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Introduction of alfalfa improved cultivar, Ahang, suitable for cold and

temperate-cold regions
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Table 1. Name and characteristics of genotypes under study.

sy oS L

No. Genotype Origin

3, ) L

No.  Genotype Origin

@ A e 3

1 KFA1 Gharayounjeh- West A.
S g b
2 KFA2 Gharayounjeh- East A.
S g b
3 KFA3 Gharayounjeh- East A.
Oldea— Slden
4 KFA4 Hamedani- Hamedan
Oldea— Slden
5 KFA5 Hamedani- Hamedan
S g b
6 KFA6 Gharayounjeh- East A.
Olgiol- Sla,
7 KFA7 Rehnani- Esfehan
S g b
8 KFA8 Gharayounjeh- East A
ol 5 Jbwe gz = Slien
Hamedani- Chaharmahal-e-
9 KFA9 Bakhtyari

S 5T e e $

10 KFA10 Gharayounjeh- East A.
3T s 8

11 KFA11 Gharayounjeh- West A.
3T s 8

12 KFA12 Gharayounjeh- West A.
3T s 8

13 KFA13 Gharayounjeh- West A.
3T s 8

14 KFA14 Gharayounjeh- West A.
S o3 g b

15 KFA15 Gharayounjeh- East A.

Olden— _Jldes

16 KFA16 Hamedani- Hamedan

ol C)L«"— G‘M
Hamedani-Improved
17 KFA17 population
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Table 2. Three years (2005- 07) mean comparisons of dry forage yield (tha™) in tested locations.

555 s Obi; 35 4 25 s Nt 4 oSl T e Olgio! oples e At Olan
Genotype Khoy Zanjan Shahrekord Tabriz Karaj Golpayegan Arak Khoramabad Esfehan Neishabour ~Sanandaj Mashhad  Hamedan
KFAl 15.38 ab 19.53 ab 8.14 c 21.13ab 18.82ab 13.77 abc 15.71b 19.35d 2691c-f 2250a 18.32a 10.48a 10.56 a
KFA2 16.72 ab 18.04 ab 10.05 bc 23.83ab 17.93ab 13.47 abc 15.06 b 21.44 bed 25.10f 2097 a 17.27a 1054 a 12.39a
KFA3 1492ab 1711 ab 9.42 bc 21.87ab 19.0lab 13.42abc 1859 a 22.55 bed 25.10f 21.62a 18.11a 10.62a 10.08 a
KFA4 15.1ab 16.82ab  10.77abc  24.53a 16.71 ab 13.86abc  14.72b 21.75 bed 2753 b-f 20.64a 16.99a 10.70a 11.70 a
KFA5 1556ab 20.86ab  10.80abc 21.17ab  15.77b 1431abc  16.50b 20.60 bcd 26.54cf 20.71a 19.11a 10.75a 10.83a
KFAB 14.38ab  17.60ab 9.46 bc 20.10ab  19.90a 13.12abc  16.02b 21.85 bed 28.60bc  2351a 1754a 1092a 10.69a
KFA7 13.39b 15.64 b 9.94 be 18.84ab 16.22 ab 10.70 ¢ 12.87b 24.02 abc 31.04 a 22.89a 1761a 11.36a 11.31a
KFA8 16.30 ab 16.75 ab 10.74 abc 22.63ab 17.72ab 13.4 abc 14.39b 21.98 bed 25.87 def 22.78a 1891a 11.37a 1243 a
KFA9 1599ab 17.84ab  10.26 bc 24.13ab  16.65ab 16.36 ab 14.09b 20.60 bcd 26.55¢cf 21.57a 1759a 11.45a 12.17a
KFA10 15.13ab  17.28ab 9.20 bc 17.14b 16.60 ab 13.93abc  17.60b 23.35 a-d 26.40cf 23.60a 17.01a 1154a 11.55a
KFA1l1l 15.69ab  19.78 ab 9.34 bc 20.77ab  16.66 ab 13.85abc  12.75b 19.85cd 27.70 b-f 21.65a 17.01a 1164a 12.09a
KFA12 16.71 ab 17.26 ab 11.67 ab 20.05ab 17.08 ab 1751a 14.09b 22.54 bed 25.19 ef 21.35a 1844a 11.73a 1144 a
KFA13 15.82 ab 15.76 b 9.79 bc 19.38ab  17.53ab 12.73 bc 16.18 b 20.16 bcd 2713c-f 2184a 19.78a 11.73a 10.76 a
KFAl14 13.98 b 18.13 ab 10.34 abc 22.19ab 18.65ab 12.77 bc 14.79b 26.84 a 29.67 ab 2350 a 17.23a 118la 10.03 a
KFA15 17.09ab  16.54ab  10.34abc  20.07ab  20.09a 12.67 bc 13.81b 21.44 bed 28.12bcd 20.25a 18.32a 11.87a 10.46 a
KFA16 14.18ab  17.15ab  10.96abc 23.99ab 17.86ab 14.19abc 1466 b 24.27 ab 29.54 ab 23.93a 19.87a 12.34a 10.70 a
KFA17 18.09 a 22.47 a 13.02a 22.10ab 18.06 ab 14.23 abc 16.67 b 22.41 bed 26.21cf 2121a 18.02a 1265a 10.98 a

Lyl Hls s &l

YY)y

2L 7D Jlozt pelan 53 oS53 03037 51 eslizal b ey g o 53 alin Cog b sl o S0Ls
-Means in a column with the same letter do not differ significantly (p < 0.05) using Duncan' multiple range test.
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Table 3. Means of studied traits and superiority measure of stability for dry forage yield of genotypes during 2005-07 years.

s G gl Sdaes Lb P ;é,xcajsw_ ai:.;‘\s,m;w o — -
Geﬁbi;pe Plant height  Crop regrowth Leaf to stejrh o Fresh forage yield  Dry forage yield Ra n)k Superi)JrJ thiy)measure Ra r:k
(cm) (cm) (tha?) (tha)

KFAl 69.8 32.7 0.99 62.96 16.97 13 5.91 12
KFA2 69.9 32.2 0.96 62.87 17.14 9 5.41 10
KFA3 70.6 34.0 1.00 61.58 17.11 10 5.40 9
KFA4 70.3 31.0 0.96 63.10 17.06 11 5.39 8
KFA5 70.8 30.0 0.96 61.81 17.19 8 4.95 4
KFAG 73.2 33.3 0.97 63.50 17.21 7 4,98 5
KFA7 69.7 40.4 0.98 61.85 16.60 17 7.98 17
KFAS8 70.4 35.7 0.99 63.03 17.33 4 5.04 6
KFA9 68.3 315 0.96 63.37 17.33 5 5.27 7
KFA10 70.2 34.1 0.98 63.53 16.95 14 6.46 15
KFAl1l 62.9 33.0 1.02 60.99 16.83 15 6.44 14
KFA12 69.6 31.8 0.96 61.44 17.31 6 5.57 11
KFA13 69.0 31.7 1.00 61.59 16.81 16 6.95 16
KFA14 71.0 41.1 1.03 63.68 17.69 3 3.59 3
KFA15 71.0 31.3 1.01 62.26 17.01 12 6.07 13
KFA16 70.8 354 1.02 64.02 17.97 2 3.28 2
KEALT 71.3 31.3 0.99 63.49 18.16 1 2.85 1
(Ahang)

Sk g9 g 33.6 0.99 62.65 17.22 5.38
Overall Mean
S 53 0,5 S U5 o Sile 0 o KaT 135 6 o> Shos &5l
The difference of Ahang with overall mean in forage yield (kgha') 840 (1.3%) 940 (5.5%)
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Table 4. Two years mean (2009-10) of quality related traits of genotypes at Karaj station.

TS ¢ o5, G iy pd )3 Uslomal b Skl oy 53 5 Usloual o an JB oSt oola s BB JTesle S s
Genotype Crude protein (%) Neutral detergent fiber (%) Acid detergent fiber (%) Dry matter digestibility (%) Organic matter digestibility (%) Total ash (%)
KFA1 16.55 48.13 34.17 61.44 57.95 9.77
KFA2 16.98 48.67 33.77 61.06 57.85 9.50
KFA3 16.78 49.2 34.3 60.35 56.9 9.6
KFA4 16.44 48.3 33 59.81 56.12 9.66
KFA5 16.93 47.6 32.03 59.4 56.03 9.46
KFAG 15.93 49.53 33.77 60.27 56.68 9.44
KFA7 16.7 49.53 33.97 60.98 57.24 9.89
KFA8 16.85 49 32.83 58.31 54.43 9.62
KFA9 17.73 47.97 33 60.9 57.53 9.71
KFA10 17 48.73 33.7 58.94 54.96 9.59
KFA11 17.51 48.27 32.37 62.85 59.5 9.61
KFA12 16.96 46.93 33.47 62.98 59.89 9.91
KFA13 17.58 49.27 33.57 59.27 55.52 9.55
KFA14 17.03 50.43 35.33 58.02 53.85 9.92
KFA15 17.14 47.47 32.9 62.15 58.36 9.37
KFA16 16.65 49.43 34.1 61.65 58.44 9.33
KFAL7 16.53 49.4 33.37 59.6 56.2 9.43
Mean 16.89 48.70 33.51 60.47 56.91 9.61
LSD%5 1.18 1.72 7.46 3.34 3.82 0.37
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Table 5. Three years mean comparisons of recorded traits of genotypes

_J ol ol 8t 5 Shas oals e s Shes iy Sz s Shas 5 lese sl O days el 05 5 Ao Al y O3 5w Aoy RITT- I G PG

Ger;;;t“y)pe Shoot dry matter Stubble dry matter ~ Root dry matter ~ Total biomass Shoot nitrogen Stubble nitrogen  Root nitrogen content Biological nitrogen
(thah) (thah) (thah) yield (tha™) content (%) content (%) (%) fixation (kghaly?)

KFA6 1357 ab 2.08a 5.86 a 21.63ab 2.68 ab 17a l4a 185.68 abc
KFA9 12.38ab 197a 6.23a 2046 b 2.72ab 16a l4a 167.17 abc
KFA17 13.38 ab 2.03a 7.34a 22.79ab 280a 15a 16a 227.71ab
KFA2 12.10b 186a 575a 19.72b 2.78 ab 16a 1l4a 153.83 bc
KFA7 12.88 ab 202a 755a 2251 ab 2.63b 17a 13a 172.56 abc
KFA15 12.34 ab 2.03a 5.98a 20.42 b 2.71ab 15a lla 136.51¢
KFA13 12.57ab 2.08a 7.00a 21.49ab 2.79ab 16a l4a 180.7 abc
KFA1l 12.83 ab 207 a 711a 21.89 ab 2.73ab l6a l6a 205.08 abc
KFA1 12.93 ab 20la 578a 20.77 ab 2.74 ab 16a 13a 166.12 abc
KFA16 12.06 b 193a 570a 19.77b 2.70 ab 16a 15a 14469 ¢
KFA3 12.32 ab 2.00a 8.03a 2221ab 2.77 ab 17a 15a 199.49 abc
Bami 13.83a 204 a 8.33a 2434 a 2.67 ab l6a l6a 236.28 a
Mean 12.77 2.01 6.72 215 2.73 16 14 181.32
.-Means in a column with the same letter do not differ significantly (p < 0.05) I s e gl 0n LD Jlaz pela 53 (0t a3 wlie Cop > L gla Sl
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Figure. 1. Three years average of biological nitrogen fixation (tha™y) of genotypes.
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Table 6. Mean comparisons of fall dormancy score of genotypes

over years and locations.

Jsone i8S ol L s
Conventional plantation Spaced plantation
s TS oS Sl oSl Sl fle
No. Genotype Mean Min.-Max. Mean Min.-Max
1  LakLak 3.8fg 2.2-5.2 4.0fg 3.2-46
2 KFAL7 (Ahang) 4.6 def 3.0-5.8 4.3 efg 3.2-50
3 KFAl6 4.3 efg 24-52 4.3 efg 3.0-50
4  KFA15 4.4 efg 2.1-54 4.1 efg 3.2-52
5 KFA2 4.4 efg 3.1-52 4.1 efg 3.0-48
6 KFA13 4.4 efg 34-56 4.0 efg 3.2-6.0
7 KFA6 4.3 efg 3.3-54 4.5d-g 38-5.7
8 KFA9 4.3 efg 3.2-58 4.2 efg 3.0-58
9 KFAT7 5.5 bed 3.8-6.8 5.4 bed 42-79
10 Nikshahri 6.9a 42-94 6.0a 40-95
11  Baghdadi 6.7 a 41-9.0 6.1a 3.6-9.7
12 Yazdi 6.1ab 43-84 5.5 abc 38-7.0
13 Bami (Shahdad) 6.2 ab 40-8.0 4.4d-g 3.2-56
14 Bamil 6.8 a 43-9.2 5.7 ab 40-9.0
15  Kisverdai 3.6 fg 24-52 4.1 efg 26-54
16 Mesa-sersa 5.7 bc 45-76 4.7 c-f 3.8-7.7
17  Diablo-verde 3.71g 24-51 3.91g 3.0-438
18  Commandor 35¢g 23-44 339 24-54
19  Siriver 4.3 efg 34-52 4.3 efg 3.6-56
20  Sequel 4.9 cde 4.0-6.8 5.0 b-e 40-7.2
JS et 4.9 2.1-9.4 4.6 2.4-9.7

Total mean

I 1 me sl e b7 il e 53 (S 0 ga5T bl Lz 0 gt g 53 alie Cop o b sla S0l -
-Means in a column with the same letter do not differ significantly (p < 0.05) using Tukey' range test.
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Table 7. Water productivity of improved population KFA17 in four irrigation regimes during 2016-2018 at karaj

cultivars

T o s oS e > Slos Seds T sosem 035 Cugs3Shoe S S5 TG0 il b e
AT 5 Valire and “V:; . o (a35) (oS 54 (35 (a0 Sk 035 sy 6,5 e
Irrigation regime of Ini Cultivar Dry forage yield Water productivity of Biomass yield Water productivity of Harvestable to
) (tha?) forage production (kgm) (tha?) biomass production (kgm®)  unharvest able yield ratio
S ) S
Mean of warm-region 10.99 1.01 17.45 157 19
ol T W s CaSa o V2 APS cultivars
ol o Wos b e Ve
Full irrigation 10866 m®in 17 times KFALT _ 1036 097 1600 147 22
S/ (5 s o 0B ke
Mean of cold/moderate-region 10.06 093 16.46 151 16
cultivars
S ) S
Mean of warm-region 891 0.95 1554 1.65 15
LTe5s, Y i 10 3 CaSe e AY4Y cultivars
EIESTRARN 3 fa
No -watering for 20 days 9391 m2in 15 times KFALT _ 921 098 1506 160 16
S (5 3 o B ke
Mean of cold/moderate-region 8.17 0.87 13.98 149 14
cultivars
e £ B S
Mean of warm-region 6.92 0.84 14.37 174 10
LTe5s) ¥ i 1Y 53 CaSe e ATAQ cultivars
SRS o WV s e fe
No -watering for 40 days 8289 m?in 12 times KFALT _ 843 102 1480 179 14
Sl (5 e o ¢ Sk
Mean of cold/moderate-region 6.04 0.73 1253 151 10
cultivars
S £ B S
Mean of warm-region 6.17 115 13.70 255 0.9
LT ess, 70 o 4 53 CaSe e OYVA cultivars
bl esa, 7 T AR
No -watering for 60 days 5379 m?in 9 times KFALT _ 636 118 1310 244 14
Jtinal (6 3 o 06 okn
Mean of cold/moderate-region 5.86 1.09 11.69 218 11
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Table 8. Mean of disease severity of alfalfa downy mildew in improved KFA17 compared to check cultivars in different years and

locations.
aikaie Olesi Ol Olden Ry Olesi Oldan Rty Olesi Olden Kg P o wllE
Location Zanjan  Zanjan Hamedan Gorgan Zanjan Hamedan Gorgan Zanjan Hamedan Gorgan  Mean of Fields  Greenhouse
J \YAY \YAA \YAA \YAA Y4 T4 4 yray \ray \ray \rayY
Year 2008 2009 2009 2009 2012 2012 2012 2013 2013 2013 2013
KFA17 (S) 26.5 40 51.3 375 11.3 56.7 5 71.6 45 - 38.3 3
Yazdi (S) 425 57.5 88.8 63.5 70 63.3 50 91.6 76.6 - 67.1 3
Nikshahri (MR) 8.8 23.8 28.8 10 5.7 3.3 1.7 31.6 6.6 - 13.3 1
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Table 9. Mean of infection type of alfalfa genotypes to rust disease in field,

greenhouse and laboratory experiments.

) e ey oyl 5T

Kﬁ;’ ey Cultivar Field Greenhouse Laboratory
] (Scale: 1-9)  (Scale: 0-4) (Scale: 1-5)

1 (k) Slus  Hamedani (susceptible) 5.02 3 4.28

2 (L) =, Ranger (susceptible) 5.94 2.25 3.73

3 (pslis 4a) L3, Pioneer (semi-resistant) 311 2.25 3.25

4 KFA7 2.86 0.5 1.7

5 KFAl7 3.43 0.25 1.05

d g S 55 53 s (Sl ge s Solew Dk ke Y+ J g
Table 10. Mean of disease severity of alfalfa mosaic virus (AMV) in alfalfa genotypes

AMVS 1is 4 AMVM 5 4 g
3 Dolus ey oKk dillus e ey oSk JS oS
Cultivar 1tread 2thread Mean 1%read 2thread Mean Overall Mean
KFA1l 1.8 1.8 1.8 1.2 1.2 1.2 1.6
KFA6 2.0 2.0 2.0 1.8 1.8 1.8 1.9
KFA7 2.2 2.2 2.2 1.8 1.8 1.8 2.0
KFA9 2.4 2.4 2.4 2.2 2.2 2.2 2.3
KFA15 2.2 2.2 2.2 2.0 2.0 2.0 21
KFA16 34 3.6 35 3.2 3.3 3.3 3.4
KFA17 3.2 34 3.3 3.0 3.2 3.1 3.2
Diabloverde 0.8 0.8 0.8 0.2 0.2 0.2 0.5
Siriver 1.0 1.0 1.0 0.8 0.8 0.8 0.9
Sequel 11 14 14 1.2 1.2 1.2 13
Hamedani 2.4 2.4 2.4 2.2 2.2 2.2 2.3
Gharayunjeh 3.2 3.4 33 28 2.8 2.8 3.1
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Tablel11. Forage yield (kgha) of improved population KFA17 compared to the local

cultivar in two locations (Mashad and Neishabor) in 2017

O 530 5 AST) 5 ke O 53 0 5 5h8T) oSl 6 5le
Fresh forage (kgha?) Dry forage (kgha')
Cut o p— N—
s koAl oS h ol B
Local cul. KFA17 Increase (%) Localcul. KFAL17 Increase (%)
Mashhad RVEW
Cutl Jsl o 21045 23000 9.3 5624 5900 4.9
Cut2 33 o 16897 17000 0.6 5518 7300 323
Cut3 ese e 18021 21000 16.5 5076 5200 24
Cut4 poler o 17356 19700 135 4984 6010 20.6
Sum/Mean S le/ 5 sema 73319 80700 10.1 21202 24410 15.1
Neishabour Salis
Cutl Jsl o= 20156 22854 134 5196 5648 8.7
Cut2 e3> o 17325 18975 9.5 4891 4935 0.9
Cut3 pow o 20179 21564 6.9 5133 5236 2.0
Cut4 poler o> 16589 21015 26.7 3897 5148 32.1
Sum/Mean Sla/ 7 aama 14249 84408 13.7 19117 20967 9.7
Overall mean  aibw 45 5L 73784 82554 11.9 20159.5 22688.5 12.4
s ol e &0 5el99,90 9 (£ Do guas
ERIY oy KFAL7 puouws!
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Table 12. Morphological, agronomical and qualitative charactersistics of Ahang cultivar

IEY) Slasine oeaT ‘.j)
No. Characteristics Ahang cultivar
1 Fall dormancy score Gl ol o0 4.5
2 Nature of cultivar «,¢5 Population Carasr
3 Origion L Iran ol
4 Plant heightcm) < #lis, 70-75
5 Days to harvert sl b e, Sk 35
Spring cut ole 35-40
Summer cut Gl 28-30
Fall cut . 35-40
6 No. of seed in pod CME s 4l slas 4-5
7 1000 seed weight gr) Gl 18 0js 2-2.5
8 Seed yield (kgha™) S s Sles Kk 342.2
9 Dry forage yield thal) «Six & le s Sloe Kk 18.16
10 Yield stability s Shes 6,0 High YU
11 _ _ _ _ 03578 S3sm s 221.7
Biological nitrogen fixaton (kgha year?)
12 el Tl e oSk 1
Water productivity (Normal irrigation)( kgm)
13 Crude protein (%) el g s Ol e Aoy 16.53
14 (NDF) (S okt 5 55 sl b i s 49.4
15 (/ADF) Sl 0ty 5 55 Jloali b Ao ys 394
16 (/OMD) —an L6 JTesle s 56.2
17 (.tASH) IS S sy 9.4
18 S S e g ley 4 ST ol bl aa

Reaction to alfalfa downy mildew

19 e 55 6o 4 ST

Reactiom to alfalfa rust

20 ai gy S50 s s Solen 4 AT
Reaction to alfalfa mosaic virus

Moderate susceptible to susceptible
polie b
Moderate resistance
ool
Susceptible

s Ol Lol b s osle & 88 )5 Ol g o0
Sosliwl L ,Sa p3p SAS YO LY
233,85 S (w53 iSOl g
23 500l Sl ozt 2d) 5l s o)l S
Ol 31 8 555550 B I el oiS
LS Gas 5,8 i8S 4 pldl ol Olisey
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ABSTRACT

Moghaddam, A., Mofidian, S. M. A., Rahjoo, V., Monirifar, H., Kharazmi, K., Torabi, M., Aghashahi, A. R.,
Mobasser, S., Jafariani, M., Taherioun, Gh. R., Beheshti, A. R., Farzadfar, Sh., Mosavat, S. A., Feizbakhsh, M.
T., Souri, J., Vida Ghotbi, V., Abassi, M. R. 2024. Introduction of alfalfa improved cultivar, Ahang, suitable for cold
and temperate-cold regions. Research Achievements for Field and Horticulture Crops Journal 13 (2): 209-235. (in
Persian).

Improvment of alfalfa (Medicago sativa L.) ecotypes with goal of enhancing forage
yield and other important agronomical characters is one of the breeding methods of this
crop in lIran. For this purpose, Mohajeran ecotype of Hamedani alfalfa, as one of the
desirable ecotypes, was selected and two cycles of mass selection were performed on it
during years 1998 and 2000. Plant individuals were phenotypically evaluated for plant
height, stem number, leafiness, growth type, pest and disease sensitivity, and flowering
time. After the two mass selection cycles, to achieve the generation of Syn-2 seeds and
the genetic equilibrium, the new population (KFAL7), two stages of seed multiplication
took place in isolated conditions during years 2002 to 2004. To compare forage yield and
its stability, the improved population (KFA17) along with 16 main ecotypes of cold and
temperate regions of the country were evaluated in a randomized complete block design
with three replications at 13 locations during the years 2004 to 2007. The results showed
that the new improved population KFA17 with 18.11 tha™*, had 940 kg of more dry forage
yield compared to the total mean (17.22 tha). According to the estimated values of
stability parameter of superiority, KFA17 with 2.85 value was the most stable genotype
among the tested materials. The amount of crude protein (%) of KFA17 was 16.53. The
rate of biological nitrogen fixation of 227.7 kgha™ per year, fall dormancy score between
4 and 5 and water productivity based on dry forage yield in normal irrigation conditions
1 kgm= was obtained in the improved population of KFA17. Due to the desirable
properties such as high forage yield and yield stability, KFA17 was released and named
as Ahang cultivar, suitable for cold and temperate climate zones in the country.

Keywords: Ecotype, adaptability, Forage quality, Mass selection, Cultivar release,
Hamedani alfalfa
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