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Extended Abstract

Introduction and Obijective: Barley (Hordeum vulgare) as one of the small grain cereals is
widely cultivated in Iran and the world. Hence, the achievement of high-yielding and stable
varieties is one of the main breeding proposed. The present study aimed to investigate a set of
international genotypes of barley in terms of grain yield and some agronomic traits using the best
linear unbiased predictor (BLUP) model under climatic conditions in Iran.

Material and Methods: In this study, a set of genotypes including 24 international barley genotypes
provided from ICARDA were investigated for grain yield and some agronomic traits including the number
of days to heading, number of days to physiological maturity, grain filling period, plant high, spike length,
and thousand grains weight in a randomized block design in the three research stations located at Karaj,
Birjand, and Zabol during the 2020-2021 cropping season. After collecting and analyzing the experimental
data, the best genotypes were identified based on BLUP model.

Results: The results obtained from experimental data showed that the genotype and genotype-by-
environment interaction effects were significant for grain yield and other measured traits (except days to
heading and spike length). The highest values of genetic variance and heritability were estimated for spike
length, 1000-grains weight, grain yield, and plant height. The results of the based-BLUP (best linear
unbiased predictor) statistics revealed that genotypes G3, G6, G10, and G23 had the highest yield
performance and stability compared with other genotypes across different environments. Taking into
account the role of each measured trait on grain yield stability, genotypes G10, G16, G22, and G24 were
identified as the best barley genotypes using the MTSI index.

Conclusion: In conclusion, it can be stated that the MTSI index has high efficiency in breeding programs

to use other traits related to grain yield to select stable and high-yield genotypes.

Keywords: Genotype-by-environment interaction, Grain yield, Heritability, Selection index



-

[oNoIoN 0

" VFo¥ iy /7 03l [om3ily Jlo /o6l (lalS oMol acling,
Sl b qulie 5 (55,0UiS @gle BSLIS
" :9)-’ ‘\J&o"
U s 6l s piu o ke Je 31 03l ] b g a8 puiy sG55 i 35
(BLUP)

0 <, A Yo TR Yy (& .

92050l oWl 9 SRS (e i (T (e 938 i o )ladgil 91 LS sls
(a.poraboghadareh@gmail.com : Jggums sdiwwss) iyl @58 «5559WiS gy 9 g0l alinios lojlo ol g Jlag dntd g Z Mol Clisiod dummgo ¢ byl bkl =

Ol @S «5yliS gey 9 Whjsel liiod plesls gl g Jled and g el Claid dusge iy jletily -Y

Al @ sinshiS sy 9 Lhisel liios plojlo ol g Jleb 4 9 ol Sliios dusgo ooy Jldbinl —F

Ol o5 53058 g 5 5 beel liiod (lojls b (x> lio 9 (55)5lS" (sl g s 35 p0 (£l 5 o) ple Cliios (i edmgly ol ¥
Az 539 s 5 ool (lidod (losls (g llS (b @lie 5 598 Bjgel g Slaios S pe (Bl g (o5 psle i i (g okl -0
N
VB sy fo,b VEVVIYY el s &,
Ve BY caxas

bgunso 2,52

& oliwd 5,5 o JE odlitwl § cuiS 390 o 9 lpl D 03,1uS Hobdy 1oy Al M I (S lgieas (Hordeum vulgare) g 1dud g dosdo

slocig] Jl legeome (wyp Ban b adlas (pl 29d 0 Cguime (o) ol cul (4 SBlaal (piere I S g2 lnb g Jpae 5 B

252 (BLUP) oyl a3 celo s e (it oo 31 odliil b el lis J) 305 s 3,80 15 5] ol (8l bl 3 52 el

2ok B 5 5 5 2t @S 5 oy ko olSias] 4 > ICARDA 50 Jl o s (lall o i YF adlas ) 5 1ol 9 9o

s 15 3 0353 o Sesnieh Sy 5 g, A it 5ol b gy st Jeli ol i J 55 4 3,Slee i ol JaS (slacSl

ol 5 4575 5 bl claosls gpslaan Sl (g 48,5 )8 (i) 3y90 WARNFe e (o5 Sl po s s (555 9 ol dlits Jsbo sy 165

Sad bl BLUP Juo e sbooylol olil 3 aeadsss oy p gl

Jsb 52 &) Slio plo 5wl 5 Slas (sl bame 5 gy Jlite S g oy 5o oLt otlegl (sloosls o 5l el cuws 4y gl Mzéta
Sl 5 (e85 puilbly e cn it Gl S gli)) g b 5 Shas ails )i ()59 liinn Job Slao 392 )l gine (s y30B b g, 5l g Alites

s> Lss (Best linear unbiased predictors: BLUP) cu,lb bos cla g i oy ide Jbo 2 (suo 03 3590y (slooylol | ool s 4 ol _my

05 K L Ko B )b jlang calise slalasxe 3 (g)lul 5 A 5, Slos o i )b bewiel plhe 4 Cuns G23 9 G10 G6 G3 slacws;

Multi-traits ) _ao xa (ol sasls gk 5l G24 5 G22 G616 GL0 clacaiss il 5,0Sas (gyluly )5 oad ,,s,,;ul ol Ky o

Lud olols 5y slbcws olsica (stability index: MTSI

3 as b biye lio %05 il ool caga ol slaasby 3 oYL hIS (sl MTSI Gasls cudls Jubl lgiie (5 jsboas 58 S Ao

b e 035 g b slacuis; Gl gl il

@iyl @b oySles (i S Gasls daee 5 i) Jlite il igalS” glanly

Wl g3 03jb Pl ¢ ely) Y gamo W ad ials
M8 iz gble )3 cuiS coa Jldwl 350 (255 4
XS
oLlS oS Slas slp olpd sbdaly » Cuddge
bie 5 Cig) om Jlite Flogeg 4 dtly il (o))
Sois) Gl Al Sl (iSesy ool 4 ye g col
o 51252 10155 5 S o g cisis polal 5 gl
Wl 3Slos (ypmen (o8 Clio ol baee 5 G5 o
Coonl | Bgd o S5 05 63L) slew A bawgs oS
Sbone )3 &5 olacuis] bges sl )55 5 lojy
Wbl oo g o & Cund (x> Slas Il il
A )3 (1) Sgdiee S ai ) Jlowl gy clyieay
o ctig 6lis )l 3o 59 35lo (oS Sl pler 58,5
Job 9 (395 Wil SJglgid Cluoguad (e g dliw
ol slaaoliys 1 oo loludl (Ko il aily ads y 090
Sy ol g B3l pB)l (Byme g (LSS > oS Wil
5505 S5 3,50 Bblin 51 (apuy i b 5 3blis 5l 5
) 251 ot
i bl g GRS g (e ()lul Sl ‘)»‘
S olgieay (Multi-trait stability index: MTSI) caws

Aodko
sl b dulio )3 i 515 3,90 (g6 (el o Sl ME
oo oelwl p sl e slops Cucal sl el lalS
224 855liS S @l (s jload puiie SleMbl g Lol
u_cb) u\fy.a.‘xn wl.)).: E.Em )LS.OJ 09‘1‘“’ WY D9l ‘);l
2o 3 VY olee) HliSa ygeo MDY Ly a5 4 a3l o
uoLa.,..'>‘ uM.cdu I(LS';])) uYya}u w‘)f@.\aﬂJf
VO g OIM b sy g g paS lagl o > &S il
# -(\”) Wbl e bl ghaw (p e s S (el
dy90 OME oy ianes I S (Hordeum vulgare L) <l);
9 (":))J ‘ij)l g o] ULP 9 U‘)JI 2 ool 9 S
Cunl 03l olaidl 05 & 1) pilen a; Wy el @y
Sygo 4 =hi ol ol kil wes LB i (V)
9> Wby ole (o))l ) oo Brume 4y ply 415 )3 LS

ol 03y S 2oy Ve iyl o o gy a9y s @ 5
05)49 L U).) uJ‘J.C L)“’”‘ d.;l.w.a Lu).oa ABD (o0 J;st) |)
SHe gw Elgl 9 (b ©yge 4 pladl 35 5 2 alp
S 52 (V) 35 ot 5 o STys 3 5 olS35S
)b u.\aou L;Lmui;;}‘ gly’l 4 u.:\/b o “)I}z.o r"Jf 4
9 ooel8l 2 Ol @ dog bty Sl 4 g0l


https://www.openaccessjournals.com/
https://creativecommons.org/licenses/by-nc/4.0/?ref=chooser-v1

ol e (lacis) awlie fpizen 5 £l
s AMMI slaJuo 55 5 (oo sl (slagasl
Aol e sleddy iy cpl Glaal o Seee I BLUP

W eg) 9 3190

93 Y Jols (hmgly cnl 3 (s 3390 (LS Slge
4 (ICARDA) 155, Jlall s 550 51 (3,9 oo >
ok 3y90 (glaydy cdlS Bl oad @) ) Jeis
3y50 (o Clalad prdnid ( SKund (poud Jve}w =y olles
el Sllos plosl 5l L s pbsl Liabojl lal el ks
Bblie 51 p2 (6355 Jgo b b Billas (Bpan 395 (e
P LYl ©j50 @ oy b Jlesl pialejl sl 2!
@ 2 Bly Sl ol aw )3 85 93 (85
P g5 b g Cali Lr;‘;,»‘l,a)‘T s S olal oS! als’
dold 5 ¥ Job 4 b b Jold iilojl 08 S
Sle p (Bpae yb e b S e il VO bglas
Sl dls lie (g (B85 S ) by @pe yie > Al Ve
§) oslil b cudlS lles 03,5 e 03y b Y
oyee (Wintersteiger, Ried, Austria) 8,4 oS
pyore =hi SbOlles 4l (ol Jad Job > 035
3956 59 15 (man lis i) 0,90 Jsb 3 43 ol
O 2 0390 Jsbo (( S9igled (Shew) U gy dlass caliins
L4 (g pSolul by i oyje calius Jobo cigy glisyl el
O o Jypae ddle Sl Bl Sl g 9 05 Jad (b
Wintersteiger, Ried,) _isljl pleS 5 eslawwl L
2 oewss b ab o0 Slee colys 4 5 iy, (Austria
WD e ISR )3 (5 e

Slogyie oy g (oialel sloodly (pglanx 5l
Jle g ol Sl gy polaie @ il ajed
20 0dd oy p s g pilejl ! lag e
A ploal SAS ver.9.1 158l 55 il eoldtwl b 8 po il lg
9ot pleiun)d Sl (he) b (S5 wibly slj
«l» (REML; Restricted maximum likelihood) ou
§ oslizl b &l 3,Slas 5 00 (5,505l Glao J) Ky ya
Metan: Multi ) _lesosis clayilejl 4jo0 dtu
15,5 5)5l» R ,I380 o5 )3 (environment trial analysis
4350 Codgie REML Jus I eolazwl &Blg jo .(VY)
5 Jolzel cloools el |y Slayyo oy yiaS ooy & el
Oz S Bl il g (Vo) S (o By (puiloiel (ppinen
wle 355l 9 bl lipl gl s ln Je
B9y W IV) Bl e 2D ebly il g (S
&) e polie )5 i > > & REML/BLUP
3l (Mol sladal gy 3 (g it B (b palio
S oo ol |y i) cn e Ll ojla

#roil ol 5 oSS e e (S e (293P Wl 0)liB55, Lo le
VPV bl 155 0 loss /a3l o / 2ly; alS Mol doliiang sy

ol slp o)lel sloasls e, 5 e |l
P by Sl gl colas g o3y slacwiy)
Multi-environment trials: ) Jleoe sx ookl
&8lg 5 .l s &) (V) o) Ked 5 935l lawgs (MTES
Additive main ) AMMI sla S5 <S5 b adls ol
BLUP , (effect and multiplicative interaction
s 2lolis 4 018 (Best linear unbiased prediction)
2l o Slas plo g aily 5 Shas Jas 51 ol slacuies;
sl G obul caw BLUP g AMMI la g, 5.00
s Ll Jao Sy B )3 Lo b (g lie
Gloslol s yile oyl 0550 b a8 A5 salys BLUP e
Ble el Gig oSbe lul a3l e cov
absolute scores from the Weighted average of)
of best singular value decomposition of the matrix
linear unbiased predictions for the genotype x
interaction effects generated by an environment
Lol dalgs cuny (linear mixed-effect mode: WAASB
el ol ylub g c\sl—a 0,8l e (B350 4 o8 05 oS
Gl Jio 3.0 il ool Cunds (sla s ls S5 51,00 5 YY)
WAASBY _atls & g o BLUP 4 AMMI
50y 45 3503 o)Ll (Weighted average of WAASB)

dgdien el g 48)S Jlai 3 wal ]y (gl g 3, Ses lne
35 Sago sVl S 5 B b of bl i
406 Mol Gun wlwl 5 S0l54 (2 ls cpl (V)
903 (Jlite slagyjy 5)lnl g 3,Sdas Jlme 93 51 S5 2
@ d2gi b amd bl ol pelalp |y i) (bl oo
Slodd byme g dloity sl ond e claadls aSiy|
bl gl 5l eolatwl b alaly )3 (e3gae cleMb] 13
B2 )3 L g Canl dg290 Ciliie (aLS P L 5 Ly
b ooles o ol a3 oslizul W asli oyl ) adllas
356k 5 o3jly slocnY sl » gl oos: 3o
(YY) o)Sen g 9395 anlllas S 10 diges (Jlgisay il ails
SIS 9 §)p Sl A & Jeodie sl JbyE ca
odlitl las dix Liolojl S5 3 MTSI Lasls | Lgw
PB o & asls cpl o Ll s cpl guls s S
O 90 4 Jele lacuig) plojen jobay ol
et VL €8 b ooy 500 5l |y s 5 (S
oasld 5l YL 2l g (VY) ohles 5 e a8
3955 (Sudd G5 & Jooxis sgudgy sl 21, MTSI
adlllas ,S55 50 .l 03l )35 MET @lislejl LJB 1,
s pasede (8) o, Ken 5 o)lMslys Lausgi ons sl
asls 5l ool 3 BLUP 5 AMMI (el S5y (5:b
ke OB (295 4 )b Hlme S lyieas WAASB
auily bl o YU ailb 5, Slae gl lacwie; olols o
Fom
lolid > MTSE (asls oL b)) (IS yoba
lao jl (S g a3 Slas ool 2 (2])) 9 slacsy)



Pl ol g oSS e e (S e (2938 Wl 0)l1B55 Lo le

coylb (s sla b o iag Jhe jledlizul b g byt slacuig) (i3S

ol Giags )3 ooad bl slacaig o pmd =) Jgd

Table 1. Pedigree of the investigated barley genotypes in this study
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Table 2. Results of combined analysis of variance and genetic parameters for grain yield and other agronomic traits
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*and ** indicate significant at 0.05 and 0.01 probability levels, respectively. DH, DM, GFP, PH, GY, TGW, and SL indicate the number of days to

heading, days to physiological maturity, grain filling period, plant height, grain yield, thousand grains weight, and spike length, respectively.
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Figure 1. The portion of each phenotypic component for grain yield and other agronomic traits. DH, DM, GFP, PH,

GY, TGW, and SL indicate the number of days to heading, days to physiological maturity, grain filling period, plant

height, grain yield, thousand grains weight, and spike length, respectively. G, GE, and E indicate genotypic, genotype
x environment, and environment variances, respectively.
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Table 3. Means of the measured traits in the Karaj (KRJ), Birjand (BRJ), and Zabol (ZBL) during the 2020-2021 cropping season

SL (cm) TGW (gr) GY (ton hat) PH (cm) GFP DM DH
ZBL BIR KRJ ZBL BIR KRJ ZBL BIR KRJ  ZBL BIR KRJ ZBL BIR KRJ ZBL BIR KRJ ZBL BIR KRJ Code
5 575 6.13 39.50 40.20 46.60 383 430 752 76.50 55.50 85 34.50 44 58.50 145 128.50 223.50 110.50 84.50 165 Gl
4 575 553 39.50 43.40 48.40 462 540 5.89 81.50 73 102.50  34.50  40.50 59 144 124 223.50 109.50 83.50 16450 G2
5.50 550 5.55 39.50 42 48 407 635 7.63 7 57.50 80 36.50  43.50 61.50 14550  127.50 226 109 84 16450 G3
5.50 7 5.50 39.50 38.30 45.40 533 525 642 80.50 60 92.50 35 44.50 57 14450  129.50 222.50 109.50 85 16550 G4
9 6.50 8.68 39 31.40 35.80 3.62 4 6.48 82.50 63.50 95 35 45.50 58.50 14450  130.50 224.50 109.50 85 166 G5
5.50 525 5.68 40 40.20 43.20 504 555 7.50 83 67 85 37 48 60.50 146 132 225.50 109 84 165 G6
5.50 575 6.10 39 40.20 44.40 474 525 648 82.50 65 87.50 33.50 47 57.50 143 131.50 222 109.50 84.50 16450 G7
5.50 550 5.98 39 39.10 42.60 446 510 7.0 85.50 73.50 92.50 35 48.50 57.50 146 134 222.50 111 85.50 165 G8
8 825 7.20 40.50 46.70 48.20 433 470 6.07 79.50 65.50 92.50 34 43 59.50 144.50 130 225.50 110.50 87 166 G9
7 750 7.3 41 50.20 44.40 522 560 6.27 80 58.50 72.50 38.50 42 59 142.50 126 240.50 104 84 165.50 G10
8.50 750 7.05 39 44.80 41.20 443 525 557 86.50 67.50 80 34 40 57.50 144 124 223 110 84 16550 G11
6 6.75  6.90 39.50 45.20 50.10 362 410 7.32 72 56.50 75 36 39 58.50 146.50 124 224.50 110.50 85 166 G12
9 9.25 8.08 39.50 42.30 41.20 401 510 539 73.50 67 75 36 38.50 56.50 141.50 123 221.50 105.50 84.50 165 G13
7.50 725 713 40 48.70 41.60 533 475 561 83.50 64 82.50 3850  41.50 59 14550  126.50 225.50 107 85 166.50 G14
6.50 7 6.33 38 40.80 39.20 299 465 6.56 78.50 72 90 2350  43.50 56 144 132 223 111.50 88.50 167 G15
8 750 7.08 39 43.70 41.20 547 550 5.22 78.50 65 87.50 33.50 39 58 143 124 224.50 109.50 85 166.50 G16
6 6.50 7.08 38 44.60 44.20 240 425 6.03 7 65.50 90 32 43 59.50 138.50  127.50 223.50 106.50 84.50 164 G17
5.50 8.25 6 38 37 37.30 393 340 518 81.50 58.50 72.50 32 46.50 58.50 142 131.50 223 110 85 16450 G18
5 6.75 6.68 37 32.40 34.60 357 280 571 82.50 55 72.50 33 48.50 58.50 141 133.50 224.50 108 85 166 G19
7.50 7 6 39.50 37 36.60 390 3.05 481 80 61 85 32.50 48 59.50 14250  133.50 224 110 85.50 16450 G20
7 9 7.85 39 33.20 36.40 371 420 440 81 54.50 100 33 42 57.50 14150  126.50 223.50 108.50 84.50 166 G21
5 6.75  6.55 36.50 32.80 38.20 344 250 5.28 79 52 77.50 34.50 46 58.54 142.50 131 223 108 85 16450 G22
5 5 5.30 40 43.50 50.10 512 550 6.60 84 68.50 87.50 3450  46.50 55 145 133.50 222 110.50 87 167 G23
6.50 6.75 6.15 39.50 44.20 46.10 451 510 6.04 73.50 60 72.50 30.50 39 57.50 141 125 222.50 110.50 86 165 G24
7 6.25 5.8 38.50 39.90 48.80 431 7.03 6.90 80.50 72.50 97.50 34 48 58.50 144 134 224.50 110 86 166 Check
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DH, DM, GFP, PH, GY, TGW, and SL indicate the number of days to heading, days to physiological maturity, grain filling period, plant height, grain yield, thousand grains weight, and spike length, respectively.
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Table 4. Means of the measured traits along with BLUP-based stability statistics across different locations

HVMRP REG Moy GY TGW sL PH GFP DM DH Code

510 102 521 522 4210 563 7233 4567 16567 120 Gl

5.26 1.05 5.30 530 4377 500 8567 4467 16383  119.17 G2

577 116 6.01 601 4317 552 7150 47.17 16633  119.17 G3

556 111 5.67 567 4107 60 7767 4550  165.50 120 G4

472 95 470 470 3540 806  80.33 4633 16650  120.17 G5

5.83 1.16 6.03 603 4113 548 7833 4850  167.83  119.33 G6

5.40 1.08 5.49 549 4120 578 7833 46 16550  119.50 G7

5.43 1.08 5.55 555 4023 566  83.83 47 16750  120.50 G8

5.03 101 5.03 503 4513  7.82 7917 4550 16667 12117 G9

558 112 5.69 570 4520 7.3 7033 4650 16433  117.83 G10

5.0 1.02 5.09 508 4167  7.68 78 4383 16367  119.83 G11

4.94 0.99 5.01 501 4493 655  67.83 4450 165 12050 G12

4.89 0.98 4.85 4.85 41 878 7183 4367 162 118.33 G13

522 1.05 5.24 523 4343 729 7667 4633 16583 11950 Gl4

471 0.95 472 473 3933 661  80.17 44 166.33  122.33 G15

5.35 1.08 5.39 540 4130 753 77 4350  163.83  120.33 G16

428 0.87 4.23 423 4227 653 7150 4483 16317 11833 G17

432 0.87 4.16 417 3743 658  70.83 4567 16550  110.83 G18

4.16 0.84 4.02 403 3467  6.14 70 4667 16633  119.67 G19

411 0.82 3.90 392 3770 683 7533 4667  166.67 120 G20

430 0.86 410 410 3620 795 7850 4417 16383  119.67 G21

3.93 0.79 3.74 374 3583 610  69.50 4633 16550  119.17 G22

5.61 112 5.74 574 4453 501 80 4533 16683  121.50 G23

5.18 1.04 5.20 522 4343 647 6867 4233 16283 12050 G24
5130 5540 5500  60.70 4650  44.30 64.10 IURETIICRNCTN

ool oo glacais) (ke
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1680 596 406 1770  -157  13.40 9.21 DS el i3
3275 1065 733 2916 323  30.25 1435 P JERS

5 405 15 39 5,Skes gy 5] Al (15 5 09 s S lgtid oS ey B gy 315 sl ;915 b g, olasd sximd i3 o & SL , TGW GY PH .GFP .DM DH

sl Lol et Jobo

DH, DM, GFP, PH, GY, TGW, and SL indicate the number of days to heading, days to physiological maturity, grain filling peribd, plant height,

grain yield, thousand grains weight, and spike length, respectively.
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Figure 2. The ranking pattern and selected genotypes based on the MTSI index.
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