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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

lor il TI adyy Tl YR HARM GMP STI MP SI TOL
HAAY <[AYYY <I¥YYE YA o[o¥EY Niatas YAQ Dinare o[- 0FFY J9\ Adg>
<[YOAY /- fvo [0 ¥¥ AYYY RN /Y05 No-v <Jo-¥¥ DARIATN £9d Ao
[NV /\aid Rirar) Jyse¥ vy /Y00 PAZNA Rirar) \YES pow ddg>
[o¥sA <[ANYF <Y Yy «[+20 <[£AYD <IYYW <Y ARy 4 Jf



http://dx.doi.org/10.52547/jcb.13.39.52
http://jcb.sanru.ac.ir/article-1-1199-fa.html

[ Downloaded from jcb.sanru.ac.ir on 2025-12-15 ]

[ DOI: 10.52547/jch.13.39.52 |

o35 00,8 dlcaas g (oole yaol g yhol e ¢ Wlaw dol 3 crosma dabols
oM V¥ )»”L: / o)l«f} /w.m)w JL» /L;f—\))‘ QL“’[.S CM"" MLM”;

4 N

Al .
0.60000] M

A

040000

Jol &t

0.20000—

000000

I ] 1 1 1
-0.50000 -0.25000 000000 025000 0.50000
ryy ol

- Y fj.\.b.oz)f ,\.:{L?.)slé;ﬂae Jsl Q"U 55 ywlwly ua.om?@b“ 4509 jl J.?l> S 90 ages =Y S5 .
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

Py Jole po> Jole Jol Jobe basls
RV /A <[AAY STI
—/Ad -/ —/AAY sI
—+[+AD —/-A —+/AAY YR
o JYE -[\YA Y lyn PulTI
R NLVY YN MP
—+[+0A <[asY <IYYY GMP
—o[+5) DAY <IY¥A HARM
<JavE —./\Yd R ady,TI
EAN <[AY -0 TOL
VAABY YIEAYE YAVA¥ ohg e
WASAY £/N¥5 FEY VOV ol e
av/avy AL FY/Y\S 35 il ly oy

oLs (HARM) W5 Siigosle 0uilke (sl (GMP) al outin (5be (STI) (25 &y Joss (asls (MP) s ks (S1) (25 & Cpwls (TOL) Jooss sl
(T1) alsn plasl g ady) Joos sl (Y1) 5 Slas tnls


http://dx.doi.org/10.52547/jcb.13.39.52
http://jcb.sanru.ac.ir/article-1-1199-fa.html

[ Downloaded from jcb.sanru.ac.ir on 2025-12-15 ]

[ DOI: 10.52547/jch.13.39.52 |

03} 00,8 Wlciesy g (o3le il ¢ ymol e ¢ Wlaw dol )N (homo dobold

O &y Canglie (sl yadlis jl edlatwl b pgyed puiS yisuduel goiie slapY jd (S5 (S 4 Jeod (bl

/44
/ M .TT
. . LY '
= k TERET

N Ve [ ™
G T =? 40Ty I T
. 0 , vo T ggrv
i Al £y i PRl ey
8 - £ I Lyeline il I
3 AP *\. LI
3 Wl Tl | AR
. -? =
i - \A
: T. v
salll [
I-'

ey (-2

. Qe ?r‘w

4 bgye colpd b oY (sl (gim o STy Jlaged muoy gl) ol calpd bl o poyes S (SlacnY STy (g A lages Y S
49 (Jsl Y 53 pod o 3 Jol @b o Jgl Y 3 Jgl Cdio 3 s gl @) ggeme &5 Gyl 4 29 aseiie 4Bl 5 o (ol by

N

o 0 s~

~

10.

11.
12.
13.

(o455 o0 o (532
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 (YTr)
and Root and shoot tolerance index (TI) 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
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