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Abstract: [Objective)] The study discovered the correlation of leaf physiological characteristics of Too-
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na cilliate Roem. potted seedlings among drought stress and rewatering to build knowledge foundation for
investigating drought tolerance of Toona cilliate Roem. [Method] The drought stress and rewatering ex-
periment was conducted in artificial-rain-shelter with 2 years old Toona cilliate Roem. potted seedlings.
Eight leaf physiological indicators including leaf relative water content, leaf relative conductivity, chloro-
phyll content, SOD activity, POD activity, MDA content, free proline content and soluble protein content
were determined. Canonical correlation was adopted to analyze the overall correlation of leaf physiological
characteristics between control, drought stress and rewatering cases. [Result] (1) There was significant
correlation in leaf physiological characteristics of Toona cilliate Roem. potted seedlings between control
and drought stress cases. The first coefficient of canonical correlation analysis was 0. 996 5, Leaf relative
conductivity and chlorophyll content mainly reflected the leaf physiological characteristics before and after
drought stress, respectively. (2) There was significant correlation in leaf physiological characteristics of
Toona cilliate Roem. potted seedlings between drought stress and rewatering cases. The first coefficient
of canonical correlation analysis was 0. 998 3. Leaf relative conductivity mainly reflected leaf physiological
characteristics both in drought stress and rewatering cases. (3) There was significant positive correlation
between chlorophyll content under drought stress and POD activity and MDA content in rewatering case,
indicating that higher photosynthetic capacity under drought stress caused higher antioxidant enzyme activ-
ity in rewatering. (4) Soluble protein content under drought stress extremely correlated with POD activity
in rewatering with the correlation coefficient of 0. 803, indicating that the damage severity under drought
stress closely influenced the reparation of leaf physiological characteristics in rewatering. (5) Water con-
sumption and drought tolerance of Toona cilliate Roem. after rewatering were directly related to drought-
resistant potential in normal watering case. [Conclusion) Slight drought damage could positively promote
the recovery of chlorophyll content and POD activity of Toona cilliate Roem. seedlings after rewatering.
Thus,proper water deficit could improve the drought resistance ability of plants, while excessive water
shortage could harm the plants and the reparation would last for a long period.

Key words: drought stress; Toona cilliate Roem. ; rewatering; physiology response; biological water

saving;canonical correlation analysis
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Table 1

Significance test on coefficients of canonical correlation analysis on leaf physiological characteristics of

potted Toona cilliate Roem. seedlings among control and drought stress

SR i HERE Wik ol il P i
Canonical variable  Correlation coefficient Chi-square value Degree of freedom P value
1 0.996 5 0 92.046 9 64 0.012 4
2 0.945 1 0.002 8 49. 888 3 49 0.437 8
3 0.919 1 0.026 5 30.870 1 36 0.711 0
4 0.748 5 0.170 4 15.041 3 25 0.940 4
5 0.693 4 0.387 5 8.058 16 0.947 1
6 0.410 7 0.746 3 2.486 9 9 0.981 2
7 0.290 6 0.897 8 0.916 4 4 0.922 2
8 0.139 4 0.980 6 0.166 7 1 0.683 0
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Table 2

Significance test on coefficients of canonical correlation analysis on leaf physiological characteristics of

potted Toona cilliate Roem. seedlings under drought stress and rewatering

oA HXRE Wilks ki T P i
Canonical variable  Correlation coefficient Chi-square value Degree of freedom P value
1 0.998 3 0 89.104 3 64 0.020 8
2 0.961 9 0.008 3 40,714 5 49 0.794 2
3 0.769 1 0.1111 18.679 5 36 0.992 4
4 0.699 6 0.271 9 11.069 7 25 0.992 6
5 0.5325 0.532°5 5.356 7 16 0.993 7
6 0.398 5 0.743 2 2.522 4 9 0.980 3
7 0.2617 0.883 5 1.052 7 4 0.901 7
8 0.227 0 0.948 5 0.449 8 1 0.502 4
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Table 3 Correlation coefficients of leaf physiological indicators of potted Toona cilliate Roem.

seedlings between control and drought stress

T E 8 AT Control

i Xif s o .
TR g WeR A
A Tndex VKB ek nbmgad SOD WK POD M MDA 4t mAR 1A
ft' Leaf  Chlorophyll ~ SOD POD MDA Free Soluble
re atlve relative content activity activity content proline protein
ert:;t conductivity content content
B A 2 B ]
Leaf relative water content
O 5 s
Leaf relative conductivity CU
ERR IR
Chlorophyll content 0.242 0.507 1
TRPHART  SOD F 1 SOD activity —0.120  —0.425 0.346 1
Control b 0h # 4 POD activity —0.150 0.031 0.273 0.540% 1
MDA £ & MDA content —0.172 —0.497* 0.028 0.541" 0.230 1
W X = s S B
ﬁiﬁfrﬁiﬁﬁ;iitent —0.090 0.611* —0.390 —0.327 0.148 —0.410 1
953 ) PoS=N
ziiﬁmﬁeﬁér%ljfconlenl —0.290 —0.214 0.188 0.885** 0.518" 0.533* —0.180 1
n A Kt
Ititilxi:e]kwh’ier content 0.028 —0.126 0. 040 —0.085 —0.053 —0. 363 —0. 305 —0.229
I g R
Ileitﬁellefiiduclivily 0.248 0.241 —0.193 0.039 0.056 0.005 —0.062 0.082
52
Ctlifpii content —0.343 0.478* —0.038 0.098 0.507" 0.036 0.428 0. 399
TR . o
Drought SOD i £ SOD activity 0.026 0.185 0.443  —0.136 0.128  —0.458 0.003  —0.159
stress POD 1% POD activity —0.193 0. 250 0.186 0.153 0.261 —0.132 —0.004 0.333
MDA %1 MDA content 0.265 0. 006 0.181 0.149 0.125 0.435 —0.032 0. 205
W f o A L
gﬁiiﬁﬁ&ii(ilenl 0.074 0. 379 —0.157 0. 200 0.247 —0.096 0.201 0.295
% A EL
ziﬁbri%i'tiiomem —0.015 0.182 0.238  —0.058 0.419  —0.418 0.229 0.084
F B2 Drought stress
It X o o e
TR o g WEHNE T
$647 Index S R RS EE SOD RHE POD R MDA ik Mgt KSR
. 1‘_111 Leaf  Chlorophyll  SOD POD MDA Free Soluble
N it \;e relative content activity activity content proline protein
C‘(})v;tfnt conductivity content content
B AT 2K B ]
Leaf relative water content
R 0.099 1
Leaf relative conductivity
2‘ :L"\E
thrlioi\ [};Hlil content —0.27 —0.080 !
TR OO s )
Drought SOD 7% M SOD activity 0.158 —0. 252 0. 004 1
stress POD 1% P POD activity 0.247 0. 324 0.251 0.452 1
MDA & MDA content —0. 247 0. 398 0.173 —0.093 0. 328 1
S B e A iR A
ﬁiiﬂiﬁiﬁiiem —0.085  —0.162 0.408  —0.069 0.016  —0.096 1
3 1y A~ EL
T P R A 0.402 0. 100 0.542* 0.187 0. 329 —0. 045 0.211 1

Soluble protein content

T % "RIRTE «=0. 05 I BA B E MM x « "RIRTE «=0. 01 I BA PR FM K, FERM.

”

Note:“ * ” shows significant correlation at the level of a=0. 05;* * % ” shows extremely significant correlation at the level of a=0. 01. The

same below.
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Table 4 Correlation coefficients of leal physiological indicators of potted Toona cilliate Roem.

seedlings between drought stress and rewatering

F 50 Drought stress

A AT

Aokt it 5 AH X WEEE A
547 Index Leaf B HgER & SOD itk POD#E MDA &l M&E  EASE
. 1‘7 1(i Leaf  Chlorophyll  SOD POD MDA Free Soluble
N flt \Ve relative content activity activity content proline protein
water conductivity content content
content
it 5 A X 5 K 1
Leaf relative water content
1} g B2
+H~*HXTEEEF}: .. 0.099 1
Leaf relative conductivity
g% e
thrliof E1'15111 content —0.27 —0.080 1
TR Y ,,
Drought SOD 7% P SOD activity 0.158 —0. 252 0. 004 1
stress POD 1% P POD activity 0. 247 0. 324 0.251 0.452 1
MDA & MDA content —0. 247 0. 398 0.173 —0.093 0. 328 1
W B e A A A B
‘)ﬁﬁﬁﬁﬁﬁaﬁi —0. 085 —0.162 0.408 —0.069 0.016 —0.096 1
Free proline content
IR 0.402 0. 100 0.542* 0.187 0. 329 —0. 045 0.211 1
Soluble protein content
A,\ =N
H+H_*EXT”7J(¥‘ —0.042 0.051 0.058 0.022 0.313 —0.124 —0.029 0
Leaf relative water content
I g =R
l H_*EXT[E‘EF? .. —0.032 0.425 0.170 —0.310 0. 086 0.134 0.224 0.004
Leaf relative conductivity
b2 A
u:l—'i‘?ﬁ e 0.238 —0.168 0. 460 —0.130 0.119 —0.279 0.138 0.652**
Chlorophyll content
HOKE  sOD i SOD activity 0.208  —0.101 0.133 0. 286 0.034 0.167 0.215  0.095
Rewatering . . _ _
POD 1% P POD activity 0. 395 0.156 0.561* 0.165 0. 331 0.020 0.230 0.803* *
MDA %1 MDA content 0.093 —0.014 0.543* —0.012 0.224 0.112 0.118 0.469"
A I 1
i il 2 P 7 —0.076 —0. 254 —0.103 —0.186 —0.236 0.161 0.050 —0.104
Free proline content
3 M T A~ L
E‘J‘{ﬁ PR Hfﬂ —0.069 —0.362 0.319 0.312 0.103 —0. 306 0. 330 0. 468
Soluble protein content
42 /K5 Rewatering
n X " s
TARSE MR WRME
$5 47 Index Tl mEE LA SOD @ POD M MDA oft mgRt  EHAR
e Leaf . Hat SOD POD MDA Free Soluble
relative . C hlorophyll . . . .
relative activity activity content proline protein
water L. content
conductivity content content
content
it 5 A X K 1
Leaf relative water content
[H“H“*HXTEEE;JK .. 0.256 1
Leaf relative conductivity
WEk O i o ,
Chlorophyll content 0.364 0.034 !
SOKFE sOD JE#E SOD activity —0.284 0.179  —0.114 1
Rewatering N .
POD 1% P POD activity —0.121 —0. 045 0.463 0.430 1
MDA & MDA content —0. 067 —0.105 0.524* 0. 280 0.666"* 1
Yﬁﬁﬂﬁi{ﬁaag —0.194 —0. 259 —0.212 —0.204 —0. 266 —0. 350 1
Free proline content
93 | A~ B
ﬁ[(ﬁ'ﬁﬁrﬂaﬂi —0.168 0.036 0.270 0. 069 0.335 0.220 —0.101 1
Soluble protein content
2.3.3 EFHK(FFIDEELK WESPFR.E 5T R ET N MDA & & 5 0 fAHG, ¥

K B AR K S SR AT SOD % 1 EﬁJF:'%‘HJ}J‘Q}E’E7J<HH‘$E$5I€H’J%E7J<%ﬁfi?e‘@‘iﬁ”‘r%
YRR SRR R IEA G KGR POD I BOKRIRR A BTS00 B OC . P T AR IE R it
£ MDA & #5 T R HaFi iy POD TG M2 R E KSR SR AR A0k 22 55 47 00 R S bk e 95, AT
MG EKERIFE AR SRS T RPEamly AR FIELEEREFRES S,
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Table 5 Correlation coefficients of leaf physiological indicators of potted Toona cilliate Roem.
seedlings between contrast and rewatering
F 50 Drought stress
n X " b
TR g WEME T
547 Index Leaf B HgER & SOD itk POD#E MDA &l M&E  EASE
. 1‘7 1(i Leaf  Chlorophyll  SOD POD MDA Free Soluble
N flt \Ve relative content activity activity content proline protein
water conductivity content content
content
it 5 A X 5 K 1
Leaf relative water content
1} g B2
+H“*HXTEEEF}: .. 0.039 1
Leaf relative conductivity
i Cosor
Chlorophyll content 0.242 0.507 1
*fﬂﬁﬁlﬁﬁ SOD 4 SOD activity —0.120  —0.425 0. 346 1
~ont
OO POD i POD activity —0.150  0.031 0.273  0.540% 1
MDA & MDA content —0.172 —0.497* 0.028 0.541~ 0.230 1
W B e A A A B
‘)ﬁﬁﬂﬁﬁﬁaﬁi —0.090 0.611* —0.390 —0.327 0.148 —0.410 1
Free proline content
o3 ) AI\E.
m{%r@ﬁéi.[ﬁi —0.290 —0.214 0.188 0.885** 0.518* 0.533* —0.180 1
Soluble protein content
n A K
+H‘$EXT”7K¥ —0.196 —0.153 —0.042 0.489" 0.272 0.273 —0.113 0.645"
Leaf relative water content
I g R
IH_*EXT[E‘EF? .. 0. 556 0.112 —0.187 0. 285 —0.119 0.164 —0. 355 0.451
Leaf relative conductivity
52 A
u:l—iﬁ v —0.294 —0.138 0. 045 0.125 0. 400 0.119 —0.037 0. 306
Chlorophyll content
HOKE  sOD i SOD activity —0.103  —0.134 0.285 0. 344 0. 375 0.156  —0.360  0.191
Rewatering N .
POD 1% P POD activity —0.285 0. 209 0.153 0.066 0.617* —0.229 0.117 0.131
MDA %1 MDA content —0. 308 0.031 0.159 0.196 0.474" 0.224 —0.116 0.272
W e TN =R
ﬁ%ﬂﬁ%m&ﬁ = 0.108 0.052 —0.282 —0.113 —0.232 —0.104 0.525* —0.187
Free proline content
YR MR A
E‘hﬁ PR ﬁfﬂ —0.136 0.110 0. 330 —0.152 0. 007 —0.475* 0.068 —0.015
Soluble protein content
42 /K5 Rewatering
n X " s
TR WRME AT
$5 4 Index Leaf R PG E AR SOD it PODIG#: MDA & WMahE HASE
. 1" 1(i Leaf  Chlorophyll  SOD POD MDA Free Soluble
N flt ‘ve relative content activity activity content proline protein
water conductivity content content
content
B AT 7K B :
Leaf relative water content
[H“H“*HXTEEEI"K .. 0.256 1
Leaf relative conductivity
o i - ,
Chlorophyll content 0. 364 0. 034 !
SOKFE sOD JE#E SOD activity —0.284 0.179  —0.114 1
Rewatering N .
POD 7% P POD activity —0.121 —0. 045 0.463 0.430 1
MDA & MDA content —0. 067 —0.105 0.524* 0. 280 0.666"* 1
Yﬁrﬁﬁﬁf{ﬁaﬁﬁ —0.194 —0. 259 —0.212 —0.204 —0. 266 —0. 350 1
Free proline content
93 | A~ B
ﬁ“ﬁﬁﬁrﬂaﬂi —0.168 0.036 0.270 0. 069 0.335 0.220 —0.101 1
Soluble protein content
3 LSRR FYEE 1 B AR i SR AR R AE 32 B T S e, i A
Nie—JEaTe . N \
Mg 2R B B AN B T Bk A K I A RAT A R L,
3.1 3MASFHTAESEHFEESENHEA PRI A AT K A3t 4 o A R R G 9 3R AT TE R Y A K

BEXSH
TEIE W K 5 S8 2 1F T 200 2 A
Fir A BURE P 1 LR AR OG0 A L R B A B

S L A AR T B, XS R
KT BE GG — B TR A A Tl I S AR
P AR IR K A R N AR Ak, i POD (&M . A BFIE &
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B, POD.SOD.CAT 4T S AL 1 14 76 K 70 Wi &
ARSI R e R L R P P SRR
2R G0 A S B T R S TR R DA X A A
TR . T A I AR i (SOD) BT Bk AR B 14
PN R A L H B TR R A AR A P A R S
FEH ALy o AL S P E R AR POD it 48
TSR CAT K¢ Hox i Rk . T 224 4 bk 32 21 ™ 5
JE S LA P 7 AR I 0 PR A R T A AR R
55 JIT 8 7K 32 13 TR, 5 S0P 48U A B I 1 AR AR A AR 4
R s

FET W30 B B K 20 AR S B v R A R
14 B RRR DG 43 B i, 58 DL R S K S A R
(5 1 BT AR i — BRI F B A5 B A B AR AR 1Y
ST AR R H 2 B R AR L SR A R
AR X 43 440 i PN 38 R A0 5 I B 1 30 A B B L B A
JiEL PR B ) Jo A2 4 FOA B A% 3k 1 T T . A 3 B 3E
B B2 44 52 0 5 S Ty B A2 0 o {45 B3 1 1S K
20 L 9 AV T 0 B B A2 DT AR RS FEL S 3R 4
MDA [ RS A R 3 . A X H 5 30 g A
Xof 37 P A ) 3R 7 4 i R AE 3 T A2 0 R R R
K,

I 7K RE (A R 1Y) 52 0 3 AR R BT G2 . SR
2K AR B AE — 2 B P R M L 20 i A F 5 a5
TR F 2B T AR B A R XS
AR L — B XA EEDY AT
BB K PR S5 3 IO AL ) A BF 5 2 B L T R ka0
S KJE MDA i a] LU R 2 X6 B8 K 1 5
T8 HR O N AR I I S K AN B R X6 HR KO-

TR T S 2K o R B R A PR A 3 5
TARREE A VR T AR ) s D AE A2 K B 2 HE Ok
(B 48 H T I P R e B — o R R T SR A R T
— PSR PR B AR PR s R
o T R 0 AN (R TE 4R A R B R T A
WA R E . X5 WGk AT KRR
P A I S5 AR L K 4 T R S 5 4 X A
Wy A A TR A ) DA R T B A A Y —
A2 AR R A W K R B s At A L IS B BOK R
SOKA TR R AR K
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527K B AR PR B FE K i PR S O R K
TFAEBR PR B . AT R a0 R
AN DX 5 7K B AR R A P B IS 2R B = POD i
PR S HL A B AR T 38 4 1+ 5 BB A2 0F 4 iR Pt

PERG PR . — LB A SC BT T L A5 i 2R LAY 2598 . T
X AR IS A B v 3 3 B T T O A A Y
FEK . 2 B0 7 S 1Y K 0 A kAR TEL Kk 28
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TR AR AR R AR B P T RE TT L DD AR L ] AR
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£f B FTIR 38 2 K o3 5 SRR R TR R Bk
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