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Table 1. Characteristics of the bread wheat genotypes in this study
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Table 2. Combined analysis results of investigated traits of bread wheat lines under normal irrigatationand water

deficit stress conditions
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Table 3. Descriptive statistics and variation rate for investigated characteristics of bread wheat lines under normal

irrigatationand water deficit stress conditions

S A

sle )bl

Sttt oV oSk S e oV oSk S e clae
ol D) ¥R VY WS YIFY I VFa WY s oo b g, 2lass
ol \\% VE§ 'Y W /¥ 2 oy 72 SLasles 3 b g, slass
-y vy Wy WA \55 VIVE WA AY WYY Sy b 59, olaws
-1y a/yy vs Y \2 N¥o ¥y Aa! ¥o (395) 415 (b3 09
-[-¥ aly- IV VIEA /A a/aA v/ N-Y 1Yo (oskee) il Jobo
-I\s NIys YIPA YAy \ANS YIT YA /oA YV (socsks) 4l oye
A YIAY vIs¥ vivY vIvE FIVE ¥/-0 YIFY Y/0A (ioskes) 4> Canlsess
Al AIVE v/o¥ ¥/-¥ AN a/y- ¥/ YIvY VIvE Gl oy 4 Job s
<[-A V-IEEYE WY/- o YVIA WIS WY WA AV/E (o sl) oS glis)|
AR AR YeIA ARYA AATAY Voo Y¥/ Yolo YATA (osilo) JSSly Jobo
e YAIEY -Iva -I5Y -IV¥ YO/ A -IvY -I¥a A (p5) ISy 59
-[-¥ V-/o0 Wai VY /b /4 RVAT N 70 TN VA (0 s8le) s Jobo
-IYA Y¥/¥- ¥/-a YIva Y VAOF YA \ Vai (p5) Ao (339
-I¥a VE/VE YA/ £/ VY VE/M \Al v/ YYIA (£)5) &1 53 55
-I¥4 2D FYED OYYY  YAY RS FOA AYY  YaY) (S o p,SokS) ls 5, hos

L399 1yl d)lﬁi bylyds o1y polie oy yieS 59y VWY o WY
25l alsyo 3 gylal alad a Sl 4 ar g L (¥ Join)
3925 U i35 sl Lacaigs oeSilis o A3 plosl alis
(WA) (=los i 5 (WY9) oole (lol bl o alis
Sl g JBlas () JSb5) cdsli deag 4o sxe VS
i e ol 3 s (SLdles,S b g, ola
592 V00 9 WWF i eSSBS )3 9 jgy VOV 5 WY
S5} E95 dgnrg odimd L5 MBS ol 4 sel Cwd
otleS s Ll 3 sl e o ol (el slis
Y ojled slaceisi) & slate SLiblod ST 59y (o pidi
oS 939, V0Y g OY AOY NAY NAO LY 5 YA Y ¥
A0 o YU N Y FA o)lad clacais 4 sheio o
13 35 59, VEY 5 VEV OFY YR AYS alhe U oy
am et (JLtblos, S LS g, npe8 gl bl
slie b g 4 YV o YA FY FA o lods slacuisss
a Glaie ol cpyid g 39, VYV 9 VF) AF) ATV Y
MOV L cdygan VY PRI 0,lous dL‘b%ﬁ??j
xSlie (D 9 ¥ (slaJga) 39 5oy VOV 5 VOY NOF 100
A VFY o WYY Slidles S U g, cuto slp iowiss JS

Dg O g ol bl Gl

ol asls S|

byl 3 (251 3y90 Olbo (igid @599 (o) 2
oS o5 9 !
dl)_) o.)._wd)_:fo)l.\_ﬁl ] P u'n'f‘.—‘DS:; dl_mo)l_n‘
ol odi 0oy LIS Y Jods j0 U paS oy
390 Slio 4l gl slawr Jloges 9 M Jgng (iren
2 =leS i g wole bl s SSE 4 aslllas
.\_uLcd_: C)M_: ‘)9_35 ol 00 (o 5 Y 9 \ dl.b:b&w
) addgl slmosly Jlanl JB& 5 )bl @ish ol s
)iblﬁ.a aA;m)dLi;j % ‘_5‘44‘1? )b?“".’ J:l.o.n )0 AR o uL\MA
Laassis o 9 292 pite oy VYV B WY (o lacadyis 0
=S i bl 0 .cubly dgg joy VY dgds o Sl
byl s 3.0 Jgaa) Loy jolaid] dgs a1y aliis j0bo b
P9 it jo) VWA LINTY (i dlis 0l U 59y ()bl
AFF AFAL iy 4 VY 9 YA XY VY o )leds clacaliss
9 i yoob LS jgy sl oy i 59, VYF 5 \VF


http://dx.doi.org/10.29252/jcb.10.26.76
http://jcb.sanru.ac.ir/article-1-663-en.html

[ Downloaded from jcb.sanru.ac.ir on 2025-07-15 ]

[ DOI: 10.29252/jch.10.26.76 |

AN

WAY lasls Y5 o)l /omd Jlo /)); lS oMol ackiings,

155 m
150- ( )
| |
| l
175 / \
145- i \ \
[ & )
170-
\ | /
\|/
i}
. 136-
Drought Normal Drought
(DTM) (S0, 555 35 (¢
36

/—\ 80
3z \ /
/TN \\ /
/
\ /

/ 3

{ \
28- / \ | |
/ \ \ [ )
/ o b
{ \| 65

L& )
o \\_// 60-

Drought Normal Drought

| ‘ 140

125 ’
Normal Drought Normal

(DTH) aliww joods b 5, sl (call

n
/A
35- /I "\\
30- J |\ f
/ \\ \'\ ‘//
) l.J
25 \ / )
!/
_ v
Normal Drought Normal

(KW) &ls (o5 (5 (KL) &> Job ( (GFD) &ils 1435 095 (5
140 o
IN /'—\\
28 // \ 325 L ™~
{ \ l._\ /
120 l f | (
\ / 3.00 / |\ ‘ |
24 I"‘. | // N -\\ u /;
\ / \ /
e \\\_/f / = \‘\I \\a, ;-'/
2 / 1l
250 |
a0 /
Drought MNormal Drought Normal Drought Normal

o (PH) @y el (s /

5 el @i S g S W5 5 ole ilel kit )3 addllas 3y90 i gl glases Jged olyen 4 S gy =) JSU3
an3 e i 1) pyes 5 Jo) GBSl 5 s Sl Jilis uolis glas f3gei 5 adsl (slaodly Jlois] JS

Figure 1. Villon plot and Box plot for investiﬁated characteristics of bread wheat lines under normal irrigatation and

water deficit stress conditions. Violin plot s

(KUKW) s 3,0 & Jibo e 2

(KT) abs casbess (5
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Box plot shows the distribution of data based on minimum, maximum, median and first and third quartiles.
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Figure 2. Villon plot and box plot for investigated characteristics of bread wheat lines under normal irrigatationand

water deficit stress conditions. Violin plot shown visualise the distribution of the data and probability density and
Box plot shows the distribution of data based on minimum, maximum, median and first and third quartiles.
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Table 4. Mean value of kernel morphology, phenological characteristics and grain yield of bread wheat genotypes in
irrigation condition
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Table 5. Mean value of kernel morphology, phenological characteristics and grain yield of bread wheat genotypes in
water deficit stress condition
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Table 6. Estimation of broad-sense heritability for characteristics under irrigation, water deficit stress conditions and

two enviroments
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Table 7. Phenotypic coefficients of correlation between investigated traits of bread wheat genotypes (normal irrigation condition in above diagonal and water deficit stress condition in below diagonal)
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Figure 3. Linear regression for grain filling duration, kernel width, kernel thickness, kernel length/width ratio,
susceptibility index (SI) and grain yield under normal irrigatationand water deficit stress conditions
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Table 8. ANOVA of stepwise regression for grain yield with other characteristics of bread wheat genotypes in

irragiation condition
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Table 9. Stepwise regression analysis of grain yield with other characteristics in irragiation condition
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Table 10. ANOVA of stepwise regression for grain yield with other characteristics of bread wheat genotypes in water

deficit stress condition
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Table 11. Stepwise regression analysis of grain yield with other characteristics in water deficit stress condition
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Table 12. Factor analysis for investigated traits of bread wheat genotypes in irragiation condition
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_ Figure 4. Bioplot for investigated traits of bread wheat genotypes based on first two factor under normal
irrigatationand water deficit stress conditions. DTH: Day to heading, DTF: Day to flowering, DTM: Day to maturity,
GFD: Grain filling duration, KL: Kernel length, KW: Kernel width, KT: Kernel thickness, KL/KW: Kernel

length/width ratio, PH: Plant height, PL: Peduncle length, PW: Peduncle weight, SL: Spike length, SW: Spike
weight, TGW: Thousand grain weight, GY: Grain yield
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Table 13. Factor analysis for investigated traits of bread wheat genotypes in water deficit stress condition

. (Slonyg) 48l i o S yidio gl ale culys 4

S puia iy law

Pl Jole P Jole ps> Jole Jol Jale
-lavs —/+AY Nirat AL -Joss 4l 3, Sles
</03) <Yy <IVAY —/¥0) [0V a5 os
-Ivag ofee¥ RN I AY “IAAA i s
<IVYE ey -Jo¥Y —\s5 VY ISl o9
IA+ —Iv5- -I¥aY - fyay 5 A aly o s
Y -y -IvVE —+I¥VA B &l L35 0y
Y VAT —[-AY <IAYA —[¥¥D s 5 b 55, olass
A N —/+AY -IAYF —J¥Y¥ SLadles S 5 5, slass
-IAYS —+/\A RN “A-F Ay Sy B 59, ol
-Isv5 st BNALL 1050 <IVEY i Jgbo
-IVYa SR\ -INSY vy AN oS ¢l
/vay /5N JA-a AN AR ISy Jobo
<I50A —feny -[PYY —-IvYa -I¥o00 4l Conlses
<IASY < INA -fxay —/\va ofee o Jsb
AR ~IVYY A -Ivos —+/¥YA 4y Goye 4 Job Cons
VoY YIEA Y/¥FA ¥/ okg polie
KMO =+/$\V Ve/\D /AL YY/VD Y¥/5) bl
vo/f- #o/v0 fV/vs Y¥/5) a2 il

28> o s 1y Jole 40 Caygllan KMO

&l

1. Cattell, R.B. 1965. Factor analysis: An introduction to essentials. I. The purpose and underlying
models. Biometrics, 21: 190-215.

2. Cockram, J., E. Chiapparino, S.A. Taylor, K. Stamati, P. Donini, D.A. Laurie and D.M. O’Sullivan.
2007. Haplotype analysis of vernalization loci in European barley germplasm reveals novel VRN-H!
alleles and a predominant winter VRN-HZ/VRN-H2 multilocus haplotype. Theoretical and Applied
Genetics, 115:993-1001.

3. Darroch, B.A. and R.J. Baker. 1990. Grain filling in three spring wheat genotypes: statistical analysis,
Crop Science, 30: 525-529.

4. Dhanda, S.S., G.S. Sethi and R.K. Behi. 2004. Indicate of drought tolerance in wheat genotype at
early stages of plant growth. Journal of Agronomy and Crop Science, 190: 6-12.

5. Deng, S., X. Wu, Y. Wu, R. Zhou, H. Wang, J. Jia and S. Liu. 2011. Characterization and precise
mapping of a QTL increasing spike humber with pleiotropic effects in wheat. Theoretical and Applied
Genetics, 122: 281-289.

6. Ehdaie, B., G.A. Alloush, M.A. Madoreand and J.G. Waines. 2006. Genotypic variation for stem
reserves and mobilization in wheat: I. postanthesis changes in internode dry matter. Crop Science, 46:
735-746.

7. Evans, L.T., LF. Wardlaw and R.A. Fischer. 1975. Wheat, In: Evans, L.T. (eds.) Crop physiology:
Some case histories. Cambridge University. Press, Cambridge, 101-149 pp.

8. FAO. 2012. Production, Crops, FAOSTAT. http://www.Fao.org.

9. Gebeyehou, G., D.R. Knott and R.J. Baker. 1982. Rate and duration of grain filling in durum wheat
cultivars, Crop Science, 22: 337-340.

10. Gegas, V.C., A. Nazari, S. Griffiths, J. Simmonds, L. Fish, S. Orford, L. Sayers, J.H. Doonan and
J.W. Snape. 2010. A genetic framework for grain size and shape variation in wheat. The Plant Cell,
22:1046-1056.

11.Hasan, A.K., J. Herrera, C. Lizana and D.F. Calderini. 2011. Carpel weight, grain length and
stabilized grain water content are physiological drivers of grain weight determination of wheat. Field
Crops Research, 123: 241-247.

12. Hockett, E.A. and R.A. Nilan. 1985. Genetics of Barley. ASA, CSSA, Madison, WI, USA. 677 pp.

13.Ji, X.M., B. Shiran, J.L. Wan, D.C. Lewis, C.L.D. Jenkins, A.G. Condon, R.A. Richards and R.
Dolferus. 2010. Importance of pre-anthesis anther sink strength for maintenance of grain number
during reproductive stage water stress in wheat. Plant Cell and Environment, 33: 926-942

14.Johnson, R.C., R.E. Witters and D.M. Sanches. 1992. Daily pattern of apparent photosynthesis and
evapotranspiration in developing winter wheat. Agronomy Journal, 73: 414-418.

15. Khazaei, A., M. Moghaddam and S. Noormohammadi. Genetic diversity among winter barley
landraces collected from west of Iran. Iranian Journal of Crop Sciences, 13: 671-683 (In Persian).

16.Kiss, T., K. Balla, O. Veisz, L. Lang, Z. Bedo, S. Griffiths, P. Isaac and I. Karsai. 2014. Allele
frequencies in the VRN-AZ, VRN-B/ and VRN-D/ vernalization response and PPD-B/ and PPD-D/
photoperiod sensitivitygenes, and their effects on heading in a diverse set of wheat cultivars (Triticum
aestivum L.). Mol Breeding, 34: 297-310.

17.Lizana, X.C., R. Riegel, L.D. Gomez, J. Herrera, A. Isla, S.J. McQueen-Mason and D.F. Calderini.
2010. ExPansins expression is associated with grain size dynamics in wheat (Triticum aestivum L.).
Journal of Experimental Botany, 61: 1147-1157.


http://dx.doi.org/10.29252/jcb.10.26.76
http://jcb.sanru.ac.ir/article-1-663-en.html

[ Downloaded from jcb.sanru.ac.ir on 2025-07-15 ]

[ DOI: 10.29252/jch.10.26.76 |

ay

18.
19.

20.

21.

22,
23.

24,
25.

26.
27.

28.

29.

30.

31.

WAY lasls Y5 o)l /omd Jlo /)); lS oMol ackiings,

Ludlow, M.M. and R.C. Muchow. 1990. A critical evaluation of traits for improving crop yields in
water-limited environments. Advances in Agronomy, 43: 107-153.

Martin, B. and N.A. Ruiz-torres. 1992. Effects of water-deficit stress on photosynthesis, its
components and component limitations and on water use efficiency in wheat (Triticum aestivum L.).
Plant Physiology, 100: 733-739. )

Mclntyre, C.L., K.L. Mathews, A. Rattey, S.C. Chapman, J. Drenth, M. Ghaderi, M. Reynolds and R.
Shorter. 2010. Molecular detection of genomic regions associated with grain yield and yield-related
components in an elite bread wheat cross evaluated under irrigated and rainfed conditions. Theoretical
and Applied Genetics, 120: 527-541.

Mohseni, M., S.M.M. Mortazavian, H.A. Ramshini and B. Foghi. 2016. Evaluation of bread wheat
genotypes under normal and post-anthesis drought stress conditions for agronomic traits. Journal of
Crop Breeding, 8: 16-29 (In Persian).

Mou, B., W.E. Kronstad and N.N. Saulescu. 1994. Grain filling parameters and protein content in
selected winter wheat populations: I1. Associations. Crop Science, 34: 838-841. ]
Naghavi, M.R., M. Moghaddam, M. Toorchi and M.R. Shakiba. 2016. Evaluation of spring wheat
cultivars for physiological, morphological and agronomic traits under drought stress.. Journal of Crop
Breeding, 8: 64-77. (In PerswmgJ

Richards, R.A. and Z. Lukacs. 2002. Seedling vigour in wheat: sources of variation for genetic and
agronomic improvement. Australian Journal of Agricultural Research, 53: 41-50.

Sanjari Pireivatlou, A.G., R.T. Aliyev and B. Sorkhi Lalehloo. 2011. Grain fiIIin? rate and duration in
bread wheat under irrigated and drought stressed conditions. Journal of Plant Physiology and
Breeding, 1: 69-86. . ) . ) .
Sinclair, T.R. and P.D. Jamieson. 2006. Grain number, wheat yield, and bottling beer: An analysis.
Field Crops Research, 98: 60-67.

Sun, X.Y., K. Wu, Y. Zhao, F.M. KonP, G.Z. Han, H.M. Jiang, X.J. Huang, R.J. Li, H.G. Wang and
S.S. Li. 2009. QTL analysis of kernel shape and weight using recombinant inbred lines in wheat.
Euphytica, 165: 615-624.

Tsilo, T.J., G.A. Hareland, S. Simsek, S. Chao and J.A. Anderson. 2010. Genome mapping of kernel
characteristics in hard red spring wheat breeding lines. Theoretical and Applied Genetics, 121: 717-
730.

Wang, L.F.,, HM. Ge, C.Y. Hao, Y.S. Dong and X.Y. Zhang. 2012. ldentifying loci influencing
1,000-kernel weight in wheat by microsatellite screening for evidence of selection during breeding.
Plos One, 7: 29-32.

Whan, B.R., G.P. Carlton and W.K. Anderson. 1996. Potential for increasing rate of grain growth in
spring wheat. I. Identification of genetic improvements, Australian Journal of Agricultural Research,
47:17-31.

Worland, A.J., A. Borner, V. Korzun, W.M. Li, S. Petrovic and E.J. Sayers. 1998. The influence of
photoperiod genes on the adaptability of European winter wheats. Euphytica, 100: 385-394.


http://dx.doi.org/10.29252/jcb.10.26.76
http://jcb.sanru.ac.ir/article-1-663-en.html

[ Downloaded from jcb.sanru.ac.ir on 2025-07-15 ]

[ DOI: 10.29252/jch.10.26.76 |

Journal of Crop Breeding Vol. 10, NO 26, SUMMEE 2018 ... .uiuiiiee ittt et et et e e et e e e e e e e e eane 94

Evaluation of the Relationship between Kernel Size, Phenological Characteristics
and Grain Yield of Local Wheat Genotypes under Water Deficit Stress Conditions

Hadi Darzi Ramandi', Hamid Najafi Zarini®, Vahid Shariati®, Khadijeh Razavi’
and Seyed Kamal Kazemitabar4

1 and 4- Graduated Ph.D. Student and Associate Professor, Department of Plant Breeding and Biotechnology, Sari
Agricultural Sciences and Natural Resources University
2- Associate Professor, Department of Plant Breeding and Biotechnology, Sari Agricultural Sciences and Natural
Resources University, (Corresponding author: najafi316@yahoo.com)
3- Assistant Professor, Department of Plant Molecular Biotechnology, National Institute of Genetic Engineering and

Biotechnology (NIGEB)
Received: November 19, 2016 Accepted: June 3, 2017

Abstract

Water deficit is one of the most important abiotic factors limiting growth, which adversely
affect growth and crop production. In order to study the relationship between kernel size and
phenological characteristics on grain yield, 46 local bread wheat genotypes along with four
varieties were evaluated in randomized complete block design with three replications under
irrigation and water deficit stress conditions. Phenological characteristics including day to
heading, day to flowering, day to maturity and grain filling duration, and kernel size traits
including kernel length, kernel width, kernel thickness and kernel length/width ratio were
measured. Analysis of variance revealed significant differences among genotypes for the studied
traits. Results showed drought led to decreased grain yield (0.49), thousand arain weight (0.29),
spike weight 50.28), peduncle weight (0.20), grain filling duration (0.17), kernel width (0.16)
and increased kernel length/width ratio as compared with irrigated condition. Stepwise
regression _ar)a(ljysw revealed that under irrigated condition, spike weight, Sﬁlke length and plant
height justified the majorltﬁ of grain yield variation, whiles under drought stressed condition
grain filling duration and kernel width showed the hlghest impact on grain yield variation.
Factors analysis identified four factors which explained 75.4% of the total variation. On the
basis of these results, it is concluded that criteria such as grain filling duration, kernel width,
peduncle weight and thousand grain weight could be considered as effective criteria for
selecting to improve grain yield in water-limited environments.

Keywords: Bread wheat, Factor analysis, Kernel size traits, Phenological characteristics,
Water deficit stress


http://dx.doi.org/10.29252/jcb.10.26.76
http://jcb.sanru.ac.ir/article-1-663-en.html
http://www.tcpdf.org

