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Abstract: Reclaimed water can irrigate farmland, but anions in water can cause salt stress to the plants. In order to
study the effects of salt stress on seed germination characteristics, radicle and germ growth of Chenopodium quinoa, this
experiment was designed to measure germination rate, germination vigor, radical and germ elongation inhibition rate in

six types of quinoa cultivars (Red quinoa, China-red quinoa, Tai-red quinoa, Tai purple-red quinoa, Yellow quinoa,
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and Tai yellow-red quinoa) under three types of salt treatments ( NaCl, Na,SO,, NaHCO, and control ). The salt

tolerance of different quinoa varieties was comprehensively evaluated by using the mean square error decision method,

and the varieties with strong salt tolerance under different salt stresses were preliminarily selected. The results were as

follows: (1) Na,SO, had the most obvious inhibition effect on germination index of seeds, and the germination rates of

six quinoa varieties were relatively low, which kept below 5%, and growth rates in which values were all 0 in four of the

cultivars except for Yellow and Tai yellow-red quinoa. The inhibition rates of Na,SO, on radicle and germ of the other

five quinoa varieties were 100% except for Yellow quinoa, the growth rates of China-red quinoa and Tai yellow-red

quinoa under NaCl treatment were higher than that of the control, at 9 h and 21 h, the radicle inhibition rates were —

28.32% and —37.57%. (2) The results of the mean aquare error decision method showed that China-red quinoa had

higher resistance to NaCl and NaHCO,, and Yellow quinoa had higher resistance to Na, SO,. All the above results

indicate that salt stress is not conducive to the seed germination and growth of quinoa, but planting suitable varieties in

different salt areas can improve the survival rate and growth quality of quinoa, so as to reach the requirements of

landscaping using reclaimed water as irrigation.

Key words: Chenopodium quinoa (quinoa) , salt stress, seeds germination, germination index, growth rate
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Fig. 1 Effects of different salt types on the germination rates of Chenopodium quinoa seeds (x+s-)
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Fig. 2 Effects of different salt types on the germination indexes of Chenopodium quinoa seeds (xs.)
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Fig. 3 Effects of different salt types on the vigor indexes of Chenopodium quinoa seeds (x#s.)
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Fig. 4 Effects of different salt types on the radicle growth rates of Chenopodium quinoa seeds (xs.)



6 11 SRIBAE . R0 5 2 A b B A WS WA AT 5T 1035
150 A 150 B 150t c
- 120 o 120 _ 120}
] @ o /\3 S~
#5<oo| PHAEEEHEHH 520 W #5< oof HEEEREREH
£F & £F 5 =i
80 = 80 = —a— NaCl en & |
23 E 30 = NaCl %Tg 30 TANGHCOs g Z 30} T
i =TS0, g g BSE o NuCO
~ 0 —A— NaHCO; & 0 2= of 3
-30 -30 30F
36 9 121518212427303336 369 121518212427303336 36 9 121518212427303336
B} ] Time (h) 5} 1] Time (h) B} ] Time (h)
150 D 150 E 150 F
- 120 - 120 120
o = o — =
X y xX S =
83 E?l HEEEE e w f:j;!ﬁ FEEL  ccw
RS Rl =Ec
& g 30 —8—NaCl -m-i; = 30 —8— NaCl ﬁi’ = 30 —a— NaCl
= 8= ——N1,S0, S = —o— NS0, =382 —— Na,S0,
TBE o —A— NaHCO; BE o0 —A— NaHCO; <5 E o —A— NaHCOs
~ ~ &
230 -30 -30
36 9 121518212427303336 36 9 121518212427303336 36 9 121518212427303336

160

120

80

40

2R A

Germ elongation inhibition rate (%)

160 1

MR AR

Germ elongation inhibition rate (%)

120 ¢

80

I} ] Time (h)

Kl 5

A

—A— NaHCO,

Isf 1E] Time ()

—A— NaHCO;

369 121
Fit 1] Time (h)

K 6

AN %

Germ elongation inhibition rate (%)

12 15 18 21 24 27 30 33 36

2R 2

Germ elongation inhibition rate (%)

18 21 24 27 30 33 36

A TR T WS 2 S Tl JUR AR A4 410 1) 4% )

Fig. 5 Effects of different salt types on the inhibition rates of radical elongation in Chenopodium quinoa seeds (x=s.)
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Table 1 D,(W) values and scores of quinoa under NaCl treatment

i JEMRAE K HRA 2R LT
A K2R KRR [EAE = A KIS EEHES Zatesr HEF
e Germination  Germination Vigor Radicle Radical Germ Comprehensive ~ Ranking of
Variety . . . . .
rate index index growth elongation elongation score comprehensive
rate inhibition rate inhibition rate evaluation
EHAK F 0.02 0.04 0 0.05 0 0.05 0.16 6
Tai-red quinoa
Ak &3 0.18 0.18 0.05 0.03 0.02 0 0.46 2
Red quinoa
BRI 0.05 0.07 0.02 0.05 0 0.06 0.25 4
Tai puple-red quinoa
EHE S 0.13 0.11 0.14 0.16 0.17 0.16 0.87 1
China-red quinoa
EE e L 0 0 0 0.11 0.02 0.05 0.18 5
Tai yellow-red quinoa
i 25 0.16 0.18 0.03 0 0 0.01 0.38 3
Yellow quinoa
%2 Na,SO, QB TFEEETEMNERD (W) EREHER
Table 2 D,(W) values and scores of quinoa under Na,SO, treatment
i JEMRAE K HRA 2R e il
A KR SRR [EAE = puiES EEES EETES a1y HEF
m Germination  Germination Vigor Radicle Radical Germ Comprehensive  Ranking of
Variety . . . . .
rate index index growth elongation elongation score comprehensive
rate inhibition rate inhibition rate evaluation
EHE £ 0 0 0 0 0 0 0 6
Tai-red quinoa
AR F S 0.13 0.08 0 0 0 0 0.21 3
Red quinoa
BRaiEk 0.06 0.05 0 0 0 0 0.11 5
Tai puple-red quinoa
EEE S 0.09 0.06 0 0 0 0 0.15 4
China-red quinoa
EE e 0.01 0.02 0.12 0.16 0.17 0.19 0.67 2
Tai yellow-red quinoa
AL 0.16 0.14 0.18 0.04 0.07 0.16 0.75 1
Yellowquinoa
£3 NaHCO, A FREE TSR D,(W) HRBHER
Table 3 D,(W) values and scores of quinoa under NaHCO, treatment
\ BREK ORIE Rk A
oA R SRR AR £ A EEHES EETES Zatesr HEF
T Germination ~ Germination Vigor Radicle Radical Germ Comprehensive ~ Ranking of
Varieties . R . . .
rate index index growth elongation elongation score comprehensive
rate hibition rate  inhibition rate evaluation
EEE & 0.15 0.14 0 0.01 0.01 0 0.31 6
Tai-red quinoa
LIREA 0.09 0.11 0.06 0.04 0.02 0 0.32 5
Red quinoa
EEIAE & 0.16 0.12 0.02 0 0 0.05 0.35 4
Tai puple-red quinoa
[l 2128 4 0 0 0.18 0.16 0.16 0.17 0.67 1
China-red quinoa
REOARE 0.12 0.06 0.15 0.10 0.08 0 0.51 2
Tai yellow-red quinoa
EE S 0.08 0.16 0.14 0.06 0.04 0 0.48 3

Yellow quinoa
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38 w7 3 BOM 7 T IR R, AT
REFRT W, WF5E & B, 6 Mo XF HE 22 ( % 350
45,2012) (HMTRN T (CREIESE,2020) 1 kK HAAH
RLAFE I 5 30 0 Rl 7 W K B AS (A L AR
B 03555 K 7 A R 2 3 T N 2 0
R AR K (28 03 45, 20195 FRRE T 46, 2019)
BRI AE (2019 ) BFFTIR 5 Eh B H3E X 22 22 - 1
(S, % B £ NaCl 5 Na, SO, % 22 4 ) i 1
AR, A0, 72 A WF 58 1, Na, SO, H1 5 14 5
NaHCO, X AR | JUE 25 19 400 ] 7 0K, B B A8 A2
B, Na,SO R AT 5 AL il Bl i 410 ) 5 2 345 2]
100% . NaCl %22 2 AR 1P 25 410 ] 72 5 /) | JF:
AR IR AR IR ZF R AR G, X RN AE (2021)
F AL (2020) 15 1 A9 4598 — B, B A
(2019) | TLT3% A T #(2020) HFZEH & 3 NaCl 41
AR A4 NaCl JPr38 X5 AS [ A8 49 ol =5~ 108 41 1
ROR A AR (], 3X S PRI A A [a] A8 4 6 A [m] 3 B i
ZRe 18 A AR A 6] Ff - A AR I AR AR —
ZH(FHERE,2016) TR GFIR 0L, 65
S ERSEN Y SEROR R/ LR R 1B N =) S R
BB BN SR T HE WA Y A e
Joih 30 7 L A R R TR Y pH B, X AN E H
AT A2l b - & A2 B e A, DA T 1 e 3 %
Y0 FE (k5 ,2019) . X 5ENRZHE
Wit ER 8 BB 5T 45 S AR IS 55 (2005) X
¥ ( Leymus chinensis ) F1[1] H %% ( Helianthus annuus)
EATER ol 360 R0 6 e A B RS B Pl 3 X A 9 1 6
DIz R 5 TWh 38 5 AR B v M 0 A Bz AR A T
FIE AR T80 e D) 40 i A e AR o 1 e (2%
A, 2015) 5 £ B8 Bh 38 X ZE 5 ( Phaseolus
vulgaris) F F 85 A 1A 6] FE A9 52 m (8 TR 48 45
2018) . FHAEKAEM I E & A —E /i E 1,
SRR A — s AR R, PR AR K
FEE N LT Eh AW O . ASHESE R B, £ Wi )
BEM R KA K BAMHAER,3 Fhdh g
Y3 NaCl X 22 22 189 52 0l fie /N I % A 53] i Aol 2 1)
PRI, B 3 00 56 4 i 2L 22 (AR K BRI A
TERRAEZE 22 (0% 3, DX FH PR AR 7K ¢ 5 1 AT 4 JBE I 7
TR & LBk b a st B 1, LU A W) 7Y O
WK,

A T 1 R vy 22 o DR 3R R AR 1T A
— NN A ER A AR BN [R] (4 Tt R 46 B mT
REAS HH AR B 45 2R (2224 ,2019) |, 3 I3 7 22 X0

SIEBR AT 255 PR, 33 I T 3 SR T8 R
PEIT N AR 2% T T e A A (HI% 5 vk
B 2E AR R ) e, 07 R
FH T WA K R B 29 B2 B PE M (AR XS5, 2019
RIGEE,2020) , WA SCEAE I 5 0 A [ 15 & 4
Jiti () B A T VPN 38 3 % A O 1y 8 R A T TR AL
IR LIALTE (# = Je 5, 2015) , A SCil it 2
T3 ZE TRV X - W] 45 T0UAE bR AT % W 1Y 255
PEHT, KB NaCl i ik BIR il b AR AR A R DA i 4100 o o
TAA  IEIZAC BT G 4L 2L A A p IR AR A )
it iy, AL REAZ W G DL b oA K R AR R
X RAR R ZF 4 i HOR e A . Na, SO % Fh 5
TSR B B i, L F2 5 3% e A R K
AL AR ] AN 2 IR 32 6 FhEE A vh Bt
R RINEASF RT3 W0 B R IR T
HoAl i, NaHCO X R ZE DI F& 52 ma 5ok, Horp [
AR YIS RIS T TONE W o A
B AEE R4 A A R By s T At i R TR
R VRZEA ] AR T Ho At f A, BRI AT AR
FI RSz B A A5 5, IR 7 AR A I Y AR B
I (AR, 2012) o SKRAMIEEAE (2015) W5 $h B0
Xt A EL ( Peunella vulgaris ) Fi—F 85 & 1520, & 31
YRR ER 3 o8 SRR, AR R B, X IE
W RS AR L R Ve, DT T B 2
FHEAAEYAR Y, i — 2 AR B 2L,
LR B AR TIET, BRI AR 3 Pk
H B ATHY R AAE K, JF BAE AR IR B ™ 1Y
Na, SO, P58 N A ECH R 410 & 7 25 0], B & 320
BTG A BRI B R3S N ), B R A 4
IR HE

4 ik

3 PO TR ERlp bt Ab BT, AN [ 2E 22 a B b 1 1)
R SRR A 36 T8 B AR K 5 X B L 22
SR EE ., 6 MEE S NaCl 4B 255 HET
KELSL > > 554> H &4 > 540, %Na,S0,
PR HE R M > B WA S S>EHA>H %4054
21,2 NaHCO AL H A HE P A E 20> 5 AL > B> 6
BRLASAS>EL, A =FhEhaxt 6 A2 3 & fp
441 i A5 B2 HE Y o Na, SO, >NaHCO,>NaCl,

SESARSCR I 45 F 6 A Rl 4 3
354 A2 K AE NaCl, NaHCO, /™ T 1 h 5% 1k 14 H1
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