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Table 1. The relative injury (RI) value of 21 leafy radish cultivars/lines determined by leaf electrolyte

leakage test under 50°C water bath for 30 min

Cultivar/Line Origin Leaf shape ' Trichrome * RI (%)
07-RD-TWKY-01 Taiwan B c 50.2 fg*
07-RD-JTH-02 Japan P c 67.3 abc
07-RD-JKW-03 Japan B a 68.3 abc
07-RD-CNDBS-04 China B a 52.4 fg
07-RD-CNWT-05 China B a 477 ¢
07-RD-CNDY-06 China B a 77.6a
07-RD-CNNE-07 China B b 75.8 a
07-RD-CNNZ-08 China P d 73.2 ab
07-RD-CN-09 China B a 64.2 bede
07-RD-CNRED-10 China B d 59.4 cdef
06-RD-TWKY-11 Taiwan B a 70.2 abe
06-RD-TWKY-11-F Taiwan B a 51.7 fg
06-RD-MLCHL-12 Malaysia B d 55.8 defg
06-RD-MLCHL-13 Malaysia B d 69.0 abe
08-RD-TWKY-14 Taiwan B a 55.5 efg
08-RD-TWKY-15 Taiwan P d 66.6 abcd
Taichung No.1 Taiwan B a 753 a
LuiGin Japan B b 753 a
MeiLui Japan B a 71.7 ab
TsaiTsai Japan P a 67.8 abc
YehBo Japan B a 70.7 ab

'B and P represent single broad and pinnate leaf, respectively.
%a, b, ¢ and d represent none, few, midium and plenty in leaf trichrome number respectively.
*Mean separation within columns by Fisher’s LSD test at P <0.05.
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Fig. 1. Effects of water bath temperature on heat relative i 1njury (RI) value of leaf discs of six leafy radish

cultivars/lines.
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Fig. 2. Effects of water bath temperature on heat relative injury (RI) value of cotyledon discs of six leafy
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Fig. 3. The relationship between heat relative injury (RI) values of cotyledon and leaf discs of six leafy
radish cultivars/lines at different water bath temperatures.

SRYIEHERRILERREERACHE

lﬂ%@’ﬁ%ﬁ ;f'aﬁ& & S0C ARV CMT A ’}H’F‘?ﬁéﬁ? ‘/21FF#*E'(T)7?t iy~ e
l”%frE'rﬂ%' [l = F,L?Vﬁxj#ﬁ'(f)lﬁ%r R ALY B e Bk R R
B g ﬁ@(f)@ﬁgé S L Sl N7 lﬂfﬁﬁz%gﬁm »35C 1519’?7@4%32
El PE B4 [ [ > E HIVJ\J‘MeiLuIi’HTZEI ﬂ‘é{ﬂﬁﬁﬁk(ﬁg\lpbm) A i (ER @ﬁaﬁlﬁ 2 (EH 4
25°CRUA™ 118.6~12.7 pmol CO, m™s™ » Tl 7 35°C AL ™ [ (52 5.2~9.0 pmol CO, m'zs'l »
APE (5[] 08-RD-TWKY - 14 [Ff L - (! P1B) = A Y > 35°C b 5 A (=23 Ay - H
i §25°C BUH ™ 1 4.3~8.6 mmol H,0, m'zs'l?ﬁ—ﬁ' %6.9~12.6 mmol H,0, m™s™ (IfP4C)  Fv/Fm
fifl EJUP‘J@JX\’ELE‘%%%FB% (&> Ef[1~¥ I “Taichung No. 1’ ‘MeiLui’ FL 1 (@[D“[D) o

PR ﬁﬁ(;:) s (207-RD-CNWT-05%! B 3= F'EI' 25 CEY35°C N A A B
ﬂ@ﬁt TR (R3S CRURL T B f,fg'ﬂg“ BT (R A) 5 35°C ikl A Hzozr[
EVPIRE ST iy < T cTaichung No. 1° 7 [r &l feb &5 B (! 0 B) 5 7 B A [ = %
(malondialdehyde, MDA)F B 35 Cﬁ TRV SRS ff’{?fl(—r) R R FF’}%‘E‘(_,—)%I;TI S
EH%E > 71 07-RD-JKW-03 ~ ‘Taichung No. 1’ % ‘MeiLui’ = # %E_I(T)ﬁ 1EHFE 2 ﬁfﬂﬁ FFRE 4 MDA
fﬁ' TS AR A E (WO



22 T f] 1Bk R 3 o LB PR 5T~ 0 = 1

T 9 B R 0 35°C iy iR AR R RS B B D [ e (R
07-RD-CNWT-05 * 08-RD-TWKY-14 B £ fly ¥ (34 % > (1 % % G fll 4 %1% vé
07-RD-CNWT-05% 1 5™ [y 57 1 !+ ) -

3.0 20
@ 7 — )50C A B {Z
= .
1590
@ g
o =
4 @)
> 100
S p—
= o)
£ £
§ 15 3
) :
0
{n\ C D
o 157 108
g
) 106 E
m‘\’ 10 + %
g 0.4 1~
5 L
g 102
84|
0 — 0.0
g X 8 8 ~ 3 g X 8 3 2 E
1 1 1 1 o 1 1 1 1 =
; ; = % Z B ; ; = % Z B
2 5 ¥ 2 2= > =z ¥ 2 22
2 2 e % 3 2 5 2 2 2
@ @ O N Y £ <. o =
1 1 o = [\. cxI) =) (=
s 3 s 3

I~ [AECR )3 P DS S 25°C W 350 FABIRIZEI (A) ~ 38K {3 (25 P (B) ~ Bl =2 -
E (C)R» B & F7L » Fv/Fm (D) V@™ -

Fig. 4. Plant dry weight (A), net photosynthetic rate, Pn (B), transpiration rate, E (C) and leaf chlorophyll
fluorescence (Fv/Fm) (D) in leaves of six leafy radish cultivars/lines under 25°C and 35°C.



FIIP AP PR I Poginsd iy i R 2 Ry 23

30

Ton — )5 0C A

60 2.5':350C

g

E 20

=

S 151

=

<

S 10+t

2

S 05¢t

s

2 00
B

50t

"o

5 40

-

= 30

5

§ 20 t

QS 10t

s

0

25t C

‘20

g 20

£

g 157

=

S 10+t

<

@)

= 5t

0 -

2
(0]
=

07-RD-JKW-03
07-RD-CN-09

07-RD-CNWT-05
08-RD-TWKY-14
Taichung No. 1

B~ PEGR)Y S P REFS AT 25C W 35T H AR (A) ~ R R B)RT FRO) B
@~ -

Fig. 5. Total chlorophyll (A), H,O, (B) and malondialdehyde, MDA (C) content in leaves of six leafy
radish cultivars/lines under 25°C and 35C.



Tof] 1B L o WP AT 0 = 1
24 fr

F o

Taichung No. 1

B BR8P RRF S 25C W 35T ARSI -

Fig. 6. Plant appearance of six leafy radish cultivars/lines grown under 25°C and 35C.

0 78 R )B PR SOC AR 3050 SCE T VRS B e ik 35°C 0 25T
HRBARIZE AIFv/Fmk LSS fOTRR TS 3 A7 > Ry B i po = S Pt (P <0.01) - R’
173 Bl £%0.96+0.92 ([l ) -



B AL AR PR 2 25

<
Ne)
vy

S
o
S

L
00
Y

R2=0.94, P<0.01

Ratio of plant dry weight
<
o0
S

0.75

0.70 : : :

0.98 1
0.96 1
0.94
0.92

Ratio of Fv/Fm

0.90 1

0.88 1 °

0.86 : : :
50 60 70 80
Relative injury (%)

[ 6 JAGR)D R I SOC T D AISH e 35°C™ A 25 CHEEVIPRIZE (A M R
SRR [ Fu/Fm B) T B -

Fig. 7. The relationship between the relative injury at 50°C and the ratio of plant dry weight (A) and leaf
Fv/Fm (B) value in six leafy radish cultivars/lines grown at 35°C to those at 25C.

SR
PRI ITS A D — G (PR I B 50 7 [P T R O o APl B R R A i
’?"Ti‘&?ﬁﬁ' Rl ER purjm. ~ SRR - ) > B IR E S &fw‘ﬁ#ﬂ

G107, Wﬁ*” [l COFIRIE CHIARIT] « 19t > 4 BRI B & [/%Fiﬁ'ﬂ:]‘l% L kel
1 = SpfliasL > SUATIBA TR () < KR T RIFVARTD & b ek ?%l‘ﬁfrﬁlfwfﬁw



26 B f] M L O U A Y- 0 Z

P frHE Hl%ﬂJrﬁ'ﬁa(ﬁ'—)’ 9% > AR RR PR &?ﬂ*# AP R B L AR
P RAT I RIRIYRT o NI RIS PTR AIR B AR SR R A A ﬁ?‘&w ES
Ba (YT AT o E S REPTRLD @RS » S0 A B ORI~ Tl R A
I%Iﬁi’?ﬁ.[ﬂ4 AURYEY o

(PP PN BL S ET P [R l'ﬁ'f/DFNFZI (AT I [~ f = oF £ BV s
R IR 1 S R (i 1 2+ U2l R A I N T S U S R
BN R S0°C ~ 3050 S SR T S R égaﬁlﬁdﬂhﬁ”fé TER i ~0 4 o2 Bl (G
=) 5 50°C [l #17 Ii*ﬁ“”ﬂl*wmﬁupﬁmaﬁfﬁ o AR RV AR T ERHLRLAT2]50°C -
1557 & 7J<3F;m_%'q Tjj‘}:“ﬁﬁ‘(“)’ [P N A SRR AR T

ERGE RS E T e R A R C O NG (O R e L
~ SRV AR SR Tl 2SR Y WY R IS € R R ) £ R 35 oC
R AR e Sl e Ees R U S ““ﬂwﬁ@ﬁ?£?§Wﬁ RGP ps e B RE P poplige ﬁ‘fi[ﬂ
inJ’D%F‘“FIfJB?LﬁTUEH*?«HZS) MBI R R f “»%L fi [EH] 25 7 (photosystem II, PSIT).V Sk [=£ 3F i
7\"[[ o E Jr«[%jx Vi [*JIF“IPF‘/;HHI (overexc1tat10n)ﬂilﬂ’?fPSIIE' il “Fﬁn}%‘ AES
E[fh‘u ﬂ]ﬁfﬂ(photomhlbltlon) [Fr—* [Ny 2 3R R N Fl T Fv/Fmli {5 o

(PIE) SRS SR (P R Sy et &‘gg%pﬁm@?aqﬂ@rrqaguﬂ; (=09 o 4 2RERFl1
35°C kb v &lﬂﬁ'(f)fluﬁ%m?ﬂ[ P & BT T B) - I MDA 5 £ ST
O e RL PN BV AR IR T % S PR B IR Eﬁw\?%f’?«ﬁ? ES
iﬁ%i in’?n’f'J)(ﬁl A) > T H’H SR ET, ﬁéqﬁ\%%u;{_}; [~ 'E‘Fﬁ F&HE& RIF ' fi []"eEljgz[ié
ﬁgu;l FAPN= 13,

Bﬁﬁgﬁi I F ’ﬂé”ﬁ’#ﬁw PRI |~ AL by~ B9 TS by SR [
= [ dedey ~ B Bk e AEpR S R pu g ® » BURH(Vigna unguiculata L. Walp)jisf
E‘ﬂmﬂ ECRUR T AR ﬁ*F 18P ) = AR (Y > 5 A107-RD-CNWT-05 »
08-RD-TWKY-14R4 il o=~ AT > =7 R il o o ikl ™ =2 20 25°C ™ AR 2 1~ Tl B i
P WSTR[ RERR AP 78 () 91 R BRSBTS S R T iR CMT
ﬁ@ﬁEEER%%W%ﬁ

f*%%%ﬁiﬁﬁéﬂiﬁﬁ%% » BB AP EE3SC I TR AR AR M Fy/Fmis
IEE} HAHZ *ﬁ}ﬁfﬁ%([ﬁ'* ) > Ty A R Fﬁ!ﬁ‘(ﬂﬁlm -RD-CNWT-05#108-RD-TWKY-14

S R pVA l% | [ A1k J/F“giz,f:leV/Fmi’E&I”i} ‘Taichung No. 1’#[1*‘MeiLui’}![| ¢ ﬂf{ﬁ ERE
ohf @ﬂ'ﬁ*\ﬁwfa&ﬁ} P H PRGNSR RIS R B BV S i HL 00K
MDA {1 EV9 T 91 £ 07-RD-CNWT-05 7 08-RD-TWKY-14% £/ #€ ] ~ ‘Taichung No. 1'%
‘MeiLul“‘”@%'ﬁ*Fﬁ@f“ AL I PRERF S GRS R ARl
BT P P (EPIR HECY S 3 O E“‘”iﬂ@ﬁﬁﬁmmwﬁaﬁ%@%gl@:
- fl*ﬁ”?ﬁl?@ T oo FIIPJCMTHRE T G2 T ~ PO = e iy g7 e FL 2 g 5 A
*;{;i?JﬁIHFﬁ‘j:H & Iaéﬁfaﬁ' s I JDHK:F %E_qu[]ﬂ*



10.

11.

12.

13.

14.

15.

16.

FIIP AP PR I Poginsd iy i R 2 Ry 27

ZE 3R

Ahrfns, M. J. and D. L. Ingram. 1988. Heat tolerance of citrus leaves. HortSci. 23:747-748.

\

Anderson, J., G. McCollum and W. Roberts. 1990. High temperature acclimation in pepper leaves.
HortSci. 25:1272-1274.

Camejo, D., P. Rodriguez, M. A. Morales, J. M. D. Amico, A. Torrecillas and J. J. Alarcon. 2005.
High temperature effect on photosynthesis activity of two tomato cultivars with different heat
susceptibility. J. Plant Physiol. 162:281-289.

Chauhan, Y. S. and T. Senboku. 1996. Thermostabilities of cell-membrane and photosynthesis in
cabbage cultivars differing in heat tolerance. J. Plant Physiol. 149: 729-734.

Chen, H. H., Z. Y. Shen and P. H. Li. 1982. Adaptability of crop plants to high temperature stress.
Crop Sci. 22:719-725.

Fokar, M., H. T. Nguyen and A. Blum. 1998. Heat tolerance in spring wheat. 1. Estimating cellular
thermotolerance and its heritability. Euphytica 104:1-8.

Heath, R. L. and L. Packer. 1968. Photoperoxidation in isolated chloroplasts. I. Kinetics and
stoichiometry of fatty acid peroxidation. Arch. Biochem. Biophys. 125:189-198.

Inaba, M. and P. G. Crandall. 1988. Electrolyte leakage as an indicator of high-temperature injury to
harvested mature green tomatoes. J. Amer. Soc. Hort. Sci. 113:96-99.

Ingram, D. L. and D. W. Buchanan. 1984. Lethal high temperatures for roots of three citrus root
stocks. J. Amer. Soc. Hort. Sci. 109:189-193.

Ismail, A. M. and A. E. Hall. 1999. Reproductive-stage heat tolerance, leaf membrane
thermostability and plant morphology in cowpea. Crop Sci. 39:1762-1768.

Jana, S. and M. A. Choudhuri. 1981. Glycolate metabolism of three submerged aquatic angiosperm
during aging. Aquat. Bot. 12:345-354.

Kaneko, Y., C. K. Takagi, S. W. Bang and Y. Matsuzawa. 2007. Radish. In: Kole C. (ed.) Genome
Mapping and Molecular Breeding in Plant, vol. 5. Berlin. p.141-160.

Krause, G. H. and E. Weis. 1991. Chlorophyll fluorescence and photo-synthesis: The basics. Annu.
Rev. Plant Physiol. Plant Mol. Biol. 42:313-349.

Kuo, C. G. 1999. Vegetable improvement for heat-tolerance under tropical conditions. JIRCAS
Working Report. 14:3.

Lester, G. E. 1985. Leaf cell membrane thermostabilities of Cucumis melo. J. Amer. Soc. Hort. Sci.
110:506-509.

Liu, X. and B. Huang. 2000. Heat stress injury in relation to membrane lipid peroxidation in creeping
bentgrass. Crop Sci. 40:503-510.



28

17.

18.

19.

20.

21.

22.

23.

24,

25.

oG B LR A - 0~

Martineau, J. R., J. E. Specht, J. H. Williams and C. Y. Sullivan. 1979. Temperature tolerance in
soybeans. Evaluation of a technique for assessing cellular membrane thermostability. Crop. Sci.
19:75-78.

Saadalla, M. M., J. S. Quick and J. F. Shanahan. 1990. Heat tolerance in winter wheat: II.
Membrane thermostability and field performance. Crop Sci. 30:1248-1251.

Souza, R. P., E. C. Machadoa, J. A. B. Silva, A. M. Lagba and J. A. G. Silveira. 2004. Photosynthetic
gas exchange, chlorophyll fluorescence and some assicated metabolic change in cowpea (Vinga
unguiculata) during water stress and recovery. Env. Exp. Bot. 51:45-56.

Takeda, H., T. U. Cenpukdee, Y. S. Chauhan, S. Ancha, M. M. Hossain, M. H. Rashad, L. Baiquing,
H. S. Talwer, T. Senboku, S. Yashima, S. Yanagihara and M. Shono. 1999. Studies in heat tolerance
of Brassica vegetables and legumes at the international collaboration research section from 1992 to
1996. JIRCAS Working Report. 14:17-29.

Wintermans, J. F. and A. De Mots. 1965. Spectrophotometric characteristics of chlorophyll a and b
and their pheophytins in ethanol. Biochem. Biophys. Acta 109: 448-453.

Wu, M. T. and S. J. Wallner. 1993. Heat stress response in cultured plant cells: Development and
comparison of viability tests. Plant Physiol. 72:817-820.

Yeh, D. M. and H. F. Lin. 2003. Thermostability of cell membrane as a measure of heat tolerance
and relationship of flowering delay in chrysanthemum. J. Amer. Soc. Hort. Sci. 128:656-660.

Yeh, D. M. and P. Y. Hsu. 2004. Heat tolerance in English ivy as measured by an electrolyte leakage
technique. J. Hort. Sco. Biotech. 79:298-302.

Xu, Q., A. Q. Paulsen, J. A. Guikema and G. M. Paulsen. 1995. Functional and ultrastructural injury
to photosynthesis in wheat by high temperature during maturation. Env. Exp. Bot. 35:43-54.



FIIP AP PR I Poginsd iy i R 2 Ry 29

Selection High Heat Tolerance Leafy Radish
Cultivars/Lines by Cell Membrane
Thermostability*

Wei-Ling Chen, Fu-Yao Kuo and Yung-Wu Chen’

ABSTRACT

Breeding for heat-tolerance of leafy radish (Raphanus sativus L. var. oleiformis Pers.)
is of commercial interests, and the identification of potential genotypes is the first step to
onset the program. An electrolyte leakage technique was applied to measure cell
membrane thermostability (CMT) of leaf and cotyledon discs of leafy radish
cultivars/lines. A sigmoidal curve relationship existed between the relative injury (RI)
value in leaf and cotyledon tissue discs of each cultivar and water bath temperatures. The
RI values near the midpoint of the sigmoid response curve fall within 46~50°C. A single
treated temperature 50°C gave RI value near the inflection point and showed good
sensitivity in detecting the genotypic difference in heat tolerance. Six cultivars/lines with
different RI value were chosen for further observation on plant growth performance. Plant
dry weight, net photosynthesis, chlorophyll content and chlorophyll fluorescence value
(Fv/Fm) were decreased while transpiration rate, H,O, and malondiadehyde content were
increased at 35°C in comparison to 25°C. Plant dry weight and Fv/Fm reduction ratio at

35°C versus their associated RI value at 50°'C showed a quadratic relationship.

Key words: Raphanus sativus L., high temperature, electrolyte leakage, heat
relative injury.
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