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Response of Hibiscus mutabilis to Waterlogging Stress and Comprehensive
Evaluation of Waterlogging Tolerance

XU Qian', WU Mengxi', ZENG Xinmei?, JIANG Beibei!, JIA Yin!, LI Mengxia?>, ZHANG Manyu?,
ZHANG Lu?, CAI Lu?, HUANG Wenpeil, PAN Yuanzhit”®

(1. College of Landscape Architecture, Sichuan Agricultural University, Chengdu 611130, China; 2. Chengdu Botanical Garden, Chengdu 610083, China)

Abstract: In order to excavate the waterlogging resistant germplasm resources of Hibiscus mutabilis, the
morphological, physiological and biochemical indexes of 13 cultivars were studied after 15 days of flooding, and
build the evaluation system of waterlogging resistance. The results showed that the variation trend and range of
morphological and physiological indexes were different among cultivars, and the correlation of some indexes was
significant (P<0.05). The 14 indexes were attributed to morphological growth index, adventitious root morphological
index, membrane lipid peroxidation index, root biomass index, antioxidant index and osmotic regulation index
according to contribution rate. Cluster analysis conducted according to comprehensive waterlogging resistance
evaluation value (D) showed that 13 H. mutabilis varieties could be divided into four waterlogging tolerance types,
including very strong (3 varieties), stronger (5 varieties), medium (3 varieties) and none waterlogging tolerance (2
varieties). Therefore, the plant height, adventitious root number, adventitious root length could be used as rapid and
simple indexes to identify the comprehensive waterlogging tolerance at seedling stage in H. mutabilis.
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Table 1 Effect of waterlogging stress on morphological growth indexes of Hibiscus mutabilis

BB,

F1 2.54%~177.81%, 30 5 K1 i 20 i) o < i 34

L ADW (g) H (cm) R/C

Cultivar CcK w CcK w cK w
‘71 FI 4% *Bairihuacai’ 15.43+0.24g 7.95+0.42f 29.43+1.07d 28.13+3.10d 0.36+0.08a 0.48+0.04b
W47 Zuifurong’ 30.770.94a 25.9240.61b 4250436lbc  42.13+1.37b 0.14+0.02cd 0.11+0.04d
HRE Jinrui’ 22,56 +1.17f 4.0240.77g 434042.630c  27.43+2.82d 0.16+0.03cd 0.34+0.10¢
‘W4T Zuihong® 30.17 +1.08ab 25.2340.18b 45.10+3.14b 47.47+1.00a 0.13+0.00cd 0.14+0.04d
T Jf£9°*Chongbanbai’ 25.32+0.70e 22.63+0.78¢ 55.83+2.80a 49.5742.69a 0.15+0.00cd 0.16+0.02d
bt FHT “Mudanhong® 28.19+0.70cd 27.9440.77a 39.1742.08¢ 39.8042.04b 0.14+0.03cd 0.14+0.04d
< U7 Danbanhong’ 27.0840.80cde  25.010.62b 52.60+0.78a 51.53+3.25a 0.14+0.02cd 0.13+0.02d
b1 “Mudanfen’ 26.44+0.71de 23.340.65¢ 40.7742.05bc  38.8323.51bc 0.25+0.01b 0.1140.04d
& KA Jingiusong’ 28.730.56bc 24.77+0.94b 52.3743.15a 48.73+4.13a 0.16+0.04cd 0.09+0.03d
B Caixia’ 28.37 +1.82bc 22.47+0.56¢ 55.3742.01a 42.2742.66b 0.17+0.03cd 0.17+0.01d
i 25 Zuiyun’ 20.86 20.75f 15.04+0.78d 4283+135bc  40.7742.61b 0.20+0.02bc 0.16+0.06d
4L Jinbiyw’ 25.92 +1.64e 11.31+0.52¢ 4123+04%c  34.57+150c 0.11+0.02d 0.16+0.01d
CEE Yurui® 8.91+1.20h 3.83+0.09g 32.50+4.58d 20.10+1.23d 0.37+0.09% 0.55+0.04a

ol D (mm) RL (cm) UDW (g)

Cultivar CcK W CcK w cK W
“Ti FI 4% *Bairihuacai’ 6.22 +0.35de 4.90+0.81ef 28.142.04e 30.73:+6.18def 55141130 3.80+0.240a
W47 Zuifurong’ 7.20+0.83abed 7.490.50ab 36.47 +3.76d 36.8345.130c 435+080bcd  2.87-0.94abcd
HE Jinrui’ 7.030.26bcd 5.17+0.17e 34.07+3.32d 15.87+2.11g 348+047cde  1332017e
‘W4T Zuihong® 6.810.26bcd 6.11+0.66d 25101 64¢ 25.601,02f 389+0.14cde  3.59+095ab
% Jf£9°*Chongbanbai’ 7.12+0.75bcd 7.57+0.44a 35.93+1.76d 32.63+1.94cde 375+010cde  3.69+0.26a
“# J}T>*Mudanhong’ 7.24+0.62abc 7.12+0.41abc 33.53+1.72d 44.53+1.953 4.0420.84cd 3.79+1.06a
“¥E4TDanbanhong’ 6.82+0.10bcd 6.6120.45bcd 51.73+0.67a 42.5343.550 367+050cde  3.19+0.52abc
b “Mudanfen’ 7.76+0.61ab 7.97+0.69a 42.1743.10¢ 40.93+2.38ab 6.66+0.20a 2.51+0.88bcde
AT Tingiusong’ 8.14+0.89a 7.080.83abc 35.97 +2.46d 29.832.06¢f 450+112bcd  2.34+0.67cde
T Caixia’ 6.660.31cd 6.250.16¢cd 46.23+3.580 36.132.28bcd 4.75+0.95bc 3.76+0.25a
i 25 Zuiyun’ 5.52+0.45¢ 45540 31ef 28.300.90¢ 34.13-+1.35cde 4.21+0.48¢d 2.32+0.71cde
4 Jinbiyw’ 6.630.36¢cd 4.86+0.12¢f 25.570.90e 30.03:3.28¢f 2.73+0.56¢ 1.76+0.05de
SRR Yurui® 5.41+0.25¢ 419+0.17f 25.70 +2.55¢ 13.63+0.96g 3.22+0.34de 2.12+0.17cde

ADW: Hb EEMEE; H: Bk RIC: MREL; D Hif%; RL: FRK; UDW: T &4, CK: %R, Wi /K, RZIEHRE G A 7R R E 5

B 2(P<0.05).

ADW: Above-ground dry weight; H: Height; R/C: UDW/ADW; D: Diameter; RL: Main root length; UDW: Under-ground dry weight; CK: Control; W:

Waterlogging. Data followed different letters indicate significant differences at 0.05 level.
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Table 2 Effect of waterlogging stress on morphological indexes of adventitious root of Hibiscus mutabilis

i ARN ARL (cm) o ARN ARL (cm)
Cultivar CK w CK wW Cultivar CcK w CK w
‘H H4E% ‘Bairihuacai’ 0+0a 2.67+1.16c 0=0a 6.470.70f | “4:FHH;°“Mudanfen’ 0+0a 17.00+2.00a 0#0a 18.17x0.38a
B FE% Zuifurong’ 0+0a 15.67+153a 0x0a 12.07=+1.29c | ‘& #KAW“Jingiusong’ 0+0a 9.67+1.53b 0x0a 16.7720.38b
HRES Jinrui® 0+0a 8.67+0.58b 0+0a 5.53+0.50f | “¥EZ Caixia’ 0+0a 146740582 0+0a 16.23+0.46b
B4 Zuihong’ 0x0a 15.33%+3.06a 0x+0a 8.40+0.17e | ‘¥z’ Zuiyun’ 0+0a 7.33+2.08bc 0x0a  5.770.68f
# ¥ 1" ‘Chongbanbai’ 0+0a 15.00+3.00a 0+0a 9.73+0.64d | “HiZEE’Jinbiyu’ 0+0a 3.67+1.53c 0+0a 2.57+0.21g
4 PHA° “Mudanhong’ 0+0a 16.33+252a 0#0a  19.0340.55a | ‘L&’ “Yurui’ 0+0a 433+1.53cd 0+0a  2.40+0.85g
*BI#4T° Danbanhong’ 0x0a 15.67+2.08a Ox0a 18.67+*1.33a

ARN: AEMHG ARL: AREARK; CK: X W 7K. [RS8 5 A F) 7 BER R 22 57 . 3 (P < 0.05).
ARN: Number of adventitious root; ARL: Length of adventitious root; CK: Control; W: Waterlogging. Data followed different letters indicate significant

differences at 0.05 level.
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Table 3 Effect of waterlogging stress on membrane lipid peroxidation indexes and soluble protein content of Hibiscus mutabilis

H MDA (umol/L) SP (mg/g FW) RC

Cultivar CK w CK w CK w
“E H4E% ‘Bairihuacai’ 12.55+0.46f 19.94 +0.69f 4.51+0.20de 2.46 +0.43de 0.17 +0.00b 0.18+0.01fg
‘B % Zuifurong’ 20.42+1.20b 24,76 40.72d 4.87+0.50d 3.410.60d 0.1720.01b 0.2140.01cdef
HEE Jinrui’ 14.61+0.06¢ 30.12+1.52b 5.40+1.18cd 5.12+0.81c 0.19+0.02ab 0.28+0.04ab
‘BE4TZuihong’ 18.1240.42¢ 23.25+0.18de 3.130.76¢f 0.950.21f 0.1920.0lab  0.1920.00efg
<Z I [1°Chongbanbai’ 10.7140.74g 14.4140.70h 2.53+0.54f 2.7240.18de 0.16+0.02b 0.17+0.03g
“H P “Mudanhong’ 9.10+1.01h 14.4140.88h 2.63+0.28f 3.39+1.04d 0.19+0.04ab 0.19+0.03¢fgy
“BJIFAT’ “Danbanhong’ 24.07+0.53a 27.67 +0.46¢ 6.59+0.85hc 3.42+0.77d 0.200.05ab  0.200.02defg
- FHF “Mudanfen’ 20.83+1.37b 22.1040.92¢ 3.09+0.88ef  14.37%1.27a 0.20+0.03ab  0.22+0.01cde
4B Jingiusong’ 13.97 +0.44¢ 17.28 +1.22g 8.60+1.61a 0.850.15f 0.2240.00a 0.2340.01cd
¥ Caixia’ 11.26 +1.31fg 15.66 +1.82gh 2.66 20.30f 3.690.20d 0.1920.0lab  0.230.02cde
‘Wz Zuiyun’ 11.1140.62fg 33.30+1.06a 2.56 +0.47f 1.60+0.32¢f 0.19+0.0lab  0.25+0.03bc
4124 5 Jinbiyu’ 16.68+1.07d 34.2140.63a 2.500.47f 6.660.48b 0.2040.01lab  0.2420.03cd
EE Yurui’ 9,78 +0.08gh 33.28+0.75a 7.161.46b 5.44.+1.02¢ 0.180.00ab 0.29+0.03a

SP: FIVAMEER A& &, RC: HIXTHL G2, CK: X, We /K. [RIFER G AR R 7 B3R R 2 5 5.3 (P <0.05).
SP: Soluble protein content; RC: Relative conductivity; CK: Control; W: Waterlogging. Data followed different letters indicate significant differences at 0.05

level.
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Table 4 Effect of waterlogging stress on antioxidant indexes of Hibiscus mutabilis

ey POD (U/g) CAT (Ulg) SOD (U/g)
Cultivar CK W CK W CK w

‘H H4EE ‘Bairihuacai’ 631.44438.12h 737.92 426 51j 9.7820.73bcde  12.37+1.82ef  314.38+20.10ef  579.07 +16.06d
WE2E < Zuifurong’ 808.25+47.25g 843.02437.75i 15.7242.51a 15.2340.57d  372.79+11.19d  382.67 +6.03g
B85 Jinrui’ 1 015.22430.30e 728.31424.88] 8.250.97cde 14.62+1.58de  327.19+9.87e 908.97 +14.47a
“BE41  Zuihong’ 2104.04+8.47a 2034.19+105.91a 6.861.76¢ 11.80%1.81 221.0148.60i 626.86 8.44c
“E ¥ 4 Chongbanbai’ 898.14 +4.70f 1487.78+30.97d 12.48 +1.89b 14.95+1.07d  455.06 +3.28¢c 517.33420.18¢
4+ ‘Mudanhong’ 687.57 £30.5%h 959.63 443.03h 16.50%1.27a 2343+1.49a  369.86+6.01d 491.04 +6.68f
<A1 Danbanhong’ 870.93 £35.59fg 1132.21%7.69g 8.26 +0.60cde 12.49+0.91ef  513.09+1853b  591.26+7.13d
“tLFHH “Mudanfen’ 1285.46439.77¢ 1324.06 +68.37¢ 17.4443.32a 20.82+1.31bc  536.48+6.11a 615.08+15.96¢
4 FKA Jingiusong’ 1113.24+33.98d 1 948.66 +60.63b 7.35+0.8% 11.95+1.94f  300.84+10.68fg  379.85+16.74g
KB’ Caixia’ 1539.90472.49b 1 605.55457.11¢c 11.5642.92hc 13.2330.57def 523.97+13.61ab  537.28+11.32¢
‘BE = Zuiyun’ 808.68477.02g 1227.26 +49.04f 11.2240.67hcd 18.63+1.26c  260.1149.27h 488.81+12.94f
24 35 Jinbiyu’ 666.94 +40.97h 695.68 £25.47j 8.1422.03¢ 22.80+1.50ab  284.42+13.31g  695.99+20.13b
<R Yurui’ 700.81421.03h 1 344.06 146 .45¢ 9.880.55hcde 6.772051g  182.50%3.98j 332.4949.27h

CK: IR, We /K R4 500 5 A [F) 7 Bl R 72 5 1. 3% (P < 0.05)

CK: Control; W: Waterlogging. Data followed different letters indicate significant differences at 0.05 level.

=B 2 Euclidean distance
0 51 IP I§ 210 25

i

1 AR AMRIRRE . 1 EHER; 20 MR 3 R 4 W
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Fig. 1 Cluster dendrogram of 13 Hibiscus mutabilis cultivars. 1: ‘Bairi-
huacai’; 2: ‘Zuifurong’; 3: ‘Jinrui’; 4: ‘Zuihong’; 5: ‘Chongbanbai’; 6: ‘Mu-
danhong’; 7: ‘Danbanhong’; 8: ‘Mudanfen’; 9: ‘Jinqiusong’; 10: ‘Caixia’;

11: <Zuiyun’; 12: “Jinbiyu’; 13: “Yurui’.
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AARIE I F 3 B3 53 M SR VR R 2 28 (1 i 57
PEo XF 14 MR bR I B R BOHAT F B b, w
6 /> 5 (C11~CI6) [ 5T Wik 2K 43 51 v 24.935%
17.453%. 14.840%. 10.414%. 9.728%#/1 8.357%, 2

THoTRR# Ik 85.728%, HARTFZEEATH(ER 7). 477
FIX 6 MSEI LR G ARbR AT MEFEYE AT, X 1)
fE T R IE R H N Z1=-0.043X1-0.008X+
0.498X3+0.307X4+0.418Xs5-0.359Xs+0.423X7 +
0.3357X3—0.341X9—0.037X10+0.124X11—0.182X 12—
0.063X13—0.340X14; Z2=0.557X1+0.543X,+0.104X3—
0.252X4+0.124X5-0.296Xe+0.128X7+0.202Xg +
0.282Xg+0.394X10+0.221X11+0.410X12+0.077X 13+
0.1998X14;Z3=—0.084X1—-0.057X,-0.053X3+
0.126X4—0.200X5+0.040Xs+0.109X7+0.284X5—
0.0441Xg+0.367X10—0.518X11+0.152X12+0.36 7X13—
0.1144X14; Z4=-0.152X1—-0.1156X,+0.080X 3~
0.309X4+0.129X5—0.209Xs+0.185X7—0.010Xg+
0.146X9—0.252X10—0.001X11—0.155X12+0.56 1 X 13—
0.318X14; Z5=0.291X;+0.335X2—0.079X3+0.059X4—
0.243X5+0.212X6+0.199X7-0.171Xs—0.326Xg—
0.104X10+0.103X11—0.278X12+0.296X13—0.092X14;
Z6=-0.042X; 0.053X,_0.034X3+0.478X4+0.067Xs+
0.354X6+0.063X7+0.214Xg+0.173X9—0.122X 10 +
0.318X11+0.234X12+0.196X13+0.195X14, X1~X14 ﬁj\jl:jllj
REFEASEMRE. AWK, - TE. HF TR
B, e et . EREK. MDA CAT.
POD. SOD. ml¥#EMEEH . AN L F MR
81 ER EEAR EAYE. bR, AR
b, HAR A EAREG, AHIC R %58 0.498. 0.418.
~0.359. 0.423 #110.357, KA 1 F s 2 ik
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Table 5 Waterlogging tolerance coefficient of indexes of Hibiscus mutabilis seedlings

s Ff Cultivar ARN ARL ADW  UDW H R/C D RL MDA CAT POD SOD SP RC
‘H H4E% ‘Bairihuacai’ - - 0.52 0.68 096 243 079 109 159 127 1.17 184 055 104
B FE% Zuifurong’ - - 0.84 0.66 099 080 104 101 121 097 1.04 103 070 125
AL Jinrui® - - 0.18 0.38 063 235 074 047 206 177 0.72 278 095 145
‘B £1°Zuihong’ - - 0.84 0.92 105 112 090 1.02 128 172 0.97 284 030 1.02
# ¥ 1" ‘Chongbanbai’ - - 0.89 0.99 089 112 106 091 134 120 1.66 114 1.08 104
4 PHA° “Mudanhong’ - - 0.99 0.94 1.02 087 098 133 159 142 1.40 133 129 102
¥4 ‘Danbanhong’ - - 0.92 0.87 098 094 097 082 115 151 1.30 115 052 1.02
4t FHF° ‘Mudanfen’ - - 0.88 038 095 045 1.03 097 106 119 103 115 465 110
<& KA Jingiusong’ - - 0.86 0.52 093 062 087 083 124 162 1.75 126 010 1.06
FHE“Caixia® - - 0.79 0.79 076 101 094 078 139 114 1.04 103 139 119
B2 Zuiyun’ - - 0.72 0.55 095 179 082 121 300 166 1.52 188 063 1.36
“HRZE £ Jinbiyu’ - - 0.44 0.65 084 149 073 117 205 2.80 1.04 245 266 116
EREE Yurui - - 0.43 0.66 090 220 078 053 340 0.69 1.92 182 076 1.63

ARN: REMREG ARL: AEMRC; ADW: b 387 EY) &, UDW: MR #4448 H bR, RIC

§; RC: AXTHSH.
ARN: Number of adventitious root; ARL: Length of adventitious root; ADW: Above-ground dry weight; UDW: Under-ground dry weight; H: Height; R/C:

UDW/ADW; D: Diameter; RL: Main root length; SP: Soluble protein content; RC: Relative conductivity.

R 6 ARTEE bR ] B S

Table 6 Relationship among indexes of Hibiscus mutabilis seedlings

CARELE; D R RL: FARK; SP: MIVEMEAS

#&b5 Index ARN  ARL ADW  UDW H R/C D RL MDA  CAT POD SOD SP RC
ARN 1.000

ARL 0.907"  1.000

ADW 0.027 0.071  1.000

ubDWw -0.332" -0.297" 0.435"  1.000

H 0.038 0059 0.739" 0.242° 1.000

R/C -0.232" -0.245" -0.781" 0.078 -0.655"  1.000

D 0123 0145 0.770° 0.382° 0545 -0570° 1.000

RL 0.103  0212° 0617° 0.394° 0552 -0494" 0513  1.000

MDA 0.305" 0206 -0.431" -0510" -0.288" 0.157 -0.439" -0.198" 1.000

CAT 0.443° 0.440° 0008 -0.108 -0.144 -0.233" 0.065 0.282° 0.241° 1.000

POD 0.344* 0327 0.302° 0033 0406° -0.234" 0154 -0.017 0.049 -0.150  1.000

SOD 0.469" 0390 -0.257* -0.280" -0.098 0.001 -0.149  0.109  0523* 0.507° 0.028  1.000

SpP 0.028 0041 -0125 -0.152 -0.171 0033 0186 0133 0.118 0.097 -0.210° 0.074 1.000

RC 0.213° 0180 -0.440" -0507* -0.309° 0.224" -0.347° —0.337° 0621 0065 0.114 0.311* 0177  1.000

*: P<0.05. ARN: REMREL; ARL:

PEEE A E i RC: X HL T 36
*: P<0.05. ARN: Number of adventitious root; ARL: Length of adventitious root; ADW: Above-ground dry weight; UDW: Under-ground dry weight; H: Height;

EMRK; ADW: Hb_ ¥4, UDW: 1R AR, H: #Ris; RIC: #ELL; D:

R/C: UDW/ADW,; D: Diameter; RL: Main root length; SP: Soluble protein content; RC: Relative conductivity.

THYESFEKESTER, € CNEEAEKER,
%2 FRr FEARFEAEREAAEREK, AR
5y 5N 0557 F1 0543, € UNAERILSTERS,
%3 T, MDA, SOD FUAR R H 5 2 A 5%
25005 8-0.041. 0.152 F1-0.144, & NG
FALTERR, 4 FR EFEAERTNAEYE, TR

Hifz; RL: AR SP: ]

AR EHE R 10.414%15 8., & AR RAEY B
brs 285 EMH FEALHE POD il CAT, HHRAK
4394 0.103 A1-0.104, & LCAPLEIERR; 26 6
FRGH, AT B AR RECN 0.196, E X
NBFERATHR R B, A 5OR 3 0 pr e
ZARFER I B AR AR T BARR R E T,
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Table 7 Coefficients of comprehensive indexes [CIx] and contribution rate
Cl1 Cl2 CI3 Cl4 CI5 Clé
FEAEME Eigent value 3.491 2.443 2.078 1.458 1.362 1.170
iM% Contribution rate /% 24.935 17.453 14.840 10.414 9.728 8.357
2 pik® Cumulative contribution rate /% 24.935 42.388 57.229 67.643 77.370 85.728
FHEF R Eigen vector AS5EMRAL Number of adventitious root -0.043 0.557 -0.084 -0.152 0.291 -0.042
EMRK Length of adventitious root -0.008 0.543 -0.057 -0.156 0.335 -0.053
Hb b3 43 4 Above-ground biomass 0.498 0.104 -0.053 0.080 -0.079 —-0.034
Ho 54 £ Under-ground biomass 0.307 -0.252 0.126 -0.309 0.059 0.478
i Height 0.418 0.124 -0.200 0.129 -0.243 0.067
7 L Ratio of root to crown -0.359  -0.296 0.040 -0.209 0.212 0.354
Hi4% Diameter 0.423 0.128 0.109 0.185 0.199 0.063
FARK Main root length 0.357 0.202 0.284 -0.010 -0.171 0.214
MDA -0.341 0.282 -0.041 0.146 -0.326 0.173
CAT -0.037 0.394 0.367 -0.252 -0.104 -0.122
POD 0.124 0.221 -0.518 -0.001 0.103 0.318
SOD -0.182 0.410 0.152 -0.155 -0.278 0.234
A MR (4 & Soluble protein content -0.063 0.077 0.367 0.561 0.296 0.196
AEXT HL 3% Relative conductivity -0.340 0.198 -0.144 0.318 -0.092 0.195
MRS RRH , R T ARER IR FYTEAE CIL RPN TR, TR A u()
LR FERT o /)N, 790.000, #EEAHAE CI1 R ﬁﬁ#‘ﬁﬁﬁ%ﬁ% o
RAE S LR S TapR TR KA, TR 6 M5

2.4 THE LRSS

H% 8 I, XA

e RS, W CIL, K

VR FRR LD I S B R u(X) E R, O 1.000,
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Table 8 Comprehensive index (CI), index weight, u(X;), D and waterlogging tolerance evaluation of Hibiscus mutabilis

EIEFRIRLE 4> 509 0.291. 0.204. 0.173. 0.122\
0.113 #1 0.097.

MR £

355 VAR (D)X 25 i B (1 i 55

£/

(=] Vi )
cﬂmar cn CI2 CI3 Cl4 Cl5 CI6  u(X) u(X2) u(Xs) u(Xs) uXs) u(Xe) D Floo dﬁé’iirame
HH%ER -1.764 -0.126 -0.678 1172 -0.598 -0.246 0.086 0.383 0.089 0.957 0235 0.281 0.289 A None

Balrlhuacal

TFRIER 0.615 0.124 -0.259 -0.252 -0.706 0.104 0.857 0543 0320 0410 0199 0417 0.528 5% Strong
‘Zuifurong’

RS Jipryi® —0.622 -0.343 0583 -0.676 -0.189 0368 0456 0.243 0.782 0.248 0369 0520 0.440 F1%E Medium
Nt 0326 0.119 -0.103 -0.140 1.729 -0.937 0.764 0540 0.405 0453 1.000 0.012 0572 5% Strong
‘Zuihong’

CEIN A 0597 0.225 -0.543 0.191 -0.116 -0.656 0.851 0.607 0.164 0581 0.393 0.121 0.527 5% Strong
‘Chongbanbai’

LiwRAN 0323 0.836 -0.841 0.234 -1.310 -0.341 0.763 1.000 0.000 0.597 0.000 0.244 0.522 5% Strong
‘Mudanhong’

AN 1.055 -0.155 0.980 0.255 0.022 0.273 1.000 0.363 1.000 0.605 0439 0.483 0.708 58 \ery strong
‘Danbanhong’

SRR 0324 0.718 0579 1.283 -0.149 1601 0.763 0925 0.780 1.000 0.382 1.000 0.807 58 \ery strong
‘Mudanfen’

<Rk A 0.733 0.012 -0.396 -0435 1270 0532 0.896 0471 0.245 0.340 0.849 0584 0.593 5% Strong
‘Jingiusong’

‘FEZ‘Caixia®> 0.458 0308 0270 0842 0732 -0361 0.806 0.661 0.610 0.830 0.672 0.236 0.675 % \ery strong
‘Wz ‘Zuiyun’ -0.135 -0.463 0.324 -0.568 -0.362 -0.968 0.614 0.166 0.640 0.289 0.312 0.000 0.394 rh%E Medium
AR 0.120 -0.722 0.534 -1.321 -1.096 -0.153 0.697 0.000 0.755 0.000 0.071 0.317 0.372 F1%E Medium
“Jinbiyu’

EA& Yurui© -2.029 -0534 -0451 -0585 0.773 0784 0.000 0.121 0.214 0.283 0.686 0.682 0.240 A None
BLEE Index weight 0291 0.204 0.173 0122 0.113 0.097




N
S

%2

A4 RSB /K Tl FA R 7 B FCi 7 P S A PR 209

BEATHERE - 1R 8 AT UL, <4t PHE ) D {H 55 K (0.807),
R PV Ao < KEHI D 168/ (0.240), 1
W L 5 £ 98 o 13 AR SRR SRR 5 4 A 5 2] 55
70| /S RN A W v NI 6 A NI - RN o7 €Y NI
g0, CEESERC. CEIREC. ARPRA. RS,
oM BHER . CER . KARTEEE
Xt DAEHEAT IR (K 1), ATLCRE 13 ANt Fh 70
42 BIRLD R HIIRY NS 12K, BT 9min 5 2 s
WEIERC . CHEIEEC. CALPRAC. e AKAU A
NE 238, JE&THGRMTHT AL, MR R W Ao

TN 3K, BT TP, K& A HER
NE AL, BTAWE. S RS IMBEE W
BRETRIEAR—H(H 2).

KA R E RN EEIRG N 72—, %
MRS B A B ATV . PRI
DA, 2R b - P4 R A 1) UM A 2 T IR PR P o » X
AR TR, R IRE B KRB 22 R R A2 1k

3 8 6 13 5 11
& 2 KEMREN ARKEFTEA M. Ar XTI B 7KHE; Cr AV ARIE; 1 | HER; 20 ‘WEIER; 3 A, 4 BRAD; 50 A 6: “4LFHer; 7:
CHIRZT; 8: PR 90 A AKAT; 10: ER; 11 B s 12 BREE R 13 K&, FRR=10cm

Fig. 2 Effect of waterlogging stress on morphology of Hibiscus mutabilis. A: Control; B: Waterlogging; C: Root after waterlogging; 1: ‘Bairihuacai’; 2:
‘Zuifurong’; 3: ‘Jinrui’; 4: ‘Zuihong’; 5: ‘Chongbanbai’; 6: ‘Mudanhong’; 7: ‘Danbanhong’; 8: ‘Mudanfen’; 9: ‘Jinqiusong’; 10: ‘Caixia’; 11: ‘Zuiyun’; 12:

‘Jinbiyu’; 13: “Yurui’. Bars=10 cm
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