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1- Mean Productivity 2- Tolerance

3- Stress Tolerance Index

4- Geometric Mean Productivity
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1- Stress Tolerance Index
4- Root Tolerance Index

2- Harmonic Mean
5- Leaf Tolerance Index

3- Yield Reduction
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Table 1. Analysis of variance of stress resistance indices
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Table 2. Comparison of average resistance indices in three stress levels
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Table 3. Comparison of mean resistance indices in durum wheat lines
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Table 4. Correlation of resistance indices in promising durum wheat lines
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Table 5. Correlation of indicators with biological performance under non-stress conditions and three levels of frost stress
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Figure 1. Grouping of durum wheat lines based on stress resistance indices by Ward method and deviation from the
average resistance indices for each cluster
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Table 6. Mean indices in groups consisting of cluster analysis
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Figure 2. Two-dimensional diagram obtained from the analysis of the detection function based on the first two
functions to confirm the grouping of lines
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Table 5. Matrix of factor coefficients after varimax rotation for the studied indices in wheat lines
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Figure 3. Three-dimensional diagram of the distribution of durum wheat lines based on coefficients
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Abstract

In order to evaluate durum wheat lines in terms of frost stress tolerance, 45 promising durum wheat
lines resulting from crosses between different parents were assessed using stress tolerance indices. This
experiment consisting of greenhouse and laboratory tests was performed in the Faculty of Plant Breeding
of MohagheghArdabili University in the 2017-18 crop year. In this experiment, wheat lines at seedling
stage were studied. Durum wheat lines were planted in a factorial design based on randomized complete
blocks with three replications. Plants_up to 3 to 5 leaf stage were kept in greenhouse conditions. The pots
were then taken to a cold room at 4 to prepare for stress. Based on biological performance, tolerance
indices (TOL), stress sensitivity (SI), average production (MP), stress tolerance index (STI) Geometric
mean of production (GMP), Harmonic mean of production index (HARM), Yield reduction index (YT)
and Root and shoot tolerance index (T1) were calculated. The results of analysis of variance showed that
the studied lines had significant differences in terms of MP, GMP and HARM traits and Yr and Ti indices
were significant in stress. The interaction of the line in stress was insignificant for all indices. Due to the
correlation between performance and indices, the most appropriate indices were MP, GMP, HARM and
TOL. Comparison of mean lines and stresses were examined separately. The maximum correlation
coefficient was related to the relationship (0.999) between STI index with SI, Yr with SI and Yr with STI.
In general, GMP, MP and HARM indices are the most appropriate indices to evaluate the stress tolerance
of lines at all levels. The study and TOL index were suitable for higher stress levels. Study of lines by
indices using cluster analysis, detection function analysis and factor analysis showed similar results. The
results of cluster analysis and factor analysis with the first three factors introduce lines 25, 26, 27, 28, 31,
36 and 39 as the most tolerant lines and lines 11, 13, 15, 17, 18 and 19 as the most sensitive. They were
identified. In factor analysis, the first three factors explained 97.52% of the available variance and the
indices of STI, SI, Yr, Ti aerial parts, MP, GMP and HARM They had the highest value and were the
most effective indicators in the distribution of lines. According to the three-dimensional diagram of line
distribution, the highest factor coefficients based on the first three factors were related to lines 5, 7, 25,
26, 27, 28, 31, 36 and 39.

Keywords: Cluster analysis, Detection function analysis,Durum wheat, Factor analysis, Frost stress,
Tolerance indices



