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Drought tolerance identification of different oilseed flax varieties at

germination stage under PEG stress
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Abstract: The experiments were conducted to investigate and identify the response difference of drought resistance

traits of different oilseed flax varieties at germination stage, which used 21% PEG — 6000 simulation experiments by 14

new varieties of oilseed flax domestic. The results indicated that the nine indexes including relative germination emerge .

relative germination rate . relative germ length and fresh weight \relative radicle length and fresh weight . relative germina-

tion index . vitality index and sprout index performances were not consistent. The drought resistance evaluation of oilseed

flax need comprehensive consideration about multi-index. To use comprehensive consideration evaluation by integrating

membership function values and drought resisting index weight, the D value ranged from 0.323 to 0.787, the drought

resisting obvious difference. The best drought resisting of D value reached 0.868, was Jinya 11, following by Baya 12,

its D value was 0.787. The D values of drought resistance of oilseed flax varieties in the last were 0.381 and 0.323,

these were Yiya 4 and Jinya 10, respectively.
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Table 1 Materials and their origins used in this study

i S i
Order Varieties Seed origins
1 BEIE 10 % Longya No. 10 Hfr A gL B BEEYBFIE T Crop Research Institute, Gansu Academy of Agricultural Sciences
2 BEIE 11 % Longya No. 11 Hfr A gl B2 BEEYBFSE T Crop Research Institute, Gansu Academy of Agricultural Sciences
3 BEIEZ% 1 %5 Longyaza No. 1 Hfr A gl B2 BEEY ST Crop Research Institute, Gansu Academy of Agricultural Sciences
4 BEAE 2% 2 5 Longyaza No. 2 Hfr A gl B2 BEEY ST Crop Research Institute, Gansu Academy of Agricultural Sciences
5 BV 8 5 Longya No. 8 Hla A BB EYBFFEIT Crop Research Institute, Gansu Academy of Agricultural Sciences
6 FETV 23 5 Dingya No. 23 Hifrd e i AO B # B Dings Academy of Agricultural Sciences, Gansu
7 P 4 5 Yiya No. 4 B E G XA AL AL BN EBE Yili Academy of Agricultural Sciences, Xinjiang
8 U 12 %5 Baya No. 12 WAL KRR AR #BE Zhangjiakou Academy of Agricultural Sciences, Hebei
9 U 3 %5 Baya No. 3 WAL SR AR #BE Zhangjiakou Academy of Agricultural Sciences, Hebei
10 K. 95 Tianya No. 9 Hifr a4 B AR 2Bt Gansu Academy of Agricultural and Vocational Technology
11 F3F. 19 %5 Ningya No. 19 T HEFEJEH BT Guyuan Institute of Agricultural Sciences, Ningxia
53 WiV 105 L P4 A A g [ 725 SE TS i

Jinya No. 10 Datong High and Cold Research Institute, Shanxi Academy of Agricultural Sciences
L EEnE AT AR KT 9 B

Jinya No. 11 Datong High and Cold Research Institute, Shanxi Academy of Agricultural Sciences

1.2 ARt 55%

R R BE 43 50 0% (KR A1 219% (AbHE)
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385 — B Rl T 720 R, 45 40 KL — 1y, BT
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e (SI, Sprout index) , ZA3UNF :

GE = Hi 3 RINBYLZEL / HialFh 2 x 100

GR = 557 RAKRZFEEL / HEAFh 141 x 100

GI = 3(DG/DT), DG K& B %%, DT JHH
N DG 1R 2 R AL

VI = GI x PR s

SI=(1.00)ndl + (0.75) nd3 + (0.50) nd5 +
(0.25)nd7, H:H nd1 \nd3 .nd5 .nd7 5305 4% 1.3.5.7
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Table 2 Germination energy and germination rate of different oilseed flax varieties under PEG simulatation drought stress

K ZEH Germination energy/ %

K Germination rate/ %

=
v:ﬂftls b3 oy HIRE % 3 pis K1 RIRE R 5EA
Treatment CK Relative germination energy Treatment CK Relative germination rate

A3 2 % Lunxuan No.2 60.83 93.33 65.39 +30.56aAB 94.17 91.67 102.70 £ 4.68a
T 19 % Ningya No. 19 42.50 88.33 48.26 +7.16abAB 85.83 90.83 94.89 + 10.84ab
K. 9 5 Tianya No. 9 12.50 97.50 12.97 +7.18bB 95.00 98.33 96.75 +7.78ab
HF 105 Jinya No. 10 67.50 96.67 69.97 £ 16.51aA 85.83 96.67 88.89 + 15.03ab
I 12 % Baya No. 12 73.33 92.50 79.36 £ 4.92aA 97.50 95.83 101.80+4.04a
FIF 45 Yiya No.4 50.00 84.17 59.73 £26.41aAB 72.50 91.67 79.48 £ 11.20b
FE . 23 %5 Dingya No.23 57.50 70.00 82.51 +8.00aA 78.33 80.00 99.07 £ 16.79ab
BE V. 8 5 Longya No.8 56.67 93.33 60.23 +23.30aAB 89.17 93.33 95.71 £10.77ab
Wik 35 Baxuan No.3 47.50 99.17 47.86 = 10.66abAB 87.50 99.17 88.23 +6.32ab
W 115 Jinya No. 11 70.00 85.00 83.89 +32.69aA 90.00 90.00 100.00 +2.78a
BEVFE 115 Longya No.11 43.33 91.67 48.56 = 47.36abAB 89.17 89.17 100.00 + 0.00a
g WF.24% 2 %5 Longyaza No.2 61.67 97.50 62.99 + 19.34aAB 93.33 98.33 94.89 +9.25ab
BEF 2% 1 %5 Longyaza No. 1 49.17 100.00 49.17 £5.20abAB 90.00 100.00 90.00 £ 9.01ab
BE . 10 %5 Longya No. 10 43.33 84.17 51.60 + 16.85abAB 83.33 84.17 99.11 £ 17.06ab

AV 52.56" " 90.95 58.75 87.98 92.80 95.11

SD 15.37 8.11 18.36 6.69 5.84 6.45

cv 29.24 8.92 31.26 7.60 6.30 6.79

AN KRG PR RPN 25 R B3 (P <0.03) A B2 (P <0.01), * * [LFM B SAPNZESW BE(P<0.01), N,

Note: Different small letters indicate significant difference among treatments at 0.05 level. * %,

significant difference at P <0.01 level. The same below.
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Table 3 Radicle and germ fresh weight and length under PEG simulation drought stress.

JAR B / (g 10 4R~ 1) 2t /(g 1048 1) AR /em JRZE K /em
S Fil Radicle fresh weight/( g* 10plant™") Germ fresh weight/(g*10plant~") Radicle length Germ length
Varieties o190 prgs 2% o fER 2% o BEE A% R
PEG Injure rate PEG Injure rate PEG Injure rate PEG Injure rate
S =}
quifnzN?2 0.0317 0.0687 46.73+6.85a 0.187 0.444 42.23+2.57ab 1.333  1.553 86.92+15.117ab 2.463  6.277 39.40 +4.26ab
T 19 5
. 0.0477 0.0920 51.77+5.91a 0.249 0.490 50.94+0.86a 1.643 2.953 56.08+10.198b 1.880 6.793 27.77+5.76ab
Ningya No. 19
K95
Tianya No. 9 0.0303 0.0653 47.65+13.70a 0.180 0.410 43.95+7.48ab 1.910 1.953 102.83 +30.768ab 1.870  6.330 29.56 + 1.50ab
B 105
Jinya No. 10 0.0163 0.0607 27.07+4.57a 0.055 0.312 17.37+18.90b 0.650 1.360 50.88+23.395b 0.487 5.453 9.11+7.18b
M 125
Bava No. 12 0.0320 0.0857 37.61+3.49a 0.216 0.505 42.92+7.32ab 1.167 1.283 91.18 +24.687ab 1.673  6.263 27.09 +10.66ab
Y .
TP 45
Yiya No. 4 0.0363 0.0717 49.09+16.79a 0.131 0.451 28.04+23.72ab 1.027 1.443 71.83+40.900b 1.430 5.487 24.92+22.39ab
W 23 5
. 0.0313 0.0707 43.76+11.65a 0.135 0.477 28.09+17.62ab 1.020 1.770 57.54+19.187b 1.517 5.757 26.14 +19.48ab
Dingya No. 23
B 8 5
Longya No. 8 0.0323 0.0977 35.89+14.81a 0.182 0.466 39.42+15.62ab 1.127 2.320 53.57+32.772b 1.713 6.533 26.15+5.59ab
Wik 35
Baxuan No. 3 0.0443 0.0877 58.83+28.67a 0.167 0.445 42.52+23.72ab 1.967 2.150 91.49+4.820ab 1.983 6.170 32.70+8.28ab
H 115
Jinya No. 11 0.0347 0.0633 56.52+24.90a 0.158 0.402 39.62+11.60ab 1.103  1.040 106.25+18.161ab 2.040  6.393 31.89+12.28ab
e 11 %5
Longya No. 11 0.0517 0.0933 55.49+14.15a 0.226 0.449 51.87+21.72a 2.060 2.130 100.67 +37.350ab 2.263  6.197 38.25+17.32ab
BEI Ak 2 5
0.0493 0.1053 46.87+21.28a 0.235 0.493 48.15+15.44ab 2.093 3.077 66.31+26.398b 2.900 7.533 38.08 +27.83ab
Longyaza No. 2
BEW A 15
0.0523 0.1063 50.33+18.91a 0.263 0.480 55.80+21.84a 2.450 3.017 85.05+33.237ab 3.393  7.357 47.38+24.49
Longyaza No. 1
B 10 5
Longya No. 10 0.0663 0.1183 56.61 £26.29a 0.265 0.555 47.80+10.21ab 2.073 1.637 135.77+75.013a 2.437 6.783 36.58 +23.75ab
AV 0.040 0.085 47 .44 0.189 0.456 41.34" " 1.545 1.978 82.60 2.004 6.380 31.07" "
SD 0.01 0.02 8.99 0.06 0.06 10.55 0.55 0.67 24.59 0.70 0.6l 9.06
CV/ % 32.03 21.61 18.95 31.10 12.48 25.51 35.41 33.71 29.77 34.74  9.51 29.16

ATl SRR RIS 2 A KU PEASIA] o AR fif A X
EIEE 3 5 P 10 5 5 11 585, 405k
58.83% ,56.61% H1 56.52% ; % W. 10 5 [ . 8 =
KA, 3 2 27.07% F1 35.89% ,{H )7 253 M 22 5
AN AN RV 25 VR AR K IR 2 A
B 2ZE 535 5% B3 7K, W25 6 TR XHE B 4% 1
S (55.80%) , B 11 SR Z (51.87%) 5 % F.
10 55 fi%, A 17. 37 % ; AR KA XHEBE T 10 5 5%
15,35 135.77% , F W 10 5 5K (50. 88 % ) 5 IR 2F

FEXTEPE 2% 1 5 5y, fo ik 2 SRz, 430l 2 47.
38% £ 39.40% , % W. 10 SHAK(9.11%) .
2.3 PEG BB Xt A [E] #A Ak & Fh b iF 77 B9 540
Pl 16 J1 50K 28 10 Bl 2E S i 1
TURMEA AR K 25 57 0 R ZFF8 8006 T 48 B &
FEECRF TG I E R AR, S0 IR e, i 4k
BN, R ZFE T8 BAG J7 45 BORV & 48 800 B REAR T
60.70% ,83.08% Al 48.14% . K K005 J1 15 %L
A A 8 H5 0 A X 23 531 Ry 40.45% , 20. 46% Fl
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B o & 2598 BOM O (B b ) 22 S 4 B 3, I 12
BET 23 BRI 11 SR, A 54.27% .
50.98% F1 50.74% , 3%k 3 S HAMK(29.49% ) . G T
RSO X (L St o ) 2 S AN W 3 B P 11 5 5 (36.

61% ),k 3 S FIPE 2% 1 584K, 43 91 /£6.76 %
1 8.75% o B % F6 BOAH XL & o 6] 25 S 40 dd 255, 30
W12 S e, N 69.33%, R 9 551K, M 38.
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Table 4 Germination index (GI), vitality index (VI) and sprout index (PI) under PEG simulation drought stress

K ZEF8EL Germination index

% 138X Vitality index

B &85 Sprout index

1
mi A
Varieties 21% CK R =S 21% K 1k &R 21% K 1559 2%
PEG Injure rate PEG Injure rate PEG Injure rate
v 0 2
feik2 11.490 27.139 42.31+7.64abcdeABC  2.501 13.904 19.07+18.00a 110.000 183.125 59.95 + 14.59abcAB
Lunxuan No. 2
T 195
. 9.072  19.678 46.31+6.08abcdABC ~ 2.692  11.447 21.16+23.7la  86.250 144.375 60.14 +10.88abcAB
Ningya No. 19
KW 95
. 8.148 24.694 34.07+8.77deABC 1.729  11.800 19.56+15.56a  64.792 172.708 38.58 + 11.54cB
Tianya No. 9
105
Jinya No. 10 11.292  26.944 42.03 £3.69abcdeABC  0.725 10.040  15.53+7.90a 111.667 184.167 60.67 + 8.85abcAB
W 125
14.661 27.111 54.27 £4.99aA 3.634 16.030 17.89+23.0la 126.458 182.917 69.33 +£6.47aA
Baya No. 12
B 4 5
Yiva No. 4 10.044 26.417 38.73 £17.03bcdeABC  1.865 13.885 31.09+13.84a  86.875 177.292 49.62+ 16.27abcAB
yé .
SEW 23 %5
) 11.361 22.444 50.98 +8.45abAB 1.912 11.849 18.85+16.14a  96.458 147.500 65.63 +8.25abAB
Dingya No. 23
B 8 5
Loneva No. 8 12.670 33.278 38.14+5.21bcdeABC  2.670 18.741  18.74+4.53a 101.875 214.167 47.60 = 8.51abcAB
gy .
Wk 3 5 .
11.084 37.667 29.49 £5.50eC 2.3499 19.945 6.76+12.93a  96.250 238.750 40.37 +6.87cAB
Baxuan No. 3
Bk 115
Jinya No. 11 12.631 25.056 50.74 +13.71abcAB 2.534  11.666  29.96+22.42a 116.667 170.417 68.89 + 17.03aAB
DEiE 11 5 .
10.384 33.210 31.82=+11.55deBC 3.016 17.583  36.61+19.33a  91.875 213.125 44.20+23.45bcAB
Longya No. 11
P72 5
13.972  34.972 39.91 £6.33abedeABC  4.124  20.930 31.34+19.8la 107.917 224.375 48.00+9.25abcAB
Longyaza No. 2
BEiZ% 15
11.893 37.389 31.84 +4.40deBC 3.826 21.930 8.75+17.85a 100.208 237.500 42.22+4.01cAB
Longyaza No. 1
WA 10 5
9.522  26.556 35.66 +6.26cdeABC 3.241  17.864 11.19+18.08a  85.417 175.417 48.38 +12.18abcAB
Longya No. 10
AV 11.30° " 28.75 40.45 2.63" " 15.54 20.46 98.76" * 190.42 53.11" "
SD 1.82 5.58 7.79 0.91 3.96 8.91 15.60  30.39 10.69" *
CV/ % 16.09 19.39 19.26 34.73  25.51 43.55 15.80  15.96 20.12
2.4 MEBEHEEEMN PIEARBCE AL SR PR LR D, XA R

M-S 2R R — R R A i A A A R
1M PEG Jifrif N2 m A 1o Z IR RIRZ . LR
LORE SR R PR A5 e 1] 1 R BUB ST A —
2 ULRAPE Y R PSR A BEOLE 1 H— SR AR 5T
P, PER DL PRI G 2T Z IR R H . A
BIFSE LARE X0 2 2F 4 AR & 2 28 AR IR 2 < i i
R EDON Y S S AN RO R O R R G
A AARRAE 9 AR BRI, 2R TSR TR e& BB AT

JR AR AT B & A P R E AT LR AN (3R 5)
— & LA TR A OK, R WL R A8
ATDVE T 11 ST, D {HiSE] 1 0.868,
HKONIW 12 5, D H N 0.787, ik 2 5 Pk
105 B 23 5 T 19 53X 4 4~ S Fh b o
B 10 5 BHE 4 S BN B 22, D (55390 R
0.323 1 0.381,
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WIE Al I A R AR AR S0 R RME Y PEG
W WAL R A T R e ik g6 0 - 107,
A, 21 % PEG R BE e T, SRR T & 28 3%
ARG & 2F 34 AR fif T | VR 25 fif R 254 344
Xof BE AL 23 S FEAR T 4.82,21. 89, 38. 39, 52. 94,

58.55H01 68.59 /I~ 43 i K A G 1R A
RIEB I T 60.70% ,83.08% F148.14% , 1]
U ,21%PEG e i 7SR Fii R Mg 2R H ,
{HASFR PR U BE AR AR UK < & 2R A XE > IR
MRRAIRHE > & 23 > AR F AR X (B > IR 27 fif B
FAXHEL > IR ZERARNHE, B WL , 1235 Ml X 28 40
FEFIR T XA, 5 E PR BF R — B, ik
KR, T S8 T SRR T BEOR A 24 5 1 & 2
TR RS (A A K & W 32 3 81 4
s FEITE K 2 AR TR 254 K 3 R, B
PR 1) 5 R T A2 55 ) BH S AIGF BE R 55 1
i

x5 MEEGHEESN

Table 5 Comprehensive analysis of drought tolerance index.

S )& PR%L Membership function

AFX

AFX A

X% ARRE g ; HIMEE  ARXTRE AR MIGE  HEXSE
i e e L & L e e g % s g DRV
oh o g O REEE S Gt ek mmm e s P BK
Varieties Relative  Relative ‘ ’ " Relative Relative Relative Relative Relative D value  Order
. . germ radicle . . -
germination germination radicle germ  germination vitality sprout
) fresh fresh length lensth ind ind ind
energe rate weight weight en, eng| index index index
W 11 %5 Jinya No. 11 1.000 0.884 0.927 0.579 0.652 0.595 0.858 0.918 0.985 0.868 1
W 12 %5 Baya No. 12 0.936 0.961 0.332 0.665 0.475 0.470 1.000 0.956 1.000 0.787 2
% 2 5 Lunxuan No. 2 0.739 1.000 0.619 0.647 0.425 0.792 0.518 0.639 0.695 0.692 3
BEIE 10 % Longya No. 10 0.545 0.845 0.930 0.792 1.000 0.718 0.249 0.644 0.319 0.670 4
FE 23 %5 Dingya No. 23 0.981 0.844 0.526 0.279 0.078 0.445 0.867 0.521 0.880 0.661 5
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W 105 Jinya No. 10 0.804 0.405 0.000 0.000 0.000 0.000 0.506 0.000 0.718 0.323 14
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