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Table 1 Effect of NaCl stress on germination rate,germination
potential , relative germination rate and relative salt
injury indexes of T. pretense L. %
NaCl # g - - -
NaCl RIFR R xR R HAx R E R
X Germination Germination  Relative germination ~ Relative salt
concentration
rate potential rate injury indexes
/%o

CK 94. 00aA 92. 67aA 100. 00 0. 00

2 93. 33aA 92. 67aA 99. 32 0. 68

4 94. 08aA 93. 33aA 100. 08 —0. 08

6 88. 67aA 73. 33bA 94. 29 5.71

8 64. 67bB 53. 33cB 68. 65 31.35

10 53. 33bB 38.67dB 56. 74 43. 26

12 26. 67¢C 10. 00eC 28. 64 71. 36

14 8. 00dC 3.33¢C 8.57 91. 43

R REFIRE/NE FRE R 2 R B3, P<0.05; KA KE FRFRH 2 RK
B3, P<0.01, FH.

Note: The different lowercase letters in the same column show significant difference
(P<C0. 05) ; the different captial letters show highly significant difference( P<C0. 01). The

same below.

93.33% ,%F BB 4 F1 4% NaCl W45 4 R R E R R
94. 00% ,3X 3 2 Ji5 & ZF AR A A AE Ak, 5 (EL Bl 2 v VR e
FIRETIN, 2 25 R AL PRI 34, 6200 NaCl YR AR 6 K& %
K 88. 67%6;8%0NaCl TR 6 K& ZFFR N 64. 67%6;10%)
NaCl IS 6 REZFHN 53.33% ,12%NaCl I 6 K
REH KK 26.67%, 14% NaCl Y5 WK 45 6 K K # &
$ 8.00%,

- 100.00 ¢ -+ CK
T§ 80.00 f oo
g = 4%o
§ 60.00 | I
§ 40.00 F -+ 8%
¥ 20.00 F =+ 10%o0
§§ 0.00 ; = 12%
0 1 2 3 4 5 6 7 8 9 =l14%
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1 FERE NaCl B8 FTAOEME
MFHRRRFNLE
Fig.1 The cumulative germination curve of T. pretense L.

seed under different concentration of NaCl solution
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Table 2 Effect of NaCl stress on T. pretense L.

seed weight and length

NaCl % J§ W AR K WAL
Radicle length Vigor

REFHE

NaCl concentration ~ Seedling fresh Germination

/%o weight/g /cm index index
CK 0. 021 4aA 4. 80abAB 0. 95aA 43. 89aA
2 0. 024 0aA 5.40aA 0. 92aA 38. 25bA
4 0. 022 6aA 4. 53bAB 0. 67bAB 29. 81cB
6 0. 022 6aA 4. 09bBC 0. 49bcBC 21. 81dC
8 0.021 5aA 3.26cC 0. 33¢CD 14. 96eD
10 0.011 5bB 1.51dD 0.11dDE 9. 43fDE
12 0. 007 0cB 0. 66eDE 0. 03dE 3. 43gEF
14 0.006 2cB 0. 32¢E 0. 008dE 1. 20gF

2.2 NaHCO, ¥ T 40 4 5 77 i £ R0

HH R 3 AT %1, 24 NaHCO, ¥k B R 2%00t , &2
FH 92.00% , 5 BHE R A EE; 24 NaHCO, B
W 4%, FEWRE N T & A EWMEF TR
RORFH AN R TR D EREAGAERRE 4%0, &
ZEARRA 76,00 % HHXT R ZEFN 80. 9420 AHXTER FEH Ny
19.06%,

£ 3 NaHCO, AHAEIIEMEMFRFR,

BHFH BN EFE BN TR

Table 3 Effect of NaHCO; stress on germination rate,germination

potential , relative germination rate and relative salt

injury indexes of T. pretense L. %
NaHCO;s ¥ i
oo, A R HXNREE  HMEEER
) Germination ~ Germination ~ Relative germination  Relative salt
concentration . S
rate potential rate injury indexes
/%o
CK 94. 00aA 92. 67aA 100. 00 0. 00
2 92. 00aAB 89. 33aA 98. 02 1.98
4 76. 00bBC 72. 00bAB 80. 94 19. 06
6 63. 33¢CD 55. 33¢BC 67.21 32.79
8 50. 67dD 48. 67¢C 54. 05 45. 95
10 20. 00eE 16. 67dD 21. 22 78.78
12 1. 33fF 0.67eD 1. 39 98. 61
14 0. 67{F 0. 67eD 0.71 99. 29

100.00 - - CK
= i 0
g 80.00 b = 2%o0
= = 4%o
£ 60.00f
g 3= 6%0
£ 4000¢ = 8%
]
5 20.00 == 10%o
iR
#4500 & 12%0

0 12 3 4 5 6 7T 8 9 _ 149

% HREL Germination days/d

2 AERE NaHCO; BB T FEH
EMTHRREF L
Fig. 2 The cumulative germination curve of T. pretense L.

seed under different concentration of NaHCO; solution

FH 3R 4 ATAT, 22 NaHCO, ¥ e A3 i) 41 4l
T, S H RO B B | PR AR A RV ) 98 S0 Bl I v vk BE 1Y
BN R, 24 NaHCO, ¥R B 260 , v 6 = Oy
0.014 1 g, R KN 3. 03 cm, 1§ 1B ECH 0. 42, B8
¥k 29. 67, M BEAR T XTI, ULBILL R AT
FEWA ZF AR X NaHCO; ¥ W v B2 A8 AL URK

x4 NaHCO; 7 438 %+ 41 2 3
EMFEENKENRM
Table 4 Effect of NaHCO; stress on T. pretense L.

seed weight and length

NaHCOs % it E FERR A WA REFEH

NaHCO;s concentration — Seedling fresh ~ Radicle length Vigor Germination
/%o Weight/g /cm index index

CK 0.021 4aA 4. 80aA 0. 95aA 43.89aA

2 0.014 1bB 3.03bB 0. 42bB 29. 67bB

4 0. 007 9¢CD 1.27¢C 0.17¢C 21. 95¢C
6 0.009 1cC 0. 79cdCD 0.17¢C 19. 76¢CD

8 0. 008 7¢C 0.69cdeCD  0.12cdC  13.47dD

10 0. 003 6dDE 0. 45deCD 0.016cdC 4. 66€E

12 0. 002 0dE 0. 13deD 0.001 0dC 0. 18eE

14 0. 000 9dE 0. 03eD 0.000 3dC 0. 11eE

HE 2 AT LLE & NaHCO, ¥ B3, 4 %
MR BT RFRBW TR, £ 1 d WA,
2%0~10% M FF 16 & ZEAt Al 5 CK AR, 12%0~14%o
HREMNE 3 RIF A ZFR, AT LA NaHCO; 8 A Y
A ARG RN R Y S A TN S D G I O
MW 4 REZFRIKEF] 94.00%6 5 2% FEVR WS 4 K
RERIKF 92.00%, X 2 HZJFILR R HFRYBAH S
b3 4% MR BE VR MRES 6 KR ZE 3R A 76. 00 %% , 6 %09 P ¥
o 6 KEZER N 63.33%0 ;8% M BEVATIEE 6 KA R
K 50. 67 %5 10%, ¥ FE VS TR EE 6 K & ZE 3R R 20.00%,
12% VR BEVR SR 5 REFHFHRN 1.33%, 4N IR ER IS
3SKREHEHFN0.67T%, ZFILRKFRH T,

2.3 NaCl 5 NaHCO, (1 : DIR SR E FaEih 2
FpF 8 BRI

M 5 AT LA H, 2% 1R A 15 T 38 XoF 21 22 b 5
FRHEA R EXRE T OEMEFH TR
ZERF 94. 67% R ZFHH 94.00%, & T XF FR 40 B & 2
R 94, 00% Fe R EFHY 92. 67 %6, 2T ZE 4B Fb T ROAEXT & 23R
3% 100. 76 % FEXTER EE —0.76 %, SXT RA L R A E
= MIRA VMR E R 4%, BZER R 92. 67 %, 5% B4
T 2R MR BE 6%0, & ZEFR N 70. 67 % AEXT &
ZEAR 75, 230 X ER E R 24. 77 %, SR BAZE FHR B
= MR AR EE R 14% W) , AR £k % R 3% 100. 00%,
LR R T RNRERE &, B s I
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&5 NaCl 5 NaHCO, (1 1)B & &AL ES
AEWMEMFRFRRFE MAMNEFR ENRER

Table 5 Effect of mixed solution(1 : 1)stress on germination rate,
germination potential, relative germination rate and

relative salt injury indexes of T. pretense L. %

NaCl 5 NaHCOs (1 : 1) . N
BE VAR E BIHE L Relative

Germination ~ Germination

AN & 2F 3R I

Relative salt

Concentration of R germination | | .
mixed solution/% rate potential e injury indexes
CK 94. 00aA 92. 67aA 100. 00 0. 00
2 94. 67aA 94. 00aA 100. 76 —0.76
4 92. 67aA 92. 67aA 98. 57 1.43
6 70. 67bB 61. 33bB 75.23 24.77
8 28. 00cC 21.33¢C 29. 67 70. 33
10 6. 67dD 4.00dD 7.16 92. 84
12 0. 67dD 0. 67dD 0.72 99. 28
14 0dD 0dD 0. 00 100. 00

1 3 7T LA i AR EE NaCl 5 NaHCO, (1 ¢ 1
RAE B L R R T A B B AP T, B R SR P72
1~6 K, 2000¥% BE WOIR & I RO 2L R R T RO R A
—EfRHEAE T, 56 4 KRR ZFARIKE 94. 6700, W 4 Ry
94. 00 5 It % B 45 VA% VL VIR B FO 384 0 » 2 2 R AR B R AR
ARTRBETR B VR WER 4 KRR RN 92. 67565 6% BE IR
BUEWE 4 RRZFFHRN 66.00% ;8% B IR SN WAR 4
REZHHN 24.00% 5 10%: R BEIR B 4 RRHFR
0 4. 6754 s W BE 120600, 5 4 KRR ZFH N 006,56 5 K
REFFR I 0.67%; MIRA WM BEK 14%00F , Fi 732 2
FEEE AR

2 100.00 1 =+ CK
3 -+ 29
£ 80.00F} 0
g = 4%0
g o000 %
§ 40.00 + 4= 8%o
E:L' 20.00 b 8= 10%o0
12%o
® 000 +
o 1 2 3 4 5 6 71 8 9 =14%

& H K%L Germination days/d

3 AERE NaCl #1 NaHCO; (1 : 1)BME T
AFHEMFHEREFHE
Fig. 3 The cumulative germination curve of T. pretense L.

seed under different concentration of mixed solution 1 ¢ 1

HR 6 "IN, i E IR E I FE O R TR 4
HRFRIIL H BEE TR 5 1 VROVR B8 ) 3 fn i e IR A B 4%, DAYt
BB BN L MR A T R R A MEIER. 2% E
TRYEEEE 0.021 1 g HXIRLL 0.021 4 g ZRA B,
AV URBE T BB T 0. 014 2 g HXTIRA 0.021 4 g 2
FRE. W ETMEEE 0.010 6 g XA
0.021 4 g ZHWMEBE . 2% AR EK 3. 45 cm HXT R
AR 4. 80 cm Z R B #E ., NaCl 5 NaHCO, (1 : DR
BURMVREE Sy 20000 , K 246 5 X FRAH 1Y 43. 89 FF7E
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%6 NaCl 5 NaHCO, (1 : 1)BA BRI
AFEHEMTEEMKENZI
Table 6 Effect of mixed solution(1 # 1)stress on T. pretense L.
seed weight and length

NaCl 55 NaHCOs3 (1 ¢ 1) W 18 SN
; ) ) WARE REFRE
VB G VA W Yk BE Seedling fresh Radicle o
. A Vigor Germination
Concentration of weight length R .
. A index index
mixed solution/ %o /g /em
0 0.021 4aA 4. 80aA 0.950 0aA  43.89%aA
2 0.021 1aA 3. 45bB 0. 790 0aA 37. 64bB
4 0. 014 2bAB 2.19¢C 0.390 0bB  27.17¢C
6 0. 010 6bBC 1.27dD 0. 220 0cBC  20. 30dD
8 0. 004 8cCD 0. 33eE 0. 029 0dC 5. 68eE

10 0.0041¢cCD  0.18¢E  0.008 0dC  1.12(E

12 0. 001 8D 0. 07eE 0. 000 3dC 0. 06{E

14 0cD 0. 03¢E odc ofE
W EESR.

2.4 AL TEHNEFRT TR SRR B S b

3N Bl VR B AR Ak, LA T 48 bR 7R AR
b, I e B A B — E AR BT, Fh T A& TR AR Y R B
HE BBV BERE N T T PR 3. At SPSS #4H 1) “H4E
RN [N 4307 R BE - N 5% FR » LRI A 3 R
THER A ER U B BN RIR B . b VR B - R
KA S THE R, A R A3 NaCl iy 52 72 B
)52 Probit(p) =3. 337—0. 329X, 41 & HhES TR £k
W 8. 091%0,95% BfERREE : EBRA 8. 524%,, FFR A
7. 581%0; 2 BRI B Hy 10. 146%0,95 % B BREE . FFR
h 10.538%0, T R A 9. 761%05 A% BR ¥ B Ky 12.200%,
95 % BAZIRE . EBR K 12. 757%,, T R 11. 738%0,

L7 ZE g B Fh F (9 it NaHCO, 4 % 34 Probit (p) =
2.569—0. 346X, £ 74l F A 8 ¥k BE k5. 483%,,95%
BEFRE: EBRA 6. 242%0, TBR A 4. 505%0 ; 55030 il e
BE 7.434%0, 95% BAS R BE. LR K 8.176%, F IR K
6. 705% 3 4% B #& B 7 9. 386%0, 95% BIS5FREE: FFR K
10. 404%,, FRRA 8. 611%0.

L B R T %F NaCl 5 NaHCO, (1 : DIR S
it 2 FE BRI Probit(p) =4. 174—0. 576X, £IZE M2
TR R B 6. 081%0,95 %0 B A5 BREE : L FR A 6. 388%0,
TRR 5. 719%0 5 2 UM VR BE A 7. 253%0,95 %% B A5 IR
BE: B R R 7.527%0, F R R 6. 974%0; M PR Y& FE A
8.425%0,95% B 1= FR . b FR 9 8.768%:, F FE K
8. 129%:.

2.5 EhRIE X AT R R e AR K A

WEHENERKERM T RIFTEMN 2 NEEE
o 383 IR Y e B AR K B AT LR L
et 5, R AR K B NaCl % ¥ . NaHCO, ¥ ¥ NaCl 5
NaHCO; (1 = 1) RA 7 W R BE 1 5t 7o T PR AEG, B 3 ik
B WAL BRI T H A

HE 4 FTLIE 3 FIE AL T A A+
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FIEE AT S BT M 4. Hp NaCl B & NaCl 5
NaHCO; (1 : DIEA W 2 H B Z M T B, m
NaHCO; % T A $IR 2k, UL 7E— E B IRTE B A
) NaHCO, F NaCl i i 6 5 (311 BE S178

—*— NaCI#

o 00307
= —*— NaHCO:&
2 0025 —+— NaCl'5NaHCO: IR &1
E
g 0.020
g
&
2 0015
3
2 0010
i
ﬁ 0.005
O i i " 2 L i
CK 2 4 6 8§ 10 12 14
R E Concentration/%o
B4 FRKREREBEBIE FTAEMREMTHEEE

Fig. 4 The seedling fresh weight of T. pretense L. seed under

different concentration of solution

HIE 5 ATLAE H, 78 2%0~ 6%k BE 5 Bl PN , 7 [7) 45
WeBET , NaHCO; ¥ AL BEAEAR K 5, NaCl 40 BT /Y
R R . WIAZERMRYE BN A NaHCO; Eg NaCl %
AR B 155
2.6 fEBRIDIE S LR T R R

£ 7 % NaCl,NaHCO, ,NaCl 5 NaHCO, (1 : 1)
RAEBERRIG 4B KA 8 d 5 A FEMBEF TR
RO, 7EREE NaCl ¥ WOV B8 I, 20 b B f 7 1Y
SR 8 0, PB4 NaCl ¥ WAL B R , R B & 1)

6 r ey
g —— NaCli#
=5t - NaHCO:#
%‘3 4 —— NaCl5NaHCOs{ S
©
33t
7
~ 2+
M
= 1
= 0

CK 2 4 6 8 10 12 14
)& Concentration/%o

B 5 AEREDLERGME TOEMERFRERIK
Fig.5 The seedling radicle length of T. pretense L. seed under

different concentration of solution

P8R K B A G . TEMRRR NaCl 3 B0HHE J5 , 41
TR B AP FRRAR A i 0 28, W 2R R ik 96. 8800, &
NaHCO; WAt P25 , FEE NaHCO, ¥ B H T+,
o OB 25 R BRI S PR . 78 NaHCO, ¥
Worte BE 35 6060 I B 2 R B R, O 25. 0000, T J5 B &
NaHCO, ¥k i TR i 2R 2 B B T REE . 3
B % NaHCO, YA IE AL B 5 , AR BH & BFh 7k 4 Ay
W h. 4 NaCl 5 NaHCO, (1 + DIR BB INE G, EE
NaCl 5 NaHCO, (1 = 1) W BE /34 0, 41 4 o 1
FOBE 25 B e R S B AR a3 . 24 NaCl 5 NaHCO,
(s DIFWARPE Sy 6960 , B 2 5o, g 50. 000, M f&
BEE NaCl 5 NaHCO, (1 + 1) ¥ Wk B2 9 T+ B 2P R 2
TR, HBZ NaCl 5 NaHCO, (1 * 1D ¥ ¥l 4k
S R R TP TR B AT ST

x7 RREERIFEMEMH FHEHER
Table 7 The rate of germination again after relieving stress of Trifolium pretense L.
NaCl ¥ i BE R NaHCOs #Wivk % NaCl 5 NaHCOs (1 * DiRA Bk & R
NaCl concentration ~ Rate of germination again NaHCQj3 concentration Rate of germination again Concentration of mixed solution Rate of germination again
/%o /% /%o /% /%o /%
CK 0. 00 CK 0. 00 CK 0. 00
2 0. 00 2 0. 00 2 0. 00
4 50. 00 4 0. 00 4 0. 00
6 71.43 6 25. 00 6 50. 00
8 80. 00 8 16. 67 8 28. 00
10 81. 25 10 15. 00 10 26. 32
12 82.28 12 10. 00 12 17. 50
14 96. 88 14 5.00 14 5.00
3 itig WREE A K AAE K MBEFEES . WEK ERE,
N 74 E . . N = WA~
3.1 NaCl.NaHCO, .NaCl 55 NaHCO, (1 Dig A NeClNaHO0; \NaCl 5 NaHCO, (1 + D& s
3 =N 0} AN ) A 2

it A NaCl,NaHCO, \NaCl 5 NaHCO, (1 : 1R
BV VRO TE T A R A W R T S VR B 2 B
VR B B BR VAR BE 1 LU 28, P AT Rl R F e 3 3 A
PR & A i Eh v B B KN HESY S NaHCO, <NaCl 5
NaHCO, (1 * DIEA <<NaCl, 14T 2 4l 25 fh 7 X F
NaHCO, ffit£hv B b NaCl (4%, 7% 5% %0 iR,
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Effect of Saline-alkali Stress on Seedling Germination of Trifolium pretense L.

YANG Xuejun' ,MAQO Jinfeng' ,ZHANG Xue' ,PEI Yi' ,LIU Fang® , NIE Jiangli'
(1. College of Horticulture and Landscape, Tianjin Agricultural University, Tianjin 300384; 2. Tianjin Cuiping Lake Science Park, Tianjin
301908)

Abstract;In order to define the salt-tolerance of the T. pretense L. in this experiment,the seed of the T. pretense L. was
used as experimental material, with different concentration of NaCl solution,NaHCQO; solution,NaCl and NaHCO, (1 : 1)
mixed solution in a petri dish to simulate three kinds of saline environment,and observe the germination condition of the
T. pretense L.. The results showed that with increasing concentration of NaCl and NaHCO,, germination rate,
germination potential,the relative germination rate,germination index, vigor index,radicle length,and seeding fresh of T.
pretense L. seeds were reduced. Seedling fresh weight and radicle length showed a significant negative correlation, the
relative salt damage rate was positively related to the concentration of the solution. NaCl stress concentration of salt
tolerance in seedling germination of T. pretense L. was 8.091%, half inhibitory concentration was 10. 146%, limit
concentration was 12. 200%,. NaHCQO, stress concentration of salt tolerance in seed germination of T. pretense L. was
5. 483%0, half inhibitory concentration was 7. 434%o, limit concentration was 9. 386%. NaCl and NaHCO, (1 : 1) mixed
solution concentration of the salt tolerance of T. pretense L. germination was 6. 081 %, half inhibitory concentration was
7. 253 %5, limiting concentration was 8. 425 %,. Distilled water test showed that the three kinds of saline stress T. pretense
L. seeds had different degrees of sprout. From the foregoing, T. pretense L. seed had a certain resistance to salt and
alkali.

Keywords : saline-alkali; Tri folium pretense L. ;germination;stress
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