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Abstract: To meet the needs of wetland ecological development in China, high-quality tree varieties with
submergence tolerance were needed. In this study, the annual branches of 13 arbor willow varieties were
subjected to submergence stress. To identify the submergence tolerance of willow varieties, phenotype
characters,including roots and leaf length, dry and fresh weights,and physiological indices,including ma-
londialdehyde (MDA) content and chlorophyll content were measured. The results showed that submer-
gence stress inhibited the root and leaf growth of all 13 willows varieties tested. Compared with the con-
trol,the content of MDA in J1010" increased by 4 folds,and that in ‘Suliu 172" increased by 2. 4 folds. Com-
pared with control,chlorophyll contents in J2087 and “Zhuliv were down-regulated by 16. 1% and 50 % ,re-
spectively. Positive correlations were found between the length of total roots, the total number of roots, the
longest root,total number of leaves, total length of shoots, leaf fresh weight, leaf dry weight, fresh root
weight,and root dry weight (P<C0. 01) ,while the total number of shots had no correlation with phenotypic
characters. Thirteen willows were divided into 3 categories according to cluster analysis, principal compo-

nent analysis and coefficient calculation. Among them,3 categories including "Zhuliu’,'Suliu 795, L.ongzhual-
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iv and ‘Suliu J172" were considered as strong submergence tolerant varieties, Bohai-1" and "Suliu J932" were

thought as moderate submergence tolerant varieties,J2087,7J2187,287","Yanliu 1',"Dongying 1,7J1010" and *

Ziganliu belonged to poor submergence tolerant varieties. These results provide a basis for the selection of

submergence tolerant trees and a foundation for the submergence tolerance evaluation system and the sub-

mergence tolerance mechanism of willows.

Key words:arbor willow; submergence stress; principal component analysis; submergence tolerant index
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Fig. 1 Growth of different arbor willows on 30 and 69 days
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Fig. 2 Roots and leaves growth of different arbor willow varieties
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Table 1  Phenotypic indicators and analysis of variance

. BRK/cm HEAREK/cm AR

e %1 1 41 P I i % 1 21 g
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KRE1S 20. 46 BCa 0.287 Cb 6.887 Da 0.227 DEb 4. 467 BCDEa 0.733 Db
R 1 15. 94 Ca 0.627 Cb 4.547 Ea 0. 353 DEb 2.467 Ea 2 Da

287 33.62 ABa 0.34 Ch 8.707 Fa 0.2 DEb 6.067 BCa 1.467 Db
P Hi 20. 827 BCa 8.207 Ab 8.72 Ga 1.679 Ab 4,133 CDEa 8.357 Ab
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M 172 25.867 BCa 7.673 Ab 6.08 Ka 1.727 Ab 5. 467 BCDa 7.667 Aa
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. MR /em S A S
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Fig. 3 Dry and fresh weight of roots and leaves of different arbor willow varieties
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Fig. 4 MDA and Chlorophyll content of different arbor willow varieties
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X,.)/X,+0.303(X; —X,,)/X, +0.897 (X, —
X )/X, +0.47(X, — X,.)/X, +0.506 (X, —
Xe)/X, 40,751 (X, — X)) /X, +0. 854 (X, —
X10.)/X,+0.925(X,, —X,,)/X,+0.853(X,, —
X/ X, (D

Y,=—0.317 (X, —X,,)/X, —0.211(X, —
X.,)/X,40.829(X, — X, )/X, +0.433(X, —
X.D)/X. 40,731 (X, —X.,)/X, —0.252(X, —
Xe)/X, 4+0.347(X, — X, )/X, —0. 331 (X —
X )/X. +0. 458 (X, — X4 )/X, 0. 442(X,, —
X10,)/X,—0.333(X,, —X,,)/X,—0.451(X ,, —

Xp)/X, (2)
Y=Y, +Y, (3)
A B A il Bl A [ 45 5 9 A0 B2 5 3 BEAT LE (H

WATFE, BREKIEN X, BAEREIE N X, 1
Boadh X, BR KISy X, BEAELE N X, Wi

KRKIEH X, MDA S &REHICH X,  BET &
CR X M EE DR X, T EIEN X, . R E
BN X, G ARTEIEN X B SRR 3R 05
Zh X B ERIA R REE S X, Y,
MY, IR F R Hr e 2 A F s, AR r ey
Sk BG4 AT RS 48 BR 1 TR R U, 48 B R E AR
S BB AT, 2 A O i B 4 il 43 B AT
B THRESSR LR 3, A AT SR 795k TCAI
IR 172 Tt R KK T 2. R 5 J2187
287.J2087 FhMI 1 5 ARE 15 CEFFEIN I R BN
T 0, 55 T MDA S I 1 5 TR 932 Ti i R
AT 0~2, P B IR . g R 5 R
SER A —E
3 w5t
3.1 it

HEKALBET 13 AT AMI 5t b 7 2% 78 AR P 45
br BRI THEMES . 456 10 NRBIE R
Ko 2 A BRAE AR I R 2L A3 O 45 L AR AT ML IR M
795 I A L TRA0 172 Shy 5 T A f s VA 1 A
JRMN 932 Sy BE T R 72087 .J2187 287 . Fh Ml 1
SOARE 15 T1010 FEEFEA0 A 55 i, % 4
Sy 4 b TS T PR AR 4 3 1 4L B R AR A0, S M AR T 9AE T
Ui 1A 22 S 37 0 it ML BT 5T B4 A
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Table 2 Correlation analysis of growth and physiology index of arbor willow
LD SRE BAERY wWRE BEER O mRKREK O mEfE O MTE O REE O RTE W& E&&E MDA &t DEAEK
BAREK 1
SR 0.708° " 1
L 0.790" " 0.418" 1
SRR 0.651° " 0.502"° 0.872° " 1
REMREK 0.860" " 0.438" 0.871" " 0.678" " 1
i fif 0.815" " 0.515" " 0.889" " 0.834"" 0.878" " 1
T E 0.844°° 0.503" " 0.8727 7 0.790° " 0.895° " 0.98 " 1
HR g 0.927° " 0.549" " 0.843" " 0.6747 7 0.925° 7 0.903° " 0.928" " 1
T & 0.913" " 0.526" 0.829" " 0.680" " 0.918" " 0.924" " 0.958" " 0.988" " 1
M e E A i 0.570" % 0.122 0.658" " 0.482" 0.804" " 0.652" " 0.663" " 0.646" " 0.670° " 1
MDA & —0.410" —0.335  —0.353  —0.286  —0.493" —0.584" " —0.599" " —0.566" *—0.591" " —0.279 1
SRR —0.168 0.121 0.063 0.385  —0.224  —0.044 —0.118 —0.211 —0.236 —0.360 0.339 1
T * RRTE 0.05 G R A KM R E » » FRTE 0.01 MU MR B3 .
x3 BKBETARSRMFARAUMEZRE
Table 3 Submergence index of different arbor willow varieties after submergence stress
i X, X, Xy X, X X X, Xg Xy X1 X X2 Y HIF  mE
L 0.365 1.835  0.130  0.438 —0.439 0.131  0.382  0.044  0.451  0.192  0.071  0.030  3.631 1 SR
B 795 0.050  0.168  0.581  0.568 —0.032 0.059  0.883 —0.002  0.632  0.267 0.033 0.005 3.211 2  GRW#E
Je R —0.047 —0.078  0.320  0.535 1.752 —0.027  0.483 —0.003  0.129  0.142 —0.019 —0.010  3.175 3 S8 it ¥
Tl 172 0.265 1.062 —0.368  0.366 0.615 0.262  0.336  0.034  0.106 0.196  0.050  0.027  2.953 4 i it ¥
Wi 1S —0.066  0.198  0.646 —0.152 1.109 —0.013  0.142 —0.035 —0.030 —0.029 —0.015 —0.012 1.744 5 HEME
FM 932 0.128  0.992 —0.541 0.070  —0.305 0.059  0.456 —0.016 —0.279 —0.068  0.030  0.031  0.557 6 WEHE
AE1S  —0.123 —0.898 —0.083 —0.131 0.432 —0.089  0.027 —0.004  0.026  0.040 —0.025 —0.004 —0.832 7 55 1§ ¥
L —0.170 —1.063  1.098 —0.505 —0.880 —0.142  0.534 —0.010  0.052 —0.080 —0.041 —0.021 —1.229 8 Hfi
HM1S  —0.080 —0.493  0.052  0.136 —0.210 —0.015 —1.449 —0.020  0.005  0.045 —0.008 —0.004 —2.039 9  ¥M#&
J2087 —0.103 —0.214 —0.484 —0.099  —0.347 —0.089 —1.031 —0.049 —0.313 —0.228 —0.023 —0.015 —2.994 10  S§fH#&
J1010 —0.133 —1.016 —0.630 —0.789 —0.940 —0.017  1.032  0.121 —0.550 —0.288 —0.017 —0.008 —3.234 11  HHfH¥%
J2187 —0.155 —1.083 —0.329 —0.620 —1.394 —0.135 —1.169 —0.006 —0.204 —0.219 —0.038 —0.017 —5.368 12 55 Tif 15
287 —0.173 —1.021 —0.698 —0.885 —1.596 —0.141 —0.554 —0.039 —0.420 —0.306 —0.040 —0.021 —5.894 13 555 1 ¥
Figte)
02 46 810
71010
i ] — o — |
' 12087 .
I 12187 1
| 1 2
| 287 1 8
I o 1 8
s Q
1 1 3;
I RELS | = & 5
M 1 H @ &
| EiES 1 O il
L !
it 5 12087
'_ T ! P10
TA172 & 12187 | O
) 287 1 o
Je A ] : pix 1 p)
HANTO5 L. om @
-2 11010} J932
202 4
F A 1(55.4%)

Fig. 5

5 TEGEMFAANRMBESFTMELS S0

Cluster analysis and principle component analysis of different arbor willow varieties
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