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Effects of high temperature stress on the morphological and physiological

characteristics in Scaevola albida cutting seedlings
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Abstract; High temperature stress is one of the important ecological factors affecting growth and development, and
physiological characteristics in many plants. On the other hand, plants adapt different strategies for improving high
temperature tolerance during their life cycling. Scaevola albida is a popular ornamental flowering crop cultivated as a
bedding plant or as a beautiful cultivar in hanging baskets. Pink Ribbon, one of Scaevola albida’s cultivated species
originated from Australia, is a perennial herb with characteristics of fan-shaped flowers, a long flowering period, and easily
cutting propagation. It has been reported that continuous high temperature would generate adverse influence on S. albida's
growth, but the damage mechanisms of high temperature stress have not fully understood. Because S. albida is introduced
to China for the first time, less is known its ability of adapting to the new environment and habitat in China. The effects of
high temperature on the appearance shape, physiological and biochemical indices in S. albida cutting seedlings were
investigated in Chongqing, China. The purpose of the project was to reveal the physiological adaptation mechanisms of S.
albida to high temperature in order to provide a theoretical basis for the introduction and cultivation of this species in some
regions with high temperature in summer, such as Chongqging. In the study, four temperatures: 35 °C/27 °C (10 hour day/
14 hour night) , 40 °C/30 °C, 45 °C/32 C, 25 C/22 °C (control) were set up as the levels of treatment, and 30
S. albida cutting seedlings were randomly selected as subjects in each of the four temperature treatments. The cutting
seedlings were experienced the temperature treatment for 3 days as a processing cycle, and the observations and

measurements started at the end of 1, 2 and 3 days after treatment, respectively. The results showed that compared to the

ESWE : {MEMLR “948” i H (2006-4-88 ) s T R H AR 4 F R ¥E BT H ( CSTC-2008BA7032 ) 5 P R K44 T 4F 4 4 10 H (SWU208048) 5
o e REHE AR £ T ¥E 42 WEBH I H (XDIK2009C143 ) ; PRI R AE S H A A 211 TR @#iRE MBI H ; BRHREBRE HTH
(CSTC2009AB1115)

U5 H H:2009-08-22 &1T H#§:2010-02-26

* W iRAE#H Corresponding author. E-mail ; hebinghui@ swu. edu. cn; yuminliu@ 163. com

http ://www. ecologica. cn



5218 g & ¥ ik 30 &

control , the injury indices and most of physiological indices of the cutting seedlings were no significant differences under the
high temperature stress of 35/27 °C for 3 days or 40/30 °C for 2 days, and S. albida did not show symptoms of heat injury.
Under the treatment of 40/30 °C for 3 days or 45/32 °C for 2 days, some serious heat injuries were produced, but the
seedlings were still able to recover from the damages. The injury indices, the contents of soluble protein, soluble sugar, Pro
and MDA, the activities of SOD and CAT were significantly higher in the treatments than in the control, while the contents
of Chlorophyll and Carotenoid were obviously lower, and the activity of POD decreased slightly. Under the treatments of 45/
32 °C for 3 days, the severe heat injuries were produced and most of the cutting seedlings could not be able to recover from
the considerable damages. Each of the physiological and biochemical indices decreased dramatically, and 40% of the
examined cutting seedlings were wilted to death. As the heat tolerance of plants is a genetic expression result from
comprehensive physiological and biochemical processes, it is difficult to judge the synthetic adaptability of plants to heat
press using a single thermal indicator. Our studies demonstrated that the contents of Chlorophyll, Pro, MDA and the
activity of POD were changed obviously to the high temperature stress, and the four variables had remarkable correlations
with the injury indices (the absolute values of the correlation coefficients > 0. 88 for each variable) and, therefore, they

could be used as heat tolerance indices of S. albida.

Key Words: Scaevola albida ; high temperature stress; morphological change; physiological response
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(1) ZERY ZERP(D) = S(BRHRE < BB/ (BB RE < BRI x100% ", ZERESS
%,0 F: T FRER; 1 F:1—2 AR5 ;2 . 2R MR ;3 B 1—2 35S 4 JLBHEBM.

(2) BRGEY AL AR) S, MR EMLE MRS EA AR, TEEEA RS DR G-
250 ik, FTVA M A RCER b vk, IR (Pro) FIRRPEEH =10 Lh 23, TN % (MDA) FI iR B2 Lt Z R
(TBA) ¥, ALY B AL (SOD) {5 14 F NBT Jtif i , i S8 A0 UG ( CAT) 1 1 R 1R 8 v , i AL W il
(POD) {5 FH AL BIAT b 21
1.3 Gtk S5EdELE

JIi A $dE % i SPSS for Windows 11.0 R T4E 1\ 22 70 ST FAH R 2304, B3 1k is Al e/ MR 2286 44T, i
1% & ¢ 3K F Microsoft Office Excel 2003 , #2 4% SPSS 71 45 S il /E o
2 BRE5SW
2.1 EREHEX TR RN

MR 1 7AW, BEE R T = A R
B 2 EHE A, 35 C B R F1 BHEBEXZERBOFMECFHE £ RER) /%
ﬁﬁ%?&%z{i%?ﬁﬂﬁ ;40 C %ﬁ%iﬂ 2d EE’C 45 C _I%_ Table 1 Effects of high temperature on injury indices (mean + SE)

Kb PR i} 8] Time/d
WG 3d WEE B S EEREE, 35 C e i Tine/
ﬁl‘ﬁlZ,Zd W%%ﬁﬁﬁﬂfﬂ‘%%ﬁ/}?k’iﬁa temperature/ °C 1 2 3

ﬁ?r,ﬁll:ﬁ?}d)ﬁﬁ 10%*3**&%1 )‘an‘l'ﬁﬁ;i{“o C 25/22(CK) 0.0+0.0b 0.0+0.0c 0.0x0.0c
s RN R o D O D
RERGI AR 8, 30% MR B P a2 5 AR 4K 45/32  60.0+0.8a 73.3%1.0a 85.0+0.5a
HEERR ;7545 CLHX 2d WAFEHEERE N Wo0RRE 208 ARG BA 2 253835 (P <0.05)
5,03 3d J5 60% FEAR H B 2EE B ik i 2 AR
B ,40% BHREET .
2.2 ERMHEXNBEOLE AR SENEN

MK 2 FLLE L, B IR B TR R E B R, M4 R & BB T . 7E 35 CBE X, it R FI2EHH
¥ MRS RS IREAME 75 40 CHHEX 403 3d FH GRS EBERD, AR 66.3% ,88HE PR
& .Chl. a/Chl. b {HA Car/Chl (EZ# L F+, 403 3d G =H ¥ S MEF BE;7E45 CHMEX ,HRES
BRI M2 5 5 FEAC TR A 2K & B s /0, 4038 1—3d MR &84 BIFE Rt BRI 72. 5% 54.9% |
37.3% 0¥ 1d J5RHE MR ERBEMMIFXBRKME, L3 2d J5 BER ;45 CL4H 1d 55 40 T
#3d J5 Chl. a/Chl. b {H2fLEH—Z, BARN K IE 45 CLPE 2d J5H L EFF IR T RE (B T3 .
2.3 EREE TR AR E AT R R R (Pro) & B AR

Wi AL FH IR BE M B RS AT R B S BRI — 2B n—2 B S (B 1 A)
7635 CAHX, ATEHER & B S, S BEEFARE ;40 CAHERX, EASFEHBES TR, L
H1d JFEERBIREKE, A RE 3.3 £5, 4038 2d fF S &SR (A RaE EZK E 3d 5, EESEXH
P s 76 45 CAEHIX, BEE B B ] K, R H & B 2RI, 8 T3 BR, AL 3 3d 53k B &/IME, B R
Xt RRHY 64.7% |

£ 35 CH 40 CAIEX, By s S B A AR, (HEX R ERY AR E;;7E45 CROBX, 3
1d JE A TS & B BE WA B KME, X B 1. 1 %, Ab3E 2—3d H &8 N B E TR, 77K B
73.6% F151.1% (& 1 B) o
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*2 BEMEIXEEERSEMONI(EHIE £ frER)
Table 2 Effects of high temperature on photosynthetic pigment contents (mean + SE)

e MERE a H4E b L5 1@<y MR a/ RN ~F/

Tﬁgd Temperature Chl. a Chl. b Chl (Total) %fff%?’ 3% b MigE
/C /(mgeg™1) /(mgeg™") /(mgg™1) '8 Chl. a/Chl. b Car/Chl
1 25/22(CK)  1.32 £ 0.05a 0.52 +0.05a 1.84 +0.04a 0.24 0.0lc 2.60 + 0.34a 0.13 = 0.0l c
35/27 1.31 £0.04a 0.50 +0.0la 1.81 +0.05a 0.25 +0.0lc 2.63 +0.03a 0.14 = 0.00 ¢
40/30 1.11 £ 0.02b 0.45 £ 0.0l ab 1.56 + 0.03b 0.28 + 0.00b 2.46 + 0.02a 0.18 = 0.00 b
45/32 0.94 +0.0lc 0.39 +0.0lb 1.33 £0.02c 0.35 £0.0la 2.40 = 0.04a 0.26 + 0.0l a
2 25/22(CK)  1.27 £0.02a 0.59 +0.0la 1.86 +0.02a 0.24 +0.0l1b 2.17 £ 0.07b 0.13 = 0.00 b
35/27 1.10 £ 0.03a 0.49 % 0.0l ab 1.58 + 0.04a 0.25 +0.01b 2.26 + 0.02ab 0.16 = 0.01 ab
40/30 1.05 £ 0.12a 0.42 £ 0.05bc 1.47 +0.17a 0.28 +0.02a 2.49 + 0.08ab 0.20 + 0.03 a
45/32 0.73 £ 0.10b  0.29 + 0.06c 1.02 +0.16b 0.13 £ 0.0l c 2.61 = 0.19a 0.12 = 0.0l b
3 25/22(CK)  1.29 £ 0.07a 0.54 +0.03a 1.83 £0.10a 0.24 +0.01b 2.38 +0.03a 0.13 = 0.0l b
35/27 1.12 £ 0.07ab 0.42 +0.03b 1.54 +0.10b 0.26 + 0.01b 2.66 + 0.02a 0.17 = 0.02 b
40/30 0.94 +0.04b 0.28 +0.03c 1.21 £0.05¢c 0.32 £0.02a 3.44 = 0.36a 0.27 + 0.0l a
45/32 0.48 +0.04c 0.21 £0.04c 0.68 £0.06d 0.10 £0.0lc 2.52 +0.64a 0.14 = 0.02b

[FIZIAR R FRFR R AR AL PR 2 7122 5 .3 (P <0.05)

ME 2 ARTRUE 76 35 CABE X, 3P B9 Pro S B S IRZ R AL ;76 40 CABX 402 2d
Pro S BMA THR AL 3d JE S B EE B IR 3. 1 4576 45 CAEBIX 402 2d A Pro & B 2R LT3
BRORAE, I IRE 5. 1A%, A8 3d J5 54038 2d J5 #& B EEAARR .

0 25°C 8 35°C @40°C Ba45°C
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ég 3.0 Té‘ﬁ 19 ::;‘ a a a aa
i S S 17 b5 N\ \Z
b é : 5SS 13 R \fﬂ \ﬁ
251 % 5 K INA |\
e =z ! "% %/’o‘ \ﬁ
mol R K3 %%:’3 %/ o

z z 4 | N | N

AR % Treated time/d ! AbHEREL Tfeated time/d ’

1 REEX AR SRR (P « fRER)
Fig.1 Effects of high temperature on contents of soluble protein and soluble sugar content (mean + SE, n=8)

IR PR R —RE BRI 7] Py AR [ b BRI 2 7] 2 57 . 2 (P =0.05)

2.4 iRMHEXS BN B (MDA) & & AR

R BT B MDA &5 Pro & B (KA, {0 MDA B 5 IE A U0 Pro 5 BT IR K (& 2
B) o 7£35 CALHX, FFHH H) MDA & B 5 REF A B E ;76 40 CLHIX, 42 2—3d B i) MDA & &
B3E BT, a0 00 IREY 1.2 A5 A0 1.8 %76 45 CLEHIX, 4b2E 2d A MDA &8 B3 BB KME, Xt i
2.4 1%, 4038 3d J5 5403 2d J S B EAHR
2.5 R MHES R AT AR AR RIS PR R

A T, B G A A s LS (SOD) Alid S AL UK (CAT) & A fb il 3 A FiE 3 B, 7E35 CAL
HIX,SOD 1 CAT {32 EFHa%, o SOD ik 5%t 22 57 B35 18 40 CAH X, 43 2d Py SOD F0
CAT 1EPE4kEET i , Ab 2 3d J5 SOD (&1 B3 BT NN RN 2.5 4%, CAT iG Mk B R AH, Jy %t HR i 1. 9 %5
TE45 CALBEIX, 4L 2E 2d J& SOD #EPER B R OAR(E, %t B 3. 1 4%, T CAT FEHEZHT F R, 4L 2 3d J5 SOD i
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Fig.2 Effects of high temperature on contents of proline (A) and MDA (B) (mean + SE)
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Fig.3 Effects of high temperature on SOD (A) and CAT (B) activities (mean + SE)
PEWTF IR T, Xt R 94. 9% , CAT 5 14 NI 2 e/ IME, X BRI 46.2%
1£ 35 CHbFE X BE 40 CAbH 2d N, Kyt Bt A Ak

o]
1

a25°C 35°C 40°C @& 45°C
a

YoRG(POD) WEHERY I TXS (B 4) o Hop 35 T3 5 o o S
24 J POD FEHESBIRCKIL DA 1.2 e ds € S ol Effly o
KhFEIX ,POD 5%} BR 2 5 B3, Ab T 1—3d 43 HI Rk §8 0l §
Kyt R 79. 7% \67.0% F139.8% , 23 o A §
2.6 MM PRETERE e 2. LR |

MR TR 0 ST A R S 2 §

SHT(FR3) ERER MRS Pro 2 B AR, l
Pro.SOD 5 MDA 2 & # IE A%, M4 & | Al ¥ v b
POD 5 MDA 2B E AR, HIh, e Al . H4 EiRBMEXT POD & MR B (T = bREiR)
CAT.POD 532 EJ5 %2 B Z A%, Pro MDA .SOD & Fig.4 Effects of high temperature on POD activities(mean + SE)
ZEIREE W3 IEAHIE , X R W R0 TR o 18 %o A A 4T 4 v
FIH SR 3R RTINS & & (CAT 1 POD J& B A — & M &IVE R , X Pro MDA & &1 SOD & Fy 34 i B A —
FE T ER
3 itig

o VR B AR A 1E A B S 2 B, P A R A M s A AR A R AR A T ) — R B ARk,
XM A B2 A SRLERINGS R, A RRAENFREA , Rt 2R . 7
I g wt BT 35 CREIRALE, B 6d 5 538 3d JEAHE, AT PR (Pro A MDA &8 &4 BEE AT

AP FEL Treated time/d
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T E AR, AR L35 CRRALEE 3d Py, ks BT 25 A0 AR B 5 T R R AR IR TR 5 R R
e, B2 35 CARKIRIRAMN T ZB0EARRE R I 18] IE 5 A1, R A B R F , RITREXT 35 C Rl
ABIRMDTHEM . 40 CRARALH 1—2d, 2 F1EG R A IR S X IR ERA B340 TRl
Ab3H 3d B 45 CRpRALEE 1—2d, Xl &= AR B B G F  (BAE PR AE B FIFTTRAIRER 545 C R b2
3d PRy S AR R TR E G E KM AR B G B SRR

*3 BIENE THEN R SEBELBREXES T
Table 3 Correlation between physiological and biochemical indices in S. albida leaves under high temperature stresses

WaRE  AHIE | WEEE A
. 3 ARE e HEE  Bi&E Po@iE MDASE SODEM: CATEM:  POD &
EIEL . i Roa .
Injury . Soluble Soluble Proline MDA SOD CAT POD
Parameters Lo Chloro-phyll Carote-noid R L. .. ..
indices protein sugar content content activity activity activity
content content
content content
2
x%?ﬁ‘ﬁ 1.000 -0.890* -0.398 -0.239 -0.676" 0.978* 0.978* 0.610* -0.556" -0.888"
Injury indices
e &S
R A it 1.000 0.458 0.115 0.698* -0.853* -0.853* -0.444 0.208 0.763 *
Chlorophyll content
R f‘??% 1.000 0.475 0.898 * -0.450 -0.443 0.213 0.802* 0.569 *
Carotenoid content
ﬂ%ﬁiﬁl’:’l?% 1.000 0.420 -0.306  -0.305 0.090 0.590* 0.337
Soluble protein content
T e e dg 4
AT 1.000 -0.688* -0.687*  0.048 0.691*  0.823*
Soluble sugar content
Pro
?E 1.000 0.979* 0.615* -0.333 -0.876*
Proline content
MDA & # R R
MDA content 1. 000 0.625 -0.325 -0.875
SOD &4
SOD activity 1.000 0.306 -0.302
CAT 75+
CAT activity 1.000 0461
POD %4
POD activity 1.000

* FINFE a = 0.05 /KT AR S B3

HEYEREE GRS R BREA, H4 R & B MR RER R BB T MR A CR BRI
BRES . KHE PRI EOR, RNETTAMH, RIS R P RA —E MRSt , e 4 Py i T %
ORI A B, VKT PR A, AT B IR B SR o AR I o , 78— IR IRVE R Y (45 CRAF) , B 25
% MR AR Car/Chl {EHTH = 15 DA R X 5 M8 7 A2 T W L, BRI b 3R -5 A AT LT )i £
P BEE IR MM RN, B Ot & AR & BB, TR B TR S PR T EM Ca/Chl (HEEF T
W, 0 T AL YRR, S BN R R 1A B 3, T — B B R M SRR RS54, (oL &
YERZ 2= E AW

3@ I AT S8 0 40 P RO TR U B AR A8 i 3 AR I , DA T fok 1% P 45 -5 M2 PR A SR ) A
HAREFT o B AR AR SR & B SR B, B R IR N E e LI T
W, BLPE AR IE AR IR A R A BOR KK, —ERE KR IEME T, &8 82, 7
REHMIIRK 1o 1545 CHMHA Ld JEHHF I AT I & B T R, URA7E — & I RR T B A, i 4T 4
P T 0 AT R DD R R R AR R R, B — R TR Bk, (B A IR RIS
R BRI E P Yb , NS BRI R IR T A TR AT PR S R TR e TR e
X AT R LR A g — I o

Pro B ZAREBRINRE , ANFE N A0 RE B T M5 FRUE B R 27454 AR A I R BE A I A o e
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A 0 4 L SR L B A i S BT B E AR TR KRR X AR K A RIS B —
B ZEERRMNA TR B Pro A EBIFIAS L, UEHA Pro Xt 5 IELME U B  TE M B VR S
EER. BUIREN, EEYZ R ERMSAN, AR A B2, m R E T EA R KSR, ATiiE T Pro
257 AR BRAER, B Pro MR K EFE T 40 C RN 3d 545 CEIRMHA T , B Pro
KEME MRS EEEASRAR FHA %, Pro X5 R IHME I H M S RS EFHEE, 8] Pro
TR X G IR 0 E SR BT YR, X 52 B IRE WSS AR

Martireau 2" I\ J 5 IR TR T 408 P 4179 — 8% (MDA ) 25— R 5135 1k 4800 72 A 45 1 ok 22 14 ) 487, 36 R
MDA &AW R , 5 (-5 I AE B 7E Ak , TS | & S P K, R0 P R AR R S , X AL s JR
BE . K BRI TR T #5A MDA FUE , LRI BE 25 A 8 i (6] 2 4 T AR B4 22, 36 9 5 Ry
3B NGRS B T AR BN . ARYEKH MDA 5 & T HE R 6] B AE 6 2047 , ] MDA f9FR 2% Pro
£ BN SOD {E LI NG — B B9 SR T, WG AT MR & B R POD 35 10U B — 52 BV o

SOD &A= Wy ik e — L B 35 I 0 SE AL, TSE B Ab 5 7 R 48 1 i 3 (O, ) 4R H, 0,1 0,
MBI fEER AR 0, KEBAR . MYHS PREWER H,0, E 55853 CAT ik, Wil H,0,4%HI7E
BARAK T TR B 19 H,0, T B 52 POD 7E EALAH R ZE R B 46> o AR B b, B34 9 SOD 5 CAT 2 IF
FAE , 26 A B R0 TR R, A 4 U P A 1 HL O, VR BRI 7 , CAT 15 M BB S 78w iR e T
Farf KK SOD (CAT Fl POD 34 Hi fUsni 57 , 2 B o 1R 3 3 | RS A 1 o i ek 48 A AR B, AT 4t
SALBEE T , 2 3 T — T B AR B R G R L B 3, R S BURE MEFAIR , A 12
BEAAR

F TR B S R P R A B R 1R SR 2, DA R BRI 4 ) 5 A e s ek, T AR 7 R 038 O 780 3L
ZREVEDY o AT R SR A T A AR S5 AR B AL B, DRI, B — B P AR e LA WA A 3
REILEEERIRE S ™) ol T4 \Pro MDA & Bl POD I 75 25 156 kA5 1k BT B, T L 45 52 46 4
HIAE S R B XHEITE 0. 88 (P <0.001) LA, BT M HAE oyt 1 F Tk At A T 4 R H A

MR Z SRR B BT Y RAVR P ERE S R 5 B B e e E e T
Vi PERE Pro SOD CAT FI POD I Pl i IR e B B 2551k , A 350B% T i 0 M i B it AL R, 4 T
R R SE R AR T R XA A B 5, AR T4 T VR L 368 3 IO B A A A A B B R
B
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