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SUMMARY

I. Title
Establishment of hydroponic culture system for ex vitro acclimatization and high quality

production of micropropagated Phalaenopsis hybrids.

IT. Objectives and Necessacity

Phalaenopsis is a monopodial and traditional horticultural epiphytic orchid species with high
commercial value as cut flowers and potted plants. They are mostly clonally propagated in vitro
and require a long period (3 years average) to complete the production. For successful productions
of Phalaenopsis orchids, environmental control during both ex vitro acclimatization and
cultivation.

Micropropagated plantlets are associated with several physiological and anatomical
abnormalities during in vitro growth such as low photosynthesis, non-proper functioning of
stomata, high humidity, malfunctioning of water housekeeping systems. Once transferred to the ex
vitro, micropropagated plantlets were easily susceptible to photoinhibition because of lack of
well-developedphysiological systems mentioned above. Therefore, accilimatization of
micropropagated plantlets to ex vitro is a crucial step to cope with the new environment for better
growth and development. However, to protect the plants from certain environmentalchanges plants
modify their physiologicalcondition using antioxidants systems. During and after acclimatization,
cultivations must be contorlled according to environments such as relative humidity (RH), air
temperature, photosynthetic photon flux (PPF), growing medium and nutrient concentration,
and and growth stages. On the other hand, no data has been available in the case of Phalaenopsis
orchids, resulting in low acclimation rate, low growth rate and finally low flower quality, which
cause low production efficiency.

This study aimed to develop an efficient acclimation regime and the production of high

quality flowers of clonally proliferated Phalaenopsis hybrids.

Ill. Experiments
The effects of ex vitro environments on acclimation and further growth of the plantlets

were investigated. Relative humidity (RH), air temperature, photosynthetic photon flux



(PPF), growing medium and nutrient concentration were varied at different levels:
Morphological, physiological and biochemical changes of plantlets in response to the
environmental conditions were determined.

Investigations were made on acclimation rate, photosynthesis, RWC, stomatal responses,
chlorophyll fluorescence, nutrient uptake, POD activity in the experiments on ex vitro
acclimatization of Phalaenopsis orchids. After acclimatization, changes of pH and EC of
the nutrient solution, shoot and root growth responses, changes of mineral uptake, water
potential, carbohydrate content, photosynthesis related enzymes and other antioxidant
enzymes, flowering characteristics and flower quality were measured according to growth
stages.

Based on the results above, a new nutrient solution for phalaenopsis hybrids was
developed, which resulted in higher growth and flower quality with reducing the whole

production period.

IV. Results and Suggestions

The results of this study could be a good information both researchers and growers as
well by understanding physiological and biochemical responses of the plants, and growth
and flowering responses. Acclimatization rate increased more than two folds and flower
production period reduced by 6 months by controlling environmental conditions as
suggested in the study. To apply our results to growers, a close relationship is required
between researchers and growers with exchanging information. However, each grower has
their own skills and hesitate to apply new cultivation methods. For example, it is difficult
for us to find growers who apply the developed nutrient solution. In addition, it takes
more than two years to confirm the results to be successful, which requires continuous

research and investigation even after this study.
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Phalaenopsiss %2 sdolAlols TAOR Ho wojnl 1% &5 S5 dd,
Ok 3 YRS ue thge 2o 2 =d (Kim, 1999)

°F 500 Fo] E¥Eskar
ol ofsf wtEoixlon, A

1% Doritaenopsis%< Doritis®} Phalaenopsis®] $7Fu 3

S52% uFEE Phalaenopsis lindenii x Doritis pulcherrima® Iwasakioll 9@ 1923
ol 55 % Doritaenopsis Ashi®] tH(Josephe} Robert, 1993).
O]I_:E—— 141_' )

< Hs7I7F Ao vdd s 553 BERYS 5HoR st Jlow
A AAA R A7Id= ST T HEA] AEE An7E a5 ikl
7Vl A tH(Griesbach, 1995; Wang and Lee, 1994a, 1994b). 1]
i AFA o] 25-30CE A& £F317] wfito] ALSH i
st717F 2-49 82 AT Eo] A o] §We wWE Afxzlo] w1 9k T Afuf
AAZL Frob Al Aol wE AHIW, sz 5 A F5E, B &
dagle mE YA SA 7 Sol nEd AEHel Atk 53] YA MAR
of A AR Fo] A BT dint By SoRFEH S o &E, Auy
S e B4 AHS FAE A =e Vles alE WolEo] o &gt wet
w5 SAH A Aolo wE A H AEA Asket AldER et Al
o2 gFHa ot o= A trIYd =0l Phalaenopsis &3 Ay 59
of A UFFE AAE ZF3 ded, 929 4§ 19849 HE Sapporo
SAb Sol HF AvlE Aoz skal 9lai(Sato, 1991), thwkell A= 19884
W FAFAE Phalaenopsis G %A HAS B2 &35 sy, d3o)E &
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27 & AHo 2 fFUAE L Ut (Griesbach, 1995; Sinoda, 1994).
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TEe %—Ter, st FH 9 A wpel 7 WEe] Asta o]y TEEAl e 8
7=

i
Y
=
2
ol
=)
l

Phalaenopsis A59 W&

G734 A eH(Endo®t Ikusima, 1989; McWilliams,
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7 & E = Aeolth wEkd Z]Ee] Ajuf Al
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H2& U JlsHy s

F7] 359 ;Gjﬂ =) AEA 7} xéAolio] g3 g

1995; Murali®} Duncan, 1995; Van Huylenbroeck 5, 2000). -2 %Eoﬂi\ﬂ A Qe
At ow S HEI FRAAT ] FAA A drvt vy] ujitel] PR &
& e AR ols SAelA AT e F2EHE uitdd FAAtE
n)S Y=TtH(Van Huylenbroeck, 1994; Van Huylenbroeck 5, 2000). E3+ ™
7] EQt AEAe] gl o wjFE W CO, v% Hau W PPFe} &) &
ow Qe FEHAG vl el oa iR AZ Aol Ha] AgEe] vton T3t 9
Aol thatsleE Aoz dE A UdthKozai 5, 1990b; Kozai¢t Sekimoto, 1988; Shim 5,
2001a). LubH o )7} BEat BEgtdF M A sl A A=A o
F9 gxFo]l fasd, 7lwel et JiH 7leol & EFEth(Blanke$t Belcher,
1989; Donnelly &, 1987; Han &, 1992; Shim -5, 2001b; Short -5, 1987).
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stz]zrol A om Aa wjx Y FF, FEY FA, i TH oAste] wt =3}
&, w37 2 oo]lF B AAEHLTE A4 dod U7 wiEoll =347 3E <k
A e AR, 71E §vhE, el &4, wax 3

Feat. 2 old dd ATE e mF AFd Aol

B
2
-
~
r]I.
it
>,
i}

FoAujol A FORTHE Fad Ao 4B, ALY, 470 et nFA &
& zAstol Wkl welsh A ol Fol Aok AelAE
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o] #&A ATtol] 2de]A Chlorophyll fluorescence =7 % (Schreiber %, 1994)S %ol
o] &3lx =l (Skillman ¥ Winter, 1997, Keiller et al., 1994), <=3 7Z 3 A e ol A
Clusia®l Z2RZFTE2 @9 (CAM @A Vol COF7F wsd wgS Hol
(Franco &, 1992), #oluvx HAEE&EFEv/Fm) Fol o] 7]|&o4ztix
(Franco %5, 1996). CAM @A VoA 4] Al (photoinhbition)E w7t 314
(Barker ¥ Adams, 1997; Guralnick &, 1992; Adams %, 1989). A &0o] FE2EY
£ wod FEEAS HALstetdn st WY syt Ve =
(Farquhar®} Sharkey, 1982). whebA 7]&o] @3l AlEALol 2] CO®
CO2%5 3} 7H8-0] JA| %W (Takemura 5, 2000; Angelopoulos %, 1996) Rubisco?| &4
T A" (Nazaenko, 1992; Kotmire2?} Bhosale, 1985). £3F =& x4 3=
T, 9, AW Tl o AEo] 2EHAE WS W AEAY TFEFe T

(Lichtenthaler, 1996; McKersie®} Leshem, 1994; Morimoto, 1991).

[nt

B35 Al Sucrosex= AoA FE3ZPo] o8] WS EHo]lil, sucrose?
AR 242 9] B o] gsHor AAFET AEA WA sucroser FElgH &
Aol iAol BrEl 7] W o] Ao Fadk AFEAo|th B3 sucrose™
Eazdolof Al EALE flete] dAJARl AAare] 9% k=t (Riek, 1995), &0l
FE2EHAE oW sucrose’t LA BEshE A o] &HW Zlo] HEhE o
2 g FF2go| ol &HtHFukushima 5, 1997).21&0] FEoly ARAEH~E
Hkom AE A Eb3FE(sucrose, hexose, starch)e] A &olu} Hole W3tz Ao
= 133

oft

.
d)(Volaire?} Thomas, 1995; Keller?} Ludlow, 1993), Al¥W ¢ 7184 ©3E st
S Z7}e (Pharr %5, 1995; Zrennere} Stitt, 1991; Morgan, 1984) webal A EW ¢

A&

ATEFEI o] Yol m R dlo] A Eo meto] FAHE FREAS w])9E A
Aol Az wo] 7] ztoltk(Morgan, 1934).

A 2EH 2 mE E4ANE: S Y dE2EYERE B AES AEH s
Ef 2o o5le] A AR EAH0,) Superoxide (TO;), Singlet oxigen (‘Oy),
Hydrogen peroxide (H:O»), Hydroxy radical ('OH)% ®Fg-Ao
2k 2% (Reactive oxygen species)Eol 2ste] FgAdo #ols}
(Cadenas, 1989; Brennan®} Anderson, 1980), 2 &M A9 I3 x| ZAAk3}ol] o]t A
gt 13 (Schobert9} Elstner, 1980) & A E&EA Q] 715 ASIAI 7] AU AL o] 27
stk (Bowler &, 1992(b); Elstner, 1982). A&+ o]efgh At~ Ef 2o mdo 2R

Astan H4o] =

1
= axge wH4Y

=

- 14 -



B A2S H35el7] 918t Superoxide dismutase (SOD), Peroxidase (POD),
Catalase (CAT) 59 d4tsta A9} ascorbic acid, a-tocophenol, glutathion &< &
23828 AASTH(Mehdy, 1994; Scandalios, 1993; Bowler 5, 1992(b); Salin,
1987). SOD= A =5 X3 BE AEo] EAsta o AEd e si=ze AFbs
TS H0:2 A= BES(20, +2H »Hy0:+02) S ZFullslE & 2 0] 2l (Nakano<}
Asada, 1981), A4 ¥ H,O,= CATUY PODel 9&| Falst EF&Are}t AbAitAz 13
A Foyer 5, 1994; Purvis®t Shewfelt, 1993; Scandalios, 1993; Bowler 5, 1992).
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ZolEAL & d2 CAMYE AezA daded 2 483 & = CoFr e
< 7HAA A Al Az wate] wE Ay, Aste vke H Hv)Ad
v T T V2 A9 AHE A @k =] Adg, @] Wt u
£ CAMAE 9] whgol] that d+= wWol ofFofA glont FAjufel A3 A8
Aol that AA2 79 o] Fofx A vk 53] Tl & e thdoer g
Al Sz wE Ay Aspeta SA i A= AEg AAelw oo w
gt HA G AagR SyEe] JA @2 Aol webA FeEEAls & de] &
AAu) Al xg) FHE fa s A7t AR dFd FAxAH «3, B A,
ek A R ASAA ] ASEACl wE A sty 54 o] whEAl A
Hojop & RAow AZHM ol EUR HFHoRE= HA wjede] shEo] o]Fo

A of & Aol
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A3 & d-igs

02

e 2z

1. Phalaenopsis 71Y 2159 7|9 £3A 29 &Y

A3l AGR BB E79] Phalaenopsis 71Ul 2R 7|9 &3 F AFe v
e Gk
1) F% Z7: 5045, 7045, 90+5%: 79| o4 T AFZ7|9 o] RWC He=4,

Fv/Fme W3} =4 net CO. uptake, stomatal conductance, transpiration rate®] <

A Wt 24, 99, 9%, 498, P A, AAF, ARF 24 2 R )F
of Mg AuE @ S

2) &% =7 15, 20, 25, 30, 35 C: 719 o4 & AHAx7V|9] A5x4 IFFF 54,
net CO: uptake, stomatal conductance, transpiration rate®] 49 W3 =A IH,

T A7) dAE54A FFF =4, net CO, uptake, stomatal conductance,
transpiration rate?] 4 WslF F4, GA, GF, A4, By A, WAF, AEF
2 HJEL FEFS 2ASE 53 30Y o] % A B FEST AolE FHEA

.

A 2. A3 @3z 0| Phalaenopsis 71 F2H 7|9 3 F AFd 0
e 9

1) ®ix1e] #£F: Bark, perlite: rockwool (1:1), sphagnum moss: 3} o|% #3A &
A, 222 3, Ao ey A, G F57Y Ao, AdHdE did AL I
o} 7]F9] W

o
F oA ) 8 ko] Wsl o] RWC 3l Sol tal ZAstal #e
< e E dAvnd dEsk

2) Wikel FE(EC) 231 08, 12, 16, 20 dSm 't 719] o2 F HAz79 4=
g3 =4 net CO, uptake, stomatal conductance, transpiration rate®] 44 W3}

A, AE, g F, e A AAF, AEF £A 2 peroxidase activitys
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AP 4
1-1. 7| vl G833 7 ds=7t <3 v IF
7l g 4203 719 Eshale] Adisdd wE A4S Table 13 2ot 7]
HjokAl B xE EZolu 37]Z A7l photomixotrophic FZAo] 7]&9 Hj%IA
T, B2 AdEE)EEe vlEl 719 3 30Y $F(90%w =)
AAF, deF, 9494 & AFEE7 0 sdod 2 FoAke glR rjr wEkA 3
I vl Ao A x4 3 53] 79 ¢3hA F29 %
Ak 71l wiFE e o 7)ot & 394 gL W

o
2
ofd

(heterotrophic:

[‘

—|—’

I

}o] & - —4velamen layer7} <=3}€ Bl H)& wrdo] AA
o i(Fig.l) 71 &9 a71% A4 gt} (Fig2). A7) 745 oo Aiidtas
=43 A, 3 2446 ddlEE 50%, 70%, 90%lA o] dul¢iEstde Zh7t
69.7%, 72.5%, 93.8% = 5% 50%<F 70%o A o] FAastdal olF A& 35}
o 3} 10€ol= 90% ol 3 &5aAth(Fig. 3). FUls% 90% A edlAs 4o &
EAol anx] AR Fskon &3t 10Y o|F 2= ATz 1o AugiEdtEe] & A
o] Z Ho|z gt £3 7] FUlFE 50%9 70%00A de] Augako]l A3
g A 71y, B, S35 §715Q FEEFF 2 ool o] FolA A & AH
A FAT AUFEe vstE ¢l Fito] FAS i tivlE S Zow Azw
o},

vl AE2A7E 719 @d Ao FAAA HW F%, PPF, 2X9 W3tz QoA

of FETYol FopAY] wiZel <o 1 JHHEH o] Ho]A il (Brainedt

T E(Desjardins 5, 1988), FEIEF 59 FA(Diaz—Perez, 1994; Shackel 5, 1990),
Mo A AARZ wWeksl FRo]l% S #(Debergh®t Maene, 1981; Grout®}t
Donkin, 1987) wjizol SlollA FiEHo] St HustA o] FolxA €t o=
dall AEAE ST T 2EdH 22 AFo] 4Td] oA, Ak Fg Qo] &

2bA Al ® th(Safadi, 1992).
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Table 1. Ex vitro growth of Phalaenopsis hybrid orchids as affected by in vitro culture
conditions (photomixotrophics or heterotrophics) and RH during ex vitro acclimatization in
a growth chamber for 30 days.

In vitro
RH [ eaf width Leaf Leaf Number Fresh Dry
culture length 2| of new weight .
(%) (cm) (cm) area (cm”) ro0ts (©) weight (g)
condition
Photo- 50 1.23 a° 2.20 be 193 b 2.30 a 6.63 ¢ 0.46 ¢
) ) 70 123 a 253 bc| 216 b 230 a 746 bc| 0.51 bc
mixotrophic g, 150 a | 353a | 390a | 330a 10.17a 0.69 a
50 1.26 a 2.06 ¢ 1.89 b 2.00 a 548 ¢ 0.39 ¢
Heterotrophic | 70 1.33 a 227 bc| 224 b 230 a 6.32 ¢ 0.44 ¢
90 1.63 a 3.00 ab | 3.61 a 3.60 a 9.46 ab 0.66 ab
Significance
AY ns ns ns ns ns ns
Bx ns sk skskek ns kkk skskk
AxB ns ns ns ns ns ns

“Mean separati~1 within columns by Duncan's multiple range test, 5% level.
In vitro culture condition
*Relative humidit, RH)

In vitro . >
- b £
¢ L
|
iy i -, -1'c- 5
Ex vitro |
e 1-' r -
- =
; i&_
A gl £ r
. 7

{ i

{ 3 e
Fig. 1. Velamen layer of in vitro and ex vitro Phalaenopsis hybrid.
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Stoma capacity

Fig.2. Stomata of in vitro and ex vitro formed leaves of Phalaenopsis orchids.

100

90 r

RWC (%)
S

70

60 1 1 1 1 1 ]
0 2 5 10 20 30

Days after transfer

Fig. 3. Changes in relative water content of Doritaenopsis hybrids as affected by relative
humidity during acclimation for 30 days. Plants were grown in sphagnum moss. Bars
represent +SE.
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085 r
075
£
= 065 1
= ——50%
055 —70%
—&— 90%
0.45 1 1 1 1 1 ]
/
7 0 2 5 10 20 30
Days after transfer
0

Fig. 4. Changes in maximum photochemical efficiency of PSII (Fv/Fm) of Doritaenopsis
hybrids as affected by relative humidity during acclimation for 30 days. Plants were grown
in sphagnum moss. Bars represent +SE.

w327 AUsEst e Aol FvFm ghol #adt AL A=A doA
0k fREN wE oA tie], PST WHS-FAS HEsly] 93 A=A do
T 50%9 70% AgdMe &3t 271 3
A=z Qs w8k 10d & A EFEe] #wE uAEid e, dHe] =
HA o] F7L3tATHFig. 5). W2 FHHFE(50%, 70%) A2 FolAl &
SARe] AR FRAE] Aol vrol 7|9 &+
H FE EddE Betn s A R A9E Azt A A
¢ A AHFEEE 90%E FAISAE Bsta oA FAke] o] FofA]
(Diaz-Perez, 1994; Shackel 5, 1990), o]Xt} v+ AoiFEolAs Hudt FEE
A3 Aztet S 2EY2E 2 EA 9
Gella(1988)+= 7IWloll A AJggk AbapofalFeo
A= 7] wjiol, 7]elel A g Qo] Hls FHAIE
strbaL shglvh. &3 5, 15, 259l A=Ae COo, FFEHk, VeARE,
&

=
Ae A, RE Ao A okt 7¥E dil COE FFetE A HA cAME B

(S
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FAL st 79 FHEEES 50%e 70%= FAEIS AF, w8 sYA co, &
FEE, VTAERE, SAELE AUFE 90% A el v &) f?ﬂ?%l vekoyt =3} 15
o= zol7} ZoE o, =38 25U 0= A2 xto]E HolA LUTHFig 6). &
27 BiEE 50%e 70% Aol A= ele] srd faEdR <l ST wE
THO RNl {7 At CO, FFEETt Ao, HA 719 Aol A &3

Wb Qo] A e gt Fv/Fm ghol b s o] A2zt A7) S0l Aom A

gt = 99 FUSERTF] TolAWA €O, FFEEF FaAnd,

Diaz-Perez(1994)% 7] Ulol 4] wjersl A}vhe] 3171k Ber Ao Auswatay 23
) parameter® ZAF A3, Ao AUsETR] EARFE O, F4EE} 71 FA

50% 70% 90%
Fig. 4. Doritaenopsis hybrids as affected by relative humidity after 10 days of acclimation.
Plants under 50% and 70% show severe leaf tip burn (arrows).
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(tmol CO,'m?s)
|
|

001

Stomatal conductance Net CO, assimilation

(mol H,0-m™2-s")
|
|

Transpiration
(¢mmol H,O-m?*-s™)

Time of day

Fig. 5. Diurnal changes in net CO, assimilation, stomatal conductance and transpiration
rate of Doritaenopsis hybrids as affected by relative humidity during acclimation.

BUHEEE 50%, 70%, 90%= DElste] 3047t wkst & AYEAL S A A
AEAY AFS FEE 90%=E FASAS W AAF, AEF, Ao Aol 50%)
70%°] 79 vlaste] A UEI 53] AEES 922%E 30% 7Hko] =kt
(Fig.2). webA w8k o] 59 AEA AFS fsiAE ©oAl FUFEE 90% 14
=A A e o] sttty AztEr Hed JE5ATFS A4S A7 Chlb),
Chi(a+b)2] ¥ dlFE 90% A FolA =3kal Chl(a)9} 7FEE o]l afe A
gl feolgde] gl th(Table 3).

ol

=
>
)
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Table 2. Leaf growth, number of new roots, fresh and dry weight and survival rate of
Doritaenopsis hybrids as affected by relative humidity after 30 days of acclimation.

Mineral content (%)

RH N p K Ca Mg
(%)

50 2.67 a” 062 b 522 a 0.46 a 029 b
70 270 a 0.71 a 545 a 047 a 0.33 ab
90 273 a 073 a 553 a 045 a 035 a

"Mean separation within columns by Duncan's multiple range test, 5% level.

Table 3. Chlorophyll content of Doritaecnopsis hybrids as affected by relative humidity
after 30 days of acclimation.

RH Fresh Dry Leaf Number Survival
%) weight  weight Width Length  Area of new rate
(8 (8) (cm) (cm) (cm) roots (%)

50 6.63 b 0.46 c 1.2 a 22D 19 b 23a 6220
70 632 Db 051 b 12 a 25ab 220D 23 a 667D

90 946 a 0.69 a 15 a 35a 39 a 26 a 922 a

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

p o
o stk B AL AEE 50, 70, 90% A 2] oA Chl(atb) I
o] 0.320, 0.334, 0.361mg - g', Mg 3t=ko] z+z} 0.29, 0.33, 0.35%= HHFE7 =S

% Chl(a+b)] =7 Mg FaFol F7Fst A th(Table 3). 919 K 32 N, P gl v
& of 21 7h7bol k= dl(Table 4), o= Wizlda A& wAZE gle Aom HAlth
Zheng 5(1992)2 @3} A Eo] thE A& Hl&] vzdgoe]l Fastm ofd wEl A&

AEG 2] F28 4L b K el tE 4B Frin s

2~
=T

_}L
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Table 4. Leaf mineral content of Doritaenopsis hybrids as affected by relative humidity
after 30 days of acclimation.

Chlorophyll (mg - g'lFW) Carotenoids
g; a b atb (mg - g'lFW)
50 0.190 a“ 0.130 b 0320 b 0.072 a
70 0.206 a 0.128 b 0.334 ab 0.078 a
90 0217 a 0.144 a 0.361 a 0.073 a

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

AEAW SANAE AASE A E A peroxidase(POD)S] &4 S 43} 308 Fo
A% A AdFEE 50%, 70%, 90%] Az TFelA 77 037, 0.35, 0.35unit- g’ 2

AP 2 A7t YThFig. 6). o= w8 2ollE FUGmst e ATl 9
of AUlFEGYFI FvFm ghol aste] ABAZ FREAR AT sEds BHol
qont #3309 F PGl e AYTAAE Ao FUFEEYI FvFm gk

7ol wbla] AU s 2EHAZS §E284 Zo} PODe A o

Z Apol7k AW Aow Azher

o
o|\
~
ol
2
o
Lot
o

06
= 05
g .
g B 04
< ’ T T T
27 I :
8 o 03
o =
% g i
ga 02
Ay 0.1
0 1 1 ]
50 70 90
RH (%)

Fig. 6. Peroxidase activity of Doritaecnopsis hybrids as affected by relative humidity after
30 days of acclimation. Bars represent +SE.
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1-2. X7} Doritaenopsis® w3t " A= JIF

=& Aol wE oo FUFidHEHS 4 A3 =3 27)de A 2 Ao
7 il ot Alzke] Aaskel wel 15TAH AN a4 Fdaste]l &35 309 = 15,
20, 25, 30, 35CA Pl Ztz; 86.9, 91.2, 92.1, 89.8, 87.9%= 25Tl =i 15Tl

7HE ST (Fig. 7). 15CAH 2ol A Algto] A E oo Aeddhado] Hag 3
& AP o] 25T 2N BASE AEA AA7] 10T} e xe] A

!

=
A sol Az WHAAR AT 1T FEY % Relo) FRESY FAE B

& kol o9 Avz Az,

95 r
~ 9 t
N
©)
=
P ogs | —e—15C —m-20C —a—25C

—%—30T —6—35C
80 1 1 1 1 1 J

0 2 5 10 20 30

Days after transfer

Fig. 7. Changes in relative water content of Doritaenopsis hybrids as affected by air
temperature during acclimation for 30 days. Bars represent +SE.

AEA 7Y A2 ol AHstH YA %"-’F(dehydration)?ﬂ’b‘ol L} EF U= Bl (Guinchard
5, 1997), Az WFo] AAE o] QoA T]Fe] fEAel A ke (Markhart 5,
1979), e ZFH Y FRgFFdol A H ™ (Pardossi 5, 1992) =T FAES
FEAd 354l YeElYA "ti(rigoyen 5, 1996; Perez de Juan 5, 1997). Aroca &
2001)2 25Coll A AGaE S552 STE o] 5ak0] 6417, 30417, 54217k, 7247
Soll o FdeEdEs A A, Azre]l Austel wal 9] Aol

st a 12A7F FolE 69% R woltha skt
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(Fv/Fm)& =743 A3}, 31 244 = 25Tl A 08022 7}
FA, 15CoAM = 0672 ZA Fashe] A2 7zks ¥k3-
B thFig. 8). 3} 30¥ ol 15Tl 0752 71 woka ymx] 25 X2 ol
A= BEF 08 olFdoew Aolg HolA EUTHFig. 8). ° #S AR Ho}

e WHeE Hojd 12@B5T)0A Hoks AL(15T)0l A
PSII 9] Qn¢8 #ststd FdaEdo]l FAsAes ¢ A 3 (Gesche} Heilman,
1999), 15C Azl FJA7F TASE 2 PSSO wkbg FAlel &4o = PSSO
Bsle wkg o] &% A47F 7HA Fv/Fm to] 7Hash 1995)0. = A zte
th A EAE A2 Aol ©aFsA BE ouA ol§Fgol adta AMNER
A 49l zeaxanthin BAJ o] AdlE™ E4gAde 7hihd wE wulz @’/‘é 4 54
AR &Hwo] Astz Fakste] o A
1994; Jung 5, 1998; Powles, 1984). A 2
1998)¢F H(Kim &, 1997)ol A %= Hiig wf glow dubaom Ao wIZhg A &0
Me A AgAldd FFAdel aA o

o= Ao B uErhMartin 5, 1981).

o
H
fo
i
i
°
o
= n.t{o
rE
o

ali

M
~
=3
a
=
a
-
o
ol

0.85
0.80 F
E
5075 |
[
0.70 ——15C 20T —A—25C
—¥-30T —6-35C
0.65 1 1 1 1 1 ]

0 2 5 10 20 30

Days after transfer

Fig. 8. Changes in maximum photochemical efficiency of PSII(Fv/Fm) of Doritaenopsis
hybrids as affected by air temperature during acclimation for 30 days. Bars represent +SE.
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Fig. 9. Peroxidase activity of Doritaenopsis hybrids as affected by air temperature after 30
days of acclimation. Bars represent +SE.

2zo a2 343t G4 peroxidase(POD)2] A& Z3% A#, 15C AHETFANA 7}
F &Aool F7rst R 25T A FelA &4do] Wkth(Fig. 9). 15T A 2elA POD
gAo] F7H AE ALzEd 2 o3 ASAH &4 F7Heel wel POD
o FHE F/Ie AR HAZ 35T A4 PODE &/do] 15Ce] uls] oy
Aoz el AL Phalaenopsis7t Hl L% -2(25Col oA o] 9l s 2 Eo]
71 jjE o2 AztEt Huh SQ00)E EflE S HA 252 g sto 5097 Ak
F AEAY bzt 248 FAT A 25CAAMET 15 CoﬂH Pzt 4o &4
o] F7Isttha A ol AR UF 2EHZE HAE AT WHgor MW

s

&3t 30Y Fo BEEAL A 25CoAM 7B 42 4GS Ve AAF
AESTE 25TAA 7 %2 15TAA 71 @ken 35CTAME WA vewd.
719 AELL 15CAA 844%2 7P dgton yUmx AgpoAs ZF 90% ol4
o] A tH(Table 5). Lee(2002)= Phalaenopsis®] S HA] 20T} 30T d2x@olA A5
S HlmaA 30TColA Aol F38H, Fokr 25 25207T, 25/15CE AA A

#e g A dAol 12417 o4 A7lelE 25/15TolA AAF] Frhetn 1243t
o891 Al7lefl & 2520CoA AAFo] F78H, S2A 20T9 F& B& of2o] 2
0CY A% B A&Ko] WAy ajiEd 1 o] #Agsfor ot sHed, £ A
FelME 20CHT 25T A=A Al WK HE&o] T3t &34 25C2
#Felghe Aol £& Aoz pudrt
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Table 5. Leaf growth, number of new roots, fresh weight, dry weight and
plant survival rate of Doritaenopsis hybrids as affected by air temperature
after 30 days of acclimation.

Air Fresh Dry Leaf Number Survival
temp.  weight  weight i Length  Area of new rate
() (@ (2) (cm) (cm) (cm®) root (%)

15 419 ¢ 030c 06b 1.5 b 06 b 1.0 b 844 b
200 748 ab 0.54 a 19 a 2.1 a 30 a 23 ab 91.1 a
25 832 a 059 a 23 a 24 a 40 a 30 a 933 a

30 642b 043 b 25 a 22 a 4.1 a 27 a 922 a
35 507 ¢ 036 ¢ 23 a 2.1 a 35a 28 a 90.0 a

"Mean separation within columns by Duncan's multiple range test, 5% level.

AEAY 7718 dFE 243 Ay} AdojA N
A 7 skt P2 15T 9F 35Tl askda, K& 15CoA 748t
), Ca?} Mg® & 15T 35ToA AAaEA=d], drbdo =z 15T 35T
T AEAN F71E gEo] A A THTable 6). ol 2Z=2EHAR A%

13
=
FREFFO A2 AR A7, FRYY AL T2 T

£ 2 ¥
M M o 2

o] &g Astz 7 % 3,
AENG 5 oe) A A Aol e 294 2488 sto] 15T 35TA AAF

Table 6. Leaf mineral content of Doritaenopsis hybrids as affected by air temperature after
30 days of acclimation.

Mineral content (%)

Air

temp.(C) N P K Ca Mg
15 276" 060b 608 b 041b  029b
20 299 ab 067 ab 625 ab 050 a 032 ab
25 297ab  074a 64l a 049 a  035a
30 3.01 a 0722 654 a 047 a 031 ab
35 295ab  058b 648 a 040 b 028 b

“Mean separation within columns by Duncan's multiple range test, 5% level.
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1-3. PPF7} Doritaenopsis®] <30 v X & 43

Qo] AR EFS =AHI Azt 3 5= PPF 50, 100, 150, 200, 3004

mol - m” - s'oll A Z+Z} 92.3%, 91.9%, 90.2%, 89.1%, 87.9%% PPF7} &S7}at4= <l

ARk eFo] 7FAdF th(Fig. 10). 3t 30¢ 4 PPF Aol w2 <o Adishek

o] ol w3t x7]el wa) AAE EFPo} e FE(S0, 100umol - m” - s A

N e £AE e £3%7] PPF7E S7HEEE Qo] AusEdiake] i
o

& PPFOIA HEF F oJUAZ A G H5oR g9 Tl &

i

o
=
o
Lot
W
e
o
o
N
o
=
i)
olr
iy
o
o
oz
i
2
o|\
>
Lo
p){n
k%
24
rO
2
2 4
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~~ 90 B
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2 -
85 1  —@—50 —M-100 —A—]so PmolrmTs

%200 —6-300
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0 2 5 10 20 30

Days after transfer

Fig. 10. Changes in relative water content of Doritaenopsis hybrids as affected by
photosynthetic photon flux during acclimation for 30 days. Bars represent =SE.

F=38h 7]7Hs < PPRe w2 o S-S EFvFm)E 9o Al da ) 2ol &3}
Z7]°ll= PPE7} S7tds5 Aol 58] w3 2dA 2 Fow Fa F A
B w o thFigll). =& #%(200, 300umol - m” - sl A RS AEA= 31 30U
7HA Al wbe Fv/Fm %S X9 th(Figl2). PPF7} 545 F E
AL 71U wl %Al 30umol - m” - 579 wh& PPFOlA A AEAIL ZA] e

o mEFH o] FgAl el Astd Aoz YA
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Days after transfer

Fig. 11. Changes in maximum photochemical efficiency of PSII (Fv/Fm) of Doritaenopsis
hybrids as affected by photosynthetic photon flux during acclimation for 30 days. Bars
represent +SE.

=)
=4
2992 W FolA Aol AL AL Ee FolA PHA PSIS AAFEA

2 gt w7t BT e R AU A @l s o] AAaddEntgo] A A s (Poweles,
5]

Fig. 12. The effect of PPF on leaf growth of Doritaenopsis hybrids after 30 days of
acclimation.
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Fig. 135 3% FAIAW A o2 50, 150, 300umol - m™ - s'¢] PPFol A 307+ <=3}
Ao 7Es wES A, PPE/E SUMESE deu A Vet S7Feke] 100
2 BFPLS uf 50, 150, 300umol - m” - st A 1mm® F Z}ZF 12, 17, 25702 PPF7}t
S/t 4E V1o W7l E9kth Masarovitod 5(1999)2 Fagus sylvatia LS 31330l

AL W gz v 9AaHS 2589cm A 19.08cm’®E FHAd A, 7]
3

1717004 189712 F7hstttar st £ Ady 22 ZyiE HAu

be

®

%100 x 200

Fig. 13. The effect of PPF on stomata number of the abaxial leaf. Leaf stomata were
observed using a laser scanning confocal micrograph. A: 50umol - m” - s, B: 150umol -

m?-s', C: 300umol - m? s’
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3} 30¢ T A=A ggakst & A9l peroxidase(POD)S] FAlS =43 A} 50,
100, 150, 200, 300umol - m™ - "ol A1 Z+7} 0.46, 0.48, 0.52, 0.59, 0.71 unit - g' &2 PPF
7} $7v84E PODY FAE TSR Ed(Fig. 14), oA mFo R A3 Fitksld
& WA= FAALE AASY] A AEA W] WAYZFSZ AU POD
ol F7tet Aoz AZLH =, van Huyienbroeck 5(2000)% Z]ulolA] i &k
CalatheaZ 40, 120, 360umol - m™ - s'2 PPFE g|slo] 3547t £33t & ksl a s
o] B4S =A% A7 SOD9 POD X5 40umol - m™ - s'ol A 7FAE9 3 120, 360u
mol - m? - '] =& PPRolA Frbstttn B uEtYth awdaEle] Bakst AEg 2o
o Faksl @ 4o &4 F71E Logan 5(1998)9 Cucurbita pepo L.Z} Vinca major L.

o] PPF & 3 A= Hud v 9l

8

&
ot

0.8

0.6

0.4

0.2

0.0 1 1 1 1 ]
50 100 150 200

300

Peroxidase activity
(unitlg@-! FW)

Fig. 14. Peroxidase activity of Doritaenopsis hybrids as affected by photosynthetic
photon flux after 30 days of acclimation. Bars repre- sent £SE.

w3k 309 F AFEAA 3 BEas Az fojde] gldov 944, 99
AL 50 > 100 > 150 > 200 > 300umol - m” - s’ S & PPF/} Z718 42 447 ¢
H A o] 7+A3F % TH(Table 8). AWASH AEFTS Ota 5(1991)°] AA & Phalaenopsis®]
33 Bl 130umol - m? - st %, 2 100umol - m” - 57 # 150umol - m” - s el A]
skal ¢le] FA= F7het
H3str] fla fFEES el
7] 98l A 7y
}(Mendes 5, 2001).
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Table 7. Leaf growth, number of new root, fresh weight, dry weight, and survival rate of
Doritaenopsis hybrids as affected by PPF after 30 days of acclimatization.

PPF Fresh Dry Leaf Number Survival
(|.|_r2nol _'1 m  weight weight Width Length Area  Thickness of rate
"S) (em) (cm) (cm)  (em)  (cmd)  (cm) new root (%)
50 10.60 a“ 0.77 ab I.5a 29a 32 a 0.09 ¢ 1.7 a 95.6 a
100 1142 a 0.86 a 15a 28a 30 a 0.11 bc 2.0 a 933 a
150 10.62 a 0.79 a 13a 27a 26 ab 0.12ab 20 a 922 a
200 9.33 ab 0.74 ab 12a 220 20 ab 0.13 a 2.7 a 84.4 a
300 830 b 0.65b 12a 18b 16 ¢ 0.15 a 23 a 75.6 ¢

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

w3t 309% o d=4 TS A3 A3, PPF 200, 300umol - m” - 5ol A
Chl(a), Chl(b), Chl(atb)” A= Ul(Table 8), aLFo 2 Q& PEA7F F=Ho
Ehd AR Qe AE A= PP/ S7hekel wheh 540 Ak FEAJobd
ko] Frtelt o] LA FEAJoldo] @R
SR A 1 Feko]l zhAaw 7] wEo|th(Hart, 1988). £ A3 2] 300umol - m” - s <]

A TN E BEL] 72%= 100umol - m™ - 579 96%¢°l B3| 24% 73St

I
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N
=

B>
of
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i

e AgAel ExHa

Table 8. Chlorophyll content of Doritaenopsis hybrids as affected by photosynthetic photon
flux after 30 days of acclimation.

PPF Chlorophyll (mg - g'lFW) Carotenoids
(molm’s™) a b a+b (mg - g'FW)
50 0.225 a’ 0.178 a 0.403 a 0.048 a
100 0223 a 0.179 a 0.401 a 0.048 a
150 0222 a 0.175 ab 0.398 a 0.046 a
200 0.206 b 0.170 b 0.376 a 0.038 a
300 0.195 b 0.170 b 0.365 b 0.043 a

“Mean separation within columns by Duncan's multiple range test, 5% level.
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Qo] 7| e Ko Ca: Azt Go4do] €121 NI} PE 150umol - m? - s
oA Z+Zb 3.10%, 0.89%% Freko] =9kil, MgE S0umol - m” - s'olA 0.33%= 714
=31 300umol - ‘oﬂH 0.23%% 7} SEQkth(Table 9). A wWHZ o2 PPF7} &2 A

2lel A N, P, Mg-°4 gheFo] vlgk=dl o= =& FEStAA FAA A 93] AE
Aol Aol agol W Fre) 2

-
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Table 9. Leaf mineral content of Doritaenopsis hybrids as affected by photosynthetic
photon flux after 30 days of acclimation.

PPF Mineral content (%)

(umol - m”? - s) N P K Ca Mg
50 298 a’ 0.78 a 7.02 a 0.46 a 033 a
100 297 a 0.84 a 722 a 0.50 a 0.32 ab
150 3.10 a 0.89 a 6.19 a 0.44 a 0.27 be
200 271 b 0.78 a 6.83 a 0.47 a 0.28 be
300 269 b 0.62 b 6.89 a 0.50 a 023 ¢

"Mean separation within columns by Duncan's multiple range test, 5% level.

i AEAEe] AEFTFU &8 AG7A o 7hA A or dEHo gk

2,3,5-triphenyltetrazolium chloride(TTC)E ©]&3 &4 &4 SAHLS M=l of

Yeb giabzgol #olsts 4% A S0 Ho Fgrvt ‘5017\]1/}(Steward s,

1999), florecein diacetate(FDA)= AlEsle] o] & AEY &

Zh-goto] FFE dormw nuwA s AEAEe] &S

o|Th(Vankova &, 2001). ole we} 2 AFeAE 7| sjFge] w3t
Heoh vlelol M &8 3045 ME YR W ] G

dulgd oz #EEAHFig. 15). Velamens S H] &3 2 AlE

el B ddo]l HA ggkar, dAukAow v]ejute] e

Ry AEgEe] A ==, ZIdelA A = F7IZE v e

sttbr Y Ao geo] Agtyo] YaFo] ofstA © Aom AZtETH
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Fig. 15. Transverse sections of roots in vitro and ex vitro stained with fluorescein
diacetate (FDA) after 30 days of acclimation. The root developed ex vitro shows greater
cell activity.

oo g W AEA 79 =3 JHE 2 A 8RRl HulEE, &%, PPFI
sl AES A7 Ge JdFmolA ¢oxr] FEELAZ A3 92 dHdA =8
10 ol F o AFEeFd FvFm #9 45, COFFEEe 7 To2 484
7 sxEo] 719 =3hA] HA 109 o) 90% dulsE Xtle] o o=
RAZtE AT 59 A9, nHthe AR wizkste]l 15TCoA A& o] A
zstal, Aaksta s PODO &4 SV HEAFE A, FvFm #9 4 5 4~
Ef s #d Ghet B3 ZE] A9 b en 20T 25T Abole] 255
A3t Aol w3t AFE Aoz AT PPFE 150umol - m” - st ©]4Fe] PPF
2 oleHH FAAZ A3 Fv/Fm 72l 74, PODL &40 T7}, @542 A
o} AEA e Aol AsHUOEE 100~150umol - m” - s'AFolol| A £3lEE A o] 7
W AAE Doritaenopsis Wi ¥H9 AEES Folx, 7|9 AFAS FXT Aoz A
=] At}

2. B EAIE TIWH RS 719 £3A AZF Aol AR mA= ¥
&

2-1. Doritaenopsis®] 712] <3A| wA & F/H7L A EAY Ao vAE 9F

A e FRol e FEEe AW Be AolE vrhiitd 13 Auns F o)



o

A el FEEEe w3 < BeolE+NSA FEW < 58 £92 BFT A7l
o

-
o] e F438 Aaeed wa, HelolE+ed THY

) Bl ,
Sl A B S 159 F Zhzt 33, 23, 19%% $FEwko] 7438kl oh(Fig. 16). HiA
T gl g AL A EgAld 793 Roz el njs] HelolE g}

a4k 23wl stol WA Ul gwe] AW Ao Aztwth

13 r

—_

X

— 11 r

>

=)

&

g

S 09 f

S

F_.; —o— Bark

B 0.7 r —&— Perlite+rockwool

—A— Sphagnum moss
05 1 1 1 ]
3 7 11 15

Fig. 16. Changes in water content in growing media after watering. Bars represent £SE.

WA SR el dagel weh 48A Qo) USRI gaselsd
St BepolE+05H FHAEY EFAANA B FY 5 o F F43 A9 4y

Efaz g Ao MAugRgHEFE= A5 I =dlJensen 5, 2000; Prevete 5,
2000), YA7F 2 vpA e} Aol E4FA FHWe] E8uA o AS FHEo HE R
FHo] vol A T 5YU o|F o AFEdEe] w43%] AAaT AoE A7H

Q9 FuFEgFel pFaFel met AYFALSEFE FRAPE w5 F0
F Azl el wheh whmelA b e FuFm e UEhiol(Fig 17) v A
ool A=A FelAw A% pSIe] Aol g etk PSIe) FH A B

A 7199 £74-& 9 v] gl (van Huylenbroeck -, 2000).
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Days after transfer

Fig. 17. Changes in maximum photochemical efficiency of PSII(Fv/Fm) of Doritaenopsis
hybrids as affected by growing media after watering. Bars represent +SE.
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Fig. 18. Changes of proline content in leaves of Doritaenopsis hybrids plant as

affected by growing media after watering. Bars represent £SE.
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g T 1dels kAl Rt Co, FFEE, Ve RRE, A&l Hast
Aot Alzro] gl wek el wlarel whAeh Helo| EG)+IFA THW(ES) A

o
B

ox B T br

oy

oA FFdES] Fav F=d o= wiA e Tk o] Aot ehEr
AEAF FEE T8 FFeA K3 FE 2EH2E Q] o] ABAFRETL
stod(Ismail 5, 2002) ABA®l ¥17+8k 9kg-& Heole CAMIAES 7FAEE7 a
3t CO, FF& et SAtEe] Agtd oz A7 | g T 5de npA
oA MW7) TuHE(CAM phase V)9 CO, EF&%E, 7 3AEE, S4k&0] F43%] 74

=

34, Franco 5(1992)2 & 2~E# 2 AE9 Clusiads 2% CAM phase Vol
Al Fv/Fm gk #480ha 349131, CAM phase VoAl ZolAl dde fFw7t fdra
A tHAdams 5, 1989; Barker®} Adams, 1997; Guralnick 5, 1992).

ofr:=2be] AFQl proline®] FS FAI Ay npael HeolE4gAd THY
Aol FEjRY A Uebwtar AlZke] A3eE prolined ¥R F7hsEAH
(Fig. 18). A =A7} & 2E#H2E WOwW glutamate pathways &3¢ proline A 943
7ol A proline®] A1 glutamic acid”} carboxyl group®l| 4] aldehyde group> = 3t
A5 0] proline Aol F718HA HrhLee 5, 1998). o] Fito] whxubzt A E 9

T SAHS ARATE 985 ot AFxAVsoR AZEY, FE 2EY 2
o3l proline?] %42 EwnE(Alian 5, 2000), 2 °](Moon, 2001), HHl(Lee 5, 1998)cll

A% B aE ek

Ag7hAe] Aog EdE 39 13] 5&87F AHAFste] £3F HE 57/0E St Al
s A vpa, o EGHITA FHUEG), FEHdAM 98 727 1
2 ul3e A #ZAastgon MEEE 844, 91.1, 90.0%% BFANAH A3
EGHIFA FHHEG)MA Stttk 4F, WA, 7, REae HEd fo4
o] U tH(Table 11). BAFTH AEFTE vAoA AL HeEGHITA F
HAUG)F FHAAME Aeol7b fld=d, FHE ol &3 AHEFo AAFTH HNEFO
vp=o] nste] oF 1.68) Z7}8kSth(Table 11, 12; Fig. 19).

Table 11. Effects of growing media on leaf growth, plant survival rate, number of leaves
and roots in Doritaenopsis hybrids after 5 months of culture.
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Leaf Number Number Survival
Growing of of rate
media Length  Width Area
(cm) (cm) (cm?) leaves roots (%)
Bark 107 b 68a 541a 33a 83 a 844 b
Perlitetrockwool  12.9 a 6.1 a 583 a 3.7 a 11.7 a 91.1 a
Sphagnum moss 141 a 6.0a 626a 40 a 87 a 90.0 a

Table 12. Effects of growing media on fresh and dry weight of Doritaenopsis hybrids

after 5 months of

culture.

Growing Fresh weight (g) Dry weight (g)
media Top Root Total Top Root Total
Bark 2130 b 757 b 2887 b 1.13 b 050b 163 b

Perlitetrockwool ~ 26.03 a  13.23 a 39.27ab 1372 1.00a 237 a
Sphagnum moss  30.87 a 14.00 a 44.87a 1.63 a 100 a 263 a

Bark

Perlite+rockwool Sphagnum moss

Fig. 19. Doritaenopsis hybrids as affected by growing media after 5 months of culture in
ebb & flood system, showing that the root growth in bark medium is severely inhibited.
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(Saccardy 5, 1998), 3lH}2}7](Ciompi &, 1996), 3 %(lacono &, 1998) M= R I1HS]
o, Cui(2001)= Doritaenopsis®] i3} Aujoll A IR0 2 Azs A7} g
Hlal it ghaFo] wol A EAle FFAPECl v, 1o wE BATH dEsh

Aadta el B 490 ge A%E mych

Net CO, assimilation
(¢mol CO,m2s)

0.015

0.012

0.009

0.006

0.003

(mol H,0'm2-s)

Stomatal conductance

0.4

Transpiration
(¢mmol H,O-m2-s7")

Fig. 20. Photosynthtic characterisrtics of Doritaenopsis hybrids as affected by growing
media after 5 months of culture.
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AzAl FrlE 24923 waRyg el AR =Ae] A3k Helol A N, P,
°]

K, Mge] ol S7hslal=ul(Table 13), FEiClA H=, Hu[Zo] gof AUz &
wo] olFo] ddste] A7 A#R A7t Kubota 5(1993) FF® FfrFel =

it -l> L

o FE HElolES YER A ZEHAE o] &3 AEA Y} vz
Bl Qo] N, Po| FaFo] 38~57% rial & Edl, ol@ldt A= Doritaenopsis(Cui,
2001), =k AMTE(Song &, 1999) L]l 2Tt AW T R (Pack 5, 1998) 4= 9
THA A Ca' 3 oA HEE FoAe] e A AA ] =2 Ca
g ak(Cui, 2001)°] FaFE M oz A7,

olde] A vt TG A= ebb & flood AlZ=Flo] A 83H7] A= WEEA|
YME T3 E£83to] Abgdor & Aeow AZHET FH Ag AZAvig £ow
Zrol Fofof sh=dl el zhs FEjo] R9jel wep FFo]l thEm e FAA
Helo] FElE Fhe ol ArgEmith 27 wie] A el g BFATE
St37] o] 9T} Tanaka 5(1988)2 FEIE whald wjx|7fdol Al Hejo]Eel o]
F2 JER2 AN T3 S&uA7E 7 Adsirta sl B AP x et
olEgt M FTHHY E&AT A B AEgo] T AEAY AFNAE FH
o Hlaste] & zbol7b gluTh Wgh d A wiA R OR AUHIAGFA o] EAdt
A BAWE o] FH 22 ebb & flood A]iﬁ“% o] &3t £ iR =3k 2 A ulel
= detolEg AeA FHW E&uiAYE Ade o dEdrk 12y wiA
of Y VS A vta SO 7]E]— o2 A% #5359 el
Y v & GotA 2AFoRA MR o] & F vt AAEHY, FF o
of thgh A7 o o] FolAof & Ao AZert
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Table 13. Mineral content of Doritaenopsis hybrids as affected by growing media
after 5 months of culture in ebb & flood system.

Part of  Growing Mineral content (%)
plant media N P K Ca Mg
Bark 188b° 010b 449b  050a 033 b
ite +
Leaves | CHite 20l b 016a 539ab  059a 040 ab
rockwool
Sphagnum 2402 023a 645a 056a 050 a
moss
Bark 167b 037b 418b  036a  053b
Perlite +
Roots erite 177b 063a 517a  036a 088 a
rockwool
h
Sphagnum 243a 085a 575a  038a 091 a
moss

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

2-2. FAAH] A== (Ebb & Flood)S ©]-8 3t DoritaenopsisS 719 «3HA| v F 2]
7 AEAY B HAE 9F
kel Frd AddolA JH, AF
EC 2.0 dS - m'ollA g2t d4s Fd5 st 5255 T8t A3olon
At ol AgHA &sheh HEaeh AEE2 EC 08 > 12 > 1.6 > 2.0 dS -

m'o2 FAFEI} UGFE FI1EI G tH(Table 14). A 459] AATH AEFS E
L %

@)

B
ol
-z
lo,
ox
__)&l
of
A=
N,
o
ofy
rlo
£z
02
2
lo,
f
=
N
N

7+ 2~ 3k A th(Fig. 21, Table 15).
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Table 14. Effect of nutrient solution strength on leaf growth, plant survival rate, number
of leaves and roots in Doritaenopsis hybrids after 5 months of culture.

EC Leaf Number Number Survival
(dS - m™") Length Width Area 1 of . Oft z;a/tj
(cm) (cm) (sz) eaves 00ts )

0.8 10.8 a” 53 ab 42.6 ab 4.1 a 10.0 a 933 a

1.2 10.9 a 57 a 458 a 40 a 93 a 90.0 ab

1.6 99 b 5.3 ab 39.0 be 43 a 8.0 ab 86.7 b

2.0 94 b 510 351 ¢ 44 a 70 b 80.0 ¢

"Mean separation within columns by Duncan's multiple range test, 5% level.

Table 15. Effect of nutrient solution strength on fresh and dry weight
hybrid after 5 months of culture.

of Doritaenopsis

Fresh weight (g)

Dry weight (g)

EC
ds - m")
Top Root Total Top Root Total
0.8 16.26 ab” 11.27 a 27.53 a 087 b 084 a 1.71 a
1.2 1729 a 9.15b 2644 a 094 a 083 a 1.76 a
1.6 16.38 ab 817 b 2456 b 093 a 066D 1.59 b
2.0 1520 b 6.60 ¢ 21.80 ¢ 089 a 051 ¢ 1.39 ¢

“Mean separation within columns by Duncan's multiple range test, 5% level.
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EC (dS - m™")

Fig. 21. Doritaenopsis hybrids as affected by nutrient solution strength after 5 months
of culture in ebb & flood system. Results indicate lowest plant growthand inhibition of
root growth at the EC 2.0 dS - m™.
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Fig. 22. Water potential and proline content of Doritaenopsis hybrids

as affected by the nutrient solution strength after 5 months of culture
in ebb & flood system. Bars represent +SE.

AW FrlE S BAT A3, o3 ¥e 25 N, P, K, Mg FEe w
o] ewyl Z7ME4R Ao R Z7eelE|(Table 18), 5% wj kol ]2 of A
AT ARV JAHEA e Aot FREFE AW Frle el F7hd
Ao w ABZtETE Pooledt Sleeley(1978)% Phalaenopsis® 4ol N ¥%7} 100mg - L

o] ARttt st wWFHe] N w%7F F7HE+E A=A N sk S7tgtn

391}k, ©% Tanaka 5(1988)& N, P, K, Ca, Mg7b 7H7F 231, 46.5, 1173, 80.1, 12.2m

g L' g wFds FHI Aols AE8Ae] Aol HHHa, WA Frs

o Eold AEAW N, K g2 F7kstd A=A 452 #Fagva sto] 2 A
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Table 18. Mineral content of Doritaenopsis hybrids as affected by growing media
after 5 months of culture in ebb & flood system.

Part of EC Mineral content (%)
-1
plant (dS - m") N P K Ca Mg
0.8 2.01 b° 0.09 b 4.05 b 0.60 a 0.34 ¢
1.2 229 a 0.10 b 4.87 a 0.67 a 0.38 be
Leaves
1.6 243 a 0.18 a 538 a 0.60 a 0.41 ab
2.0 247 a 0.16 a 539 a 0.71 a 044 a
0.8 1.95 ¢ 048 b 5.04 ¢ 0.51 a 0.70 b
1.2 210 b 0.62 ab 5.18 bc 0.50 a 0.72 b
Roots
1.6 220 a 0.63 ab 5.52 ab 0.50 a 0.80 ab
2.0 222 a 0.70 a 5.69 a 0.57 a 0.87 a

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

2. <39 Phalaenopsis B2 A3 /N3
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A 3. vWl¥ul A7} Phalaenopsis hybrids® Beld, A, A3z 544
X = 4

WA 7ot FRaEd s wE FuEist, A, At w§s FALs7] 9] éo]
7190l A 67047t Al ® Phalaenopsis®t Doritaenopsis 55 ebb & flow A|2~#-&
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Fig. 1. Changes in pH and EC of nutrient solution with time courses after treatment.

oM Al F AEA AR S dae Gl T SUHESE Ao
4 oy A RF7HE FH A 1SH Y oA ThE Wol F7El S
Wl bw ArEaa el 1289 1SolA 7Hd wekth(Table 1). A &A1 AAZEH 7
T2 MY st =qW 2SH Tl A 92.6g, 5.76gC.E 7HF St d|(Table 2),
F712F = Aol A wgom stof wiAel BWe AF7F JAH At
B Anel AztEw ojelgh A= FelEAls R oluE Cymbidiumol
CanleyaoME FrAFEHAl LFERSETH(Pooled}t Seeley, 1978). 2818 75 A2 3k 7| ElA g
o7} fll=dl, 12848 A4 @& mjdd ez Qlste] ANE A&
S AxsYP o} wto] Fu e (Fig. 2) ‘giﬂ%ﬂr A=Tol S7hetivtar Azten.
Erb b E Frtedled o2 RH wgER e wRvt =& 5
= ;%PE AFE FAEY Asky A dAHE As & F AJT A=A LAt
& °® 00, 25, 58, 19.0%5 YEtHAT. E= wfgHe A ul
FE AEAE g7 XE EEEN wfjx] FEe sk o 2
of ¥ Y ERENFE aAbst wigTTle f YRR dHEwA

o
St A T ol X, aLAbsklth(Fig. 3).
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Fig. 2. Growth characteristics of Doritaenopsis 'Tinny Tender' as affected by
strength of nutrient solution. A: After 3 months of culture; B, C: After 9 months of
culture.
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ormal Stressed

Fig. 3. Growth characteristic of Doritaenopsis 'Tinny Tender' as affected by nutrient
solution strength. A, B: Normal plant by low concentration of nutrient solution (1S). C-F:
Salinity stressed plant by high concentration of nutrient solution (2S). A, D: After 3
months of culture; B, E, C: After 6 months of culture; F: After 9 months of culture.
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Table 1. Effect of nutrient solution strength on leaf length, width, and area, number of
new leaves, new leaf area, and number of roots of Doritaenopsis 'Tinny Tender' after 9
months of cultivation.

Treat. Length I\:;th Area No. new leaves I\;Z‘;(Lii‘z’is No. root
(cm) (cm) (cm’)

1/28” 18.4 ab’ 6.7 a 97.5 a 2.0 ¢ 195.0 ¢ 23.0 a

1S 19.8 a 6.3 ab 98.3 a 25D 246.1 a 19.7 b

3/28 172 b 6.0 ab 81.6 b 2.7 ab 219.0 b 17.3 be

28 16.7 b 58D 783 b 29 a 220.5 b 14.6 ¢

“Strength of nutrient solution.
"Mean separation within columns by Duncan's multiple range test, =0.05.
*Plants were grown for 6 months in greenhouse condition before the experiment.

Table 2. Effect of nutrient solution strength on fresh weight, dry weight, T/R rate, and
percentages of plant death of Doritaenopsis 'Tinny Tender' after 9 months of cultivation.

Fresh weight (g) Dry weight (g) IR Dead plant
Top Root Total Top Root Total (%)

Treat.

1/28” 67.0 ¢ 592 a 1262 a 372b 434 a 8.06a 085D 0.0
IS 833 ab 469 b 1302 a 540 a 3370b 877a 160 a 2.5
3/28 935 a 350 ¢ 1285 a 542 a 3.0l bc 843 a 181 a 5.8

28 72.1 bc 205 d 92.6 b 36l b 215c¢ 576b 168 a 19.0

“¥See Table 1.

A o7hE F A=A AFAFFS A ZIN(Tabl 3), v st F7HES
£ Chl(a), Chl(b), Chl(atb), 7}2E]=o]= ke HH Ao g ZF713F31 2w Chl. abgt
< oA /I 2SAHE TS F AELRTES 12800 HEte] 45.6% S7FeATE A
B4 g9 F NEFF 75%7F AEAd F=old e (Hak 5, 1993), A2 FFA7]
TE FAstcd o] & H th(Evans®} Terashima, 1987), C-34]&E°] N ZAF/J el AslA
CO,aL & 42 Rubiscod] A o] o Al(Evans, 1989)2 Hul ol o] @iz o
AZA0-Tdmd EHA 71 A3 tHde Veau 5, 1990; Robinson, 1996)13}1th.
Khamis 5(1994)°l 9|3t maize 4-F N¥Zel we} A543l & Ao]E& HATH
i &9 2, sunflower?t soybean - N A ZAztol A 50%7FA 74 cha skt
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(Ciompi 5, 1996; Robinson¥} Burkey, 1997). X3¢ Phaseolus vulgaris 73-5- P Al
Aol N ZAgol| 97sk &g B oF 50%7hA A st thLima 5, 1999)3L
sto] BAZ e Aol dX|ston N7F & FERUE J54 R & F¢FS
A= Aog ®eln, & Aol 1284879 A5gEe] 7H 3ddd A2 As
fefet oz A7) mjFgFom sto] SR N7F AE2A=E &5

o5 Az,

e

1
1o
=

g
o,
N

Table 3. Chlorophyll content of Doritaenopsis 'Tinny Tender' as affected by nutrient
solution strength after 9 months of cultivation.

reat Chlorophyll content (ug - g'FW) Chlorophyll  Carotenoids
Ca Cv Car a/b (ug - ¢'FW)
1/28* 2975 ¢’ 125.6 ¢ 423.1 ¢ 237 a 1019 b
1S 316.3 be 1376 b 4539 b 237 a 1009 b
3/2S 3274 b 138.1 b 4655 b 236 a 104.7 b
2S 4325 a 183.7 a 616.2 a 235 a 137.8 a

“¥See Table 1.

Al 671d & wigdEedz AEAe FrleS 243 2= Table 49F
el N, K, Ca, Mg Sol252 WG w27t S7Mdss JAdes S8, P2
ISH el -2k 327 ] el A v e s YEbl wgd o] g7t SIS
Ao Fr1Edd WBu ofys A AT AEFTE S d¥e e

= O
Hor agi wFAQl 28H el A Aol o AlE l=dl(Table 2), H=d FEF

7F s Al o] F A= Ho] ol (Le Bot &, 1998), 1% MEUe] F7]dFol o] &
2ol AAHY Y] oz Azbdnt w3k 2SH Y A=A AE F7I n
S el A wigE TG EY AR R A e Brk ofyet AR AHF

o Oalo]

g H

o] vrolx|=d], oo wt AEe] FRUHAVE Ty A
A ™ (Plaut 5, 2000), =3 7]FHAEE
(Stiborova &, 1987)3ko] o] Wo] A

)
32
r
P
o
!
o
rO
)

_52_



Table 4. Effect of solution strength on mineral contents of Doritaenopsis 'Tinny Tender'
after 6 months of cultivation.

Mineral content (%)

freat N P K Ca Ma
Top
1/28” 1.65 ¢ 0.14 b 2.04 cd 1.18 f 041 d
1S 2.19 d 021 a 2.58 b 1.25 de 0.58 be
3/28 2.74 b 0.20 a 3.09 a 1.75 b 0.61 be
2S 2.96 a 0.17 b 3.13 a 2.06 a 0.69 a
Root
1/28 1.39 h 0.15 b 1.81 d 0.76 g 047 d
1S 1.79 0.15 b 2.07 ¢ 1.21 ef 0.55 ¢
3/28 2.03 e 0.17 ab 252 b 1.28 cd 0.63 ab
28 231 ¢ 0.13 b 2.76 b 1.32 ¢ 0.62 ab
“YSee Table 1.
FE7b £S5 A9 NGFE meb S/, A8 4% uEE N

of vlate] ZHETE e F7FE Lol N(100mg/L)ol A 7Hd A&3skA o] Fo
o, olRT} ¥S A$ N APo sl Anuy =PozHEH JdEv} Ly
&o] E%I(Poole?} Seeley, 1978), =A== A9 COFTEHE7 EojA 1 Y4
oA = T *M%éﬂﬂ At 3l tH(Yoneda 5, 1997). Auj 1071E 3 A=A
of F7=EFS A v FFS HElEt(Table 5), A EA 49 P, K &
Al 671 T AEA A vt F7tek%lal, N, Ca, Mg 5 @S 2
koA 1070 FQ1 AAAGEANA P KO FFF AFAH SR o]FolxaL, o
of W&l N Ca, Mg & &F57F thh stk A 6719 2 10719 +

g#o] N, P gl vete =A UEy=dl o= Zheng 5(1992)°] A A% wie}
o] K ghgo]l o] FHol Ad¥gle] =A vERd A B AEHET Wil A
WA E AR V)eoRA F s &y wEel#ta s%own, Pooledt
Seeley(1978)° <]slw Al TemAl s ZEdde] AAasae] 34¥ =ra
Eag

[N
N
> o
ﬁ.‘h
2

_53_



Table 5. Effect of solution strength on mineral contents of Doritaenopsis 'Tinny Tender'
after 10 months of cultivation.

Mineral content (%)

freat N P K Ca Ma
Top
1/28” 141 € 0.19 ¢ 3.04 d 1.17 ¢ 036 d
1S 1.68 d 025 b 357 ¢ 1.20 ¢ 045 ¢
3/28 217 b 033 a 393 b 135 b 0.46 c
28 241 a 0.34 a 4.16 a 145 a 053 b
Root
1/2S 1.10 f 0.11 £ 1.29 f 052 f 034 d
1S 1.24 f 0.13 ef 240 e 0.62 e 044 ¢
3/28 1.93 ¢ 0.14 de 2.56 e 0.65 e 052 b
28 2.04 be 0.16 d 294 d 0.94 d 0.64 a

“¥See Table 1.
Tl Al 2o QlolA el MM E FUE T L COFT AelE E = Ul(Tabl
= = 2FY 1, 2, 3, 49 ®ol] FfEdAa, 9

o= mlalA Aol g vk FL Al Ca, Mg, Na & #ol4d2 fi%le
] A

St el = B2 ol FrEol AT MAVfE PJel= N, K 5°] @o] Fr¥of
AL, BTl st AAHom vuA g2 FUlE Ee UEWA=T N, P,
K g&Frvx Cadt Mg el ¢ H7HE 93 ulste] Aoz ew Wo] Z4std
th opgtel § AR COFTEE, 7o @ SAERE 43 AI(Fig. 4) 9
Aoyt THFETE A9l 1, 299 CoOgTsEE, 7edEE B SAERE o] 7t
F wol F7tskth. CAMYE A& Bryophyllum fetschenkoi, B. calycinum ‘52 1@
FATE T GE o 93 COFT7F T7hetal dxd JAd+5 CAMIP| o3

N

CO, &7} Z7F8tthJones, 1975; Nishida, 1978)3 3}lEd, ZdlEA oM E &
AEFS YEHRTHOt 5, 1991). ZHlEAl 2~ AS, A9 1, 295 At 3, 4, 59
Sol WS 5 = B A9 1, 299 16850t 5, 199)ol H A% wiol] A
rFatolBh= Bk o3 COFTEHL, 7ledR: 9 FASET}

=
A FEFES W2 Aowm Y4HEH.
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Table 6. Mineral contents in different part of leave in Doritaenopsis 'Tinny Tender'.

Mineral content (%)

Leaf position

N P K Ca Mg Na
Inflorescence 1.69 b 029 b 373 ¢ 024 d 0.29 d 0.77 ¢
Devloping 1705 030b  541ab 18 bc  046c 120D
6th 1.81 a 0.39 a 582 a 1.82 be 0.54 a 137 b
5th 1.79 a 0.41 a 5.18 ab 2.06 b 0.56 a 131D
4th 171 b 0.36 a 478 b 2.27 ab 0.48 be 129 b
3rd 1.68 b 0.29 b 415 b 2.66 a 0.51 ab 133 b
2nd 1.58 ¢ 024 b 421 b 2.06 b 032 d 1.83 a
Ist 125 d 0.16 ¢ 401 b 1.55 ¢ 027 d 1.66 a

“Mean separation within columns by Duncan's multiple range test, 1:=0.05.

el 671d F 128t o] WA ekl =], 7H§}%*é% ZAbeE7] Skl dRRE
I v sHA =S AAst A 10709 F 22 sAS BAAA 1 ASEAS =
Abetd T 13F shA AL wdle] Fvt %—7}@#% AAH A= 1284 2] 7= 28
of wlate]l oF 1Y Ax FAHJoW FABAEE AFE 12SATNAE
100%°l =&t ot 287 2l el A= 80%oll W] X] A tH(Table 7). 3+ 7Y

strodas wge s/tEes A or S8kl E(Table 8), 283 2

o DG s S Jh s

!

k!
off
ki
=
o2
12

Lo
off
i
_\,L

T st hedes AwEel 128HEgel Hlske of 20d AR =FoA
Phalaenopsis hybridel]l QlolA] w7l =555 4L E&o] Ho] A ™ (Tanaka

5, 1988), N&%<S 70 mg - L'ol Al 200 mg - L'2 Z718t9S 49 A=A49 yg
FREJ o A7t AAHATHWu 5, 1994)3L sto] ZHPe] 2
ettt st e ol wjdde FEVE FESFE Tkt AES dEhWoy
e kel 280l A 23] tha oA H A S H(Table 8), 844 & &sty, A=A T
A3t A G TRt 2E55E TSk FAE dHERU oY 28K E el A 2
sle sk, 34 3 2skeE 189 32S8H 2 FolA 247 11.0, 123712 74
o] F7betA i 2SHE Tl A 85/ME JHE wWeol ASIATE AstAT|= v A W
FEC 1S TolA 9.8(AA), 8.7((k°)emE 7 Bol 748k, aEE Ay el
28014 7.2(A7), 6.0(3°)emZE 7+ o] A

Mt S 2SH el A 66%= 7HE A%, 2SHEFE AL 71eF A1k

a2
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= Aol Aol Stk FellEAlse] PAFE VIR ol vlste] wtow, O a7

EALER GG wEA sk P AW Havw fla(uha JRL

1987), AsZ2 AR Fadhs 2ol 8w, po] APA A e AA
o

Al W=th(Yoneda 5, 1997). 7121k Wang (1998)2 Po] ZelisAl~ 7lst5A

FS A e sdnh B3 A7 N A EE S0l A1 EH N A
H S SdshE 4‘?&2 AT skl al(FER S} OKIH, 1993), N7F A
gom sto] AFo] BRFeixar B4 FobAM, &k HojA =t wkslte] NAH]
Fol Tt AU AHHoer AN A5 s Ao] Adx = FFe] ki skl

(Yoneda -5, 1997). &3t wjko o] EC7} =S5 Astev F7hetth(Wang? Gregg,
1994; Wang, 1998). Cymbidium?! 7d-¢-%= wjg4 o] EC7t S7tedos deiw4 3 314
9 A3t S71eth(de Kreij9b den Berg, 1990)1L &to] HA3)o] Axtel e H
Fe YEth
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Fig. 4. CO; uptake, stomatal conductance and transpiration rate of leaves
at different position in Doritaenopsis 'Tinny Tender'.
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Table 7. Flowering of Doritaenopsis 'Tinny Tender' as affected by nutrient solution
strength after 6 months of cultivation.

Inflorescence emergence (%) ) Inflorescence (%)
Treat. Non-spike (%)
Date Sep. Oct. Length Diam.
1/28° I Oct. 54.7 100.0 0.0 535 ¢ 048 ¢
1S 5 Oct. 46.3 96.0 4.0 650 b 0.49 ¢
3728 6 Oct. 23.1 82.7 17.3 76.7 a 052 b
28 8 Oct. 19.6 80.5 19.5 68.5 b 0.61 a

“¥See Table 1.

Table 8. Flowering of Doritaenopsis 'Tinny Tender' as affected by nutrient solution
strength after 6 months of cultivation.

T DB gy — o 7S No. flower por No. flower por
(days) Diam. Lenght p
1/28” 82 b’ 82 b 8.9 a 75 Db 9.6 bc 9.6 b
1S 87 ab 86 a 9.8 a 8.7 a 11.0 ab 11.0 ab
3/28 88 ab 87 a 9.0 a 7.7 ab 123 a 153 a
28 102 a 66 ¢ 720 6.0 c 85 ¢ 12.0 ab

“¥See Table 1.

Awy 10719 $o] AEEALE 4
Sl AR EL Ao 100%°] EeAAT T HH%F%“OL 2SH ol A 3T & 0]
42%0°l Z3ato] 12 AR ol gkl F 6%

J A

i

o,

171 W=t RyY AFgelz A *‘“’Xﬂ Ju‘}«l 03%01 i’iﬂrﬂ AzEv. 873
oj% 12k Al wlste]l TFeAAL, 3 T 2, A=A T sk, HERas
T ol 12k 3 wAA e st Frpssl=E, AeAe] TR dFAEe] <
A= A7 dtelzt Azddg. A F Aey SopdAL wigde] xea=
S7bekadnh. st 12k SR A el vste] Akl 228 el ol
FoR7] wiEe] o] AvH xR st Y E vt AzbE.

i)

oN M e
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Table 9. Flowering of Doritaenopsis 'Tinny Tender' as affected by nutrient solution
strength after 10 months of cultivation.

Inflorescence emergence Inflorescence
Treat.
Date Jan. (%) Feb. (%) Total (%) Length (cm) Diam. (cm)
1/28* 7 Feb. 26.8 71.4 98.2 65.9 b’ 0.51 be
N 28 Jan. 65.0 325 97.5 804 a 0.56 a
3/28 1 Feb. 42.1 42.0 84.1 844 a 0.55 ab
2S 27 Jan. 49.5 24.7 74.2 67.8 b 0.47 c

“¥See Table 1.

Table 10. Characteristic of flowering of Doritaenopsis 'Tinny Tender' as affected by
nutrient solution strength after 10 months of cultivation.

Days to Flower Flower size(cm) Pedicel
Treat. . .
flowering longevity(Days) Diam. Lenght length(cm)
1/28” 95 a’ 64 b 9.7 a 8.1 a 4.68 b
1S 95 a 62 b 10.1 a 82 a 5.18 a
3/28 94 a 72 a 94 a 7.8 a 4.85 ab
2S 99 b 52 ¢ 84 Db 6.8 b 452 b

*¥See Table 1.

Table 11. Characteristic of flowering of Doritaenopsis 'Tinny Tender' as affected by
nutrient solution strength after 10 months of cultivation.

No. Inflorescences Lateral No. flowers per No. flowers per
Treat. . .
per plant inflorescence(%) inflorescence pot
1/28° 1.0 b’ 0.0 103 b 103 ¢
1S 1.2 ab 9.1 129 a 143 b
3/28 1.2 ab 12.5 14.1 a 15.5 ab
28 14 a 13.6 10.1 b 17.8 a

“¥See Table 1.

Phalaeopsis 'Taisuco Hatarot'E A A5 23to] ECE=ZE wjgste] A 2 354

S ZAMSE 23 Dips. 'Tinny Tender'®} H|5:dt A ANE At} wjgde] EC7F &
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2128 ATAN AR FAE (5, S Gugel Y wol grsga, se

A=e)
A2zt 7o ik wbdel Beley BejZol= EC7F 7MY =d 28 A2 el

7P Wol Zaslon, ZlgAegtee & AolE

o] MAFH AEF(Fig. 5)< WS EC7F =S55 T7ete 43S UelW oL EC
7boEe 2SAHE AN 23 71 Beol  #AAskdd AEA aALE
1/28<18<3/28<2S =R =l, WISl =7 =2 328H et 28H el A 742
17.1%, 44.4%= o} £ LALES B ZElEAlzed oA Rlge =71 &
drE ANE U2 g } #uk o}y 2}(Tanaka 5, 1988), 4 7o]
% =ul(Wang¥} Gregg, 1994; Wang, 1996) ¥ A goll A 1/283] 2] F-oll A QA %o]
¥ OAS W N=E Qg g Agdl e, w3 o] AFEE A=
AL dFFEdd T17e WkES Ho]l=d|(Crane I} Bowman, 1991; Bernstein 5,
1993), wiAlell 77 JAgom sto] wiA e FREEEe] HAstal webA
o] "Wolxu By Hs) 2 Yol A= T AgAs 7 €oluul(Larcher,
1995; Lambers 5, 1998), 28A g] Froll Al AT AEFo] 7 Wo] 7z ¢ Eof
P BE ARES Hel e dE2EYZEE VRIHAT L A7 Yoneda 5
(1997)°ll olst™d N, Pl ZAFolA Gds7F WolA| L A ZL A= Hoxon

H
Pl AN AN A4S dosn A AEYY

o|\
N
N
m (
e

=l

12 dhe
2

r
Lo

F

ot

O

£ vhaet Y E Eg&uAdA AuPAS B &
T Al #FHY] =S ECE Qlste] AGFY A Fo] AL (Wang, 1998),

A=)
B
sugarcane?] 7-¢-%= Wik o] EC7F SUMEFE AEAY gAY dEFS HAxAL

Table 12. The effect of nutrient solution strength on growth of Phalaenopsis 'Taisuco
Hatarot' after 8 months of cultivation.

. No. new . Increase No. Root length Fresh weight (g) Dead
rea. leaves 1 1eaf2area root (em) plant
(cm’) Top Root Total (%)

1/28” 1.9 v 2293 ¢ 13.7 b 31.1 a 103.0d 89.7a 1927b 0.0
1S 23 a 2928 b 183 a 299 a 1344 b 797 a 2141 a 08

3/28 24 a 349.6 a 113 b 278 a 1670 a 632 b 2302 a 17.1
25 25 a 2924 b 73 b 18.7 b 1192 ¢ 350 c 160.8 c 444

*YSee Table 1.
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Dry weight(g)

D;(’p 128 1S S 28
[JRoot
W Total Nutrient concentration

Fig. 5. Effect of nutrient solution strength on dry weight of Phalaenopsis 'Taisuco Hatarot'
after 8 months of cultivation. Plants were grown for 14 months in greenhouse condition
before the experiment.

AEAUe FIIESFS Fde ECo A7 wat B AolE vebWlEd], Al
vl 671 $ 9o N, P, K¥H2 EC7F =555 dAdeR S7tstes 43S B
gl A 7Hg vk e JEbon, 1284 TE Al
o]/do] UATH (Table 13). ¥elo] Fr|E3Fw Ao 2 ¢

[e]
&
S Heoy 9o FrESHEHRT Ao vA YEWE, o]Z2REH Al
o]

of delA o] Fag FEAGVIAAS & 7 Ak Al 971 F e N, P, K,
Mg3t#(Table 14)%= EC7} ES52 ZF7tstdon 6/l (@ S84 7]) Auja 2 & A
HI8 Cas A3 718t Frledede] gAldow Frtetd=dl, Kolu Mg 52 ¢

=

g A@gzgor wugrol Cadl F7F i @ AzddEd o7hd R 9d
e}
=

= Zheng 0(1992)01 A&7 mpep o] K ‘i%%kol e FRel A

o] .
dglol = vebd AL B Herg Aol A daA = dFxd Vleow
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A 2 9 7] uitolgbar 12w, Poole? Seeley(1978)°l ©abd Akl &
<

= ZedEo] Ao 34v) Erhal Skl

Table 13. Effect of nutrient solution strength on mineral contents of Phalaenopsis 'Taisuco
Hatarot' after 6 months of cultivation.

Mineral content (%
Treat. (%)

N P K Ca Ma

Top

1/28° 145 ¢ 0.18 de 2.78 be 1.66 b 0.49 b

1S 1.50 ¢ 0.20 cd 3.10 b 245 a 0.64 a

3/28 2.12 a 033 a 347 a 2.53 a 0.68 a

28 1.79 b 0.28 b 3.48 a 277 a 0.66 a
Root

1728 130 ¢ 0.11 e 1.80 e 144 b 037 b

IS 143 ¢ 0.15 e 2.14 d 152 b 039 b

3/28 1.82 b 0.24 ¢ 2.82 be 1.73 b 042 b

28 171 b 0.19 d 2.56 ¢ 1.59 b 0.45 ab

“¥See Table 1.

Table 14. Effect of nutrient solution strength on mineral contents of Phalaenopsis 'Taisuco
Hatarot' after 9 months of cultivation.

Mineral content (%)

Treat.

N P K Ca Ma

Top

1/25* 1.66 d&” 0.15 d 292 b 1.66 ab 0.57 ¢

1S 1.98 ¢ 0.25 ¢ 447 a 1.72 a 0.58 ¢

3/28 238 b 042 a 448 a 1.51 ab 0.77 b

2S 2.69 a 033 b 4.80 a 1.34 be 1.17 a
Root

1/28 1.21 f 0.12 d 1.71 ¢ 1.11 ¢ 023 d

1S 144 ¢ 0.12 d 1.77 ¢ 1.10 ¢ 032 d

3/2S 2.01 ¢ 0.13 d 2.64 b 1.45 ab 035d

28 2.09 ¢ 0.11 d 2.89 b 1.61 ab 0.31 d

“¥See Table 1.
Aul 370E F Fopt T EmA 29 COET HFERE SAHT A ofFte] COETF
= ogels sl we 308, 2sA TN AR A UEdn wgesEsl we
A
[e)

1/2S, 1SAH 2]l A vluwd gtA yelston, Al 6719 o= W= wjtd
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7b w2 128, ISHE A COFF7F ol o] Fo] A th(Fig. 6). 21E¢] Nol AgstH
FEjets, Ay or whgg woled, 4, 99A, A Sol oAl L (Radint
Boyer, 1982), CO& 4% % 7| FHEE7F A th(Hak 5, 1993; Poorteret Evans,
1998). 9] & N&FHFS] 75%7F A=A = Jd o (Hak &5, 1993) A 34
175 st o8 H Y. txEHA Hol COLPE A2 Rubiscold], o]E2 N2
Holl o}F W 72+3F WkE-S W Qlth(Evans®}t Terashima, 1987). 370€ % 3/2S, 2SX] ] ol A
CO&F7F 2td AL wigd sm7F Wre 1284 g ol nlste] A& Ao S&
g kol N7F Iyl #ggAdol dEdetA o] Fof A th(Lima &, 1999)aL AZtETh A
o 671§ 3128, 28A oA 23]8 COgF&ErF Holxel, sk vk A

42 Ao w st ARddon Q@ Aegaw A7EA0)

ol

Table 15. Mineral contents in sphagnum moss as influenced by nutrient solution strength
during inflorescence emergence stage.

Mineral content (%)

Treat.
N P K Ca Mg
Control” 0.71 b’ 0.76 a 0.77 b 0.21 e 0.16 be
before inflorescence emergence
1/28* 0 0.85 ab 0.10 d 0.60 ¢ 032 ¢ 0.11 ¢
1S 1 0.93 ab 0.11 cd 0.58 ¢ 0.40 de 0.12 ¢
3/28 2 0.96 ab 0.13 ¢ 0.63 ¢ 0.68 ¢ 0.19 be
28 3 1.14 a 0.12 cd 0.99 a 0.75 be 025 b
after inflorescence emergence
1/28 4 0.80 ab 0.12 cd 042 d 0.41 de 0.15 be
1S 5 0.83 ab 0.13 ¢ 038 d 051 d 0.24 b
3/28 6 0.97 ab 0.13 ¢ 038 d 0.88 b 035 a
2S 7 0.55 b 0.15 b 0.77 b 1.12 a 042 a

“Before culture.
YStrength of nutrient solution.
*Mean separation within columns by Duncan's multiple range test, = 0.05.
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Fig. 6. Carbon dioxide exchange of leaves of Phalaenopsis 'Taisuco Hatarot' during 24h
period at different strength of nutrient solution. Data for five mature leaves from each of
five different plants.

A: After 3 months of culture.

B: After 6 months of culture
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E7F B Aol A g o] 95%0l el FEE AL vl E et 28 gl ol A =
A EA AR skl A 40%°l Zstlow, stdo] wAEkA] e A=A Hl&
T O15.6%% 7PE =9ka, thee® 328, 1S, 128 =9t i‘ﬂéﬂ Aol A A
TRt SESE SUtete Aol oy WY wRrt w2 2sAH A 28H
a3t th(Table 16). Mstiheds MdHe] vt F7MEas HAAow F7t
st 28H 2ol oF 10090l A AT M7, 28t Ad R AstEele WY
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Ho| TVt =&FE HAHow HAsATh 128H 8] 435H 6

o] 42827 7.8 cmoll HEte] & XolE WU AEA T A, 3 G Soldt
A, 314 7 LEg, AeAd 3 astee AR Svkslke 43S vEith
Phalaenopsis hybrid 1 oJA] wjF FE7l =855 s @A &o] o] X (Tanaka 5,
19880), NF3< 70 mg - L'olA] 200 mg-L'2 Z718S A4S AEA dFAGS
=25y A3 AQdEbT(Wu 5, 1994) stk 3 wjkel o] ECTF =&

3} S 718t (Wang, 1998; Wangd} Gregg, 1994)3L &} 2™, Cymidium<l 74 -%-= Wi
FHol BC7 St E GG s ot &5kt S/ tH(de Kreij¢t van den
Berg, 1990)1L sto] 2 A3 o] Adel FAFetATE

(]

Table 16. Flowering characteristics of Phalaenopsis 'Taisuco Hatarot' as affected by nutrient
solution strength after 10 months of cultivation.

Inflorescence emergence (%) Non- Dead Inflorescence (cm)

Treat. ke (% lant (%
Sep. 17 Oct. 17 Nov. 5 Total Spike (%) plant (%) [ enothy Diam.
125 24.6 73.9 - 98.5 1.5 0.0 64.4 ¢’ 0.55 d
1S 7.4 87.8 - 95.2 4.0 0.8 76.2 b 0.57 ¢
3/28 8.7 58.8 44 71.9 11.0 17.1 874 a 0.59 b
2S 2.2 35.6 2.2 40.0 15.6 44.4 71.3 be 0.62 a

“¥See Table 1.

Table 17. Flowering characteristics of Phalaenopsis 'Taisuco Hatarot' as affected by
nutrient solution strength after 10 months of cultivation.

Inflorescence

Flower Flower size (cm)
Treat. emergence to longevity(days)
bloom(days) gevitylday Diam. Length
1/25* 82.9 b’ 80.2 a 9.6 a 83 a
1S 83.0b 78.7 a 89 b 75 b
3/28 89.2 ab 69.5 a 85D 7.1 Db
28 98.8 a 542 b 7.8 ¢ 6.5 ¢

“¥See Table 1.
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Table 18. Flowering characteristics of Phalaenopsis 'Taisuco Hatarot' as affected by
nutrient solution strength after 10 months of cultivation.

Treat No. inflorescence No. lateral No. flowers per No. flowers  per
cat: per plant inflorescences inflorescence plant

1/28 1.1 a 1.0 b 8.6 b 96 b

I 13 a 1.1b 103 a 13.2 ab

3/28 1.6 a 1.2°b 10.8 a 172 a

28 1.5 a 1.8 a 11.1 a 169 a

*¥See Table 1.
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o] 3=%%(JangZ} Chung, 1996)
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Aastd=d, 2sA g AeAe] AT, A= Wk A B2 A=l
A FREHE S oA B BEGY s Aol wek A= S Alold o A
2 olgyE g9 FEFEAH(Jang¥ Chung, 1996) ¥ RWC7} 743w (Bastide %,
1993; Angelopoulos &, 1996; Herppich®} Peckmann, 1997; Cruz 5, 1998; Chartzoulakis
5, 1999; Prevete 5, 2000; Jensen 5, 2000), Hi¥9] F%= T AFHoZ <13 IR
2Ef 2o o o FiREuEo] Watet=d (Jang® Chung, 1996; Yu®l Rengel,
1999; Steduto &, 2000; Ashraf, 2001), o]el we} A3z o] sfo] vropx] L Alxz¥e] 4l
/o] #aslv(Patakas®t Noitsakis, 1997), ¥ FZ# o] &£4& ol 7]5S ¢om

(Rajasekaran} Blake, 1999), 7] ¥-o] @3]i 7| FHA=%7 A4kt kA CO&57)

A Astal(Tan &, 1992) Aol =g A A Eh(Kramer, 1986). & AF A FixE
g4, RWC, AT 2 AEZF 5ol 28H oA nlazd Zo] #Aasgsd 23 o
Tl 5 olF2EH R 7|AsH, 128SH T A=A A AATH AEFO] B
o @o] AR = (Fig. 11), As®= wFdolA wjgEopry FES o] FF
B2 ekorar, vl o]l Gomg Fo] o]LEFLnT RSV ¥ B,
A&k Yol o] Fox A ty] wEor AZhE)
-0.6
s -0.8 gz
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S -1t
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o
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=z -1.8 |
2

0 3 6 9 12 15 18 21

Days after watering

Fig. 8. Changes in water potential in leaves of Doritaenopsis 'Tinny Tender'
days after watering. The arrow indicates water supply. Bars represent +£S.E. of means
(n=5).
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Fig. 9. Changes in RWC in leaves of Doritaenopsis 'Tinny Tender' as affected by
different strength of nutrient solution under water stress condition. Bars represent +S.E. of
means (n=5).
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Fig. 10. Changes in Fresh and dry weight in leaves of Doritaenopsis 'Tinny Tender' as
affected by different strength of nutrient solution under water stress condition. Bars
represent +S.E. of means (n=5).
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1998), T ~Ed A5 oA el Axy 229 wFEE2 Hdalld=8y v x4
o] etAAE AT 9o (Blum¥ Ebercon, 1981; Martin 5, 1987) HAAS H7}
st oA AEA dERY F2 AEE o]-& ¥t (Huang? Fry, 1998). 2 A3 ol A

3 A=A} 20U7F FERAEYAS WE A& Mol xz

Bl ¥ Mo velameno] 2= X ¥ %
s=d], 18 17-D9} o] o]z o] Wo] o] 9l
vl 228k FARS UER S| (Fig. 13), 1% 18-C9F 2] velamenZo] @o] 3¥¥ AL
wEE = Aot ZEEAls Y velamenF S HE 23508 HolglEd
(Arditti, 1992), 2% 18-Bs} % & AZA %29 velameno] 230
2 TAHNCY 2087 FREEHAE B2 AEAH Y9 velamens 350 E T4
H AL AZY F g, FEAEY 2 Y3 dF Wojr|ztow IHFHT A&

2~Ed 2o gk o7&l o]zt Sl fescuedl 4§ FREEH X
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7 1
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Fig. 11. Root tip and epiderma tissue of Doritaenopsis 'Tinny Tender' grown with regular
water supply (A) (B), or with water stress (water withholding for 20 days) (C) (D). The
arrow indicates velamen layer.
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Fig. 12. SEM and microscophic photographs of Doritaenopsis '"Tinny Tender' roots grown
with regular water supply (A) (B) (x75) or with water stress (water withholding for 20
days) (C) (D) (x75). The arrows indicates velamen layer.
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Fig. 13. SEM photomicrographs of the adaxial stomata and distinctive papillae of
Doritaenopsis 'Tinny Tender' roots grown with regular water supply (A) (B) or with water
stress (water withholding for 20 days) (C) (D). The arrow indicates papillae.
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Fig. 14. Diurnal patterns of CO2 uptake in leaves of Doritaenopsis 'Tinny Tender'
as influenced by nutrient solution strength.
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Fig. 16. Changes in carboxylation efficiency in leaves of Doritaenopsis 'Tinny Tender'
days after watering. Bars represent £S.E. of means (n=5).
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Fig. 17. Maximum photochemical efficiency of PSII according to days
after watering. The arrow indicates water supply. Bars represent £S.E. of means (n=15).

FE 2EY 2 Azto] Age] wel Fv/Fm#ke Adte FE2EHAE QY
oA 7F WAsle], o7)HE U7 AR 2AEY, G ARG5S PAFYE
$13% 7+¥ th(Krause®} Behrend, 1986).

N7t Aol wek s wjekelel 25 el AEA e FyFmakol
SE!

AF Az QA3 GE 25 ~Ed 2 3 W

7o BFET wEbM CAMYE A& FelwAls 9o PSIE e He vt
WA R SR FRAEAS B AR A derEdss 233 27 &

#o}D}H

o] fiAl= %7P5‘}‘iﬂ%fﬂ, 287 2ok 128A 2ol A 7HE Eol =
A @97 S Z AolE HolA &kvh. A=l A5 28, 128H 2 A
o A&

Aol wste] 17}0} Itk FF 2 ARTFL 37 ARAEYS

off
_,d
ﬂ
=
o2
2
off

FAEN =
—Eﬂ‘f& %E—ErOl FrEdenz Ad&d CO,FF7F o] F o]

& Aol NE WEF 3 : :
Ae wu ohe BHYE FsA] MRl A2A 49 B5aE gl g w

_76_



g} o = (Stiborova 5, 1987)3te] & 8laFo] 7HAe A

3F FRZEHSE B AEAY YT IS AAAHoR FEe A EA
Hjsto] A A o w2 Frbeklal AEel A4 tha ST AAY v FEs Bie
g, o] A& FR2Ed Ay AFFdR A3 ARAEY 2 gg Wolr|goz 1o
A w3 BE AgeA T3 dEgdFe]l A ow #Ed AEAd vlate] 7

Lichtenthaler, 1996) sucrose’} L&A €hFstE Aol o] &=HE Ao] Hetyo] A&
S5 &g o]8F % 7](Fukushima &, 1997) wWlFol#t AZHEY, o1 9 B2 AEE
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Doritaenopsis 'Tinny Tender' grown with regular water supply (2) or with water stress
(m) at different strength of nutrient solution.

RS 2, 6 YA e srEdE 999 Rl A4 QEA e
AF 5ol Kubota (197 M 0.2 9o pHE ZAT A0 Fig. 199 2th 1485 F
e o9y BE Al w9 pHt @A HolE e, 1%

d

5 F 129AC] pHE 294 ] pHA sl 2uiol 4 Srkeksich 14w 2905 u)
Fol FEW )WI] pHE Thr AolE mgot Aol wel Wkl HEw

7127] pH Aol 7k Aekl=l, e =7 2 2SA ol 7MY Bol F7hekel
- WB7IETIe] 4] pHe dAHom b7Iw7]e] pHol Mlshke] okar, Al g

o] AZF Tl wE pH AFol7} S B At frelde oty FEAT

A1

_78_



6.5 6.5

A 02 mé ml2 B
6 I 46
G
< [
2 55 ¢ {155 8
2 s
a S} 15 =
45 | 145
4 Ll 4
1/28 1S 3/28 28 1/28 1S 3/28 28
Strength of nutrient solution Strength of nutrient solution

Fig. 19. pH of leaves in response to 2d, 6d, and 12d of water stress in different
strength of nutrient solution. A: End of dark period (7 am); B: End of light period (5

pm).

PEPcE/d o] 7hd =& Al7Ql A9 gAlol mijgd wEEE AEA 4xAS A3
sto] PEPcEA] 3 il A S A Ay, AAAoR A AEA QAT 19
T PEPcEA 2 vl wjg s o PEPcEA] S A7t AolE YER A gkt 33
B FRAEY S e AEA AAFT 19 & PEPcEd W @A wgl gk & PEPe
gL dAoer Aoz #ed 2EA H|ste] =A YEpgtew, A

1o,
o,
_>|~1_‘,
)
il
i
o
=
2
70
o
;10_4
=l
)
l-'lj
(98]
)
w2
)
AC
1o
)
E
X,
o
AC
i
i

3 PEPcEAd o] F7}
Bed oA 32842 wujdgtake] EF Aol ko] HAgr] wEol#hal
& @ PEPc&Ado] tha Al yERH A2 1/2SA
gheFol EF Aol wldte] Frhgly] wEoleta AZtEnt AEA A

Y& AQstae Aoz #ee AEA vgte] tha =AY v
o}

ooz
0_1}3
lﬂ
¢
_I‘I“_E
mﬁ<
[\9)
w2
2
ACh
1o,
0,
=
)
=
ich
[
L

o
ot
rlo
A

N
tlo
£
o
B Ol

CAMY 2] E 9] PEPcEA 2 AlX W2 Glucose-6-Phosphateol] 23 %37 11, malateol]
o] 3] ] 4] 5] v (Winter, 1980), T3+ CAME 2] Z6] 4 ABAL: PEPcZAS o}7] A7)t
(Chu &, 1990), T 2~Ed 2 a3} B 28t Portulacaria afra®ll ABA A2 & &
749 PEPcZA o] %718 tH(Ting, 1981)aL3t Atk =3 ABAC] W73 wkS-S Hol:=

CAME A EL 714k AdA o] A (Ting, 1987)% I malate $FaFo] 7HAste=d], 2 4

dol AF 373 FERAEARE T2 A=A PEPcEAo]l dAHor HFHow
e AEA Hstel Sk 2 malate 329k ¥l glvka Az, o]

_79_
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Fig. 20. Effects of drought on activity of phosphoenolpyruvate carboxylase (PEPc) and

protein content of Doritaenopsis 'Tinny Tender' grown at different strength of nutrient
solutions. Drought: Watering was withhold for 20 days.
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Fig. 21. Changes in wter content in growth medium days after wtering.
The arrow indicates water supply. Bars represent +S.E. of means (n=5).
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Fig. 22. Changes in water potential in leaves of Doritaenopsis 'Tinny Tender'
as affected by growing medium days after watering. The arrow indicates water supply.
Bars represent £S.E. of means (n=5).
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_83_



0.3 0.015

+ o
£ 0014 -

5 oos | 5 0014
= &
z = 0.013
02 f =
(] by i
= —o— Coconut husk = 0.012
ﬁ | —o—Bark b
L 0.15 —a— Peatmoss + Perlite a8 0011 F
LL‘ —¢— Sphagnum moss

0.1 1 | ! | | | 0.01 I | | | | .

0 3 6 9 12 15 18 21 0 3 6 9 12 15 18 21
Days Days

Fig. 24. Changes in fresh and dry weight in leaves of Doritaenopsis 'Tinny Tender' as
affected by growing medium days after watering. Bars represent £S.E. of means (n=5).
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CEFAES 8tH, sl FEEAS WASY] g8t 7Fol 23 U] wiolet
31 Azt tHEndo9t Tkusima, 1989; Ota 5, 1991). Al EAto] CO5EE 1435 F 49
7HA = AlaA] kg Aol oy 4d $ AzHA ol whel HAA o7 F7hekgl = (Fig.
27), ZAY Ay vtaE ol ge AT AEA AEZALe] COys =T 7HE w2 A
Z7bstdeh. ek F7ho] A EALe] COYs SRR okzhd H|£E AFS YJERA oY A
Howm ofgke] AEALe]l COysfol Hlst =& FFS UERIH  carboxylation
efficiency (CE) &= CO»& HEH} 22 ¢S vetdl = (Fig. 28), 1335 5 447}
1

e ga FeE AFoler) 49 FRE AAHon pagdon may §xs

hul

AgEz AEAE 3083 FASA F PSIO A YA & (photochemical
efficiency of photosystemIl, Fv/Fm)S A% AA1x3AF F 44714+ Fv/Fmakol H]
wF b Aol ot 49 2 AV 3ol whel HdapA o w 2HAs]d
B, 94 A7 E =AY Faa wag ol &3 AT AEA A s gol
743 vh(Fig. 29) .
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after watering. The arrow indicates water supply. Bars represent +S.E. of means (n=5).

Ci(umol CO2'mol ™)

400
"_1-\
£ 300 [ °
o)
O 200 @
S
\% 100 - —o— Coconut husk
My —3— Bark
©) —A— Peatmoss+Perlite
+Sphagnummoss
0
0 3 6 9 12

Days after watering

15

700

600

500

400

300

Light

—o— Coconut husk
— 5 Bark
A Peatmoss+Perlite
— 3¢ Sphagnummoss
1 1 1 1

3 6 9 12 15

Days after watering

Fig. 27. Changes in intercellular CO, concentration in leaves of Doritaenopsis 'Tinny

Tender' in dark and light period at four types of growing medium days after watering.
Bars represent £S.E. of means (n=5).
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Fig. 28. Changes in carboxylation efficiency in leaves of Doritaenopsis 'Tinny Tender' at
four types of growing medium days after watering. Bars represent £S.E. of means (n=5).
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Fig. 29. Changes in maximum photochemical efficiency of PSII (Fv/Fm) in leaves of
Doritaenopsis 'Tinny Tender' at four types of growing medium days after watering. The
arrow indicates water supply. Bars represent £S.E. of means (n=15).

13335 25 3 23 AFE AAEYEY, BE HgoA Fv/Fmzte] AR doz =
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A
(Zhang¥} Davies, 1990) 2] o}fEZgl~¥l o] ABAF =7} A5dtr], 4o Axx 7%
719} #eo] Qth(Davies®t Zhang, 1991). H=3F 2 & W ©4=3} % (sucrose, hexose,
starch)e] A &olu} Hole] W37l dojip=d (Keller and Ludlow, 1993; Volaire<}
Thomas, 1995) AMxue] 7184 &4stE 3F2 S718 (Pharr 5, 1995; Morgan,
1984; Zrenner®} Stitt, 1991) oJol uwpg} AFE ] HHFEF o] Uolx g o] A FE 9
yto] KA 7)Fo] dA Hrh(Nunes &, 1989). 17 367} 384 COEFF4

B, 349, VBAEE, A2EA8 58 Fol 1AVF F AV FRAEAS A
Aol wet gl gastgd, FAREY dag FEFoRA HBAY 4

REHS Ao AoR AR

Z2EY2E e AEA o] FdAd FaF ol w2 #E o 39
A (photoinhibition)7} dojut=ul, ol&j et FolAZ5E PSI 9 A4S RBEd7] 95t
2 o & 3 A 4=(maximum Chlorophyll fluorescence, Fm) gto] Z23hAl ¥ th(Kraused}
Weis, 1991). ¥ Ao % FEAEZ 2 A Ao wel Fv/Fm, it 334 7
2RI qu, 1-qeakZ WHHIE F A3 S7sFITH(Fig. 29, 30). B3 R AEF A AR
g el whel wi A o g Y s Ay vpaE o] &3 AT A EA
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&H A 2li=dl(Jakob 5, 1997; van Huylenbroeck 5, 2000), = 21 o]
BE Ao A Fv/Fmel Fkol 0.87}7F0] ek o= Hof 1z
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Fig. 30. Time courses of photochemical quenching (qp), non-photochemical quenching (q),
and 1-gp values. Bars represent £S.E. of means (n=15).
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 doleo] WMyl doju=t|(Keller and Ludlow, 1993; Volaire2} Thomas, 1995) =, 2
5

A AEUe 7 J—’F@r% gaFo]l S 7Fsh Al E th(Pharr 5, 1995; Morgan, 1984;
Zrenner$} Stitt, 1991). 377 FEAEYAE e AEA ] 9T e HAYgor
e g A EAel Hl?‘f}c‘% Aoz SrAeRdn Adel 49 S AAY Bls2gk 3
FS B, FREE 2] g Wolr]How Bt EI BE Ao dE

gFFol 7@/}}@3?_ el AE Aol vste] Fasid=d, d=Ae] Tl St
oJ(Morimoto, 1991; McKersie and Leshem, 1994; Lichtenthaler, 1996) sucrose’} 2] &2
T EFAE 01%54 7] W& o] th(Fukushima %5, 1997). & & &L m3Y 2=
vpae] A, FREEHEE Wl wetal AR oR e AEd Hkd
TS UrE‘r”‘—L—] 2Ed 2o AYr] ffs) d3t ol @dtE S2o] AlAES)
7] W&o 2 AZtE I tH(Thorsteinsson¥} Tillberg, 1990). Fenugreek (Alhadi 5, 1999),
pea (Sanchez 5, 1998), Boltonia asteroides 'Snowbank'$} Rudbeckia triloba (Prevete %,
2000) o AEoME FEAEUS StolA 7FEA FeEol Frtel=HE, o= o

oM e &stm olgs AAste] Al Ao o] &5 A FR7|wEolt &
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Fig. 31. Sucrose, total sugar, reducing sugar, and starch contents in leaves of Doritaenopsis
'"Tinny Tender' grown with regular water supply (2) or with water stress (®) in four
types of growing medium. CH: Coconut husk; BK: Bark; PP: Peatmoss+Perlite (1:1, v/v);
SM: Sphagnum moss.
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o7 AAAom #Ag A=A Hlste] oy Aol = AolE WERUA] 2%k
on gt gt @ ;3 Sady npag o] 4@ ALdA g4HoR neld 4
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Fig. 32. Effects of drought on activity of phosphoenolpyruvate carboxylase (PEPc) and
protein content of Doritaenopsis 'Tinny Tender' grown at four type of growing medium.
Drought: Watering was withhold for 20 days.
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Fig. 33. Effcts of drought on activity of peroxidase, superoxide dismutase and protein
content of Doritaenopsis 'Tinny Tender' grown at four types of growing medium. Drought:
Watering was withhold for 20days.
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Scandalios, 1993). A= 7FA] Ao st FEAEH AU AR AEd 2ol oigh 4tk
3} @459 Wrgo] AEd wt dEgA =, FEAEHAE TS sorghume] SODE
L& F7 sk CAT(catalase)t PODEA 2 7HA4st o™, sunflower?] 79 SOD<}F
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Table 19. Chemical composition of nutrient solution for Doritaenopsis in ebb & flood

system.
) Nutrient concentration (me + L)

Nutrient N

solution
NO; _ NH, _ Total P K Ca Me
6.75 0.75 7.50 1.88 6.25 4.50 2.50
6.74 0.75 7.49 4.50 5.26 5.99 2.64
8.25 0.50 8.75 3.75 6.25 5.00 2.50

A: Nutrient solution for Phalaenopsis devised by the Chungbuk University.
B: Nutrient solution for Cym. orchids by Institute for Horticultural Science in Korea.
C: Nutrient solution for Phalaenopsis devised by the Chungbuk University.
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T A7) WEeg AZE oA ] NH-Nol Z7hahd A sk 7o) oA =
B2 NHe-N:NOs-NH -2 (0:100)~(30:70)] 917} A datth(Yoneda 5, 1997). Wi %
o] ECx= WY 1F7hA = Al kAol o Bl A9 15 $HE AAHoz F
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Fig. 34. Changes in pH and EC of the nutrient solution during two weeks before
inflorescence emergence.

A: Nutrient solution for Phalaenopsis devised by the Chungbuk University.

B: Nutrient solution for Cym. orchids by Institute for Horticultural Science in Korea.

C: Nutrient solution for Phalaenopsis devised by the Chungbuk University.
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Table 20. Calculated n/w valies of Doritaenopsis orchids based on the Yamasaki's formula
in different types of nutrient solution after 3 months of cultivation.

Treat. Items Water Items Anion (ppm) Cation (ppm)
measured (L) measured NO; HPO, K Ca Mg
Vegetative growth stage
a 62.0 y 205.9 324 2405 64.7 28.6
w 9.9 v 158.5 17.3 214.1 55.7 27.2
A alw 6.3 n/w 0.7 25 84 25 0.8
n 100.2 24.6 83.5 24.6 7.9
a 60.0 y 225.5 45.1 211.2 85.3 31.3
B w 10.2 vi 176.5 31.6 190.3 76.8 27.2
a/w 5.9 n/w 10.3 2.5 7.0 2.8 1.1
n 105.3 25.2 71.0 28.7 11.6
a 60.0 y 252.1 345 2411 68.8 29.6
C w 11.6 v 205.3 18.6  206.8 65.9 27.6
a/w 5.2 n/w 9.9 2.2 8.5 1.8 0.8
n 115.3 26.0 99.0 20.8 9.8
Reproductive growth stage
a 84.0 y 212.9 33.0 2413 66.4 29.3
A w 12.8 vi 217.9 23.0 2369 65.4 30.0
a/w 6.6 n/w 4.1 2.0 5.9 1.6 0.6
n 52.6 25.2 75.6 20.5 7.2
a 82.0 y 214.2 525 2018 80.6 31.6
B w 12.9 yi 206.4 37.9 188.3 74.6 30.8
a/w 6.4 n/w 5.7 29 6.1 2.5 0.8
n 73.4 37.4 78.5 324 10.3
a 82.0 y 247.0 43.1 240.2 72.7 29.0
C w 14.3 v 242.6 32.3 234.2 71.6 30.8
a/w 5.7 n/w 5.9 2.1 6.0 1.7 0.5
n 85.1 29.9 85.3 24.8 6.4

“The formula devised by Yamasaki to determine the amount of macronutrients and water uptake
at regular intervals.

y>y, Ww = alw (y-y1) + i

y<y, 0w =y - alw (yi-y)

n: Nntrient absorption

a: Initial volume of culture solution in each container (L).

w: The amount of water absorbed by plants (L).

y: The initial concentration of macronutrients in culture solution (mg/L).
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yi: The final concentration of macronutrients in culture solution (mg/L).
A,B,C: See Table 19.

Table 21. Fresh weight, dry weight, mumber of new leaves, and leaf area of Dotitaenopsis
as affected by nutrient solution after 4 months of cultivation.

Nutrient No. New leaves Fresh weight (g) Dry weight (g)

Cv. solution "V area (cm®)
leaves Top Root Total Top Root Total
. 1.9 a° 1676 ¢ 933 a 540b 1473 b 50a 51c¢ 101D
white
B 19 a 1922 b 97.1 a 558 b 1529b 56a 57b 113 a
castle

C 20 a 2068 a 1135a 766 a 1902a 59a 63a 122 a

A 21b 160.0 b 81.1 b 578 a 1388b 46b 38a 84 a
Labios B 2.1b 1623 b 833 Db 542 a 1375b 45b 34a 79 a
C 23 a 211.6 a 1064 a 59.1 a 1655 a 51 a 38a 89 a

*Mean separation within columns by Duncan's multiple range test, ==0.05.
A,B,C: See Table 19.

Table 22. Fresh dry weight of Dotitaenopsis as affected by nutrient solution after 6
months of cultivation.

oy Nutrient Fresh weight (g) Dry weight (g)
solution Top Root Total Top Root Total
. A 893 b 745 b 163.8 b 52 a 6.0 b 112 b
white
castle B 105.7 ab 86.8 a 1925 a 56 a 7.0 a 12.6 ab
C 122.7 a 82.5 a 205.2 a 6.1 a 6.7 ab 12.8 a
A 985 b 524 b 151.0 b 50 a 39 a 89 a
Labios B 885 b 51.8 b 1484 b 46 b 35 a 81b
C 1157 a 579 a 1735 a 53 a 39 a 9.2 a

“Mean separation within columns by Duncan's multiple range test, =0.05.
A,B,C: See Table 19.
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Table 23. Nutrient contents in leaves of Doritaenopsis 'Labios' grown with different

types of nutrient solution.

Stage Nutri.ent Mineral content (%)
solution N P K Ca Mg Na
Leaf
A 1.91 0.28 5.68 1.15 0.62 0.85
B 2.00 0.37 5.07 1.54 0.68 0.55
Vegetative C 2.00 0.39 5.19 1.19 0.58 0.66
growth stage Root
A 1.17 0.26 2.90 0.32 0.40 0.62
B 1.32 0.34 3.06 0.46 0.62 0.72
C 1.22 0.33 3.49 0.37 0.60 0.74
Leaf
A 2.20 0.40 6.35 1.23 0.69 0.80
B 2.11 0.44 6.17 1.54 0.71 0.74
. C 2.28 0.41 6.65 1.29 0.58 0.76
Ko
1.09 0.30 3.20 0.49 0.56 0.56
B 1.40 0.42 3.29 0.55 0.90 0.82
C 1.40 0.36 3.66 0.43 0.80 0.68

A,B,C: See Table 19.
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Table 24. Nutrient contents in leaves of Doritaenopsis "White castle' grown with different
types of nutrient solution.

Stage Nutri.ent Mineral content (%)
solution N P K Ca Mg Na
Leaf
A 2.02 0.40 4.69 1.16 0.60 0.40
B 2.00 0.43 4.89 1.21 0.74 0.55
Vegetative C 2.15 0.43 5.21 1.19 0.70 0.62
growth stage Root
A 1.55 0.31 3.08 0.23 0.43 0.36
B 1.54 0.35 1.83 0.48 0.51 0.59
C 1.73 0.32 2.86 0.36 0.43 0.55
Leaf
A 2.16 0.37 6.36 1.18 0.86 0.45
B 2.13 0.40 6.10 1.42 0.91 0.49
. C 2.27 0.43 8.89 1.30 0.80 0.78
R
A 1.42 0.33 3.51 0.49 0.51 0.60
B 1.51 0.38 3.21 0.67 0.63 0.56
C 1.71 0.39 5.71 0.57 0.60 0.77

A,B,C: See Table 19.
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Fig. 35. Changes in cation contents in the nutrient solution with time courses
after nutrient solution was adjusted to EC 1.5 mS - cm” in vegetative (A', B!, C")
and reproductive (D', E', F') stage, respectively. A,B,C: See Table 19.
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Table 37. Inflorescence emergence, inflorescence size, and number of inflorescence per
plant of Doritaenopsis as affected by different types of nutrient solution.

Treat. Nutripnt Inflorescence emergence Iflorescence (cm) No. Inflorescence
solution e (00) DEC. (%)  Length Diam. per plant

A Sep. 23 100 62.6 b 0.65 a 1.1 a
Labios B Sep. 24 100 65.7 ab 0.63 a 12 a

C Sep. 20 100 68.6 a 0.67 a 1.3 a
White A Oct. 12 92 523 b 0.62 a 1.3 a
castle B Oct. 15 94 63.0 a 0.60 a 1.0 a

C Oct. 13 95 66.4 a 0.59 a 1.0 a

“Mean separation within columns by Duncan's multiple range test, =0.05.
A,B,C: See Table 19.

Table 38. Days to flowering, flower size, number of flower per stalk, and number of
flower per plant of Doritaenopsis as affected by different types of nutrient solution.

T Nutrient Days to Flower size (cm) No. flower per No. flower per
reat. . . .
solution bloom Diam. Hight stalk plant

A 90 8.0 a” 6.6 a 8.6 a 99 b
Labios B 92 7.9 ab 6.5 ab 85 a 10.8 ab

C 94 7.6 b 63 b 89 a 113 a
White A 99 91b 7.7 a 6.6 b 9.6 a

B 100 9.1 Db 72 a 8.6 a 8.6 a
castle

C 105 10.1 a 82 a 9.6 a 84 a

“Mean separation within columns by Duncan's multiple range test, =0.05.
A,B,C: See Table 19.
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Aed dA-/NEZoM s~&det sieisr|sd 2

1L 71 A &9 719 £ B - JusH3 Hs
ZIW iR AEAE W de =2 Ads
CO, 5% FFdFa F4AS(photosynthetic photon flux, PPF)ol Al A=z <)
9] epicuticular wax3F=Fo] Sral(Sutter®} Langhans, 1982), 34 S #o] Hold ¥ o}
Y 2H(Grout®t Donkin, 1987) H2j¢} F7]¢] =#F dA4o] JAd3tth(Grout?t Aston,
1977). 719 &3A AEAE 2 Ads =2 PPF 7oA FAbeo] F7hgol
ul Qo w o] Fitolgo] wEA o] Folol =], VW HAEAE FESTF R
o] d&etA] @] wido Aol FUbske AoR s|AE a9l rti(Diaz-Perez,
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A= Al ¥ tH(Diaz-Perez, 1994). Atz oz 7]

M1 2 12 X
N
>
El
o
%)
w
>
&2
k
4=
o
i
%)
2
o
H

o £

=2

719] gl Hla] FEEFF 7]eol Fath(Debergh®t Maene, 1981; Grout$}
Donkin, 1987). wheba A5 8tat= 7]l B2A] HIE4Ee] ol i =2 7IW Hee &4
848 AA A 2 (Debergh®t Maene, 1981), Mohammed$} Vidaver(1991)= 714 #2]
7F FAEol e AEo]l w3A 9] oG & (ralative water content, RWC)¥}

PN
T
TET el Sksta ste] AdtE HslE HAa, E£3F Stimart®t Harbage(1993)%
Bl

TIAl A EA O K2 g e el v]Qel A AR AR e elE g g
AZF A" stgom, 7oA Az #eEe] Rz fR7F uE dubHl 7] 9]
AE e FEES 9 oy THE mAA KA FohA A=A AEE
Aol ®we 9IS m

Aot B 338} th(Mohammed®}  Vidaver, 1991; Stimart9}

A=A w3tE AalAe w527 AEA

TEAR IR i 2EAAE AT A=AV AR Vel Ve 24

std & de 718 A ERAE G-t =det= zlo] d adtth(Diaz-Perez, 1994
Murali®} Duncan, 1995; Riek, 1995; van Huylenbroeck 5, 2000).

719]ell A A EAE S fldte]l FRAEE B3 gsEo A Zuljrh o] Fo

o

A =4, Phalaenopsis= crassulacean acid metabolism (CAM)@. B2 F2 o7 7FE
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A3 COE FF3tH(Kim 5, 2000; Ota 5, 1991). Osmond(1978)F= CAMA &9 [ ~IV
Aol AL tid FIFAH RIS HEE AT|SA U, CAMAES ofitd
PEP-carboxylase®] #1822 CO,E 1743t malic acidE T4, ANE o AAsta
(CAM phase I), CO,°| Lol dojup= b7[7F Avtar |717F A AEH CO¢ §
7} Evtx o2 Z7HCAM phasell)¥ =4, malic acide] &4 3 A o] dojui= CAM
phase I 7 W 7]¢] malic acid®] ©7}2% 24 sk(decarboxylation)”} dojv= GAE A4
3 thBorland 5, 1993; Roberts 5, 1997). 1% F7to] AE 75U CO5 %27t EolA]
7188 &3lar HE U malic acide] @223t &) A7l COt CGHEEES Fé
5317} o] F I TH(CAM phaselll). ¥ Wl malic acidE TF AH|stH E7l= 52
st HAol A A= CO7F B ol A7IA ot Al F5 Wl CO, F%7F stobA 7]

.]
(e}
g3 g7]F9 COE S 3=H/(CAM phaselV), ©]u] RuBP-carboxylase”} CO,3L
=

=

=
d& ST SATHOE 5, 1991).

A=A B, 25, T, @8 59 34 2EHAE wod AU dedad
2F227} superoxide ("O), hydrogen peroxide(H»O,), hydroxy radical(OH) 52 =/d<¢ <
2] 2k A= (reactive oxygen species) S 2 W3] A EA A0l wly] ] AAabsbo] o]k A A
S 913 &} a1 (Schobert®} Elstner, 1980) F Aol #sl= A E9] 534 3H(Brennan
7} Anderson, 1980; Cadenas, 1989)% A E A2 7|5& A3AA A543 Jo 7)1

o>
&)

= i,
74§ aLAtel o] 2 A dhth(Bowler ‘5, 1992; Elstner, 1982). 2l &A= o] ¥l 4k3} ~
Ef e H5HoZREH A4S HEE7] 98 peroxidase(POD), superoxide dismutase
(SOD), catalase(CAT) 52 &4Fsl & 49} ascorbic acid, n-tocopherol, glutathione 5 2]
kel 248 AT (Ahmed 5, 2002; Bowler 5, 1992; Mehdy, 1994; Meloni -,
2003; Salin, 1987; Scandalios, 1993).

POD+= A X9 ®3le} AAS 2HsE 7158 7FA3 9021 indole-3-acetic acid]
2bsl, 39138 pyrimidine nucleotide®] 43}, phenolic compound®] 4F&}, lignification?} A
xdo] b, B vg weol & oY 7HA gdd Fv whgS ek vk(Ling
Kao, 2001; Lee, 1997). POD2| &4 & A X7} :=3lgo] wet F718k=), ligning 4
sto] AlEW FPAdol Fofetil, subering Al AEAE HIsteE A8&S do
(Chen ‘&, 2002), we}A PODe| 242 75 2Edze #3 A4 7leg #538

T A & B oy, AE A AEHA ARE ARSEE AT (Meloni &, 2003).

[}
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2. Phalaenopsis A 873 2EH A7 2= FF

qgo] FRIEAG GRAENSE Wor YA, 4IH WS moly)

1%%]9} ”‘gﬂo] —;Zﬂﬂf’%, é}%xﬂlﬁﬂ Fd o] WarE dojuba, A RE
2 %= &+ th(Shinozaki and Yamaguchi-Shinozaki, 1997). 2l =o°] <
s wod FEEHNS Histetea sk W F syt Ve ERe
o] t}(Farquhar®} Sharkey, 1982). W&} 7]Fo] &3]a A ¥EALe]o] COys=7t 7
CO,53F2F80] oA = ™ (Takemura 5, 2000; Angelopoulos 5, 1996) Rubisco2]
o A ¥l t}(Nazaenko, 1992; Kotmire2} Bhosale, 1985). Lt &2 2% F %,
i, AW S ol AEe] 2EUAE WS W AEAY] TFFel ST
(Lichtenthaler, 1996; McKersie®} Leshem, 1994). Sucrose2] A4t} 22 o] w4 o]
Segoz A4, AEZAWAA sucrose= FEE o] EAlolar, By
9 oolo] AFoA FaI AFEAR GEAEd A BEA @532 FAd o] &5
A sucroses 2] E 9] TEF8o| o]& ¥ tH(Fukushima 5, 1997). &, ¢
dojub= AEA U g@5sEe Aoy ol wWsH(Volaire®} Thomas, 1995; Keller
o} Ludlow, 1993), AMXZWe 7t84d &53= TS S7HPharr &, 1995; Zrenner®t
Stitt, 1991), ME e AFXdld A 5L 7 &45 Wr)9gh AEAe ErE
A A o] 7] =kel
FE 2 GEZEH2E BE A5 23 A ~E ) 22 (Smimoff, 1993; Bowler %,
1992(a))oll ¢late] AAFH N AAEAHO,)¢l ol Superoxide ( 0), Singlet oxigen ('0y),
Hydrogen peroxide (H»0,), Hydroxy radical ('OH)%G %F-g-/do] 73t HAdo] = AbAa
Z(Reactive oxygen species)E=°ll o]3te] Al #Aofst= AbAES] &4 sH(Cadenas,
1989; Brennan®} Anderson, 1980), 21 &M 4o w3, @3l <od AT vy
(Schobert®} Elstner, 1980) 5 A=A 7S AsA 7| AL aAle] o]24 3t}
(Bowler 5, 1992(b); Elstner, 1982). A &A= o] 3t AslrEd 2o H44o2HE A
Al H3%317] 918+ Superoxide dismutase (SOD), Peroxidase (POD), Catalase (CAT)
59 d4tsl @ A9} ascorbic acid, a-tocophenol, glutathion <] &4tslEZ S A1kt
(Mehdy, 1994; Scandalios, 1993; Bowler &, 1992(b); Salin, 1987). SOD+ A& ¥ 33k
BE AEd EAE Jom Axe e 2R LTS H02 A7 &= vk
(20, +2H —H,0,+0,) & =138l & 4 0] i (Nakano9t Asada, 1981), B4 ¥ H,0,= CAT
1 PODel o8 Faigk EF-Aet AbAEAE dgEth(Foyer 5, 1994; Purvis$}
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Shewfelt, 1993; Scandalios, 1993; Bowler &, 1992(b)).

Phalaenopsisi= CAMA &2 <& # 9 9™ (Endo®} Ikushima, 1989; McWilliams, 1970),
oftel FE COre 7ttt FH= AE 9 ‘ﬂ‘.EEOﬂ AZAA F3Eel BA el ot
of FoUAE ol&eto] TdFdtEs FAIS
grstEs Ao o2 HAHS CAMY FAdolgta HFEvH(Ota, 1987, Osmond,
1978). A&@AQA CAME FFEY FFT  COoxTr HEE FE o
phosphoenolpyruvate(PEP)-carboxylaseol| 23] &5 (Al 1)7F Bo] o] F x| a1, A&
Aol H AFAAE w2 FFUE Holedl oAL Fol dYAdH A
PEPce] &/gdo] &7} EFo® 34417
1997, Borland &, 1993). Z1$ =2 F243] #Asta 7]Fo] @3n Axue] f7]4ke]
g7k 3o o8] AAE  COy7F Rubiscooll 2]3] Calvin cycles 73l ©

< A B (Blasius 5, 1997; Luttge &, 1995)(FHA D). 18] A (A V)

=
ol
H
Jo
X
i
N
E=)
Sl
o
&
=
o
S
a
&
O

3l Rubisco®H-E PEP c&A o] 4AlsE £o 2 ASHHA COSTFHE Hole &
49+ 2 G- EE H(Griffiths 5, 1990; Osmond, 1978). wWetA 1 AL E3lo] == ofzk
of 71F& da FTAte] B FhoE 7FS 27] uitdd CAMAES e UdA

< Z3 Yth(Kluge®t Ting, 1978). FH<:, CAMA =9 FFA ATl QoA
Chlorophyll fluorescence =7 ¥ (Schreiber 5, 1994)S %o| o] &3} 9l & ol(Skillman 2}
Winter, 1997; Keiller et al., 1994), =23 dE oA Clusia®l RRETEL 3l 2d9(CAM
A Wyl COFa7F Wiaeh wbg-& ol FoluA] de&(Fv/Fm) ghol ®el 7]&
o}z olu] FAA|S Wr|4dchBarker ¥ Adams, 1997; Guralnick 5, 1992).

3. Ebb & flood A|2H & o] &5 wigy 7fda £33 44

aFA EIE dHAAEr] s Aol o] o]FojHof di=dl w
o] A$ E3F9 70%7} ebb & flood A~®lS o] &3le] AyAE 1 Qli=dl, Ebb &
flood Al =¥l A EAdd =4 A5S T4 FomA A Had Fti Fi
S SUF FFEtE Woly] wEel v1Ee] TSl vl 50% o] H]

== 4
Foluf el ol #A GoF vaAl s BEdE =2+ Ao
a e it

FF F Qa
FAol $5% AES ANT 5 ArkReed, 1996). T AT EANHTL e 2

= p A =
=9 At FYs FEAOE A9 ¢ 9lo] FAHRITAE FIFEE Ay ol
a7t 7MY E S Phalaenopsis®l 7

| A Ho} ebb & flood A2=Elo] 7} A gs = Wolgt

A
[
ol
2
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w
S
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T Atk Song S(1998)2 ZX&HFe Zel1 SFHA AW TR Bo B
IS g 4 Jvba &51om, Ohel Kim (1998)S ko] AW #=7}
Wty Aol Aol Baslrl. ¥FA ebb & flood Al 2~F

5o BEgel &Y (leaching)®] o] Fo]A| A ¢7] wjito] H

Aoz 2%t AFFa dAgo] dojd 4= AtH(Choi2}t Lee, 1995;

Al

rlo

van lersel, 1999).

ol e AEo] FHU ASTA B A
st ol ¥R FeTt AEY] Grd
= ol wjA ] Fiel webA e Aol WA= o] ot
wolth Cui(2001)= vt FmgE sl fl -

gato] AuistAE 2 oldE 517 WAE, st Aol H Ay
7} 7-%&6‘ &’iﬂ, 53] 28 z%ﬂ%’-oﬂ*ﬂt e R E Qg AEA LAREC] 40%0°] &

g 3le] 7ol 2
FAU ] pHE EC7F B8 AFS B AF
ow, Fx7F @& AHg(1S)e] A5 27t o=l
AAHE AFS ®Helva s

Phalaenopsis ZHHHOH *]—%EPE Ao #As|A = 1k FEHE dAlE wiAE g
stz we A7t o] FolA ¢rhArp, 1980; Cui, 2001; McDowell, 1992; Wang,
1995). Phalaenopsis®} 72 2HA4gke] Ajufol] 220l vl = F7]14d 3 FpaFo] Fofok
3} (Cui, 2001), =3+ ebb & flood Al 8o A= 3fEnict A A3 & oS
3 A3 WA E ALE3)oF drh(Reed, 1996). FElE S A o] )}
Fai7b w2 7pAo] & Wk ojygt wjA| FHA ETdFow vt I
©] #}o]7} Wtl(Ichihashi, 1982; Tanaka ‘s, 1988). Wl 74 A& 3sh} Fuj7}
shal AR Ee - g8ty gdo] Weltnw A5 ZHolE doF FHrh(Arp, 1980;
Pierce, 1983). | toll & Helo] E(perlite), 9% (rockwool), ¥ E(peat) 5°] o] A2 A
a2 @o] o]&¥ 1 J=ul(Arp, 1980; Thomas, 1989), Helol|Ex= 7M1 & - 318t
How tAHe lom FFAHE st WMERE G S8 de 2olal

A THChoi &, 1997). Cui(2001)= Phalaenopsis®] A XA G2 HElo|ES} I E R 919
EE&E AAER e, 7143 Fawke]l w1 o)t om kA E wAeAE g

PhalaenopsisE ebb &
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