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Abstract: Different concentrations of PEG-6000 were used to simulate drought stress on 116 quinoa, inclu-
ding Black quinoa (black grain) , Qinghaihong (red grain) , Qaidam red (red grain) , Snow quinoa (white grain)
and Qingli 1( white grain) to determine the appropriate concentration for drought resistance identification during
germination. Drought resistance of different types of quinoa germplasm resources during germination was identified.
The drought resistance of quinoa cultivars was evaluated and classified by principal component analysis,
membership function method and cluster analysis based on 8 indexes of germination stage, including germination
rate, germination energy, germination index, vigor index, bud length, root length, fresh mass and drought toler-
ance index. The results showed that 20% PEG-6000 was the appropriate concentration for stress test. The drought

resistance of 116 quinoa germplasm resources from different sources was identified by 20% PEG-6000 and the val-
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ues of each index were determined. Then the weighted membership function values of different quinoa cultivars were

calculated by principal component analysis and membership function method, and the drought resistance was

ranked. The experimental materials were categorized into three groups using cluster analysis. Within the second

group, the first subgroup ( I ;) comprised 29 quinoa varieties exhibiting strong drought resistance. These varieties

are recommended as basic materials for developing drought-resistant strains in subsequent breeding efforts.

Keywords: quinoa; germplasm resources; germination period; drought resistance index; comprehensive evaluation
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Table 1 The name and origin of the varieties
%> A R e

Number Variety name Origin
WL-1-1,WL-1-2,WL-2-1,WL-3-1,WL-3-2,WL-4-1,WL-4-
2,WL-5-1,WL-5-2,WL-5-3, WL-5-4 WL-7-1,WL-7-2, WL~
8—1,WL-8-2,WL-8-3,WL-9-1,WL-9-2 WL-11-1(1) ,WL-  F32 =Tik A= SRR A R |53

1~39 11-2(1) ,WL-12-1(1) ,WL-12-2(1) ,WL-11-1(2) ,WL-11-2  Qinghai Ulan Sanjiang Wotu Ecological Agriculture Tech-
(2),WL-12-1(2) ,WL-12-2(2) ,WL-12-3,WL-12-4,WL-13-  nology Co., Lid. introduced
1,WL-13-2,WL-13-3,WL-13-4,WL-14-1,WL-15-1,WL-16-
1,WL-17-1,WL-17-2,WL-17-3,WL-17-4
LD-5-1-2,LD-10,LD-11-2,LD-12B-1,LD-12B-2,LD-13-2,
2008-2,2008-3,2008-4,2008-7,2008— 12,287 1 5 (1-2) Quinoa ' [EIRl24 e P4 Ik & I AE W 9 fr 2Rk i b

40~56 1(1-2) 284 2 5 (2-1) Quinoa 2(2-1) ,3# 2 5 (6A-2) Quinoa 2 The selected species of Northwest Institute of Plateau Biolo-
(6A-2) EEF 2 Z( 1-1)Quinoa 2(1-1) ,&E 25(1-2) Quinoa 2 gy, Chinese Academy of Sciences
(1-2) 385 2 5(2-2) Quinoa 2(2-2)

57 1 EL SR PNEE S
Field selection from Yongji County, Jilin Province
O A BT
58~61 N6,N7,N8,N12
T Chinese Academy of Agricultural Sciences introduced
o ERL 2= BE PE AL R S AR M AT IR 2 A H AR
6263 XRD2-1,XRD—6-1 Selected from Fhe Duran Xlangrl('ie of angl.lal Province of
Northwest Institute of Plateau Biology, Chinese Academy
of Sciences
T IR I — BRARS Ml DX R AR
64~ 66 YKS2-2,YKS4-1,YKS5-2 Selection of cultivars in one tree area of Delingha,
Qinghai Province
o o 1 4 .
R RERNEES s
67~69 SJW7-2-1,SJW7-2-2,SJW7-6-1
) -5 -5 Field selection of Xiangri De, Qinghai Province
AR R ACHE DX R I 2Rk
70 JRA=1-2 Ge’ ermu—1-2 o
HIRA e et Field selection in Golmud area of Qinghai Province
e [ RE 2 B P L e S AR M RIT 5 T 7 T 2 H ) R ik
71 DL5-DL30 {&# DL5-DL30 mixed selection Qinghai Dulan field selection of Northwest Institute of Plat-
eau Biology, Chinese Academy of Sciences
. X X Hl & gl BE7 B 7|

72~74 22 3 5 Longli 3,083 2 5 Longli 2,BE%Z 1 5 Longli 1
DA 3 5 Longli 3, B3 2 5 Longli 2, B 15 Longli Gansu Academy of Agricultural Sciences introduced

7578 HHE3 5 Qingli 3,F# 15(1)Qingli 1(1), K% 2 5 Qingli 2, F#  FHilFEHECAE) WA
15 (2)Qingli 1(2) Varieties approved (identified) by Qinghai Province

TR A IS R LA E

79~81 T Snow quinoa, B4 Black quino: Chenopodi ino: FERe T R
T Snow quinoa, B Black quinoa, JCFIAE Chenopodium quinoa Stable varieties were selected from Delingha line of Qinghai
DL-1-1,DL-1-2,DL-2~-1,DL-2-2,DL-3-1,DL-4-1,DL-4-2,

82109 DL-5-1,DL-5-2,DL-5-3,DL-5-4,DL-6-1,DL-6-2,DL-6-3,  IIPYRIHLFE H {575 J5 [
bL-7-1,DL-7-2,DL-7-3,DL-7-4,DL-8-1,DL-8-2,DL-8-3, Shanxi Jiaqi Xiangride Resource Park
DL-8-4,DL.-8-5,DL-8-6,DL-8-7,DL-9-1,DL.-9-2 ,DL-9-3

TR =2 A H A R R A A R AR
110 XRD & JEAEAR XRD plateau Jinhe Field selection of Highland Jinhe Company in Duran Xian-
gride, Qinghai Province
PR B 5 |
111~112  5iZ% 8 5 Gongza 8,574 3 5 Gongza 3 Xizang Agricultural and Animal Husbandry College intro-
duced
L T R2EG
113~114  634921-HX®),634932-HX
@, ® American Agricultural and Industrial University introduced
TG A Rk
115~116 DLH-2,DLH-1 AR R i

Field selection of Delingha, Qinghai Province
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Table 2 Germination indexes of quinoa seeds under different PEG-6000 concentrations

Hl.ﬁl PEG ﬂ?fg/% GR/ % GE/ % Vi BL/cm RL/em FW/g GDRI

Variety PEG concentration
0(CK) 92.67a 89.33a 120.205ab 1.515a 2.24a 3.20b 0.0126a 1.000a
5 87.33a 87.33a 111.346b 1.225b 2.26a 3.80a 0.0110b 0.939a
s 10 96.00a 95.33a 128.263a 0.795¢ 1.62b 3.02b 0.0062¢ 1.051a
'f;(() 15 92.00a 88.00a 114.521b 0.366d 1.04¢ 2.20c 0.0032d 0.983a
20 64.00b 50.00b 54.338¢ 0.087e 0.48d 0.64d 0.0016e 0.592b
25 18.00c 14.00c 16.827d 0.020f 0.38d 0.3de 0.0012ef 0.155¢
30 1.33d 1.33d 1.145¢ 0.000f 0.00e 0.00e 0.0000f 0.015d
0(CK) 95.33a 94.67a 118.607a 1.637b 2.34b 3.88b 0.0138a 1.000a
5 91.33a 91.33a 123.449a 1.802a 2.92a 7.86a 0.0146a 0.966a
. 10 95.33a 95.33a 127.218a 1.221¢ 2.26b 7.32a 0.0096b 1.009a
H H}_}I 15 79.33a 64.67b 80.831b 0.356d 1.26¢ 2.64c 0.0044¢ 0.756b
¢ 20 36.00b 27.33¢ 30.560c 0.0367e 0.44d 0.66d 0.0012d 0.320c¢
25 11.33¢ 11.33d 9.235d 0.013e 0.48d 0.44d 0.0014d 0.088d
30 0.00c 0.00d 0.000d 0.000e 0.00e 0.00d 0.0000d 0.000d
0(CK) 94.00a 91.33a 119.295a 1.169a 2.32a 3.10b 0.0098a 1.000a
5 92.67a 92.67a 122.594a 0.956b 2.10b 3.58ab 0.0078b 1.005a
=% 10 96.00a 92.67a 122.652a 0.859¢ 1.66¢ 4.04a 0.0070b 1.016a
qS(j 15 77.33b 70.67b 78.096b 0.234d 0.84d 1.44c 0.0030¢ 0.782b
20 23.33¢ 17.33¢ 24.508¢ 0.034e 0.52e 0.34d 0.0014d 0.217¢
25 6.00d 6.00d 5.654d 0.009e 0.46e 0.26d 0.0016d 0.063d
30 0.00d 0.00e 0.000d 0.000e 0.00f 0.00d 0.0000e 0.000d
0(CK) 81.33ab 78.67a 92.582a 1.167a 2.02a 2.34b 0.0126a 1.000a
5 84.67a 81.33a 104.000a 1.206a 2.10a 3.86a 0.0116a 1.046a
10 71.33bc 67.33b 77.604b 0.683b 1.78b 2.46b 0.0088b 0.856b

SIRARLT

QDMR 15 67.33¢ 58.00b 72.779b 0.131c 0.70c 0.86¢ 0.0018¢ 0.760b
20 22.67d 18.00¢ 21.463¢ 0.043cd 0.50d 0.42d 0.0020¢ 0.230c
25 0.67e 0.00d 0.295d 0.000d 0.00e 0.00e 0.0000¢ 0.005d
30 0.00e 0.00d 0.000d 0.000d 0.00e 0.00e 0.0000¢ 0.000d
0(CK) 87.33a 87.33a 101.013a 1.374a 2.40a 2.42a 0.0136a 1.000a
5 87.33a 86.00a 103.458a 1.179b 1.80b 2.58a 0.0114b 1.003a
" o 10 85.33a 83.33a 97.629a 0.547¢ 1.44¢ 1.96b 0.0056¢ 0.985a
H ﬁL]I 7 15 82.67a 81.33a 90.949a 0.364d 0.88d 1.70b 0.0040¢ 0.944a
Q 20 22.67b 10.67b 12.113b 0.017e 0.44e 0.44c 0.0014d 0.167b
25 6.00bc 2.67b 4.059b 0.006e 0.44e 0.34¢ 0.0014d 0.050b
30 0.00c 0.00b 0.000b 0.000e 0.00f 0.00c 0.0000d 0.000b

L RIFIARRNG PR R R [F T 530 140 T 1922 5 1 (P<0.05) .

Note : Different lowercase letters in the same column indicate the difference significance under different drought stress conditions ( P<0.05).
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Table 3  Statistical analysis of germination indexes of quinoa germplasm resources

AbFE Treatment WiH Item GR/% GE/ % Gl Vi BL/cm RL/cm FW/g
e RAH Maximum value 100.00 100.00 135.89 2.82 4.24 11.00 0.021
fe/IME Minimum value 76.00 76.00 97.28 1.07 1.64 1.04 0.008
CK FH{E Average value 95.94 95.84 128.50 1.93 2.73 5.57 0.015
brifE2E Standard deviation 4.98 4.97 7.86 0.39 0.52 1.75 0.003
AR FRECV/ % 5.19 5.18 6.11  20.44 19.21 31.31 20.210
e RAH Maximum value 98.67 98.00 122.84 0.74 1.98 10.62 0.014
#z/IMA Minimum value 0.00 0.00 0.00 0.00 0.00 0.00 0.000
20% PEG-6000 SFH{E Average value 46.40 41.07 42.89 0.16 0.92 1.41 0.004
FrifE2E Standard deviation 25.21 26.81 29.88 0.14 0.45 1.26 0.003
ABREFRECV/% 54.33 65.27 69.66 89.38 48.98 89.49 68.380
AFfp R YA Average value -0.52 -0.57 -0.67 -0.92 -0.66 -0.75 -0.730
Rate of change AR5 2B CV/% 9.47 11.60 10.40 3.37 1.55 1.86 2.380
T AR AR = (R BRI -~ X IR RO ) /3 IR AR © = R B0t BRI
Note: Rate of change = (value of treatment group — value of control group)/value of control group; " —" indicates a decrease compared with the
control.
x4 WERBRERSSTRNEE
Table 4  Principal component analysis and weight value of indicators
WiH FE{IE 9] it Eigenvector FHIEMH TTEKR /% BT %
I N Ei o C b buti ) Accumulative
tem RCR RCE R(‘,I RVI RBL RRL RFW GDRI 1gen value ontribution rate contribution rate
FEHA1PCL 0972 0964 0976  0.799  0.135 0.260 0.046  0.972 4.499 56.238 56.238
FM4r2 PC2 -0.165 -0.238 -0.172  0.474 0941 0834 0972 -0.215 2.910 36.381 92.619
AXE Weight  0.131  0.138  0.133  0.141  0.108 0.112  0.101  0.136
HEF Rank 5 2 4 1 7 6 8 3

TE: Rop AR R 23R R  ARR R 235 Ry AR ZEH8 80 Ry ARRII JTH650 Ry, s AW ZE4C Ry, ARKI AR s Ry AR BE BT, IR,

Note: Ry, : Relative germination rate; R, : Relative germination energy; R, : Relative germination index; Ry, : Relative vigor index; Ry, : Relative

bud length; Ry, : Relative root length; Ry : Relative fresh mass. The same below.
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Table 5 Comprehensive evaluation of drought resistance of quinoa germplasm resources
R Vvt 0 (L v e N B S s o
Number . Rank Number . ’ Rank Number ’ . ’ Rank
function value function value function value
1 0.2325 86 40 0.5067 21 79 0.3526 63
2 0.2252 88 41 0.1135 108 80 0.4584 37
3 0.3067 73 42 0.5621 15 81 0.4871 25
4 0.4673 34 43 0.7574 2 82 0.2649 81
5 0.4741 30 44 0.7696 1 83 0.0640 115
6 0.3111 70 45 0.4774 29 84 0.4731 32
7 0.3253 65 46 0.4861 26 85 0.2141 92
8 0.3139 67 47 0.4692 33 86 0.2302 87
9 0.3993 54 48 0.4455 40 87 0.0000 116
10 0.2712 78 49 0.6256 13 88 0.1319 102
11 0.2705 79 50 0.4472 39 89 0.7081 6
12 0.3657 61 51 0.3607 62 90 0.2019 94
13 0.5393 18 52 0.3134 68 91 0.2394 85
14 0.2905 74 53 0.5817 14 92 0.1421 101
15 0.4858 27 54 0.4526 38 93 0.0714 114
16 0.3869 56 55 0.4039 52 94 0.4448 42
17 0.4395 45 56 0.2056 93 95 0.1187 107
18 0.3860 57 57 0.2177 90 96 0.1295 103
19 0.5279 19 58 0.3741 59 97 0.4454 41
20 0.3107 71 59 0.2210 89 98 0.4388 46
21 0.4136 49 60 0.2690 80 99 0.4611 36
22 0.4014 53 61 0.6658 8 100 0.0959 111
23 0.4892 24 62 0.1553 100 101 0.3873 55
24 0.3807 58 63 0.3182 66 102 0.4431 43
25 0.1691 95 64 0.6505 10 103 0.4817 28
26 0.3072 72 65 0.2452 84 104 0.2863 76
27 0.4738 31 66 0.2475 83 105 0.1246 105
28 0.1222 106 67 0.4346 47 106 0.1570 99
29 0.7392 4 68 0.4673 35 107 0.4412 44
30 0.7169 5 69 0.4295 48 108 0.3712 60
31 0.1654 97 70 0.4982 23 109 0.4089 51
32 0.1584 98 71 0.6347 12 110 0.2171 91
33 0.6780 7 72 0.5278 20 111 0.1675 96
34 0.1109 109 73 0.5047 22 112 0.2884 75
35 0.2560 82 74 0.0871 112 113 0.0812 113
36 0.1263 104 75 0.3381 64 114 0.6381 11
37 0.4123 50 76 0.5599 16 115 0.0984 110
38 0.7444 3 77 0.6639 9 116 0.5555 17
39 0.2847 77 78 0.3132 69
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Standardized value Gj;oixp
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L:

0.6 L

1
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Note: L, : The first group; L,: The first subgroup of the second group; L;: The second subgroup of the second

group; L, : The third group.

1 116 PEZMHREFEREXIBRESE

Fig.1

Clustering of 116 quinoa germplasm resources and related indicators

Ko ARABEEZMRAFHRATMERZERILR

Table 6 Comparison of drought tolerance of different groups of quinoa germplasm resources at germination stage

(?i?i) szfnfer Ron/ % Rop/% Rer/% Ru/% Ry/%  Ry/%  Rew/%  GDRI Weight ngjiffvf[ffﬁion value
(L) 1 0.00d 0.00d 0.00d 0.00c 0.00c 0.00d 0.00c 0.00d 0.0000d
I, (L,) 29 71.06a 66.64a 56.29a 18.33a 45.45a 45.25a 36.35a 0.67a 0.5767a
I,(Ly) 41 61.06b 57.13b  41.25b  5.65b 22.44b 15.77¢ 13.66b  0.56b 0.3808b
m(L,) 45 23.51c  15.69¢ 12.4lc  4.63b 39.73a  30.73b 34.07a  0.17c 0.2281c

T R BA NG TR R AN R A ] ) 22 57 2 #5448 (P<0.05)

Note : Different lowercase letters in the same column indicate the significance of the difference between different groups ( P<0.05).
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