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Indices Screening and Comprehensive Evaluation of Drought
Resistance in Alfalfa Germplasm Resources at Germinating Stage
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Abstract: In order to screen the drought resistance identification index and the drought-resistant alfalfa
germplasm materials, and provide the theory and basic materials for the breeding of new drought-resistant
varieties. In this study, we investigated the changes of root length, bud length, germination potential , germination
rate, germination index, vitality index and root bud ratio of 59 alfalfa germplasms with different drought
resistance that are from different region under drought stress condition, which was stimulated by using two
treatments including distilled water and —0.6 MPa PEG-6000 water solution. Correlation analysis, subordinate
function coefficients, comprehensive drought resistance coefficient, grey relational analysis, stepwise regression
and clustering analysis were used to evaluate the drought resistance and select evaluation indices in tested
alfalfa cultivars during the germination period. The results showed that drought stress had significant effects
on all indexes at the germination stage. By employment of this approach, we obtained three alfalfa genotypes,
including Caoyuan NO.3, Sidey7 and WL903, which showed strong drought-resistant at the germination stage.
These germplasms were selected as the research material for drought resistance breeding and drought resistance

WiS HHA: 2018-09-01  f&[EIHHA: 2018-10-03  MI4ZH kR HHA: 2018-11-23

URL : http://kns.cnki.net/kems/detail/11.4996.S.20181122.0923.001.html

SF—MEFBETETT 0 R R BT IR A g AL T RIITSE , E-mail : 649376016@dg.com

WAFIER  AREAT BT 1) R PORAN TS IR K38t B A ST, E-mail : fhzhel9@163.com

EEWA : T EYCTHEFLI(2014NYYZ04 ); T 2 5 55— ERH B (FoE AR ) B A (NXYLXK2017A01 )

Foundation project: Ningxia Forage Breeding Projects ( 2014NYYZ04 ), Funding Project for First-class Discipline Construction ( Grass Science ) in
Ningxia Higher Education ( NXYLXK2017A01 )



3 =

FRAF AR RN JTUSE UR BT AT R AR R LE S R LR A IR 599

mechanism. Notably, root length, germination rate and vitality index were more sensitive than other indicators

and could be used as a priority indicator for drought resistance identification and breeding of drought-resistant
varieties. The results also showed that it is reasonable and accurate to use the comprehensive evaluation method
with D value as the main index and WDC value as the auxiliary index in alfalfa to carry out comprehensive
evaluation of drought resistance and screening of evaluation indicators.

Key words: alfalfa; germination stage ; drought resistance ; comprehensive evaluation
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Table 1 Information of alfalfa germplasms used in this study
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(B 78 5+ 2801 0.09~0.58 2 [] ., {6 AAS IR 46 Ay e 1
TE P SR 2, T 5 S A IR X T S il 2 7
BONRUR . BEA, AR AE T S8 A B A
[ 2 2B T —0.001~0.329 2 [1], 13 B A [m) 4tk
X TSR il ) SRR AN ], B R A — A R
FERTEM A T R A R

25 HRM, 7T A F8 bR 1Y DC A 55 R B
F 0.23~0.58 Z [a], [l —F5br a5 T4 KHY DC {HH
I 225, K23 DC {EiR Kk 1.00, ifi fie/IME.
“h 0.20, #R ZF L DC il fie Kk 4.28, e /Ay 0.69,
25 SRR T EL ) — SRR A8 AR 1% DC A A B
225, 54 5 MR & 2F 3 DC{H hy 0.48, T 4R 2F tb
DC {H M 4.28, 7 g rH DC {E e /MR A 0.03, $
KAH N 4.28, H: DC {25 R 5K 42 S M RHEFR h
DC {H e /M J& 0.03, fe K10 0.82, 25 S48 /0N, i
AR [R) 6 broxe 1 52 s (0 B E AN 8], il 5 s 2
[ X RE A,

FHIEME AT s (32 3), i A s Akl v 7 300

®3 HEWRMBAZIREEROERHOMEXME

BhRZ M AR AR R RE BE A AR SGE , Horp 2 2R 1
TFRES K ZFE B 3 (P<0.01 ) AHG, FLAHOC R
Hor ik 0,912, 0.877; K& 2R 51 T Fa 5l il 3
FHOG A C R 054 0.810,

59 153 il J5i b4 k45 MR DC (i 0 % 2 728 KOk B
I HT R (3 4 ), [ — X [0 4% 48 45 DC {H
AR BRI 22 R AR . 7E 0<DC < 0.2 X[, i
THRB A% e, 15 8] T 100.00% , %S pia
S M BURR FLUR R e 2R BN & 2F B R A 3l
91.53% Fl 44.07%; 7% 0.2<DC < 0.4 [X 1] , 2K 401
TRt =, 34 3] 61.02%; 7F 0.4<DC < 0.6 X [1], 42
KA A i % fx 5l 64.41%; 7E 0.6<DC < 0.8 [X [F]
9 IR I 5 A 33.90%; 7F 0.8<DC < 1 X [ii], &
ZE R A 8, 153 15.25%, 1< DC [X Al A 2 [
Xof S A Y SN R ARG, SR E T 98.31% . ZE
FEOH AR BRRT TS W38 199 5O () SRR AR R
WG E > KRR > RFH > FR>MWK > &k
ZER > M,

Table 3 Correlations of drought resistance coefficients of phenotypic traits in alfalfa germplasm materials

HHR M REFH R LSS RS REFE REFTRE WK ¢
Correlation coefficient GP GR RL BL RBR Gl VI
RGP 1

K% GR 0.686" 1
& RL 0.118 0.384™ 1
K BL -0.075 -0.035 0.374" 1
HRZE L RBR 0.041 0.162 0.392" -0.522" 1

RERE GI 0.780" 0.912" 0.362" -0.02 0.144 1
R VI 0.580" 0.810" 0.709” 0.185 0.221 0.877" 1

x4 BEMRMBESERIERYESERENS S
Table 4 Different distributions of drought resistance coefficients of all indices in alfalfa germplasm materials

o 0<DC=<0.2 0.2<DC <04 0.4<DC=<0.6 0.6<DC=<0.38 0.8<DC=1 1<DC

T;'f:xes WH OB () UM OB () RE () U B (%) W B () UM R (%)
Times Frequency Times Frequency Times Frequency Times Frequency Times Frequency Times Frequency

RE RL 0 0 8 13.56 38 64.41 11 18.64 2 3.39 0 0
7K BL 22 37.29 36 61.02 0 0 0 1 1.70 0 0
RGP 26 44.07 27 45.76 5 8.47 1 1.70 0 0 0 0
R2E% GR 1 1.70 8 13.56 21 35.59 20 33.90 9 15.25 0 0
KEFIREL GI 54 91.53 5 8.47 0 0 0 0 0 0 0
WEIRE VL 59 100.00 0 0 0 0 0 0 0 0 0
2L RBR 0 0 0 0 0 1 1.70 0 0 58 98.31
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A = 20 %

22 EWHHW

XF 7 A FeAR 0 DCAEHEAT W3 534, SRAGFE
ik it R ATk (32 5), DMESE— L6 e
AP T R % ) Z A b F IR Bt oalik Rk
T 80%, "] LA JEAR B R H IERHEE R T 1, 7]
DA BR 7 R 12 SRR, 4% DA AT (2 P
3B TFHRHEARI R T 1, Bt pimkaeik 91.93%,
5 B R 8.07%, HHEHCHT 3 4 7, H ok
KAy K 52.08% . 21.88% . 17.97% , 7] ¥ J5 5k 4% B
ToUPE R A bR i A6 Sl 3 /138 A8 AH BBk 37 A F8 A (O
F1.F2 Fl F3 %R ). A FFERIF (£ 5), F1
TER ZEFREL G I8 O & 28 A B ddiAar , 431
7°0.949.,0.948 . 0.916; F2 7 2 & FIAR 2F b b A5 %%
AR AT, 23 9 A 0.956 1 -0.722; F3 fEMR K A 4
R AT, oA 0.732,
*5 KRESIERENRBMREE

Table 5 Coefficients of comprehensive indexes and their
proportions

PR IR ¥4 Factor pattern
Trait F1 F2 F3
A RL 0.599 0.254 0.732
ZEK BL 0.056 0.956 0.164
REFH GP 0.754  -0.089  -0.481
KEHFH GR 0916  -0.049  -0.187
REFRE GI 0.949  -0.034 -0.238
WRE VI 0.948 0.145 0.157
M2 EL RBR 0276  -0.722 0.589
FFEMR Characteristic root 3.646 1.531 1.258
DTk (%) Contribution rate 52.08 21.88 17.97
R DTk (%) Cumulative

in:rribiﬁ i 5208 7396  91.93
FFALHE (@) Factor weight 0.567 0.238 0.196

2.3 RERHS T RREBESEEITN

R0 T B & A SR kL CDC fH A T 0.353~
0.875 2 [ii], 48 5 Z %k 0.179, ##E cDC l'° Kk
AN R B R TR (6,59
T M b, T SR HEA B 10 057 A b BR R
345 WL903  YI i A fl B BR[| 3010 . % 5 Je
W RHE R H AR 2 5 PrEHES IS 10 7 Ay Fh
AR M EBE SALT HA&K 35 &2 )5 B 7.5
fig 551 . HE 15, CW200  H ALE A =FEF

TEA N AT (FLLUF2 F1F3) 5 4F [ = A1 57 ik
R FAE L RAEAR(3) R\EAHFE R

(o) (F£5), DLk THE AR S R EH., 75
0N PR 4R AE 1 e A 6 Al AR A A 5K (4) 1A
AR TSR R (U) U IR A5 R TR &
B (o), X425 B 58 ok BB (U) T3> A R A
2B (o), A (5) TR E R 8UE, 760
CEAPURVERE R (D) 1 R T A
Wil SR A0 B A S A P R, D E R b Rk
T

MR B D (A T 0.113~0.772 2 [8], -3 {H
4 0.393, 78 S R B 0.325, AR D i K/ % 59
03 8 18 PP HEATHEST , PR HEA AT 10 47 19 B
MR MR 35 WL903 %83l 7 . H K 2 5 YIRE .
3010 . 5 i i fiE . Nataw wakaba . 48 35 1 Fll 52 it ; Bt
FAEHEA G 10 07 R TR RN Eh T E R 7. fE
CR.HA& 4% HE 15 ERESALT . H&K 6% H
fe 35 HA& LS MALE . BRASBIMFRAM, X 5 3
T CDC {H i It Sk HE 7> 45 R ILA W) &, Hot Sk
oo A B R 3 5 D (E T A R BT A4 s
96.44% , 37t 15 T HAb P

ik 44 B WDC {4 T 0.349~0.857 2 Ji]
AR S RBON 0477, HRIE WDC {H K/ 59 7y E 7
ot S5 HE Y, BE S M HE A% 1 10 057 A4 b A4 Rk
35 \WLO03 Y A1l & EK fE[E | 3010, 2 L g
W R E R AIH AR 2 55 PTREHEA IS 10 (A9 Fh
BiM BN ERE SALT (ERE 7. &2 )5  HE& 35 B
fE 551 HH 15 CW200 KX . = {8 fsLE . H
459 5 ¥ CDC A HE 7 578 1 [, %6 B WDC B 7]
DU L AH R 2B CDC fH, H 5 D {H : &%)
(#£6).
2.4 DCE5 D{E.WDC EHK B XEST

XoF A PR A 5 2 %0 DC 1 (b3 ) 5 D
8 (ZHH ) WOK I3, AT 215k DC
H'5 D ER R (vp)o ZER TR (R 7)), MR
55 DA M VIR AR Ry Rk 2858 306 148
B ZRE SRR R R 5 EERRDL
A C R BN B VI SRR RS UTA DG H 48
b CHITARAS ), LR & 2858, AT T 2 00 19
N5 B, T2 5 Mt A, PRI AR K 54T ot Sk
JE f R, TR SRS B R R 55 . AR 4 DC
{H5 WDC {H ( 2% 541 ) MUK K (Ywoe ), HILA
5 B PEAN 25 PR 5 b b R Y O IR D K
ST R R, BRARZE LA, #5 MR R wDC
{H % %5 V)RR B 5 4% IR (W) D i i) 25 U0 AR B e AR
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Table 6 CDC value, D value and WDC value of drought resistance evaluation in 59 alfalfa germplasm materials
e s )& pR &L Membership function D14 Hey cDC 14 Hz WDC Hr
Number Ul u2 U3 D value Rank CDC value Rank WDC value Rank
1 0.226 0.293 0.415 0.279 51 0.498 53 0.485 51
2 0.492 0.338 0.544 0.466 14 0.623 21 0.603 22
3 0.308 0.277 0.494 0.337 37 0.555 40 0.543 40
4 0.904 0.268 1.000 0.772 1 0.875 1 0.857 1
5 0.563 0.265 0.353 0.452 15 0.644 17 0.622 17
6 0.564 0.334 0.189 0.436 19 0.565 38 0.548 38
7 0.359 0.447 0.512 0.410 25 0.519 48 0.512 44
8 0.164 0.296 0.477 0.257 54 0.478 55 0.463 55
9 0.466 0.293 0.567 0.445 17 0.628 20 0.614 19
10 0.641 0.277 0.678 0.562 6 0.752 7 0.733 7
11 0.372 0.223 0.345 0.332 44 0.584 32 0.563 33
12 0.133 0.283 0.572 0.255 55 0.505 50 0.488 50
13 0.771 0.477 0.580 0.664 3 0.671 12 0.664 12
14 0.274 0.310 0.320 0.292 48 0.472 56 0.462 56
15 0.441 0.282 0.413 0.398 29 0.583 34 0.568 31
16 0.180 0.352 0.506 0.285 49 0.479 54 0.465 54
17 0.231 0.237 0.425 0.271 53 0.524 45 0.509 45
18 0.707 0.294 0.455 0.560 7 0.716 9 0.695 9
19 0.670 0.370 0.438 0.554 8 0.656 16 0.633 15
20 0.404 0.155 0.362 0.337 38 0.635 19 0.604 20
21 0.282 0.311 0.506 0.333 39 0.533 43 0.518 43
22 0.566 0.296 0.149 0.421 23 0.588 28 0.570 29
23 0.257 0.341 0.644 0.353 34 0.538 42 0.525 42
24 0.182 0.279 0.572 0.282 50 0.523 46 0.508 46
25 0.468 0.308 0.357 0.409 26 0.587 29 0.569 30
26 0.374 0.273 0.428 0.361 33 0.579 35 0.558 34
27 0.179 0.384 0.510 0.293 47 0.463 57 0.451 57
28 0.041 0.154 0.497 0.157 57 0.503 51 0.480 53
29 0.374 0.276 0.107 0.299 45 0.499 52 0.480 52
30 0.510 0.298 0.625 0.483 13 0.668 13 0.647 13
31 0.441 0.293 0.536 0.425 22 0.618 22 0.603 21
32 0.614 0.235 0.883 0.577 5 0.818 3 0.791 3
33 0.324 0.215 0.225 0.279 52 0.529 44 0.506 47
34 0.000 0.260 0.262 0.113 59 0.366 58 0.349 59
35 0.128 0.077 0.253 0.141 58 0.519 47 0.494 48
36 0.736 0.338 0.436 0.583 4 0.714 10 0.687 10
37 0.698 0.210 0.298 0.504 10 0.696 11 0.671 11
38 1.000 0.243 0.328 0.689 2 0.836 2 0.803 2
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®6(4)
= s} J BRI Membership function D i HEE cDC i He WDC {f HeE
Number Ul u?2 U3 D value Rank CDC value Rank WDC value Rank
39 0.285 0.177 0.521 0.306 40 0.600 25 0.578 25
40 0.449 0.291 0.284 0.380 31 0.572 36 0.553 36
41 0.388 0.223 0.264 0.325 41 0.583 33 0.557 35
42 0.126 1.000 0.554 0.418 24 0.353 59 0.359 58
43 0.624 0.348 0.338 0.503 11 0.605 24 0.591 24
44 0.421 0.259 0.338 0.366 32 0.586 31 0.564 32
45 0.259 0.213 0.242 0.245 56 0.513 49 0.489 49
46 0.617 0.306 0.375 0.496 12 0.658 14 0.635 14
47 0.495 0.115 0.458 0.398 30 0.735 8 0.702 8
48 0.636 0.311 0.000 0.435 20 0.562 39 0.544 39
49 0.396 0.201 0.375 0.346 35 0.599 26 0.575 26
50 0.350 0.293 0.669 0.399 28 0.613 23 0.596 23
51 0.634 0.225 0.141 0.441 18 0.643 18 0.617 18
52 0.369 0.222 0.396 0.340 36 0.591 27 0.574 27
53 0.521 0.187 0.305 0.400 27 0.656 15 0.627 16
54 0.302 0.000 0.782 0.324 42 0.798 5 0.760 5
55 0.451 0.117 0.752 0.431 21 0.784 6 0.752 6
56 0.687 0.419 0.178 0.524 9 0.586 30 0.573 28
57 0.273 0.218 0.440 0.293 46 0.571 37 0.550 37
58 0.433 0.215 0.098 0.316 43 0.550 41 0.528 41
59 0.471 0.129 0.780 0.451 16 0.806 4 0.769 4
SEHIH Mean — — — 0.393 — 0.602 — 0.582 —
A5t R H CV — — — 0.325 — 0.179 — 0.177 —

F7 EEMRSIEHRDC 5 D M WDC & % B
REERNE

Table 7 Correlation degree between DC value of all indices
and D value together with WDC value and indices

weight in alfalfa germplasm materials

b KHEEE  HHF O BUGER¥ OCHE HUF
Indexes Yo Rank Weight Ywoc Rank
R+ RL 0.6897 1 0.1704  0.7228 2
K BL 0.6405 5 0.1523 06630 4
R GP 0.4402 7 0.0985  0.4622 7
RIER GR 0.6826 2 0.1503  0.6642 3
RAFFEH GI 0.6433 4 0.1422 06210 5
WHIHRE VI 0.6795 3 0.1469 05718 6
FRZE L RBR 0.5692 6 0.1394 07797 1

25 BHEPADHRTEETTER

3 53 R T AR 30 4 A4 OB Y D fE CDC L
WDC {H 5 & PR 5T 7 R B A T2 48 [0 23 #r, 5%
BT 75 (K 8), Gt 7 iR 3B 5 A
P RECR® =1, F AR50 22 540 1 3 (P<0.01), 13
WY FI0 A 5 S B fEL 2 AL UL5 B 4 (Gt R d = 2,
P<0. 01), [ )9 J5 7 fe AL, fife o E 77 5, LR 2
i, JHIX 3 A5 R AT B E A R SRR A 4T
SR VRO Al A S B I A T S A R 5 4R
RPLRE A MRCR RIE R T5RE (1), 765 s Bl s
i E WP R E T, S D EE UM CH RIS, A
R MR R R SRR bR, ARG [TH T 72 (2),
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Table 8 Model predict of drought resistance in alfalfa germplasm materials
HAs R LR RE ey P 4ilR MRAET A
i ] E3 . D CDC & WDC 1
Dependent Stepwise regression ) F value Pvalue Statistic
R Dvalue CDCvalue WDC value
D4 =-0.138+1.325X+0.368X,+0.133X,+0.28X,+ 1 14320.850" 0.0001  1.998 1 0.738" 0.767"
D value 0.022X,+0.466X; (1)
CDC {4 y=0.001+0.142X,+0.117X+0.147X,+0.138X,+ 1 107470.048™ 0.0001  2.189 — 1 0.998"
CDC value 0.14X,+0.147X,+0.156X; (2)
WDC 1& =-0.001+0.13X,+0.12X+0.142X,+0.155X .+ 1 93199.973" 0.0001  2.179 — — 1
WDC value 0.105X,+0.164X,+0.165X, (3)

Xyo FHRARAC 5 X0 AR ZFAC 5 X ARR K 25945 X, o AR R ZF 35 Koo ARRT R ZFFEH Ko ARG JIHEH0 X0 HEFIL
X : relative root length, X,: relative bud length, X,: relative germination potential, X,: relative germination rate, X: relative germination index, Xg:
relative vigor index, X;: root bud ratio

(3) A1, 55 CDC {H fil WDC fH# VIM K i d6 48, 271 |
BRSO R R s, 13 |
R AT S B T R R B R e T |
itk 24 |
26 BEHSHEARHIINNS HE |
SRR G 3 2K 10 23 0 59 (Y B A R ME 120 |
R R RE I (] ), EREE R U |
07 4 T 59 63 B KL O 426, AR R S 1T |
539545 — % BB TR CDC (1.D [EFWDC {3 |
T (R 9), 4 1 KA SHMEL & ask 20 m
5.08%, CDC fi . D ft fl WDC fH 14 - 3 i e K, "2 |
Jr 0.76, WA MR BL R AR L A NI 5D |
11433, i & % f 18.64%, CDC fi. D fif MIWDC 6] |
17 2 (2 0.62, W BRIT R MA T, HMK 30 |
BEOB 3R 4265, i 44 B0 7019%, CDC (LD S1 |
FIWDC (i 19 VR 051, s M. 23 |
#V MR IE3 Oy, o B HU 5.08%, CDC M, 33
D {# 1 WDC {H 1 - ¥ {4 /& 0.35, M g5 hr -8 47 |
R 40, |
27 FERBMGETENFEMLER ] |
HU R L R £ VPO R L, SR 18 |
W, 3 F WDC i il 3 F D fll 19 A L AP IE O 20 |
HERP 25 LA NE  HEF AT 10 & A oA 31 |
M. AR 22 H7 7% (2 8), D i, WDC {f 1 ‘;‘g: |
CDC A ¥ P P2 I #4106, M D iy 33—
EEH R A RER, L WDC MBI R 3T 1|
BT R R 0. AN AR A ‘ ‘ ‘

CDC {H 5 D & . WDC {8t 5 % & 5 AH 56, (B AE 43
Mk B2 o 2 SR B A PRI S i R g
YERPURPEEN TR bRA A FRIFSE

10 15 20 25
FRICHEE  Euclidean distance

Bl ETDEMNEEHRNEERSRREEE

Fig.1 Fuzzy clustering dendrogram of drought resistance

in alfalfa germplasms based on D value
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Table 9 Mean values of CDC, D and WDC values based on clustering results

KI5 CDC Dfd WDC {i ¥fH PRI 5y
Clustering division CDC value D value WDC value Mean Classification of drought resistance
45 12 Class 1 0.79 0.71 0.77 0.76 i

125 Class 1T 0.68 0.66 0.53 0.62 L3O

S5 M2 Class 0.59 0.57 0.36 0.51 755

IV Class IV 0.46 0.14 0.44 0.35 B 55

3 itig
31 BEMRBEZHAMBESINAENERE
FEPEN B TP AS RV R T R BB S 4
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FRAEAA L s 253 42 120 o R I STt B, 1)
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