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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


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

[ Downloaded from jcb.sanru.ac.ir on 2026-01-29 |

[ DOI: 10.52547/jch.13.39.52 |

Ho

o3j 00,8 Alcaesy 5 (oole yaol ¢ g ymol e ¢ Wlhw dol ) cromo aobols

2 (YY) ohlKer 5 ol J; cligss o alie gl
STl s GMP 23l oS cuwl salio b Lgw pB)l 49,
e Jooi bl Gy bpasls cwle plyisa
023l dw oyl psmen (Y Jsds) 550 HARM 3 GMP
apd =V g Ve i bld > (0 eds) Wby ol
HARM 3 GMP MP (sl jo3lis 5 0gMe ol )5 il
Soigdon 0,Slee b oYL | Siusen 30 TOL asls
g o) Slud Cladss 4 4y L (Ysss) b ol
dbu»usbbywtﬁwuu}bsuwbms)
eyl Cbwsl (gl jlae oy pcuwlie sy MP 4 STI
bl jasls  Suwed mli s asls (i & Jeode
il cdilhe Hlan 55 (W) ohlKen ¢ o8 linlel
Sbuasld 5 4 Jodie b)) ololid (dly (9T
G 5 OB llyd g (03l ki) bl eaase
08las b (oYU (S sl (e g (85 baylyd 9
(V) Sgdie By lpadld cpye plyiea il
(V) her 5 o @i 4 @y b pixen
5 Cute Siwwedr MP 4 GMP STl sl jasls
1 g widly (i g dals byl )0 il o Slas b ()l jino
B33 bymn S Jui ) yicoslas Just o5l

Cliso Adgs dw Y (dads wig )
5l 0g)S o s Shy e yolateds § BAD (gb0g)S
dbro S uSle 5 Glysol cdslllas 5yg0 las alS
09; ).) VY 9 Ve AAYSHT YD dLbO{Y .J.:\'.))f
b oeSlee 5 Bl it 09)5 cnl & w35 )13 ol
S0 Adgd 9 4 Cumd led AIITI glajadls )
Y' 9 \q ‘\A ;\V 6\; ‘\a f\‘” ¢\Y ‘\\ ‘\c Lg[mu)y w].}
Wb 93 4 Cumd 09)5 (pl &5 W8S 18 pgd 09)5 )
5l Byl oyt SI g ST i, Tl sl sl j> )50
A5 5 pg 0sS 3 gy ile sl ol 1y Sk
shls HARM 4 GMP MP  gla asls s | oS
() JS) 22 Sk 51 Bl i

oS g adyy Tl (el Jlade cp iy Jl 09)S
P> 095 » 1Nke (npin 9 L 1) GMP (Sl
@ bgpe 6k (npieS g ady) Tl (adld 4 by
po 09,5 3 (ke (S g (e 292 TOL (jadls
g i TOL g asy Tl slogasls & bgye j
iy 4 TOL 5 ay)TH clapmils JS 5o Lo
S g Gy g DI 1) e (pieS g o yide
Jol 9 pow Slrog)S & bgye 85 4 35 09)5 (1SKke
O Jol asgd MP g STI (sl jasls Ll 1 g
(£ Jgse) sl 1) Hlade

Ve b ¥R ojleds /o0 o Jlo /2y LS 2ol doliingl

YL polis &5 (MP) lawgio g aslis I ealazl
el PV YU S VW oo o) LS ‘_'ﬂ & e
ket e Lulyd 53 8 390 (o) oSS & pris
9 o S S Jood i s 3 (Jg Sl (YL
MP jaslis oS win)S 5158 (YO) o) Ken g 0350 dw
aS 3yl edjl i bald cow ey bl gy S
ool byl 50 0, Sles o BB 5 0090 Db i Cud
2l cow MP (a3ls ils ol (s 35 i g (A5
(V) 2980 VL 3Sdae 5 sl (i85 4 Joog (el
3 35 5 4 o (HARM) Sigesls (5o 3L
(8] 33,5 o e |y b 3Skac. il

sy ol gy cwbe Jooo slaasls
AW wilgn &S Wed bl (gyeb sl b
a Ly e esls ()50 0g)5 dw I A 69,5 slapY
» SSI 5 Yr TOL MP (sl jatls () jubys b
Goge Ol Bog)S plu I A 095 slacyY (sl
LTOL ( (Saod 3,Sdas cla yiolojl 18T )5 s
4 pB TOL asls cplpls bl o cuie YP o YS
Sl jlze b 05 C 0g)5 g A 0g)5 o OB Lasuis
Ol sl (el a8 WS e ) oY YT 4 SSI
Ll o5 Yl 3 Shae Juuslty 5 (o0le bl > 3,8kas
() sl us

paiS pByl 53 b jadls (1Ske duolie 4 a25 L
s YV Y o i cpytin lyld TOL adls pgyed
iy A VY 930 cbapY e A pY o lde oy yieS
O g YV pY og STHlade (pjieS 5 cpyids l)b
S Ldg L 1y MP jluie o 3e8 5 cp pdiy a5
STI (sl (ke (55568 9 (il coiyp 4 VY 910
5 GMP 23l (pShe (pyieS 5 (b g Lyl |,
Sy Ve 5 YW Y 4 bywe iy 4 HARM
N Y @ b YT 2dls (Sle lade oy iy
Tl jlade cpgiin Y oY @ boye ‘_’j Mie o eSS
oY @ bagye o ade (a8 5 ¥ Y 4 by ady,
P lea el TI lide o yieS 5 cpjide e VO
Y Jods) 5 ssaliie cudyy 40 VR 5 ¥Y slapY

o odb LB Y Jgdo o jaslis o (Sisen
S gre g ie alayly ST |a3Ls L TOL Lasls .conl
oy apasls 4 L T1 loasls e 5 b olis
sedls pa SI jasls cdb jbpxe 5 cute
Sl b pme dlaly b yasls ad L MP g aiy Tl
a2 b STl asls S asls Jaa b MP asls
023l (> edls can L GMP a3l (S0 a3l
oals s L YT asls oS5 Lasls cas | HARM
daly )50 atls can b olga plil T jasls 5 S0
G padls e b oady, Tl adls i b tee
SNmed cops Sl ol i b e Sien
L YT Cuto dasly SELSTI (2l e dasly & bgyyo
OopeS g (r=+/233) STI L Yr it all, 4 SI
Joda) b odalie adu )Tl 4 STl [adls o (Siusen


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

[ Downloaded from jcb.sanru.ac.ir on 2026-01-29 |

[ DOI: 10.52547/jch.13.39.52 |

oslj@')’)f AJ\L‘.‘») 9 d.}l,c )sua‘ ‘d)i.ol ‘;ls ‘Olzjlm J.:,ol 5):31 (§doxo 4kl

4 D 4y Caoglie (gl yadlis jl eslatul b pgyed puiS isuduel goiie slapY )3 (Sd5du (S 4 Jeos bl

)5 A dilaie ) 45 5 ¥R 5 Y5 XY YA XY YF XD
Sl 55 S ganeg)S 5> aenY ool (Y JSK3) w85
W39y 5 4 Jeoi jlai (oYL (sla el
slagadld o ol (L Giagh ool @S (IS jsbe
i) sl basls oy caskic HARM 5 MP GMP
0a3ls g adlas 3y90 golaw plos 3 pB)l 5 4 Joo5
logpY adlas 59 5V L5 pobaw sly sl TOL
G g b aizd jl eolaiwl b b jedls aluwgas
X1 SISTI elajasls ol olis |, golite gults ole
w35 5 gl HARM 3 GMP MP o ol Ti
wp ol gl s |y G e el
N N0 slapY Jol Jole aw b ole 4355 9 (sladss
53,8 byme oY e ) YA 5 Y5 XY YA NV
ol Y5 A Y A0 O ) Gy (eren

B LQ)]

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 (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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