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Response of seedling growth and physiological characteris- tics of Chenopodium
quinoa Willd. under NaCl stress

QUAN Youjuan'-?, YUAN Feimin®, LI Xiang'-?, LIU Demei', CHEN Zhiguo' ™

(1. Northwest Plateau Institute of Biology, Chinese Academy of Science/Key Laboratory of Adaptation and Evolution, Chinese Academy of
Science/Key Laboratory of Crop Molecular Breeding in Qinghai Province, 810008, Xining, China; 2. University of Chinese Academy of Science,
100049, Beijing, China; 3. NorthWest Agriculture and Forestry University, 712100, Yangling, Shaanxi, China)

Abstract In order to explore the mechanism of salt tolerance in seedlings of quinoa varieties in two different regions, the
seeds of two quinoa varieties “LD-13” (low salt area) from Ledu District, Haidong City, Qinghai Province and “WL-192”
(high salt area) from Wulan County, Haixi Prefecture, Qinghai Province were treated with different concentrations of NaCl
solution, studying the changes of seed germination indexes (germination rate, germination energy, germination index), growth
indexes (fresh weight, root length, stem length) and physiological indexes (MDA content, SOD, POD, CAT activity). The
results showed that under the stress of low salt concentration (NaCl concentration less than 250 mmol L), the seed
germination, seedling growth and physiological activity of the two 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 quinoa varieties, WL-192 varieties adapted to saline-alkali soil were more salt-tolerant than LD-13
varieties 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 variety itself, 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 varieties are more suitable for popularization and cultivation in Qinghai.
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AERAAE AR A8 I 5 A A AE ) I AR KRB A A O T SO S A RGN R, THE T2 35
daEEE BN, XPRCEAE A R E R, TR 2050 4E ERGROR 5 BT A AT AL 50% DLk
(Flowers et al., 2010 & Banerjee et al., 2017) . #hiiaJLTResZmt A LA M7= & (Flowers
et al,, 2015) , [k, EHEEHLEIHR—FEAENIRAENREEY, £ LR TR E It ol T 17
REIE R AO A= (Koyro et al., 2003) , BIFTEM“EhA LB EW”, CRERETTFLL R A, Wb %
PR R P B B BRI, § KA BT 5. TR LR K mAR, ] e 4 i 3 5
RN FE A 7] %% (Eisaetal., 2012 & Geissler etal., 2009) .

# 47 (Chenopodium quinoa Willd.) & iR 22 Wk} 22 @ ) b s B g R B 2B, E2RT
RN KL, & ME T, MRS R 4000 KDL B Er ik s s X # AT DLAE K, AR B AR
(& =% (Abogoch et al., 2009 & Alvarez-Jubete et al., 2009 ) , & H A XU EE 4t F K< &5
Y. BTHRRERIG A SE RS, MRE AR AR aRe 1y, IR S MPTRARE (Adolf et
al., 2013) , W KZHEFEH I NLTA SRAEEY b B8 0 —F A BREY, W Y it 7 Ey
i 5 L AR S AEY (Ruiz etal., 2015) .

HHEE N AT 270.14 % 10* hm? it , Ehosib i A HEE & ERT 2, E LAY -FER £
F (T4, 2001 MIEFASE, 1997) , ARSCEIIHFFT NaCl i A [F] Hh X 5 3 1) 22 22 5l )
TR B B AR bR R S 1R, PRI B3 v I AL, A i X B R IR E
A PR 1R S

1R S 7

1.1 B #

BERFEFE RO IR#R-13 5 (fATFR LD-13) M1 £-192 5 (A FR WL-192) , LD-13 §Fl d A i @t
HIEE, %H H ST AR T RS IX A R 2 B v A v R AR A A BT i AR AR S RO AR IR o, 1%k
LT8R, #1967 m, B THEE R REZX, £ FHSE 6 CULE, FR/KE 350
mm, 4 HHIE % 2600-2800 h, TIEHHE S SR, WL-192 SFH S22 =R ARSIV RE A
IRAFSI RS, RESEEFEREEEING 2B BWE, TR ERGHAERN, NEIHEX,
#2950 m, PRI 3.5 C, FPHBEKERA 178.6 mm, £FEHME 5% N 65%-70%, &7
HRMHESEELX 2 —, HESHEERA.

BEFR T 20 51 T 2018 45 8 H A1 10 H ZE RS, REE KR T B AT, WER ZMHERIFH 22
PSP WA EE R LR 1.

1 PURFE BA IR Z R

Table 1 Agronomic characters of test quinoa varieties

fF 4 Variety name LD-13 WL-192
45287 Ecological type % Vally type (A7 Vally type

Fh Bt Testa color ZHW Ginger yellow A Rose red
Fifg (Kx%E) Grain diameter (mm) 1.4x1.5 1.7x1.8
47 5 Thousand seed weight (g) 3.01 3.47

1.2 RBEiZIT
BREMZEZM FILER 1.5 mm i, Pk, M. KA —800M 7, B 70% 88 TH
o HZEBKIEDE 3 Wk, HEH AW /K54 H . Bl 200, 250, 300. 350 A1 400 mmol L ] 5
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G NaCl a7k, FZ8 MK IR (CKD , BEAMEEBEVE I I 12 mL, BINEEA P2 4R K 2
(12 cmx12 cm>6 cm) H, RIFEEHEER 30 AiA IR E T A LM FRERAT, SHRENA
K (16 h) 25 °C, %HE (8 h) 20 'C, W@EFEHILE 50-60% 7], BRI IEIE, B KERERSE &N
ANZEK, UAREE NaCl iRFEAME, WA 3 RER. BRATMTRFELR, UKEBRKKT 2 mm H
e, ELG TR, WHEMTRER, KFERA. KEHER, 58 RMEMRK., XK. #FH, FHOmiK
B, WA A AR AR .
1.3 IBRENEF &
1.3.1 FhFEE R IBFRAIMIZE

(1) RZFEZFE (Gr) % = nINXI00% (n N 7 KiFEF 78, N MM T8 (IR,
1991) ;

(2) RZFEH (GV) %= 5 3 KIM 7 KBV M 7 £<100% G €%, 2018) ;

(3) RHEHH (G % =Y (G/Dy) (GeNH t RIARE, DN R KED
1.3.2 EKERPNE

AR EEBEHLIEE 10 #REEF 4N, H 20 cm BER. #ks KRR T2 —HHEF R
MEEARK., 2K (5RFQCMEEMI ) AEEE, TCFHHE.
1.3.3 4B EEIERNNE

K A m A P R B E B AR A B BN E TS R (MDA) A&, A 1L
fg (SOD) . HHAMEAE (CAT) HMEAME A AYEE (POD) &M 4 MEHTEAR, BMEIRESR
3.
1.4 HESH

FHl Excel 2016. SPSS 22.0 # M kI BIm 1T 401t 508, B3P P <0.005. fif #1485 1F
DEIIIHSHAMmESE (2019 .

2 ERES

2.1 NaCl B 3¢ b 7 55 & 45 1 B9 821

SEECFW, LD-13 Fh 7 RS WFEAREE NaCl R THE i 25T G B (F 2) .
5 CK M t, NaCl Wil ik EE7E 200 ~ 250 mmol LI X5F R 2R . K F 3 e kK T E# B A B2 E
A 1024 NaCl s ik B KT 250 mmol L2 Ik 2% 8 & 48 br 45 B A S8 25 10 30k 4 T

WL-192 Fh ¥ B & ZF 2B NaCl WREEMF it 256 EAHE FRE&ES, (HRZFHRMKZFTREFE NaCl
WP R T B R B, 24 NaCl a K B AE 200 ~ 300 mmol L YiF, X & F R e #EE R &, Bk
F| 100%, EFEET CK: 24 NaCl Bk F KT 300 mmol L5 & 2F Rk B B4k, BEFET CK.
REFSRRFIRBAE 200 ~ 250 mmol L2 NaCl il ik 2 8] FREEAAHE, Al CK Mt EZRAR
F. 12 NaCl sk g KT 250 mmol L1EF, KZFHMKFIREMN T FEHAPE, M CK M ZER

B3,
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2 NaClffhiexd 323 SR Fh 75 RARAR I (X 25D )

Table 2 Efects of NaCl stress on quinoa varieties seed germination indexes( X +SD)

¥l Material

NaCl ¥ LD-13 WL-192
Nacl concentration R R RAFTRE R R REFFRE
mmol L™ GR (%) GV (%) Gl GR (%) GV (%) Gl
0 (CK) 90.00+0.58b 81.10+£0.98a 44.30+1.29a 94.434+0.33b 86.67+0a 52.03+1.46a
200 100.00+0a 73.33+0.58b 34.75+0.42b 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+0.88¢ 11.35+£0.27f 74.43+0.33d 17.76+0.33d 14.72+0.41d

H: GRRHHE; GVRZHH: GLRAEHE. ANR/NSFRMERA NaCLIREEAEEAE 0.05 K F FHRISENE. TR,

Note: GR.germination rate; GV.germination potential; GI.germination index. Different lowercase letters represent the significance of each NaCl
concentration treatment at 0.05 level. The same below.

2.2 NaCl BB 3t 2 3 4h B £ K4 RS2 M

& 3 A%, LD-13 SF et E .. REK. 2 KEEE NaCl RERKTH&E 2508 ETHE TRk
e, 5 CK A, 200 ~ 250 mmol L *NaCl ipia v] & 2 e gk gl wy e g5 . AR K 42538 K ; 78 NaCl g
WE KT 250 mmol L1 B, 3 MEKIBRYHEME, BEMT CK. X NaCl K& KT%F 350
mmol LB ZE B AR KA E 2, 2R A K 2K

WL-192 SRttt s, K. ZKEE NaCl AFRER & L2 E PG I T CK. 3
A K FEFRTE 200 ~ 250 mmol L*NaCl e 5 2 [0 F @A A E, M CK L ERARE; MY
NaCl e ik & KT 250 mmol L1, &fabr FREEHAHE, M CKAMHEZEREE. 400 mmol L!NaCl
BT, WREACH CK 1) 18.5%, XFZERHsi/EH 23, BE S LHZ.

3 NaClpitsxf 285 & Fh 4l it A4 KHS R M (X #5D)

Table 3  Effects of NaCl stress on quinoa varieties seedling growth indexes( iiSD)

K Material

NaCl ¥#fE LD-13 WL-192
Nacl concentration firf 2 IS ESS fif 5 IERS ESS
(mmol-L") FW (mg) RL (cm) SL (cm) FW (mg) RL (cm) SL (cm)
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+0.08¢c 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+0.10c 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+0.00bcd

VE: FWEfE, RLARK: SL.ZEK.
Note: FW.fresh weight; RL.root length; SL.stem length.
2.3 NaCl BB 3¢ %h i £ B 45 1 A0 32 M
2.3.1NaCl BMETHRZEE (MDA ) 22T
MDA 15 1] J WA P 2 23 9 I o ot 2800 2 B, T 2 I WO B i A R B, % b s 0 I 4
RSz M E, PLIS A R T Es (X SCERSE, 2017) .

AN AL T MDA & &EBE NaCl WRER T E 2 Fhéas, HYE T CK (@ 1: A, B) .
LD-13 MAIERTAIKE NaCl i N E MDA SEWEE LA, 45tk CK & 10.3%. 12.5%.
24.7%-. 50.9%F1 60.0%, % &&E (K 1A) . WL-192 §FifE 200 ~ 250 mmol- L NaCl iia F
MDA H & &7t CK FHm T 1.3%. 2.4%, ZRARE; NaCl ik KT 250 mmol L1Hf, MDA 1
HEARI CK FFE T 18.9%. 19.4%7F1 19.9%, ZR&E3E (K 1B) .

7E4E NaCl e, WL-192 4+ MAD B& &k LD-13 &, 42 BAFWE NaCl Bramnt,
LD-13 #hifi+ MDA & & #mT WL-192, FH EFREL WL-192 K, Ui BE & 2k BT+ =,
LD-13 7E & i Tt WL-192 ()20 M52 45 5 P 5,  LD-13 5 WL-192 5 &5 i Bk
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[

= T LI (I A -

MDA comtent Comol-T-1 FM»

CK 200 250 300 350 400
MNaCLkE
Nall concermtration (rmolL-1}
i ANFENGF R %A NaCl ik AR 0.05 /K-F FRIEEME. TR,
Note: different lowercase letters represent the significance of each NaCl concentration treatment at 0.05level. The same below.

1 LD-13 M1 WL-192 # 5% fh F 4 Hi f MDA K& &2 5 8 B h A il B
Fig. 1 The contents of MDA in the seedlings of LD-13 and WL-192 are A and B, respectively.

2.3.2NaCl frE TEEH Y {LEe (SOD ) MWK

PR SOD BEfEE b 5P - PTG CEER, EREHREENE FEmE (00 MR
P A 2B

2 ANEEEE ST SOD B V& EFE NaCl ¥4 B 4w i &2 e s BRI a3 (B 2: A, B) &
LD-13 fh A 7E 200 ~250 mmol L.t NaCl i F, SOD EgiGtE &2 ETF, 205t CK /& 6.4%41 12.6%:;
7E 300 ~ 400 mmol L*NaCl # ¥ 2 [a], SOD BEEMERFMK, 237tk CK fik 0.5%. 12.5%F1 17.5%, JL
H, 350 1400 mmol L *NaCl i F 27 8% (K 2A) . WL-192 7£ 200 ~ 300 mmol L #h i,
SOD vtk CK 435 & 18.8%. 25.3%F1 25.5%, H.A 200 F1 250 mmol L NaCl i F % 5+ B 3%,
350 Ml 400 mmol L *NaCl Jipii F SOD FgiGtE FFE, 1158 CK & 22.0%F1 10.57%, ZREZE (A
2B) .

T CK 8¢ NaCl a2, WL-192 ZELHH 1 SOD B d i ih £tk LD-13 &, LD-13
SOD ff & HETE 250 mmol Lt NaCl ¥ FE AL BRI FF 46 F B, 10 WL-192 7E KT 300 mmol L $hyk B i 4
TFEE T . dskal W, WL-192 41 & SOD B & b LD-13 &, 4H e A 5 32 445

o
o

o

200
250 €
200

150

SOD Wit

80D activity (-g-1 FM

100

a T T T T T d
CK 200 250 300 350 400

MaCLiE B
Nazll concemtration{mmolL-1)

2 LD-13 M WL-192 #2524 15 vt SOD i k23 5 9 Bl o A A1 B
Fig. 2 The activities of SOD enzyme in the seedlings of LD-13 and WL-192 are A and B, respectively.

2.3.3 NaCl g Fid Sk ¥88 ( POD ) Tk

POD Mg @MY N EE R —FPr A EE, & vl s B i 53 W ie T 4 i 7= AR s R, IR R A
M5 # e B, R AE Y P .

2 NEEFZ L R AT H POD Wi vE P BE SRV BE I T R s S BRI &S (B 3: A, B) . LD-
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13 7£ 200 ~ 250 mmol Lt A ~, POD BdE 1 tb CK 43 F & & 24.0%. 24.2%, %7 5E#; 300 ~
400 mmol L1 ~, POD BEiGPELL CK 23 7l BE{RfK 5.9%. 21.6%F1 43.6%, %R &% (K 3A) .
WL-192 7E 200 ~ 300 mmol L*NaCl i, 5 CK #HtL, POD EgiEMED M EET & T 2.7%. 6.0%.
6.8%; 350 ~ 400 mmol L. i ~, POD FgiHtEE % T, 2iltk CK fik 15.5%F1 17.3% (K&
3B) .

2 NEFZ AR, TwkiaE®, LD-13 4hi+ POD BHE MM T WL-192, i Bk 1%
FAKE) LD-13 WM E 1) POD Ml krA HW R M ae /198, R A 2, MAKE
T3 WL-192 BE SRR E T, RN SR E LR, SR M S 6
2.3.4 NaCl e Tid L S8 ( CAT ) ML

CAT i id Ik 375 B R 4 A N 1) 3o S8 A0 S0 e 40 B 52 4 55

LD-13 #hfH CAT BgvEPERE Shik B0t | 258 LA R &% (B 4A) o 78 200 ~ 300
mmol L NaCl Jpiti ', CAT B#h b CK 435 L F+ 7 20.8%. 20.1%F1 18.4%, %73 ; 350 ~ 400
mmol LA T, CAT ik B E MK, 2% CK K 29.0%F1 53.1%. WL-192 %78+ CAT B if b
swEN A EmE LA ES (K 4B) o 5 CK MLk, CAT EiEMED 5 LF T 60.3%. 55.9%-
38.8%. 17.5%. 11.5%, ZEFE#E.

ETCER ARy, LD-13 F i) CAT ih b WL-192 MR £, {HAZ 3| prant, WL-192 #3241
W) CAT 3G MELL LD-13 /&, Ui B WL-192 41 i 75 #h i 75 Bk S AL &R sE Ju b LD-13 9# .

POD N g

POD activity (11 (g . nan-|

=T B o g
T

CK 200 250 300 350 400
Nat: | R

Nall concentration (mmolL-1}

B3 LD-13 1 WL-192 3 & Fi 4l i+ POD g 173 5 9 B+ A A1 B
Fig. 3 The activities of POD enzyme in the seedlings of LD-13 and WL-192 are A and B, respectively.

B

[

f e

L

T
CK 200 250 200 250 400
Nal IR EE

Nl | concentration (mmol-L-1J

CAT BitiE CAT activity

24007 mimd-1 FMD

LT e L - I B -~ R - |
— T T
[-%

K4 LD-13 fl WL-192 fh Ffi&ly i CAT BiE 12> 5 Elh G A1 H
Fig. 4 the activities of CAT enzyme in the seedlings of LD-13 and WL-192 are G and H, respectively.

2.4 AEH X B E M LSS TEN
2 R E AN [F) X 22 22 P NaCl b a i Sz PEAF E R Z 7 (R 4) , il RBUE R T8 %
AR R4 AP PEAF DT W . LD-13 PER TR AR KRS, POD K CAT Egidthsh, HAbfEIRH



BT IR5F  NaCl i x 22 3 4y 25 K A BEURR 19 R i 7

FEMEICT WL-192. KR ERK, 7 0.201, CAT KR EHK/D, 7 0.043. MZEEIEN D EHE
H, WL-192 [t #5445 T LD-13.

R 2RI AN ERVESR G RO

Table 4 Comprehensive evaluation of salt tolerance of two Chenopodium varieties

B m e Subordinative function value
A REFR R ORAHEE HE R EK MDA EH SOD POD CAT D #HFP
Variety name GR GV GI FW RL SL MDA content D value Rank
LD-13 0.421 0.427 0.454 0.538 0.660 0.342 0.201 0.0407 0.0521 0.0347 0.45 2
WL-192 0.421 0.434 0.453 0.845 0.715 0.551 0.199 0.0713 0.0498 0.0304 0.52 1
AUE Weight 0.180 0.195 0.073 0.146 0.201 0.052 0.106 0.061 0.092 0.043

3 it

3.1 NaCl BrBxtZEEZMFHEZMHE LK., EEFEMNZM

2 L 28 A 6t £ ol A U K BT ] (Jacobsen et al., 1999) , IR JEE iy £ A8 BT B b1 i K
RE I TR HET A, 78 2 W 7K 20 A A T8 B K I & W & FhBg A S5 M B, AT 58 4B I 70 22E . 0 AL AN
WA AHI, i BE 8 2 3 Rl T W K TR M, Bl R RT &) v AR KAl A (bl 655, 2014)
AR RFY: LD-13 SFHEARIKEE NaCl Hpia N a2 gk Fh T H5 5 . 4 A DL S s bt 8 A0 B 0
P, EIEE NaCl Wi 7= 28 7 BB A0 /E A s WL-192 dhFh (R IBE AN iR BE NaCl iy 3 1
WA 4l A R T PR A AR R AR SR IE NSRS AR TR A

MY AE B R B 7 P, B3 AT 4T B, SOD. POD. CAT =Fhfi S ML i e (f 3 40 I R 4t
ER, FESR B BT T, BE BB A A B TG 1 A B A 28108 BRI 1 L, T % XoF 44 i JEE 445 ) 1 451
i AR, FEAGKIE NaCl fia ™, 2 ANZEE G =M it S B PRI G 58, T =9k [ NaCl i
IR U B B A E] T PR ARIREE R A AE 2 N2 SRt SOD. CAT K POD B 1% 1)
BAEFBAGAE, A WA WL-192 P ER UK RS LD-13 (BTG ME S5 . 2 /N2 3 il phoxs
NaCl 18 2 30 A [ (1) B R AR A N S SE, AT R A AN [ 7 it oo} & 70 BURSASE B2 AN [ 38 B 1)
32 EEMH S RME FHFEMMBERREFK

M EE M R — AR AR, SRS AR, AN THLHIS 2 AR, 1 iX S ] AR
5w 2 AR KIS EEN . AR &7 VEAE 7R R A5 R FAH OCHK (Flowers and Colmer
et al., 2008) o ZEZAE IR UAERAE Y, LK BT A #h R AR B, e R 1) 2R B AT L R R 25 A0 b
Rt 2 Ry, &N ER R 22 G it L 3h 3 Bk 40 t0, 72 #h e B B BUER I 55 0 34
(Agarie S et al., 2007) . B4 LD-13 fil WL-192 W25 A [A]JE i 24, B NaCl Jirie 23 il ik
AN TF) R O 2, 3 AT BE R A B R AR oG MRS IR SR AN A BE L WAk WRE L U SR A RO R I AR I o
Ko
4 g
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