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Table 1. The codes and name of wheat genotypes
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Table 2. Cluster analysis of wheat genotypes by Ward’s minimum variance based on measured traits in non-stress

conditions
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Table 3. Cluster analysis of wheat genotypes by Ward’s minimum variance based on measured traits in saline stress

conditions
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Table 4. The results of discriminant function for clustering validity of wheat genotypes based on measured traits in
non-stress conditions
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Table 5. The results of discriminant function for clustering validity of wheat genotypes based on measured traits in
saline stress conditions
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Table 6. Analysis of variance based on measured groups in non-stress and saline stress conditions
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Table 7. Thetraits average in each group in non-stress conditions
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Table 8. Thetraits average in each group in saline stress conditions
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Table 9. Mahalanobis distances between groups in non-stress (above diameter) and salinity stress (down diameter)

conditions
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Table 10. Factor coefficients in factor analysis using principal components and varimax rotation under non-stress

conditions in wheat
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Table 11. Factor coefficients in factor analysis using principal components and varimax rotation under saline stress

conditions in wheat

oy Jole Pl Jols Py Jole p9> Jols Jol Jole clas
-I¥5 Y -I5Y —l-¥ —/¥ Sgy g5
-Jov —Ivs —IYv —hy -J¥Y Sty Jobo
VR oo —Iyy <IN¥ ¥ ags , &l dlass
—I¥ oIy Nias A <IYY 19l 4oy Slas
ofee -/¥a —m oI5 —-/\v Adgs 5 dodi Sl
-V —/7 -Ivy 1NN —/+ o Sy sk
Y -y s 1Y YA 4l 1o 5
A —/-¥ IYA -IAY -]y Adgs 3l e
-Ivy N2 -Ivs -I¥Y A JSihy s
Y -0 -Ivy -1 N FETESR
—Ivy -y -y —/y <I5A JdolS (clgia
ooy VA —Ns -[-Y — Iy B b g, 2l
Iy <JAY -y oJ-A —/vY Sty b g, olas
AL /DA <10 Al —/v¥ JSoly Jobo
-Iva oIy A -1y —/ey abgs Jsbo
-Iv¥ -J¥Y Niai -y - 1oA 5Slas
A Y Nire Sy VA ails 3 Slee
A — /vy A -J-0 -Ivo by pasls
Vo Vio- Yy ¥/ F/2A o3y polie
£I¥ AITY WA A1V YVISA ASTRION
Y #¥Ivo oF/¥Y ARZATY YVIZA (205 ol

wadls oo & b W cwl b sl e obj oLl
g yolol asls Jis 4 wb 10 Dg panse oS o bl
Dy Az oS
02ltl b Judg S conns (glgizme s pudl sl Jlw 5o
ool Bl zlgy asyie 0w jie 89, oSy
9 O o5 M4 e peddy)ls ol
Sl Olgisdr Slgi e olS (055508 5 Lol (5 Sojll
P Sopd o5 kb S Jdg)lS cpSojlul
J9 S lgizme Cute g Syh calps 29 odlisul 4 je

Sopd o5 iyl bl 4 4 @

3Sles ¢ idg kS glgive Glaw cue bl saimd L
Gl oplplo g il 5,Sles b cublyyy adlis 5 ()
Sy o laulpd p3 Slao cpl (VL plie L slacassss
@ Jodie 5 Vb 3Sles L slagis) bl & pxie
Cublyy padld g () 3es (65 0jlul 3980 5)98
Bl oS Gyge ol a8y Ll Sl
€y g Cusl Sy g panie Cho gl S0l
390 slacuig; S &S By loguste o] (¢ pSojlul



AN

WAY il Y5 05005 /s Jls [ ie]y3 LS 3ol aoliingy

slsome cplply a8 b 1) Jds)lS slgiome 22l
b Byl b ogs Bulad & (nl dasly 4 Sy dy)lS
O3S Slp Slg e )1 ()9 a5 Ll yd )3 YL 5 Shos
P o Glp s Sy il B 690 & Jeis pB))
Gy & Jbys 0,5 )18 oolatwl 5jse adiyja 5 cdg
ol oeolaiwl b (gyeh 5l il oylus (g S0l
3 ecusl 55 o3y anje g g @ ol il g 0Sles
Srit g sdome S5 LS bos b 4 b
ololp pB)l GiuS cacee Jelge I aily 5 Sles
ol 0595 30 (08 (gdi0dgw | 3 Sleas puiuns (5 S0l
Al 5, Slos b by pxe bl gl clas ol o oplplo
(ol talesl )5 Jido IS Jaie) (69 (205 bl 5
OliExe | (gl b 518 Coglsl 3 (gol5a gloasly
JB9 )8 Slyme g a0 Shos (o ) (e (Stsor 35
(FEATEAY) 535 3,15 S

g0 sl om & O U @l JS el
I Br g b sy b (S5 ge5 adlas
5 wlle Slao g Vb adg oy i b gy
5 L5 )8 edlatwl 3y50 (Aol slaasly o Al o
4 350 5 enlazwl Lausb oJ..\i':c)Lol dlmé\;'i)b J.Jy Lise
wlio slog)S ) 4 lagg) ilule ) (lasg
oo Cogo @ 2l g (Ridedrge Clio pluly
AAY DY ojlod slaciy) @l @ 425 b 2900 Joo
2515k 51 AA 5 AV AV VY FA XD FY AT AY D) -
2Vl 0SSk 3Sles g () 390 (£h)) Sl
09 baze 93 53 cwigsy S5 (eke 5 ooy S ol (e
P e ol cnl jl il yed 5 g S
Pl g el ol 5 S5 ol oped i Ll
wps oy oole ged odlitel ()9 AT 4 Jeoie
lolid 5 Slio anaied > bl & 4 (lasgs
sl Cadibge oy 2)90 Slagigs 3Slas  Sge lino
5 ) SNhes (Jdo)lS lgime Clan 58 oo
5580as 3 I 150 5 wpo Sl dlan 5l cudly asls
GBS b ol 5 Bl Al ()9 5 Lalpd )5 4l
ol 50 & 1y wb 5Slee wlao (ol lp Mol
o & 25 wxd lgie SIS b 4 ol Ll
SxSojll g (g dija oS Cle 4 Sy Jidg)lS (lgme
Olym Slyie Clio plo & Gl (05508 5 ol
Bl ey oMol ldsly > casle adls
430 50 Gyed O lulpd )0 Vb 3 Sles b slacaiss)
2,5 1,8 eolatwl 5550

sddslis (WY Jadn) Jol Jole jo wily 5 Slee 5 Sy
Sopd i bl > Slao ol (e Cute 5 g8 bLS)|
L oslecwy) obal oby Jol 4 plpl a8l
A e Ged A5 bl 0 YL Sy g5 glgixe
Gt & Jeoxie g YU 5Slee b lacuiy) ol
@ olS Jooo I adld plpicar Jdg)lS (yluk 2980
Y )b pasls bl (5y98 4 Jeoie pB)) Ll 25
ok @lul gl ool olee claan)ly g
w2 el (@ISl am 093 10 (6,98 AT (VA) ad e
Sp oM 25 s cedle g (2l GlS
B+ dgas Sy Lidg IS claiore &S cunl olKn )] g Cunl
Oyl ol aBl (EalS s e S 4 Cad doyd
LB Sy oS epSeill 5 oslizl b gy osnlio
Slyze b ysd 4 Jooio pB)l (0) Cunl gy
Slyme ol wlee laa)ly 9 YU Sy Judg S
5 LYls adss ;0 J(WA) s o lis 1) Sy Judg IS
Sopd & Jooxie g olus glgil ) b (VAAY) e
2 ool sladin)ly 3 Jedg)lS Cos o 008 plo paiS
9 ooyl Adb oo Jeie slaaiy g {' FoS (S)9 S ]
Ol jRedS sladnyly g9y (sduloil L (VAAA) ) Ken
PS5 wls 3,8las 5 Sy Usbo)lS (lsime 45 wnS
sanly > Jdg )l dlgme 9 Gyl e (Shuen
ol laan)ly 5l i gyen L5 Bl Jeoxie
pghis a5 2,8 o (Vo Vo) (S gy 505 (Ao ) Al o
byl cou Joame b )3 Jubo)lS clale baas | jungd
LR 4 Jood (Safgdnid slapadld dlex I i
Jd 4 Sy gl dlgime pien e Clus
rSois) g 5 @l 3,8kes b Yl Stused sl
slacaisy Gl o abe (atls G laied Wl
(V) 325 )18 S do piS ) 5 Ll )3 oot
09,5 3 S0 Slacuiy oad wiiS Ll 4 x5 b
FEXV AT AY N A AN S D F XY ) eyl
Jozio 5 5y slocuin] Slgicar & (AA AV MY XA XD
Sl (Y Jgto) S0l 4l (gy90 5 bl
Olse Gyt G Gpomen g &l 5 Sas Gl oy
2 oy 50 Sess) Gl )3 Sy hdg kS slgie
€8S b plyie cplply g )98 A5 Ll
3,80ee (hly g Jooio slacuigi) (s)9d iS5 blyd
O e )58 (@YL S ko)l (slge 5 VL
N5 g Lyl cov o SblS oS 5e0 plo Gl
29255 o )8 8L o bl Jdg)lS (lgome )5 0
Ol eolee ol 93 bboo (BRI J3g)IS" (lgime Lagyl yutn
Ll oAb oo (5y9d & & placdy] | ae



AY - 9 i & Jood i 1 Sll (b a8 lamedp (Se55 £95 (o)

&b

1. Araus, J, T. Amaro, J. Voltas, H. Nakkoul and M. Nachit. 1998. Chlorophyll fluorescence as a

selection criterion for grain yield in durum wheat under Mediterranean conditions. Field Crop

Research, 55: 209-223.

Blum, A. 1988. Plant Breeding for Stress environments. CRC Press Florida, 212 pp.

Boggs, JL., T. Tsegaye, T.L. Coleman, K. Reddy and A. Fahsi. 2003. Relationship between

hyperspectral reflectance, soil nitrate-nitrogen, cotton leaf chlor%)hyll, and cotton yield: a step toward

precision agriculture. Journal of Sustainable Agriculture, 22: 5-16. _

Bronson, K.F., T.T. Chua, J. Booker, JW. Keeling and R.J. Lascano. 2003. In-season nitrogen status

sensing in irrigated cotton. Soil Science Society of America Journal, 67: 1439-1448.

Cha, K.W., Y.J. Lee, H.J. Koh, B.M. Lee, Y.W. Nam and N.C. Paek. 2002. |solation, characterization,

and mapping of the stay green mutant in rice. Theoretical and Applied Genetics, 104: 526-532.

Colmer, T.D., T.J. Flowers and R. Munns. 2006. Use of wild relatives to improve salt tolerance in

wheat. Journal of Experimental Botany, 57: 1059-1078.

El-Hendawy, S.E., Y. Hu, G.M. Yakout, A.M. Awad, SE. Hafiz and U. Schmidhalter. 2005.

Evaluating salt tolerance of wheat genotypes using multiple parameters. European Journa of

Agronomy, 22: 243-253.

8. Hazegh-Jafari, P., S. Aharizad, S.A. Mohammadi, F. Noormand Moayyed and P. Behrooz. 2014.
Grouping of alfalfe%é;enotygeﬁ based on different characteristics using multivariate statistical analysis.
Jorna of Crop Breeding, 13: 107-121 (In Persian).

9. Houshmand, S., A. Arzani, S.A.M. Maibody and M. Feizi. 2005. Evaluation of salt-tolerant genotypes
of durum wheat derived from in vitro and field experiments. Field Crop Research, 91: 345-354.

10. Irvani, M., M. Soluki, A.M. Rezai, B. Syasar and S.H.A. Kuhkan. 2008. Investigating the diversity
and relationship between agronomical traits and seed yield in barley advanced lines using factor
gré?lysii. Journal of Science and Technology of Agriculture and Natural Resourses, 45: 137-145 (In

San).

11. Jaynes, D., T. Kaspar, T. Colvin and D. James. 2003. Cluster analysis of spatiotemporal corn yield
patternsin an lowafield. Agronmy Journal, 95: 574-586. .

12. Kabanova, S. and M. Chaika. 2001. Correlation analysis of triticale morphology, chlorophyll content
and productivity. Journal of Agronomy and Crop Science, 186: 281-285.

13.Keshavarznia, R., B. Mohammadi Narges and A.R. Abassi. 2013. Study of genetic diversity of
common bean based on morphological traits under both normal and drought stress conditions. Iranian
Journal of Field Crop Science, 44: 305-315 (In Persian).

14.Leilah, A. and S. Al-Khateeb. 2005. Statistical analysis of wheat yield under drought conditions.
Journal of Arid Environments, 61: 483-496.

15.Loos, B. 1993. Morphological variation in Lolium (Poaceae) as a measure of species relationships.
Plant Systematics and Evolution, 188: 87-99.

16. Martin, P., M. Ambrose and R. Koebner. 1994. A wheat germplasm survey uncovers salt tolerance in
%tigo%%es not exposed to salt stress in the course of thelr selection. Annals of Applied Biology, 39:

17.Mohammad Alipour H. Yamchi, M.R. Bihamta, SA. Peifghambari, M. Naghavi and M. Shafiee
Khorshidi. 2011. Evaluation of genetic diversity and classification of kabuli chickpea genotypes in
late season drought stress. Journal of Crop Breeding, 7: 53-70 (In Persian). o

18.Mohan, M., S.L. Narayanan and S. Ibrahim. 2000. Chlorophyll stability index (CSl): itsimpact on salt
toleranceinrice. International Rice Research Notes, 25: 38-39. _ )

19. Moreda-Pineiro, A., A. Fisher and S.J. Hill. 2003. The classification of tea according to region of
origin using pattern recognition techniques and trace metal data. Journal of Food Composition and
Andysis, 16: 195-211. ) _ )

20. gﬂsgnggbR. 2002. Comparative physiology of salt and water stress. Plant, Cell & Environment, 25:

21.Munns, R. and R.A. James. 2003. Screening methods for salinity tolerance: a case study with
tetraploid wheat. Plant and Soil, 253: 201-218.

22.Munns, R., R.A. James and A. Lauchli. 2006. Approaches to increasing the salt tolerance of wheat and
other cereals. Journal of Experimental Botany, 57: 1025-1043.

23. Passarkli, M. 2010. Handbook of plant and crop stress. (3 edition). CRC press, 1245 pp.

24. Poustini, K. and A. Siosemardeh. 2004. lon distribution in wheat cultivars in response to sainity
stress. Field Crop Research, 85: 125-133.

25. Rabii, B. and M. Rahimi. 2009. Evaluation methods of canola genotypes grouped using the fisher
linear detection function. Journal of Science and Technology of Agriculture and Natural Resourses,
47: 529-542 (In Persian).

26.Ramesh, K., B. Chandrasekaran, T. Baasubramanian, U. Bane?arum , R. Sivasamy and N.
Sankaran. 2002. Chlorophyll dynamics in rice (Oryza sativa L.) before and after flowering based on
SPAD (chlorophyll) meter monitoring and its relation with grain yield. Journal of Agronomy and
Crop Science, 188: 102-105.

27.Reynolds, M., A. Mujeeb-Kazi and M. Sawkins. 2005. Prospects for utilising plant-adaptive
mechanisms to improve wheat and other crops in drought-and salinity-prone environments. Annals of
Applied Biology, 146: 239-259.

28. Saburi, H., M. Nahvi, A. Torabi and M. Kanoni. 2008. Classification of rice varieties at different
levels from the osmotic potential of sorbitol based on cluster analysis and fisher linear functions.
I7rag|25;n 3%8ngress of Agronomy and Plant Breeding, 28-30 August, Karaj, Iran, Crop Science Society,

wn

N o g M



VAY WAY il Y5 05005 /s Jls [ ie]y3 LS 3ol aoliingy

29. Safari, P., R. Honarnejad and M. Esfahani. 2008. Assessment of genetic variation in peanuts (Arachis
hypogaea L.) cultivars using Canonical Discriminant Analysis. Iranian Journal of Agriculture
Research, 6: 327-334 (In Persian).

30.Salama, S, S. Trivedi, M. Busheva, A. Arafa, G. Garab and L. Erdei. 1994. Effects of NaCl %\Iirslgly
on growth, cation accumulation, chloroplast structure and function in wheat cultivars differing in salt
tolerance. Journal of Plant Physiology, 144: 241-247.

31. Salehi, M. and M. Shekari. 2006. Factor analysis of some drought traitsin lentil. In: proceeding of the
Science and Crop Breeding Congress Abstracts. 286 pp (In Persian).

32. §1A452 Ingtitute Inc. 2011. SAS/STAT user’s guide. “nd edition. SAS ingtitute Inc., Cary, NC, USA,

33. Schoan)gld, M.A., R.C. Johnson, B.F. Carver and D.W. Mornhinweg. 1988. Water relations in winter
wheat as drought resistance indicators. Crop Science, 28: 526-531.

34. shafiee-Khorshidi, M., M.R. Bihamta, F. Khialparast and M.R. Naghavi. 2012. Assessment of genetic
variation in common bean (Phaseolus vulgaris L. %enotypes under drought condition using cluster
and canonical discriminant analgss éCDA)' Journal of Crop Breeding, 10: 1-17 (In Persian).

35.Singh, S. and T. Singh. 2001. Correlation andgath analysis in common wheat (Triticum aestivum L.)
under light texture soll. Resarch on Crops, 2: 99-101.

36. SPSS, |. 2010. SPSS 19. Users Guied. Chicago, IL., USA.

37. Yeater, K. M., G.A. Ballero, D.G. Bullock, A.L. Rayburn and S. Rodriguez-Zas. 2004. Assessment of
genetic variation in hairy vetch using canonical discriminant analysis. Crop Science, 44: 185-189.



Journal of Crop Breeding Vol. 10, NO 26, SUMMEY 2018 .........uuuiiiiieet et ettt e et e et e et e e aie e e e e e een e e e eeane 184

Investigation of the Genetic Diversity of Iranian bread Wheat Ger mplasm for
Toleranceto Saline Stress

Amir Gholizadeh', Hamid Dehghani?, Ashkboos Amini® and Omidali Akbarpour*

1- Ph.D Student, in Plant Breeding Department, Faculty of Agriculture, Tarbiat Modares University
2- Professor in Plant Breeding Department, Faculty of Agriculture, Tarbiat Modares University
) (Corresponding author: dehghanr(%modares.ac.ir) . )
3- Assistant Professor, Seed and Plant Improvement Institute, Agricultural Research, Education and Extension
Organization (AREEO), Karaj, Iran
4- Assistant Professor in Department of Agronomy and Plant Breeding, Faculty of Agriculture
Lorestan University, Khorramabad, Iran
Received: April 18, 2017 Accepted: July 1, 2017

Abstract

Salinity stress is one of the major abiotic stresses in arid and semi-arid regions of the world,
such as Iran. High genetic diversity for sdinity tolerance has been observed in Iranian bread
whest genotypes. In order to analyze genetic diversity and determine the most effective
characteristics on salinity tolerance, 110 bread wheat genotypes were evauated in two
conditions (non-stress and saline stress) at the research field of the National Salinity Research
Center &NSRC). The &alinig of water used in irrigation in stress and non-stress conditions was
10 and 2 ds.m-1, respectively. The results showed that there was a significant genetic variation
between studied genotypes. According to cluster analysis based on agronomical and
morphological traits, genotypes were divided into 4 categories in both non-stress and stress
conditions. According to the results of the means comparison of the groups in non-stress and
saline stress conditions, the genotypes No. 2, 5, 7, 8, 9, 10, 11, 12, 13, 31, 35, 38, 73, 81, 97 and
98 were identified as the most salinity-tolerant genotypes. These genotypes can be utilized for
salt-affected areas and also as donor parents in wheat breeding programs for further
improvement of germplasm for salinity tolerance. Also, the results of factor anaysisin saline
stress condition indicated a positive relationship between biological yield, harvest index and
chlorophyll content with yield. Generally, it can be concluded that chlorophyll content trait
due to the low cost and easy and non-destructive measurement than other traits could be used as
asuitable criterion in selecting for increased seed yield in saline stress conditionsin field.
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