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Abstract: Quinoa is a dryland crop that is rich in nutrients and prefers coolness. The emergence rate is one of the main factors affect-
ing yield of crops. Temperature and water availability are necessary conditions that affect seed germination and growth of crops.
Therefore, it is important to study quinoa’s emergence, field growth, and development under temperature and drought stress to
achieve high-yield and high-efficiency quinoa cultivation. This study used the typical quinoa variety ‘Jili 3’ in the Bashang area of
Hebei Province as the experimental material. 1) Seed germination test: three drought stress treatments (osmotic potential of PEG-6000
solution was 0, —0.3, and —0.6 MPa, respectively) and four day/night temperatures (10 °C/0 °C, 15 °C/5 °C, 20 °C/10 °C, and 25 C/
15 °C). The effects of drought and temperature stress and their interactions on the seeds germination rate and germination potential,
seedling root length, shoot length, superoxide dismutase (SOD) activity, and catalase (CAT) activity were analyzed, and the response
mechanism to environmental stress was clarified. 2) Sowing date test: five sowing dates of May 1, May 11, May 21, June 1, and June
11 were set up to explore the effects of different sowing dates on seed emergence rate and yield and to clarify the suitable planting
time for high yield of quinoa in the cood area of Bashang, Hebei Province. The results of the seed germination test showed that the
germination rate, germination potential, root length, and bud length increased gradually with the increase in temperature, and the seed
germination rate was higher at 20 C/10 °C and 25 “C/15 °C. The seed germination index decreased under drought-stress conditions.
When the drought stress was light (PEG-6000 was —0.3 MPa), the activities of SOD and CAT were higher; and seed germination was
less affected. The results of the sowing date test showed that with a delay in the sowing date, the temperature and grain yield of
quinoa during seed emergence first decreased, then increased, and then decreased, with the highest temperature and grain yield on
sowing date of June 1. Correlation analysis showed that the emergence rate was positively correlated with ambient temperature, and
yield was significantly positively correlated with the number of plants. The average temperature during the emergence period of the
sowing date of June 1 was 17.77 °C, and the emergence rate was 95.72%. The average temperature during the emergence period of
the sowing date of May 11 was 5.90 °C, and the emergence rate was 6.58%. Compared with the sowing date of May 11, the yield of
June 1 increased by 435.67 kg-hm ™. The above results showed that quinoa seeds could tolerate a certain degree of drought stress, but
the germination performance was poor at temperatures below 15 °C/5 °C. In the cold areas of Bashang, it is not advisable to sow too
early to ensure that the emergence rate of quinoa is not negatively affected by low temperatures. The most suitable sowing date was
from mid-May to early June to ensure a suitable temperature for the growth of quinoa. The results provide a scientific basis for optim-

izing the management of quinoa planting in the cold areas of Bashang.

Keywords: quinoa; sowing date; drought stress; temperature; yield
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Fig. 1 The maximum temperature, minimum temperature and rainfall during quinoa growth period in 2022
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Fig. 3 Effects of temperature and PEG-6000 treatment on germination characteristics of quinoa seeds
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R1 AEABHRTHEZHER SR 0~20 cm BN TIFEATESKE

Table 1 Germination rates of quinoa, air temperatures, 0—20 cm soil temperatures and relative water contents under different
sowing dates
WO -H) Al Hil BN K R HEES
Sowing date (month-day) Temperature /°C Soil temperature /C Soil relative water content /% Germination rate /%
05-01 11.81 7.69 68.35 6.47+0.83d
05-11 5.90 1.80 61.17 6.58+3.47d
05-21 16.23 12.10 71.11 29.72+4.33¢c
06-01 17.77 13.26 62.16 95.72+11.37a
06-11 15.50 10.97 72.64 88.49+2.95b
/=38
i
Temperature 1.00 0.44 0.74
i
Soil temperature 0.45 0.72
IS K
Soil relative water 0.12
content
i
Germination rate
Al MR RS EKEE R
Temperature Soil Soil relative ~ Germination
temperature  water content rate
5 RESTEANAKEMBZHERZ HHXR
Fig. 5 Correlation among temperature, soil relative water content and germination rate of quinoa
®2 TEBEHTREZHRZERIN=E
Table 2 Yields and yield components of quinoa sown in different dates
FHHO-H) /8] EYiil A ROITHEL Pk THiE AR Fr
Sowing date Plant height Stem thick Effective branch Plants number 1000-seed weight ~ Grain weight per spike Yield
(month-day) /em /em number /(x10*plant-hm ) /g /g /(kg'hm )
05-01 121.00+£6.87a  1.23+0.21b 11.33+0.71a 0.61+0.08d 3.08+0.22a 3.99+1.51a 301.23+£7.52b
05-11 109.53+7.38b 1.45+0.06a 9.50+1.74ab 0.63+0.33d 3.46+0.12a 2.30+0.04ab 210.94+£5.63c¢
05-21 73.04+4.67d  0.59+0.09d 3.50+0.80ab 2.82+0.41c 3.1940.50a 2.70+0.66ab 302.554+21.20b
06-01 96.18+0.98c  0.83+0.02¢c 3.78+0.57ab 9.06+1.08a 3.47+0.07a 2.23+0.36ab 646.61+20.15a
06-11 64.86+5.08d  0.69+0.10cd 2.63+0.63b 8.414+0.28b 2.24+0.39b 1.58+0.40b 254.82+4.69bc
F 59.00" 29.90™" 3.70 2.88" 8.14” 0.99 163.07™

[FFIAN R ING TR AN IR AL 3R] A2 P<0.057K P 22 7 3 .+l =+ FIRTEP<0.01 FIP<0.0017K -2 5+ il 3 . Different lowercase letters in the
same column indicate significant differences among different sowing dates at P<0.05 level. ** and *** indicate significant differences at P<0.01 and P<0.001
levels, respectively.

He RAE, 435104 121.00 cm A1 1.23 em, A [F] % $ [6] 22
Sl 3 (P<0.001), 7E 77 M B =, B R0 R
B 3G S A R R L s/ N, o s A1 HEE
WA BB, M 113346 A 11 H G/,
H2.6340 . RETEREMI Oy 6 H 1 HEf ik K, N
9.06 Ji Bk-hm . TR H 4 4% bt 5% 01 138 B SR s
BUNERCS A1 HEG6 A 1 HiEW TR EH 3.0~3.5g,
AbFRIA) 22 R 2 6 A 11 H 3G R EE & Tk & i/
(224 g), B E KT H A AL (P<0.05), BAfd K &N

1.58~3.99¢, L 6 J1 11 HEEM B ZE/NT S5 H 1 HEE
W] (P<0.05), H A& 18] JC B 3% 25 57 . Bl 3 09 4
R, #AE a2 UG TR RIS, 6 H 1 H
BARZEZ =BT S H 1 HAMS A 11 HiEFr-
T ) 2 v 345.38 il 435.67 kg'hm °, 2 57 i 3 (P<
0.05).
223 BEEFEEXHW

e 3 AT, R A ZEOM R B B OE A OG (P<
0.01), 5 BREE B 35 T 5C (P<0.05); A 30 B B S5
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Table 3 Correlation analysis between agronomic traits and yield of quinoa

. . Effective branch 1000-seed Grains weight
Plant height Stem thick Plants number . .
number weight per spike
254 Stem thick 0.81"

R BEL

Effective branch number 0.48 0.27

FREX Plants number -0.59" -0.58" -0.34
T-RiE 1000-seed weight 0.46 0.28 0.06 -0.32
Bk F Grains weight per spike 0.24 0.22 0.30 -0.30 -0.02

PR Yield -0.03 -0.29 0.01 0.62" 0.35 -0.23

#FI*RFRINAEP<0.05F1P<0.01 7K F- B 3E 405G, * and ** indicate significant correlations at P<0.05 and P<0.01 levels, respectively.

MRECER A OC, Skkm . BRI IEMCK R, TR EH
SRRBCR B RRL 2 ARG, 5 R IEM R,
SR R RIS SO OG, SRR B IR A G
3 iTig

T 7 B & AR A K 0 TR, K 4 AR
JE SRR — IR TR S R PP TR R AR K
Sy AR Ja S A K, T IR R 1 AR A D) 25 5 e o kK
a3 B DA R iR A . TEARZ R, PEG 458
75 751 08 2 400 ) o X 7K 0 R M ke S 3R s BEL A5
W AP, AT 4 SRR, B R A T, BE A
THRFEMEFRET @BEH ., ERHRET
(20 °C/10 °C. 25 °C/15 °C), & i # }—0.3 MPa fi}
PEG-6000 i}, 22 22 Ffr 1~ 475 3 R 1 468 1y 1) 2 2 38
R XA FIHARE, LM THA
—E M P, X5 R H 5T BT 45 R AR — B
TR A5 1, X Fe Ak 345 36 A R V) & 2 3 FN % 2F
REFHR, X TR MRS T, 40009 1)
il T35 PE P A, P75 5 1 ARBRCER S ™Y, ) 1 H il
%5 IR, 72 M BE PEG-6000 il 30 X6 b 1 1 & 310 il %%
RWE, BUER G 2, MY A K2 BIPHA. EF
A, AR AR N 2 A A T R A A T R
SRS AR AR bR — o SXTIRALM e, vk B
PEG-6000 8 2 J8l/N T AP AR FI2F 1 o e AR
Y b, W E K (Zea mays)™”. & T (Setaria italica)”™
GRER ] T R BL G . TR R AT BE 5 I vk 1
JAT e, PEG-6000 75 175 438 Jii1 5 S50 4H i 8] 149 32 325 34
B, B 15 AR e K I T 8O 7 A DL Ky
A AUEMEREAG, i AR A K

) A 3 B ) PRSI 40 B P9 3 P 4L (ROS) 197
A RIS B s GERFAE AR AR 09~ B A, SR T, A
Y3z B e i, SXFPP AT g TR, A B R AR I
T SR AN MRS . g IO X6 33 o 7, AL 45 0 sh AR N 1Y

Pt S AL B R S8, I SOD 4 3% 7k 4 4k H,0,,
H,0, M4 CAT 43, Il H 9 6 32 AL 4550
TEABE ST, Y Fh 132 3T 38 I, SOD #l CAT
MG VS I, X RWIAE R B T A R, #h
SR F B 0 B R ek KhT T R A, RS R
25 T R B R A A TE R S PR AE T . X SR
SRR AR T A R — 3, /N (Tritieum
aestivum)™ . K & (Glycine max)™ ., K % (Manihot
esculenta)™ ZE AR H LA 56 T BE AT S0 42
P A ARG (1 4GE -

7 2 A AR B P ) S AR A B, T M R
SERMBL RN EERE ., ALK D, B %
Ab 3R A BEAR T S K S BGE (>60%), J& TR T
e ok G il BT, R A SRR SR R
RIZ . PR RE IR 2 R A R . W2
2 AR BOV 00N, T B0 BRI, 5 R IR IS
VRIS R — . SO T R AR R AR, 1
B FRIE o fH 54T 7k e S ) WL R i o B2 22 7= i I BIF 5
S5 LA B, 3k AT R AS 7] b 33 2 A B B
AL RIS, SH | HEMEL - RET
SAH 1 H, XEHT S 1 H KRR
T 5 11 HARRR, A SR, DA A
M5 H 21 HS 6 H 1 HEERAR - BB R
ZREK, MR T 5 A 21 HigMREWE £, K
BRI RRUK, s2m 72232 thi . AP a5 SRR, EH
WA A e @2 2 r= i, Ak ™= A B, VT R 5 36
R BE A O o T b U R 0T AT Dk A RO,
SRy ol 1 AL X A IR R ROK 43 SR, AT A
HERD B R RUAE G, 0 R, dE iR S R BR
W2 Ak, e a e fe R 54K . A F B
ARG, I e nT BE 2 5 BUE Y A KR
20, SRR R 2 WS AR LA, 5 5 4 ) R 2R
FIURERL AT B, DA T 5 0 7= f 48 g
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102 Hh AR AR AR 2E iR (Fh 3 3C) 2025

% 33%

4 i

T B FH7K 43 X6} 8 2z T -8 & FORFRL ™ ek ELAT
FRW B IREART 15 °C/5 ¢, EM T A
RE I 2%, KRR SF AR, BRI 20 <C/
10 °C 125 °C/15 °C B, PR35 I 3 Ab T2 22 P11 &
) 35 B L, R R R AN B T AR AR R R
TR T, M pr RS PR, BT
W & 252 R RN . AR AR T, AR
FKEE T 60%, T E AL - E i EENE,
Bl ARG IER, AR R 2 TR LI
FEmBES, T 6 H 1 HIRBEME . AHCH: /AT 2B,
A MR SRR U, R SRR R
FIEAHG, RAERIRREZ vk . 25/ MRk
S5 J7 AT T T, (BT IR AR 1 2R R Bl R A 17

T2, U= A, I, ZETT I v b X

CV>

D 3 G ARG R T BE A2 H W R T AN M R, 3% i ]
ANEHA R EEREEIE S AhfE 6 A LA, R B

& FP AL A2 B W Rl AIRTE 15 ¢ VA L, iR s T
10 C, M- R R EH 5.
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