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f-#% % (Brassica oleracea L. var. botrytisL.) 5 4 B gap? 324 2 < K
CHEEORLZERASEIPLICMEABFAZLERNE AL G T g
EEait kRSl g ke AT RBLER AR R HFEME 2 A F R
ok Sl FHE v PN R EF LR T2 2L R 22009 £ F 0 TEmE
58 B AN ZHREAY B AT S s TEHOBA 9 15 cm BT bk
EAFR2R CNER' LS8 Y AREE R AEPERDT S HA46 V2 #
45 2R 4 45 X' ¥ b r GHEEE 2P 9104 5k 0 3T 2010 £ F Fie i
kA ERH LD BT L 48 BT AT RF 0 B2 45 2B
AR BREDFL 7107 > TR G 1S5em FELT FKE K F kAL
T oFoke AR E 45 BB BRI R 45 B EPEE D
PR A A5 AR EF YR ERO TR R A 45 AR R R 2 T R
T BT R T ARSER L 494°C R4 45 %2 471°C % > A

HE 2 RA TN RETE G RALETSAH F 2520°C A1 F iR

<\

THEZ R A 45 21520 2 ¥ RS 35/30°C # # -k ~35/30°C i# -k~ 25/20°C
k2 25/20°C % i ok 4 E/ASE < 2 35/30°C A i Kk 25/20°C 5% -k 2 35/30°C
okt w kA LR 0 ABHEIT 25/20°C 2k AR A 45 2 B e R
VY AZBERTEFREZA RN oA ST 2520°C ~ ik 16/8 ] pFA
P T e 43 MBS P4 MBRIT o Y2 35/30°C ok 24 ) PER > o
3 “p¥ 23 (v i pe(catalase, CAT)E ik v k3 ¥ 1t fi# (Ascorbate peroxidase,
APX)E B E F 2 1 @ 'R 4 45 %'z CAT 22 APX & {41 48 | F& 4 B ¥ 5 40 >

Bm 35/30°C i# k15U 2 S 2 CAT 82 APX b vt g i dhy i g 4
B+ T o FEEF RR%RY A3 8K B By ¥ hd gz #
e ~3530°C kT2 4 Ead ~CAT & APX i 2N pHRDEF
BAA S FT S ET

®
Matd @ EmE ~ FIREH oK CiF MR we R



Abstract

Cauliflower (Brassica oleracea L. var. botrytis L.) is a popular vegetable with
the largest cultivated area among flower vegetables in Taiwan. Typhoon and heavy
rain are the main disasters of cauliflower production in summer of Taiwan. There is a
demand of breeding waterlogging-tolerant cultivars for summer production of
cauliflower. In this research, tolerant and sensitive cultivars were selected according
to summer yields in waterlogging trials to study the physiological differences of
seedlings under high temperature and waterlogging. In 2009 summer, fifty-eight
cauliflower cultivars were grown in the field of Yunlin. Plants were treated by
waterlogging and non-waterlogging for two days when curd diameter was about 1.5
cm. 'Charming Snow' exhibited the highest yield. 'Charming Snow', 'H-46', 'Snow
Beauty 45 days', and 'Nong-sheng 45 days' and line 9104 from Sing-flow seed trading
company were selected to conduct waterlogging yield trial in 2010 summer. In Tainan
trial from April to August, 'Charming Snow' also showed the highest yield and
"Nong-sheng 45 days' the lowest. In Taipei trial from July to October, 'Snow Beauty
45 days' and 'Charming Snow' showed the highest yields, and 'Nong-sheng 45 days'
the lowest. High temperature and waterlogging tolerant cultivar Charming Snow and
sensitive cultivar Nong-sheng 45 days were selected to conduct the seedling
waterlogging experiments. Cell membrane thermostability of 'Charming Snow' and
'Nong-sheng 45 days' seedling were measured. The heat killing temperature of
'Charming Snow' is 49.4°C which is higher than 47.1°C for 'Nong-sheng 45 days'.
'Charming Snow' exhibited better plasma membrane stability under high temperature.
'Charming Snow' and 'Nong-sheng 45 days' were then grown in phytotron of Nation
Taiwan University under 25/20°C for 20 days. Seedlings were treated with 35/30°C,
35/30°C with waterlogging, 25/20°C, and 25/20°C with waterlogging, separately.

Compared to 25/20°C treatment, the relative growth ratios of 'Charming Snow' plants
v



applied by 25/20°C with waterlogging, 35/30°C, 35/30°C with waterlogging were
greater than 'Nong-sheng 45 days'. 'Charming Snow' seedlings showed better growth
ability under 3 stress treatments. Two cultivars were grown in growth chamber of
25/20°C and 16/8 hr photoperiod for four weeks. Seedlings were also applied by 4
treatments mentioned above. The activities of antioxidant enzymes catalase (CAT)
and ascorbate peroxidase (APX) increased in 'Charming Snow' seedlings treated with
35/30°C and waterlogging for 24 hours, while those of 'Nong-sheng 45 days'
increased until 48 hours. The activities of CAT and APX of 'Charming Snow'
increases earlier after high temperature and waterlogging than "Nong-sheng 45 days'
to scavenge reactive oxygen species to prevent oxidative damage. Two cultivars with
high and low yield in waterlogging trials in summer separately also showed
significantly better and worse cell membrane thermostability, relative growth under
stress, CAT and APX activities which may be as a reference for breeding high

temperature and waterlogging tolerant cauliflower cultivars.

Key word: cauliflower, high temperature stress, waterloggingn stress, antioxidative

enzymes, cell membrane thermostability
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- 3 (Brassica oleracea L. var. botrytis L) &+ F 4 5 £ - ~ = & 4 #&
FiEp  ZABTEF FREI L ELRIFOIF 0 CEELRGH
158 282 2% adBEEL A b - B2 (P> 1995) 0 H v g 4 sl i
A hrh#EE > B AL R 2 X R FEFEGR 1992) o

TEEL LR EF TS Y APERE > X FIEHRINER L T K A2
ERIAAAE AR 2B PRLEREFIHL - LHLERR B

THREFFIZHECMEFEAE  VESTMEFLEER? L 401 510 ' /&
EH ey ARDHS BT EF AN FREF (R 1995) 0 £ 2005-2010 #
FO TR AT 4564 BB 0 L - ) R RSOZ B (HE D)
(B ¥ 0 4R 5 2010)  FoPRE 242 % fmo| 2 @iz k(P fotk > 2005) > 4ri8 B b
ERER EA ST FiE-kBl BBk L > 4 HEBRE AR
1993) o Beh 2 Fov A A ML FIEWMEALAEH L 248 5% 02008 &£ 2 B4
PE- B F S FACHE D) (AR 2 R ¢ 0 2008) ° B (1993)%3 TR
FRAZEE AT el fE T Aah Aok N L ERRSFELZ R
Mo B P WA T L R

3 RERT ERE R ik BT ] g R L
LEHRE PR SR T RTE AT 24 kiR SRR M &
FERBE ISR LIIF AL AT PHERDE TR RN RELETE
A2 F P RRRERE R RIEF RS B LA R RRT
BER oW OREBRT ERER AL F K RTAL DG T o @ 5 B
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2.1 T80 3 Praf
-8 3% (Brassica oleracea var. botrytisL.) » # £ cauliflower & & 3% ~ % 15 »

SLFERFER- - #EA TR RANEMNE Y AL A F 2000 FE
BHEe3RAR ZHERMAFTEA Ko FibARY o al P B LINEE S RS
JIFRE e FEPIGI?PHEAT FE IR v ER- D EA
PELETRFERB2ZAF 200 e ERNAINFRF > AR T A2 BRER
A B FRARBE 2 TEDixon, 2007) c £ AL E LB RFE Y B R

FL7 ~ &~ ] ~ ;= W(FAOSTAT > 2009 ) -

211 A mEFes 4 ¥ mn
EEMEL QA9 &? Bd e i BE P WA pEiss-F 85 &4
PR RS~ R (MArtk 0 2005) o T EE D ¢h3 51 n o TR FTH A B 4 )
FERABIILET FI ST AL AR EAEY 0 25 FEA 2 BAe
S e P T AR R TP W R B DTERE A A~ L B
B L@ REF2F 332 1957 2B TIET AL £ & FARMH EAoT o
1941 # LA Ar3l e g enie % 4 7 2 548 'Panta Early' > 53 ¥ & ek gi¥
201955 &5 ' Ljg S 2 40 2 'TEmE 2 1967 EMY AL T A pirieS 2
40 = 1 BUERE > A F - BENRAL AR OoABA SR A ELET 'Rk 40 <

CA 2B LR LN - B & FengfE 1979 #4e 0 e 65 % 7

~

B e dNAE FT LB BRBI- P T FRARILERFTMFEES
4 A2 5 E(5E 0 1998)

ETME RIS E FEY TRV RA RS 2
FE(FAE 1S 35-45 % ¥ FRJT &)~ & 4 (TS 45-55 X T R e SR~ ¢ 4

FE(FAE 15 55-65 % T e A ¢ B2 FE(RIE 15 65-80 % T R jcz H4h)E ot



A FE(RFE1S 80-90 % 1 b W Rz S fE)EAER(ME > 1995; $k% > 2010) 0 7 i
PR ESERFE M FE WA AL 1986; Hifrtk > 2005) ¢ 1T 10 # & 1E
BELE G A E R 95 3000 205 2% 0 AF 9 67,000 2 ((Frer 4

§’2008)’i3§)§_?\:fﬁﬁ?‘35/ #ﬁ\%%}%ﬁ\% BRL N Z4REL o gt %} ,§;§S@+

s

Wl dhd R tmEms B amgE 10 2o b4 4 @ 9374 %

6,000-10,000 & - & & 7 # (k% 5 2010) -

212 FEmE 4 £ A iBARE IR

TEERRA TEARD BT ES T FYRALEN - 2 E P ERE AR
FREAETONETRGNTIR o UT FHMERZA LEDF TR T RTWE
d 22 EIRTA GO BREY ¥ R4 L I (vegetative stage) > § & 2 £ R

% 3 X F13% 35 = 8 (dome-forming stage) » A= X F] ¥ T3 chd 78 4 £ BL; {3f)

= % # (early curd-forming stage)?’ = = & J £k (inflorescence primordia) ; =3k 3} =
? 3 (intermediate curd-forming stage)d 4v = & J ZA#cP % & & 5 T-IRA; = 0Ly
(late curd-forming stage) = & J 25 i i =2k & o 5 & 7 3 = #p (sepal-forming stage)
TCRE e b FERA S 22 EE PR = HP (stamen and pistil-forming stage) ;

- #8352 8P (petal-forming stage) ; =¥ & #J (petal-elongation stage) » =¥ £ B
7= (Fujim and Okuda, 1996) -

EERE 2 AR G- B ST THFAFH O THRIFFLG YR
214 78 4 & TR sh e 75 (preflora) #.1¢ (Wien and Wurr, 1997) B 2§ & 2 & o
B 2 A E AT RT LT A5 F- BB Y - asf LA

B

% = %/ < % (Fujim and Okuda, 1996) > ¥ H o g5 4rk 3§ 2 4 £ 2 o

ﬁ

PR IAFET LI A RARDILBELI TR RA L2

4 &

Y
\nn‘»

#F 1 (Wien and Wurr, 1997) > &35 PR i R FEF Y R B2 42 4 L B2 2
oo RBITIRE TEAR T A S o F & 2 K I (vegetative) ~ TR (F7E)F)

= # (curd-, dome-formation) - = I 3# & ¥p (curd-thickening) ¥7 1= 3 = 3 #
3



(curd-maturing) (Fujim and Okuda, 1996) » f=#8 3% @ * #Rix2 fo3f & = = U3k 38 5

Wz p FREE FHRLAIBPEHLERHERT FEFEEE -

213 R~k Z2 pRETHELRLLZPE

CEE L R EAF iFo B BRI S T a0 R R R
FEMAEFH AL MR TIRA TR L TEWEL LT R Sy F S (]
FeR>2001)c F AL EFRZ2025C 2+ FHFTRRE B Cz+ » B
HELAY TS IR RERRSEA FA R R EG5d B TmE A
25CHM 2B FigaT 4R 4 AHRE 2 2010) c HAER $UE 2 B RFFE i1
FRAe IR L L ET G AN - a7 S BEREHNERFL & RR
T ROl PERT R b F 2 oA BAFHRRAPFHNEARE 2 FER
MR R 2 RCE SRR A RIS A MR R RN A B
o de B 2 S AR 0 1993) - Liptay (1981) 1% ¥4 % 8 30-40°C T 2 753k 25 & it
P OMEmMES LN IS - A X ERPE N EBET TR R
o PR X FEEE L F oMLY FAF & H 0 30-40CT VAR Tk

BLOFZFLIZERPE FEMTIR A L4 BT 2252

BEBFEdaicky 0 AREMEALZ TRV AFHFE L §
EREIMGGETE O REREIET Lo AF AL LB E TR SD > F LK
R M FRECR H R ks B2 AR B (E o % 0 2001; Kage et al., 2004;
Madhavi and Ghosh, 1998) - Kage % (2004)* /@ /%85 7 3 > A'U4 k& B8N
T AR S

PG E o TR FIEER S > RERE TR ST AL -

b FTERE 2 T ko] 0 7 R aiE ok (Mfotk 0 2005) 0 R pEE ERER R A

(3‘

4F
Gd o T T F kb IIRE R (AR 5 1992) o
PRAPHTMELETFANMATEF TR L2253 0 1982) & frkeh

Al BHMERREfE R BER M BApM o KRR AR § BT 0F
4



oo ATYRIEESK Y o BIETE KR R P BRI T E k2 E o ¢ (leaf area
ratio, LAR)£2 +t ¥ 6 ## (specific leaf area, SLA)3 4 » @ 4p $H3 4 p 548 B ~ $%
R I * i (RAPH A L@ R4 ) AN E BT T FR

» o3k 4 £ 8 F "% M (Rahman et al., 2007) > @157 ¢ 48 & o3k £ 2% & o3k 7

AN

3
a5 = (Nowbuth & Pearson, 1998) o **'Delira'f-'Elgon' - 8% 3 crim ¥ 225 3 I > 1ok
AEHFERES P RES AN IR AR B g A

S0 T PR R~ 4 B3R pF Y (Booij, 1987) o

214 7= 2 ¥

T EAe B F A o RISk BRI o g A2 FE IR LR
B P EH(F01982) EkETepshenriph > kB ¥ £
MEE o BB o TmEY LR TrkdeT

7 5 Blindbud) » &l - BiERIEE~E 22 TF V-
APt Em LAY FRAK R FAREE > TR A EE
B(F 0 1982)c p 98 AR Fl4rd BF > FRELS T ASHE L MER
BB GG kA 2 itk M AT £
$AEEAE > 2L TR (HE 0 2002)

4 4o - (Buttoning)4p -] &3 - FEmE o IR ) 0 E 2 P 5 &
Fo R Flhet RSS2 S BTV RABA B IR AT d 2t
EYEBRE AL A L TRE TR L X iR o WA F
Bakk PR G A TR E e bpT R ¥HELEL¥er H#
Fu kPR A B S MR Fla WA T (GE > 2002) -

LR T TR A T TS TSRRE R B £ R T
e RLmka 2 kF o EMFEHEE S FTEANERLOHIER
EEFREDOEFRT > AR TTOF T e TEVERETRA G

X%

T S RS AEE LR RS S B4 (BHE 0 2002) -
5
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Ko i P20 3% KR F 22 Feagpd » 3 R T 5 PRI~ R
RERVER > IR R S F R RIS TR NI GHE 0 2002) -

TP E Tk Ao 3 M3 T By B i o HF A2 R FE IS g
B TIRERSFREZRAERD O PHRALIPrFIAREL R RRER

Bracting 3 # P F i H R AT ¥ 21 4 5 252 L )k 73k (Fuzzy head) > 1 =
B TR EEBIE R AT RAEL RS2 F i iT* (Grevsen et al,
2003) -

Leafyhead % % — & ffl Fenifp|d 4 Az sk R sk d o MBI &
7 (Fujime& Okuda, 1996) -

Riciness = =F RAZ RP| OB ERTH T > X T BHoE ) vk 4
& =k ks (Ricey curd) » = F1 5 F kA, S 8 R R » R °F 3 v ARE B

i# % {CPRE bracting fv riciness % d {EiRE ¥ PFFH 2 5‘.%1?]5 * e pFf

& » 4o * Plana F1 ('Royal Sluis') =% 5 3% » &1 o3kt E /2.9 11.5 mm p¥ >
4oi8 3R (15°C 2 )% & 4 bracting ; =3k E /2% 035 mm pF » 2 2 HE L 0 {8
PRE ALV ITF FagR D 0 doid M 5 A 4 riciness (Fujim and Okuda, 1996;

Grevsen et al., 2003) -

2R ER T2 AR

BEEGRpERLI L FHEAGE L LB R2Z 10~15°C (Allakhverdiev et al,
2008; Wahid et al., 2007) > £_iF4 4 A e R | F]F 2. - > Fu|LFER 5
P2 &R R (T g a4 et H i-éﬁ-*‘»%;?%ﬂ % € & (Chen., 1982) -
18~ #f £ 4 (Heat tolerance) T & 2 £ "3 B BBE T WV 2 £ ~ T4 A 58ARAE
(Wahidetal.,2007)» ¥ E ~ 58 EF 2 8~ Fira3 B ThF L2 2487 % U

L2 %A 7 A& 3] st i 4 (Chen., 1982) -
6



221 B3R HR 2 FEAE T BE

BEHEF we A IR PR R TEZ R FE T B G 3R
B % sk B7 &R T @B EK A R 4R R (Camejo et al, 2005) < & 2
POl &d piig Fig~ 1 3 Ry s 0 g g Foawkiifig v
Fabdgs 2 A A3 P il @wie i B Relpehr g o 3R d e i g R
Tl e Ry B R R M EE A T A A R
fmre 0 B e b % (Raison et al., 1980) o F]pt > B B ¥R 4 R R e

e b ed FE

e R FEMHB RV RRR CHERBASALREERT  HER
i g AR Y R o B L BUTR SRR R 53 (38-39°C) R 1S
E SR F - po(envelope) M7 F A2 K& %7 o 4 M (thylakoid) * & R4t -
F 5 K (stroma lamellae)Boks 7 F(a %, 1994) - g &+ F #Fin2 #3) » Hagd
MSEF A RBERDF 0 2 B4 0 & R FIZR K (Semenova, 2004)
PLR R el R B4 T 3SR IR ) (Allakhverdiev et al., 2008) © Ristic (1992)
FAFRESMWLHER FREBPIRRA > 7 B 00F DE TR A atio
ARESWHE N FEER T MM TSR ELE CERFLAS
s e A A RR(TE, 1994) -

Jo 2 Btz fE b ¥ 11T & (Electrical Conductivity, EC)ipl3# » # 4 R
147 g eF 2 % (Camejo et al,, 2005) c T EARERAF AT R R PR LR
Mek R TWAARD AT T RBARREE > TR FERBAREE o 2o
F1* 7R RIZE W D e g 48 2 1 (Cell membrane thermostability > CMT)
Mo RIERESFBF I RERS G AL T T 2 T 2% A (electrolyte
leakage) 2 B » MG i B A L AL 4 0 B R - AR s B SR ITHE
ZREG R @ F S HEEY 2 B2 3k (Lester, 1985, Wu and Wallner,
1993) o f3¥ 5 REZ L EH 7 » CMT FRac § 22 #S] 72 b Sz (o

2009) > & FlgiE ot AT AV T @ T BB R IR E 0 R B AT
7



e oA A 8 B R T eho P 4 Z4p B (Chauhan and Senboku, 1996; Chen. et al.,
1982) - CMT #5% ¥ > % L2415k 7§ & (Heat killing temperature) 2% #t 32 7~ p& fF
(Heat killing time) {* & CERRFERGHEETSBER > QI R R R A
%ﬁ%@@,awﬁ%g@mﬂmwﬁmemgm%ﬁz«w&&m&m%;%
RABER G SN FTERT I A REE i 25 P F T E
i 50%PF 2 oKk ip PERF(Time™) « 41 % #4578 BRAPFEF ST R i iz
BRUL TR 7 AT S SR gt 42 (Yeh and
Lin,2003) > # 3 chE R BERAARFFER 2 TP L § RiGaatfiid e 241
HWHpBR™E RR;APEF LRFRAEFAAAHAEGTETERFER T A
BoRFPEER R e & osAjd M A ¢ 354 F(Chauhan and Senboku, 1996) ~ = &
(Martineau et al., 1979) ~ & F (Ft » 2009) ~ # * (Lester, 1985) -~ #% #~(Inaba and
Crandall, 1988) ~ % #s(Anderson et al., 1990) ~ # # (Ingram and Bunchanan, 1984)
% ¥ (Saadalla et al., 1990) -~ % =(Wang and Yeh - 2008) - ¥ ¥& # & ¥ (Marcum,
1998) ~ = 2 4 (Ingram, 1985)% ‘¢ R #5011 S o s F J& o

Ly FEEBES R 2 "L AEAE BN SR oo R SR
'saladette' 2 AT &fA'UC-828'2 AR 5 PFEFI5H_15 ~ 45> S B S 1L
SREARSERUEL 60 A4 BAR SARTS0L4E F 2 LG AR @t
# 5 f8'BBL-415-1'2 #arR & f8'BBL-47' 2 ik~ P I0E 5 24> SR B

s a SRR PR A D 85 A & BATR 548 50 A 4(Chen et al., 1982)0

222 B EA KL T HESE Y X2 BB

fodrimie 2 kLT B4 E PSSR R AT Bk AR ST
#Fr](Camejo et al., 2005; Allakhverdiev et al., 2008)  F 5 R K & (£% i 4 7
T AL CUBRHELTY EREING T AEFRP O BB RT E
(reactive oxygen species, ROS)A # > 739 & = X e » Fr4| PSII /2 PSI e

i3 42 (Allakhverdiev et al., 2008) - % /§ ¥k & 5 5142 § i T (Berry and

oo



Bjo'rkman, 1980) » **k £ Ji ¢ - k3 j&4F & 4 11 (light-harvesting complex 1I,
LHCII )#-it & 44 3 & % 5L 11 (photosystem II,PST)® w ¢ X F AR 2 3 25§
¥ 4f & ¥ (oxygen-evolving complex » OEC)erig 3t + #£ < & T % » ATP 24 = 7~ 4
#1338 TR (Allakhverdiev et al., 2008) > #. 7 & T 0P| E_F + & 144 (Havaux et al.,
1996) - ROS ¢ &3 *¢ & OEC t ¢ DI Fv B > ¢ = PSII 7 /% i* (Taiz and Zeiger,
2006)> #F 3k £ & i£* T % (Camejo et al.,, 2005)e @ s < ¥ > d >+ F F € & rubisco
activase % 2 &1+ i@ Frd| rubisco 7% (4 (Allakhverdiev et al., 2008) » 4r + + f
¥ faBk(Calvin cycle)f¥ % >t % B T TR T " 0 FlU me - T FHE R ik g 2t

¥ ATR 0 ® 3N 3R T adr4](Berry and Bjo tkman 1980; Camejo et al., 2005)

1847 2. £ % % ¥ % (chlorophyll fluorescence) » ¥ * 1 & B|fr T_E £ & %% B
it o FH¥FALA IR LS > A3 ¢€d A fi(ground state, SO)B* A I| s i

(lower excited states, S1 {= highest excited states, S2) > A st cHE & F A F (%7 4§

T gD - BB TET SL A B EA S v SO B

\F‘b

e
ey SR (1)*% i § (photochemical) : * & A F Sje ki » #it £ BLF
P w0 BTk & ITH o (2)FF 47 (thermal deactivation) : 4 &+ 11 £ 6775 38 B-i &
{3 kB o (3)F ¥ £ (fluorescence) « F % A — f&k 7558 o L& PRk
Lo E AT F R+ ) & 660-800 nm 2 B (40 F 0 2002) o = fAfE T £ 2
FRARSEFFTAEIAM G FRCEID A R R R R Z Y T
Al P REPI R LR FES CHEERREA T I 2 5d (DIQ)mmEY

FCEFI R oM Egd T3 BRITY 24 EHF > F b 514294 2 (Hopkins and

E%E ¥ KPIE 2 BT Kautsky effect (Kautsky and Hirsch, 1934) » 1 & 4| *
% % ¥ & & (chlorophyll fluorometer)ip| & PST #7f# 2. § sk » & £ » L E %48
WAL DT BRI FAL Y P IR R T AR

A kR R RAL R A S P o B PSIT ¥ kg 3 5 8 ek Sk s

3
53‘
I
m;,\

F ERNA LSk B > d ek Bk kg £t
9



¥ ¥ & 2 8(Krause and Weis, 1991)- 3k % st I (photosystem I, PS T )¥? PSII #7ip| ¥

FkA B o 2 PSIL#rg Denyg L IFRE] > A KL F3E PSIL A1 {7 end

k % i (Franck et al., 2002) » # L2 # % % ¥ & S 8Hcde™ @
Fo #_# M & sk & (minimum fluorescence) » * #L4~ 4% £ {E (basal fluorescence)
PR R EERERELZERE L PSIay - B+ %< 4 quinone
acceptor (QA)* ¥ “ f5 » ¥ 11 3 »xddc T+ 0 & P73 PSIF Y w2
PREGRENFEAE > 2R BTy b MR o 5 PSTTF BY w4
Bl Fo + 2 &g ki rF P omd FE M 085S XRNELE
(chlorophyll antenna)£? * J& ¥ < 4 #(Pastenes and Horton, 1996) -
Fm &_# % ¥ £ & (maximum fluorescence) > 5 2.8 7 o~ e k3§ o £ 5 &
B T 0 6 — Poid 47 {o P k& (saturation pulse/saturation light)fs - € 2 QA 32
et B R ATy PSITF e R IRM P R P2 FRELZRBFERE -
FFm ™% > 2 &84 PSTT2 %+ B4 3 M (Aroetal, 1993) -
Fv (variable fluorescence) > H & 2 Fm-Fo @ {8 » & 7 £ F &
Fv/Fm: i 5™ PSI e+ Rt Fagf» (ML L L B2 4 384k w ik
4@ = > Fv/Fm 87 5 ¥ #(0.832+0.004) & 454+ ALt if B P> B & AT 5
7 & % Fri|(photoinhibition) 2. # & 4 #(Maxwell, 2000)

- BAEP R B PEE F L S P B ® 0 3 Fo {4 ~ Fm ¥ Fv/Fm T %
7R % (Mohanty et al., 1989) o % % %-#ic Fo fr Fv/Fm 354 # F 2 atf 4 125 B >
¥ 2O FR BRI A PSTT % it (Yamada et al.1996; Yamane et al. 2000) - Lu and
Zhang (1999)F1 % /] & % 37 i& 7 % B a2 > § B R A421E 35CP¥ > 2 Fv/Fm £ Fm
"4 > Fo |+ 2 o ¥F 4 mt# § 4v Nagcarlang » Fo 22 Fv/Fm (83t $ A2 % {3 & B
FA P2 A EARE S 'Cambell' Fo % ¥ a2 2 > Fv/Fm @3 £ a2 {8 8

FTR RS EF LT 5 LE B F R AT 2 A&t $ 4 (Camejo et al., 2004) o

~=

FAiEPUEFL SR A AT Ao WERT ARG A4 nE N
10



BhFRERY HEPRLFSFTFI AR5 PRRF BRI R RFRFES
*%(ROS - reactive oxygen species) & 4 » 4rdz % p d ki (superoxide radical, O, 7) »
3 3 pd f(hydroxyl radical, OH) - & % i* & (hydrogen peroxide, HyOy)fr ¥ i ¥
(singlet oxygen, 'Oy) - ROS % # &2 dvkfi » A 2 pH B AT HETF UfET
b E e $F 3 ROS BE g HELET 0 By TR
fedE L drdl B P LS BORES 2 A 3T §7(Yin et al,, 2008) » A ¥ I+
T o f e imre et A 4 2 ROS B ¥4 67 Kgendng MpE Ry i
-2 “f B2 ROSHHE 2. 5 F o E F T8 ™ > ROS 24 =3F §
® ROS &2 3f it k2 B4 3 T g, Pl ¢ & § 2 (Scandalions, 1993; Apel
and Hirt, 2004) -

tEFEET AL 2 ROS > A wmed 2§ o frd L5 BEEBRY
% Seamn 4 @ E Gy 0 dofe B e & = (programmed cell death, PCD) = §_d
FrEBF R e hIN2 o d 3 ROS AL B ex F oL BES N

BERgE L4 o zrmiep ROS 7 £ 7 Befedtdndl > 77 4w p ROSIEAR

2 ) RIS A B Y 3 A 0 2004) o ¥ ROS 0 {54 F 1 d1 2 &
A L L kT 7 “f ROS 1245 it i % (Noctor and Foyer, 1998; Apel
and Hirt, 2004) » 715 -5 B 1L & ¢ 34ed R fortfiA A5 0 2F
% ¢ A4 F v $ i fF (Superoxide dismutase, SOD) ~ i ¥ i* & f= (Catalase,
CAT) ~ #i3k » faiF ¥ 1* f= (Ascorbate peroxidase, APX) ~ i ¥ i* fi= (peroxidase,
POD) ~ #:#k+ *%<:& J fi*(Glutathione reductase, GR) % - 2Lfix 2 o+ 5 43 it = »
b 4eFdk o fi (ascorbic acid, AsA)~ 2% ¢ E (a-tocopherol)fr 2k % 4 *x(Glutathione,
GSH) (Yin et al., 2008) o 4.3 it & ko2 i@ iT# 115 »xdr4] ROS g = 2. i £ > F]pt
WX PRARR 0 B RF Ik Aa 4 2 F Mg M (Mittle, 2002) o ¥ 4F 3 e
F R AT
(1) Superoxide dismutase (SOD) : i & i®%* § 3Oy 4% = Hy0, 0 5 7 % ke

- % oSOD 4 & & er £ Ok R E 3 0r € 3% SOD 4 & & (F ok -
11



2004) - SOD itz g iv iT% 2 & g3+ i co-factor » % SOD #7Z 2. £
#+ ¥ & 5 FeSOD ~ MnSOD % Cu/ZnSOD = #& isoforms » FeSOD =3t ¥
%8 > MnSOD = 4 friE ¥ 48 > @ Cu/ZnSOD B flm?z B ~

W3 i §355 % M(Alscher et al., 2002) -

(2) Catalase (CAT) : CAT 7 2 £ 1" HoO % 2 HO 2 Oy 15 B> i % /] 48
(peroxisomes) > jj-*f d Erfe A2 2 2 HyOp > ¥k ¥ PR EEL kT
(e > 2004) -

(3) Ascorbate peroxidase (APX) : APX i  ascorbate-glutathione cycle
(AsA-GSHcycle)h ¢13 & fis 4 2 — » APX 3 # A3k eh% - B3 » % H0,
B A+ HyOo F pF % i ascorbate = 5 monodehydroxyascorbate (MDHA)* APX
i &3 i AsA-GSH cycle ek & 2% ¢ B ot HyO, } ## (Asada, 1992) -

BEEBT > ROS Hi 4v ik - ROS 274§ 1 % sz fF e (et g Tt

47 3¢ = § 1§ 2 (Levitt, 1990; Scandalions, 1993) - 37 $ &= 3 &7 » 3 R EH T
2. ROS 7 i“f WA EEE S L 5 £ & eni® ¥ (Allakhverdiev et al., 2008) > $§

LR R A B B B3 8 (Yin et al, 2008) o 4B £ 37 e

DTEFREIL 0% HoOr ABFH 4 »4TCRIZ 4 [ P11} 425 pd A2

WHE I PIERASEER R 4cn B A 0 FiF L %% 4o SOD -~ CAT ~ APX ~ GR %

PSRRI R A A W e 0 Pk Oy F HyOo2 A ff 0 @ T 47TCRZ 4 Lt o

S EREEAET R FAEREN ERFETE 0 K ROS /i“’fﬁ e o Fla A

4 ROS 2 # #2;(Yin et al, 2008) - # v i¥ 4 4e 4 v (Rivero, 2003) -

(Almeselmani, 2003) ~ . 5k (Ming et al., 1997) %> 3 B3 T » i fEF E ¥

AR

23fEF N F KGR T2 AEE

Aok R AT FH a2 BERAKER A fRY UEE kA

WAGEr kY R F AkY chgdcd $ LA F ¢ F A L - (Amstrong,
12



1979; Barrett-Lennard, 2003) » #x— 2 43 % fid Fr e e (5% 3300k 0 ehg § ) 42
Tad o S PES ke MR B A LR 4 F (hypoxia, 3% Oy) & MiTx 24 F
(anoxia, <0.02% O,)# f& (Jackson and Drew, 1984) » g j# -R e 4 #7i¢ = ennifp T 4
& d 1 #71% = (Kumutha et al., 2009) °
(RN LR L &

RAF AL IR B EAS s F P~ BT RS0 4
T SATP A2 4§ K~ Fev ’}ﬁé‘.%\i Rl R E AP 2 EH L IEEE T R FARE
FOERIEFTILHFEREARINRL Y FE SR
HAReRE  BEERFERER S (4 0 1993; 3 0 2002; ¥ > 2006; Hsu et al.,
2000) ° fed G kpF > 2 §F AR ATEY R KFEFZEAREA G A o

arRs M (Boem et al.,1996; Zhou and Lin, 1995) -

231 B R L iTr BEHRA L2 P

EHRE P REEP - FIM PR SR e FF BN RS2 T
(Castonguay et al., 1993)> (e F 3V BB /m i@ Sk & i® % #r % 2 - F (L pFE S > @ 'K
& & %% 22 % (Beckman et al., 1992; Thomas, 2001) » % =5 Fi# ks = » H 5 3¢
W ok £ (T ¥ kg ¥ M3 ¥R %2 (Castonguay and Simard, 1993) -

A FOREBE T o k& T P A 'E M (Huang et al., 1994; Pezeshki, 1993) >
FEDRERFIMPRE S F RGO P EREE TR RS SR
A Bk & T 2 gt H % e 4 (Ahmed et al., 2002; £ ek > 2003 ) © W F ik ok

B % > k£ F* WhEE T % (Zhou, 1995) o

Bk Rtk P IRA T R4 £ X BRG] (Kozlowski, 1984) 5 ¢ (E44E 4

N

# % (Sangeeta and Grover, 2006) ° & 3 & -k 6-10 % » 5% -k % #edf 4e > H g+ 30
EEEGTERRAFE > 2002) 5 Factid k@B T 5 X {8 0 B b 30 ok T INgd
£ jF’fo’ 741 (McNamara and Mitchell, 1989) ; # K 2B F's M+ 8 A & » ¥ S

KPR E 0 AR AR B E (X, 1993) ©
13



232 R B H S IE Y HORE G2 B
BB TSN RS RE L B ATRINGE § PP (K 0 1993) 0 B
LR R S A PR~ R B 3 E A L A AP AR o e
% 4% ATP %2 NADH > f5 s 5 d & ¥7pt 957k 6 2 2 NADH 2 FADH,- { /54
T BEsEA 4 36 B ATP » F 3 ikfe 4] » &7 F Bif4ar % NADH § i+

* NAD > NAD Z et AP XT3 B H F o d 205 23 575 Bufsa

PEREPT IR R adF YR T 0 2 Biieh v RE AR > ER

ATP 2 28> » £ ¢ AR FR NADH 3 ~ E FAF P % 55 5 7 BT
2 NAD #& E &S * > ¢ (T a7 MfEf2ic* 24 HNADH § i* = NAD
"R A NAD o A T LA SR PROFHFT EReE TR @
2 T pH E'F > B 1Y Bk BL 22 fis (pyruvate decarboxylase) & 2 ¢ fE 0 £ S
% & f#(alcohol dehydrogenase) f.i* & 4 & fig o % i S FA W A2 8 PP W PR 0 € i) 42
A BEfRITT 21 A 4 cANADH 12 F 2 NAD' » @ 7 o285 B ATP A 3 » 4p
P3G F AR 36 B ATP 2+ »ATP 2 = A g b > B s 424 ¢
FIE(F 0 20006) o imte iE (T E ¥ fRPEZ EAT ﬁ&ug#{n 4 A2 o opg -
LA FRE AT ERAE M AP wiep o B e i 0 R e
7= (% 1993; % » 2006)

e FRL R FS T R A#F RT R R L e

A

ATP # % % %t 2. H'-ATPase » #-tm% F 7 5 4pch H'i@ % 1 22 p 2 LR 7
Zo— o gt X AT N R SRR VR AT I BEL e

%;y(ﬁ&ﬁﬁjz 0 H‘J"E%ﬁﬁ&l" l—/t”}fr—-)-mg';fig” é\”‘é‘(i’?ﬁ.—gik P RB T A
e R ERR 4 BRPFBR/ - BEF B RPN FRMER A (lipid

solubility) » ¢ B3 lm¥e 52 %2 WAL Hrid - & &S RRT IR -

14



233 kB iy PR BE

FOREBRT O ERERFIMPE > REEEY AT CO R T R
THRBEREF Y LI e R3S BRI F A3 FF ROS A2
(Garnczarska and Bednarski, 2004) » &4r 3 K&K 3 % {8 » £ 5 2. 02 H)O, &
FLA&E 1995 57 % ROS $up kst > of Mpk kom g pad
¥+ & (Cajanus cajan L.)@ti# -k ICP 301 % j# -katg PUSA 207 & % i (7% -k
S o it k5 k2 4§ 14 2% SOD ~ CAT ~ APX » GR & BL5Ei# -k % cHf 4o 7
dv oo AORMRAR TS B BT M 0 om $HE K ATR & % 2 SOD ~ CAT ~ APX ~ GR #1+
WAL A EikdeRt kS D A E R AR L ERE A
(Kumutha et al, 2009) - et P 2 4 < £ 2 FE 1 F A5 % p??-;},i% » Mg AR R 2
W% 1 1 % (Grishman, 1992) > # %3F § $1+ » FRW2Z RREA L &2 > BEP
Fondi s e pFwre >~ (Yanetal, 1996) o X #wi# k7% > £5 034

FH Ao B PEE S w2 % R(Yan et al, 1996) -

15



A
3.1 FEHRE S8 B A e B L E b kR
e dd
ARG * 1T (Brassica oleracea L. var. botrytisL.) 58 # &8 5 #4 » &
B2 B RiFheT (RN S T FITTR R )
B R AR LN F D RS 4 (40-45) B % 4R 5 41 (40) ~ HV-008
'2 £ (45)~ HV-079'fr = ' (42) ~ HV-009'Z &' (75)
HV-134'E % 324" (75) ~ "B 2" (65) ~ ¥ 2" (50) ~
HV-178'% 1.' (60-65) ~ HV-204'} 1.' (50-55)
B B> F T @45 D 'H-69'~ 'H-71'~ 'H-75'~'S-85'~'S-90" ~ 'H-50' » 'H-61" »
'M-48' ~ 'M-60' ~'M-70' +'S-55'~'S-65' + 'S-35'+ 'S-45" ~
'H-41' ~ 'H-46' ~ 'M-45'
GHERBT % AP RE LT 40!
THEFALERY k@ 7 A2 FIE(RELCF) "2 45 X'~ '3 550 % 2
B2 60 X' 'R X 65 X' 'H R 70X "R 454"
R TS0 R EHEAS AR 40 2 e At 45
(x B2 F A5 2 Ee AT R R 40 2
CN 'H-37' ~ CN 'H-42" ~ CN 'H-55'
BERdsherfim s FEAETRS 80 X HLS T 150 X
'6-1 5L~ 'NO.S'~'% 5 & 4 3 5. (50) ~ 'zp & 10 L'~
THE LB ~'45 % ERE 4S5 X WmE-2 'R RS

FA0R N RA A4S A RS A B35 A BE 4G R

—%\;

. CIN ol e < SN FESOEY L5 Y oL =
‘%E/‘IQ—"!:'. gl:‘f]']‘,{lin‘““)]fﬁﬂjt);}é%é s l___”:\’:gt_r‘.—;l—r" _':;:‘,: it s

RIS A 2009 £ 7 7 330 50 #2 PE 3V R o REEXExE ;
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53x27.5%4cm > RFEF 3 E L 46mm KINE L 37Tmm e FAE A SSmL AR
FH R RS Unistrat DIN 11540 &y W ga g vy R BEZTPAET - FF2% % 500
% J¢# % j% 5% (Foliar nitrophoska 20N-19P-19K-0.5Mg» f B & F 7 Lo &) »v a8 2
AERFRFHRIE - ko
FLE AR
BBEAXNAAKRF HRBI 2 AR I ETZF R NF D FRREE M
BN AR ORI BEEA Y 2 lom a2 TS 0 FEAF LR 6 £4F o A1 26
TR R LB REN R Y > F kBRI RE LA G 0 FR T2 R
ok 24~48~72 ] P> i * # % % % (Chlorophyll meter, Konica Minolta SPAD-502,
Japan)ip| T d F AT HE 3 P F2 SPAD Bk T2 ) o BRASL e F & T L
W 23 s Ead BB AELLE A ETA LI ML A PP T2 4
AL OO RMLTLE S HBATEE S L 15 128 TEEL L 2% 03

B2 TEE S L 3%

327-MEL FH KA ERR
320 foimE S8 B AL T kAL HE%
CEs

ot it iR S8 BaEfEe WY FFoRRER . A LRSS 2 (40-45) R
> 5 4 ' (40)~HV-008~'2 &' (45)~HV-079'fr =" (42)~HV-009'Z &' (75)~HV-134'
B 324" (75) "R (6542 (50) ~ HV-178'% 1.' (60-65) ~ HV-204'} 2.
(50-55) ~ 'H-69' ~ 'H-71' ~ 'H-75' ~ 'S-85' ~ 'S-90' ~ 'H-50' ~ 'H-61' ~ 'M-48' ~ 'M-60" ~
'M-70" ~ 'S-55" ~ 'S-65" ~ 'S-35' ~ 'S-45' ~ 'H-41' ~ 'H-46' ~'M-45'~ 'L § 40 ='~'2 5}
45 X' ES0R 25088 60 "R 365 X EZ 70 R E 45A0
ERS0RNEHEAS XN R 40 X "R e w45 2 (2 LR E 45 %)

o odf#gr = '3 F 75% 40 '~ CN 'H-37'~ CN 'H-42' ~ CN 'H-55' ~ '3+ # < &

=

AL 80 XA TEHR SIS0 X '6-1 B NOLS S E 8 % 4 35 (50) - B
17



10 55~ '58 B 11 55~ '45 % FEPRE 45 X ERE-D G LHRS 5 40 R4
45 ' ' F RS 4 35 A FEE 4G .
Rl U S DA
LA R HIEP
2009 & 7-8 " T i RAE e B oA S8 B AL HMEE e H(F 1)
VAL A AR P R G P e RREA R R OB A LR
KB B KRGES A% AR EPET 4 T4 B LA 2tk Bk § 1.2
m> BEFHE 0 RIEOS me A58 WA T3/ 15 cm B e
WeaF kad X a0 BF RERIGER - HFIFRRFEIREL > P ET At
R CACE IR 1 - F
3227 EE S BEA(O)E FFRAERR
322.1. 4% 48 # kAR R
BREH RS PETME W HAG T E 4530 R4 4530,
MEGERSE S Pk EZ 9104 & X
HEA B GERT 0P End et X RL A%
i L
2010 # 5-6 * zqExve B AFHAEE T (X 1) ] ST R
Prd P H 248 3 TR P oo A % K3 (split plot design) > 4 ® 0 1w & 4%
Fok 2 B R RA A SR T 0 F S [ Ra A5 7.2 m° (6x1.2

m?) o B BREE0S mo B RAE 20 th o A TEIRAL R B A 180

l5cm> %3 F KEdea X > o Fd kBRI g o
BAHAEP

KRR S R 24 ] P ok 48 [ 330K ES 24 ] P~ 330K 48
DR RIEESE YR FVFmE > EEAF 1 SEH - N RFELE DRI
S R pEpl £ 0 % * Pocket PEA Chlorophyll Fluorimeter (Hansatech, UK):| & ¢

1’1‘[&11;5 E’?—EH—% ;‘-%“Jc Ei“ﬁi'%'”i”\wﬁ%ﬁ%*j(’:&‘izﬁﬂhﬂi
18



IIR@EE B TR o
3222447 7-10 * # kA § 5%
B EE  TTWE ST HA46 2 F 45 1R 4 45 202 REL P 9104
k(32201 43 487 #F KA E )
B E B AR AFFERKAE S 2N AL A TR
IR LI I

TS HA46' ST E 45 2 TR 4 45 30 2 9104 5k 25/20°C A 1 F xR
270 B AREET T AR w780 it e (& 2)on A K i (split
plot design) 4 % & > L R FEF K2 2B F kA AL FRLHEE O F &
Bl ®BRAE S 42m (35x1.2m) » BEFAHE 0 REE0.S m o & S48 14 ko 3T T3k
AR B LREL T B IS5em B3 FREIES X0 BFF KB R I vEG »

ARl P 2 CIREE R IR L E A2 2w g Bk -

33 FmE 2 BSAw BB EFRER

pARRBRUTHEDZ A SAEHEE L A 45 1 485 72 £ PE Fl3t )
B REEXEXF 5 59.5%<30.5%42 cm o R 2B S 45 mmoo KIRE T 32
mm > & 42 mm > 2k R 2 (BIO-MIX POTTING SUBSTRATUM 110B (Tref, The
Netherlands))&2 @ /3 3 5457 2 /3 3L IRE U 81 1 I 1 RETFZ LB AR -
Tw P FEEET 1000 & Peters 20-20-20 (Scotts-Sierra Horticultural Products
Company) » >t g # 18 {7 T i :E5% ¢

331 38 3530°C T4 L2 e &

BALFEED RE25/20°CE 40 FARET T2 X 447 faAgE:
I BE#F Kk wHBIP REINBOCEE » 3 kE B4 G

2. A BRI TS IR RE3530°C L E

3. Bk WHRT AP RE2520°C 4 E 0 HpokI R A S
19



4. ¥R WY P iE 2520°C 4 &
WRJTE R RJT(E 51015 % 0 BRI A P IR B T IREE 5 3 70°C 47
PRCR T2 ERRIERE > FEAF LR 6 £4F o
3.3.2 m¥e MORAE T AR

A B 25/20°C 2 k¥ 16/8 ) PF2- 4 £ 445 w = i ik J5 Wang £ £ (2008)
ZZFFEHNEB OB P AT HS 2 FERE Y FILBEH LREE L 6mm
EFS B E4F3 5 o2 r4ed | mL 3 35 -R2 33§ (25150 mm)® > ' F4F
§H R o ¥ PR % (control, C) A S 4c AT > W4 » 10mL 2 33K » A3 T#E
1 -] 15 > 12 3 % A 3+ (Butech Cyberscan CON510, Malaysia)ip] ¥ &4~ T H B
Cl; oJ2 ke (treatment, T)*T » P3R5 -Kig ¢ > 4 8[30 40~42~44 4648~ 50 ~
52~54+~56~58~60°C 4c# 20min & > 4c » 10mL & 3¢+ -K » 33 BT # % 1
hro Lple i THEAREL TI 218 £ 3¢ £ B3 100°C -kiF 40 min> & % =
DA FEENCEFEREI2CE ) T EAV R TR AT EAM
5 CF~ 22 TF) > 1 #* 7 5] 2 3832 5 4p ¥4 5 & @ (relative injury, RT) o =3¢ ¢
CeETAruifi ety ( [BFAuAiEi~2 27 HAED -
RI (%)= (1-(1- (TUTF) 1/ (1- (CI/CF) 1 }
333w 8B EFkER

R T R 4 45 %52 25/20°C & Rk 16/8 A E AT w4 ik 1
% 35/30°C # & -k ~ FF 35/30°C # -k ~ ¥ 25/20°C i# -k 2 ¥ § 25/20°C 7
ok 4 fEAIT 48 hr o 2 (33K A % 25/20°C ¢ K ASL S K d ot B R Lo |
cme B HIEP 4o o
HESZFELE

MRILA  RJL A8 P PEE MR A8 PRI REd P LT HRF 3V EREZE
$FFERFVFmiE > # €47 13> 10 £4F - kA 5E 20 min 2 HFH P {5 1
EERE -

(Q)E * 4 ¥k » 3 £ (Relative water content, RWC)
20



i3 :x p Mukherjee and Choudhuri (1983)2. = /% » *t e JJ2 o ~ JJZ 48 /| PF 2

VAL 48 B> Bod P LT HCE 3V ERE 0 i BB AT 26 mmE

B3 ok? o FETTRAMEBE 24 hro BA Gk L SWRE » BE
FIFEATOC 4P 0% 72 ) PR AR50 - AR RA F 235 25840
RWC (%)= (# £ -§2 £ /%8 £ -§2 £)x100%

(3)42. 3 & it pr(superoxide dismutase, SOD) % 1

SOD #2445 & ik 45 Paoletti & (1986)c= /23R4 I3 1 » T A JJ2 a0 ~ fJT 24
JPES R A8 PRI 24 ) PE O Bed P AT RF 3P ERE REFAED
2% % > ¥ 12 sodium phosphate buffer (50 mM, pH 7.4)i& 1:5 (grmL)+* ] % B~ »
*+4°C 12 15,000 g & 30 min {6 0 B~ 200 L F Gt 2w g ¢ o g ik A A r 1.6
mL Tea-Dea buffer (triethanolamine-diethanolamine, 100 mM, pH7.4) ~ 0.08 mL
NADH (7.5 mM) ~ 0.05 mL EDTA/MnCl, (100 mM/50 mM, pH 7.0) 2% 1
mL 2-mercaptoethanol (10 mM) » & & 353 & > = W12 &k k g 2+ (Jasco U-630
Spectrophotometer, Japan)if| £ & & 340 nm T 10 ~ 452 kB4 ; U6 B &
HRE e B0 7 7 EEE F Pk 2 AA340 %502 0.2 mL sodium phosphate buffer i+ 5
% 5 P~% o 1 Unit % 5 SOD #74] 50% NADH ¥ i i# % 5 I min" -

SOD activity (Units/g)

(2 2% SP0i2 2 NASO)-(3 FEh S22 2 NABAO) gy 2 g Y (min) -3 £ ()
0.5(7 7 fx% 3 P~k 2 /AA340)

(4)i8 ¥ - & pi#(catalase, CAT) & 1+

CAT #4147 % 45 Kato and Shimizu (1987)c17 j2 i¥38 A4 2 & » 3% i d2

AN T 24 [P IR A8 ) P AR 24 ] P o Bed P AT R 3 R ERE
R F AT B 4 % 0 1 sodium phosphate buffer (50 mM, pH 6.8) % 1:5
(grmL)vt & 5B~ > 3+ 4°C 12 12,000 g 3 20 min {2 » B~ 200 pL * i e » 7 &

# 0 X i& K 4 » 27 mL sodium phosphate buffer (100 mM, pH 7.0) 2 0.1
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mLH,0; 38 395 15 > = T kKR P RIELE 240 0m T 2 1 AR E R
fogd e d BT RN FRE R oA F 2 i ¥ #0240 (K, mMem ™)
38 5 1 Unit % 5 4 45 1 nmol H,0, 2. i} 4= & -

CAT activity (Units/g) =A Az 40 (K, mM'enr™) = Rt ffxff-## 5 41 (min) + FW ()

(5)fuik n fhiF ¥ 1t e (ascorbate peroxidase, APX) 7% |+

APX FH 447 5 &4 Nakano and Asada (1981)37 j2 (¥38 4 2 1 » 3t @
WO R 24 ) PFE > R 48 ) PE S MRAR 24 ) PF > Bed P AT ERE 3 P EREH
RS F L B R A > 12 sodium phosphate buffer (50 mM, pH 6.8) % 1:5 (g -
mL) VB 5B 3 4°C 1 12,000 g 3 20 min 8 0 B~ 200 plL oGk te 2 2 E R
I & B 4e »~ 1 mL potassium phosphate buffer (150 mM, pH 7.0)> 1 mL ascorbate (1.5
mM) > 0.4 mL EDTA (0.75 mM)% 0.5 mL HyO, (6 mM) **/R £353 {8 > = i m
kEBREAE 20 nm T Imin 2 k@ 0 29 i IR EREE
Ehop ot R F 2@ F ¥ 802 28 (K, mM'lem ™)zt 8 > 1 Unit 2.5 55 A4 1
umol ascorbate z_ij 4= & -
APX activity (Units/g) =A Agy + 2.8 (K, mMem™) x# fis 4 f x4 f¥ & #c1 (min) + FW (g)
3.4 iiti 4t

ok By St SAS E 2 i 1(SAS Institute) ¥ <57 PROC ANOVA (analysis

of variance procedure):& {7 % = 4 $7(0=0.05) » 2 Fisher’s protected LSD & {7 - 3=

[ERA 8
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3=

4.1 FERE S8 B AR W L F b kR

2009 # § FRLNEFFLHEREY CEIART LSS BIEmESE 2y

<\

BB A LWL A3 v 8T A2tk BB A 2eom 2 SfEF 'y LiES A
(40-45)~'B. 4 48 5 4 ' (40)~HV-134'E 4 324' (75)~ CF60 CN'H-42'~ 'H-46'~'H-50" ~
'M-45' ~ 'M-48' ~ 'M-60' ~ 'S-55' ~ CF10'2 2. 65 %'~ CF49'mt# 1 45 %'~ NO.5' ~
T a5 4 3E (50)c w14 THRF <203 cm 2 S s LRSS 4 (40-45)
B 4185 4 ' (40) ~ HV-134'£ 4 324'(75) ~ HV-204' %' (50-55) ~ 'H-46' ~ 'H-50' ~
'M-45'~ 'M-48' ~ 'M-60' ~ CF10'2 % 65 %'~ CF26'# u 45A'~ CF49'it#: 1 45 X ' o
G 21 RHRB A 4om 2 5BAEF ' LIRS A (40-45) R AHES 41 (40) -
HV-008'2 %' (45)~HV-134'E % 324' (75)~'H-41'~ CF60 CN'H-42'~'H-46'~'H-50' ~
'M-45' ~ 'M-48' ~ 'S-35' ~ 'S-45' ~ CF49'7t 4 1 45 % '~'NO.5'~'% & & # 3 #'(50) ~

BSAFEE LG HTEWME AL 40 2(E 3) -

'S-85'~'S-90' ~ CF09'£ v 60 '~ CF10'2 2 65 %'~ CFI11'* £ 70 *'~'45 % &
PRE2 PR fEE S TP HASS A2 g (R 4o

58 Ffhw R R FE RPN F R AJZ¥ SPAD B2 B bk 24 LA F
A3 RRAF N EIL 2448 T2 | R FLL > FALF KEIEZ R T
FEBREEFALL AT AR EANR R RIET 2R BEART - R(E 5 AR
kRt SPAD & HV-204'F 2.'8 it 3 + ;'M-46'¢2'S-90"5E i -k P ¥ 4 4c @ SPAD
T FE S0 % 285 k18 SPAD B A & A IRIST (% 6) -

RBEEFPTLHFNALA G35 EPET L 1o ERTL 25 PHT
L5 3ok 720 S S BT & T L @ HV-204'F 1'~CF60 CN'H-42~
'H-75'~ CFO7'# & 50 % 2 55"~ CFS8'F # 13 40 %'~ '45 % fomiE’ ~ 45 % 7o

FOFHAEIRD G RES S 40 2 A 10K A 1R L
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40 2'Z F % 20 FIRHEMT £ CF30'2 445 '~ CF3I'sg B 40 ="'~ 'R 4 45

TNB50 X35 A EFR A0 BEME LS CPRENEE S T L2 goik(£ 7)o

42 F-MEFLEFRAL R
421 =K S8 B HEE i kA E R

TEE S8 BEABL I KA P RAL ST B4 45 2 'HO61'2'E 3
2R BRI FLR(R ) B2 kgl e B R LT
&ﬁﬂéﬁﬁy\%ﬁ’i?fﬂfﬁhﬂﬁ%ft‘%*;}é*ﬂ%*ﬁ AEPEMN g
A o R A A FRE AR X LT RFRKRETLMHEM  wp 2T

45-50 X ~ p w0 i

==
sﬂa

AL BT PE A EREL T HA 1
Bl iR AT RE L BM2 T L4531 B A 45 R FIRE 2 (TR K

AERE -

422 PE S B AL F# LA T E%
422.1. 2% 48 " # kAR Rk
TEERENE T S H-46'- 'R F 45 SR 4 45 22 9104 & & 0 3 2010 £ 5-6
PRgEtE B 2k 0 3N R RIE T ~ Rk 24 ] BF S Rk 48 o pF s 190k 24
o PE S 3Tk 48 ) PERIE E % E F Sk Fv/Fm & o F oK AR ¥R Tk 24 &2
48 | PEEBEE L B (% 8) AT A w % 0.706 & 0.631 A ¥ (>t #Hpe w2 0.836
$10.841 0 & 546 & AI22 Fv/Fm @2 % 9> 13-k 24 /| PFUE T PR wr hue .
2 Fv/Fm B g g F £ & » He 42 iJ? 2 Fv/Fm B398 F MO0 mR e o 13K
48 /| Pt STz Fv/Fm @75 F W R B F L Mo PR E B AR
LA ket e Fy/Fm 35308 RSB F T % > HREPF 2 BF(R3) -
2010 & 7 % 24 P kAT TR 48 ) PER LS > P 2 e BB FE A
-~ EI e FRER L R B RER R RR G R I 2 o

HREZXDFAa B RE & Bt REET > A E L PP - HRFEAL L &R
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2P P INEE S IIIRBEE o B b N E Y 28784324 g/m” B F B F 0 'H-46'
'TEAS AR A A5 HOI4AFREF LR Tk L G2 EHA6K F ik
B AL 143484 7 29419 g/m’® > 'E £ 45 X' R 4 45 1221 9104 B R & A

32 (% 10) -

4222.4 4 7-10 ¥ # kA€ R
EEE W H-46' ' E 45 2 R4 45 2 9104 &k 0 3 2010 &
7-8 1 I A A2 FEHRY 0 FIFEREE R ML A TIREL > PN
NERBFFEELR B E B L 724 gm' o 'E 2 45 X% 480 g/m’ =%
 H-46'142 g/m® i 0 & SAE2 B P INEE N R B R B oRESE R B E L
B ook B IREEE R 515488 g/mP BB o TEIREE TR ORAJE - 548
BIaA EHMF LR B KA B 'S £ 45 503 5 114481 g/m’ > 46 T '94+62

gm> =2 > 'R 4 45 %242 g/m’ B (% 11)(% 12) o

43 R 2 B SAE T W AR ks

WRIEISBOCALFiEE BT ERIEF LI 10 X 2 gk Hp 3w
HERFH N RRFRAS A v B 2 BBl ' FaFLE
TR A4S R HRATAIEE 10 X E?ﬁ."ir?iﬁ'_ié’liﬁ%ﬁ%‘*fii?f Bz e
DRE R ORRILE F EOTER (R 13)c TR 15 X o D P IR £
PRI SR FANFLE RS EF MO HRE A LR R
Rz FHREEFE M B 45X 2B P MBEEA LS 15 X 0 L AJUR G Ak

Lod AP REAHBESFTEFLK-BEFIFRSBEFKZ TR B

A

o
b
et

)
T\
g
()

RIE R L N S E AR e AILE 15 X 2B TEE S W4
.

KR BEFREREFR SO BEAFREYER LT AT LE S

B
e
=h{
<l

B(d 14) B2 45 XL S 15 220 TEE > NHBENEERG > F R

PAOREFEFIIEFERFLL S FAREFRM BRI B REYER K
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FrANFLE GA DALY IS A2y TG E N a A E LR 0 T
L RRUR T ’r’?ﬁiﬁiié’ﬁﬁ%ﬁ%ﬁ» BB REFEF KT AEFALR
B B4 45 X ARSEE IS XA 2B TG E U HBREE T RS 0 BB = AT
RrRFREFLRE FA-

WIRAJE S 15 X ok 5% 2 Sodcld - ¥ 0L fRL AR 2 Sl o 4G
TR A A4S 'S fE R P IMEE R R HREE R R ILEN T IS
Z B PMBEEREFANTS A 3R AN A FRLEAEELL A 3RS
KLy o F IS R 2 PIMEE R F LR S X (% 13) (R 4) - ﬁ%q"“frs«mm

KATLE 2 B PR AL A PR BRI AR o B RS A2

\4

REZEH 15 AR FANE 5% o B4 45 X2 B I IGEENF RS K E R R

M
hod
| -—
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=
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b
e
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TR
4
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frh
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TR
A
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Ak
=
e
e
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YEZ R TN SRER S 494°C R4 45 %2 47.1°C F (W 6)
BE2RA TR R TR REL BN A ERPREFL D BE
ok Y > £ EF L Fv/Fm BREFXIF K 48 | EAIZ 2 B R4 45
AT IR ke SRk Fy/Fm @303k R4 48 0 BF IS AR F R R E T
2 BT h ok~ ok 48 [ R 3R A8 [ IR EE AR (B 7)o AR
HhkrZ 8302 48 | FHEFXREREFLKEE > 2 A F3 3RG> A
B APk A T RO R etk AR 48 ) RIS 3R AR F T MR (] 8) o dF
Lg% SOD a2 Ag ¥ X 3l K 24 /| FROZH R R EF KA F]F+ 5 A g B
o @ S SOD it ¥ E bk 24 [ PERBE F L (B 9) > @ 3k ok 48 ) pF
SRR ke AT F ¢ B SOD EfE o CAT B3 AR 24 ] R £
TEBERHEFRD AL 48 | R ESIERE - kE RE3 BEF R T
E BFFREY FAIREM G ONFEI R ES ORI 24 S CAT B F

poal

P ATEA 45 2T rJR 48 0] BF > CAT 1 B ¥ F 2 (8] 10) - APX &3¢
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HoKESLAS | P BE R TIE RS ORASIEE T A T L F G AR MG
APX %t G i K ASE 2 AL 1 A58 CAT Ap it » W6 2 %0 AJE 24 | ¥ 15 APX

AR FEYA S AEA A5 XD R 48 o APX A B F A (R 1) -
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1 %
5.1 T S8 B ST M L E ok Rk

TTEE S BEMAY KRB v #7253 2em 14 %2 3 3cem P 21 % <
S 4emz SAE s h LES 4 (40-45) B AR5 4 (40)~HV-134'E 4 324" (75) ~
'H-46' ~ 'H-50' ~ 'M-45' ~ 'M-48'% CF49'it# 1 45 %' %% HV-134'R % 324'2 4f 4
ﬁ%?éiﬁiﬁ%%@é%%ﬂwﬂ%%ﬁﬁii?ﬂﬁm%uﬁiii%

A RE-BREARMBEG A TERRE T A LB EZ FHH(E01992) - A

ARSI F SR G RELA S B F O U EE AR
BRivaatid RENRZGR > FRTEP R AIFES F & mfiv k2 & fE(Daugherty
and Musgrave, 1994) - »* 4 % (Teutsch and Sulc, 1997) ~ < & (¥2f=% > 2000) ~ 4

H(E frg 0 2003)% (T FRERY L kGRG0 EEE S

(s

PTEETE I

s UGB RES RS &% E4r4] 0 ROS 1 7

~

B
2B R ERE S % 7 T % (Tewari and Tripathy, 1998) » % /% i

A b R R
BTORGREESE 72T SR EELRADHF T w2 0 T RS 996
%% 7 B3R &k 46283 % 0 2007) - 4 4 F Apke 25 o ERAR

&7 YU kinshun &% §#38 7 » £ % % £ 4 1+7,# £ (Chauhan and Senboku,
1998) e 2 2 A BB AP KT ER A EFZ 2T LRI HRERY >
W E ok 72 [ pEts o SPAD BAKEF T BV AF L w0 & IR

Er T L2 Vavd WL EY CEZMERF 28°C T EF R B
o kR A O0Klux PFE p BB EGRIE R 3 RASEY BB LR A 30°C
2 (FE2) > ERBEREE IR PR RT R R IL T2 A BT

ST IR 2 LB
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S2TmMER FHORAERR
521 o S8 B A% T kAL H%

TEEETSERF AR FICHTERREAIFD R AT E TR
EABITWMETT AT 2B AE G 22-23°Co 3445 17-19°C ¢ ~ a4 &
R E L MEREREBEA LT A(F 1993) Aigsh 2 8B
Poaad BAEL L r G B R TR ST 24T P B (v E TR
®o RIS TR L) o3k 0 A RIS o F kR Liptay (1981)% £
30-40CT e P 2 A RIAERBZ B2 EAIIIERBLE T
BAPK B R TR R IR S A B S S B FIR A A A A, Ik o

THRHER 2 ML H IR TV RAEFE 4 52 SFRA R B RN F RS
Be ¢ERITFEZET T > o7 dffi2 §icA £ #2%(Yin, 2001) » B F4E# k=

B 4em A EIRF(FE 0 2002) 0 o Bk A €306 AT B RS kAT 25

BERIF A2 FLAERARREL WBE e HA6 0 BV LG R
BEARFEE > TERF Lo HREE R LB RA 2T E 4538 B 3 45

Ao TR FEHE S AR LR RFIZERMA

522 RE S BaAEMA(E TR KA E RE%
52021, 44 487 4 kAR5

- BB ESE Y% Fv/Fm &7 ' ¢ 45 (Mohanty et al.,
1989) o @f#t § iv Fv/Fm @ # a2 (S R F 4 B > #45 &4 Fv/Fm & R >
# 52 {8 kg F T '# (Camejo et al., 2004) - Smethurst and Shabala (2003)* % =7 7%
BoRiE IS 2t » PREESFFETERRZLE > RA T B EAHE k2
WA e kA BB E S 2 Yk FVFm G ik SEE T A L 5

B B R H 2 BT R

&
e

w4 T o Ik 24 ) P T e i

48 | pEF > L EfE IR 2 Fv/Fm E35f0E KB BF T % > L& 1T Lk B2 5
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B3r4)(B 3) -
52224 # 7-10 ¥ ik A B

%_#L 7-10 géfé_éi\%t?d“ 4 &%E‘l‘fﬁ&“ﬁ‘ ’ 4";—]"i’1/$'&§:_’4\fpfl )

AITFF AERL - FHATAERM DB HARIRIFERLLT

S P SIS o B 45 R kAT TR A

53 7mE 2 B faa BB IE S KRR
R BEAST R P IMBEE Y 10T H B e FLE > LR 4 45

BRI R F MR E > B BEASE 10 218 TR A 45 X123 bR

|
bt

2P B EF] > LB REFAR o ILY 15 AP HBIE RS kR
BHRBReARFAR BTN FIET MBI e N2 2 R FART R IF R
Fralsm BA 45 X F R KT o B MG T A FREE N HiE kiR
AU R4 A5 AT RJER 15 R 2B P IMEE o bR ASTR F < 3 E R
BAHER2 453 3 RER VAR LGRS 2GRS o

YETRJLE 15 X 2 TINEL > BIE A F O RARIZE VIR kiR B R
FAR G AT 0 BB P ERT . TN L2 BRPIT R A 45 2
FIZ 15 223 TG E o WREAFRKSAERF L -FEF AT AN
AP FHEE - 2 RS KEE A BIEIS K B 45 T8 T

g S Bl BE TR AL S AA S VR EAREFICER

B A BN R B Il BN LR R RO RE LR c PR
FEE 22 R ETE 100% > B2 AT e R 4 B dotie it g
(RILE% 15 2 2 GeE-AJdE 2 §0E)/(HRES 15 X 2 0 -HR b4 2 i

) PIHIRF ke P RRE TN B R S F K 2 BRI R RIET 1&%;&.
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EE S Y AT TR A 45302 4 RS SR ER KT A FIMAe T
R E G FOLNER NN L 27%8 9% TR 4 45 25 17%E 3% BIETHD
‘2B P IRETE TN EGE FOL A B 5 58%2F 40% 0 'R 4 45 X 'h 35%% 23% ;
TUET 'L 97%21 46% 0 'R A 45 T 'L 68%%7 32% o B IR kBB IS 5
BT A EBEEE R REBRES 2 F T EAE I 2
FINAE ST A AR 0T R 9T%2 2 K AES% Y B ORA kdrdA
B2 R AR RAIE B E(2008) sk ERE 0 F &0 FANE K
FJET R R G R G EF R REHERTAL DT FE 3025°C L AN

B3
F 438 2520 °C 2 20/15 °C > 7 it EF) 5 KB 4k A

r R s
BAEFRIIINA SRk R H R FPRINAFF B R A BT EICEY g Aok s BT

L gE s gtk d £ X FrdI(R 0 1988) o F # (200007  F A AV N S AN R
BB A R SR E A 38CT B EAIL 60-72 ) PF2 23 E BT IF
s AR g AEHKS FAARERE N EAELT IS X 28 TIGE
YEZRF AR A 45X 0 VARMNEI'E g iz mfat oo

BRAMPBRAEARSGPER T R w2 BT 75 fdipih -+ 7
L3R RS BT WAL R PERFERMERSFR A TEBRL G
f it ehat 4 E(Yeh and Lin2003) » % § #f82 § o5 AR K& ER :
48.6-53.1°C » v f 4 ZH S fE2 MR B A 44.8-464°C § h3F 5 o Bonif £
FRFSRBERATEREZ S LG RF 2 F R E R (Wangetal, 2008) o &
WHVHEZ R A T BRMER S 494°C R 4 45 22 47.1°C % (W 10);
T2 2 RAF EETE RGN LAY TNT Tk kLT
EFRBAENIT I -

B4 45 X R K RSEIN TR (S 48 o) P2 E % E ¥k Fv/Fm B k@
BMETY o F% 3 ¥ L Fv/Fm &7 % £4 % Fo t 2 & Fm ™ % #f5&k » Fo I 2 4
TR R A F Y s i FF M 0 & F 3 84 X M E % Z (chlorophyll

antenna)¥? & J& ¢ « 4 t(Pastenes and Horton, 1996) > @ Fm ™ *% » 3 & v PSTI 2
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T BERED M(Aroetal, 1993) > @ FPSIIF 59 w4 %> k& 18% L5

—rng,&" gﬂl 45%7,(5A,Fq+,g;}@v"fljléj\i ’””r%%"’ﬁ'&%i'*?

1.

LRIZ2 E S EF Gk Fv/Fm 8 0 32 48 (| pFE 190k 48 ] R g ok

1v

%;;Lﬂ “%F"Trgm_n? J\ rﬁ * J\"’t]‘#m_ﬁ! J\ff@w 48 - JB*Z —?‘%i'?ﬁﬂi

& TEr RE oA BT P2 kA § RN B RS ke AT ki 48 | pF

P d OOk AR o EAIINEK G 4 T (4 0 1993) 0 S PN IRB ZBBEART
AACIE® § ot AcH e &N B KB F YLk A P REE T E
TR ERCT T FHE ISk 3 A F e S PP R - SR
¥k Fv/Fm B2 Ap¥-KA 7 B2 MF4ck 0 PRz £% % ¥ % Fv/Fm & »
IR A RF TR T A Ad P AR ERIIEAFTFR - BKFR A
Mo BT EFIRAL 2 2B e @EFEIEFTIFT AMH By o p
i mre fid £ FIER 0 A FR e = (%0 1993; #) 0 2006) 0 13385 4F i
SEEEARLSZ RS (HIARTERE T AEL L E R 2R IH
B Zgier b e % v 4 T CATP AN E M v FESZIrdl - E R
REPELREAP2ZFHLE > EREIEFTFUE - a3 > T3
Fv/Fm G2 S 4pst k2 £ £ 30 A BASE T 2 %1 2 P 8> 7 i 23 B AU AR R

B AN LA HE R F L LR SRR den B R A L

N
ok

Pz 2 A ARSI Y KRR TS R R SO ASL T £ B
Fif 1V fxE SOD i id K AR 24 ] PRIS > BEF X TR R ARSI T R
Bk F|F 2 B A B M % 0 CAT &2 APX /&M T 5 AU 48 /) pF s o
MELINERER KAEEE 2 AT+ 5L M G @i i

SOD ~ CAT #2 APX # M-S BEXIIE R B F kA F]F 258> © 388 % kgL

(\x
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>

PIRERF MR BI N R B kL 24

6 CAT &2 APX FHEgF 2 i a'B 4 45 2'3 jJ? 48 - pF CAT £2 APX i# 14
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THEFL A HAGI RS R B RS RR T o RS
@2 T o %% Lin 2Q010)%-F FEEB G RaTH HSHE CAT
EHRE P A2 B dale o RE 1208 AR R AR a2 F R E R S B

%R 40°C gL T 2 CAT 1" £ 120850 /2 15 6 -] PFAF ¥ it R 2(25°C)
LA AR SR R A I 24 AR A P A ERER A T R
R FEF 0SB EAILG > CAT &2 APX @i g 8% + < » @ SOD i3t
BEALT G At bl AFUR AP HE YR TMER L3 TREEE R
B AR 35°C & 40°C AT BB SEE S APX FH Y B F R at
S A0 11 40°C AR T2 o FE o famt R SR F T B B2 APX E

* wtd S48 B 720'2 10 & (Lin et al., 2010) » 57 % £ B4 4 5 % B 4§ 1

# 5 -

. CAT 22 APX &2 "$‘J—é'tt§ ISR R F R
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1. fvmE e BFERBEHKFEL(L2)(2010)
Table 1. Time scheme of field yield trail of cauliflower (Tainan)(2010).

Days from planting Dates
to harvest Sowing Planting Waterlogging Harvest
70 days 4/13 5/13
50 days 5/3 6/2
7/20 8/30
45 days 5/8 6/7
40 days 5/13 6/12
2. FFERE e B R pm A A (4 4)(2010)
Table 2. Time scheme of field yield trail of cauliflower (Taipei)(2010).
Days from planting Dates
to harvest Sowing Planting Waterlogging Harvest
50 days 6/28 7/26
45 days e, 7/30 9/8 10/30
40 days 7/7 8/3
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Table 3. The plant heights of seedlings of 58 cauliflower cultivars.

i Plant height (cm)
Cultivars
7 days® 14 days 21 days
"B &5 4 (40) 2.05 3.07 4.22
"B LS 2 (40-45) 2.33 3.12 4.22
HV-079'fc =" (42) 1.62 2.55 3.50
HV-008'Z &' (45) 1.25 1.82 4.00
Y52 ' (50) 1.92 2.80 3.42
HV-204"F 2.' (50-55) 1.87 3.20 4.08
HV-178'& 2.' (60-65) 1.55 2.50 3.48
"BZ'(65) 1.93 2.93 3.50
HV-009'Z 4&' (75) 1.63 2.68 3.53
HV-134'E % 324'(75) 2.13 3.18 4.82
CF70 CN'H-37' 1.68 2.33 2.67
'H-41" N7 2.90 4.02
CF60 CN'H-42' 2.20 2.85 4.20
'H-46' 2.45 325 4.60
'H-50' 2.28 3.42 4.60
CF72CN 'H-55' 1.98 2.67 3.45
'H-61' 1.07 =77 243
'H-69' 0.92 152 2.00
'H-71' 1.88 242 3.33
'H-75' 1.12 2.03 3.53
'M-45' 2.58 3.78 5.00
'M-48' 2.75 3.47 4.07
'M-60' 2.48 3.17 3.87
'™M-70' 1.45 2.12 3.00
'S-35' 1.03 2.20 4.15
'S-45' 0.98 2.28 4.33
'S-55' 2.00 2.67 3.50
'S-65' 1.33 2.03 2.63
'S-85' 1.67 2.27 2.57
'S-90' 1.60 2.17 2.50
'{LE 40 = 1.48 2.78 4.75
CF31'sy B 40 %' 0.92 1.60 2.50
CF30'2 #£45 ' 1.28 1.90 2.93
CF02'Z 55 45 &' 1.48 2.02 2.92
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CF29'% 7% 50 = 1.58 2.38 3.00

CF10'2 2. 65 = 2.22 3.02 3.38
CF11'%# 2 70 = 1.32 1.92 2.63
'TH R 10 5 1.47 2.35 3.67
THE 11 5 1.08 1.63 2.80
CF26'# 1 45A" 1.82 3.10 3.28
CF57'% n mtfifric 1.77 2.50 3.33
CF58'F % -3 40 < 1.32 2.12 3.05
CF49'at# 2 45 ! 2.40 3.13 4.00
CFO7'# & 50 = 2 5% 1.68 2.33 2.67
CF09'2 ¢ 60 = 1.70 2.38 3.00
T e ey A 1.35 2.08 3.00

'F s % 4 35 (50) 2.08 2.90 435
B5X L 4G HIEEE 145 2.17 4.70
"B BS540 2 1.43 2.50 3.40
'45 x o E! 1.32 2.30 3.28

'45 = o E-2 1.30 1.82 2.67
B4 45 % 1.45 2.13 3.00

'50 % 1.62 2.73 3.48

R EraA 0.98 1.63 3.25
"B A e T.12 909 2 3.52

'80 %' 157 2.05 3.18

"NO.5' 2.00 2.97 4.17

'6-1 B 1.30 235 3.50

x: Days after sowing (2009/07/02) in the greenhouse of Asian Vegetable
Research and Development Center.

y: Number in the parentheses indicates days required from planting to harvest.
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Table 4. The stem diameters of 14-day-old seedlings of 58 cauliflower cultivars.

Diameter Diameter Diameter
Cultivar Cultivar Cultivar

(mm) (mm) (mm)
RS 4 1.36% 'M-45' 1.46 CF57'% v 1o ! 1.39
"BoliteS A 1.37 'M-48' 1.19 CF58'—§“ i 40 = 1.25
HV-079'fe =" 1.30 'M-60' 1.65 CF49'it# 3 45 %' 1.24
HV-008'Z &' .15 '™M-70' 1.38 CFO7'—§“ 50 % 2 B 1.15
YE 2 1.40 'S-35' 1.05 CF09'£ % 60 ="' 2.03
HV-204'} 2.’ 1.34 'S-45' 1.14 '% s 54 35 1.32
HV-178'% 3. 1.46  'S-55' 151 % s &% 4’ 1.13
' 1.38 'S-65' 178 "B5x#FF 46 BCEE 1.26
HV-009'% &' 1.43  'S-85' 1.78 '"H RS 5 40 = 1.34
HV-134'E % 324' 123 'S-90' 1.69 '45 % fom g 1.37
CF70 CN'H-37' 1.15 'L % 40 %' 1.29 45 % {TERE-2 1.64
'H-41" 125 CF3I'sf R 40 ="' 096 'B 2 45" 1.38
CF60 CN'H-42' 1.36 CF30'2 $£45 = 1.01 '50 %' 1.34
'H-46' 1.30 CF02'£ 35 45 &' 1.07 '% e 1.39
'H-50" 1.28 CF29'% 72 50 &' 1.18  'st2 fopmE 1.30
CF72CN 'H-55' 1.63 CF10'Z % 65 %' 1.73 '80 %' 1.29
'H-61' 140 CF11'* £ 70 = 1.51 NO.5 1.12
'H-69' 126 'z R 10 5 123 '6-1 % 1.33
'H-71" 1.45  'shR 115U 143
'H-75' 1.37 CF26'# 9 45A" 1.17

x: sown on 2009/07/02, measured on 2009/07/16 in Asian Vegetable Research and Development Center

greenhouse.
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Table 5. The analysis of variance of SPAD of 26-day-old seedlings for 58 cauliflower

cultivars under waterlogging for 24, 48, and 72 hours in greenhouse in summer.

Mean square

Source of variance DF
W24 w48 W72
Waterlogging (W) 1 11.44* 4.15 1.04
Cultivar (C) 57 47.87** 47.82%* 45.64**
WxC 57 4.83%* 4.68%* 6.48%*
Error 232 2.01 1.96 1.80
Total 347

***: Significant at 5% and 1% levels, respectively.

Sown on 2009/07/02, treated on 2009/07/28 with waterlogging 24 (W24), 48 (W48), and 72 (W72)

hours in Asian Vegetable Research and Development Center greenhouse.
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SPAD &

Table 6. The chlorophyll meter SPAD value of 26-day-old seedlings of 58 cauliflower

cultivars under waterlogging for 24, 48, and 72 hours in greenhouse in summer.

. SPAD
Cultivar Treatment
W24 W48 W72
"B &S 4 (40) CKY  3227+0.29™ 31.50+0.21  31.20+0.15
W 32.43+0.39  31.33+0.43  31.67+0.22
"B LS 4 (40-45) CK 32.17£0.49  31.97+£0.49  30.70+0.30
W 31.20+£0.10  30.27+0.19  30.90+0.26
HV-079'fr ="' (42) CK 36.10+0.31 33.93+1.56 33.40+0.75
\W% 35.30+0.49 34.47+0.09 34.97+0.45
HV-008'Z &' (45) CK 33.57+0.50 35.23+0.58 35.17+0.43
\W% 35.33+0.50 34.77+£0.33 36.17+£1.53
%% 2" (50) CK 35.20+0.55 35.13+£1.97 34.53+1.12
W 34.60+£0.06 34.10+£0.15  33.53+0.12
HV-204'} ' (50-55) CK 33.87+0.78 33.83+0.50 33.77+0.30
W 34.77£0.44  33.00+£0.44  32.50+0.30
HV-178'% 2.' (60-65) CK 34.63+0.17  39.57+£0.44  36.73+£1.42
\W% 34.43+0.35 35.63+0.62 35.30+0.76
"BZ'(65) CK 35.50+0.53 34.17+1.33 33.47+0.69
W 34.13+£0.27  33.13+0.20  32.57+0.38
HV-009'% &' (75) CK 37.27+0.50 31.97+1.17 30.63+1.58
W 33.13+0.64  34.17£0.41  33.10+0.15
HV-134'E % 324' (75) CK 39.37+0.07 37.30+1.54 39.27+0.58
\W% 37.47+0.17 39.03+£0.12 38.03+0.12
CF70 CN'H-37' CK 35.83+0.61 34.53+£0.73 35.20+0.62
W 33.87+£0.55  32.80+0.62  31.70+0.38
'H-41' CK 33.13+£1.37  30.63+£0.99  30.63+1.33
\W% 31.13+0.58 31.50+£0.42 31.40+0.67
CF60 CN'H-42' CK 33.20+£1.26  34.00+1.15  28.20+1.28
\W% 35.60+0.31 33.00+0.40 34.17+0.28
'H-46' CK 36.13+0.93  37.17+£1.01  34.67+1.04
\W% 36.23+0.72 36.10+£0.45 35.40+0.70
'H-50' CK 32.60+£1.34  32.80+0.51  33.87+1.16
W 33.40+0.64  36.10+£0.10  34.23+0.38
CF72 CN'H-55' CK 36.17+0.32 36.77£1.35 34.80+2.25
\W% 34.47+0.15 35.40+0.78 33.90+0.20
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'H-61"

'H-69'

'H-71"

'H-75'

'M-45'

'M-48'

'M-60'

'M-70'

'S-35'

'S-45'

'S-55'

'S-65'

'S-85'

'S-90'

RS IES

CF31'sh B 40 ="'

CF30'Z =45 ="'

CF02'Z 5 45 =

CF29'% % 50 &'

35.77+1.03
35.70+0.78
35.70+1.62
34.60+0.46
37.57+0.48
38.03+0.38
43.73+0.84
44.30+0.12
30.20+0.25
31.03+0.84
29.03+0.74
31.27+0.55
35.10+0.95
35.10+0.06
33.40+0.65
31.97+0.61
31.97+0.69
34.17+0.35
31.83+0.20
33.10+0.12
36.57+0.24
34.70+0.17
39.70+0.15
34.73+0.32
37.97+0.52
35.60+0.45
40.60+0.75
40.00+0.42
34.43+0.38
34.60+0.20
33.60+0.36
32.03+1.14
28.17+0.52
31.40+0.26
27.07+0.95
30.77+1.41
36.47+1.39
35.50+0.67
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36.17+1.82
37.77+0.39
31.07+0.49
33.87+0.73
37.63+0.77
38.67+1.04
43.13+1.53
41.93+0.48
30.67+0.34
31.83+0.38
28.23+0.45
29.30+0.31
33.50+0.64
33.43+0.07
36.20+1.58
34.77+0.49
33.83+0.93
33.60+0.12
34.07+0.41
33.73+0.44
34.77+0.77
34.93+0.62
39.40+0.60
34.50+0.75
37.70+0.72
36.13+£0.43
39.73+1.13
39.03+0.28
36.57+1.03
33.73+0.22
33.70+0.95
32.67+0.26
30.00+1.87
32.23+0.03
31.30+0.72
32.73+0.38
38.90+0.40
36.33+0.77

33.87+1.05
36.13+0.61
31.93+1.28
32.63+0.38
36.63+0.15
38.27+0.98
42.87£1.77
42.50+0.32
32.60+0.53
31.07+0.98
27.63+0.71
30.03+0.73
32.77+0.19
32.57+0.58
33.93+0.63
32.27+0.18
31.80+0.70
33.27+0.88
34.67+0.37
32.87+0.32
35.53+0.18
34.20+0.23
36.97+0.12
34.334+0.88
37.67+0.09
35.23+0.19
36.77+0.58
37.53+0.19
36.20+0.36
33.33+0.48
32.57+0.88
33.90+0.12
29.10+0.49
29.63+1.13
30.30+0.91
31.10+1.45
37.57+0.44
35.70+0.30



CF10'Z 3 65 %'
CF11'* £ 70 %'
' B 10 B
'HE 118
CF26'2 7 45A'
CF57'% n a8
CF58'F # =¥ 40 =
CF49'mt#. 2 45 =
CFO7'# ¥ 50 = 2 5
CF09'£ v 60 ="'
T g iS4
T a %4 35 (50)
B5 X R 4G L TmE
"B EEE L 40 2
'45 % FopmE
'45 % o 2D
B4 45 %!

50 =

CK

CK

CK

CK

CK

CK

CK

CK

CK

CK

CK

CK

CK

CK

36.70+0.95
35.10+0.32
35.57+0.69
32.90+0.92
33.40+0.25
32.63+0.20
38.60+0.71
37.57+0.67
28.80+0.10
28.63+0.09
33.60+0.25
33.57+0.22
33.97+1.43
35.23+0.07
31.90+1.64
31.33+0.61
33.30+0.70
29.87+1.52
38.13+2.08
35.37+0.46
33.93+0.52
32.77+0.12
33.50+1.04
31.70+0.44
33.27+0.27
34.57+0.86
32.23+0.95
36.03+1.80
31.37+1.04
31.23+1.63
29.83+0.89
31.70+0.59
35.80+2.06
34.97+0.81
33.80+1.45
33.17+0.95
38.30+1.04
37.30+1.61

53

35.90+0.46
35.00+0.36
32.70+1.10
33.27+0.47
32.00+£0.45
32.70+0.15
39.63+1.99
35.60+0.26
27.17+0.28
27.97+0.32
32.67+0.66
32.77+0.09
35.80+2.81
34.50+0.23
32.1340.15
33.33+0.57
32.77+1.65
34.17+0.20
40.37+1.03
36.47+0.18
34.57+0.74
33.67+0.44
32.90+0.45
31.70+0.36
33.03+0.20
32.87+0.48
33.63+0.55
35.40+0.86
31.63+0.19
32.47+0.95
32.93+1.02
32.43+0.58
31.73+0.44
34.40+0.66
35.00+1.07
34.87+0.23
36.97+1.42
39.90+0.72

34.50+0.58
34.67+0.64
34.27+1.09
32.37+0.20
33.17+1.13
33.20+0.10
39.67+1.50
37.80+0.47
27.17+£0.41
27.77£0.32
35.33%1.6
34.17+0.47
39.37+1.46
34.70+0.35
31.70+0.75
32.30+0.62
34.66+0.47
33.13+0.15
38.80+0.59
35.70+0.50
35.27+0.48
32.37+0.32
33.70+1.30
31.57+0.33
33.47+0.38
32.00+0.31
30.43+0.64
36.80+0.12
31.20+0.70
32.73+0.55
33.40+0.31
33.63%+1.18
31.77+0.19
32.73+0.47
35.53+0.72
35.10+0.42
36.27+0.93
40.57+1.84
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80 %

'NO.5'

'6-1 5

CK
W
CK
W
CK
W
CK
W

41.00+1.21
40.67+1.50
34.73+0.80
36.80+0.85
33.70+0.23
31.73+0.52
34.73+0.63
34.07+1.70

42.43+0.95
42.07+0.64
34.13+0.15
34.53+0.44
34.10+0.46
32.20+0.50
35.10+0.21
35.43+0.24

41.13+0.52
40.67+1.29
33.43+0.50
35.17+0.23
32.13+0.09
31.20+1.03
33.70+0.50
34.83+0.30

x: Sown on 2009/07/02, treated on 2009/07/28 with waterlogging 24 (W24), 48 (W48), and 72 (W72)

hours in Asian Vegetable Research and Development Center greenhouse.

y: CK represents control and W represents waterlogging treatment

z: Mean =+ standard error (S.E.).
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Table 7. The wilting grades of 26-day-old seedlings of 58 cauliflower cultivars under

waterlogging for 72 hours in greenhouse in summer.

Cultivar Grade Cultivar Grade Cultivar Grade

B aims 4! 1Y 'M-45' 1 CF57'%¥ v mtfir o 1
"B lites 4 1 'M-48' 1 CF58'5 # =3 40 = 2
HV-079'fe =" 1 'M-60' 1 CF49'mt#. 2 45 ="' 1
HV-008'Z &' 1 'M-70' 1 CF07'§ & 50 = 2 51 2
Y2 1 'S-35' 1 CF09'2 v 60 =' 1
HV-204'} ' 2 'S-45' 1 R T e 1
HV-178'% 3. 1 'S-55" 1 'Ta %4 35 1
= 1 'S-65' 1 B X FE 40 HEEmE 3
HV-009'% 4&' 1 'S-85' 1 "% RS 5 40 = 2
HV-134'E = 324 1 'S-90' 1 '45 ® o 2
CF70 CN'H-37' 1 "% 40 %' 2 '45 % TPRE-2 2
'H-41" 1 CF31'sh B 40 = 3 B4 45 ! 3
CF60 CN'H-42' 2 CF30'Z $£45 = 3 '50 % 3
'H-46' 1 CHQ2'Z 13 45/ ' 1 T EraA 2
'H-50' 1 [LCF29'E F=30 34 1 g2 R 1
CF72 'CNH-55' 1 CF10'Z 2 65 &' 1 '80 %' 1
'H-61" 1 CFLL k& 7 1 'NO.5' 1
'H-69' 1 TR O10 B 2 '6-1 5 1
'H-71" 1 ' Bl 5 2

'H-75' 2 CF26'2 v 45A" 1

x: Sown on 2009/07/02, 2009/07/28 treated waterlogging 72 hours in Asian Vegetable Research and
Development Center greenhouse.

y: 1 represents wilting; 2 represents slight wilting; 3 represents obvious wilting.
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Table 8. The analysis of variance of chlorophyll fluorescence Fv/Fm of 5 cauliflower cultivars (line) under waterlogging.

Mean square

Source of variance DF
BW* W24 W48 R24 R48

Block (B) 3 0.00010496* 0.00005024* 0.00345792* 0.00814253* 0.02070464 **
Waterlogging (W) 1 8.1E-8 0.00002161 0.01852442 0.16770250 * 0.44070605*
BxW 3 0.00003244 0.00000832 0.00343026* 0.00886744* 0.02373629**
Cultivar (C) 4 0.00004303 0.00002600 0.00084592 0.00469620 0.00514960
WxC 4 0.00002181 0.00002355 0.00086430 0.00500567 0.00340871
Error 24 0.00002368 0.00001503 0.00097858 0.00222723 0.00305695

***: Significant at 5% and 1% levels, respectively.
x: 2010/07/20 treated waterlogging 24 (W24) and 48 (W48) hours and then recovery 24 (R24) and 48 (R48) in Tainan field

BW means before waterlogging
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Table 9. The chlorophyll fluorescence Fv/Fm of waterlogged 5 cauliflower cultivars (line).

) Fv/Fm
Cultivar Treatment
BW* W24 W48 R24 R48
BT CK” 0.829£0.002 ab BY 0.8400.003 ab A 0.835+0.003 ab AB 0.836+0.003 a AB 0.8420.004 a A
'Charming Snow' W 0.831+0.002 ab AB 0.837+0.002 b A 0.803£0.015 abc AB 0.758+0.008 ab B 0.627+0.053 be C
'H-46' CK 0.832+0.005 ab B 0.839+£0.002 ab AB 0.837+0.003 ab AB 0.836+0.002 a AB 0.843+0.004 a A
AW 0.833+0.002 ab A 0.843+0.001 ab A 0.806+0.012 abc A 0.627+0.075 ¢ B 0.63620.068 bc B
'2 % 45 %! CK 0.830+0.002 ab A 0.838+0.001 ab A 0.83620.002 ab A 0.832+0.004 a A 0.839+0.006 a A
'Snow Beauty 45 days' W 0.827+0.002 b A 0.837+0.001 b A 0.7660.041 ¢ A 0.722+0.028 b A 0.602+0.072 bc B
B4 45 = CK 0.832+0.003 ab B 0.842+0.003 ab A 0.840+0.003 a AB 0.841+0.003 a A 0.847+0.002 a A
"Nong-sheng 45 days' AW 0.835+0.003 ab A 0.842+0.002 ab A 0.81740.005 abc A 0.698+0.031 bc B 0.705+0.040 b B
9104 CK 0.836+0.002 a A 0.844+0.001 a A 0.844+0.003 a A 0.833+0.002 a A 0.834+0.010 a A
AW 0.8310.003 ab A 0.838+0.003 ab A 0.784+0.039 bc AB 0.726+0.035b B 0.585+0.053 ¢ C

x: 2010/07/20 treated waterlogging 24 (W24) and 48 (W48) hours and then recovery 24 (R24) and 48 (R48) hours in Tainan field. BW represents before waterlogging.

y: Mean =+ standard error (S.E.). Means within a column (in small letter) and within a row (in capital letter) followed by the same letter(s) are not significantly different at p

<0.05 by Fisher’s protected LSD test.

z: CK represents control and W represents waterlogging treatment.
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Table 10. The shoot and curd fresh weights of 5 cauliflower cultivars (line) in summer

waterlogging yield trail (Tainan).

. Shoot fresh weight Curd fresh weight
Cultivar Treatment

(g/m) (g/m)
YEZ CK* 87843247 143184 a”
'Charming Snow' W - -
'H-46' CK 277+110 29419 ab
W - -
'ZF 45 %" CK 202469 20420 b
'Snow Beauty 45 days' W - -
B4 45 = CK 253+127 87D
'Nong-sheng 45 days' W - -
9104 CK 2814133 21412 b
Y - -

x: CK represents control and W represents waterlogging treatment.

y: Mean = standard error (S.E.).

z: Means with same letters are not significantly different at p <0.05 by Fisher’s protected LSD test.
Growth period 2010/04-2010/08

-: missing data
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Table 11. The analysis of variance of shoot and curd fresh weights of 5 waterlogged

cauliflower cultivars (line).

Mean square

Source of variance DF Shoot fresh weight Curd fresh weight
(g/m?) (g/m?)

Block (B) 3 207912.82 22017

Waterlogging (W) 1 394211.57 31130

BxW 3 262507.26%* 20016

Cultivar (C) 4 404294.94** 29708

WxC 4 79187.76 5252

Error 24 71998.82 12410

* **: Significant at 5% and 1% levels, respectively.

2010/09/08 treated waterlogging in Taipei field.

212, FMES BEAHEER kPRI PRELHETTRHFL(L M)
Table 12. The shoot and curd fresh weights of 5 cauliflower cultivars (line) in summer

waterlogging yield trail (Taipei).

) Shoot fresh weight Curd fresh weight
Cultivar Treatment

(g/m?) (g/m?)

NEZ! CK* 9344329 209+1227
'Charming Snow' w 515488 94462
'H-46' CK 193+90 54+30

W 93+62 13£11
'TE 45" CK 645+112 193+61
'Snow Beauty 45 days' W 3334211 114£81
B4 45 2! CK 376+208 69+60
'Nong-sheng 45 days' w 122+73 242
9104 CK 338+65 48+26

W 429+155 71+31

x: CK represents control and W represents waterlogging treatment.

y: Mean = standard error (S.E.).

z: Means with same letters are not significantly different at p <0.05 by Fisher’s protected LSD test.
Growth period 2010/04-2010/08

-: missing data
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Table 13. The shoot fresh and dry weights of 'Charming Snow' and 'Nong-sheng 45 days' cauliflower under stresses.

Shoot

Cultivar Treatment Fresh weight (g) Dry weight (g)
0 day 5¥ days 10 days 15 days 0 day 5 days 10 days 15 days
YEZ! CK 1.75aC* 222bC 345aB 515aA 0.135aC 0.223aC 0.377aB 0.633a A
'Charming Snow' W 1.70aC 2.85aB 326aB 4.72a A 0.122aC 0.270aB 0.332abB 0.605a A
H 1.70aB  2.89aA 3.05aA 297b A 0.126aD 0.268aC 0.354aB 0413b A
HW 1.73aB 2.65abA 187bB 1.86¢cB 0.124aB 0236aA 0240bA 0.257c A
'R A 45 %! CK 1.56aC 250aC 422aB 579a A 0.111aC 0214aC 0440aB 0.755a A
'Nong-sheng 45 days' Y 1.50aC 292aB 3.61labAB 4.14b A 0.104aC 0252aB 039aB 0.543b A
H 1.51aB 3.18aA 2.66b A 239 @A 0.104aB 0309aA 0328abA 0.330cA
HW l41aB 2.15aA 1.57cAB ||137dB 0.097aB 0237aA 0255bA 0.206 c A

CK: control (25/20°C); W: 25/20°C with waterlogging; H: 35/30°C; HW: 35/30°C with waterlogging.

* Mean =+ standard error (S.E.). Means within a column (in small letter) and within a row (in capital letter) followed by same letter(s) are not significantly different at p <0.05
by Fisher’s protected LSD test.

y: Sown on 2010/04/01 in phytotron of Nation Taiwan University under 25/20 °C for 20 days, treatment from 04/20 for 5, 10, 15 days.
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Table 14. The root fresh and dry weights of 'Charming Snow' and 'Nong-sheng 45 days' cauliflower under stresses.

Root

Cultivar Treatment Fresh weight (mg) Dry weight (mg)
0 day 5¥ days 10 days 15 days 0 day 5 days 10 days 15 days
R i CK 83aC* 174 a B 453 a A 533a A 9aD 27aC 50aB 66aA
'Charming Snow' W 97aC 9 bC 167 bc B 307b A 11aC 14bc BC 20bcB 37b A
H 92aB 81bB 211b A 230b A 11aC 19b B 3IbA 34b A
HW 93a A 50b A 83cA 123 c A 10aA 9cA 9cA I5cA
R4 45 = CK 51aB 135a B 395a A 546 a A 6aC 19aC 38aB 66aA
'Nong-sheng 45 days' W 54aB 76 ab B 86 b B 220b A 6aB 11bB 12bB 25bA
H 55aB 114 ab AB 98 b AB 128 bc AB 6aB 14abAB 20b A 20bA
HW 48 a A 59b A 73b A 55cA 6aA I11bA 11bA 8b A

CK: control (25/20°C); W: 25/20°C with waterlogging; H: 35/30°C; HW: 35/30°C with waterlogging.

* Mean =+ standard error (S.E.). Means within a column (in small letter) and within a row (in capital letter) followed by same letter(s) are not significantly different at p <0.05

by Fisher’s protected LSD test.

y: Sown on 2010/04/01 in phytotron of Nation Taiwan University under 25/20 °C for 20 days, treatment from 04/20 for 5, 10, 15 days.
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$:2009/7/10 P:2009/8/16 W: 2009/10/18-19 H:2009/11/13

Sleeding Vegetative Reproductive

Late cultivar _— srowth growth

$:2000/7/25 P:2009/8/25

Sleeding Vegetative Reproductive

Early and middle cultivar e growth growth

S:2009/8/8 P:2009/9/12

Sleeding Vegetative Reproductive

Very early cultivar
Y Y stage growth growth

Bl 1 2R o B 48 34 5% F5 42 ] (2009)
Fig. 1. Time scheme of cauliflower field trail in Yunlin (2009).
(): Number in the parentheses indicates the days from planting to harvest.

S: sowing date, P: planting date, W: waterlogging date, H: harvest date.
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Fig. 2. The yields of 58 cauliflower cultivars in waterlogging trail in summer.

*Significant at 5% level.
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0.9 r paababa pabababa 53 53a3aa baabad aaaja
0.8 -
0.7 r m before treatment
= Ei : = waterlogging 24 hr
= .
E 04 - =  waterlogging 48 hr
03 - ® recovery 24 hr
02 r = recovery 48 hr
0.1 -
0
BE H-46 TEASK BAE45K 9104
ek
aa
m before treatment
= = waterlogging 24 hr
PI-'S = waterlogging 48 hr
= m recovery 24 hr
m recovery 48 hr

BE H-46 EEH5R BA4SRK 9104

B 3. g S EA(O)L TR kRE%H 2 FHE ¥ L FvFm i@

Fig. 3. The chlorophyll fluorescence Fv/Fm of 5 cauliflower cultivars (line) in
waterlogging trail in summer.

Error bar is the standard error of mean.

Means with same letters are not significantly different at p <0.05 by Fisher’s protected LSD test.
Planting on 2010/6/2- 6/12. 7/20 treated waterlogging 24 and 48 hours and then recovery 24 and 48 in

Tainan field.
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Fig. 4. The shoot fresh weight (A) (B) and shoot dry weight (C) (D) of 20 day-seedlings of 'Charming Snow' and ' Nong-sheng 45 days '
cauliflower under stresses. Error bar is the standard error of mean. CK: control (25/20°C); HW: high temperature 35/30°C with waterlogging; H: high
temperature 35/30°C; W: 25/20°C with waterlogging.
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Fig. 5. The root fresh weight (A) (B) and root dry weight (C) (D) of 20 day-seedlings of 'Charming Snow' and ' Nong-sheng 45 days'

cauliflower under stresses. Error bar is the standard error of mean. CK: control (25/20°C); HW: high temperature 35/30°C with waterlogging; H: high
temperature 35/30°C; W: 25/20°C with waterlogging.
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Fig. 6. Relative injury of 'Charming Snow' (A) and 'Nong-sheng 45 days' (B)
cauliflower of different water bath temperature.

Error bar is the standard error of mean.
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Fig. 7. The chlorophyll fluorescence Fv/Fm of 'Charming Snow' (A) and
'Nong-sheng 45 days' (B) cauliflower seedlings under stress.

CK: control (25/20°C); HW: high temperature 35/30°C with waterlogging; H: high temperature

35/30°C; W: 25/20°C with waterlogging.

Error bar is the standard error of mean.

Means with same letter are not significantly different at p <0.05 by Fisher’s protected LSD test.
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Fig. 8. The relative water content of 'Charming Snow' (A) and "Nong-sheng 45 days'
(B) cauliflower seedlings under stress.

CK: control (25/20°C); HW: high temperature 35/30°C with waterlogging; H: high temperature

35/30°C; W: 25/20°C with waterlogging.

Error bar is the standard error of mean.

Means with same letter are not significantly different at p <0.05 by Fisher’s protected LSD test.

69



2
Z " before treatment
2 waterlogging 24 hr
2 = waterlogging 48 hr
) s recover 48 hr
o
73!
(B)
180 ¢
eh
= 160
. E a
2
= " before treatment
g waterlogg?ng 24 hr
A = waterlogging 48 hr
o m recover 48 hr
73!
Significance
Waterlogging 24 hr Recover 48 hr
Temperature (T) n.s. n.s.
Waterlogging (W) * n.s.
Cultivar (C) ok n.s.
TXW * n.s.
TxC n.s. n.s.
WxC n.s. n.s.
TxWxC n.s. n.s.

B9 7 adl™ mEUHI(A)E R L 45 R '(B)2AgF S it friE it

Fig. 9. The superoxide dismutase activity of 'Charming Snow' (A) and 'Nong-sheng
45 days' (B) cauliflower seedlings under stress.

CK: control (25/20°C); HW: high temperature 35/30°C with waterlogging; H: high temperature

35/30°C; W: 25/20°C with waterlogging.

Error bar is the standard error of mean.

Means with same letter are not significantly different at p <0.05 by Fisher’s protected LSD test.
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Fig. 10. The catalase activity of 'Charming Snow' (A) and 'Nong-sheng 45 days' (B)

cauliflower seedlings under stress.
CK: control (25/20°C); HW: high temperature 35/30°C with waterlogging; H: high temperature

35/30°C; W: 25/20°C with waterlogging.
Error bar is the standard error of mean.

Means with same letter are not significantly different at p <0.05 by Fisher’s protected LSD test.
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Fig. 11. The ascorbate peroxidase activity of 'Charming Snow' (A) and 'Nong-sheng
45 days' (B) cauliflower seedlings under stress.

CK: control (25/20°C); HW: high temperature 35/30°C with waterlogging; H: high temperature

35/30°C; W: 25/20°C with waterlogging.

Error bar is the standard error of mean.

Means with same letter are not significantly different at p <0.05 by Fisher’s protected LSD test.
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M4 1.2008 & 4 BicmEE < ¢

Appendix 1. The disasters to cauliflower of Taiwan in 2008.

WE W T W Al wEad | WERRE | RLEN EHRR
Percen- Actual Estimated Loss
Damaged tage Damaged # ¥ T
Crop Damaged Period & Disaster Prefecture & City Areas Damaged Areas Quantity Value
ok |t it 851 32 272 30959 162971
Cauliflower Sub-total
68 k& &M 1L B 154 21 32 558 12 942
June Fleod (6/1-6/10) Changhua County
68 4 & @ iy dE B 2 60 1 14 338
June Flood (6/11-6/20) Kaohsiung County
TR Fachmen, B34k Bk 132 36 47 1089 31ae
Tuly Kalmaegi Changhua County
i & B 3 60 3 68 3300
Kaohsiung County
TH BLRBRER, 46 B 25 24 6 114 2206
Tuly Fung-Wong Changhua County
9F 8 Ak Bk 31 10 3 56 1390
Sep. Sinlaku Changhua County
& H B 2 16 0 7 155
Yunlin County
B & 5 9 13 1 14 404
Chiayi County
i # B 3 20 1 14 678
Kaochsiung County
98 H s i & B 8 80 6 160 4000
Sep. Jangmi Miaoli County
516 B 387 36 141 3364 86 833
Changhua County
EHE 6 30 2 38 794
Yunlin County
L 62 30 19 263 7189
Chiayi County
7 e B 26 37 10 202 10 844

Kachsiung County

A2 REBDE LN EEETEE

(Frcla . £4 R € > 2008)

PosE F 2 R 2 B PR & (2009/7-8)

Appendix 2. The maximum and minimum temperatures in greenhouse of Asian
Vegetable Research and Development Center during the experiment (2009/7-8).

. i Waterlogging period
Temperature Growing period
24 hr 48 hr 72 hr
Maximum (°C) 30.53+0.23 30.3 30.0 30.8
Minimum (°C) 26.34+0.20 26.4 26.5 26.8
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it 3. WERI T Z TR R E S £(2009/8/16-11/30)
Appendix 3. The mean temperature and rainfall in Yunlin during the experiment.
(2009/08/16-11/30).

Month August September October November
Rainfall (mm) 16 148 25 23
Average temperature (°C) 28.7 28.7 24.9 22.7
(P % F % k)

A 4 BERD A M TI0E R YA £ (2010)

Appendix 4. The mean temperature and rainfall in Taipei during the experiment
(2010).

Month July August September October
Rainfall (mm) 89 388 144 345
Average temperature (°C) 30.3 30.0 28.8 24.4
(F &5 %h)
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Appendix 1. Farm prices of cauliflower in Taiwan during 2005-2010.
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B 2. ToERE B W 3k Bracting (A) ~ Riciness (B) ~ &2 Leafy head (C)
Appendix 2. Disorders cauliflower curd: Bracting (A), Riciness (B) and Leafy head
(©).
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Appendix 3. The maximum, minimum and average temperature, and rainfall in the

field of Tainan during the experiment (2010).
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