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9 R R TR AT R R

F R T ERI A 2 S U VT R AL
(1. AL RiE R A Bl2a 5 TGS, Hol 2241 7300303
2. VHAL KA EF s P oA TR SHARERRZE S50, Hilt 224 730030)

TE NS R IR B X R L AT AR R, DL s TR R S B2 AR, FIAS Rk NaCl Ab B2 A 4y, D ik 3
55 1.2.3 Ak A  ECE SRR A S R S i ST M AR T R i, PRIE NaCl MR AR Ok E Rk AR A
Y1 HsER , TR SR BB T G B R PR TLR BTN . S5 R M 1) B NaCLVR EE 1T &0 B I 22k i fe 5k
ALPEES 1 R RASeTH AR 5 2.3 R T RS BH R BN 1.2 2T RE S 58 3 JH 2 TR MRk
PRI T, BT NaCl ¥k B T, BEE TR 2222 () 1l s e Jo a1 o s 349 52 B A il AR o £ B T et S s N R 2) [+
—IRBEANHER | ST A5 bt o Ak BB [R] R 38 i T e 3) SE e ERAL IR T, B AL SR [RI A  In, AT R R R R AR
R AL RRBEHIN . 28GR R, @ik B F R W S R E F R 3 T — @ 13 e

KGR B IR R AR R TR

[ 4> % 2 :S56;5519;Q945.78 XHRIREG A X E %S 1673- 6486- 20200760

TR TV TS Y nm A AL IEARTE 2 800~4 200 m FYBEFI4EY. | JE K22 /R FIAL & 55 1
WS R R R, HEhE e B H 25/, HATA 7000 ZAERE, RREIE R AMESE
H ATt A b mub A 2y 9.54 42 h?, RE A S 89, BENIMEREAR N R EZAE"E, 2 E &K
FERAE - HAL 9 913 U7 ho, EEMAAAEVIILHLI, e R TR R AR T LR , WA
HArH R SR AR 141.3 75 ho®, R, FRAR LU (FAO) A E JJy ME——Fh BRI 1y BV RT3 2
R AR R RS B E 2 MOoN P I A A AR A R I 5E 5 7 T e,

TR AR U DGR R R, T A SR R B, A TE B IRED AL M X e R AT T 2 AR R
BB SR A AN R R DI B AT pegik wEEEE LA R AAEEE L. B4
AP, 522 (Chenopodium quinoa Wild) J&—FHEETE 1[5 phy fh 25 X 52 22 (Tt SR TF J2 T OB F BT
HIRREAED), AR BB R BRI RUR T 5%, Gomez- Pando Z543H T 4 Wit 410 F A A2
AR JU™ M S B AR A P SN 2T LRI IR i i) 0 e 2 A AR 2 5, b3 X 2 22 A
- TSR RS, Hariadi 250758 260, A [ i Aol
QZ;?Q; ;;ﬁg%ﬁ%{i\mmozm) s PHAL RO A= 2019 4F HRZMSIERAM AR 2R 0, B ﬂ%%ﬁ%
B i s AR 5 20 e s 0 IRERARSRAT DA R A2 9 - I i 85
(31920190021 ; Pk B 75 A2 2019 4E AR R Eal  ACFRIIHNRIZE A A= K02 g AE BRI o8 2 0, I Ay
B0 H (XBMU- BYL19125) s PHAL RS “ W75 123 (a5 Pl b M Eh A e e e s e 2his

ST Y TR0 24 R (1001070204) ; P4 b iRk ek Ay 8
' XFEAZ )= m M EL A, peAh  FAE 1987 4R 3R
AT B G IR 2 B —— I TR BB A B R B A b RAH Y " )

S (11030403) . VU SR DX AR AT T B A7 B i R DX 5 A AR
TEHFA  F BT (1997—) 40, FE N FHYRE HTSE . E- mail: TS, IR R, TR A T O R R
2570278917 @qq.com. B A 2 R, B B Poai vl AR X £

* GRS R (1975—) , Bl #dz, FE NS R ARG /}?571: Eﬂ/ﬂfﬁ:fﬁ , H EILJ"—[,_JE?‘Z @Hﬁﬁ \%@%%@jﬁiﬂ
P AEY) BRI . E- mail: gxnwww@] 26.com., . 0s) AT [ s L
SR C10810) 4 VT, E g g, TR, BRI ORIL, BT R B R

E- mail : 380756329@xq.com. 0, s UMK B B B RIS, M R A R AT
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JRAR Rk, 2 N AN i 5 e e, KR
ARAFAIT ST, voi v 4l DXCRARL 14 55 €0, Th 4% 35t It
I BRI XA 7 ST 15 B (NBID J2
B PHATOCSE, WO BRI T 2R
bro dd i PN EE NBI AT LSRR it A R R TR
O, A A 7 RS B RS A G0 2R 3R B
B S TR A AT A R LI I A )2
A P AR A T e e ] A Y
EAUIR Y (A E DO & iDL/ NE 2 S AE RN
P TR S AR A A B AR LR R T k7
THT, Xof 22 A 27 Ry VR HAC B T I BB PR AR AR SR
WARE o R 1A R B v R ER A M DX -
GAVAEE STV S BN B e VEUE 5 vl e g -8
ESUFMONERGELS SEIEE SR IES AT/ S
ARG RRE, W R 4y AT AN R R R Eh AR
B, IFAEA ) Ak BH SO0 72 A PRAS AR, PR 5T LA B
FPERI 225, 94 Jn B 2 e e IR AR T Al DX HfE ™
P S it — e Y B HHE .

1 #MRE5FE

1.1 R AR

HEAT RS B BB 12 (IRTEBEZE 4
5, TRIFK LD) IR 28 i 4R B F MR (HN B &
W BR2EBERRZE 4 45 A PR ND) o lad 51 H a4k
B EBEERE 4 SR AN, AR 2 825
m [ IGTE B EF TR, ORI IR TR B2 4 52324 Fh
T HRA R ET IR 4 547 HT
1.2 Rk

Pereiei . R/Ah—EHIGHE R E R LD Al ND
HAEFT, 0 0.5% mnh FR BV R 10 min,
THKPEETA, A8 T 90 mm (G FR ML,
BEANREFRIL 50 47, YEHEEE FRA IR (25 1) C L i
B 80%, ik ZF 48 he

TR ZFRIRE] 90%HT & 28— B R TR A
BT K WEAT )7L H (21 emx 21 cm) , &7 L
3 ¥k, 20~25 'C, )6 12 h/d, 1/2 Hoagland & 555
I R 2 R AT R PRI AR KB AR K
4 JRJGIF MR AT Eh AL B, S B X AR 4 (0 mmol/L
NaCl, B FEH 5 55) i 4435 A 1 L Y 75,150,
300 mmol/L NaCl( LA T #JFRER W) Br FRZE 2 40

2d W 1 RERIAW, HFATIESE 3 AR AL,
1.3 SRRk

A AR BRI R < 43 ) AE R B AR A 1.2
3 G BURE, Pl i s A e FH D8 4R AR B &
1) T S A s 1 L N I 52 s 2
ELRUFNG3 BT R V-0 2 e v REE ST, 49 30 2 S
e,

FE AR A e I - A3 R AR AR L 22 5 e T
4eA%rh, T 105 ‘CART 24 h,75 CHEF B,
ELHEL S BIFR R,

A BHIE PRI 52 < i ] Dualex #i4 & - fir+5 0
1% (DUALEX SCIENTIFIC+TM, Force- A, 2 [H])
D R R R AT R i
1.4 BdEaobr

K H Excel 2010 Xk dg i 17 Ab 2 M 2z [, 25 2R
DU bRifEir” 2R, R SPSS 21.0 4t 43
MR B 7 22 57 W S HEAG 56, 27 HL R
SSR ¥,

2 HFRESH

2.1 AN[R)He BE R AL T X 2R A 4 A K AR S

M1 %% 1 AT, LD MRk s e SR A BRER 1.2 J&] B
Bl v B T v S SE TS R R B, A 3R 3 R U 2
TR ND Sk S AR AL B 1 ] Rl R R
Tt BT R, 55 2.3 H¥E T T RE,
AbFRE] AR 25 5 2 (P<0.05) . TEAARIAb IRy i
T, Bfi#E AL BRR A A ZER: LD A ND 4 iR o i
ThE ., R K 300 mmol/L i, 55 1.2.3 J&Ehab
PE LD #5505 e ND 5 8.2%.8.6%.12.0%

H12¢ 2 nI 0, AHIAER MR, LD A1 ND 4 b
AR B R I o Ak BRSP4 S K
I AR AR AH RIS ] PN B v i T
155, LD 1 ND 4y b5 o 2 A0+ o B AR S e
GRS AR o A i SR e THE Bk . 7F
ERWREE N 75 mmol/L i, LD 7EERALPRIEE 1.2.3 Ji
() MR i A 4 ) LE G BB T R 144.1% .25.0% .
58.1% , i T i 43 5 I+ 5 57.1%.14.3%.8.3% ; ND
LB 1.2.3 JEAR fif 5 55 0 BEAH H 4y 1 T
7 250.0% 41.4% .33.8% , AR T 5 &4 9 I &
60.0%.50.0%.5.9%.
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F1 AEREHLENZZHE®RSHEMN

e A AbER /A

NaCl ¥ /(mmol/L)

0 75 150 300
1 8.08+ 0.24 aD 8.54+ 0.14 aAB 7.30+ 0.14 bB 7.14= 0.08 bABC
LD 2 8.42% 0.12 aC 8.58+ 0.28 aAB 7.76% 0.07 bAB 7.32+ 0.21 bAB
. 3 11.06+ 0.42 aA 8.94+ 0.22 bA 8.00% 0.16 cA 7.68% 0.09 cA
PR fem 1 7.44% 0.34 aCD 7.76% 0.16 aC 7.80% 0.14 aAB 6.60% 0.26 bC
ND 2 10.10+ 0.26 aB 8.06% 0.28 bBC 8.04% 0.35bA 6.74+ 0.30 cBC
3 11.66+ 0.14 aA 9.04+ 0.18 bA 8.16% 0.18 cA 6.86x 0.19 dBC

T AT AN RING TR 3R AN R R R AL BRI TE 0.05 /K285 .35 ; P A RIRE TR AR IR FITE 0.05 7KF- 225

Fo TR

K2 ARREHRLENZZHHENENZIT

Qb3 /

NaCl ¥ /(mmol/L)

0

75

150

300

0.394+ 0.014 aC
0.645+ 0.022 aB
0.843+ 0.072 aA

0.374+ 0.033 aC
0.595+ 0.016 aA
0.639+ 0.024 bA

0.263% 0.013 bC
0.377+ 0.019 bB
0.384+ 0.020 cB

0.237+ 0.015 bC
0.261% 0.008 cBC
0.270+ 0.012 cBC

0.388+ 0.007 aC
0.606+ 0.042 aB
0.893% 0.029 aA

0.327+ 0.025 bC
0.455+ 0.015bB
0.564+ 0.032 bA

0.309+ 0.022 beC
0.430+ 0.030 bAB
0.473+ 0.027 cA

0.257+ 0.016 cBC
0.308+ 0.028 cAB
0.333+ 0.028 dA

0.040+ 0.001 aC
0.071+ 0.003 aB
0.093+ 0.009 aA

0.040+ 0.004 aC
0.075+ 0.006 aA
0.084+ 0.003 aA

0.033+ 0.002 abC
0.049+ 0.002 bB
0.053+ 0.004 bB

0.030+ 0.001 bC
0.034+ 0.003 cC
0.037+ 0.004 bBC

0.038+ 0.003 aC
0.059+ 0.004 aB
0.102+ 0.009 aA

0.033+ 0.002 abC
0.054+ 0.002 abB

0.079+ 0.003 bA

0.034+ 0.003 abC
0.051+ 0.002 abB
0.067+ 0.005 bA

0.030+ 0.002 bC
0.045+ 0.004 bAB
0.047+ 0.003 cA

0.034+ 0.008 bCD
0.048+ 0.010 abBC
0.086+ 0.006 bA

0.083+ 0.025 aAB

0.060+ 0.005 aB
0.136% 0.027 aA

0.032+ 0.008 bB
0.040% 0.003 bcB
0.045+ 0.008 beB

0.024+ 0.001 bA
0.025% 0.001 cA
0.028+ 0.002 cA

0.016+ 0.005 bD

0.058+ 0.003 bB

0.068+ 0.010 aAB

0.056+ 0.012 aB

0.082+ 0.004 aAB
0.091+ 0.014 aAB

0.036+ 0.008 abB
0.054+ 0.001 bB
0.086% 0.009 aA

0.023+ 0.003 bA
0.024+ 0.002 cA
0.025% 0.001 bA

0.007+ 0.001 bD
0.014+ 0.001 aBC

0.024+ 0.004 aA

0.011% 0.001 aCD

0.016+ 0.001 aB
0.026+ 0.001 aA

0.006% 0.001 bC
0.010+ 0.001 bBC
0.012+ 0.002 bAB

0.006+ 0.001 bB
0.007+ 0.001 bB
0.008+ 0.001 bAB

izt st
1
LD 2
Hi |3 3
i /g 1
ND 2
3
1
LD 2
b 3
TRt /g 1
ND 2
3
1
LD 2
Lins 3
e i /g 1
ND 2
3
1
LD 2
R 3
T /g 1
ND 2
3

0.005% 0.001 bD
0.010+ 0.001 bCD

0.017+ 0.002 aB

0.008+ 0.001 aD

0.015% 0.001 aBC

0.018+ 0.002 aB

0.007+ 0.001 abC
0.014+ 0.001 aA
0.016% 0.002 aA

0.006+ 0.001 abB
0.007+ 0.001 bB
0.010+ 0.001 bA

12 3 AT, ZEER AL 3R 1 A JS LD AT HE 40
W65 R LR T el e THe ke g, ERARTE 2
i, e EIHE TR LTS, 5 3 R S
THRREEAL S . ND R 158 Ab BEES 1 )4

i i 2 v 1 T v S R T T A A, A 2 SR
REIETRE LT TR ARk s 5 3 AT 25t
TREE LR FEER S 0 Fi 300 mmol/L A,
LD &7 15 %5 i 25 4b FH R [R] 14 356 0 52 AR 0
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B, YERVREE Jy 75 FI1 150 mmol/L I S TS B
Al e, TR R —Eh ik AL FE R, ND &SP irds B

A A BLIRFE] F 38 o S R A 3

®3 AREREHALENAFERHHE W

_ NaCl #¢ & /(mmol/L)
ey A AbHR / JE
0 75 150 300
1 46.00 4.64 bA 42.78+ 3.32 bB 40.26x 1.59 bAB 67.44% 3.07 aA
LD 2 33.70% 1.58 cC 43,12+ 1.26 bB 42.00+ 1.32 bB 49.62+ 0.56 aB
s 3 18.22+ 0.69 cD 36.42+ 2.48 aB 33.82+ 2.48 abCD 29.22+ 1.98 bD
AR g
1 43.70% 2.34 cAB 50.74% 2.55 bcA 52.56x 2.48 bA 63.22+ 2.59 aA
ND 2 39.72+ 1.13 abABC  36.82% 1.46 bB 45.00% 3.86 aB 4422+ 1.80 aB
3 36.96x 2.09 aBC 18.64% 0.75 cC 29.56x 1.07 bD 36.36x 091 aC

7 NBICECE #8860 & Chl(H4328) 1 Flav(ZEEER) (4 FLMH,
DL 25U, BARER VR BE A T T B
L A R W i SRR — e R 3
AFEAT DR HEAR A K R A s R R L ORI
ERALEER LD AL ND A b S RIAR A i SR
AR BUE AL ER 225 B (P <0.05) JFEfRoRER
Ab PR 2 (300 mmol/L NaCl) ', LD kK 5 . ND g
=, LD B AR5 At e ND &5 1 7E 75 mmol/L
FhALEER LD M b T e 5 S AR T T 2 L
ND . F AT LAUEE LD 7Eh A B HA B hy
AE R R
22 ARl EEER AN BN R Wyt SR 2R
F & 1- A RTAL, LD 4l i i 8 3 i bl

A

40
30
20
10

aB bB

Chl A Flav i 507390 glen?,

m LD

aAB yp

i Il §

ER U B 3G I 2T R S R BRI AR {3 ND 1Y
MR TR G LT A b &l 1-B
AT, LD il ND [ -4 28 B e Bl A R Wk 10 s &2
JelE S5 TH AR N 1- C w] A B Rk
[T+, LD 2 5E T Ja T AR fb a3 ND 256
TR LTS FREES . E 1 T LU LD
M2t 2 S EYE T ND, H& A E 22 5 A 8. 1
AEBREES 1.2.3 J&, LD A1 ND 4 M 4R &
FEER VR 150 mmol/L Bk £ i K fH, H LD %) it
R ZE S B ND (5, 530 8.1%.5.6%
7.1%,

ND
aAI aAB aAB ,pAB

O

30
20
10

MRS ((pgem?) MR /(ngom?)  HRR it /(pg/ent)

(=)

0 75

B
40 aA aAB
30 - 3ABaAB aAB .p Ch1E anB
20
10 -
0
€

40

bB B abAB aA aAB aAB 4AB

1 '} .

150 300

NaCl ¥ % /(mmol/L)

ANRVING B R m AN ) B AR B R) 2 57308 B 35 /KT (P < 0.05) ; ABL.C K HP AR K S SR 3678 LD il ND [R] 22 5538 g /K7
(P<0.05), A:ZhAbFEZE 1 J8; B #hACHREE 2 J8; C. Ehab3ies 3 J&, R,

B 1

- 11-

FRRELMEBTEENHMH R ERISENTL



REGHLPE

20204F 5374 Fs5M

2.3 N[ Eh AL PR RE 2 )y e S B A
ip A

nIEl 2- A iR B SR AL PR FE Y T, LD 4
PR S B i RS TR R T B S ND
Jele R THERER S Al 2- B B, BEAE Ehvk i
A3, LD 2 i 5 i Bt el I THA R R % ND
WS TREE BT s, hid 2- C R, b

0.8
0.6
0.4

A
aAl

/(pg/eny)

i

0.2

BT LD K E R & E 2 TR LT
[k ND W25 ETHE NS E 2 ]
PIF LD 1 ND b B[R] R 2 8 5 A8 {25 5
3 (P<0.05) . 7 NaCl ZbBEAGES 1, RIR)Ehvk
T LD ZEE [ % 1 5 ND A EL 4 B 27.7% .
71.8%.41.5%.22.2% .

WLD END

- aA aABC
ﬁ h . B
0

aBCD
bD

N

ESy )

1.0

R /(pg/en?)

aABC 3ABC

i

aAB

%

aABC aBC

N

%

15 1

1o & aBC

0.5

B A /(uglem?)

bBC aBC

0 - I
75 150

bB

»

300

bBC aBC

NaCl ¥ % /(mmol/L)

2 AEKEHMETEZNEMH R XEMSENTL

2.4 K[k BEER AL BT B A d it AR T R S i
) 5]

WA 3 s, #HAAFE 1 LD e E R bl
PR AP =TS ol N ) =l i A S R
PRI Z SN, 5B 2 R TG LT,
300 mmol/L £h3¢ B AL BT 5% I8 22 52 25 56 3
BT REE AR HAE 150,300 mmol/L Rk
ETFLDMHAEERESESXIE(CK A BEES
(P<0.05) . thALFES 1 Ji ND 1675 5 & bl hifk
FEMT R R TR G LT TR AR b 5 2
JASE TR B R 5 3 R PR
A LD 161 B & S in 2 ND, Hoh /e s dh b B
(300 mmol/L) LD A1 ND &b [a] 4 & 3 25 5 , AS[a] i}
[H] Eh AL BT LD 4B 75 & & & 40 il 5 ND 15 70% .
11.8%.95.5%.

- 12-

3 itie
3.1 R SFCEANAK

AR W30 XA ) A A R B B B 3 R RO SR A
TR A K AT A () A i 2 i pK S IS
T, A N R bk PR B R R AZ
S EIPHIR, A AEHGE , BE SRR BN, &
% (Festuca arundinacea) [ 4= £ 5 FEAIG, AR &5 F B
() S A 7 1A A, 2 BH R e e b= 3555731 52 1 K
FARFRRY, AR IR 455 & B, £ W38 T, LD A1 ND %)
B R A AR B A W (R R RIS 7 3 I S
X AR 22 1) 5 M0 B0 A R R 75 mmol/L i AR R A=
KR HA YRR, SRR T 75 mmol/L i,
[FIEF4M ] LD F1 ND AR R AR K LAY et LR
FE R — AL PRV BT ND I 5 118 01 A 45 43Rt 25 Ab
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P ST (V] (4 BTG R W s LD i R A EE B 75 A
150 mmol/L & Je T J5 PR A, 76 0 1 300 mmol/L
A DU R R ka 3 ZEEh I 300 mmol/L B, LD #k

008 - A bD
0.06
0.04

0.02

B
0.15

0.10
0.05

e (pgem?) HHF R R /(pgen?)

HFH

0.15 aAB
0.10

0.05 |

HEESTE /(pgemd)

o SRR B = T ND, HOND X 3R e B Sy
AU R T LD, UM ik S i A Xt
T RIS —E S

EID OND

bBC bBC bBC abBC bBC 1
0 E_.j_.j_ﬂ

aB

0 75

aA

aA aA

[ aAB
. | aAB abAB ‘ I bB
0

aA
aAB

150 300

NaCl %% /(mmol/L)

B3 #METEEYEMHRETESENTH

MR BEYHI OGN EZLE AR,
En TSR B0 AR AR IE & 16
BAEH B sRAB R SR A8 (TN 52 5E 125, [l R TEEAK
()Tt A I S 2R B A R e ) (E AR
YRa R RW] LD M 4R LG ND 5y, X A] HESES
22 W — PR 0 35 1 P 0 SRS, DR o 2 22 T
RS LN AR ML IX TR 2E 4 5 M AR E & i
Fifv, Bt MR O B O A R R R X 5 EE A
PIBFFE 45 R —5, ERU A 300 mmol/L I, LD 1
ND M2 2 & ARt A e, R I R i £k vk
X EE A 2 R R B AR R, i P S
R EUE LD M ND Zh ik B e R R,
A BT 5 A O R W ()38 0 BB ), 31X 5 SCHER
SIEEAE S ¢
3.2 ERACER SR A B i

VR SRR YR N — 2R B ZE AR AR T,
Iz 2 5 A A R E P £ mh A e
IR RIGEEAE IR, ERACEAE o T 2 B
YRR B i TR LR T, DT = B 1
PrEb vk AERFROAEER A T 1) 1E H A R, T I
SEIBIFFE R A, v TR DR AR ) A 285 25 AT AR
BRI B AR BB, AR A5 R AR, K

- 13-

b DR R WA R TR EE
() LD 25 i E & IR L ND i, B NEER R
VPR R A A A5 T T L e R R A 2
[iiEse STINA=E/ASZ Al /SIS

TET F R — B I A TR A6 2 A1 A
LKA R, REY ZH RISy, & —
Tl TS IR, B BRI BT EALRE ST . LR
P AL T RGN, LT R o b G IRy 1o
TG INE, b 2F S5 R R, i E 1 58
EHHRTEDE S TR EE N SRS, A
RSSO 98 2B R T B R R S B A TR
PR TH s AW A R, AR IR R R, A
[FIEHEERALEE N LD AL R S & T ND., LD
HIND 1675 2 & 876 0~150 mmol/L Ehifk i R %
Ab PR [i) 79 2B 171 320 757, 300 mmol/L 3R AR
BT RN B EE R SR TR E
WEBEEMRATZ S5, WA, —EWE L
PR AT DI SR 2 AT R WG, ik b L RE
77, BEmEE E X ER A Az M. — B sl B A
e 8 T R 2V L R S RS KA
BA R AR A2 BB AR LT,
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4 &R

EZSUREREE1 S SEPENIE g N SER B2 ]
DL R BRI 4k 3 R B RIAE S R A & ROk &
WD CE VIR RE ST, DTG 1 R 45
AL e RO . I, WA R 22
PR B R T R VA B T —E BB e, FLRARL
A it — P

SE 3Tk

(1] 42246, X1 SCHn, ik 5 2=, 2. NaCl Bk % 22 24 Fl 1 4 40
FAE PR RZIR ). L~ 41,2017,26(8):146- 153.

2] XUSCHi M o, 5 7%, 2. NaCl e X 2832 4 it AR K A
SRS R, PYALREY)741.,2017,379)1797- 1804,

(3] Je DA, ISR A ZF I ER VAN | i vk S5 £R 0 T AR Sl
ZIHTD]. At st E AL B BE,2015.

A1 BEDLE AN 18,55 A2 IR R R
B&[]. VEH 24k, 2016(1):12- 15.

(519 K 2 XU SCH, B A58, ANIRIBEZE S Fh oo £ e % A 2
M 57 B iR ERAE PR ], Bl 2#:412,2017,26(12):77- 88.

[6] KARYOTIS T,ILIADIS CNOULAS C,et al. Preliminary
research on seed production and nutrient content for certain
quinoa varieties in a saline- sodic soil[J]. Journal of Agronomy
and Crop Science,2003,189(6):402- 408.

[7] ABUGOCH L E,ROMERO N,TAPIA C A,et al. Study of some
physicochemical and functional properties of quinoa
(Chenopodium quinoa Willd.) protein isolates[J]. Journal of
Agricultural and Food Chemistry,2008,56(12):4745- 4750.

[8] GOMEZ- PANDO R L, ALVAREZ- CASTRO R,DE LA BARRA
E L A. Short communication:effect of salt stress on Peruvian
germplasm of Chenopodium quinoa Willd.:A promising crop
[J]. Journal of Agronomy and Crop Science,2010,196 (5):
391-396.

(9] ZRAEA. 2 A R i 25 B A I H S [0]. S B RHEL,
2018(21):104- 105,108.

[10] HARIADI Y,MARANDON K, TIAN Y,et al. Ionic and osmotic
relations in quinoa (Chenopodium quinoa Willd.)plants grown
at various salinity levels[J]. Journal of Experimental Botany,
2011,62(1):185-193.

[11] RUIZ- CARRASCO K, ANTOGNONI F,COULIBALY A K,et
al. Variation in salinity tolerance of four lowland genotypes of
quinoa (Chenopodium quinoa Willd.) as assessed by growth,
physiological traits,and sodium transporter gene expression[J].
Plant Physiology and Biochemistry,2011,49(11):1333- 1341.
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Effects of High Altitude Breeding on the Salt Tolerance of Quinoa

WEI Liang-zhen',GUO Xiao-nong'*,CHAI Wei-wei', JIANG Tian-tian', YUAN Shuang'
(1.College of Life Science and Engineering, Northwest National University, Lanzhou 730030, China;
2.Biomedical Research Center, Northwest National University, Lanzhou 730030, China)

Abstract: The objective of this study was to determine the effects of high altitude breeding on the salt tolerance of quinoa seedlings.
The experimental materials consisted of quinoa seeds bred at high altitudeand those not bred at high altitude (serving as the control),
which were treated with different concentrations of NaCl. The effects of NaCl on the growth and development of seedlings and
secondary metabolites were assessed by measuring the plant height, biomass, nitrogen balance index, chlorophyll content, flavonoids
content, and anthocyanins content of quinoa seedlings in the first, second and third weeks after NaCl treatment, based on which the
effect of high altitude breeding on the salt tolerance of quinoa was assessed. Results were as follows. First, with increasing NaCl
concentration, the plant height of quinoa bred at high altitudefirst increased and then decreased in the first and second weeks of salt
treatment while showing a downward trend in the third week, while the plant height of the control rose first and then declined in the
first week of salt treatment, and kept declining in the second and third weeks.With the same treatment time, the increase of NaCl
concentration led to reductions in fresh and dry weights of above-ground parts ofboth quinoa bred at high altitude and the control, and
the fresh and dry weights of their roots first increased and then decreased. Second,under the same NaCl concentration treatment, the
nitrogen balance index dropped as the treatment time increased. Third, at appropriate NaCl concentrations, the contents of chlorophyll,
flavonoids, and anthocyanins increased with time in both quinoa bred at high altitude and the control; meanwhile, and these parameters
were significantly higher in quinoa bred at high altitude than in the control. Based on the comprehensive evaluation of several
parameters, high altitude breeding was found to improve the salt tolerance of quinoa to a certain extent, while the underlying
mechanism needs to be clarified in further studies.

Key Words: Quinoa; Highaltitude breeding; Physiological characteristics; Salt tolerance.
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