
Multiple Range Test):& i7 # % £ & ¥ |4 (P=0.05) -

5

i

- ~2%% 4%PEG 2k~ B RJLH H R HmER  FF A L2 SRR BE
(=)~ HEBrL 2 LT
+ 7 F A W0 2%% 4% PEG a2 > (BRI fEtkZ F AL R hek 1orn o B A
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EE IR B F AR TR S HRE A B 2002 4% PEG LA ¥ %6.03mm
Z B.58MM e ¥R w2 B P IMBEE S FIIMEE B MGEE 2 JIMBE L L 2% 2 4% PEG Ao
TE R TN PR E 0 BR 5 2% PEG LY 0 ¥R EE 4% PEG 2R A
PR > 2%2 4% PEG ARy b 3@ E A )l 44 20 177.54g 2 180.39g > 1330 H &
u| > 30.89g 2 35.189 0 ¥ } #NicE A Wb 36.450 2 37.04g 0 {3 £ |4 Y T.7g 2
8.26Q # T fE R TER/H b MG E L B F L 2% PEG AJL Y HH R 2 4% PEG AJT Y 5
BEMHAR > A un4 011 2 014
PEG kA a2t # 2 HIEFESEZ 722 kA BHPPE(F 2 EVESZ a
MtREE T E LS BF & PEG 4% M\J%@“'iﬁﬂ'l*r FEILAR 0 2 2%PEG k& a2y
PMARFIRF HRE2 T2 b - BESZ I EEEF LB LB 2% PEG k4
Bd@ k2 o ARE B KL PEG4%}\/’:\)‘ T I REFEEFLL
(E)~ %722 R
KA ERIET OB TGS 40 X R F Mkdcd 30T o SR B E IS L 52% 0 B ¥ i3t PEG
2%% PEG 4%k~ AJLE » # A 55 85%% 90 % - & F fhik v fo vt b HHR lm o U AT
FHRPEG kA2 HF > 2 kA BRI B F AR - UHREL &L 2B PEG 2%
3 A%= g2 £ 6.6cm % 593cm o % R4 W % 0.43cm % 0.58cm - @ % & /% B kP D
A PR e 0 PEG 4%k A BRI K 2 0 PEG 2%k & AJZ 4 b i 0 4wt R e b 171 2
118 %9 # & = AT 4wl $hpe b 18.7g 2 21.21g> %;i,%ng_/,} u| > 16.11g 2 18.29

F 1.3 % M E k3t PEG 2% % 4% Kk & 5 B RJL T 2 4 £ 775
Table 1. The plant growth of the "Hungariana” pepper plants grown under 2% and 4% PEG

treatments.
PEG g2 1 & & el B B TR L BTN B T IRGEE
e g Fi: 4 Fi: 4 ALY o4
PEG stem stem freshwt. freshwt.  drywt. drywt. of  root fresh
treatment  length  diameter  of shoot of root of shoot root weight /
(%) (cm) (mm) (o/plant)  (g/plant)  (g/plant)  (g/plant)  shoot fresh
weight
Control ~ 23.0a® 13.05a 203a 38.76a 41.50a 9.43a 0.19b
2 23.4a 7.02b 26b 7.87b 5.05b 1.73b 0.30a
4 25.0a 6.47b 23b 3.58b 4.46b 1.17b 0.16b

“Means in each column followed by the same letter are not significantly different by Duncan’s
multiple range test at 5% level.
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2.7 F R AR R 202 A% PEG kA BB ASEITHE P ES R 7 £ 2 kA BL S

-mh‘fgf RiYs

Table 2. The leaf chlorophyll content and water potential of the "Hungariana” pepper plants
grown under 2% and 4% PEG treatments.

PEG g2 T¥%2a F%Z b BESZ K R
PEG treatment Chlorophyll a Chlorophyll b Total water potential
(%) (mg/ leaf g FW)  (mg/ leaf g FW) Chlorophyll (MPa)
(mg/ leaf g FW)
Control 11.43a° 8.11a 19.54a -0.50a
2 9.01a 4.57b 13.58b -0.76b
4 5.48b 2.65¢C 8.13c -0.87¢

* Means in each column followed by the same letter are not significantly different by Duncan’s

multiple range test at 5% level.

% 3.3 % SR PEG 2% % 4% kA 3B AT T B 01s 40 X R 2 4 E A
Table 3. The fruit growth of the "Hungariana”pepper plants grown under 2% and 4% PEG
treatments after flowering 40 days.

PEG 2 E 75 % & % %&/ * 7 * R o (Y
*u L W E g )Y
PEG rate of fruit fruit fruit fresh fresh fresh ratio of
treatment abortion length  width  length/  wt. of wt. of wt. of  placenta
(%) flowers  (cm) (cm) fruit fruit  pericarp placenta (%)
(%) width (9) (9) (9)
Control 52.0b* 16.03a 298a 5.43a 38.87a 33.5la 2.31a 5.86a
2 85.0a 943b 255b  3.72b  20.17b  17.40b 1.22b 6.00a
4 90.0a 10.10b 2.40b 425b 17.66b 1531b  0.88b 4.91a

*Means in each column followed by the same letter are not significantly different by Duncan’s

multiple range test at 5% level.
V(PR £ 1% 3 # £ )x100%
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el E R4 W] 1.099 2 1439 o fa ot BRI PEG 2% K A AT K R 0 8 4% kA
RIS %"fﬁﬁ eFakEFHELR o
E) 5Tk o2

B eis 40 = %9 2 #krk4c4 4> % 2. capsaicin ~ dihydrocapsaicin ~ total capsaicinoids
z 22 SHU 2 ¥ 2 %2 PEG 4%- J\/\E@W g - FakEF 4R PEG 2% KA A
2X 7 ¥R EFEASF o Capsaicin 7 £t PEG 2% kA )%@El* L w2 PEG 4%k &
fe SR X i 4 0. 62mg % 0.26mg - dihydrocapsaicin z € 4 %] % 0.82mg 2 0.23mg > ¥ =& £
total capsaicinoids z £ P % 1 1.44mg 2 0.41mg- ¥ =€ € SHU g 7 &35k i2 R & 5] §
23062 2 6478 - > % total capsaicinoids 2 SHU *+ PEG 4%1‘5@9’:% A F 43t PEG 2%F - &
HReiB228%F -
SR FAEYPFPEG KA BB I FEHBET AL B EZE 2 AAMEEZP

—mit \i“tﬂ

o mh‘;gf

o

% {C 15 3540 2 45 % 11 0.5% PEG A&J2 # "¢ Skafitk 0 B 1515 50 2 % F 2 4 7 )4
25 % KBTS 35 A RS R HE R Some % U T 45 X AU BT
SHBELBAMY > SE/FT BTG 352 B AFFHBENL ST HEENE T
AB R AL EHF U HITI 352 A0 B HE  AHRELRIEF  FAHLE IR
=15 35 X AJLE A F - H R R B IT(S 45 X AL KT 0 PR E U T 45 X gk
M¥he ”:n)l“ b] PEG igZ 4 £ % 81 ¥ -

#04 e Rt 200% 4% PEG -k A i B AST T B 151 40 1 % 2 Hhok
Table 4. The fruit pungency of the "Hungariana”pepper plants grown under 2% and 4% PEG
treatments after flowering 40 days.

PEG Rt E B RIS BRSO AR EE AR Fhek
JadL rF E AR AR
PEG Capsaicin Dihydrocapsaicin Total Total SHUY SHU
treatment  (mg/g (mg/g DW) capsaicinoids capsaicinoids (g/DW)  (fruit)
(%) DW) (mg/g DW) (mg/fruit)
Control 0.51b* 0.58b 1.09b 4.24ab 17440b  67840ab
2 1.13a 1.40a 2.53a 5.10a 40480a 81600a
4 0.87ab 1.17ab 2.12ab 3.74b 33920ab 59840b

? Means in each column followed by the same letter are not significantly different by Duncan’s

multiple range test at 5% level.
¥ SHU=(capsaicin +dihydrocapsaicin)g/g DWx16000000
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4. 5. F e Kk #4813 0.5% PEG "k &2 58 a2 T B {8 50 ® %9 2. 4 £ )
Table 5. The fruit growth of the "Hungariana”pepper plants grown under 0.5% PEG treatments
with hydroponic culture after flowering 50 days.

Bicisxik %&£ g 5 E/ 5@ .4 LY LRy
R e e B E b)Y
Days after  fruit fruit fruit fresh wt.  fresh wt. fresh wit. ratio of
flowering  length  width length/ of fruit  of pericarp of placenta placenta
(cm) (mm) fruitwidth () Q) (9) (%)
Control 13.7a* 2.84ab 4.83a 35.2ab 29.8a 2.25b 6.48a
35 10.7b  3.01ab 3.54b 30.1b 24.2b 2.19b 7.29a
40 11.0ab 2.59b 4.32ab 30.6b 24.7ab 2.25b 7.41a
45 11.7ab 3.22a 3.63b 37.1a 29.8a 2.86a 7.68a

V(% FPo R E£/% F 6 £)x100%
? Means in each column followed by the same letter are not significantly different by Duncan’s
multiple range test at 5% level.

e iR A>T 0.5% PEG -k A i B AJET > B s 50 X % § 75 & capsaicin 7 £
U L2 S fRAPMEEE 2 F (% 6) 0 PAL BB IT1S 45 X RJL K ¥ i< > C4H
RIS 45 X ASE A ER BT 35 R 2 A0 R AJLY c HEE LB AT
S FILri RSt 40 % L f B F B § > peroxidase {1 LR L £ 7 A2 F - capsaicin
FREMBIT A5 A R BT A0 AR AR R BT LS -

T

)

9]

o

SOk Pl 7 e PEG » i = /1 F ¢ Ko BHT ' » 30 A F 5% 2%2 4% PEG ¢ "+ 72" 2
P oks B\ L B 5-0.76 MPa 2 -0.87MPa > # ¥R 2 > ¥ LR fE kAT RSB T o
"% e 48 7 4e ~ Polyethylene glycol(PEG):it {7 44 -k i 5 g2 (Krizek, 1985) » PEG i * 2
BeBR G R4 PEG g £V 4 0 PRSI E R Y vk A BRR O ALR o
AETEH R 2005 ABPEG 2 K - AR T EIR BT 2 I RS IR ) R E
o T IERCE U R ¥ - kR PEG 1%@5—1% EofE R R et iU > 87~89
%o i kKT HBERFAR "  RETPHER ) > EREFEZFET V- HRBEHF
(Delfine et al., 2000; Wullschleger and Oosterhuis, 1991) -
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# 6. F 7 K Rt 0.5% PEG /K & i B /a2 T B 15{s 50 X % *5 & capsaicin 2

Rl il y o RSy A

Table 6. The amount of capsaicin, activity of PAL, C4H, CS and peroxidase in the placenta of
the "Hungariana”pepper plants grown under 0.5% PEG treatments with hydroponic
culture after flowering 50 days.

Days after flowering PALY C4H CS Peroxidase Capsaicin
(nmole/ min/ mg protein)  (mmole/ min/ mg protein)  (mg/q Dw)
Control 6.28a° 107ab 3.16b 48.3a 4.37ab
DAF35 6.08a 99b 3.78b 37.9a 3.62b
DAF40 6.88a 98b 7.93a 53.0a 4.57ab
DAF45 3.69b 119a 3.59b 42.7a 4.82a

Y PAL : Phenylalanine ammonia-lyase » C4H : Cinnamic acid-4-hydroxylase >
CS : capsaicinoid synthetase

? Means in each column followed by the same letter are not significantly different by Duncan’s
multiple range test at 5% level.

YR g T EIREILE b IREEE L 0w L 4%2 2% PEG )@“’jﬁﬁiffﬁ@ g RAE
Bk A BT PR S0 AR A g R Hp TN EZ R ARG R > R
HHFOFT VARG RRBERD- BB FEFRINEGEFRE F A bl
ABA(4,1985; Aloni et al., 1991; Hoffman et al., 1980; Hsiao, 1973; Watts et al., 1981) -
2a b BRELZIEZEFRLEFLR UHRBEEERS 0 2% PEG m2 ﬂ:'zf‘ ’4%PEG
BT b 50 ¢ S PEG ULk & ¢ 2 kA B RARR R 4o s T 42R Flek IR T ABA
FRH A AREYEL S FHFFRPHTE A PP L (Fr (Bray, 1997,
Leskovar et al., 1992; Taiz and Zeiger, 2002 )- 4 § 2 11 4% PEG /g2 ¥ R Fik kR E® 2% PEG
PSR E R o A SRR R N 33%~38% SR A BT 2 FlERRL TS - B R
Bk L kA W TS ik e R 4 4 10 3 20% 0 FI0t % Hcp ApHE
Rt ERfEkE R A £ 5 (% » 2002; Delfine et al., 2001; Pellitero et al., 1993) -
R HIAB R EFAEF R FER TR RFHELE R L RN
02502 %F2EmIFFH4e > 9 d I ELH oo A9 F IR
23 115 3540 2 45 % :2 /7 PEG -k 4 &Jd® > 50 % z 3t % F 15k 11 PEG Ao
S D RIE LS R REF A EEFEERFR cEREmESELE
40%~50%-~60%~80% >t EF & S H A Ko BEFR FIFF 2 S A B ~
FEOBFRPARAERTEEFRC A BETRAEL BN EF LR

R
I

»
~
»
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il xick A€ P72 % F E(Costaand Gianquinto, 2002) -

ArAS A BEI 2 BB BB AP R B 1R 2005 4% PEG AR T 5 %
F M H =3z £ 2 capsaicin ~ dihydrocapsaicin % capsaicinoid 7 € ¥ v* $F /R 23 4r o H 7”

5 F 3kt 2% PEG @ﬁ%ﬁ%@%ﬁ@ w3 4% PEG )f@‘i"ﬁ Bkl aEFLL -

“Padron’ ket th3t 2 & PEG 44 R ad® » # K edZ @ % F ¢ AP T 2 EHFRER R
HE g b ko % f A e (Estrada et al., 1999)

HEEp ?ﬂifﬁ% A EXRiE M PAL G p RMERE AT R FEEF AR Y
s 45 * PEG # J\/f@“'ﬁ PAL 7#1Bix o Jaipld L P ed@end F ¢ 7 a0 ¢ 5 5K
PE R E AR NHA D Oy AR SRR e - BT EF PAL BT R
r]? i EA ,’rﬂ Hw A8 fr] & PAL & 43 E A5 % o F C4H & (38 e B > cinnamic acid
< B R4 3 PAL E 0T "% o F v 4e cinnamic acid ¥ 44| PAL &1+ - PAL # 7l

2734 PAL F-v9 %‘r%w# | en & = (Blount et al., 2000) - C4H &2 7518 45 = PEG #-k

1%@2’_ Fes o F g A\; Long Ashton # i &d2 ¥ #f 4r C4H /544 » B¢ capsaicin 2 =
(%> 2004) °CS & capsaicin 2 & = & S MR F > 1-18 40 = PEG 24 CS #1214 ¥ b
BN F AEITA0 X R A RGP CSEMERF LTS 0y K% A 2 Long Ashton #
RAEIEE 6 MM M AJE CS AR 0 R AJES % £ E(F > 2004) > 4wipl ¥ it CS B
MBEFF AR EFTE TP T ABPEFRE-

*F G STt 40 = PEG /%@_"J_Jﬁ peroxidase A4 di g o R AR TH RFE
3 REIET & %’ "o N 2o peroxidase & v ¥ PR ke i peroxidase i 4 capsaicin 7
ERIRE AR A B capsaicin 3t & F A AN 2 7 £ (5 0 2002) o F] P da A R RdR R
capsaicin % ﬂigéu R F] o K% 4B NEEE ciE MR B A - o peroxidase g i 0 i
capsaicin A 4 gt~ Hi$ = 4% K e iﬂ‘ capsaicin 7z £ 3 P BFF o AF KX H
M Tts 45 % PEG AJL Kk A BB A S CAH B AR T B 1L pEF AR o 40 2
PEG AJZ ¥ i€ » F]pt i capsaicin B/ £ #{4c > A WA BB EHREL LAY
T4t H capsaicin 7 B #{ 4 B F o

2 ﬁ

SR 21985 0 #ok B iEd Bl o BH R ¥ 33(1-2) 1 3743 -

% igz - 2004 - aﬂﬂfifk&%més%%ﬁﬁwmﬁiaa%?ﬁﬁi%go@
Ral-a - 5[?]%?/, Al®k= o

ZAAPP 21992 o skPngta o WIER L EHA H o 9(2):9-12 -

£ 5019950 * BEIRE J i B RHB L GRL A BE oo WY B FHE T AT

Fl’_l e oo

FET Y 1976 fmE ARSI A EmT(e) A2 A A2 M % P RMEE 22Q):
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34-38 -
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Influence of PEG Treatment on the Plant Growth and Fruit
Pungency of "Hungariana” Pepper (Capsicum annuum L. var.
annuum)

Ni-Lun Ting?  Yu Sung?

Key words: Pepper, PEG, water stress, pungency
Summary

"Hungariana” pepper plants (Capsicum annuum L. var. annuum) were grown under 2% and
4% PEG treatments. The effect of water on the growth of plant and fruit, pungency content in
fruits were determined under drought condition after flowering 40 days. The plants in the PEG
treatment displayed less plant weight, lower chlorophyll content and less leaf water potential.
The fruits in the PEG treatment displayed less fruit ratio of length to width and fruit fresh
weight decrease. The fruits capsaicin and dihydrocapsaicin of dry weight were increased by
PEG treatment, except 4% PEG treatment.

"Hungariana” pepper plants were grown under hydroponic culture, using 0.5% PEG
treatments after flowering 35, 40 and 45 days. The effect of water on the growth of fruit,
capsaicin content and related enzymes in placenta were determined. The fruit was getting small
and decreasing weight under longer PEG treatment, but placenta ratio did not significantly
different under PEG treatment. The activity of C4H and capsaicin content were increased after
flowing 45 days, but not significantly different compared to those of control.

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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B 3o/kg AT o w fBAEARL HF T F D 0%(4 2) -

SR FEH AR NAA BRI 5 051 & 2 g/kg AT H #1435 F 158 > 4 4
% 875%‘852%£ 83.3% > r1ik A 3 glkg Al K P2 P AT S5 222%,%&4#@%@
FHF R L kR 5 0501 & 2g/kg A& 2 #4154 u 5 444 %50 % 55.6 % -
Tk R 3 glkg AR E IS PR R 167 % X AR AR & 2 g/kg AR K
LR S S 333%’ H k0 1g/kg AJE K 2 #1955 204 % u,ﬁ&f;p 0.5 glkg AJT.
FRS1L1I% NAAK A% 2 30/kg A2 3135 % 5 0%-  #A4B4R71% 7 2 2 g/kg
RIZX G 111%2 5 et Ak RAJT T HERF Y 5 0% (£ 3) -

Pt F(AR 92 & 27 )FIEL AR 7 e SR RN NAA §: a2
ER L NHBAFEDAEFRIY L 0% I NHBET SRR R RLE
Ao P AQE- L2 XTI AR T) o

s AR
AR 92 £ TR 2 S A R R S0CIE R R B+ ¥ R EAY B G +H50CE K



-68-

B BT AIL o d R ST LSRR e e AR E L B e 0 F R e
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FO0CHE KA1 FAFHFYT > F T 55 333 % EG +50CE - KEFBASREFA
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# LNAA £ Efa = R $ 4 #HComo'# 125 2 8
Table 1. Effect of NAA or cutting’s maturity on the rooting rate of H. rosa-sinensis 'Como’
cuttings.

w135 (%)

NAA k& Rooting rate (%)
NAA concentration B ? Bep B + 34
(9/kg) Top shoot Greenshoot  Semi-woody  Woody shoot
shoot
0.5 66.7 bY A* 455bB 222cC 7.7bcD
1 745ab A 51.7ab B 34.8bC 125bD
2 77.8aA 55.6aB 44,4 a BC 33.3aC
3 33.3CcA 25.0c AB 16.7d BC 56¢cC
FH A E T L 57 2 AR
Wl T ATH T A P2 ERE L SRR
LAz 2 2 BB EL LA EHA R R
SR IF IR 2EREZ LA AR DARLIER

Y- 72 ] BE> 32 #E}%ﬁﬁ » 457 & Duncan’s 5%k B st A s m B EF X R
-z A BEYFA ke 0 477 5 Duncan’s 5% k it AT R A F L B 1
Top shoot: 5-7 cm cuttings with top shoot.
Green shoot: include top shoot or the green cuttings with three nodes.
Semi-woody shoot: semi-woody cuttings with three nodes.
Woody shoot: woody cuttings with three nodes.
¥ Means with the same letters in a column are not significantly different by Duncan’s multiple
range test at 5 % level.

* Means with the same letters in a row are not significantly different by Duncan’s multiple range
test at 5 % level.
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# 2. NAA 23540~ 3R H A H0112'8 1 5 2 58

Table 2. Effect of NAA or cutting’s maturity on the rooting rate of H. rosa-sinensis '0112'

cuttings.
#1395 (%)
NAA k& Rooting rate (%)

NAA concentration TEH Sl B = R

(9/kg) Top shoot Greenshoot  Semi-woody  Woody shoot
shoot

0.5 1250 A* 11.1bA 0bB 0bB

1 125bA 9.1bAB 6.5abB 0bC

2 16.7aA 16.7aA 8.3aB 5.6aB

3 OcA OcA ObA ObA

z

~ ¥« *as the same as table 1.

# 3. NAA SRS BRH AR SV F RS 2 B
Table 3. Effect of NAA or cutting’s maturity on the rooting rate of H. rosa-sinensis 's. %'

P
cuttings.
195 (%)
NAA kB Rooting rate (%)
NAA concentration B wepl L34 = o
(9/kg) Top shoot Green shoot Semi-woody  Woody shoot
shoot
0.5 87.5a" A” 4440 B 11.1cC ObD
1 85.2aA 50.0ab B 20.4bC ObD
2 83.3aA 55.6aB 33.3aC 11.1aD
3 222bA 16.7cB 0dC ObC

z X pr g 3
RN <7 N |
z

~ ¥« Xas the same as table 1.
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Table 4. Effect of treatment on the seed (harvested in 2003) germination.

# 5 5 (%)
Germination rate (%)
eyl g 50C & -kizfd B +¥RERE  BEG+H50CE KEME
Cross combination 50°C soaking Rubbing and Rubbing and 50°C
soaking soaking

3 %5 x 'Como’ 83.3 (5/6)* —7 85.7 (6/7)
A 38 x 10146 33.3 (1/3) - 0 (0/4)

' 2'x'Como’ 42.9 (3/7) 71.4 (5/7) 71.4 (5/7)

£ 45 x 'Como’ 6.7 (1/15) 85.7 (6/7) 17.6 (3/17)

LREELAR TG A u A TR Y 2 AT K

Y — % 7 A e

? The number in parenthesis means the numbers of germinant and sowed seeds.
—means no treatment.

'‘Como' e & 2 54 T X PIP A B+ ¥ REBAILE RF 5 857 % B +50C i K
ZA 50 CE K EBASER B HF T F A WG 176 %a 6.7 % (% 4) -

AR TR E LA > WA N ¥R EMAYE 50CIE K u.ﬁér‘iﬁé/@“’ o+ B
HRESABEI MR FTAFENSL 593 FER2E A5 U4aApEn- P AE
£ oA AT R 7 gt x ‘Cadace’ ~ " 38" x 'Como'£2 . JF’E x'0112'= et e g 2 fB 5
aaﬁ mf"’u#mwﬁ@mx’??ﬂ"h 5OC/3_J\/)~7f§’+"Tﬁ%F"¥ AR BT FR
B 5 42.1%%7 44.3% 0 27.7 %27 29.7% > 12 % 34.4%%7 37.8% (% 5) - ¥ ;A A = Bie
e *ZkﬁﬂTfﬁ+%?#,%m%ﬁﬁ+7%?ﬁ LR B H PR A
Bt o B am x'Comofet g anfd F w { IREAAILT L TR 164 % 0 K
FUNE0CHE RERAILG196 % - Hp2 MR e shfid > 54 72 F AR
WisE At HELB(L D)
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Table 5. Effect of different soaking temperature on the seed (harvested in 2004) germination.

7 (%) B E(R)
e et Germination rate (%) Germination strength (day)
Cross combination ¥ERERE 50CE kizfh ViREEfE S0CE kEfA
Soaking 50°C soaking Soaking ~ 50°C soaking
" 38" x ‘Cadace’ 42.1a° 443 a 17.3a 13.7a
38 x 'Como’ 27.7 a 29.7a 16.4b 196a
g8 x '0112" 344a 37.8a 15.2 a 148 a

- Az BESF2 AR "’ﬁ » 4.7 5 Duncan’s 5%k st ot m AR E £ B
* Means with the same letters in a row are not significantly different by Duncan’s multiple
range test at 5% level.

i

FPERFRZASIT L LN AES D TR EIRIRE FTHEZ B
E(F, 1990; Nemeth, 1986) - = & B FF Akl 5 {ﬁwf;ﬁ)éﬂg# 4OE R RAR P 4 B
¥ 4223 »xpr #F (Mohammed and Eriken, 1974) ; @ PRER G #77 n! EHp o b
FAEEFFERG B2 Ek 0 F oA g2 W R A RIFBAAINE L 1,5}.75 R TR 5
ﬁﬁN@#RJWWMhl%m ﬁﬁ¢&ﬁﬁ#*?% PR ASRIZER B 0 §
ERBAAAIfodTH A T 3L % 4~ 0 &3S Frdl 4 T et 2 3 7 (Barghchi and Derson,
1983) PO FIAENE s AR R o HIEPEATE 2 45 4 £ F (auxin)fAsE{oik & 4
¢ 7 4 % (Hartmann et al., 1990) -

Moe(1973)4p 1 148 § # e im e 4 ) "E o 33 SL'RoSwytha' & f se B & iR 430

TR BEPFAL VG pa‘p NfERZ FR Y BERAPRERTEF TR M
(Reuveni and Adato, 1974; Van de Pol and Breukellar, 1982) - Hambrick % 4 (1991)** 3z 3t 4+
%”#%ﬂ%m’%ﬁ\?P**%ﬁﬁa%ﬁi&{“ﬂ* e > 2§ 4 (nitrogen)

| f APRE ﬂ\pé%‘a* PFHRBHR FEMIPRES HH M SIRPFHREFFF
ﬁ“ 2 kL 4 TR ERIRA 2 BB Eﬁ R R IEMR FAY 4 R M (R AT o
i %?wﬁw TP R R YRR
FREHBRS T F > ERBFRF o bldo b B iRk ¢ KafdAF 115 b (m
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£ 4, 1993) o x A ¥ | E 2 FoaT 4 i 2K 3% endE AR 3 49 F if (Hansen, 1986) o F & %
(Poulsen and Andersen, 1980) - & % (Lyrene, 1981) ¢ % 2 (Davies et al., 1982) % ¥4 » p| 12
R % IR R AR A 4 R o AR%K Y A= B &480'Como' 2 '8106' 53 12 5

b B R E AL T7.8% (2 1) 875%(7\ 3): 01123 4940 4 I > B £
125 16.7 % (% 2)° 4 H'COMO' &84 46 F5 11 78 1 45 R AT NAA 2 g/kg 2 % 12 5 it 77.8

%ok i > B4k 5 B H IR NAA L & 1g/kg AJE ¥ 5 135 & 745 % (% 1) 5 '0112'%
FEAH 35 PF T W IR AT NAA R R 2 g/kg FREIEETEI6T7T% Ea kR IEHE
14 NAAE & 0.5-1 glkgwﬁ%“ i 125 % (4 2) o R 3N SARH B L H R
7 NAA kB 05-2g/kg & 7 17 5t 2 3 495 & 83.3-87.5% H =t 5 Wil #5481 NAA k
B 29kg R # I F & 55.6%(%\. 3)o LR RS T B i 2 '8106' 548 % b > 7 A TLE
BRZFIN S PR - W L LR LS B R FARR LT e
WA B RREL ML RERRTL ANSEEELAA N R Fe- hoB g
Ford o 2GR FE NAARBRA®RS 2 3gkg FF > & @ §HrdliRe ¥ & 0 i
FRLFRS
&+ iR (dormancy) i & ¥ 4 2 vh iR B A KA Z 8 o h AR Edpd ek B 41
2R e AER SR A EF UL R R R FIIET R T LT N A
REREd A sl KR FREE T AR AT AR AR ) PSR
CLE FadhiRERE o AR BT § - A a0 P AR T SRS PR A 2
Too FRIEPRIZE RIGEA B2 F T (Bip A7) PR Z BT 0 S BA TG
RIS TR I R R RS AL T RS 2 wu TR R
BT FoRI PRI EENEF LT > BRI AT 2 F T2 R LR -
Y —-]gK XComo__E'_téL G+ 7 AT TR A I 0 3 50Cm. Jw)ufé’f TR
% % if 835-85.7%; @ ' &' x'Como'% 'K 4" X'ComO' A e B L 2 AT B G S ER) K
FRE - RERRIL > 4§ RELFET A YL TLA%E 85.7% ; ¥ ¢h'A 4R x'0146' e
L2 48F Pt SOCE KEMBAIET 4 Bt 2 % 7 5 333 % Ba G AILF A €@ 15
THETHI0% (R4~ FLETF EZRAAEF MINTREEALZEF T RFLEY
oo BT F T i F (% 5) -
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The Propagation of Hibiscus rosa-sinensis L. via Cutting and
Seedling.

Chuan-Yi Ting®  Chien-Young Chu ?

Key words: Hibiscusrosa-sinensis L., NAA, rooting, seed soaking, germination

Summary

The rooting rate of H. rosa-sinensis L. terminal cuttings was better than woody cuttings in
the summer. The optimum NAA concentration for terminal cuttings of 'Como' was 2 g/kg, with
the rooting rate was 77.8 %. The rooting rate of '0112' terminal cuttings powered with NAA 2
o/kg was 16.7 %. The rooting rate of 'Kyoto' terminal cuttings powered with NAA 0.5 to 2 g/kg
was 83.3-85.2 %. Seed germination rate was not different between soaked 15 hours in water at
room temperature or in 50°C warm water, and the germination rate of hybrid seeds was

22.7-44.3 %. The germination strength of seeds soaked in water at room temperature was better
than those in 50°C warm water.

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. Changes in ethylene production of wax-apple fruits stored at 1°C, 15 and 25 C.
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Fig. 2. Changes in respiration of wax-apple fruits stored at 1°C, 15 and 25 C.
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Fig. 3-1. Changes in ethylene production of wax-apple fruits at 25C after storage at 1°C and

15°C for one to eight days.
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Fig. 3-2. Changes in ethylene production of wax-apple fruits at 25C after storage at 1°C and
15°C for nine to ten days.
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Fig. 4-1. Changes in respiration of wax-apple fruits at 25C after storage at 1°C and 15C for
one to four days.
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Fig. 4-2. Changes in respiration of wax-apple fruits at 25C after storage at 1°C and 15°C for

five to ten days.
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Fig. 5. Changes in the maximum ethylene production of wax-apple fruits at 25C after
storage at 1°C and 15°C for one to ten days.
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Changes in Respiration and Ethylene Production of Chilled
Wax-apple (Syzygium samarangenes Merr.et Perry) Fruits

Shan Chiang”  Ching-Chang Shiesh ?

Key word : wax-apple ~ chilling injury ~ ethylene production - respiration rate ~ pitting

Summary

The objectives of this study were to investigate the symptoms and index of chilling injury
of wax-apple when wax it was subjected to low temperature. Black DiamondR wax-apple
suffered chilling injury while it was stored at 1°C for two days. Symptoms of injury were first
appeared as small pitting on the pericarp, then developed into large sunken areas and became
discolored as the day of storage increased. Sinking of the skin happened earlier than the
development of discoloration. The abnormal ethylene production had been found after stored at
1°C for 3 days then back to room temperature. The ethylene peak was more apparent after
storage for four days, and it was more and more increased with storage days. The respiration
rate of wax-apple stored at 1 and 15°C was low than of at 25°C. But showed an abnormal
respiration peak after stored at 1°C for 3 days. The peak remined abnormally high after storing
for 4 days at 1°C and then back to room temperature. The results showed that the abnormal
ethylene production and respiration are not suitable indices of chilling injury in Black
DiamondR wax-apple.

1) Graduate students, Department of Horticulture, National Chung Hsing University.
2) Associate professor, Department of Horticulture, National Chung Hsing University,
Corresponding author.
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Influences of Different Plantings on Buildings’ Cooling Effect

Wei-Fan Hsieh®  Sheng-Jung Ou ?

Key words: Greening Building, Wall, Roof, Cooling Effect, Climbing Plants, Greening Method

Summary

The major purpose of this study is to discuss the influences of greening methods and
different plantings on building’s cooling effect. It is expected that the study results provide
guidelines for designers when using plants as major elements in greening buildings. In order to
achieve the study purpose, this study creates the simulated buildings to obtain the temperature
of outer wall surface and internal temperature of the simulated buildings. In the part of different
greening methods, this study measures differences of building’s internal temperature and
humidity between roof greening method (using turf as a greening material) and outer wall
greening method (using climbing plants as greening materials). In the part of different
plantings, this study measure the influences of planting cover rate, thickness of
planting’s layer, leave color, and transpiration rate on building’s internal
temperature/humidity. Through statistical analyses, such as descriptive analysis, t-test,
one-way analysis of variance, and correlation analysis. This study has obtained the
following conclusions:

1. Outer wall greening method has a better cooling effect than that of roof greening method.

2. In the influence of wall greening on the temperature of outer wall surface and building’s
internal temperature, the most effective factor is the thickness of planting’s layer followed by
planting cover rate and transpiration rate. While, the factor of leave color has no significant
effect on temperature change.

3. The leave density has an influence on building’s cooling effect.

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 sowing tuber on plant growth of Z. hybrida 'Florex Gold' in highland.



B2 24 AFHERIHE - B h2 KT

Fig 2. Growth of tuber of Z. hybrida 'Florex Gold' after sowing 1month in highland.
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A: Tuber of bud at arrow grows and turn upward 90°; B: Tuber of bud below grows and turn
upward 180°
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Table 1. Effect of different spacing in the rows on plant growth and flower quality of non-tillage
Z. hybrida 'Florex Gold' in highland.

7 thiE - . . FEE O FEIE #GEE
o A P 2
Spacing in the ) . Peduncle  Peduncle Spathe
Sprouting  Plant height ~ Shoots/ .
rows length diameter length
(%) (cm) tuber
(cm) (cm) (cm) (cm)
15x 15 83.33” 52.96a 2.79 46.00bc 1.17a 8.98ab
20x 20 94.44 52.59 2.46a 51.33ab 1.24a 9.11ab
30x30 91.67 52.54a 2.64a 52.89% 1.24a 9.27a
40 x 40 100.00 52.37a 2.21a 45.44c 1.18a 8.33b

*Means within column followed by different letters were significantly different at 5% level by
Duncan’s multiple range test.
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Table 2. Effect of different planting method on plant growth and flower quality of non-tillage Z.
hybrida 'Florex Gold' in highland.

e e B - A& F fTEL TEEL HigEk
L .‘;i
B w7 Plant Tuber Peduncle  Peduncle Spathe
) Sprouting ) Shoots/ .
Planting height growth rate length diameter length
(%) tuber
method (cm) (%) (cm) (cm) (cm)
1 # 100.00* 44.05c 2.52a 31.63 55.26a 1.09ab 8.13c
-y 90.00 48.07b  1.59b - 51.33a 1.04b 8.83hbc
ST 8678 49280 177b - 5193  1.04b 9.97a
EE
AR 95.00 54.49a  1.75b - 50.22a 1.16a 8.91bc
i
i 60.00 31.03d 1.64b 87.64 49.97a 1.17a 9.26ab
®

*Means within column followed by different letters were significantly different at 5% level by
Duncan’s multiple range test.
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Table 3. Plant growth and flower quality of non-tillage culture Z. hybrida 'Florex Gold' at hill
field in highland.

o W e eE L TEBRE O BBEE
T 5 A% k3
Je L F . Peduncle  Peduncle Spathe
Sprouting  Plant height ~ Shoots/ .
Treatment length diameter length
(%) (cm) tuber
(cm) (cm) (cm)
S 85.00 " 41.86a 1.98 46.48 1.03 8.55
# e 88.33 51.30a 1.40 51.13 1.39 9.23
LSDO0.05 - 3.66* 0.52* 5.88"° 1.16"° 0.66*

*Means within column followed by different letters were significantly different at 5% level by

t-test.
NS * No significant or significant at P<0.05 by LSD test.
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Non-tillage Culture of Calla Lily at Highland

Xiun-Kun Li Y Chneg-Chu Nee ?

Key words: Sowing, bentgrass, clover, water and soil conservation

Summary

Mudflows and landslides limits agricultural development at highland in Taiwan. This
research of non-tillage culture calla lily 'Florex Gold' at horticultural experimental station of
NCHU, altitude 2,000 m, center Taiwan, we planted 50 kg small tubers which diameter under 3
cm by sowing in an afternoon. There were 68.29% which rooting. Non-tillage culture of calla
lily on bentgrass could be used 20 x 20 and 30 x 30 cm. Best growth of non-tillage culture is on
mixed grass, next is on bentgrass, next is on clover. There are no significant difference with
peduncle length in 5 treatments. Non-tillage culture of calla lily was succeeds fully plant on
bentgrass at hill. There were higher plant height and peduncle length on northern hill. Water and
soil conservation were achieved successfully with non-tillage culture in highland agriculture.

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. Sprouting rate of Chinese cherries with different chilled treatments after 31 days.
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Fig 2. Sprouting rate of Chinese cherries by forcing culture and chilled artificially.
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Fig 3. Sprouting rate of Chinese cherries by forcing culture and chilled naturally.
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Forcing Culture of the Chinese Cherry
(Prunus pseudocerasus Lindl.)

Wen-Guei Wu?  Cheng-Chu Nee ?

Key words: cherry, forcing culture, chilling requirement

Summary

This is the first time that Chinese cherry (Prunus Pseudocerasus Lindl) could be grown
and harvest in Taiwan. By forcing culture, We can see cherry flower from December to March
and eat fruit from February to June. First, Vegetative growth was accelerated in the campus of
National Chung-Hsing University at low attitude in central Taiwan by use of accumulating the
heat during the summer season. Flower initiation was also induced by measuring the size of
buds. Second, In the late summer, the cherry pots were transported to high altitude (2000m) for
the acclimation and accumulation of carbohydrate. To overcome the dormancy of cherry, the
plants were chilled at the high mountain during the winter or move to cool room to satisfy the
high chilling requirement of Chinese cherry.

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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A S R 2 AP
Table 1. Correlation coefficients of fresh weight(g), firmness(N), total soluble solids (TSS),
ascorbic acid(mg/100g), total soluble sugar, starch and fruit macro element
concentrations of ‘Jen-Ju Bar' guava fruit.

Fruit nutrients

Parameters

N P K Ca Mg
Fresh weight 0.117 0.186 -0.047 -0.344 0.222
Firmness 0.376 0.289 -0.064 0.397 -0.764***
TSS -0.478* -0.574** -0.668™* -0.110 -0.736™**
Ascorbic acid -0.087 -0.078 0.348 -0.053 0.716"**
Total soluble 0.217 0.204 0.348 0.345*** 0.095
sugar
Starch 0.098 0.210 0.071 -0.096 0.130

* * %k % >k k

., Correlation confficient values are significant at P=0.05, P=0.01, and P=0.001,
respectively.
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Table 2. Correlation coefficients of fruit fresh weight(g), firmness(N), total soluble solids (TSS),
ascorbic acid(mg/100g), total soluble sugar, starch and leaf macroelement
concentrations of 'Jen-Ju Bar' guava.

Leaf nutrients

Parameters

N P K Ca Mg

Fresh weight -0.151 0.301 0.094 0.482" 0.155
Firmness 0.396 -0.136 0.523" -0.474* 0.078
TSS 0.336 -0.577** -0.472* -0.624™* -0.464*
Ascorbic acid -0.365 0.070 0.468* 0.552"* 0.051
Total soluble -0.303 0.225 — 0.284 0.401
sugar

Starch -0.180 0.124 0.051 0.458 x 0.081

* * %k % 3k k

., Correlation confficient values are significant at P=0.05, P=0.01, and P=0.001,

respectively.
— * No correlation

2L HRFAPHBES 2L ST E AL AR
Table 3. Correlation coefficients of fruit mineral concentrations and leaf mineral concentrations
of 'Jen-Ju Bar' guava.

Leaf nutrients

Fruit nutrients

N P K Ca Mg
N — 0.148* -0.094 -0.384***  0.263***
P -0.086 0.398*** -0.097 0.159* 0.407***
K -0.104 0.232"** 0.144* 0.109 0.121
Ca -0.131 -0.136" -0.348™** — 0.371**
Mg - 0.147" 0.117 - -0.064

* * % * K 3k

. Correlation confficient values are significant at P=0.05, P=0.01, and P=0.001,
respectively.
— : No correlation
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Table 4. Correlation coefficients of fruit and leaf nitrogen concentrations, chlorophyll and
chlorophyll fluorescence parameter (Fv/Fm) of ‘Jen-Ju Bar' guava.

Leaf
Parameters Fruit N Leaf N Leaf Fv/Fm Chlorophyll
Fruit N 1 - 0.1517 o
Leaf N 1 - 0.424
Leaf Fv/Fm 1 0.352"""
Leaf i
Chlorophyll

* k% % 3k k

., Correlation confficient values are significant at P=0.05, P=0.01, and P=0.001,

respectively.
— * No correlation

25 BEFHEA>I HEL>300 2n)%FES 2 XFHSF~FRA
Table 5. Macroelement concentration in fruit and leaf of high quality(°Brix > 9, Fresh weight >
300g) Jen-Ju Bar' guava .

Macroelement concentration (%)

N P K Ca Mg

Fruit 0.68+0.18" 0.083+0.022 1.27+0.23 0.046+0.022 0.031+0.008

Leaf 1.5810.13 0.13+0.019 0.95+0.26 2.15+0.66 0.24+0.09

Microelement concentration (ppm)

Fe Mn Cu Zn
Fruit 18.80+10.13 5.46+1.93 3.65+1.70 8.72+4.40
Leaf 143.6+21.9 130.8+77.7 24.549.7 23.5+8.4

* Meanztstandard error
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FENM AR RF O PENBAE L 9 R LA 300 L2 FEFET (R 5)
EZBETEFCPESZEFHRS A FERLT RF F 0.5-0.86% ~ #% 0.06-0.11% - 47
1.04-1.5% ~ 4 0.024-0.068% -~ 4% 0.023-0.0399%; ~ 4# 8.67-28.93 ppm -~ 4& 3.53-7.39 ppm -
4F 1.95-5.35ppm ~ 4 4.32-13.12 ppm - E % § 1.45-1.719% ~ #% 0.11-0.159% ~ 4# 0.69-1.219¢ ~
4% 1.49-2.81% ~ 4% 0.15-0.33% ~ %121.7-165.5ppm ~ 4% 53.1-208.5 ppm ~ 4F 24.5-34.2 ppm ~
4 15.1-319ppme B & F % F 2 % F 7 3 14k 35.39-41.87% ~ ik #s k& 3.32-4.72% -
VI REMEER 7.13-867% ~ Mk k& 3.15-3.16% (# 6)

6. BEFTEHEA>I #E>300 20 )FFESZ EFVREE KBER
Table 6. Soluble sugar and starch concentrations in fruit and leaf of high quality (°Brix>9,
Fresh weight >300g) ‘Jen-Ju Bar' guava.

Soluble sugar Starch
Organ part
(% DW ) (% DW)
Fruit 38.63+3.24 * 4.02+0.70
Leaf 7.80£0.67 3.16+0.01
* Meantstandard error
oo

EREERES L ESF B E SRR A Y5 1.63-1.96 % -
0.18-0.24% -~ 1.31-1.71% ~ 0.67-0.83%4+ 0.52- 0.65% (Khandauja and Garg, 1980) - @ ~ § 2%
BRTHETIESF - gTfosE kR A 9] 5 1.45-1.71% ~ 0.11-0.14% - 0.69-1.21% -
1.49-2.81%- 0.15-0.33%(#% 5) - § k& 5 ¥ M@ £ B A~ 0 {off kR vk KOTE Rak 2 2
T B AR R R TR 2 R

FRBF A AR ST MBS ST B SRR BT AV IRNT
A4 % f 4p B (& 1) Casero % 4 (2004)#ﬁ GRS e RS EVECE f S - s SR 2 A S
fTrrifH- R FFHERTEFTVRALBES LM - S FEERTSTHRES f M
(% 1) > Casero % + (2004))2'Golden Smoothee'#f % 5 #4# » % & F 4L A R 4 pF > A B 'E

> E4
2_FE o

i

S G wMHQB)“*%#Dmi4ﬂwmpﬂ8ﬁlkmﬁ?
R PR R Aple 0 s F ¥ U Starkspur Golden Delicious g % 3 K g IV E R

FH AR F 2 4c(FaIIah| etal., 1985 ; Dris and Niskanen, 1998) - Dris % + (1999)4; !
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Erofes kR aipil w7 BHRS SR @ER{E » kA 1 4p i (Fallahi
and Simons, 1996 ; Dris and Niskanen, 1998 ; Dris et al., 1999 ; Casero et al., 2004) » 47 & {8
WP RiBBL g 7P gd GREMI ST CEFESFERERHH S B %?‘?
AT YRGS R AR ARIEFZES A F T TG AR &
HREFFPERCE PERR AR B (F ) Fptv i gLo ﬁm,k)ia;lfr%ﬁ{fﬂ?,};
B 235 1%(Casero et al., 2004) -

594k ACE 2 4Tk B & 4p M 14 (Fallahi et al., 1985 ; Fallahi and Simons, 1996 ; Dris
etal., 1999 ; Casero et al., 2004) » £7 ARz & % 7 4p (% 3) - %ﬁﬂ;‘}éﬁiﬂfr@i A
B (% 3) Casero ¥ 4 (2004)F &g % frhid%j pb %  FH N5 g3 F o8 PPL
FUTfo R @ 2R T AR R B SR A Rk SRR R
B S 4TE R MR e (Chetri etal., 1999) » 1 & £ F4T 2 5 # 6 > ® P 4T R R EE K
dodm 3BGBRFE 0 40 & XS d Z4gon(transpiration stream) 2 F& 3t % 4 (cation exchange) &
FIREH 0 3k #H <& (Ahlawat et al., 1986 ; Saure, 2005) > F]pt > E F 47 5 A
1% 7 (Menzel etal., 1992) » % F ¢ sk RfrE Y P MER T 5 7 ML 3w o - FF &k
BAcf # 42k & E40 B (2% 3) - Fallahi % £ (1985) teru g % 5 HAlpEm 5 Ap iz %% o
Casero % + (2004)z % ‘Golden Smoothee’ 5§ % &+ ¥ 2 £ » B ~ 2 2 M 1L £ 240k
BRfrk R F R~ M L ARREEETETIRETERRAf-*FFRAS L AP
Mo afrk kRS EApM(ZI) EF2ESEZFRLEFEVFM)fckF § ~F - 1 pH
B(F 4 FR T A R EPES RS RT RIS F AR R o

Y9 B A A2 %P S04 L e (Bramlage, 1993) 403 B % % F ¢ AT LR R
B YA R E (Hopkirk et al, 1990) ~ # % % F ¢ § LR BB ¥ E S X FH AR T
(Drake et al., 2002) ~ # % % F ¢ 5 § B cdTp » pragac 4 sz (Liet al, 1995) ~ § 743
FFPMRRBR O VREVBEAVSF(F 0L, 1996) o RAHE S E L b o BEY BT
FrEg L o X3P B2 EF 27— (Fallahi et al., 1985) > "% F# v H % kA
e (Clineetal., 1991) > * % S FFSA - LB >N 2 F - F&a 3973 k> U1 A
BFFREEF Y R AR o T2 B aip b 124 574552 o W R F R
s 2 FF 5T A1 HQ B et R FISE A B E AT 2 BETRY

£ 4 v
FEAS 21996 F R EHETIRATE S22 B9 FRF ¢4 179
15-27 -
BHENER 20030 Frcfe B ¥ L R € ik o
Ahlawat, V. P., S. S. Dahiya, R. Yamdagni, and A. P. Khera. 1986. Foliar sampling technique in
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Relationships Between Leaf, Fruit Mineral Nutrients and Fruit
Quality of Guava (Psidium guajava L. cv. 'Jen-Ju Bar")

An-Heng Cheng®  Huey-Ling Lin ?

Key words: Guava, mineral nutrirnts, correlated

Summary

The objectives of this study were to investigate the relationships between leaf, fruit mineral
nutrients and fruit quality of guava in Kaohsiung and Changhua, and to established the standard
range of respectively mineral nutrirnt in leaf. The firmness of fruit and the total soluble solids
were negatively correlated with Mg whereas the ascorbic acid was positively correlated with
Mg concentration. Fruit Ca and total soluble sugar had a similar trend. In leaf P and Ca
concentrations were negatively correlated with total soluble solids, while Ca and ascorbic acid
were found positively correlated. In the high quality ‘Jen-Ju Bar' fruits, N was found to be
between 0.5 and 0.86%; P : 0.061- 0.105%; K : 1.04- 1.5 %; Ca : 0.024-0.068%; Mg :
0.023-0.039%. Leaf N concentration was 1.45-1.71%; P : 0.111-0.149%; K : 0.69-1.21%; Ca :
1.49-2.81% and concentration of Mg ranged from 0.15 to 0.33 %. These figures could be used
as a reference in the fertilization and management programs in producing good quality ‘Jen-Ju
Bar' guava in the field.

1) Graduate student, Department of Horticulture , National Chung Hsing University.
2) Associate professor, Department of Horticulture, National Chung Hsing University.
Corresponding author.
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¢ R (Capsicumannuum L.){ 2 k fveuE =

o

(=R TR CRNCE L SN

R AFLULI B EE Tk R 220 i B2 e A
B E 2 8% BT i 4e2~3 mo/l 6-BAZ 1 mg/l IAAMSE & B b3 & PBCT76'4
E4 fi’fﬁf‘f”?)fg;ﬁ %-3- AT @ 3% ,;’I‘ v ¥ P 6- BAF‘F’MSi‘“ %B!-‘ iv‘r}*—’—,}ﬁg - ,,,E,T

S ZANER I S

#3
¢ 3t (CapscumannuumlL.) >t 4w4L (Solanaceae) # #:/f (Capsicum) > j & **
érg;_%}"‘l-]ﬁ\ﬂ bka$é'§ % 9'3?]6% ’Jj_:Lﬁé@',,f: ’:; »m B E'JELFEL%éi‘\‘i%VFr'ﬁéo’*}

7%11‘;&%5'*"”]w7fé1 Fog s gT™a &, %ﬂﬁﬁ\ﬁhﬁqﬂﬁa%‘ﬁﬂ’? LT EAET
ROFRELZ T R K A2 AL T U T e TR
ﬂifﬁJ (ornamental pepper) (R T, 1995) o T E ARG L FIFLARE R

FOIREAPT R ARDEC S HEFHIRERY FAEFEI MG A AP
+-‘3° ¢RI E AT B o I AT fre A B R 2 SR
FRFESE QI AFEARLR AT R R MRS B AERE 2 hi BT
(£%,2000)c Flpt AFF 5 1454 Sk 3 F 2 Tadhs M 208 e £ 4 ko
LU P AT ART AR I DL SRk 2 BA -

1) Mzv 2 FFEE iplsmy 4o
2) Wz ¢ &1 BFEF o dair —%‘10
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- AR

'PBC776'2 4% ¢ sk #a(Capsicum annuum L. var. annuum) % 2 = £ 4 % Seeidtsfl o 3k
PfE+ 5 T0%iFpE R 1 A4 MR B RFHE- T 0 2% & EepfE 10 440 F
* & B kF ik 3-4 o 4o 5 ml eh -k B 2 37°C LY 1216 ) fﬁm L T 350 12MS
BAA7 3% FAE (PHSB)Fus £ A » 2 mun A28y £ 819 RIEAR 25C/20C
£33 B 5 150 pE/m*sec > 16 -] Pk ik 8 e & nili“fi‘“% 7~10 2 {8 » B2y 3 £ E T
hhid s 55 R AE o
S S RERT 2
1 2 27 anf e ni

B %y FEZ T REEINZ 3% E4E 8 g/l agar (pH 5.8) 2. MS 1 & A
(Murashige and Skoog, 1962) 3t % » & w31 : (- ) 6-BA (6-benzylamino purine)i& & (0~ 1 ~
2~3~4~5mg/l)~ (= )7 FFazg2 auxin [2,4-D (2,4-dichlorophenoxyacetic acid) ~ IAA
(indoleacetic acid) ~ IBA (indole butyric acid) ~ NAA (naphthaleneacetic acid)] ~ (= )"= 2 fa#§
[ % #=eps (proline) ~ ¢ *ept (tryptophan)] ~ % »%#g [ & *= (putrescine) ~ I #F %=
(spermidine)] ~ fit 3-v -k f24~ (casein hydrolysate) % > ¥+ H42F KPR AL = 3 Z_
§ ez F o
2. % 25 4 E

B MV T AT BT A EE LAY [MSu A A Z 0.2mg/l IAA -~ 2 mg/l
6-BA 2 0-5mg GA3 ~ 2% & #% ~ 8g/l agar (pH 5.8)] » L% 2% 4 £ ehfFa) o
3. HE? LT HER

FAATALIN220F pF LT AT LT 2T AY M LT HBELH
A A [12MS2 % & 7 0.2mg/l IAA ~ 2% & 4% ~ 8g/l agar (pH 5.8)] » %7 ¥ # 2

léj”)‘r%;q; o

FTRN 1

— ~6-BA kB #'PBCT76'S: ¢ ks A RE A (4 i 2

ARG TR 2454 5iH 5 PBCTT6S 4 0 B R F B RS chiEAREA L) L B
dNWd N F I S RI I o FREERYAE20~30 % T 22 (200~25C) > * F
Lo f"ﬁ%“ﬂi%ﬁi‘—“ AR A EE LR L KRB IUPBCTT6'Y ¢ Sk nT adhi 3 L g
MR EMSREAY F4? k&S 6-BAO-Smg/E R H 544 it i - T e
EFERT G 2mg/IGBAmiﬁ%z$m9%M\1w§k Al s 16%% 18% (£ 14 2)- %
6-BA kR *>T 4 my/lpr> +E2 L Aid Wamﬁg;mb]hd.)g],;; w5 o 6-BA
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Sed S5mg/l FET Srghs ORIV A o R T

g 14 40 6-BA kR B A R Sha 14 g X T H #J

-~ 3 Paaféeepf‘ auxin #'PBC776'%% ¢ j{tasz sm gy & it e 58

T oA S ERAMA N A AT 2 FIERZ 2,4-D-NAA-IBA-IAA

Fauxinens b g A P (6-BAERESE 20 mo/l)c BT TR E 4 S ERT WA

BFIW BHM T b (£3) &FE (R 4HFHF é_g"ﬁ 1.0 mg/l IAA 2 % A7 > %

TH i FERF o Rd T T AEVERG - BAMAEZ T 0.5m/l IAA a3 % A 4 i HE 5

2 APECRE o FEZ TR 7 3 0.5 mg/l NAA - 0.5 mg/l IBA 2 1.0 mg/l IBA =3 %

B AWM, s T o

=~ vRARHEE ~ § VR S B9 KRS H'PBCTT6'Y. ¢ SR T adh2 F R A 1 e 3R
At 6-BA L 20mg/l S IAA 2 Img/l shdcid 4 £ A SR AMS B E ALY A sl

4r 5 mg/l proline ~ 5 mg/l tryptophan ~ 500 mg/l casein hydrolysate ~ 5 mg/l putricin 2 5 mg/I

spermidine o % #% T " in(F 5)& F E (% 6) % 1 75 e 500 mg/l =~ casein hydrolysate =%

et a3 om F 4r 5 mg/l proline~5 mg/I tryptophan\s mg/l putricin 2 5 mg/l spermidine

#HHr 2T g Erit L ap igaiiaeivy o

#1. 7 F6-BAK R H'PBCT76'% ¢ k™ srdh2 7 44 it chfs 58

Table 1. Effects of different concentrations of 6-BA on buds differentiation of hypocotyls of
'PBC776' chili pepper.

EE-E N 6-BA (mg/l)
Investigated items 0 1 2 3 4 5
No%%oiﬁe*fp?:nts 50 50 50 50 50 50
s
No. Zf%u/ds]iLngEced 0 2 8 4 1 0
B ph A 1L S (0
%?O:Hbzd!i;dgfgd 0 4 16 8 2 0
N}lf)T sz zalllTn(;Luf:d 0 44 42 46 49 50
s A L (O
jjﬁ’/fofgcéllf |r|1:1uce(3cf ) 0 88 84 92 98 100
J:.Zfl;o%is 50 4 0 0 0 0

F2 1L (%)

: 100 8 0 0 0 0
% of roots induced

Y#oiE 5 = S sk enT 320 o Data were the mean of the three independent experiments -
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#2. 7 F6-BAK R H'PBC776'%, ¢ i+ £ 2 7R A L hPl X

&
Table 2. Effects of different concentrations of 6-BA on buds differentiation of cotyledons of
'PBC776' chili pepper.

EEEN 6-BA (mg/l)

Investigated items 0 1 2 3 4 c
No%%oﬁfﬂﬁp?:nts 50 50 50 50 50 50
No. ;i%ujgsi;ngzced 0 3 9 3 0 0
% o?ﬁti iir:dgsced 0 6 18 6 0 0
N}?} ffiéln /’;\n;:jfetd 2 45 40 47 50 50
oo e et 4 % 80 94 100 100

l\j:.l;fl;ogois 48 2 1 0 0 0

% of’f:\'ol;tsT Lir?:j:uced % 4 2 0 0 0

Y#oiE 5 = S sk enT 390 o Data were the mean of the three independent experiments -

#3. 7 42 auxinik B $'PBCT76'%, ¢ Sk ™ "adhz. 7 4 A (4 g 58

Table 3. Effects of different concentrations of auxin on buds differentiation of hypocotyls of
'PBC776' chili pepper.

RN oxr 24D (mgl)  NAA(mg/) IBA (mg/l) IAA (mg/l)
Investigated items 0.25 0.50 05 10 05 0 05 Lo
> 7h B
No. of explants
TR A I Kk
No. of buds induced ~ ° 0 1 3 0 5 2 8 11
A
%of buds induced 2 ° 2 6 o 10 4 16 22

“#ciE b = = @B T 390 o “Data were the mean of the three independent experiments °
A A s 2mg/l 6-BA~2% E 4% -89/l agar (pH 5.8) z MS#: % A - *Plantlets were cultivated
in the MS medium containing 2 mg/l BA, 2% sucrose, 8g/l agar (pH 5.8).
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#4. 7 Ffsg2 auxingk & H'PBCT76'% ¢ {th+ £ 2 5 4 » I+
Table 4. Effects of different concentrations of auxin on buds differentiation of cotyledons of
'PBC776' chili pepper.

Aasa , _24D(mgl)  NAA(mgl)  IBA(mg/l) IAA (mg/l)
Investigated items 025  0.50 05 1.0 0.5 1.0 0.5 1.0
\)';J- 33
i’v E‘.'Eaﬁi 50 50 50 50 - 50 50 0
No. of explants
TR A Kk
No. of buds induced 0 0 4 0 2 4 9 14
S N L
i 0 0 8 0 4 8 18 28

% of buds induced

Y#ciE 5 = S sk enT 320 o *Data were the mean of the three independent experiments -

T A s 2mg/l 6-BA~2% & 4% ~8g/l agar (pH 5.8) 2z MS35 % A - *Plantlets were cultivated
in the MS medium containing 2 mg/l 6-BA, 2% sucrose, 8g/l agar (pH 5.8).

#.5. Ve PLSE ~ 5 OvRiE P 0 (KR HPBCTT6'S ¢ 3T S dhz TR A i el A8
Table 5. Effects of amino acids, polyamines, and casein hydrolysate on buds differentiation of
hypocotyls of 'PBC776' chili pepper.

nHmEp” cK? Proline Tryptophan Casein hydrolysate  Putricine  Spermidine
Investigated items (5mg/l)  (5mgl/l) (500mg/1) (5mg/l) (5mg/l)
> 7E 3]
5 M 50 50 50 50 50 50
No. of explants
A EREE S
No of bud induced 13 1 9 15 10 9
=) ,v\ (1)
75 (%) 26 22 18 30 20 18

% of bud induced
:),5} [ TR S
No. of callus induced > 39 4l 35 40 41
B e i 5 (%)

% of callus induced 4 8 82 70 80 82

“#cE L = RS T 3a{E o “Data were the mean of the three independent experiments -

P & ez 2mg/l6-BA~1mg/l IAA~2% & # ~ 89/l agar (pH 5.8) 2. MS32 % 2 - *Plantlets
were cultivated in the MS medium containing 2 mg/l 6-BA, 1 mg/l 1AA, 2% sucrose, 8g/l agar (pH
5.8).
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F.6. VRAPLEE ~ FORiF ~ P R0 KRS HPBCTT6 ¢ s E2 TR A I el
Table 6. Effects of amino acids, polyamines, and casein hydrolysate on buds differentiation of
cotyledons of 'PBC776' chili pepper.

BRI , Proline Tryptophan Casein hydrolysate  Putricine  Spermidine
Investigated items (5mg/l)  (5mgl/l) (500mg/) (5mg/1) (5mg/1)

> 7E 3]

5 7B 50 50 50 50 50 50

No. of explants
b LS S

Noofbud induced -2 9 8 17 11 10
TR A K
%ofbudinduced 2+ 18 16 34 22 20
LS
No. of callus induced 38 41 42 33 39 40
JE R e Rk A LK
K i 76 82 84 66 78 80

% of callus induced
“HciE = sk enT i@ o *Data were the mean of the three independent experiments -
P & ez 2mg/l 6-BA~1mg/l IAA~2% & # ~ 89/l agar (pH 5.8) 2. MS32 % # - *Plantlets
were cultivated in the MS medium containing 2 mg/l 6-BA, 1 mg/l 1AA, 2% sucrose, 8g/l agar (pH
5.8).

P
B

hE g #PBCTT6', 4 k5 B 52053 2 F 6-BAER A MS 447 » i
HE 2 enlEa) o B % BT 2 4 2-3m/l 50 BA dif & PBCTT64: ¢ ka4 A 1+ o in
(1996) = + - %Hﬁi‘“#%ﬁk\ w3 % 3 7 6-BA -~ zeatin 2 kinetin snMS 3 & A b > 21F
{673 BAR zeatin cr £ 3+ > MAE R U Q)RR B T G g R I
B ERY MRS TR A XA R WA T AT ERA LN Y -
@ g Kinetin s & B L g AR v RS R G R RS B 8 RS R R
c e R G E R T A A I oo 4wt iR BA &2 zeatin o B2 BA HHikta A 2 2T o
#ErcSfozeatin G20 BAHZ 25 A ¥ kR 5 2~6 mg/L o F]t Miﬂi)]* g #:s
BEF F 6-BA kR ¥ 'PBC776'%% ¢ ?#;Tﬂ&i‘—“ ART RS BT ARG REE
cytokinine #gz_ 4 £ 3 &-F| - B2 kAT A% T aE 3 5 5 1 2mg/l 6-BA g &
AT R A PTG A5 16%% 18% 0 122w (1996)% A 2 A T BRI AFFT
P IR 0 'PBCT76'%, ¢ Fiiass 72 72 7 A 14 F ¢ 5 BAJE R el 4e » 3 25 & VH4E 5
FHEF R o Va2 B kAR cytokinine Vit g TR EE > BRIrHIF LT g 4 G M

(Polisetty et al., 1997 ) -

&
—HE
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kL uﬂmﬁﬁéﬁrpﬁ;%ﬁdfﬁl TG e w4 6MG/LBA SIMS 35 % A F A B e
2,4-D~NAA-~IBA & IAA #F ¥ 25 4 it 24 2 R7 a3 (Rafael et al., 1996;
Shivegowda et al., ) - 2,4-D 4% 2 ¥ e it 5 P Agendrd] ¥ > AA2 IBAL 5 7 FARR
efrd] iT* 5 e BA 22 |JAA I AR ”’ﬂwfmm;xal TF ek it oo AR 0 2 mgll eh

6-BA A& 1mg/l e IAA> B 5 R Z& 4 ot T H fhié * 2mg/l 6-BA keng » ptr g
FEipE e
fit. % -k fZ4~ (casein hydrolysate )& f8 % Apacrif &4 > 5 sg R R F cni®® > 7 g

i+ 249 (Lazzeri et al., 1987) 12 £ > FEL 2 A HRT fi;%“'%ﬂ Ffed E(E 2,
1992 F A AT T A2 E 4 5 (P %,1988) 2877 %% 87> 7 F 2mg/l BA+AL mg/l
IAA 32 %BU 75 4r 500mg/l casein hydrolysate $+'PBC776'%% ¢ ji#r3s w482 7 #chd £ 5
PR iR iE AT S o

do SR AA N7 Y R E Ak H Y r»}; IR T N E s F| P A
AT 4 GAZ T 11 ki d LY 0 & o %(2003)% 4 0 123 [ i BA &1 GA3 v
m/%@ﬁ:c‘ CE I ek R At qugﬂ TH LG A RARDRPE qn:‘s 1 BA ;‘%}if{%% cd
T &g B Feqlanitr > A BAKRGZSMYLFFEA % GA3ER B &Ky 2 ¢ HIET

THF WL ek AT M A LR T EA M E BT S 5 02mg/| IAA- 2mg/|6 BA
2 0-5mMgGA32Z MSEA A 2 T T2 EIN23 4 LR E»PUEBET X3
3 02mg/lIAA 2 12MS 2 2 A > SR 27 @382 L 2 424 ik -

WP 4 X SRR EE 4R FE A (20023 % > #- 17 B iigiiﬁ;}:i LR E ]
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A(2003)L % 4 B3 AR EL 2 DT FRABI RS ;fé/,,\ CAE S T2 o
H v F A3 67%~83% 0 e 7 Pann;fé Frafgs itz Tiay %‘*"ﬁzﬁ EPALR o AT
Be AR P :é,,],\éu BA 2 auxin: ik EHRaA LEASH L > mHE T aiht 3 ®
Y 4 R R 22~28% o 7 e casein hydrolysatel ~ ¥ 3 4c 3| 30~34% » & } it 2 #7 3
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Establishment of the Regeneration System of Colored Chili
Pepper (Capsicum annuum L.)

Yu-Chang Tsai®  Meng-Jiau Tseng?

Key words: colored chili pepper - tissue culture ~ regeneration system

Summary

The objectives of this study is to establish the regeneration system of colored chili pepper
(Capsicum annuum L.). The cotyledons and hypocotyls were used as initial explants for
induction of in vitro regeneration of colored chili pepper. Buds induction and differentiation was
achieved on gelled Murashige & Skoog medium (MS) supplemented with 2 to 3 mg/l of
indole-3-acetic acid (IAA) combined with 1 mg/l of 6 benzylaminopurine) (6-BA). The plantlets
were transferred to MS medium with IAA but not BA for subsequent rooting.

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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P A% agL  LD50 # 1% 2 A2 A & edpif » Fig = 2 #%“'%%IM@' 50% 7= EE (3,
1967 ; ﬂ%ﬁrzﬂ&f 1981 ; Broertjes and Van Harten, 1988 ; Nagatomi et al., 2000)
B SF %2 q:wyféf S A e R R & R BT X St A (Kleffel et al., 1980 ; Peril

etal., 1991) 2 I i R By SR 2 AL 2002) 7 001 BURTEAE 0 U FE AR HE R
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% & 45 Gy # £ ﬁt‘;ﬁd’—*i 33cmE] > @ 35Gy #E ﬁﬁﬁffr‘ﬁi 20cm=tz s HuWw P X B
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By 'Peterstari& R .5 v ST AR 515 H11 2 £ i 5
Table 1. Effect of y-ray irradiation on root growth of poinsettia 'Peterstar’ cuttings.

pe st £ (Gy) * 5 (%) 124 (no.) B 1IE (cm)
Dosage Survival rate No. of root Length of root
0 100a" 46.67a 10.77a
15 100a 17.67b 9.50ab
25 98a 12.67c 6.67c
35 67b 1.67d 2.17d
45 Oc — _

ZikEL LB e AR FAE o AT B0k B L BB ETLE
Z : Means within the column with the same letters are not significantly different by Duncan’s

multiple range test at 59 level.
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# 2. TyElc'Peterstar &G y HAFFRHEH L T2 BE
Table 2. Effect of y-ray split irradiation on the growth of unrooted cutting for poinsettia 'Peterstar’.

RAHIE T SiEd KA MEIE Rl RAKL R NERES

Dosage (Gy) Surviv Plant  Canopy Lateral Length of £ ¥ Mutation
al rate height diameter  shoots total Relative of Lateral
I I (%) (cm) (cm) (no.) shoots/Pot  growth shoot
(cm) (%) (%)
0 0 100a* 35.7a 43.3a 11.3a  297.2a 100.0 a 0.0d
25 0 100a 26.7bc  32.3c 8.7b  174.0c 58.6¢ 1.7c
0 15 100a 28.3b 41.0a 11.0a  256.3ab 86.1ab 0.0d
25 15 85b 26.7bc  37.7ab 11.0a  187.0c 62.9¢c 3.3b
0 25 100a 26.0bc  39.3ab 10.7a  214.0bc 720b 3.3b
25 25 80b 19.7c 33.3c 8.0b 112.0d 37.7d 6.7a
0 35 75bc  19.0c 31.0c 9.0b  150.3cd 50.6 cd 3.3b
25 35 30de 15.0cd  20.0d 6.3bc  56.7e 19.1e 0.0d
0 45 50d  9.0d 7.3e 2.7d 18.9e 6.4 ef 0.0d
25 45 10e  2.7f 3.3f 0.3e 2.1ef 0.2f 0.0d
AR =S I S I b R I N | [ RS L 1 A0 B
Z : Twice irradiation:The 1st befor cutting;the 2nd 4weeks after cutting.
Y ip$d £ F—rdl e BHREE SR R o
Y : Relative growth—Total shoot Length of treatment compared to control's.
Xifpfra ToEliped 4 A7 Ub00 kLR S RB AR BHEFLE -
X : Means within the column with the same letters are not significantly different by Duncan’s

multiple range test at 59 level.

(M1V1) - # ¢ 25Gy H| & et 7 B 170 tk > 1+ 35Gy M BB IF 2 47405 94 &
o B REEAR - R(MIVY)Y 2 $B ko Rl 255Gy A ERIHE 2L FEF 61k
HPEEL35% - 35GYMEEIHEF 2L HE LHh: o %8 P52 23%(% 4) - T
'Peterstar' = 5 y S50 4 = R fF R ETIS > G ETRED T 0 BB - XKD GE 0 a A
WRSAZE 20 FoE G BMH 2 A AT RAE 20 R AR GESA
R 3EH FRESF S T0%(F D) o et Tkl A = R AR ST F % 0 ERF IR 33
M LE e B S y MRS AR BEE AR EF S RAcR 6T 0 RIREBIESF
FREE AR ARG Bl AR - RHAIL ) A i S Ak AR
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M TR A REF 2 pHA R IR G s ARE o B B R R A
*“%’;\ﬁv#ﬂw%ﬁlﬂvm’?ix L] FRIT RS FEE L2 R $RE TR ik
S VRS2 nEE 0 BRI I5N L 23] 3440 B TRk E 9L 3.9 1)
6.lem » o RH - K F L L o h 2EARHFERR ey  ~REEFFEF S L - H

SBHEa T o Pl EII 2R B3z 43%5 B E o

Bl 1. ¥ a&i-'Peterstars 12w BB &4y 5440 30 % 152 4 7§45
Fig 1. The growth of potted poinsettia 'Peterstar’ 30 days after y-ray irradiation.

Fo 3.y BHAR PR G4 B gk 'Peterstar #F 13 5 > B F 2 L 58

Gl

Table 3. Effect of y-ray irradiation on the survival poinsettia 'Peterstar' of rooted cutting.

15 53| £ Fe Tt A Bk o2 2 F F (%)

Irradiation Survival rate at days after y-ray irradiation
(Gy) 21 day 28 day 35 day 42 day 49 day 56 day

0 100a * 100a 100a 100a 100a 100a

25 100a 100a 100a 100a 100a 100a
35 100a 96a 79b 67b 63b 63b
45 100a 92ab 42c 17c 17c Oc
50 100a 54b 29c od od Oc
100 88b 46bc 8d od 0d Oc

RELTHOEGRFARTA K 0 AT Bk R LA L SRR AMFLE -
X Means within the column with the same letters are not significantly different by Duncan’s multiple
range test at 59g level.



+
~

-49-

4.y bR S B ki Peterstar'p] 7 v 2 ¥R 2L B E

Table 4. Effect of y-ray irradiation on the branch growth and mutation of poinsettia 'Peterstar'.

RO A R Rltclc D ¥ B D G bl AARE AL F ZMIVLI 2E MIVL 3 E ik

Dosage Lateral Normal Blind Lengthof  Relative .8 ANEEE -3

(Gy) shoots shoots  shoots total shoots/  growth  Survivals of Mutation of
Pot (cm) (%) M1Vl ~ M1V1 (%)
0 7.3bW 7.3b 0.0c 192.0a 100.0a 156b 0.0c
25 8.8a 8.4a 0.4b 149.6b 77.9b 170a 3.5a
35 6.4c 3.8¢c 2.6a 90.2¢c 46.9¢c 47b 2.3b
45 0.0d 0.0d 0.0c - — - —
24P £ — R TI0E 2 R AL HHERER A o
Z : Relative growth—Length of total shoots after y-ray treatment compared with control's.
Y @ MIV1 & F R ie—RR Stk (ML) 2 i3+ 3E (s = B8P -
Y : Survival plant of M1V1—Survival plants from lateral shoots of irradiated plant (M1 plant) .
X:TMIVL 5tk B8 F—R R (ML) 2 RlicH B S B HREF L FB 200 5] -
X @ Mutation rate of M1V1—Mutation rate of the plants which from lateral shoots of irradiated plant
(M1 plant) .
W:kFzToE itk Ft g 27000500k 8E < S g0 dalfyid
W : Means within the column with the same letters are not significantly different by Duncan’s
multiple range test at 596 level.
By ? I SRS v BTAUR STS 12 Freedom' ~ 'Peterstar' &4 5 i 3? #g » 'Supjibi'=t
2o 'Lilog L GREZFSEFEXFEFERTEETF L AP Lilo's ?J( BAETAE
B 2 A5 > w,,w BT ERMEFCHERTRRE fﬁ?* R RE o

'Supjibi' & 78 R 2t 4 :u/%@l'“f 212 BRITAEFET SRR EREEHE 2R T AT
R ARG TR PR T ESE T o e R NOEA(E 7)) B b SEERECS Y MR
Peotis 2 ML #icd 2 % B iE FPR Bk o 'Peterstar' 2 'Freedom' 5482 BB 5134 % 5 ) & 5.4
%~7.3%z B o @ 'Supjibi'z ‘Lilo'=-f&R|iL 3 %% A2 - 'Peterstar'z 'Freedom' 582 34 % i
K pl4e® 897 > B ¢ 'Freedom'2 =4 R & § i 51.3% " Peterstar'2. 28.6% = & o # =t
S EA52 % Bk 2059 @ 'Peterstar'®] 3 21.4 955 ¢ 2 E 52 % B iE 1549 +* 'Peterstar’
2 17.9%% > 5 B i-dp 2 % & P 'Peterstar'2. 28.6 %#i 8 » 'Freedom' i 7.7% ; th 3] 2 %
BRI s HfEeE &0 (R 2-3) -
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# 5. T akic'Peterstar'= k1 y 540 25 Gy & B S E 2 E F 2L B

Table 5. Effect of y-ray irradiating method on the survial of potted poinsettia 'Peterstar'.

PR St i 2P
Irradiation 1 2 3 4 5 6 7 8 9 10|11 12 13 14| 15
date

Atpinch | % * * * | K *x k| Kk

L week * *x * * *x *x % *

after pinch

2 week * *x *x % *x * * | %

after pinch

3 week * * *x * x *x k| %

after pinch
#E S (%)
Survival
Yo Pe it Hp
Y :irradiated
Z A2 TRELEFAARFAE > AT O RELFE NI RELITEERAEFALAR -
Z:Means within the row with the same letters are not significantly different by Duncan’s multiple
range test at 5% level.

100 100 100 100( Oe ©Oe Oe 20d 50c 70b| Oe Oe Oe Oe | Qe

o

EWF X2 Kb g £ 0 5 Alberto Piroveno »t 1922 # % & < 1
TIR A (BHedh, 1981) - a7 R icd S BT AR PHEF A TRS REE A
% (Robinson and Darrow, 1929); & ¥] 1960 & = + 4 F fI* *cstsh ¢ Fael A 4 X 5 %
£ (Stewart, 1965;Datta, 1980) » 2 3 4 7 B>t Eakiz 4 L H %2 Hie > Bl ?i?mé’ﬁiﬁr °
A Ry SRESE T 2 B F;&T S XS B BN-3 RTINS 3 -E
b ) ﬂ-L;l;Z_J B4R A B up iy S gy ﬁ’ BLF o
3 8 B HE7 4 % $4f (Euphorbia) 47 2 5 495 Bl 2 PR S £ 19 5 30-50 Gy 2
F IR, 1981) < 223 ARG 2 SR BT 0 y SMPAURIE Rk 1O M EALE 45
Gy M1 » i 68 isHEtkiog »= » @ 35 Gyff'ﬂjg o E B e S
375 %o GRB Yy MAFFIE AR L AR A F y SAB EALE A5Gy 1 o
Foee2 Ry AR Rbr=tihit f Ff o 2 FIMERS T R KR B E R
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77 00 /Gy MERSF > BRI ERAgE S 2 2 B BB ERSE I TRS
B2 R G oo @ ARG 45 Gy 1L B R RETE 0 QIS W“‘% 24 m 35Cy #E R
.%T—dﬁ » H ;@tlﬁj‘,jﬂ%kr]‘ HEe5s369% ERA 2 H

1/5- iz 22 3% % (1997) 2 Huitema
% (1989)AJL § 1o P4 41 > B {0 5 45 541§ T U 3R 2 v%%ieﬁ o o

VL g S PR bt 3B 2 X 5 5 k|8 (LD50) A = 0 2 45 Gy # § PR _I, 56 % 15 p2Mm <
35Cy & PR o4 A & 42 % {5 244K¢ 57 16,0 25 Gy A £ Fﬁﬁjﬁ 2FRAGE 5 i A
B4 5 35Gy (HHedt, 1981); ¥ % A B LA A @54 P RT o BHE G -
B %R enil ) 4% (Broertjes, 1985 ; Broertje and van harten, 1988) 2 & 34 ip| o & if A
B RA35GY - 256y £ o kA o I EGE RS F 023 T A 50 35Gy M E Rt
Y FIFHEEAG T eI G T AR 2 H 20 T30 @624 A F
# % %R s 54 4% < (Broertjes, 1985 ; Broertje and van harten, 1988)2_ & # 41 ip] » B i
B2 35Cyt 25Cy i & o a0 iR 1 382 3 T @ 5 035Gy AR B

% 6. Trakic'Peterstar'= k1 y A R FF RS H A K1 F 2
Table 6. Effect of y-ray irradiating method on the growth rate of potted poinsettia 'Peterstar'.

P2 B 5
4% Character (No. of series)
CK 1 2 3 4 8 9 10

7] 4<% (no.)

6.2b " 8.0a 5.0b 6.0b 6.0b 2.1d 2.0d 3.4cd
No. of branch

Pl £ (cm)
Length of lateral shoots
L £ (%)
Relative growth
%2 ¥ (%)
mutation of lateral 0.0e 0.4de 1.3bc 26b 1.7bc 0.7d 1.6bc 4.3a

shoots

24.3a  10.6b 6.7¢c 93b 112b 4.3d 39d 6.1c

100a  58.9b 28.4d 37.5c 46.1bc 58e  5.4e 33.1d

%5

: The same as table 5.

AR RS — T e R L2 0 e

: Relative growth—Total shoot length of treatment compared to control's.

PR TERESE G AR TR K 0 AT Bk gt K S RS TRR AR F LR -

: Means within the row with the same letters are not significantly different by Duncan’s multiple

X X < < N N

range test at 59 level.
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Table 7. Effect of y-ray irradiation on the mutation of different varieties of poinsettia.

S fa M1 = & thidic MIV1 = & ki © MIVL & 54ke 2 %4 Y SEFA S
Cultivars M1 Survival  Survival plants of M1V1 Mutants of M1V1 Mutation rate

(%)
Peterstar 102b 741b 40b 5.4b
Supjibi 62c 186¢ Oc 0.0c
Freedom 120a 933a 68a 7.3a
Lilo 9d 4d Oc 0.0c

P MIVL = FE R lie— PR SR (ML) 2 R4 36 & B8P o

: Survival plants of M1V1—Survival plants from lateral shoots of irradiated plant (M1 plant) .

CMIVL = E R R 3 F— PR AR (ML) 2 RIS m i 2 R 2 200 6 -

: Mutation rate of M1V1—Mutation rate of the mutants which from lateral shoots of irradiated
plant (M1 plant) .

PR TER LG AR F A A D SR mE KRB LT R R AT LR

: Means within the column with the same letters are not significantly different by Duncan’s

< < N N

X X

multiple range test at 595 level.
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Fig 2. Mutation types of poinsettia after y-ray irradiation.
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Fig 3. Mutation distribution of poinsettia cultivars after y-ray irradiation.
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Effect of y-ray on the Growth of Poinsettia

Yang Jen Fu®  Chien Young Chu?  Min Chang Huang

Key words: irradiation, poinsettia, mutation breeding

Summary

This study y-ray was irradiated on the unrooted ,rooted cutting or potted plants to induce
mutants for poinsettia breeding. The rooted 'Peterstar' cuttings were treated with y-ray at O,
25,35,45,50 and 100 Gy. The higher y-ray irradiated the more damage was on the root, as well
the more inhibition was on the shoot growth. There was no survival when the dose was over 45
Gy. Rooted 'Peterstar' treated with 25 Gy was induced 3.59¢ mutation and treated at 35 Gy was
induced 2.3% mutation.Cuttings were irradiated at 25 Gy before inserting and cutting and
re-irradiated 4 weeks after,the growth rate was 37.79% and the mutation rate increased to 6.7
9% .Potted poinsettia of 'Peterstar'irradiated y-ray at 25 Gy and re-irradiated again 3 weeks later,
the growth rate was 33.19% but the mutation rate was 4.3%.They were better than once
irradiation at 25 or 35 Gy.To be sure a suitable y-ray irradiation,it was found that when
irradiation decreased the relative growth rate 33-379% it was suitable dosage. Poinsettia of
'Peterstar'or 'Freedom' treated with y-ray the mutation was 5.4 or 7.39,respectively. There was
no mutant on 'Supjibi‘and'Lilo’. The mutantion types of bract color was 28.6 or 51.3% in the

total mutants of 'Peterstar'or 'Freedom’ ,respectively.

1) Chief, Taipei Branch Station, Tao-Yuan District Agricultural Research and Extension Station,
Council of Agriculture, Executive Yuan. The paper is a part of Ph.D.thesis of the first author.

2) Professor, Department of Horticulture, National Chung Hsing University.Corresponding
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% 3 (Dumas and Monteuuis, 1995) ~ & ¥t fr | 4~ B (Fridborg et al., 1978) ~ £ 4~ 7 f: % % #
i 4 er3odc(Zaghmout and Torello, 1988 ; Mensuall-Sodi et al., 1993 ; Johansson et al.,
1990) ~ & & & #E-K fZ(Druart and de Wulf, 1993) 12 2 23 & 12 % 3k pH i# (Eymer et al., 2000) -
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van Waes J., 1987 ; Wang and Huang, 1976) -
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oA B AP K 47 & A 17 (Shimadzu, GC-14B, Japan) » @RI % & v G4+ 3¢ 4R
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v izk R § AP R 47 R (Shimadzu, GC-8A, Japan)~ 47 > H @RI % 5 £ G EN (R E
(Thermal conductivity detector ; TCD) » & 47§ 5 2.5 = % & 2 7 &k g > P 773 & 60/80
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He 1o/l g * aoekkife s 60 X FREEL ~E T T357:E 28.7mm %
Efca By P aFFLAR  RAEL 20 > PREA 7 HRENR 4 30 % & ARE 4
Bor Ak drdl (£ 1) o
S B AR AT BERAEHIIE LSRR

F L TTC Bl 2> N P %‘ B A G R F N X B e BT R 0

ml e ER S 19/l PFRINES R F 0 T35 4.040D Agl/g FW. (B 1)
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Table 1. Effect of activated charcoal concentration on leaf and root growth of Phal. I-Hsin
Cream ‘KHM246’ plantlets in vitro.
Day Activated Leaf Root
charcoal
conc. number length width number length  diameter
(a/h) (mm) (mm) (mm) (mm)
20 0 2.9a° 21.1a 8.9a 3.1b 13.5a 1.7a
0.5 2.7a 21.3a 9.7a 3.6a 13.9a 1.9a
1.0 3.0a 21.4a 9.3a 3.4ab 12.2a 1.9a
2.0 2.9a 21.8a 8.7a 3.6a 14.3a 1.8a
40 0 3.0ab 21.5b 8.8b 3.2b 16.1b 2.1ab
0.5 3.1ab 23.4ab 10.9a 3.5b 16.6b 2.4ab
1.0 3.1a 26.3a 11.8a 4.6a 18.8a 2.5a
2.0 2.9b 21.8b 8.7b 3.6b 14.3c 1.8c
60 0 3.3a 24.1ab 13.1c 4.8b 22.7a 2.3a
0.5 3.3a 25.6b 13.8bc  4.9b 22.0ab 2.6a
1.0 3.4a 28.7a 15.4ab 6.2a 19.3ab 2.6a
2.0 3.3a 25.6ab 15.8a 6.1a 18.7b 2.5a

“Means 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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Fig 1. Root activity of Phal. I-Hsin Cream ‘KHM246’ at different activated charcoal
concentration at 60 days after subculture.
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Table 2. Effect of activated charcoal concentration on total soluble sugar and starch content of
Phal. I-Hsin Cream ‘KHM246’ plantlets in vitro.

Day Activated Total soluble sugar (%) Starch (%)
charcoal conc.  |eaf & Shoot Root Leaf & Shoot Root
20 0 7.59ab’ 12.32b 2.65b 8.67a
0.5 8.41a 13.92ab 3.10b 9.61a
9.78a 14.95a 5.48ab 11.33a
4.91b 10.09c 7.14a 9.94a
40 0 3.63b 8.33b 4.76a 11.08a
0.5 5.20ab 10.96ab 3.45a 9.49%
6.94a 9.81ab 6.40a 10.42a
7.17a 11.63a 3.87a 10.76a
60 0 4.44h 11.13a 5.78a 11.19a
0.5 4.26b 11.23a 3.62b 10.64a
1 9.24a 12.09a 6.34a 12.48a
2 9.24a 11.29a 5.71a 12.72a

*Means 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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Fig 2. Effect of activated charcoal on carbon dioxide content in the flask of Phal. I-Hsin Cream
‘KHM246’
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Fig 3. Effect of activated charcoal on ethylene content in the flask of Phal. I-Hsin Cream

‘KHM246°.
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Fig 4. Effect of activated charcoal on methane content in the flask of Phal. I-Hsin Cream
‘KHM246’.
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Effects of activated charcoal on plantlet quality of Phalaenopsis

and components of the gaseous environment in vitro Y

Szu-Lun Lai?  Ruey-Song Lin?

Key word : Phalaenopsis - activated charcoal ~ gaseous -~ tissue culture ~ ethylene

Summary

The study was to seek effects of activated charcoal on Phalaenopsis plantlet growth and
components of the gaseous environment in vitro. Plantlet had different growth rate at 40 days
after subculture. 1 g/l activated charcoal can increase growth leaf length to 28.7 mm and width
to 15.4 mm, respectively. Root number also promoted to 6.2 and root activity gave 4.04
ODAg/g F.W, but it inhibited root elongation, and 2 g/l activated charcoal inhibited plantlet
growth. Compare the components of the gaseous environment in vitro, ethylene and dioxide
carbon content in flask increased accompanied with activated charcoal concentration. Methane
can also be found in the flask.

1) This research was supported by Council of Agriculture, R. O. C. at project No. AS
4.1.2-FD-Z2.

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

3) Professor, Department of Horticulture, National Chung Hsing University. Corresponding
author.
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Table 1. The descrlptlve statistic analysis and rank for accommodation preferences.
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Table 2. Results of the t-test and one-way analysis of variance for personal socio-economic
background and accommodation preferences.
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062 | .028* |.000***( .099 | .007* [ .390 .090 .080 |.000***| .835
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A Study on Repurchase Visitors” Accommodation
Preferences for B&B Industry

I-Chun Lin®  Sheng-Jung Ou ?

Key words: Accommodation Preferences ~ B&B Industry ~ Repurchase Visitors

Summary

The purpose of this study was to explore the repurchase visitors’ accommodation
preferences for B&B industry. Through this study, it was expected that customer relationship
management suggestions help B&B manages achieve the objectives of sustainable development.
The questionnaires were distributed to the visitors who have been stayed in B&B over 2 nights
or more in Taiwan. The study used mail questionnaire survey method to collect the required data.
Results of this study demonstrated that repurchase visitors had the highest preference for
“cordial and sincere greeting from B&B hosts” and “pleasing environment”, while “the
luxurious equipments” was rated as the least important ones. Furthermore, the socio-economic
background of repurchase visitors with different characteristics had different preferences of
selecting the accommodation demand.

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. The statistic analysis and rank for different types of commercial board on respondents’

preference.
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Improlving Visual Quality of Commercial Streets

Kuan-Hsien LiY  Sheng-Jung Ou?  Chien-Yau Lin ¥

Keywords: preference, board, streetscape

Summary

The purpose of this study was to discuss the influences of different types of commercial
board on respondents’ preference. The study used 3D Studio Max software to simulate five
improved streetscape with different commercial boards, including the present type, simple type,
advertising pole type, artistic form of advertising pole type, and advertising board type, for
respondents to evaluate their scores on preference. Questionnaire survey was used in this study
and 300 valid samples were obtained. By performing t-test, one-way ANOVA, and Pearson
Correlation, this study obtained the the artistic form of advertising pole type of commercial
board was highly preferred by most respondents.

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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Physiological Responses of Papaya (Carica papaya L.)
Plants to Flooding

Nguyen Trinh Nhat Hang ® Yau-Shiang Yang *

Key words: Carica papaya, Flooding, Photosynthesis, Plant growth

Summary

Potted papaya (Carica papaya L.) plants of four cultivars, 'Damoc’, ‘Jampada’, 'Philippines
wild' and 'Tainung No.2', grown in sand culture were subjected to flooding for 3 days under
green-house condition. Flooding caused a reduction in plant fresh and dry weight in all cultivars.
Leaf wilting appeared earlier in 'Da Moc' and '‘Jampada’. Total leaf chlorophyll decreased by
flooding treatment. After one days of flooding there was no effect on leaf photosynthesis.
However, photosynthesis rate was significantly reduced after three days of flooding. The
photosynthesis rate reduced about 30-40 percent in "Tainung No.2' and' Philippines wild' after
three days of flooding. Furthermore, the leaves of 'Da moc' plants showed wilting symptom.
The ethylene production was increased in all cultivars after one day of flooding and reduced on
the following days. There were significant different in the activity of alcohol dehydrogenase in
roots among cultivars during 3 days of flooding.

Introduction

Flooding from excessive rainfall or high level of water-table in lowland can compromise
the growth and yield of flood intolerance crops. The initial eco- physiological response of most
plants to flooding is wilting within a day or two days following root exposure. Tolerance ratings

1) Graduated Student in PhD Program, Department of Horticulture, National Chung Hsing
University. Assistant Researcher, Southern Fruit Research Institute, Vietnam.

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



have been based on different criteria including growth responses of plants amount of injury
sustained and survival (Kozloski, 1984). The reduction net photosynthesis is observed in many
flooding plants (Backman et al., 1992; Schaffer and Ploetz, 1989; Vu and Yelenosky, 1991;
Dias-Filho and De Canvalho, 2000). In flood-tolerant plants, flooding has been hypothesized to
increase alcohol dehydrogenase (ADH) activity (Crawford and Baines, 1977). In contrast,
McManmon and Crawford, 1971 indicated that flood tolerance was depended on low ADH
activity (Brown et al., 1976; Marshall et al., 1974). Increasing ADH activity in response to
flooding has been reported in crop and woody species (John and Greenway, 1976; Lin and Lin,
1992; Pezeshki et al., 1993, 1996). Flooding stimulates ethylene production in both herbaceous
and woody plants (Tang Kozlowski, 1982; Vossenek et al., 1993; Yamamoto et al., 1995;
Pezeshki et al., 1996; Chen et al., 2002). There was no significant different in levels of ethylene
in wax-apple of flooding plant and control (Lin and Lin, 1992).

For these reasons, the objective of study evaluated effects of flooding on photosynthesis,
growth response of 'Da moc', 'Jampada’, 'Philippines wild' and "Tainung No.2' cultivars in potted.

Materials and M ethods

Plant materials

Seedlings of four papaya cultivars, Tainung No.2', 'Philppines wild', 'Jampada’ and 'Da
Moc' was planted in the plastic pot (10x10x9cm) containing the media compost perlite and
washed sand (1:1). Plants were watered with fourth strength Hoangland solution two times a
week. When seedlings about 20cm in height were transplanted into Wagner’s pot (1/2000a), 14
liters filled in washed sand. Plants were watered and fertilized two times a week with half
strength Hoangland solution.
Flooding treatment

Tow month-old plants were subjected to flooding for 3 days. Water level in the pots was
maintained 3cm above the sand surface. Effects of flooding on leaf yellowing percentage, leaf
chlorophyll content, leaf photosynthesis, ethylene production and alcohol dehydrogenase
activity in roots were examined.
L eaf yellowing and chlor ophyll content

Leaf yellowing symptom was observed during the flooding treatment.

Chlorophyll extraction and determination: Freshly leaf samples were collected extracted
with acetone 80% (v/v). The total leaf chlorophyll concentration was determined following the
method of Arnon, 1949 and modified.



L eaf photosynthesis

Measurement of leaf gas exchange were made between 1100- 1200 hr. on single, fully
developed and sun exposed leaf, leaf kept in the control chamber, using 1 liter chamber in the
closed gas exchange mode of LI-6200 Portable Photosynthesis System (LI-COR, Lincol, NE)
as previously reported (Vu et al., 1991). The rate of air flow into the leaf chamber was 990-1100
pmols™ and the leaf temperature was 34-36°C at the measurement of leaf level. The leaves gas
exchange was expressed on a leaf area basis, determined after measurement with LI-COR LI-
3000 Portable Area Meter.
Ethylene production deter mination

For measurement of ethylene production the method described by Saltveit and Yang (1987)
was followed. Whole root was enclosed in vessel and sealed with cap. After incubated for 1
hour, the ethylene production was assayed by withdrawing 1 ml gas sample using gas tight
syringe from each vessel and injected into a gas chromatography (GC-8A, Shimadzu model,
Tokyo, Japan) which used nitrogen as the carrier gas and was equipped with an active alumina
column at 80°C and flame ionization detector at 110°C (Ververidid and Jonhn, 1991).
Alcohol dehydrogenase (ADH) deter mination

Alcohol dehydrogenase (ADH) extraction: The lateral roots were harvested and rinsed with
distilled water, immediately frozen in liquid nitrogen and store at -70°C until extraction. The
frozen roots was placed in mortar containing liquid nitrogen and ground to fine powder using
pestle. The powder was homogenized in 3ml g of extraction buffer solution containing 0.1M
HEPES (pH 7.4), 0.5mM MqgCl;, 0.1M 2-Mercaptoethanol, ImM DTT, 12.5% (v/v) glycerol
and 8% (w/v) PVPP. The homogenate was centrifuge at 10000 rpm for 30 minutes at 4°C. The
supernatant was assayed immediately for the alcohol dehydrogenase (Hanson et al. 1984 and
Kato-Noguchi, 2001).

Alcohol dehydrogenase (ADH) assay following the method described by Kimmerer (1987).

CH3CHO (alcohol) + NADH + H" — CH3CH,OH (acetaldehyde) + NAD*

The assay mixture consisted of 0.8 ml of reaction buffer containing 90 mM MES-KOH
(pH 6.4), ImM DTT, 3 mM MgCl,, 0.2 mM NADH, 0.1ml of 29.7 mM acetaldehyde and 0.1ml
enzyme extraction. The measurements were done at OD 340nm by using spectrophotometer
(Thermo spectronic software version 3.2, UK). ADH activity is reported in U (umolmin™).



Results

Fresh weight and dry weight of the leaf, stem, root

The results indicated that there were significantly different in stem, root fresh and dry
weight among cultivars (Table 1 and 2).

Flooding for 3 days were reduced in fresh and dry weight of leaf, stem and root in all
cultivars. The result also revealed that there were significantly different in fresh and dry weight
of leaf, stem and root in all cultivars (except for fresh and dry weight of stem in 'Tainung No.2'
and dry weight of stem in 'Philippines wild") between control and flooding treatment by t-test
(Table 1 and 2).

Effect of flooding on the percentage of leaf yellowing and leaf chlorophyll content

The percentage of leaf yellowing and total leaf chlorophyll in 'Da Moc', 'Jampada,
'Philippines wild' and "Tainung No.2' during 3 days flooding was presented in Table 3. Before
flooding treatment leaves displayed green in all cultivars. Leaf yellowing symptom was
increased with continuous flooding for 2 to 3 days.

Table 1. Effects of flooding on fresh weight of leaf, stem and root in papaya plants.

Fresh weight (g)
Cultivars Control Flooding
Leaf  Stem Root Leaf Stem Root
Tainung No.2 98.3" 143.4™ 66.17  79.4”(80.8) 138.1"(96.3) 33.6™ (50.8)
Da Moc 741" 886" 4837  38.77(522) 53.47(60.2) 20.97(43.3)

*k

Jampada 7727 1236 447 60.97(78.9) 69.17(55.9) 37.5 (83.9)

Philippineswild ~ 88.3™ 127.5° 783  68.37(77.3) 110.3°(86.5) 54.9” (70.1)

LSD(P=0.05)" 8.0 19.8 9.4 13.9 21.9 9.5

y: Data in parentheses are percentage of control (100 percent).

x: Least significant difference among cultivars at P=0.05.

***. Significant difference between control and flooding by t-test at P=0.05 and 0.01,
respectively.



Table 2. Effects of flooding on dry weight of leaf, stem and root in papaya plants.

Dry weight (g)
Cultivars Control Flooding

Leaf Stem Root Leaf Stem Root
Tainung No.2 151" 186" 61" 9.5"(62.9) 14.8™(79.6) 3.3” (54.1)
Da Moc 128" 1257 497 7.67(59.4) 6.8”(54.4) 1.8 (36.7)
Jampada 116" 197" 44 8.8"(75.9) 8.97(45.2)  2.9°(65.9)
Philippines wild 141" 159* 7.6 11.17(78.7) 13.9™(87.4) 4.47(57.9)
LSD(P=0.05)" ns 5.1 1.6 ns 5.6 14

y: Data in parentheses are percentage of control (100 percent).

x: Least significant difference among cultivars at P=0.05, ns: not significant.

***. Significant difference between control and flooding by t-test at P=0.05 and 0.01,
respectively.

The lowest in percentage of leaf yellowing was recorded in 'Philippines wild' (19.8%)
followed by Tainung No.2' (30.3%). Whereas, the highly percentage of leaf yellowing was 'Da
Moc' (38.6%) which were observed after 3 days of flooding.

The result indicated that leaf chlorophyll content was reduced during flooding. After 3
days of flooding the chlorophyll in "Philippines wild' (1.23 mg gfw™) was significantly higher
than 'Jampada’, and 'Da Moc' (0.99 and 0.91 mg gfw™, respectively). Besides, leaf chlorophyll
content in 'Da Moc', ‘Jampada’, Tainung No.2' and 'Philippines wild' were reduced (46.3, 51.0,
56.9 and 80.4 percent, respectively) and significant different when compared to before flooding
(0 day) by t-test (Table 3).

Effect of flooding on leaf photosynthesis

Before flooding, photosynthesis rate in 'Philippines wild', ‘Jampada' , 'Tainung No.2' and
'Da Moc' (11.6, 11.4, 10.9, 10.9 pumol m? s™, respectively) were not significantly different
among cultivars (Fig.1).

The result indicated that under flooding 1 day, photosynthesis rate was reduced greatly in
'Da Moc' (5.7 pmol m?s™) while 'Philippines wild' (11.5 pmol m? s™) was unchanged when
compared to before flooding. Photosynthesis of 'Tainung No.2' and ‘Jampada’ (9.5 and 8.7 umol
m?s™) was statistically on par. After flooding for 2 to 3 days, photosynthesis rate was reduced



in all cultivars. The lowest photosynthesis was recorded in 'Da Moc' (4.2 and -1.9 umol m?s™,
respectively). Photosynthesis rate in 'Philippines wild' and "Tainung No.2' were reduced 30 to 40
percent, respectively when compared to before flooding which was recorded after 3 days of
flooding (Fig.1).
Effect of flooding on ethylene production ratein roots

Flooding had a marked effect on ethylene production in roots papaya plants (Table 4).
Under flooding for 1 day the result showed that ethylene production rate in flooded roots were
increased significantly when compared to control. The highly ethylene production rate were
recorded in ‘Tainung No.2' and 'Philippines wild' (12.8 and 11.6 pl kgfw™hr?, respectively)
followed by 'Jampada' (8.5 ul kgfwhr') and lowest ethylene production in roots of 'Da Moc'
(4.1p1 kgfw™hr™). Flooding for 3 days, ethylene production rate in flooded roots continuously
decreased in all cultivars. It also revealed that there was significantly different in ethylene
production rate between control and flooding treatment by t-test (Table 4).

Table 3. Effects of flooding on leaf yellowing percentage and total leaf chlorophyll content of
papaya plants.

Leaf yellowing (%) Total leaf chlorophyll (mg gfw™)
Cultivars

1 2 3 0 1 2 3
TainungNo.2 6.8 9.8 30.3 1.74 1.65 1.51 0.99"
(100)  (94.8) (86.8)  (56.9)
Da Moc 9.2 19.7 38.6 1.75 1.41 1.39 0.81
(100)  (80.6)  (79.4)  (46.5)
Jampada 5.3 11.1 32.1 2.04 1.84 1.44 1.04"
(100)  (90.2) (70.6)  (51.0)
Philippines wild 6.2 11.2 19.8 1.53 1.54 1.49 1.23"
(100)  (100)  (97.4)  (80.4)
LSD(P=0.05)" ns 7.1 10.6 ns ns ns 0.26

y: Data in parentheses are percentage of before flooding (100 percent).
x: Least significant difference among cultivars at P= 0.05, ns: not significant.
*: Significant difference between flooding and before flooding (0 day) by t-test.
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Fig.1. The effect of flooding on photosynthesis of papaya plants. Vertical bar is LSD (P=0.05)

Table 4. Effect of flooding on ethylene production (ul kgfw-1 h-1) in papaya roots.

Days of flooding

Cultivars 1 2 3

Control Flooding Control  Flooding Control  Flooding
TainungNo.2 8.8" 12.8 8.9™ 7.8™ 8.9” 3.4"
Da Moc 3.2 4.1 3.3™ 3.0m™ 35" 22"
Jampada 7.4 8.5" 7.8™ 6.3 7.8 35
Philippines wild 8.5" 11.6° 8.8" 10.3" 8.8" 4.4”
LSD(P=0.05)" 0.9 2.7 2.0 1.5 2.2 ns

y: Least significant difference among cultivars at P=0.05.

***. Significant difference between control and flooding by t-test at P=0.05 and 0.01,
respectively.

ns: Not significant.



Effect of flooding on alcohol dehydrogenase (ADH) activity in roots

The results revealed that there were significant different in ADH activity among cultivars
during treatments (Table 5). In addition, ADH activity in 'Philippines wild', "Tainung No.2',
‘Jampada’ and 'Da Moc' (1.29, 1.20, 0.22 and 0.15 Ugfw™, respectively) were increased but not
significant different when compared to control which was recorded after 1 day of flooding.
Flooding for 3 days showed that ADH activity in 'Tainung No.2' and 'Philippines wild' were
reduced and significantly different when compared to control. ADH activity in roots of
'Philippines wild' (0.86 U gfw™) was 1.3, 9.5 and 10.7 folds higher than 'Tainung No.2'
(0.64Ugfw™), "Jampada’ (0.09 U gfw™) and 'Da Moc' (0.08 U gfw™), respectively (Table 5).

Table 5. Effect of flooding on alcohol dehydrogenase activity (U gfw-1) in papaya roots.

Days of flooding

Cultivars 1 2 3

Control Flooding Control  Flooding Control  Flooding
TainungNo.2 098™  1.20™ 1.49™ 1.09™ 1.51" 0.64"~
Da Moc 0.12™  0.15™ 0.13™ 0.12"™ 0.12™  0.08™
Jampada 0.15™  0.22™ 0.14™ 0.15™ 0.15™  0.09™
Philippines wild 0.84™  1.29™ 1.55™ 1.23"™ 1.59™ 0.86~
LSD(P=0.05)" 0.53 0.72 0.16 0.64 0.18 0.12

y: Least significant difference among papaya cultivars at P= 0.05.

***. Significant difference between control and flooding by t-test at P=0.05 and 0.01,
respectively.

ns: Not significant difference.

Discussion

The data indicated that there were significantly different in the leaves, stem and roots fresh
and dry weight among cultivars. It is also resulted that flooding reduced significantly in fresh
and dry weight of leaf and root when compared to control. The common responses for a plant
under flooding stress are reduction in growth of leaves, shoots and roots (Kozlowski, 1984).



Summer flooded of apple also decreased leaf and root dry weight (Olien, 1987). Joyner and
Schaffer (1989) observed that leaf, stem and root dry weight of carambola decreased with
increased flood duration. Vu and Yelenosky (1991) reported that prolonged flooding also
reduced the biomass of fibrous roots in both rootstocks rough lemon and sour orange.

Flooding for 1 day was not significantly different in the percentage of leaf yellowing
among papaya cultivars. The percentage of leaf yellowing was increased when plants exposed to
flood for 2 and 3 days. Chen et al. (2002) reported that adaptive responses of Lepidium
latifolium to soil flooding, leaves exhibited chlorosis, an increasingly reddish green color after 3
days of flooding.

The present study shown that within 3 days of flooding total leaf chlorophyll content was
reduced and significant different when compared to before flooding which was recorded after
flooding for 3 days. Total leaf chlorophyll content in 'Philippines wild', "Tainung No.2',
‘Jampada’ and 'Da Moc' were reduced about 80.4, 56.9, 51.0 and 56.9 percent, respectively when
compared to before flooding. Vu and Yelenosky (1991) study on sweet orange 'Hamlin' grafted
onto rootstocks as sour orange and rough lemon flooded for 24 days were reduced 38 and 18%
of leaf chlorophyll content, respectively.

Leaf gas exchange parameters have been used to study photosynthesis capacity of plants
during flooding treatments. An early response of fruit crops to water-logging is a reduced of net
CO, assimilation. Flooding for 1 days, photosynthesis rate was reduced great in 'Da Moc' while
'Philippines wild' was unchanged when compared to before flooding. Under flooding for 3 days
photosynthesis rate in '‘Da Moc' was reached to negative and plants displayed wilting,
photosynthesis rate in 'Philippines wild' and "Tainung No.2' were reduced about 30-40 percent,
respectively when compared to before flooding treatment. Flooding on container grown of
mango reduced net CO, assimilation after 2 to 3 days (Larson et al., 1989). Malik et al. (2001)
reported that net light-saturated rates of photosynthesis in leaves of wheat growing in soils
water-logged at the surface were slightly reduced after 1 day and severely reduced after 2 days
or more days of water-logging. The decline in net CO, assimilation by fruit crops associated
with flooding is affect by flood duration as well as environment factors (Crane and Davies,
1989). The flooding reduced in leaves photosynthesis have been reported on grape, mango,
carambola, ‘Tahiti’ lime, rough lemon and orange (Larson et al., 1989; Joyner and Schaffer,
1989; Vu and Yelenoski, 1991).

When plants treated to flooding for 1 day ethylene production rate was increased in all
cultivars but there were not significant different when compared to control. The highly ethylene
production rate were recorded in "Tainung No.2' and 'Philippines wild' followed by 'Jampada’
and lowest ethylene production rate in roots of 'Da Moc'. Flooding for 3 days resulted decreased
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in root ethylene production of all cultivars. The biosynthesis of ethylene is inhibited under
anoxic conditions because the conversion of ACC to ethylene by ACC oxidase requires oxygen
(Peng et al., 2001). Sine oxidation to ethylene can not proceed in the absence of oxygen. In
many woody and herbaceous species, ethylene concentrations in both root and shoots increase
in response to soil flooding (Vossenek et al., 1993, Chen et al., 2002) whereas the ethylene
production in root of wax-apple was no significant different in both flooded and control plants
during 7 days of flooding (Lin and Lin, 1992). Flooding resulted in increased root ethylene
production in highly flood-tolerant Taxodium distchum L. species but had no effect on root
ethylene production in the oak species as flood-tolerant Quercus lyrata and flood- sensitive
Quercus fal cata species (Pezeshki et al., 1996).

In flood-tolerant plants, flooding has been hypothesized to increase alcohol dehydrogenase
(ADH) activity (Crawford and Baines, 1977). The present study indicated that the ADH activity
in root of control plants as 'Philippines wild' and "Tainung No.2' were higher than ‘Jampada’ and
'Da Moc'. Johnson et al. (1989) reported that pre-exposure to hypoxic conditions resulted in
increased ADH activity, adenylate charge ratio and survival of corn root. Many investigators
have studied the relationship of ADH activity and flood tolerance. The present study indicated
that there were significantly different in ADH activity among cultivars during flooding. Besides,
after flooding for 1 day ADH activity in root of 'Philippines wild', "'Tainung No.2', 'Jampada’, Da
Moc' were increased but not significant different when compared to control. However, on ADH
activity was reduced in all cultivars after flooding for 2 and 3 days. ADH activity was highly in
'Philippines wild' followed by 'Tainung No.2'. Van Toai et al. (1985) found that there was no
correlation between ADH activity and flooding tolerance of maize seeds. The significance of
induction of high levels of ADH activity in maze root tip is therefore obscure. Whereas, Jackson
et al. (1982), Tripepi and Mitchell (1984) indicated that many flood-tolerant species have been
shown to exhibit increased ADH activity when exposed to root hypoxia. Induction of ADH
during low oxygen conditions has been observed in many plant species (Kennedy et al., 1992;
Ricard et al., 1994; Tadege et al., 1998). During 7 days of flooding treatment, the wax-apple
roots increased in ADH activity (Lin and Lin, 1992). Plants judged to be flood-intolerant had a
high ADH activity under flood conditions (Crawford and Baines, 1977).
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Fruit Production in Thailand

Kanjana Suthikul ¥
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Summary

Agricultural sector has played an important role in Thailand economy. Fresh fruits and fruit
products is one of the agricultural sub-sectors that expands rapidly and becomes more and more
important to Thai economy in the last decade. There are many kinds of tropical fruits in
Thailand. In the past the fruits were produced mainly for domestic consumption. At present,
however the demand of high quality fruits and processed fruit products for foreign market
recently has increased significantly. With the increase in competition on horticultural crops in
local and overseas markets, good strategies in planting the production and the cooperation of
research information with international is needed.

I ntroduction

Fruit industry is becoming more important in Thailand’s economy. In Southeast Asian
region, Thailand is the leading fruit producing country with the total production about 10.5
million metric tons a year and more than 40 kind of fruits are produced. The total bearing
planted area and yield during the year 2001-2002 was presented in Tablel. Fruit producing areas
are found in the central plain, fruit such as sapodilla, grape, papaya, guava, pomelo, wax apple
and mango are commonly seen growing on the raised ridge in this region. Chiang Mai and
northern provinces produce mango, longan, lychee, orange and selected sub-tropical fruits.
Areas along the coastal belts around the Gulf of Thailand grow pineapple as the main
commercial fruit crop, while durian, mangosteen, rambutan, longong and lansat are grown in the
eastern and southern provinces. In the drier areas of ortheastern provinces, tamarind, cashew nut
and sugar apple are predominantly grown.

1) Graduate student in Ph. D. Program, Department of Horticulture, National Chung Hsing
University.
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Topography

Thailand is divided into 5 regions, including North, East, North East, Central, and South
(Fig. 1). The country is divided into 76 provinces. The northernmost part of Thailand is in Mae
Sai district, Chiang Rai province, bordered by Myanmar and the Lao People's Democratic
Republic. The southernmost part is in Betong district, Yala province, bordered by Malaysia and
the Gulf of Thailand. The easternmost part is in Phibun Mangsahan district, Ubon Ratchathani
province, bordered by the Lao People's Democratic Republic and the Kingdom of Cambodia
and the westernmost part is in Mae Sariang district, Mae Hongson province, bordered by
Myanmar, the Andaman Sea and the Strait of Malacca.

Thailand is naturally divided into three topographic regions:

Plains Most of the plain areas are in the Central region, such as the Basin of Chao Phraya river
and its tributaries (Ping, Wang, Yom, Nan rivers). Besides, there are basins of Mae Klong river,
Petchaburi river, Bang Prakong river, Thachin river and Pa Sak river.

Highlands Highland areas are mostly in the Northeast region such as the Korat Plateau, in
which there are the plains along the Mun and Chi rivers.

Mountains Mountainous areas are mostly found in the North and the Southeast regions. There
are significant mountains such as ranges and ridges of Dan Lao, Luang Prabang, Thanon
Thongchai, Phetchabun and Tanaowasri.

Climate of Thailand

Thailand is in the tropical region of Asian continent and is geographically located between
7°-20°north of the equator and between 98°and 105°east of Greenwich. Fruit production is
mainly produced in the Central lowland, coastal areas as well as in the northern region. All of
Thailand has a tropical monsoon climate with clearly defined wet and dry season. Seasonal
variations are effected by the direction and force of the prevailing winds. Broadly speaking
Thailand has a rainy season from May to October, a cool dry season from November to
February, and a hot dry season from March to May except in the south where there is no
pronounced dry season.

Production of important economic fruit

Thailand produces a large variety of tropical fruits. The production area, yield and price of
economic fruit in year 2002 are given in Table 1.
Durian (Durio zibethinus L.) is mainly produced in the central plain. It is often referred
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Fig.1. Divided region of fruit production in Thailand.

to as the King of Tropical Fruits, but it gives off a very strong smell. Thailand is probably the
top producer of quality, commercial durian, which has emerged through a long process of
selection. The harvested area, production and yield per hectare by region are shown in Table 2.
The main fruiting season of Durian is from April to September. Durian exports as fresh and
frozen fruits to Malaysia, Hong Kong, Taiwan, Canada and United States. The main cultivars of
durian are Mon Thong, Chanee, Kaan-Yaw and Kradum.

Grape (Mtisvinifera L.) was considered to be recently introduced to Thailand. The crop is
suitably grown in the western region especially in Ratchaburi, Nakhon Pathom, Samut
Songkram and Samut Sakhon provinces. The two most suitable varieties are White Malaga and
Cardinal. Seedless and Kyoho in Fang, Chiang Mai. With the climate is favorable for growth,
grape growers now adopted forcing technique to produce grape all year round. However, the
peak harvesting months are January and February. The planted area and production for are
shown in Table 3.

Longan (Euphoria longan L.) is a well known fruit crop that has been grown in Thailand
over 100 years with the production area concentrated in the Northern provinces especially
Chiang Mai, Lamphun, Nan, Chiang Rai, and Lampang. The production figures are shown in
Table 4. Most of longan produced is consumed domestically as fresh longan and the rest is
exported as fresh, dry and canned longan. Common cultivars are Biew Khiew, Si Chomphu, and
Daw.
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Table 1. Fruit production area, yield and price in Thailand.

Bearing planted Total planted  Average yield Total product

Kind of fruit area (ha) area (ha) (kg/ha) (ton) Price (US$/kg)
Cashew nut 22,969 27,650 1,640 38,539 0.45
Durian 82,365 95,605 9,647 795,191 0.74
Grape 1,162 1,567 15,428 17,949 1.45
Guava 7,049 7,941 15,467 109,300 0.20
Jackfruit 27,312 35,962 23,982 656,134 0.11
Banana 82,727 98,486 16,782 1,175,521 0.17
Langsat 7,020 8,112 7,929 55,648 0.35
Lime 21,959 25,966 8,788 193,289 0.85
Longan 40,594 63,304 8,319 338,617 0.45
Longkong 20,961 37,261 6,757 142,254 0.80
Lychee 18,957 23,198 5,351 101,798 0.61
Mango 185,689 223,188 6,366 1,183,677 0.30
Mangosteen 19,809 27,149 6,015 119,314 0.45
Marian plum 1,424 1,898 7,929 11,304 0.64
Papaya 12,889 16,573 18,944 244,402 0.12
Pomelo 9,376 13,345 9,061 85,366 0.32
Rakam 1,236 1,410 8,046 9,956 0.50
Rambutan 52,804 59,205 10,155 537,575 0.26
Wax apple 5,272 6,307 9,452 49,951 0.35
Santol 5,980 8,491 8,827 52,884 0.39
Sapodilla 4,194 5,261 7,304 30,658 0.28
Sugar apple 6,325 7,523 5,585 35,413 0.30
Tangerine 25,612 42,993 13,514 346,393 0.49
Total 663,685 782,595 8,921 7,166,612

Source : Department of Agricultural Extension, 2001-2002.
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Harvested area Production Yield
(ha) (ton) (kg/ha)
Region
2003
2003 2004 2003 2004 ———————— 2004
Whole Kingdom 110,139 113,386 736,320 852,720 6,679 7,577
Northern 3,709 3,635 15,467 15,346 4,140 3,897
North-Eastern 378 352 1,843 2,158 4,843 6,132
Central Plain 63,697 62,538 488,313 516,798 7,968 8,319
Southern 44,753 46,859 230,697 318,418 5,155 6,835
Source: Office of Agricultural Economics, 2003-2004.
Table 3. Harvested area, production and yield of grape in Thailand.
Region Harvested area Production Yield
g (ha) (ton) (kg/ha)
Whole Kingdom 366 6,587 8,531
Northern 20 2 100
North-Eastern 8 91 11,618
Central Plain 338 6,494 13,875
Source : Department of Agricultural Extension, 2002.
Table 4. Harvested area, production and yield of longan in Thailand.

. Harvested area Production Yield
Region (ha) (ton) (kg/ha)
Whole Kingdom 40,447 336,234 7,020
Northern 35,981 290,689 8,075
North-Eastern 1,263 6,832 5,406
Central Plain 3,183 38,592 8,562
Southern 20 121 6,037

Source : Department of Agricultural Extension, 2002.
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Lychee (Litchi chinensis Sonn) is another fruit crop that has been introduced and grown in
Thailand over the same period as of longan. It is commonly grown in the northern provinces of
Chiang Mai and Chiang Rai. Lowland lychee is also grown in the central plain of Samut
Songkhram. The main cultivars grown in Samut Songkhram are Kom, Kra Tone, Sa-lack, Kam-
Pun, whereas the commercial cultivars in the northern provinces are Hong Huay, O-Hia, Kim
Cheng. Thailand exports fresh and canned lychee to Hong Kong, Malaysia, Singapore and
United States. The production figures are shown in Table 5.

Mango (Mangifera indica L.) is one of the most important economic fruit crops in
Thailand. It is grown in all region Thailand but area of concentration is in the northeast. The
main harvesting time is from late March to early June depending on cultivars off-season
production of mango is now practiced in some orchards. The main mango cultivars are Khiew
Sawoe, Nang Klang Wan, Nam Dokmai, Ok-Rong and Thong Dam. The production figures are
shown in Table 6.

Table 5. Harvested area, production and yield of Lychee in Thailand.

Harvested area Production Yield
Region (ha) (ton) (kg/ha)

2003 2004 2003 2004 2003 2004
Whole Kingdom 18,629 24,328 60,933 86,943 3,241 3,554
Northern 15,921 21,376 55,281 76,069 3,437 3,554
North-Eastern 782 845 3,178 2,934 4,062 3,437
Central Plain 1,925 2,106 2,474 7,940 1,249 3,749

Source : Office of Agricultural Economics, 2003-2004.

Table 6. Harvested area, production and yield of Mango in Thailand.

Region Harvested area Production Yield

(ha) (ton) (kg/ha)

Whole Kingdom 40,447 336,234 7,020
Northern 35,981 290,689 8,075
North-Eastern 1,263 6,832 5,406
Central Plain 3,183 38,592 8,562
Southern 20 121 6,037

Source : Department of Agricultural Extension, 2002.
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Mangosteen (Garcinia mangostana L.) is regarded as the queen of tropical fruits. The
production is limited to the Southern provinces of Surat Thani and Chumphon, and in the central
plain of Rayong, Chanthaburi, Trat, and Prachin Buri. The harvested area and yield are
presented in Table 7. In Thailand, the fruits are first harvested in the eastern provinces in May,
and late harvesting occurs in the southern provinces. It’s production is mainly for domestic
consumption. Mangosteen is also exported as fresh and frozen fruit to Hong Kong and Japan.

Pineapple (Ananas cosmosus) Thailand is the world's largest producer of fresh pineapple
and also canned pineapple. The statistics shows that Thai pineapple accounts for 17.5% of the
global output in 1999. The biggest growing area of pineapple in Thailand is Prachuap Khiri
Khan province in the Southern part of Thailand. The important cultivar is Pattavia, Sri Raja, and
Nang Lae. The harvested area and yield are presented in Table 8.

Table 7. Harvested area, production and yield of mangosteen in Thailand.

Harvested area Production Yield
Region (ha) (ton) (kg/ha)

2003 2004 2003 2004 2003 2004
Whole Kingdom 39,398 43,410 202,828 237,528 5,155 4,218
Central Plain 16,290 16,853 90,500 63,755 5,546 3,749
Southern 23,108 26,556 113,328 173,773 4,882 6,523

Source : Office of Agricultural Economics, 2003-2004.

Table 8. Harvested area, production and yield of pineapple in Thailand.

Harvested area Production Yield
Region (ha) (ton) (kg/ha)

2003 2004 2003 2004 2003 2004
Whole Kingdom 81,420 88,368 1,899 1,993 23,318 22,537
Northern 6,757 7,572 167 179 24,842 23,748
North-Eastern 4,780 4,720 113 107 23,670 22,693
Central Plain 67,472 73,572 1,544 1,632 22,850 22,186
Southern 2,409 2,503 73 74 30,623 29,724

Source : Office of Agricultural Economics, 2003-2004.
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Pomelo (Citrus grandis Osb.) is commonly grown in the central provinces of Nakhon
Pathom, Samut Sakhon and Samut Songkhram. Pomelo has good market potential since the fruit
is of low perishability and thus allowing for distant transport to overseas consumers. The main
fruiting season of pomelo is from August to November. The main cultivars are Khao Hom,
though, Khao Nampheung, Khao Paen, and Khao Phuang. The production figures are shown in
Table 9.

Rambutan (Nephedium lappaceum L.) is produced in central plain of Rayong, Chanthaburi,
Trat, and Prachin Buri, and in the southern provinces of Surat Thani, Chumphon, Narathiwat,
Nakhon Si Thammarat, and Yala. The harvested area and yield are presented in Table10. The
main fruiting season of rambutan is from April to September depending on the growing sites.
The main rambutan cultivars are Rongrian and Si Chomphu.

Table 9. Harvested area, production and yield of pomelo in Thailand.

i Harvested area Production Yield
Region (ha) (ton) (kg/ha)
Whole Kingdom 811 5,196 4,471
Northern 73 302 6,062
North-Eastern 43 116 2,712
Central Plain 683 4,728 5,831
Southern 12 50 3,281
Source : Department of Agricultural Extension, 2002.

Table 10. Harvested area, production and yield of rambutan in Thailand.
Harvested area Production Yield
Region (ha) (ton) (kg/ha)
2003 2004 2003 2004 2003 2004
Whole Kingdom 81,025 80,025 651,308 584,370 8,007 7,265
Central Plain 43,213 42,351 390,670 348,617 9,022 8,202
Southern 37,488 37,267 258,775 233,550 6,874 6,249
Other 324 406 1,863 2,203 5,741 5,390

Source : Office of Agricultural Economics, 2003-2004.
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Tangerine (Citrus reticulate Blanco) has its area of concentration in the northern and
central part of Thailand. The production figures are shown inTablell. Tangerine can be
harvested all year but the fruits are in abundance from September to February. Tangerine is
mainly consumed domestically, where as a minor amount exported to Laos and Malaysia. The
main tangerine cultivars are Som Kaew Wan, Som Sai Nampheung and Som Chokun.

Table 11. Harvested area, production and yield of tangerine in Thailand.

Region Harvested area Production Yield

(ha) (ton) (kg/ha)
Whole Kingdom 8,078 80,007 9,521
Northern 498 5,030 7,656
North-Eastern 58 366 4,337
Central Plain 7,452 73,883 15,143
Southern 70 728 10,950

Source: Department of Agricultural Extension, 2002.

Marketing

Domestic market Most of fruits are grown and distributed on a local level. Growers sell
their produce to middlemen in the auction and large fruit markets in Bangkok. Retailers obtain
the fruits from such markets and sell them to consumers. Both the distribution and collection of
fruits that enter trade are centered in Bangkok. Domestic market is dominated by private
enterprise.

Export market Export of fruits during year 2001-2002 shows an items on fresh fruit, frozen
fruit, dried fruit, fruit in airtight container, fruit juice, and fruit preserve in sugar (Table 12, 13,
14, 15, 16). Established fruit exporting countries have authorized national organizations with
well known brand names to co-ordinate the production and marketing of their produce like
Thaifresh. In 2003, the principle export markets for Thai fruits were United State, Japan,
Netherlands, China, Hong Kong, England, Canada, Germany, Taiwan, and Australia (Table 17).
Other new markets include countries in Europe particularly France, United Kingdom, Germany
and Denmark. In North America, USA and Canada are new markets for Thai fruits.
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Problems

Production problems One of the reasons given for the slow growth of the fruit industry in
Thailand is the poor production technology. This results in inadequate and irregular supply of
good quality fruits. Apart from market demand, the growers’ choice in the types of fruit
cultivated is very much affected by the several agro-ecological such as drought, floods,
typhoons, extreme temperature and agro-biological such as pests, diseases, weeds which have
been limiting factors in improving production and quality of the produce. The need to
understand the agricultural technology fully becomes clear when one considers that the final
harvest is measured not from yield alone, but also from the quality of the produce.

Cultivars problems Developing new cultivars possessing new and improved traits
periodically is one way to prevent the competitors, especially those low-cost producers, from
encroaching into the market-share built up over a time period. New cultivars also help to keep
up with consumers’ changing demands and reduce the incidence of resistance to pests and
diseases. Such breeding work is necessary to sustain available fruit industry. Most of new
cultivars come from foreign particularly Taiwan. Field of this work need to be improved.

Table 12. Quantity and value of fresh fruit exported from Thailand.”

. 2001 2002

Fruit Quantity” Value* Quantity” Value®
Longan 101,305 455 111,168 46.19
Durian 116,674 48.99 85,814 41.35
Mangosteen 18,388 9.72 17,326 8.32
Litchee 9,343 5.34 16,110 9.13
Mango 10,829 5.17 8,736 3.48
Pummelo 6,574 2.41 7,518 241
Orange 4,582 0.33 5,178 0.42
Pineapple 6,471 1.59 4,561 1.07
Rambutan 5,930 2.21 3,259 1.18
Papaya 495 0.39 2,681 0.95
Other Fruit 22,666 13.05 67,569 27.24
Total 303,257 134.74 329,920 141.80

z: Department of Agricultural Extension, 2001-2002.
y: Quantity = metric ton.
x: Value = million US$.



-25-

Postharvest problems Thailand is a tropical country, and tropical produce tends to have a
high water content and a high respiration rate. There are serious levels of postharvest losses,
mainly as a result of physical damage, physiological changes and disease. Fruit rot is a major
cause of fruit losses, and can be as high as 60% in mango. Although there have been many
programs to reduce postharvest losses of horticultural crops, progress has been slow. This is
partly because the cooperative system has not grown as rapidly as hoped, and partly because
Thai farmers, like Asian farmers everywhere, tend to focus on production and overlook the role
of postharvest technology.

Table 13. Quantity and value of frozen fruit exported from Thailand.”

Eruit . 2001 _ 2002
Quantity ¥ Value® Quantity” Value®
Durian 26,972 13.94 27,648 13.90
Pineapple 2,440 2.64 2,042 2.14
Longan 1,597 1.52 1,235 1.10
Strawberry 652 0.79 528 0.56
Mangosteen 329 0.51 362 0.71
Other Fruit 3,509 6.37 4,205 6.12
Total 35,499 25.78 36,020 24.56
z: Department of Agricultural Extension, 2001-2002.
y: Quantity = metric ton.
x: Value = million US$.
Table 14. Quantity and value of dried fruit exported from Thailand.
. 2001 2002

Fruit - -

Quantity ¥ Value® Quantity” Value®
Longan 26,838 31.19 29,917 31.57
Tamarind 15,143 5.28 15,865 591
Pineapple 610 0.57 1,880 1.51
Banana 237 0.77 511 0.75
Other Fruit 1,101 0.13 2,327 1.39
Total 43,929 37.95 50,500 41.16

z: Department of Agricultural Extension, 2001-2002.

y: Quantity = metric ton.
x: Value = million US$.
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Table 15. Quantity and value of fruit juice exported from Thailand.”

. 2001 2002

Frult Quantity ¥ Value® Quantity ¥ Value®
Pineapple 105,311 70.61 95,862 83.72
Orange 4,961 2.14 10,808 5.31
Grape 336 0.13 612 0.24
Apple 278 0.18 258 0.19
Grape fruit 9 0.002 195 0.12
Other Fruit 56,668 41.73 69,630 51.44
Total 167,563 114.81 177,365 141.05
z: Department of Agricultural Extension, 2001-2002.
y: Quantity = metric ton.
x: Value = million US$.
Table 16. Quantity and value of fruit preserve in sugar exported from Thailand.”

. 2001 2002
Fruit - -
Quantity Value® Quantity ¥ Value®

Pineapple 13,819 15.63 14,148 16.09
Banana 136 0.20 1,492 0.35
Durian 163 0.33 152 0.45
Other Fruit 12,819 20.35 14,065 21.90
Total 26,937 36.53 29,857 38.80

z: Department of Agricultural Extension, 2001-2002.

y: Quantity = metric ton.
x: Value = million US$.
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Transportation problems As the distance of transportation increases, the storage and
transport facilities become more important. Most fruits are shipped by passenger aircraft. High
freight costs could result in non-competitive pricing and eventually low returns and poor
incentive to the growers. This cost item has resulted in limited buyers of Thai fruits in foreign
markets.

Marketing problems At the moment, marketing of most of the export fruits is done by
individuals who usually compete with each other. There is a critical shortage of grading and
packing facilities, cold stored, and loading and unloading equipment inmost market terminals.
Comprehensive market intelligence in terms of the market structure supply and demand of
competing fruits and the consumer buying pattern of the targeted markets is still lacking.

Table 17. Exported value of horticultural commodity and product to principle country.”

Countries Value ¥ Precentage
Total value 1,462 100.00
United state 308 21.06
Japan 210 14.36
Netherlands 116 7.93
China 83 5.67
Hong Kong 62 4.24
England 61 4.17
Canada 54 3.69
Germany 52 3.55
Taiwan 51 3.48
Australia 34 2.32
Other countries 431 29.48

z: Department of customs, 2003.
y: Value = million uss

Conclusion

Fruit production in Thailand in the new century will have to rely on producing high quality
crops as well as using the production techniques that minimize the use of chemical
pesticides or employing the use of natural products. And since tropical fruits are high
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value and perishable crops, they need special market outlets, and special postharvest
handling and packaging in order to maintain high quality. The details of production,
packaging, transport and marketing should be looked into with the aim of producing a
large volume of high quality and competitively priced fruits which can compete in
international market.
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Fig. 1. Comparison of average fresh weight of single kiwifruit at harvest of three cultivars.
'CH No.4'="Chung Hsing No. 4','CH No.3'="Chung Hsing No. 3'
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Fig. 2. Comparison of average weight loss everyday of kiwifruit ripened at room of three
cultivars. 'CH No.4'='"Chung Hsing No. 4','CH No.3'="Chung Hsing No. 3".
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Fig. 3. Changes in flesh color a value of three cultivars of kiwifruit harvested on different date
at harvest and ripened at room temperature. Date means harvest date.
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Table 1. Comparison of the days and rates of respiration and ethylene production peak occurred
at room temperature of three kiwifruit cultivars harvested on different date.

B T Hon

el 3B %

Respiration peak

z,~’:f,:$dé

Ethylene production peak

Cultivar Weeks Date R =38 PR A4 F
Days mICO,/kg-hr Days ul/kg-hr

'CH No. 3' 21 11/10 50 32.4 50 151.3
22 11/15 20 12.7 23 59.7

23 11/22 24 14.7 25 101.7

24 11/29 32 17.1 35 100.1

25 12/6 16 16.7 19 85.5

26 12/13 14 22.8 13 140.8

27 12/20 19 214 18 107.5

28 12/27 12 22.9 12 124.6

'CH No. 4' 21 11/10 77 11.1 78 42.5
22 11/15 4 14.6 8 85.9

23 11/22 18.4 10 109.4

24 11/29 14.9 7 925

25 12/6 52 11.9 52 77.4

26 12/13 17.7 8 123.0

27 12/20 18.0 6 95.0

28 12/27 12 15.9 12 100.0

'‘Abbott’ 22 11/10 80 42.9 80 160.6
23 11/15 52 24.8 53 196.3

24 11/22 12 18.2 14 66.4

25 11/29 7 22.3 8 955

26 12/6 10 18.6 11 150.6

27 12/13 47 18.2 53 445

28 12/20 37 13.4 37 46.5

29 12/27 14 11.6 14 37.6

'CH No.3'="Chung Hsing No. 3','CH No.4'='"Chung Hsing No. 4'.
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Studies on Optimum Harvest Date of 'Chung Hsing No. 3' and
'‘Chung Hsing No. 4' Kiwifruit (Actinidia deliciosa)

Ming-AnnWu " Ching-Chang Shiesh?  Cheng-Chu Nee ¥

Key words: Kiwifruit, Optimum harvest date, maturity

Summary

The intention of this study were to establish the data of optimum harvest maturity and the
best storage condition of newly breeding ‘Chung Hsing No. 4’ and ‘Chung Hsing No. 3’
kiwifruit to benefit popularization afterward.

*Chung Hsing No. 4’ and ‘Chung Hsing No. 3’ kiwifruit were harvested from 21 weeks
after anthesis, their total soluble solid content have approached 6.5~6.6°Brix, which reaches
harvesting standard of the imported kiwifruit. Average fresh weight of ‘Chung Hsing No. 4’
reaches 82.2+7.6g and average fresh weight of ‘Chung Hsing No. 3’ reaches 69.4+5.7g
respectively. To compete with imported kiwifruit, the domestic kiwifruits were harvested as late
as possible to obtain higher quality with higher soluble solid content.

As long as Taiwan farmers culture ‘Chung Hsing No. 4’ and ‘Chung Hsing No. 3’ kiwifruit
on mountain region to product fruit with high quality, they will not only reduce dependence on
the imported kiwifruit but also find a way of mountain horticulture in Taiwan.

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

2) Associate professor, Department of Horticulture, National Chung Hsing University.

3) Professor, Department of Horticulture, National Chung Hsing University. Corresponding
author.
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f1* RAPD £ ISSR & + &8 i #* &7 2
Bag R

¥ %D moi B2

MAES R A Rk

# & : £ 31 2 RAPD (random amplified and polymorphic DNA)£2 ISSR(inter
simple sequence repeat) » + &35 7 20 i 1§ #*(Averrhoa carambola L.)$% 33 &4 F
FEPNRZAPTEVRAEEYN S BRESET L AT A AR SR
BE=E I ST e

AT 14 2 RAPD 51+ A2 24 144 % % A1 44 72 DNA 7 F > 17 £ ISSR 3l
+ &2 195 B 5 A1 7w DNA 2 £ o #74 4 % B < o] 4 %] 4t 1500 bp-190 bp
4= 1300 bp-200 bp 2. & - # 14 £ RAPD 51+ 2 17 &£ ISSR 313 #7 & 4 2_ % 4|+
DNA ® £ » g Neilli = 2355 # 4p vt » 32 UPGMA 22 4548 00 & btk B4 47
5% 11 RAPD 3 #0447 it 59 #-fheR /B4 3> @ ISSR # F A {7 ok 52 fhrk B ache
%ﬁﬁﬁﬁ”’ﬁ#j—iﬁm&o@ﬁfFﬁRN%EH%R??*ﬁ%%Mﬁ
FeRfaa Ry o A AL ZORZF R EEEET R AH - BR)
E IR TR L C T e A SR S Igﬁfﬂr:f

f1* RAPD 2 ISSR #7 & 4 2_ % A1 # £ DNA gt F o w5 73.47%% star ~
J7331% > B 2475 4 APiT o S AFET > 5 0 RAPD ¥ &% 5 B - 5L~ Pk~
CIND-O1~ 7 jxgg & ~ f74f~ flvR & &7 > ISSR ¥ %] ‘_:' ﬁ - HL~Frk ~ 9 55~ Golden
akarta -

1) Bz @ @~ FHE ﬁJﬁF“4o
2) Wz P @4 5 F4 ke 10 50 ,:Flk
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1 ¥¢(Averrhoa carambola L.) % #* #L (Averrhoaceae) ¥ ¢ (Averrhoa) 2- ® 3| ¥ % %
H G RRY LRI TRBEFE > MFEEELFT  FEFARA FYPRT S A
PAFEE RS O BARAES TV ERF G L VA FAF RIS iR AT 4
1o HE :rg ¥ CEEE 2 TREE  BF %&F/g s M EEESITL RAE T % kR
#1(2,1996)- DNA A+ 38 (molecular marker) & 5 v 2 42 F Bl @5 FaL R 2 2 X IR
BFZ R EERE o 2 PCR 5 AA# 04 452 % 4o AFLP ~ SSR ~ RAPD -~ ISSR B iZ A4k &
* (Heunetal, 1994) » izt = 2357 7 > E k% DNA % 3 it §§ % (Bornet et al, 2001 ;
Rossetto et al, 1995 ) - RAPD 2 jigigrh A 7| B4 (T4 F 2 g% 4o p A Flenikiie v /6
f6 REF I RAPD 2 jiclirh B 79T A 2 2 s B W EH ST AL 7 el
RS R AR B A4 i o BEPURIIRED B S TR TP Rl — > A ¥
RAPD & jicieh B 7| Bk 65 E cnFl 8 (55 5 5 4o o #s % (Oidium lycopersicum)
(Giovanni et al, 2004) ~ 4 E4 i s (vellow Sigatoka) (Vidal and Garcia, 2000) % - f&2 ¥
85 8 42tk E 4o FY(Hormaza, 1999) ~ mandarin(Elisiario et al, 1999) - &% +* (Shirkot et
al, 2002) > ¥ ¢t Pl E_1E 4 FrR K 2 iE Ao E % & 7] B 4 (Ananas comosus L., Merr.) (Soneji
etal, 2002) - L4 4 2 B 2. A 45 1 Archak % 4 (2002)4]* RAPD 47 3 27 B & B 4 ivomdd o
Plieske 2 Struss(2001)r4 ISSR 4 45 32 ;¢ ¥ (B. napusL.) &% p < s B %L > * 61
2513 ¥ H2 4% b E(winter type) 2 & é E(spring type) s < xg o H POk 3 T W T -
R IS EEES-E SRR E £ F S L E 2L i*F’*ﬂ‘L’ﬁ il B4
i(Lazaro and Aguinagalde, 1998; Zenglu and Nelson, 2001) - 432 S-f82 # % : & iengf
FRE A A AR IR R P AR A A Ml p <] 2
FRFRGEHEEY G IHcE RGN B TR 2 R FRB S AT ik
B A ERETNEREZ RN FamEY VN RRREL BRAE T ARER
p ;;tij—a‘zfu MoE T éﬁi\i%ﬁm?" %+ % > &A% RAPD £ ISSR & i s-fb v & _f %
-if e £ (38,2001 5 3 % 4 ,1999 ;5 Ling et al, 1997 ; Prevost and Wilkinson, 1999 ;
Charters, 1996) ¥R ‘?ﬂs %R 2 447 ¢ Chen % 4 (1998)14 RAPD #* 3 Phalaenopsis True
Lady ‘B79-19’#8m?e 2 ¥R - AR ey 2 R AN > HEP PRI ZE LR 75 &0
Boiorl 5 B RBFA I B ER AR R B VR D A
A4 2 RAPD Eihie R A R %R o Al-Zahim & 4 (1999) 7% = # 12 RAPD 4 17 5 B
ﬁ/ »Eﬁem}?g%ﬂ o

ARG 2P EEEZV RS S E AT RAPD £ ISSR A F 138> T d H R %
TfRR EfAZ RN ARG R FITL PSR ﬁﬁﬁé&%ﬁﬁmﬂ;&\%‘r”’ PES
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d B LBAF FERER,ERE20 B ESA SRE-F SEZ5 s Dk A7
I FRERF ~ 9 S BRI HE R TR 2 Bk s Pek s BheR - feeR 5 80~ Arkin s B-7 ~
B-17 ~ CIND-01 ~ Golden star ~ Jakarta 2z =i 449 2 X EFHE 2 F R 3% o
R
(= )& % genomic DNA z_ 5B~

PoAF pelRcE 2o & R R H Y R e F B0 B~50mg Bdr 2 E R+ Qiagen 2 &
28 4 £ F1%2 DNA % P~ £ 2 (DNeasy Plant Mini Kit)e 4c » 400 uL. 2. AP1 buffer =t i» ;2 &
{5 f 4 » 4L 2 RNase A> *t 65°C-kis 10 4 # {4 4c ~ 130 pL 2. AP2 buffer» & 2 F % &
kip 52480 @~ QIA shredder j ¥ waftw 2 A4l o fc B K JRik 3 4 2 SRR AAE 0 0.5
% &1 AP3 buffer 2 1 1 «jFp# (96-100%) - £ *< & »* DNeasy mini i # = * 8000 rpm &t
o LA 4R iRk o 4~ 500 uL 2 AW buffer 4 4 sk 1 S £ % 500 pl
(99.5%) 7=+ je F 1-3 = » 4 » 100 uL 2. AE buffer>5-t & 2§ T 10~ 4815 * 8000
rpm #- DNA #r T % > £ 5 {5 #genomic DNA * 42 k% B3R % 8 S0 B ¥ & 42 kR
2L 50 pg/ml & * o
(= )& & pe 4 F K(PCR)

PCR » Jisi% it 5,84 25ul # 4% 1xPCR buffer(Mg*" free) (# % 20mM Tris-HCI (pH 8.0
at 25 °C) ~100mM KCI~0.1mM EDTA ~1mM DTT ~ 50% glycerol ~ 0.5% Nonidet-P40 % 0.5%
Tween 20) ~ 2.5 mM MgCl, ~ 0.2 MM d NTP ~ 1.0 uM primer ~ 1 unit Taqg DNA Polymerase -
25 ng template DNA- 42428 14 5 Jiz 94°C6 ~ 48~ %M F B 1~ 4484 F (RAPD: 40°C45
#) 3 ISSR:50CCA5 #)) ~ut £ F i 72°C1 A 45~ F i) 5 40 B iR St £ F K 72°CT
YA
(= )DNA 3 7q 8% T4 2 & 4%

1.5% agarose 4r » 0.5x TBE 7 /& % e 4e 43 f2(WV) FE R 3 2 X 60C £ 4~ 05
pg/ml EtBr(ethidium bromide)323 iR & 1 > SR @ » WHRH S FR 2R F - B P E 20
A H (Model OSP-300)¢ > 4r » 0.5 TBE & A % fbme 2 = 2 R F %% - L PCR #7318
2. DNA Z 47 4v » 5l Fermentas = & 2. & /A BRA AR & 15> B~ 10l /A » B P& P
ETA o T AR NS UV transilluminator gz & ¢ i 2 =% Y RRipA 72 o
(= )RAPD % ISSR 3 % 4 47

# 4~ 47 (cluster analysis) iz % UPGMA(Unweighted Pair Groups Method using
Arithmetic Averages) T 12 NT-SYS(Numerical Tajonomy and Multivariate Analysis System) i
WA EHp R AL NP RS A, 7T ENIES B E S SRR G ik o Lo
BeEF ~ B dAp 258 1S =2Ny/NetNy o S 0 A 548 7 eradp i % e(similarity) » Nyyix
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By A B G i B Nex &8s ¥ o0 Nty S48 cnis F fico #7355 2 15 A
S - BAREBTEE - 515 A S PES T - BAFEE RS
2 MIEN B Bois H-RAPD 27 ISSR #7144 2. 5 AL A & B - 423t o

&
*ﬂ

- ~RAPD 38 1 +4 34 88 S fd 2 &
(- ) RAPD #3252 513 &:E 2 7% I e e85 88 42 &4

FE KT x7 14 £ 315 & W E OPA-01-OPA-03~OPA-04~OPD-15~OPE-07~OPG-02 ~
OPG-06 ~ OPG-13 ~ OPG-19 ~ OPI-02 ~ OPI-16 ~ OPJ-04 ~ OPJ-19 ¥ 12 & 20 B 4§ ¢ ch3v 32
EF AL B S AR (£ D)

% 1.RAPD » {7 * 2. 14 B & 5 A4 ig4d 513
Table 1. 14 polymorphic primers used for RAPD analysis.

;1 srgaz  eFAE BARREIE s
Primers Sequence 5’ to 3’ f Total Polymorphic Polymorphic index (%)
ragments fragments

OPA-01 CAGGCCCTTC 12 10 83.33
OPA-03 AGTCAGCCAC 16 7 43.75
OPA-04 ATTCGGGCTG 16 11 68.75
OPD-15 CATCCGTGCT 7 6 85.71
OPE-07 AGATGCAGCC 17 17 100.00
OPG-02 GGCACTGAGG 15 10 66.67
OPG-06 GTGCCTAACC 19 16 84.21
OPG-13 CTCTCCGCCA 12 9 75.00
OPG-19 GTCAGGGCAA 11 7 63.64
OPI-02 GGAGGAGAGG 7 3 42.86
OPI-16 TCTCCGCCCT 16 9 56.25
OPJ-04 CCGAACACGG 15 10 66.67
OPJ-19 GGACACCACT 21 17 80.95
OPL-17 AGCCTGAGCC 12 12 100.00

Total 196 144

Average 14 10.29 73.47
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(= ) RAPD # 3§ 4 47

£ 14 2313 94 4 R * g DNAS 2 Nei/li 35 5 2 5 5 a2 4p i pt > £ 12
UPGMA 2 .2 4p i WA 472 © % 5 A 7 5 2125 7 DNA ¥ S pF o418 2 4p i & 48 L
30 5 UPGMA 2 15 18 4p i & stk Bl 4e ] 1 <

Arkin
L__B7
B17
Z
Jakarta
— SR a
Golden star
L o)) N

* 7%

0.36 0.42 0.48 0.54 0.60 0.66 0.72 0.78 084 0.90
% #ic Coefficent

B 1.20 B4+ £33 5482 RAPD § A iki8m 479717 4p 02 & ABL 55 UPGMA # £ 4~ 4718
i 22 4p 02 R AR B
Fig. 1. Dendrogram of 20 carambola cultivars generated by UPGMA cluster analysis based on
the similarity matrit of RAPD polymorphic markers.

%%%wCWDM1ﬂ’&ﬁw@Aﬁ%%?%gw§ﬁﬁaﬁZﬁoﬁlﬁﬁw
AP A 5 51.5% 0 ¢ 32 Arkin~B7~B17~ - tk~Jakarta &2 S B - 5L H X T 4 A2 F ] 3 o
% 1-1%73 Arkin~B7~B17 &2 = 4k > /[ #4p A& 5 54.5% » £ ¢ Arkin &2 B7 4p o228
% 5 86%-° % 2% Jakarta 2 S B - 5o HApi AR 5 53% - % [#7F 13 B+ 5
Ao FEPAPUAE S 47T% > HX T o Sa [ ¥ e % 1 )35 Golden star 22 & B - 5L H 4p
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DR G 55% % 2 ¥ 1l B AR S BAAPMA S 562% 0 HX T ARS8 E o
~ HEPMAPNAE S 5% FIaF S A AL AC TTH AR B R B A4 S
fhrk ~ ﬁiviéﬂdv— FE O HAPMAR S 67% 0 H P X 0 BRrRApP IR EBR R 5 75%
FITedeg o ~FR B Rk B ) EPPpINAR S 655% > a AR IS KipARER
85% c ¥ - FeIEF I FEREE 0 S FPNE S BRSO B FEM PR
% 66% - H P o szﬁaf—%i#p B R E T4% 0 @ T FEE R RIE e E 4 B S
M Eog e
=~ ISSR i ity b 3 A2 FN
(= )ISSR #3252 31+ & 82 7 e F4 4532 B fd 2 8%

% % &+ UBC810 ~ UBC815 ~ UBC821 ~ UBC824 ~ UBC835 % £ 5 17 £ 513 ¥ v
20 B RSAFE G FALEF(X 2

F_*

% 2. I1SSR &~ 45 * 2. 17 B E § Al g+ 513
Table 2. 17 polymorphic primers used for ISSR analysis.

AEFE S AMLGEF g 5 AREF g

713 55 3R 7
Primers Sequence 5° to 3 Total Polymorphic P(_)Iymorphlc
fragments fragments index (%)
UBC810 GAGAGAGAGAGAGAGAT 16 13 81.25
UBC815 CTCTCTCTCTCTCTCTG 16 8 50.00
UBC821 GTGTGTGTGTGTGTGTT 10 5 50.00
UBC824 TCTCTCTCTCTCTCTCG 15 11 73.33
UBC835 AGAGAGAGAGAGAGAGYC 16 15 93.75
UBC836 AGAGAGAGAGAGAGAGYA 21 20 92.24
UBC841 GAGAGAGAGAGAGAGAYC 21 19 90.05
UBC843 CTCTCTCTCTCTCTCTRA 12 11 91.67
UBC844 CTCTCTCTCTCTCTCTRC 12 9 75.00
UBC853 TCTCTCTCTCTCTCTCRT 22 22 100.00
UBC855 ACACACACACACACACYT 12 4 33.33
UBC857 ACACACACACACACACYG 15 9 60.00
UBC864 ATGATGATGATGATGATG 14 4 28.57
UBC866 CTCCTCCTCCTCCTCCTC 10 3 30.0
UBC876 GATAGATAGACAGACA 18 12 66.67
(CATA)5 CATACATACATACATACAA 20 19 95.00
(GACA)5 GACAGACAGACAGACAGACA 16 11 68.75
Total 266 195

Average 14.18 11.06 73.31
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(= )ISSR # & 4~ ¥7

L8 A7 2315972 4 iz 5 5 DNA > @ Neilli 3+ 5 25 S/ 7 2 4piud > £ 12
UPGMAL*%# 0L A 5 o —,‘E‘—”A}%‘r’”']r}ﬁg{fﬁ DNA % BLpF i1 2_ 4 10 B 4B 4

» & UPGMA = ﬁ\ AP 0L B A Bl Ac B 2 - 4p i B 54%pF - “f Golden star ¢t » H &4 3
f— 2o fAp iR 61%PFT 19 B L S, S 2 A H 5 [ EHEPM P E 63%

¢ 4% Arkin ~ B7 ~ B17 2 CIND-0O1 - # ¢ 2 B7 22 B17 fp iu{+ & 3 ,2 775% - & [ #HEP
i 60% > #FpoF 15 llﬁﬁﬁi\ﬁ S ARITA SR 2R L HES KT
Jakarta ~ & %— By SRZB ks A TR s BfvR s vk 0 5 KfEZ farR 52t 10
B s B PRI E 67% 0 X T A 23 o - 3 Jakarta~ SR - B o R
=B~ = ﬁ:& % > HApi R 5 72% > * 2 Jakarta £2 S B - S4p s g 5 82% 0 S B
SEE A2 5 TT% e V- BHA R PR A B R 2 R G A HAPIA
5 715% > x~ ripheRer B kg it BB 5 83% 0 fEB BEAvRAip T2 5 825% - % 2 )
TR FERF 0 S BT RS E o B F P dp i 675% 0 B¢ uT FEE
BHRERUEES 2 82% -
~ &£ RAPD 7 ISSR 313 2. #E ~ 4%
£ RAPD 4 47¢714 £ 513 &2 ISSR &~ 47017 L 513 #74 4 2 K7 ”ﬁi DNA > &

Nei/Li:* 5 H 3 A S~ 2 4p 04> £ 12 UPGMA 2 EHp2 Ap R AGR B A AT o F R AT 5
A4 7 DNA 8 B or B 2 4p in R 4B 4 > 5 UPGMA £ 415 18 4p it B A %1%@3

fdp i B 52%pE > “f CIND-01 ¥# Golden star 4 #— 4= ¢+ # 4piufd 5 57% » H 445
P RS A - A o Adp LR 56%PE > T 18 B LR A A 2 A ¥ [ HE
MARIEE 71% 0 ¢ 42 Arkin~B7 2 B17 2 ¢ m B7 22 Bl74p s ® 5 76.5% - % 10
HEMAP LD 575% 0 FHA G 15 BYPRLER SR ARITAAS 2| H F 1] H
sipdakartas SR -Fc SR BZ - HREABREBEBE H P ER P LS 605% 0 H
oy Jakarta 22 S B - BAp B 5 725% - % 2 ] e i;:«’ T~ fek s FrR o~ faRR
B R SPEARE A TVERR 8 S PATS A EZ RS 11 BB SF 0 B ER ;}pff/
M 62% e tHQERARA T LAE - 50 Bk fReRE R TR AR 5 K
ﬁﬁﬁv%zﬁﬁﬁﬁﬁwwaﬁﬁ’ﬁﬂ%%~ﬂ%\&%&ﬁma—aﬁwwas
72% >~ rifevh ~ fArA B ACAR 1R BB L 78.8% o ¥ — AP LAE L T2%¢ 45 H - Bk
BRkox g Rk Ap b L 83% R FH oSG S RAT A E R fgEs HP
BRI R 5 T2% -
2z ~ RAPD % ISSR 4 47 ¢ E%f%ﬁ’i%‘% il 3

f1* RAPD & ISSR ¥ 4~ W Z B[ H 8 nfd 0 H g5 A 4T
(- ) RAPD 4 45 5 % ¥ & s o b d o B - %5~ 2wk ~ CIND-OL ~ T j* 55/ ~ §24
fark B e o B - %i-OPA -0ls5y0 ~ OPA-Olyg i 7 A 2 v+% ~OPJ-0dgp0 7 A 2 iFH o Ffvk :
OPA-033 & # 2 iE 4 o CIND-01: OPA-Odsgo & A& # 1574 o T /¥ 88 & 1 OPE-075000 ~ OPJ-14gs5 ~

i



-54-

v

OPJ-14780 ~OPJ-14550 7 A 2 057 o f24E: OPJ-04g7o 7 A 2 157 o fhrk 5 a7 OPJ-047y &£
E o

(: ) ISSR 4 47 & % ¥ #4) r‘v’ﬁ;fb f&o B - 5~ #vk ~ 9 %k~ Golden star ~ Jakarta - 5 B

- 5. UBC81550iL 7 A 24 i57F o #vk - UBC824880 § A2 IEF o9 5 1 UBC855s30iX 7 A

24 i%% o Jakarta : UBC83515i2 7 A 2 i+ ~ UBC836150 ~ UBC8761050 7 A £ i+ o Golgen

star : UBC8577, ~ UBC857,3 » UBC864840 L AAEF o

Arkin
| B7
1 B17
CIND-01
Jakarta
—— %
] — FRIE
| I
=
T
— — #v
7478
Favrk B &
IR
[ nE
' Feut
| P2 )
Golden star
I T L] L] T I T L] T T I T T L] L] I T T L] T I
0.54 0.63 0.72 0.81 0.90

i% #ic Coefficent

B 2. 20 B 52 ISSR Al AR A 174717 4p i B 2L 55 UPGMA # E 4 17 {4
& 22 4p 00 R AR B
Fig. 2. Dendrogram of 20 carambola cultivars generated by UPGMA cluster analysis based on
the similarity matrit of ISSR polymorphic markers.
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Fig. 3. Dendrogram of 20 carambola cultivars generated by UPGMA cluster analysis based on
the similarity matrit of RAPD and ISSR polymorphic markers.
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$BI7 = FA#EY 2 AkinZ BT Ap it RfF > 5 B if;é_ﬁl'l At P HRRE
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Assessment of Genetic Diversity among Carambola (Averrhoa
carambola L.) Cultivars by RAPD and ISSR Markers

Shung-Sui Tseng®  Ching-Cheng Chen ?

Key words: carambola, molecular makers

Summary

Twenty carambola (Averrhoa carambola L.) cultivars were evaluated and compared by
using RAPD(random amplified and polymorphic DNA) and ISSR(inter simple sequence repeat)
markers. The object was to assess genetic similarity between cultivars and to search for
identification markers for individual cultivars. The results indicated that both methods revealed
high degree of polymorphism.

A total 196 amplified DNA fragments DNA were generated by fourteen selected RAPD
primers and in which 144 fragments were polymorphic. The sizes of DNA fragments were
between 1500 bp and 190 bp. A total 266 amplified DNA fragments, including 195 polymorphic
fragments, were generated by seventeen selected ISSR primers. The sizes of DNA fragments
were between 1300 bp and 200 bp. The similarity between cultivars were estimated using the
Nei/Li formula based on the total amplified and polymorphic DNA fragments by using RAPD
and ISSR. The similarity dendrograms of twenty carambola cultivars were generated by
UPGMA cluster analysis. The results showed that UPGMA cluster analysis based on RAPD
similarity matrixs could separate the sweet and sour flavor carambola cultivars. In contrast,
ISSR makers could not effectively separate them. The results of RAPD and ISSR analysis
could separate and group up carambola cultivars based on tow style types. However, the results
of both methods did not produce any specific markers for fruit flavors (sweet or sour) and style
types (long or short).

The ratios of polymorphic DNA fragments produced by RAPD and ISSR analysis were
73.47% and 73.31%, respectively. For identification of individual carambola cultivars, Tainung
No.1, Tian wei, CIND-01, Wu bian tou fan, Cheng chui and Suan wei hou lian can be identified
by RAPD. Tainung No.1, Tian wei, Pai si, Golden star and Jakarta can be identified by ISSR.

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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Table 1. The peel color of ‘CAES 3’ avocado fruits after storage at various temperature for 2
weeks and then ripening at 25°C for 4 days.

Storage Peel color

temperature L a* b* C H
HY 36.7a" -15b 244 a 24.7 a 92.2a

1C 25.8b 9.8a 6.8b 126b 30.6b
3C 259b 99a 5.7 bed 11.7 be 28.5b
6°C 25.1b 9.7a 4.6 bed 10.8 bc 30.3b
9°C 26.8 b 9.1a 4.1cd 10.0 be 23.8b
12°C 26.2b 8.4a 3.4d 9.1c 22.0b
15°C 27.1b 10.3a 6.5 bc 12.4b 32.3b

? Means with the same letters within a column are not significantly different by Duncan's
Multiple Range Test at 5% level.
Y H = evaluated after ripening at 25°C for 4 days, no stored.
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Table 2. The pulp color of ‘CAES 3’ avocado fruits after storage at various temperature for 2
weeks and then ripening at 25°C for 4 days.

Storage Peel color
temperature L a* b* C H

HY 78.4a° -5.0b 52.7 a 53.2a 955a
1C 65.9b 2.2a 37.1d 375b 85.6 b
3C 64.4b 2.2a 37.4d 376D 854D
6°C 60.5b 4.4 4 38.7 cd 50.3 ab 825D
9°C 60.3 b 4.7 a 39.4 cd 40.0a 81.7b
12°C 64.8b 2.4a 452 b 45.5 ab 86.6 b
15°C 62.6 b 3.0a 42.8 bc 43.2 ab 84.9b

? Means with the same letters within a column are not significantly different by Duncan's

Multiple Range Test at 5% level.
Y H = evaluated after ripening at 25°C for 4 days, no stored.

23 AFEARAGE REZH RHASTEDCT RS AR Rp S LR
Table 3. The pulp color of ‘CAES 3’ avocado fruits after storage at various temperature for 4
weeks and then ripening at 25°C for 4 days.

Storage Pulp color
temperature L a* b* C H

HY 78.4 & -5.0d 52.7b 53.2b 95.5a
1C 59.8¢ 35a 29.8¢ 30.2e 82.5cd
3C 59.3¢ 37a 27.8¢ 28.3¢ 81.6d
6°C 66.3 b 1.0 bc 36.0d 36.3d 87.4b
9°C 69.9b 0.4 bc 428¢c 43.1c 88.7b

12°C 60.4c 2.2ab 403 ¢ 406 ¢ 86.4 bc

15°C 71.1b -0.3¢ 57.2a 57.3a 90.4b

? Means with the same letters within a column are not significantly different by Duncan's

Multiple Range Test at 5% level.
Y H = evaluated after ripening at 25°C for 4 days, no stored.
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Table 4. The peel color of ‘CAES 3’ avocado fruits after storage at various temperature for 6
weeks and then ripening at 25°C for 4 days.

Storage Peel color

temperature L a* b* C H
HY 36.7 a -1.5d 244 a 24.7 a 92.2a
1C 29.3¢ 5.9 bc 12.7¢ 15.8 bc 52.7¢
3C 27.2 ¢ 11.0a 5.3d 12.7¢ 245d
6°C 27.1¢ 76D 7.9 cd 12.8¢ 335d
9°C 329b 36¢C 18.7b 194b 68.1b

12°C - - - - -

15°C - - - -- -

? Means with the same letters within a column are not significantly different by Duncan's
Multiple Range Test at 5% level.
Y H = evaluated after ripening at 25°C for 4 days, no stored.

5. ARBEAMROEE REZG RRHEFADCTRRE AP S 2 g0 -
Table 5. The pulp color of ‘CAES 3’ avocado fruits after storage at various temperature for 6
weeks and then ripening at 25°C for 4 days.

Storage Pulp color
temperature L ax b* C H
HY 78.4° -5.0c 52.7 a 53.2a 955a
1C 56.1c 53a 29.4c 30.1c 79.5¢c
3C 58.1c 4.7 a 305¢ 3l1c 80.6 ¢
6°C 5l4c 6.6a 22.0d 23.8d 69.1d
9°C 70.2Db 04b 39.9b 40.1b 88.6Db
12°C - - - - -
15°C - - - - -

? Means with the same letters within a column are not significantly different by Duncan's
Multiple Range Test at 5% level.
Y H = evaluated after ripening at 25°C for 4 days, no stored.
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Table 6. The peel color of ‘CAES 3’ avocado fruits after storage at various temperature for 8

weeks and then ripening at 25°C for 4 days.

Storage Peel color
temperature L ax b* C H
HY 36.7a° -15¢ 24.4 a 24.7 a 92.2a
1C 336b 16b 232a 23.6 ab 84.7a
3C 304c 59a 18.1b 20.3b 68.0 b
6°C 32.6 be 31b 19.0b 19.9b 73.0b
9C -- -- -- -- --
12°C -- -- -- -- --
15°C -- -- -- -- --

? Means with the same letters within a column are not significantly different by Duncan's

Multiple Range Test at 5% level.

Y H = evaluated after ripening at 25°C for 4 days, no stored.

7. 7 FERFFFRBIFE EEZ BRHEFFTALDCTERAIX SRS B o
Table 7. The pulp color of ‘CAES 3’ avocado fruits after storage at various temperature for 8
weeks and then ripening at 25°C for 4 days.

Storage Pulp color
temperature L a* b* C H
HY 78.4 @ -5.0d 52.7a 53.2a 955a
1C 54.3b 7.1b 28.2Db 29.3Db 75.9Db
3C 56.1b 54c 30.2Db 30.7b 795D
6C 33.2c 104 a 140c 178 ¢ 50.4c
9C -- -- - - --
12°C - -- - - -
15°C -- -- -- -- --

? Means with the same letters within a column are not significantly different by Duncan's

Multiple Range Test at 5% level.

Y H = evaluated after ripening at 25°C for 4 days, no stored.



-67-

BN N YD

kR A RIS PR 2FE 0 1CE ICHFFRNEF P ERN A I EERHRD
WAL RHEB Eu LB RBEA K GRS F M B (26.6N) ; 6Cen% 9 H B > @
H B RS FHRE LI EMN > @2RF - pri 4 30> 1Ce 3CHH R334
Pasm 6C~9C 12Cz I5CRHREkEFK A% 43pF prf 2 15C % F
BRIB-D R p e it o@m 12°C2 IBCRFRen%:F % 5~6 kP 28 - PR 6
Bl CE3CHRNS P HAEEBE Er N ERTIFROEFTREZEI VBRI A 6C
P OCRTRR NS | AT BRI SR R R o tput 2t OTRTEEDS TR 6 2
B RS AR TR FREW A2 MR R8> 1T 3C
kg A RBRRHEHBE A 6CAITR DR R R G Fh DR R (£ 8)c ¥kt FFET 6C

H

r'lf,
FEFAIAZRR BEEY o

28 AP EREIRIEFEH BEZF RBHFFTALDCTERF 4 FPHARZ
B

Table 8. Pulp firmness of ‘CAES 3’ avocado fruits after stored at various temperature for
different time and then ripening at 25°C for 4 days.

Pulp firmness (N)

Storage temperature Storage times
2weeks 4 weeks 6 weeks 8 weeks
HY 26.6 & 26.6b 26.6b 26.6b
1C 39b 129.0 a 129.0 a 129.0a
3C 3.1b 115.6 a 129.0 a 129.0a
6C 0.3b 12.1b 53¢ 53c
9C 00b 34D 6.6 C -
12°C 00b 0.0b -- --
15°C 0.0b - -- -~

? Means with the same letters within a column are not significantly different by Duncan's
Multiple Range Test at 5% level.
Y'H = evaluated after ripening at 25°C for 4 days, no stored.
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Effects of Storage Temperature and Time on the Storage Life and
Quality of Avocado (Persea americana Mill.) Fruit

Chih-Yuan Yang ®  Ching-Chang Shiesh ?

Key words: low temperature storage, storage life, fruit quality, Avocado,
Persea americana Mill.

Summary

The objectives of this study were to investigate the influence of storage temperature and
time on the storage life and quality of *“CAES 3’ avocado fruit. The ripening and chilling injury
of ‘CASE3’ avocado fruit (Persea americana Mill.) were determined at 25°C subsequent to 2, 4,
6 and 8 weeks storage at 1°C, 3°C, 6°C, 9°C, 12°C or 15°C. Fruits held at 12°C and 15°C no
chilling injury and were ripe by the third week. After transfer to 25°C, fruit held at 1°C, 3°C and
6°C longer than 2 weeks developed chilling injury and the severity increased as the storage time
increased. The fruit stored at 9°C could hold 6 weeks without any chilling injury. From the
experimental result, we could suppose ‘CAES 3’ avocado fruits were suitable to store at 9°C.

1) Graduate student, Department of Horticulture, National Chung Hsing University.
2) Associate professor, Department of Horticulture, National Chung Hsing University.
Corresponding author.
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:}'ﬁ £ 1 oapmy e wld#ikil 30 (heat shock proteins cognate, HSC) : #& 4 F#
S Fv (Bt); 4§ * B i %% (superoxide dismutase, SOD) 2 % i & fi¥ %
(catalase, CAT) 7 F]H 4 71 FEREFER WEAE{LHE 2k PR L e fEH %
KA T 48 (bt hsc70 ~ cat~sod) > 1% AFHEHES I A FESH? -
" PCR~® = BB RO - A RE T > - REERFFL G - AR T
(bt ~cat78) > ¥ ¥ #4-) bt 2 cat78 22 mRNA ; - tk ¥ 3 — fA F] (cat78) » — &
I F e alFleodz 3 bt AT @tk s | Firs g3 PO GE-

‘é’ﬁ

o

TE kg AT - B RAE S P Jf%‘lwz%fﬂ%%@ [BECRaar < TOLIPE A I - E Gl gh A S
RACTNAPITH a0y 3 T8 (R AR RY ) FE PR A WE D
Bdo Food EBMELT > PRBAFREATS DF &1L 5 Ra o £ 58K Rz i
B 5 i R AT BT — R

BHrESHMAFRES RS () FEMOEALATNES (B33 EALF €4
FEbaitd ) i mey 2T SMATE s o R AT ELR3) 3 €
7 7 F]#& 4% 1 gene silence % position effect » 4) $ kw2 +% A F1# 45 48 < (Bock, 2001;
Daniell et al., 2001a, 2001b); H 42 2L 5 1 1) #7 = 2 7 £ 2 A FH = = FEA ) &
BERFAEZ A R FRTERIFFLL >3) ZEERIFRF > 40 &E 7 il
AAFNESH 4 EEMEAD » TG A ﬁ‘éi_ﬁd? %8 (universal transformation

vector) °

) Mzd 2 2FEF AALsEmg 4 o
2) Mz X FFEY R dAiry o
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B4 AL S (Bt) £ 3 A ek (Perlaketal, 1990; 1991) 5 Ag § it oL it fi%
% (superoxide dismutase, SOD) ~ :536 it 3 p¥% (catalase, CAT) > ic 3 v 42 4= i 5 i 4
(Inze and Van Montagu, 1995) ; #t ik 5. 3¢ (heat shock protein, HSP) » & g 4~ f % £ 5 %>~
enff % (Hendrick and Hartl, 1993) c 2/ 7 -} it v A Fl L R #E# 3|4 TOE S8
d 23— Blfwie 73 2N ESHAFIE B EETY PGS @B E 2 FLAD
R

B oo
- ~ RS
R B A -2 4 & (Brassica oleracea L. var. capitata L.) ¥ 5 3 548 A Fli
AR AL o B AR M Eend TS B~ 2 R EFEH25ml ] 25 0 1 70%
PR ZIRT 1 A48 g F R 1 =0 5 #p %9 # 5% Clorox AR 1/3 e~ ) 29
o RART 1A G M EFRGE LS S REG B 1245 Eel 290 0 R
FF 20040 L A *ﬁ—.'“],};;;tﬁ,’g: EE T *ﬁ,\ﬁﬁ;%ﬁ_g«g 3 %R MRS | %X g
(agar) F112MS A A& A? %30 262°C 2 150 uE/m - sec > 16 /| Pk ix #p 2 TR B -
e AL T2 fE AR
ARHITLHEESMATES 2 AT (L K ARALE RS AT (crylA(),
bt) (R ® &+ 8§43 4 FF7 97 LHAKIFLAT) 12 16S ribosomal RNA fx# 3+ (prrn)
rbc S 5 fxdF > 0k kAN F R ® w D1 &9 2 F] (psbA) 0 3 A 7] 5 ¥k B3
pASCCBt (## 7 % Flizr# L4 5) (%, 2003): 2. ¢ §iv7 & Nenf ki Fd & 7)
(hsc70-2) (& % pSHC70 & pAHSC70 (Linetal, 1991) » W= i £ £ 4 b & U2
1 ATRE) D2 pr A kxds 3 o 00 pshA (13 L A P A ¥ %3 chpASCCHSC (##7 3 R
BEFEHER) (B, 2004) ;3. F R &SRy ¥P GE AR PR EREAT (AF
FAELEELE ) prm FEdF 0 L pshA 3 PERAE AL R EFER ”%@"ﬁm?
1 pASCCSOD (# 4 § & ¥4z 8 £ 4 5) (%, 2003) 5 4. o F %' 80kv ¥9 @i ik
FLApEE AT (Cat’8) (AL E AT LEA) L M pr 5 Exdi S > 12 psbA (13 %
BB 7] 5 % BT hE S 4 pASCCCAT (A 575 A 2 8 £ 4£5) (M, 2004) > =
= AT e
Z AT LR
(=)~ # 7R (carrier) #
B ARG A K S0mg A E LR F £ Y 100 %2 FpE 1 ml %k 50 mg
hgged R g d = S0 B EFK ImlFk=z X2 % e Iml & FKA K
20 - F - X 25mg £ AepET o
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(=)~ & DNA & A 71§ 4

#-15ul 7P & DNA £ 50 ul 2.5 M Cacl, > 20 ul 0.1M spermidine % # % e+ A% 8
=i 30 & 48 0 4e» 200 pl & K JFpF 2 8,000 rpm (Sigma 2K 15, rotor 12145) #jig= = » 2
i e~ 40-50 pl KO - T 220°C Sk E i -
(2)~ AFHES

i¥ * Biolistic® -PDS-1000/He Particle Delivery System (Bio-Rad) =4%7] > # ¥ pF -4
E F3E - TumEE At oL E 220 ClY > MR AEME T TS 2
REES o TP AR R R S04 B S (2829 inHe) o #F F RAEE 1,100
& 1,350 psi R EH > FEFEREGT 05 mgehgpF AR > X G 3 ugz P
DNA « 56/ #E F 2 crus iR » A Agl % 3 2 > R %L 22 4 4 o
(z )~ fithi 2

W) 4B EAT A 12 MS R AR c BE Y 63 BenT bt g 4
oA ARBERALIL 224 MSAARREZAZ 0.05ppm picloram, 0.5 ppm BA)
ALY EAFR RIZE > %l L1 £ 4 8% 4 FREE4id % spectinomycin ¢ 1~5
ppm e e 2 SRS L2 FREE A MSARE R AL Z 1 ppm NAA) 3 #3
RIS ki > B 1AL TR R o
7 ~ #7848tk DNA ~ RNA 2. B~ % & (7

E. coli {748 1% B~ ~DNA * FLehw 2 k4% E. coli 7 2 %5 12 'w ¥ (competent cell)
B FRRE AT R B 4 8 DNA 2 RNA ch35 B2 2 % 24 e (2004)
pE
~ R & #4848 F & (polymerase chain reaction, PCR)

FI* PCR $pvif Wip A AR F R » i p R A FIRF e~y §9 o F
¥ DNA R &4 F &% (Peltier Thermal Cycler, PTC-200; MJ Research, INC.) # - %
AF RS A T

13 chehk iy 1% Taq DNA polymerase (5 U)(Viogene) ~ 10 x buffer (1 x)~dNTP (0.2
mM)~ 513 kB I M > £ 4e ~ 3 385 -k o @ BB AAE 5 25l - p] aadA & F1E P
£ 54 %@ * o Fde x5l 2wl 5 5 CAGACAATCGGCTGCTCTGAT 3' ~ 5' TGCGATGTTT
CGCTTGGTGGT 3> ¥ A4 1 0.8kb ¥ £ & Bewndr i 95C~5 #4501 B cycle» 95C
1 ~45°60C~1448>72°C~30 45> 35 @ cycle> £3&i7 72C~1~45 -

i p] hsc A FIE 2 pAERAF S 4 > 12 hsc70 A F1F % 1033-1948 K351 3 4 w5
5' GGCTCCACTAGAATCCCAAAAGTTC3' ~ 5'CCACCTCCTCAATCTTAGGACCAGC3' »
FAF ALY NSCTO0 % 3 916bp H o K uchisde s 95°C 5 A48 0 1 B cycle» 95°C ~ 1 &
45 60°C ~ 1 A4 72C ~30 4 > 35 B cycle» £ i& {7 72°C ~45 # » 1 hsc70 A F+ &
742-1948 % 2313 & b 5 S’\GAGGTGAAGGCTACTGCTGGAG3'~5'CCACCTCCTCAATC
TTAGGACCAGC 3'» ¥ 4§ % 41 hsc70 2 £ =5 1206 bp ¥ £ F eunfe s 95C 5~ 480 1

=

Iq
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Bocycle»95C~1 » 48> 61C~1448>72°C~454) 35 cycle> £ :&{7 72°C~1 445 -
R Bt A FE P R AF L g A R Bt A Fleh31 3 4 8] 5 S'CCCGGGTGGTCAGTCCC
TTCCATGGATAAC 3'%2 5'CGACGGCCCGGGAATTCGATCT CACTCAAC 3'; F Jien
25 95C 545> 1 B cycle> 95C~ 1 »48°55C~1 ~ 45> 72°C~454) > 35 cycle
LEFT2C 1448

i ip] cat A F]E 4 P R A FI G g5 A0 R cat A F)eslF A s L 5 GCAGCCATGGAT
CCAT ACAAGCACCGCCCG 3'2 5' GCTTTC TTCCTCGGAGCTCCTT ACATGCTC 3' 5 »
Reeinidz i 95C 5 24801 B cycle > 95C ~ 1 ~ 48 > 50.5C ~45 ) > 72°C ~ 1 » 48 > 35
# cycles ] sod & F L p AT 5 & & Rl sod A Feil 3 A 6] 2 SGAATGGTG
AAGGCCGTCGCAGTT3'%2 5' GAAACCAGCAAAGCTAACGGCAGGC 3'; F et &
95C5»45 1M cycle» 95°C ~ 1 ~ 48> 58C ~ 1 ~48 > 72°C ~45%) > 35 T cycle

BREeFREGEERAFDS L P RAFLZ A0 515 A5 5 5 GCAGCC ATGGA
TCCATACAAGCACCGCCCG 3'2 5' GCTTTCTTCCTCGGAGCTCCTTA CATGCTC 3' ;5 &
Reeinidz i 95C ~5 2401 B cycle» 95°C ~30 # - 60°C ~45 #) » 72°C ~ 1 ~ 48 35
B ooycleo F 2 2 s » B 1020 pl 3o A3 1.0% 2 EEW 1 72 A7 o
AN

gt cnE F DNA3SOug > 57 B UfIpE 2875 o 5 1 % £ g BT A
Ak | A& -9 48 12 10 ml denaturation solution (0.5 M NaCl, 0.2 M NaOH) #=4£4& F 30 »
45> % 3 renature solution (1.5 M NaCl, 1.0 M Tris-HCL, pH 7.4) #=4£4= F 30 » 45; 2 10X
SSC ¥ ;& DNA i % % (Zeta-Prob” GT Blotting Membranes, BIO-RAD) » £ 12 Posi Blot™
Pressure Blotter (Stratagene) :#- DNA ### T DNA & F % o #3554 » TR 230% 6 1
* ek ki@ 3 (UV-cross-Linker) 52 i DNA & gigid & o

# i 2X SSC B RIS B ~fe2 g p 0 4 » 5 ml prehybridization solution (0.25 M
Na,HPO, pH 7.2, 7% SDS)> >+ 65°C i& 7 1 -] B# eiprehybridization’ { #7 hybridization solution
(0.25 M Na,HPO, pH 7.2, 7% SDS) 10 ml » 4¢ » & % AJE cdF 4L > 32 65C T 752 F
& 14 -] B2+ oo 12 Jow stringency wash buffer (20 mM Na,HPO, pH 7.2, 5% SDS) ** 65°C
T ki 10 4 48 = £ 12 high stringency wash buffer (20 mM Na,HPO,4 pH 7.2, 1% SDS)
WOSTTHFES Ao koo BFiE R R A e MER RSB LU XRPRE
BB R R R 2 PR
S B

@WE 75 2% formaldehyde 2. 1.2%7i% % 3 73 448 1 B~ 1.2 g agarose 3 ** 85 ml DEPC
H,O > 4c > 10 ml 2 10X MOPS buffer (0.2 M MOPS, 0.05 M NaOAc, 0.01 M EDTA, pH 7.0)
% 5.4 ml 2 37% formaldehyde B~ 20 ug 7 total RNA #& & 4r » 14.4 ul loading buffer (8 ul
formamide, 1.6 ul 10X MOPS buffer, 2.8 pl 37% formaldehyde, 2 pl 0.05% EtBr) ** k& ¢
# %¢ ~ 2 ul RNA formaldehyde loading dye > % >+ 70°C ¥ 10 4 45 2. %14 » B-AJ2 4 ek
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50 REFRETA D FRAREEN 1 PF > 1250 mM NaOH (&@ % 5 30 48 0 £
™2 10X SSC AT 30 A 48 o #-7F & § 45 eyl B4 2 B3t 10X SSC» £ ™ Posi Blot™ Pressure
Blotter (Stratagene) #- RNA ##5 3 3 5+ » £ #-pL g1 2X SSC £ 0.1% SDS =& »
AL FeF o Fr agcE eI Kb k@R ® (UV-cross-Linker) 3 i RNA & /g% & o #
SR T g K ~ Je U F 0 4o~ 5 ml prehybridization buffer > 32 fa ¢ 1 65 CIE A
fet Lo pE o { ATHE L ¥ R (F prehybridization buffer) 10 ml 2 > *t 322 F ¢ e x &
B2 RNA 4 B3 65Coe2fap F R 1624 | FFos2 F R >80 2 “ﬁ%F
Beidie » R LR L e > BBE) 2 kR (s 58E) &0 FRR%30A
5 o ARSI 0 X R PR S o RIS R RER o
N o~ Ak s o) Fex (Plutellaxylostella L.) % 2 &d2

F O R SRR E B A W B~ R 204 R BE 3MM paper 2 (i £ ¢ o &
WEEP RN FBRSAH IS EoRA3 IR FB G2 2 R REEE P a2 e

3
*ﬂ

- CESHATFIHAERZ L2

AP K- F 3 bt~ hsc70 ~ s0d62 ~ cat78 A Fleh i gﬁzﬁif&ﬁflj AL F e
Vg T A A T Sagih e ’;gd o MPFARELS S prn g ERY X £ LR R
AF e %Y F Mo {1 5 ppm A # spectinomycin i F AT E B TR A B
k0 F 2 5 ppm spectinomycin i & iE fE R eiE B o SiF L TR ST 0T Sadheg AT = X
o FHILIEARZAGA % > 252 # T2 3 5 ppm spectinomycin 7 L1 3 % & i 1%
Y EFFREASS TR AT BT 7 F 1 ppm spectinomycin 7 L1 3 & AR T ﬂ
PEOYZF R PEATH Y THIZG 2 ppm spectinomycin GvF 1332 & A ¢ F R} &
FoNZFVF S B R s b3 T 5 ppm spectinomycin 7 1/2 MS i - 32
AAT LR Y2 EHBEINE TS Z IJE o AR AT EF T dhendcE xS o e
ARG EEOEART G Z % o

R R PR A AT

(-)~ RepragFr & (PCR)

e e 8 A Flend FiEthz PCR A~ 475, DNA» £ 12313 @plw e k83 7 7
aadA;f—LU? REEERTETAY Y S BPCRAF (S 2 FEA T IRT BT maadA
FEO(0.8 kb) > AfEAEERE HRERE (B 1A)e A% 7 il F MpEAERELTE 7
3 bt ~hsc70 ~cat78 2 sod62 A F] > G R AT A PCR AV (S 2RSS 58T X ki
% eh EA T JE @ E 8 hcat?8 & (1.5 kb) (] lB)’sod62 2 £ (0.65 kb)(F] 1C)>hsc70
2 £ (0.9 kb)(H] 1D) > bt % £ (2.0 kb) (B 1E) ; 43" Aiz= #6545 ASCCSOD/CAT/BY/
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H,0

CK
ASCCSOD/CAT/Bt/HSC-1
ASCCSOD/CAT/Bt/HSC-2
ASCCSOD/CAT/Bt/HSC-4
ASCCSOD/CAT/Bt/HSC-1

pASCC201
pASCCCAT
H,0

CK
pASCCSOD

cat78

aadA «—15kb

0.8 kb

sod62
0.65 kb

— o < - N < — N <
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Q@ aoaQq Qaaq Qoo
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525889y 52598 2% 52999 9

2 aq<<<«<T 23<<<<T Sa<<<T

AT
hsc70 1.9 kb
0.9 kb 20kb

Bl 1 £ F@Eae 47y FL 24 512 £ 72 DNA 2 PCR 4 17(A) aadA £ 7] ~ (B)
cat78 £ %] ~ (C) s0d62 £ #] ~ (D) hsc70 £ F]1~(E) bt 722 (F) £ 2 "R F * > H
A m A Y o g2 A5 - ASCCSOD/CAT/BtY/HSC-1,-2,-4 5 #7# 4 & CK &
HERE -

Fig. 1. Agarase gel electrophoresis of the PCR products containing part of the aadA gene(A) ~
cat78 gene (B) ~ s0d62 gene (C) ~ hsc70 gene (D) ~ bt gene (E) and recombination site (F)
fragments amplified from the pASCCSOD/CAT/Bt/HSC co-transformed cabbage.
ASCCSOD/CAT/Bt/HSC-1, -2, -4: transgenic cabbage, CK: non-transgenic cabbage.
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HSC-4 4 aadA - bt ~cat78 % = 48 # F] » ASCCSOD/ CAT/Bt/HSC-2 + aadA ~ cat78 % = f&
3 %] » ASCCSOD/CAT/BY/HSC-1 R % # $ iz fm i # 2 & 7]

0B HAGRES 2 AT T £ e e %ﬁﬁfw%““ AFTREERFEGEER
Fl2 513 o o ESMEA LT £ 2% (rml6S-aadA) - 5 PCR & 2. & 9 7 A%
B oo b bk 2 RE FEEE BA T P (ASCCSOD/CAT/Bt/HSC-Z, -4) saw
zﬁ 5'?}? Je11.9 kb i 4 (rm16S-aadA)(H] 1F) o 3571 45 2 A FlG TR 2 £ 28 36

N n%uv\%'%
EFrLp@Ear A FY Ptk L DNA» WRpEZ 7 3 SR AL PR EF S
> EEh 47 o 2 Neol 22 Sacl*» 2] » 12 cat78 A F] ¥ £ i i 54 1 p| E.F 7 cat78 & Flen
oo SR HT 0 %5 ASCCSOD/CAT/Bt/HSC-2 ~ -4 & thieth3 &L 5L > @
ASCCSOD/CAT/BY/HSC-1 B #& (] 2A) o 12 ECORI #2 Kpn1+» 2] » 12 sod62 & F] 5 £ 4 5
A GRIETE G s0d62 AFleir b BEE T REAER T BRIAEAL (B 2B)
" EcoRI *# &) » 12 hsc70 78 F] 5 BLid i 45 45 WPl H_F 5 hsc70 A Fleris v B %81 =tk
WAty BN A L (B120)« 2 Smal>» 2 > 2 bt AT 5 B A R ETE G
bt A Fehis & o % % A7 0 %3 ASCCSOD/CAT/BYHSC-4 4 22 1 5L4 4 (B 2D) > @
%235 ASCCSOD/CAT/BY/HSC-1~-2 Pl f22 355 (F12D) et BATF ¢ 22 2
uihg 4 o
(Z)~# > BT

EFrirfae A FY PRl RNA SR AABISEENL S R BAT - A Y
14 cat78 ~s0d62 ~ hsc70 % bt w A A F] 5 454> MR L F 7 2 mRNA h# T o R 5% A
o ez PR R ¢ Y5l ASCCSOD/CAT/Bt/HSC-2~4 F cat78 mRNA =7t 5. (& 3A) ;
Y5. ASCCSOD/CAT/Bt/HSC-4 7 bt mRNA 3t 5. (B 3D) ; @ sod62 2 hsc70 5 Fa| &
g3 ME A4 (B3B-MW3C)e 1% %% PCR 2 4= LB FRAERAF 0 @
R IRP o R R o
ERRE SR V-

ErhEafE B AREz Ry E PR Fs (Plutella xylostella) = & % f &
G3XE R RADEIE (B4  HReEEs P v 5 ) R b ar 2355
Mol Fns Bef SEP ROBUF Tl A R B R AR RS e S0
AR 0 2 BUF VR o fARR A T PR HRE X T RET G APk
REA A ¥ % Bl e 7 tk ASCCSOD/CAT/ BY/HSC-2 f/i 3 #ip] F £ 5 bt A F3u gL
A2 o ru‘mm'hi/%‘* 2 (B4 e riafpE PHLI) a‘?wﬁ&_% g
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< 1} N N N4 < %} 7} N X
o < < < (@) S < < < (@)

Fl2 s h#Eze ATy FL 24tk > 2 DNA 53484 Ncol ¥ SacI(A) ~ EcoRI
2 KpnI(B)~EcoORI(C) 2 Smal (D) *» & 14 cat78 (A) ~ sod62 (B) ~ hsc70 (C) %
bt (D) A %1544 5 > LEie A 452 3, - ASCCSOD/CAT/Bt/HSC-1, -2, -4
iEAaHE CKifReE-

Fig. 2. Southern hybridization of the pASCCSOD/CAT/Bt/HSC co-transformed cabbage with
the P**-labeled cat78 (A), s0d62 (B), hsc70 (C) and bt (D) gene fragments as the probe.
DNA was digested with Nco I and Sac I (A), Eco RI and Kpn I (B), Eco RI (C) and Sma
I (D). ASCCSOD/CAT/Bt/HSC-1, -2, -4: transgenic cabbage, CK: non-transgenic
cabbage.
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ASCCSOD/CAT/BYHSC-1
ASCCSOD/CAT/BYHSC-2
ASCCSOD/CAT/BYHSC-4

| ASCCSODICAT/BYHSC-4
ASCCSOD/CAT/BYHSC-1
ASCCSOD/CAT/BYHSC-2
ASCCSOD/CAT/BYHSC-4
ASCCSOD/CAT/BYHSC-1
ASCCSOD/CAT/BYHSC-2
ASCCSODICAT/BYHSC-4

CK

N4
O

| ASCCSOD/CAT/BY/HSC-1
| ASCCSOD/CAT/BUHSC-2

Y
O
~ Sod62 | D Thsc70 mm

B3 £k#Eae BAFoy FL4 o ¥ % RNA G4 L84 45 cat78 (A)~s0d62
(B)~hsc70 (C) % bt (D) # %]z 35 - ASCCSOD/CAT/Bt/HSC-1,-2, -4 % # 7 H & -
CK % $tp e -
Fig. 3. Detection of the cat78 (A), sod62 (B), hsc70 (C) and bt (D) gene in the pASCCSOD/
CAT/Bt/HSC co-transformed cabbage by northern hybridization. The cat78 (A), sod62
(B), hsc70 (C) and bt (D) gene fragments were used as the probe. ASCCSOD/CAT/Bt/
HSC-1, -2, -4: transgenic cabbage, CK: non-transgenic cabbage.

CKl1 CK2 S/IC/H/B-1 S/C/H/B-2 S/C/H/B-4

Ble. £ rEade Ay F4 4 5% (S/CH/B-1, -2, -4) & 1wtk (CKI,
CK2) 48 15 & ] Fdm (1) Baa= {8 (T) o ®EF ot e
Fig. 4. Appearances of leaves of co-transformed cabbage (S/C/H/B-1, -2, -4), and
un-transformed cabbage (CK1, CK2) before (upper) and after (lower) feeding with 15
Plutella xylostella for 3 days.
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o w

4 PCR e Ui iRl - 7 1 E #%ﬁéz’éﬁ%fﬁi%%ﬁﬂ DNA ¥ £ %4 5 Pk Rl
Bop A Al FEBEERELG L Fonite § %Y pE A REERL £
g B2 R IR Ju#itfé_—*r‘ﬁ’*éﬁ”" FEPEAf R DNA» 115 - kg D
aadA 313 & {7 PCR ea 47 > & 3E aadA A T o F15 A F %1% o aadA A 75 o
A BB R AT R E A G 0 F ‘+/v\%‘r$§mfﬂ%ﬂf g AT
BoAZ ($,2003) 50 (el HRAFEE G F sl I pla@gayd ELFEF 4
cat78 ~ sod62 ~ hsc70 ~ bt A F] - k@ fe k& ¥ £ 5 cat78 ~ sod62 ~ hsc70 £ i& 7 méﬂ 2
$ % B ivit (%£,2000; Ft, 2004) > Flpt R pFE G aadA A F1E P A Flams > 4 &
2 F@®ALTT 5 l,%a«fﬂ’é? c BT (T HEAAT G ANESME > NE BRI
rrnl6sS 22 aadA A FIRF %313 > 2457 EF 1.9 kb eh 3 B (B IF) » 8228042 ¥ gmsn
AFEANESHLS M) o ﬂ;‘%?%ﬂ’ﬁ PO ESWEY FES L AT F A
imb;ﬁﬂ R AT - B aER AT L EAY T E SR TR -

B ATFIEAE I DNA (S B E &1 (T AP RAFNPER A2 R
P e S R BRE A RRRIE RPN AT o By FRAER IR R 0
Nco I/ Sac 1 +r &) 4! = & ccat78 £ F]> 12 ECOR I/ Kpn 1 *» & ! = % ¢ 50d62 £ %] > 12 EcoR
[ &) fehsc7O £ %> 2 Sma I 7 & 2 Fepbt A% o d 25 kT 28w k¥
18R 3] cat78 & F) 4 L s 5tk ¥ P F] cat78 2 bt & F] (%] 2A, 2D)’ iz #.s50d62 % hsc70
AF G0 Az AR IOE 5 B o

FEEA NG LEAE TR & DNA S T OGRERIE T e 7 LT ¢ & RNA
kX PR AR Vi A F A A T B AR~ £ 2 E L TR (gene silence) T
% (Hobbs et al., 1990) - % 7 @ d F it ch R F]2 ren A th £ 2 7 U 2 4 g AL
Fo i Pt EAEERE P ni RNA B4 2 B33 A 45 o A B 1Y cat78 ~ s0d62
hsc70 2 bt A F| 5 F 42 e 25 T 2852 45 @A RV R DR 8 e 2 2 50
FERF A H mRNA > 22 PCR 2 5 = L ELan S Ap e o AAT 3 20 30 (> 4 7 8 fho et
SR BRRRUELI G Mo 0 R A AR SE Sl SR R A E P ek
¢ T ﬁrﬁ 7 fE 7 AL 72, mRNA & 3cst 5 4322 a0 & (Bock, 2001) 5 £ ﬁ N ==
THRAEAHPERE S A EARESH EFESWA TR AL TEE L
AESHMAFAETSM) S - BE2 EFE T 2o

EPEARF A ABAFBEE Y EF | FHY A& 33 RASEET 450
Tt kel GNP VR ERE Y AT btg!_sr_]—’ HESHWM? &4 chd R
FFALE ) FR R G L o 25 AR A PCR 3 S BB A3 BBk
RIY R bt AFIZ A 4 o i GG BT AR FIAY G 8 P A SR

-»—'—5:,

PR At 2B AR - 2o BB RFV A LA bt LTS H e E SR A R
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7 —vfézlﬂ’—%%fﬂ%%m 7 PHEAR Vh’ﬁ}“”‘ BHE? P e E0 54
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% 4 _—P—m’ﬁ&—’%i‘g R > 3) AF AT R AR S T Sadh > @ T VR dher
FFOESHAPEE SRS 0 T A S AR o

$3 2

A4 220000 AZF CHIEFEZEEF CIHEATIZ AR ER o WY B
EREFF T TE L% o

&2 22004 ki ded AFIEEF CEpAATES I E2 B30 FESM
T ORI BAELSTASET T ALY o

FIARH 22003 c RASR R FAFIEA S Y P2 RBESHMATIER 222 2 g
VR AR METE T L -
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Co-transfer of Genes into Cabbage (Brassica oleracea)
Chloroplast via Particle Bombardment with Mixture of
Transplastomic Vectors

Li-Te Chen”  Meng-Jiau Tseng *

Key words: biolistic bombardment, chloroplast, co-transfer

Summary

In this study, hsc70, bt, sod62 and cat78 gene was constructed in the Brassica chloroplast
transgenic vector, respectively. Mixture of the transgenic vector was co-transferred into cabbage
(KY-cross) chloroplast via particle bombardment. The results of PCR, Southern and Northern
blot hybridization indicated that one of three plant contained transformed bt and cat78 genes,
and expressed bt and hsc70 mRNA. One of three co-transfer plants contained cat78 gene and
the other plant didn’t containing target genes. The bt gene transformed plants exhibited the high
degree of resistance to the Plutella xylostella.

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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PYEAEZBE
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Mats thie- 2L S RkEFEY RKIRERE A
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R AFLY WPELFEL R G RR R 0T 2 fave e #4
ERE2ZHEBERAPPN c BHILE G EADE L EAEET AR =2
féjiawr&é‘;\-i%\_%Uégirévit‘igiﬁpa-eﬁﬁi @;\iz¢7f§w4oxﬁz};mﬁ%g
MEARHIAFTHE 2L T AR ST 2 o B EET 0 A D e
%iﬁ&ﬁﬁéiﬁ¥@ﬂwaﬂﬂp »*u%@mw@%g;ﬁgmﬁgg
;éﬁxf‘ﬁo_%fi‘“ﬁmf%? GRARIERD R 2 ke 2 HRERF

ﬂfﬁﬂ*‘@?—a‘éﬂ EHAEUEEIEeRRE - kO PREFFE @
ZEIE O NEEI e PR S PAR LA o R HREHEZ HBEEL

WG 4760 2 26500 MF R AR AR Y cHBET v 2R EER D o SRk
2E-TRISZTERT ARG Wﬁ&a*%&

L
a» 2

# #v(Tomato , Lycopersicon esculetumMill ) 5 3041 > § 30> - ~ = # 2 ¥ A5 (1,
1995)» RA* 3 X FH L2 RE B ASE BRI ALTHE %o S 9A 18054 p
ASERBIZ S c AW & HicE B M5 5128 0F > BA T E 142,703 2w & OF

TR RHL 2785 A ARABEY A 3L ZHG BAR S S
FmES (Fra 4R £, 2004) -

) Mz? 2 FFEF (774
2) Wz ¥ &L FFEF b4 o
3 WMz v & FWEF ke dnivy o
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NOH-BRAREIAEEEY A0 TR EL LB GRAGESEISLE
52329 BB R SRnT E o T2 L RBAR 2P BARE REE - HIicE
FEARCIZIEERA I HAT > SWAARLT A HATRRE O NP ER T RS
A o W N E DRI L (Bldef 30~ 30~ 3R~ A E)(2,1999) 0 Bk S
FIE iz 1L§r+";?’f; e 2 g fe g Flpt0e £33 5138 4 F [ 4433 (bag culture) » fie & iF
BREP R B R NF R TR B ET ENAE HRF AL CHEEAY

Rt R ARG Eahron o R AR HPEF HAicE A £ (4, 2001) > REF

PR VHEFIRAEZS DAL EERFESEETHE S HPAVH R
#\7 THEEZEABIANTEEFT ) CFFTEEAH AE  WwR AR L @)
.‘;:gd\aéc o%”:\%}% V- fiyjlé,,;t\;iﬁgag';, @1@,;\;;:% 4 A2 5B <A 'é"i\?iﬁﬁii
5 hAkEefrd o ﬂgép%Té,%EJf%? 2T A% A 7 A E R (4R, 2003) o

WERPAONEEA M BRI NI RERE LT e H oG EE Y VAR
BEFRE- TN RFIAZFCPEREDIAIHICGHFOIPAEZ S F P2
PE AR H AT T I PR HERE T S SR R FicAE o

il

- B

RS PRI EL RS < % fae o I F 5 B X xF =65%x25%20cm >
& - {24 % 10L “FLORAL POTTING PLANT”(50L/¢ » & +kB% T % § "I P )2
FAAF BAFLE A2 EHPE LR AT 20% 208 R 80% /4 i o Lus B
RABBEE LI SN THED R A B R mRA T § 12 k4 o 2% £
fie = FR* Lows KR R fe > (v, 2001) -
o~ T E
(-) 7w

AiEE T AFE Ol £ 8 7 28 p LA ICEMA 0 L 128 RRET H 0 ST S 0

91# 10" 133 cd FRLBE EHENP BAEFE L2 [F L BERPp o ELH
HAEIH  ERN YR LR BB LU2kRE2Z £ pHEL 66 F5 - %5 %
(hef586 20 3) 0 ki #F 1 2Rk o HRE R R LR BEIE
FoTEAISEAG o RO TAPRRE - A ERN R - R SRR BRI E A
o RS- FE T - —i"%."l"'?ifhk%fi;!- °
(=) @k

£ T JRIREE 4T

ARGE(ER2ZT w2 GFedB) FRHET=ZFFR FEARTI % H A5 iy
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L 1240 P T a k2S48 244k 0 F EIL G 4 0.975m

BrlZ(fk2Ee ) A RF2FAR > FTTATI S EAF %G 2 ER P
124> F A K £ B 24tk #F AL A 1.35m ¢

Cril(Z A¥HEe£R) FRE TR ALATI F  HET 27 v R
124> F ¢ T R 36t F AL G 4 1.35m .

DA(EE T w£12) EHRGZTTA > ETATI %> 5 AJ25 £ 0975m? > ¥ &
A i s S 124

Erd2(HRe) ke IR FFRTI S a#)%@“’mﬁ%0975m )
B 5SS w i £ £ 45 12 4k

DEFP ORI TPFE L EPRCRBP AT AP

LEBREHFE (S FHsdm EHR2 752F£2 -

QERLEHE I kTR dAm HHR2L 5L R o

&ﬁﬂéﬁzmﬁ %%&%@iﬁ°

QB EH E - TR Tl

5.2%#k:F - h2Z 2%# -

6.4 % F % gk B T 2 i3k 14 100 -

7.7 % 12 HA54 ¢ R - (Digtal Refractometor » PR-101 > ATAGO)i R % % 5 2. 7 i3
BAFZ L REZEFSFTALE - FF > FiRE- %> A IO HY
i’ﬁ‘;‘it}v}ﬁ‘]ﬂﬁjﬁ °

BRA T SRR L FAMIE  URGFHRIBESEEL - MELETIEATERLY - &
B E kB % o MR AL S B 5ml & * 4~ 50ml F45-k > 12 0.1N 2 NaOH
F ¥ v pHmater B TF Tidk A T 8.1 #7F 2 NaOH 3z & -

9PPFD & : k & 7% k3 /i %}i(photosynthetic photon flux density) » 12 & 53 & & &
®(LI1-189 » LI-COR,Inc)#7@|i¥ 2. PPFD & »»++ = L g3 *x Lyg 82 FFRIE >
*ﬁﬁé@%@T&a$E¥éwﬁ#E%ﬁﬂi°

BT

RFEHH 713 % >4 3% (Completely Randomized Design, CRD) > & 23 % 6 & »

pod

# 4 7 R 1 SAS £ 2 #48 (SAS. Institute, Cary, NC)® 22 PROC GLM :& {7 4 47 -

¥ %

- AHEABHARZPE

A —
F=

BAFIPFILFELE A R WA R AI s A F (R ) N ey Bk E
R (ARSL)E 2 & e 322 BiRo TR (CAIL) L R A A Y 5 205 £ 206



-88-

kg  BEFBHBeE KL P HiFT A (EAIL)2 160kg: S H KT v R HiEz
5 (D AgR)2 134kg-BAJE: A Tl B HF =08 ASZAE L 156kg HHE
PEARSEMFLR HESE A HFAE > P ARLL R G 2L0kgm' £ AEF
%0 D~ E($HP8 ) k22 13.7 kg/m’ 22 16.4 kg/m” » B &JZ % £ 12 11.6 kg/m” > {2 C
BdZ'5 3 153kg/mP v PR T AT F AR o e frREE O AR 2 21.0kgim® e 3
SN B E R ket )Y ) AN B CAJZAE AR S o W 5 243 - 206 - 246
B oEFR > DASESI43 B2 EAIZAIT9 M « B¢ D A2z S #ci b ¥
M H W ed® o H Rk vt ? » U DAIESE S €5 E 9379 HX AR e E AIED
H5% ¢ 8979 AAJLH % ¢ 8449 % CRAILHE % ¢ 7830 bigihi B AL HHE &
£ 7579-

2L AR EHABESHE S PRLELAR LB
Table 1. Influence of vertical culture model on fruit yield of tomato cv. “TAOYUAN AVRDC

No.9’.
gt ? AE i ¥%f ¥ G fiAd
A 20.5% 243 84.4° 21.0°
B 15.6 206% 75.7° 11.6°
C 20.6° 246° 83.7° 15.3"
D 13.4° 143° 93.7° 13.7"
E 16.0° 179" 89.4° 16.4°
% % * % * % * %

70 R RRJENELA g R
y: Z4ep #1992 # 10 7 1 p o gxijcdpid 1992 & 12 7 8 p BdndRfT 0 2 ¥ &
X ns,*,** Non signification or signification at p=0.05 or 0.01, respectively

- AP R R RN 18 A2 P F T LR E T LR AT LA A0R
S oo ARV B R Bt RY > 0 ANC AJLHT B R BE 0 AL 122143 B > A ¥
B3 B ARSLARIET & 5882 B 0 D AJRhaJEV &k dics 8l B2 HRE E AJE A
Wit BB LAY EAEI Y L AZ CARIZV & A 5 124 % 145Kkg >
BMEFYB DAL - HP CAllv 82 EHFF W HBEE &2z 11.2kge 7 F = £ 5
PRI EEFICGFTLEALZHEIR L A 22 Hita 7 822 5637

12.7kg/m? » H = % # P 2 E A2 51116 kg/m® > C A2 % 10.7 kg/m? 2 D £J2 9.6 kg/m? >
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&T‘S’Jﬁﬁ BASEH68 kg/m® > 2 AJIFIOT BE LR c ARV & % AU0L 3 & % i
ROABGINET LSS AR 5T 605 % $REE I - CAJLE D AL
vFeEXLAEF A5 701-70.7% -

22 AR ZMEARESH L PRALFLE TLEFAE PN

Table 2. Influence of vertical culture model on marketable fruit yield of tomato cv.“TAOYUAN

AVRDC No.9".
e GRS 3 GRS 5 # GRENY ¥

A 122° 12.4* 12.7° 60.5

B 82" 9.1° 6.8° 58.5

C 143° 14.5° 10.7%® 70.3

D 81° 9.4° 9.6" 70.1

E 93" 11.2% 11.6® 70.7

* k" * %k k k

DREJEEP 4edk 1

T EELERANIB L2 ST

D 4E p Hp:1992 & 10 7 1 p o kRfcdpid 1992 £ 12 7 8 p BandRfr o ¥ &
: ns,*,** Non signification or signification at p=0.05 or 0.01, respectively

S X < N

S EHERHYELLLBE

NEDFEMARRHE IR RL LR SRR 2) h RS A
WA EHE L CAILS64Kg E A EIL63kg o oM F F R e E AL 57 kg~ D
Fed2 149Ky 11 B AR 45Ky Bt o L HPkEHE UHR e E L 4AT6Q 5 BF
DASE#410 g2 » £ 505 A k1262 g 11 B2 CAmias > 200 g » & B ¥ 130 3
BEST o REHE L CAILN52kg BB D ASLH26kg B L AL E LR o H
REFErEHREFR T AR S% > UHBEEAIL 26598 ¥ § 308 # g2 » C UL
Bol B E ® 14500 & T o8 it % o R e E A2 238 A1 ¥ F 0 D AL
201 A AU2:51195 2 B AU :h119.4 5 C AJLh17.7 55K o TH6 B E B 11 C AL
7.06cmAF |3 H s g g2 > HREE IR THEFE S ERF 8.36cm-e
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3. 2R 2HEABEHE S PRLEL S ERE AERZPE
Table 3. Influence of vertical culture model on plant characteristics of tomato cv."TAOYUAN
AVRDC No.9’
g ? REEL jfj‘% Ru@d jH% P Tiag
treatment (kg N e ji_l (kg N =¥ Eﬁtl (no.) FR N
treatment™) (g plant™) treatment™) (g plant™) (cm node™)
A 6.3" 262° 4.2° 173° 19.5” 8.18"
B 4.5° 188° 3.9" 163¢ 19.4" 7.49°
C 6.4° 177° 5.2° 145° 17.7° 7.06"
D 4.9" 410° 2.6 213° 20.1° 7.78"
E 5.7° 476° 3.2° 265° 23.8° 8.36°
* %7 % %k % %k % %k % %k % %k

zZ: /f@/@_;ﬁam e 1
y : ns,*,** Non signification or signification at p=0.05 or 0.01, respectively

i

CEHEREERE AL K2 P

ABEEEFCER ke, (F )il HBREEARZE DLt % - FA 1§21
Bi¥oF 52 78 ErmJd2i 85111 %2 97 A7 > D 2% 86~120% 92 4= -C
FJLZ SR B G 6.9 8 1T R TE 0 SARILY BC o T RILESN F T ﬁ«*ﬁﬁx 2 fe
BiEL R A RS2SR D E@pﬁ’sf R - TR L7282 700 0 B3
FREEEEES BFFHEG ) I2E 052 94B > 2T 52 FRM% S 2‘*’77’19'*’
His @7 g F LR -A-B2 Crg2d sy - i“’ﬁ‘%‘eﬁx'ﬁ PR B2 M4 o H
A - TRBEETER A REAREFUDEEAREN Y- FAE S F:2830
808%(2 =) s A~B-~CAUJLYL 6177762 658% - § = {EA* A C oLz &
EFHFEICD-EZ2 BAIEL - L2 52 LR 25535280 b o AR AR
RIH BEFE o

é%‘ﬂ@ﬁﬁi%’+z%f% R EIT Y R VIR R R 2 A4

27 KAV AMEEGL UHRBEEAIEZ VIAMEEE 512 Brix 2=t i C AR
2. ?;a'}iﬁﬂ,# 502 - Brix» 3 B 22 D a2z V3 A > 2w E 4.94 0 Brix 2
487 - Brix > A BJ2 L T EJ2? 2 ¥ ,A']“”]’W,#wﬁxw&—""; 421 -Brix > 7 2R R F
AR oA AT AN AST A i ) B ASL2 iR 0.906 %A E § 4t 1 AuT
His 22 faRI5A0738-0.763 %2 F » m A F AR o

\
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24 P RZHBERESNHE S PRLFELS B B582 S5 22EE
Table 4. Influence of vertical culture model on flower number, fruit number and fruit-setting
ratio of tomato cv." TAOYUAN AVRDC No.9’.

fed2 ? B 12 #(no.) & % #(no.) &5 5 (%)
treatment  1st’ 2nd 3rd 1st 2nd 3rd 1st 2nd 3rd
A 7.4° 91> 84™ 48 6.8 7.2 61.7° 739" 841
B 8.0  8.0° 81> 62 6.8 7.1 77.6* 840 876
C 6.9° 7.7° 3 4.9 5.8 B 65.8° 73.8° B
D 8.6° 120 92* 7.2 9.5° 7.2 83.9° 815" 80.2

8.5% 11.1° 9.7 7.0° 9.4° 7.7 80.8 85.1° 81.1
% % * X * ns * * ns
7 RIEEP e 1

y © 1st, 2nd, 3nd, = 7= & (inflorescence) % # i+ ¥

X @ ns,*,** Non signification or signification at p=0.05 or 0.01, respectively

m

5. 2 B RBERENEE THELS S VRRRANFEIREZEE
Table 5. Influence of vertical culture model on fruit soluble solids and titrable acidity of tomato
cv.*“TAOYUAN AVRDC No.9’.

Rl ? A EA i R
A 4.21° 0.749°
B 4.94° 0.906°
C 5.02% 0.752°
D 4.87° 0.738°
E 5.12° 0.763°

xY *

yA . @Eﬁbﬂq '&f‘%\' 1
y : ns,*,** Non signification or signification at p=0.05 or 0.01, respectively

T~ 7R W%FTaﬁ ¥ 5
FAC PRI AL BN A P 2SR R TRE LS IR R(PPFD)2 3540 &~ > vk
T 29* 2107 29 P A A EF R B A B AIZ2 805 umol mPsT AT F F 4 C ik
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1 557695~ D AJ2 575 2 #4 B = E A2 613 umol m?s™ > A a2 2 452 pmol m?s™ % &g ¥
B o xdEis 4l % >3 117 10 p 3 A2 PPFD & B e E AJ2 690 p mol m?s™ 4
BEEE B > D AL 637 pmol m?st~ B A2 1601 pmol m?st =2 5 £ & L C ASR
572 umol m?s™ ; A A2 1377 pmol m?s™ % B i o 24 s 10 % e LAl & 2 4B 2 E
11,00 B F B A EGL0.72 B Ag20 091 2 C AU 0.88 fv D AT 7 0.78 o 1
11539 % 2 LAl D AJTen217 2 R 2 EAJLH 234 ¥ 3508 o AT » H i e
LAl & 4+ 1.79-1.84 -

% 6. 2 F2RLBEN Adic PRLEL R ke k3R E R R(PPFD)2 £ 5
dpdk(LANzZ 2 2
Table 6. Influence of vertical culture model on photosynthetic photon flux density and leaf area
index of tomato cv."TAOYUAN AVRDC No.9’.

PPFD(p mol m?s™) LAI
Fedn ?
CR NS R
treatment
29 41 10 39
A 452¢ 377¢ 0.72° 1.79°
B 805° 601" 0.91° 1.84°
C 695" 572° 0.88° 1.80°
D 575° 637" 0.78° 2.17°
E 613° 690 1.09% 2.347
* k" Xk k k k k k

AR %L A L T A |

y:ihietEtR* 107 1pe4e 107 29p 524t 29 117 10 p 5 24Efs 41 =
X Hicfpt 107 1p 24102 10p 5 24610 % > 117 08 p 5 %fEfs 39 =%
w : ns,*,** Non signification or signification at p=0.05 or 0.01, respectively
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oW

STERF AT RGN ZF FicE RN HMEEE AR E LB FT Y
FIrA R E - FHREF LI AT PSSR AILY F GIT R B A 2 C AJE %
ﬁx%ﬁ?% CHU IR B R RTHBESNE AIT T D ARSI AR Rt R

TERERBRECTFARE ) TEREBESFZEE TR MR T2 R A IR
A RBP4 FHRGT TR 37 T27R S C AL 306k G R T2 T
BiDRJLZ: 12HG =R 5 36-A HRERTE) 12%FI AR 25 607A -
REHELEEFHTIRIFTAZLAECAEALSRRHREE 23 D ASL: AR D
o # % 77 & 4 - Papalopoulos fr Parajasingham (1997)45 11 % % & viEthz R ¥ 3 4«
TR MR REE AT - RQR001) T AR RASTIAER SR RZPE 4
NG RIS B %Ed 58441 13.6 B i % Ho g T A B 4o a

vz Hirg fAERd # 22 ol EREHE B 5 €2 BFR S %
PASDEEAIE G AE Y A 0975 MYAST » BE U AESRHE G AR LB 0 0
HAREETCREEF I DEE R i RELETGFAE C@f“’wﬁﬁi&“&’
AfJiipl » &AL L T2 R v G 4 5 1.35 m/AJE frde A A2 2 0.975 mP/AaE
11 38% 5 B C & ARSE b 2R ihAE E491T 0 2 C 22 H wmﬁﬁﬂgsﬁ:gm?A
2o Bradlz Hirg AR s ™Mo RFlZ - T m i HE g i mR T AL
2B % BEE T HIP LI HAE DUERGEFLESE Ll TAKE S
BRHFRAREL: " B2 FlE o BB SR - UREE e FAER
oo Agele ¥ 4 (1999)F 7 4p E o L % FAE L FSL TR DM 4o d H 4 0 R
WH e e R E W A TR o 1R(2003) et R H RAE S At R B E T 9% 0 R
R N F 4,)?,%&2%&#@‘& Hirg AR} PR -5 EE ' EF R AN LITA KD
S dea R H g FARPERAR T AP M e a H AR OB RRTT R
Be
FEELETREW f_ﬁ_ié;z?%? P H R ELAIER R A 18em 2 K % o F
LR E LRk r ARG APPSR RS L T B A
ZFEEETRS CH s FRE A ERTAREKFPFREEYTEE AT E o M
2RI R R AR AL T FES LR ERRFELE T A5 R
TRELAE BT oFerry % 4 (1970)F7 5 * F b de A Mwm&;ﬂ N
2RARAM A RAEZRA RSP EP R GARM AR AR E T LEA RIS R
PRHE AT TE AR FPABPRAIZVELEZAE L ,&éi? b & *% (Zahara and
Tim, 1973) o 8tk =B Beerdf 4o @ "5 A7 & %00 5] 4R(2001) e v B R R 2 T R kah
WEY o dp I H o R 3T H e 2 125K HF B %t G)d 86.5% 1 67.6% - H
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“R#kd - TR#MAII TRV & &y pAld 815%% 3 79.2% - Gosselin & 4 % 1996
EEY Y AEgE  BE R AT H T B0

EH®RYZLEFTH 3""%?1_3_{&{’ eI REHFEfAE L AP  EF R
E#EL 0 AR L RF o4 ARJLE Cllf BB it - 4 F i LB F55 5
Frgp HELE HEoff- LANFIREHEZ L2 12N E e LR RA
At R R AR OL R R RAR WA LR AR L P
LT o C iz H g fifitithlic 267 R B P HHEBREMHLH M -D L2 E
Fed22 B o fFfAE BT L 12340 @ 3 BB H 3R E # £ -Papadopoulos {- Ormrod(1991)
FLAp N F A B R e %‘rﬂ%m MAp B > Fla B B RE 5 fF 3 e
(Heuvelink and Marcelis, 1996) - £ 5 2k & 1% % 2 2 & BF » £ o fidplm VR E P H
FR AT 2% (T2 K EIER T @tﬂfr%qu, oI ] B> P pEE R L 1%\"‘9:_?*}5 A
PRI RFLETVIEFORERS A EFTNFLIRCAL URFESF AL (F,
1994) -

RFORALFE S FIEF ST OLER R CRRBFRIFI N FHI LR
S AR W A F AT REANF LRSS HRWEF ORI L ER
(Young et al., 1993) - Pé%ﬁp’% A E RJZz kB 7|+ k& (7% k3§ % A& (photosynthetic
photon flux density > PPFD)# & » F] gt E)%@“’ B 2. ¥ % 1 FA54 - Logendra f= Shannon
(1992)2 F F A BEGRFFF RSN ARCEIF AP AL R 7
PREREHB I R SRt £ 7 £ 0 oBalibera ® 4 (1999)F 7 dp I H 4 & R 2 19
BIEC E7 @& % F & F ff Pi{rpk & > 22 & R 518" %ﬁﬁﬁAﬁ’ﬁ”iﬁm
fo it A4 i@ 5 o 7 Fﬁ@;\ﬁxEFLﬁ&" Mk SR B B2 EARSE O J
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Influence of Vertical Culture Model on Plant Growth and Yield
of Tomato cv. ‘“TAOYUAN AVRDC No. 9’
(Lcopersicon esculentum Mill)

Yu-Cheng Yang”  YuSung?  Woo-Nang Chang

Key words: tomato, vertical culture, photosynthetic photon flux density (PPFD), yield

Summary

Five-week-old seedlings of tomato cv. TAOYUAN AVRDC No. 9 were planted in plastic
tanks filled with peat moss in vertical culture. The results showed that the two-layer culture in
treatment A of arching down on top layer and upright growth on bottom layer had the highest
yield, but treatment B of both layers arching down growth had the lowest yield. Treatment A
had the highest marketable yield but not significantly different from the control of one layer
traditional upright planting (treatment E). However, treatment A and three layer arching down
plant (treatment C) had significantly higher early yield than the control. The fresh weight of the
leaf and of the stem per plant in control were 476 g and 265 g, respectively, which were
significantly higher than other treatments. The Control plant also had more flowers and fruits in
the first to the third inflorescence.

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

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

3) Professor, Department of Horticulture, National Chung Hsing University. Corresponding
author.
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The Influences of Rural Landscape Environment on Participants’
Psychophysiological Benefits

Meng-Tzu Chou ®  Chun-Yen Chang ?

Keywords: Rural landscape, Biofeedback, State anxiety

Summary

The purpose of this study was to explore whether different rural landscape environments
would have influences on participants’ psychophysiological responses. Furthermore, it was also
to explore the relationship between participants’ physical and psychological responses. Six sites
in Taroko National Park, Flyingcow Ranch in MiaoLi, and DongLi Farm in Taichung was
selected. Each site was filmed for 20 seconds as the stimuli of psychophysiological test. The
State Anxiety Inventory was used to estimate participants’ psychological responses (State
Anxiety, SA) after watching the test film. The right and left sphere Alpha Brain Waves (EEGa,
EEGDb) and the forehead Electromyography (EMG) was recorded by biofeedback instruments to
represent participants’ physical responses. In addition, this study was tried to explore the
correlation between SA, EEGa, EEGb, and EMG..

The results showed that participants generally had higher psychological release after
viewing the Historical environment but lower one after viewing the River environment. On the
other hand, participants’ physical responses had some inconsistency. According to the mean
values of those physical indices, it was found that participants showed higher physical release
when viewing the River environment.

According to the results of Repeated Measure ANOVA, the difference environments did
have significant influences on participants’ SA and EEGb. The results of Pearson Correlation
between psychological and physical responses also showed significant correlation when
participants viewing the Historical environment.

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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% 7% % o 7 F kR GA; -~ paclobutrazol % tebuconazole z_ &2 B 2w 7 5 4
FARTARF o Jcis 2 NAA & GAEJZ m v ar g % A F v > i F 5 GAz~
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& #[Ananas comosus (L.) Merr. ] te 4~ & 555 + 3t # #4(Bromelicaceae) i # &
(Ananas)z. 5 # 2 X A HE 3+ 4 d > RA e 2270 ~ 74 2 [Pie- F (Ray,
2002) c P SHFLERBR S FER(EARECRD ~ZF AF) o R4AF SR
6F o RILES ST RI3E TSR 165 o RITEY S TSR 185 L R 195
AR 20BEAR2R % AEEFT ST ELHES oA SR 1T LD H LS
FEAER A OER S B Tl s Foff 2 eimlicm &> v g2 b rRIDE(F, 2004)

B ?fﬁ“ﬁgjeﬁﬁé AU EERFRRAFE T O o B HER AMET B2
% 0 A2 2<% % (blackheart) - * % internal browning ~ endogenous brown spot > % &
HEFHRITLLEABBET 2 - o fen s RAAME T g~ BHEFT 2 o7 Ry 2
(3% 2 %, 1961, Paull and Rohrbach, 1985; Sun, 1971) »Zhou % Tan(1997) 2 GA; &JZ Smooth
Cayenne’ B H 5% F TP 2 BT > VHFER oy R gL > A4 v i 8415 GA ¢
FEEZ oy RN ATAR i LR (Polyphenol oxidase)(Stewart et al., 2001;

1) W= m S FES ALIE g S
2) Mz @4 EFES o &r
3) Mz? ®ABFES S g AR -



FESZ oy AW 2 AFIAR 4o f fe § i %% (Polyphenol oxidase)(Stewart et al., 2001;
Zhou et al.,, 2003) - A5k i & P i el H % F 0 AJZ GAs 2 GA 2 & = gl #|
paclobutrazol % tebuconazole » ¥ r# NAA 2 BA B fcts B H %% » 22 GA 't > # &
BHPHEFT ST Z I EFL2HE

- SRR
WERPEPp 2R PRI LR S 2 B RS B HSAS SR 17 B R
Farwizio3sa3i482 0483340 »HRuphHrwioe920p% 93£9
T2 P o HEHRREFARAEIE U EAGEI ZARE S RITERERERFL 1B3~12 #
PRz SR on BFER L2 FEHREP S LB 2 5 F (O 22 %7)0
N
(=) Jf#‘imﬂ EER LI B MERTRE R HER ST RY
wlAe %k & 50 ppm ~ 100 ppm 2. GAz(Gibberellic acid - Slgma IE)in iRk kR 50
ppm ~ 100 ppm 2. paclobutrazol(PP333);% ;% % Jk & 50 ppm~ 100 ppm 2 tebuconazole ;3 ;% >

ARk P 4o~ 1% Triton X-100 » ¥ P8 2 ) 12 45K 4e 1% Triton X-100 » = 2 4 #5835

P20 BRAREBARTORHEF > A RPNRICH 22 L RRYUZBZREENET 2 &

o R FHETEE ABAH 0 It 8 C( iR 85~90%)T 2 - £ #1 25C R R

+ 1&%?’%5%?:?’? °

AEFP T

1Lk F2 £ 8RBT JI* Bfple > M giT e

FEHRANFRC B HEFTAEINCE R FER R E A 373 (hand
refractometer, ATAGO) B Z_> 12 °Brix % 7w 2 °
FREEFER T EIm B HERAEINEER 25 o Oml F4- J\i«‘fﬂ'rf?'ﬂj
10 pl 2= 0.1%p= i (w/v ethanol) > 2 0.IN 2. NaOH jf € 3 R 34 = d » fedkif <& >
RIFHEERET 2 > n%ETF2 -

A4.5%p FOR e Rz B2 R A HBHHEF %gg’*rs,«fgl’r%p, g lcemF2%p 2 AT
FwXlom B2 5 ESS EE Merck ) 52 Fuikow ik i 1% (Reflectoquant
ascorbic acid test strip 25~450 mg/l); 58~ & g2 % i+ > & B » RQ-flex(Merek ) &) P-4~
Heo faz kR > umgll & 2 o

5.% AgEd 2 pla  PRIGESAES F25 > ¥021-7 472 » LuF% 4 (dark green), 2:%
¢ (green), 3:1/4 # % (1/4 yellow), 4:1/2 ##& % (1/2 yellow), 5:3/4 # § (3/4 yellow), 6: > & (all
yellow), 7:4§ 5 (reddish yellow) -



6.% & g ¢ 2. B2 12 Nippon Denshoku ! & 2. NR-3000 ¢ % 2*(Hand colorimeter)ip] =_%
FAEME2Z S A ovLbrabEA T o LERAEZS FRR ’ﬁ%‘r/‘"*O*-lOO’LlOO
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9. R BEAF BT PRREETEANSBREFHFTAN > BERE 5 10% -
() HIRE I EER I HEHER ST

> 5| L3k & 100 jM 200 WM ~300 M 2 GA (Gibberellic acid » Sigma 1 %)
(1-Naphthylacetic acid - Janssen Chimica '} %)% BA(6-benzylamino-purine » Sigma 2} 5-)i%
oo T EB R P 4o~ 1% Triton X-100 - $F P8 2 R] 02 Z 4K 4e 1% Triton X-100 > & a2 4
BET 10 BARAATAYHED BB VAR Q1AM A BHEFENTET 1
TIEFE 0 T E A B RS Pt 5CEFET 3 HEBASFREFT AL %%# P
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FTRN 1

- BT I FERSLE T M RTRE R HER ST

AP LR LITES R HET SRR 2:}:& 1373 kR 2 GAs
paclobutrazol # tebuconazole EJ2 » & #frje2 & FpF3a>r 8C T 2% > A #3 25C 3R
TLIHEAEETET O BE0d 102357 0 f RS2 ST E L GA AL F RF o



B % KE o T i3 E2 4 1 GA 100 ppm ;@@ﬁ&% » % 11.1°Brix > tebuconazole 100
PPM AT £iS > 3 102°Brix - & AJE2 T A S RRIEMFLE o 40 0.6~068 -
GA;100 ppm AJZ 4 2 82 p 38 % p Fufl il 7 £ % 5% 04 % 5 334mg/l 2 285 mg/l -
X% % £ > » paclobutrazol 2 tebuconazole ATz k4% F H % p 2 Fuki ik 7 £ 9]
PR P B SR OB RS T B PR & AITP N 2 Pk
B s BHCPIRE R (% 1) o

BERAGS S0 0 GA AL 2 A AP RN 6 RS % 4 i ) b
452 44> %L 12~3/Agkd > A Ak glle 2 % d dplen 692 700 A4 % 244 o
RAERAS o PARIEFAZ LoD EalFLR A B0 CARILF RIS A5l 5 47
238 kA RGBS > N e AR A 115 > XA RS (R D)

# 1. #fx# % * GAjz-paclobutrazol % tebuconazole $# Mg P& s S B 175 B H % F &
[ES O
Table 1. Effects of preharvest applications of GA; ~ paclobutrazol and tebuconazole on fruit
quality of “Tainung-17"pineapple after low temperature storage’.

- Y€ it fh 7 2 (mgll
g FRERS  RA e 2 mal)
o Crown o Abscorbic acid contents
2R R _ Total soluble  Acidity — N
weight _ _ b3R5 p AR
Treatments solids (°Brix) (%)
(9) Outer flesh  Inner flesh
Control 62b” 10.6abc 0.67a 257abc 227abc
GA; 50 ppm 78a 11.0ab 0.67a 270ab 268ab
GA; 100 ppm 79a 11.1a 0.68a 334a 285a
Paclobutrazol 50 ppm 60b 10.9abc 0.65a 230bc 203bc
Paclobutrazol 100 ppm 60b 10.3bc 0.60a 179c 157c
Tebuconazole 50 ppm 63b 10.7abc 0.64a 199bc 183c
Tebuconazole 100 ppm 63b 10.2¢c 0.61a 179c 156¢

TR A EACSRFFRN8CT 2k L B3 25CE R T 1% & o Fruits were harvest and
stored at 8°C for 2 weeks, followed by 25°C for 1 week before evaluation.

Yo 3N f g s it H g F 4 £ B (P=0.05) - Mean separation within columns by
Duncan’s multiple range test, P=0.05.



% 2. Ffxa % * GAjz-paclobutrazol 2 tebuconazole ¥+ Mg P& s S B 175 B H % F %
AR 2 57
Table 2. Effects of preharvest applications of GA;~paclobutrazol and tebuconazole on skin color
of “Tainung-17" pineapple fruit after low temperature storage’.

Je ST Y X
@“’7 2 | e .
2 kR Skin color

Skin color index
Treatments L a b
Control 6.92" 33.3a 11.5a 23.1a
GA; 50 ppm 4.5b 38.6a 4.7b 22.2a
GA; 100 ppm 4.4b 34.0a 3.8b 21.7a
Paclobutrazol 50 ppm 7.0a 36.2a 14.7a 23.9a
Paclobutrazol 100 ppm 6.9a 35.1a 15.3a 25.1a
Tebuconazole 50 ppm 7.0a 36.4a 13.8a 23.2a
Tebuconazole 100 ppm 7.0a 35.7a 11.5a 23.4a

TR A EACSRFFR N B8CT 2k £ B3 25CE R T 1% % o Fruits were harvest and
stored at 8°C for 2 weeks, followed by 25°C for 1 week before evaluation.

Y% ¢ 45 8<(Skin color index) : 1.7 ¢ (dark green), 2:% ¢ (green), 3: 1/4 # < (1/4yellow),
4:1/2 5 (1/2 yellow), 5: 3/4 # 5 (3/4 yellow), 6: > 5 (all yellow), 7:4% 5 (reddish yellow).
BRGNS g e it H g 4 £ B (P=0.05) - Mean separation within columns by

Duncan’s multiple range test, P=0.05.

AL RS R F LS RYF LR R0 ¥R R 3039 1
GA; 2 rﬂ‘f“““{f ‘ﬂ BAJEE A A F YL 80% ) GAgRIEE 2 2y B L 5
#7332 100% 2EFERET G ’GA3}%@§1 25 FERES ﬂg%ﬁ,lﬁ”‘?ﬂwwﬁl"m s A w)
% 15.3%% 12.5% > = paclobutrazol % tebuconazole L2 S FEASRBHRBE
83.5%14 + (% 3) -
CHRE T ER I T HET ST

APEH AP kARZ GA3~NAA~BA g2 - R 17 5U B %5 > 3 #-5% F prcat

BCzET3FEAAFFT ST > B 5402 45677 ¥ FLUHRBEE K £ e



W2 FRBAVFAFFALE > AT F AT L GAIZE B F 0 5 0.77%~0.86%
BA 200 uM A2 B 1S > 5 0.60% » @ #Efk - BA200uM)%@“’ 5% > 157(3% 4) -
%)i;\ﬁ"v\i ' GAz 2 NAA 2V R B WS A28 ‘%ﬁ\—gﬁﬁiﬁix‘sp—,%é
G&@—*ﬁi% ¢ :}*ﬁ&ﬁ"v? 27~32 %5F ¥ U4 &+ ; NAA )@E-L—*ﬁi% ¢ :}%@:G%? 3.0
~52> %R 93/44¢ A BARETRRERHEARS 2oc% 0 L% il * 65
~67@’%%£1%5ﬁ&g7’%1%£ﬁ5’ﬁﬁ%RﬁJ?igiﬁoG%ﬁm
—*ﬁ%}li L @8 B > /3 585~61.8° NAA =z » 4> 38.7~39.3> @ BA /&2 3‘ ¥R
B4 L BRI R BA RJEK 2 ﬁ%m%gaaﬁmwsﬁG%ahMA@ﬂﬂ,b
B GAz % NAA)%@“’ 4 > A3 17.6~22.8 F > BA}%@“’ B 0 i3 284~304 FF o
G%5PMA@£%L%Ri%.J’BA@ﬂi%%%ia%ﬂﬂ %I (%5)-

% 3. Bt GAgxpacIobutrazoI tebuconazole ¥ < P ts S R 175 B #H %9 2
CEREAZETEAFLPR’
Table 3. Effects of preharvest appllcatlons of GA; ~ paclobutrazol and tebuconazole on
blackheart occurrence and crown wilting of “Tainung-17" pineapple fruit after low
temperature storage’.

FdB 2 A 2oy g F B EEK
1&%“,7 | ‘gwi%‘#ﬁﬂty - % 5 - E X
kR Incidence of blackheart ~ Severity of crown
Index of blackheart o

Treatments (%) wilting (%)
Control 3.2a" 90 73.5b
GA; 50 ppm 3.8a 100 15.3c
GA; 100 ppm 3.9a 100 12.5¢c
Paclobutrazol 50 ppm 3.0a 95 90.0a
Paclobutrazol 100 ppm 3.7a 80 84.0a
Tebuconazole 50 ppm 3.3a 85 89.0a
Tebuconazole 100 ppm 3.7a 85 83.5a

TR A EACSRFFR N B8CT 2k L B3 25CE R T 1% & o Fruits were harvest and
stored at 8°C for 2 weeks, followed by 25°C for 1 week before evaluation.

Y2y %:}H #c(Index of blackheart) @ 1:1-2%, 2:3-5%, 3:6-10%, 4:11-25%, 5:26-50%,
6:51-100%).

IR N S g e st H B F 4 £ B (P=0.05) - Mean separation within columns by
Duncan’s multiple range test, P=0.05.



# 4 FH4cts GA;NAA Z BA 2 ¥ SR 17T B HER ST EE
Table 4. Effects of postharvest treatments of GA; ~ NAA and BA on fruit quality of
“Tainung-17"pineapple.

Je I % k7 E R EAZ RN

i B | Crown Totalliorlu;e ;: ids f&}i il
Treatments weight (g) (°Brix) Acidity (%) TSS/TA
Control 48b* 9.4a 0.67bcd 14.1abc
GA ;100 uM 58a 9.4a 0.77ab 12.2cde
GA 3200 uM 58a 9.8a 0.86a 11.6de
GA 3300 uM 53a 9.3a 0.86a 11.1e
NAA 100 uM 63a 9.5a 0.73bc 13.3bcd
NAA 200 pM 56a 9.5a 0.78ab 12.3bcde
NAA 300 pM 64a 9.2a 0.72bc 12.7bcde
BA 100 uM 66a 9.3a 0.73bc 13.1bcde
BA 200 uM 60a 8.9a 0.60d 15.7a
BA 300 uM 59 9.3a 0.65cd 14.5ab

PRI GN S R drtE EF 4 L B (P=0.05) - Mean separation within columns by
Duncan’s multiple range test, P=0.05.

FACH GAs~NAA Z BARZZH B H*F 2

TRFA PR B Rk 647
2t GAs~ NAA = BA 2 3 %%%@ﬂ%?ﬂ FRAEL

2o GAS@“’%‘?*?;:i ’

Aoy fhct L1 > 59439 BE . %52 BT 0 GAs 2 NAA &JZp i
Bk E K > K1 GAL IR :%ﬁi@,x (% 6) -
# o

A GA IR B H RV R BRI R AL 2 HR R % A
¢ » fafh o daR] GAs ARV U B HEF DR o - ML GA ff@ﬂ'“‘bﬁ R



(McDonald et al., 1997; Porat et al., 2001; Schirra et al., 1999) » ¥ 2£ % & F (s 34 2 & (L
(Dostal and Leopold, 1967; Krishnamurthy and Gopalkrishna Rao, 1982; Parmar and
Chundawat, 1988; Garcia-Luis et al., 1992; McDonald et al., 1997) » 7= ¥ % % 9 #ic i*
(Schirra et al., 1999; Jiang et al., 2003) » & ** & FHfaw S H TS dL > ¥ 3 U E F T H
% & g ef»ok (Schirraetal, 1999) - ¥ % F Hjcwi %6 GA> ¥ i % L fF % d > X7 &
£ $Jc P (El-Otmani et al., 1990) » f % T2 B2 5> 5 » 2= 7 F I GAz 22 B H % 7
HEFERIBAIEER > D R FX P RERM FFhE k1 &d 04 Rorside s 5]

B BT R R AR A B

# 5. Fycis GA;-NAA 2 BA 24 SR 175 B HEF S A5 2 K
Table 5. Effects of postharvest treatments of GA; ~ NAA and BA on skin color of "Tainung-17"
pineapple fruit.

Ja IR % dpdc” * AR

2 kR Skin color Skin color

Treatments index L a b
Control 7.0a” 37.4c 18.5a 27.3ab
GA ;100 uM 2.7d 61.8a 5.3b 21.9cd
GA ;200 uyM 3.2cd 58.5ab 3.1bc 17.6d
GA 3300 uM 2.8d 60.5ab 3.2bc 19.4cd
NAA 100 uM 5.2b 54.0b 4.9bc 20.0cd
NAA 200 uM 4.3bc 58.4ab 4.7bc 22.8bcd
NAA 300 uM 3.3cd 53.9b 2.9¢c 19.5cd
BA 100 uM 6.7a 39.3c 20.1a 28.4ab
BA 200 uM 6.7a 38.7c 16.9a 30.4a
BA 300 uM 6.6a 39.3c 16.3a 29.0ab

* % 4 45 #(Skin color index) : 1:

PR & 1

%% ¢ (dark green), 2:% & (green), 3. 1/4 #& < (1/4yellow),
4:1/2 5 (1/2 yellow), 5: 3/4 # 5 (3/4 yellow), 6: 2 5 (all yellow), 7:4f 5 (reddish yellow).

BT ¥ L 8 (P=0.05) - Mean separation within columns by
Duncan’s multiple range test, P=0.05.
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Table 6. Effects of postharvests treatment of GA ; ~ NAA and BA on blackheart occurrence and
crown wilting of “Tainung-17" pineapple fruit.

AR ) By RE4 B E K
;&Z R | S Z Incidence (jf I;ack;eart Severityifi:own
Treatments Index of blackheart (%) wilting (%)
Control 0b” 0 34ab
GA ;100 uyM 1.1ab 60 12cd
GA ;200 uM 1.3a 60 13bcd
GA 3300 uM 1.4ab 60 8.5d
NAA 100 uM 0.6a 50 23b
NAA 200 uM 0.8a 50 22bc
NAA 300 uM 0.9a 50 18bcd
BA 100 uM 0.2a 30 37a

BA 200 uM 0.5a 40 22bc
BA 300 uM 0.5a 30 23b

trwy % 4p #c(Index of blackheart) @ 1:1-2%, 2:3-5%, 3:6-10%, 4:11-25%, 5:26-50%,
6:51-100%.

Vg N 5 s a7 s 2 Bg F £ B (P=0.05) - Mean separation within columns by
Duncan’s multiple range test, P=0.05.

Zhou % Tan(1997)12 GA; i Smooth Cayenne™ 1 % F X P>t 38T » V2
¥ e 2 cZhou % 4 (2003) it~ % # 7 4u GA, AJE ¢ 3% % PINPPOL 22 PINPPO2
éﬂm?\' Mo R PPO B A 2 2wy i 4 o Triazoles 5 GA 2 £ & e
Ao 452 4 L2 3 A F BEF A §ock o triazoles 4 ¢ F S HEFEE S
# 4 £33 &# > 4 paclobutrazole ~ triapenthenol ~ uniconazole ¥ > 31 i % 1 1 Fr] GA 2
£ i P HE R R w2 AR TP AR R T R



w2 %k % 1 1% AJ2 GA; ~ paclobutrazol %2 tebuconazole ;3% » 2 & 4%z GAz a2 & F
g %‘r%} %9 2oy % ¥R paclobutrazol 2 tebuconazole H_7 it #r4] 2 s ¥ % i
% % &5 > paclobutrazol % tebuconazole r 2 & &z " K& F R T c® 4 > ¥ 3 B R

R 35 "’k’/%@“'iﬁ& HReZ R AT v add 2 Zo BFogarg o
FU o e (ascorbic acid) A prifiEAz e 5 n 4 o 3R B d 3% F P enduifio iR ARTR
WEALF ier > g g £ > (Wong and Stanton, 1989) = & 4 5. # % 7 pTE
MR PR BZER A FRET Pn@«* H z £ %12 % (Miller and Heliman, 1952) »
FRPFRL BRI EERNELI T %m’ﬁi(Paull and Rohrbach, 1985) i #] % 7 #ufk o fié
ZERE g 2oy w4 S i< (Akamine et al., 1979; Paull and Rohrbach, 1985; Sanewski
and Giles, 1997; Zhou et al., 2003)« £ % £ # g H % F P 5% f 2 fun i 7 B ¥ o
FER Mom - B2 YR BAACR S L A% & R IT2 ) & AR BT Uk
Mz EERHNET IR 2 HEFOPME - FORL L - Ry VR T RS
¢ pd g;;@, f,&;ﬁgﬁmvé A pd AET(pd ARAFES > 4eig 2 ;f;w;*:@‘:i W E S
iLiTr > PRI AN ER o E e RER) I Uk BT ES CR- AR &

wPe 2_ |7 i % ¥i(Sanewski and Giles, 1997; Smirnoff, 1996; Zhou et al., 2003) o AFAT R
BFIR o b GAg B2 BH T H R 2 fh 7 & 2R Mfrs 2 SN
paclobutrazol # tebuconazole 22 B # % F H % p 2 FuR L fe 2 E R B2 M > 2 & i
W2 By RRRLRTAREF 3t RF e 43 r‘;ar.pu% B GAFBEZ vy H
FAZ BT R BEFURL R}
FEL T RIFL o B ER
,p:r;L‘“ o

4
2,

e
é

B AR o AT S F RIS IZ NAA 2 BA S ¢
A FS B2 PPOREAZATIZ AT B > Bl G Fie- 2

#

2 ?Je
RHFB 2004 SHBBHAMRREFE - BB HFTEFEFHEL T W2 EK
g it 0 p1-12 -

BE = A4 o196l BHEF A MM Fom2 AT o 5 RES € € 7] 3:197-206 -
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Effects of Chemical Treatments on “Tainung-17" Pineapple
Fruit Quality

Ya-Ling Chou™  Ching-Cheng Chen?  Yau-Shiang Yang ®

Key words: Pineapple, Plant growth regulator, Blackheart

Summary

Effects of chemical treatments on quality of ‘“Tainung-17’ pineapple fruit were examined in
this study. The results showed that fruit treated with GA; 1~2 weeks before harvest delayed

the process of skin yellowing and decreased the severity of crown wilting during storage. There
was no significant difference in the occurrence of blackheart between GA; ~ paclobutrazol and

tebuconazole treatments. The application of exogenous NAA or GA; postharvest delayed the
process of skin yellowing. Fruits treated with GA; ~ NAA and BA and stored at room

temperature for 3 weeks developed internal blackheart symptom.

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

2) Assistant professor, Department of Horticulture, National Chung Hsing University.

3) Professor, Department of Horticulture, National Chung Hsing University. Corresponding
author.
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Fig. 1. Blooming inflorescence(a), individual flowers(b), fruit cluster(c) and mature berries(d)
of "Kyoho™ mutant.
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Table 1. Comparison of flower and berry characteristics between "Kyoho™ and "Kyoho™ mutant.

= PRI E 4 E% %Rk
Organ Characteristics Kyoho Kyoho mutant
e [ %3 % * %
Flower Cap-fall Easy Difficult
PREAM Eali Bt PR 2 SR SR
Pistil shape Symmetrical short Symmetrical or
cone unsymmetrical long cone
o F i 2 1~2
Loculus number
92 Tk e 4 1~5
Ovule number
ML kM M SHER 7 EHEL PR
Berry Shape of young berry Round Symmetrical or
unsymmetrical long ellipse
N S f12) PR 3 SRR
Shape of mature berry Round Symmetrical or
unsymmetrical ellipse
o+ =] & ¥ ]
Seed Size Normal Very small
A R N T
Testa Lignification Unlignification
PR i 3
Seedless percentage Low High
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AMPETR VRS EEARE R BRI EL T 5L A2 T LR DO

FT20 0 SRR THRLAUDA FE2 R 29T 0 GAER 6
L OCEMTERR R ) AR AR A RApE S AR AR TT(525p 220p 2w 3B
ERGIIP-E R A2 WG B2 BB R E SR S 2 AR T R R
ﬁi.wg_ AMTCS10p 2B TE180p 2 W BT AR T80 B TSR B
Z2o T rag T A b 1|26 24 mm o Maﬁl%l“"‘v hood BV RTES PR R ‘&‘?U%
CARH S RAPR 0 A W A8 TE1535P 2 30P 2 mBE KIS fig4c7 Rhom - ®
%1@ﬁw’ﬁ&féﬁﬁ%ﬂxaﬁ¢’i&ﬁ%ﬁﬂﬁim$&14aa$’%+?
FRPBHRZIFEPART10p 28 7T1280p 2RI B ARTTE80p EHT
P2 B ko T o T A uid $]22.9% 20 mm -
RA T2 Tafﬂ&%ﬁ;}% B 4eB39rT 0 B E
ﬂ,ﬁ@zﬂ,Li\%mﬂﬂ;;pp‘; R ESAlzZ 0 mAIN > 4w Ak T1810~35p 2 10~20p 2 B
FMERPEEH 2 Iﬁ,?\ MG - ERZ BF  p P2 EER R BN IR
iriae‘izﬁﬁﬂ FRER A AR P NTHFRFRE RS L pRTE10p TR P REE
MR A T-{080p BT R R R TIoE § A NiE 86260 iR

R0 CEE AR

%2 BMTETEMTF BB TR R F R
Table 2. Comparison of flower characteristics between "Kyoho” and "Kyoho mutant at

blooming.
PEEL
isti ek [
ik Pistil T ¥
+ [y Stamen length Pedicel length

Plants _ £IE

Length Width ) (mm) (mm)

Length/Width

(mm) (mm)
Kyoho 2.96 1.63 1.85 4.74 4.26
Kyoho mutant 3.15 1.38 2.31 5.56 4.96
t-test” ns * * * *

Z %47 BEMTERE ﬁf\r’& =+ imt-testa 47120052 B F K s nsd Tt m A FAL R o
z: * Indicates 5|gn|f|cantd|fference between "Kyoho™ and "Kyoho™ mutant by t-test at P = 0.05 ;
ns indicates no significant difference.
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Fig. 2. Changes in berry length and width of "Kyoho™ and "Kyoho™ mutant during development.
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Fig. 3. Changes in berry weight and volume of ‘Kyoho" and ‘Kyoho  mutant during
development.
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Fig. 4. Changes in berry shape index and total soluble solids of "Kyoho™ and "Kyoho™ mutant
berries during development.
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5F S AT BTE80p R B E4oA3HT o FPHERERI G AT R
A PR R R ZARPEPHELIRL  JYFRERS A FoTE T
20°Brix’ iR % F ZHARY CEMIFFNRB R BRVPIREREF I ES -
B BT RS R R > RPhE TR kA FINE T
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e ﬂ

%3 EM A PR RRERABTIE80PZEF ST
Table 3. Berry qualities of "Kyoho"and "Kyoho mutant on the 80th day after full bloom.

-y A MEAS e & AL VS 4 H R
izh

TSS Acidity TSSITA Skin color Firmness
Plants .

(°Brix) (%) degree (Kg)
Kyoho 20.0 0.46 43.4 9.2 0.42
Kyoho mutant 20.1 0.42 44.3 8.2 0.36
t-test” ns ns ns ns ns

zinskor EETE R A F Kttesta 47(P=0.05)7 ¥ mAF L R
z : ns indicates no significant difference between "Kyoho™ and "Kyoho™ mutant by t-test at P =
0.05.

4 BB PR RRERABTIEE0PZFCERRE S FPhE SR A FINE T
Table 4. Comparison of berry brush length, rachis diameter and xylem diameter of rachis
between "Kyoho™ and "Kyoho™ mutant on the 80th day after full bloom.

LONS RphE i bk AN T

etk L . :

Plants Berry brush length Rachis diameter Xylem diameter of rachis
(mm) (mm) (mm)

Kyoho 7.2 5.8 4.3

Kyoho mutant 6.5 6.0 5.2

t-test” ns ns *

z:* AT BT R B RA F Sttesta 472005 B ¥k onsA or A Y L R
z : * indicates significant difference between "Kyoho™ and "Kyoho™ mutant by t-test at P = 0.05 ;
ns indicates no significant difference.
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Fig. 5. Changes in seed length and width of "Kyoho™ and "Kyoho™ mutant.
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Table 5. Comparison of seed characteristics between “Kyoho™ and "Kyoho mutant on the 80th
day after full bloom.

R ™ i -
. Length Width Weight
Materials

(mm) (mm) (mg)

Kyoho seeded berry 8.48 5.27 110.7
Kyoho mutant seedless berry 1.37 0.46 0.3
Kyoho mutant seeded berry 8.34 5.05 103.3
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Horticultural Characteristics and Berry Development of a
"Kyoho” Mutant Grapevine

Shih-Huang Huang ¥ Bing-Shiunn Chen®  Ching-Cheng Chen”
Szu-Tung Hsu?  Yau-Shiang Yang ¥

Key words: Grape, Seedless, Horticultural characteristics, Berry development

Summary

There was no apparent difference in shoots and leaves between "Kyoho™ and "Kyoho”
mutant. The major morphological variations were the flower and berry shapes; those of the
mutant were more elongate. Most ovaries of the mutant had abnormal placetae and ovules,
which led to an abnormal unsymmetrical shape. Berries of the mutant were smaller and ripened
earlier than "Kyoho'.

1) Graduate student, Instructor and Assistant professor, respectively, Department of
Horticulture, National Chung Hsing University.

2) Technician, Viticulture Research Station, National Chung Hsing University.

3) Professor, Department of Horticulture, National Chung Hsing University. Corresponding
author.
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# Lo 12 RAPD 278378 DNA 8 BLa 4597 (8 4p 02 R 4B 57 UPGMA 2 2 {2 3
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2. DNeasy® Plant Mini Kit i& {7 5B~ » 333 2407 @ B~ 0.05 g B2 & & R .5

4v » 400 pl AP1 buffer 2 4 ul RNase A stock solution(100 mg/ml) > & v 2~ R & 2 2 - R

(8B 365 C-kir 10 245 o (R R F 2-3=x)c 4 130 pl AP2 buffer “u 48 & 15 » B *%; J\

PSR RER S EF i (13000 rpm)dres 5 4E o * 3 LB tip B~ KR o

se » QIAshredder &g & » ™ & B #:# (%) 13000 rpm)d< 2 4 48 o P~i g ik 0 5~ 1.5ml
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(= )RAPD £ ISSR z_ PCR % 1722 & /&

1.% At DNA 51+ 2 6:F ' % - X @& * OPERON £ #3513+ 2 A~B~-C~-D~E~F-
G-H~1-J-K~Lz2 X% 13 %2 10mer 2. 31 F £ {7 &% - % & * UBC Kit9 £ 100
B ISSR 313 % & 735 o

QR EPAAG F R A F Rk BB REE S 25 ¢ 7 25mM MgCl,~1 X Mg
free buffer(z 20 mM Tris-HCI , 100 mM KCI, 0.1 mM EDTA, 1 mM DTT , 50 % glycerol ,
0.5 % Tween 20, 0.5 % Nonidet®-P40 ) ~ 160 uM z_ dNTP ~ 1 unit Tag DNA polymerase
(Promega ! &) ~ 25 pmol primer 2 25 ng Template DNA » ;& £ 353 {8 > 2x » DNA R &
fis & Jis B Gene Amp PCR system 2700 # & {7 4e 2122 "2 § YTk o F HiF 23X 25 0 94C6
Ak FLIL9CA5F) ~40°CT 45 (ISSR 15 B0 CT™ 45 ) ~72°C™ 1 ~ 48
FA0Z AR o BRI T2CT T A8ER -

3. DNA # % ¢ 74 1 #-05 X TBE buffer 2 1.5 % 2f *}(agarose)ig] » 250 ml 2_ = & 3g? » 12
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BA Y Wi > RS E 25 05 XTBEbuffer 22 £ 544 ¢ o #5:8 PCR F &1
2 25 pl # &R & 5 pl 6X dye (Fermentas 1 &) i » A H &= R~ R & 6 Xdye 2
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4.3p 2 B (similarity) 4 47 ~ ¥ E 4 47 % 4p 0 & i Bl(dendrogram) @] 15 @ Ap v B 2. 3-8 & R
Nei f= Li(1979) % I & & & i @ 4p iv 4 (similarity) & 72 > £ 1% NT-SYS & "6 & £ #c ¥
7 UPGMA ZFHM A7 > TR SAFE B4p nzii;}ﬁ;l*ﬂ o 3V E Sy = 2N/
(NtNy) " Syt & X &2 y Sfiz Befp i Ny & Sfid X &2 y Sk 5 2 0%
FHoNE NA SR A XTEE Yy SBEp 2 iEd i&ﬁi(Wang etal., 1999) -
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Table 1. 28 polymorphic primers used for RAPD analysis.

RUE: A=

o

ENEE RS 7 Al 5 Al v
33 B 7
. o Total polymorphic Percentage of
Primers Sequence 5t0 3 .
fragments fragments polymorphic
OPA-03 AGTCAGCCAC 7 5 71.43
OPB-11 GTAGACCCGT 10 10 100.00
OPB-18 CCACAGCAGT 12 11 91.67
OPC-13 AAGCCTCGTC 9 6 66.67
OPD-01 ACCGCGAAGG 9 7 77.78
OPD-04 TTGGCACGGG 11 7 63.64
OPD-07  TCTGGTGAGG 9 6 66.67
OPE-06 AAGACCCCTC 10 8 80.00
OPE-08 TCACCACGGT 7 6 85.71
OPE-14 TGCGGCTGAG 9 5 55.56
OPE-17 CTACTGCCGT 17 14 82.35
OPE-20 AACGGTGACC 10 6 60.00
OPF-01 ACGGATCCTG 9 6 66.67
OPF-04 GGTGATCAGG 9 7 77.78
OPG-08 TCACGTCCAC 11 7 63.64
OPH-05 AGTCGTCCCC 11 7 63.64
OPH-08 GAAACACCCC 10 7 70.00
OPH-12 ACGCGCATGT 13 10 76.92
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OPI-16 TCTCCGCCCT 10 6 60.00
OPJ-05 CTCCATGGGG 10 6 60.00
OPK-01 CATTCGAGCC 11 8 76.92
OPL-02 TGGGCGCTAA 9 8 88.89
OPL-19 GAGTGGTGAC 12 7 58.33
0OPX-02 TTCCGCCACC 10 6 60.00
OPX-07 GAGCGAGGCT 9 7 77.78
OPX-08 CAGGGGTGGA 8 8 100.00
OPX-13 ACGGGAGCAA 14 10 71.43
OPX-18 GACTAGGTGG 9 9 100.00
Total 286 212
Average 10.21 7.57 74.13
| o B 150
lr“s P15
B 22 2 B
B i 3E
e
E=2 13
g
o
BR
¥ &
T &
& 7
| | | | | R
0.68 0.75 0.82 0.88 0.95
% #c
coefficient

B1. 15% &7 & B 582 RAPD 2 383 5e DNA 7 B4 47 #4718 4p 12 B 2L ST UPGMAF £ 4 17
tsaE 2 230 00 B BHE B
Fig. 1. Dendrogram of 15 Indian jujube cultivars generated by UPGMA cluster analysis based

on the similarity matrix of RAPD total amplified DNA fragements.
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2 B2 R E0.925 Bk o P AN L F 25 F 352 dp R 50843 1 B
2 4p 02 5 0.830% ‘F BHAT kT2 AP iR 5 0.793 0 H e £ | 300750 A e
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B2 5
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B12. 15 & & § 5482 RAPD % 2514 354 4540 0 B 4B SUPGMAH E A 451512 = 2
AR 2 B AP B
Fig. 2. Dendrogram of 15 Indian jujube cultivars generated by UPGMA cluster analysis based
on the similamity matrix of RAPD polymorphic markers similarity matrix.
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18582 B2 4 820975 b » H=x A3 'E 38370 &'2 iR 50948 '8 7
1552 % 52 49 0 & 5 0.939 o

ORI B2 AP R 50911 0 "B 2285 ¢ % 52352 4a R 50905 14 & ' B
ST A0 R % 0.903 o #r F T T dadp 11 A il % 0.834 -

# 2. ISSRe47:E * 2. 16 & 5 A iEdF 513
Table 2. 16 polymorphic primers used for ISSR analysis.

AEFE SAEEF S AREF

3% B 7|
Primers Sequence 5to 3 Total Polymorphic Percentage -of
fragments fragments polymorphic

UBC-823 TCTCTCTCTCTCTCTCC 8 4 50.00
UBC-824 TCTCTCTCTCTCTCTCG 6 4 66.67
UBC-825 ACACACACACACACACT 10 6 60.00
UBC-845 CTCTCTCTCTCTCTCTRG 8 7 87.50
UBC-847 CACACACACACACACARC 9 8 89.89
UBC-849 GTGTGTGTGTGTGTGTYA 10 5 50.00
UBC-853 TCTCTCTCTCTCTCTCRT 8 3 37.50
UBC-854 TCTCTCTCTCTCTCTCRG 9 5 55.56
UBC-856 ACACACACACACACACYA 11 5 45.45
UBC-857 ACACACACACACACACYG 11 7 63.64
UBC-864 ATGATGATGATGATG 9 4 44.44
UBC-876 GATAGATAGACAGACA 9 6 66.67
UBC-891 HVHTGTGTGTGTGTGTG 10 8 80.00
UBC-898 GATCAAGCTTNNNNNNATGTG 8 5 62.50
(JATA)s  GATA GATA GATA GATA GATA 7 4 57.14
(CAA) CAA CAA CAACAACAA 8 5 62.50
Total 150 95

Average 9.38 5.96 63.33

*R=(A,G),Y=(C,T),D=(A, GT),H=(ALC,T),V=AC,G), N=(A,GC,T)
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Fig. 3. Dendrogram of 15 Indian jujube cultivars generated by UPGMA cluster analysis based
on the similarity matrix of ISSR total amplified DNA fragements.
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Fig. 4. Dendrogram of 15 Indian jujube cultivars generated by UPGMA cluster analysis based
on the similarity matrix of ISSR polymorphic markers similarity matrix.
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Assessment of Genetic Diversity among Indian Jujube (Zizyphus
mauritiana Lam.) Cultivars by RAPD and ISSR Markers.

Hui-Shan Su®  Ching-Cheng Chen?

Key words: Indian jujube, molecular makers.

Summary

The genetic diversity among 15 Indian jujube (Zizyphus mauritiana Lam.) cultivars were
analyzed by RAPD and ISSR makers, generated by 28 RAPD primers and 16 ISSR primers. A
total of 286 markers were scored by using the 28 RAPD primers and a total of 150 ISSR
markers were scored by using the 16 ISSR primers. UPGMA analysis was performed and
dendrograms were constructed. The similarity coefficients based on RAPD total amplified DNA
fragments were between 0.68 and 0.95. The similarity coefficients based on RAPD total
amplified DNA fragments were between 0.42 and 0.92. The similarity coefficients based on
RAPD polymorphic markers were between 0.80 and 0.97. The similarity coefficients based on
ISSR total amplified DNA fragments were between 0.58 and 0.91.

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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it % (catalase, CAT) AF ATk - BEZEFEFES wEE W
pPASCCBHSC » 1 * A FlH 2 #-5 St~ “ﬁlﬁfﬁ_" [ A ERESE o
PCR~ & > B ghezt = EgLoirigsa g 4 54k > & pASCCSODCAT (cat+sod)
o T gAY F o BFFLEG cat 2 sod AF XA H mRNA; &
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CEPERLEEAF LI FBIEIR I pAT AT RE W EREROE L
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IR - IS 2 b,%’ié_#ié“ g R Ak AFe 21 T NEE S
Bk (fhir e R ELR 2 BEMI i B BESRY » bk 3
T4 A2 € 2 & F (Bohnert and Jensen, 1996) » iT & k enfgra g 4~ 472 J1— L P 3E > Bldep
W&fﬂ‘%‘d ki FAMT A AT EREY > W2 PRy Fd EEMESE
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2) Mz wAEFES g AR -



¢ WA TR T O S0 e Ao ﬁ%’iﬁ%&@]ﬁﬁﬁﬁﬁﬁﬂ'lﬁa‘% r2 el g R
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kAFIX B LR 3. F §F A FlHEA o gene silence 2 position effect » 4. §iim e 17 A FliE
# #& € (Bock, 2001; Daniell et al., 2001) - H 4> 85 1. 7> 2 2 fE2 > AFHF =4
FA ko2 FRPHLEAIR AN R FETRIERLL 3 FRERER
T EE S EREAATOES 4 EEHMEAD v X2 @ AP (universal

transformation vector) o p = 1 # ﬁ%?"i*"lfja@?m MR EREF PR L UFTE S LR
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R4 ARA &MY (Bt) 27 A grcsk (Perlaketal, 1990; 1991) 5 42§ - ut it fi¥
% (superoxide dismutase, SOD) ~ L@;& it & ¥4 (catalase, CAT) > v 3 4c 48 4 i 5 a4
(Inze and Van Montagu, 1995) ; #t ik i 3¢ (heat shock protein, HSP) » & {g 4= #f % 5 § %>
enhf % (Hendrick and Hartl, 1993)° & #7 3 #-#t k5. % (heat shock proteins cognate, HSC)
am'—hw FAA &M B0 (B) ATHER &k - B ¥ SREFESWEE PN ¥ d
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TR ZIRT 1 A4 M E F ke 1 5 B FE 0 # 5% Clorox A8 1/3 40 » /] 33
P plERT L A4 N EF KR LS ik éﬁﬂﬁ:ﬁ 12 4 » 4 e 3587 > R T
WF 2044 B ERFREIEZ X o BA e RALAFHAT 3 NEBE 1 NEEFY
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AR B EESMATIES L ATF G L RS ARALNI A7 CryIAD),
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PASCCBt (»# 3 % FlAe 9§ £ #4) (%], 2003) 5 2. d Fic? &F Henfiths v AT
(hsc70-2) (& # pSHC70 # pAHSC70 (Lin etal, 1991) » Bl * i %4 £ 2 & 548 k45 2 1
4 b’%?%’) ropren G Exde S+ o 02 psbA (73 A 7] 5 ¥ %3 a9 pASCCHSC (AF 7 2

THE LA (R, 2004) 3. d RS ST FO g e PR AR (AP
3 AELHLFREA) L prrn G ELdF o U psbA (3 FREEAE P R B RS i *&n?gﬁﬁ?
% pASCCSOD (## 3 3 ¥4 %5 &£ £ 5) (¥], 2003) 5 4. J g &' grke F¢ &E i
FLAfEEAT (cat’) (AFm g T A4 F L Es) prrn L Fe#s 3 o 12 psbA h 3 ﬁ
pef 7] 5 M g hiE S A i e 4 48 pASCCCAT (A4 3 & FLHER) (M, 2004)
b gL F] o
= EE PR
(- )~AgF ek v p % AL F] (sod62) &iE % i & fE 7 A %] (cat78) 2 E & i & b #w { 18

pASCCSODCAT i i £ 41* pASCCSOD (## 7 % » ¥liz ¥ F L “THHA) 5 {4
"L EEE Pt R4 7 &) (partial digestion) W 4z 10 kb e % £ 5 2 pokPcat78T (£ # 3
FoOMATEETHR) S8 P AT UIEEF Sac ITiF* 4-5 ] pF > £ 04 Pst] iF30
&7 2] w oz 2 kb shprrn-cat78-psha = 7 B0 & {4 (TALREF 0 = 5 pASCCSODCAT
(M 1A) -
(=)~ FR4 FRA LM I AT (B @k A% (hsc70) 2 F 54 £ b {4
pASCCBtHSC s # . 41* pASCCBt (## % % » FlAe % g &£ *TiE ) » f*# > 1

HEE % Pstl adRa 7 3] » aJ2 Klenow fragment 30 4 45 > w fc 11 kb en® fL» Lig {7 p &
b F & (self-ligation) » 12 Pst I wggst > EP~ 7 F1H - Pst [ 7 e 5 448 5
pokPhscT (A7 3 % » M A ZF & 1) 53 » ¥ F 0 1 Pstl 354 2 3] > w4z 2.65kb
1 prrn-hsc70-psba = & 7 & &2 f 4 (F2LREF & > = = pASCCBtHSC (] 1B) °
o~ AT 2 L T
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Begpd kT A K S0mg LA E LR F £ 2 100 %2 FpE 1 ml % 50 mg
g R T NPT = R EER Imlez X2 “,!rfj Gk e Iml & FpRA K
20 ? »E - BT E25mg £k AR F o
(=)~ & DNA & A 71§\ 4

#-15pl e7p % DNA £ 50 ul 2.5 M Cacly» 20 ul 0.1M spermidine % # # e+ &% 8
FF 30 2480 4~ 200 ul L KUEPE 148,000 rpm (Sigma 2K 15, rotor 12145) xjig= =& » &
ﬁ%_ i de ~ 40-50 pl & KIFpE s 20 CeavkegE? S iz F o
(=)~ AFEH
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2 1,350 psi PRI > FARFFGF 05 mge gk NS > T F G 3 ug2 Ptk
DNA o Sgfs ¥ F = cruS a2 AR gk 3 2 > LR g 284 o
(z)~fithi 2

el 4B S FAAT IR 12 MSE A AT o B ¥ 6 % (50T ki 2§ 4
o A RBECALALIE A RE MSAKRE %A Z 0.05 ppm picloram, 0.5 ppm BA)
TEEAE 1R SRATERIZE o xE L1 48 %4 FFE4d % spectinomycin & 1~5
ppm P R > 2 S H S L2E R E A MS AR EAZ | ppm NAA) 3% E5
L4 kit s BB I TR R -

2 ~DNA i i s a2 s > 2 445 BB A 4T

E. coli ~ ?{”{%} DNA % B~ ~ DNA % v e % 048 - v Ff{ 7 4 15 (SDS-
PAGE) ~ E. coli 7 i ® ¥ % (competent cells) 7%l & ~ F A2+ ~ PCR i jplegsa
SR FIFS WA fES L DNAZ RNA o s > 2402 R BRI A8 2 2
2B (2004)2. = % o
I ~ R Ept24a4 & & (polymerase chain reaction, PCR)

FI#* PCR HiAf WHEAAFI P K& * U pEAAFL T e rEad EY - F i
% DNA R &4 F g & (Peltier Thermal Cycler, PTC-200; MJ Research, INC.) # - %
A TR S 3 A e T

13 ek iy 1% Taq DNA polymerase (5 U)(Viogene) ~ 10 x buffer (1 x)~dNTP (0.2
mM)~ 3513 ER TuMs E 4~ 4 83k > R &S S 25l iR aadA A FE 1P &
A F i $° & e r 513 5wl 5 CAGACAATCGGCTGCTCTGAT 3'~ 5' TGCGATGTTT
CGCTTGGTGGT3'» ¥ 24 1 0.8kb * £ » F ez i 95C 5 ~ 45> 1 T cycle » 95°C
1 ~48>60C1~48>72C30 #) »35 @ cycle» £i&i7 72°C 1 »4& -

P hsc A FE 2 p AR TG A > 2 hscT0 A F]E % 1033-1948 K351 AW G
5'GGCTCCACTAGAATCCCAAAAGTTC3' ~ 5'CCACCTCCTCAATCTTAGGACCAGC3' »
7 AF W 2 hsc70 2 A x8 916 bp FE o F BehiniArs 95C ~5 440 1 B cycle 95C ~ 1 4
48 > 60C ~1 448 72°C ~30 4 > 35 cycle> £ &7 72°C ~45 %) - 14 hsc70 A F*+ %
742-1948 % 3l F & u] & 5'GAGGTGAAGGCTACTGCTGGAG3' ~ 5'CCACCTCCTC
AATCTTAG GACCAGC3' > ¥ 45 @l &) hsc70 = =4 1206 bp 5 £ 5 F Bevnse i 95C ~5
401 B cycler 95C~1 248> 61C~1 »48>72°C ~454) > 35 cycle £ i&f7 727C ~
1A~ 480 i ip] Bt A FIE 0 PR A T L f2 &0 R Bt A Flenil 3 4 4 L 5'CCCGGGTGGTCA
GTCCCTTCCATGGATAAC3'2 5'CGACGGCCCGGGAATTCGATCTCACTCAACS3'; F &
dunAE s 95C 5 A 480 1 B cycle  95°C ~ 1 448> 55°C ~ 1 » 450 72°C 45 ) > 35 B cycle >
FEFT2C 1 245

i p) cat A FI R P A F G & o 1R cat A Flehsl+ A wl i 5S'GCAGCCATGG A
TCCATACAAGCACCGCCCG3'2 5'GCTTTC TTCCTCGGAGCTCCTT ACATGCTC3'; ¥
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Az s 95C ~5 448> 1 B cycle>» 95C ~ 1 » 48> 50.5°C ~454) » 72C ~ 1 » 45> 35
# cycle = Rl sod % F]E 0 pARAF] G A 0 BR sod A Flhsl S+ 6] G
5'GAATGGTGAAGGCCGTCGCAGTT3'2 5' GAAACCAGCAAAGCTAACGGCAGGC 3';
Fseriide s 95C ~5 42480 1 B ceycle> 95C ~ 1 448> 58°C ~ 1 48> 72°C ~45%) > 35
B cycle °

FREEFREHFEATNAS R RAFNZF A 3l F Au i 5
GCAGCCATGGATCCATACAAGCACCGCCCG 3'2 5'GCTTTCTTCCTCGGAGCTCCTTA
CATGCTC3'; F JgerinAes 95C 5~ 48> 1 B cycle»95C 3040 60°C 454 - 72C 1 »
4835 B cyclee F B2 > B~ 1020l ¥ AF>0 1.0% 22X FR P& FFT AL -
v F S BB

P& g SDS BT A 0 dgis 2. % 5 1R 2 (Mini Trans-Blot Electrophoretic cell,
Bio-Rad) it &% § t&i&d R 35k 3% ~ B4 X >~ PVDF paper ~ "} 48 ~ Bl & A ~
AN S E B (25 mM Tris, 192 mM Glycine, 10% Methanol, pH 8.3) & 7 iF o 12
70 K FFH~200 F % 7T o MR #F 2] P £ #-PVDF paper ¥ *t 30 ml blocking buffer (5%
non-fat dried milk, 150mM NaCl, 50mM Tris-HCI pH7.4, ImM EDTA pHS8.0, 0.05% Tween-20)
3R T D 1) PFo 12 TTBS buffer (20mM Tris-HCI pH7.5, 0.5M NaCl, 0.05% Tween-20)
e 10 A48 3 & » 4e o~ 25ml TTBS buffer 2 if % k& (1/1000) - 24l [primary
antibody, monoclonal (mouse) anti-heat shock protein 70 Antibody (IgG), Catalog No.
MA3-007, ABR] % /g it *gi&# 2hr - 2 TTBS buffer % 10 #2483 = > 4 » 25ml TTBS
buffer % if £ kA& (1/2000) #1= % 32k8 [secondary antibody, anti-mouse IgG (H+L), AP
conjugated] ** % /g 1 *gi&#> 2hr- v TTBS buffer 7% 10 4 483 = > 4¢ » 10ml AP substrate-
16.SWINBT ~33ul BCIP i& {7 & ¢ & Jig ) 10 4~ 45.(5 » PVDF paper § 7 P &g % & ) RpF > 12
50mM EDTA (pHS8.0) % i ¥ i » & PVDF paper b 25 » T2 &6 > L EEA 45 o
= ~ & & Fix (PlutellaxylostellaL.) % & kg2

EP A RS HRERE P 0 4 BB~ RI0RIRE 3MM paper 2 k@£ ¢ o T

WE LY R FE G 15 ﬁ’?’%ﬁ-”*fﬁ’l Fass B2 4 R BB E PR 82 530
FEPEAEREHRIER > BRG] FEL BG4S | X S{EFR 2 o
2 %

- ESHMATEE R L2

R B W - F bt+hsc70 K F]1 2 sod62+cat78 A Fl i e g A T e
BRI A A T g o R E SRk S prm ik < B A
AT e A& F R 1% 5 ppm i % spectinomycin it F AR B A RS A &
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< rep(pMB 1)
Cabbage 168 Cabbage 165

blaj&Amp) hia(AMP)

PASCCCATSOD

PASCCBtHSC 12185 bp

13761bp
Cabbage 235

Cabbage 235 prm

pren
Pstl

Bl 1. pASCCBtHSC (A)%2 pASCCSODCAT (B)z. *2+4|p% % Bl o
Fig. 1. Restriction enzyme maps of pASCCBtHSC (A), and pASCCSODCAT (B).

Tk F S ppm b E LR OIRE o 56 B FIHE SR T b AU = X 15 5 L1
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B4 FH ST oaghiEF 7 Ippm it FOLIBAARTHME - Y2 & P & DT
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FmEF % kP s0d6 ¥ cat78 A F] G G BF - & o

~ g PR A AT

)~ R EpEE a4~ ks (PCR)

e @y itk PCR A 475, DNA » 21251+ i pl w27 5 7 aadA &
Flo R Bk BT ST A ?\‘#/»\;’g?p:PCRﬁiﬁ?é X e 78 e FR ST JE B IE P o aadA B
B (0.8kb) - AggrafEthE HR R E (B2A) AR M7 3l BRIEAERLE T
bt ~hsc70 >cat78 % sod62 & 7] - ‘s;i';"_,\"ﬁ“A\%ﬁPCRE#wNFéE&“L%&sp—r S Paﬁm
bt+hsc70 £ FleH etk 7 JE 17 5g 8 cohsc70 % £ (0.9 kb)(B] 2B) » bt £ (2.0 kb)(H]
20)’ & I 78 sod62+cat78 4k Fled E 4 i fE (7 3f #) chcat78 & £ (1.5 kb)(B)] 2D)>s0d62
P B (0.65kb)BI2E); i btyr hsc7T0 A FH FH AR > & > - BRE 2 A
the 24 ASCCBtHSC-11-1 ¥ i ip| ¥ 3% & aadA~hsc 70 &2 bt & F] 5 £ o &3 F & 78 50d62
Zocat78 AFH FHE AR 5 0 ~ BigathY 7 aadA ~ s0d62 ¥ cat78 & FlinF EL o

SO i- HAERESZ ATIEE L DAY fﬁj‘;ﬂ*"’ AFETRE R EHFEA
Fl2 33 o A ESMERA AT £ 2% (rml6S-aadA) o & PCR F b2 & 4 &T i
BN b A A oy T RET ER ?Eﬂﬂm19kb ¥ (rml6S-aadA)( 8
2F) o Bpom A5 2 AFE TR E LR FIY FE S -
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+ 0.65 kb

B 2. * g7 bt+hsc70 ¥7 sod62+cat78 £ Fley F £ 4 fE k2 2 F1%2 DNA 2 PCR 4 47
(A) aadA £ F]~(B) hsc70 £ F]1~(C) bt & #]~(D) cat78 £ #]~(E) sod62 £ 717 (F) £
PERBRFECBAF AT A A4 §35 - ASCCBtHSC ¥ ASCCSODCAT 3
wad o CKA¥Re-

Fig. 2. Agarase gel electrophoresis of the PCR products containing part of the aadA gene(A) ~
hsc70 gene (B) ~ bt gene (C) ~ cat78 gene (D) ~ s0d62 gene (E) and recombination site (F)
fragments amplified from the pASCCBtHSC and pASCCSODCAT -co-transformed
cabbage. ASCCBtHSC and ASCCSODCAT: transgenic cabbage, CK: non-transgenic
cabbage.
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Fig. 3. Southern hybridization of the pASCCBtHSC and pASCCSODCAT co-transformed

cabbage with the P*’-labeled, hsc70 (A), bt (B), cat78 (C), and sod62 (D) gene
fragments as the probe. DNA was digested with Eco RI (A), Sma I (B), Nco I and Sac |
(C), and Eco RI and Kpn I (D). ASCCBtHSC and ASCCSODCAT: transgenic cabbage,

CK: non-transgenic cabbage.
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Fig. 4. Detection of the hsc70 (A), bt (B), cat78 (C), and sod62 (D) gene in the pASCCBtHSC

and pASCCSODCAT co-transformed cabbage by northern hybridization. The hsc70 (A),
bt (B), cat78 (C), and sod62 (D) gene fragments were used as the probe. ASCCBtHSC
and ASCCSODCAT: transgenic cabbage, CK: non-transgenic cabbage.
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Fig. 5. Detection of HSC70 by western blot.
Proteins extracted from the pASCCBtHSC
transformed cabbage were separated in
SDS-PAGE, and then subjected to western
blot using rabbit monoclonal anti-heat
shock protein antibody (IgG). CK: un-

ASCCBtHSC-11-1

CK

hsc70 —»

transformed cabbage.
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ASCCBtHSC-11-1 ASCCBtHSC-11-2 ASCCBtHSC-11-1

B 6. % I 7 btrhsc70 & F] (PASCCBHSC) 4 £42 2 fifh (BtHSC-11-1, 112) # 4
f#7 5tk (CK-1, CK-3) > 4k & 15 £ (A~C)zt 60 & (D~E)/] Fw (I} 7]) 224k 3 =
45 (T ) LR Y R g
Fig. 6. Appearances of leaves of pASCCBtHSC transformed cabbage (BtHSC-11-1, 11-2), and
un-transformed cabbage (CK-1, CK-3) before (upper row) and after (lower row)
feeding with 15 (A-C) or 60 (D-E) Plutella xylostella for 3 days.
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Co-transfer of Genes into Cabbage (Brassica oleracea)
Chloroplast by via Particle Bombardment with
Co-constructed Transplastomic Vector

Li-Te Chen”  Meng-Jiau Tseng *

Key words: biolistic bombardment, chloroplast trandgenic, cabbage

Summary

In this study, bt and hsc70 genes as well as s0d62 and cat78 genes were constructed in the
same Brassica-specific-plastid vector which were named pASCCBtHSC and pASCCBtHSC,
respectively. The constructed vectors were transferred into cabbage (K'Y-cross) chloroplast via
particle bombardment mediated transformation. The results of PCR, Southern and Northern blot
hybridization indicated that seven plants of co-transformed sod 62 + cat 78 plants contained
both sod 62 and cat 78 gene, and expressed sod 62 and cat78 mRNA. One of the two
co-transformed bt + hsc70 plants contained both bt and hsc70 genes, and exhibited the high

degree of resistance to the Plutella xylostella.

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. Effect of orchid mycorrhizal fungi on plant height of Cattleya dolosa ‘Togashima’

mericlones.
Plant height (cm)
Inoculum

2 months 4 months 6 months
NMZ 29.1ey 30.5d 43.4d
AP 45.8ab 45.9ab 54.6ab
BF 36.6d 38.8c 45.8cd
PA-1 45.9ab 47.4a 50.6abcd
PA-2 47.6a 47.8a 57.8a
PA-3 39.7cd 41.9abc 52.9abc
RG 39.2cd 44.3abc 51.0abc
RR-1 42.5abc 42.6abc 49.1cd
RR-2 40.9bcd 43.8abc 51.3abc
SS 39.1cd 45.5ab 46.3cd
TF 40.5bcd 40.8bc 54.1ab

z

NM: Non-mycorrhizal control.
y

Means with the same letter within a column are not significantly different by Duncan’s
multiple range test at 5% level.
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Table 2. Effect of orchid mycorrhizal fungi on leaf growth of C. dolosa "Togashima™ mericlones.

Leaf length (mm)

Inoculum

2 months 4 months 6 months
N|\/|Z 25,6(;y 26.2c 29.8d
AP 36.5ab 37.5a 40.6ab
BF 33.1b 34.0b 34.9¢c
PA-1 38.7a 39.7a 39.1abc
PA-2 36.9ab 40.3a 44.1a
PA-3 33.1b 36.2ab 41.0ab
RG 33.8b 33.3b 36.7bc
RR-1 33.6b 36.4ab 39.2abc
RR-2 35.6ab 36.3ab 38.5bc
SS 33.4b 34.1b 37.5bc
TF 35.5ab 36.1ab 40.5ab

z

NM: Non-mycorrhizal control.
y

Means with the same letter within a column are not significantly different by Duncan’s
multiple range test at 5% level.
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Table 3. Effect of orchid mycorrhizal fungi on leaf width of C. dolosa “Togashima™ mericlones.

Leaf width (mm)

fnoculum 2 months 4 months 6 months
NM. 114e 11.79 19.8a
AP 16.6a 17.1bcd 21.9a
BF 12.9cd 14.4ef 19.7a
PA-1 15.3b 19.2a 20.7a
PA-2 15.6ab 17.7abc 21.8a
PA-3 13.9cd 16.1cde 19.8a
RG 13.6cd 14.8e 20.2a
RR-1 13.6¢cd 18.7ab 22.0a
RR-2 13.6cd 15.6de 21.1a
SS 12.6d 13.1fg 15.5b
TF 14.1c 15.2e 20.1a

z

NM: Non-mycorrhizal control.
y

Means with the same letter within a column are not significantly different by Duncan’s
multiple range test at 5% level.
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Table 4. Effect of orchid mycorrhizal fungi on No. of leaves of C. dolosa "Togashima’

mericlones.
No. of leaves
Inoculum 2 months 4 months 6 months

NMZ 3.4bcy 3.3f 3.8bcd
AP 3.7b 3.7bcdef 4.8a
BF 3.7b 4.1ab 4.2abc
PA-1 2.4e 3.3ef 3.4d
PA-2 3.3bc 4.0abc 4.2abc
PA-3 3.0cd 3.8bcde 4.1labc
RG 3.3bc 3.7bcdef 4.4ab
RR-1 4.2a 4.4a 4.8a
RR-2 2.6de 3.4def 3.7bcd
SS 3.1c 3.6cdef 3.6¢cd
TF 3.4bc 3.9bcd 4.1abc

z

NM: Non-mycorrhizal control.
y

Means with the same letter within a column are not significantly different by Duncan’s
multiple range test at 5% level.
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%5 2 FHaE6 B 153E4T1% i C. dolosa “Togashima’ #1sga 4 w2 £ 2 448
Table 5. Effect of orchid mycorrhizal fungi on the growth of C. dolosa “Togashima mericlones 6
months after inoculation.

Inoculum Survival (%) Fresh weight Dry weight No. of roots
N|\/|Z 84.4b 2.7d 0.22d 7.5d
AP 100.0a 5.2a 0.42ab 11.1ab
BF 100.0a 4.3abc 0.34abc 10.6ab
PA-1 94.7ab 3.5¢cd 0.32bc 10.2ab
PA-2 100.0a 5.0ab 0.43a 10.4ab
PA-3 100.0a 4.0bc 0.38abc 9.8bc
RG 95.8a 4.4abc 0.35abc 11.9a
RR-1 100.0a 5.2a 0.40ab 11.1ab
RR-2 96.2a 3.3cd 0.30c 8.4cd
SS 95.5a 2.6d 0.21d 4.4e
TF 100.0a 4.0bc 0.34abc 10.4ab

z

NM: Non-mycorrhizal control.
y

Means with the same letter within a column are not significantly different by Duncan’s
multiple range test at 5% level.
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RS2 A6 B ? s HEMRT L C dolosa Togashima' 4 4 w4 £ 2 £ 58
d 23+ 5%

o

¥+ PR 2 ~ AP~ BF ~ PA-1~ PA-2 -~ PA-3(} ); RG~RR-1~RR-2~SS~TF(T™).
Fig 1. Effect of ten orchid mycorrhizal fungi on the growth of C. dolosa "Togashima

mericlones after 6 months of inoculation. Left to right were no mycorrhizal control -~
AP ~ BF ~ PA-1 ~ PA-2 ~ PA-3 (up); RG ~ RR-1 ~ RR-2 ~ SS ~ TF (down).

4 FHEE6 B Y 2 EEL ] L I C. dolosa ‘Togashima’ di#g A~ 24 5 13304 & 2
F(= a2 HRe  + &AW ARG %1‘3@:3& 7)

Fig 2. Effect of orchid mycorrhizal fungi on the root growth of C. dolosa “Togashima’

mericlones after 6 months of inoculation.( left : no mycorrhizal control ; right :
OMA-RG)
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Bl 3. ¥ #4104 i C. dolosa "Togashima' 4 2 w1338 4 & 25 = f] 5% B e i35,
A ERNNLWE FANZHE >
B~ 3t A wre @ A5 A
C- A Mg
Fig 3. The orchid mycorrhizal fungi forming peloton of TC orchid mericlone root cortex
observed under light microscope.
A. The cross section of orchid mycorrhizal fungi infected.
B. Well developed pelotons in the cortex cells of root.
C. The peloton structure of orchid mycorrhiza.
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Beyrle, H. F., S. E. Smith, R. L. Peterson, and C. M. M. Franco. 1994. Colonization of Orchis
morio protocorms by a mycorrhizal fungus : effects of nitrogen nutrition and glyphosate in
modifying the responses. Can. J. Bot.73:1128-1140.

Harley, Fra. J. L. and S. E. Smith. 1983. Mycorrhizal Symbiosis. p.268-298. Academic Press.
London.
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Orchid Mycorrhizal Fungi Inoculum Production and Effects
on the Growth of Cattleya.

Yu-Tung Lin?  Tsai-Yih Wang ?

Key words: orchid mycorrhiza, Cattleya, symbiotic

Summary

C. dolosa "Togashima™ mericlones were inoculated with ten orchid mycorrhiza isolates for
6 months. The results showed that the growth of plant height -~ leaf length~ leaf width and number
of leaves of mericlones inoculated with AP ~ PA-2 ~ RR-1 or TF were significantly enhanced.
However, number of roots of RG treatments was more than those of other treatments. On the
whole AP treatment was the best in the growth of Cattleya.

1) Graduate student, Department of Horticulture, National Chung Hsing University.
2) Associate professor, Department of Horticulture, National Chung Hsing University.
Corresponding author.
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Fig.1. Effect of dark treatment for 7 days on flower wilting of Phal. New Candy 'KHMZ293'
potted flower had different of the mature degree of inflorescence.
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-=pot phalaenopsis had 1 to 2 opened flowers
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Fig.2. Effect of dark treatment for 10 days on flower wilting of Phal. New Candy 'KHM293'
potted flower had different of the mature degree of inflorescence.
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Fig.3. Effect of dark treatment for 13 days on flower wilting of Phal. New Candy 'KHM293'
potted flower had different of the mature degree of inflorescence.



-69-

—— Maintain at 12 hours light period
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= 14 —= Dark treatment 10 days
= ~ —» Dark treatment for 13 days
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0 2 3 5 6 7
Days after dark treatment
B AL Pk

Bl 4. o T4l 3 2 5 2 sy 2 7 Phal. New Candy 'KHM293'2 5 2 = & 2 2 -
Fig.4. Effect of dark treatment on ethylene production of Phal. New Candy 'KHMZ293' potted
flower had 1 to 2 opened flowers.

—— Maintain at 12 hours light period

g 0.8 -= Dark treatment for 7 days
= 0.7 —= Dark treatment 10 days
ol § 0.6 - Dark treatment for 13 days
+ B 0.5
+%04
o 5_ 0.3
N % 0.2
20,
]

0 1 2 3 4 5 6 7
Days after dark treatment

05 d2 fs 2 P #c

B 5. % T 4B 2 3 3 5 sk 2 sy 2 7= Phal. New Candy 'KHM293'z 5 2 = & 2 2 e
Fig.5. Effect of dark treatment on ethylene production of Phal. New Candy 'KHMZ293' potted
flower had 3 to 5 opened flowers
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Fig.6. Effect of dark treatment on total chlorophyll content of front of the second leaf from
upper of Phal. New Candy 'KHM293' potted flower had 1 to 2 opened flowers.
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Fig.7. Effect of dark treatment on total chlorophyll content of front of the second leaf from base
of Phal. New Candy 'KHM293' potted flower had 1 to 2 opened flowers.
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Fig.8. Effect of dark treatment on total chlorophyll content of front of the second leaf from
upper of Phal. New Candy 'KHM293' potted flower had 3 to 5 opened flowers.
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Fig.9. Effect of dark treatment on total chlorophyll content of front of the second leaf from base
of Phal. New Candy 'KHM293' potted flower had 3 to 5 opened flowers.
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Effect of Dark Treatment on Physiology of Pot Phalaenopsis”

Yin-YinHu?  Ruey-Song Lin?

Key words: Phalaenopsis, dark treatment, flower wilting rate, ethylene

Summary

This experiment used Phalaenopsis New Candy 'KHM293' for experiment the material,
study the effect of dark treatment on appearance quality and physiological change of the
Phalaenopsis has different of the mature degree of inflorescence, to expect confirmed plant
condition that suit the dark transport of the long distance. Plants with higher maturity of flower
clusters had the better endurance to the dark stress of the long time including the lower flower
wilting rate and ethylene production, and the chlorophyll content variety range was smaller.
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Table 1. The correlation between hedgerow corridor structure indices and bird ecological indices

HA8H(SR) BHE(SC) A BEmAMH)  HIEAQ)
HC.% & 0.078 0.056 0.268 0.252
HC.£ A& -0.117 0.041 -0.188 -0.157
H.C & f# v 0.123 0.221 0.088 0.052
HCAWMPFD  0.008 -0.125 -0.006 -0.035
H.CAWMSI 0.207 0.097 0.136 0.043
HC.% & 0.046 0.412 -0.31 -0.35
H.C.Al 0.182 0.501* -0.186 -0.263
*p<0.05 » **p<0.01
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Table 2. The correlation between hedgerow corridor network indices and bird ecological indices

48 #(SR) BHE(SC) HERAM) H=I3£AEQJ)

B %32 2 B (ENN) 0.025 0.3 -0.317 -0.367
of SRS 3 -0.031 -0.237 0.073 0.084

*p<0.05 » **p<0.01
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F 3. AHERARE ¥ FIRB B 5 HOEFEADM A 17 4
Table 3. The correlation between environmental composition indices and bird ecological indices

848 #(SR) i 4 #(SC) HREAEM) H38EQD)

REEN A2 e -0.434* -0.193 -0.305 -0.151
WEPM RS S H 0.188 -0.131 0.159 0.092
R P R R -0.13 0.016 -0.094 -0.043
RS LR -0.292 0.034 -0.094 0.007

*p<0.05 » **p<0.01
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A Study on the Ecological Effects of Hedgerow Corridors in
Rural Area

Yen-Yu Chou®  Chun-Yen Chang ?

Key words: Landscape Ecology ~ Corridors ~ Hedgerow Corridors ~ Bird Species

Summary

This study attempts to realize the ecological functions of hedgerow corridors in rural area
on landscape ecological approach. To explore the relationship between hedgerow corridors of
local Taiwan landscape and bird species and hope the results could be applied to landscape
planning work. The study sites are located at Hsinchu County, Jhubei, which has obvious
hedgerow corridor patterns. Lapping the aerial map, scale 1:5000, the ArcGIS8.3 and
eCognition 4.0 was used to digitize the corridor structures. Field investigation and bird
investigation have also been down. The independent variables are the attributes of hedgerow
corridors which including hedgerow corridor structure indices, hedgerow corridor network
indices and environmental composition indices. The dependent variables are four bird
ecological indices, species richness (SR), species diversity (H’), species evenness ( J’), species
capita (SC). The results show that the attributes of hedgerow corridors structure and hedgerow
corridors network have low influences on bird species, and the environmental composition
around hedgerow corridors have serious influences on ecological benefit in rural area.

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. The contingency analysis between personal characteristics and their participant way.

$E (48 3) P
Participant way
O E% @A rizy Ofry ONLLHOIRNS OF % @OHv sum y2values
leader cadre echo Supply Fund &  objector other
effort
%(N) %(N) %(N) %(N) %(N) %(N) %(N)
18 F # Eazsn P=000***
Served as a
cadre
(1 P3¢ 0(0) 24.6(15) 54.1(33) 3.3(2) 4.9(3) 0(0) 13.1(8) 100.0(61) 35.779
Yes
O iz 19.1(22) 42.6(49) 20.0(23) 5.2(6) 0(0) 0(0) 13.0(15)  100.0(115)
No

* % 7 it p=0.05 B ¥ K » %% 4 7 ¢ p=0.001 & ¥ -k

* Significance at 5% level, *** Significance at 0.1% level

22 BARFRIE TRERR ) ZHBELTA
Table 2. The contingency analysis between personal characteristics and their involvement level

in planning.
B ARR P
The level of
involvement
0z B 42 O B 4 OB 4 07 4 Sum x?value
high medium low no
%(N) %(N) %(N) %(N) %(N)
(e p=.019*
gender
0y 30.6(55) 32.8(59) 9.4(17) 27.2(49) 100.0(180) 9.946
male
oL 13.2(12) 39.6(36) 11.0(10) 36.3(33) 100.0(91)
female
2. EF 4 Tapen p=.000***
Served as a cadre
(L7 =1 12.2(14) 30.4(35) 11.3(13) 46.1(53) 100.0(115) 29.140
Yes
(2 F7: 34.2(50) 37.7(55) 8.9(13) 19.2(28) 100.0(146)
No

* %51 iE p=0.05 B¢ F -k & > ** Lo if p=0.01 & F R8> *** % 5 iE p=0.001 & F -k #
* Significance at 5% level, ** Significance at 1% level, *** Significance at 0.1% level
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Table 3. The contingency analysis between the level of participating project and the
involvement level in planning of resident and cadre.

S B AR p
The level of
participation
O R % @°R%E  OMR L 04 5 Sum olie)
high medium low no
%(N) %(N) %(N) %(N) %(N)
1B 8 48 p=.005
Resident participate in
O kst d 17.6(9) 43.1(22) 9.8(5) 29.4(15) 100.0(51) 12.825
Neighborhood-level
project
OFRGgLE B 7.8(5) 20.3(13) 12.5(8) 59.4(38) 100.0(64)
Village-level project
28830 4t p=0.006
cadre participate in
O a2 kst d 27.1(13) 47.9(23) 16.7(8) 8.3(4) 100.0(48) 12.289
Neighborhood level
project
OFRGLY Bt F 37.8(37) 32.7(32) 5.1(5) 24.5(24) 100.0(98)

Village level project

*** % o1 i p=0.000 & ¥ -k &  *** Gjgnificance at 0.1% level
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Table 4. The contingency analysis between the level of participating project and preference of
participant way of cadre.

%82 iR p
preference of participant way
Ogd+ O@NKE-F2 14O K -N4OF FE A NS OH sum % value
Fund & effort Fund & No-fund & No-fund & other
no-effort effort no-effort
%(N) %(N) %(N) %(N) %(N) %(N)
EEY N p=0.030*
Type of project
Ok std 31.1(19) 4.9(3) 34.4(21) 3.3(2) 26.2(16)  100.0(61) 10.716
Neighborhood-level
project
@ FRELE s 44.7(55) 0.8(1) 40.7(50) 1.6(2) 12.2(15) 100.0(123)
Village-level plan
project

* %ot i p=0.05 & ¥ -k & * Significance at 5% level
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Table 5. The contingency analysis between the type of project, the level of project, and

preference of participant activities of residents.

FB N B p
preference of participant activity
CRAME BLALHELE ORLLHKE O TJRER OHv Sum ()
7 2 Opinion- forum Public service other
Announcing expressing activity
meeting ~ meeting
%(N) %(N) %(N) %(N) %(N) %(N)

13+ 4% 47 p=.004**
Type of project

Q5 FERF R 18.8(3) 12.5(2) 37.5(6) 31.3(5) 0(0) 100.0(16) 29.222

Physical

development

O L3 E5E 26.3(5) 15.8(3) 42.1(8) 15.8(3) 0(0) 100.0(19)

agriculture

development

O it F R 9.1(2) 27.3(3) 36.4(4) 27.3(3) 0(0) 100.0(11)

culture

development

(5 B 33.3(3) 0(0) 0(0) 22.2(2) 44.4(4)  100.0(9)

other
27 Rt E A & p=0.035*
The level of project

(LRSI R N 10.326

Neighborhood 15.3(9) 22.0(13) 32.2(19) 22.0(13) 8.5(5)  100.0(59)

level project

@SR Bt F

Village level 32.4(33) 19.6(20) 27.5(28) 19.6(20) 1.0(1) 100.0(102)

project

* %ot :f p=0.05 & F K& > ** %55 :f p=0.01 & F -k #
* Significance at 5% level, ** Significance at 1% level
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The Study of Relationship between Residents’” Demographic
Characteristics and their Participation Level in Development and
Planning for Rural Areas V)

Mei-Fen Lee?  Sheng-Jung Ou ®

Key words: Residents’ Participation, Planning of Rural Areas, Characteristics
Summary

The major purpose of this study is to understand the constraint factors of resident’s
participation in development and planning for rural areas. It is expected that the study results
provide references for related agencies and planning teams in implementing planning projects.
The study selects six survey areas where the projects of physical development, agricultural
development, and cultural development had been implemented in Nantou County. Through
sampling, the study obtains 384 valid samples. By using descriptive statistics and chi-square
test, the study obtains the following results: Gender and whether residents play a responsible
role in community development or not have an influence on residents’ participation way and

involvement level in planning.
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