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The different capital letters indicate that the difference between treat-

ments is extremely significant (P<C0.01).The same as below.
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Fig.1 The change of chlorophyll content of Stachys
sieboldii Mig. under waterlogging stress
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Fig.2 The change of soluble sugar content of Stachys
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sieboldii Mig. under waterlogging stress



68 Sgop K ¥ R

o942 %

HEFN R KETMNE T d)E, 3T A A a]
B2 5 34 LU e 5 d i TR (BT s T X R, HL
HXTHREIZE SR E . Mha7dE, S5 157 T
R R, B E ] 15 "Rz, Bk 15 i ik
23 KiFBEXNEARFBAEEARENZMN
M3 TT LA H 3 F i de w] v PR 2R 1 A i Bl

7K 55 P 38 B ) B 34 5 S T v e R AR P A8 Al
KW WE 3 d I, 3Fh R4 A AT PR AR S A
o, stk 1SR R S EBRRERE, & T
XF IR 23.46 %6 , i Z [8] 22 S 1 % (P<<0.01) . “ &5
TS Mg 15 st S EEMNa 5 d ek %)
e KAR, 43 900785 T 4] R 22.65 % #127.89% o 7K 35
B 7dE, 3FhEA A Al B A N R A T
XFRR G AR B AL BRI, 0] 1S iR e A
X FRA T i MR B A K

045115 (6 1%) Luyin No.1(CK)

B 5115 (4 ) Luyin No.1(Waterlogging)

#5156 B8) Ganyin No.1 (CK)

m#% 5115 (4 #H) Ganyin No.1 (Waterlogging)

B3 15 (6 ) Guizai No.1 (CK)
40~ O ﬁﬁl%(ﬂ‘fi) Guizai No.1 (Waterlogging)
A

35t

Content of soluble protein

TR E & R/ (mglg)

1 - 3 - 5 - 7 -
JHp3ELI [E)/d Stress time
B3 KEHMETEARABREEASENTL
Fig.3 The change of soluble protein content of Stachys
sieboldii Miq. under waterlogging stress
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Fig.4 The change of proline content of Stachys
sieboldii Miq. under waterlogging stress

7K % BB X E A Z& SOD i 14 B £ Mim
RIS R (& 5) R, Bl 7K 35 k0 i R E G, 5t
157G 157 1) SOD IEPE LT 5 A, 8
LTSN —E Tk, KPFpHa3d)s skl s”
SOD i P8 B B RAE , #5 T % 11 48.49 %0, I 1k B
3% 253K (P<<0.01) . KBFMHES d)E,“H5]1
57 SOD i £ T e B e KAH, B0 I T 1 32.47 %6
KEFWA 7 dJ5E, “ #5115 7 SOD I Mt Bl i K
{EL, PO B TR 34,7100, “ & 51 15" A SR 157
R TR E5 k0 5 d f3E P (A T X B K5 ik
A, 1 157 SOD i VT e B ok, Bl 1
SR SRS R AR
0% 5115 (% B) Luyin No. 1(CK)

B 5115 (4E ) Luyin No.1(Waterlogging)
B 515 (6 IR) Ganyin No.1 (CK)
m#5 5115 (4b ) Ganyin No.1 (Waterlogging)

B3t A5 /) Guizai No.1 (CK)
M O34k 15 (2 HE) Guizai No.1 (Waterlogging)

2.5

SOD{E #/(U/g)
Activity of SOD
P T
ST = il
St il iSHllliS llilie

W
=

z N
é
7
7
7
7
7
4
]

! | \ & : B L i
Wi it E]/d Stress time

E5 KiGBBETEAZSODEMHNEN
Fig.5 The change of SOD activity of Stachys
sieboldii Miq. under waterlogging stress
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Fig.6 The change of POD activity of Stachys

sieboldii Miq. under waterlogging stress
K% BB X E A & CAT & R =M
&7 AT D, 3R R A Ay CA'T 1 Bt /K 57 3 b
[ S S T AR . K87 3 1 d, 3 D R A A
CAT Tif P ¥ 7 0 B, H. 25 5 4% 2% (P<<0.01)
(E 7). 3ME AN CATIGYELENNA 5 d ik 3
KAE, SRR 157 &5 157 is] 15750 51 Hox
HETH 5 1 280.65% .260.29% H1 266.67 % . 7K ¥ et
7dJE, 3FELAT A CAT I PEA B FEAR AT 5 T %
MR B A BRI, #5157 M g5 15" T s iR

2.7

O& 51506 BR) Luyin No.1(CK)

BE 515 @) Luyin No.1(Waterlogging)
B 5[ 15 (W IR) Ganyin No.1 (CK)

m#; 5115 (2 Hf) Ganyin No.1 (Waterlogging)
@R 15 (W B Guizai No.1 (CK)

O 5415 (4 H) Guizai No.1 (Waterlogging)

Activity of CAT

CATIHH/(U/(g + min))

Jpie B [E]/d Stress time
7 KEMETERAZECATEEMNTH
Fig.7 The change of CAT activity of Stachys
sieboldii Mig. under waterlogging stress
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Fig.8 The changeof MDA content of Stachys

sieboldii Miq. under waterlogging stress on
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Table 1 Correlation analysis of Stachys sieboldii Miq. physiological indexes

TR

f‘(fx e }:ij] | s;{ﬁﬁir Solub'le Hﬁﬁ)@ MDA SOD POD CAT
protein
2% 2% Chloropliyll 1
PR Soluble sugar 0.754" 1
Al %t 1 Soluble protein 0.777" 0.999 1
Jifi%#& Pro 0.442 0.911" 0.896 1
MDA —0.662 —0.99” —0.986" —0.949” 1
SOD 0.871" 0.978" 0.984™ 0.810 —0.943" 1
POD 0.433 0.915" 0.901" 0.978" —0.961" 0.816™ 1
CAT 0.803" 0.262 0.291 —0.123 —0.137 0.454 —0.146 1

AR A G, RN B35 AH G . Note : * indicates significant correlation, and ** indicates extremely significant correlation.

T TR R 94 %, AR T S A A IR 94% ) Fi=—0.023X,+0.154X,+0.147X,+0.225X,—0.181X,+

B A5 o AT 24 E R ik 8 A AR 0.107X5+0.226X;—0.165X;

VAT L A F,=0.386X,+0.044X,+0.062X,—0.168X,+0.028X+
FHFE 3 AT 55 1 A1 5 R BN IE LRI 0.154X5—0.175X%,1-0.533X,

FebRA AT PERE TP (1 Pro, SOD I POD, % ORI LA 32 053 T X oL 14 22 Tk 3 A A

WA S IR AR 2 1 F o B TR 50 2 £ ' R R B O RO 13 4. M2 T, 24 &
B ZBONIE HBE R IE IR A M2 R SOD M 1 43 e 5 15 (9 J7 2 55 ik 22 43 59 2 70.482% I
CAT, B3 TUEARME 2 EWSHHITRBIR - 23.518% , Bl 3 Fh A4 I L5 5 AN A RN  F=

2)PLBHELE G . B X 24> AT RS
FRER3) R 8BRS (X X, X5 X X X, X7
X AR SRR i ] Ve 5 i iR

70.482% X F,+23.518% X Fyo 4% T M0 15 43 F1 457
ARSI, R 1B H LR A 1
b e B MDA SOD e pop e ARS8 —0.174,0815,
CAT IR 4 24 s b g gy O-O4L SO AR R 00 k5] 15, S i o
PR F k-

F2 BHDEFEEREER

Table 2 The characteristic value and contribution rate of each component

C[H

WIGEFFAE(E Characteristic value Ji€ % F-J5 A1z A A Rotation sums of squared loadings
% LM T 2 BT/ % Syl st/ % FRAEAE JI2ETIRRAR/ it uikR/ %
Component Characteristic Contribution Cumulative Characteristic Contribution Cumulative
value rate contribution rate value rate contribution rate
1 6.280 78.510 78.510 5.639 70.482 70.482
2 1.719 15.490 94.000 2.361 23.518 94.000
3 0.723 2.421 96.421
4 0.602 1.090 97.511
5 0.311 0.892 98.403
6 0.104 0.476 98.879
7 0.072 0.325 99.204

8 0.063 0.216 100.000
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Table 3 The matrix of principal component

scoring coefficient

FHr 1

Principal

_ EWr2
fatn L
Principal

Indexes

component 1 components 2

4% Chloropliyll —0.023 0.386
P ERE Soluble sugar 0.154 0.044
[ EPEE 1 Soluble protein 0.147 0.062
Pro 0.225 —0.168
MDA —0.181 0.028
SOD 0.107 0.154
POD 0.226 —0.175
CAT —0.165 0.533
3 i
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LAY B 6 e S, M AT b b SR BB O, xR e
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AL R EE A I 25 B = U REay N R o 4 = R
P38 3 d e, ISR R R AEL, SR T B, R, <5 1457
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[ LIRS c 3 A Sl iR GNP e B €7 S E ]
WO A R, RO O B R R T

%EEEZSJO
32 KizprEMNEAELTRLERNENEXIER
sl

M MDA & &k i B 1030~ M4 32 3 R 1Y)
FEAEBR , WK M0 233 UG i EUAk R ], 5
FUWEZR G748, DA 52 W) s A (i) 02 S WA ) 21 21
P LR aE 1 AIKE 3R A4 A MDA & i
FEy it K 5 Wil ) S KT B T X 5 T R AR A
FEAER B TAR LSS 1SS A AR
S TE 2 S P g 45 SR — B0, YO AT 2848 1
Th,JE AP 1T, 3 3 B I 38 15 [ ) SiE K, 1
20 R B PR A, S B AN A T REZ AL S A
PR AEK X St a R B RN E R Y B A
Jolp 360 AR T B A SR — B AR 15 R Ez s 15
MDA 5 2t 5 P b T, 2 PR Sy B 3 Hsf (7] 174 4iE K
20 P R R R R A Ao S A A AR,
A3 AN 7K 55 P 3 (183 IO R T R Mol A B o
5115 MDA 5 18 550 BRI T i3 8 3 d5 /N, 2 W HL g
Jg i AR B AT

FE 1 18 27 3 53 oy 3 ), RT3 3 e 4R g SOD
POD CAT 45 il i) 3% PR35 BR Ko 19 i 38, JRAR 4
B piE™ R, B 1SR SR 15T
SOD Jifi PEF1 3 Fl R A7 45 1) POD AT CAT 16 M1 2 %%
THE G AR B AR AL, 13 5 38 SR A0 5K e il 2
(R BIF 0 5 SR — 30, e 4R A T 12 B 3 B[] 19 4 <
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Table 4 Principal component score and comprehensive evaluation value of S. sieboldii Miq.

Fh 434543 Principal component score

m A ZiA 1543 Comprehensive HEZ
Varieties F, F, evaluation value Ranking
£5] 1% Luyin No.1 —0.580 0.998 —0.174 2
#5] 1% Ganyin No.1 1.156 0.003 0.815 1
A% 1% Guizai No.1 —0.575 —1.002 —0.641 3
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Effects of waterlogging stress on physiological characteristics and
evaluation of waterlogging resistance of Stachys sieboldii Miq.

BAN Tiantian"*,ZHANG Sugin’, MA Chao"*, WU Chuandi’,
XU Yanjun®, LI Xiaohui'*, GENG Guangdong®

1. Horticultural Institute , Guizhou Academy of Agricultural Sciences , Guiyang 550006, China;
2.Guizhou Province Research Center for Horticulture Engineering Technology , Guiyang 550006, China;
3.College of Agronomy, Guizhou University , Guiyang 550025, China

Abstract Three Stachys sieboldii Miq.varieties were used to study the effects of waterlogging stress
on the physiological characteristics of S. sieboldii Miq..Correlation analysis and principal component analy-
sis were used to evaluate the waterlogging resistance of S. sieboldii Miq. to provide a reference for the iden-
tification of waterlogging resistance of S. sieboldii Miq..The results showed that the content of chlorophyll,
soluble sugar, soluble protein, and the activity of POD and CAT of the three S. sieboldii Miq.varieties in-
creased first and then decreased with the prolongation of waterlogging stress. The content of Pro in Luyin
No.1 and Ganyin No.1 first increased and then decreased , while the content of Pro in Guizai No.1 kept in-
creasing. The activity of SOD in Guizai NO.1 and Luyin No.1 increased first and then decreased , while the
activity of SOD in Ganyin No.1 kept increasing under the waterlogging stress. The accumulation of MDA in
the three S. sieboldii Miq. varieties increased all the time with the extension of stress time. The results of
correlation analyses showed that the content of chlorophyll, soluble sugar, soluble protein, Pro, and MDA ,
the activity of SOD, POD, and CAT of S. sieboldii Miq.was closely related , but the degree of correlation
was inconsistent. The results of comprehensively evaluating waterlogging resistance based on the principal
component analysis showed that the waterlogging resistance of the three S. sieboldii Miq. varieties was in
the decreasing order of Ganyin No.1>>Luyin No.1> Guizai No.1.

Keywords  Stachys sieboldii Miq. ; waterlogging stress; physiological characteristics; evaluation of

waterlogging resistance
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