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Background and objectives: Multivariate data are common in
biological experiments and using the information on multiple traits is
crucial to make better decisions for superior genotypes selection.
However, identifying genotypes that combine high performance
across many traits has been a challenger task. Classical linear multi-
trait selection indexes are available, but the presence of
multicollinearity and the arbitrary choosing of weighting coefficients
may erode the genetic gains. Therefore it is necessary use novel
approach for elite genotype selection based on multiple traits that
overcome the fragility of classical linear indexes. The aim of this
study was initially to select superior genotypes based on grain yield
and a number of morpho-phenological traits and finally to compare
different indicators for selecting ideal genotypes.

Materials and methods: In order to evaluate a number of pure
barley lines using multi-trait selection indicators in the Darab
Agricultural Research Station, one-year experiment in 2017-19 and
two-year experiment (2019-2021) were done. The first year
experiment consisted of 108 pure barley lines which were executed as
an Augment design and in the second year 34 lines were selected for
Darab region. The selected lines were performed using two separate 1
and 2 experiments in a randomized complete block design with three
replications. Then, 11 promising lines were selected and along with 6
other lines that were top in Zabul and Moghan regions, were
examined in a two-year experiment. The two-year experiment was
performed using a randomized complete block design with three
replications. For selection the best genotypes in the first year SIIG,
in the second year MGIDI, the third and fourth year FAI-BLUP,
MGIDI, SIIG and Smith Hazel was used. Statistcal methods was
analysis of variance of first and second year, Combined analysis
(third and fourth year), Genetic parameters calculation by REML
method (third and fourth year) and calculation of SIIG, FAI-BLUP,
MGIDI and Smith-Hazel methods.

Results: The results of variance analysis of two-year experiments
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showed that the effect of year was significant for all traits except
plant height. The effect of genotype was significant for all traits
except grain yield and on the other hand, the genotype x year
interaction was significant only for grain yield at 5% probability
level. The estimation of general heritability based on the average of
genotypes was high for all traits except for grain yield and varied
from 0.491 to 0.917 for the length of the grain filling period and
thousand seed weight, respectively. The accuracy of genotypes
selection was high in all investigated traits except grain yield. The
Smith-Hazel index selected three genotypes, G7, G2 and G15, as the
superior genotypes. In the multi-trait genotype-ideotype distance
index (MGIDI), genotypes G15, G2, G16 and G20 were selected as
the best genotypes. G14, G8 and G18 genotypes were among the top
genotypes using factor analysis and ideotype design via best linear
unbiased prediction index (FAI-BLUP). According to the results of
selection index of ideal genotype (SIIG), G20, G17, G19 and G15
genotypes were the top genotypes with the highest SIIG values,
respectively. The results of correlation between the studied traits and
MGIDI, FAI-BLUP and SIIG indices showed that all indices except
FAI-BLUP had a significant correlation with grain yield. Among the
indicators, FAI-BLUP did not show a significant correlation with any
of the indicators.

Conclusion: In general, the results of different indices showed that in
the conditions of this study, none of the indices showed superiority
over each other, and therefore finally the G15 genotype, which was
the ideal genotype based on most indices, and the genotype G14
(selected genotype by FAI-BLUP index) due to its earlier maturity
and high grain yield as the best genotypes in this study for cultivation
and introduction in the southern regions of the country that have a
similar climate to Darab, is recommended.
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Table 1- Pedigree of selected barley lines and check genotypes in the cropping years 2018-2019.

b s) p33 Jlo gl Jilesl s e 65 0

Genotypes

Pedigree of genotypes in the first experiment of the second year

1

Nimrooz (check)

2 Auxin (check)
3 (Salt-12)ROHO/MAZORKA//TROMPILO/3/Kavir
4 (D-13)Bgs/Dajia//L.1242/3/(L.B.IRAN/Una8271//Gloria'S'/3/Alm/Una80//....)/4/Y ousef
5 Morocco-90 75/3/(D10)Rhn-03//L.527/NK1272
6 VIOLETA/MIJA/7/Alanda//Lignee527/Arar/6/Multan/M23/4/HopRo/3/...
7 Cr115/Por//Bc/3/Api/CM67/4/Gizal20/5/H272/Bgs/3/Mzq/Gva//...Alanda-01/6/Sahra/7/(D10)Rhn-
03//L.527/NK1272
8 Comp.Cr229//As46/Pro/3/Srs/4/Express/5/D10%*2
9 Alanda-01/5/CI01021/4/CM67/U.Sask.1800//Pro/CM67/3/DL70
10 Mari/Aths*2//Avt/Attiki/3/Aths/Lignee686/4/ Arar//Hr/Nopal
P.STO/3/LBIRAN/UNA80//LIGNEE640/4/BLLU/S/PETUNIA
1/6/M9846//CCXX14.ARZ3/PACO/3/PALTON
12 Comp.Cr229//As46/Pro/3/Srs/4/Express/5/Y ousef
13 Yousef//Trompilo/L.Moghan
14 Yousef/4/LB.Iran/Una 8271//Gloria"S"/Come"s"-11M/3/Kavir
15 Cr115/Por//Bc/3/Api/CM67/4/Gizal20/5/H272/Bgs/3/Mzq/Gva//...Alanda-01/6/Sahra
16 Cr115/Por//Bc/3/Api/CM67/4/Gizal20/5/H272/Bgs/3/Mzq/Gva//...Alanda-01/6/Sahra
17 Cr115/Por//Bc/3/Api/CM67/4/Gizal20/5/H272/Bgs/3/Mzq/Gva//...Alanda-01/6/Sahra
18 Yousef/3/Lignee 527/NK1272//JLB 70-63
19 Sahra*2/Torsh
20 WB95-9 (check)

"y
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Table 1- Continued.

Lo s5 e Jlo a3 (hlasl s a5 o
Genotypes Pedigree of genotypes in the second experiment of the second year
1 Nimrooz (check)
2 Auxin (check)
3 (D-13)Bgs/Dajia//L.1242/3/(L.B.IRAN/Una8271//Gloria'S/3/Alm/Una80//....)/4/Y ousef
4 Eneldo"S"/3/(D10)Rhn-03//L.527/NK1272
5 zahak/Deir Alla 106
6 VIOLETA/MJA//Rihane
7 CANELA/3/HEGE GS679.82/ SHYRI//LAUREL/4/ CERISE/SHYRUV/... /S'MALOUH//Aths
/Lignee686
8 AHOR1489.58//GLORIA-BAR/COPAL/3/...
9 RECLA 79//SHYRV/GRIT/3/SVANHALS-BAR...
10 Alanda-01/3/Alanda//Lignee527/Arar
11 Alanda/Hamra//Alanda-01
12 Comp.Cr229//As46/Pro/3/Srs/4/Express/5/Y ousef
13 Yousef/3/Rhn-03//L.527/NK1272
14 Yousef//Trompilo/L.Moghan
15 Beecher/5/ MELUSINE/ALELI/3/MATICO/JET//SHYRT/4/... ARUPO/K8755/MORA/3/CANELA
16 Lignee 527/NK1272//JLB 70-63/3/Rhn-03//Lignee527/As45
17 Lignee 527/NK1272//JLB 70-63/3/Rhn-03//Lignee527/As45
18 Cr115/Por//Bc/3/Api/CM67/4/Gizal20/5/H272/Bgs/3/Mzq/Gval//...Alanda-01/6/Sahra
19 Cr115/Por//Bc/3/Api/CM67/4/Gizal20/5/H272/Bgs/3/Mzq/Gva//...Alanda-01/6/Sahra
20 WB95-9 (check)

VAN el cladle s ald lacs 55 5 ol g glaplo el =Y J s
SFlos Bl (Sl SN Ea BN e

Table 2- Pedigree of selected barley lines and check genotypes in the cropping years 2019-2021.

b5 o s

Genotypes Pedigree

Gl Norooze (check)

G2 Auxin (check)

G3 (D-13)Bgs/Dajia//L.1242/3/(L.B.JRAN/Una8271//Gloria'S"/3/Alm/Una80//....)/4/Y ousef

G4 Comp.Cr229//As46/Pro/3/Srs/4/Express/5/Y ousef

G5 Yousef//Trompilo/L.Moghan

G6 Cr115/Por//Bc/3/Api/CM67/4/Gizal20/5/H272/Bgs/3/Mzq/Gva//...Alanda-01/6/Sahra

G7 Cr115/Por//Bc/3/Api/CM67/4/Gizal20/5/H272/Bgs/3/Mzq/Gva//...Alanda-01/6/Sahra

G8 Cr115/Por//Bc/3/Api/CM67/4/Gizal20/5/H272/Bgs/3/Mzq/Gva//...Alanda-01/6/Sahra

G9 Sahra*2/Torsh

G10 Yousef/3/Rhn-03//L.527/NK1272

G11 Yousef//Trompilo/L.Moghan

G12 Beecher/5/ MELUSINE/ALELI/3/MATICO/JET//SHYRV/4/... ARUPO/K8755/MORA/3/CANELA

Gl13 Lignee 527/NK1272//JLB 70-63/3/Rhn-03//Lignee527/As45

Gl4 Cr115/Por//Bc/3/Api/CM67/4/Gizal20/5/H272/Bgs/3/Mzq/Gva//...Alanda-01/6/Sahra

Gl15 CLN-B/80.5138//GLORIA-BAR/COPAL/3/ALISO/4/CABUY A/5/Yousef

Glo6 CAPUL/CIRU

G17 Lignee 527/NK1272//JLB 70-63/3/Rhn-03//Lignee527/As45

G18 Cr115/Por//Bc/3/Api/CM67/4/Gizal20/5/H272/Bgs/3/Mzq/Gva//...Alanda-01/6/Sahra

G19 Fajr30/Yousef

G20 WB-96-10 (check)

YA
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Table 3- Monthly meteorological data in cropping seasons of 2017-2021 at Darab.

WA YA el Jla

Cropping year 2017-2018

WAY-VYVAA el Jla
Cropping year 2018-2019

L Month SLL (s a0 52) Lo SLL (o s 4 52) Lo
(o ko) Temperature (°C) (oo Temperature (°C)
Rainfall S e oS Rainfall S ety oS
(mm) Min Max Mean (mm) Min Max Mean
A Oct. 0 15.3 33.6 24.5 50.2 11.8 35.6 23.9
ol Nov. 0.1 9.5 24.4 18.4 329 6.6 26.8 17
3N Dec. 0.9 4.7 19.5 12.1 7.5 0.4 23.4 13.3
e Jan. 3.3 20.1 11.7 7.2 -0.6 22.2 13
] Feb. 4.5 21.4 12.9 97.3 0 24.4 12.9
Ll Mar. 2.2 8.6 22.5 15.6 98.4 2.8 24.2 15.6
o2 Apr. 47.8 10.6  25.0 17.8 57 8 30.9 21.8
<iexsl May 0 179 345 26.2 2.9 13.2 39.2 29.4
3l> 2 June 0 20.8  39.0 29.9 2 22.1 39.6 30.1
Eand Sum 51 3554
WAA-IYAL el Jla WAV Eee el Jl
Cropping year 2020-2021 Cropping year 2019-2020
Sk (g 453) Lo Sk (g 453) o
(oo Temperature (°C) (oo Temperature (°C)
L Month  pinfall R Rainfall S ek oS
(mm) Min Max Mean (mm) Min Max Mean
A Oct. 0.2 184 354 26.9 0 16 334 24.7
ol Nov. 26.1 10.8  26.2 18.6 7 16.2 27.3 18.7
A Dec. 117 6.3 19.8 13.0 40.6 7.6 20.9 14.2
e Jan. 122.8 3.9 17.6 10.7 2 2.2 19.4 10.8
] Feb. 24.6 3.8 18.3 11.0 4.1 4.5 22.8 13.7
sl Mar. 9.4 7.9 23.1 15.5 17.2 9.9 24.6 17.2
o2 Apr. 158.7 10.8 235 17.1 0.9 13.6 31.5 22.6
<iexsl May 24.5 15.8 319 23.9 1.9 18.4 34.8 22.6
sls = June 2.6 21.3 405 30.9 0 23.3 42 32.7
Eand Sum 485.9 73.7
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Table 4- Descriptive statistics parameters for different morpho-phonological traits in barley genotypes in the first-
year experiment (2017-2018).

Jsl dle ialesl o bl o Kle dals gl 85
Average lines in first year experiment Check genotypes

N RS IO NV

oSl Bl sl

B (As,3)
Traits olae Means Min  Max SD CV (%) Saps oSt S WBA;%-
-Jf G ey sl
DHE 84.1 80 86 1.41 1.7 83 82 82 83
f}
G ey sl
DMA _ 1234 117 129 1.86 1.5 122 124 124 124
S
PLH G g
i 96.9 77 119 8.53 8.8 79 91 100 91
(cm) (in s5Le)
Té;V (A« o5 324 252 392 3.07 9.5 36 31 30 29
YLD als 5, Ses
-1 Z . .
K 4580 3003 6990 718.8 15.7 5049 4892 6410 4794
(kgh™) Gl 5o 5 5509)
p33 Jl Sllosl (ol bl sla sl K
Average selected lines for second year
experiments
-Jf G ey sl
DHE 84 80 86 1.57 1.9
f}
G ey sl
DMA _ 123 120 127 1.61 1.3
S
<4 el
PLH C 95 80 110 7.64 8.0
(cm) (in s5Le)
ngv (S «bil»os 32 256 392 255 7.9
als 5, Ses
YLD 4918 3760 6990 712.1 14.5

(kgh™)  (uasp 559
&l 5 Ses (YLD ails 50 055 TKW w5y CL&J) PLH s 5 0555 Jsb ‘GFP ¢ S, U 55, slaes DMA ¢ a5 6 55, slaes DHE

DHE: Days to heading; DMA: Days to maturity; GFP: Grain filling period; PLH: Plant height; TKW: Thousand
kernel weight; YLD: Grain yield.
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Table 5- The Results of analysis of variance (mean of square) related to Experiments 1 and 2 second year for
different trails in the 2018-2019 cropping year.

S.0.V A sl L j’j’j;g L ;:zg j::ii C«:j. «u‘:j}" e
df i ) YLD
DHE DMA GFP PLH TKW
ez dl ) Jlesl Sl e Sl
Mean of square of experiment 1 second year
Rep BN 2 14.07" 0.52ns 273.5™ 11.5m 5.41% 251493
Genotype ] 19 4.12m 2.47 105.6 7.14n 9.32"  527741™
Error e 38 3.85 0.64 51 4.6 1.85 162780
CV (%) (o 33) Dl s o 1.98 0.58 6.58 5.53 3.15 9.59
ps o ¥ nlesl ley e Sl
Mean of square of experiment 2 second year
Rep BN 2 1.95m 0.05" 310.6™ 2.15" 2.05" 140276
Genotype ] 19 3.77 3.59* 209.2* 1.81m 23.9" 547362"
Error e 38 4.58 0.54 22.29 4.66 2.42 245709
CV (%) (o 33) Dl s o 2.16 0.53 4.35 5.48 3.55 11.45

#% % NS

.M)J\jodw.chw)i).iwﬂ).iw_}?&%j@: 5
&l 5 Ses (YLD eails )50 055 TKW ws CUJ) PLH s 5 0555 Jsb ‘GFP ¢ S U 55, slaes DMA ¢ a5 S 6 55, slaes DHE
s *and **: non-significant, significant at 5% and 1% of probability levels, respectively.

DHE: Days to heading; DMA: Days to maturity; GFP: Grain filling period; PLH: Plant height; TKW: Thousand
kernel weight; YLD: Grain yield.
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Figure 1- (a and c) Genotype ranking in ascending order for the MGIDI index (a and c: Experiments 1 and 2 second
year, respectively). The selected genotypes based on this index are shown in red color. The central red circle
represents the cut point according to the selection pressure. b and d the strengths and weaknesses view of the selected
genotypes, shown as the proportion of each factor on the computed MGIDI index x (b and d: Experiments 1 and 2
second year, respectively). Smaller proportions explained by a factor (closer to the external edge) indicate that the
traits within that factor are closer to the ideotype. The dashed line indicates the theoretical value if all the factors had
contributed equally (Cropping year 2018-2019).

AVAAN L gladle s e Olis (gl p S e bl s Jsis @ts—‘\ Jad
Table 6- The Results of combined analysis of variance for different trails in the 2019-2021 cropping years.

erpd el el FESTH gl 8l ]
S.0.V = e @bl e B Saw, b whbods Gy FUFSITN <2
df DHE DMA GFP PLH TKW YLD
Year Ju 1 216" 715" 9666™ 142.2n 196™ 109443000
Error 1 Vsl 4 11.4 66.5 197 47.7 9.7 1891365
Genotype ] 19 39.6™ 20.96™ 2580™ 23.5m™ 61.7" 714751
Genotype x year ~ Jb X o555 19 6.73" 5.90m 97ms 11.9m 5.1ms 1002821"
Error 2 ¥l 76 4.54 4.96 56.3 7.85 5.06 504127
CV (%) (As,3) Sl s o o 2.20 1.64 8.29 7.33 5.11 14.09
LSD o.0s 2.45 2.56 8.63 3.22 2.58 816

Aoy ) 50 Jleasl clm 03 I3 pae ls pme b S S ks 5 % DIS
&ls 5 Ses (YLD eails 50 055 TKW ws CUJ) PLH s 5 0555 Jsb ‘GFP ¢ S, U 55, slaes DMA ¢ a5 6 55, slaes DHE
s *and **: non-significant, significant at 5% and 1% of probability levels, respectively.

DHE: Days to heading; DMA: Days to maturity; GFP: Grain filling period; PLH: Plant height; TKW: Thousand
kernel weight; YLD: Grain yield.
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Table 7- Estimated genetic parameters in the mixed model using REML method for grain yield and morpho-

phenological traits in cropping years 2019-2021.

Genetic parameter S5 sl bl (]]))I:E) ](?)1\;[3 FCI;:; (GDE; ngv (k;lfg")
Var (Gen.) 555 547 251 268 192 9.42 0
(50.9) (32.3) (27.7) (17.2) (64.9) (0)
ey e U3 O B LS om
Var (Error) (B s @3 @ (8 (05 (49 (10
Var (Phe.) st b 10.7 7.8 96.7 11.1 14.5 622347
Heritability s Sl 0.509 0322 0.277 0.172  0.649 0
R? GEr GEI s jl jaseis oy 0.068 0.040 0.141 0.123  0.002 0.190
h%mg 55 oS gl 0.830 0.718 0.623 0491 0.917 0
Accuracy G 5 Psl ds 0911 0.848 0.790 0.700 0.957 0
rge lass Ols 5> (5935 w3lie 0 (Sawes 0138 0.059  0.195  0.148  0.005 0.190
CVg (Ao 33) (8 555 DLyt oy 12 2.41 1.17 5.72 3.62 6.98 0.00
CVr (Ao 3) e biladly ool Dl yois g 2 2.20 1.65 8.29 7.33 5.11 14.10

&l 5 Ses (YLD eails )50 055 TKW ws g, CL&J) PLH s 5 0555 Jsb ‘GFP ¢ S U 55, slaes DMA ¢ a5 S 6 55, slaes DHE
DHE: Days to heading; DMA: Days to maturity; GFP: Grain filling period; PLH: Plant height; TKW: Thousand

kernel weight; YLD: Grain yield.
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Figure 2- (a) Genotype ranking in ascending order for the MGIDI index. (b) The strengths and weaknesses view of
the selected genotypes, shown as the proportion of each factor on the computed MGIDI index. Smaller proportions
explained by a factor (closer to the external edge) indicate that the traits within that factor are closer to the ideotype.
The dashed line indicates the theoretical value if all the factors had contributed equally. The selected genotypes based
on each index are shown in red. The central red circle represents the cut point according to the selection pressure. (c)
Genotype ranking in ascending order for the FAI-BLUP index. (d) Genotype ranking in ascending order for the
Smith-Hazel index.
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Table 8- Mean comparison of morpho-phenological traits and selection different indices based on several traits and
their rank (in parentheses) in barley genotypes in the cropping years 2019-2021.

S5 e Dl o Lor p fie ks gla el
Morpho-phonological traits Different indices based on several traits
b s DHE DMA PLH GFP TKW YLD FAI- Smith-
: M  MGIDI

Genowpe  @®) (D) (m)  Dxy) (@  (eha) S GO BILUP  Hazel
515 0000 2475

Gl 104 138 76 34 478 4941 0STD Go a0 5
G2 95 135 87 40 424 5301 0.578(6) 1.61(2) 0'(380 2(821)5
0314 398  0.51 2402

G3 99 136 88 37 373 479 (19 Ty o as
0.408 0.137 2425

G4 97 135 97 38 438 4909 G 2490 1
0383 404 0127 2340

G5 97 132 89 35 428 4781 0 Gy (9 0o
0365 297 0137 2440

G6 100 138 95 38 420 4924 (05 T
G7 99 138 89 39 433 5243 0.538(8) 2.28(7) 0('11;‘)4 2(81‘;4

2.54 0.265 2652

G8 98 135 91 37 446 5338 0.33246 ;9) oo

G9 97 133 93 37 396 4419 0 A RGPS
G10 92 133 96 41 416 4874 0(;‘;‘)9 1.98 (6) 0~( 179;0 2(685)9

4 2. 1 2
Gl1 99 138 98 39 449 4752 0( 1 60)6 (162; 0(8?9 (?;)5
G12 98 136 99 38 494 4864 06‘%3 ?fg 0(~11 ;)2 2(??)3
GI3 97 135 100 38 474 4712 0(;‘:)7 ?iosi 0(~11 5)6 2(‘1*2)7
Gl14 96 132 96 36 457 5340 0('1500)3 ?ig; 0~(21;1 2(762)7
GI5 94 135 85 41 421 5266 0.601 (4)  131(1) 0'&36 2(737)5
Gl6 97 137 96 40 439 5862 0.579(5)  1.65(3) 0'(157 2(676)3
GI7 97 135 85 38 479 5076 0.625(2) 2.32(8) 0(112;)5 2(743)7
2. 246 261

GIS 97 135 87 39 398 5352 0.500(11) (150§ 0 (3)6 (?0)3
G994 135 80 41 485 4580 0.6093)  1.98(5) 0('118)9 253)6
G20 97 136 8 40 451 5409 0.673(1)  1.68(4) 0(11%5 2(753)7
Mean 97 135 91 38 44 5037 049 027 0167 2591

LSDo.os 245 2.56  8.63 3.22 2.58 816

als s YLD <als;l5a 055 TKW <5 5 el PLH a5 0,33 Jsb :GFP ¢ S, U 55, sl DMA ¢ a3 KU 55, slaas :-DHE
5 sl A & oy

DHE: Days to heading; DMA: Days to maturity; GFP: Grain filling period; PLH: Plant height; TKW: Thousand
kernel weight; YLD: Grain yield.
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Table 9- Correlation of seletion different indices based on several traits and morpho-phenological traits in barley
genotypes in 2019-2021 cropping years.

FAL.  Smith-
DHE DMA  GFP PLH  TKW YLD  MGIDI oo o0

DMA 0.774”

GFP 0135 -0.069

PLH -0.509°  0.066  -0.181

TKW 0.036  0.145 0040  -0.006

YLD 0.026 0147  -0238 0175  -0.017

MGIDI 049" 0016 0252  -0.884 0011  -0.507"

FALBLUP 0150 0329 0314 0011  -0487° 0360  -0.165

Smith-Hazel -0.241  -0.053  -0.139 0445 0023  0.666" -0.653" 0381

SIG -0293  0.094  -0.567"  0.533"  0.505" 0585 -0.692 -0.208 0.597"

Aoy ) 50 Jleasl Chw 03 I3 pae S S ek g
&l 5 Ses (YLD eails 50 055 TKW ws CL&J) PLH s 5 0555 Jsb ‘GFP ¢ S, U 55, slaes DMA ¢ a5 6 55, slaes DHE
*and *: Significant at 5% and 1% of probability levels, respectively.

DHE: Days to heading; DMA: Days to maturity; GFP: Grain filling period; PLH: Plant height; TKW: Thousand
kernel weight; YLD: Grain yield.
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Table 10- Mean of selected genotypes using selection different indices based on several traits in barley genotypes in
2019-2021 cropping years.

S e Sl Sk
Mean of morpho-phenological traits

bl gl el el glacs 55

Selection indices Selected genotypes DIHE DMA GFP PLL TKW YiD
MGIDI Gl15, G2, Gl6, G20 95.7 136 40 88 44 5460
FAI-BLUP G14, G8, G138 97 134 37 91 43 5343
Smith-Hazel G7,G2,Gl15 96 136 40 87 43 5270
SIIG G20, G17, G19, G15 95 135 40 84 46 5083
Total mean 97 135 38 91 44 5037

Ly s YLD <als;l5a 055 TKW 5o el PLH a5 6,33 Jsb :GFP ¢ S, U 55, slas DMA ¢ a3 S6 55, sluas DHE
5 sl A & oy

DHE: Days to heading; DMA: Days to maturity; GFP: Grain filling period; PLH: Plant height; TKW: Thousand
kernel weight; YLD: grain yield.
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