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Article Info ABSTRACT

Article type: Background and objectives: Lentil is an important source of
Research Full Paper ~ protein, minerals and vitamins in the human diet. In addition, it is
rich in minerals and carbohydrates, and its straw provides valuable
fodder for animals. Lentil is cool season food legumes that are
generally cultivated in semi-arid temperate regions. The introduction
of grain legumes such as lentils in agricultural systems and rotation
with other crops can contribute to the stability of the nitrogen cycle

Article history: and increase soil fertility through the biological fixation of
Received: 2023-1-24 atmospheric nitrogen in the soil, disrupt disease cycles and generally
Revised: help create a better production environment for other crops. Lentil
Accepted: 2023-4-10 seed yield is strongly influenced by environments and breeders often

determine the stability of high yield genotypes across environments
before recommending a stable cultivar for release. Identification of
high- yield genotypes with adaptation to a wide range of
environments is one of the major goals in crop breeding programs.
The challenge of the interaction of genotype x environment is one of

gsiggg;is the main issues in plant breeding. Various statistical methods to
Lentil estimate the interaction of genotype x environment and choice the
Principal component stable and productive genotype(s) have been introduced. One of the
analysis applications of Non-Parametric methods is determination of
Stability analysis genotypes rank in different environments, which is also used as a

measuring stability. A stable genotype shows similar ranks across
different environments and has minimum rank variance in different
environments. And the genotype that has the minimum average rank
in all environments is considered as a stable genotype.Non-
Parametric Stability Statistics require no statistical assumptions about
the distribution of the phenotypic values and are easy to use.

Materials and methods: This study was conducted during two years
(2019-2020 and 2020-2021) in two stations in the cold dry areas of
the country (Qeydar Zanjan, Maragheh). The experiment consisted of
17 advanced lentil genotypes along with three control cultivars
Kimia, Bilesvar and Senna (20 genotypes in total) which was
performed in a randomized complete block design with three
replications. Each experimental plot consisted of four planting rows
of four meters length with a density of 200 Plants m™, the distance
between the lines was 25 cm. Combined analysis of data was done
based on four environments. Comparison of means and analysis of
combined variance were performed with SAS software assuming that
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the effect of genotype was fixed and the effect of environment was
random. Different non-parametric methods for estimating the stability
of genotypes include Si(1), Si(5), Si(4), Si(3), Si(2) and Si(6) non-
parametric statistics. Tenarazo NPi(3), NPi(2), NPi(1) and NPi(4),
average rank statistic (R), Katata stability statistics omy,or, Kang
stability statistic (Ysi) and Fox stability statistics (TOP, MID and
LOW) and genotype stability index (GSI) were used.

Results: The combined analysis of variance indicated that the main
effects of genotype (G), environment (E) and their interactions
genotype and environmen (GxE) were highly significant (p < 0.05).
The principal component analysis (PCA) based on rank correlation
matrix indicated that the first two PCAs explained the variance of
original variables. Based on bi-plot analysis, the stability parameters
were classified into four groups. Clustering of the genotypes
according to the mean yield and nonparametric stability statistics
showed that there were two main clusters. Overall, according to mean
rank of nonparametric stability parameters, G17 , G3 , G9 and G2
had the lowest variations and were recognized as the most stable
genotypes. Genotypes G7 , G11 and G13 had the highest values of
mean rank of parameters and could be considered as most unstable.
According to the present study, the stability measures Ysi, and TOP
were associated with mean yield (MY) and the dynamic concept of
stability. Therefore, these procedures were suitable for selecting
stable and high yielding genotypes. Average seed yield had a positive
and significant correlation with TOP, Ysi and SR statistics.

Conclusion: Based on these parameters, genotypes G13 (340 t ha™)
and G11 (305 t ha") were identified as high yield stable genotypes.

Therefore, these procedures were suitable for selecting stable and
high yielding genotypes.
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Table 1. Meteorological statistics of the agricultural year 97-98 and 99-98 of Khodabande Research Station, Zanjan

and Maragheh
G 4 ) s Sl (oskee) S50
Average Temperature(°c) Precipitation(mm)
Maragheh Maragheh K?Eii?lba K}rll(()i(i?lba Maragheh Maragheh K}rll(()i(i?lba K}rll(()i(i?lba

b Month e e oyl oyl e e oyl oyl
98-99 97-98 98;99 97;98 98-99 97-98 98;99 97;98

B Oct 13.4 13.76 17.2 15.5 21.6 9.7 32.5 4.9
ol Nov 4.4 5.57 6.4 7.1 4 47 55.6 48.1

A Dec 1 2.3 1.9 4.3 27.8 91.4 48.1 78
s Jan -3.2 -2.5 -1.2 -0.7 67.6 40.8 29.7 46.1
e Feb -6.19 -1.2 -2.9 0.8 24.9 96.4 33 52.7
Ll Mar 2.7 0.27 5.6 2.6 58.6 55.6 78.7 12.4
NESESS Apr 5.08 5.22 6.6 6.8 80.1 116.1 92.3 137.4
i) May 11.4 9.6 12.8 12.2 42 43.4 54.6 38.9
sl = Jun 18.35 18.14 21.4 20 0.2 4.2 1.8 11.5

b
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Table 2. Genotypes code and parents of 20 lentil genotypes in 4 environments

=] S o L
Code Genotype Pedigree Origin

1 FLIP2012-2L ILL7985XILL6037 ICARDA

2 FLIP2012-8L ILL4605XILL1005 ICARDA

3 FLIP2012-9L ILL4605XILL1005 ICARDA

4 FLIP2013-2L ILL6434XILL3072 ICARDA

5 FLIP2013-15L ILL8066XILL6024 ICARDA

6 FLIP2013-25L ILL7938XILL1005 ICARDA

7 FLIP2013-29L ILL6129XILL1005 ICARDA

8 FLIP2014-021L ILL9977 x ILL 1005 ICARDA

9 FLIP2012-3L ILL6434XILL3072 ICARDA

10 FLIP2012-196L ILL590XILL8113 ICARDA

11 FLIP2012-207L ILL7620XILL590 ICARDA

12 FLIP2012-245L ILL7547XILL9892 ICARDA

13 FLIP2012-262L ILL7934XILL6994 ICARDA

14 FLIP2013-13L 1LL9894 X ILL8072 ICARDA

15 FLIP2013-24L ILL7938 X ILL1005 ICARDA

16 FLIP2013-45L ILL6037 X ILL 7981 ICARDA

17 Percoz ILL7620XILL590 Argentina

18 Kimia - IRAN

19 Bilehsevar - IRAN

20 Sana(Check) L(Sana) - IRAN

Syl o S Dlasis ¥ Jyas
Table 3. Characteristics of the soil of the experimental site

- = - A =z oS sl S e .

Cl_/ay S;lt Sé/nd P K Oc gl EC (Ds/m) ailate
: : : ppm ppm % pH
38 42 20 17 420 0.7 7.7 0.69 Ol
32 47 21 17 700 0.8 7.5 0.85 sl
Lkl 3 Sas 55 (o me o e oSaes Cow g gl

s Jlp Sl Ol S Sl s
5 S e Dl s i A w55
S o byl W clasile 0ds
Sl @l b s b plslesls = s LaelSans
0 imlesl el el W So 5 cuns s
g Lals Dy 5 AS (350 s (S22
(VJsa) 55
o oals OLAS Waesls) eslu il sly a0 5o o]
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035 ;e VYT NEANV il pss o 53 5
Sl Jsl Jlw s (S0l Olses o j2ie ool
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Table 4. Combined variance analysis of yield 20 lentil genotypes in 4 environments
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Figure 1. Biplot (PC1 vs. PC2) of non-parametric stability procedures based on the rank
correlation matrix with yield in 20 lentil genotypes in 4 environments
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Figure 2. Biplot of PC1 vs. PC2 for 20 lentil genotypes in 4 environments based on mean yield
and non-parametric stability procedures
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Figure 3. Cluster analysis of non-parametric stability procedures and mean yield of 20 lentil
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Figure 4. Cluster analysis of 20 lentil genotypes based on mean yield and non-parametric measures of stability
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