55 41 B4 6 ) FE X RS R Vol.41 No.6
2023 4 11 H Agricultural Research in the Arid Areas Nov. 2023

X EHS :1000-7601(2023) 06-0017-10 doi; 10.7606/].issn.1000-7601.2023.06.03

Eh AR B TS B2 2 TR R 4h E AR IR AR
X% it =6 80P T
f\’d%’zﬁﬁ(l’z,ﬂj'mi3’4 x| X iﬁ“,iﬂi\fl“,
MR E AN RER

(LHR O R B AR B, HOR 220 7300705 2.8 f 3L d+ AR BRI R 9 s Hol 22910 730070
3HAE AR B R RS L QA IR, HAR 2200 7300705 4. H7 S 22 TS HOR KER G IT R TRRBTFE oL, HAA 2290 730070)

W OE.UEZNFRAL,EAARTEE, % E 0(CK) 150,300 mmol + L' 3 ANE 4 4 4% ( NaCl : NaHCO, =

CDREXE BN ERE THREA TR THEERE AR W _B4E MALBERE LK
Ziiii%a%,@%t AT 10 B EEZ (QL~QLO) M 4y A K A AP MW T, £ RX W M AR hERE o
Bl etk R EAD EHE,Q1 #7150 mmol - L7 1300 mmol + L4 # 4 CK #5 3 cm ﬁﬁfﬁzﬁ‘ﬁﬁ
CK A ¥ & 8y TF#% 7 300 mmol - L™' £ 150 mmol + L' H A 0.19 g; *F At 4 EF M Q6 1 CK 8y 2.7 mg + ¢
A 150 mmol « L' B EAE 4mg -+ g7, 300 mmol - L' B THEE2mg - ¢ ;Q1 BT iA MMl CK #30.8 mg + ¢\ 7
150 mmol + L™ B # % 37.59 mg - g™, Z 300 mmol - ‘Bﬁh—&@ 84 mg-g",01 EJ’JT/M*IFEE/\ H CK #9 30.87
mg - gilﬂ'i 150 mmol - L' #4 37.59 mg * gil,ﬁmgﬁ 300 mmol « L™ B 3k @Jﬂikﬁ 89.84 mg - g o RE MY
NEEBRN S EALALBMNETHELES T CK, £+ Q7 k1 CK éﬁ 95.12 ug - g ' # & £ 300 mmol - L™ Aty 216.17
pg g S HBIKE N 150 mmol - LW AEXZGUH _BAESMABEERLEE, L F QI WAB AN BT M
BMCKH4T6 U - g ' B ESMU- g ' ETEZ491U-g' AW EEEH CKH0.13U-g'#HE3.66U -
g, 300 mmol - L' TEZE056U g AEANAEmEEH CKH 2130 ¢ ' #ABHE336U g, % 300 mmol -
L' THEE25U ¢ BERERENE kI EHEE BRNEY EEAF 0 10 G kA0, i 2w b & #®
H# y HZLM-15-1 3ok % HIL-33-1, 3t 3 s 8UK 89 ARy HIL34-1 F2 LZLM -4,

KB AL A the Mt A R A T B A M

FESEE.S519 XEFRERE:A

Response of seedling growth and physiological characteristics of quinoa
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Abstract; Taking quinoa as the research object, potted seedling rearing method was used, and 3 mixed salt
and alkali (NaCl : NaHCO,=1 : 1) concentrations were set at 0 (CK), 150 and 300 mmol - L™". The effects of
saline-alkali stress on the growth and physiological characteristics of quinoa germplasm seedlings were studied by

measuring fresh weight, dry weight, leaf chlorophyll, soluble sugar, proline, malondialdehyde content and antioxi-
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dant enzyme activity. The results showed that the plant height and root length of Q1 increased by 3 cm from 150
mmol - L' to 300 mmol + L™", while the fresh weight decreased by 0.19 g from 300 mmol - L™ to 150 mmol « L'
compared with the control. The content of Q6 in leaf chlorophyll increased from 2.7 mg - g~' at 150 mmol + L™" to 4
mg + ¢~ and decreased to 2 mg + ¢”' at 300 mmol + L. The soluble sugar of Q1 increased from 30.8 mg + g™' to
37.59 mg - g~ at 150 mmol - L' for CK and 89.84 mg - g”' at 300 mmol - L™". The soluble protein content of Q1
increased from 30.87 mg - g™ for CK to 37.59 mg - g”' for 150 mmol + L' and reached a maximum of 89.84 mg -
¢~ when the concentration was 300 mmol - L™". The content of proline in leaves of quinoa seedlings was significant-
ly higher than that of the control under all salt and alkali treatments, and Q7 increased from 95.12 pg - g”' for CK
to 216.17 wg + g for 300 mmol - L™". There was no significant difference in malondialdehyde content between qui-
noa seedlings and the control when the salt and alkali concentration was 150 mmol - L™'. The superoxide dismutase
activity of Q1 increased from 4.76 U « ¢”'in CK to 5.94 U + g”' and then decreased to 4.91 U - g”', and the perox-
idase activity increased from 0.13 U - g™ in CK to 3.66 U - g”'. Catalase activity increased from 2.13 U - g”' to
3.36 U - g”" at 300 mmol + L' and then decreased to 2.5 U + g”" at 300 mmol + L™'. With the increase of concen-
tration, the overall concentration showed a trend of first increasing and then decreasing. Based on the

comprehensive evaluation, HZLM—-15-1 was the most salt-alkali resistant material, followed by HJL-33-1, and

HJL34-1 and LZLM -4 were the most salt-alkali sensitive materials.

Keywords: quinoa, saline-alkali stress, physiological characteristic, saline-alkali tolerance
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Table 1  Effects of mixed saline-alkali stress on growth of quinoa seedlings

MR AbFE Treatment MR/ (em - BR7Y) MWK/ (em - #£71) L/ (g - BT TR/ (g K7
Germplasm /(mmol « L") Plant height Root length Fresh mass Dry mass
0 12.87+0.95¢dC 0.60+0.36bcdB 0.27+0.05bcdeB 0.03+0.00dB
Q1 150 15.93+1.69¢B 1.57+£0.47abB 0.56+0.09¢B 0.07+0.02aA
300 18.57£0.80cA 2.57+0.61bcdA 0.37+£0.09dA 0.05+0.02¢AB
0 13.60+1.08cdB 0.40£0.10cdB 0.24+0.04bcdeB 0.04+0.01bcdB
Q2 150 16.13+0.85cA 1.60+0.44abA 0.44+0.06cdeA 0.05+0.01aB
300 18.00£1.11cdA 1.80£0.26dA 0.48+0.10dA 0.07£0.01eA
0 17.27+2.40abB 0.73+£0.25bcB 0.37+0.15bcB 0.05+0.02abcB
Q3 150 21.23+1.86aAB 1.93+0.40aA 0.91+0.26bB 0.11+0.03aB
300 24.67+2.1bA 2.40+0.26cdA 2.39£0.52cA 0.29+0.07dA
0 11.17+0.47dB 0.27+0.06dB 0.12+0.01eB 0.02+0.00dB
Q4 150 12.40+1.25dAB 0.93+0.15¢dB 0.25+0.05¢B 0.14+0.18aB
300 15.10£2.42eA 2.27+0.80cdA 2.66+0.56cA 0.51£0.08cA
0 15.30£0.92bcB 0.70£0.30bcdC 0.25+0.02bcdeA 0.04£0.02cdA
Q5 150 18.73+£1.01bA 1.47£0.23abcB 0.38+0.06cdeA 0.04+0.01aA
300 20.47£0.91cA 3.53+£0.51aA 0.58+0.28dA 0.08+0.05eA
0 14.57+0.86¢cA 0.50+0.10cdB 0.32+0.09bcdB 0.04+0.00cdB
Q6 150 16.83+1.76bcAB 1.00+0.30cdB 0.49+0.12¢dB 0.06+0.01aB
300 18.03£1.80cdA 2.20+0.44cdA 2.27£0.79cA 0.33+£0.07dA
0 19.37+1.62aC 1.00+0.10abB 0.44+0.05bB 0.06+0.01abB
Q7 150 23.37+1.07aB 1.77+0.12abA 1.21£0.05aB 0.12+0.01aB
300 28.73+0.80aA 2.13+£0.42cdA 6.36+£0.95bA 0.80+0.08bA
0 18.33+1.17aC 1.30+0.44aB 0.81+0.28aB 0.07+0.02aB
Q8 150 21.70+1.47aB 1.60+0.26abA 0.76+0.17bB 0.08+0.02aB
300 25.37+1.20bA 2.77£0.25abcA 7.38+0.89aA 1.26+0.04aA
0 15.07+1.46bcB 0.77£0.12bcC 0.23+0.05cdeB 0.03+0.00cdB
Q9 150 17.20+1.22bcAB 1.33+£0.06bcB 0.30+0.07deB 0.04+0.01aB
300 20.07+1.80cA 3.37+0.40abA 0.88+0.31dA 0.12£0.03eA
0 12.67+1.97cdA 0.50+0.00cdB 0.15£0.03deA 0.03+0.00cdA
Q10 150 12.77+0.85dA 0.57+£0.21dB 0.23+£0.07eA 0.03+0.01aA
300 15.47+1.12deA 1.67+0.42dA 0.24+0.07dA 0.04+0.02¢A

T < [RFASR) /NG 5 BE AR [5] it i b B 2 57 .35 (P<0.05) 5 K5 REIR AN [a) it A e AR [) Ak J A 22 57 12 3 (P<0.01)
Note : Different lowercase letters indicate significant differences between treatments of the same variety ( P<0.05) ; uppercase letters indicate signifi-

cant differences between different varieties under the same treatment (P<0.01).
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Note : Different lowercase letters indicate a significant difference at the 0.05 level, and uppercase letters indi-
cate a significant difference at the 0.01 level. The same below.
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Fig.1 Effects of saline-alkali stress on chlorophyll content in leaves of quinoa germplasm seedlings
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Fig.2 Effects of saline-alkali stress on soluble sugar, soluble protein and

proline contents in leaves of quinoa germplasm seedlings
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pmol « g™+ min'; Q5 Ay Oy 7Lk MU F AR, LK
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Q10 1y OF = AE 3 8 W 2 & T LAl il e, 3k 3
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s min
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JEYRZRYIE AN, POD (SOD [ CAT F1 APX {if MR 52 )
IR R Ry, anEl 4A FR 78 CK Ab 2R
T,0Q1 By SOD 1 ¥ i 2 i T H At i A kL, 35 2]
4.746 U + g Q3 WEMERAK, (U 2.547 U - ¢ 7E
150 mmol - L™ AFE TR, Q10 1% 1 B35 & T Hifth it
MR, K] 10.169 U - 71502 WM B FHE T 3.323
U- g, 7£300 mmol - L' F,Q10 itk B & T H
TR A R, 155 7.297 U - g7 Q4 W MERAR, (L K
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WK 4B 7R, 78 CK 4B R, Q6 11 POD i 14
S TS R 155 3.6 U - o715 Q1 TE T
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Q10 & P i & w5 T Al gt B k3 11.3 U -
g™ Q2 TEMERAR, LN 0.96 U - g7, 300 mmol - L7
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g Q2 IR, I 0433 U - g7,

Wi 4C FfR 76 CK ZbFE R | Q4 () CAT 5%
Fmn T HABAEA R IEF) 3.1 U - g7 505 F1 Q6 1
PEFAR IR 0.767 U - ¢! 150 mmol - L' 2L,
Q3 E MR E & T HAB MM R, 55 7.8 U - ¢!
Q5 TEPERAR UM 2.567 U - g7, 300 mmol - L' 4b
PR, Q10 M 2 25 T H At b B 35 31 4.967
U- g Q6 WGHEERAR (U 12U - g,

WK 4D fi7R, 78 CK ZbBE R, Q8 B9 APX {1
W T HABA R, 53] 2.667 U - g7 Q3 i M
%,k 1.333 U - g, 150mmol - LB T, Q7 1%
PR 2 T AR R, 3551 10,533 U - ¢7'5 Q4
TEPERRAR A M 3.033 U - ¢7' 300 mmol - L™ b
T,0Q10 &2 = T H Al b B, G5 F) 4.733 U -
g QA WEHERAR, U 03 U - g7t
2.6 BEFFRMERBFITEMN
2.6.1 ARXMESH  TEERBUMNE T 14 DHEFRZ 1]
FIARIC R BN 2 Fiis , nT LA R K Sk 2
B IR ARG 5 B T 5 R o S A B IR AR OG, SR
0 IEARDG; T 0 S bk ARG i o o S
BEIEAG AR RS SRESREDEIEM
K MDA B b ff i 5 0 S IR M OG, S AR R
R EFIEAHC, SR S R 2R D EEAM
K0y RN GEREEREREEML, 5
MDA 5 A 3% EAH G ; SOD 65 A R % =
S E TR G POD TR M 50k & L T & T
M2R 2 S MDA & R 0 IE A G, SIRK 2
WEEIEA I CAT WS M R & B R B EMH
X, 5 MDA &t SOD i M 5 4 i 3 1E A3 ¢ ; APX
5 SOD i S A% 2 IE ARG,

2.6.2 FE&F oA N FHFE R ECE XA 5
() 10 323 F S b4 LA it SR P HEA T PR, Hh 2 3
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Fig.4 Effects of saline-alkali stress on SOD, POD, CAT and APX activities in leaves of quinoa germplasm seedlings

R2 AANNEEREXRBEER

Table 2 Correlation matrix of each index under saline-alkali stress

XZ X3 X4 XS X6 X7 XS X‘) X]() XI] X]Z X13 XM

X, 0.850" " 0.763** 0.774**  0.297 0.186 -0.094  0.076 0.505 0.361 0.274  0.813"*  0.399 0.401

X, 0.592*  0.668** -0.004  0.173 0.030 -0.178  0.104 -0.016  0.555* 0.558* 0.037  0.425
X5 0.908"* 0243 0451 -0450 0312 0.634° 0.189 -0.033 0.795"* 0.388 -0.116
X, 0.234 0504 -0.310 0.285  0.487  0.047 -0.021 0.715** 0278 -0.158
X 0277  -0.201  0.518* 0.757** 0.638* -0.157 0.653** 0.515* 0.246
Xs 0.164 0339  0.281 -0.297  0.015 0.461 -0.307 -0.325
X; -0.206 -0.360 -0.260  0.459 -0.128 -0.455  0.313
Xy 0.714** 0.480 -0.521* 0.422 0.437  -0.480
Xy 0.738**-0.324  0.826"* 0.749** 0.010
X0 -0.313  0.512 0.863** 0.297
X 0.103 -0.417  0.666* "
X 0.517* 0.274
X3 0.153

TE R X MR, X AR, X B, X, T, X AR 3 i, X O TR PR S e, X O TP i, X IR 5 2, X
IR X R BB A R X R A BB T X, st B P, X 5 i UL SRS M, X PO i R i Ak
BEGHE. TR, * = FIR7E P<0.01 K ERBEMIE, » FIRAE P<0.05 KF L RFEHZ,

Note: X, is plant height, X, is root length, X; is fresh weight, X, is dry weight, X5 is chlorophyll content, X, is soluble sugar content, X, is soluble
protein content, Xg is proline content, X4 is malondialdehyde content, X, is superoxide anion production rate, X, is superoxide dismutase activity, X,,
is peroxidase activity, X5 is catalase activity, X, is ascorbate peroxidase activity. The same below. * * indicates significant differences at P< 0.01 level ,

# Indicates significant differences at P<0.05 level.
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Table 3 The membership function value and average value of each quinoa germplasm

R &353R 8 PR BE Membership function value of each index T HEA

Variety X, X, X5 X, X5 Xg Xy X Xy X, X3 Xy Average Rank
Q1 0.565 0.464 0.429 0.417 0.529 0.481 0.461 0.658 0.666 0.556 0.468 0.500 0.516 8
Q2 0.505 0.425 0.448 0.513 0.495 0.493 0.536 0.352 0.490 0.407 0.469 0.333 0.456 1
Q3 0.552 0.469 0.486 0.568 0.748 0.585 0.427 0.540 0.545 0.481 0.622 0.456 0.540 9
Q4 0.490 0.530 0.477 0.441 0.422 0.519 0.503 0.545 0.573 0.519 0.456 0.389 0.489 6
Q5 0.444 0.533 0.482 0.460 0.431 0.582 0.540  0.481 0.557 0.500  0.557 0.457 0.502 7
Q6 0.430 0.542  0.449 0.414 1.177 0.460  0.409  0.657 0.495 0.556  0.600  0.519  0.559 10
Q7 0.581 0.417 0.556 0.434 0.412 0.518 0.505 0.528 0.711 0.389 0.393 0.370 0.485 4
Q8 0.461 0.436 0.537 0.621 0.403 0.525 0.578 0.489 0.472 0.528 0.379 0.426 0.488 5
Q9 0.451 0.375 0.458 0.461 0.400 0.533 0.486 0.511 0.455 0.537 0.483 0.528 0.473 2
Q10 0.581 0.333 0.582 0.523 0.404  0.537 0.464  0.477 0.506 0.495 0.454  0.416  0.481 3

3 W B 3.2 B TR 4h B A TR X X R A B i R

3.1 BEEMRHEHEKMASER R HEEE

i

L AR 2R 5 B W e D R A 2068 3R L
TREEAEY) H SRR A B EEEM, LU A 54
KAGBLOLE T RE ) (R K RE 1 R FR ek . BF
FER I, ) TE 18 52 0 Tl A= 3 I, A RS2 B AP A
WEERAR Ak, 23 57 BV BR i %8 75 K oy i g i >
AT AR ) ) AR 2R (B S T Gk B AR B
T TR R R BOET Y AR SR
150 mmol - L™ R 68l 361 b BE T 22 22 & 1 b v FAR
P8R T IR B MR R AR e i o ek 8 1 T
T S PR A S B BT i S T o = () ) 22 S Bl A VR
JE AN AE /N, 305 e A RME 7 45 i
WFSEL R AR R 10 B AR v B 1 R 800k 1 1 AR
MAKBHE—ERIESEER], 5 HIE B — & iy AL
KA TER T 38 X5 fAE Wy A By i 405 5, i s v 2 R
AL T REE YR R LB E AR AR, I HIE
a0 T 2 A B R RN, e AR R
S50 HEE A B R B A K i E SRR

S R AR AT G RE IS | B A FNA% 128 45 K
iR T B REE MR, RN —E EHE N 5
AR EA L NImeis & 58 kB
A R 1 A AR, BTSRRI S
AR, YOG RE I TR, AWTFEERY], 1R 150
mmol - L' AbFER B 4 e i@ B B B9 24 8
A SR S AT A AL PR B T R KOF
{HJ27E 300 mmol - LAk, PRI Eh o i o B ipad i 5 -
A PRI A 22 55 | 150 Y A R w0k 3 AN T 14 o s
DU, BT RS E RSN | AT 52 e 1 1E 119
W2 K5 5 A0k, 1 T AR I R R B AR

ATV PR o] VAR R R R S e i W A T
PRI 5 ) o, (A A A T8 1 S 0
BN A RREAR > v il 2 1 5 o P R 2 5
TP, LA AR AR 22 405 5 IS AR B i AT
R R Y RS N EE M %
Y w AR KB e E B E Y
JRR B R RN, AR ST 2 B B R B 1
Fhon, TIPS AT M B 1 I AR 1 = AR A R
W BT, Forp i R & B AE 150 mmol - L7 300
mmol - L"E@ﬁiﬁ%&ﬁiﬂﬁiﬂ,%%#ﬁi%
EJIEEN Y SEN N W B TR U DINE =27 73 X 7/ I DRTOE IS
A TR B A KPR
3.3 BEETh 4D B E I S A G B X 6 A 8

i iz

FEIEH DU T ROS FEALY) H ) 5 i SR 3R
AR 2 B ER B a0 5, R PR T S b Ak
il 5 ROS R Ge bl T, 7= A R 8 S B
T, IFEEAS g H, 0, 8 AR DY R R A A
7 W BB SR N R 22— ]
DA e RS R o A b B 2 A A ) 1l A7 4 R
EEERR Y AR MDA S &kEE
ERBRMR B G b Tl AR 2 R 2 B Y SR vk
BT 150 mmol « L7, MDA Y5 ftLlei =2 39,
H¥E XA, X E s e et R —3,
FOAFEER RPN E MRS T, B v R oI A7 2 1 1
WRREB AT

SOD JE&:iH B A AR N 05 A 2R, POD 1l 3
BRERLAR Bl i 3% Hh = A2 A9 H,0,, CAT E B/ AE
A R A Z R AR R W0 A5 R T
W H,0,7 B, APX 5 H,0, i# HA K
BISEFN ST AR N POD 155 2 G0 iy — 34y, o
YA C IRy EE R AR,
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FEIR AR T, POD ,SOD il CAT 1] i FRIEY
A P 3 3 ) 9 M S B S T 4 A A A X T A
PRIPERSE, Mhn % FRET, SOD . POD il CAT
TG PERRAR, e 2 AR A K Z B, ARBIFST A 3R
B SOD (4395 P4 #8 7 biti 25 6 B Joip 36 Ve 94 384 Jon ot
RIETH G BB x5 EK R EDY T SoD
PR E AP SEARL, POD (CAT K APX T PEHRAE
150 mmol « L' ZbFH T AHES T X AR 4H i 35 14 n , Bifi J
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