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Comprehensive Valuation of Drought Resistance
of Flax Germplasm in Germination

ZHANG Yan-jun,GOU Zuo-wang, WANG Xing-rong, CHEN Wei-ying, QI Xu-sheng
(Institute of Crop ,Gansu Academy of Agricultural Sciences ,Lanzhou 730070)

Abstract; To study drought resistance of different types of flax germplasm in germination, screening varieties
with resistance to drought will give support in breeding. This paper studied stress test under different concentrations
of PEG-6000 for Dingya 17 ,Longya 8 and 2011621080 ,to select the best concentration of PEG-6000 solution. For
161 varieties from northwest arid area were tested during germination ,and meanwhile 5 characters which relevant to
drought resistance were studied. Comprehensive evaluation was carried out for different germplasm resources
through drought resistance coefficient, comprehensive drought resistance coefficient, membership function and grey
relational analysis. The results showed that there was an influence on the germination of flax germplasm with the in-
creased of PEG-6000 concentration,with 18% PEG-6000 stress condition for the flax germplasm of seed during ger-
mination among them , the relative germination rate, root length, root fresh weight, bud length, bud fresh weight of
161 flax germplasm decreased under PEG-6000 stress. According to drought resistance comprehensive evaluation
value ,flax germplasm used in this study were divided into 5 drought resistance grades,2 belonged to grade 1,15 be-
longed to grade 2,28 belonged to grade 3,82 belonged to grade 4,34 belonged to grade 5. The capacity of drought
resistance of the tested cultivars was relevant to geographical origins. Using several relevant characters, it is an ef-
fective and accurate way to comprehensively evaluate the drought tolerance of flax in germination.
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1.1

Table 1 Name,origin,type,and order of drought resistance of tested accessions

i 2 ik K 2 DA HEFF S55|| Rl 2 A U Al DA HeF &9
Cultivars Origin Type D value Ranking Grade||Cultivars Origin Type D value Ranking Grade
ALE T U R REHEGR WA 0.798 1 1 |K& TR PEFEE M AR 0,291 82 4
PEALLLHARR RETHR HoTEA 0,767 2 1 || R RR PR MR 0.289 83 4
FoK i K PEER WA 0,593 3 2 ||[HE4%5 PEHR FRASA 0,287 84 4
3= PEHN RS 0.589 4 2 ||fAF3 S fAA gl F 0,281 85 4
2012631028 hEFHE ISR 0.589 5 2 |15 HEHMN B 0.280 86 4
PALLL-1 HEHWN WS 0.576 6 2 |[20121500297 HREANSEY SR 0.277 87 4
ALE B FE TRETHR HOT R 0,557 7 2 |[2012631218 hE I ISR 0.276 88 4
2012621187 PE R RS 0.555 8 2 ||{#F-2 Germany-2 T BlgERFN 0.275 89 4
H677 F5-2-1-1-1-1  BIiR&E  glgksF  0.539 9 2 |[RKIE R PEHE TR 0,269 90 4
NO. 1051 P1289090 &I F] sSlitfF  0.535 10 2 |l66-39-7-1 PEHEN B 0.268 91 4
I K A IRR PEHF TR 0521 11 2 |[LiLa HE SIS 0.267 92 4
2012631091 hEEE ISR 0.517 12 2 ||BEEHIRE HE O SIH#ESF 0.266 93 4
GERCELLOP. 1. i Bl#ERA 0.513 13 2 ||#F-3 Germany-3 EE - 5lgEmF 0264 94 4
173243
MR 15 FEWLPE FRESF 0,509 14 2 ([89-29 vagE Sl Ar 0262 95
PERIEH R REHEE MR 0.496 15 2 |[ARGENTINE EE Bl 0.262 9

SEL. G5
PUALTE ) R PEHE HOr R 0,495 16 2 |[P. 1250091 B BlEERR 0,261 97 4
RAJA gk Sl 0.485 17 2 |15 PEHER FRSF 0.260 98 4
2012631222 FEEE O EMF 0.472 18 3 ||[fUZFFI2 %5 Hungary 2 B0ZFF]  Sldk&Fr  0.258 99 4
2012651071 rhERTR ISR 0.470 19 3 |[EE17 % HEHN RS 0.255 100 4
&I F) B f AR Gl R 0. 461 20 3 |[20121500395 rhENSE BUE R 0.255 101 4
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F1(4)

BT 44 FR K 21 DA Hoy S| R4 R U B3] DA Hy S
Cultivars Origin Type D value Ranking Grade||Cultivars Origin Type D value Ranking Grade
5 24 R REHER MR 0.460 21 3 |[FA S RIFR] GRS 0.254 102 4
C.1.975 x 1073 e sI#EF 0460 22 3 ||ROSSIAN INTRO. WP gl 0.252 103 4
20121500364 REINSHY ISR 0.456 23 3 |XE15 PEER BRGEF 0.250 104 4
2012631226 EFE SR 0.447 24 3 |[2012651065 hEREE WA 0.248 105 4
P. 1. 193820 BRIEMRLEWE 513k R 0. 445 25 3 ||HW.2 %5 Ganya2  HEHMN &AM 0.248 106 4
EW 45 FEH R 0,441 26 3 ||2012141144 FEILTE WEERFE 0.246 107 4
2012631220 P ISR 0.436 27 3 ||#22-2 Poland-2 Bt Bl 0.245 108 4
Wik iR Stahanov  ZREE  SIBEMAR  0.433 28 3 |[89-21 FafE Sl 0.245 109 4
2012631225 hEEE IESF 0,423 29 3 |[p.L.780 ENE gl 0.242 110 4
LSS/ PER Wor R 0,422 30 3 ||BRE 3 PEHF FRASA 0.237 111 4
EW 10 & PEHF B 0,420 31 3 |[L.G.0189B EEVF gldEs A 0.236 112 4
FE4 ] Pei Lu nao A Bl 0.412 32 3 ||BeiE 8 5 PEHER BB 0.236 113 4
64 Tai na A FlHESF 0.410 33 3 ||HOSSZUHATI 7022  ®jZFF] BlE&F  0.235 114 4
MARSIC BRI sl 0.409 34 3 |[2012621062 REH G WEMSR 0,234 115 4
2011142021 PEILYE ISR 0.408 35 3 |[2012631223 THEHE IEMSF 0,232 116 4
BN L JhE SIS 0.406 36 3 | A6 5 AR SIS 0.232 117 4

Hungary 6
KIK LA Jpk PEHF SR 0,403 37 3 ||BISON x RIO EE  5lEEM 0.232 118 4
2012621118 REHEGE IEMF 0,403 38 3 |[2013641336 ETE WEEMSF 0,231 119 4
El 14 5 PEHN BRASF 0.389 39 3 |[2012631227 PEEE SR 0.227 120 4
TLAK Wu he lin AHE BIEERF 0.389 40 3 || HAHARR Japan flax HA 5l 0.226 121 4
2011621058 REHGE ISR 0.387 41 3 || 2-1 Poland-1 Wt glESAr 0226 122 4
RUSSIAN INTRO. WP W gl 0.387 42 3 (89-27 e SlHERAR 0.221 123 4
2012141179 RENLYE IS 0.385 43 3 ||NO. 129 BEVS R glEES A 0.219 124 4
[EETpINE| PEBEE 7 AT 0,383 44 3 || A8 S A SIS 0.216 125 4
2R HIRR Xian flax HEHN WA 0.382 45 3 (2012141119 REWLPE SR 0.214 126 4
2012631221 hEFE ISR 0.368 46 4 (2012141172 RELYE SR 0.212 127 4
WIERA fr2z BliEGF 0.362 47 4 ||[vEFLE B REHWN HOTEA 0201 128 5
12M3. 1. 32017
EW 12 % HEHN BB 0.359 48 4 |[2011621210 REHR ISR 0,199 129 5
i L/ REWAE M SRR 0.356 49 4 || WERRFH PEFEE M7 A 0,198 130 5
PN I BlEMAR 0.351 50 4 ||P.1. 250864 P BIEEEF 0. 188 131 5
FHARE Qi flax HEHN WA 0.350 51 4 ||WALSH FKE  BlIESF 0.186 132 5
2012631217 TEERE IEMSF 0,350 52 4 |[2012651058 rhEREE WS 0. 183 133 5
5[ -4 Germany-4 HEE gldESE 0.344 53 4 20121500296 rhENSET BEMF 0. 181 134 5
BISON x ABY. YELLOW &[5l 3Ef, 0.339 54 4 ||BIFF A R bz I B2 0.181 135 5
2012631036 R ISR 0.336 55 4 |INORALTA gk SlEERF 0,180 136 5
KRISLIMASPANADSLIN ~ #i+ BldEfAP  0.336 56 4 ||&)ZFF] 5 5 BIFF SIS 0.179 137 5
REDOOD x4111-57-82  25FE  gli#&Fh  0.334 57 4 12011621004 REH® SR 0,179 138 5
FELEH Sai gai di AP BIUEEF 0.331 58 4 |l2012621312 PETHR RS 0.179 139 5
BV 4 %5 Longya4 — WEHMN FMMA  0.328 59 4 |)2013641313 PETE WEMF 0,174 140 5
20121500394 rRENSES BE MR 0.326 60 4 (2012631224 PEEE WEESF 0. 162 141 5
H677 F5-2-1-1-1-1  PlARsE  SlfkfhF 0.325 61 4 |7 B E AR PEHN My 0,159 142 5
P 2% Poland W glUEER 0.325 62 4 2011631030 TEER IESF 0155 143 5
(TP AN hERR Mo SRR 0.324 63 4 2012621050 REHMN WS 0,152 144 5
Akesu red flax
2011621171 PR USSR 0.322 64 4 ||SUMPERSKY ZDAR B Bl 0.151 145 5
NO. 547 FEEWE glER 0,321 65 4 2012641162 HETE IEMSF 0. 146 146 5
2011621194 REHN WS 0.318 66 4 |[2012621341 REHWN WS 0. 145 147 5
B REREE oy EAr 0,317 67 4 ||CRYDRUS RIAR] glESF 0,144 148 5
BARNAULSKIJ BE W Sl 0.316 68 4 |[RIO BIFR] SlEERF 0,144 149 5
FR SRINIGAR KASH- ElfE  Bl#EMF 0.313 69 4 || ERABHIR R MR 0. 140 150 5
MIR
Z54UT N Cotton spinner 738K SliEfAF  0.313 70 4 |[2012641216 PETE WEMF 0,138 151 5
SEW 15 % Dingya 15 *PEHHN FH&AF  0.312 71 4 |)2012641130 PETE O WEMF 0,137 152 5
FEUATHh, R MR 0.306 72 4 ||RWD x BIRIO EE 5l 0. 134 153 5

MN61-10
MAUVE Wk sl#EEF 0.306 73 4 ||OTTAWA EE BIHEMSF 0.130 154 5
2011142064 PENLYE ISR 0,304 74 4 |[2011621080 PETHR WESF 0,122 155 5
EMERAUDE hE SIS 0.303 75 4 || SR B RR HEHN MR 0,114 156 5
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F1(4)
il B 44 ik e Bl DY HeF 4 || Rl B 44 B S el DY HeF %4
Cultivars Origin Type D value Ranking Grade||Cultivars Origin Type D value Ranking Grade
i SRk rRENTE TSR 0,302 76 4 2012621207 REHR ISR 0. 106 157 5
FLACHSKOPF EE - Sl 0.301 77 4 (2012641188 hETE IESF 0,099 158 5
Apr-34 HEHN FRASA 0.298 78 4 |[DIADEM XKHE  GlgEmF 0.094 159 5
L& RS RE S M SRR 0.296 79 4 |[2011641046 hETE ISR 0,080 160 5
fif 22 Holland far2% BlHEEF 0.295 80 4 (2011641073 FETE O ERSF 0063 161 5
% [%-5 Germany-5 EE Bl 0.292 81 4
D8 . br R
D value ; Drought resistance comprehensive evaluation values
1.2 KEAH*
1.2.1 MEMLE ALK RHO(CK) . 14% .
16% 18% . 20% .22% 24% 45 7 FpoR Ry Koo <X <X
PEG-6000 &% & W 17 [ . 8 5 Fi1 2011621080
BT HEAT I L0 B 675 3638 14T P T 9 % 940 5 S BEA My, = Lk,
e P S R e
MBI B FOE L PEG-6000 HaHK HE K0 s, = (s 2 1nl)

Bk NS A LRI T T 0. 1% [T R oo )
W 10 min, ZEA K T, HEAEURIRURD T T K R =Y [ox (1n1+ 2 1nl)]
A3 SRIFAEH LR, 533161 2 BERLE T 300 U
AR SO T4 9 om HEFEILR FHIEAR RIAI L () = g em R

VERZFIR, 20 BN 12 mL % B R 0 (CK) 1 18% iy
PEG-6000 7,3 WKEHAE , BT 25 CHFEE FRER#
1.2.2 WEIRIRSHZEP? FEZET daEE
A MR MREETE 2RO ZEEEE 5 MR, K 2E IR
DARARA BE IR B R4 IR 2K B SR B Rl F— 221
AR ZFRIAR T R A i o 26 Fi {f ] Sar-
torius BSA-224S HiL /A Pl i, 1k PRk 6
1.2.3 #HEBEBHH K H Microsoft Excel 2007 Fl
SPSS 20. 0 GEit oA (At e d B i A 7 Ab B, I
KSR 0.01 F10. 05, N [RIEHBRAH BTG IR BT 240 R
FARORISR IR RS 525 BP0 R R BURSS & W iR T
CEE VRN MU B B (D ) H] B BE 5 FIAR 2L
PE TR T, Kt RS H, D EHIEE R (0,1),
HAEBAP TR ERGR , BRI TR AR T2,

EFE(%)GR =T d WEF K F AT 4/ 49K
FrF 4 x 100

i

BERRFFZBDC =

FBFIHA v, = | (X- X,0) /(X

1 X jmax

v o s 1 <
XBHE y, = ;ZLOi(k)
k=1

X, (K, FR 5 X BRAL AP F ARk
R X K SR A% IR 5 0 R I
S bR DR A R Gy = 1 -
(X =X, )/ (X = Xo) Ho o, i dn b j MRy
SRR, X, J e i HEIRE ML, X,,,, %6 b
Bl § HEIRA R s, by ARSI 56 500 5
PRECTIOAIERAC, [ ] + 3 | i | S BORHE, Fom
55§ MDA AT R AR A, () R &
o207 LA B Ay, () = [ 2y (B) —x,
(B) |8 A, 537 BT AT L P 91 64 2
4o 2 P IR (BRI, S8 HER M p =0. 5.

2 #RESWH

2.1 PEG-6000 #=#lT 2 BB K E 1 # E

R A5 7 10 0 ST 6 53 A 45 S | A 3 012 B B
PrRmERMAE b 5509 3 M RLE W 17 BEE 8
F112011621080 , i 2638 B HEA TR0 87 & BT F 1 2
JEIY) PEG-6000 i W B2, M Giit o Ar 45 R &
(F2), AFEHE PEG-6000 4k XS 3 43 k1 KL & 25
R AR | ZF R ORN 25 T 15 25 R Si it
22 L, PEG-6000 ¥ Bk 18% ISt 3 oy A4 L 1Y 2F
K 2R T 5 0 209% e 25 T W Ik E
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KT 18% Wh A [] A JBR P ot 40y 17 O AR ME 4k 2 2 K
PO 55 1Y S A PEG-6000 40 B 1y 45 SURK, ok 3
J14% Bk 3% 22 5 B 3 ; PEG-6000 ¥ B AIX T
18% I, L5 2 I 5 A1 v 45 i P Y e 25 R 2 ) 25
SN KT 18% BT 51 3R 058 A1 55 1 5 Bl &
ZERRREAR 50% LA W BE R 229 BT S v 4 1) B
W8 5 & RINEAR 50% Zetv, L, 238 A A v
JEE XS N S PR A S ], AR F 5 355 L 18 % 1 hy 5 bR
JE A 2 BT R4 2 I RRUE PEG-6000 7 RMRE
2.2 REMBRLEHRRESH

AGRIR A PEG-6000 KT 161 47357 SR T it
538 A B DA 8 AR 19 G 11 ml i (%
3) , TR RE A BRI A R A B R, B
Xof BB % 25 BRI A8 S 2K (3. 706% ) A1, HAt RS S
AR 20% LA, T2 {5 % 2R B AIG 44. 31% AR
Kd > 19.52% , AR i R BE 52, 11%, 2F K B K
67. 16% , ZFEEE R 49.39% , 28 ¢ TS, i Ahia) g5 Ptk
AT R R 22 A B 5K DB AR IR T s Hi
BATIH R A Jo 0 = B Ak AR I, BT B AR
Ftk,
2.3 SARFRETIERINEES T

YED) BT S 2 PR R R AR | 22 i R s ol
B T PR 38 2o AN () 300 45 R bR 38 s 2 A
— ZANAE R K . ARFFEAR Y I hT R R
KA TR R R RE(FR3) , Hit &
B, AN TR) o ) ) — MR p P 2 R s AR, DC
BI7E S R BOITE 25% VA b, ELIR]— & A 4% IR 6] Y
PR RBWATER KR ESR, WK 4 TTLUE N, 7ER
— 2 DX )5 PR 9 BRI 5 2R 500 A BRI % AH
K, 36.64% MK FHFPLRERE DC=0.6,
57.15% MK R 250 DC=0. 6,23. 60% HIHLEE
VR E DC=0.6,3.73% WHEK LT Z 5 DC =
0.6,21. 74% W 2t TP 7 R B DC =0. 6, KB R
Tl A5 P DR 1 2 e ) R AR AR U Ry 25K | 2 e
R & 2R R, SRR RIHeR TR R
BOotAE e —3 AR RER, UL, HR—MR
PP BB SRR AT R RRAEAE A T PR R
SEVE, WA Z A MR TL B A HA Rl
2.4 HiAMBHEEREEITEN

P70 & — A 52 2 i A AR AL AR PRt
TEM DI PLR R T T 2 MR L A 2,
T RENS Fb A 4 T b s W R AR BT B & I B R, A
WFSE R BRI S 8 s S 2R BP0 R REGHES A 10T
PO BT RS TLE A VP, AR 8 0 51 %

161 MPEHHATHL R MEHE T (R 1), HAE SRR R it
SRR

M5 Bl SRR REUE S AR R
B . E AR G MR X B S R A A R 2
Br oK 161 Aoy 5 25, Hirp 1 222 iy, 4
1.24% ;2 2515 %, 15 9. 32% ;3 25 28 10y, i 17.39% ;
42582 14y, 15 50.93% ;5 25 34 14y, /5 21. 12% .,
2.5 FAEEEFHRAFHRBHELE

FH TN [RIZE 3 )5 B R R | 545 75 AN ]
HAEF— T 5 W38 4040 T 0T a8 R 3 A R 1y dt 5
PE o ABFEEHE AR 43 [ oA b L
B HGHAN E 8T E R 3 28 eI R 4y
FIHOTEIR(F£6), WNFE I FIE6 FH Pk 3
QN Wb L DTN = D T S R B T o e
[ 2570 ) 33.77% 27.78% 1 21. 21% ;2 {3 1 ZFb
JoT AR L PN i R TR O R R A T A
AR 4 B0, 5 3 % M Db PN M O AR O P AT
58.06% k& HH N (PG NS T B A A B L
PATRTE 4 U BT ENE B Z ] R A
T 22 RV, Ik i e B > Bl E
PR DB R T RS, T L A [k IR
PP TP 25 A K, X AT B S b DR IR R 4%
PFEFNA A G TE A I SRR BT 58T dn Ak &
TR v ] A b B A A
2.6 AEMRENEEEEENXBEESHT

HRAE IR0 ZR e 3L, DI B o e 1) 2 A8 1% R 4
45 PR ZE R LB LS 2% 4080 1) A s DI RR
ORHRFE A, UL RHIZ B RN 225 09 [ 1) 28 Ak Ak
Il AHE OCRREY], A ST LA PR b 52 R
BN HERES It Rk B A S50, AT IR .06
AT AR s (R 7) , R S PR R B R %
YIRREERUCON 2 23 AR ARG 2Ffif e,

3 it

3.1 PEG & i&iRER)IEHFE 6@

N AL 52 i b R A 4T SR A 5T i
Bz —, FIHERZ Tl (PEG) | H 55 B A
L5 R B RO e A BRI P R =
SERYE 5 3k Hodh i L B VA WP L PEG-
6000 #HFEAE | PEG-6000 1 T /K J B fiE 7= A2 58 K
3535 R 40 2R 40 i ib T2 F T R A K
Syiia 2z, U TR, ASBE SN i BE 2E A 40
ML AN R ITRE S B EA Y . H 1979 AR IR
L PEG-6000 1E A7 5370 1 1 751 i 15 H 470 52 ) 0
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Table 5 Comprehensive drought resistance grade and average value of evaluation data of tested accessions

- PR Drought resistance grade MRRE BERAEL
Z1 Parameter
1 2 3 4 5 r Weight
ZEAHIE R Comprehensive drought resistance coefficient 1.20 0. 84 0. 69 0.50 0.35
Xij 2 Germination rate 0.90 0.77 0.60 0.42 0.27 0.62** 0.18
1 Root length 0.94 0.51 0.34 0.18 0.08 0.92** 0.26
HIEETE Root fresh weight 0.58 0.39 0.34 0.19 0.10 0.80"" 0.29
i Bud length 0.96 0.65 0.50 0.36 0.17 0.69** 0.20

ZEHEE Bud fresh weight 0.45 0.32 0.33 0.26 0.13 0.47* 0.13

D {& D value 0.78 0.54 0.42 0.28 0.15

F6 AREEEARMENFEHITEESH
Table 6 The analysis of average drought resistance of different types of flax germplasm
. o B YA E 531 NDDDR N .
i e Al E3nN /g GEPRRECT T DA
1% 24 3 49 54
TTP TN ACDC Average D
Gradel Grade2 Grade3 Graded GradeS

M7 Local 77 2 9 15 28 23 0.557 0.316

H I Breeding 18 0 2 3 13 0 0. 583 0.331

5|#E Introduction 66 0 4 10 41 11 0.515 0.295

TTP: Fft FR2E R, TN : i (3 8 ; NDDDR : £ 51 7 S5 R AR B ; ACDC LR U R A {E
TTP . Type of tested germplasm, TN: Tested number, NDDDR ; Numbers distribution of different drought resistance, ACDC: Average of comprehensive

drought resistance coefficient
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Table 7 Relation and order of tested characters and

drought resistance value

FER R o
Character Correlation degree Ranking
K ZEH Germination rate 0.7916 2
H1 Root length 0.7861 3
HREETE Root weight 0. 7856 4
%K Seedling height 0.8174 1
ZEMETE Seedling weight 0.7624 5
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