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Abstract: In order to explore the mechanism of salt tolerance in seedlings of Chenopodium quinoa varieties in two

different regions, the seeds of two C. quinoa varieties ‘LD-13’ (low salt area) from Ledu District, Haidong City,
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Qinghai Province and ‘ WL-192” (high salt area) from Wulan County, Haixi Prefecture, Qinghai Province were treated

with different concentrations of NaCl solution to study the changes of seed germination indexes ( germination rate,

germination potential, germination index) , growth indexes (fresh weight, root length, stem length) and physiological

indexes (MDA content, SOD, POD, CAT activities ). The results were as follows: Under the stress of low salt

concentration ( NaCl concentration less than 250 mmol - L), the seed germination, seedling growth and physiological

activities of the two C. quinoa varieties were suitable. However, under the high salt concentrations ( NaCl concentration >

250 mmol + L") stress, the seed germination, growth and seedling physiological activity were inhibited to varying

degrees. According to the comprehensive evaluation value of salt tolerance, although the same valley type of C. quinoa

varieties, ‘WL-192 variety adapted to saline-alkali soil were more salt-tolerant than ‘LD-13’ variety which grown in

low-salt soil. It is speculated that the salt tolerance of ‘ WL-192” than ‘ LD-13" may be affected not only by soil salinity,

but also by varieties themselves, photoperiod, temperature, altitude, latitude and other external growth environment

factors. Combined with the climatic environment and the development and utilization of saline-alkali land resources in the

western region of Qinghai, ‘WL-192’ variety are more suitable for popularization and cultivation in Qinghai.

Key words: Chenopodium quinoa, NaCl stress, seedling growth, physiological characteristics, salt tolerance

A IR AR 3 5 0 AR AR ) 1 AR K R R O
R IR B B e R PR B R EH R TR %
IR I N PR AR R B S R TR
3] 2050 4FER B HHKT b7 A Al Bk ALY 50% DL
(Flowers et al.,2010; Banerjee et al.,2017) . £hia
JLF-BE 52w {1 7 b B A A 08 77 & ( Flowers &
Colmer, 2015) , P, A % T —FRETERER 4=
RAEBVEY e -3 ER AR BE R i 17 D0 T AT e
R4 AE P2 (Koyro, 2003 ), BIVAIF I Y « 3h A= & 55 4
Y, EBERE AT RRSE A el S f SR A AR A XS AR )
P MR R R S, TR R R R TR
- b A A TR, ST 2 4 3 35 Ak A e B AR )
45 (Geissler et al.,2009; Eisa et al.,2012)

#E( Chenopodium quinoa) JELRL R R R R
GER7/E A ST R o N S (E 7/ e s S S R €T 5
KL 35 N L, AT T B 44 000 m DL E Y
e Ly 25 1, DR T LA AR FE R B B 19
T2 ( Abugoch ,2009; Alvarez-Jubete et al., 2009
) o H AT XUBE 4 T ARy “ S 7 o il TR Y
A B AR B B R ) it AR AR Yy e e, G
LA R NPT R A (Adolf et al.,2013) , B k£
BB DR AR $h AR AR h s B ) iy — AR
AR, o Bl > SAIT 5 A Tk 6 1L ] ) A =X
YEYI (Ruiz et al.,2015)

FEEE A T 270.14 x 10* hm® SR 5 b, £5 5%

Ak - i e FRHE 7 4 [ RS, 352 DL SR - R
RE(JET % ,2001; E A ,1997) , A SCH
T WFSE NaCl Jilb 30 X5 A ] #b X, 326 35 4 2 22 & b )
Tl 185 % 40 AR K R A PR AR R 5 (0 R T 1R
o B 2 T 0 T R LR A I M X RE A 5 R Y
TEE M SR AL 4R 5

1 #HEF&*

1.1 41wt

P 22 &2 R Ok SR #ER-13 50 (R RR © LD-
13 )1 2 22.192 5 (faj fK ¢ WL-192° ), ‘LD-
137 PP AR DR S, 2 B S 7R T 1 44 T AR
7SR A0 DX R 2 B v b v S5 AR Y F 5 1 AR A
AN A7 TR K R, 1 967
m, J& T A AR A A 77 X, AR SR 6
°C , AFEFEIK IR 350 mm, 4F H B2 600~2 800 h,
IR EAL, CWL-1927 S A 2% =
TR EAESRIWFHEARAFGIFEEE, & F i
SUTETT IR T VO 1 2% By BLY A, 7 F 483k K
IR, AW AZFE X HER2 950 m, - F- 2
R 3.5 C L PHIREK R HAT 178.6 mm, &4 H
WEH 3N 65% ~T0% , Je: T 5 A PH 58 51 5 45 X
Z—, HEERER,

AR A4 91T 2018 45 8 H 1 10 H 52l %
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Table 1  Agronomic characteristics of test Chenopodium
quinoa varieties ( ‘LD-13", ‘WL-192")

e

‘LD-13’ ‘WL-192°
Item
A ITERS] LA A
Ecological type Vally type Vally type
il e 1 €5 £y g e
Testa color Ginger yellow Rose red
BiAE (Kx i) 1.4x1.5 1.7x1.8
Grain diameter (mm X mm)
TR 3.01 3.47

1 000-grain weight(g)

1.2 it

W R AE WL Fh 1 A2 1.5 mm G, PRk %
BBELE M0 RN — B R, 70% 1Y A T
B HZE MK IE Uk 3 Wk, S IR 40 K 7 &
A, Bddl 200,250,300 ,350 F1 400 mmol « L' 5 4~
BRI B NaCl %5, FH 2818 /K A0 BE (CK) |, BB
FEV WAy M B 12 mL, 8] A B A P2 084000 & 2F &
(12 cm X 12 em x 6 em) H, & 2F & A2 30 R Fh
FIHFETATEREM AR, S8 E A
K(16 h)25 °C, %M (8 h)20 °C, 1 & ¥ il 7
50% ~ 60% Z [i] , B 0] Jo ot B, B K B 7 % 3 &
H A ZEE K, IS NaCl e B AR A , A 40 B 3 ¥k
Wi, BRGEF R ZF8, DIRHREK KT 2 mm
R ESG T d IR R R RHFR K
RPN, B 8 RIEARK 25K B 4K i
LI DU AE 4 AR BRAE R
1.3 IR R ME 7 %
1.3.1 #FF 85 & 48 A7 6 ) 2

REFF(GR) (K ZFH(GV) 53 5 R ) i 5
(1991) 3% WHIZE (2018) Y7 v e T,

(1) ZZFZH(GR)=n/Nx100%, X :n J5
7 R R TGN LR 5

(2) REZFEH(GV) =5 3 R T 1 &5/ itk
Fh T %rx100%

(3) KHFRRE(GCH=2(6/D,) . XH:.GH
55 RAHT & B, D, N BB & KRB .

1.3.2 A Kk#tragm g AAHEA A R R
PLIEH 10 BREEZZ Zh 1, 1 20 em BLR bR KR,
TH2Z—mMREFRENERREK 2K (5kFE&
JE R AR 4y ) M fif i O
1.3.3 4hd A 3sargml 2 R @y
/TS e e O E. W Bl € 7V | B Y
(MDA) & i | ALY B AL B (SOD) 3 7 | i b
A (CAT) W& M S L Y i (POD) 76 M 4 A~
PGS, B R AR E I 3 K,
1.4 HIEDH

H Excel 2016 ,SPSS 22.0 #A4 % 12 56 5 ¥ ik
T8 S50, WM P<0.05, Mt Eh PELs &P
D HIIHHEZS% A (2019),

2 R 59

2.1 NaCl BB X #h F 85 & 5 1 B 52 i

“LD-13" P15 & 1) 4% T 45 A5 Bl NaCl ¥ B 1Y)
TR T R B (R 2) . 5 CK
Ft , NaCl JJr38 & £ £E 200 ~ 250 mmol - LB % % 2
B R IR A B EL A W 2 A AR A 5 Y
NaCl Jfr38 #¢ B K T 250 mmol - L% 44 8 & 48
Pr¥8 A B I EIE R .

‘WL-192° Fh 1) & 2F 6B NaCl ¥k B 19 T+ &
B BT E RSB Kk SO & ZE TS Bkl
NaCl ¥ B2 () Fh 5 2 TR, >4 NaCl 8 ik B
1 200~ 300 mmol - LA, Xt & 25 5 () 42 2E 1 FH 9
9355 100% , B3 5 T CK; 24 NaCl [P vk
KT 300 mmol - Llﬁkﬁz?ﬁfﬁﬁﬁﬂﬁrﬁ”,ﬁ%f&
T CK; & ZF 3 H & 28 48 BLLE 200 ~ 250 mmol - L
NaCl Wl ¥k B 22 (8] R B #a S5 AN B 8, F CK AH 1L
ZR AT E MY NaCl B8 ¥ % K F 250 mmol -
LB, R ZE AR ZER8 B0 T R S B, Il CK
A 2E 5 B 3
2.2 NaCl BMEX #E Z 4 & £ KFHERN I

F2e 3 A, CLD-13° dhFh g Zh i e . AR K |
ZEK A NaCl Wk B2 () I s 258 B A PR
5 CK A I, 200 ~ 250 mmol - L' NaCl ifr3f a]
B U A AR S 4h 223K FE NaCl i
AW FER T 250 mmol - LA, 3 AN K35 bR 29k
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Table 2 Effects of NaCl stress on seed germination indexes of Chenopodium quinoa varieties ( ‘LD-13" | ‘ WL-192" )

41 %

NaCl ¥ Jiz LD-13 WIL-192
Nacl concentration o . e . o .
Cmmol « 1) pe I R 3 33 R
GR (%) GV (%) GI GR( %) GV(%) GI

0(CK) 90.00+0.58b 81.10+0.98a 44.30+1.29a 94.43+0.33b 86.67+0a 52.03+1.46a

200 100.00+0a 73.33+0.58b 34.75+0.42h 100.00+0a 84.43+0.88a 49.18+0.97a

250 100.00+0a 77.77+0.33b 37.34+0.39bc 100.00+0a 80.00+0.58a 44.22+0.52a

300 90.00+0.58b 33.33+1.53¢ 19.07+0.31d 100.00£0a 56.67+0.57b 30.40+0.37b

350 83.30+0.33¢ 18.90+0.88d 15.21+0.50e 86.77+0.58¢ 32.23+1.76¢ 19.05+0.25¢

400 67.76+0.33d 4.43+0.88e 11.35+0.27f 74.43+0.33d 17.76+0.33d 14.72+0.41d

. BUE = PHEbRMEE . GR. K GV. BHFR GL KAFIRE. TH.

Note: Value=x%s. GR. Germination rate; GV. Germination potential; GI. Germination index. The same below.

% 3 NaClEpEXIEE R (LD-13", ‘WL-192° ) #) B £ KIgEFRAIZ N
Table 3  Effects of NaCl stress on seedling growth indexes of Chenopodium quinoa varieties ( ‘ LD-13° | ‘ WL-192")

NaCl ¥e i LD-13 WL-192
Nacl concentration . o . o
(mmol - L) fif H LitSN ENS fif B itSN ESN
FW (mg) RL (cm) SL (cm) FW (mg) RL (cm) SL (c¢m)
0(CK) 12.54+1.23a 1.86+0.86b 2.07+0.19a 14.10+0.15a 4.17+0.96a 3.28+0.48a
200 9.25+1.00b 2.32+0.24a 0.37+ 0.05b 13.50+0.09a 3.73+0.45a 2.41+0.23a
250 10.35+0.36b 2.35+0.15a 0.41+0.08b 12.65+0.27a 3.46+0.21a 2.35+0.16a
300 8.02+0.0.19¢ 1.74+0.08c 0.17+0.04c 10.10+0.13b 1.46+0.10b 0.76+0.11b
350 7.12£0.24c¢ 0.79+0.08d 0.00£0.00cd 8.90+0.10¢ 1.04£0.07b 0.4+0.09bc
400 6.17+0.52¢ 0.35+0.10de 0.00£0.00cd 7.60+0.20cd 0.77+0.08b 0.00£0.00bed

0. Bl =P b2, FW. 865, RL. A1 ; SL. ZX K,

Note: Value=x+s. FW. Fresh weight; RL. Root length; SL. Stem length.

W, W KT CK; 24 NaCl ¥ K T % F 350
mmol - LIHﬂ‘Xﬂ‘%E"Jiﬁ?Fﬂ%M’EFH%@EJE,Zﬁ'@ﬁ%
AEAERKEZE,

‘WL-192° By g i fif f MR ZEKBEE NaCl
b BV B A T A e R R HE IR LT CKL 3
H KAEHRTE 200 ~ 250 mmol - L' NaCl firif ik BF 2
6] R B 3N B 2, A CK A 22 53 8 35 i 24
NaCl 38 ¥ B KT 250 mmol - LA, & 45 F5 T F&
BB, A CK A L 22 5 355 400 mmol -+ L7
NaCl il F KA K CK ) 18.5% , % 25 () 410 il
(BT E R E R X T
2.3 NaCl BrEX 4 & £ BB 45 1R 2 M
2.3.1 NaCl Wit F % =B (MDA) & 24 T 1k
MDA 93 1 2 BRAE 4 2 2L P9 B o aod S Ak A R 2 1)
2 2 WL O S 0 R B S e v 1 P 4 37 451

JUEE P B e g eSS (X SCHTAE,2017)

2 AN AR ET T MDA 95 BB NaCl ¥ B (1) Tt
AR BT B ST CK(K 1:A,B), ‘LD-13°
s FPLE T R BE NaCl e A2 F Y9 MDA 75 34 i
Z ETF, 09I CK B 10.3% 12.5% .24.7% .50.9%
M60.0%, %5 WE (K 1:A), “WL-192° ShFh7E
200~250 mmol - L' NaCl il & MDA A9 & 12435
o CK FHE T 1.3% 2.4% , 22 54 8. 3 ; NaCl ¥ K
F 250 mmol « L'Hf, MDA &840 H CK T+ T
18.9% .19.4% .19.9% , H22 % W3 (& 1.B) ,

7EAE NaCl il R, < WL-192” 2l th MAD )
TR LD-137 &, M2 2R [F R B NaCl i i),
“LD-13" 4l MDA 0% &8 T WL-192” , Jf
HETh B H WL-1927 K, 3K 1hd BH Bl o & vk B
BT, < LD-13° 7EER A T b WL-192° A9 4 i
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16 A a 8r B a i a
~ 14 . = ~ 7t X . 'I‘ — -
=12 e Set=m MM
g 10} g L
2@5 c ﬂm\:’: 5
gt . 4 S
= § 6 %‘g 3}
< 4 < 27
a a
= 2t =1t
0 0

CK 200 250 300 350 400
NaCl 3 & NaCl concentration (mmol-L™")

CK 200 250 300 350 400
NaCl 3 & NaCl concentration (mmol-L™")

AIF/NEG FEARER A NaCl IR BEALFRTE 0.05 KF TR BEME, T,

Different lowercase letters represent the significance of each NaCl concentration treatment at 0.05 level. The same below.

Bl 1 BENMLD-13" (A)FWL-192° (B) 4 MDA 4 &

Fig. 1

JESZ 5 0 8, ¢ LD-137 558 WL-192° X R e fk
2.3.2 NaCl Wrif T A2 B AL M B AL B (SOD) # T AL
TR N SOD Wi FE A8 Ak 5 Pt 1k 1 rh e 75 OG5
YEH, BEREWE R & T+ A R (0, ) IR
YA Z 458405

2 ANEEF SRR R SOD G B NaCl ik ¥
FR e 1T S T SR AR A (K 20 A, B)
‘LD-13" S FF7E 200 ~ 250 mmol - L™ NaCl il F,
SOD P w2 LT, 5l CK 5 6.4% F112.6%
7 300~ 400 mmol - L' NaCl ¥k 2 [6], SOD Ff i 1
REAR, 209 e CK A 0.5% . 12.5% 17.5% , Hir 350
F1400 mmol + L'NaCl i F 258 & (KE 2:A),
“WL-192’ 7£ 200 ~ 300 mmol - L™ £k if8 T, SOD fiff
TP CK 20917 18.8% .25.3% .25.5% , H:# 200,
250 mmol - L' NaCl Jifrif T 2% 5 W 2 ; 350 i1 400
mmol - L'NaCl 31 F SOD g ¥E T [, 154k kb CK
1 22.0% A1 10.57% , 2553 5.3 (E 2.B),

Joit /2 CK B¢ NaCl fpid kb3 < WL-192° 2247
LAY SOD BTG AR L < LD-13° &, < LD-13°
1 SOD 7% PELE 250 mmol - L™ NaCl ¥ BF &b JH it
FRUR TR, WL-192” 7K F 300 mmol - L' $h ¥
JEWF A TR TR, e UL, ¢ WL-1927 Zh i h
SOD EIGPELL € LD-13° &, 44 AN 5 32 #1405 .
2.3.3 NaCl #ri8 T i B AL 4 8 (POD) 89 T 4L
POD i Al 9 7K N 3 22 1) — Fh b B AL Bl , & nT 3

MDA contents in the seedlings of ‘LD-13" (A) and ‘WL-192" (B)

SURC] SRR SN N W RSRA SRR = W T &
JES 25 44 56 3% | G S A ) BT 1

2 AN Sh R4 T POD Bl IS R B Eh W 1
Th 2 A T e B s (B 3:A,B) . ‘LD-
137 7 200~250 mmol - L' T, POD i 1
e CK 43 5 TH 5 24.0% 24.2% , 2% 5 5. % ;300 ~
400 mmol - L' ¥ B R, POD [ i M Lt CK 43 5 [
%5.9% . 21.6% F1 43.6% , 7= 3 5. % (F 3. A),
“WL-192” 7£ 200~ 300 mmol - L NaCl B3 F , 5
CK #H kb, POD il i % 2 il & 25 7+ & 17 2.7% .
6.0% .6.8% ;350 ~ 400 mmol - L' 5 i1 K, POD
g 15 1k 3 N R, 20 S HE CK IR 15.5% A 17.3%
(K 3:B),

2N A L, Ei e 5 A ¢ LD-13°
i POD BTG PEAR 24 T WL-192” | U ik h
AR LD-13° SRR G SR POD BT BR
HEYRNBE S W, Ry A Z 0%, A K
el R Ay WL-192° BEER W E /Y TH i, W
RN E PR B MRz 4,
2.3.4 NaCl Wria F i3 5 4L 208 (CAT) 89 T 4L
CAT il 38 3 35 53 A 0 A PR 1) e 4 0 i i 400 i 4
2%

“LD-13" Zh v s CAT il 36 P Bl 15 v 5 10 T
M2 LA EREMES(E 4.A), 78 200 ~ 300
mmol - L' NaCl i1 F , CAT J 6 b CK 4351 I

K
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250 A a 350 B
z =TT : -
¢ T ¢ 300 | — T °
5; 200 | [ ™ d = — ] d
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é = _ 2 250 F . ]
,_%_'f_:n 150 1 %“‘sm 200 |
forge] =D
=y 2= 5
8 2 100 Q I
e 22 100f
Q Q
< 50 - [
a a L
o) o) 50
93] 5]
0 T T T T T | 0 T . r T T )
CK 200 250 300 350 400 CK 200 250 300 350 400
NaCl # J& NaCl concentration (mmol-L) NaCl 3 J&¥ NaCl concentration (mmol-L")

Bl 2 B GALD-137 (A)F1WL-192° (B) %I SOD i #
Fig. 2 SOD enzyme activities in the seedlings of ‘LD-13" (A) and ‘WL-192" (B)

30 A 14 B
g a g 12 ¢ b a a
E s A 2 L &5 MmO/
= £ 10 d de
# E2f ° ¢ i E = =
52 d H 7w gt
g2 15 g2
5 = s 829
£ 210} =
B =S 4 F
2 2
n 5T a 2+
2 2
0 T T T T T J 0 T T T T T
CK 200 250 300 350 400 CK 200 250 300 350 400
NaCl 3 NaCl concentration (mmol-L™) NaCl i NaCl concentration (mmol-L™")
B3 FEMLFCLD-137 (A) I WL-192° (B) i+ POD i 7
Fig. 3 POD enzyme activities in the seedlings of ‘LD-13" (A) and ‘WL-192" (B) varieties
9 - A a 9r B a
o o o ] t
s | b g |
E ‘ hd z =
- 7 F - TF
£ — g
g6 | E 6 F c
ﬁ H';:D d % —‘OI) 5
R - B d
g2, | g2, g
= > 4 e e = 2
Szt SE3¢
22t g2
= —
2o 2
0 : T T T T , 0 T T T
CK 200 250 300 350 400 CK 200 250 300 350 400

NaCl ¥ i NaCl concentration (mmol-L") NaCl # J& NaCl concentration (mmol-L)

B4 LM CLD-13" (A) A WL-192° (B)Zh#H CAT B
Fig. 4 CAT enzyme activities in the seedlings of ‘LD-13" (A) and ‘WIL-192° (B) varieties

FFT 20.8% .20.1% 1 18.4% , 25 5+ 35,350 ~400  JGPEFEER BT i IR (K 4.8B) . 5
mmol « L E; B8 T, CAT 1% M B 32 A%, 45 9 1k CK AH L, CAT BEWG P43 EF+ T 60.3% .55.9% .
CK £ 29.0% %1 53.1%, ‘ WL-192° 4 i b CAT [ 38.8% 17.5% 11.5% , 2% B 3%
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TETCER AR, ¢ LD-13" HH iy CAT 35 PELE ¢ WL-
192" AR Z (HJEZ 2R W ia i, ¢ WL-192” #2542 %))
A CAT 3R L LD-137 &5, Ui < WL-192° i
AR A bR AR AL SRR T L LD-137 5
24 AEMRXREE ST R ESE S TN

2 ANk A AN ) 1B DX Y 22 22 5 Bl NaCl i3 i

T4 2N EZHMH(LD-13

Table 4 Comprehensive evaluation of salt tolerance of

TR ZE S (£ 4) 70 R AEFD T 0] & |
AR RS T, LD-137 R Tk
ZER KRR POD K CAT BG4k, Hofhds b5
FsR BT WL-192° , KM ER K, N
0.201,CAT AL E e/, 0.043, MNZEGTEM D
HAW, WL-192° i £k M+ LD-137

‘WL-192°) it 3 145 A 1R A
two Chenopodium quinoa varieties ( ‘LD-13’ | * WL-192")

sh R PR
W H Subordinative function value D1 H
[tem SOD POD CAT D value Rank
RER RFH ORFHEE 6E i8N K MDA HiE
GR GV Gl FW RL SL MDA content
‘LD-13° 0.421 0.427 0.454 0.538 0.660 0.342 0.201 0.040 7 0.0521 0.0347 0.45 2
‘WL-192° 0.421 0.434 0.453 0.845 0.715 0.551 0.199 0.071 3 0.0498 0.0304 0.52 1
T Weight 0.180 0.195 0.073 0.146 0.201 0.052 0.106 0.061 0.092 0.043
Jipia A 2 ASFE A i Flv SOD | CAT K POD g i 1

3 it h AR A R A BT ] | i h AU 28 22 i F © WL-192°

3 NaCl B EEZEM FRHHEMYPYEEK AE
EREd: A

DAL TR D0 = S @ RN L
(Jacobsen et al.,1999) ¥k BE £k fpam vl 54 hnAp—+ 1
W ke i e R &, 7R K oA T A s &
iR S A R g S BN il o N
AR A= 5 AH B, 1 W B2 30 W 38 25 38 1 D+ 1
AKX, B 2 RN & B A A g I (v e A5
2014) , ARBFFTEER T, CLD-13" 5 Fl7e Kk
NaCl B8 T Al {2 A & 9t AR K DL R s it
FALBEHE P, E v NaCl 3 ) 7= A 7 B S ity i)
YEHT; < WL-192” S I B2 A R B2 NaCl i
XA & 4 AR Rt A I T T XA A
FH L ARER o0 Rl e, B e S P

FPIAE S T HE T VA 58 VA T R
SOD \POD ,CAT —Fh4t 5 1k il B2 Ff 47 4f Jfd 52 3% 43¢
YERT, TEER B PR BE T | 55 e A 0 A1k il 05 2 A g
A b I B T PR R, AT ek % X 40 I 23 A ) 4
B, AR, ZEMRHE NaCl W38 F,2 AN ZE 4 o
Fofr () = b T UL G 3% P S5 185 5 T 455 VR B NaCl iy
TET D) B S T A A T 5 AN TR B Y R

Pbh U A RE 2 SRR LD-13 MY BTG PETE AR, 2
ANFEAZ AR NaCl 38 2 30 H A [) 79 i 2% FAE
L E B, T RE PR A A [R] 7 ot Aol oxsk 3 0 BURR
RN
32 #EMEBESMMAE FHHFEMIMBERR
ERSES

T ER PR — A S AR SIS A B
A Al B o3 ¥ BILT A 22 5 TRURH G, T 3 2E ML | AR 5
AR E K BB RS TR
PN SR O Al 45 A 2 A OCHK (Flowers & Colmer,
2008) , FEF ARy MLAY B A ER A ), o Tk R O A
AR R ECER T RR IR 1 3K e At L RE PR 25 A0 AP HEAC I 21
ML Z2 A ER 43 e B T R (B 7 it P O h 48 SR
LU TEER WA T B BOR B 55 A (Agarie et
al.,2007) . EHRCLD-13" Fl ¢ WL-192° PHAZE 22 i
] J 11 22 B0 {H X NaCl 36 43 590 i AR T) £ g
JOE 33X ] R R A o B A R PO A PR BT N A
TR R B AR KON J I 45 1Y) 3 AT O

4 i

L5 BRI BE NaCl RO 22 22 Fh 71



830 OO0 M W

41 %

A gl AR TE T E AR SRR S NaCl B
EWAEMHER, EAREEE LSNP E
(1) 2 ANFESZ RN TE 200 ~250 mmol - L™ NaCl ¥ & i
R R AR AR AR K AR AR AR AR R B R
I, AEEReE P PR WL-192° 223 £ T & 48
BRI K AR BRIE AR R L ¢ LD-137 5, i 35 1k o 4,
G4 2 ANFE SRNE TS IS [ R AR B X A= 77 S B
LR AR AR I, TA R 75 1 V5 5B b DX Ay R 057+
AR b DX IR ER 70 1 49 0 38 A 2L A2 (A

SE K.

ABUGOCH LE, 2009. Quinoa ( Chenopodium quinoa Willd.) ;
composition, chemistry, nutritional and functional properties
[J]. Adv Food Nutr Res, 58: 1-31.

ADOLF VI, SHABALA S, ANDERSEN MN, et al.,2013. Salt
tolerance mechanism in quinoa ( Chenopodium quinoa
Willd.) [J]. Environ Exp Bot, 92. 43-54.

AGARIE E, SHIMODA T, SHIMIZU Y, et al.,

s

2007. Salt
tolerance, salt accumulation, and ionic homeostasis in an
epidermal bladder-cell-less mutant of the common ice plant
Mesembryanth-emum crystallinum [ J]. J Exp Bot, 58 (8):
1957-1967.

ALVAREZ-JUBETE L, ARENDT EK, GALLAGHER E,
2009. Nutritive value and
pseudocereals as gluten-free ingredients [ J]. Int J Food Sci
Nutr, 60(4) : 240-257.

BANERJEE K, GATTI RC, MITRA A, 2017. Climate change-
induced salinity variation impacts on a stenoecious mangrove
species in the Indian Sundarbans [ J]. AMBIO, 46(4):
492-499.

EISA S, HUSSIN S, GEISSLER N, et al., 2012. Effect of NaCl

salinity on water relations,

chemical ~ composition  of

photosynthesis and chemical
compositon of Quinoa ( Chenopodium quinoa Willd.) as a
potential cash crop halophyte [J]. Crop Sci, 6(8) : 357-368.

FLOWERS TJ, GALAL HK, BROMHAM L, 2010. Evolution of
halophytes: Multiple origins of salt tolerance in land plants
[J]. Funct Plant Biol, 37(7) : 604-612.
FLOWERS TJ, COLMER TD, 2015. Plant salt tolerance:
Adaptations in halophytes [ J]. Ann Bot, 115(3) : 327-331.
FLOWERS TJ, COLMER TD, 2008. Salinity tolerance in
halophytes [ J]. New Phytol, 179(4) ; 945-963.

GEISSLER N, HUSSIN S, KOYRO HW, 2009. Interactive effects
of NaCl salinity and elevated atmospheric CO, concentration on
growth, photosynthesis, water relations and chemical

composition of the potential cash crop halophyte Aster tripolium

L. [J]. Environ Exp Bot, 65(2-3); 220-231.

HAN RY, CHEN YY, ZHOU ZH, et al., 2014. Effects of NaCl
stress on seed germination and seedling growth of sweet
clover [J]. Agric Res Arid Areas, 32(5); 78-83. [ il

M, BRE 2, JRARLL, 45, 2014. NaCl JPif 3 SRR R
%ﬁ&iﬁmikﬁ’l?ﬁﬂﬂ [J]. TR XARBISE, 32(5)
78-83.]

JACOBSEN SE, JOERNSGARD B, CHRISTIANSEN JL, et al.,
1999. Effect of harvest time, drying technique, temperature
and light on the germination of quinoa ( Chenopodium quinoa)
[J]. Seed Sci Technol, 27(3) : 937-944.

KOYRO HW, 2003. Study of potential cash crop halophytes by
a quick check system; Determination of the threshold of
salinity tolerance and the ecophysiological demands
[M]. Netherland, Springer; 5-17.

LIU WY, YANG FR, HUANG J, et al., 2017. Response of
seedling growth and the activities of antioxidant enzymes of
Chenopodium quinoa to salt stress [ J]. Acta Bot Boreal-
omdem Sin, 37(9): 1797-1804. [ XISCHY, # A o%, #
A5, A%, 2017, NaCl W0 %52 22 4y pi A AT A RE 1

%um [J]. PEILAEIFR, 37(9) : 1797-1804. ]

PANG NJ, DU XN, LI YM, et al., 2001.
improvement of soil salinization along the Yellow River in
Qinghai Province [J]. Chin J Soil Sci, 32 (6) : 52-55. [ BT
3, HeET, M, A, 2001, A A T 4R
?ﬁt}ﬁ&ﬂ&ﬁ!@l [J]. 3w, 32(6): 52-55.]

RUIZ KB, BIONDI S, MARTINEZ EA, et al., 2015. Quinoa—
A model crop for understanding salttolerance mechanisms in
halophytes [ J]. Giorn Bot Ital, 150(2) ; 357-371.

SUN SX, 1991. Afforestation science [ M ]. Beijing: China
Forestry Press: 65—142. [ FMIFHF, 1991, dEdkzz [M]. db
ae RO R 65-142. ]

WANG YS, SHI SL, LIU SY, et al., 1997. Qinghai Soil
[M]. Beijing: China Agricultural Publishing Press: 21—
414 [ £ T4, AR, XA, &, 1997, 75 i -5
[M]. dbat. P ELO H L 21-414.]

YANG JX, LI QW, GUO ZY, et al.,
evaluation on salt tolerance of three Prunus mume varieties
[J].J NW A & F Univ(Nat Sci Ed), 47(8): 65-74. [ ¥
fEgE, R, SFE, 45, 2019. 3 AL S R4 £h
PEZEE VRO [J]. PHILRMBHEOR 222 4 ( A AR
47(8): 65-74.]

YUAN FM, QUAN YJ, CHEN ZG, 2018. Effects of sodium stress
on seed germination of Chenopodium quinoa Willd. [J]. J Arid
Land Resour Environ, 32(11) . 182-187. [ = K&, BCALE,
MRS, 2018 AN [a] G4 5 1ok 380 X 22 22 1~ 7 & 179 52 Wil
(0] TRXHRS I, 32(11) ; 182-187.]

Causes and

2019. Comprehensive

(REHE MXH)



