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Table 1. Characteristics of alfalfa ecotypes used in experiment.
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Ecotype Origin City Altitude (m)
Horand &les  Ahar ol 1630
Sivan Olsee  Marand &y 2000
Khosroshahr g Tabriz S 1300
Gara-Chay slo,s  Bostan- Abad ol 2000
Bahraman olxe  Sarab oy 1700
Nir 5 Ardabil Juo) 1800
Khaje axly>=  Heris WP 1650
Dizaj-Safarali ~ Jcao s Varzegan RLE 1700
Joshin oeds>  Varzegan o9 1450
Alhord sl Varzegan oB3)s 1900
Gara-Yonje azigio 3 Improved Varity

Ranger Jes)) Improved Varity

Moapa Lo Improved Varity
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Table 2. Summary of monthly meteorological data for Bostanabad weather station in 2008 to 2011growing seasons.
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No. frost days

5 gsle ax>,9) Lo Jﬁl»

Minimum temperature (°C)

Month obo WYAY 1YAA 1YAQ ra. \YAY 1YAA 1YAQ ra.

2008 2009 2010 2011 2008 2009 2010 2011
oct. e 0 5 22 1 10 18 14 4
Nov. oM 14 5 28 18 56  -16 18  -176
Dec. S21 26 0 30 158 110  -106 236
Jan. e 21 15 28 27 476 74 248 -116
Feb. o 24 22 2 29 132 152 23 -256
Mar. wisl 2310 2 2 90 -8  -13  -183

Sty elbedlas g 14 12 20

Snow events
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Table 3. Multivariate analysis of variance for traits associated with cold tolerance in barley genotypes.

G)LOT Hlado
S.OV. i @b Statistic value F
Pillai's Trace 4976 1.302*
Ecotype S WiIk'_sLambda 0.001 1.645**
i Hotelling's Trace 19.265 1.988**
Roy's Largest Root 8.984 8.659**

Aoy i 5 S0 Jlatol mhaw (o Iy e cod 5 a*, K

*,**: Significant at 5% and 1% probability levels, respectively

Jwdw (b jo axigr Glb i o8] Al Lz w00 o (gl il ylg 3o F Jgur
Table 4. Analysis of variance for winter survival of alfalfa ecotypes in three years

SOV ot 2l FESES Mean Squares by o (il
2l sit s2 s3
df
Block ol 4 69.90™ 259.84"™ 286.94™
Ecotype i o5 12 498.62** 194.73™ 582.26**
Error oLl 44 83.50 294.75 247.59
CV.% ACH JUUE BT 13.2 14.1 12.7

JARR PSR e KO PO AP EPSV W S P VIS (R

ns and **: Non significant and significant 1% probability levels, respectively

T
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(Gl pom Jlo 1o a5y olaws Gl poo Jlo 5o g olasd) xV o+ =pgd Sl a4y S pgms Jlo ;0 b aigy Slo 00y o y0 =52
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S1= Winter survival in the second year than the first year= (No. plants in the second year (Spring))/ (No. plants in
the first year (Fall)) x 100

S2= Winter survival in the third year than the second year= (No. plants in the third year (Spring))/ (No. plants in
the second year (Fall)) x 100

S3= Winter survival in the third year than the first year= (No. plants in the third year (Spring))/ (No. plants in the
first year (Fall)) x 100
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Table 5. Survival percentage of alfalfa ecotypes and cultivars during three years

Ecotype i g s1t s2 S3
Horand 90 90.9ab 70.1 61.1ab
Sivan Olgs 78.1abc 74.9 63.9ab
Khosroshahr g 86.4abc 60.3 46.9abc
Gara-Chay slzo 89.6abc 65.4 47.2abc
Bahraman ole s 83.3abc 66.2 50.0abc
Nir e 73.5¢ 78.3 55.5abc
Khaje azlys 77.1bc 60.1 40.3bc
Dizaj-Safarali Slesio g 83.3ahc 67.8 58.3abc
Joshin e 93.9a 77.1 71.7a
Alhord sl 91.6ab 56.3 51.4abc
Gara-Yonje RESINPY 86.5abc 69.6 59.7abc
Ranger gE)) 48.8d 70.0 31.2c
Moapa Lyle 45.8d 77.3 34.7bc
Total Mean I Sl 83.32 70.65 58.96

T

(Gle) pgo Jlo ,0 a5gy dlaws [(Gl) Jgl Jlw 5o g slass) xV o = Jgl Jlos 4y o pgo Jlw ;0 b agy o 00ij o y0 =S1

(Gl) pow Jlo 5o @gr olasi 1Gab) pgo Jlo ;o &gy slawd) xV o+ =pg Jlo &y o pgas Jlos j0 bo a5y Slo 00ij a0 =52
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S1= Winter survival in the second year than the first year= (No. plants in the second year (Spring))/ (No. plants in

the first year (Fall)) x 100

S2= Winter survival in the third year than the second year= (No. plants in the third year (Spring))/ (No. plants in

the second year (Fall)) x 100

S3= Winter survival in the third year than the first year= (No. plants in the third year (Spring))/ (No. plants in the

first year (Fall)) x 100
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Table 6. Summery of analysis of variance for different traits of alfalfa ecotypes in 2009.

MS la yo (ko
G Slaas Foi9 Py SlS gy S (e
e €9 il ailus Sy il Sy
o3 . Shoot Fresh  Leaf Fresh Shoot Dry Leaf Dry
S.0.V. ¥ gl df Height Shoot No. Weight (SFW) Weight (LFW) Weight (SFwW) Weight (LDW)
Block Sk 4 423.88* 288.43™ 381.21™ 56.19™ 101.04™ 32.99™
Ecotype i oS 12 610.06** 396.84** 12375.58** 9733.94**  1268.88** 899.16**
Error olocis! 48 120.08 97.74 2250.68 1918.10 256.38 220.66
CV.% 1ol S g 11.3 12.6 14.1 13.7 12.8 141
Table 6- Continued aoldl.f Jgus
Ms ilay o (yrilno
S ySloc S ySlos JARN ' I ST SR VRS YRV} 30 dBlw 4 S p o
) N Sis RVl ¥ el 4o adlw Sis el
ST Days until
R SO Fresh Plant Dry Plant 10%
S.0.V. e gl df Weight Weight Flowering (LFW/SFW) (LDW/SDW)
Block Sols 4 601.59™ 248.22™ 32.26™ 0.058 ™ 0.035™
Ecotype i 9T 12 43501.05*%* 4258.73** 412" 0.042"™ 0.043™
Error oLl 48 7750.22 892.11 2.76 0.031 0.036
CV.% ) S g i 13.7 133 7.7 7.1 6.8

10 97V Jlist mhaw 4o s pixe g o e juf o 5 4y kg %%, NS

ns, ** and *: Non significant and significant at 1% and 5% probability levels, respectively.
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Table 7. Means of measured traits of alfalfa ecotypes in 2009.

&)l Sl F 039 F 039 SLS 059 SLS 059
i oS a3l a3l Sy a3lw Sy
Number of Shoot Fresh L(_eaf Fresh Shoot Dry Leaf Dry
Ecotype Height Shoot Weight(SFw)  Weight(LFW)  \wgight(SDW)  Weight(LDW)
(cm) (@pl?)
Horand 104.5ab 28.5bc 198.2ab 174.7abc 72.5a 53.0abc
Sivan 93.6de 19.4c 83.8d 84.5¢f 30.7e 23.5ef
Khosroshahr 94.0cde 30.2ab 105.4cd 97 .4ef 36.2de 28.8def
Gara-Chay 99.8abcd 32.8ab 114.0cd 103.7def 39.5cde 31.5¢c-f
Bahraman 103.9abc 38.4a 222.6a 209.1a 75.6a 63.6a
Nir 86.7ef 26.6bc 76.6d 77.8¢ef 32.2de 23.0ef
Khaje 92.9de 39.1a 213.5a 191.2ab 66.2ab 56.0ab
Dizaj-Safarali 104.7ab 28.2bc 176.5abc 145.7a-e 62.5abc 44.0a-e
Joshin 99.6abcd 28.0bc 104.6cd 106.4c-f 35.8de 27.2def
Alhord 105.6a 33.9ab 168.2abc 170.4a-d 57.0a-d 47 8a-d
Gara-Yonje 95.3bcde 27.2bc 138.2bcd 117.6¢c-e 42.6b-e 33.4b-f
Ranger 86.1ef 35.8ab 61.5d 45,5f 22.0e 17.0f
Moapa 81.8f 28.7b 114.5cd 127.6b-e 42.7b-e 37.5b-f
Total Mean 96.8 304 140.8 131.6 48.6 38,5
Table 7- Continued wlolY Jguo
AR NI Ao Sdes F o Sdes Shs o8les SiS o Shes WS plamd 4Ty o
oS B *ouds gusal * oo psual oy dble s o adl
¥ S

Days to 10% Fresh Plant  Adjusted Fresh Dry Plant  Adjusted Dry Plant

Ecotype flowering- Weight Plant Weight* Weight Weight* (LFWI/SFW) ~ (LDW/SDW)
(@pI"
Horand 98.0 373.0ab 339.1 125.5ab 114.1 0.88 0.73
Sivan 97.0 168.3de 131.5 54.2e 42.3 0.97 0.74
Khosroshahr 96.0 202.8cde 175.3 65.0de 56.2 0.91 0.80
Gara-Chay 96.0 217.7cde 195.1 71.0de 6.6 0.94 0.82
Bahraman 97.6 431.8a 359.7 139.3a 116.1 0.95 0.83
Nir 96.0 154.4de 113.5 55.2e 40.6 1.04 0.76
Khaje 96.6 404.7a 312.0 122.2abc 94.2 0.89 0.82
Dizaj-Safarali 95.5 322.2abc 268.5 106.5a-d 88.7 0.84 0.70
Joshin 96.6 211.0cde 198.1 63.0de 59.2 1.04 0.73
Alhord 95.6 338.6abc 310.4 104.8a-d 96.1 1.00 0.83
Gara-Yonje 97.5 255.8bcd 221.2 76.0cde 65.7 0.87 0.79
Ranger 93.0 107.0e 52.3 39.0e 19.1 0.73 0.75
Moapa 93.0 242.1b-e 110.9 80.2b-e 36.7 1.12 0.87
Total Mean 96.2 272.4 222.9 87.2 713 0.95 0.79

* Adjusted yield for winter survival e sl Gl a5 5l onds moar o Slos ¢
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Table 8. Summery of analysis of variance or different traits of alfalfa ecotypes in 2010 and 2011

SO.V. pvc p e (MS) &lay yo (raKiloo
“Ui EW| 7o sdes
ol Height Fresh Weight
df 1YAQ 1ra. 1YAQ wa.
2010 2011 2010 2011
Block <Ssb 4 93.91™ 67.75™ 90050* 87123*
Ecotype ST 12 177.34** 163.25** 87125** 79413**
Error ol 48 39.25 28.56 20837 19675
CV (%) (1) &y s 11.3 12.0 13.2 124

10 97 Jlit mhaw jo s pxe g o gme ;b 5 4y kg
ns, ** and *: Non significant and significant at 1% and 5% probability levels, respectively.
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Table 9- Means of measured traits of alfalfa ecotypes in 2010 and 2011

IS et T miasie gm0 PO
i WAL Jlo WAL Jlo * WA Jlo o ya. i
YA Jle wa. Jw ous gzl
Adjusted Adjusted
ccorvee  HeitMen TR ermnelane ST TWemnen RN i
2010 2010 * 2011 2011 (g/plant) 2011 * mean
(ecm) - (9-plant™) -------- (cm) - (g-plant™) --------
Horand 77.3abc 453.0ab 317.5 79.2abc 604.5bcd 369.3 341.9
Sivan 81.3ab 269.3de 201.7 80.1ab 710.3ab 453.9 262.3
Khosroshahr 68.0cd 316.8cde 191.0 70.1cd 470.9cde 267.9 2114
Gara-Chay 71.0bc 319.7cde 209.0 72.1bc 736.6ab 347.6 250.5
Bahraman 75.9abc 526.8a 348.7 77.1abc 777.6ab 388.8 365.7
Nir 74.9abc 259.4de 203.1 76.1abc 633.4bc 351.5 222.7
Khaje 79.3ab 514.7a 309.3 81.1ab 704.2ab 283.8 301.7
Dizaj-Safarali ~ 77.0abc ~ 420.2abc 284.8 79.1abc 727.7ab 424.3 325.8
Joshin 83.0ab 319.0cde 2459 84.1a 866.5a 621.3 355.1
Alhord 79.8ab 426.6abc 240.1 80.5ab 713.8ab 366.9 305.8
Gara-Yonje 71.3bc 349.8bcd 243.4 72.5bc 590.5bcd 3525 272.3
Ranger 63.1e 211.0e 147.7 62.6de 328.8e 102.5 100.8
Moapa 60.6e 323.1b-e 249.7 58.9e 398.8de 138.4 166.3
Total Mean 363.4 2450 75.8639 653.5396 343.7 267.9

line Gl (lrae S5 51 00 seal o Shoe
* Adjusted yield for winter survival

(e oz (lew (e lacuisSl g Cd S olyod 0 g coigSl Toame 55 VYA Lo o
il Sl 1y 0g3 (6450 0,edl g Wil yem Lo oo Glzo,8 (yloyun caxlem (e ho zho wpll slacas oS
ol pusual QJS.Lo.c u,..i:L..a e 6}54’“’4 6‘)-.' Qo0 u*’l*" B loaze REVATY LQUJJJ)J 9> u‘j.‘.w 9



S JeS slp Pl cage wlgie (Sl
el mls b cblgs 5o 358 SLL 1S 09,5 (Sl
5 Loy Jooi S5l 55 SlagadsS] ais 05
W owiog 5 5y 0 8lee plime a5l (1SS s
oS b Gl Lopw 4 Joxie slacessST i iS
o sbocsssl Oy 5 Wl plas o Slee sl
Ol @ ol g ejho o wilhe (e

25 (B fp s s

Barnes, D.K., Smith, D.M., Tuber L.R,,
Peterson, M.A., 1991. Fall Dormancy. In:
Fox, C.C., Berbert, R., Gray, F.A., Grau,
C.R., Jessen, D.L., Peterson, M.A., (eds.),
Standard Tests to Characterize Alfalfa
Cultivars. North American Alfalfa
Improvement Conf., Beltsville, MD.

Berdahl, J.D., Wilton, A.C., Frank, A.B., 1989.
Survival and agronomic performance of 25
alfalfa cultivars and strains interseeded into
rangeland. Journal of Range Management.
42, 312-316.

Brouwer, D.J., Duke, S.H., 2000. Mapping
genetic factors associated with winter
hardiness, fall growth and freezing injury in
autotetraploid alfalfa. Crop Science. 40,
1387-1396.

Brummer, E.C., Shah, M., Luth, M., 2000.
Reexamining the relationship between fall
dormancy and winter hardiness in alfalfa.
Crop Science. 40, 971-977.

Cosgrove, D., Undersander, D., 2003.
Evaluating and managing alfalfa stands for
winter injury. University of Wisconsin
Extension Focus on Forage bulletin,
Madison, WI. Available at:
http://www.uwex.edu/ces/crops/uwforage/St
andEvaluationFOF.htm  (verified 17 July
2012).

Heinriches, D.H., Troelsen, J.E., Clark, K.W.,
1960. Winter hardiness evaluation in alfalfa.

Canadian Journal of Plant Science. 40, 638-
644.

¥y Jg‘W‘V ..).l?kgcl))' f?l" 5 e LSL“’Q:M'E ey

Sl (desho gins wilise (rdex (Slope slacaisS]
Wb pamie Ghesh onl GledsSl Giin Ol @
(A Jgux)
oles (Weishaar et al., 2005) Koo 5 Lisg
cxge aSilp ogdle (Glw) sl sl S a5 wsls
ey el (S i 985 e oShos (b oS
az Sl s 5 el Juad Jol o 3,8kee Gl
&9 dges g Soslail | ikl saxie Sl

St Gliee bl g RS 85 W08 B

&l

Hendrickson, J.R., Berdahl, J., 2003. Survival
of 16 alfalfa populations' space planted into
a grassland. Journal of Range Management.
56, 260-265.

Larson, K.L., Smith, D., 1963. Association of
various morphological characters and seed
germination with the winter hardiness of
alfalfa. Crop Science. 3, 234-237.

Manly, B.F.J., 2004. Multivariate statistical
methods: A primer (3" ed). Chapman &
Hall, CRC Press.

McKenzie, J.S., McLean, G.E., 1984. A field
test for assessing the winter hardiness of
alfalfa in northwestern Canada. Canadian
Journal of Plant Science. 64, 917-924.

McKenzie, J.S., Paquin, R.,Duke, S.H., 1988.
Cold and heat tolerance. pp.259-302. In
Hanson, A.A. (Ed.) Alfalfa and alfalfa
improvement. Agronomy Monogeraph. 29.
ASA.CSSA, and SSSA, Madison, WI.

Musial, J.M., Basford, K.E., lrwin, JA.G.,
2005. Analysis of genetic diversity within
Australian lucerne cultivars and implications
for future genetic improvement. Australian
Journal of Agricultural Research. 53, 629-
636.

National Agricultural Statistical Service. 2006.
National statistics: Hay alfalfa (dry).
Available at
http://www.nass.usda.gov/QuickStats/index2
jsp; accessed 15 Aug. 2006; verified 31
Aug. 2007). USDA, National Agricultural
Statistical Service, Washington, DC.




VoV e slacaioST Sl soland 1o Loyu 4y Jood gy o zesly Bole g 3 (6 i

Palta, J.P., Mehuys, G.R., 1980. Influence of
soil moisture on cold tolerance of alfalfa.
Canadian Journal of Plant Science. 60, 139-
147.

Robins, J.G., Luth, D., Campbell, T.A.,
Bauchan, G.R., He, C., Viands, D.R,,
Hansen, J.L., Brummer, E.C., 2007. Genetic
mapping of biomass production in tetraploid
alfalfa. Crop Science. 47, 1-10.

Schwab, P.M., Barnes, D.K., Sheaffer, C.C., Li,
P.H., 1996. Factors affecting a laboratory
evaluation of alfalfa cold tolerance. Crop
Science. 36, 318-324.

Sheaffer, C.C., Barnes, D.K., Warnes, D.D.,
Leuschen, W.E., Ford, H.J., Swanson, D.R.,

1992. Seeding-year cutting affects winter
survival and is association with fall growth
score in alfalfa. Crop Science. 32, 225-231.

Stauffer, G., 2009. Assessing and reacting to
alfalfa winterkill. University of Nebraska
Extension Alfalfa/Pasture News. Lincoln,
NE. Available at: http://holt-
boyd.unl.edu/c/document _library/get file?fo
Iderld=349724&name=DL FE-7926.pdf
(verified 17 July 2012).

Weishaar, M.A., Brummer, E.C., Volence, J.J.,
Moore, K.J., Cunningham, S., 2005.
Improving winter hardiness in nondormant
alfalfa germplasm. Crop Science. 45, 60-65.




