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Abstracts

The summer in Taiwan is high in temperature and humid, and it is common that
vegetable crops succumb to heavy rain and typhoons. Plants are not able to restore their
growth and crop loss results. Recently there are several plant growth regulators (PGRS)
in market for use to diminish the crop loss from abiotic stresses. The study is undertaken
to investigate the physiology responses of Chinese kale (Brassica oleracea L. var.
alboglabra) upon flooding in summer, both at seedling and ready-to-harvest stages and
to evaluate the efficacy of various plant growth regulators to sustain plants from the
stress. The seedlings of four Chinese kales varieties ( cv. ‘Tsuei-Bao’(F;), ‘Si-lo’,
‘White-flowered” and ‘Tsuei-jin’ (F1)) were grown under 25/20°C (day/night) for four
weeks before 3 days of flooding at room temperature (25/20°C) or at high temperature
(35/30°C). Three days prior to flooding plants were given different PGRs and flooding
was lasted for three days, then followed by 3 days of drainage for plant recovery. The
study was carried out at the phytotron of National Taiwan University, Taipei and the
PGRs including auixn (Lysine#3), seaweed extract (Algreen), cytokinin (Biogrow),

ZnSO, and putricene were tested. The flooding impact under 25/20°C was milder than
35/30°C and there are varietal differences in their response to flooding and/or high

temperature with ‘Tsuei-Bao’ (F1) being most tolerant and ‘Si-1o’ the least. Pretreatment
of seaweed extract (Algreen) gives better ameliorative effect to Chinese kale plant
flooded under 25/20°C (D/N) in terms of keeping higher relative water content (RWC)

and relative chlorophyll content (SPAD value), less electrolyte leakage rate and malon-
dialdehyde (MDA) content, less drop in chlorophyll fluorescence (Fv/Fm) and higher
content of proline. However, the mitigating effect from seaweed extract application to
the plants during recovery period was less than from Lysine#3, zinc sulfate and
putrescine. The pretreatment of seaweed extract to Chinese kale plants before being

flooded under 35/30°C resulted in less change of various plant physiological indices in

response to flooding and the pretreatment of ZnSO, gave the plants less physiological
response during both flooding and recovery time. Field experiments with eight varieties
in total including both leaf type and fleshy flower stalk type were conducted in August
and September at experimental farm of Taiwan Agricultural Research Institute in

Wu-Feng, Taichung. Plug seedlings of three to four leaf stage were treated with 0.5



mg/L Lysine#3 (auixn) before field transplanting. About 5 weeks after transplanting,
plants at ready to harvest stage were waterlogged. Three days prior to flooding, the
plants were given one of six PGRs including auxins (Lysine#3, 0.5 mg/L), seaweed
extracts (Algreen, dilution factor(DF) 800 ; Keltak, DF 800), cytokinin (Biogrow, DF

600), ZnSO, (DF 600) and putrescine (2 mM). Field treatments included no
waterlogging (control), PGRs pretreatment without waterlogging, PGRs pretreatment
with waterlogging, and waterlogging only, three replicates for each treatment. Flooding
lasted for three days, followed by draining the field for five days for plant recovery. The
plants without PGR pretreatment wilted or died after waterlogging, and treated plants
had less yellowing or wilting. The intensity of the varietal response to field flooding is
determined from the change of various physiological indices. The response intensity
from 4 varieties to August flooding in descending order follows ‘Tsuei-Jin’ (Fy),
“Yellow-flowered’, ‘Kai-lan Flower’, and ‘Tsuei- Bao’ (F1). The response intensity from
5 varieties in September in descending order gives ‘Si-lo’, ‘White-gelin’, ‘Ge-lin
Flower’, ‘Huei-Jin’ (F;) and ‘Tsuei-Bao’ (F;). The comprehensive results from both
August and September study showed that both seaweed extracts (Algreen and Keltak)
and cytokinins (Biogrow) had better alleviating effects than other PGRs tested to plants
in flooding and in recovery. The plant dry weight and fresh weight loss from
waterlogging stress was most severe in ‘White-gelin” while ‘Tsuei-Bao’ (F1) remained
most for harvest. Overall seaweed extract (Keltak) pretreatment could most reduce the
plant weight loss from waterlogging and followed by seaweed extract (Algreen) and
cytokinins (Biogrow). The chlorophyll fluorescence (Fv/Fm) being a fast and non
destructive index indicates the photosynthetic rate of plants upon flooding. The Fv/Fm
value decreased from regular 0.8-0.6 upon flooding at high temperature, the value
continued to decrease during the recovery period with susceptible plants like
‘White-flowered’ and ‘Yellow-flowered’. While the value would somewhat recover
after drainage in resistant plants like ‘Tsuei-Bao’ (Fi). The results suggest that
‘Tsuei-Bao’ (F;) is a good choice for summer planting for its less damage from flooding
and the fleshy flower stalk type is not suitable for early fall-winter season when
temperature still remains high. Chinese kale at seedling stage has better tolerance to
flooding than plants of ready-to-harvest stage. The application of PGR is helpful to
reduce the crop loss of Chinese kale from flooding. More times of PGR application as

suggested in other study may also enhance the protective effect.
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%% B RE T(2005) % E4 S R AT

[.ZFER
1 o R EEa TFF Gk E42% ~1RE 40-50cm - =d ¥ > @ f
AR TR EL B I e HESET &Y o

2. ~ER2ZNE RS < T3 50cm o B ORSED G R - AbELE
L e

3.0 KA BAfEuFriNf s 4R o B Y % mHRILRL > 000 5
o RFRTETL > T p R T FIEEYRE

4



4 FEREEIFFE GG ORF BHY WE KT H30~40em e ¥ ¥ &
Hofh o 945 X (57 AR FRERSEREY 8 o

5, R hEIAEFREFT > UFILTE 5 A 0 TEHIE BB o R
30~50cm > & T~ A A o FTTF S oo

6. 2 AE IR RS Eiede oo miibn o 481 35 3 B

Yoo 2R E S EE ~ o

g0 AP ERS 0 3E BRRBRS o & 0 thF 10-15 cm 0 x
AR E Eo RESFSS 0 T BGI T S AtREg o FHBF IR

P

THRERS LA ASE > HEKRE L 0 BT L 40-60cm 1t o E¥
PR ERL R EAEERR S Ats o
FQ007)5t#74c b 44 BN ER AL SBE R - FI 2 pEHEAILS
Z oA g e T
[LAREH EdFE - 245E 0 o Tk EfRw ¥ LT §FL
BACEE R HREA S BB% T RN & B

nEH
A3 RHEZFEAER > VA2 REFELLE G M= pEHSE

R
M6 ffhdd | Fd F% - 24 EVREE - SREE - FE 2HT 87

BEEE .

Mm% =% &

o

FHECF IR S ek E R RSN S T
B ERER BT & IR AR

1'““?
&

o

F1* RAPD(random amplified polymorphic DNA)# ISSR(inter simple sequence
repeat)d fao F+ EiEAs il RAF R BR B R B E N EA S FH 4850
i RIRSEE R TEE . BA RS HRE AR EH T CRERF L
B a8 RiREAfrA s Pd TRAEPM AR kg A RE Sk LR
Feif et v R RALg FRaap T (3R 0 2007) -



Y PRI Py Y

K EgE A G R RER - R A RER S R At - T
kA BT A A (% 019955 47 0 2002) o B E A F b oo ok L kR E 2

AL EBE Y TP R bk i 5 R B E PR ik ok BHE
A% 58 (% 0 1988 5 if {2 > 2006) °

THA ) AHERE BT E e 14 L RE 0 £ dad BA)S frd p
ﬂ4°ﬁﬁé%%‘ﬁ%%%4,@ﬁ¢@ﬁ~%ﬁ‘%%\%$‘§9#%ﬁ

BETEAFF > REEFAELEE EF (Ffc2 > 2006 ; Levitt,1980) - * 3 p vk

FEERFEPRTIAET ARl t{?;’li/v\éi’r'fr‘ THEIHRFT T FER
S B2 B A K N R TR A P Ao e L Y
TAFTRM > S IIMG T 5 R 2 WL PR RIS > TSR 4 R

mA 2 E ARG (4 0 1995; Drew and Sisworo,1979 ; Jackson and Drew,1984 ;
Drew, 1992 ; Anton etal., 2002) o ¥4 & -R#E B T cnd £ F e g 8 A

L GERE PR BRI EFERZEREIF IR TFFHLE
ZFrd|F2 R * B (% » 2001 ; Fausey et al.,1985 ; Champolivier and Merrien,1996 ;

Gutierrez Boem, et al.,1996 ;Yan et al., 1996) -
(=) L2 F s
PRFTRBIE I A LS #U,%i ELZH? a0, T2 3300k 2 70,
oA i 420 © B o) PE i A 2 3k 11§ (hypoxia)o B2 2R3 F IR0, T U A BT
e Oy k¥ i F M|~ AR M(% > 1995) - ¥ 4% -k = 2 3E4E § (anoxia) o
R

R S TS P T RS PN

FF B R A s e S L £ A TR ok (6 £ B B B

Fomsg. ¥ &%ﬁﬁ~%¢§#mgﬁ§d&ﬁ‘&ﬁﬁﬁéﬁﬁﬁJT
TS L % (&~ > 2002; Huangetal., 1994 ; Liao and Lin, 1996 ; Hsu et

al., 2000 ; Ramonell et al., 2001 ; Lin et al., 2004) - 1z 4~ “f TEBRESF AN

ﬁf%&%i%ﬂ%’ﬁ]%ﬁ’lﬁ:}%’éiﬂ/mgﬁ;wim\ EAF LA N T - I
ARG P W i ol



1. 2478 (83

hipk@ B Time d 2R3 B ks (7% > B3k NADPH % 2 e
Calvin cycle » RimrPe i @ £ 7 5 T (7% T ¥ F H PP Z2 DL
(Kato-Noguchi and Saito, 2000; Liao and Lin, 2001) » 12 4 £ 6 % éh§ F w & {7 -k
e o SEF K RSLPER B 4 0 JF)iF 2 4 fis (alcohol dehydrogenase, ADH) s {2 e
fi(ethanol) B3 4c » BT F K AR S eI e A H e w5 woon ) Mo &2 o
AR 0 9 R TR RdZe % 0 B SR PO 0 T R AU BT
RARAPF] > SRR LI e e i 4 £ 2 (Daugherty et al., 1994)

# 45k (2004) vt 2 & 3-(Solanum mammosum) (@ i# k) e & do(F atiE oK) fd
§RETET kA BT o Fatdrh iR ab F AR > i FApIT 5 4§
A X A FeFeag F PP i) o g FRpw A o B R E %39
AR R kB o daviadd R D 5L X BB FaciIner s v

2 R F AIEH 0 & ADH AR TR E o s § ARG G 2 R
i

>\;_

%
P FlEF 2 BTRLEERTE I F LI DRAAIITF o v
2. ADH B> g % - A E 0BG 28R4 T% 2 %2 X887
TR F o F HER AR A SEY 2 G T S R R AL A DR
¢ e mE o i fost i (lactic acid) B 1t &4 B AR AR 0 o RH 0 S
i@ 2w 7= (4% 0 1995) o

A CRHET o EREFREITY 4 NP RE FERFIPF AR

TP g I e oo 3R R (Beckman et al., 1992 ; Ahmed et al., 2002 ; Ashraf and
Arfan, 2005 ; Issarakraisila et al., 2007) ¥ & ~ 1.} fo+ & SiF4+§ §F s > 2
L E TR R R OREFEMEEEY > DT ERG L WNF P
@opb 1k AT ¢ oerZ e CO, (% 0 1995 5 Zhou and Lin, 1995) 5 {8 ki& {7 & § vF
AN BV FF EFESNAL DR B RS o R EIEY o FoRER
ErF g Tz BTt » AT RER > X HBigim

FERES > TPHNEIRNEFT TP EE SIBY > FAZE L TR k]
Rp T o FEEFAFTRLETL %?4,}%@;@@;&@];}@@;&& o



BAFGEZ A2 A (F -2 0 2006 ; Taiz and Zeiger, 2006) °

ZEIFAT A ESZ Y RE RS FHEP R ER Y xS S Bk
4] 2 PSII ek e ex (44 % £, 2007 ; Yordanor» 1997) - ¥t 8 & (7% K A2 8 % »
Bk g ie* REFF R B dem T RORIS R IR B A B FIRKE 8
AR FI R ke E0F® 504 cFHFHF L2 vy B LEF Filipk o FPL
FI* ESF F e v @ e RF KGRIk & F% 2 258 (Ahmed et

[,2002) o ¥ et Tt Rad@= A pF> F3LERZ RS ITH s F O F M HERE
(Castonguay and Simard, 1993) - Moldau(1973)F 1 ¥ & $i# -k hF Jlsdp 31 > & KT
FURE R R > JRIR N A R Hag Ak & TE R 5 iin

SRR R
}g!ﬂi._otg,_jfn]__ kg ﬂ’i;iyx—r,;ﬂ_ot Aggpqu—rugoq‘j(gj\l%m
B e
_g

A~

wp FESEHPNG Aok % A (Wample and Reid, 1979) ; % %3¢ % (Brassica
rapa) g ke % {5 > 2 @hd KR E SR P iR 4 0 3 SR e 3 -
T kAHRLA > Flm k& T % ik 5% i (Daugherty et al., 1994) o 4 S¥F ¥ 30 -k B
&m%’nkﬁ&ﬁ%ﬁﬁﬁégiﬁéﬁﬁm?’ﬂﬂUJ&\Tﬁﬁ&é&
o UK R EINEE S F T EEHH RS fok 0 2003) o HES F o g

FRARIES T 11 % > RO E > E Sk L F Ak %
(Issarakraisilaetal., 2007) » wi# KR Tt % & AP chifizy g XTI #7
Rk LT A5 AFAESWP > RFE I PR S A RE G EF K

C At R A PP RGN R ERERT RS L L
TG Bt miEF (X frh 0 1994) -

b
\l

CRERLEECRR S IR R e N SLIE S ERE R B R L
B3 brfeeny B RAHF B B2 £ NADPH 2 &5 ATP chg 4 > iga &
4+ £ 7% 125 (reactive oxygen species, ROS) » 514z m#e g4 frat iv chpldf - 2 55

FIRE ¥ T A NRAAME A 2 (VanToal and Bolles, 1991) o & + enif & 879 %0
W ER 0 9 ASCHF R e TR BOI  IRE T ¢ A A ety AL B §
v &4 - & fdH—F - gF(malondialdehyde, MDA) » 21 % 3-v 3 4 B & > i 2%
R P o BH T me gy TiBF 1 ohdy H(Kappus, 1985 ; Bartosz, 2003 ;
Linetal., 2004) o % fm® s s B4 - F X wm e TIEHBE > 4 F T4 > 7

R R AARAH S 0 TN TR RAE(EC)Z BT ML RS G 2 A
8



S

ipte(Martineau et al.,1979) © 2. 5f ew EH FFF -k > § = 3 6 FAzchs 2 0 E

Pl

PHESEFEPLETE L ECE MDA B EH - TR 4 PERF 20
gt i ER Y3 A P ug 2 P EEMFERS B k5 X a8
g L %% A2 ¥ oLt s (Superoxide dismutase, SOD) ~ i x e i § 1t 4~ fiF
(Ascorbate peroxidase, AP) ~ i ¥ i* & p# (Catlase, CAT) ~ % Z # 4 *X:R R fix
(Glutathione reductase , GR) % ']iﬂ’rs WHBREM . R 2 P EME A CEEE S
FA4AFES VA B BEh e P ERE P Uk e fi(Ascorbate, AsA) ~ FxEk
+ *x(Glutathione, GSH) 7 & &% 7 X PF S BEF S 4e o 2L 7 B % B o1 3 o 8 R0

FokAESER S 3 X SRR P & (Yanetal, 1996) - 35 (2000)
e FHnT F e kARSI X > BEEP IO oI EP R A H

5

PESRNZERS o AW FAF-KERT 0 SOD 2 CAT Gt g EM G A
S pEE R A A B Hiwg 1t ] FIR E8(Zhou and Lin, 1995) o bt e By
HFTFY R EHREF L0 X RE R R AT IR0 XA PE
%% > H SODA-CAT F T %1 00 & pripiEi7i¢ R ag? > ¢ Jﬁmﬁ 4“’"3* ERId N
fo% 342 EDEF ST mp TS G L dpdckE T 0 AR 2E MDA 3
BAAB  ERPRLESFURIL G F REFF BB HEIATAEEN . &
W B e F R T R R R BB A F (Zhou and Lin,1995) o sk = B SAEF K

X N EH SOD #F

M zwp

L3 o RSP BT R SRR oS
B> FIH 410 AR S B BR O HA AP KT TEF L
BeE(R2001) e WEAB R T #F KL F e id ko ~F k= 218 -

kA X B ERR @M ERNMET AR S ARk A Bk A EEY
B4 @3 K ELF RGBT 8 & 2 KRR (R > 2008) -
PR B R E IR I0AG < B of vk (proline) B 0 i€ 8 R S

- TFEF B NENRAHFES A g #”fiv W ARpL E R TR (% o
1995) - 3% (2008)F A7 P A E S BE ™ > i -kwm ~ k= (5 s k= =

o CF seni B oo Aloni and Rosenshtein (1982)
G kB E 3G A BRI % o ] £ ¢ 47585
Bt g Ren LR B IR LSRR T

jd SR MR BT 1492 SRR Wi AR hEE L Y o

)
[EY
=
M

% Alcobaca = i 548 it 'k %

9



pF ket p IR A R - BYREE LI EE 0 FHERA L D LY
(adventitious root) {s » A fF e iepl € b A o WIREAFEE S TR A A E
fARRE > Fla o aRpg 7 £V LR k@R 14422 - (Aloni and Rosenshtein,
1982) -

B OREET 0 HERE
1L R kgL B E R e ff o dcE #HE S EE PR ETEY
o AR N EESEFF EE LGRS ’ﬁ’f’k/w\gféf‘-"#ﬁ‘i%

5%

X g sem gt b (Issarakraisila et al., 2007) -

&
¥

W

-

“3

W&

P

A

bl

|

¥

W

b

RS

=%

74

)
%

A

HHE XA HE P fop PIRap 7R E S LR T SRR % (F
% 452002) o At okehd deded aib ke f et F AR T > HoR A A WL A
REEFIORA L ER S G 0 FICEF T P EnBdea T AE BT
AR o hivEEY F TR PARR > R 1T MIE- TARA (W frsk, 2004) 0 HiF A R
R E 0 il kA S Ak A T E Y RAERE L L7 RS kA
AP FI e iR P ORABER ARG 25 ARSI A -057 MPa - fik§ AJL Y
CABAAERE TS 2 S R -119MPa s TR R T o &35 A% a
@pE s HE SRS FESGA-075 MPa > ik F AJTE o B TSR R R 0 ¥
AETREETYE > MFA-10 MPa 24 o BgiviRE A b irtiE L B B E
R A R ARR S L ATApiT o A F RS

Sy
/gﬁ\v )

L

»

=

' 3 -1 MPa {5 T gE - ok

W
et
<
o
q

S AR IR Y SR R S R L
W AR R RATNA) A ST e R B TR & LR 2 (0 2002)

AFEBEANEERL LB A2 TR g § o B A RS ez
&

FRIRF F P hAT 0 5 3 i B oKk B dhdp HR(Voesenek et al., 1999) o & ok ig &
FEER T feEd > CEC R kL1021 > d TphE 12 T F 45
i F sk (aerenchyma) » oo vt ey A R o AP RGE BEFEE P E T E S0 g
'k %t (Issarakraisila et al., 2007) o # 305 & (TR M F AL 2 3F > o EMeeh LA R

feRe § 7 TRFEL 2 5 R HS ~ & {o-k & jz (Horchani et

10
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al.,, 2008) - 4 £ 2 X eht 5 LS MF LIS 0 T2 h AT ’*r];i%]

—=\

IS

%27 = (Shiono et al., 2008) o &Aj= % ;% » i F e Aa X0 % - A5 wmie s
- A B 753 ch Schizogenous aerenchymas 5 % = #8437 5 (¥4 914 » 2 #
‘m% 7= (Programmed cell death, PCD) »  i# -k 3 T “rig S che A f > FH 4
4 £ Lysigenous aerenchymas » § 5% Al < ki 8 - B 3 2490 AR A0
i e 60% o @ A AR kI A R i 28%rE a4 0 BRI S A FIRE G 4K

(Liao and Lin, 2001) -

BN R SR X S Ny

-—\

B Fp 5 el F i ss  EHFH
B2 5 oo FMER AR R T AL ﬁ“%ﬂi’éﬁ—@w‘g$§$f@ﬁ
THEBNME RS RMEFIELNL EFRRE T e o pEae B
BR R 32 = (0 2002) c a2 LRSS TS AL £33 BT &
BEERTY B a2 R B SIE R R T (F 0 1998) -

fx\1.

LI NN A AR R L Y

o

(- )+ 2 £ % auxin

B el X F RERArE S DG TR R § a2 7 4T gl
P ontRUE Y EASd EFP A REFL Ao R BHES gt > g 2
FEFRF 2T @ F auxin s 2 Wife ABA B RO A Ak R0 o 34930
Ed ME HB AL A4 X B3 239 (Drewetal.,,1983) 5 Fou v & B SiEF K
8 @ ATk hE Ae Shehie < & R4t 2 = (Issarakraisila et al., 2007 ; Singh,
1988) - 7 = 434 = 3t auxin e ethylene » auxin £ 3 <44~ 5 B (Basra > 2000) ;
ethylene & 7 ¥ & %22 42 cnd = > @ F3 4o 47 $30 auxin eac g &~ EE 2 2

$34 2 o Vuylsteker % A (1998)14pf k& ~ 7 FF auxin e & AR {(TH B 232

1=

)‘

4v JAA v 4= H 8 guxins

Tof rauxin® AR RAVE A F e 4 Ko AR R

FERIA A7 T2 3 TR NAA S ERFERT T2 § &
A X o R L L4 3 (Lysine #3) e MLEAH| 0 L 7 G 4R Auxin g~
2 C 2 2 PP Bife- 247 “AF L 4 AP - Fiphdr2 4 £ A o H ¢ 12 auxins

Wi
K
5‘:‘%3
—

3

eh3 & RAE ) > FRfih 4t G o 24 F) 5 (co-factor) o gt K| 1T L HiEfE
EREHERRY L £ TS+ ERE LR E RS E X

11



2B LA FE S R THRB TP AR RERY %

(364c15 > 2003) o B (2006):e— #H A 4= B 2 ‘BB A b v FAd kEH 3P
ZAZFFERT O RBEET AR KTES A AP T RILT FEF R o B Y
% F = 0.5 mg/l Lysine #3 &4F > H & 5 50 pg/l Arph a2 feos * - = 0.5
mg/L Lysine #3 o

(= )i F 55

ARLAFABRLAIT A O-TF ALY L TR FH Y IF

;%&\l%@w\%§% R N E T ?ié&%???ﬁiﬁ

Eflgpit g o MR ELFNITR A A e 22 A REREI 4
& 5| % 4% 5 (Phaeophyta) ~ %= 3 (Rhodophyta) 2 % j# (Chlorophyta) - H @ & 4 £ 3%
AR R ALA R oA ETAREE S 1200 48 Khan % 4 (2000)4 48 8 4F
S H4r: 200048 AE AR EMAEET Fo % 0 ¥ L2 ARSI P RAL o ¥t
CEseE L, ARFEFRTI VBRI REET RS fHFT IR 0 F B
PRI o 23k F & G5 1500 Frpis kA &0 =+ %‘K/»\’,é‘” WY R A A e A
P 1% (Biostimulants) 2t 4 4= s 4 4 & » ¥ 3 s 48 k4 £ % $Fif 5 (Beckett and
Staden, 1989 ; Khanetal., 2009) - /4 & & 4~ ¢ 5 7 2% chE £ -~ 8 =~ % ~amino
acids ~ vitamins ~ cytokinins ~ auxins f- abscisic acid (ABA)#g iute 4> 2 & 4 F o
Sivasankari & * (2006) 4~ 7.5 k& j&(Sargassum wightii)f- s % (Caulerpa chemnitzia)
BABA T BRI B R FERREN > RERTERE A F pHEH L P e &
CEAFE O RHVRBEFLGTIE S S BB P H A

+ FEFHER - MEAF A EFEPBLEY &
R¥2FEOFEFASESE > < 5 % a4 & RGEH S L2 Fpop
(Khan et al., 2009) o ~ %4 /% & R AL k p 3048 % P 0 2 % (Ascophyllum
nodosum)  fd #x § EARR 2 PR ¢ F A EE B Sohd fe il o9 4
HEF2RAELBEDTED QTN 7 F o

B ~ B~
iﬁ” ’/ﬁ‘i’,tj%_ _,%_lﬂg‘i}— éﬁi ﬁ %‘Fia&ﬁxv} ’Sﬁ WFE?A\);_{J'% \%ig(_% N
Fﬁﬁiz’- PSPt *"*};4 H1s /ﬁ; £ ‘fﬁ LA F mt?%"]fgv *}\’1 Eh ~ »;—:—;‘,’ %z& 54k = &

B

AR KA EA B A RAETE R B A SR §

12



B2 AT G o MMERY T W ESlAcfE A B2 F T BRI 5T K
P BB ER (0 2003) 0 FAcET LA REBRER VRS F T 2B
TEAR Hica P o s RERTUMCRE  RFESFIE o HukER
F(R2ETF2003) iR MBI E NS EREFEBFEE CHREN T RFT
Fr oy d L4320 20%% F 3 Pk G 543 2% (Sivasankari et al., 2006) o ¥4 #
Fw R RARAFEFPR S A RO A F s A R TR IR
B~ EEEaz bz EH 4 (Thirumaran et al.,2009) - Radovich % 4 (1999)14 /5 j&
5 P% SM6 a2 & % (Yam bean)¥ #4r A € ~ B P H  FIA S PR o i@
FAATH S e B R BRI JTEAE S o Y TR 6 b R
TS5 XAA010% > % A R ER A EFPRAF R ARE SR EE T RE
AUy g £ P HBRERS SR 2 K F ST (Chouliaras et al.,1997) -

@

ARETR G IPL S AR AL TR A B RPL PR T
et 44 4 % 214 0 4 15 B (Beckett and Staden, 1989)- &2 4+ 415 5 T
PUE s B FWEE A Epd e s B MIeR S BEWNE F e R E
2F S F G ARG PRl sk o R AT G ER(FE ¢ 1993) 5 ¥ 0.2%

A a4 2

AR PP R EINT 3 ook MOE A et (Alternaria blights) o % i s

(Botrytis blights):f,% ROFZ R AR o A TR R TR0 B RE F R o

B R RG B A FREG-MERES TR ER A o 5d B R ES IL(
7RG EN Hzozi EARH Ao R RS~ E 2 G anenlE B 4 R R
7 e e EE(Jayaraj et al.,2008) o

-
N\
S

|

%

T

FPHBT % A REPRVER SAca P BT 2R kRS 2
Eooprepiy €0 20 A2 TTC AR RMBEL B o 14 sikf oot ie
PHEIE? ST L BB ITH R P(I o > 2003) 0 Ad B RRER DR A
WHET o A REEPR Kelpak it a3 R ETAE CRBFERL2RALSRART
K~ CasMgshmfc e m to 12 i ch% iR kA ™ » Kelpak 4 &t 3 »edt ¥ &
Mg =% 42 (Crouch et al.,1990) - A% k53 ™25 * Kelpak ¥ %/ v ¥ &
E%ﬁ‘wﬁ"‘%¢"‘%ﬁ"‘%%’ FRONEF TN SEER L 3 1
S FRVALS A AILE % Kelpak ViR BAT ko AT kL

B FIVER  FRTFRRF TR @ X Ak TR 2 REHF Z
13
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2 TR (f 0 2009) -
(Z)imre & 2 %

i A G RE M rfup L d 3 bk o RURFERT e s AR
Bt ApEs B0 AT I nahik w2 M E 0 o g 514Aes FINA T
Ec U2 ABAS L G kIR FRME RS2 P FREoRE e §
RHE B AT RS o ¢ IEHE B B2 5% (2 > 2000 ; Hare et al., 1997) -

B P OFFIIRE RS PR cytokinin 7 £ K 0 A FTIRRIRR ¢ dhcytokinin 7 £ %

Moo U ABFRE B RE X 2 %"F‘mzﬁzﬁni’w?’g S N ﬁ 2o ’é"—%’('\?’
8

B
—_

WEEFF L F' 7 &0 04t da R cytokinin s T
1998) o e A HEZV ERATRFEA A A RO TES o Bl R R
3 chmt £ 1 (Leshem et al., 1981) 5 * fm%e A B & (i F )30 6 Fi § onp b
KTl e FEIE A o ABRRAD G R e ERRART KA E o %
PRE2AERRETER A ARk e T EFE S F 7 295 A% (0 2009)

o e s B EEE S ‘Cheren’ ¥ RETFIHBE G SN i Lo R B
:T‘J

£
B H KA Z B REE T g 4 (lvanova et al., 1998 ; Yordanor et al., 1997) -

(2 )81 £ 4

ul

Mﬂ
| o
(.
T

& (Zinc) et P e ~F 2 - B 7 B X EEE R A

3E A o R K L (e ¥ CO2 vk £ IER AT RN B R

-

BOFREE A R e i e RO R E M B e 4 £
HWaweA €2 57 &5 (01988: % {-2 > 2006 ; Grewal etal., 1997 ; Rengel, 1995 ;
Yilmaz et al., 1997 ; Mosaleeyanon et al., 2005) - 4+ % 2 fg% 2 f* ~ §5 4 fa'R @ fie{v
BEFLPFRF S B prcnie = 2 2 2 - o B BaE § 2 2 £ 2 F dRphanic 4 i (7w
%6&€$ﬁ4%@6mWJ%®0%4{ﬁ%ﬁ&%i@#ﬁMgiﬁ’ﬂgj
BEIBERERALP EI BT SRESEFRLDRYE S B B D
PE(GEI-E 0 2006) o £rdEF 5 EF ~F 2 AR SAFEM 0 IO SRR
P B E Bt A > hohdzy sLitEs SOD ¢ s ¢ o @3 (Fox and
Guerinot, 1998) - Prasad % 4 (1999)™ % Ik B chZ 4432 £ R ALl F4F > B %
kR 0.05mM e gk ¢ B4 Eoa 5mM 2 10mM sk B & SOD

14



CAT -~ guaiacol peroxidase ~+ APX ~ DHAR ~ GR % 3§ f“ ¥ & i bt 3

BEIRE? PBREAERLERL R CPAE - FREHBFIELECESE acb
R CPERE IR E B FenR oo et EIERDET NEDRELFE
&AA € ~ 3+ 7 ¥ £ (Chatterjee and Khurana, 2007 ; Nan, 1996 ; White and Zasoki,
1999) - 5 HHE PR R TR BT T H 2 B CBE A f0 FAE kW
WA HERCFLRTRBTRIESE A ZfEF £ 28 4 (%0 2006) o 5 H
BEOVPRPFESRIAESFOER A oA TR T ETH
e g AR CEN c PR A TAL T T E 2 R E LR
PR ARILE B T LR kAL PRI A EEER 0 T
BlicA ks (3% > 2004 ; &4r3k » 1999) o

(T) % vug
% vz(polyaming) 3 — #f 4 F & | P55 % 2 § dko PSR B L5 AL 3 A0

4 Fdmre 50T 3 h d vea & §_F v&(putrescine) ~ I 4F "&(spermidine) & #F &
(spermine)= ## o % decnd 1B i § WAl 4 K C MEFEME GREBEE
By A Eaey - o2 £ % - @ (secondary messenger)(i&frt o
2006 ; Bouchereau et al.,1999 ; Galston and Sawhney, 1990 : Liu et al., 2007) - ¢ 3
FIFLHE S AR T SR RN 0 T E s BT R AT A
+ K = &2 A 11 4247 7 (Capell et al., 2004; Duan et al., 2008 ; Kusano et al., 2008) -
RSB FF DR R RFES kS ZEZRETRRTE S DT R
T % k¥ % (Duanetal, 2006) - 36 * 5927 A & A s Fict B GHRT L E R
KE s mIEFE SRS B /AT ot b o B SN 4 S iRggz 7 B LR
Pz AAF o P ABTH A REITH F K RO FICMPRR X MEF WP
WE tE Pz R HAedls SV F ~ 3§ 3 1 fe(peroxidase, POD) % iE ¥ i
& pr et 3 (Aziz et al, 1998 ; Duan et al., 2008 : Shi et al., 2008) o & = F|i# -k if

NN

o
Q,»

NN S A £ 2N Tk RIS SF RS P
B4 o 10 2mM 3 MM SR VRE (7 AL i RS 1 R

I
—
P
\4
=
et
oas)
¥
<=

z
BBERGPCE LB A FR2mMM s ASE RS F K A kBB ES S
& % (FVIFM)™ % 12 % 35 it § e ns 4 (Yiu et al., 2008) - Wang % « (2008) 2 T #
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sz mmol » L™ 4 AUm§ 5 %4 5 0 8 0 i ok 3 B

i3
foams b COp 2 kR H{ 4 A 7 @B KT GRY 2B

TEHAGT T RAES AR T S o 8 B H i F 1D § e inde
m

CFART A A R A S R G A R AR L R R
riE

FEauE A (L RS TR R GURFRITY o Flm TRk SRR
Fck @A X8 ety keani T (Azizetal, 1998; Capell et al., 2004 ; Liu, et al., 2007 ;
Roberts et al., 1986 ; Todorova et al., 2007 ; Wang et al.,2008) - ¥ ¢} » % »eig+# %‘gﬁ’
Pipe 2 F BpE Lt ch -9 F (histone) % & @ 4 & 2 F] & 3R (Galston and
Sawhney, 1990 ; Kusano et al., 2008) - % ¥ & & _H_%Fk s 4eiE R R S K E Y w2 PS
Il complex 2 3% &> 3 4 g $R 3k & 7% gy 4 (F] % 4 > 2006; Beauchemin et al., 2007 ;

Demetriou et al., 2007) -
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P
—
AN
E
\lﬁr
S
N

R I R SR I e A L R 8

Er L RESEF A AEY B 2 S AOPEF o A BRSE CRE (¥
) A (Fr)MA RAAET 27)0 A BOPEE TRNE () 9
)

ERE (Fr)A s TG P RAL T

() "EER 2 FRE I

—
N

LENER TR T ORBRN S EL9 M2 i o BT
TH Y80 45 50 HPEFIE R4 > & R 4EE 23 BT o 4 5 AR 2 (F
Nevema= 7 » B 4 fiy 2 P r) BR AR ELFFRERF AR LD

W

in

;ﬁi B/TQ/ 25/20Crng ’J’chgd; Nn .- °i£—ﬁ%§é ,_g‘_ﬁupetersﬁﬁggwﬂﬂ
(N:P:K=20:20:20) 4 -k #8500 82 42 % 57 — = « 4 £ T 3~4ik 5% ik & % 2%
(2) 2 £ 83 FAIE b ok hum

FEN A1 5§ E3(P %iE25/20C)4 £ v iF > k4 £ E4-57 AERF > & 5
B EA 87 kP RE (25200 F35/30°C) #F 4 o 4 £ - ¥ {s 0 7 - K B
BRBATHR -FREAILASH AR YL LEA(F R olL2) 5 5Y
PR (B S e S W) w2 R (B L E)  AE(ZNS0.) 2 A v(Putrescine) ¥
TRASE o T A LA EHF AL A KRR A4 E % 3N AL 2 X8R
AN E3R 2K AIE TR R AR A H R E B(50ecm x30cm x 9 cm) R o 4o ok
TAHEG UL CWFE e Rk TR A A EAES T 0 AILA LA R k(R
YA pokiew b d EAEH S F kB ET A RESFAEAEHE B kA

At 4 LB EHe 4o
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2 1 RE#R-kmwr 24

growth regulators used in the study.

L A R
Table 1. The types, compositions, sources and application methods of various plant

S~ A E o 3N

LRI A N A 354 3 N 3 R
dEF(*2) > § 038% -~ » &% p= EAR05mg/L R4
0.33%~ 2% it 490.21% 2§
2 % fAAuXIn
BREETR(SW)  BE~ 2F50%- ki3 fE800% TR &
15 1 4£6.5% Ea i
BREFEER(XTAM) 2 F23% 2§ 40 188007 F Ty
GFe=*) 2.8% ~ i FE R ¥ 5 vf %
me AW E(EE) > F 05% - » g e AFfR600% F44 5P
3.0%-~ > % it 474.0%% F o pe
fmre A B4
Fi s 8 (ZnS0y) 1820002 $- 1
E® vﬁ &3
Ji %%=(Putrescine) LR 2 mM Sigma
1iE
(z) HFHE2 A AL 750
WEERE EDB S TR S - R R kRIS R D SR Bk
B A EH R AERE A2

B RAAEAP ¢ R

WE -~ FHEFFEF R(FV/FM) ~ % i=pk (Proline) 7 £ fo 3 = fz (Malondialdehyde,
MDA)z £ -
S FRFREES L EASS T RIL
(-) #F&HF
Er8B A ESE FOPEF - Fisfis “BF (Fr) - ‘BE (Fr) 4r
A (Er) I BOPEAEF CWET - RARE ()2 E S
o M HEpE RS S fEd R e

W RERE - CTRTE
(Z) "EPE 2 25%0

% % 25k 2009£ 27
Sr(o P ) o 2009277 T o

525.7C,m 8" T i=%
18

SRR S - SRRt | LR R CCh
E AR HZRE CTRTRESF - EYE3

v § 52009870 (T o

B 28.6C ~ B+ T3 R329C ~ KT 3af

B N SN -2
B 28.8°C ~ Bt T B 33.2°C ~ A KT iR
%2255C - w



-

ﬂ\z
o

ﬁﬁﬁﬁ%a&?°ﬁfﬁ+%*n RET o & R2-3fp o k- HE L
EthE 2347 A E A fEtkEr - A L F(13 L 2)05mg/Lis BT EK Y o

(Z)2E5B &P FTRJILE F Rl

TAE (S K5 > TR D EFF ORI » Bk e PRT X S RAE o AR
ks z R it 4 EAEREILG 4 K F(13L 1) 05mg/l s A EE R (S F)
8002 ~ /% JE 5 B (= T 4) 8007 ~ im¥ A % % (i £) 6007 ~ Fifkds 20007 & A
2 mM (£1)e RF kT EY ARALDBESFT 0 IZAS G A FK(HBE)
wokiew et EAEH R Rkm et A Rl AL AGEHIUE FoRA A
A EBGHe FE o

() HEZ2 AL 2758

BokmEF - AFER PR ZABLEFF S IHER O A AEREI L 2
Fle oo R2EMEFE -HZKE-LRTREEF - ESZ3HE-E¥5 3
FEREB IR TR o L adBidPBh_Eg T L=
- A
(-) & % 4p¥ 7 -k £ (Relative water content, RWC) :

#3195 Mukherjee and Choudhuri (1983)¢7= 2 » B~ A EA R ~ R 2 ER ¥ = = f
W-f@1§@§ﬁ$LWYEE1Cmﬁﬁwbﬁﬁﬁﬁﬂ¥’E&PE%B%ﬁﬁulhsg

FEFztke TP EHE G 0 520G 2 43 kg (25150
MM) ¥ >3 265 65 2 T 42 R 24 ho B ST E T ¥ 5 btk A R E B £ (TW)

Y

C (%)=(FW — DW)=(TW-DW)x100%

(=) % f# 5 7% i& 5 (Electrolyte leakage, %) :

PRAESR D e TS ZCEEY 0 MEEL cMenFlISEBEREFR P 0 &
PEP2BEFRY > F A RILZ EA4F 0 F LA R BRER Y g3 ke
2 &t By lmLd g+ K _‘rﬁgﬁﬁg(ZleSO mm) > £ 4~ 10 mL3 35 -k > AR
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B REFAAR B2 Y B F16~17 ho £ 2 T ¥ A P Z & (Electrolyte
conductivity meter, JENCO 3107, Taiwan)ip| € 4~ % ¥ & & % Cp o 2 {8 H3g g 3 »
Rigth Y £A20048 0 A I2CHRITRETERELC BT O REE
PRIETSRS -

1 1% 1 2% (%)= C1/ Cp x 100% ©

REAESHR - R2FES - EW@ e TH)ER > 5 55 2z €48
& €45 = tk o L E % % 3+ (Chlorophyll meter, SPAD-502, Japan)ip| & i % & ] (& ¥
ANEF eH S B2 RE S F 7 £4p8(0-99.9) 3
B F R T B RTIDE -

BorE 2 E%) 0 ik

W

(B)ES 25 LF ¢

FPARZrBEENEMW LTRSS mEY R AR SRS S 0
30 4 4815 » 2 MiniPam (Walz, Effeltrich, Germany)ip| & £ & x s 2 & | ¥ k&
(minimal fluorescence, Fo) ~ & = ¥ 3 & (maximal fluorescence, Fm) ~ 2 &5 & j#c2¥ it
¥ 22 (FV/IFm o Fv = Fm -Fo) » %E18 % a3tk i sk e ™ £ i

i B H 3 o % (Fv'/Fm’) o

s

kT R

(Z )% "=t (Proline) 7 £ :

3 * Batesetal.(1973)z. 2 2 » B EA R F = =E(d o TH)E 059>
WAL Y o R AL GRS b?%%wiﬁ»5m3%mww
Sulfosalicylic acid A B 5B~ » ¥ @ £ 7 ¢ PFlpadf e3>t 2 @ > 3R T Y
3000 rpm &t~ 20 min o B~1 mL_+ % 4e » #76% f2 & 1 mL Ninhydrin solution » £ 4
»1mL acetic acid $=iF 323 o 114RHN G F#E *7100C ki P 60minig 7 & 4 &
o F RS AEFEER kokip? n¥ L F e B4 ~4 mL® ¥ (Toluene) & i 15
FE2T FEREREEY > FFOPREOFRRE 3T F A o # 510 minis B
R T OF R 4k sk & 3 (Hitachi U-2800, Japan)ip] #Ug £ 520 nm™ 2 ek k fg > % 6
FeLlmL? ¥ o

B iept g £330 8 25 eT

Proline (umol - g™ FW)=A520 + 3.24 (umol™ - cm') + 1(cm) x 5(FFfE & #0) + % 5# € (g)



(=) = fz(Malondialdehyde, MDA) 7z € :

iz yx Heath and Packer (1968)e1= j2 » Bx/ a3 % = =¥ (d + 7 TH#) 05¢g
BAIEAEHY > R F AR A R ESBEE R % o 40~ 10 mL Trichloroacetic
acid (TCA, 596, wiv) s 7 -5 B~ » %20°C * 410,000 g <5 min o B~1 mL_} T
;% v ~ 4 mL 2-thiobarbituric acid (0.5 %, wiv, 33t20% TCA) #&F 353 - ¥ 105
Tokis® 30 min> #FF g R H#ERE 8 FRokig P 0% L F i - 3% 8 T 125,000
rmp <10 mints - B~1 mL_ iR 12 A & & 3+ (Hitachi U- 2800, Japan)ip] <A
532 nm{c600 NM™ 2% % & > % v %% % 1 m L TCA(G%, W)« # 5F = 55 &3+
BooatdeT o

MDA (nmol - g™ FW)=
(A520—A600)+155(;} & 1% > mM™ - cm™)x5(5 k4 - ML)x2(FF 3 #)x1000+ 4 5-# ¥ (g)

(= )tk £ 2 504 £ (FW, DW) :
PREDBZEH  FEHEAPIZ e SEPFRREL(FW) - FINEE

(UFW) ~ 3 = 206 & (DFW) ; 4 15 % 58 70°C 44548 h » 453 3 ¢ 38(UDW) ~ ¥ T 2%

it £ (DDW) -

() szt

LRt 2 BEA O FEAFEPE R TEEE N T oE S RS E
(Standard erroer, SE) % 7+ - %zt fic§8 8 3 * CoStat 6.311% A & {7 53t 4 47 » & 74
* Least significant difference (LSD)* ;2 (P<0.05) » +“ §ix & 22 B enT 351 B o

i) #ic %8 £ * SigmaPlot 10.0 (SPSS Inc.,USA) -
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S N ETBA KT iR LA SR

A ESE AL F g (DIN 25200C)4 £ v i > # 3] p &g 25/20C &
35/30°CH a7+ iFit s £ - (5 » RFALDBEFFHAIL » L B3 F-kdHg=
AP Rz o AEREFLIZpE-

() %" 4 L4242 mpE

P B 2520C Tk A ek R R~ FRNE
fo 9 ERE upH ik ERMER (B 1) o w4 3530C(DIN)T ok
kB REETE(RL) R BEF TR K 21.67% o

e 4 K w AIL i th AR oK1 2 2oK15 o dagt 3 kB g b 85.73% 0 &
kA ARIT (W LA) e i A E 2 K A FEASD 0 @ itk & 35/30C T it ok ~ RWC
@4 5 75.69% (B 1C) - ‘A E w* 4 £ 3 ;;»,; B4 RWC 27 P8 o
Ak (B 1B) o ‘B2 & 25200C Tk A EokiE o F AR KR EIE R

& 35/30°C T ik P RWC % (K1 5 » 4 4 £ 4% 502 » &k RWC &
% 82.38%( 1D) -

WE o TUHE B gk A 2520C T ~FokwahE R TR
BB A v L 5.04%5.7% - 6.6% (B 2) - & kAIZE > ‘BE O~ ‘% B

EA
RRERES AT RN DRI Y R E %f'i?“si%’—*p:#?‘fﬁ%fi“éﬁ ‘e 1 8.15% -
Sw R Hbclg Rt o HEASBB0CIERT Aok R T RTRES TR

‘33

FF BR0CL itk b kgt FRAE o v EFE  HRBETSA
EREE P A o 4 £ AW AIIA ML P ARl T kT jR Y%k (B 2B~ C) -
FEM FIRAE AR %R E(R 2B) -

A

FEW DA KA EHA N RF B SR 30 ap /R 2520C -
S kT EHE Y RF BG4 06085 £ BP ab oKz R Edop
K=z % FVIFM @A T % (d 0.697>0478)(FI 3A)> ‘B « 6 BAE =
FOFE R ARk B E e AP /RIE35[BOCT 0 L EAESEF RS BT
KIBEFTH(M Y 6 ERE THED 0329 AR (M 30) 4 B
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b 2 R A PEKES FUIFM B4 w A A 0 % 4 EFw AL R E Rk
FIenier > 2R TRE 2 R ki B3 Fv/Fm E(H 3C - D)

WY & RN E AP kRAPIRE FVFMm & TN E wdi
0.65 (M1 3A ~B) - it ‘2" Ltk « Fv/Fm & { 2 0.277(F 3D) -

= ey v

FEvESEFEVHEAES LR UERE EdEN X E R
FOR(B 4) o tp /g 25/20C T ok ASR s > ERFE e 6 i
FE E%E2FETH(WAB-C) A EE fo W ada % (BLA-D)-
Ktstlph TRAE fo 9 EANE E¥FHEurA(F 4B-C)
¥ OEwEF s 435, ‘B s 443(R4A-D) - ap /iR 35/30
CF#-kzxog TURRNE L RBES R O AT %1 3537
WA E & YRR E APk EERFFENTE 9N E 1309

A2 A ME(RAB-C)e K2 R FAIL THRAE FRBESFHEP

04> 4 35/30°C T D 4225 BF e v EEE A4S BEREATHES
32 fgs}gw g W R AR EEET 4 ESE GRS A (FAAB

C D)ottt BF o 9 TR E LAdBRERELT P RUEnESZHES §

# 2 ek (B 4A~C) -

&K B p /%GR 25/20°C T b ok w e e £ £ 45 0.32~0.33 umol - gt
£35/30CT - RE ~ 9 ENE fo GlRRE foRpy 23

(0.525 p mol - g* FW) (B 5B) - =

FW( 5)
deo TWHE HtgREL - FEERB

S fi e 25/200C T k= % 18 ’w:ﬁ;g{gigéu 0.65~0.77 p mol - g™* FW (®] 5) ;

A e 35/30CT kg CEURA R fRpE Ry Aot THET 7 EHL
5 A $ + (0.282—>0.911 p mol - g FW) (B 5D) - -k 1% etk sp 2 By oy
% 35/30°C i % ¢k » % 548 proline 3 8§ # I AR h 4c > 12 35/30°C 1E 2 T Hf 4
RIS (B 5)exs* 2 R F 0¥ TN E Rk G FE proline 3 £ 35 4 e
i 5 Lw mEd 3 EEK0.910umol - gt FW) (B15B) - & ‘B 4o v R
T % 25/20°C ™ i# -k 15 proline 3 € € /> > % 35/30°C ™ i# -k proline 7 € 72 %
(&1 5C ~ D)

FOKEBRE TR G L B L EY > TR A Ao
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faify AL - PR Z E(MDA) > FIIN A g7 £ ¥ S ey i
gk o 2252007 ¢ TR E - pEg £ 1574 nmol - gt FW o H B = B
SAEE S FEE R A 17~19nmol - gt FW e b okt 0 B E B o EEs Bk
feo fFROREE ZE TR L 16.27nmol - g FW?rmﬁﬁmk&(HGA) TR E

AR RERE o B AomiEANY®R(W6C D) t35/30CHET
BERE o GWMAE 9P o ERMFRNA5R0CTLER 0 P
ERE ‘ehi EE B (25.77nmol - gt FW) (Bl 6 B~ C) - Fokis g T MEE
FomEd R RS (G ke 2557 nmol - g™t FW vs 4 22.86 nmol - g FW) *} (1] 6B) -
B SfEE A BFH (B 6 AC-D) o FIR-Kis & Sfhehp - fE s RIFH 4
CE R E M43 2859 nmol - gTFW s it B X (F16B) o e * 4 K F 5
25/20°C ™ ‘v A E £k MDA £ 52 & 2 20.97 nmol-g™t FW(® 6C) ;
‘W2 Aok Akis MDA 2% 1] (R 6D) -
A E 2.35/30°C T 4 -k > MDA & & # i<, A w4 18.28 nmol-g™ FW 2 17.43 nmol -

grFW o £ 7 3okt H MDA 5 £ A% 4 £ % g2 (K 6B ~ C) -

R SN

/

B 25/200CT "R wikokis o ApEE oREEM O PR X RGP BIF AR
Ferfpit g R %Y B REPF(F&E L ET)IL AEZ KRR G 8
76.65% (B 7D)- ‘BF -~ FHRAE -~ 9 ERFE 2520CT# k= =
e k= 2 BT AR RSP IL P KT EER > R
¥ chip¥t 3 k€ 0 89.85% B % (Bl TA-C)e @ % 35/30°C T » & FfbibKis4p 4t
Fok R B FE R a AT fo TR I TA5% 0 G R R R P d R e
RWC gtk » &g 3Rk (B 7TA~B)> ‘XF 4o 6 FHE Fh
AEERFTRHEIRSRWC B2 7% (BT7TA-C)-

P RE25/20C0F WA E FokseESR %ﬁ i % H 5 6.31% »
Ik B H T 8.06% (R 8B): @ ‘BE ~ 6 EXNE v ‘B 27
FRBFER K RADEBEFLE (FIBA-CD)- %™ 3 FFop it ‘9
ERE O MAW 2 RRTRRS T EMEY R LB AKF o &P R 3530

3
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C™ "l w g ~ R RERFHREFA F KT R IR T H e (B
8B D): ‘BF AFTOTRETHEET (BBA) % * 3 EX P il ‘v
REFKECTRTSRAETZH 4 Tl E o ‘¥E vHK

T 1 CEERE S AN L 5

’“‘3%
=
0
>
)

‘WY KEW AP RE B/20CT R KA BHFEMEESEIY LS

(FVIFm)iE . ‘@83 % & AP -kisaPvFm @ F R8s g 4 B3P himi ‘%

F okt fos ks FYFm @ 4 0.6 2+ (B 9A~B) - & 35/30°C T i# ok

AL L SAFVIFM B R F T 9 A E TR RE S (4 0.725-0.33) ;

AR ARG TWAE FoRGmFVFmM Ew Ao s CBE B
B

$oktgenFv/Fm e (BI9A-B-D)-

;l‘m\*
@
4’:?‘:
ohf
HR
2
&
o
P
E
o
7
_\i‘L
¥
e
3
Y
poN

#E (FI0AC-D)e ks> 6 FHE fv TUFE E¥idedey
EEOEY A RERPREEHY YA E - ¥ E¥FHE(R10B-D)
TRk HE A K R g (F10A)-

dot

B 2520CT R FlFoREH = A1 0 LR R 7 R FH 4 (R 1L)
FRekwRy R~ R ORp g
BERN 2 rFi B ﬁ%mﬁ%iéW§ﬁﬂ@ﬁﬁo$*ﬁf§%%
o RY o~ RE FoRgafiRpz I FRM (R 11ASD) el R
E e 97 E Medpeayr il (B UB-C)- #-kfs Tl N E
fo B awpRp R EFHEN S OCRF o 9 ERE aRp i £
P o (. 35/30CBE % 5 EFEPPFHEER S THRFE o Y9 ERE

Kisprmp g €0 ERS W REFE AP kG R R By

W

=
G
(i b
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LRI R g R o B R avf R g B B

§ B (25/20°C % 35/30°C) T A Ew W F KASLIEF - fEZ 5 R H 0 F e
12w S48 2520C T kisehp -l B HBeaEELE (B 12)- &
AEERp B ARG TUATE o B pokUap o @i EAYTHEL
13.29 nmol - g* FW 2 1516 nmol - g* FW ; ‘B § & = fEs 58 40 » 8k
916,16 nmol- g™ FW 3 4¢ 1 20.91 nmol-g" FW» iz %3 + 5 8 7 &7 (B 12A)
gsmmcf‘ayff’~‘éﬁff’%¢ﬁiﬁ;ﬁg§@%$%aaam

(RN SRR R a1 8
g

—~
\
p—
&

“
oy
k=1
TS
3~/
w
udw
\\
\4—
ey
e
=g

7k¢w&ﬁw%§¢igﬁ¢a?¢%ﬁ%"ﬁpﬁ "% tg B X > /£.89%"% 1 70%
(B 13D)- e A HE RdE AR S B ppEi kT2 Eo8 g 9
TRE FRERKE R H R E T HR(B13) -

+

LRETHAES > 0 BE ~ TRRE o 9
FokE Rz AR AR TRTRAEFREH A LRI HEF oA ¥
275 3% 5% W (6.05%) 3 M4k ¥P (8.0%) % AF E 3 4c (B 14D)e & p %if 35/30C T %
SRR RIS 0 252007 § 0 R LR kBB TETRES A
B TRAE e 9 ERE R RUEFHMATETRAS (F14B-C-D)>
B KL FRFEF % e A H AW 520CT 6 EFE Aok
BROULRTREES S H THRRNE BEEGBS30C)T ok~ kP ERT 2
TR o

P R 2520C T ok CRFT R ERF % F (FVIFmM)

N g w2520C
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EREFTE LS CRE L FARAE ARk FYFmEw 2 (B 15) 0 % ¥
e AR F T R A CBE 4okt 2 £oRiE e Fy/Fm & (B 15A)- A p g 35/30
CTEFE Y LF R 2520°CT Mo i -k AIT R FV/Fm @ X 15T "% 5 ‘F o

s RERE e RE ARKUSRFME v o ocme s M F A e X

2 RIS RVIFM B w ik o PR A HHE L BER R EEFF RS

L

Z

g
f
T

waw < sxk (B 15D) -

AP R 2520CT kAR TWMAE -~ YV REAE wiEsEHE
(Eé)sm - srmeenfiz b 9 BFE 3 1
®ig 35/30CT 4 CFMAE bk b
e SRR kB R ESREHE (RI16A-C-D)-

hp &g 25/200C T & SfEE }\.g’ﬂﬁuﬁ;*%?rs WA, ‘BE o WP
IRREP IR T EH AT (B LTAD)o % e 2 HZ - 4 "RF
ROUHBRE SRR REE TR (B 17A) # TR E Mtk
ept 7 £ (B17B) # "2 A4 Hypiepi 72 £ (B 17D)- & p &g 35/30
CT™ ‘BE frRp i RHRGET R LA TURE prep i £
RRRE IR R o e A R TRET ok
o ¥F O~ TRRE o 9 R E HAaHgmp i E (B17)e A
KRR RE HRpzEFNY me s M Eacti; RE . ‘gl
B g g R A
FokotREPR o REHREREFLAR(R18);

F_‘-
s
!
Rg
N
o1
~
)
Q
(@)

.|

kit ‘GRANE PO RRGERRE owr wmeAHER A B
PRk R omEIERFRC (RI18B-D)- #FR-kis BF ~ ‘v TRHE
B34 b ORAE EHFLPE (BIBA-C)- 2 3530C™

7

VER R IR E 8 e A AR R E A

e

l*i('j

L

B g
20.29 nmol - g FW (B 18C) - fm®e A Z % AU ¢ & 546 &

FRS TR LR
s 2o

W R RS E
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2k BT 3~10% - £k {8 0 4p¥t 2
AT ET AR R RN M E E
68.4%1- 72.7% (W 19B ~ D) Ak AT 1 "B ¥ ~ 6 ERE ¥7
BT (M 19AC) < Hab Pap-kisipsts k2. BY afs
86% % + (W 10A)- LR EEASL ARG 6 WM E fo B2 ki
k2 (B19B- D)~
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35/30°C ™ i# -k RIT ¥

Ny
\253 -~
[
E-D

PRE2520CTHH Ewit kAL E Y LRI HAEF IR 7.7-84%
SR EEFLE (W 20). & 35B0CT #7 Evit kAL » TIRTRES &
‘g i‘,a;l)/’]:%, ff' ‘g _.:7;;_4— "ﬁ %ﬁkgfgﬁ%n s B ‘_3%?’ 'ff' ‘_3%}%_, 4 i\‘g’%t?‘ﬁ’;’?‘

FEHEF SR LB AEF (B20A D) A mpaéadevy B flnE o ‘v
THE TR RGBT RTRE (B 20B-C) $ B2 RREZAEFR

B RE BRACTEER-ZABNENELEF LB 1 BF 7%
ki~ (B 21A); el A E o ‘RE » FHFFS - LadF s 06
(B 21)ea 2 35/30CT ‘v LRE o ‘B F%E§%F e 2520C
TLIMOB K] AR T RES RN R F R ARSI MR BY
BN E fo R Fok@a FVFm B RERRSOESFF EF BT
D

\«u%«r

HhAEo i kgL ESRRE(E )% > &p R 2520CT 1 "5 4f
E ¥R B v SBA R REES R ER 2 L o
WA TR E 9 ERE ke ES AR E (R 22B-C)-
bp R B/B0CT ik RE - XL HERFEMI RO HEEA
BY B ES o R AR DOES R E T R niTr (B 22A -
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Fig 1. The effect of auxin pretreatment (G) on relative water content (RWC) of Chinese
kale grown at room temperature (D/N 25/20°C mm) or high temperature (D/N 35/30
°C ) before flooding (N), after 3 days of flooding (F) and after 3 days of flooding and

3 days of drainage (FR). G : auxin (Lysine#3) pretreatment; GF : auxin pretreatment
followed by 3 days of flooding ; GFR : auxin pretreatment followed by 3 days of
flooding and 3 days of drainage. (cvs. ‘Tsuei-Bao’ (F1) (A); ‘Si-lo’ (B); ‘White-flowered’
(C); “Tsuei-Jin’ (F;) (D)). Bar represents standard error of the mean of 3 replicates and
are not visible if smaller than symbol.
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Fig 2. The effect of auxin pretreatment (G) on electrolyte leakage (%) of Chinese kale
grown at room temperature (D/N 25/20°C 1) orﬂh temperature (D/N 35/30°C )

before flooding (N), after 3 days of flooding (F) and after 3 days of flooding and 3 days
of drainage (FR). G : auxin (Lysine#3) pretreatment; GF : auxin pretreatment followed
by 3 days of flooding ; GFR : auxin pretreatment followed by 3 days of flooding and 3
days of drainage. (cvs. ‘Tsuei-Bao’ (F1) (A); ‘Si-lo’ (B); ‘White-flowered’ (C);
‘Tsuei-Jin’ (F;) (D)). Bar represents standard error of the mean of 3 replicates and are
not visible if smaller than symbol.
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Fig 3. The effect of auxin (Lysine#3) pretreatment (G) on chlorophyll fluorescence
(Fv/Fm) of Chinese kale grown at room temperature (D/N 25/20°C @) or high
temperature (D/N 35/30°C=1 ) before flooding (N), after 3 days of flooding (F) and
after 3 days of flooding and 3 days of drainage (FR). G : auxin (Lysine#3) pretreatment;
GF : auxin pretreatment followed by 3 days of flooding ; GFR : auxin pretreatment
followed by 3 days of flooding and 3 days of drainage. (cvs. ‘Tsuei-Bao’ (F1) (A); ‘Si-lo’
(B); ‘White-flowered’ (C); ‘Tsuei-Jin’ (F1) (D)). Bar represents standard error of the
mean of 3 replicates and are not visible if smaller than symbol.
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Fig 4. The effect of auxin (Lysine#3) pretreatment (G) on SPAD value of Chinese kale
grown at room temperature (D/N 25/20°C m® ) or high temperature (D/N 35/30°C )

before flooding (N), after 3 days of flooding (F) and after 3 days of flooding and 3 days
of drainage (FR). G : auxin (Lysine#3) pretreatment; GF : auxin pretreatment followed
by 3 days of flooding ; GFR : auxin pretreatment followed by 3 days of flooding and 3
days of drainage. (cvs. ‘Tsuei-Bao’ (F1) (A); ‘Si-lo’ (B); ‘White-flowered’ (C);
“Tsuei-Jin’ (F;) (D)). Bar represents standard error of the mean of 3 replicates and are
not visible if smaller than symbol.
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Fig 5. The effect of auxin (Lysine#3) pretreatment (G) on proline content of Chinese
kale grown at room temperature (D/N 25/20°C s ) or high temperature (D/N 35/30
‘C @) before flooding (N), after 3 days of flooding (F) and after 3 days of flooding and
3 days of drainage (FR). G : auxin (Lysine#3) treatment ; GF : auxin pretreatment
followed by 3 days of flooding; GFR : auxin pretreatment followed by 3 days of
flooding and 3 days of drainage. (cvs. ‘Tsuei-Bao’ (F1) (A); ‘Si-lo’ (B); ‘White-flowered’
(C); ‘Tsuei-Jin’ (F1) (D)). Bar represents standard error of the mean of 3 replicates and
are not visible if smaller than symbol.
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Fig 6. The effect of auxin (Lysine#3) pretreatment (G) on malondialdehyde (MDA)
content of Chinese kale grown at room temperature (D/N 25/20°C m® ) or high
temperature (D/N 35/30°C3) before flooding (N), after 3 days of flooding (F) and
after 3 days of flooding and 3 days of drainage (FR). G : auxin (Lysine#3) treatment ;
GF : auxin pretreatment followed by 3 days of flooding; GFR : auxin pretreatment
followed by 3 days of flooding and 3 days of drainage. (cvs. ‘Tsuei-Bao’ (F1) (A); ‘Si-lo’

(B); ‘White-flowered’ (C); ‘Tsuei-Jin’ (F1) (D)). Bar represents standard error of the
mean of 3 replicates and are not visible if smaller than symbol.
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Fig 7. The effect of seaweed extract pretreatment (G) on relative water content (RWC)
of Chinese kale grown at room temperature (D/N 25/20°Cmm ) or high temperature
(D/N 35/30°C ) before flooding (N), after 3 days of flooding (F) and after 3 days of

flooding and 3 days of drainage (FR). G : seaweed extract (Algreen) pretreatment ; GF :
seaweed extract pretreatment followed by 3 days of flooding ; GFR : seaweed extract
pretreat- ment followed by 3 days of flooding and 3 days of drainage. (cvs. ‘Tsuei-Bao’
(F1) (A); ‘Si-lo’ (B); ‘White-flowered’ (C); ‘Tsuei-Jin’ (F;) (D)). Bar represents standard
error of the mean of 3 replicates and are not visible if smaller than symbol.
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Fig 8. The effect of seaweed extract pretreatment (G) on electrolyte leakage of Chinese
kale grown at room temperature (D/N 25/20°C @) or high temperature (D/N 35/30
‘C) before flooding (N), after 3 days of flooding (F) and after 3 days of flooding and

3 days of drainage (FR). G : seaweed extract (Algreen) pretreatment ; GF : seaweed
extract pretreatment followed by 3 days of flooding ; GFR : seaweed extract
pretreatment followed by 3 days of flooding and 3 days of drainage. (cvs. ‘Tsuei-Bao’
(F1) (A); ‘Si-lo’ (B); ‘White-flowered’ (C); ‘Tsuei-Jin’ (F;) (D)). Bar represents standard
error of the mean of 3 replicates and are not visible if smaller than symbol.
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Fig 9. The effect of seaweed extract (Algreen) pretreatment (G) on chlorophyll
fluorescence (Fv/Fm) of Chinese kale grown at room temperature (D/N 25/20°C Il ) or
high temperature (D/N 35/30°C3 ) before flooding (N), after 3 days of flooding (F)

and after 3 days of flooding and 3 days of drainage (FR). G : seaweed extract (Algreen)
pretreatment ; GF : seaweed extract pretreatment followed by 3 days of flooding ; GFR :
seaweed extract pretreatment followed by 3 days of flooding and 3 days of drainage.
(cvs. ‘Tsuei-Bao’ (F1) (A); ‘Si-lo’ (B); ‘White-flowered’ (C); ‘Tsuei-Jin’ (F;) (D)). Bar
represents standard error of the mean of 3 replicates and are not visible if smaller than
symbol.
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Fig 10. The effect of seaweed extract (Algreen) pretreatment (G) on SPAD value of
Chinese kale grown at room temperature (D/N 25/20°C m® ) or high temperature (D/N
35/30°C 1) before flooding (N), after 3 days of flooding (F) and after 3 days of

flooding and 3 days of drainage (FR). G : seaweed extract (Algreen) pretreatment ; GF :
seaweed extract pretreatment followed by 3 days of flooding ; GFR : seaweed extract
pretreatment followed by 3 days of flooding and 3 days of drainage. (cvs. ‘Tsuei-Bao’
(F1) (A); ‘Si-lo’ (B); ‘White-flowered’ (C); ‘Tsuei-Jin’ (F;) (D)). Bar represents standard
error of the mean of 3 replicates and are not visible if smaller than symbol.
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Fig 11. The effect of seaweed extract (Algreen) pretreatment (G) on proline content of
Chinese kale grown at room temperature (D/N 25/20°C mm) or high temperature (D/N
35/30°C3) before flooding (N), after 3 days of flooding (F) and after 3 days of
flooding and 3 days of drainage (FR). G : seaweed extract (Algreen) pretreatment ; GF :
seaweed extract pretreatment followed by 3 days of flooding ; GFR : seaweed extract
pretreatment followed by 3 days of flooding and 3 days of drainage. (cvs. ‘Tsuei-Bao’
(F1) (A); “Si-lo’ (B); ‘White-flowered’ (C); ‘Tsuei-Jin’ (F1) (D)). Bar represents standard
error of the mean of 3 replicates and are not visible if smaller than symbol.
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Fig 12. The effect of seaweed extract (Algreen) pretreatment (G) on malondialdehyde
(MDA) content of Chinese kale grown at room temperature (D/N 25/20°C m® ) or high
temperature (D/N 35/30°CC ) before flooding (N), after 3 days of flooding (F) and

after 3 days of flooding and 3 days of drainage (FR). G : seaweed extract (Algreen)
pretreatment ; GF : seaweed extract pretreatment followed by 3 days of flooding ; GFR :
seaweed extract pretreatment followed by 3 days of flooding and 3 days of drainage.
(cvs. ‘Tsuei-Bao’ (F1) (A); ‘Si-lo’ (B); ‘White-flowered’ (C); ‘Tsuei-Jin’ (F1) (D)). Bar
represents standard error of the mean of 3 replicates and are not visible if smaller than
symbol.
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Fig 13. The effect of cytokinin (Biogrow) pretreatment (G) on relative water content
(RWC) of Chinese kale grown at room temperature (D/N 25/20°C mm ) or high
temperature (D/N 35/30°C) before flooding (N), after 3 days of flooding (F) and
after 3 days of flooding and 3 days of drainage (FR). G : cytokinin (Biogrow)
pretreatment ; GF : cytokinin pretreatment followed by 3 days of flooding ; GFR :
cytokinin pretreatment followed by 3 days of flooding and 3 days of drainage. (cvs.
‘Tsuei-Bao’ (F1) (A); ‘Si-lo’ (B); ‘White-flowered’ (C); ‘Tsuei-Jin’ (F;) (D)). Bar
represents standard error of the mean of 3 replicates and are not visible if smaller than
symbol.
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Fig 14. The effect of cytokinin (Biogrow) pretreatment (G) on electrolyte leakage (%)
of Chinese kale grown at room temperature (D/N 25/20°C mH ) or high temperature
(D/N 35/30°C ) before flooding (N), after 3 days of flooding (F) and after 3 days of

flooding and 3 days of drainage (FR). G : cytokinin (Biogrow) pretreatment ; GF :
cytokinin pretreatment followed by 3 days of flooding ; GFR : cytokinin pretreatment
followed by 3 days of flooding and 3 days of drainage. (cvs. ‘Tsuei-Bao’ (F1) (A); ‘Si-lo’
(B); ‘White-flowered’ (C); ‘Tsuei-Jin’ (F1) (D)). Bar represents standard error of the
mean of 3 replicates and are not visible if smaller than symbol.
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Fig 15. The effect of cytokinin (Biogrow) pretreatment (G) on chlorophyll fluorescence
(Fv/Fm) of Chinese kale grown at room temperature (D/N 25/20°C mH ) or high
temperature (D/N 35/30°C E3) before flooding (N), after 3 days of flooding (F) and
after 3 days of flooding and 3 days of drainage (FR). G : cytokinin (Biogrow)
pretreatment ; GF : cytokinin pretreatment followed by 3 days of flooding ; GFR :
cytokinin pretreatment followed by 3 days of flooding and 3 days of drainage. (cvs.
‘Tsuei-Bao’ (F1) (A); ‘Si-lo’ (B); ‘White-flowered’ (C); ‘Tsuei-Jin’ (F;) (D)). Bar
represents standard error of the mean of 3 replicates and are not visible if smaller than
symbol.
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Fig 16. The effect of cytokinin (Biogrow) pretreatment (G) on SPAD value of Chinese
kale grown at room temperature (D/N 25/20°C m®) or high temperature (D/N 35/30
°C @) before flooding (N), after 3 days of flooding (F) and after 3 days of flooding and
3 days of drainage (FR). G : cytokinin (Biogrow) pretreatment ; GF : cytokinin
pretreatment followed by 3 days of flooding ; GFR : cytokinin pretreatment followed by
3 days of flooding and 3 days of drainage. (cvs. ‘Tsuei-Bao’ (F1) (A); ‘Si-lo’ (B);
‘White-flowered’ (C); ‘Tsuei-Jin’ (F1) (D)). Bar represents standard error of the mean of
3 replicates and are not visible if smaller than symbol.
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Fig 17. The effect of cytokinin (Biogrow) pretreatment (G) on proline content of
Chinese kale grown at room temperature (D/N 25/20°C I®) or high temperature (D/N
35/30°C ) before flooding (N), after 3 days of flooding (F) and after 3 days of

flooding and 3 days of drainage (FR). G : cytokinin (Biogrow) pretreatment ; GF :
cytokinin pretreatment followed by 3 days of flooding ; GFR : cytokinin pretreatment
followed by 3 days of flooding and 3 days of drainage. (cvs. ‘Tsuei-Bao’ (F1) (A); ‘Si-lo’
(B); ‘White-flowered’ (C); ‘Tsuei-Jin’ (F1) (D)). Bar represents standard error of the
mean of 3 replicates and are not visible if smaller than symbol.
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Fig 18. The effect of cytokinin (Biogrow) pretreatment (G) on malondialdehyde (MDA)
content of Chinese kale grown at room temperature (D/N 25/20°C H® ) or high
temperature (D/N 35/30°C ) before flooding (N), after 3 days of flooding (F) and

after 3 days of flooding and 3 days of drainage (FR). G : cytokinin (Biogrow)
pretreatment ; GF : cytokinin pretreatment followed by 3 days of flooding ; GFR :
cytokinin pretreatment followed by 3 days of flooding and 3 days of drainage. (cvs.
‘Tsuei-Bao’ (F1) (A); ‘Si-lo” (B); ‘White-flowered’ (C); ‘Tsuei-Jin’ (F1) (D)). Bar
represents standard error of the mean of 3 replicates and are not visible if smaller than
symbol.
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Fig 19. The effect of ZnSO, pretreatment (G) on relative water content (RWC) of
Chinese kale grown at room temperature (D/N 25/20°C m®) or high temperature (D/N
35/30°C ) before flooding (N), after 3 days of flooding (F) and after 3 days of

flooding and 3 days of drainage (FR). G : ZnSO, pretreatment ; GF : ZnSO,
pretreatment followed by 3 days of flooding ; GFR : ZnSO, pretreatment followed by 3
days of flooding and 3 days of drainage. (cvs. ‘Tsuei-Bao’ (F1) (A); ‘Si-lo” (B);
‘White-flowered’ (C); ‘Tsuei-Jin’ (F1) (D)). Bar represents standard error of the mean of
3 replicates and are not visible if  smaller than  symbol.
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Fig 20. The effect of ZnSQO, pretreatment (G) on electrolyte leakage (%) of Chinese kale
grown at room temperature (D/N 25/20°C I®) or high temperature (D/N 35/30°C )

before flooding (N), after 3 days of flooding (F) and after 3 days of flooding and 3 days
of drainage (FR). G : ZnSO, pretreatment ; GF : ZnSO, pretreatment followed by 3
days of flooding ; GFR : ZnSO, pretreatment followed by 3 days of flooding and 3 days
of drainage. (cvs. ‘Tsuei-Bao’ (F1) (A); ‘Si-lo’ (B); ‘White-flowered’ (C); ‘Tsuei-Jin’ (Fy)
(D)). Bar represents standard error of the mean of 3 replicates and are not visible if
smaller than symbol.
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Fig 21. The effect of ZnSQO, pretreatment (G) on chlorophyll fluorescence (Fv/Fm) of
Chinese kale grown at room temperature (D/N 25/20°C I8 ) or high temperature (D/N
35/30°C ) before flooding (N), after 3 days of flooding (F) and after 3 days of
flooding and 3 days of drainage (FR). G : ZnSO, pretreatment ; GF : ZnSO,
pretreatment followed by 3 days of flooding ; GFR : ZnSO, pretreatment followed by 3
days of flooding and 3 days of drainage. (cvs. ‘Tsuei-Bao’ (F;) (A); ‘Si-lo’ (B);
‘White-flowered’ (C); ‘Tsuei-Jin’ (F1) (D)). Bar represents standard error of the mean of
3 replicates and are not visible if smaller than symbol.
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Fig 22. The effect of ZnSO, pretreatment (G) on SPAD value of Chinese kale grown at
room temperature (D/N 25/20°C H®) or high temperature (D/N 35/30°C ) before

flooding (N), after 3 days of flooding (F) and after 3 days of flooding and 3 days of
drainage (FR). G : ZnSO, pretreatment ; GF : ZnSO, pretreatment followed by 3 days
of flooding ; GFR : ZnSQ, pretreatment followed by 3 days of flooding and 3 days of
drainage. (cvs. ‘Tsuei-Bao’ (F1) (A); ‘Si-lo’ (B); ‘White-flowered’ (C); ‘Tsuei-Jin’ (Fy)
(D)). Bar represents standard error of the mean of 3 replicates and are not visible if
smaller than symbol.
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Fig 23. The effect of ZnSO, pretreatment (G) on proline content of Chinese kale grown
at room temperature (D/N 25/20°C I®) or high temperature (D/N 35/30°C E3) before
flooding (N), after 3 days of flooding (F) and after 3 days of flooding and 3 days of
drainage (FR). G : ZnSO, pretreatment ; GF : ZnSO, pretreatment followed by 3 days
of flooding ; GFR : ZnSQO, pretreatment followed by 3 days of flooding and 3 days of
drainage. (cvs. ‘Tsuei-Bao’ (F1) (A); ‘Si-lo’ (B); ‘White-flowered’ (C); ‘Tsuei-Jin’ (Fy)
(D)). Bar represents standard error of the mean of 3 replicates and are not visible if
smaller than symbol.
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Fig 24. The effect of ZnSQO, pretreatment (G) on malondialdehyde (MDA) content of
Chinese kale grown at room temperature (D/N 25/20°C Il ) or high temperature (D/N
35/30°C ) before flooding (N), after 3 days of flooding (F) and after 3 days of

flooding and 3 days of drainage (FR). G : ZnSO, pretreatment ; GF : ZnSO,
pretreatment followed by 3 days of flooding ; GFR : ZnSQO, pretreatment followed by 3
days of flooding and 3 days of drainage. (cvs. ‘Tsuei-Bao’ (F1) (A); ‘Si-lo” (B);
‘White-flowered’ (C); ‘Tsuei-Jin’ (F1) (D)). Bar represents standard error of the mean of
3 replicates and are not visible if smaller than symbol.
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Fig 25. The effect of putrescine pretreatment (G) on relative water content (RWC) of
Chinese kale grown at room temperature (D/N 25/20°C i) or high temperature (D/N
35/30°C ) before flooding (N), after 3 days of flooding (F) and after 3 days of

flooding and 3 days of drainage (FR). G : putrescine pretreatment ; GF : putrescine
pretreatment followed by 3 days of flooding ; GFR : putrescine pretreatment followed
by 3 days of flooding and 3 days of drainage. (cvs. ‘Tsuei-Bao’ (F1) (A); ‘Si-lo’ (B);
‘White-flowered’ (C); ‘Tsuei-Jin’ (F1) (D)). Bar represents standard error of the mean of
3 replicates and are not visible if smaller than symbol.
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Fig 26. The effect of putrescine pretreatment (G) on electrolyte leakage (%) of Chinese
kale grown at room temperature (D/N 25/20°C @) or high temperature (D/N 35/30
°C @) before flooding (N), after 3 days of flooding (F) and after 3 days of flooding and
3 days of drainage (FR). G : putrescine pretreatment ; GF : putrescine pretreatment
followed by 3 days of flooding ; GFR : putrescine pretreatment followed by 3 days of
flooding and 3 days of drainage. (cvs. ‘Tsuei-Bao’ (F1) (A); ‘Si-lo’ (B); ‘White-flowered’
(C); ‘“Tsuei-Jin’ (F1) (D)). Bar represents standard error of the mean of 3 replicates and
are not visible if smaller than symbol.
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Fig 27. The effect of putrescine pretreatment (G) on chlorophyll fluorescence (Fv/Fm)
of Chinese kale grown at room temperature (D/N 25/20°C l®) or high temperature
(D/N 35/30°C =3 before flooding (N), after 3 days of flooding (F) and after 3 days of

flooding and 3 days of drainage (FR). G : putrescine pretreatment ; GF : putrescine
pretreatment followed by 3 days of flooding ; GFR : putrescine pretreatment followed
by 3 days of flooding and 3 days of drainage. (cvs. ‘Tsuei-Bao’ (F1) (A); ‘Si-lo’ (B);
‘White-flowered’ (C); ‘Tsuei-Jin’ (F1) (D)). Bar represents standard error of the mean of
3 replicates and are not visible if smaller than symbol.
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Fig 28. The effect of putrescine pretreatment (G) on SPAD value of Chinese kale grown
at room temperature (D/N 25/20°C m®) or high temperature (D/N 35/30°C 3) before

flooding (N), after 3 days of flooding (F) and after 3 days of flooding and 3 days of
drainage (FR). G : putrescine pretreatment ; GF : putrescine pretreatment followed by 3
days of flooding ; GFR : putrescine pretreatment followed by 3 days of flooding and 3
days of drainage. (cvs. ‘Tsuei-Bao’ (F1) (A); ‘Si-lo’ (B); ‘White-flowered’ (C);
“Tsuei-Jin’ (F;) (D)). Bar represents standard error of the mean of 3 replicates and are
not visible if smaller than symbol.
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Fig 29. The effect of putrescine pretreatment (G) on proline content of Chinese kale
grown at room temperature (D/N 25/20°C ) or high temperature (D/N 35/30°C )
before flooding (N), after 3 days of flooding (F) and after 3 days of flooding and 3 days
of drainage (FR). G : putrescine pretreatment ; GF : putrescine pretreatment followed by
3 days of flooding ; GFR : putrescine pretreatment followed by 3 days of flooding and 3
days of drainage. (cvs. ‘Tsuei-Bao’ (F1) (A); ‘Si-lo’ (B); ‘White-flowered’ (C);
‘Tsuei-Jin’ (F;) (D)). Bar represents standard error of the mean of 3 replicates and are
not visible if smaller than symbol.
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Fig 30. The effect of putrescine pretreatment (G) on malondialdehyde (MDA) content of
Chinese kale grown at room temperature (D/N 25/20°C I®) or high temperature (D/N
35/30°C ) before flooding (N), after 3 days of flooding (F) and after 3 days of

flooding and 3 days of drainage (FR). G : putrescine pretreatment ; GF : putrescine
pretreatment followed by 3 days of flooding ; GFR : putrescine pretreatment followed
by 3 days of flooding and 3 days of drainage. (cvs. ‘Tsuei-Bao’ (F1) (A); ‘Si-lo” (B);
‘White-flowered’ (C); ‘Tsuei-Jin’ (F1) (D)). Bar represents standard error of the mean of
3 replicates and are not visible if smaller than symbol.
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Fig 31. The relative water content of Chinese kale plants treated with different plant
growth regulators before flooding (BSHH), after 3 days of flooding and 5 days of
drainage (5R ) in the field (August, 2009). Bar represents standard error of the mean
of 3 replicates and are not visible if smaller than symbol. (A) cv. ‘Tsuei-Bao’ (F1); (B)
cv. “Yellow- flowered’; (C) cv. ‘Kai-lan Flower’; (D) cv. ‘Tsuei-Jin’ (Fy).

Treatment from left %+ P& : control ; 2+ 3 : Auxins (Lysine#3) ; % ¥ : Seaweed extract
(Algreen) ; = ™ 4¢ : Seaweed extract (Keltak) ; & & : Cytokinin (Biogrow) ; #r fix &+
ZnSQy ; &= : Putrescine
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Fig 32. The relative water content of Chinese kale plants treated with different plant growth regulators before flooding (BS ), after 3
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i# & Cytokinin (Biogrow) ; #if&4% @ ZnSOy4 ; &%= @ Putrescine

71



@ . E (B ® . %R (BS)
3 CO@#siR=REGD) 4 CO #s&k=720D)

B = SHH4IAGR) 100 b B = R4 ZREGR)
80 |
o o
= = L
§ol ¥
= =2
< ]
-~ = 80
: :
Yl £
T il S
- =t
= =
20
20|
HE BREX B8Y RTH RE H&ES BE #B MET £V RTH RE HHS B
Treatment Treatment
100
© . 3 (BS) o I ok 3(BS)
CO@#sdx =REED) O #sdk = 7453D)
100 b B = fa8ZR0R) =R ERIRGR)
80 |
[ )
s S
% e
E} i
& &
= = a0l
= =l
g g
3 i
= =
20 |

HB BEE £Y¥ XTH RE H#8 B HE HLEE £V RTH RFE L8 B
Treatment Treatment

(GREE) £F RT3 AT 2 BB E81)-

Fig 33. The electrolyte leakage of Chinese kale plants treated with different plant
growth regulators before flooding (BS IM), 3 days after flooding (3D ) and 5 days of
recovery (SRmm) in the field (August, 2009). Bar represents standard error of the mean
of 3 replicates and are not visible if smaller than symbol. (A) cv. ‘Tsuei-Bao’ (F1); (B)
cv.  “Yellow- flowered’; (C) cv. ‘Kai-lan Flower’; (D) cv. ‘Tsuei-Jin’ (Fy).

Treatment from left %4 P& : control ; 2+ 3 : Auxins (Lysine#3) ; % ¥ : Seaweed extract
(Algreen) ; = ™ 4 : Seaweed extract (Keltak) ; & & : Cytokinin (Biogrow) ; #rfis 4% :
ZnSO, ; K %= : Putrescine
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Fig 35. The SPAD value of Chinese kale plants treated with different plant growth
regulators before flooding (BSHM ), after 3 days of flooding and 5 days of drainage
(5R@) in the field (August, 2009). Bar represents standard error of the mean of 3
replicates and are not visible if smaller than symbol. (A) cv. ‘Tsuei-Bao’ (F1); (B) cv.
“Yellow- flowered’; (C) cv. ‘Kai-lan Flower’; (D) cv. ‘Tsuei-Jin’ (Fy).

Treatment from left %4 P& : control ; 2+ 2 : Auxins (Lysine#3) ; % # : Seaweed extract
(Algreen) ; = T 4 : Seaweed extract (Keltak) ; :# & : Cytokinin (Biogrow) ; & fi 4% :
ZnS0, ; Ji = : Putrescine
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Fig 36. The SPAD value of Chinese kale plants treated with different plant growth regulators before flooding (BS mm), after 3 days of
flooding and 5 days of drainage (SR 0) in the field (September, 2009). Bar represents standard error of the mean of 3 replicates and are
not visible if smaller than symbol. (A) cv. ‘Tsuei-Bao’ (F1) ; (B) cv. ‘Huei-Jin’ (F1); (C) cv. ‘Ge-lin Flower’; (D) cv. ‘Si-lo’ ; (E) cv.
‘White-gelin’
Treatment from left ¥4 P& : control ; 2 3 : Auxins (Lysine#3) ; % # : Seaweed extract (Algreen) ; = * 4 : Seaweed extract (Keltak) ;
i# & : Cytokinin (Biogrow) ; #rpaés @ ZnSO, 5 /&%= : Putrescine
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Fig 37. The chlorophyll fluorescence (Fv/Fm) of Chinese kale plants treated with
different plant growth regulators before flooding (BSHM ), after 3 days of flooding and 5
days of drainage (5R) in the field (August, 2009). Bar represents standard error of
the mean of 3 replicates and are not visible if smaller than symbol. (A) cv. ‘Tsuei-Bao’
(F1); (B) cv. “Yellow- flowered’; (C) cv. ‘Kai-lan Flower’; (D) cv. ‘Tsuei-Jin’ (Fy).
Treatment from left ¥ P& : control ; 2+ 2 : Auxins (Lysine#3) ; % # : Seaweed extract
(Algreen) ; = T 3¢ : Seaweed extract (Keltak) ; i# & : Cytokinin (Biogrow) ; #rfis 4%+ :
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Fig 38. The SPAD value of Chinese kale plants treated with different plant growth regulators before flooding (BSHR), after 3 days of
flooding and 5 days of drainage (5R3) in the field (September, 2009). Bar represents standard error of the mean of 3 replicates and are
not visible if smaller than symbol. (A) cv. ‘Tsuei-Bao’ (F1) ; (B) cv. ‘Huei-Jin’ (F1); (C) cv. ‘Ge-lin Flower’; (D) cv. ‘Si-lo’ ; (E) cv.
‘White-gelin’
Treatment from left ¥ P& : control ; 42 3 @ Auxins (Lysine#3) ; % ¥ : Seaweed extract (Algreen) ; = T 4& : Seaweed extract (Keltak) ;
i# & : Cytokinin (Biogrow) ; #rpaét @ ZnSO, 5 /&%= & Putrescine
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Fig 39. The proline content of Chinese kale plants treated with different plant growth
regulators before flooding (BSHM), 3 days after flooding (3D @) and 5 days of
recovery (5R ) in the field (August, 2009). Bar represents standard error of the mean
of 3 replicates and are not visible if smaller than symbol. (A) cv. ‘Tsuei-Bao’ (F1); (B)
cv. “Yellow- flowered’; (C) cv. ‘Kai-lan Flower’; (D) cv. ‘Tsuei-Jin’ (F;)

Treatment from left ¥4 P& : control ; 42 3 : Auxins (Lysine#3) ; % # : Seaweed extract
(Algreen) ; = T 4¢ : Seaweed extract (Keltak) ; & & : Cytokinin (Biogrow) ; #rfis 4% :
ZnSO, ; J& 7%= : Putrescine
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Fig 40. The proline content of Chinese kale plants treated with different plant growth regulators before flooding (BS ), 3 days after
flooding (3D ) and 5 days of recovery (5R mm) in the field (September, 2009). Bar represents standard error of the mean of 3 replicates
and are not visible if smaller than symbol. (A) cv. ‘Tsuei-Bao’ (F1) ; (B) cv. ‘Huei-Jin’ (F1); (C) cv. ‘Ge-lin Flower’; (D) cv. ‘Si-lo’ ; (E) cv.
‘White-gelin’
Treatment from left ¥ P& : control ; 2 3 @ Auxins (Lysine#3) ; % ¥ : Seaweed extract (Algreen) ; = T 4& : Seaweed extract (Keltak) ;
i# & Cytokinin (Biogrow) ; #if&4% @ ZnSOy4 ; &%= @ Putrescine

79



. A ES) ®) . 5 (ES)
) O sz =240D) O sz = 2(D)
B = fEs%IR0R) B Gz R8I R(R)
4 )
z z
2 2
= 30 = 30
=0 =0
= =
H £
E E
=2 = 20
=) =)
= =
10 0
0 0
HE RLEZX 8Y XTH 2F L858 B HE HEX £Y¥ RTH 2E HES B
Treatment Treatment
50 50
o B A (BS) W (B
( = s5 &2z 250GD) ®) 2 #5842 2 2£GD)
B REERHAIAGR B o2 = % S AZRAGR)
4t 40
B E
b 20+ = 20+
=0 =0
2 =
B E
Z 20r = 20
a =)
= =
10 10
0
HE RLEE £Y¥ XTH RE HRE B2 #E RET £Y RTH RF H&s B8
Treatment Treatment

W 415 v w LERERFHTESBRE(A) 3 ETEEB) FEDC)
fo‘®2°(D) v Fid-k=(BSHM) ~i# 8 2= % ($(3DC) 1 % R4+ ¥ iE i 7
%(SR-)iE“ﬁ fFz 2285098 %8")-

Fig 41. The malondialdenyde (MDA) content of Chinese kale plants treated with
different plant growth regulators before flooding (BS ), 3 days after flooding (3D 1)
and 5 days of recovery (SR ) in the field (August, 2009). Bar represents standard
error of the mean of 3 replicates and are not visible if smaller than symbol. (A) cv.
‘Tsuei-Bao’ (F1); (B) cv. ‘Yellow- flowered’; (C) cv. ‘Kai-lan Flower’; (D) cv.
“Tsuei-Jin’ (Fy).

Treatment from left %+ P& : control ; 2= 3 : Auxins (Lysine#3) ; % ¥ : Seaweed extract
(Algreen) ; = T 4 : Seaweed extract (Keltak) ; :# & : Cytokinin (Biogrow) ; &= fix 4%
ZnSQy ; J§ "= Putrescine
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Fig 42. The malondialdehyde (MDA) content of Chinese kale plants treated with different plant growth regulators before flooding (BS ),
3 days after flooding (3D 3) and 5 days of recovery (5R EH) in the field (September, 2009). Bar represents standard error of the mean of
3 replicates and are not visible if smaller than symbol. (A) cv. ‘Tsuei-Bao’ (F1) ; (B) cv. ‘Huei-Jin’ (F1); (C) cv. ‘Ge-lin Flower’; (D) cv.
‘Si-lo”; (E) cv. ‘White-gelin’
Treatment from left ¥4 P& : control ; 2 3 @ Auxins (Lysine#3) ; % # : Seaweed extract (Algreen) ; = * 4 : Seaweed extract (Keltak) ;
i# & : Cytokinin (Biogrow) ; #rpaés @ ZnSO, 5 /&%= @ Putrescine
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Table 2. The fresh weight and dry weight of Chinese kale plants unflooded or restored from flooding after 5 days of drainage. The plants
were treated with different plant growth regulators before flooding (August, in field).

‘Bg' (‘Tsuei-Bao’) Fy ‘TR E (“Yellow- flowered’)

BE(Q) »TIBEL(Q) # L) FZ() BE(Q) #TIMEL(Q) # FIMFELQ) ()

Plant fresh Root fresh Shoot fresh Plant dry Plant fresh Root fresh Shoot fresh Plant dry

weight (g) weight (g) weight (9) weight (g) weight (9) weight (9) weight (g) weight (9)

V81 % o K R

CK? 144.45% 8.93 135.53° 21.43° CK 61.42° 1.3% 60.12° 8.03"
L3 139.85% 8.59° 131.26%® 20.91 jaL 3 57.08% 1.18" 55.90°% 7.26°
SF 135.16% 9.53° 125.63%® 22.08° S ¥ 64.81° 1.77% 63.03 10.90°
x TA 127.23% 8.84° 118.39%° 20.67%° T A 57.11° 1.26% 55.85°% 9.38%
# 121.84% 7.35° 114.49%® 18.58™ #E 47.35°% 0.65° 46.70°% 5.35¢
Frfcd:  140.07° 8.58 131.48% 21.61° foli = 55.25° 1.12" 54.13° 6.98%
Ji v 119.41° 6.37° 113.04° 18.25° v 60.90° 1.26% 59.64° 10.60°
CK 68.43¢ 2.29° 66.14¢ 10.56™ CK 33.37° 0.58° 32.79% 3.34°
L3 98.03" 3.97° 94.06"° 13.54% e 32.18% 0.96% 31.23%® 3.22%
X 108.49% 3.35° 105.14% 15.33 EX 34.21° 1.128 33.09% 3.42°
X T 112.1° 2.42° 109.67° 15.35° X TR 29.48% 0.66° 28.81% 2.95%
#E 107.66 2.89° 104.77% 14.71° # % 24.76" 0.59" 24.17° 2.48°
ol 64.85" 2.59° 62.26 8.53¢ Frpid:  30.38% 0.59° 29.80% 3.04%
Jir e 90.52° 1.71° 88.81° 11.83%° Ji i 34.17° 0.59° 33.58° 3.42°

L4 EDG P B (PGR) : 8 £ 3 (Lysine#3)—auxins ; % # (Algreen)—seaweed extract ; = T 4f (Keltak) —Seaweed extract ; i& &

(Biogrow)—cytokinin ; #rf& 4+ —2ZnS0, ; J& %—putrescine

X Means of the same segment in each column followed by the different letters are significantly different(p=0.05) by Least Signficant Difference(LSD)
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Table 2. continued.

“FET (“Kai-lan Flower’) ‘B2 (‘Tsuei-din’) Fy

wE(Q) +TImEL(Q) - FI#EE(Q) wE(9) WE(Q) #TIEL() P INEL() F2£(0)

Plant fresh Root fresh Shoot fresh Plant dry Plant fresh Root fresh Shoot fresh Plant dry

weight (g) weight (g) weight (g) weight (g) weight (g) weight (g) weight (g) weight (g)

A b kST At R g
CK? 42.99% 1.01% 41.97° 8.28™ CK 54.82% 0.73% 54.08% 9.38%
SR 48.02° 0.98" 47.04° 9.29% L3 59.64° 1.12° 58.52° 10.93°
X 43.01° 1.05° 41.96° 8.65%° % ¥ 58.98° 1.01%® 57.97° 9.28%
X T 40.91° 1.2 39.61° 6.88¢ % T A 44.45° 0.72% 43.73° 6.47°
#F 48.36° 1.15° 47.22° 9.72° # 3 47.75° 0.85%° 46.90° 6.93"
Py 45.97° 1.67° 44.30° 8.02%¢ i 49.25" 0.91 % 48.33h° 8.65%°
Ji iz 38.78° 0.65° 38.13° 5.31° i 46.07° 0.67° 45.39° 6.69"
i R # R g2

CK 17.53% 0.55° 16.98% 3.47%¢ CK 27.02° 0.52° 26.50 ° 3.01%
U] 16.20" 057 15.63" 2.6 L3 23.54% 0.33° 23.21% 4.51°
S F 19.54 057 18.97° 4.64° S F 28.57° 0.40° 28.18° 3.58%
S T 18.36% 0.43° 17.93% 4.07%* % T A 19.29° 0.40° 18.89° 2.20°
@ E 18.68 ® 0.56° 18.12% 3.40%° @®E 25.82° 0.63° 25.19° 4.66°
i 18.05° 0.21° 18.03% 2.35° i 25.50° 0.47° 25.03° 2.46"
Ji v 14.51° 0.58a 13.93° 2.50° vz 26.06° 0.43° 25.63° 3.353"

LA LN #(PGR) : 12+ 3 (Lysine#3)—auxins ; % ¥ (Algreen)—seaweed extract ; = T 4 (Keltak) —Seaweed extract ; i# &
(Biogrow)—cytokinin ; #rf& 4+ —2ZnS0, ; J& %—putrescine
X Means of the same segment in each column followed by the different letters are significantly different(p=0.05) by Least Signficant Difference(LSD).
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23 REMAEDES FrIlo Ad K2 SR KSR KRBT 22 ERHE 22 (v B4 7)o
Table 3. The fresh weight and dry weight of Chinese kale plants unflooded or restored from flooding after 5 days of drainage. The plants
were treated with different plant growth regulators before flooding (September, in field).

‘B (‘Tsuei-Bao’) Fy ‘227 (‘Huei-din’) Fy

WE() ¥ TIMEL(Q) P IEL(Q) L (9) wE(g) »#TIMEL(Q) FHIMEL(Q) Fc£(9)

Plant fresh Root fresh Shoot fresh Plant dry Plant fresh Root fresh Shoot fresh Plant dry

weight (9) weight (g) weight (g) weight (g) weight (g) weight (g) weight (g) weight (g)

81 %L Ft K R
CK? 146.21%" 7.58° 138.63™ 17.43% CK 120.88° 5.93° 114.95° 8.01%®
SRUEE 123.13° 9.63" 113.50° 9.39° L3 101.26° 4.88° 96.38° 8.78°
EX 187.62° 13.76° 173.86° 21.49% EX 126.29° 3.78° 122.32° 6.48°
X TR 171.48° 13.64% 157.84% 19.05% T 116.13° 5.70° 110.43%® 7.30%
# % 131.45 ¢ 10.54*° 120.91° 13.41% @3 101.57° 5.42° 97.79° 8.41%
it 128.74° 8.3° 120.71° 10.77° FRfs4:  103.35° 3.97° 97.92 6.31°
Jir b 143.85™ 6.94 ¢ 136.91™ 12.74 ¢ i = 103.75° 3.56° 100.19" 7.07%
i ke i# ok A

CK 72.56¢ 3.28" 69.27¢ 10.10° CK 23.31° 0.26° 23.05° 3.51°
B3 104.82° 4.55° 100.27° 15.25° L3 23.66° 0.22° 23.44° 3.23°
%9 113.04% 6.51° 106.43% 1153 S F 24.32° 0.24° 24.17° 3.07°
T T 118.33° 2.73% 115.6° 13.20° % T 26.68° 0.33° 26.36° 3.28°
#E 111.96% 3.93 108.03* 12.41° #E 22.76% 0.25° 22.28% 2.90°
P 75.65" 3.81™ 71.84 ¢ 11.58 FRfss:  20.99% 0.49% 20.74% 2.07%
Jir v 88.58° 1.69¢ 86.88° 11.28° Jir 1= 17.39° 0.56° 16.83" 1.34°

24 ED B (PGR) : 3£ 2 (Lysine#3)—auxins ; % §F (Algreen)—seaweed extract ; = T 4 (Keltak) —Seaweed extract ; i &
(Biogrow)—cytokinin ; #rf& 4+ —2ZnS0, ; J& %—putrescine
X Means of the same segment in each column followed by the different letters are significantly different(p=0.05) by Least Signficant Difference(LSD).
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Table 3. continued.

B (‘Ge-lin Flower’) ‘Gl KE (‘Si-lo’)
HE() = TIEL(Q) I L(9) 2E(0) HE() ¥ TIFEZL() FIvpEE(9) $z£(9)
Plant fresh Root fresh Shoot fresh Plant dry Plant fresh Root fresh Shoot fresh Plant dry
weight (g) weight (g) weight (g) weight (g) weight (g) weight (g) weight (g) weight (g)
K AR iF kAT
CK? 105.75"" 2.90% 102.85° 9.63° CK 124.88%° 8.72° 116.16° 15.39"
U 122.60% 3.44° 119.2% 11.76° e 150.02% 8.59" 141.43° 17.24%¢
% F 122.62% 1.11% 121.51%® 9.48° % ¥ 173.14° 13.47° 159.67° 19.07°
S Ty 119.43%* 2.73%® 116.70% 9.79° % T At 166.42%° 9.56" 156.87 18.19%
# 117.67%® 463 113.04%® 9.39% @ 126.64% 9.51° 117.13° 17.02%°
i 121.04%* 1.00° 120.04% 10.26° Pl 123.15° 10.95% 112.19° 18.51%
Ji v 143.59° 1.09% 142.50° 10.31° Ji v 128.61% 8.12° 120.49° 14.72°
CK 30.76° 0.50° 30.26° 3.32° CK 28.32% 0.85% 27.48% 3.24°
R 30.04% 0.95° 29.09% 3.46° e 24.06" 0.82° 23.24° 2.17°
X 30.56° 0.90° 29.66° 4.14° % F 38.34% 1.05° 37.29%® 5.53
% T 29.42% 0.59° 28.83% 2.66° T 32.54" 0.86° 31.68" 5.30°
# % 25.97" 0.83° 25.22" 4.54° @ E 38.89° 0.84°2 38.05° 5.29°%
it 22.76° 0.76° 21.93° 3.15° Pt 37.78% 1.38° 36.40% 5.44°
v 23.00° 0.64° 22.36° 2.81° Ji v 23.71¢ 0.90°% 22.81¢ 2.74°

4 £ & F(PGR) @ 412
(Biogrow)—cytokinin ; #rf& 4+ —2ZnS0, ; J& %—putrescine

3 (Lysine#3) —auxins ; % # (Algreen)—seaweed extract ; % T 4 (Keltak) —Seaweed extract ;

&

L P

X Means of the same segment in each column followed by the different letters are significantly different(p=0.05) by Least Signficant Difference

(LSD).
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Table 3. continued.

‘v 4 (‘White-gelin?)
#wE(Q) FTImEE(Q)  »IINEE()  FcE(9)

Plant fresh Root fresh Shoot fresh Plant dry
weight (g) weight (g) weight (g) weight (g)
itk IR y
CK? 142.09%° 12.04° 130.05% 16.93°
] 149.81% 10.98% 138.84% 18.03"
EX 4 171.41% 11.20% 160.20% 12.89¢
X T 149.35%® 15.14% 134.20% 20.67°
#E 127.03" 13.88° 113.15° 18.08"
P 148.93%® 14.99° 133.94%® 24.97%
= 129.10° 11.532 117.58° 12.40°
il S
CK 23.21% 0.73%® 22.49% 3.60"
] 25.71% 1.522 24.19% 4.71%
EX 4 25.43% 1.48 23.95% 5.62°
X T 24.93% 1.10%® 23.83% 3.45
#®E 28.11° 1.00% 26.96° 5.43%
Frfh g 23.94% 1.15% 22.94% 3.05™
v 19.61° 0.48° 19.13° 2.27°

LA ED B (PGR) : 3£ 2 (Lysine#3)—auxins ; % ¥ (Algreen) —seaweed extract ; = T 4 (Keltak) —Seaweed extract ; i &
(Biogrow)—cytokinin ; #:fic 4% —2ZnSO,4 ; K *=—putrescine
* Means of the same segment in each column followed by the different letters are significantly different(p=0.05) by Least Signficant Difference (LSD).
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Margaret, 2000 ; Kato-Noguchi and Saito, 2000 ; Liao and Lin, 2001 ; Carvalho and
Amancio, 2002; Close and Davidson, 2003; Lin et al., 2004 ; Ashraf and Arfan, 2005) -
PEESF OB BA LI RABRA S E R X B8 2 £ PR X H
s B F1Z (% 0 1995; % » 1988 ; % > 2008 ; Zhou and Lin, 1995) -

S R KR FL A B

AELUTERH T RE RBTRBT ES R ESRF RIS

PEADE BRI ERERZ R0 > FHTEL I LBBF F
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RS A B RACE R IR > RS R o I A YK

B TR E PR @Y e i 5 A BB E PST sk es e (b % 4
2007) FELT DAL A RS KGHRE > BESEF LR BEVIFMBET % o ~

Ve AR AT ESRTHES A S RE B 01-02; 4 0 0 B & S
W % pokis > T FVFmM EA YT % 3 0233-0551 ¢ i BE Az Bk
BB KSR FESHRAG T ANGH o AT T L A4 0 o d A

1AL AR - 0 R BN R RRE AT L A H 8

EEE T ORNESER KASLE B E S A L F SRR E (T o
BBR LT REFF ORI BB D TF S Bk 8 R ARk BB kS IFH B

A5 PRk E 8 A v mkak it o B E Y R BT i

I (Ahmed et al.,2002) - 3 2 % (2010) P 12 & &4 5 % &3 i 3 5 (33/22°C) ™ =

N
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SHRA CES R AR E RS AL PR K o A BatR 5 kb FVFm 4
Beho B BEHE TR E N Lebrgliol c AE LY ES A ¥ S ERRE L
Pt B A ED FRAadg s B B uw @i -kmd®o # Fv/Fm g g

kzapprAwd o wd vz BRAG o2 TEATE FYFmiEw 2 1 06-

B kST P KERTEREY AR 2L SRY o E I ERES

A
AR A RSEALY - R EAF B LINE SRk L AR A b

=1

R TOREE S ST & Skt 208 3 SRS TR P E L Y
PREHREY Y LROK AP BB SR A BTG 0 U RS (S

fek 21994)o » p F Ui F ke 2> L FEHMPA R A+ £ A (Wample and Reid, 1979)

v ¥ (Brassica rapa)i# -kw % {8 > 7 @i AR PR E SR PN ok R 4o 0 F SRR

MWenst 4 2 o > Fa k & (£% @ 3% i(Daugherty, 1994) o & i 5 !
Wit kAL ST 11 R o A FARE R BT F R R X B A R o B
kis E FF v fo% A (Issarakraisila et al., 2007) -
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BN T SRR PR B 0 S k2 R R ORISR § KB D MY B0% 0 B A
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NEP BT g BB k- #Fu L REEFF W Lkn v i 5R
Bt BAPIT o ARS8 3 25- 2859 nmol - g7 FW o {4 fmve £ TIiEF L T o
B g P e forg ki A Y - X ABP - S o fEE Y FARE 0 3
= 9% |2 (Bartosz, 2003 ; Kappus, 1985) » 3 = fE 7 £ ¥ ¥ 5 e Wi FiE § 1 chdp
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#oK e BY SRk E -
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PEAERTR R AP Z R A K AT (W 41 - 42)

fsi 2 3 % 35-40nmol - g FW e ‘& %W

BoREE G N R R ORE RS SRR J RS
i 0w Rph AR BB T (% 0 1995) ¢ HE b Al B b KRS T o A v
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