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Rainfall in the perennial forage germplasm resource
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EhCEE 6 NF N ORI 4 & 76
SR JE R 6 000 Ix, SR WIS 16 h/8 h(JG IR/ B | i i
Hy 22 C/I8 CRyEEFRE P ATII AR . T A #EATIR]
WL BAE MR 20 tkah iR E &M 1 L 1/2 Ho-
agland & FF AT B 7% L B R AP ZK 08 7 WEL A IR FR 7R
LL B4 dH L BRI, BEZgmks 210
BB MR 4L, — b R 4k 42 1/2 Hoag-
land HFWH 55 9 — A & 20% (W/V) PEG
6000 (7K #\: —0. 60 Mpa) #) 1/2 Hoagland & FE R 1T
B ab B, iEEE 20 d JEAT &SRR RO E .
1.2.2 H2RkaFRE  NRIEF LR 5L 55 45
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Table 1 Information of test materials

Ok 5 P37 g 4 14K /m WA ol
09-035 H A V4 B e SR EURAY 102° 06" 214" 36°20'021" 3129 | B TR
09-053 T - B B 1 R A 102° 06" 348" 36°20'508" 2 994 VA AL M P8 i
09-089 HEH V2B S 102° 04" 060" 36°19'354" 2 863 T b M 7Y i FE
09-110 WGP B = A 101° 58" 846" 36°17'059" 2 865 ¥ At M G 9 4
09-118 HilFE P o =4H 101° 57" 296" 36°19'580" 2 865 AL 7
09-129 HRETHE = HH 101° 57" 437" 36°20'047" 2 741 ik | L iR
09-149 HEHEFEEHH % 101° 08" 821" 36°29'629" 3070 b M G
09-150 HiFGEBEEAA S 101° 08" 821" 36°29'629" 3070 b 7
09-210 T A KR Bl 4 98° 52" 055" 37°07'705" 3 600 i | P i
09-249 T 145 154 96° 13" 315" 37°26'143" 3775 b M PG W
10-124 HiEAE T BB ] s 101° 51" 082" 36°57'789" 2 993 ¥ At M TG 3 4
10-005 T 34 H. 1) B gl 4 102°02" 105" 36°52"'141" 2 610 ¥ AL 78 ¥ 4
1-1-4-2 HHRELET % 100°23" 040" 35°13"'006" 3263 i | AR5
1-1-5-13 HilEEWELG/RES 100°25" 007" 37°14'"012" 3228 T AL M 7 i
13-306 YNGR R e 2 R 102°00" 002" 32°52"'001" 3715 i | P N
13-360 DU R o Lk L T 4 102°57" 023" 33°35"1047" 3614 I I PG g
13-364 DU 48 25 /R 25 Bk L S 4 102°57" 023" 33°35"047" 3614 T A6 M P4 i 4
14-004 g )R T E 102° 20" 133" 32°31'514" 3543 T b M VG i
14-234 Pu |48 A BN 325 103° 33" 358" 32° 51" 556" 3133 i | A LR
14-250 A HREELAaR S 102° 46" 777" 34° 06" 746" 3139 T AL JH 7 i
16-335 HEKEREW S FREWH 101° 49" 039" 36° 58" 048" 2 980 T b M VY i
G23 FHE TR RE S 100°25' 007" 37°14""012" 3228 I JH 7Y R
G9 WiEHRIELP RS2 S 100°5" 025" 37°19"'010" 3365 Vi b 7Y A
HH15 W & S ER B - - O B T8 b N P i R
JIIHE 1 5 9 )1 48 Bl B2 B 5T B - - B BT T b JH P i
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WALt 36 4. TEAEAE TR ARG IR H L HE
FrE 3D RH LA N & & 24, 2 mg/kg, A P
(P,O;) 13. 43 mg/kg, # AL # (K,O) 110. 32 mg/kg.
pH W 8. 438 FH+ N+P,0, +K,O=5% . HH.E KT
ST ASYe . fEIRE KM BE TR SR 10 d S R AT
[ BEAL B 10 BRADE X R AE % DK, AR 5 7k B
PEHIAE 6020 ~T70%0 s AbFRLAF IERAK . 40P 14 d J5 i
17 & $8 br B I & .
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FH i AR T ARSI A L AR AR R
S0 5E P Z#E (MDAD & R AR AU b % R 1 i
51 Z R (Pro) &t R JH R Mk 21 =R b €835 ] ¥ 1 M
(SS) & R F BUM Lo 8 3% it 4 R % & SPAD502
-2 28 5 e I A 2o AR 0 Bl (POD) ¥ 4% A 8
AR L €575 R A AL P AR i (SOD) ¥ PR FH 4L
MREEE . ARG H = (R R T/ B4y T D X
10020, WHERFRFEEHE bR FH L1-6800 fiF 4 X6 A 4L
T HARGS « Fo/Fm QN 52 A9 W5 38 B — G E 5, i
PR — B RIR AT E L A LB 3 R E A L
Jik 63 8 000 pmol/(m* « 8) , ZEF S HFaE G
BEHUEE ; Fo'/ F" 5, 2 )5 6 8 — i R £ H bR oG5
TNAEELY 30 min Ji5 . >R FH 22 T N O I o 3 R R A
MPESE. RIETHE BRSO FROER A1 K
FRECOCAETE R R B RV FAE BB RCR
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(- B PP 25 M4 R B
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H Excel 2016 #A78048 5011 55017 .

2 FERE5DH

2.1 MEBEMEMIFIE

2.1.1 F 1 REZRRXRE X 25 (KT PEG B
P TG 50 I Xt T AW L A 2 R RN N I AR AR Y
PR RBEIT R 2.

R E =R AP REe R - N < NS R N 7 T A
R R R R o SR A R R B SRR
18 55 K 19 41 k& 09-089 ., 14-250, 09-249 , 14-250., 09-
118,09-035 M E 1 5, il kLA BT 5 R 8 [ 41
0. 460, ¥ 5 J& A T 0. 560 1 10-124,14-250, 16~
335.,09-118.G23 F1 09-035 H Ry 5t 57 A4 Kk 5 B 41 5 5k
JBHTE 0. 360 ~ 0. 560 f% 14-234,09-110,JI] B 1 &,
09-089,09-249,09-129,09-150,09-053 ,G9,13-306 13-
360 1 10-5 14 2y o S 5 B4 K ¥ bt B SR E BN T
0. 36014 1-1-4-2,09-210,09-149, 1-1-5-13 . F # 1 5.
13-364 F1 14-004 H A AHL R MR 2,

2.1.2 % 2R&FKE X6 G bR AT AR
T 5 W aE R I X I 5 AR R KR T RRUR R S
13 DMEFR P SRR E AT 20 (R 3D

14-250 W J AR & K v B bk v R
T AR AR GEE L 2 R A R R ROk
2RO AR A A M R R B DA Vi R R HOR R WL
HL 1% 38 ROR 19 P 52 SR 8 (8 B K 10-124 i g AR fk
E AR N R T R R RGE L SRR GRS
AR KOG 2 ROR ARG B R K R B Ok A v
DES GRS - B N W R S NNET S 3 B
H2 0. 515, 4 Ht FRIB MK T 0. 615 19 10-124 F1 14-
250 HRHU P M RE ¥ 5T R F R E1E 0. 415~0. 615 1)
09-129 F1 09-150 IH 2 o & 5T T b0 BE; 4 B 52 58 & /)
FT0.4158909-149F0114-004 14 R A Bt 5244 K 76 IR
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Table 2 Drought membership value of the tested materials in the first sand experiment

iR R
anwp CIR-Xc i fifi 2 B2 N T Ve A AL ) A ALY EEEEN
h Hh o 8- I A il il £ 5t ¥iE
09-035 0. 445 0.536 0.903 0.497 0.657 1. 000 0.026 0.581
09-053 0.218 0.098 0.782 0.510 0. 861 0.543 0.164 0.454
09-089 1. 000 0.151 0.774 0.281 0.484 0. 304 0. 447 0.492
09-110 0. 339 0.561 0.508 0.778 0.978 0. 459 0.158 0. 540
09-118 0. 655 0.058 0.652 0. 490 1. 000 0. 740 0. 686 0.612
09-129 0. 209 0.335 0.711 0. 804 0. 329 0.059 0.742 0. 456
09-149 0.522 0. 000 0.714 0.431 0.291 0.175 0. 091 0.318
09-150 0.342 0.412 0.694 0. 686 0.095 0.744 0.217 0.456
09-210 0.473 0.120 0. 351 0.497 0.598 0.082 0.314 0. 348
09-249 0.729 0.279 1. 000 0.425 0. 330 0. 306 0.161 0.461
10-124 0.753 0.591 0. 846 0. 810 0.753 0.710 0.341 0. 686
10-005 0.128 0. 246 0.243 0.412 0.471 0. 387 0. 803 0. 384
1-1-4-2 0. 244 0.151 0. 669 0.314 0.454 0.328 0. 305 0. 352
1-1-5-13 0.171 0. 089 0.745 0.471 0.497 0.238 0. 000 0.316
13-306 0.411 0.664 0. 650 0.425 0.268 0.247 0. 368 0.433
13-360 0. 220 0.226 0. 808 0. 667 0.582 0.288 0.198 0.427
13-364 0.297 0. 089 0.021 0. 359 0.491 0. 000 0. 456 0. 245
14-004 0. 337 0.104 0. 310 0.216 0.343 0. 060 0.142 0.216
14-234 0. 690 0.559 0.723 0.556 0.415 0.799 0.096 0.548
14-250 0. 886 1. 000 0. 369 1. 000 0.719 0. 506 0.226 0.672
16-335 0. 750 0.482 0. 898 0. 601 0.706 0. 649 0.584 0.667
G23 0. 696 0.024 0.962 0. 647 0.753 0. 366 0.657 0.586
G9 0. 366 0.024 0.677 0.588 0.783 0.213 0. 485 0.448
Hi 1l B 0. 256 0.462 0.492 0.275 0. 000 0.232 0.217 0.276
ERE= 0. 000 0.324 0. 800 0. 667 0. 354 0.491 1. 000 0.519
S 0. 445 0.303 0. 652 0.536 0.528 0. 397 0. 355 0. 460
3 F2REFVKREIHHNREREE
Table 3 Drought membership value of the tested materials in the secondpot experiment
W5 48 b5 P A
09-129 09-149 09-150 10-124 14-004 14-250 S
AR X K 0. 245 0. 234 0. 608 0.917 0. 000 1. 000 0.501
T AR 0. 656 0. 401 0.513 1. 000 0. 000 0.932 0.584
=] 0. 368 0. 000 0. 306 1. 000 0.036 0. 446 0. 359
[it8S 0.707 0.182 0. 806 0.963 0. 000 1. 000 0.610
[l s 0.494 0.059 0.622 1. 000 0. 000 0.908 0.514
TH B 0.637 0. 000 0. 409 1. 000 0. 435 0.791 0.545
M5k L 0.614 0.198 0.525 0.983 0. 000 1. 000 0.553
NESS al 0.521 0. 445 0.598 0.758 0.423 0.639 0.564
Bt 4 iR 0. 289 0. 000 0.547 0.673 0.131 1. 000 0. 440
A3 & 0.263 0.010 0.447 0.910 0. 000 1. 000 0.438
B U2 OES 0.616 0.314 0.641 1. 000 0. 000 0.778 0.558
FeAb 2= K R R 0.334 0. 270 0. 638 1. 000 0. 000 0. 665 0. 485
F M T ROR 0. 822 0. 000 0.278 0. 660 0.488 1. 000 0.541
KB EIE 0. 505 0.163 0.534 0.913 0.116 0. 858 0.515
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Table 4 Drought variability index of test indicators in two drought simulation experiments

Xt 18 T2 ria S
R et 45 yn  ERAR yum  ERE E%
¥/ % /%

91 UOKE: ANAEMERE S/ (mg - g D) 9. 403 24, 355 13.020 21.978 10. 260
MEBRTE/ (uge g D) 84.571 23.056 346. 151 47.396 69.098
W&/ (pmo» g 1) 31.506 11.171 48. 060 15. 283 31.082
TYFRRE/ (g7 1.923 4,172 0. 891 4.765 13. 270
P /cm 14. 269 10. 488 11.524 12.542 17. 834
ALY B AL TS /(U » min ' - g7 D) 273. 349 7.276 396. 236 9. 648 28.028
W EAL Y B E/ (U e min ' - g D) 491. 305 15. 248 644,422 17.173 11.872

B2 WK MR EKE/ % 90. 966 1.565 77.573 1. 870 17.736
T 7/ cm® 8. 365 6.657 3.988 18. 858 95. 642
R/ cm 24,239 11. 658 13.672 13.151 12. 035
K /cm 8.767 6.107 7.133 12,114 65.926
W S8/ (umol + g7 ) 32.653 10. 154 46. 082 19. 618 63.577
TYERE/ (g« & D 1.107 10. 844 0.483 13.063 18.566
R e e/ %% 19. 451 7.052 25. 681 11. 790 50. 300
4 2% & i (SPAD) 25.781 10.618 14. 322 16.018 40, 551
B AR/ (umol » m 2+ s1) 9.486 6.908 5.276 34.564 133. 370
RO 2E R 0.795 1. 054 0. 665 9.537 160. 19
BT K R R 1.191 4. 452 0.759 5.214 15,775
AL VR R AL 0.486 3.813 0. 359 8.231 73.352
FNL AL RO 61.474 3.565 35.723 5.638 45.057
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TPV 52 B Z Bl A0SR R 5% 0 DL S 22 i AR B
B 400 B I M 0 P T B LR S 2 R R AR AT
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e WA A4 AR 5 7K A X H S 8 1 A b T S T
FMCE, ARSI E T 6l SR X T R
5 MR AR A KR N U AT R A A R
LN IEN EATR PR . seah, If & iR & i, bl
S T I P R T 5 3R 9O S B S 4R s R A B TR F
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M2 AR Y 5 S e BORT A R S 4R s
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Screening of drought-resistant germplasm at seedling
stage of Elymus sibiricusat originated from
Qinghai-Tibet Plateau

YANG Wei', LIU Wen-hui*, MA Xiang®,]JIA Zhi-feng”, MA Hui-ling',
ZHANG Yong-chao®,LLIU Min-jie?
(1. College of Pratacultural Science ,Gansu Agricultural University ,Lanzhou,730070,China;
2. Key Laboratory of Superior Forage Germplasm in the Qinghai-Tibetan Plateau/Qinghai
Academy of Animal Science and Veterinary medicine , Xining 810016 ,China)

Abstract: The Elymus sibiricus with strong drought resistance was selected for forage cultivation and breed-
ing in Qinghai-Tibet Plateau. In this study, 25 Elymus sibiricus germplasm collected from different areas of
Qinghai-Tibet Plateau were exposed to simulated drought stress in sand culture. The membership function
method was used to evaluate the drought resistance of each germplasm,and the drought variation index was in-
troduced to screen the drought resistance evaluation index of Elymus sibiricus. The results of two screening ex-
periments were similar,of which 10-124,14-250,16-335,09-118,G23 and 09-035 were classified as drought-re-
sistant materials,14-234,09-110, Chuancaol , 09-089,09-249,09-129, 09-150, 09-053,G9, 13-306, 13-360 and 10-
005 were classified as medium drought-resistant materials, while 1-1-4-2,09-210,09-149,1-1-5-13, Qingmul , 13-
364 and 14-004 were classified as drought-sensitive materials. Leaf area,root:shoot ratio,root length, malondial-
dehyde, proline, chlorophyll,net photosynthetic rate, maximum photochemical efficiency, photochemical quench-
ing coefficient and apparent electron transfer efficiency had relatively large variation,and they could used as the
basis for the selection of drought-resistant germplasm of Elymus sibiricus in the Qinghai-Tibet Plateau. Our
study found that six germplasm,including 10-124,14-250,16-335,09-118, G23 and 09-035, had strong drought
resistance, which could be used as the preferred materials for forage cultivation and breeding in Qinghai-Tibet
Plateau. Furthermore,leaf area,root:shoot ratio and root length were sensitive to drought stress,which could be
used as evaluation indexes for drought resistance of Elymus sibiricus.

Key words: Elymus sibiricus ; drought stress; drought resistance screening; membership function method;

drought variation index



