Cereal Research
Vol. 15, No. 3, Autumn 2025 (285-301)
doi: 10.22124/CR.2025.29400.1847

University of Guilan pISSN: 2252-0163  eISSN: 2538-6115

Faculty of Agricultural Sciences

RESEARCH PAPER OPEN ACCESS

Selection of barley genotypes using morpho-phenological traits under
non-stress and terminal drought stress conditions

Mansoor Jafari Zare', Ali Asghari?*, Hassan Zali**, Omid Sofalian* and Alireza
Pour-Aboughadareh®

1. Ph.D Student, Department of Plant Production and Genetics, Faculty of Agriculture and Natural Resources,
University of Mohaghegh Ardabili, Ardabil, Iran
2. Professor, Department of Plant Production and Genetics, Faculty of Agriculture and Natural Resources,
University of Mohaghegh Ardabili, Ardabil, Iran (* Corresponding author: a_asghari @uma.ac.ir)

3. Research Assistant Professor, Department of Crop and Horticultural Science Research, Fars Agricultural and
Natural Resources Research and Education Center, Agricultural Research, Education and Extension
Organization (AREEO), Darab, Iran (* Corresponding author: hzali90@ yahoo.com)

4. Professor, Department of Plant Production and Genetics, Faculty of Agriculture and Natural Resources,
University of Mohaghegh Ardabili, Ardabil, Iran
5. Research Assistant Professor, Seed and Plant Improvement Institute, Agricultural Research, Education and
Extension Organization (AREEO), Karaj, Iran

Comprehensive abstract

Introduction

Barley (Hordeum vulgare L.) is one of the world’s most important cereal crops adapted to a range
of abiotic stresses, particularly drought, salinity, and cold. Because barley varieties are widley
cultivated under arid and semi-arid regions, the selection and introduction of superior high-yielding
drought-tolerant barley cultivars under these stressful conditions is important. The aim of this study
was to investigate and compare promising barley genotypes based on morpho-phenological traits
under non-stress and terminal drought stress conditions and select high-yielding drought-tolerant
genotypes.

Materials and methods

In this study, 17 promising barley genotypes and four control genotypes (Including varieties of
Auxin, Golchin and Norooz and promising line WB-99-10) were evaluated under two irrigation
regimes (non-stress and terminal drought stress conditions) in a randomized complete block design
with three replications over two cropping seasons (2002-2024) at the Darab Agricultural Research
Station. Drought stress was applied by stopping irrigation at the spike emergence stage. The measured
traits included of grain yield, number of spikes per square meter, number of grains per spike, grain
weight per spike, thousand grains weight, length of grain filling period, spike length, awn length, plant
height, number of days to heading, number of days to maturity, grain filling rate, the number of rows
of spikes, type of awn, spike harvest index and spike fertility index. Principal component analysis
(PCA) and cluster analysis were used to grouping of genotypes, and the silhouette index was used to
evaluate the optimal number of groups.

Research findings

Analysis of variance revealed significant differences among genotypes for all studied traits in both
conditions, indicating substantial genetic diversity. Under non-stress conditions, genotypes 4, 21, and
20 yielded the highest grain yields (6406, 6343, and 6310 kg.ha', respectively), whereas under
drought stress, genotypes 4, 20, and 16 led with 5122, 4849, and 4717 kg.ha'. Drought stress caused
the greatest relative declines in grain yield (24.6%), grain filling rate (22.6%), thousand grain weight
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(13.7%) grain weight per spike (13.5%), and spike weight (12.5%). Correlation analysis showed
positive, significant associations between grain yield and days to maturity, grain-filling rate, spike
harvest index and spike fertility index under both irrigation regimes, identifying them as reliable
selection indices for drought tolerance. PCA grouped genotypes into three main clusters in each
environment. However, silhouette index diagram classified all genotypes into two and four groups
under non-stress and stress conditions, respectively. Based on cluster analysis under non-stress
conditions, genotypes 9, 12, 13, 17, 18 and 19 were placed in group one and the other genotypes in
group two, while under drought stress conditions, genotypes 12, 13 and 19 were placed in group one,
genotypes 9, 17 and 18 in group two, genotypes 11 and 21 in group three and the other genotypes in
group four.

Conclusion

In summary, PCA results were similar in the two irrigation regimes and most of the superior
genotypes were in group two. PCA identified traits of days to maturity, grain-filling rate, grain yield,
spike harvest index and spike fertility index as robust selection criteria under both stress and non-stress
conditions. Based on cluster analysis under stress conditions, genotypes in group four were among the
superior genotypes and had higher values than the total mean in terms of grain yield, grain filling rate,
grain filling period, days to maturity, number of grains per spike and spike fertility index. Comparison
of the selected genotypes in both cluster analysis and PCA methods showed strong agreement in
grouping the studied genotypes. Overall, based on the results of this experiment, genotype number 4
can be recommended as a superior candidate for developing drought-tolerant genotypes in barley
breeding programs.

Keywords: Agronomic traits, Cluster analysis, Correlation analysis, Grain yield, Principal component
analysis

Received: December 27, 2024 Accepted: August 16, 2025

Cite this article:

Jafari Zare, M., Asghari, A., Zali, H., Sofalian, O., & Pour-Aboughadareh, A.R. (2025). Selection of barley
genotypes using morpho-phenological traits under non-stress and terminal drought stress conditions. Cereal
Research, 15(3), 285-301. doi: 10.22124/CR.2025.29400.1847.

286



QM Q“‘..’ . @
(YAB=Y ) Ve F s cpomw o,lois cpdd 3l 03

] e aw’
doi: 10.22124/CR.2025.29400.1847 ‘,;,,wf,u,ﬁ,

9 o g Il p Codl SQ Gl gnd — 98590 las I ooliiwl b g2 (slacadgil sicu S
, é )90‘ s s P

Bo ladgl gy Lo yale o 7oyl sl T (I s T gyl e L gl 5 phrz Hgaie

Ol eyl e s )l Baoes oKy ¢ crds b 5 (55,9LiS 0uSiils ¢ 2LS Sl g adgh (swdigee 09,5 (55 (geonidls )
o5 ) Oyl el e uao )l Bie olKiils ¢ capde molie g (55,0l 0uSisls LS S5 g ddg s 05,5 bl -Y
(a_asghari@uma.ac.ir : Jgtuwe
Dl il ()88 (el qlio 5 (55,5LaS Ubjgel 5 Dl 35 50 (2L 5 )5 pole Dliio (A (haghy Jbolil Y
(hzali90 @ yahOO.COm Js:.w.é 0l g ﬁ}) Q‘)"‘ syb‘é 56})5L&5 69); 9 uu)yo]

Ol el (b )| Bioes oKl ¢ cxds mlie 5 (63,5LaS 0aSisls (2L L) g 0gh cwaige 09,5 wobiwl -F
Ol @S (858l s 5 Shipel Dk plojles ¢l 5 Sl dntd 5 kol Sk dennsga (ighy jlobisl -0

ol 0uS

i gl a4 crwsg 6,85l dals a5 el DM wolgils i LS I S (Hordeum vulgare L.) o> :dondio
g i llpd S g2 slapd; Sl Sl (los S mhaw Sl 4 4295 b 0)ls Loy g (659 ((SAS 098 (S ud
ot (orlin 8 Slos aiilyy oS 5> (SiS @ Joxie g Sp slapd) (Byre g RS (plplh 0gdor plol SiSaes
Slae b5l o> isuasel Glacuiss) annlie 5 gy csllas cpl Gyl 5l Bas el Cowal Fl> wisS adgs bylpl ol
Dg (i a4 Jorie g Jpamen soadsy a3 5 Jad BT (A 15 g B e Il con Soalsid -85

oY 95905 5 0l ST sland) Jolt) wals el Jlez 9 57 (duanal 393 VY casdllas ol 5 ilagy g Olge
oS3l £y B 5 (ad) Jab s (K85 25 5 45 pe L) Sl gy 59 S8 WB-99-10 tiroad
w38 13 obsl s se Gy (65,5las lados olBiagl ;o (VFV-NVE-Y) elys Jad g0 50 1S5 an b Bolay LS
5o s olass ls o Slae Jolls gy 8550 Olaw ol plodl baalw jeebs al> 0 0 s bl ahad &gy Sis 1
s, bt Job S, Jobo s 0 5 0,59 Jsb el 3o s el 5 als g el o s oot sy 5o
5 alow bl arls (o) slaed ( Sy £od s A 5 ey o Sanw, U g, slasd s jaeb U g, olass g
il sly g sladss aes g (PCA) Lol sloaddse @y 425 5l baadsy (goieg,S sl o abiis (g9,k Lo

A ool Fypd ez ls 5l bog )3 dige

39 2 50 addllas 590 Slio (aled Glp 1y eadsd) o o gixe Glaglas sg2g Waosls il )lg &y o 1 Gudins gldasdly
i sl (i g Julyd po el lacai sy (m azx g BB (SSh ged Sl a5 ol (jlis 55 g GRS (g sl
Ll o a8 Jl o sl ) QLS 45 o, SslS SYV« o SYFY SF-5 (5 say ails 0,%hee 05V Ve 5 Y LF o)l
Aoy i JLSe o p,5lS FYIV 4 FAFA DIVY o Slee b ey V8 5 Vo oF o)led lacaig) o Sis i

YAY



(o, YYIF) ails ol 5 oy (duoyo YEIF) dils o Sloe Dlao [0 ol jay |y omnd S2alS o 5 iy (Sl s
3925 (Swod 43555 0,5 dloul (o0 VYIQ) b (55 5 (S, VY/B) alaws 1o dils (39 d(auo,d VYIV) wils jlia )50
el g Al cilsyy (asls @il b 5y Sy (T, B gy Sl by als o )Sles o o gime 5 Cue LS
e (it o (sl slezel LB Dbl glaasls plsiea 1) lagl 5 ols (lis (s5kal w23 59 5 50 Al )95l
a3l Jloges (Joinl b oS ooy S ol 09,5 aw 4 )lal 35 99 2 50 |y i) Lol (slaadlye 4 a5 0,5
0z Glae p oS ganaib 0g)F x5 g0 @ i (SES T g G5 g lulpd o 1) e e
8 5 03,5 53 laaisis b s S 0,5 50 VA5 VA Y Y (Y & 6l lacadsif (5 G Lulps 58 slasys
TV 9 V) g0 09,8 0 VA 5 VWV 4S5 09,5 ;012 g VYW Y o,leds slocaig) o Sid is byl j0 a5 Jb jo wid 3

S G09S ez 09,5 55 bgads) nle g 4w 09,8 5o

W8T I8 pe0 05,5 13 Fn SRS Fike 5 o alie ikl w3, 59 50 PCA @ls waads jsboas ig mSamis
) dcws (5,9,b ol g b cuils p as i il o Slas cils ol 3 C s o S, U 59, olaws Olaw PCA s
Luly 3 gladss ap ol p 08 loled (25 e 9 A5 Lulpd 99 2 50 ceslie QLT lajlne (lyiea
Oy 0590 iy Ad g Sy s 0 Sles Slas Ll 5l g wivg i slocuis) o5 ke 09,8 slecaigl (s
duglio widg IS Kl 3 SYL polie glilo alws (5,5, asli ¢ alow ;o ails dlasy o Sosw, b 59, olasy cails
5 IS ok Bl GLas 1) lacadei (goneg S 5o 558 il PCA 5 slatiss 4525 (B9, 99 0 50 Ul lacsssss
i & Jomie glacaigh 4 shitea iy laals plyea ) ¥ oled iy Glsiis (oiles] il s gl

.o; duogl 9> Lgol}i:\g LgLﬁA.oUﬁ »

ails o, Slas « ol); Slas o Siwad 4550 (glalios 4 5o0 (Lol sloadlie a4 4520 1 guadS sdojlg

VE ¥ OO iy VEYN Y il f

lio oyl a9 olcw! o g

Slao jloolatnl b g slacaiais (i S (V5 F) Lo e o)ladgil e g el ) ldlaws oy o Il (e (s ol (jguain o8 )l5 (5,00

YAV )1 o wlidn Jad S Sas G5 g GRS oed it cos Sojeleis-gdee
doi: 10.22124/CR.2025.29400.1847

YAA



VFeF 50l fpaw o )bl [p203l 0,90 [dle Slason

Jad 31 (Sas 1 yls Cov g baais i sS

oy Hade 09 97 Sielsdise 5 =) sla S
als olawy rals 4 e (Sis 5 a5 al 5,55
S5 GRS g Ll Cod ails e 5g g Al o
5 oI55, (Bagheri & Heydari Sharifabad, 2007)
S s il (Paknejad et al., 2017) ) Sen
5> o8, Vo ails o Shee glizl g o,Shas p 1y Juad S
S il A4S W30S aduie g Woly I3 ey 050
S5 oig ils 0, Sles JialS 4 e (gl sae Hgboay
Al JSSlay Jsb g aigr glas ] s jo ails slass il
S 59 olS 0 Sles Slas a5 Al sl Cpuies
p olas UJ)J)|A§).QL: 932 a0 dils olaws 4 alo
o‘g:'z.iz.} 9 57:;'))—‘ u..uLa)—l @L.: D g Qlo o)S.Lo.s
3¢5 Y+ (g9, (Arazmjoo & Nikkhhah, 2022)
Sesled Slao iSile a5 o LA s iuagsl
Lalpd o ails Gad 0y98 Jsb g (S, U ) olass
Olets &l 5 039 oz en (SL 1Al A (e
o dwoys VPN Gl als o Slee 5 ao 0 A/Y
Bl malS g Iyl il 4 s S Lyl ol
o aS el ool las (gl Glidos ol

3 Shs GhalS ol oS 5o cilie Jole 4 (o5
o8l lizl g cubloy el s o Sles (S
Gooding et al., 2003; Emam et ) s5é o paiS ailo
Sy3slsdyze Sl > aslllas (eizan (al., 2007
9 O e lalpd 93 50 pasS slagnY als 3 Sles
ol sl (S 5 oS ob plas (Ses s
Al slass g ails 3 Shos ohigdr (o) p Oy9e Slio
s yws (Moghaddasi et al., 2010) ob g o
als o Sles alS zge als (39 S Bk
axly yo ails olawi b alis (550,b a3le 05d e
Slasi Sgupn yo Larlh S lgied wilgh po alin S
(Ferrante et al., 2012) ol she mhw axly o «ls
L sl s (Ko Caio ol a5 Col il aseine
(Elia et al., 2016) 5 ls s0:5 ;0 ails slass
Sasaes @ble )3 92 Glapd, Spl @ axg b
Ly Lgdion axlse (St 15 b 0> wd) oo o
Gl )0 wae slacs) (Sleade (b)) Cuonl 4 4z g
o ol 3l Bas as Wl el ol Gaass (gble
ECRWIPNSCTC SANTINE NP S
Sl gl aily o Slee b bas e Slaw oslulis 5 9>

S oey e

YAQ

doddo

31 (Hordeum vulgar L) <)) s>
oolainl 8 lae 4 az g b oS conl ol (LS o 5 g0
Oy (b glio s el 5 ladl a3i5 5o ol ol
W e o el LS et ) K
als ¢> (Martinez-Lopez et al., 2022) ssis o
slopss 5 Ghoe Ll elol 4 oy 685l
Vaezi et ) o)l Loy 5 (654 ¢ SSid 05948 i § ol
Mg 92 s BB puS oy lp Sk
(Zali & Barati, 2020) s5% pusS 055

shee Gt B 3 ojlgen (o)) lalS
) ol anngs g ol L i ol &8l )0 w58 o0 18
5 ,Sles ials el coles jo g wms o 3 5 o
5 Sws s (Farooq et al., 2011) wgls oo oLS
Smgid Slge 39naS g gt Olime GhalS azss )
Sgui oo Wails a3 0y90 SralS g laails o (gl
S5 1y ol o Sloe o slo s plo 3l 5 5in g
(JloSis asine 3ble .(Boyer, 1996) aas
ol o 2t BB lase; 5l aoys FVY B VEIY
i A5 e 5l g wmse eSS ) ler
Kebede ) aas o &, 2lon 5 o bl plas o L&
b sladles 3 a> o 5l Sas s (et al., 2019
0,59 Job a5 oS 5rm @pd Bosb ) (S,
SealS A e il Huly e e GalS g 0,
Sgd oo ald 0 ,Slas ialS Coles ;o g s (39 (pSile
e S bl 5t ,o (Royo et al., 2000)
5 lsn sles a5 3,5 o Syge Sloy Ygeme dils ad
g ol bulps o ool Gl b e (Sas i
6‘)" Sl uSM LS)L> 03,9 53 »)‘54) ).u wl.».a L.';"?’Q
Blum, 1996) asls S5 bal b ody,
B ailo UM »° a8l ).:L’>»> (e a5 Sl o0l U”)‘)f
9 PV dga> i (S RS g G5 e llyd
.(Ebadi ef al., 2012) ccul ao,0 YA

57 obS Sigled 9 Sulelsdise Sl SRy (o
o Slee Lialidl jo lag] 51 SO s cusnl ol Cu
Coonl 5l ool5a laasb,y o oyl 5l colaxwl 4 ails
5B L alal, o ounie Slalllas .l o955 ol
als o, Sles p gz wl,y @l Jolw o Sis oo
poiws S G ades o el cad aledl



VE-F 50l fpgm o)l [aao 3l )90 [ cliios

OSen 5 &)l5 6 yae

5 (S Spgos )alle al>pe Glosil y (Siemn
3 prsliy g (Dlind paisalics e ) hud gloosS
PSS B0 9 Ve laliedy cob 5 (pomliy Sl s
SE o call gl G g b Ojge g0 0 LS o
SpSub s o 50 slacile booj il il L3S
5 69,889 ol sl paSale sl solasl b ool gy
2 e D5 Ssled- g8 )90 Dlio ol bl LS
LY Jgoz 0 bl @rSojlal g2 5 alesl ¢
e i Colue wils o Shes 8,505 (gl el 0o
leeS jloolainl b il B 3l Ly OS5l &ose
5 cusls, (Wintersteiger, Austria) odé il
Al S S 50 0,55 e 08 5l o
shol sloadlie @ a5l acade ooy S sl
sy o slesls (Sile sle y ladss a5
Bl by, 5l sladigs 4z plosl ol oolinul
el 5l ey S e (2bs)l sle s o)l bl
Kaufman & ) o oolansl (Silhouette) o
bowes saSly b, ce> .Rousseeuw, 1990
osliiul laceigy alu 95 uSilee 5l (S @ o
4 4525 5 SAS l38le 5 5l eslanl b uilylg a5 0
Sl (Kot g sladg> 43525 (Lol slaadlse
el R Sl58le 5 e o factoextra awy ;l eolaw! b

(Kassambara & Mundt, 2020) o

o g, g olge

57 udel Glacais Sl olass b)) jslaiees
WeSglgid -8 )90 Slio 5l (S g ails o Shoe L5 5]
95909 9§ 7 ST 03w olpena ASual Y
Lylis g0y wals olgieay WB-99-10 isuasl oY
Jbo g0 (b Jad glesl (Sas 25y A5 Gen
50 Oimbeylas 5 018 dalllas 0,50 VFV-VF-Y el
15 @8ly Sl xerb a5 (65)3laS Sliios olSioy|
OF oldliz osgamme ;o )b ol (3y0 g
4385 FY 5 ax,0 YA o 8.0 Job aiB80 VY 5 a> o
5 Slsm 5 T lls dibate ol plmil Jlod e
eyl g ol i e YAD Soijl lawgie b Sis
Sz omd ailboe yo VA Ly gl 1 0]
Joe owlllse Sledol gV Jgom j0 axlllas 9,90
ol o B Y Jgo 50 Lisles] sly>!

aw b Bolas LS slbaSsh 75k (B o Sl
o iole;] don ;o dalllas 5,50 slacuigy ol > 1SS
oy Jobar b id 50 oleydl pesiil )b 0
o3l b e yio yo ails Yoo oS15L (roye o i)
Wintersteiger, ) o iolojl 15,4 oKiws
Sloybd i 5l )Ll sly ol csS (Austria
Solel gl S jgoa (Sis 5 g ookl () )l
oyl anie 3l O3l 0gS al Jlasl daliw joebs al> 0 0
Rl Cagi 95 0 9 JLSe y5 Sk V0. laden

Oialesl (! 50 oy 2 550 52 (Slacis 0yt - Jgu
Table 1. Pedigree of the studied barley genotypes in this experiment

Genotype Pedigree of genotypes

Gl Oxin (Check)
G2 Golchin (Check)

G3 Kavir/Badia/3/Torsh//9cr.279-07/Bgs/4/Karoon/Kavir/5/Rojo/3/LB.IRAN/Una8271//Gloria"S"/Com"S"

G4 Yousef/3/Legia//Rhn/Lignee 527

G5 Anoidium/Arbayan-01/3/Lignee527/NK1272//JLB70-63/4/MBD-82-9(D10)

G6 oria"S"/Com"S"

GOB/ALELI//CANELA/3/ARUPO*2/JET/4/ARUPO/K8755//MORA/5/Rojo/3/LB.IRAN/Una8271//Gl

G7 Kavir/Badia/3/Torsh/9cr.279-07//B gs/4/Karoon/Kavir/5/Nik/6/0jo/3/LB.IRAN/Una8271//Gloria"S"/ Com"S"
G8 ICNB-105960/Torkman//Nosrat/3/Bda/Rhn-03//ICB-107766
G9 Legia//Rhn/Lignee 527/3/Rhn03/4/Rojo/3/LB.IRAN/Una8271//Gloria"S"/Com"S"

G10 M104/PFC 88210//DONA JOSEFA
Gl11 WABAR2242//LIMON/BICHY2000

G12 Kavir/Badia/3/Torsh//9cr.279-07/Bgs/4/Karoon/Kavir/5/Nosrat
G13 Kavir/Badia/3/Torsh//9cr.279-07/Bgs/4/Karoon/Kavir/5/Nosrat

Gl4 Beecher/Kavir

G15 Rojo/3/LB.IRAN/Una8271//Gloria"S"/Com"S"/4/Comp 89-9Cr-79-

G16 Lignee 527/NK1272//JLB 70-63/3/Rhn-03//Lignee527/As45

G17 Bgs/Dajia//L.1242/3/L.B.IRAN/Una8271//Gloria'S'/3/Alm/Una80//..../4/Kavir
G18 Bgs/Dajia//L.1242/3/L.B.IRAN/Una8271//Gloria'S'/3/Alm/Una80//..../4/Kavir
G19 Rojo/3/LB.IRAN/Una8271//Gloria"S"/Com"S"/4/Bereke-54

G20 WB-99-10 (Check)
G21 Norooz (Check)
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Table 2. Meteorological information of the experimental site during two cropping years 2022-2024

Temperature (°C) Air humidity (%) Precipitation
Year Month Minimum Maximum Mean Dew point Minimum Maximum (mm)
1401 7 15.63 29.37 23.33 2.97 8.77 29.27 0
1401 8 11.10 22.17 16.97 5.80 24.03 56.97 33
1401 9 5.40 16.23 11.50 2.07 27.63 60.77 8
1401 10 1.50 10.73 6.77 2.33 42.03 78.33 120
1401 11 3.50 12.70 8.63 3.30 40.77 76.07 68
1401 12 8.31 20.00 14.55 2.69 22.66 62.17 14
1402 1 9.77 22.35 16.84 2.81 16.94 56.23 0
1402 2 15.61 29.06 23.19 2.00 10.68 34.97 0
1402 3 21.61 35.26 29.48 7.97 8.90 31.58 0
1402 4 24.68 38.23 32.35 13.55 7.87 29.06 0
1402 5 23.00 36.16 30.45 14.71 8.90 33.87 1
1402 6 22.52 35.32 29.61 15.45 10.16 28.23 0
1402 7 16.93 30.17 24.30 7.17 11.30 32.67 0
1402 8 10.87 21.40 16.87 6.17 25.53 60.13 23
1402 9 5.03 16.53 11.37 0.60 25.00 59.07 7
1402 10 4.43 15.27 10.50 -1.20 25.10 59.63 0
1402 11 4.30 14.77 10.03 0.63 28.53 65.80 40
1402 12 5.10 16.59 11.45 0.55 25.86 67.83 72
1403 1 9.68 20.06 15.35 8.52 31.84 73.48 133
1403 2 13.61 24.84 20.00 11.10 26.16 64.52 47
1403 3 21.29 35.19 29.39 5.84 7.42 26.45
1403 4 25.42 38.16 32.52 17.19 10.71 31.87 1
1403 5 25.68 37.65 31.81 23.26 14.74 46.35 19
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Table 3. The studied morpho-phenological traits and their measurement method in barley genotypes

Trait Symbol Method of measuring traits
Days to spike emergency DHE Days from Dec. 15 to 50% spike emergence stage
Days to maturity DMA Days from Dec. 15 to 50% maturity stage
Plant height (cm) PLH The distance from the crown to end of the spike without the awn
Type of awn AT Scoring as 3, 5 and 7 for soft, medium and rough, respectively
Grain filling period (day) GFP Days from spike emergence to maturity
Grain yield (kg/ha) YLD Grain weight of each plot in 6 m? after removing the border
Number of spikes NSP Average of ten random plants
Number of grains per spike NGS Average of ten random spikes
Grain weight per spike (g) SPW Average of ten random spikes
Thousand grain weight (g) TGW The weight of 1000 random grains
Spike length (cm) SL Average of ten random plants
Awn length (cm) AL Average of ten random plants
Number of rows per spike RT Two or six rows
Spike harvest index SHI Ratio of grain weight to spike dry weight
Spike fertility index SFIM Number of grains per unit dry weight of spikelet stalk
Grain filling rate GFR Ratio of grain yield to grain filling period
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Table 4. Combined analysis of variance of the measured traits in barley genotypes under non-stress conditions

Source of df Mean square’
variation DHE DMA PLH TGW YLD SWD AL
Year (Y) 1 3944.64™  6514.57" 3866.7+" 1606.07" 168543869.6™ 1.90™ 95.7"
Replication/ Y 4 1.17 3.33 70.73 5.56 144080.4 0.22 2.85
Genotype (G) 20 33™ 44.35™ 83684™ 84.34™ 4647786™ 1.91 26.09"
GxY 20 8.19™ 7.99" 104.12" 16.32" 1721852.2" 0.13™ 331
Error 80 1.70 1.77 39.41 3.87 454612.8 0.11 2.17
CV (%) 1.36 0.99 6.28 4.26 13.11 12.98 8.52
Mean square
SL NGS SPW GFR SHI SFIM GFP
Year (Y) 1 0.70 ™ 274.87" 2.45™ 71520.51™ 0.0147" 74500.4™  320.64™
Replication/ Y 4 0.59 89.53 0.205 102.74 0.0009 6160.39 4.76
Genotype (G) 20 7.27 557.65™ 1.51" 2072.44™ 0.0017" 20383.37"  22.84™
GxY 20 0.50 ™ 23.20 ™ 0.096 ™ 895.45" 0.0005 ™ 4527.55 ™ 10.16™
Error 80 0.40 34.53 0.08 341.05 0.0005 3705.52 2.97
CV (%) 10.46 12.64 12.56 14.10 2.39 24.75 4.33

™ “and " Not-significant and significant at 5% and 1% probability levels, respectively.

T DHE, days to spike emergency; DMA, days to maturity; PLH, plant height (cm); TGW, 1000-grain weight (g); YLD,
grain yield (kg.ha'); SWD, spike dry weight (g); AL, awn length (cm); SL, spike length (cm); NGS, number of grains
per spike; SPW, grain weight per spike (g); GFR, grain filling rate (kg.day'); SHI, spike harvest index; SFIM, spike

fertility index; GFP, grain filling period (day).
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Table 5. Combined analysis of variance of the measured traits in barley genotypes under drought conditions

Source of daf Mean square
variation DHE DMA PLH TGW YLD SWD AL
Year (Y) 1 5693.72" 4915.63™ 3509.72" 832.42™ 172968346.2" 5.02" 162.99™
Replication/Y 4 2.58 222 26.54 0.634 395236.3 0.129 2.66
Genotype (G) 20 20.32™ 48.08™ 424,92 83.72" 3136850.6™ 1.28" 20.09™
GxY 20 3.29™ 4.68™ 118.56™ 8.01™ 1378028™ 0.364™ 5.83™
Error 80 1.26 2.38 46.25 4.13 411390.5 0.104 2.03
CV (%) 1.18 1.15 6.48 5.1 16.39 14.79 8.15
Mean square
SL NGS SPW GFR SHI SFIM GFP
Year (Y) 1 2213 6817.13" 4.85" 125300.85™ 0.0035™ 91816.20"  28.57"
Replication/Y 4 0.58 30.88 0.074 176.27 0.0014 8730.35 1.95
Genotype (G) 20 6.02" 471.68™ 0.99" 1529.22™ 0.0014* 9562.32"  23.43™
GxY 20 0.93™ 112.75™ 0.29" 912.14" 0.00095* 5844.57"  5.65™
Error 80 0.346 34.09 0.082 254.88 0.0003 2142.17 2.61
CV (%) 9.84 13.05 14.86 15.65 191 19.82 4.20

s, *and ™ Not-significant and significant at 5% and 1% probability levels, respectively.

T DHE, days to spike emergency; DMA, days to maturity; PLH, plant height (cm); TGW, 1000-grain weight (g); YLD,
grain yield (kg.ha'); SWD, spike dry weight (g); AL, awn length (cm); SL, spike length (cm); NGS, number of grains
per spike; SPW, grain weight per spike (g); GFR, grain filling rate (kg.day); SHI, spike harvest index; SFIM, spike
fertility index; GFP, grain filling period (day).
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Table 6. Comparison of means of the studied traits in barley genotypes under non-stress (N) and drought stress
(S) conditions

Geenotype DHE (day) DMA (day)  PLH (cm) TGW (g) YLD (kgha') SWD(g) AL (cm)
S N S N S N S N S N S N S N

Gl 935 952 1340 1353 100.5 1025 39.5 455 4217 5335 19 23 183 18.7
G2 94.5 957 1337 136.7 107.0 1043 347 40.6 4216 5908 22 26 17.8 183
G3 96.0 96.5 1358 1363 100.0 91.7 37.7 459 4070 6065 1.8 2.1 18.0 17.4
G4 97.7 98.0 1373 139.3 1048 99.7 40.6 47.8 5122 6406 23 26 187 179
G5 96.0 97.2 1353 137.3 1032 953 387 468 3802 5672 19 22 142 1438
G6 95.0 952 1343 135.0 1043 90.0 34.5 40.7 4432 5733 2.1 22 16.0 152
G7 93.8 963 1328 1363 988 953 359 4I1.1 3752 518 19 22 169 17.1
G8 923 91.2 130.8 130.5 1027 952 409 464 4182 4921 22 26 17.1 16.2
G9 97.0 96.8 1345 1358 1158 110.5 489 553 4169 5322 27 3.1 192 193
Gl10 93.0 92.8 1327 1327 101.2 97.3 392 446 3997 4913 2.1 23 157 143
Gll 96.8 98.0 1333 1350 91.2 747 422 478 3011 4093 12 15 19.8 20.5
GI2 952 963 1327 1323 1120 109.5 40.1 50.0 2320 3410 29 33 18.6 16.8
G13 96.0 957 133.8 132.7 105.8 1053 432 489 2875 3715 29 36 172 17.8
Gl4 935 927 1327 1335 89.8 79.0 356 429 4433 5379 2.1 23 133 132
GI15 96.2 972 1348 1357 1025 99.0 394 453 4123 5517 2.1 22 190 199
Gl16 93.2 932 1328 1343 1045 1060 39.6 463 4717 5844 2.1 28 16.0 173
G17 947 94.5 12877 130.2 121.7 1247 448 483 3079 4413 2.7 32 21.1 19.6
GI18 94.0 937 127.7 1303 120.0 1163 434 494 3426 4588 24 29 18.0 20.1
G19 96.8 97.0 133.0 1322 1120 1127 347 40.1 2980 4028 25 2.7 18.0 188
G20 957 96.5 1357 137.0 110.8 101.5 38.6 45.1 4848 6310 25 26 163 15.1
G21 100.0 102.0 141.3 1395 93.8 885 44.1 50.3 4428 6343 1.1 1.2 17.2 152
LSDg s 1.29 1.50 1.77 153 7.81 721 233 226 737 775 037 038 1.64 1.69
Table 6. Continued dolsl -F Jgax
Geenotype SL (cm) NGS SPW (g)  GFR (kg.day™) SHI SFIM GFP (day)

S N S N S N S N S N S N S N

Gl 59 6.1 391 431 17 22 103.7 1287 090 093 2423 288.8 40.5 40.2
G2 71 75 509 558 19 23 107.6 1440 0.88 091 1904 2414 39.2 41.0
G3 43 43 379 403 1.7 20 1008 1499 093 093 2902 3149 39.8 39.8
G4 51 48 487 478 21 24 129.8 1523 091 093 2385 276.6 39.7 413
G5 47 46 415 420 1.8 2.1 98.1 1399 092 093 2698 2743 39.3 40.2
G6 55 55 498 500 19 20 1125 1425 091 092 257.8 2693 393 39.8
G7 45 47 433 438 1.8 2.1 95.3 1282 091 092 2583 280.7 39.0 40.0
G8 46 47 456 4777 20 23 1091 1254 091 092 2425 2476 38.5 393
G9 6.1 63 454 481 25 29 111.1 1355 093 093 2305 2459 37.5 39.0
G10 65 64 464 455 20 2.1 1015 121.5 092 094 271.6 330.0 39.7 39.8
Gl11 76 7.8 236 246 1.1 13 833 1094 089 0.89 1759 1633 36.5 37.0
G12 7.1 57 521 539 26 29 621 942 0.88 0.89 161.1 1552 37.5 36.0
G13 60 6.6 552 63.1 26 33 763 1000 0.88 0.92 157.1 1994 37.8 37.0
Gl4 47 46 475 49.1 19 211 1141 131.6 092 094 3132 3549 39.2 40.8
G15 6.1 57 418 416 19 20 107.6 1427 091 091 2479 2320 387 385
Gl6 64 69 440 521 19 26 121.7 1431 091 092 236.6 2343 39.7 41.2
G17 73 7.8 48.1 53.0 24 28 926 1237 090 090 201.6 1703 34.0 35.7
G18 62 7.1 455 484 22 25 1047 1198 091 087 2302 1432 337 36.7
G19 6.6 67 558 552 22 25 832 1142 089 090 2119 2088 362 352
G20 64 59 553 503 23 24 1206 1553 091 093 2462 3045 40.0 40.5
G21 69 65 219 206 1.0 1.1 107.6 169.3 091 092 2294 2303 413 375
LSDgos 0.68 0.72 6.71 6.75 0.33 0.33 18.34 21.22 0.02 0.025 53.18 69.94 1.86 1.98

DHE, days to spike emergency; DMA, days to maturity; PLH, plant height (cm); TGW, 1000-grain weight (g); YLD,
grain yield (kg.ha'); SWD, spike dry weight (g); AL, awn length (cm); SL, spike length (cm); NGS, number of grains
per spike; SPW, grain weight per spike (g); GFR, grain filling rate (kg.day'); SHI, spike harvest index; SFIM, spike
fertility index; GFP, grain filling period (day).
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Table 7. Comparison of means of barley genotypes in 2022-2023 (Y1) and 2023-2024 (Y2) cropping years under

non-stress conditions

Genotyps DHE (day) DMA (day) PLH(cm)  TGW(g) YLD (kgha!) GFR (kg.day') GFP (day)
YT Y2 Yl Y2 YL Y2 Yl Y2 YL Y2 Yl Y2 Yl Y2
Gl 99.7 907 1427 1280 1120 93.0 50.1 41.0 8017 2653 1864 709 43.0 37.3
G2 1013 90.0 1433 1300 1153 933 412 400 6658 5158 158.5 129.5 42.0 40.0
G3  101.0 920 1433 1293 973 860 493 424 7922 4208 187.1 112.6 423 373
G4 1020 940 1457 133.0 1063 93.0 503 453 8075 4736 1851 119.5 43.7 39.0
G5 1020 923 1450 1297 102.0 88.7 52.0 41.7 6819 4525 158.6 121.1 43.0 37.3
G6 1007 89.7 1440 1260 950 850 434 38.1 6956 4511 1602 1247 433 363
G7 1013 913 1443 1283 1093 81.3 443 37.8 6708 3670 156.1 1002 43.0 37.0
G8 993 830 1383 1227 100.7 89.7 494 434 6192 3650 1588 92.1 39.0 39.7
G9 1020 91.7 1440 1277 1167 1043 61.8 48.8 6308 4336 1502 120.8 42.0 36.0
GI0 993 863 141.0 1243 100.0 947 47.0 423 6528 3297 1566 863 41.7 38.0
Gll 1037 923 1440 1260 767 727 50.7 449 4994 3192 1239 948 403 33.7
G12 1007 920 1377 1270 1160 103.0 552 448 4186 2633 113.1 752 37.0 35.0
G13 1003 91.0 137.7 1277 1043 1063 534 444 4275 3156 1143 857 37.3 367
Gl4 993 860 141.7 1253 793 787 457 40.1 5997 4761 142.1 1212 423 39.3
G15 1017 927 1420 1293 1020 96.0 49.6 41.0 7089 3945 1757 109.6 40.3 36.7
Gl16 1003 86.0 1403 1283 1103 101.7 509 41.6 7311 4378 1826 103.7 40.0 42.3
G17 1013 877 1377 1227 1373 1120 548 418 5364 3461 1476 999 363 350
GI8 1013 86.0 1387 1220 127.0 1057 547 442 5395 3782 1344 1052 37.3 36.0
G19 1020 920 139.0 1253 1150 1103 412 39.1 4711 3345 1278 100.7 37.0 33.3
G20  101.7 91.3 1433 1307 1013 101.7 47.0 432 6992 5628 167.8 1429 41.7 39.3
G21 1080 96.0 1453 1337 91.3 857 522 483 6894 5792 184.6 1540 37.3 37.7
LSDoos 2.1 22 10.2 3.2 2450 30.0 2.8

DHE, days to spike emergency; DMA, days to maturity; PLH, plant height (cm); TGW, 1000-grain weight (g); YLD,
grain yield (kg.ha!); GFR, grain filling rate (kg.day™); GFP, grain filling period (day).
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Table 8. Comparison of means of barley genotypes in 2022-2023 (Y1) and 2023-2024 (Y2) cropping years under

drought stress conditions

Genotype YLD (kgha!) SWD (g) NGS SPW (g)  GFR (kg.day") SHI SFIM
YI Y2 YL Y2 YL Y2 YL Y2 Yl Y2 Yl Y2 YI Y2
Gl 6306 2129 229 146 49.6 285 2.1 129 1544 529 0919 0.890 2679 216.7
G2 5314 3118 252 190 628 39.1 221 166 1361 792 0879 0.877 208.1 172.6
G3 5883 2257 194 1.67 438 320 181 153 1441 575 0936 0915 3550 2254
G4 5928 4317 277 186 625 349 254 167 1446 1149 0919 0.897 289.3 187.8
G5 5317 2287 214 173 482 347 197 159 1399 563 0921 0919 2858 253.8
G6 5197 3667 235 184 609 386 215 166 131.0 941 0914 0902 3008 214.8
G7 5703 1802 220 1.69 519 347 202 153 1438 46.8 0919 0907 293.1 223.4
G8 5261 3103 249 197 534 378 231 176 1373 80.9 0.928 0.894 302.7 182.3
G9 5161 3178 286 253 49.6 412 265 235 1370 852 0.924 0929 229.0 232.0
GI0 5192 2802 263 1.62 595 333 242 149 133.1 69.8 0.920 0915 298.0 245.1
GIl 3897 2125 138 108 282 190 122 096 1103 563 0.884 0.892 1792 172.6
Gl2 2822 1818 226 3.55 463 579 201 3.10 764 478 0.888 0875 189.7 132.5
GI3 3542 2208 327 260 63.6 468 287 226 955 57.1 0.879 0872 1647 149.6
Gl4 48381 3985 204 2.17 50.1 449 186 203 1306 975 0911 0930 298.5 327.8
G15 5667 2580 2.05 2.12 451 385 190 189 1504 64.8 0930 0894 3193 176.4
G16 6549 2885 252 1.73 527 353 230 157 173.8 69.6 0910 0909 2403 232.8
G17 3989 2169 284 256 550 41.1 265 220 1242 61.0 0932 0861 2840 119.1
GI8 4919 1932 280 191 553 358 260 171 151.6 552 0.928 0.891 286.0 174.4
G19 3983 1977 258 244 62.1 495 232 213 1119 545 0902 0872 255.1 168.8
G20 6117 3579 278 225 659 448 248 207 149.1 92.1 0.893 0924 223.6 268.8
G21 5178 3678 133 095 273 164 1.19 088 1292 86.1 0.896 0933 199.6 259.3

LSDos 1042 0.52 9.5 0.47 25.9 0.03 75.2

YLD, grain yield (kg.ha'); SWD, spike dry weight (g); NGS, number of grains per spike; SPW, grain weight per spike
(2); GFR, grain filling rate (kg.day!); SHI, spike harvest index; SFIM, spike fertility index.
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Figure 1. Heatmap of Pearson’s correlation coefficient among the measured traits in barley genotypes based on
the average two years data: A) Non-stress conditions, B) Drought stress. DHE, days to spike emergency; DMA,
days to maturity; PLH, plant height (cm); TGW, 1000-grain weight (g); YLD, grain yield (kg.ha™'); SWD, spike
dry weight (g); AL, awn length (cm); SL, spike length (cm); NGS, number of grains per spike; SPW, grain
weight per spike (g); GFR, grain filling rate (kg.day™'); SHI, spike harvest index; SFIM, spike fertility index;
GFP, grain filling period (day).
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Figure 2. Biplot of principal component analysis in order to group the studied barley genotypes: A) Non-stress
conditions, B) Drought stress conditions. DHE, days to spike; DMA, days to maturity; PLH, plant height (cm);
TGW, 1000-grain weight (g); YLD, grain yield (kg.ha!); SWD, spike dry weight (g); AL, awn length (cm); SL,

spike length (cm); NGS, number of grains per spike; SPW, grain weight per spike (g); GFR, grain filling rate
(kg.day"); SHI, spike harvest index; SFIM, spike fertility index; GFP, grain filling period (day).
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Figure 3. Determining the optimal number of clusters: A) Non-stress conditions, B) Drought stress conditions.
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Figure 4. Heatmap resulting from cluster analysis to group barley genotypes and studied traits based on the
average of two years data (2022-2024): A) Non-stress conditions, B) Drought stress conditions. DHE, days to

spike emegency; DMA, days to maturity; PLH, plant height (cm); TGW, 1000-grain weight (g); YLD, grain

yield (kg.ha!); SWD, spike dry weight (g); AL, awn length (cm); SL, spike length (cm); NGS, number of grains
per spike; SPW, grain weight per spike (g); GFR, grain filling rate (kg.day'); SHI, spike harvest index; SFIM,
spike fertility index; GFP, grain filling period (day).
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