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Response to Waterlogging Stress and Evaluation of Waterlogging
Tolerance of Three Yulania Materials

YE Kang'?, CHEN Boxiang', DU Xiwu'"®, QIN Jun'?, ZENG Li’, HU Yonghong'"
(1 Shanghai Chenshan Botanical Garden, Shanghai 201602, China; 2 Shanghai Engineering Research Center of Urban Tree
Ecology and Applications, Shanghai 200020, China; 3 School of Agriculture and Biology, Shanghai Jiaotong University,
Shanghai 200240, China)

Abstract: The authors evaluated the waterlogging tolerance of Yulania stellata and its seedling breeding
cultivar Y. stellata ‘Chrysanthemiflora’ and its hybrid cultivar Y. ‘Piroutte’ with Y. salici folia , to pro-
vide theoretical basis for subsequent selection of Y. stellata waterlogging tolerant cultivars. Through 14
days of waterlogging stress, the changes of 14 indexes related to leaf physiology, endogenous hormones
and photosynthetic characteristics of three Yulania materials were studied. Using principal component
analysis, the importance of superoxide dismutase (SOD), malondialdehyde (MDA), soluble protein, ab-
scisic acid (ABA) and 1-aminocyclopropane-1-carboxylic acid (ACC) as indicators of waterlogging toler-
ance was compared and waterlogging tolerance was evaluated. The waterlogging tolerance of the five indi-
cators was evaluated by the membership function analysis method. The results showed that: (1) The con-

tents of P,, G,, T., chlorophyll, origin fluorescence, maximum fluorescence, PS Il maximum photo-
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chemical quantum yield, PSI[ effective photochemical quantum yield and soluble protein in the leaves of

the three Yulania materials were significantly decreased after waterlogging stress, and the contents of

MDA, ABA and SOD activity were increased by different degrees. However, the intercellular CO, concen-

tration and ACC of Y. stellata ‘Chrysanthemiflora’ and Y. stellata treatment groups increased signifi-

cantly, while the C, and ACC of Y. ‘Piroutte’ decreased significantly. (2) The importance of physiologi-

cal and endogenous hormone indicators to evaluate the waterlogging tolerance of three Yulania materials
was in order; ACC, SOD, ABA, soluble protein, and MDA. (3) According to the comprehensive evalua-

tion of the three cultivars by principal component analysis and membership function analysis, the water-

logging tolerance of the three Yulania materials was in the order of Y. ‘Piroutte’, Y. stellata and Y. stel-

lata ‘Chrysanthemiflora’.

Key words: Yulania stellata ; waterlogging tolerance; principal component analysis; membership function analysis

£ 2@ (Yulania Spach) ¥ ¥ & E &= 1 [T
RGP B, A b D AR A R A 24 [ Yulania
stellata (Siebold et Zucc.) N. H. Xia 5= H 4,
ARIEREN , BA 53 K25 B W 5 10 06 R A 1 K S
S TR R AT SE0T W N R A 2 K R
M AR TE HE AR 1 1 PR 85 AR R SZ B BR A L B
W g T A T L EAERAE TR AL, K=
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BAEE 22 F 2 A i B v ot 5 SR 5 L S B AE R
T 35 i o 08 7 i 4 BB AR 4R
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Wit 7 10 52 57, WA B T 4 s AR P T 7 AR B, H
B O TAE ) Y 7K 57 10 30 WF 58 A A D 38 7 1T d5e
JIZ B RN R (MDA |l 48 L 4 B AL B (SOD) 7T
YRR A SR AR VRN I 87 1 L 76 28 32 (Zingiber offici-

Y T’ (Solanum Lycopersicum LM

SRR TR 7 R A o A R ARGE

E R 3T A A A R A B T L e
K D s B 22 A A0 AR 5% B F8 s e 8 R 9 L %
BB ST MR A fe AR, e T R F AT
PE- o SRR BRI SR TR B L 3 e

nale Roscoe

R — TR PR AR I 1Y SR & ok BRI 2R AT AL AR
BN H L5 G PR, T 4k 4 i b x5 4R B 1E AT 25
A VR A G5 RS REA  FEA s
1 MR IT
1.1 REHR

IS M RE 2 9 B AL 22 (Y. stellata) B AE
E 23487 (Y. stellata ‘Chrysanthemiflora’) & &
L [Y. ‘(Mag's) Piroutte” | H 3 4R A
CLAR 43 3R AR 2 A S Aol 4548 R e B 3R e )
AR R E LR S B R A
E2Z5H M E22LY. salicifolia (Siebold et
Zuce.) D. L. FulfyZe 58 a i, A A3 s pk A K
fl B, JoH L E KA. F B A SR N 535 mm X 360
mm ¥RHE L R V(1) s V(ER) + V
N EAD)=5:2: 3 MRS,
1.2 iREgit

IR AE VR LA Bl a0 1T SR F B A
e, 2020 4F 5 1 27 H I dn s K Ab 34, W /K 22 4 Bk
F LA 2 3 em, B R 14 ds X BEZH REAR IE
WK E L, EE R R AT AP K R GEE T
JEI, 3 A 22 5% B ZH (CKO 5 7K 95 b B2 (FL) 1
20 #3120 Bk, XFEERALAE 0 d I 5E 45 IR 86 48
b AL BELH 7R K W5 WG 14 d BHIE & TR B HE 45 .
1.3 MEBIRMA X
1.3.1 XEHMEMHRIRRLSEERUE i
AR S 5 B ]2 A 9:00—11:00, 45 4k B
455 0] HR A H0 o 3 Bk L TR OB AR rh A 5 3 MUK
2 Fr s T Li-6400 J6A I E AL (Li-COR Inc, USA) il
AR AR ME Li-COR M2, 21 35 6 U (6400-02 LED
JEWED B E N IEERBE A 1 400 pmol/ (m® « ) FIZE S,
T A 500 pmol/s, W N A EIEEOLS HR (P, .
IR (T ) SALFE (GO ME CO, HEC).
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453 2 A (R WALZ 23 7)) M 5E 4345 B /N oe
Je(F ) B KPEE(F ) PST B KOGk & 1 7
H(F,/F )M PSI A ROL & F 5= & (Yield),
I A e 3 7 U ) e e SR sc e S 80
1.3.2 HEBEERNE A4 HE 5% A, HFEL
PEFE 3 K, UL b BN AL 26 3 BRI e, D E
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1.4 HIESH
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Fig.1 Effects of flooding stress on photosynthetic

parameters of Y. stellata and its cultivars
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FEKBFALFE 14 d Ja b AL S E (GO B E
TR KAMRI N Je B R RAEE AL,
Horp &8 R KB 5 1 G, B 17. 0 mmol/(m®
) EMAEZN 12. 7 mmol/(m® « s); 1M ‘ZHAE’
YK 3.7 mmol/(m® » ), FREMEE M 95.5%,

TEKBFALEE 14 d J5 3 Fp & 220 B i) CO, #e
(CORRRMAEN, Hrbh 4E MELE =M C B
S I, B E 430 Ry 80. 4 Y6 AN 141, 3% 5 1M ¢
BIRFE C AL BRETFEAR T 24. 0 pmol/mol, T &
W& B 10. 3%,

FEKBF AL B 14 d J5 3 Bl E 22 0 F A 2% 1 R
(THO¥RMEFEAR, Hrp G RE14 d Wy 0. 44
pmol/ (m® « &) KT 76. 0%, 52 3 FhE 2 T, Fk
W HEARIR B B/, BAEE 209 T, 2 0. 26 pmol/
(m’ « &)L FRAKT 79. 9%, i 3HE KBFFW T, /b
40,24 pmol/ (m® o), [F] B Bt 5 KR 83. 5%,

ERBAEE 14 d J5 3 FhE 220 R Ry s £

HREAML, Hbh Mg S e R S 11
mg/ g, BOKYRT T T 20.7% ;¢ e 45 iy -2 %
N 4,63 mg/g. FREWREE A 9.5% ;1 B 4L £ =20t
LEE R 2.57 mg/g, PRI K, R 44. 6%,

25 TR KBS0 6 G A R A B s, 3 b
F22m R P GT, RIS 5 5 0 R < 45HE7
MR E LA PR C, WF R, < & 55 Wk
ik, BB G T, (B, R a R
FEIK BT WA 5 32 F /N T 4540 R AR R >,

2.2 KiFEMBEITMEERAEEFENZ M

M 2 AT RLE LS R E 220k B ek 14 d R
f) F, F,..F,/F, Fl Yield ¥/N T /KB ib PR, H
AR 14 d W F, F,  F,/F,, 1 Yield 43 %
THET 10.7% 14, A% F 4. 7% F1 30. 0% 5 © fz B 1k
FfE 14 d 5 FRET 6.9%.16. 4% F1 9. 1% Al
19. 7% MBI E = 4 N8R F T 6.0%.10.1%
A 7.3% M 15.8%.,

W 58 Control group M /K AL Flooding treatment group
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Fig. 2 Effects of flooding stress on Chlorophyll fluorescence of Y. stellata and its cultivars
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r P 3 AT FE K B AL ER 14 d J5 3 Fh E 22 A
FR AT VPR B 1 B OK B TR AR v 45 4 it
AR AT PE R S AR, R 84,5 pe/ g BUK B TR
T 74. 2% BBAE E X iR EA S ERE. N
184. 1 pg/g: I H KR IR AR FEAR T 57, 906510 ° J &
B Wl is A S B 129, 97 pg/g. FEIRE K,

FEAR T 83.0% ., FE/KUFALER 14 dJ5 3 FhE 2@
MDA % & ¥ Fh . Hh 4 4E MDA i 1 3.8
pmol/ g, MR Fe AR L 5. 700 B & Bk i T
15.3 pmol/g. W& K 21. 6% ; AL E 214N T 24. 7
pmol/ g, Wl m . M 33.3% . TEKEFALEE 14 d J5 3
FiE 220t 5 SOD W\ B ETH&E . %41 SOD
WP E T 25.6 U/g iR/, b 116.5% ;¢ &
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BAR B e ol 35. 18 U/ g MR A 128, 4 % 5 1 S AE
FEM TR T 34,7 U/g. (H I IE e K, Ry 226.0%,
Sl T R I e Sl R I B8 G S = el o &
ARG, Z WM R 382 8 T — & W6 % . i MDA
ErR I SOD W PELE KBS 14 d J5 S 45 A ) B 5 i i
JE L R WIAE BRI H 7 32 20 K 85 a6 45 5 B ) Bk A 7
45 3 IR
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oK Ab 3 Flooding treatment group

= 1000
Q
ﬂﬂ<mH§ 800
M O
~DI.§ %0 600 |
= oh
HE2 4ol
2 o
fougts
"5 J"‘\
(=3
v 0
EERE  BEE
Chrysanthemlﬂora Piroutte Y. stellata
140F .
120
W § 190]
4 g3 80f 2
2«8 6of
[
2S5 40t
201
0 YA
BB BIEE=
\Chrysanthemlﬂora Piroutte Y. stellata
80F b
~ 70 -
o
S 60} b
L Zs0r
Sz 40r a
S &30 a
8 20+
@ 10F
0
AL BB BHE=
Chrysanthemiflora Piroutte Y. stellata
¥} Material

B3 KEs I a X} AR 2% R G A AR BEAS BR Y R R
Fig. 3 Effects of flooding stress on physiological indexes

of Y. stellata and its cultivars

2.4 KGEHEWRHHERNBERZSEMHIT
& 4 FH L KEHA 14 d 3 R E 22 M HAY ABA
R E R, Kb e G BRER IR B T e
T 1171.0 ng/g . B4ME R 207. 0% 448 T 1 837. 7
ng/ g WA 179. 9% AL B2 FHiE T 735. 3 ng/g. 1
ik 158. 2%, “#qE FEIEE 20t ACC & &
KB G FH v 3 0 4350 R 59. 4% A 159, 1% ¢ iz &I
S BOKBTRER T 20. 1 ng/g-FEIEH 36.5%,
2.5 KiGEETHBERSNERZENERD T
AR A5 A 3 2 B R AT I B M VT AN 8 T R
. MDA ,SOD,ABA 1 ACC iX 5 5 #E 4T F 1k
I3 AT

W X7 F# Control group
O # 7K 4t 2 Flooding treatment group
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Fig.4 Effects of flooding stress on leaf hormone contents

of Y. stellata and its cultivars

x1 AESBERDRENSN

Table 1 Variance decomposition principal component extraction analysis table
Y1 LR FRAE 5 IR Ao F- 7 A i€ % 3 et - 7 R
Initial elgenvalue Extract of sum of the loads squares Rotating of sum of the loads squares
gy
Component 5 TiFEH I Byl o TiEH I il o TIEETI B
it Vari A | BT Vari | Rt Vori A |
Total ariance ccumula- 70, ariance accumula- 70, ariance ccumula-
percentage/ % tion/ % percentage/ % tion/ % percentage/ % tion/ %
1 3.457 69. 149 69. 149 3.457 69. 149 69. 149 3.279 65.583 65.583
2 1. 256 25.117 94. 266 1. 256 25.117 94. 266 1.434 28. 683 94. 266
3 0.241 4,818 99. 084
4 0. 045 0.902 99. 986
5 0.001 0.014 100. 000
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M 1 AL AT 2 D28 G 46 bn 19 5 22 STRR R 53
S 69. 1% F1 25, 1%, 77 22 BTRRHGE 94. 206, HE A
A5 TR AR Y A BB AR B . PRIt AT e BB — 32 )
Y )RS = F 5 (Y, Hogx 2 0o v] 2 A3
& 2 AT, e 56 — F2 B8 A 1 B A T i R
FH(— 0. 862), ABA (0. 822), SOD (0. 957) #l ACC
(0.970) X 4 M HEWp. REL ZF MM FEEZ
MDAC(0. 965), Hitk, ‘56467 . L B IRFE M EIE £
T 95 1 1) A B A B D9 VR R M HE R AR R 1-
IR 1-FRIR (ACO) | M E AL ¥ B AL i (SOD) |
JIE 75 2 CABA) AT ¥4 PE 2R LRI [ (MDA

x2 BEEGNHRERARE®E

Table 2 Coefficients and proportions of each indexes

EfiRan W—ER B F

Index Factor 1 Factor 2

n] % A Soluble protein —0.862 0. 350
MDA 0.068 0. 965

SOD 0. 957 0.245

ABA 0.822 0.542

ACC 0.970 0.162

AE{H Eigen 3. 457 1. 256

ik % Contribution/ % 69. 149 25.117

Z91 5#k % Cumulative contribution/ % 69. 149 94.226

2.6 ERFZR2ANEMHWEESEITN
2.6.1 FAERZSMEHERERSS £2F
2 A~ F AR B AR 0
Y, =—0.39X,+0. 18X, +0. 53X, +0. 51X,
+0.52X D

Y,=0.52X,+0.81X,—0.03X,+0. 25X, —
0.11X; (5
FE AN UG 45 b B B b o A e AR B 28 5K
(DARK ), T2 4G 4E° BB Ry LR
B 22X RYAT 2 A T B, L 2 A AR
3 I IO ) BTHR 3 O A5 F B R, DA A B T
5% TR SR SR (AN & B3 L =l A R (174
PELEE VPN B, B IAUE TSR A
7=0.691Y, +0. 251Y, (6)
B3 fE 2280 Y, Y, Bl AR 6)
R ERr . R 3 WAL B BRR A
R e o M7 PEf 0, R AE B 222, S AL R o AR
R3 EHRIAMEREES

Table 3 Comprehensive evaluation scores of principal

component analysis

Za1ar
,B]Lﬁ] Y, Y, Comprehensive HFT%
Cultivar . Range
score
AL
Y. stellata 0.82 —1.37 0.23 3
‘Chrysanthemiflora’
B R _
Y. ‘(Mag’s) Piroutte’ 2.43 0.09 1.66 1
BAIEE 2
Y. stellata 1.62 1.02 1. 37 2
2.6.2 FARYRFAITETEEESES Kb

T I B VA 415 b 10 5 S pR R AU B A
(253G VE U E 5 S eR R0 B it 07 1 i L SR
PR EL B/ S TR 7 P . 3 4 RTA C B R
RS VO B i e T W5 ME R Z R AR B AE £
2R

x4 RERHSMEZRESTENE

Table 4 Comprehensive evaluation value of membership function method

S 1 5 i o A ey

ﬁjﬂ] < A H. MDA SOD ABA ACC Average membership
Cultivar Soluble protein . Range
function value
%XE |~ =4 [~ I~ 1= =4
Y. stellata ‘Chrysanthemiflora’ 0.56 0.51 0.50 0.58 0.56 0.54 3
&g Y, ¢ (Mag's)Piroutte’ 0.57 0.56 0.48 0.67 0.63 0.58 1
BAEEZ Y. stellata 0.48 0. 61 0. 66 0. 60 0. 45 0.56 2
3 W i WS R 32 3 K 5 JBk 38 Y 7 R IR L X5 7K B XA
> e

W T I [ B 7K 57 30 0 o i e i 3R
WEAR R B2 35 VR OK AR & W R T AR L O 5 I 1
HIPS ISR rb o 7 1R AR, vt & R FDG AL 27
FROVRRBEI S . 70 14 d )5 3 Fh k22t
FH) P FL/F, R 2085 555 2 28 IR, R B

25 (Paeonia lactiflora Pall.) E‘Jﬁ:%%%[m —
Jea A R W) A K R E I R R AR B
B R B R AR P, oK MR i
Bor AR I 88 d5c /) o SR W G A2 B Ay 005 /N T R AE B 22
AL X G PR IR LR PR B AR —EL

M MDA 5 & g i 5 130 T~ Y 2 R
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HEAR R 30 23 1 R A 4R Ak S ] S B0
F G032, DT 52 i 535 14 00 422 S el 9 20 21 B R
FREYRE 12 SOD A Sy 9 R 5 i 4203 Bk 5 B %
FE— 78RR FE LU R R PN 300 1 356 P 4 2 4 0 1 R
AR A, P4 25 44 o (8 A 4 EL A BT 336 45 Jolp 30 1)
REJr. #EMMA 14 d )5 3 Fh B 220F F A9 MDA & &
¥ BT R AR R G Y &% 2K BF A 38 FE 5 SOD
ERY LT R WK B & A A R R E R e R
SOD 7 115 B 16 1 20, UG i P 40 it J5E 45 44 5 mf
VR AR O s R B, SR B DY AE s 07 Y
AR B L S Jk 3 %o i B A P A X R AR
X} T % (Syringa oblate Lindl. ) Bl 5% 45 51 — %,
T ¢ B G R4 7 I J5 9 SOD 5 it fe iy » 3 B H
BLAK B W30 1 BE 7 5

FEIK B0 A e 1B 4 ABA A A A
ABA & — P 5 B R 7 FAE 0 Mol 36 I 1 A
T B, 75 A AR AR PN 5 R B M A DG Y T BT
AR A KA AL M K B Ak
P14 dJ5 3R E 20t B ABA & &35 8 E 8,
MG, T, 8 F AL AL CH , S8R T, B
A%, DT 7K 4332 Hiy 3 R R AIR L C O, 3 8 BH g 3
X 5 RS BT 20 A 22 K i a0 g R —
], M EBRREMEEN G T, ¥ i,
YR EIE FL i 55 P f ot

W CET) 1 PR s B 58 2 A 9 1o oF 7K 87 W 31 11
HEERAZ AT ET A4 i B8k
ACC £ ACC & B (ACS) W fiEfb T K &t A .
FEMME 14 d J5 346 MEE £ 22 ACC &Rk
B A TE s A WK B b 3E A B K T B AR S
AR T 0, AL T B E TR, I A i
A 20 AR I AR R AR B . R {2
HEAR RS L) ACC #E— A L ET . 3X 5 X% 45
XFHR AL (Gossypium hirsutum L.) W 5% 25 gzl

S E
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