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Effect of Temperature and Salt Stress on Seed Germination and Antioxidant

Enzyme Activities of Cynanchum thesioides (Freyn). K. Schum
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(College of Agronomy, Inner Mongolia Agricultural University, Inner Mongolia Autonomous Region Key Laboratory of Wild Pe-

culiar Vegetable Germplasm Resource and Germplasm Enhancement, Hohhot 010019, China)

Abstract; The effects of different temperature (5—45 C) and NaCl (0—300 mmol « L. ') on seed germina-
tion index and antioxidant enzyme activities of Cynanchum thesioides (Freyn). K. Schum were studied.
The results showed that: (1) with the increase of temperature, germination index of seed all increased first
and then decreased. The low or high temperature inhibited significantly seed germination. The optimum
temperature for germination was 25 C, and its recovery germination ratio was over 95% at 5 C and 35 C.
(2) As NaCl concentration went up, the germination ratio, germination potentiality, vigor index of seed

decreased, but relative salt injury rate increased and germination was completely inhibited at 300 mmol *
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L™'. The root vigor of seed was inhibited significantly only at high NaCl concentration(>>150 mmol -

L"), the seed could recover germination after the salt stress was relieved, but it was still inhibited by salt

stress. The higher salt concentration, the more prohibitive, and the appropriate content of salt-tolerant

was 65. 25 mmol « L™ ! (the salt content is 0. 38%). (3) Under salt stress, the germination ratio was posi-

tively correlated with POD and APX, but negatively correlated with O, generation rate and MDA, the vig-

or index was negatively correlated with CAT. Therefore, the seed germination was significantly inhibited

by salt stress. protective enzymes POD and APX played a major antioxidant role during seed germination

under salt stress, Cynanchum thesioides (Freyn). K. Schum was suitable for germination in moderate sa-

line soil.

Key words: Cynanchum thesioides (Freyn). K. Schum; temperature; NaCl; seed germination; antioxidant

enzyme activity
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35.40 A1 45 CHEATFF o mg &5, 55 7 Kl &4
WA PR Ry ZE K AR FE 100 i Fh .3 IR
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(P < 0.05) ; Holi & #0148 BOF W & Ry
e 25 CHf i m f i 3 m T AL B, 20 Fi1 30 CHf
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KFHA AT, 25 CRRZ., HLnl 0,25 C oy
SRR 8 % fe AL B YR EAR T 10 C L R F
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Table 1  The seed germination of C. thesioides(Freyn). K. Schum under different temperature conditions
Tcmpﬁ{irc I (}e?gmﬁffi()n (}e?amﬁ??i()lg V‘zzi ﬁ?ﬁx Hﬂﬁf}ciyl ?ﬁﬁ%i‘e Rgglﬁﬁj of
ratio/ % potentiality/ % length/cm length/cm germination ratio
5 Oe Oe Oe Oe of Oe
10 Oe Oe Oe Oe of Oe
15 67.0040.12b 27.4640.75¢ 1.2740.53d 0.3040. 25de 0.39-0. 19d 0.25+0. 06c
20 90.9140.07a 52.72+1.01b 2.16+1.48c 0.9040.37b 0.9840. 32¢ 0.33740.02b
25 96.0040. 04a 66.4540. 84a 8.13+0. 64a 0.9140.50b 1.2540.27b 0.50+0. 10a
30 89.0040. 09a 28.2240.67c 5.23+1.58b 2.68+0. 14a 2.207+0.19a 0.25+0.03c
35 31.0040. 08¢ 13.50+1.13d 0.2940. 20e 0.6940. 10c 0.4440. 35d 0.25740. 08cd
40 20.004+0. 12d 11.71£0. 50d 0.2070. 15¢ 0.54740.01cd 0.36+0. 12de 0.17+0. 06d
45 Oe Oe Oe Oe of Oe

T« RGN R /NG 5By R A BERITE 0. 05 /K P47 78 8 35 P 22 5% 5 T[]

Note: The normal letters within the same column show significant difference among treatments at 0. 05 level; The same as below
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Table 2 The seed germination recovery of C. thesioides(Freyn). K. Schum under the
optimum temperature at 25 C
R WA R W RS AR K i fih T 4% AW RAR
Tcmpp{aturc Recovery germination Recovery germination b0 T em Hypocotyl Vigor i?qdex Total germination
/C ratio/ % potentiality/ % gth/ length/cm g ratio/ %
5 95.9040. 03a 42.3140. 66¢ 1.3740.47b 1.5140. 12bc 2.70+0.78b 95.9040. 03a
10 76.5141.13b 48.5241. 32bc 0.4540.08d 1.45+0. 19¢ 2.31£0.71c 77.4241.45b
15 72.7340.17b 43.71%+1.18¢c 1.3540.39b 1.86+0.94b 1.154+0. 17de 90.00+0. 07a
20 0d Oe Oe od Oe 90.9140.07a
25 0d Oe Oe od Oe 96.0040. 04a
30 od Oe Oe od Oe 89.0040. 09a
35 100. 0a 98.2440. 54a 2.51+0.47a 2.837+0.50a 10.83+1. 38a 96.007+0. 03a
40 47.9540. 06¢c 25.7840.59d 0.87+0. 24c 1.5940. 48bc 1.3240. 30d 64.0040.07c
45 0d Oe Oe 0d Oe 0d
F 3 NaCl fiE THIAHNF FRE R IEAR X
Table 3 The seed germination of C. thesioides(Freyn). K. Schum under NaCl stress
NaCl ik fE Wi % 1 42 8 — R HIXHE % %
/Concentratli)n Germmatlon Germ'm'ano’n V(iLéor iErlldcx Rootiwgori 'Rlelanve salt
/(mmol « L™ 1) ratio/ % potentiality/ % /(ugeg ' +h1) injury rate/ %
0 97.07+2.52a 90.1342.52a 154, 8448. 32a 0.24740.01a of
50 74.53+1.53b 55.47+3.06b 59.72+4.51b 0.267+0.03a 23.1040. 0de
100 66.73+2.89c 42.4743.06¢ 13.56+1. 30c 0.23740.02a 31.3040.02d
150 56.77+3.06d 29.0343.51d 4.9140.81d 0.1340.01b 41.6040. 02¢
200 7.80+2.00e 3.03+1.53e 0d Oc 92.00=£0.02b
300 Oe Oe 0d Oc 100a

JNHYBA K 3 2R N R IR = T 45 CH R %R
F Ut B i T B A AR

W 45 A B R 1T & 1) RS JICRR T 7E 25 C feid R
JE T AT W R, 25 SRR 2 BroR ., Hop, 5
CAR T A 31 b 1k 52 & g 1k B 95. 90 %0, 1 B
G A B P B A 0 s 4 35 CAbBM A F Ik E
W] & F ok 100 %0 W A2 W & ol 98. 24 %0 1B 35 C
AL Tl 8 A 5 5 L i L RE 9% 48 = R 7 1 i & %
FHE & B FF R s MR T 45 CRb. Fh PR fEIK &2
W BT 45 C K DA b e 0 A ™ )
TG ERAAEN . R WKE W] R R AR
KRR NS SRR E 35 CHRTRERT
HAh A FE (P << 0.05), B 35 'C 19 i B b B AT L4
HE A TICRR 7 1 Wk A2 8 %
2.2 NaCl BB X i 45 IN# F 85 & B9 521

Bifi 5 NaCl ¥ B (1% FF 5 . kg SR 7 (1 1 & R |
WY A H IS AR B B E TR (P < 0.05),
17 AR T 3k 3 3R R A, B 2 NaCl ¥ B2 300
mmol « L™, H§ & %K 0, MR F R A 1002,

- 1 W & 56 42 52 B 13558 NaCl &b 3500 i
JAFh Tk BRI IAE R (R 3. [RIEF, Y
NaCl ¥ FEAL T 100 mmol « L1, Hu A KA+ H R T
1A W AR AL s Y Ry 150 mmol « L' AR R
J1 2 TRECP < 0. 05) ;1 ¥k FE KT 200 mmol »
LoV ARG RN 00 m L AR B NaCl X
R IR 7R R 06 1 A R s vk 2R B
THEH (P << 0.05),

FAN L A4 B R BR NaCl i 5 RS R
AT AR S 8« HLRR - AR 52 1 Jh 38 VIR O W K 3
Bl NaCl ¥ B (% 35 fm 52 30 5% 55 0 5 sl /s 9 it 35, 9F
LA 200 mmol « L™' NaCl b BlRD 7 19 9% & i & ik
i s H UK 300 mmol « L™ 'NaCl 4b 3, {H 2, i
R T e 2 B J A 2 Wt % NaCl 3t e B A 384 fin it
U R PR AR . U B A R SR TR A R R ik aa
Ja A DA— g R EE R AW R AR R AR 2 B R
I 36 1 S AT ] L e R g 4T o R
2.3 NaCl BN FRELBRENZN
2.3.1 HMEWKEEME A NaCl Bib ks,
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RS KA SOD 3 78 2 B S5 980 /0N J5 184 P ik
/N R4 e, IFAE NaCl ¥ B 2 150 mmol « L
I 5 R (EL A& A 3155 08 BT 2% S R B 3 (B 1L AD 5
[F] A, A i CATT 335 1 B A e B2 %) 15 52 56 18
Ja /N AR A B, IE 2 NaCl ¥k & 2 200 mmol -
L'k 35 K{E(0.163 U e mg ' » min '), H%
Ak PR IA AN [) A B T 6 B (HAAE 150 A1 200 mmol
- LIk 8] K7 (B 1, B) s B F i POD I 1
TE A Fh W B2 W38 T K (6] B2 AR T X BRL B Y
NaCl ¥ & 200,300 mmol « L'} 22 F ik 5| B 2
KB 1,005 5540 Bifi g NaCl vk B 09 7t = Fl -
APX & PESE T 5 B . 24 NaCl ¥ B2 100 mmol

« L7V 35 3 de KAE L (HA Y NaCl ¥ i 2 200,300
mmol « L7 i E R T X (P < 0. 05) , Fo4c4b 3t
K5I 25 (8 1,D),
2.3.2 O, £MEZM MDA RE K 2 iR, i
R 7 B9 O; 2B il i % 78 NaCl o A% T 150
mmol « L' B & A & 2 48 4k, 4 ¥k B 5 F) 200 Al
300 mmol « L~ "Bt FHE I, IF 1 3 & TR RR(P <
0.05) ; [Al B, i 5 NaCl ¥ B 19 7t & . 7 ' MDA
SHEYEZEDE EIH G, B AR 2 R B
E(P < 0.05),

Ph b 25 0B, NaCl ¥ B2 38 21— 5@ B, Hu A JICRp
N BT ST P R AR, 5 BOE MR K TR

F4 NaClPpETHH N FIREHLER

Table 4 The seed germination recovery of C. thesioides(Freyn). K. Schum under NaCl stress

NaCl ¥k J¥# RV &S PRI W] A B jrE iy &
Concentration/(mmol « L™1) Recovery germination ratio/ % Recovery germination potentiality/ % Total germination ratio/ %

0(CK) of 0d 97.074+1.22a

50 1.544+1. 15¢ 1.544+1.41d 76.07+0.45b

100 6.15+4.99d 6.15+2. 39¢ 72.88%+1.55¢

150 14.62+1.09c 7.69+1.01c 71.39+0. 82¢

200 42.31%3. 15a 23.08%+0. 32a 50.11+£1. 88d

300 40.0042. 98b 16.15+1.56b 40.0040.91e
0.30r o
~ k=
Ty 0257 s.E

8 T

_ T
FENE £
oz 5 =4
238 010 2
g e
2 005} =
<
Q

L CK 50 100 150 200 300

* min')

PODEH Ik

POD activity/(U * mg '

CK 50 100 150 200 300
NaCl¥k 5
NaCl concentration/(mmol * L")

L CK 50 100 150 200 300

APXIE
APX activity/(U * mg
< (=]
o o
< i
wn [e

0.000

CK 50 100 150 200 300
NaCli#k
NaCl concentration/(mmol « L™")

1 NaCl il 38 F ##4 JR A7 SOD.CAT.POD #l APX i 1 iy 28 1k
Fig.1 The changes of SOD, CAT, POD and APX activities in seed of C. thesioides(Freyn). K.

Schum under NaCl stress
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min
N W
w0 O
o O
T

O, P HH
[
(=3
(=
(>

O, generation rate
g

/(1 mol ¢

CK 50 100 150 200 300
NaCI# ¥
NaCl Concentration/(mmol * L")

CK 50 100 150 200 300
NaClif &
NaCl Concentration/(mmol * L")

K2 NaCl Bha FHASRF T O, A il A MDA & 5t #9725 4k

Fig. 2 The changes of O; generation rate and MDA in seed of C. thesioides(Freyn). K. Schum under NaCl stress

x5 BHREEDESFHITHHELMFHLNEEBRE

Table 5 Regression analysis of germination temperature to estimate seed germination temperature threshold

[8] )9 75 & Regression equation Y B R? AR T,/ C G RE T,/ C EiRE T./C
Y=0.0266X—0.183(Ty) 0. 940 6.9 24.1 47.2
Y=—0.0198X+0.936(T.) 0.921

T X AL 5 Y iy R

Note: X is temperature; Y is the reciprocal of the germination rate

R 6 AN FEXHELZES NaCl iR E# B3 5347

Table 6 Correlation between NaCl concentration and relative seed germination percentage of C. thesioides

(Freyn). K. Schum

p— [EDECAERZIES i 5 2 K ] e B2
=l e iy % T %
R @Eﬁh . (;%E':"z\@ The appropriate content of Half salt tolerance inhibitory
egression equation R? ) , T S 21
salt-tolerant/(mmol « L™1) concentration/(mmol « L™1)
Y=0.989—0.004X 0.916 65.25 125.91

T Y ST AR B 4 35 X NaCl ik J%

Note: Y is the relative germination rate of seed; X is NaCl concentration

i Fp 7 AN BB IE 5 2EAT A K AR .
2.4 MMM FHELSERE. EHERERSENE
REMERDH

T AR 5 AT IR 5 W A AR (e
JY =0.0266X — 0. 183 (R* = 0. 940) f1 Y =
—0.0198X+0. 936 (R*=0. 921) , 3@ & [7] 19 75 & 7]
VE MRS KA s B R IR EE (T 24.1 C,
il 2 32 1 AR CTy) R e e R BE (T O 4351 R 6.9 C
MA7.2 C, HEEFR1TMES ATHLEELEG6.9 ~
24.1 CH Bl & s S BER B s i e, H S
B T B 2 2 PR IE AR DG (P << 0. 05) , il B2
Rl g 1 Y R Fh 7 A S0 3 R R s A R, fE 24,1 ~
A7.2 CYE RN, P07 K o A B B2 T s T R A
HoHEBELMEGMEP < 0.05), iR E
Shy Ml A TR R A I

FR  3E— 20K b A TICR - B AR X B kR 5 A

7 1) NaCl i B R 47 173 53 B (5 6) 45 2] 8] 15 J7 72
Y=0.989—0.004X(R*=0.916), 45530 . MY
JIA T B9 AH X B & 35 NaCl ¥ i 2 ) 5 53 % 2k 1
FAHSE(R? =0. 916, P < 0. 05) , Ffr (4 i 538 T ¥k
B 65. 25 mmol « L', i £ 2= B0 il ok 5 o 125.
92 mmol « L7,

FA K NaCl B 3f F s RS SRR 7 (0 35 % R 0
T RS Hr AL B R G845 38 B 1) 1R A 6 )
Br. g5 (R DRV LR TR &R 5 H POD,APX
EME R BEEA G (P << 0.05), 1 53 O; Ak
R OMDA & i 5 A G BTG AR B S
CAT W2 B 7 AHE (P << 0. 05); F F 19 O;
AR 5 H POD.APX 2 B ERM X, 5
MDA & &2 W FIEAME, i nl WL, A4 POD
5 APX e 0 T MRS IRR 7 8 & 0 B bl 2
TEH.
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x7 HMETHHEAXENETNEHSSEREINEXSH

Table 7 Correlation analysis between germination ratio and vigor index and other indexes under salt stress

Iiédfg;c Germ?ﬁﬁ?i ratio \/{233’;??13%5( SOD CAT POD APX MDA ()g'();erizrfffn%iate
i & # Germination ratio 1. 000
i 18 8L Vigor index 0.756 1. 000
SOD —0.327 —0.578 1. 000
CAT —0. 546 —0.817~ 0. 594 1. 000
POD 0.827" 0. 587 0.120 —0. 248 1. 000
APX 0.817~ 0. 358 —0. 326 —0.338 0.464 1. 000
MDA —0.943" —0.789 0. 336 0.432 —0.808 —0.695 1. 000
Of A —0.924" —0.498 0.119 0.188 —0.832* —0.833" 0.905" 1. 000

05 generation rate

W FRTE 0.05 KT I A%

Note: * stands for correlation is significant at the 0. 05 level
N \/\
33 8

3.1 AR F 5 & 3R E B i L

BERYmMFHENEEARANRZZ — A
AT RLAT B R T A R B T HL fig AR AR IR B
L AR T ABIE g 4G L, B R R ) 8 R A P
i 353 A5 55 A IR AR AL EL B A R A IR R
20 'C/30 CAREN™ B AR IR BE (T AR i K
I I 1% DS AR 25 A F R T W A A
PERFF T sl 48 A e S Y L A A I AN, R
- i AR IR BB B . AR AESE L MRS R T iR
BT AR A 24. 1 C B IR B & IR BT B
6.9 C,iX A e 5 R 3 WY M i <A 6. A%
WA T R AR R 0.2 CPY L AR — i
VERE 3 H R AR 4 H LAy HEAT 36 A 1 b A I A Fel
F— M B AE 5 A LA H#EATRE AN, k] I Rl
FA T R T B 55 A K PR B R AR B R AE G
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17 6 o - 2 A58 36 P R RCRZS S BHLIE T 1 & 1R L
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