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ABSTRACT

In most experiments comparing the cultivars, the interpretation genotype x environment interaction is complex, and
environmental and genotypic effects are not separable. Shifted multiplicative model (SHMM) provides a powerful analytical
tool for the discriminating of genotypic effects from environmental effects and discriminating of environmental from
genotypic effects. In this study 10 elite lines of Grass pea (Lathyrus sativus L.) local landrace with Naghadeh (as a control)
in a randomized complete block design with three replications were analyzed using SHMM models. Using cluster analysis
based on the proposed distance measure produces four final groups of environments with a SHMM;. The first three years of
Gachsaran and the first year of llam and tow last years of Lorestan located in one cluster, the first two years of Lorestan
located in separate cluster, [lam’s last two years and Gachsaran last year were grouped in a cluster. The second year of Ilam
ranked in a separate cluster as well. In each of these clusters, the genotypes did not show crossover effects with themselves,
and SHMM, model has had adequate fitting in each cluster. The results of SHMM model was confirmed using the graphical
method. Results revealed that the least and the highest cross over interactions in different years among genotypes at
Gachsaran and Ilam locations, respectively.

Keywords: cluster analysis, crossover interaction, genotype x environment interaction, shifted multiplicative model.
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Table 1. Names and characteristics of research stations grass pea

Station

Rainfallf  AMSL Longitude  Latitude

Average of Temp.(°C) ™"
Min.

(mm) (m) Max.
Gachsaran 302.35 710 50°50'E 30°17'N 2.7 411
Kuhdasht (Lorestan) 373.82 1125 48°28'E  34°08'N -3.3 321
Illam 350 975 46°36'E  33°47'N -1 35

+: The average of rainfall in the period of investigation.
++: The average temperature in the period of investigation.
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1. International Lathyrus Yield Trial
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Table. Mean of grain yield (t.ha) of 11 grass pea promising genotypes in 12 environments

VWAD 5l ¥ 8,Les FY 5,00 ool sl LS psle
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LOCATION
Gachsaran Kuhdasht (Lorestan) llam
ENV

Genotype (Number 1 2 3 4 5 6 7 8 9 10 11 12
Sel.289-ICARDA (1) 117 118 053 1.19 176 276 138 0.73 128 278 176 1.69
Sel.290-ICARDA (2) 146 087 031 193 135 280 173 052 149 322 168 162
Sel.299-ICARDA (3) 123 123 052 181 115 278 141 0.78 134 137 220 213
Sel.387-ICARDA (4) 141 106 033 181 209 261 157 061 161 207 229 222
Sel.449-ICARDA (5) 119 095 055 140 133 274 200 084 174 370 206 199
Sel.587-ICARDA (6) 138 111 057 194 180 307 095 0.38 195 387 271 255
Sel.B111-ICARDA (7) 136 113 079 177 181 268 122 033 180 288 170 163
Sel.B222-1ICARDA (8) 119 069 053 166 213 239 134 045 170 291 189 181
Sel.ETH1/299-ICARDA (9) 123 160 071 1.96 205 259 115 058 145 143 266 2.69
Sel.521/B1-ICARDA (10) 137 160 052 171 147 271 149 055 199 426 236 229
Check (Naghadeh) (11) 088 101 018 122 1.02 113 135 0.0 073 203 224 216

MSE, 017 022 013 023 025 017 019 009 028 018 033 029

r

baezs 03313 5o 3 iy 03ik sln oS e l)ly &S Y Jgu
Table 3. Combined analysis of variance in 11 grass pea genotypes at 12 environments

S.0.V. Df MS Expected Value
ENV 1 18.40%* O¢ + 007, + It}
Rep (ENV) 24 0.39** ol +90l,
GEN 10 1.29%* oL +r0g, +1Y6;
GENXENV 110 0.445%* ol +ros,
Pooled Error 240 0.15 o’

**: Significant at 1% level of probability.
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Table 4. Table of SHMM model for different environmental groups

S.0.V. DF SS MS

AllENV(B,=0.784 B,=0.212)

Primary Effects  37.62 67.01 178"

Secondary Effects  27.73 7.94 0.29"8
Group A(B;=-0.553 B,=-0.410)

Primary Effects ~ 25.77 19.49 0.76"°

Secondary Effects  16.77 4.00 0.24"8
Group By(B.=1.884 B,=-0.490)

Primary Effects ~ 25.77 19.49 0.76"°

Secondary Effects  16.77 4.00 0.24"8
Group B(B,=0.183 B,=-0.046)

Primary Effects  23.37 9.73 0.427®

Secondary Effects  14.60 2.70 0.18"8
Group By(B,=1.416 B,=-9.40)

Primary Effects ~ 18.42 413 0.227%

Secondary Effects  9.65 0.66 0.07%™

A and B: significant at p<0.01 with Fgp; and Fy test

ns: non-significant with Fgy and F; test

R c_la.u 5 Fi 3 Fohi O}Aﬂl{)b@_u B 5A

F 9 Fon 5 O?Aj] L_)bs:.u)_,é :ns

‘5!43249 s L;Lbos)f L;‘ﬁ (Glaw 0)49 L;L&b)b):) 4.49;[: 9 =\.J9l LgJJf/u‘ 0O Js.}}
Table 5. Primary and secondary effects (environmental eigenvectors) for different environmental groups

All ENV Group A Group B Group B, Group B.4
ENV Primary ~ Secondary Primary Secondary Primary Secondary Primary Secondary Primary Secondary

Effects Effects Effects Effects Effects Effects Effects Effects Effects Effects
1 0.13 0.02 0.44 0.44 -0.10 0.28 0.36 0.37 0.25 -0.60
2 0.09 0.16 0.41 0.41 -0.13 0.27 0.35 0.36 0.71 -0.56
3 -0.07 -0.02 -0.26 -0.26 0.48 0.50 0.57 0.56 0.65 -0.57
4 0.24 0.21 0.48 0.48 0.84 0.56 0.47 0.48
5 0.23 0.20 0.27 0.27 0.14 0.39 0.45 0.45
6 0.48 0.13 0.52 0.52 0.09 0.37
7 0.16 -0.04
8 -0.06 -0.02
9 0.22 0.07
10 0.56 -0.75
11 0.36 0.37
12 0.34 0.39
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Table 6. Environments grouping based on year and location

Year llam Kuhdasht (Lorestan) Gachsaran
Yearl A Bs A
Year2 B, Bs A
Year3 B, A A
Yeard B, A B
8
<
3
Z 6
C]
=
@
<
£
Y
= 4
@
= G2
g G1
7
=
E 2
2 J L]
g G4 G3
= G6 1 G5 |
| et D e e T o
= | |
0 !
GhY1 GhY3 LorY4 ilYl GhY2 LorY3 GhY4 ilY3 il ya LorY1 LorY2 ilY2
ENV

A s 5 Shoe Cho (sl a8l onii pdpd Jbo Al oz 3590 slalame Ganeg S ) IS
Figure 1. Grouping of studied Environments based on Shifted multiplicative model for grain yield of grass pea
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Figure 2. Grouping of studied environments based on graphichical model (GGEbiplot) for grain yield of grass pea
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