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1- Rescaling

2- Canonical loadings

3- Multi environment trial analysis
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Table 1. Origin of cultivars and lines of studied barley in the cropping season 2020-2021

V4

Lics Ly Y Lice F Lice F Lics Ly Y
Iran L85 ICARDA L57 ICARDA L29 Iran L1
Iran L86 ICARDA L58 ICARDA L30 Iran L2
Iran L87 ICARDA L59 ICARDA L31 Iran L3
Iran L88 ICARDA L60 ICARDA L32 Iran L4
Iran L89 ICARDA L61 ICARDA L33 Iran L5
Iran L90 ICARDA L62 ICARDA L34 Iran L6
Iran L91 ICARDA L63 ICARDA L35 Iran L7
Iran L92 ICARDA L64 ICARDA L36 Iran L8
Iran L93 ICARDA L65 ICARDA L37 Iran L9
Iran L94 ICARDA L66 ICARDA L38 Iran L10
Iran L95 ICARDA L67 ICARDA L39 Iran L11
Iran L96 ICARDA L68 ICARDA L40 Iran L12
Iran L97 ICARDA L69 ICARDA L41 Iran L13
Iran L98 ICARDA L70 ICARDA L42 Iran L14
Iran L99 ICARDA L71 ICARDA L43 Iran L15
Iran L100 ICARDA L72 ICARDA L44 Iran L16
Iran L101 ICARDA L73 ICARDA L45 Iran L17
Iran L102 ICARDA L74 ICARDA L46 Iran L18
Iran L103 ICARDA L75 ICARDA L47 Iran L19
Iran L104 ICARDA L76 ICARDA L48 Iran L20
Iran L105 Iran L77 ICARDA L49 Iran L21
Iran L106 Iran L78 ICARDA L50 Iran L22
Iran L107 Iran L79 ICARDA L51 Iran L23
Iran L108 Iran L80 ICARDA L52 Iran L24
Iran Norooze* Iran L81 ICARDA L53 Iran L25
Iran Auxin* Iran L82 ICARDA L54 Iran L26
Iran Nobahar* Iran L83 ICARDA L55 Iran L27
Iran WB-97-11* Iran L84 ICARDA L56 ICARDA L28
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Table 2. Monthly meteorological data of Darab in the cropping season 2020-2021
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Table 3. Analysis of variance of different traits studied in barley genotypes in the cropping season 2020-2021

LP LAW LS PLH GFP DMA DHE il a i golie
Vg ¥/v™ -1o™ <10 <[ PRGN ) Sely
yy/aye o/n.** £lys AYs[ye YAUVA® et syEee ¥ a0l
AAY** VAN Niilan VOF** a5 Yo[o5¥ NYAE* AR oY
V/VEMS VBN Aay** ar/s* AVAY®® YR¥/YRE AAAVE® ) Y Jlis )3 aals
A7AN) Ve o[ AY AY/A AV oI5 -IAY V0 s
10/2) O/AD FIvY YA A N4 -[a¥ (7) Sy gy
=Y Jods doldl
Continued Table 3.
YLD TGW SD WS NGS NSE S i golie
FAYIVE ¥/o\™ <YV of+e NS FIA™ ayf.™ 0 Ssb
VEVATAL*® YONF** /¥y AT FAY/V VAP \d 1l
Y OVAYY** VA/-5 V/¥aE® of.a®* /A YFAA-* yev oY
\rAT A R i Vo V/EYE \AYA ad TR YyY/s* AAFES. = ) oY bléo , aali
YFivaa AIFA IYEY ofee¥ o/A N 0 a3
LI £lo¥ WY of+A a/vy \AX (£) &l s oy

2030 5V Jlain] paw 3 )b gime g jI3 Gxe puf i gy KX g * I

Job (LAW taliis Jgb :LS ¢( 0 o5lo) 59y iyl PLH £(35,) s 8y 095 Jobo :GFP £(35,) (S b jg, dluas :DMA €(55,) dliws jsods b g, dlaws :DHE
4ils 5)Slos (YLD taliw 59 WS £(p,5) &il> jla 59 TCGW faliws )> &ils 5lasi iNGS (pipe yio )> Al dliad :NSE fdliuw 05715 :SD ¢ SOl Jobo :LP Sy
(e 3 pyS5kS)



JLT o2 Cawwgddee (PSR 9 uULam Lol ‘u”) Oy sd)’;o‘ ul; ‘.)‘)'):,i} bl

Ve Sl Sid 5 p)5 ddhate 3 92 S Sl (AR5 )3 (MGIDI) o v coignbcwiy) dlolh jadls 28
Pearson's _
Correlation s ‘3;.5’9 DS
L A
-1.0 -05 0.0 05 1.0 1113 0.32 0”3 DHE

009 026 02 02 gpp
.

052 | 045 03 03 019 025 yp

001 -048 -04 048 044 003 012 |p
056 | 026 005 002 004 024 02 038 py
007 01 041 002 006 01

019 022 015 004 -003 -016 012

023 018 003 -008 -015 -0.07 -0.07 -0.03

053 -0.07 004 -01 -026 017 -016 -011 -0.13 ;043 006 -013 |g

ax * e

P N

& & PN N R T R

*p<0.05;*p=<0.01;and ** p < 0.001
_ O 4y (e (49051 (ool S5elgb58 )90 Clio (s Laly) oind i ()l 4 - S _
Figure 1. Heatmap showing the relationships among morpho-phenologic traits based on Pearson’s rank correlation
test
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Table 4. Explained variance, eigenvalues, factorial loadings after varimax rotation and communalities estimated in
the factor analysis.
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Figure 2. Genotype ranking in ascending order for the MGIDI index
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Table 6. Comparison of traits of selected genotypes with the average values of the not selected genotypes and check

genotypes
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Extended Abstract

Introduction and Objective: Barley is one of the most important crops after wheat, corn, and
rice. Barley is an excellent source of food for humans and is also used to feed livestock. The
purpose of this study was to evaluate and select superior genotypes with high grain yield and
desirable agronomic characteristics and also to investigate the application of MGIDI in selecting
superior genotypes based on morpho-phenological different traits in the warm and dry region
of southern Fars.

Material and Methods: To select the best barley genotypes in the southern regions of Fars using
the MGIDI index, 108 pure lines in the non-repeating Augment design with four controls
(Nowruz, Auxin, Nobahar, and WB-97-11) in the Fars Agricultural and Natural
Resources Research and Education Center (Darab station) were evaluated during the cropping
year 2020-2021. MGIDI index was calculated to select superior genotypes using 13 morpho-
phenological traits. These traits include grain yield, number of spikes per square meter, number
of grain per spike, weight of spikes, 1000-grain weight, spike density, filling period length,
peduncle length, awning length and spike length, plant height, days to flowering and days until
the maturity.

Results: According to the results of variance analysis, a significant difference was observed
between the studied lines for all traits (except awning length and 1000-grain weight) at the
probability levels of 5 and 1%. Also, the results showed that there was a significant difference
between the lines and experimental controls in all traits (except peduncle length). The results of
factor analysis for the 13 studied traits identified five hidden factors that explained 80.2% of the
total variance of the data. Based on the MGIDI index, L110, L99, L88, L51, L56, L108, L63,
L33, L50, L112, L52, L36, L20, L69, L68, L94 and L35 genotypes, respectively, with the lowest
value of this index were superior genotypes. The highest and lowest values of differential selection

percentage of MGIDI index were related to grain yield (11.5%) and 1000-grain weight (-3.62%),
respectively. The results showed that low values of the number of grain per spike and weight of
spikes and high values of the number of spikes per square meter were effective factors in selecting
superior genotypes using the first factor. Based on this factor, L20, L94, L110 and L88 were
superior. In the second factor, high values of the number of days to maturity, grain yield, and
grain filling period were the main factors in selecting genotypes, and based on this factor, L112
genotype was top. Third factor selected genotypes based on high values of both trait plant height
and peduncle length. L88 and L94 genotypes were ideal based on the third factor. Fourth factor
selected genotypes based on high awning length and spike length (L33 genotype was superior),
and fifth factor selected genotypes with low values of spike emergence length and 1000-grain
weight and based on this factor L50, L35 and L51 genotypes were ideal.

Conclusion: Overall, the results showed that none of the factors could classify the superior
genotypes based on the ideal value of all their internal traits. Therefore, genotypes are selected
that have the lowest MGIDI value, and also their grain yield is higher than the average grain yield
of unselected genotypes. So the results showed that among the selected genotypes using the
MGIDI index, L99, L88, L51, L56, L108, L63, L20, L69 and L94 genotypes were the top
genotypes in this study. On the other hand, proving the efficiency and development of a new index
such as MGIDI requires more research in other plants.

Keywords: Factor analysis, Morpho-phenological traits, Selection differential, Warm climate



