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Analysis of ecotype x location interaction in cold-region alfalfa ecotypes
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Table 2. Description and meteorological information of experimental sites during 2005-2008 (http://www.weather.ir)

A o s
Geoghraphical position

eolsl g Sledb!

Meteorological data

Ui db Ll e sl s Sl bs Sl LR o gy

code &« Location R Longitude Latitude Height (m) Max. Tem."C Min. Tem.’C Rainfall (mm) RH (%)

L.1 Arak S, 49°46° E 34° 06 N 1708 20.7 7.0 342 46

L2 Esfahan Olael  51°40°E 32°37'N 1550 234 9.1 123 40

L3 Tabriz s 46° 17 E 38°05'N 1361 18.0 6.9 289 54

L4 Khoramabad WTe= 4817 E 33°26°N 1148 25.2 9.1 509 46

| Khoy s  44°S8°E 38°33"N 1103 18.5 5.4 293 59

L.6 Zanjan oy  48°29°E 36°41'N 1663 18.0 4.0 313 54

L.7 Sanandaj s 47°01'E 35°20°'N 1373 21.4 5.5 458 47

L8 Shahrekord sS ¢s 50°51°E 32°17°'N 2049 20.2 34 322 46

L9 Karaj S  50°54"E 35°55'N 1312 21.2 8.7 244 47

L.10 Golpaigan o0& 50°17°E 33°28"N 1870 20.5 7.9 273.7 38

L.11 Mashad deie  S59°38E 36° 16" N 999 21.1 7.1 255 55

L.12 Neishabour selis S58°48°E 36° 16" N 1213 21.8 6.7 240 49

L.13 Hamedan Sdes  51°51°E 32°31'N 1550 19.2 33 318 53

w gy oS SV 65 gl sl 5 St ke 5 Shas 6l AMMI Jube i)l 4 525 s Y dsder
Table 3. Analysis of variance for dry forage yield and plant height by AMMI model in 17 alfalfa ecotypes.
Slas o g poze Sla o SSLe IS Sl e fgomn 0 i A S W flie 14 Sl o
S.0.V ek molie o3 a5 (SS) (MS) P. Value TSS(%) (LocationxEcotype) (%)
d.f St 4 le Sy $lis ) S 4 le Sy #lis) St 4 le &y gl S &b gle Sy plis ) St 4 le Sy plis)
Dry forage Plant height Dry forage Plant height Dry forage Plant height Dry forage Plant height Dry forage Plant height

Ecotype ST 16 37.20 281.55 2.32 17.60 0.369 0.068 0.6 1.2
Location o 12 5125.23 20579.3 427.1 1714.9 0.000 0.000 89 89.1
Interactions Jlize sl 50 192 594.82 2229.77 3.10 11.61 0.001 0.002 10.3 9.6
IPCA1 Jsl s 4l o 27 263.68 1142.88 9.77 42.33 0.000 0.000 443 51.2
IPCA2 P35 sz adlje 25 126.99 369.32 5.08 14.77 0.000 0.000 21.3 16.5
IPCA3 py s 4l 3o 23 55.63 214.18 242 9.31 0.014 0.004 9.3 9.6
IPCA4 ol o 4ilse 21 39.92 192.37 1.90 9.16 0.047 0.000 6.7 8.6
Residuals o bilasl, 96 108.60 311.03
Total s 220 5757.25 23090.6
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Table 4. Mean, principal components, AMMI stability value, C.V. and superiority measure of dry forage yield and plant height for 17 alfalfa ecotypes.
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Dry forage yield «Sis 4 le 5 Shae Plant height <, ¢ls )l
Sl Hlde Sl e
<5 oSl el epadils AMML s e ke oSl Dladpe e e, AMMIE D Cisce o Ginobe
Ecotype Mean IPCA1 IPCA2 ASV CVien Superiority Mean IPCA1 IPCA2 ASV CVi Superiority

1 16.97 -0.103 0.423- 0.475 31.8 11.01 69.81 1.485- 0.341- 4.611 17.4 23.45
2 17.21 0.122 0.818- 0.857 27.5 11.02 69.95 0.603- 0.294- 1.891 16.8 20.83
3 18.03 -3.643 0.302 7.572 51.7 4.37 70.59 0.630- 0.315- 1.975 16.4 15.93
4 17.15 0.351 0.299- 0.789 29.9 11.21 70.35 0.898 0.260- 2.794 15.0 16.56
5 17.18 -0.182 0.845- 0.927 28.9 9.7 70.86 0.244- 1.678- 1.841 14.6 13.61
6 17.32 -0.006 0.761 0.761 32.1 10.03 73.26 0.227- 0.982- 1.208 15.9 6.32
7 16.7 0.881 1.787 2.558 353 14.75 69.78 1.329 1.758 4.473 15.6 23.56
8 17.34 0.358 0.238- 0.781 28.8 11.28 70.48 0.651- 0.858 2.192 15.0 17.61
9 17.35 0.491 0.942- 1.388 29.0 11.47 68.29 1.647 1.612 5.346 16.5 35.75
10 16.96 -0.490 0.695 1.234 29.4 10.07 70.29 0.194 0.149- 0.621 14.9 16.67
11 16.76 0.721 0.564- 1.601 30.1 13.57 68.53 2.256- 1.124 7.071 17.7 34.9
12 17.31 0.390 0.687- 1.063 27.4 11.64 69.62 0.397- 0.578- 1.359 14.2 21.51
13 16.75 -0.195 0.19 0.449 28.9 11.6 69.04 1.529- 0.437- 4.754 16.5 25.26
14 17.67 0.444 1.332 1.621 36.6 9.96 71.03 0.461- 1.197 1.863 15.7 15.16
15 16.97 0.424 0.132 0.891 30.5 12.57 71.1 0.577- 1.698- 2.466 15.1 13.57
16 17.9 0.538 0.710 1.326 34.7 9.75 70.79 0.423 1.208 1.783 15.6 15.97
17 18.01 -0.101 1.093- 1.114 30.1 8.07 71.38 4.082 1.021- 12.673 18.5 25.14
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Table 5. Four superior alfalfa ecotypes in each tested location by AMMI model for dry forage yield and plant height

Dry forage yield S @ le s Shae Plant height <, sy )
o o N L S T LY TEIS= S L B SV oo Bl oSl pmodS) ey oS
Location Score 1" Eco. Eco. 2th Eco. 3th Eco. 4" Score Ist Eco. Eco. 2th Eco. 3th Eco. 4"
L1 -3.7716 3 10 17 5 -2.0907 17 6 5 4
L2 0.9901 7 14 16 6 0.0952 6 14 16 8
L3 0.3025 17 9 12 2 0.626 6 14 8 16
L4 0.2406 14 7 16 6 -0.8062 7 16 14 9
L5 0.2179 17 9 12 2 0.4775 6 15 14 3
L6 0.1768 17 9 2 12 4.8361 11 1 13 15
L7 0.1291 17 16 14 3 -0.4663 17 6 5 15
L8 0.4242 17 9 16 12 -0.8747 17 6 5 15
L9 -0.1612 3 16 14 17 -0.0247 6 15 17 5
L10 0.2161 17 9 12 2 -1.9088 17 6 5 4
L1l 0.4528 14 16 7 6 0.2376 6 14 16 8
L12 0.2825 14 16 7 6 0.1509 14 16 7 6
L13 0.5003 17 9 16 12 -0.2518 14 16 7 6

[ Downloaded from agrobreedjournal.ir on 2025-11-03 ]

[ DOR: 20.1001.1.15625540.1392.15.2.7.7 ]

14


https://dor.isc.ac/dor/20.1001.1.15625540.1392.15.2.7.7
http://agrobreedjournal.ir/article-1-66-fa.html

[ Downloaded from agrobreedjournal.ir on 2025-11-03 ]

[ DOR: 20.1001.1.15625540.1392.15.2.7.7 ]

IWAY Ol oY ojled s 5l o 01zl (ol p ke alans”

23 LS p 55 o e b 03l e i5 i S
L5 0L s by jo ¢35 0p 2eS 5 L6 5 L1 sla0lS
)Jougw‘ﬁﬁ%;‘)\@g—cbgjjkjb.:ﬁ
oSl ol 0 VL bl o ileST O
#J\\?}\V%’}S‘Mﬁ‘j@‘d&l@ﬂ
gLl A SV 58 (S 5 oSis dle 5 Slas
oy oSS S Ol 4Ty DHae i
4S 513 DL s fgamme 55 .Sl O plas s
Sl 08 52 G ST Jlize 31 gy 5 L AMMI ot
5u°3ﬁguo&,&,§ag);u@xaﬁ
lolid s 13U 0,8 a8 g5k 4 sy sline
L;uu:_ﬁgt_{».k{\ﬁ.:ﬁ:}_&;ﬁdu%;\
2l G STl i OBl 5 S s
;x_:“:éﬁwﬁw;)iwquuduo&

.-U)‘J a-l}iT BE) 4>vx @w\ oldal

References

o 33 e i BL8 3L13 L a0l S
o=l 3L sl Blaals VY A F Cle glacs ST
Olis 03,8 ¢SS ) ¥ ST aS L1 0K L ol
xS Jolize 51 s L1 Ol Siglize 2S5 okins
L3, L5, sladlSe gl a8 o 5 ool O
5ol glaes ST 5V D Y e L6, L10
V5l o,le L2, L4, L1 L12 laplSa s L8 5L
5 L2511 Jala VYl g 55 L sOKs L3 # 5\
s e L7 C}J J;JL;‘)‘:QL{»
;‘C)b}d}\w‘d}‘ﬂjbﬁ)mtél_:)bﬂ
Oy gl sl (AMMI2) 0 55 i 58T Jolins
S L LI0 5L bl &l olis (F JSK2)
S e 53 S B op 4 Sl 35
s L12 312 clailSe pmman 515 VW Cnlis
O 3 o STl 51 1 0 G 25T
o emlin 0L 53 cpl (gl VP s ST ST izl

odlaw! 8390 &b

Akcura, M., Y. Kaya and S. Taner. 2005. Genotype-environment interaction and phenotypic stability analysis

for grain yield of durum wheat in the central Anatolian region. J. Agric. 20: 369-375.

Annicchiarico, P. 1997. Additive main effect and multiplicative interaction (AMMI) analysis of genotype

location interaction in variety trails repeated over years. Theor. Appl. Genet. 94: 1072-1077.

Basford, K. E. and M. Cooper. 1998. Genotype x environmental interaction and some considerations of their

implications for wheat breeding in Australia. Aust. J. Agric. Res. 49: 153-74.

Campbell, L. G. and H. N. Lafever. 1977. Cultivar x environment interaction of soft red winter wheat yield.

Crop Sci. 22: 932-935.

Chapman, S. C., J. Crossa and G. O. Edmeodes. 1997. Genotype by environment effect and selection for

drought tolerance in tropical maize. I. Two mode pattern analysis of yield. Euphytica, 95: 1-9.

Crossa, J., H. G. Gauch Jr. and R. W. Zobel. 1990. Additive main effects and multiplicative interaction

analysis of two international maize cultivar trials. Crop Sci. 30: 493-500.

Ebdon, J. S. and H. G. Gauch. 2002. Additive main effect and multiplicative interaction analysis of national.

Turfgrass performance trials: I. Interpretation of genotype - environment interaction. Crop Sci. 42: 489-496.

Eberhart, S. A. and W. A. Russell. 1966. Stability parameters for comparing varieties. Crop Sci. 6: 36-40.

Fattahi, F., M. Moghaddam, A. Gerami and A. Yousefi. 1998. Stability of barley varieties through Wrick


https://dor.isc.ac/dor/20.1001.1.15625540.1392.15.2.7.7
http://agrobreedjournal.ir/article-1-66-fa.html

[ Downloaded from agrobreedjournal.ir on 2025-11-03 ]

[ DOR: 20.1001.1.15625540.1392.15.2.7.7 ]

O % ST e o 5 "

equivalence parameter and pattern analysis by AMMI model. Proc. 5 Iranian Crop Sciences Congress, Aug.
31-Sep.4. Seed and Plant Improvement Institute, Karaj, IR. Iran. (In Persian).

Finlay, K. W. and G. N. Wilkinson. 1963. The analysis of adaptation in a plant-breeding program. Aust. J.
Agric Res. 14: 742-754.

Francis, T. R. and L. W. Kannenberg. 1978. Yield stability studies in short-season maize. Can. J. Plant Sci.
58: 1025-1034.

Gauch, H. G. and R. W. Zobel. 1996. AMMI analyses of yield trials. In Kang, M. S. and H. G. Gauch (Eds.),
Genotype by Environment Interaction. CRC. Boca Raton, Florida, pp. 85-122.

Grausgruber, H., M. Oberforster, M. Werteker, P. Ruckenbauer and J. Vollmann. 2000. Stability of
quality traits in Austrian-grown winter wheats. Field Crops Res. 66: 257-267.

Kempton, R. A. 1984. The use of biplots in interpreting variety by environment interaction. Agric. Sci. 103:
123-135.

Liang, C. H. L. and E. G. Walter. 1966. Estimation of variety x environment interaction on yield tests of three
small grains and their significance of the breeding programs. Crop Sci. 6: 135-139.

Lin, C. S. and M. R. Binns. 1988. A superiority measure of cultivar performance for cultivar x location data.
Can. J. Plant Sci. 68: 193-198.

Lin, C. S., M. R. Binns and L. P. Lefcovitch. 1986. Stability analysis: where do we stand? Crop Sci. 26: 894-900.

Lin, C. S. 1982. Grouping genotypes by a cluster method directly related to genotype-environment interaction
mean square. Theor. Appl. Genet. 62: 277-280.

Mofidian, M. A., Z. Movahedi and H. Dehghani. 2009. Yield stability analysis for superior alfalfa ecotypes
from cold-regions in Iran using univariate methods. Iran J. Crop Sci. 2(42): 162-173. (In Persian with English
abstract).

Perkins, J. M. 1972. The principal component analysis of genotype environmental interaction and physical
measure of the environment. Heredity, 29: 51-70.

Perkins, J. M. and J. L. Jinks. 1968. Environmental and genotype-environmental components of variability.III.
Multiple lines and crosses. Heredity, 23: 339-356.

Purchase, J. L. 1997. Parametric analysis to describe G E interaction and yield stability in winter wheat. PhD.
Thesis. Department of Agronomy, Faculty of Agriculture, university of the Orange Free State, Bloemfontein,
South Africa.

Richard, M. J., R. W. Zobel and H. G. Gauch. 1988. Statistical analysis of a yield trial. Agron. J. 80: 388-393.

Shukla, G. K. 1972. Some statistical aspects of partitioning genotype-environmental components of variability.
Heredity, 29: 237-245.

Tai, G. C. C. 1979. Analysis of genotype environment interaction of potato yield. Crop Sci. 19: 434-438.

Wrick, G. 1962. Uber eine methode zur refassung der okologischen streubreite in feldversuchen. Flazenzuecht,

vay


https://dor.isc.ac/dor/20.1001.1.15625540.1392.15.2.7.7
http://agrobreedjournal.ir/article-1-66-fa.html

[ Downloaded from agrobreedjournal.ir on 2025-11-03 ]

[ DOR: 20.1001.1.15625540.1392.15.2.7.7 ]

IWAY Ol oY ojled s 5l o 01zl (ol p ke alans”

47: 92-96.

Yan, W. 1999. A study on the methodology of yield trial data analysis with special reference to winter wheat in
Ontario. PhD. Thesis, University of Guelph, Ontario, Canada.

Yates, F. and W. G. Cochran. 1956. The analysis of experiments. J. Agric. Sci. 14: 742-754.

Yan, W., L. A. Hunt, Q. Sheng and Z. Szlavnics. 2000. Genotype evaluation and mega-environment
investigation based on the GGE biplot. Crop Sci. 40: 597-605.

Yan, W. and L. A. Hunt. 2001. Interpretation of genotype x environment interaction for winter wheat yield in
Ontario. Crop Sci. 41: 19-25.

Yan, W. and M. S. Kang. 2003. GGE Biplot Analysis: A Graphical Tool for Breeders, Geneticists, and
Agronomists. CRC Press, Boca Raton, FL, USA.

Yan, W. and I. Rajcan. 2002. Biplot analysis of test sites and trait relations of soybean in Ontario. Crop Sci.
42: 11-20.

Zobel, R. W. and H. G. Gauch. 1996. AMMI analysis of yield trials. PP. 88-122.In: Kang, M. S. and H. G.
Gauch (Eds.), Genotype by Environment Interaction. CRC Pub., Boca Raton, FL, USA.

Zobel, R. W., M. J. Wright and H. G. Gauch. 1988. Statistical of a yield trial. Agron. J. 80: 388-393.

Y4¢


https://dor.isc.ac/dor/20.1001.1.15625540.1392.15.2.7.7
http://agrobreedjournal.ir/article-1-66-fa.html

[ Downloaded from agrobreedjournal.ir on 2025-11-03 ]

[ DOR: 20.1001.1.15625540.1392.15.2.7.7 ]

O % ST e o 5 "

Analysis of ecotype x location interaction in cold-region alfalfa ecotypes
Mofidian S. M. A.'and A. Moghaddam’

ABSTRACT

Mofidian S. M. A. and A. Moghaddam. 2013. Analysis of ecotype X location interaction in cold-region alfalfa ecotypes.

Iranian Journal of Crop Sciences. 15(2):181 - 195. (In Persian).

To study the yield stability and to select superior cold-region alfalfa ecotypes, this study was conducted with
17 ecotypes at 13 research stations in 2005-2008 growing seasons. For each location, a randomized complete
block design with three replications was used. For further analysis and undesrtanding an AMMI analysis
(additive main effects and the multiplicative interaction effects) was employed. The ecotype Xlocation
interaction was significant. Based on dry forage yield (65.6%) and plant height (67.7%) of the sum of squares of
ecotypexlocation interaction were explained by the first two interaction principal components. Biplot of the two
first principal components and AMMI stability value on 17 ecotypes and 13 locations showed that Sadaghian
ecotype was the most stable ecotype and Malekandi and Mohajeran had the highest dry forage yield. For plant
height, Gharehaghaj ecotype was the most stable and Galebani had the tallest plant height. Ecotypes with high

and stable dry forage yield were identified in each location.

Key Words: Alfalfa, AMMI analysis, Forage yield, Forage yield stability and Plant height.
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