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APREAN D TY, DURAS . S AEISET
PLES T, ENIRE B IR4niZ B s, SRR
TRAFIIR K BE A, AT 4 Al i 1, DAIE T
Fpatsle AN SE A SR, AR T A 1
SRR, HEARL AR A B (MDA)
CAR S EE ARG (Pro) AIal 1 2
H (SP) SEHEZETm. £, AUTERH
PEG-6000 FA0 T 5 AF, Xf 2 Dot R AR
(R gl A RARGLEEAT LLR BT, IFIE T
YRR . ERR S R DL R PUR A B S OB
PEERAERS, B RS A L AR T R B a i N AE
PR, MR A T R AR BRI
i, HES)TFH DR AT RRER R

1 #R5RE

1.1 RIas

PEP R b R AR S B2 1 5 (LLD)
FUEHE & LQI18, 5 e Hl & Lol F} 2% b 4 e
ft. RAREBEBR (PEG-6000) fflT-5, 13
RE L, HEH/N—IREREA.
1.2 RIEFE
1.2.1 #FHAKE  EFERD B KPR H
T HE R HEEM T, KA 10% NaClO ¥ iH 5
15 min, FCEKMYE 3~5 WK, WTFh 7 EH K,
BT HAEN 11 em. 3G X2 AR — R PER; 77
MH, RRIL 100 Fi. EEFRMA 2 HIAA 10 mL 7
5%l 20%H] PEG-6000 ¥A, F-400 4% B Fl & R T 5
friE, X (CKD) AR LH K. A4 E
55Kk, BRIRIE T 25 cCROGIBE IR T, |l
3d BEERR, ZEtREEM 16 /8 h, FLEEFE 7 d,
5 H B 4 PEG-6000 ¥4 ¥ DA 4E ¢ T B 5 1 e
Mo B 4 h DR FFFIIEE, ERRARMT
AFREF
122 #dAKiKE  EFERD B FPRE H
T HERREZF T, KA 10% NaClO ¥ i =
15 min, JoHE/KMYE 3~5 K. EZIRL 25 °CIHHE
I EE IR 6 ho Z JG ¥ Tl 3 S FE Rl T-151 9.5 cm
M — R BRI R, R E TORIRIE TR, Ok
HE/MEME: 16 h/8h, IREEWEN25°C, F2dEE1
W K. NRIESE E®EAK, AKX
Hoagland & F# - 73 I AE VY if— O F0 S i — O ik
ITE 1RGS2 IRIE Y, RAM R 4 bk Frghik

2 )\ — OB AT R0, ERBIERE K. &
FE B a A E T R, AR E 0%
(CK) + 5%F1 20% PEG-6000 [f] Hoagland 7 7%
150 mL. BANGERE S 5 0K, Bl 2 d JE BRI E
1.3 MEERSHE
13,1 AR KFER (%) = (BT
A EED <100 KFEH (%) = (5 3 RKH
FhFEUBERF TR BD <1005 KEZERE=Y G/t
i, GoNRERFEG ¢ X N R R E
132 #@BRZEZHHK HERMNEKS: KA
Delta-T SCAN R R 141 (Delta-T Devices, J&[E )
MERE; RA Image) A ST CKEFE 5
M AR BRI N AR b
MG (%) =Hb T &5 5/ E T 5 <100,
133 %¥ A B4R KA NBT &AL E
SOD & 4; KA EAIARE LI E POD i&%; K
MR E L ZRIE E MDA & & KHE S
SLHE G-250 YLty kUSI s SP & & KA el =l i
RN E Pro 5 .
1.4 HIELEBSSH

# F§ Microsoft Excel 2016 # 17 %4E gt i+ A1 1F
K, f#H SPSS 20.0 #47T BE T (P<0.05)
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T LL1 A1 LQI8 Mk FH 5 CK MLt o i & %
R, BAEEETREMA TN, LLI HRFREEKT
CK, LQI8 5 CK LREXER. 5 CK ML, =HFE
TE2WE T LL1 MR FHMRFRBEHEET
B, EANETSHE T LQI8 HIA A #AAK 2F 54
HCK L EREZR (K 1b~) . 5L, 5
CK I, LL1 B 3 MEARAEE T 2 e T8
R, T LQIS LR FEAR, Uil LQIS HiF
PE5RT LL1.

22 TEBhEMEZSEES . HERAMRKH
A
HETREMET, 20 (R ket

M EHERC (KD . 5 CKHE, BEFETE

JIpE T LQ18 MMk FEME KT LL1. LL1 A1 LQ18
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B CK O 5%PEG-6000 @ 20% PEG-6000 =1 FEPpE 2 M (R) #E
@ 100p b b ab _a WS, HERFRKHEN
90 b Table 1 Effects of drought stress on plant height, leaf
~ 80F area, and root length of two quinoa variety (line)
S
o 0r mAl (R fb Phis I R
5 g 60f Variety T t' ’ ¢ Plant height Leafarea  Root length
& S0t (line) T (em) (em?) (cm)
$%.§ 401 LL1 CK 13.22+1.02a 22.92+6.04ab 18.64+0.79¢
k: 30F 5% PEG-6000 13.40+0.69a 17.26+4.99cd 21.70+1.81b
?g : 20% PEG-6000 11.57+0.78b 14.92+3.43d 26.20+1.36a
0 LQ18 CK 9.4140.84c 25.13+1.02a 16.49+0.40c
(b) 100 5% PEG-6000 9.27+0.98c 19.69+3.34bc 18.77+0.47c
90~ 20% PEG-6000 8.04+0.49d 17.75+2.86¢cd 22.31+1.86b
< 80r RIS RUNS FRHOR(E P<005 KFESFRE, TH.
g 70t Different lowercase letters in the same column indicate significant
R E) 60 difference at P < 0.05 level, the same below.
;Ei’ ,8:‘ 50 . . N
"2 g0t MK 5T e R e, MERT CK, BE
£ 30 FIEL T 5Bl F LL1 RIS BN T 16.42%
g 20 s
© ot A140.56%, LQI8 73BN 1 13.83%41 35.29%,
0 LLI (308K LQI18.
() 100r . o e
| 23 FEMEMEESEENROLM
. 807 FETRBIET, 2R (R) 1L
S 70t [ o
L TEIBWD, U F T EI LIS (R
g g y
fh; 2 50t 2) . 5 CK ML, EREMELZTFHET, LLI
=}
- f b3 S 4 B> T 30.43% A1 39.13%,
]

20
10F
0

LLI LQI8
ANRVNGFRIFRIRTE P<0.05 KFEREE, TFH.
Different lowercase letters indicate significant difference at P < 0.05
level, the same below.

B FEmEs 2 e (R) FE
RFE. KFBMEFRENEN
Fig.1 Effects of drought stress on germination
rate, germination potential and germination
index of two quinoa variety (line)

FR) PH TR E 8 B8 T 2 JB 3 R 20 ) R % T 24.69% A1
21.65%; (EEEZETFEME 55 FET 34.90%F
29.37%, LL1 FFEIERT LQIS. 2 MFh (R)

LQI8 NI T 6.25%A1 12.50%. LLI1 ffJ#s T &1
LR RN T R R AN T 37.50%F
62.50%, LQI18 473N T 6.25%F1 31.25%. [l
U, LLT Ff b 38 2 e R s B AR S0 2 18
MEFEB KT LQ18. 2 M AN (R) MET&E
TAEH S5 BT ER GRS %, 5 CK M
B, LL1 FER ORI E B 1 5 e T T 2 43 ] B AIS
T 28.00%411 36.00%, LQI18 M7 HIFEAK T 5.56%
F1111%. T FErasgm r 2ZEiat, 2 4
it (R WEEETEhE NEARRKE, 5
CK #HEE, LL1 ¥hniE A (164.70%) KT LQ18
(49.69%)

x2 FTEWEX 2 @M (R) BEYEEVENZE

Table 2  Effects of drought stress on the biomass of two quinoa variety (line) seedlings

Bl (RO sl B ok s R MFE et bt
Variety (line) Treatment Aboveground dry weight (g)  Underground dry weight (g)  Total dry weight (g) Root-shoot ratio (%)
LLI CK 0.23+£0.02a 0.016+0.001bc 0.25+0.02a 7.11£0.01d

5% PEG-6000 0.16+0.01ab 0.022+0.004a 0.18+0.00bc 14.50+0.03b
20% PEG-6000 0.14+0.02¢ 0.026+0.003a 0.16+0.02bc 18.82+0.03a
LQ18 CK 0.16+0.00b 0.016+0.002¢ 0.18+0.00b 9.72+0.02cd
5% PEG-6000 0.15+0.01ab 0.017+0.002bc 0.1740.01bc 11.33+0.01bc
20% PEG-6000 0.14+0.01ab 0.021+0.003ab 0.16+0.01¢c 14.55+0.01b
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24 FEMBEXIEZLE SP 1 Pro & ERIFN

2ANEE R (R) ISP & EEIAFMAR
thiEa# (K 2a) . 5 CK AL, LL1 1) SP & &
T RGN BB BRAR I s, HAEREME
& S a4 5> T 19.86% A1 31.99% ;1M
LQI8 [ SP S BAERET RMia T REFEM I T
20.02%, fEEETREPE FLEERL. LL1 M
LQI18 1) Pro & &I BE T R FE LG w3 o, 7E 5
FET e PR BRKE (B 2b) o ERETR
B, LL1 1 LQ18 Y Pro & &5 CK Z R4
B, (AAEHERETEPE T, LL1 A1 LQ18 R &1
b, HLL1 83%/MF LQ18.
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Fig.2 Effects of drought stress on the contents of SP
and Pro of two quinoa variety (line) seedlings

25 FEMEBEZLE SOD. POD FEMER

MDA & £/

2 ANEEFE R (R) B SOD 1 2 % Tt e %
s (B 3a) « HZRRETEPEn, 5 CcK
AHEE, LL1 A1 LQ18 ) SOD y& Ml B & Tt T
31.53%AM1 11.77%; fEHEETFME N, LL1 B3
T T 22.65%, LQI18 MK T 6.79%. LQ18 [
SOD WM S T EERE T LLL. LL1 M
LQI18 [ POD &1 R UA A ks (] 3b)
R EMEETRME T, LL1 (%) POD 3§ 4 & 3%
EJt, 5 CKAHEL, HIG0E 73508 170.06% F
215.01%. LQI8 ff] POD &M /E 42 B T 5 il R

RELY,, HEEETEMETEEARAST
172.68%, HE#Em T LLl. TEPHA T 2 MEE
mAl (R [ MDA &&EH2nEHE (K 3e) .
5 CK /HEE, LL1 fE# R E Z 1 2 e~ MDA
SENATHE T 45.95%F1 89.34%, LQ18 M 43jl
T T 38.37%A1 75.86%, LQI18 fE & ALEE T 15 &
Z/NF LL1.

B CK O 5%PEG-6000 B 20% PEG-6000
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SOD activity (U/g)
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POD 7% 4
POD activity (U/g)
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3 FEMER 2 M@ (R) #ZEHH
SOD. POD &K MDA &£/
Fig.3 Effects of drought stress on the SOD, POD activities
and MDA content of two quinoa variety (line) seedlings
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AILQI18 MR RAE T Fpa R 2 IER ALK, H
HLL1 ARG S IR 5 25 K T LQ18. X1 3 Hiy 55125
WKL, LL1 £+ 5 ia SRR RN,
AT LQI8 MR I IR 235 /N T LL1, K
LQI18 7E+ 5541~ B 4 i Mt . + 5 iig
SR REPRAR & ) LR A e, DAIRENE £ 7K
g5, WREHAKREFK.
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38 TR BEUR 43 T SR () R . AE AR 52 B 5T
715 SN Ny 0 A W w1 B S 1551 3 LI
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DU P 2 AR A2 A7 BRI R 20T LL F LQ18 ¥3%
Ly 5B E R b . MR BT S A
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P FE AR AR R B AR 7K 2 IR AN &2 77 T
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oo i i om AR R A KPR m K IR EE . AL 2
N, LQI8 A ja bb 7 25 R Sl - A B
HEREMBETS CK LEEER. #ERHER
IR, PR IR AL MM (R) HAR
e LU 386 e A X A5/, IR —2PAESE T LQI8 KA H
SRMPTREE. BRI R R IR R DY K
K, RErE— i R 2 e, P
Hh b5 R A K
32 TEWENZEZYEEEEFENEI

MDA RN F g B A =2 —, H
FAAE VA A 40 %68 A 558 W 38 5 7 1) B FR AR 12T, 2
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W) BB —TERT LR BY, ERETSMHE T, LLL
FAILQIS f) SOD JE M B EHe Tt HEEE TR
e, ZEEESA N, X552
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N TR RS R E TR L B ZE R, R
WEARMEY PR AL T O E R B KR, R
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= X
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Physiological Response of Quinoa Seedlings
with Drought Resistance to Drought Stress
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Abstract To investigate the response of drought-resistant quinoa seedlings to drought stress, the strongly
drought-resistant quinoa variety Longli No.1 (LL1) and the new breeding line LQ18 were selected as
experimental materials. PEG-6000 solution was used to simulate drought environment. Three treatments were set:
normal irrigation (CK), mild drought stress (5% PEG-6000), and severe drought stress (20% PEG-6000). We
investigated quinoa seed germination rate, germination potential, germination index; seedling plant height, leaf
area, root length, aboveground and underground dry weights; soluble protein and proline contents; superoxide
dismutase (SOD) and peroxidase (POD) activities; and malondialdehyde (MDA) content. The results showed that
severe drought stress reduced plant height, leaf area, and aboveground dry weight in both varieties (lines), but
increased root length, underground dry weight, and root-shoot ratio. Specifically, the reductions in leaf area and
aboveground dry weight, as well as the increases in root length, underground dry weight, and root-shoot ratio
were all smaller in LQ18 than in LL1. Under drought stress, the soluble protein content of LL1 gradually
decreased, while that of LQ18 first increased and then decreased to a level with no significant difference from
CK. Under severe drought stress, the proline content of both varieties (lines) significantly increased, and the
proline content of LQ18 was significantly higher than that of LL1. Drought stress influenced the activities of
SOD and POD and increased MDA content in both varieties (lines). Under severe stress, the SOD activity of
LQ18 decreased slightly, whereas its POD activity increased significantly; furthermore, its MDA content
remained significantly lower than that of LL1.

Key words Quinoa; Drought stress; Seed germination; Seedling growth; Physiological characteristics
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