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Comparative Study on Physiological Characteristics of Natural Quinoa Varieties Against

Salt-Alkali Stress

XU Bin!, NIU Na!, ZHAO Wenyu', MIAO Jian?, ZHAO Gengmao'"

(1 College of Resources and Environmental Sciences, Nanjing Agricultural University, Nanjing 210095, China; 2 Nantong
Suibang Agricultural Science and Technology Development Co., Ltd., Haian, Jiangsu 226633, China)

Abstract: Natural black and yellow quinoa varieties were used as experimental materials to study the effects of different salinity
and alkalinity concentrations on the growth, antioxidant system and osmotic ion adjustment, the aim of which is to compare the
tolerance of natural quinoa varieties to salt-alkali stress. The results showed that Salt-alkali stress promoted the root growth of
two quinoa cultivars, but significantly inhibited the growth of stems and leaves, and the inhibitory effect exhibited higher for the
black quinoa variety than for the yellow one. The CAT activity of the yellow quinoa variety increased damatically under high
Salt-alkali concentration treatment, and its total antioxidant capacities (T-AOC) under different treatments were much higher than
those of the black one, showing stronger scavenging ability of reactive oxygen of yellow quinoa variety. The ion selective
absorption ratio (K*/Na*) were significantly different between before and after salt-alkali treatment. Before salt-alkali treatment,
K*/Na" of the black quinoa was higher than that of the yellow one; while after salt-alkali treatment, the K*/Na* of the difference
between the two quinoa varieties was gradually narrowed. Totally,K*/Na* of the yellow quinoa variety was significantly higher
than that of the black one under the high salt-alkali treatments, indicating the former was more resistant to salt-alkali stress than
the latter. In conclusion, yellow quinoa is more salt-resistant and more suitable for cultivating in coastal salt-alkali soils.

Key words: Quinoa seedlings; Salt-alkali stress; Growth; Antioxidant system; lon absorption
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BRI IS WA e J i B 22 I 2% H b R, Fb
RS ER B 22 A E YR IR A b BAT 2 5

#Z (Chenopodium quinoa) J&=—Fp—4FAE R UL
B 22 B} (Chenopodiaceae) 22 J& XL+ M H AE 432 Fy i
wel, EPEFRE . BEA4EE FERZ R, BAD
A 5000 ~7 000 ZAERYE IR DT s o HORPRLE %
F&, SN ES, SIS R R R RAEIT
mEREET, EERE TEHMRE, #h e
INAFR A M 2 BEB . 222 HATMIE . w5, it
ERmE . VSRR X R RO R A R
k0o, HAR SN R 2N, B
IR T iE oo > & < aZ N i R (7 e AES T Wi
WA, ML WL HON . BRYE . WA A T
TR

IR, IRZFEE AR AE N K
(2130 gL)IIE T AR, X R 2 2 A
RV Ak In] ™ b DR A R A D2 HET,  EAR
i TR AL TR AL B B, BFRE B h Tk
JEiia, TIERBRIR A i a Uy T s B, AR B TR
B VR & ER BB (NaCl A1 NaHCOs)Xf A [A] 22 22 i
R AE B R s, RN Eh i RE ) 22 5%
AR FE PRI T LA R TR VT i RS VA R O 1 b AR
PEHEHBARYE

1 #REREZE

1.1 ke
A DA R AFE A AP (YQOO01-1)Fl B 2 3 iy

F(HQO ) AR B b1k}, FE R Fh T F 1L VE KR
WA SR B AT B A, SR H L
EHRL T RIFRARATE,
1.2 iKEigt

TEHUR A R B (B 57 MR 4% 100 i,
75% KGN 2 ~ 3 min J5 A ARKHTE TS, &
Je FAZEIRK R 2 ~ 330, B THE RSN R TR
M, SFE0H 205 (LU I AN 2 mm S i 2845
WEREFP 2B A R, HAT 10 cm. =5 10 cm RSB
o, B3, B3 PR, IERBEIK, RO
K& 20 om ZEATBI ARSI o TR AT BRE R A — 1
27 MEZ W B4R S L SRR R Tk RE
R, B RN pH 6.0 (Y IRRI B3R, FHARA IR
Ml o B — i JE HEA TSR e Ab 2

R0 P 0 b B . B SR o8 A B ALY 1T
(CRD), AT 3 W, Ab3r=Cns 1. bk
H b B i 0%, LA 50 mmol/L 450% A58 55 NaCl
NaHCO: W JE, MM K, HERLZWRE. R
B2 d ¥R MRS S IS 7 (25+1)C
A (20+1) C, JEHEEMIN 12 h 40P 30 d J5HLA
PRUEATIE 2S48 A A A B AR AL AR il o2
1.3 MEFE
1.3.1 AKiEtr #heliba s 30d f5, BUBE
PR, VRS, FMOK AR T AR A 5 K gy,
B R R AR 2 ot 30 A 3, 2 ) ik g
HRAG | b AN R B L SRS CETF 110 CHt
i oRE 10min, T 75 CHLRHE, FRHTHEH,
MMEPREZIME 3 K.

F1 AEFT
Table 1 Treatment design
FFRm CK S1 S2 Al A2 S1Al S1A2 S2A1 S2A2
EIR(L) 5 5 5 5 5 5 5 5 5
NaCl (mmol/L) 0 50 100 0 0 50 50 100 100
NaHCO; (mmol/L) 0 0 0 50 100 50 100 50 100
1.3.2 AR AIIERR 1o S AL U (CAT) 3 M & 170 FEVER B (Two-way ANOVA), Al 7HE2R7E

SPTE AL RE T (T-AOC) 1 I 5 >R L g & Ak AR R
HA PR ml AR 3R U314 s g -3 B2 AR R
MR HNOs:HCIO4 I, H ICP Ml . BN EhrE &
3.
14 HIELHEBESSH

B 5k H SPSS 25.0 DA K Microsoft Excel
2016 RfFFEATALEE . MR RIGE T orHr, BdEsd e
Brgebnifi 22 4% 20 SR AR (Duncan)#i 52 W 25 1k i

P<0.05 GEit2e5, RAMNER BT XT R A i Fh kAT
TS £8 B T

2 HER55H

2.1 HEEMEXEEAE KM

B SELERTE N F NP R ATIVE 25 ny el N o2
FI Rk A B KRR GER 2). NaCLIa T, 5XF
WAL, MEZEEREERT 13.7%. 12.1%, #HA
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FEEMLT 8.9%. 21.7%; NaHCO; W, (a2
FHIREFEIR T 26.6%.31.5%, B ZE AL T 23.0% .
30.4%; hIIRAMA T, BAEEREEIKT

16.9%.33.1%.23.4% .35.5%, W (A FEFZ AR T 19.6% .
30.4%. 19.6%. 31.0%, 38w (O3 0k 5 32 Eh o
EANHIE /N T B AAZEE R

F2 HEMEMNBEZHEEOFNE

Table 2  Effects of salt-alkali stress on growth of quinoa seedlings

YL BT & (cm) A (cm) fif o (g) TH(g) TIKF(%)
CK 62.00+42b 567+15a 66.07+15.1a 541+03b 91.50+2.1a
H 74.67+1.5a 733+0.6a 53.82+£8.0a 711£0.7a 86.57+2.6a
S1 B 535+2.1b 9.00+4.4a 76.07+14.1a 7.02+3.0a 90.99+22a
E] 68.00+£2.8a 7.67+06a 7528 +43a 813+12a 8921+13a
S2 B 5450+2.1b 733+49a 61.89£10.5b 481+1.2b 92.00+2.5a
I 58.50+3.5a 8.00+1.0a 8479+ 7.4 a 7.70+0.7a 90.89+1.0a
Al 4550+0.7 a 8.67+3.8a 37.57+8.8a 5.88+1.6a 84.40+1.0a
H 5750+ 6.4a 8.00+1.0a 49.11+16.5a 651+14a 8640+ 1.6a
A2 4250+0.7b 7.00+0.0 a 24.13+58a 530+0.1a 77.09+6.0 a
B 52.00+1.4a 933+23a 27.86+15.4a 3.94+0.6b 82.42+9.5a
S1A1 51.50+7.8a 733+45a 3453+103 a 478+1.7a 86.34+1.4a
i 60.00 £ 0.0 a 9.00+1.7a 48.03+8.7a 445+0.7a 90.47+2.4a
S1A2 4150+2.1a 6.67+0.6a 2549+ 12.0a 622+3.8a 76.51+33b
£} 475+49a 9.00+1.7a 32.64+17.6a 558+ 1.6a 79.74 + 8.8 b
S2A1 B 4750+3.5a 6.67+0.6a 33.88+7.5a 425+0.4b 86.80 £ 4.5a
£} 60.00+4.2a 7.00+2.6a 50.60 £ 14.7 a 597+03a 87.68+2.7a
S2A2 B 40.00+3.5b 7.67+0.6a 11.56+3.5a 3.15+15a 73.05+7.6a
B 51.50+3.5a 833+29a 1571+2.1a 432+04a 7240+09a

T R 3 AR P IE E AR ZE, RSB /NG T REAR [ 7 [ — AL PR 2R A G i ) 25 22 5% (P<0.0 5).

NaCl BT, SAEFEE KSR IRTC 2k
ZE5(P >0.0 5); BB SR BEE ER kY T
FH T . NaHCO; B T, MAEEEZE & /K R e
FrE A AR R, 3 lRER 7.76% . 15.75%; B
B E K RN IR TG B P25 5 (P >0.05) ., 1R& R4
E R, ORI SRR T RAHE AR ML T
XTHE, MAAFEELE S1IA2. S2A2 AMFE R 4FHIREAR T
16.38% . 20.16%, B AL /35T 7.89% .
14.06% , 2 BH LB 30 % 2 (A3 27 Bk Sy e/ N
AZES, NaHCOs A /E KT NaCl,

ERBRALHE T, PHAEZE AR 5 L 2 3 T X R
(P<0.05)(&l 1), ZEAME AR, Ehislhin T,
B M AR 2 B R R B B R T RS, B
ORI PP RO B R B DR R AR L L o
2.2 HEHENFEZRENRERNZIG
2.2.1 AL EEF(CAT)IEME AL AR
ST REAZ 4 CAT TEME AN & 2 Fros . X R Ab 7
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Fig.1 Effects of salt-alkali stress on root ratios of quinoa seedlings
(P<0.0 5). NaCl il T, PZEZZ P CAT 15 34 F
W ET e, HE@ERE CAT WEHEE .
NaHCO; Bt~ , BEFAL CAT iHMEREmEE Tt
TIRREA, T8 (LA AR . 7 100 mmol/L NaHCOs
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24.74% (P<0.05). EBIREWHAT, REEE CAT
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Fig.2 Effects of salt-alkali stress on CAT activities of quinoa seedlings
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Fig.3 Effects of salt-alkali stress on T-AOC activities of quinoa seedlings
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Fig. 4 Effects of salt-alkali stress on ion content distribution in quinoa seedlings
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Fig. 5 Effects of salt-alkali stress on K*/Na" in quinoa seedlings
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Fig. 6 Sensitivities of two quinoa varieties to saline-alkali stress
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