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Diversity Analysis of Phenotypic Traits and Quality Characteristics of
Alfalfa( Medicago sativa) introducted from abroad Germplasm Resources
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Abstract : The objective of this research is to explore the genetic diversity of alfalfa germplasm resources by mor-
phological traits,agronomic traits,quality traits and to provide basis for variety improvement and parent choice. Total
of 21 traits were investigated on 75 alfalfa accessions which were collected from different geographical areas. The 21
traits were analyzed by principal component analysis and cluster analysis. The results showed that there were extensive
variations in morphological traits ,agronomic traits ,and quality traits in different alfalfa accessions. The most significant
variance was agronomic traits ,followed by morphological traits and quality traits. Principal component analysis showed
that the additive contributing rate of first eight principal components was 82. 7748% ,four major discriminating charac-
teristics were selected to reflect the comprehensive agronomic characters. Stem dry weight,leaf dry weight,plant fresh
weight and plant dry weight were the main factors which produced morphological variation of 75 wild alfalfa acces-
sions. Based on the 21 indexes, cluster analysis showed that all 75 accessions of alfalfa were divided into 5 groups. The
No. 3 of the second group and No. 25, No. 31 accessions of the first group had better agronomic traits compared to oth-
ers ,which could be excellent parent materials for the breeding and improvement of Medicago sativa L.
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L1 3w # R 0e st At 5
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AR FLYEIS AP ARSI 5T 5 |, Hodh 6k A
B e HTIH 48 0 (45 R 8 ~ 19,40 ~75) kP i 4
Uy (S5 R 36 ~39) ,EJEW 4 B3 (4Tl 1 ~4) &)
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1.1.2 RXsabn g T I Ve RO BB
PSR IE TG 1R S50 S b, M B AR AR 112046
E 37°59'N, g4k 780 m, 3¢k 55 6L £+ pH
8.13, Cl- &4 0.631 g/kg, S0, &+ 1.020 g/kg,
Na* &5 0.566 ¢/kg, HFEMI T 462 mm, 411 R
9.6~10.2 C.,

1.2 KEH=*E
1.2.1 A& R HBENLIX ZH T, /N X

BUH10 m*(5 m x2 m), B/NXEH MBI S0 £
Mgk 3REE, 2013 457 AT E M ,9 AWK
PEAKH,2014 4F 2015 4F 5-10 A T80 R4
1.2.2 MRAZNE SMCOEE R ER R
SRR RRAEY 0 (0 5 12 %5 B AT I 7 b o ) R R v
ARIATIA 3BT, P 11 28 A7 30 X 3 03 o ol oA
BHIEATLAT 21 TR A8 AR g LI, Forh 45 8 JE
ASHERIEAR, 73 B ZE 5 SR E AR 2500k K i
Vi SEIT K AET I AR AT ) , HaX 8 TiifehnR
FHTHECR B R Sl bs = RO i3 7 TR SR AR b,
Sy AR E AR T AR ZEF T (BRRR) |
M (BRRR) 2R R T E X 7 TS AR A TR
SEREE AN RO E ;6 T 5k R FE B, 43 Bh T
Jr i AR ORLAB NG PR R AR 4 R PR VE TR EF
Y IRy, 3X 6 TS bR R R B3R 4 4 B O i
T
1.3 HUEAIE
K HI Excel 2007 b P& PR R 09 84 , IF 35845
PEAR A 5 KA e/ IMEL P FE 5 R 8, A 1R
()35 A% Z2RE MR ) Shannon’ s {5 B850 (H' ) #ET1E
W AR ILAR (1),
H' = =3P, xInP, (1)
Horp P RoRER | FhAR S B A,
A AR AR H 0S8 2 — 4 8l B A T Y 5t
e REERERE ™ FIH DPS 16. 5 R4 T 32 1%
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Table 1 Experiment materials and origin
ha=2 LRSS 75 Flham S ha=2 Ve e
Strial iﬁ?jﬂj KDL Stri;l Ji!r(?ginalj KL Strial Jir?ginal KDL
number number Origin number number Origin number number Origin
1 4-10619 W e 26 26-11458 FOREWHE || 51 4-13614 AR T
2 4-10628 WEEJET. 27 26-11463 FOREHHH || 52 4-13621 MR e
3 4-10634 W3EJE 28 28-11505 FORFE WA || 53 4-13630 MY e
4 4-10647 W 29 28-11519 TR || 54 4-13636 MBI
5 6-10694 TAF 30 28-11523 I 55 4-13648 Y ST
6 6-10701 A F 31 28-11529 HWEA 56 5-13657 MR e
7 6-10708 gl 32 28-11541 WEF 57 5-13675 M e
8 12-10914 MBEETE || 33 17-12624 PRINFE 58 5-13684 B e
9 12-10942 MEERE || 34 17-12634 LRIAE 59 6-13689 MY e
10 15-11031 MBEEE || 35 17-12654 PRI 60 6-13695 B T
11 15-11041 MBEEEE || 36 18- 12664 e 61 6-13705 o e
12 15-11058 MEETE || 37 18-12679 Cleg 62 6-13715 MY e
13 15-11066 WEETERTEE || 38 18-12685 Giegn 63 6-13722 M e
14 16-11068 MBERETE || 39 18-12655 e 64 7-13759 MY LT
15 16-11094 MBESEHTEE || 40 1-13507 MpETETE || 65 8-13762 MR e
16 17-11106 WEESEHEE || 41 1-13519 WEESEHEE || 66 8-13768 M e
17 17-11120 MBEIEHTEE (| 42 1-13532 MpETE || 67 8-13777 BT
18 17-11130 MBS || 43 2-13544 WEEEEE || 68 8-13789 MY e
19 17-11139 MBEETE || 44 2-13555 MBEEHEE || 69 8-13797 B T
20 25-11404 FORTHHHE || 45 2-13565 MpEsEE || 70 12-13924 AR STITH
21 25-11413 FOREHHOE || 46 2-13570 MBI | 71 12-13930 LRyl
2 25-11420 FORTHHHE || 47 3-13583 MEFEHEE (| 72 12-13939 L et
23 25-11431 FOREHHEE || 48 3-13592 MEERAEE || 73 12-13948 ¥ e
24 26-11438 FOREHHBE || 49 3-13602 MBESEHTE || 74 12-13955 MERY e
25 26-11451 TR || 50 3-13611 WBEEEEE || 75 12-13961 B e

2 HRESH

2.1 BRERBRESSHMEST X 75 (r A
JEGEIR 8 MEAMRIRAEE Z RS B4 R R
(F2) B ETERERERI 2 A5 FEEAS
PR S S RECK T 20% 942 25 008 34. 2% , 58
24.59% . Hx 6 MR AE8 AEF 98 ZEEAR A
FP 2R R A8 S R A B R 19. 62% (18.75%
16. 84% 15.74% 14.99% 13.98% , 75 ¥y #Hkih254y
K45 VLA 10 0, ERHT 54358 1.2 .4 .20 ~

23 46 50 53, ZAEMEFREAE 1. 992 ~2. 065 Z ],

2.2 BERBRZMWRSHT 7 MREHERNBIEES
FEVEGETT T SRR W] (3R 2) , 25T T H 8 7 R AU
K, N 58.65% A Ay Spk 1 | Bubk i s Fnm
o, 2R LY BT LRI S AR SN, e R e A
600 g LA I 14 4y, 5351k B 3EJEE 3 4 (MRHT
5234) [R5 (75 6) MRS 4y (75
16 .56 61 .67.71) , 7 /K5 Wi lirtH 4 4 ()55 25.26 .27,
30) A 1 (¥ 31) . BT ERT 200 g UL
1A 6 etk a5k B FW3JEW 2 47 ()55 2.3),
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Table 2 Results of basic statistics of 21 index in 75 alfalfa germplasm resources

VS PER wBRME  BME CPHIE brifti2: TARE  ERFABE(%) ZHMRER
Classification Traits Max. Min. Mean SD Change range cv H'

IZYERN 25954 SNN 27. 600 14.600  20.819 2.911 13. 000 13.98 2. 065
Morphological ZXH A2 (mm) SD 5.500 2.420 4.083 0. 643 3.080 15.74 2.050
i 255045 SB 65.200  15.500  32.748 11. 200 49. 700 34.20 1.992
K (em) LL 3.900 1. 620 2. 662 0.522 2.280 19. 62 2.033
M58 (em) LW 2.340 0. 620 1.154 0. 284 1.720 24.59 2.017
HF K (em) IL 5. 660 2. 680 3.725 0. 559 2.980 14.99 2.008
RETE (em) IW 2.340 1. 160 1. 690 0.285 1.180 16. 84 2. 062
EE(K/AERE ) FN 47.400  17.400  28.720 5.386 30. 000 18.75 2.000
2R PARRGEE TR (g) PFW 1211. 00 133.00  449.700  223.542 1078. 000 49.71 1.939
Agronomic traits ZEFFFH (g) SDW 163.700 12.500  54.365 31. 884 151.200 58.65 1.757
T8 (g) LDW 144. 900 19.700  50.149 24. 659 125. 200 49.17 1.773
BT H (g) PDW 308.600  32.200 104.515 55.505 276. 400 53.11 1.793
25 L SLR 1. 866 0. 540 1. 060 0.238 1.326 22.86 2.015
ittt FDR 5.278 2.281 4.336 0. 596 2.996 13.75 1.989
B (cm) PH 104.300  46.500  80.918 11.483 57. 800 14.19 2.052
i JoE R TH & (% ) DM 96.760  92.047  94.271 1.336 4.713 1.42 2.020
Quality trait FLE (% ) CP 25.970  15.606  21.974 2.112 10. 364 9.61 2.065
HAEN (% ) EE 4.794 0. 045 2.048 1. 158 4.749 56.55 1. 847
FPPERIREFYE(% )NDF 51,783 31.169  39.849 4.156 20. 615 10. 43 2.055
RUEVRIRLTF4E (% ) ADF 36.884  21.606 27.360 2.969 15.278 10. 85 1.755
R4 (% ) ASH 11.485 7.510 9.349 0. 969 3.975 10.37 2.035

SNN'; Stem node number,SD :Stem diameter, SB: Stem branch, LL; Leaf length,

LW Leaf width, IL: Inflorescence length, IW ; Inflorescence width, PFW ;

Plant fresh weight,SDW ; Stem dry weight, LDW ; Leaf dry weight, PDW: Plant dry weight, SLR; Stem leaf ratio, FDR : Fresh dry ratio, PH: Plant height,
DM Dry matter, CP:Crude protein, EE ; Ether extract, NDF ; Neutral detergent fiber, ADF: Acid detergent fiber, ASH ; Ash. The same as below

ZEFFFE KT 80 g A 10 4y, 433k HF 3£ 3
BOF523.4) FH 1 H(FS6),meEmaili
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2.3 HEZRBEGBRERSH o6 MamrReE%
ZREEGETH T A R W (3R 2)  HBR A2 S R 8
K, IKF 56.55% KA 4. 794% 5/ IME 0. 045% . H:
UOERRMDER AT Y R VE R AR 4 K LA DL
T o, o IR IR A 4k TP TR AR 4k KA
TrEAITE 10% UL L, ML A& SRR 25.970% , fie
8 15.606% , ME A FHE KT 23% LI A 29 (b
L3Ik B TR R e 23 4y (85 10,1217 .19,
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IRF WIS 1 (75 7.23),

2.4 HEREZ#HSH FESRBESTTEZTL
TZIutebrsinlz LT LG PR, NI # i 1 H:
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O, WEG TR IR T, SR 3 R TS B E
PR SE BB EAN T 0.2 ~0.65 Z 0], K T4
T 0.55 WA BT 5 5 2 .3 .4 .25.29 31, Hd1 3
SRR R 0. 63, 4B H R R X 40y A Rk 2R A
R AR LI A U R R = i (T
TR, RIERBUIEN T 0.4 ~0.55 Z[AIHY
MR 35 1y , MPEHT 5 6.7 .10 ~ 16,18 20 ~24 |
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Table 3 Subordinate function analysis of 21 index in 75 alfalfa germplasm resources
Frs sRJE R 75 sRJE R 75 siJm R Frs sk R R
No. SF No. SF No. SF No. SF
1 0.39 20 0.45 39 0.33 58 0.42
2 0.58 21 0.45 40 0.35 59 0.33
3 0.63 22 0.51 41 0.41 60 0.34
4 0.59 23 0.51 42 0.33 61 0. 44
5 0.39 24 0.51 43 0.45 62 0.29
6 0.53 25 0.59 44 0.27 63 0.32
7 0. 41 26 0.54 45 0.38 64 0.44
8 0.28 27 0.50 46 0.34 65 0.45
9 0.38 28 0.48 47 0.38 66 0.38
10 0.45 29 0.55 48 0.37 67 0.48
11 0.51 30 0.42 49 0.42 68 0.45
12 0.52 31 0.57 50 0.29 69 0. 44
13 0.50 32 0.54 51 0.31 70 0. 40
14 0.52 33 0.38 52 0.33 71 0.48
15 0.42 34 0.25 53 0.39 72 0.45
16 0.50 35 0.31 54 0.36 73 0.32
17 0.39 36 0.36 55 0.47 74 0.38
18 0.42 37 0.37 56 0.43 75 0.39
19 0.36 38 0.31 57 0.35

2.5 ERSHH
DAFE(E KT 0. 8 bniEd B 3 pl oy, 45 3 R
(F4)TE21 ADFE RS, 7T 8 A F s RETTH R
ik 82.7748% , /& MR JE LG T r AR 3R 1 K o1
B B DT H 32.0201% VP R P
ARELAEZEFT T8 (0. 3093 ) | bk T (0.2917) MR
F1( -0.2836) JRMVEUREF4E (0. 3142) P PEVEGR AT
#£(0.2918) ;55 1 F Lo B ML) IR 2 Tig Z PRIk
FEAbR AN 3 TS TR AR AR, AR 2 E AT ST R
13.3437% , 1F FH fe K09 P8 4R 2 51 ok R Bk ff
(0.4148) FAKETH (0.3631) T (0.3828) FIZ%
FFFE(0.3360) ;57 2 F A B MR 4 Tk 2
PRIRFERR . 26 3 TR STEk N 10. 6874% , FE M
RIBIHZES AL (0. 4045) AEFF FE (- 0.3899) ZEM
[ (0.3236) ST 16 (0.3009) bk (0. 3168) FIKLAE
i ( —0.3553) . 55 3 T ML 2 BUB SR
Bhn 3 WA MRS AR A 1 T B EIRFE AR, 56 4
FISF TR RN 7. 6642% ,AE 5 R By AR Sy it K
(0.3653) M 5 (0.3215) 46 ¥ (0.3714) 1L %
(0.4639) ;55 4 F WA B 4 UL SRR, 265

FRLAT BT R R 5. 4414% ,VE F R R PR 43 30 8
ZEHE AR (0.3486 ) 4E (- 0.2992) | fif T It
(0.3586) ., T-#J51 (0.3836) AHAE Wi (0.3520) FiHh
PEVEIREF4E (0. 3206) 555 5 F 847 I 9 J2: 2 T
AR 1 W ZPRIRTE bR 3 T BT R bR 2R
6 LM DTSR 5. 2237 % , VB I R MR R
25 B (0.7161 ), fE %X (- 0.3136) , & T IL
(0.2902) FEFFH(0.2813) ZEFfE( -0.2165) ;55
6 LS R BL S 4 TUE ST bR, 1 TR Mok 1R
Fro 287 FERTTHRER R 4. 4240% NE F K B P
PAKICNAEFF 1K (0. 5426) 251 80( - 0.3959) (2%
EAR (- 0.3422)  #F T 1k (0.2907 ), K 43 ( -
0.2847) ;55 7 E AT WL 3 BUESH845,1 W
P VERFEVRFN 1 WS BRIk FE AR, 55 8 FE Tt
kR 3. 9698% , A FH 5 A R AR IR Ry 25 43 A
( =0.5329) ZEE12(0.4466) KIS ( -0.3223) .
ZETHR(0.3144) 2R LK (0.2534) 56 8 E TR
BRE S 3 L A48 AR, 1 TR ZPERFE PR A 1 330 4
FEPEARFE R
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Table 4 The contribution rate of the principal component analysis of alfalfa germplasm resources
Pk F 853 Principal component
Traits 1 2 3 4 5 6 7 8
259550 SNN 0. 0830 -0.1063 0. 0945 -0. 0864 -0. 1300 0.7161 -0.3959 0.3144
ZEHAE SD 0. 1839 -0. 0869 0. 0014 0. 1649 0.3486  -0.2165 -0.3422 0. 4466
E 0. 1239 -0.0961 0. 4045 -0.1557 -0.1118 0. 1586 0.0418 -0.5329
M LL 0. 1879 -0.2852 0.1172 0. 3653 -0. 1431 0. 1378 -0. 1994 -0. 1684
M5E LW 0. 2298 -0. 1814 0. 1410 0. 3215 -0.1925  -0.0939 -0.2395 -0. 1390
P K IL 0. 1070 -0.0591  -0.2109 0.3714 -0.1181 0.2813 0. 5426 0.2117
HEFTE W 0. 1340 -0.2569  -0.3899 -0.2029 -0.1238 0. 1969 0. 1309 0. 1600
EH(K/AEFF ) FN 0. 0915 -0.1348 0. 1017 0. 4639 -0.2992  -0.3136 0. 1546 0.1472
HARREEE PFW 0. 2657 0.4148  -0.0309 0.0713 -0.0138 0. 0936 0. 0084 -0.0190
ZEFFTE SDW 0. 3093 0.3360  -0.0591 -0.0213 -0.1297 0. 0072 -0.0178 0. 0069
- E LDW 0. 2566 0.3828  -0.1871 0. 0601 -0.1218 0. 0032 -0.1179 -0. 1285
HPRTH PDW 0.2917 0.3631  -0.1171 0.0145 -0.1286 0. 0055 -0. 0626 -0.0531
250t SLR 0.2324 0.0193 0. 3236 -0. 2086 -0.0267  -0.0109 0. 2270 0.2534
fif T L FDR -0.0887 0.2115 0. 3009 0.2743 0. 3586 0.2902 0. 2907 0.0375
PR PH 0. 2560 -0.1010 0.3168 -0.0288 0. 1756 0. 0761 0. 1510 -0. 0360
415 DM 0. 2006 -0.1635  -0.2425 0. 1845 0. 3836 0. 0960 -0. 0877 -0.2284
HIEH Cp -0.2836 0.1676 0. 0067 0. 2246 0.1312 0. 1841 0. 0823 -0. 1063
HLAS I EE 0.1423 -0.1340  -0.3553 0. 0603 0. 3520 0. 0708 0. 0169 -0.3223
PR £T4E NDF 0.2918 -0.0731 0. 0433 -0.1676 0.3206  -0.0936 0.1227 0. 0555
TR YEVE A E 4k ADF 0.3142 -0.0423 0. 1699 -0.1145 0.1769  -0.1226 0.0618 0. 1106
JK4y ASH -0.2207 0. 2675 0. 1497 0.2277 0. 2046 0.0154 -0.2847 0. 0930
FHIEME Eigenvalue 6.72422 2.80219 2.24435 1. 60957 1. 14270 1. 09700 0. 92904 0. 83366
TUHRZE (% ) 32.0201 13. 3437 10. 6874 7. 6646 5.4414 5.2237 4. 4240 3.9698
Contributive rate
TR (%) 32. 0201 45.3638  56.0512 63.7158 69.1570  74.3810 78. 8050 82. 7748
Cumulative

contributive rate

2.6 BESDW

B WT 7 1 T A g M I e e R ] A 22
5, FIRPEE AU T R 28, 25 R HR
i 2B BELE B B e b B R A LS B L SR
UPGMA XA ) 75 43 Fh B A RME A 21 MIEAR
PEDR B BR TG IE B8 247 RIS 40 B, IF A 8 T IR A

(1), FERREUHE S 150 AR mDRE 75 ) & 18 Fh S b4
BERON 5 RISHE 5 T 288 4 iRk, 35k B T4
RGIINUE R R E R B R [
AR, ok AR WY 3 S AL, SIS
HE 6 AR, 20 kU5 TG 5% s i 2 £, 35 R 5 B
Wrdh 2 0y, Hx 2 R IEFIESEJE N, 55 IV 250 27
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Fig.1 The clustering graph of 75 alfalfa germplasm resources
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Table 5 The mean of 21 index in five groups
PER ¥I{H Mean
Traits | i} 11 \Y \
2574 SNN 19. 900 22.200 21.733 20. 933 20. 649
251 4% SD 4.215 4.780 4.537 4,053 3.999
ZE5MH5 SB 30. 200 43. 600 40. 600 30. 881 32.819
M LL 2.745 3.200 2.793 2. 554 2. 697
m5E LW 1.380 1. 600 1.187 1. 099 1.153
P K IL 4.065 4.260 3.857 3.710 3. 664
1T 58 IW 1. 865 1.780 1.780 1. 638 1. 691
AR (K167 ) FN 30. 550 23.200 27. 067 29. 163 28.616
BPREE T PFW 970. 750 1211. 000 752. 267 510. 430 279. 414
AT E SDW 142. 125 149. 700 93.333 58.341 33.081
- E LDW 121. 950 129.700 69. 633 54,904 33. 608
HpRTE PDW 264. 075 279. 400 162. 967 113. 244 66. 689
250 b SLR 1.190 1.150 1.335 1.073 0.993
fif T Lt FDR 3.720 4.330 4. 678 4,531 4.204
PR PH 78. 960 89. 000 90. 497 82.813 77.975
TH5 DM 95. 150 95. 900 94. 650 94.337 94. 027
M CP 19. 975 20. 600 20.217 22.278 22.284
HLAEHG EE 3.150 1. 500 2.283 2. 144 1. 824
TPV AT 4E NDF 41. 500 43.700 44. 183 40. 552 38.357
FRPEVR I LF 4 ADF 28. 850 29. 800 30. 183 28. 048 26.176
JK4y ASH 8. 425 9. 800 8. 683 9. 652 9.319
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