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Table 1. The list of studied populations of H. bulbosum

g 05 eSSl SosTpar Joe @l Jsb @Bl e () gl
Species G.B.C Origin, province Longitude Latitude Altitude (m asl)
3016 Karaj 50° 97’ 35° 82’ 1300
9695 Baneh, Kordestan 46° 05’ 35° 57 1900
10100 Feridonshahr, Isfahan 50° 7 32° 56" 2235
11746 Roudbar, Gilan 49° 43’ 36° 46’ 850
11748 Roudbar, Gilan 49° 24 36° 56 1360
11749 Roudbar, Gilan 49° 28’ 36° 57 800
11750 Roudbar, Gilan 49° 22 36° 51 1650
11751 Roudbar, Gilan 49° 25 36° 58" 1230
11752 Roudbar, Gilan 49° 49 36° 43’ 1630
B bulbosum 11754 Roudbar, Gilan 490 27 360 S8 1050
11755 Roudbar, Gilan 49° 44’ 36° 42’ 1780
11756 Roudbar, Gilan 49° 20" 36° 51 1800
11757 Gilan 49° 47" 36° 44’ 1320
18197 Isfahan 49° 36 34° 27 1575
18780 Golestan 55° 19 36° 30° 155
24407 Qom 50° 10 34° 43’ 1900
32930 Kermanshah 47° 39 34° 257 1352
37323 Kohkoleyeh ve Boyerahmad 51° 15 30° 50" 1865

G.B.C.: Gene Bank Code.
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Table 3. Means comparison of eleven traits in H. bulbosum populations

PN N z. i B . 2 . 055 Jdsb S [BT7) [S573)

. (o Sl)a s @bu_ CU.GUFVCW,T Jsb 0 Kok 3l PESAEANTY (o sslw)abiw J5b A?Wv\_ 3T S e e 2 _
Population N Awwm:ﬁ _Eﬂow:oam 585%% ZHENH | mﬂ_g mawmr A?WUVQ (e MM%WW& - rmﬁvmrwa UMWMWS UQM VM.MV
cight (cm) ength (cm) fumber umber ength (cm) weight (g) weight (g) length (cm) width (cm) flowering  maturity

3016 4333 °° 1 4° 267% 45® 404° 171¢ 95°T 0.47 % 60 125
9695 56 10.5 *¢ 467 233° 4,174 3.47¢ 1.34¢ 18 0.43 % 60 125
10100 38.33 ¢ 7.33 ¢t 467 433" 467%® 1.74 ¢ 0.65¢ 8.5t 0.47 ¢ 60 125
11746 30.33 < 6.33 433 % 233° 233 0.83¢ 0.254 8.33 41 0.33° 65 125
11748 27.33° 533" 5 3.67% 4,67 1.25¢ 0.50¢ 9.5¢" 0.37°¢ 65 125
11749 54 12.83 ® 4° 11° 5.83° 11.10° 473° 13.33 %° 0.43 % 65 125
11750 43.33 ¢° 9t 5¢ 2.00° 433 1234 0.63¢ 10.5 > 0.6 *4 65 125
11751 4233 ¢° 8.67 433% 1¢ 2.83 0.99¢ 0.36¢ 13.33 %° 0.63 ¢ 65 125
11752 70.5° 13.83 ¢ 5330 1¢ 2.19¢ 17.17%® g 4671 0.68 65 130
11754 38t 7.67 " 433 3.67% 3.67%¢ 1.97¢ 0.70 ¢ 7.17¢ 0.37°¢ 60 130
11755 37.67 ™ 7.67 " 433 3.67% 4.17°% 1.45¢ 0.56 ¢ 8.33 ¢ 0.47 ¢ 60 130
11756 56.66 * 9.33 v 4,67 6° 467" 13.58 ™ 573 % 15.17 % 0.5°° 60 130
11757 550 8.67 6® 1¢ 3.17%¢ 1.11¢ 0.39¢ 1633 ® 0.5%° 60 130
18197 39 7 6™ 1¢ 2,67 2.03¢ 0.81¢ 14.5 ¢ 0.5°° 60 130
18780 61.33%® 10 6® 1¢ 404 2294 0.98¢ 2% 0.7° 60 130
24407 59.66 * 8.67 5% 333" 4 3.08¢ 1.59¢ 9.67%" 03° 60 130
32930 484 6.17° 6.33° 2° 1.541 19.83 ¢ 8.54¢ 4331 0.5%° 65 130
37323 34.83 7.17 ¢ 433 2°¢ 416" 0.76 ¢ 0.67" 517" 04° 65 120

Different letters indicate significant differences among different populations for the same species. P < 0.05.
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Table 4. Simple correlation matrix for the eleven traits in 18 populations of H. bulbosum

e oﬂﬁcb_ S de o Sk slaas ﬁwu.i &mﬂ&v 5058 oS 05 &L Jsb Kb A 5,
. . Internode Tiller Spike Fresh Dry Leaf Leaf Days to
Traits Plant height Internode length . . . .
number number length weight weight length width flowering
o ke b 077"
Internode length 77
o Kol sl . 0 1ns
Internode number 0.34 0.17
ol 0.01" 0.25™ -0.50°
tiller number
e J s -0.05™ 0.23" 0.54° 0.69"™
spike length
ERCT * * ns ns . ns
Fresh weight 0.54 0.39 0.27 0.25 0.27
05 056" 0.41° 027" 0.23" -0.28" 1
Dry weight
< 5 sk 0.09"™ 0.11™ -0.70" 0.17™ 0.42" -0.43" -0.46"
_ Leaf length
Y B S 5 * * * ~ * N ns ns ns ~ ns
% Leaf width 0.47 0.45 0.39 0.37 0.23 0.26 0.27 0.03
. A 65 . -0.20™ -0.03™ -0.09" 0.05™ -0.23" 027" 0.29™ -0.45" 0.09™
Days to flowering
o B3 0.48" 0.08™ 0.57" -0.13™ -0.36" 0.36" 0.34" -0.02 0.35" 091"

Days to maturity

*and ** Significant at 5% and 1%
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Table 6. Means comparison of eleven traits in four barley groups produced in figure 2

5y £l o Sl ) 505 Sest 0 & ; G G
o LN+ o 5 Y s il &
oA -l 7 Internode Tiller Spike “x0 w0 ?W T T s o o
Groups Plant Internode Fresh Dry Leaf Leaf Days to Days to
. number number length (cm) . . . . .
height (cm) length (cm) weight (g)  weight (g) length (cm) width (cm) flowering maturity
,an 59.25% 10° 5.83® 1.5¢ 1.86° 18.5° 8.27%° 0454 0.59° 65° 130°
49% 35.63°¢ 7.3 4.60° 22° 3.66° 1.01° 0.48°¢ 9.37°¢ 0.47° 65° 124°¢
1nmw 51.78° 8.56° 6° 1€ 3.28° 1.81° 0.73°¢ 14.28* 0.57° 60 ™ 130°
,omuw 47.96 % 9.38® 446" 463° 4.46° 5.05° 2.13° 11.21° 0.43 "% 60.63° 127.50 °
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Table 5. Eigenvalues, the proportion of variance, and morphological traits that contributed to the first four PCs

it Jol adlge P ailye P adlge pler adlge
Variable PC1 PC2 PC3 PC4
Go gl )|
Plant height 0.392 -0.223 0.281 0.114
0 Sk Jobo
Internode length 0.244 -0.438 0.144 0.371
0,5l olasy
Internode number 0.306 0.358 0.196 -0.101
Ay olae
Tiller numbere -0.091 -0.537 -0.125 -0.335
alw Jsb
Spike length -0.265 -0.47 0.128 -0.003
F O3
Fresh weight 0.434 -0.193 -0.237 -0.213
i 539
Dry weight 0.440 -0.188 -0.248 -0.213
Sy dsb
Leaf length -0.193 -0.158 0.49 0.094
Sy e
Leaf width 0.307 0.05 0.161 0.576
A BTY
Days to flowering 0.056 0.016 -0.577 0.338
Sy B 39,
Days to maturity 0.315 0.117 0.338 -0.439
s nslie 3.686 2.428 2.067 1219
Eigen value
HE|

ol 222 0.335 0.221 0.188 0.111
Proportion

5 byl
(g ety e 0.335 0.556 0.744 0.855
Cumulative
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Fig. 1. Dispersion of H. bulbosum populations based on two principal components analysis
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Fig. 2. Dendrogram of populations of H. bulbosum explained by
complete linkage clustering of eleven traits.
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Extended Abstract
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Applied Research in Field Crops Vol 37, No.1, 2024, 7-9: 47-66(in Persian)

Introduction

Barley (Hordeum bulbosumL.)is characterized by low water requirements, strong
resistance to cold and notable tolerance to salinity. Given Iran’s climatic challenges,
particularly drought, identifying high-yielding genotypes and incorporating them
into breeding programs is essential. In plants, geographical separation contributes
to the genotypic and phenotypic variation among populations, driven by differences
in habitats, environmental conditions, and historical and phylogenetic processes,
which are the main drivers of phenotypic variation among individuals (Albarran-
Lara et al, 2019). This study aimed to investigate morphological, phenological,
and forage yield traits to assess the genetic diversity among various populations
of the H. bulbosum. The findings obtained from the present study could provide
valuable insights for developing new barley cultivars that are both high-yielding or
environmentally adaptable. Such cultivars hold promise for forage production and

rangeland development across diverse regions.

Email address of the corresponding author: Javadi@rifr-ac.ir;hjavadim@yahoo.com
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Materials & Methods

In this study, 18 populations of Hordeum bulbosum L., were evaluated for
morphological, phenological and forage yield traits. This study was carried out in
2022 at the Alborz Research Station, Karaj field. Field experiments were conducted
using a one-way analysis of variance (ANOVA) design with thress replications.
Eleven different quantitative traits were evaluated at harvest. Traits included:
days to flowering, days to seed maturity (calculated when approximately 50% of
each plot had flowered and 90% had reached seed maturity), plant height (at 50%
flowering), internode length (at 50% flowering), number of internodes, number
of tillers, spike length (cm), leaf length (cm), leaf width (cm), forage yield (plant
fresh weight, g) and plant dry weight (g) (Arzani et al., 2010). Data were analyzed
sing SPSS-19 and Minitab-16 software.

Results & Discussion

Significant variation (p < 0.01) was observed across all evaluated traits among
the populations. Populations 11752 (Gilan, Roudbar), 18780 (Golestan), and
population 40293 (Babajani, Kermanshah) exhibited the greatest plant height. Also,
populations 11752 (Roudbar, Gilan) and 32930 (Kermanshah), produced the highest
biomass per plant. Populations 11752 and 32930 showed the longest durations to
flowering and maturity (65 and 130 days), respectively, while the shortest time to
seed maturity (120 days) was recorded in population 37323. Principal component
analysis (PCA) revealed that the first four components were able to explain over
85% of the total variation in traits. The values of the first four components were
33.5, 22, 18 and 11%, respectively. The first component was associated with plant
height, plant fresh and dry weight, the second component with internode length and
number, tiller number and spike length, the third component with leaf length and
days to flowering and the fourth component with leaf width and days to maturity.
Populations 11752 and 32930 were partially separated by the first component. The
traits related to this separation were mainly plant height and yield traits (plant
fresh and dry weight). A cluster analysis at a genetic distance of 8.40, resulted in

four main clusters. The distribution of populations in the cluster was similar to
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their distribution in the PCA. The analysis also showed that the similarities of the
populations extend beyond their geographical source of collection. Similar results
observed in the findings of other researchers (Mekonnon et al., 2015).

Conclusion

Our findings indicate that different barley cultivars can be grown as forage in
different regions with suitable fresh and dry forage yields to meet livestock needs.
Populations 11752 (Rodbar, Gilan), 18780 (Golestan), and 24407 (Qom), produced
tall plants, and two populations 11752 (Rodbar, Gilan) and 32930 (Kermanshah)
were superior in terms of fresh and dry forage yields. Populations 11752 and 32930,
for long and population 37323 (Kohkiluyeh and Boyer-Ahmad), for short growing
season are recommended, respectively.

Keywords: Agronomic, Fresh and Dry Plant weight, Internode length, leaf
length, Plant height
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