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. (Medicago sativa)

Study of genetic variation in alfalfa ecotypes(Medicago sativa) from cold

region of Iran, using morphological traits
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Table 1. Name and collection sites of 21 alfalfa ecotypes

3,

Row Ecotype name <s51et  Collection site SosT pex oo
1 Siyah-rood 35,4  West Azarbayjan i Ol )3T- 55 4w
2 Ghara yonjeh 4=y o3 Hokmabad-Hamadan Olden = 5LT P‘<"
3 Ghara yonjeh wsp o  West Azarbayjan o Ol )3T — &l sl
4 Hamadani s Kozareh-Hamadan RISWESSIY
5 Hamadani sMes  Mohajeran -Hamadan Oldker =0l o ga
6 Simbaz St e Khoy- West Azarbayjan o Ol )3T — (o
7 Hamadani s  Hamadan Oldas — L a8
8 Ghara yonjeh a=ig o3 Arzangodi —East Azarbayjan B Ol 53T (65 43l
9 Ghara yonjeh w03 Malekkandi- East Azarbayjan A Ol b3 T- ST oS
10 Ghara yonjeh 4=y o5 Ghargolog -West Azarbayjan i Ol )3T -G 45,6
11 Ghara yonjeh 4wy o Tazeh-kandim- West Azabayjan s Ol by3T s o3
12 Hamadani sMes  Ghahavand- Hamadan Olden - 5lgs
13 Ghara yonjeh 4wy o5 Ghareh aghaj - East Azarbayjan (S Ol )3T - 6T 3
14 Sedghyan sas,  Salmas- West Azarbayjan A Ol )3T — Lalelm Oldus
15 Ghara yonjeh 4wy o3 Ghareh ghozlo- West Azarbayjan ot Ol 3T = 5863
16 Hamadani s Khorvandeh-Hamadan Oldkar—oi g 55
17 Hamadani sMes  Famaneain- Hamadan Olan— cpials
18 Chalashter il Chaharmahal-and- Bakhteyari Solbu 5 e, ler
19 Rahnani s, Esfahan Olgas!

20 Ghara yonjeh 4=y 0,5 Sahand ava-Tabriz ,East Azarbayjan 5 15T diges
21 Lordakan o> ) Khanmirza- Charmahal-and- ol 5 Jlowsylgar—1 il

Bakhteyari
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Table 2. Measured traits in alfalfa ecotypes from cold regions of Iran

No Slaw ol Cudle
Traits Abbreviations

1 Days to first flower(day) I sl b b s, DFF
2 Days to 10% flowering(day) Y YARNETY D10%F
3 First to 10% flowering intervals (day) N AR O VS WA 39 F10%FI
4 Plant height at 10% flowering(cm) Grale) 23 70 3w gl PH

5 Re-growth rate Sdoes Ly Ly RR

6 Fresh Forage yield (t/ha) OSa/5) 5 @b ke 5 Shes RY

7 Dry matter yield (t/ha) OGS/ op) St dbgle 5 Slas DY

8 Leaf dry weight (g) (¢ 5) & 5 oS 035 LD

9 Leaf fresh weight (g) (3L 5 5055 LF
10 Stem dry weight (g) (¢ 5 )dlo oo 055 SD

11 Stem fresh weight (g) (¢ 58l 5055 SF
12 Leaf: stem fresh ratio 58 el o L/SF
13 Leaf stem dry ratio e o il Cos L/SD
14 Days to first ripe pod(day) ey CME ol 6 55y 5 s DFVF
15 Non violet flower (%) S gl S s NVF
16 ~ No of floret per racemes 23T S 55 4l slaws NFPR
17 No of pod per racemes 3T U8 53 O sl NPPR
18 No of curls per pod O i o 5 slus NCPP
19 No of seed per pod CMe 3 b sl NSPP
20 100 seed weight (g) (5 als Ve 035 100SW
21 Podyield (kg/ha) (6 S48 1 51Sa) O 5 Shas PY
22 Grainyield (kg/ha) (p 5 5hS 1 ,1S) s 5 Shes GY
23 Racemes length 237 K s RL
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Table 3: Means data which recorded for 21 alfalfa ecotypes
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TR A T TR A T e Pl TP 4 -5 SN S P pC e 3 Sles plsSle 505 oSty S 05y FO5s S

Sl K 5 Yy S s 5 ale Sas Sl Sl £, £, 55 6l

Ecotype name Days to 1m Days to 10% 1Mo 10% Plant Re-growth Fresh fornge Dry matter Stem wet Stem dry Leafdry Leafwet Leaf/stem

flower flowering  flowering intervals  height rate yield yield weight weight weight weight  wet weight
(day) (day) (day) (cm) (t/ha) (t/ha) (2 (2 (2 (2 ratio
Siyah-rood 25.0 35.5 10.5 73.7 6.2 154 3.8 126 31.2 27.9 115.2 0.94
Ghara yonjeh 23.8 32.9 9.1 73.0 6.9 16.2 38 132 339 27.5 121.6 0.98
Ghara yonjeh 25.4 35.1 9.7 63.5 52 14.8 3.7 132 313 26.7 116.1 0.92
Hamadani 24.5 33.6 9.1 76.5 6.99 16.1 4.2 139 38.7 27.7 121.0 0.88
Hamadani 25.6 35.5 9.9 67.3 5.59 12.1 3.1 133 36.1 26.7 121.6 0.94
Simbaz 24.0 37.0 11.9 71.7 6.36 14.0 3.7 132 35.2 25.7 110.7 0.87
Hamadani 25.1 34.6 9.5 76.5 6.75 16.6 3.99 135 339 27.7 120 0.91
Ghara yonjeh 24.8 353 10.5 65.1 5.9 13.5 35 116 30.6 25.7 110.6 0.99
Ghara yonjeh 25.5 35.6 10.1 57.5 5.1 10.4 2.8 118 333 31.6 127.2 1.16
Ghara yonjeh 25.4 35.1 9.7 68.4 5.9 15.7 3.96 128 31.0 25.7 114.2 0.93
Ghara yonjeh 249 34.5 9.6 67.4 5.8 14.0 3.6 124 33.0 253 113.0 0.95
Hamadani 252 34.9 9.7 70.9 6.5 15.9 3.8 130 31.5 22.6 106.5 0.87
Ghara yonjeh 24.1 34.1 10.0 73.7 6.6 14.6 3.8 141 35.7 27.5 119.4 0.87
Sedghyan 24.7 34.5 9.8 71.8 6.4 16.4 4.04 144 37.5 26.9 126.2 0.90
Ghara yonjeh 25.5 36.0 10.4 69.0 5.8 15.2 4.0 129 334 27.3 121.9 0.97
Hamadani 25.7 34.5 8.8 68.1 6.1 15.8 4.04 111 29.8 24.8 105.4 0.99
Hamadani 25.2 35.6 10.5 74.5 6.2 13.6 34 137 359 26.96 113.0 0.87
Chalashter 22.5 32.04 9.5 71.2 6.6 16.2 1.4 128 30.8 25.5 114.6 0.95
Rahnani 22.9 31.6 8.7 70.7 6.5 14.9 3.7 130 332 26.8 123.0 0.99
Ghara yonjeh 22.5 30.8 8.4 72.1 7.1 15.1 39 146 36.2 30.9 150.4 1.10
Lordakan 23.8 33.1 9.3 68.3 6.3 13.7 34 129 32.2 27.2 123.5 1.03
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Table 3 (Continued): Means of recorded traits for 21 alfalfa ecotypes

Sl [l Cos Gl gl B dasd s ol slas e sl 93 sl 53 5d sl OG5 5 Shes 5 Shes b
Ecotype name  «Sis o5, ooy M Ay 23T ST s O iy M Gls e oM <l 3T 8
Leaf/stem Daysto 1™ Non- violet No of floret/ No of pod/  No of pod No of 100 seed Pod yield Seed yield Raceme
dry weight ripen pod flower raceme raceme curls seed/pod weight (kg/ha) (kg/ha) length

ratio (day) (%) (€9) (cm)

Siyah-rood 0.9 38.3 0.64 21.9 134 2.6 4.5 0.2 1751 697.5 26.9
Ghara yonjeh 0.84 383 0.17 22.9 11.2 2.7 5.1 0.2 2097 806.7 27.0
Ghara yonjeh 0.92 38.7 0.34 26.1 12.8 2.6 4.8 0.2 1665 717.1 25.8
Hamadani 0.73 39.3 0.17 22.1 13.7 2.9 5.6 0.2 2312 885.4 30.9
Hamadani 0.76 38.7 0.5 25.5 13.9 22 4.5 0.2 2314 869.2 25.8
Simbaz 0.75 373 0.43 26.8 14.6 2.8 4.7 0.2 2025 789.2 30.1
Hamadani 0.84 40.3 0.6 23.7 12.5 2.5 4.4 0.2 2145 852.5 30.1
Ghara yonjeh 0.87 353 0.5 26.6 14.4 3.03 4.5 0.2 2184 833.7 25.5
Ghara yonjeh 0.97 373 0.77 234 12.6 2.8 5.2 0.2 2357 933.7 26.5
Ghara yonjeh 0.87 40.3 0.84 24.1 14.0 3.1 5.6 0.2 2287 836.7 29.1
Ghara yonjeh 0.81 36.0 0.5 27.9 13.3 2.5 4.5 0.2 1982 757.1 253
Hamadani 0.88 39.0 0.47 23.7 134 2.6 4.4 0.2 1949 751.2 24.5
Ghara yonjeh 0.82 39.0 0.84 26.9 11.8 2.5 4.5 0.2 2419 910.0 29.0
Sedghyan 0.77 40.0 0.8 24.5 14.6 3.0 5.4 0.2 2033 789.2 28.9
Ghara yonjeh 0.86 37.0 0.47 26.1 124 3.0 4.8 0.2 1632 696.2 26.2
Hamadani 0.86 38.7 0.47 25.8 12.9 3.5 4.9 0.2 1361 609.2 25.8
Hamadani 0.78 38.0 0.5 24.9 13.7 2.7 3.4 0.2 2147 943.7 27.2
Chalashter 0.94 36.3 0.34 26.5 13.1 2.8 53 0.2 2547 1057.0 30.5
Rahnani 0.84 38.7 0.5 23.7 12.9 2.7 4.0 0.2 2528 986.2 30.5
Ghara yonjeh 0.89 39.7 0.24 26.4 13.2 2.8 4.8 0.3 1915 756.7 27.9
Lordakan 0.95 36.7 0.34 29.5 12.4 2.6 5.6 0.2 2469 956.2 28.6
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Table 4. Descriptive statistus for different traits

No  Traits Sl ol Sl oSl Sl Ol ol T 55 Sl
Min Max Mean Deviations Phenotypic
variation
coefficient %
1 Days to first flower(day) 19.83 25.08 24.6 1.42 6
2 Days to 10% flowering(day) 30.58 37.49 34.4 1.81 5
3 First to 10% flowering intervals (day) 8.5 10.67 9.7 0.53 5
4 Plant height at 10% flowering(cm) 57.5 76.5 70.05 4.48 6
5 Re-growth rate (plant height / 5) 5.08 7.16 6.2 0.56 9
6  Freshyield (t/ha) 10.45 16.65 14.77 1.53 11
7  Dry matter yield (t /ha) 2.84 4.23 3.74 0.34 10
8  Leaf dry weight (g) 22.63 31.63 26.9 1.91 7
9  Leaf fresh weight (g) 105.42 150.38 118.81 9.44 8
10 Stem dry weight (g) 29.82 38.75 33.56 2.49 7
11 Stem fresh weight (g) 29.8 38.7 33.55 247 7
12 Leaf/stem fresh 0.87 1.16 0.95 0.072 8
13 Leaf/stem dry 0.72 0.96 0.85 0.067 8
14 Days to first ripen pod(day) 353 40.3 38.23 1.41 4
15  Non violet flower (%) 17 84 50.5 0.2 40
16  No of floret per racemes 21.87 29.47 25.18 1.95 8
17 No of pod per racemes 11.23 13.6 13.18 0.87 7
18  No of curls per pod 2.23 3.5 2.76 0.27 10
19  No ofseed per pod 4 5.6 4.82 0.48 6
20 100 seed weight (g) 0.19 0.25 0.22 0.02 9
21 Podyield (kg/ha) 1361.23 254745  2100.9 314.77 15
22 Grainyield (kg/ha) 609.17 1056.67 830.2 110.62 13
23 Racemes length(mm) 24.5 30.9 27.7 2 7
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Table 5. Coefficient of correlation for different traits

Traits DFF D10% F1 F10% F1 pH RR FY DY LD LF SD SF L/SF
DFF 1

D10% F1 0.80** 1

F10% F1 0.34 0.863** 1

PH -0.33 -0.25 -0.10 1

RR -0.65%* -0.60%* -0.37 0.85%* 1

FY -0.24 -0.34 -0.35 0.69** 0.65%* 1

DY 0.32 0.17 -0.09 0.31 0.19 0.33 1

LD -0.38 -0.30 -0.11 0.59%* 0.53%* 0.30 0.22 1

LF -0.16 -0.08 0.02 0.44* 0.38 -0.04 0.26 0.78** 1

SD -0.47* -0.55%* -0.42 0.03 0.27 -0.10 0.06 0.57** 0.51%* 1

SF -0.19 -0.22 -0.15 -0.13 -0.01 -0.36 -0.01 0.28 0.41 0.80** 1

L/SF -0.19 -0.34 -0.36 -0.60** -0.24 -0.46* -0.24 -0.34 -0.22 0.56** 0.63** 1
L/SD -0.12 -0.23 -0.22 -0.52%* -0.29 -0.15 -0.41 -0.42 -0.70%* 0.12 0.21 0.63**
DF 0.10 -0.15 -0.36 0.42 0.34 0.45%* 0.52%* 0.55%* 0.36 0.29 0.14 -0.25
NVF 0.41 0.42 0.33 -0.20 -0.37 -0.20 0.07 -0.09 -0.07 -0.15 0.03 -0.08
NFPR -0.20 -0.05 0.10 -0.27 -0.17 -0.26 -0.24 -0.08 -0.16 0.01 -0.17 0.11
NPPR 0.16 0.36 0.41 -0.02 -0.13 -0.09 0.02 0.03 0.15 -0.19 -0.29 -0.29
NCPP 0.10 0.02 -0.10 -0.12 0.02 0.28 0.20 -0.38 -0.26 -0.16 -0.11 0.17
NSPP -0.10 -0.18 -0.23 -0.18 0.04 0.18 -0.06 -0.02 -0.02 0.20 0.14 0.25
100SW -0.15 -0.30 -0.34 0.14 0.28 0.33 -0.11 -0.24 -0.43* -0.12 -0.30 0.08
PY -0.46* -0.34 -0.06 0.06 0.20 -0.25 -0.48* 0.24 0.25 0.18 0.16 0.05
GY -0.48* -0.35 -0.06 0.06 0.16 -0.26 -0.62%* 0.20 0.20 0.15 0.19 0.06
RL -0.57** -0.37 -0.09 0.52%* 0.56%* 0.34 -0.09 0.45%* 0.38 0.24 0.20 -0.19
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Table 5. Continued 0 Jyus

Traits L/SD DF NVF NFPR NPPR NCPP NSPP 100SW PY GY RL
L/SD 1

DF -0.27 1

NVF 0.03 0.22 1

NFPR 0.16 -0.51* -0.10 1

NPPR -0.41 -0.01 0.18 -0.004 1

NCPP 0.08 0.005 0.03 -0.05 0.20 1

NSPP 0.24 0.07 -0.08 0.04 -0.03 0.35 1

100SW 0.26 -0.08 -0.35 0.12 -0.15 -0.003 -0.20 1

PY -0.01 -0.09 0.11 0.03 -0.02 -0.38 0.12 -0.31 1

GY 0.07 -0.17 0.03 0.06 -0.07 -0.33 0.02 -0.29 0.94** 1

RL -0.23 0.29 -0.01 -0.12 0.05 0.04 0.27 -0.29 0.56%* 0.56%* 1

* *%: Significant at 5% and 1% probability levels, respectively. 4350 Jleiml sy s pas i a1 FHGF

Abbreviations: DFF(Days to first flower) , D10%F (Days to 10% flowering) , F10%FI(First to 10% flowering intervals), PH(Plant height at 10% flowering ,cm)
RR(Re-growth rate) , FFY (Fresh Forage yield , t/ha) , DY(Dry matter yield ,t /ha) , LD(Leaf dry weight ,g) , LF(Leaf fresh weight,g) , SD(Stem dry weight,g) ,
SF(Stem fresh weight,g) , L/SF(Leaf/Stem fresh) , L/SD(Leaf/Stem dry) , DFRP(Days to first ripe pod,day) , NVF(Non violet flower) , NFPR (No of floret per racemes)
, NPPR(No of pod per racemes) , NCPP(No of curls per pod) , NSPP(No of seed per pod) , 100SW(100 seed weight,g) , PY(Pod yield,kg/ha) , GY(Grain yield, kg/ha) ,
RL(Racemes length,cm).
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Table 6. The results of factor analysis (Rotated Varimax)

Variances b .y Y Jols ¥ Jols ¥ e ¢ Jols 0 Jule 1 Jele
Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6
Eigen value ohs ol 4.831 3.993 3.422 3.119 2217 1.724
Proportional Var. i mibls 02013 0.1664 0.1426 0.13 0.0924 0.0718
Cumulative pro. var. e s by 0.2013 0.3677 0.5103 0.6403 0.7327 0.8045
Affected traits 24 ilolie  Days to 10% flowering plant height Pod yield Leaf wet weight Days to 1™ No of curls/
Days to first violent petal stem dry weight grain yield Leaf dry weight ripe pod pod No of
First to 10% flowering stem wet weight racemes length Leaf/stem seed / pod

intervals
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Table 7. Mean and deviation (%) from total mean for different traits of alfalfa ecotypes based on cluster groups

55 oyled sl b 5 JALR'BTY) AT S P T gl Ly Co s Shes e s e St 0 e 0 50 [ 8l o
Cluster %;l ‘_}f @:J? @:Jf oY Sd>we 5 e Lo sl afﬂ df}! 5 afﬂ
Ecotype No.  Daysto Ist Days to 10% Istto 10% Plant height Re-growth Fresh Forage Dry matter Stem dry Leaf dry Leaf fresh  Fresh Leaf/
flower flowering  flowering intervals (cm) rate yield yield weight weight weight stem
(day) (day) (day) (t/ha) (t/ha) (8 (8 (8)
1 1,3,5,6,8,11, 25.13* 35.39 10.11 69.12 5.96 14.43 3.66 32.8 25.97 113.4 0.93
12,15 ,16,17 +2.15° +2.88 +4.12 -1.32 -3.79 -2.29 -2.14 -2.26 -3.46 -4.55 -2.1
2 2,4,7,10, 24.13 33.73 9.46 72.93 6.59 15.7 3.9 35 27.59 124.47 0.94
13,14,19,20 -1.91 -1.95 -2.47 +4.11 +6.29 +6.3 +4.28 +4.29 +2.57 +4.76 -1.05
3 9 25.5 +35.6 10.15 57.5 5.1 10.4 2.8 333 31.6 127.2 1.16
+3.66 3.49 +4.64 -17.92 -17.74 -29.59 -20.01 -1.37 +17.47 +7.06 +22.11
4 18,21 23.15 32.57 9.4 69.75 6.45 14.95 2.4 31.45 26.35 119.05 0.99
-5.89 -2.75 -3.09 -0.43 +4.03 +1.22 -35.83 -6.14 -2.04 +0.2 +4.21
5 oS 24.6 344 9.7 70.05 6.2 14.77 3.74 33.56 26.9 118.81 0.95
Total Mean
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Table 7. Continued V Jsd> aslsl
/48l s G986 S slaes 6L~J?.\.‘:): 53 4l sluws 33 e sl S 593 3 sl O3 s Shes 5 Shes Jsb
Ses 5, ooy CME Rt b 23T K ST e oM Gl e oM Gl 23T K
Dry Leaf/  Days to 1st Non- No of floret/ No of pod / No of No of 100 seed Podyield Seed yield Racemes

stem ripen pod violent racemes racemes curls/ pod  seed/pod weight (kg/ha) (kg/ha) Length
(day) flower(%) (2 (cm)
0.84a 377 0.48 25.53 13.48 275 4.5 0.227 1900.9 766.41 26.31
-1.18b -1.41 -4 +1.39 +2.28 -0.36 -6.64 +3.18 -9.52 -7.68 -5.02
0.82 39.45 0.52 24.29 12.98 2.72 4.93 0.221 2216.98 852.93 29.18
-3.53 +3.16 +4 -3.68 -1.52 -1.45 +2.28 +0.45 +5.53 +2.74 +5.34
0.97 373 0.77 234 12.6 2.8 52 0.204 2357.05 933.7 26.5
+14.12 -2.46 +54 -7.07 -4.4 +1.45 +7.88 -7.27 +12.19 +12.47 -4.33
0.95 36.5 0.34 28 12.75 2.7 5.45 0.227 2508.2 1006.45 29.55
+11.76 -4.55 -32 +11.2 -3.26 -2.17 +13.07 +3.18 +19.39 +21.23 +6.68
0.85 38.24 0.5 25.18 13.18 2.76 4.82 0.22 2100.9 830.2 27.7
a = Mean

b = Deviation (%) from total mean
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Figure 1: Dendogram of cluster analysis for alfalfa ecotypes based on different traits (Ward method)
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Study of genetic variation in alfalfa ecotypes (Medicago sativa) from cold
region of Iran, using morphological characters

M. Basafa! and M. Taherian’

ABSTRACT

Genetic diversity of 21 alfalfa (Medicago sativa) ecotypes collected from cold regions were investigated
during1998-2001 at Neyshabour Agricultural and Natural Resources Research Station. The multivariate
techniques were used for study the genetic variation among morphological traits. Factor analysis with Varimax
rotation was performed on 23 variables and reduced them down to six common factors with 80.45% variance
which were : vegetative factor (20.13%), forage yield components(16.64%), grain yield and it’s components
(14.26%), forage quality(13%), reproductive length (9.24%), and reproductive factor (7.18%). Cluster analysis
using WARD method classified the 21 ecotypes into four cluster. Ecotypes of second cluster for having high
plant height, stem dry weight, re-growth rate, fresh and dry matter yield , were highly valuable for transferring
their traits through hybridization programs. Also in cluster three, ecotypes No.9 is suitable for improving forage
quality(Leaf/Stem ratio) and in cluster four (ecotypes from Chaharmahal-and- Bakhteyari), for improving

inflorescent length and grain yield.
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