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Growth and Saline-tolerance of Quinoa Seeds and Seedlings under Salt Stress
DENG Huanying', QIAN Feng', ZHOU Wanmin', CHEN Yuhan', YAN Tongli',
ZHAO Yanhaoz, JIANG Yurong1 *, LU Guoquanl
(1. Modern Agricultural College, Zhejiang A & F University, Hangzhou, Zhejiang 311300, China; 2. Tonglu County
Agricultural Technology Promotion Center, Hangzhou, Zhejiang 311500, China)

Abstract: [Objective]l Germination, growth, and physiology of quinoa seeds and seedlings under salt stress were analyzed.
[ Method] Temuco Quinoa seeds and potted seedlings were treated with NaCl solutions of different concentrations (i.e., 0,
200, and 450 mmol'Lfl). Physiological indexes on seed germination and seedling growth, agronomic traits of mature plants,
contents of nutrients in the seeds or seedlings, and spatial-temporal expression of SOD, POD, and BADH in the seedlings, were
monitored to determine the effects of the imposed salt stress. [Result] (1) Quinoa seed germination and seedling growth

were significantly inhibited by the high NaCl concentration at 450 mmol-L . The N-uptake was ill-affected, the Na /K ratio
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significantly increased, the activities of superoxide dismutase (SOD) and peroxidase (POD) significantly decreased, while
malondialdehyde (MDA) content significantly higher than that of control. However, under 200 mmol NaCl‘Lfl, the quinoa
plants grew and developed well. Aside from a declined germination index, the seed vigor index and fresh seedling weight were
significantly increased, the content of all nutrients slightly raised, and the SOD and POD activities significantly elevated
without a significant difference in MDA over control. (2) Under the salt stress of 200 mmol-L™" and 450 mmol-Lfl, the soluble
sugar content increased by 68.06% and 41.67%, and the proline by 237.38% and 189.97%, respectively. As the salt
concentration increased, they share a similar trend of firstly increasing then a decline. (3) In response to salt stress, BADH and
SOD were more highly expressed in the root tissues than in the stems and leaves, while POD was highest in the leaves and
lowest in the roots. [ Conclusion] High salt concentration at 450 mmol-L™" ill-affected the nutrient content in Temuco
quinoa seeds, inhibited the germination, and hindered the seedling development. The temporal expression of BADH was more

rapid and sensitive to salt stress than those of POD and SOD at either 200 mmol-L™ or 450 mmol-L™". Consequently, it could

9 38 4

be served as an indicator in screening salt-tolerant quinoa germplasms.

Key words: Quinoa; physiology; resilience genes; salt tolerance mechanism
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Table | Amplification primers of 3 quinoa genes

ElE/EZS EmEIY) S8 514 i

Name Forward primer Reverse primer Use

BADH-1 CTGAAGAAATCATCGGTGATATTC TCAAGGAGACTTGTACCATC BADH cDNA J7 Bty 1
BADH-2 GCATTTGAAGAAAGGGTA CACTACGCTTGACTCCTCCC BADHZHEH & #:PCR
POD-1 GGATGTGATGCATCAGTACTAGTAG GACAACAGCATCTCTAGCAGC POD cDNA J Bt 4
POD-2 GATTCAACTCCAGGAAACACA CAGCATCTCTAGCAGCATAGG PODH:H € #PCR
SOD-1 AACCACTCAATTTTCTGGAAGA AGTATGCATGCTCCCAAACATC SOD cDNA J Bty 14
SOD-2 TGATTTGGAGTGGTTTCAAC CAATTAGTCAAGGAGGTGGT SODHEH 7 FEPCR

AR 2355 UL GAPDH FE[H Jy N 2 HEA T #E L IR (1)
PRUEAL, T 27 SR TR R R

A Ct=Ct (¥HEH ) —~Ct ( GADPH )

AA Cr=A Cr CIREAH ) —A Cr (XTHRAH)
14 BIELLIE

FTAT BRI 3 A E A WM, SPSS (19.0)
HAF AT RN R O 22 (ANOVA) it ordr, 250
FEE X P<0.05, Excel (2019 ) %l 448 1
o COHY R LR T 9 fi ] NCBI 7E 26 %K 14
BLASTN % (http:/ncbi.nlm.nih.gov) F # , ¥ 4
o X fd %% MEGA 5.0, 51 % % 3 8 4

Primer 5.0,

2 ZRE55H

2.1 A[E] NaCl iR & 3 B2 & #F#5 & W22 M

M 2 20 A1, 7F 200 mmol-L ™' NaCl ¥ Ji &b B
T, M RIS, AR ZER | R ZEH MRS
W R %2%ES, 7F 450 mmol-L ' NaCl ¥k E T, k%
RN ZEHAH E X B4 31 53R % 50.50% F1 73.86%,
BT AR LR B 2 R B 40.31%, R AR B E VR
B L TH R TR 36 A8 SO S F I /E 200 mmol L
NaCl ¥R, B B 7R 47.87% F190.91%:;
7F 450 mmol-L ' NaCl ¥R R, i J1 45 5Ok L Xt IR R
K 80.18%, fif = U AN XS MR 22 ] 22 RN B 3 X8
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#Fz2 AR NaClikE3ZEEZMTF Temuco # % KIS

Table 2 Quinoa seed germination affected by NaCl stress

NaClik RAFH R REFRH EUPAETE 4 M fif
NaCl concentration/( mmol-Lil) Germination rate/%  Germination potential/%  Germination index  Vitality Index ~ Plant height/cm  Fresh weight/g
0 85.40 a 78.72 a 16.53 a 3.28b 387a 0.22b
200 80.34 a 72.52a 11.93b 485a 421 a 042a
450 42.27b 20.58 b 3.82¢ 0.65¢ 2.31b 0.19b

RISV EA 5 ARG FREORF —IRAREAR FRE F 2R B3 (P<0.05), FF.

Data with different lowercase letters on same column indicate significant differences on same indicator at different concentrations (P<<0.05). Same for below.

S5 R R W] vy £h vk B 2 R BE A 00 K 2 L R A O

J1, ARERIREA TP e B B3 TR A

2.2 AR NaClKE S REBEKR R Z RN
BB A AR AR ZIEAR, A B T

BREREVE . POSPERIFE Ve, 23 71, 450 mmol L

NaClWJE T, #Rim . I BURI J7 A5 K 5

FRHIHE, PR E FRHET 16.09%., 15.88% F112.35%,
Ul I R W TR AR AR K R E 2 B I
. 1fii 200 mmol-L ™' NaCl ¥ Ji £h 4b 1 F #k 5 . 0t i
TARNS B A | L 1 DG G e D0 B LG B R A
EHER,

<3 Temuco FKEAEAREIREILME T REMR

Table 3 Agronomic characteristics of Temuco quinoa under salt stress at mature stage

NaCIKEE M AR I A 7K TR
NaCl concentration/(mmol'Lfl) Plant height/cm leaf area/cm’ Relative water content of leaves/% thousand kernel weight/g
0 1572 a 9523a 91.5a 411a
200 155.6a 9478 a 87.7a 4.02a
450 13190 801.1b 80.2b 4.08a

23 AEINaCLIREMETHFTREEETK

H1 %2 4 7] 1, 7€ 450 mmol'L ' NaCl¥k R, #
FMTF N JCE & 550 A 2 R 16.21%,
N JC F & Fh - 045 A A HLY ) B B4 B 53, 1%

g5 IR R it 2 W s A N A AL R A
iz L, AN TR W B IO B AR AL
7F 200 mmol-L ™' NaCl ¥ ¥~ , &P ICE & it 5%
AH L T i 2 25 5

%4 Temuco MTFETLERSTEE

Table 4 Contents of elements in Temuco seeds

Ndjcmm§$2ﬁ:immmqu) N% % $/% Femgg!)  Culmgg')  Calmgg')  Mglmge’)
0 327a 4482 a 0.20 a 0.058 a 0.005 a 8.592a 1.784 a
200 341 a 45.03 a 023 a 0.060 a 0.006 a 8.439a 1.692 a
450 2.74b 4491 a 0.21 a 0.057 a 0.006 a 8.682a 1.729 a
1o AR B S NaCLYE B, 24 47 Na'/K i 541
B 4% 22 WG e B 4R n F Na /K HE 2 15 % AT sl f
FOUEAT S A, AE RSB B M AL B T Na' /K 4l
o 3 Fh . Na' /K HC 3T AR ke 735 11 11 Z31
BB AS b 2285 A 1 30 £ e 16 3 R -
2 TR T F . TAEE W 360 6 3 2 o T 19 ] o= 0 ey
I G T Na' UK IR BT, e ’ . o

W R Na /K R B % F T, X Ui 450 mmol L™
1 M B NaCl Al 30 fd Na B85 1 Ki E A ZE 2 R 140 i,
B2 Fp 7 X TR B NaCl ANEUR

Treatment concentration/(mmol-L™")

E1 Temuco FFEHMBET Na' /K 2k

Fig. 1 Changes of Na'/K' in Temuco seeds under salt stress
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431 R 68.06% F1 41.67%, il & B2 & 2 A4 384 i 4351
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MDA £ H 0] DL S i 41 it 5 i 5 3 4204k A FH 7K
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Table 5 Physiochemical indexes of seedling leaves treated with NaCl solutions of varied concentrations

NaClik & SODiF PODiE EIRTEES g iEAYivaen s MDA
NaCl concentration/ SOD Activity/ POD Activity/ Soluble suger content/ Proline content/ MDA content/
(mmol-L™) (U-g "'min) (U-g "'min’) (mg-g ) (nge) (umol-g )
0 115.16 b 7532b 720 ¢ 25.12b 3420
200 138.75a 96.37 a 12.10a 84.75a 3.54b
450 92.08 ¢ 53.28¢ 10.20b 72.84a 557a

2.5 BADH. SOD #1 POD EEZEAFRIEIKRE THR
BTER

FE A TR) B 3 v BE RS ] (0 4l 8L 07, BEAZE 1Y
BADH. SOD Fl POD 3 A~ %& A A7 76 A [R) 1) # 15 T8 =X
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WG L TG R %
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B, SOD TE % ¥k FE T BB A4S AL A K5 7E 450
mmol-L ' EhREESIE T, BADH Fik B TEA IS 2 ~
12 h W E R, {HAE 24 h BB &8 R % SOD Al
POD TE W FE T o F ARk . X Ui I = 3L R X
b 3 A B A S I B AR AR 25

3 kb

BRI Y, B 2500 2140 Fh R
IR, ANRWRZ AR EREE h A 25, AL MEe
i 7 e A MK IRV BE (24 500 mmol- L™ Nacl) ",

= X4 Control group ® 200 mmol-L™' 0450 mmol-L™!

A 3.5 a .
LRy
SEZ 2.5
X8 b
B e
5 1.5 c .
Wy Lo d d 4
205 r'|
° % . o
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v 2F c
= % c
o 1t d d ﬂ
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Gene expression
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c c c
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E2 NaCIRHIBE4ER. £, It H BAHDA). POD(B).
SOD(C) 1 FRiEKF
Fig. 2 Relative expressions of BADH (A), POD (B), and SOD
(C) in roots, stems, and leaves of seedlings under NaCl
treatments
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Fig.3 Expressions of BADH, SOD, and POD in seedlings at
different times after 200 mmol-L™" (A) and 450 mmol-L™'
(B) NaCl treatments
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