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Background and objectives: Among cereals, barley (Hordeum vulgare L.)
has the widest geographical range of distribution. In recent years, this crop
has been received more attention due to its potential use as feed. The
purpose of this study was to evaluate and select the best hull-less barley
lines with high yield and desirable agronomic traits using the selection index
of ideal genotype.

Materials and methods: In order to selection of the superior hull-less
barley lines in warm regions of Iran, a set of 72 pure lines was investigated
in an augment design with three checks (including Loot cultivar and two
promising lines EHB-87-4 and EHB-85-9). This research was conducted in
Fars (Darab Station) and Khuzestan (Ahvaz) Centers of Agricultural
Research and Education and Natural Resources during the 2020-2021
cropping year. To select the best hull-less barley lines for each of regions
and also to select the best lines for both regions in terms of grain yield and
other studied traits, the selection index of ideal genotype (SIIG) was used.
This index was calculated based on grain yield, number of days to heading,
number of days to physiological maturity, plant height and 1000-grains
weight.

Results: The results of analysis of variance showed that there were no
significant differences among the blocks in both Ahvaz and Darab regions
(except for 1000-grains weight in Darab). The values of heritability for all
measured were low, so that the highest and lowest values were estimated for
the number of days to maturity (0.37) and grain yield (0.01), respectively.
Moreover, the maximum values for number of days to heading and to
physiological maturity, plant height, and grain yield were recorded in the
Darab region. The results of SIIG index identified 19 and 24 hull-less barley
lines with STIG> 0.600 and SIIG> 0.500 for Ahvaz and Darab, respectively.
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Conclusion: According to our results, line numbers 52, 22, 33, 66, 5, 53, 24,
48, 18, 27, 51, 25, 81, 21, 46 and 19 were selected and recommended to
further investigation.
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Kelestani, A.R. 2022. Selection of hull-less barley lines using the selection index of ideal
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Table 1- Pedigree of hull-less barley lines at cropping season 2020-2021.

PN . PN .
Lines o Lines o
code Pedigree code Pedigree
L2 CONGONA/BORR L44 G09135 F3 10/030629
Aths/Lignee686/5/Alanda- CHAMICO/TOCTE//CONGONA/3/LEG
L3 01/4/W12291/3/Api/CM67//L2966- L45 ACY//PENCO/CHEVRON-BAR
69/6/Atahualpa/7/CANELA/GOB//ALELI
BREA/DL70//TOCTE/3/BREA/DL70//CABU
L4 Y AJA/CHAMICO/TOCTE/CONGONA L46 ZIGZIG/3/ZVA/PETUNIA 1//CABUYA
L5 VMorales/6/LEGACY//PENCO/CHEVRON- La7 CHAMICO/TOCTE//CONGONA/3/LEG
BAR ACY//PENCO/CHEVRON-BAR
. ALISO/CI3909-2//[FALCON-
L6 Rika/Demhay L48 BAR/3/HIGO/4/Petunial
ICNB93-369/4/Moroc9-
L7 PETUNIA 1/PEREGRINE L49 75//WI12291/C101387/3/H.spont .41-1
Atahualpa/lraqi
Black/6/Viringa'S'//W12291/W12269/5/ Atahu WI13257/4/ALISO/C13909-
L8 alpa/a/ 300Union/ L51 2/IHB602/3/MOLA/SHYRI// ARUPO
Sv73608//Perugia/3/W28G15-1- *2/JET/5/Atahualpa/lragiBlack
N/Weihenstephan173
WI13257/4/ALISO/C13909-
L9 J09046 F3 10/030549 L52 2//HB602/3/MOLA/ SHYRI//
ARUPO*2/JET/5/DD-21/WI13257
LINAZA- PETUNIA 1/8/POST/COPAL/5/GLORIA-
L10 BAR/HIGO/4/CEDRO//MATNAN/EH165/3/ L53 BAR/4/ SOTOL//2762/ BC-
MATI CO/5/RABANO B/3/11012.2/TERN-B//H272/6/ SIND89A-
/CHINIA//HIGO/6/PETUNIA 2 (EH-87-4) 148/7/ICARDO (EH-85-9)
ICNB93-
L12 CPOLO 9109/PETUNIA 2 L54 369/5/Roho/4/Zanbaka/3/ER/Apm//Lignee
131
Atahualpa/lraqiBlack/7/WI13159/6/ANCA/
L13 PETUNIA 1/RITA PELADA L85 2469//TOJI/3/SHYRI/A/ATACO/S/ALELI
CABUYA/MJA//PETUNIA
L14 1/5/PENCO/CHEVRONBAR/3 / ATACO/ L56 Assiya
BERMEJO//HIGO/4/PETUNIA 1
WI13167/4/ALISO/CI13909-
PENCO/CHEVRON-
L15 L57 2//HB602/3/MOLA/SHYRI //ARUPO
BAR/3/LEGACY//PENCO/CHEVRON-BAR */JET/5/DD-21/W13257
BF891M-617/4/Hma-02//11012- Atahualpa/5/W13257/4/ALISO/CI3909-
L16 2/CM67/3/Arar/5/BlackTarida N L58 2//HBEO2/3/MOLA
SHYRI//ARUPO*2/JET
CABUYA/MJA//PETUNIA WI3257/4/ALISO/C13909-
L17 1/5/PENCO/CHEVRONBAR/3 /ATACO/ L59 2//HB602/3/MOLA/SHYRI// ARUPO*
BERMEJO//HIGO/4/PETUNIA 1 2/JET/5/DD-21/W13257
WI3167/4/ALISO/CI13909-
L18 CPOLO 9109/PETUNIA 2 L61 2//HB602/3/MOLA/SHYRI //ARUPO*
2/JET/5/DD-21/\W13257
WI3257/4/ALISO/C13909-
L19 PETUNIA 1/RITA PELADA L62 2//HB602/3/MOLA/SHYRI// ARUPO*
2/JET/5/Saesea/Atahualpa
PETUNIA 1/8/POST/COPAL/5/GLORIA- .
oo  BARMISOTOL/2762/BC-B3/10122TERN- . Alenda/zaliealiuahualpals/iigneesz7/Ch
B//H272/6/S|ND89A-;4)18/7/ CARDO (EH-85- 08/3/DeirAlla106//DLT
CABUYA/MJA//PETUNIA
L22 1/5/PENCO/CHEVRONBAR/3/ ATACO/ L64 CONGONA/BORR
BERMEJO//HIGO/4/PETUNIA 1
L23 PENCO/CHEVRON- L65 NB1054/Aleli//Gairdnaer/3/DD-
BAR/3/LEGACY//PENCO/CHEVRON-BAR 21/\W13257
CHAMICO/TOCTE//CONGONA/3/LEGACY/ .
L24 JPENCO/CHEVRON-BAR L66 NACKTA/HJA A33//FNC1/3/Sebastian
PENCO/CHEVRON- .
L25 BAR/3/LEGACY//PENCO/CHEVRON-BAR L67 NACKTA/HJA A33//FNC1/3/Sebastian
L26 PENCO/CHEVRON-BAR//BICHY2000 L68 C1-12//UC1134/Lacey
L27 Alanda-0112/Petunial L69 C1-12//UC1134/Lacey

A
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L28
L29

L30

L32

L33

L34
L35
L36

L37

L38

L39

L40

L42

L43

PETUNIA 1/RITA PELADA L71
TRADITION//PENCO/CHEVRON-BAR L72
CABUYA/MJA//IPETUNIA
1/5/PENCO/CHEVRON-BAR/3/ L73
ATACO/BERMEJO//HIGO/4/PETUNIA 1
CONGONA/BORR L74
CABUYA/MJA//PETUNIA
1/5/PENCO/CHEVRON-BAR/3/ L75
ATACO/BERMEJO//HIGO/4/PETUNIA 1
FRANKLIN-BAR//LIMON/BICHY 2000 L76
TRADITION//PENCO/CHEVRON-BAR L77
CHAMICO/TOCTE//CONGONA/3/LEGACY/ L78
/PENCO/CHEVRON-BAR
PENCO/CHEVRON-
BAR/6/P.STO/3/LBIRAN/UNASO// L79
LIGNEE640/4/BLLU/5/PETUNIA 1
DD-21/5/SLB15-05/4/H.spont.96- L8l
3/3/Roho//Alger/Ceres362-1-1
ICNB93-369/IRAN(Kordistan) Loot
MSEL//PENCO/CHEVRON-BAR EH-85-9
LINAZA-
BAR/HIGO/4/CEDRO//MATNAN/EH165/3
/IMATI CO EH-87-4
/5/RABANO/CHINIA//HIGO/6/PETUNIA 2
(EH-87-4)

IPA7/4/AwBlack/Aths//Arar/3/9Cr279-
07/Roho/5/Alanda-01//Gerbel/Hma/3/Saida

WOCUS71/UNKNOWN
C1-12//UC1134/Lacey

WOCUS71/UNKNOWN

LINAZA-
BAR/HIGO/4/CEDRO/MATNAN/EH165
13/ MATICO
/5/IRABANO/CHINIA/HIGO/6/PETUNI
A2 (EH-87-4)

11HB13//UC1134/UC1047

N12050 F3 13/030025
G12064 F3 13/030039

UC1134/UC969//Madera/UC937

UC1135//UC1134/Lacey

PETUNIA 1/8/POST/COPAL/5/GLORIA-
BAR/4/ SOTOL//2762/ BC-
B/3/11012.2/TERN-B//H272/6/ SIND8IA-
148/7/CARDO (EH-85-9)
CONGONA/BORR
PETUNIA 1/8/POST/COPAL/5/GLORIA-
BAR/4/ SOTOL//2762/ BC-
B/3/11012.2/TERN-B//H272/6/ SIND8IA-
148/7/CARDO (EH-85-9)
LINAZA-
BAR/HIGO/4/CEDRO//MATNAN/EH165
13/ MATICO
/5/IRABANO/CHINIA//HIGO/6/PETUNI
A2 (EH-87-4)

ohls 5 slsal Gble ;3 YAA-NVEe e el fad 5 wlale wlidlgas glaesls =Y J i

Table 2- Monthly meteorological data in cropping season 2020-2021 at Ahvaz and Darab regions.

olls 515l
Darab Ahvaz
" Month S (18 Sl az0) s Sl (18 Sl am3) oo
(aishen) Temperature (°C) (a koo Temperature (°C)
Rainfall (mm) <=5 & oSk Rainfall €S aety oSl
Min Max Mean (mm) Min Max Mean
> Oct. 0 16.0 334 24.7 0 20.4 39.5 30.0
ol Nov. 7 16.2 27.3 18.7 215 148 31.3 23.0
53 Dec. 40.6 7.6 20.9 14.2 30.9 13.1 214 17.2
s Jan. 2 2.2 19.4 10.8 0.9 7.2 21.2 14.2
] Feb. 4.1 4.5 22.8 13.7 17.6 9.7 23.7 16.7
Ll Mar. 17.2 9.9 24.6 17.2 5.6 12.4 254 18.9
EEEs) Apr. 0.9 13.6 315 22.6 0 17.9 33.8 258
Sl May 19 18.4 34.8 22.6 24.5 41.8 32.9
sls = June 0 23.3 42 327 28.8 46.2 375
gsame  SUM 73.7 76.5
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Table 3- Variance analysis of checks for different agronomic traits of hull-less barley lines.

ol ax )3 PP A TRIER S, Sy B 35, sl S gl PSR als 3 Shas
SOV . bt b Days to Plant Thousand Grain
- df Days to heading maturity height grain weight yield
3lyal
Ahvaz
Block Ssh 2 0.44" 0.78m 36.1" 12.44rs 23333
Checks Ladals 3 1.44m 11.44ns 36.1" 38.8" 40833
Error o 6 3.61 2.28 52.8 4.94 31667
ol
Darab
Block Sk 2 25.5™ 12.44"s 8.8m 42.9% 858796"
Checks Ladals 3 0.17" 5.78" 25.4n 60.04™ 2134503"
Error Uast 6 15.56 1.94 47.1 2.59 1128216

% NS

Aoy ) 50 Jleasl da..»)b Dl sme ls x5 Sy ke
ns, * and **: non-significant, significant at 5% and 1% of probability levels, respectively.

aobls  sleal Gbla sa cod g glacnl ol Slio (6 p sl 5 edlile JL Lol ( (K55 bl -1
Table 4- Genetic variance, residual variance and heritability for agronomic traits in the investigated hull-less barley
across Ahvaz and Darab regions.

Sbls 55 5L skile 3L 5Ll sl
Traits Slio Regions e Fheth ol Coy==os
529 52Res h2
31 aal
Days to de b 65 s Ahvaz Slee 0.09 0.91 0.09
heading Darab oyl 0.86 0.17 0.83
Ahva jlsal 0.94 0.08 0.92
Days _tO Sy B 555 sl vez e
maturity Darab ol 0.90 0.14 0.87
Plant o i Ahvaz Sisl 0.88 0.08 0.92
height = Darab ol 0.81 0.25 0.76
Thousand Ahvaz Slaal 0.97 0.04 0.96
grain wlayle O3
weight Darab <hls 0.66 0.14 0.82
Grain Ahvaz 3l 0.71 0.26 0.73
yield Gl s Shes
Darab oyl 0.17 0.72 0.19
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Figure 1- Heat maps of genetic variation agronomic traits of hull-less barley genotypes at Ahvaz and Darab regions.
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Table 6- Grouping, ranking and values of SIIG index and grain yield in the lines of hull-less barley at Ahvaz and

Darab.
als s Slas SIG axLs
Lol Grain yield SIIG index
Lines <bls 4y sl 4y ol ) <l 4y Slsal a5 ol 4y
Darab  Rank Ahvaz  Rank Mean  Rank Darab Rank Ahvaz  Rank Mean Rank
L2 5988 2 950 71 3469 2 0.743 2 0.249 75 0496 35
L3 3765 24 2000 3 2883 11 0.494 29 0.659 10 0.577 11
L4 2315 63 1600 24 1957 60 0.319 65 0.533 37 0426 58
L5 4090 13 1900 6 2995 6 0.566 11 0.658 12 0.612 6
L6 3009 46 2000 4 2505 33 0.446 41 0.804 1 0.625 3
L7 2546 58 2300 1 2423 38 0.374 53 0.763 2 0.569 12
L8 2099 69 1800 8 1949 61 0.340 55 0.622 17 0.481 40
L9 3534 30 1500 37 2517 32 0.477 33 0.561 30 0.519 29
L10 2500 59 1750 10 2125 53 0.326 62 0.659 9 0.493 37
L12 2654 54 1750 11 2202 45 0.319 64 0.585 24 0.452 49
L13 3040 44 1250 59 2145 51 0.374 52 0.494 50 0434 55
L14 2114 68 1200 60 1657 70 0.266 71 0.445 56 0.356 68
L15 3241 38 1150 64 2195 47 0.455 39 0.381 64 0.418 60
L16 2978 47 1300 53 2139 52 0.419 46 0.442 57 0430 57
L17 3395 36 1500 38 2448 37 0.459 37 0.594 21 0.526 26
L18 4198 9 1650 22 2924 8 0.536 16 0.619 18 0.577 10
L19 4012 16 1350 48 2681 23 0.527 19 0.519 44 0.523 27
L20 3704 27 1500 39 2602 29 0.520 20 0.563 28 0.542 21
L22 4568 4 1800 9 3184 3 0.602 9 0.704 5 0.653 2
L23 3225 40 1750 12 2488 35 0.467 35 0.586 23 0.526 25
L24 3673 28 1750 13 2711 21 0.563 13 0.641 15 0.602 8
L25 3735 26 1600 25 2667 25 0.555 14 0.561 29 0.558 16
L26 4167 11 1500 40 2833 12 0.622 5 0.496 49 0.559 15
L27 4120 12 1500 41 2810 13 0.604 7 0.525 41 0.565 13
L28 6404 1 600 75 3502 1 0.769 1 0.275 72 0.522 28
L29 3750 25 1600 26 2675 24 0.499 26 0.575 26 0.537 22
L30 2762 51 1550 33 2156 50 0.400 49 0.552 34 0476 43
L32 3997 17 1000 69 2498 34 0.503 24 0.388 63 0.445 51
L33 4861 3 1500 42 3181 4 0.675 3 0.569 27 0.622 4
L34 2762 52 1200 61 1981 59 0.424 45 0.473 54 0.449 50
L35 3951 19 950 72 2450 36 0.496 28 0.320 71 0.408 62
L36 1451 71 1500 43 1475 71 0.169 74 0.520 42 0.345 72
L37 2870 48 750 73 1810 65 0.329 60 0.250 74 0.290 74
L38 4475 5 1350 49 2913 9 0.633 4 0.396 60 0514 30
L39 3534 31 1750 14 2642 26 0.463 36 0.642 14 0.552 18

w1
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L40 3534 32 650 74 2092 54 0.445 42 0.273 73 0.359 67
L42 988 74 1000 70 994 75 0.137 75 0.344 70 0.240 75
L43 2361 62 1100 66 1731 67 0.315 66 0.381 65 0.348 71
L44 4460 6 1100 67 2780 17 0.575 10 0.360 67 0.467 46
L45 4090 14 1500 44 2795 14 0.529 18 0.474 53 0.501 32
L46 3981 18 1600 27 2791 15 0.511 22 0.552 33 0.531 24
L47 3179 41 1500 45 2340 42 0.402 48 0.475 52 0.438 54
L48 4090 15 1900 7 2995 7 0.532 17 0.660 8 0.596 9
L49 3827 21 1750 15 2789 16 0.488 30 0.539 36 0.514 31
Aalsl =0 Jgd
Table 5- Continued.
ls 5 Shee SHG Lasls
LU Grain yield SIIG index
Lines  —bLbs “) 315! ) ke ) Sl e, Ssal ) oSke 4l
Darab Rank Ahvaz Rank Mean Rank Darab  Rank Ahvaz  Rank Mean Rank

L51 3410 35 1650 23 2530 31 0499 25 0.627 16 0563 14
L52 4460 7 1750 16 3105 5 0.617 6 0.725 3 0.671 1
L53 3827 22 1700 21 2764 18 0508 23 0.715 4 0.612 7
L54 3503 33 1300 54 2402 40 0.481 32 0.505 48 0.493 36
L55 2269 65 1300 55 1784 66 0.336 57 0532 38 0.434 56
L56 2809 50 1600 28 2204 44 0.369 54 0593 22 0481 39
L57 2500 60 1550 34 2025 56 0.327 61 0556 31 0.442 52
L58 2099 70 1300 56 1699 68 0.332 59 0515 46 0.423 59
L59 3086 43 1750 17 2418 39 0.458 38 0.647 13 0,553 17
L61 3287 37 1300 57 2294 43 0474 34 0.476 51 0475 44
L62 2870 49 1100 68 1985 58 0.408 47 0.345 69 0.376 66
L63 2654 55 1750 18 2202 46 0427 44 0552 32 0490 38
L64 3241 39 2000 5 2620 28 0.392 50 0.700 6 0546 20
L65 1420 72 1350 50 1385 73 0.285 69 0.392 62 0338 73
L66 3426 34 2100 2 2763 19 0.552 15 0.685 7 0.619 5
L67 2639 57 1750 19 2194 49 0.335 58 0.658 11 0497 34
L68 2299 64 1550 35 1925 62 0.297 68 0.517 45 0.407 63
L69 4198 10 1600 29 2899 10 0.604 8 0.469 55 0537 23
L71 2716 53 1300 58 2008 57 0.380 51 0529 39 0.455 48
L72 4336 8 1150 65 2743 20 0.564 12 0.350 68 0457 47
L73 2145 67 1200 62 1673 69 0.322 63 0.377 66 0.349 69
L74 2469 61 1200 63 1835 64 0.302 67 0394 61 0.348 70
L75 2654 56 1500 46 2077 55 0.337 56 0.424 59 0.380 64
L76 3117 42 1600 30 2359 41 0447 40 0512 47 0.480 42
L77 3627 29 1500 47 2563 30 0.483 31 0.520 43 0501 33
L78 1265 73 1600 31 1433 72 0219 72 0539 35 0.379 65
L79 910 75 1750 20 1330 74 0.211 73 0.614 19 0412 61
L81 3796 23 1600 32 2698 22 0515 21 0585 25 0550 19
CH1 3940 20 1317 52 2628 27 0.497 27 0.441 58 0.469 45
CH2 3040 45 1350 51 2195 48 0437 43 0525 40 0481 41
CH3 2253 66 1533 36 1893 63 0.277 70 0.601 20 0.439 53
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Table 7- Correlation coefficients among S1IG index and grain yield with other agronomic traits in the hull-less barley

at Ahvaz and Darab regions.

SIHG axls <ls 5 Shes
Traits Sl q)bSIIG mdexjwhl q)fraln yleldjw
Darab Ahvaz Darab Ahvaz
Days to heading i 5 5eb B 5y ol 0.001 -0.122 0.105 -0.332*
Days to maturity Sy B 35, sl 0.097 -0.025 0.196 -0.151
Plant height <5 gl -0.301** -0.294* -0.274* 0.040
Thousand grain weight <o)l 05 0.291* 0.237* 0.059 0.044
Grain yield <l s Shes 0.961** 0.917** 1 1

w58 a5 oy il Slis (Sle s SHG Laxtls il e i bl gdoes S -A Jsdr

Table 8- Grouping pattern of the hull-less barley lines based on SIIG index and mean of different agronomic traits in
each estimated class.

Average of groups Lse; 5 . Sls

2. Gholizadeh,
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#read file

JMLLS“ JTQJ\.L\ J,>-T

m.a <-read.table ("E:/Siig-inex.txt",header=TRUE,sep="")

HHHHHEsquare array##H

m.a2<- m.a"2

#sum of each columns###

m.b<-colSums (m.a2, na.rm = FALSE, dims = 1)
dim(m.b)<-c(1,13)

m.b<-m.b"0.5

m.b<-m.b[rep(1:nrow(m.b), times = 112), ]
#matrix ¢ devide matrices

m.c<-m.a/m.b

#HHt#HEMake maximum. minimuml matrix#iHHiHHHHHHHE

max1 <-m.c[,1:10]

max1 <-apply(max1,2,max)
dim(max1)<-c(1,10)
max1<-max1[rep(1l:nrow(maxl), times = 112), ]
#******

minl <-m.c[,11:13]

minl <-apply(minl,2,min)

dim(minl)<-c(1,3)
minl<-minl[rep(1l:nrow(minl), times = 112), ]
#***

maxminl<-cbind(max1,minl)

#i#Hmake maximum.minimuml matrix##HH
max2 <-m.c[,11:13]

max2 <-apply(max2,2,max)
dim(max2)<-c(1,3)
max2<-max2[rep(1:nrow(max2), times =112), ]

#******

YA~



ol o2 g (1 e/ vt 5l ool U S g s owl i35

min2 <-m.c[,1:10]

min2 <-apply(min2,2,min)
dim(min2)<-c(1,10)
min2<-min2[rep(1:nrow(min2), times = 112), ]
#-k**

maxmin2<-cbind(min2,max2)

#square maxmin matrix
tmaxminl<-(m.c-maxmin1)"2
tmaxmin2<-(m.c-maxmin2)"2

#d+ matrix

dplus <-rowSums (tmaxminl, na.rm = FALSE, dims = 1)
dplus<-dplus"0.5

dim(dplus)<-c(112,1)

#d- matrix

dminus <-rowSums (tmaxmin2, na.rm = FALSE, dims = 1)
dminus<-dminus”0.5

dim(dminus)<-c(112,1)

HHHHIS || GHREHHHH
SI1G<-dminus/(dminus+dplus)

#iHtwrite filettt

print(dplus)

print(dminus)

print(SIG)
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