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Abstract; With agronomic and quality characters evaluated , four quinoa ( Chenopodium quinoa willd) acces-
sions were cultivated in Zhangjiakou, Hebei Province. Plant height ranged from 119.27 ¢m to 180. 51 em. Growth
duration varied between 103 d and 118 d. The highest yield of the quinoa in Zhangjiakou reached 3637. 32 kg/hm”.
Contents of protein and oil were 14.79 £0.72% and 7.57 £1.17% ,respectively. Contents of aspartic acid, lysine,
and arginine were 1. 37 £0.06% ,1.00 £0. 03% ,and 1. 47 +0. 08% , correspondingly. Saponin content was
2.12 £0.50% . These results demonstrated that trial planting of quinoa in Zhangjiakou was successful and could
provide practical information for the promotion of quinoa in China.
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A ( Chenopodium quinoa willd) Z R ( Ama-
ranthaceae) Z2VF} ( Chenopodiaceae ) 22 J& ( Chenopo-
dium) —4FLE A G ALY . A AR H x =
9, [RIEPUAER (20 =4x =36) . 38 F PR ATIA ] 2m
Kot AR Z B 22 5K . HRFR KIS, AR
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FLARS AN AETY. B B A BRI RN FR L B
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DA A 5 R B0 A5 o AN, FERRUH AR
55 X 2 R DI P A Sy 3 A e DX R
£ 20 2t 80 AEARTF AR Fp AR, P I BUA —
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B X T AN AR A= 28 XA {2 13 g
TERAXSIRE 40% ~80% , I -4 ~38 C &M T
AR, Bl BHEIRELE 15 ~20 CZ I, BEEAE
TR L P A KR, pH JEE KRN 4.8 ~
8.5, TEHLBHE KA | A SRAE IR A R + 5t s
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Table 1 Germination result and characters description of

quinoa materials

PR Traits LM-1 LM-2 LM3 LM4
TFHiH (g) 1000-grain weight 3.65 3.15 3.1 3.15
TR Color of seed A=A (= gan

K2R (% ) Germination percentage 83 92 81 88

AR A A4 Tk R 0T gk e B B
(41°08" N 114" 44" E) HKAE 1650 m ZoAq, XG0
B HHER 25 em, AHUR AR 17.23 o/ke,
HRRE i 67.23 me/ kg RS 16.20 mg/kg E
WA 59.31 me/kg, pH K 7.66.

BT s A bRy aEAT, R H T R EE Y
2. MUBE, BFE 20 ~25 em, HH0°FIH | RS,
FH [f1] JG K = B R g ) 457, JEd K A SR bk AR AE . 45
A8 W i ] 450 ~ 600 ke/hm? B2 — B BRI, 5
H AN TEAE BFRTsEK, /ANXHE 48 m?*, K
8 m,ﬁ6 m,ﬁ%ﬁﬁ 10 ~15 cm,'T:IEE 30 cm, EfFpRAE
3.25 ~4.50 kg/ hm® ,(FEFIRELE 2 ~3 om, 255
Filvits AWERE %% 75 kg/hm’ . FREZE 10 ~ 15 cm A
TEUG ] 8 A0S — R BFBR L, AR S 7E 25 ~ 30 mm
BF R AT 58 U B I 1 [R) B B S i AT R A B
1EEMR, BT MR GEK (2013 4F4 -9 H 1Y
RE7K 5292 350 mm) . 9 H FA), A RE A AR B
TR, FFLRUSCH WK FBERE 5 B2 B Bt
2.2 BERMERSHHE
2.2.1 BEAREGENE RHLLATIARENY/
T 3-1982 (#4725 | LAY R 8 11 I g v ——
PR PR ) AT - AN REC 6,25, 11
FH FOSS2300 A4 [ 2 A AL (FFE R RIEA
Al
2.2.2 EMEENE RHARWATLARE NY/T
11-1985 (A4 TR YE By 2 325 ), 6 FH WZZ-1S %k
FRBEE A PR ) o
2.2.3 BERFRENE RMEZME GB/T 5512-

2008 (ARTMAS I K P ORELAR 7 1 B ) &R EC
PELIEATINE

2.2.4  FERRSEWERHRWAT AR E NY/T
56-1987 (AT ki & FEFR I T AL B ) ,
S433D 4 H Bz R Hr A (TEEFER A A |
2.2.5 BETES=ENE RHAEZRIE GB/T
14609-2008 ( R IHI R 55 4% 40 Ko Ll o v ] 2k 4
BE S BEMIE AR FIRISOETE ) , i Ther-
mo Elemental Solaar M6 AA JiLF W WG iEAY ( 3 H
AT

2.2.6 BEEHSENE WHFREGTEUER IR bR E S
(0T v [ 24 i A= W ol S A2 9T ) 8. 0 mg ¥ T°10 mLL
F b IS 0. 8 me/mL FOFRER IR . HEHH
FREGE 80 HFfi ZEZZFE T 1 ¢ (F5H%)] 0. 001g) T
ELDE B 1:30 A 70% W BE - KW,
TRIRIHIRI 12 h,5000 rpm 250> 10 min, B F 3T
0.22 um ¥ BEASF AL, WROAH €855 5 vk 1 I DA
Waters Acquity UPLCTM BEH Shield RP18 (2. 1 x
100 mm, 1.7 wm) E%EH: ) UPLC &4t ( ThermoFish-
er SCIENTIFIC, CA, USA) . WM HHEE(A) 5
0.1% W2 - /K (B), B EEVEN 4544 :0 ~ 3 min,
35% ~40% A;3 ~4 min,40% ~65 % A;4 ~
6.5 min,65% ~90 % A;6.5 ~7.5 min,90% A;
7.5 ~8 min,90% ~356% A, ¥ii# }0.25 mL/min,
HEFERFR 10 uL, @3EH S [ 3R 25 1R 45 51
PRHFTE 35 C 5 10 °C ., i HIHC LA HL 8 55 H B AR AT
(B 1K) MR 0 PRI A ( Thermo LTQ Orbitrap
XL, ThermoFisher SCIENTIFIC,CA,USA) , i 5%
WIR ARSI 35 bar; F B FEE 10 bar; B55 H
JE2.5 kV; B FAERAETERIE 320 °C B -30 V;HifE
B —75 V; FTMS 43382 60000 ; &5 g il 48 175 5 it
A L 1 AR i 80% s B B RESHERT m/z,
BATIE LS FLL 100 g FE & P A 1SRG R R
TR (%) .

2.2.7 EIBALIE A LS E S5 R B LI T
FH D EEFR, #F Microsoft Office Excel 2010 %%
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BEMBIT 6 H 4 H W, #EF0 2] 8y
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1 ENBHANERE

Fig.1 Quinoa inpreliminary mature stage
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Table 2 Phenological description of quinoa

MR Traits

LM-1 LM-2 LM-3 LM-4

EURE R
Sowing date
i H
Seedling
emergence date
UL H Y
Panicle
emergence date
A H Y

Maturity date

AFI(d)

Growth duration

2013.05.25 2013.05.25 2013.05.25 2013.05.25

2013.06.02 2013.06.04 2013.06.04 2013.06.04

2013.07.12 2013.07.18 2013.07.16 20130.7. 14

2013.09.12 2013.09.25 2013.09.22 2013.09.28

103 114 111 118

A BRI ;C I D 52

3.2 REMERRM

3R T SIAB L MR R EHIR T, 4
PRI ETE 119. 27 ~180. 51 em Z 6], fii Fh 22 J8]
ZIER MRS i IM-4(172.34 £8.17 em) , %
4 LM-1(125.35 +6.08 cm) . FARAEF, 250
BT S M B 7E 42. 64 ~86.37 em Z[H],
w22 [B) 25 RO, B K B K LM-4 (85,35 =
1.02 cm) &5 5 # LM-1(45.22 +2.58 em) B 2 1%
Z ., BRI SEEENR KT B RIAR, H
Pl 22 AR K (E 2)
®3 SRESHREMR

Table 3 Agronomic traits of quinoa

PEIR Traits LM-1 LM-2 LM-3 LM-4
5 (em) 125.35+ 155.72% 128.92% 172.34 =
Plant height 6.08 7.56 6.56 8.17
K (em) 45.22+  65.53+ 45.68+  85.35=x
Panicle length 2.58 3.10 2.06 1.02
INEERIL(AN) 361 + 278 + 377 + 236 +
Spikelet number 19 10 14 10
TERLER (L) 7352 + 8583 + 8245 + 10851 +
Grains per panicle 301 378 223 342
THHE(g) 3.85+ 3.34 + 3.36 + 3.34 +
1000-grain weight 0.16 0.12 0.10 0.14
N R (kg) 1512+ 13.86+  15.66 + 17.46 +
Block yield 0.81 1.22 1.31 0.76

B F SR Sy [ Bk R DR, EARAE 2 ~
3 mmZ [H], SR A B B RIS (A
3), SRR TRIEAE 3.27 ~3.92 g ZJa], LA LM-1
TR B (3.85 £0. 16 g) . SRARHZ/NX P
AT 2 B S0 i, 7 2887. 36 ~3637. 32 kg/hm’
ZJa), For L IM-2 1 7= i f A (2887. 36 kg/hm’ ),
LM-4f97= e (3637. 32 kg/hm®) .

A and B Panicles in grain filling stage,C and D Panicles in full ripe stage
2 #ARERBSEABKNEEE
Fig.2 Typical panicles of quinoa in grain filling stage and full ripe stage
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PR Traits LM-1 LM-2 LM-3 LM4
HEARR (% ) 0.65+ 0.63x  0.70 = 0.60 =
Histidine 0.01 0.00 0.00 0.00
R (% ) 0.98 + 0.98 + 1.04 = 0.98 +
Lysine 0.00 0.00 0.01 0.00
TR (% ) 1.40 + 1.47 + 1.59 + 1.43
Arginine 0.01 0.00 0.01 0.01
TR (% ) 0.58 + 0.56 = 0.58 = 0.55 +
3 HBIEFETHN Proline 0.00 0.00 0.00 0.00
Fig.3 Typical seeds of qllinoa lf}((ug/g) 76.10 68.60 + 84.45 + 60.65 +
Fe 6.93 3.25 1.91 3.04
3.3 REMHRED 1 (ug/g) 3.65+ 2,90+  4.40x  2.80
. . Jal L PR s 22 4k Cu 0.21 0.14 0. 14 0.00
x4 ﬁ%yﬁ%%ﬂﬂé’] A FPEAR S SE SR i B (ug/g) 24.00+ 19.60+ 20.10  20.70 =
RO AR ek BB R R, FIER In 0.42 0.99 0.71 0.14
R AR TR B Rk, £ (ug/g) 39.45+ 31.80+ 38.95:+  26.80
. Mn 0.07 0.28 0.49 0.57
x4 sHFERFHERERRA i (ug/g) 794.70 = 961.65+ 1189.85+ 1231.55 =
Table 4 Quality traits of quinoa seeds Ca 60. 94 56. 64 25.67 28.78
R Traits Lt Mo M3 a B (%) 1.39 + 2.51 2.20 + 2.36 +
Saponin 0.02 0.03 0.01 0.01
EAF(%) 14.66 + 14.54+ 15.82+ 14.14+
Protein 0.04 0.07 0.06 0.06
VR (% ) 5135+ 52.04%  49.63+  49.57+ 4 THE
Starch 0.29 0.22 0.07 0.32
S (% ) 6.06+ 8.59+ 7.24+  8.37= FEELER R O R A B W, R F
Fa 0.0 001 002 00 SRR, TR BT R B, FUIREE 1 SR
KR (% .33+ 37+ .46 + .33+ (T S 2oh S
f\ %“M: ) 103(3)1 103(7)0 10421 10330 AR A PR T LR S T R S A
spartic aci . . . . N —
ﬁ;%% 06s 0624 065+  0.60s T2, X 55T AL 5 s g R — 8L Hh
2R (% ) 0.73+ 0.73+  0.80+  0.72+ HHE (600 kg/hm®) ™53 8 BT b X b 28 32 5
Threonine 0.0 000 00l 000 M EIVEFS B X A AR T M, 22 B
gﬂﬁg(% ?d 2652; 265;: 2(.)72; 2(_)5311 T HP SRR LM-4 7553k 3637.32 k g/hmz ’
utamic act . . . . . y Sk - 25 e L e e
TR (% ) 0.91+ 0.93: 1.04%  0.92% @ﬂ"ﬁ§j‘5ﬁafﬁ{ﬁuﬁo ﬁiﬁﬁ)ﬂq?ﬂﬁﬂéiﬂﬁ,?
Glycine 0.01 0.00 0.01 0.00 R, B Rk A i P IR A e, H
PR (% ) 0.71+  0.63x 0.77x  0.74z 5 (B 25 70 A 56 300 3 BBl 9 ST DR L R 4 Il o
Alanine 0.01 0.00 0.00 0.00 F T FAO 2 H A9 E ks, R EM A
R (% 0.09+  0.09+  0.09+ 0.09 + e e 1 An e T s
R A, P FIVRE 220 7 S S R I L 38 15 T/ e K e 2
ysteine . . . . JORRN fope nies ., '
é@fﬁﬁfi(%) 0.81 + 0.79 + 0.84 + 0.77 + l% ﬂﬁ%o ﬁt—lﬁlj\%ﬁ“%m/f/ﬁ%ﬁ'fﬁgiﬁgﬁgﬁ
Valine 0.01 0.00 0.00 0.00 HAMEA, "I 5/NE BKREFEEIEH,
EAR (%) 0.22 + 0.29 + 0.27 + 0.27 +
AN\ T
Methionine 0.00 0.00 0.00 0.00 5 fptﬂk, '—ﬁ%ﬁ
AL R (% 0.64 + 0.63 + 0.69 + 0.63 + = s Al
TR ol fmEDeE 0o 5 TR 7 2 12 13 2 b e 3
%fﬁﬁg(%) 1.09 + 1.07 + 1.16 + 1.05 + %%‘Kﬁ,éé?%‘fi%ﬁ?%éﬁ%iQﬁT%Iﬁﬁj‘lﬁg?ﬁ
Leucine 0.01 0.00 0.01 0.00 B H bR, 13X U B ZE 2 78T b 5k 52 1 b X AG SRR 2 A
%) 056 05k 0.5Ts  0.Sle IR, ARl NP VSRR IR A S P
3$%W) &? O?O £$ &? FIRML, R i A T 5 RIa VLR &
N R (% .67 £ .67 £ .72 + .65 + R ——" . ks,
Phenylalanine 0.00 0.00 0 01 0.00 AN R, SR R 3 AR PR A S R AR DT

e, s nTHfE ) Bl S0 4 DR LM-4
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(2) F I PRIE 2 08 1) 1 SRR E | B if AR R W i
R C AR T DR K , Z J5 B A J N — A
TRUHERE ; (3) HIMEE 2 10 ~ 15 em B FF4R ) AIEE
— URBR L, R 5 U Bk R 1 [ o Xk 22 22 0 A7 %
B IR (4) ARLRR L A AR B v I BT
) BOREJS 95 00 B RN RN 5 (5) B2 A AE AR ARSI L
BV A SO N TR I CE A i B
S, o o N T AR R T 25 00 B3 (2% AR IR
B, 2R 15 ~22.5 kg/hm®) IR ACR RUAT

AT KR F I GRAFER R A E &2
B IRy, B A& 4 6 BRI E IR L
PR RUREAS FE 0 A B e ) L POR i i SR
S JE PRSI R AR R B, i — 3R
R T JEW R B S HIX A2
JF AR iz DR @A 22 55 1 & AR T —
ASHY SR, B g i fE R FE Y G ORI
AR, I 2 T R E AR BRI
(RIS, B 5 | BEAN RIS 2 (28 22 B, T B IR A A
AT, 5l A T IR E AR A 1 SRR, 5T
OMZHRCAE PRI T DR AT AR A Y
VL AN PR 3, T v oK Hh BRAE A TR T
Al AHIFIE I s A, AR LR > R
FRMRIT A 5 BB AL R 50N )™ iy, e s 3
P PR K
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