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4- Stress susceptibility index

2- Mean productivity
5- Stress tolerance index
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1- Canonical Discriminant Analysis

2- GGE biplot
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Table 1. ANOVA for split plot design with randomized complete block design
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Table 2. Correlation coefficients among stress tolerance indices
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Table 3. The results of discriminant function analysis to assess the accuracy of the classification of cluster analysis

Loy, odd sy sbae!

Iz v v ; Gy
A A )
vy \ Vs . v Egorme
Ve e . v
Yoo Yoo \
Voo v gy v Jop
3 Voo ¥
av/A Tue SHuog)S J5 b

Table 4. Multivariate statistics and F approximations

F ogoil gy 5 o pusie diz glaoylol =¥ Joun

Folade zy> DF &40 DF Jlade oLl
N\ZAVNG y- \le <[-FN (Wilks' Lambda) laeY .S s
VV/YEE® vy \Yd VEYY (Pillai's Trace) My
yo/vyE® av/va \Yd WIVES (Hotelling-Lawley Trace)  Jo¥ -k il
FANA* \rd A VelYe5 (Roy's Greatest RoOt) (g5, ddu )y 'y 55,3

ey e b (o e (2b)l Ol
2 cov (Sl e gl (F) 35 el (Sl
352 Y5 3 Yp GMP MP HM STI il 5bj slal
yxie egd > TOL 4 SSI claw  Sugl sla,l
e ol cplpl (P Jgi2) S22y B (SoglS
5 fes Jeuily plol 1) boguigy Sl oo (Sogls
5 Cute pdlie (B)S jlai 3 LS plate (A5 4 Jood
2 @Vl 2Sles ond (05 lacedsl ontte ol 2L
rile (pegd Sl Mgt A5 pf 5 (05 Sl
ploste lus Sl (55 4 Joosie slacuds) (Seigls
3bj e S lyes  Glacaisy piniS calply WS e
95 22 Sl piie (egd ly o5 e g ite Gilgl sl
bogyS (ke 39 daled cuslio JB5 ju 9 i5 ae
3wl osds I Y Jodo 0 30 (SoglS sl o gl
ol (ST jlge i sly Jsl SEP e 9
log)S Jolsd 53,5 plate 1) 09,5 duw lages oV S) 23
J92) 45 alxe (D7) e Vlalo dlols Jlins aluusg 4
Sl st o & Calid (guSojlul ams pl o (A
OSlee e g 900 dmsbne (Sl (slo e
wh)S a3 095 She lys 4 SEPl sbapie
P g I3 gne Wog)S ( Jolsd Cuin den g oo
)3 (29,5 (w95 4 Cumd (o5 (B9)S (90 E95 095
RIS L o8 Aol 095 pp clacsy) cdds g

550

Olge & b S gabeg Sl el as
sl 430 g B S )8 eolatwl 3yse (gandl yuaie
5 b e ol S Gl L (Sgls
SAS 4ol CANDISC ag) b ot dpolxe (sl jasls
pbol 43,k 5 MANOVA (w4, Oil—.gé; bl (V)
OSbe oy pln 28 ogeil e g de
Mlodds <\.s|)| ¥ J9J> 2 Lbuyo)l L)"I ...\.b.)‘_;c 4)‘)‘ ‘) Lb:ba)f
Slialie slaog,S 5l (o yuin S b 90 4 d gy b it
ol s (iS5 G CDA ¢ &5 juiio din (g9l>
A 513)95  Bog S L (e (Stsan (0 5V jl a5,
b olg e &5 conl oloog,S L (See ailBay  Siuson
Dygl Cowd 4y oS lapuiie a8 5 S 5l enlanal
 loog,S pSle G gl ey pod (SglS e
gy b Jol (Sl e b &5 Jb > s 0 ol
ol 0s )1 0 Joio o (Sogls sl Swed .ol
S 2B ol ulp Gl Cew ggefl S
55285 G Sued plai 5 (b (SoglS (b Sison
(V) F oyt Gl el onds al)l 50 st joo Jolee
¢L;§g95l§ L;Lm)l.g )9.»@ ool w‘).w og.] Qyﬂ L;\).g
o (Stued g oo 0ol 0 (SoglS glaylisle oS
Ak (SOlS usie g ol Jiwe piio S o ool
Col _us Yo 95 oS Sate (SSP sla)b cplplo
Iy ol g 5yl Sogils st b osds (58031051 (sl o a5


http://dx.doi.org/10.29252/jcb.11.29.104
http://jcb.sanru.ac.ir/article-1-769-fa.html

e 5 SwplS pases 435 il ekl b Ll slodyyup 5 pliS Byl Sy 5 ol o5 S35 4 Jeos b))

L
('
1]
£
o
: &-
<
p
i
2 2
]
1]
1]
c
uCl
&=
a
=
z
3
g '!
| ]
od [TTTITTTIT] 1 o
o [=2] =t 4 [=2] =t w w o [ee] [ [y} (] =t [=] [ — (o] =t -—
(3¢ — [a} [a} ™ — [a] ™ — — — =t — — ™ [a} —
- 5 5 Fys8 Bub.vl 3 2§ s 8 3
TR = El ] £ LEEE § T iz Esfe §F 232 .
2ipd P} BEg 8 FRires fiiigiiiifiiedi fE: 2
EF ETE 3 £ g & L f £ T g i1 pr - EE L ET
I L L A RS P AR LR R ES SN R R A S
I ERE RS E NSRS R EE N ER NN E RN ERER R FEESERERERN S
EIE <00 S d004ddc 0@ AU AEZLA IO ETZTALYELETZTACTQESRZE 2D
3

i) (sbabes 4 by pl,Sgy00 - JSS
Figure 1. Dendrogram for genotypes clustering
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Table 6. Canonical coefficients for canonical variables
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Figure 2. Plot of first two canonical variables for genotypes classification
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Table 9. Indices means for groups
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Table 10. Analysis of variance to compare groups (mean of squares)
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Table 11. Genotypes in each group
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Figure 3. Vector view of GT biplot


http://dx.doi.org/10.29252/jcb.11.29.104
http://jcb.sanru.ac.ir/article-1-769-fa.html

Ny WA Jleg /YR oyl /romdjl Jlo /2l lalS oMol dsliing,

Model 2 PC 1 =76% PC2 = 22% Sum =98%

7 Gheal g

2.4+

1.2 YS

e

YP

Na=-mo Arg-gh

-1.2 -

NO T

-3.6

4.8

PC1
GT &b sl 9SS 5 STl wlao S 5 (ool 2 (955 (2lj)l ¥ S5
Figure 4. Genotypic evaluation based on combination of STI and SSI in GT biplot

SSI 5 STH (slo 5L o 5 olol & sk > oy (siaes)y -\Y Jyio

Table 12. Genotypes ranking in the GT biplot based on the combined STI and SSI indices

[ Downloaded from jcb.sanru.ac.ir on 2026-04-22 ]

S5 &) S5 &5
oo = o8 vy Sl \
Sl Yo o Y
Sl \td 8 — g Y
~ =S v RSt g ¥
Ly = wd YA Soll = o
] v L9~ #
ey AN Olia —hg v
Lyl AN e A
Ngll = cydg) Yy o8- a
Sl ke Yy Sl =S Ve
olie —p2 ve JU 1
ol - Ggle 8 Ly~ by, w
L9 \rd Sgll =35l W
o9y =) v Sl e V¥
Ly — Sgale YA o9 ‘a
Sl — g5 Ya o~ \d
e =S| £ Syl W
Obe = Jsalo Aal Ol YA
JRRCI ¥ Y5 =5 W
0o —(rg) A - Sle v
Sl =)z ¥¥ gy~ Sonle Al
Sgll =08 Yo b e vy
Sgll - gals vy

[ DOI: 10.29252/jch.11.29.104 |


http://dx.doi.org/10.29252/jcb.11.29.104
http://jcb.sanru.ac.ir/article-1-769-fa.html

[ Downloaded from jcb.sanru.ac.ir on 2026-04-22 ]

[ DOI: 10.29252/jch.11.29.104 |

Ny 9SS pasuis 40 il edlitel b ksl sl pud 5 paiS o8yl (S )3 ol o8 G35 4 Jeosi b))

A5 Sl ) s gere plsie 4 Gy |y cg S
ponl Glie ol p (o895 Gbj)) el 88
Ngd oo did)S S5 > SVl Glual laie 4 &S g 0
sbil g lae gle bilg) Sy lp GT < b
A ooldiwl L;».‘!l)f Sygo & Cdo L u»l.wl » ngawy)
W‘Jﬁ)j}‘u%)%iiﬁ’)@dboi“\gmwbow9
Sl e gloialy (pizmen 9 39 Clie ole Ly,
Sy bl p el iy G g adles
Dy iz  Suis iilS a Joou sla asls

SRl pasdl 48 @l 4 a2y b I b 4
el polal 2 iy s Ul Jgl (Sogls e
Suasld culye & ha o)b |y (i 4 Jood 5 3 Slee
drgp b5 wite ) 5 YS 3 YP GMP MP HM STI
s o sl 5o (W) ohKes 5 Lidee W4
@ Jooto pB)l (lolid (dlp plgioe e lapasls
e by b adls ol g 2505 odlatul oo bylyd o i
pAS ) (Suid 4y pglio 5 3L 3)Skes b slagnY (plulis
9 SSI Calpd (39 Syi v gy b oy iy g9
Rleb QUG piie pl pg> (SwiglS piie » TOL
o3 el g s ) eles 1 Jeoxie (sl
Mo 5 yiite ool sl 3L e Sl Iy slacuis
9 Slp el Glacas) gste wegd Gln oS
SN b w8 jleee plose ) G5 e g 15 Ll
SIS Oyge 4 ]y byadls o baly) Che X g
badld (g (Ked jl Jolbs gl b &5 calo ble
oanlite Laly, 58,8 i o | .l 3lbeil CDA gl
g b5 o yasls Blo b g b jadls slayby oy ond
ey dapadld o Sege lyie 4SSy ST bl
Ol 4 BAd (eanad) (adld 9> cpl S el
@ yud Jood g 3)Sles Jousilty 5l 5 oy s
w5392 )1 )95 S

db; polie jl ey 4 pYL claas, )b clacws)
Oty 9 9392 513,95 52 SSI g STI (slapadlis sl o5 5
Slp cule Slacssl plyie @ plye ) Loyl ol
D)5 Qbul i e g i slalasre

scwg; 3 Slas p (o) Gl (Sis i
Sbewg) old oUly boadls Sy g il pus
o st glagaslinlply sl 1) Jee
wWlas @b s Joste piS slacuis) ool
dalllan 350 (slaassss o &S Db i Jooo sla el
b lacaiss Sl (B g udh 229 ()3 im0 (S £95
» 25l o3 gl i b 5 Y 1 ol il
)8 eolitwl 0yse (S iS4 oo (golpas sladely
oasuls 45 Wbl ead Mol pBB)l sliie g WS
Foo Slio lulld 5 £95 Gl duslone )3 35 (SoglS
b p e b @ g )5 Jee (3990 £95 )
@S el 09l s ganaib Jeod glaasli
$ Sloj 23l yiag Slgi oo puS Sy Jood (o
Y 095 lacuis s Lelel Wb pledl Cio s
g Al il e g 0 gl oYL 3 Sles
S yeS Camlus g pb G & Joo5 ¥ 09 (slacdys
O 4 Jood daue sl ol 5l lg oo &S aiily 55 4
G320.0,5 ol paS SMol slasly o Sis
wps ey b Sy (CDA) (gl jasis
O & 2lbasls 5 Sy el allid > gladgs
2,5 Jos 3950 ol L:agg.\f Ol Sl gl Chnogs

Sgge Slyusts JolS olo @ Ly 5 Oy sl o ol |
b o3k SLbil aaysl (oginnsS” iS00 g5 | Laodls >
Iy bodhy jl acgemme S 0 29250 Sl alS M
S5 alyl gl (BB GleMbl wlgs o aygly cads muses
(YY) 2S5 palyd |y Clio be Blite Lulyy 1 LS 9

&l

. Abdi, H. and M.T. Mazandarani. 2016. Study of drought tolerance in bread wheat cultivars using

biplot. International Journal of Life-Sciences Scientific Research, 2(6): 651-657.

. Abdolshahi, R., M. Nazari, A. Safarian, T.S. Sadathossini, M. Salarpour and H. Amiri. 2015.

Integrated selection criteria for drought tolerance in wheat (Triticumaestivum L.) breeding programs
using discriminant analysis. Field Crops Research, 174: 20-29.

. Clarke, J.M., R.M. DePauw and T.F. Townley-Smith. 1992. Evaluation of methods for quantification

of drought tolerance in wheat. Crop Science, 32(3): 723-728.

. Cruz-Castillo, J.G., S. Ganeshanandam, B.R. MacKay, G.S. Lawes, C.R.O. Lawoko and D.J.

Woolley. 1994. Applications of canonical discriminant analysis in horticultural research. Horticultural
Science, 29(10): 1115-11109.

. Dillon, W.R. and M. Goldstein. 1984. Multivariate analysis: methods and applications. John Wiley

and Sons, New York

. Farshadfar, E., B. Jamshidi and M. Aghaee. 2012. Biplot analysis of drought tolerance indicators in

bread wheat landraces of Iran. International Journal of Adriculture and Crop Sciences, 4(5): 226-233.

. Fernandez, G.C. 1992. Effective selection criteria for assessing plant stress tolerance. In: Proceedinas

of the International Symposium on Adaptation of Vegetables and other Food Crops in Temperature
and Water Stress, pp: 257-270.

. Fischer, R.A. and R. Maurer. 1978. Drought resistance in spring wheat cultivars. I. Grain yield

responses. Crop and Pasture Science, 29(5): 897-912.


http://dx.doi.org/10.29252/jcb.11.29.104
http://jcb.sanru.ac.ir/article-1-769-fa.html

[ Downloaded from jcb.sanru.ac.ir on 2026-04-22 ]

[ DOI: 10.29252/jch.11.29.104 |

AR WA Sl IV ojles /o233l Jls /L;cl))' oblS Mol asliingg

9. Gomez, K.A. and A.A. Gomez. 1984. Statistical procedures for agricultural research. John Wiley &
Sons.

10. Henshaw, F.O., K.H. McWatters, J.O. Akingbala and Y.C. Hung. 2002. Functional characterization of
flour of selected cowpea (Vignaunguiculata) varieties: canonical discriminant analysis. Food
Chemistry, 79(3): 381-386.

11.Hossain, A.B.S., R.G. Sears, T.S. Cox and G.M. Paulsen. 1990. Desiccation tolerance and its
relationship to assimilate partitioning in winter wheat. Crop Science, 30(3): 622-627.

12. Loos, B.P. 1993. Morphological variation in Lolium (poacea) as a measure of species relationships.
The genus Lolium; taxonomy and genetic resources. Plant Systematics and Evolution, (2): 23-35.

13. Mohammadnia, S., A. Asghari, O. Sofalian, H. MohammaddoustChamanabad, R. Karimizadeh and
A.K. Shokouhian. 2016. Evaluation of durum wheat lines using drought stress indices. Journal of
Crop Breedina, 8(20): 11-23.

14. Nezhadahmadi, A., Z.H. Prodhan and G. Farug. 2013. Drought tolerance in wheat. The Scientific
World Journal, 2013: 1-12.

15. Ramirez-Vallejo, P. and J.D. Kelly. 1998. Traits related to drought resistance in common
bean. Euphvtica, 99(2): 127-136.

16. Rao, C.R. 2009. Linear statistical inference and its applications (Vol. 22). John Wiley & Sons.

17.Rascio, A., E. Carlino, G. Santis and N. Fonzo. 2012. A discriminant analysis to categorize durum
wheat varieties in drought-tolerance classes on the basis of rheological and physiological traits. Cereal
Research Communications, 41(1): 88-96.

18.Rigas, T.J. 1973. The use of canonical analysis for selection within a population of spring
barley. Annals of Applied Bioloay, 74(2): 249-258.

19. Rosielle, A.A. and J. Hamblin. 1981. Theoretical aspects of selection for yield in stress and non-stress
environment. Crop science, 21(6): 943-946.

20. SAS Institute. 2002. SAS user's quide: Statistics version 9 for windows. SAS Institute. Carry, NC.

21. Sayvah, S.S., M. Ghobadi, S. Mansoorifar and A.R. Zebarjadi. 2012. Evaluation of drought tolerant in
some wheat genotypes to post-anthesis drought stress. Journal of Agricultural Science, 4(11): 248-
256.

22.Schneider, K.A., R. Rosales-Serna, F. Ibarra-Perez, B. Cazares-Enriquez, J.A. Acosta-Gallegos, P.
Ramirez-Vallejo, N. Wassimi and J.D. Kelly. 1997. Improving common bean performance under
drought stress. Crop Science, 37(1): 43-50.

23.SPSS. 2007. The SPSS system for Windows. Release 16.0. SPSS Inc., an IBM Company
Headquarters, USA.

24.Vaylay, R. and E. van Santen. 2002. Application of canonical discriminant analysis for the assessment
of genetic variation in tall fescue. Crop Science, 42(2): 534-539.

25. Winter, S.R., J.T. Musick and K.B. Porter. 1988. Evaluation of screening techniques for breeding
drought-resistanct winter wheat. Crop science, 28(3): 512-516.

26.Yan, W. 2014. Crop variety trials: data management and analysis. Wiley-Blackwell.

27.Yan, W. and M.S. Kang. 2003. GGE biplot analysis: A graphical tool for geneticists, breeders, and
agronomists. CRC Press. Boca Raton, FL.

28.Yan, W. and |. Rajcan. 2002. Biplot analysis of test sites and trait relations of soybean in Ontario.Crop
Science, 42(1): 11-20.

29. Yeater, K.M., G.A. Bollero, D.G. Bullock, A.L. Rayburn and S. Rodriquez-Zas. 2004. Assessment of
genetic variation in hairy vetch using canonical discriminant analysis. Crop Science, 44(1): 185-189.

30. Zangi, M.R. 2005. Correlation between drought resistance indices and cotton yield in stress and non-
stress conditions. Asian Journal of Plant Science, 4: 106-108.


http://dx.doi.org/10.29252/jcb.11.29.104
http://jcb.sanru.ac.ir/article-1-769-fa.html

[ Downloaded from jcb.sanru.ac.ir on 2026-04-22 ]

[ DOI: 10.29252/jch.11.29.104 |

Journal of Crop Breeding Vol. 11, N0 29, Spring 2019 .......ouiiiiitiiiii e 116

Evaluation of Water Deficient Stress Tolerance in some Wheat Cultivars and
Their Hybrids using Canonical Discriminant Analysis and Genotype by Trait
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Abstract

Canonical discriminant analysis (CDA) in combination with cluster analysis and genotype by
trait (GT) biplot analysis methods were used to assess 9 wheat cultivars having different degrees
of tolerance along with 36 F; hybrids derived from partial diallel crosses, using stress tolerance
indices, in two levels (well watered and cessation of irrigation at pollination stage). Cluster
analysis classified genotypes into three clusters and the results used to CDA as classifying
variable. The first canonical variable was under the influence of high canonical coefficients for
STI, HM, MP, GMP, Yp and Ys. Canonical coefficients for SSI and TOL in the second
canonical variable were remarkable. The first canonical variable differentiated genotypes based
on yield potential and stress tolerance and the second canonical variable distinguished stress
tolerant genotypes from the sensitive ones. The scatter plot of two significant canonical
variables characterized three distinct groups and all pairwise Mahalanobis distances among
groups were significant. The genotypes in group 1 had high yield in stress and non-stress
conditions and the genotypes of group 3 had more stress tolerance and less susceptibility to
stress. To identify tolerant and high yielding genotypes in both stress and non- stress conditions,
GT biplot analysis based on combination of STI and SSI was used and superior genotypes
which simultaneously have higher yield potential and stress tolerance were introduced.

Keywords: Genotype by trait biplot, Canonical discriminant analysis, Drought tolerance indices
and Wheat
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