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Extended Abstract

Introduction and Objective: In a Mediterranean-type climate, water stress, which often occurs
at the end of the season, is the main factor limiting cereal yield. This study aimed to investigate
the genetic diversity, heritability, and genetic Advance of some indices related to grain yield in
barley under rain-fed conditions.

Material and Methods: In this study, 108 lines and varieties of barley were evaluated as alpha
lattice designs with two replications in nine blocks in each replication and twelve plots in each
block under rain-fed and supplemental irrigation (irrigation, immediately after planting and in the
stage of grain filling) conditions during 2019-2020 crop season at Maragheh Dryland Agricultural
Research Station. The evaluated traits included grain yield, days to heading, days to physiological
maturity, grain filling rate, thousand-grain weight, harvest index, spike harvest index, spike
fertility index, spike fertility index at maturity, and spike partitioning index.

Results: The analysis of variance showed highly significant differences among the genotypes for
all the studied Characters. This implies that there is genetic diversity for all traits. The phenotypic
coefficient of variation (PCV) was generally higher than the genotypic coefficient of variation
(GCV) for all characters. The difference between PCV and GCV was large in spike fertility index
at maturity, spike fertility index, and grain yield indicating the influence of environmental factors
in the expression of these traits. Moderate to high heritability associated with a high genetic
advance was observed for thousand-grain weight, grain filling rate, and spike fertility index
indicating a predominance of additive gene action for these characters. This shows that selection
is effective in improving these traits. Based on the cluster analysis by the ward's method and using
the Euclidean distance, the examined genotypes were divided into four main groups under both
rain-fed and supplemental irrigation conditions. Under rain-fed conditions, genotypes of the first
group regarding traits, grain yield, seed filling speed, thousand seed weight, harvest index, spike
fertility index, and spike partitioning index, and under supplemented Irrigation conditions,
genotypes of the second group regarding traits, grain yield, seed filling speed, thousand seed
weight, harvest index, spike harvest index, spike fertility index, and spike fertility index at
maturity was in a better position.

Conclusion: Based on the obtained results, it is expected that the grain yield can be indirectly
improved by selection for the traits of thousand-grain weight, grain filling rate, and spike fertility
index. According to the cluster analysis results, under conditions rain-fed, the first group's
genotypes and supplemented Irrigation conditions, the second group's genotypes can be
considered in plant breeding programs or variety introduction.
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Figure 1. Summary of meteorological statistics of agriculture year 2019-2020 at Maragheh dryland
agricultural research station

shb oS a0 Gl jla o e dais &S S S
4 (GFR) &l L R YR G O WIVRI tA PV 31 Lgtmf))
{7Y) 25 dlee 5 )90

_ GY
GFR = %/ pMaA — DH)

S s B 39, DMA cxyo 20 3 @l 3,5kes GY oS
ol (34555 B 59y DH 5 (S505508

2 S) gl dwv&-w Ve adlae pl

d)S 15 Dbyl ay9e Lislejl buly S 93 e cov o)
2 &l IS 5 e S1H(GY) qpeyio po il 3)Slos
(DH) (234 63 U gy i dpuws beo S o 0 S
Jol8" jobay lnali s s o pd B+ dgds &S Wb Cd o
) (DMA) (590258 Sy b jgy b0 palls


http://dx.doi.org/10.61186/jcb.15.46.27
http://jcb.sanru.ac.ir/article-1-1414-en.html

[ Downloaded from jcb.sanru.ac.ir on 2025-10-18 |

[ DOI: 10.61186/jcb.15.46.27 |

S5 Sl ol g o130yl A ¢ owgin Z 0l oy o

¥ a3 )Slas b basye slapadls wlol o Glcwip] (aiu0g)S 9 (SW85 €95 ()2

ol (BB ) dlinw S 59 SDWa
— GN
SFIm = %/ (spwm — Gw)

GN ‘L;J'i—“") ) M ‘5)9)1{ ua>l_w « SFIm &5
Sy Ao iS55 SDWM 5 il olass
SPI = SDWm/o ol ails 59 GW 5 (Sojglssjud
Sty 2 05 o VL 0355 une 53 BW 5 it
anl (S5o)n 508
) S bl gl 525

Sy oY Wl )b B > S pe uib)ly 4 g0
bl g w0 Lulpd 93 Cot Ly 3y90 Slas (slaodld
3 8 olasl lagslyly (San 65 plrl LuaSS
N3 09eil 290 (VF) 0 cgesl ol ) Jebos g 4 jo
)5
4 (1) 558 baw g oad il G Jges8 b Billae (5955 5
A5 3y9lp 5 s

s Vv pie g ol I (TGW) &y Jlia 50
0 pllS ples b ol &S a3 i) sl
dddigs 3 )S Sl cady 5l gyt /D Cuond S
P cebo VY Gie 4 g b Cudlby (SO5glen 58 (S g
Sid 59 B (FY) 00,8 Sis ol )8 ol s jn Fr gled
Sis odle g (Sojelgrid (S ) g (234D > ) Al
O 395 S (SFolgn 58 (Shewy )3 (e YL
Sy At (699, pa3LE (SFI) s (559,l (a3 LS
2 Sy & (SPI) dliws (gabpumds (adli 5 (SFIM)
N EW R WHIE
ol (R55lga 308 (S ) (o) g SV 0357
¢ o LS ¢ =GW
At il pasls SHI &S SHI=GW/

el (S35 (S
— GN
SFI=""/spwa

s 290 Sy Al (G9ls8)90 5 (M) o 0l SleMl ) Jgae

Tablel. Pedigree information, growth type and spike mo

rphology of the evaluated genotypes

W ke Bl S8 o fad s ol Al S o ps et
@y ° «@dy Ay °
Ro
@%‘g’ Gr:ggi/{h Pedigree, Code or Name No. tyvge ﬂ%’ft Pedigree, Code or Name No.
Antares/Ky36-1294/7SIrIcbh-
2 F 0383 /3/ Sahand 55 6 w Makouee (Star) 1
2 F YealeB.4lvwac0s.5 Yea206- 56 6 W Bahman (WA 2196-68/NY6005-18, F1//Scotia I) 2
Yeal68.4/Ywa605.5 Yea206-
2 F 4AS3 /] Denmark 57 6 F Bereke 54 3
2 F ORZA9%6 58 6 F Radical/Birgit//Pamir-154 4
2 F RO18 UK 59 6 F Michailo/Dobrinya 5
6 W P1-549081 - 60 6 F Bahtim 7DL/79-W40762//Deir Alla106 6
6 W P1-560331 - 61 6 w Michailo/K-096M3 7
C-25041//Yeal68.4/Ywa605.5 :
2 F Voa206-4A3 62 6 w Pamir-168 8
Da ton/Rann%y/4_/K- .
2 F ggwilélgthn— 3/lignee 640//ICB- 63 6 W Torsh/Legia 9
Zarjau/80-5151//DZ-40- f
2 F 66/3/Alanda 64 2 F Pamir 013/Sonata 10
2 W Hispanic/Sararood 65 6 F Ste/L.640//HmI-02/Arabi Abiad*2/3/1-BC-80593 11
2 E jSaahandIBIAIphe\lGumhurlyet//Son 66 6 E Bereke-54/Alanda 12
2 E Abidar/4/K-88 M1/3/Rhn- 67 6 E L.1242/ZARJOWI//LB.Iran/Una8271//Gloria"S"/Co 13
e
ch- ipper - : e
2 F 102854//Alpha/Durra 68 6 w Makouee/C.C89//Rihane"s"/3/Roho/Mazurka 14
2 F 71411 69 6 w L.527/MB2367//(CI71179/DeirAllal06)/3/Beecher 15
Zarjow/CM67/4/Schuyler/3/M.Rnb86.80/NB2905/L
6 W 71411 70 6 w 527 LPD 92 16
2 W 71426 71 6 w Schuyler/3/M.Rnb86.80/NB2905//L.527 17
Roho//Alger/Ceres362-1-1/3/CWB117-77-9-
6 W 71538 2 2 w 7/4/Alpha/Durra// Antares/K2y63 18
2 E 71576 73 2 E 7B;J-Ig_a;|/4/Roho//AIger/Ceres:’,GZ-1-1/3/CWBll7- 19
6 w 71608 74 2 SP Gara arpa 20
6 W 71657 75 2 F Sahand 21
6 W 71663 76 2 F Abidar 22
2 F 71850 7 2 F Ansar 23
6 W 72113 78 2 F Kuban-06 24



http://dx.doi.org/10.61186/jcb.15.46.27
http://jcb.sanru.ac.ir/article-1-1414-en.html

[ Downloaded from jcb.sanru.ac.ir on 2025-10-18 |

[ DOI: 10.61186/jcb.15.46.27 |

PSS Sl ol b g 3l ]t iy il Gorte Slew

¥\ VEY bl 185 o )lous /el Jlo /sl LS Mol doliiing
Continue of the Table 1 Y g ol
6 W 72295 79 2 F PAMIR-158/ZDM1454(Artan) 25
6 W 72322 80 2 F TOKAK//STEPTO/ANTARES (Qaflan) 26
6 W 72368 81 2 F Uzno-Kazakastan/3/CWB117-77-9-//Alpha/Dur 27
2 W 72439 82 2 F Orza-96/4/Tokak/3/CWB117-77-9-/Alpha/Durra (Arda) 28
2 W 72466 83 2 F Roho/Masurka//ICB-103020/3/Alpha/Durra//SIr 29
o w0 woow G 0
6 W 72494 85 2 F Ste/Antares//YEAT762-2/YEAB05-5/3/SIr//Alpha/Durra 31
6 W 72522 86 2 F Sahand/C-25041 32
6 W 72524 87 2 F ARM-I1CB-123199/3/Zarjau/80-5151//Skorohod 33
2 F 72550 88 2 F Yeal68.4/Ywa605.5//Radical 34
6 W 72557 89 2 F Unknown-F6-88-9 35
6 W 72562 90 2 F Sahand/Radical 36
6 W 72602 91 2 F Schuyler//Alpha/Durra/3/Radical 37
6 W 72646 92 2 E ?LflygAﬁ%zS%lzestan/S/CWBl17-5-9-5//YEA389- 38
2 F 72647 93 2 SP Fasih 39
6 W 72653 94 2 F Taram 40
6 W 72703 95 6 SP Reyhan-03 41
6 W 72726 96 6 F Bulbul 42
6 W 72472 97 6 F Dubrinia 43
6 W 72482 98 6 F Dictoo 44
6 W 72553 99 6 F Dayton/Runney 45
6 W 72704 100 6 F Sararood-1 46
6 w 72744 101 2 F Nader 47
2 F 712147 102 6 w Radical 48
2 F  Obruk-86 103 2 SP Cumra 2001 49
R T T s
6 W  Viringa'S/Radical//Mattina 105 2 SP Cumbhariyet50 51
2 W  Kozir/Regina 106 2 SP Catalhuyuk2001 52
6 F Alanda/Regina 107 2 SP Keser 53
2w DMOSSSOQUANSDUAIRION 105 2 ¢ s/ Obkss s
W: Winter, SP: Spring, F: Facultative i F 0)lag :SP w0z, W
23lie (T4) (gt g Globel pgwlges (anails bl 5 52 = (GMS- GEMS);

Yo BN o Ve b ke (555 5 s Es e
bwgio S polie laicds cud i ds o D Ve gV g oy
@ (N78) (ogae cnpcilyy Wgdo 4B Jai 0 Vg
598 by & (%) anoh Ll o 2oy (loie
YL Billae gy 0Sle olsl 2 9 995 ol (3%)

55500 25 2 4 ()
2 82(;
h®g = < /SZP) x 100

Rl (Y0) hlSen 5 Gouinly anaid bl

Fo Vb g o fe UYe o Vo U joo splhcdly,

A5 Vb g bawgie o8 polie plyied (o 4 oy
Pigad o i8S

Ol Sl o)y plgisdr (S Gyl coles

Gilae i oy 4o 0 S 1558 L (GAM)

Trd 4 (1F) hlen 5 il bawgs ordal)l slaJge 6
A5 39l 5

GA = K X 8p x h?g

GAM = (GA/2) x 100

GEMS - EMS
82GE — ( )/I‘

8%, = EMS

2 2
8%p o ®/rg + ° OB/, + 824
Jrize 3 il jly 3%E «uigss il sly 36 o
(55 ibly 3% clame il )y 8% claxe 53 oS
Slayye 15k GEMS ccuss; Slasye 1Ske GMS
ol sl Sl pe (:Sile EMS e 53 iy blize

ol Coigis ol i g 5SS sl o

PCV = ‘SP/X

GCV = 8G/X
— 6

ECV = "F/g

¢85 cupe BCV (origid £95 cups PCV &

Mo Blodl B ae £95 cups ¢ ECVo5s)

shee e Blodl B (o595 Jlme Sl B s
ol 033 JS Sile X g


http://dx.doi.org/10.61186/jcb.15.46.27
http://jcb.sanru.ac.ir/article-1-1414-en.html

[ Downloaded from jcb.sanru.ac.ir on 2025-10-18 |

[ DOI: 10.61186/jcb.15.46.27 |

S5 Sl sla g ol ml A gy ! o Olow

v a3 )Slas b basye slapadls wlol o Glcwip] (aiu0g)S 9 (SW85 €95 ()2

lde g 45 puwyi R aoliy j> dendextend ar .y
Aoy jl o3latw 1L 50 Approximately Unbiased (AU)
WA duwls doliyy e 4> PVClUSE

oS Cimo S (#)) Ol s ke g2 3 See
Cod Gabdy g 095 0 Jy5S 5 (ool ol b oSt el
Slaeiss S o) I 3y i e iU
b i gy &5 i (s 2 Yl 3,Skec | gl
352 lsd Wedgus sl M e 3)Slos 53 pudiine if
Syge Sli—o 5l Sy pa (lp by 4 o5 bt (V)
a8 yab lan ol oa b odly LS Y Jodn 40 (wwyp
sy30 Sl (o 3 1 )3 Loy o o5 il
dop ) Jless] o (3 (6l dme (gyle] OMBT sy
Sga i 3 S 555 £33 25 ) Sl 5 s 392
sl gy 3y90 (BLS

Rl ID (i3S L) ShajS cas KaS
Sphcdlys h% (5 Hlre LBlyoul Bp (el Y/45Y
ol 03y JS ke X g (g0

dy90 Slaio bl &y b uigh) (sais0g,S jolaiod
& 5595 (eSS )lal g o bl 5 > xS wallae
A pool w8l alo b 3l oozl b oyly y5gy 4 (slass
M905 iy (Slpedudis gab09)S 6y dilie
AU o)l polie .o oy (Tanglegram) ol SIS
de 55 4ases L (Approximately Unbiased)
Multiscale bootstrap ) —wliie dis o wlsy
Sass aniod copl o )8 4wl (resampling
i Blod 8v e b ply () dazee (g S A0

S5 sl o)l 3ygl g Woals Sgloyg g cud gl
b edlawl Microsoft Office Excel 2019 13315,
odla ol b e Y Wl )b LB 3 S pe il ylg 4 o5
5l eolazw I Tanglegram jlyses .13,5 ploxil SAS 9.4

oS5 ()l g 3 Ll 93 o6 18y 5 Y VA )3 ddllla )90 lio S e il 4326 Y Jgue
Table 2. Combined analysis of variance of studied traits in 108 lines and varieties of barley under
two conditions rain-fed and supplemental irrigation

Sl oSke 5 ol

Mean of Squares df oV

SPI SFim SFi SHI HI T6W GFR oM bH GY ©
e
07882  260475.4"  0306.5" 07912  0.033"  100453™ 103570427 160.06™ 37960 895002 1  Environment
(E)

1,5/ oo

00082 98283 27209 00529 0003 19071 85704 6075 15473 877457 2 “Ri/plé
RAVERS

00042 223342 150867 0018 00018 5719 547.14 1593 1613 523413 44 g
Blo/Rep/E

X

0005" 7246427  324838" 001567 00072° 12187 58599 62187  60.66" 275375 107  Genotype
(©)

. - . - BERNIS

00033™  6L3251°  1e45.9%  00062" 002 1zz1e 1795 738" 1094 171267 107 T
sl

00035 423185 133642 00056 00024 1041 98.33 1177 924 8886 10 L

*, ** and ns: Significant at 5% and 1% probability level and
nonsignificant, respectively

oisine s 9 00> o g gy Jlotol o )3 o tne i 4 NS 5 FH X

el 6350 a3 Ls SFI il cuslyy asli SHI weuslsy (asls (HE wls lia 59 TGW cails (0 sy :IGFR ( (S55lg1308 (Swasy B 555 DM (234565 b 55, DH s 5 Slas :GY

At s a3 Ls $SPI o Siuus) )0 aliw 5)9)b yasls SFIM

GY: grain yield, DH: days to heading, DM: days to physiological maturity, GFR: grain filling rate, TGW: thousand-grain weight, Hl:harvest index, SHI:spike
harvest index, SF1:spike fertility index, SFIm:spike fertility index at maturity, and SP1:spike partitioning index.
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Table 3. Phenotypic and genotypic coefficients of variation, heritability and genetic advance for studied traits in

108 lines and varieties of barley.
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PCV: phenotypic coefficient of variation, GCV: days to heading, ECV: days to physiological maturity, h? grain filling rate, CA:thousand-grain

weight, CAM:harvest index.
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Fig. 2. Tanglegram based on studied traits in rain-fed (right dendrogram) and in supplemental irrigation (left

dendrogram) conditions (entanglement = 0.52). The numbers on eac

group the Approximately Unbiased (AU)

values which is computed by multiscale bootstrap resampling (n=500).
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Table 4. Means comparison of traits in groups resulting from cluster analysis of 108 lines and varieties of barley

using Tukey's test under rain-fed conditions
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GY: grain yield, DH: days to heading, DM: days to physiological maturity, GFR: grain filling rate, TGW:thousand-grain weight, Hl:harvest index,
SHI:spike harvest index, SFI:spike fertility index, SFIm:spike fertility index at maturity, and SP1:spike partitioning index.
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Table 5. Means comparison of traits in groups resulting from cluster analysis of 108 lines and varieties of barley
using Tukey's test under rain-fed conditions
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GY: grain yield, DH: days to heading, DM: days to physiological maturity, GFR: grain filling rate, TGW:thousand-grain weight, Hl:harvest index,
SHI:spike harvest index, SFI:spike fertility index, SFIm:spike fertility index at maturity, and SPI:spike partitioning index.
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