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: o NaCl +NaCl* NaHCO, NaH-
CO, 1/4 Hoagland
1 > 5 > real =~ real
> 3 : NaCl- NaHCO, > NaHCO, > NaCl
; :NaHCO, > NaCl: NaHCO, > NaCl o
1 Q945.78
1
9.54 10% 9913 hm?* ?
270.14 x10* hm® * o
4
2%
5-6
( Chenopodium quinoa Willd. ) .
20°N( ) ~40°S
( ) 4000m 7
8
o 1
Table 1 The test materials and the characteristics
1
(g
1.1 3.22
3.17
( D real 2.59
( )
1.2 real( ) 2.53
. 3.07
25°C 16h /8h 60 -70% ° .
* 12017 -12 -12; 12018 -2 -23.
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3 : NaCl +NaCl: NaHCO, NaHCO, o
1/4 Hoagland +0 mMol/L( CK) .1/4 Hoagland +100 mMol/L.1/4 Hoagland
+200 mMol/L.1/4 Hoagland +300 mMol/L.1/4 Hoagland +400mMol/L. NaCl: NaH-
Co, Na + 11 0=
3 TP ( 2012 D) (12¢m
* 12em* 6cm) 2 ( 12ml) (12cm* 12¢m) 30
o 6ml
3 Sml o
24h 0.2cm " 7 10
o 7 1/4 Hoagland 3
17
1.3
(1) - ;
(2) (GR) :GR(%) =(n/N) x100%(n 7 N )
(3) (GR) :RGR( %) = 7 / x100%
(4) (GV):GV(%) =( 3 / ) x100%;
(5) (GD):GI=Y(Gt/Dt) Gt t Dt ;
(6) (K):K=Y(GR+GV +GI) /mn m n ;
(7) (RSH) : RSH( %) =( - )/ x100% ;
(8) (GRR) :GRR(%) =((a-b) /(c-b)) x100% a b
c o
1.4
7 ( 10 30 )
1.5
Microsoft Excel 2010 N SPSS 22.0 ANOVA
LSD P<0.05,
2
2.1
5 ( 1) : | BN 5 . 3 .real .real o
15
2.2
( 2)o.
5 o
: NaCl.NaHCO, > NaHCO; > NaCl.
2

Table 2 The times of germination beginning for Quinoa under different salt stresses

CK NaCl/mMol + .7 NaCl.NaHCO; /mMol * L~ NaHCO; /mMol * T,
0 100 200 300 400 100 200 300 400 100 200 300 400
1 1 1 1 2 4 1 1 2 5 1 1 2 2
3 11 1 2 5 1 2 3 6 1 1 2 5
real 11 1 2 3 1 1 3 4 1 1 2 3
real 11 1 2 3 1 1 2 4 1 1 2 4
5 1 1 1 1 1 1 1 1 2 1 1 1 2
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2.3
2.3.1
1
NaCl 1 200 mMol /L 100% 400 mMol/L
71.1% ; 3 100 mMol /L
100 mMol/L ; 3
o NaCl: NaHCO, 1 200 mMol/L
100% 100 mMol /L ;
4 NaCl o NaH-
CO, 5 °
real ( ) N o

2.3.2

CK

300 mmol/L N o
4 1 (100 ~200mmol /L) N
( 3. ( ) o
3
Table 3 The germination potential and germination index of Quinoa under salt stresses
1 3 real real 5
CK 0 98.89x1.92a 75.92£1.63a 87.78+1.62a 55.881.29a 82.22%9.62a 53.92xl.3la 86.6725.77a 63.12x1.63a 98.89x1.92a 71.09x1.63a

NaCl 100 98.89+1.92a 73.09+2.14a 86.67 £6.67a 50.37 =1.54ab 81.11 +1.83a 50.78 +1.68a 80.00 +1.20ab 50.46 +1.25a 94.44 +1.62ab 62.64 +1.47a
200 98.89+1.92a 58.34£2.23b 47.78 £3.46b 27.53 +1.69bc  62.22 £2.2la 33.69 £1.06ab 70.00 £3.75ab 39.48 +1.78ab 85.56 +1.92ab 54.37 +1.51ab
300 64.44 £3.16b 30.33 +1.04c 33.33 +£2.18bc 17.33 +1.20cd 44.44 +3.74ab 23.88 +1.51bc 41.11 +£3.33bc 21.80 =1.18bc 60.00 +3.52bc 34.76 = 1.72bc
400 2.22£9.62¢  9.51+0.57d  1.11+0.0lc  1.83£2.33d 6.67+5.77b  7.85+0.05¢ 4.44£0.05¢ 3.99+0.1lc 25.56+2.2lc 16.22+1.08¢c
NaCl 100 100.00 +0a  68.29 +4.27a 67.78 +2.69a 43.48 +1.31ab 81.11 +1.57a 48.52+1.43a 81.11 £1.89a 50.83 = 1.50ab 90.00 £0a 60.36 +1.13a
200 98.89+1.92a 48.51+1.60b 53.33+3.38a 26.81 +1.35bc 64.44 +3.84a 32.82+1.68ab 66.67 +2.33a 36.21 +1.15b 76.67 +2.18a 48.34 +2.27ab
300 35.56 £3.75b 22.60 +1.55¢ 22.22+2.54b 12.75+£0.67c 37.78 £3.42ab 19.18 +1.5bc 23.33 £2.40b 13.76 £0.62c 44.44 +2.77h 26.66 = 1.36bc
400 0.00 £0c  2.39+0.09d 0.00+0b  0.39+0.06c 82.22+5.09b 3.51+0.0lc 2.22+0.05b  2.47 +0.06c 10.00+0.07c  7.30 £0.0lc
€03 100 100.00 +0a  67.95 +5.30a  66.67 +1.73a 40.26 +1.52ab  75.56 £0.07a 47.97 =1.64ab 75.56 =1.34ab 47.58 £1.10ab 94.44 +5.09a 60.56 +1.08ab
NaH- 200 96.67+5.77a 52.87+1.22b 51.11£3.33ab 30.32+1.61bc 56.67 £2.30ab 28.99 +0.14bc 64.44 +1.83b 38.36+1.71b 64.44 +2.34b 41.18 +1.83bc
300 70.00+1.00b 32.09 +1.04c 24.44 +2.03bc 13.48 +0.5lcd  50.00 2. 18b 23.42 +0.08cd 35.56+1.26c 18.10+1.09¢ 51.11 £1.62b 30.97 +0.28cd

NaH-

€05 400 37.7821.20h 23.2050.27c  4.4420.07c  3.8850.09d  6.670.08¢ 6.560.03d 7.780.04d  4.47£0.07¢ 17.78£0.04c 12.73 £0.73d
1. mmol /L; 2. (P<0.05) .
4
Table 4 The salt tolerance vigor indexes and relative salt injury rate for Quinoa under salt stresses
1 3 real real 5
CK 0 0.00a 6.49( ) 0.00a 4.81( ) 0.00a 4.64( ) 0.00a 5.42( ) 0.00a 6.09( )
NaCl 100 -0.04%0a 6.26( ) 11.11£0.91a 4.35( ) 7.41:0.28a 4.37( ) 3.45:0.09 434 ) 2.19:0.08a 5.38( )
200 -1.15£0.01a 5.03( ) 44.44:1.65ab  2.39( ) 14.81:1.02a 2.93( ) 1.72x0.54a 3.39( ) 4.45:0.07a 4.68( )
300 3.33:0.07a  2.66( ) 81.48+3.74b 1.52( ) 48.15%0.74a  2.09( )  8.62%0.26a 1.91( ) 16.67+0.87ab  3.01( )
400 28.01+0.28h 0.85( ) 96.30x1.22c  0.16( ) 81.48x1.45h  0.69( ) 55.17x01.33b  0.35( ) 44.83x0.07b L42( )
NaCl 100 —1.15%0.09 5.86( ) 3.70£0.54a  3.76( )  3.70£0.02a 4.19( ) 5.17£0.93 4.38( ) 3.37:0.10a 5.18( )
200 1.15+0.06a 4.21( ) 33.33:1.36ab  2.34( ) 37.04x0.46a  2.86( ) 12.07£0.02a 3.14( ) 11.19£0.30a 4170 )
Napl. 300 4.45£0.07a 1.99( ) 81.48+3.97b L12( ) 81.48:0.84a 1.68( ) 29.31x1.60b L21( ) 27.93%0.21a  2.32( )
400 68.28 £0.58h 0.23( ) 100.00£5.97c  0.04( )  100=1.63h 0.49( ) 72.41%1.55c  0.22( ) 61.690.54b  0.65( )
€03 100 -1.1520.09a 5.83( ) 3.70£0.7la  3.48( ) 7.41x0.03ab 3.10( )  3.45x0.50a 4.10( ) 1.070.2la 5.21( )
Nafl 200 —0.04:0a 4.57( ) 29.63£1.35a  2.64( ) 25.93%0.56ab  2.52( ) 20.69%0.82a 3.32( ) 15.67x0.5la  3.55( )
) 300 1.15:0.09a  2.8( ) 77.78+2.68b 1.18( ) 37.04:0.66b  2.03( ) 20.690.04b 1.59( ) 16.63£0.12a  2.66( )
€03 400 13.41£0.55b  2.04( ) 100.00=1.58) 0.35( ) 92.591.74c 0.58( ) 72.411.64c  0.40( ) 52.61x0.21b L1 )
01, mmol /L; 2. (P<0.05);3. =4 14> =2: ;2>
>0: o
2.3.3

(100 mmol /L ~200 mmol /L
NaCl NaHCO, 100 mmol/L NaCl.NaHCO, ) 1
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( 4.
3
( 3), [N 5 100 mmol /L ~200 mmol /L

; 1 400 mmol/L NaHCO, 3 .real
real 100 mmol /L. NaCl o
2.4

7
Multi — way ANOVA o
( 2.
NaCl
a. NaCl ;b. NaCl NaHCO; ; . NaHCO;

N 5 100 1
mMol /L Figure 1 The germination rate of Quinoa under salt stresses
200 mMol/L : 3
NaCl: NaHCO, NaHCO, 100mMol /L. —400mMol /L. o

2
Figure 2 The seedling heights of Quinoa under salt stresses
3
3.1
o NaCl +NaCl: NaHCO,
NaHCO:; ~
. ( 200mMol /L) .
NaCl (400mmol /L) ) BN 5 T%  54%

real \real N 3 50%

; NaCl: NaHCO, 50% ; NaH-
CO, 1 50% NaHCO,

NaCl: NaHCO, 1 o

NaCl: NaHCO,
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NaCl- NaHCO,

NaHCO, NaCl o NaHCO,
NaCl: NaHCO, NaCl,
3.2
1 4 5 .real
\real N 3 5 1 .real N
real N 3 .
o 7
100% o
5
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Effects of sodium stress on seed germination of Chenopodium quinoa Willd

YUAN Feimin' >°  QUAN Youjuan' > CHEN Zhiguo'’

(1. Northwest Institute of Plateau Biology Chinese Academy of Sciences Xining 810008 China;

2. University of Chinese Academy of Sciences Beijing 100049;

3. Key Laboratory of Adaptation and Evolution of Plateau Biota Northwest Institute of Plateau Biology China Academy of Sciences Xining 810008
China)

Abstract: An experiment has been conducted to investigate the germination characteristics of Chenopodium qui—
noa Willd. under different sodium stress. The seed were cultivated by 1/4 Hoagland nutrition solution with
NaCl NaCl: NaHCO; and NaHCO,. The research aimed to discuss the effects of salt treatment with different
concentration and type on seed germination rate germination potential salt tolerance index and seedling height.

Results showed Chenopodium quinoa Willd seed germination were promoted with lower concentration and inhibi—
ted with higher concentrations of sodium and the germination rates treated with a low concentration of sodium
were significantly higher than those of control group. The results showed that with salt concentration increase the
seed germination gradually decreased compared with the control. of The salt tolerability of seed germination was
different among cultivars. The order was: Qingli No. 1 > Gongzha No. 5 > real yellow > real purple > Sanjiang
No. 3; the order of seed germination restraint by the different sodium salt concentrations was: NaCl: NaHCO, >

NaHCO; > NaCl; the order of seedling growth restraint by the different sodium salt concentration was: NaHCO,
> NaCl: NaHCO, > NaCl.

Key words: Chenopodium quinoa Willd. ; salinization; salt stress; seed germination



