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Extended Abstract

Background: Due to the presence of nitrogen-fixing bacteria in its roots, the lentil plant causes
biological nitrogen fixation, and in addition to meeting the plant's need for this substance, they
also add some pure nitrogen to the soil each year. Therefore, it has made the soil fertile, especially
in dry areas, and in this sense, it is considered a suitable rotation for rainfed cereals. Lentils are a
significant source of food proteins, minerals (potassium, phosphorus, iron, and zinc),
carbohydrates, and vitamins in human nutrition and have high health benefits due to their low fat
content and glycemic index. The low yield of lentil genotypes is caused by various factors,
including poor soil fertility, lack of high-yielding improved cultivars, severe moisture stress,
diseases, pests, weeds, and inadequate crop management skills. In recent years, global climate
change, especially due to rainfall and environmental changes, has significantly impacted lentil
production. In Iran, lentils are usually cultivated in spring under rainfed conditions while autumn
cultivation increases grain yield due to increasing rainfall efficiency compared to spring
cultivation under rainfed conditions. In addition, to maximize yield and control phenotypic
expression, breeders must select specific genotypes that are stable or adapted to a specific
environment. Therefore, the identification of high-yield genotypes with adaptation to a wide range
of environments is one of the major goals in crop breeding programs. In multi-environment
experiments, lentil yield is influenced by the genetic structure, environment, and genotype x
environment interaction. To better interpret the genotype x environment interaction, the additive
main effects and multiplicative interaction (AMMI) model is one of the most common methods
in the study of multi-environment experiments. The current study aimed to investigate the
genotype xenvironment interaction effect on lentil genotypes and to identify stable, high-yielding
genotypes compatible with the climatic conditions of temperate rainfed regions in Iran.
Methods: In this study, 12 promising lentil genotypes along with “local”, “Kimia”, and
“Gachsaran” cultivars were cultivated in a randomized complete block design for three
consecutive cropping Yyears (2019-2022) in Lorestan/Khoramabad, Illam/Chardavel, and
Kermanshah/Sararood. In the field, each plot consisted of 4 m planting rows with a distance of
25 cm and a density of 200 seeds per square meter. Stability analysis was performed using the
AMMI multivariate method. Statistical analyses were performed using Metan and GGE packages
of multi-environment experiments in R software.

Results: The AMMI analysis of variance showed the significant effects of the environment,
genotype, the genotype x environment, and the first seven main components. Therefore, the
significance of genotype x environment interaction allows for the stability analysis of these data.
According to AMMI analysis, the first and second main components of the genotype-environment
interaction accounted for 45.6 and 19% of genotype X environment interaction variations,
respectively. The effect of the first seven main components was significant and in total explained
99.5% of the variations of genotype x environment interaction. The shares of the environment,
genotype, and interaction of genotype x environment in the sum of total squares were 54.56, 5.45,
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and 16.9%, respectively. Among the studied genotypes, the highest grain yield belonged to
Genotype 10 with 850 kg/ha, followed by Genotypes 12, 6, and 4. Based on the ASV stability
index, genotypes 3, 5, and 1, based on the SIPC index, genotypes 3, 1, 7, and 10, based on the EV
index, genotypes 1, 10, and 3, and based on Za and WAAS indexes, genotypes 3, 1, 5, and 10
were the most stable genotypes. Based on the simultaneous selection index of ssiASV, genotypes
10, 4, 5, and 1, based on the ssiSIPC index, genotypes 10, 6, 7, and 4, based on the ssiEV index,
genotypes 10, 6, 1, and 7, based on the ssiZA index, genotypes 1, 10, 6, and 7, and based on the
sSiWAAS index, genotypes 1, 10, 6, and 3 were the best genotypes in terms of yield and stability.
Based on the AMMIL1 biplot, genotypes 1, 6, 10, and 11 with mean grain yield higher than the
overall average and lowest values of IPCAL were identified as stable genotypes with high general
compatibility. In the AMMI2 biplot, genotypes 9, 11, 1, and 10 produced higher grain yields than
the overall average, in addition to high general stability. In addition to the AMMI indices, Lin and
Binn's superiority index was also used to identify the best genotypes, and based on this, genotypes
1, 10, 9, and 15 were the most stable genotypes in the studied environments. Using the AMMI
distance parameter, genotypes 1, 3, 5, and 7 were recognized as genotypes with stable yields.
Conclusion: In general, genotypes 10 (09596510-13) and 6 (ILL2261) produced high yields in
most of the environments based on different indices and showed good stability in most methods.
Therefore, they could be candidates for the introduction of new cultivars.
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Table 1. Names of promising lentil cultivars and genotypes used in the experiment

95 el ) S ) pb ) S 95 el ) S
Genotype name Genotype code Genotype name Genotype code Genotype name Genotype code
09583191-05 Gl1 1LL2261 G6 010S96146-5 Gl
ILL1325 G12 010S961130-2 G7 2009S96575-1 G2
Local G13 010S916122-3 G8 Ibia-1 G3
Kymia Gl4 095182109-16 G9 09S83227-04 G4
Bileh Savar G15 09596510-13 G10 010S96105-1 G5
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Table 2. Geographic characteristics of experimental area
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(Climatic condition) Average rainfall (mm) Latitude Longitude Above mean sea level (m) Location
Moderat cold 445 33°29'N 48°18'E 1147 Lorestan/Khoramabad
Moderat warm 350 36°,46'N 47°33'E 975 llam/Chardavel
Moderat warm 420 34°20'N 47°20'E 1351 Kermanshah/sararood
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Table 3. Annual rainfall of experimental areas during the cropping seasons (2019-2022)

1400-1401 1399-1400 1398-1399 adlaio
2021-2022 2020-2021 2019-2020 Location
307 (E3) 305 (E2) 524 (E1) Lorestan/Khoramabad
261 (E6) 313 (E5) 520 (E4) llam/Chardavel
224 (E9) 301 (E8) 604 (E7) Kermanshah/sararood

E1 to E9 represent environments 1 to 9, respectively
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Table 5. AMMI combined analysis of variance for seed yield of lentil genotypes

Slay WY Sle PESY)
B T TR O R T T FR
Cumulative The percentage of variation from Percentage of the
percentage of the genotype-xenvironment total sum of F Value '\S/Iejgrgsf SSUlT;r%fs df S0V
changes interaction squares q q

54.56 165.63 5398727 43189817 8 EN
101 32596 " 586725 18 REP(ENV)

5.45 18.07 308303 ™ 4316241 14 GE
16.9 7 119484 13382256 112 GEN:ENV
45.6 45.6 17.03 290437 ™ 6099175 21 PC1
64.6 19 7.86 134070 ™ 2547333 19 PC2
78.9 14.3 6.6 112542 1913206 17 PC3
86.1 7.2 3.77 64240 963597 15 PC4
91.6 55 3.32 56706 737184 13 PC5
97 5.4 3.85 65585 721439 11 PC6
99.5 25 221 37755 339799 9 PC7
100 0.5 0.51 8646 " 60524 PC8

17057 4298432 252 Residuals

153403 79155727 516 Total
17.86 C.V.(%)

"s, *and **: Non- significant, significant at 5 % and 1 % probability levels, respectively
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(Simultaneous selection index, SSI)

2- Weighted Average of Absolute Score
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Table 6. Stability indices, rank of genotypes and simultaneous selection index (SSI)

Yield

Code (Kg/ha) IPCA1 IPCA2 IPCA3 ASV SIPC EV ZA ry rASV rSIPC
Gl 739 -2.107 1.938 -3.534 5.4 245 0.031 0.094 9 3 2
G2 778 23.07 9.942 10.99 56.1 62.9 0.127 0.441 7 14 15
G3 711 0.672 -1.043 6.652 1.92 23.6 0.035 0.089 12 1 1
G4 792 4.642 -5.41 6.463 12.4 354 0.051 0.172 4 6 7
G5 731 1.179 2.555 -7.835 3.81 41.7 0.089 0.138 10 2 11
G6 799 -5.107 8.971 -6.756 15.2 31.9 0.042 0.163 3 9 5
G7 792 9.056 -1.474 1.216 21.7 27.3 0.049 0.161 5 13 3
G8 717 4.575 -9.87 -0.247 14.7 47.4 0.109 0.198 11 8 13
G9 782 -6.912 4.862 6.346 17.2 38.1 0.071 0.185 6 11 9
G10 850 3.982 3.883 -8.625 10.3 27.5 0.034 0.139 1 5 4
Gl1 768 2.126 -4.413 -12.14 6.74 335 0.051 0.15 8 4 6
G12 807 -6.653 14.44 -6.12 215 43.8 0.068 0.245 2 12 12
G13 410 -24.4 -0.215 11.53 58.4 52.3 0.109 0.39 15 15 14
G14 606 1.126 -16.74 3.749 17 40.2 0.090 0.181 14 10 10
G15 683 -5.251 -7.424 -8.369 14.6 37.7 0.046 0.194 13 7 8

DiiSen )3 IPC pn i (3llas j08 :ZA AMMI (g )lub yolil 039 jlaie :EV dadlie (slajgome (sboo s gm0 SIPC (ol (o )lul 55, :ASV
ASV: AMMI stability value, SIPC: Sum of IPCs scores, EV: Eigenvalue stability parameter of AMMI, ZA: Absolute value of the relative contribution

of IPCs to the interaction

Olejer Sl (adlh 5 gy 45 sylhl glagpasls = Joia oyl
Table 6 Continued. Table 6. Stability indices, rank of genotypes and simultaneous selection index (SSI)

Code TrEV rZa ssiASV  ssiSIPC  sSiEV  ssiZa  WAAS  IWAAS SSIWAAS SoMMT Pi-a R pi
GI i 2 i) 11 10 11 269 2 9 455 81988.7 9
G2 15 15 21 2 22 2 151 15 28 2742 1190116 13
G3 3 1 13 13 15 13 2.4 1 10 6.77 72864.3 6
G4 7 8 10 1 11 1 5.24 8 19 9.62 844621 10
G5 11 3 12 21 21 13 3.66 3 15 8.32 955045 11
G6 4 7 12 8 7 10 5.08 6 9 1234 749970 7
G7 6 6 18 8 11 11 5.4 9 15 9.26 66036.0 4
G8 13 12 19 24 24 23 5.83 10 1 1088  105639.2 12
Gy 10 10 T 15 16 16 5.83 1 19 1057 587469 2
GI0 2 4 6 5 3 5 429 4 8 1026 635517 3
Gll 8 5 12 14 16 13 435 5 15 13.09  75027.9 8
Gl2 9 13 14 14 11 15 7.67 13 28 1704 678276 5
GI3 14 14 30 29 29 29 137 14 28 2699 1554587 14
Gl4 12 9 24 24 26 23 5.2 7 12 1719 3384800 15
Gls 5 11 20 21 18 24 5.83 12 14 1236 398893 1

a9 o Gy padld Pi-a (lojen Cbxsl (asls [SSI(slhe Sl (Sig (ke WAAS
WASS: Weighted average of absolute scores, SSI: Simultaneous selection index, Pi-a: Superiority index Lin & Binns

AMMI g, bwg laee po Bl g -V Joio

Table 7. selected genotypes in each environment based on AMMI method

Pl 45, Py &) ) Jolas) 45, (b )3 5 9kS) 3,Slos b
Forth rank Third rank Second rank First rank Score Yield (kg/ha) Environment
11 10 7 2 31.10 1486 E1

7 10 6 12 -12.53 753 E2

6 12 9 2 8.12 679 E3

10 5 11 12 -13.19 974 E4

10 8 9 12 -6.11 286 E5

5 3 8 1 -3.95 409 E6

7 11 4 14 0.93 754 E7

14 10 15 8 -1.41 630 E8

3 6 9 4 -2.41 607 E9
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Figure 1. AMMIL1 biplot to identity the superior lentil genotype based on mean grain yield and PC1. The name of
genotypes and environments are based on the Tables 1 and 3, respectively
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Figure 2. AMMI2 biplot to identity the superior lentil genotype based on the first two PCs. The name of genotypes
and environments are based on the Tables 1 and 3, respectively
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