Iranian Journal of Field Crops Research
Homepage: https://jcesc.um.ac.ir i

Research Article
Vol. 22, No. 2, Summer 2024, p. 121-136

Determining Some Morphophysiological Traits Affecting the Root-to-Shoot
Ratio in Different Cultivars of Barley (Hordeum vulgare L.)

R. Najib!, M. Farsi®?*, M. Zare Mehrjardi®3, N. Moshtaghi®*

1- Ph.D. Student of Plant Biotechnology, Department of Biotechnology and Plant Breeding, Faculty of Agriculture,
Ferdowsi University of Mashhad, Iran

2, Professor, Department of Biotechnology and Plant Breeding, Faculty of Agriculture, Ferdowsi University of
Mashhad, Iran

3- Assistant Professor, Department of Biotechnology, Agriculture Faculty of Shirvan, University of Bojnord, Iran

4- Associate Professor, Department of Biotechnology and Plant Breeding, Faculty of Agriculture, Ferdowsi University
of Mashhad, Iran

(*- Corresponding Author Email: farsi@um.ac.ir)

How to cite this article:

Najib, R., Farsi, M., Zare Mehrjardi, M., & Moshtaghi, N. (2024). Determining Some
Morphophysiological Traits Affecting the Root-to-Shoot Ratio in Different Cultivars of
Barley (Hordeum vulgare L.). Iranian Journal of Field Crops Research, 22(2), 121-136.
(in Persian with English abstract). https://doi.org/10.22067/jcesc.2024.84953.1274

Received: 21 October 2023
Revised: 10 March 2024
Accepted: 13 March 2024
Auvailable Online: 14 May 2024

Introduction

Barley is the fourth most common cereal crop in the world after wheat, maize, and rice, which is used for
animal and human feed and malt production. This plant stands out among crops due to its unexpectedly wide
range of adaptation and distribution compared to other cereals, earning it recognition as a model species.
Determining the variation in the morphological and physiological traits of roots and shoots in the collection of
barley genotypes can provide the basis for breeding new cultivars with suitable traits for better adaptation to
specific environments. So in this study, some morphophysiological characteristics of roots and shoots of
commercial barley cultivars were studied to identify cultivars with a higher root-to-shoot ratio as donor parents
for breeding projects.

Materials and Methods

In this study, 21 barley cultivars were grown in a randomized complete block design with six replications in
greenhouse conditions. Morphological and physiological traits related to roots and shoots were measured during
the tillering and heading stages. Also, some traits affecting photosynthesis and yield during reproductive growth
and harvesting stages were measured. Analysis of variance, mean comparison by LSD test at 5% probability
level, and multivariate statistical analyses including principal components analysis, cluster analysis by Ward
method, correlation analysis, and path analysis were performed by JMP and R statistical software.

Results and Discussion

Significant genetic diversity was observed for most of the traits among cultivars (P<0.05). At the tillering
stage, Behrokh and Mehtab cultivars and in the heading stage, Jolgeh cultivar showed the highest dry weight of
root to shoot ratio. Reyhan variety showed the lowest dry weight of root-to-shoot ratio in both stages. The
carbohydrate content of the root in the tillering stage and leaf proline, root volume, and the ratio of chlorophyll a
to carotenoid in the heading stage had the highest significant correlation coefficients with dry weight of root to
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shoot ratio (P < 0.05). Path analysis revealed that the root carbohydrate content in the tillering stage and the ratio
of chlorophyll to carotenoids and proline in the heading stage are the most effective traits of the dry weight of
root-to-shoot ratio. Principal components analysis showed that the first and second principal components explain
33.63% and the first seven principal components explain 72.66% of the total changes. Also, the first principal
component showed a positive and significant correlation with root to root-to-shoot ratio in the heading stage, and
the second principal component showed a negative and significant correlation with this ratio (P<0.05). The
studied cultivars were classified into four groups based on cluster analysis so that the fourth and second clusters
in the tillering stage and the third and second clusters in the heading stage had the highest and the first cluster in
both stages had the lowest dry weight of root to shoot ratio.

Conclusion

Based on the results, Jolgeh and Reyhan cultivars can be used in breeding programs to improve and produce
cultivars with higher root-to-shoot ratio, optimal yield, and more adapted to specific environments. These
cultivars had the highest and the lowest dry weight of root-to-shoot ratio in both stages, respectively. Also, they
were placed in different dimensions of the biplot drawn based on the first two principal components. In addition,
these cultivars were observed in different classes based on the cluster analysis.
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Table 1- List of barley varieties used in this study

&5 PR Gy ele K1 PR Cwiy enle
Code Cultivar Growth habit Code Cultivar  Growth habit
1 Yousef Spring 12 Nosrat Facultative
2 Goharan Spring 13 Behrokh Spring
3 Reyhan-03 Spring 14 Reyhan Spring
4 Kavir Spring 15 Nowrooz Spring
5 Nik Spring 16 Dasht Spring
6 Nimrooz Spring 17 Fajre-30 Facultative
7 Zahak Spring 18 Zarjow Spring
8 Loot Spring 19 Mahtab Facultative
9 Torkman Spring 20 Jolgeh Winter
10 Sahra Spring 21 Bahman Winter
11 Oksin Spring - - -
)y 290 Sl Cund Y Jga>
Table 2- The list of traits investigated
Code Traits Unit
A (Area) gla (€M2) gye o sl
V. (Volume) po (Em3) oo s gl
H./L/W. (Height / Length / Width) s,e / Jgb / glis)) (cm) yio gl
N (Number) sluss -
F.W./D.W. (Fresh / Dry Weight) s / 5 55 (@r. plant?) g )8
T. Bio (Total Biomass) JS'  wlegs @nes
R/Sh Ratio (Root to Shoot Ratio) ,lsn plul 4 4y cas -
TKW (Thousand Kernels Weight) «ls ,l5a s ar) &5
ALA (Average Leaf Angle) 5, 4y9l; (Sl ©D) 4>
SD (Stem Diameter) L. ,laé (Mmm) e o
RWC (Relative Water Content) <5, U1 _ows (slgimo (%) 2oy
SA (Stomata Area) <, gaw (MM?) @oyo yiog,Sue
SL (Stomata Length) «3,, Jsbo (M) j209,Sen
SW (Stomata Width) <35, (5,e (M) yi09,Sen
SN (Stomatal Frequency) 4, sl (N per mm?) Sy, woye yio oo y 2e
Pro. (Proline Content) :Js,s (slgixe (Mg.grt) Sis odbo )5 p p)5 o
Carbo. (Carbohydrate Content) .3 (¢lge (Mg.grt) Kis oske )5 p p)5 o
ChLT/Chl.a/Chlb  (Chlorophyll Total, a, b, Con)b 5@ (JS Jdg,ls cdale  (MQ.grt) s osle o5 5 p,5 e
Caro (Carotenoid Con) 434,18 cbale (Mg.grt) Sis odbo )5 p p)5 o
T (Tiller) as, -
P/L (Plant / Leaf) 5,/ «s -
U-/D- (Adaxial / Abaxial Surface) S, »;/ Sy <9, -
L yiegls £5F 5 PYR Ve lazgse Jsb 3 @i ol
sobel slagulad g aajad Llgy (obuly Coles 53 b €313 ptogiby Sl olSiws ) o3litl
s oy 5 Lo puilly (31555 (slagygeil pll 5l g Al Lideis)lS s JS Judg S b g a Luds S olie (8) b (V)
P LSD () du 5:Nse acslio (il g 4o daodlsz joi A
aujo5 Jold o patosiz (gylol glajlll g dop> iy Jleis] o Chl.a = (13.36xAgq4) - (5.19%A440) (v)
Sisad 50U 5 '3l o) 4 cladss 40 (ol claadlge 4 ChLb = (27.43xAg40) - (8.12%Agg,) (v)
kg Lo S vy 9 VW a5 s IMP (gLl )l 8lp 5 Lo g Chl.Total = (5.24xA4g,) - (22.24%Ag49) (¥)
Cxto) = [(1000 x A7) - (2.132x0C9h1. a) - (97.64xChl. b)] )
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Table 3- Analysis of variance for morphological traits in different cultivars of barley during reproductive growth phase and
harvest phase

Block Cultivar Error
SOV af MS df MS af MS CV.
U-SA 5 42.99" 20 20.10" 100 15.27 175
U-SL 5 0.967" 20 0.743" 100 0.628 10.8
U-sw 5 0.461" 20 0.252"s 100 0.151 10.3
U-SN 5 0.157" 20 0.114ns 100 0.071 35
D-SA 5 0.285" 20 0.285" 100 0.168 8.9
D-SL 5 0.903" 20 0.695" 100 0.631 10.3
D-SW 5 0.241" 20 0.395™ 100 0.187 11.3
D-SN 5 0.171m 20 0.137" 100 0.078 3.8
sSD 9 0.195" 20 0.565™ 180 0.126 11.3
PH 9 49.99™ 20 115.8" 180 18.17 10.2
ALA 9 0.196" 20 1.300m 180 0.092 10.3
NL 5 3.05m 20 4.066™ 100 1.490 23.1
NLT - - 20 0.487"s 105 0.421 19.3
RWC 2 33.60" 20 175.1™ 40 63.35 13.7
LA 2 68.50™ 20 33.86™ 40 10.75 21.6
LL 2 72.09" 20 39.69™ 40 13.98 18.1
LW 2 0.197" 20 0.062™" 40 0.026 15.0
TKW 2 11.51™ 20 25.63" 40 1.920 2.6
NT - - 20 1.593™ 105 0.280 19.2

EIEE

oy K g gy Jless !l o j0 0 gz g )5 gmeps sy g
ns,*and ™" non-significant and significant at 5% and 1% of probability levels, respectively.



VELY Ll o o)l FY als oyl (815 Slhwidais apnis VYA

(34 Al 50 53 g Ao Byl )3 (w0 3590 Slo il jlg 41525 € Jgua
Table 4- Analysis of variance for investigated traits in different cultivars of barley in the tillering stage

Block Cultivar Error
SOV af MS ar MS af MS CV.
FW. 6 0337 20 0374~ 120 0110 196
D.W. - - 20 0022 126 0.007 133
Shoot H. 3 1170% 20 7783 60  18.06 108
A 2 0001 20  00002° 40  0.0001 105
V. - - 20 0220 63 0087 109
FEW. 6 0196~ 20 0036~ 120 0015 146
oot D:W. 6 002" 20 0004 120 0003 194
H. - - 20 7957 63 1962 189
V. 3 0640™ 20 0205 60 0095 18.6
T. Bio 6 0004 20 0008 120  0.003 6.6
FEW. 6 005" 20 0022 120  0.008 105
RIShRatio o\ g  (os2* 20  0014™ 120 0006 180
Pro. L. 2 0004 20  0008" 40 0003 74
Pro. R. - - 20 0023™ 42 0002 53
CHO.L. 2 0006® 20 0127 40 0004 31
CHOR. - - 20 0063" 42 0015 6.3
Chl. a - ] 20  0106° 42 0.049 18.8
Chl. b - ] 20 0068™ 42 0017 162
Caro - ] 20  0008™ 42 0002 16.7
ChLT - ] 20  0340% 42 0203 108
Chl. alb - ] 20  0085™ 42 0032 121
a/Caro ) ] 20  0056° 42 0025 7.7

ns

o )d S5 g i Jlein] mdaw )3 I gize g I3 gixe s S Sy **5*‘
ns *and " non-significant and significant at 5% and 1% of probability levels, respectively.
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Table 5- Analysis of variance for investigated traits in different cultivars of barley in heading stage
Block Cultivar Error

SOV df MS df MS af MS CV.
FW. 2 0046 20 0568 42 0.119 163

D.W. - - 20 0.067* 63 0.019 14.9

Shoot H. ; ; 20 201.3* 42 92.67 19.1
A. 2 1.121% 20 0.442° 40 0.140 9.1

V. 2 0.641" 20 0.335" 40 0.152 19.6

FW. - - 20 0144”42 0.019 148

Root | DW. 3 0082 20  0259" 60 0.044 19.4
H. - - 20 2703 42 14.25 20.2

V. ; - 20 0237 42 0.047 19.6

T. Bio 6 0004 20  0.008" 63 0.023 15.3
_RW. - - 20 0.020" 42 0.002 105
RIShRatio o\ 3 0.001" 20  0.031" 60 0.001 6.0
Pro. L. - - 20 0203" 42 0.003 5.9
Pro. R. ; ; 20 003" 42 0.002 53
CHO.L. ; - 20 14912 42 500.5 17.2
CHOR. 2 0190" 20  0255% 42 0.018 8.0
chl.a ] - 22 0.062" 40 0.005 6.2
chl.b ; ; 20 0148™ 42 0.013 11.4
Caro ; - 20 0.051% 42 0.004 115
Chl.T ; ; 20 0315 42 0.028 10.6
Chl. alb ; - 20 0.044" 42 0.013 9.2
a/Caro ; - 20 0175" 42 0.053 11.0

o yd S g gy Jlein] e )3 45 xe g 5 Jre pf a4 **9*‘”5

ns,*and " non-significant and significant at 5% and 1% of probability levels, respectively.
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Figure 1- Mean comparison of dry/fresh weight root-to-shoot ratio in different cultivars of barley in the tillering stage
(Columns with at least one similar letter have no significant difference at 5% probability level on the base of the LSD Test).
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Figure 2- Mean comparison of dry/fresh weight root-to-shoot ratio in different cultivars of barley in the heading stage
(Columns with at least one similar letter have no significant difference at 5% probability level on the base of the LSD Test).
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Figure 3- Correlation between dry/ fresh weight R/Sh ratio with traits that had a significant correlation with these ratios in
the tillering stage
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Figure 4- Correlation between dry/ fresh weight R/Sh ratio with traits that had a significant correlation with these ratios in
the heading stage
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Table 6- Path analysis for dry weight root-to-shoot ratio of barley cultivars in tillering stage

“ o LS o s 5! d?.)'\’ )' W}:‘c_)"
Trait Correlation Coff Direct effect Indirect effect via
) PH LL Sh.H. CHO.R.
PH -0.470 -0.199 - -0.099 -0.076 -0.096
LL 0.450 0.363 0.054 - 0.022 0.011
Sh.H. -0.522 -0.122 -0.125 -0.065 - -0.211
CHO.R. 0.553 0.442 0.043 0.009 0.058 -
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Table 7- Path analysis for dry weight root-to-shoot ratio in different cultivars of barley in heading stage

T o B 3 i 51
Chuo (Sumod Gy b oo 53] Indirect effect via
Trait  Correlation  Directeffect , o\ ) sA U.sw NLT RWC Sh.A RV. Plio' Chl.a alb alcaro
D-SN 20492 -0.145 ~ -0.119 -0.002 0.002 -0.027 0.026 -0.074 -0.192 0.090 0.111 -0.160
U-SA 0.499 0208 0083 - 0004 -0.030 0.036 -0.018 0.064 0.200 -0.128 -0.407 0.486
U-SW 0.502 0.005 0070 0175 - -0020 0041 -0.019 0.071 0.276 -0.190 -0.478 0.570
NLT 0.458 0153 0002 0.041 0001 - 0090 -0.030 0127 0641 -0.396 -0.336 0.473
RWC 0.547 0148 0026 0051 0001 -0094 - -0.017 0.115 0548 -0.327 -0.377 0.472
Sh.A. 0.582 0066 0057 0.057 0001 -0.071 0038 - 0145 0465 -0.212 -0.250 0.416
R.V. 0.672 0214 0050 0.062 0002 -0091 0079 -0.045 - 0528 -0.337 -0.274 0.483
Pro. L. 0.702 0.887 0031 0047 0002 -0111 0091 -0.035 0.127 - -0.496 -0.282 0.440
Chl.a 0.496 0574 0023 0.046 0.002 -0.106 0.084 -0.024 0126 0767 - -0.057 0.210
alb 0.505 41076 0015 0.079 0.002 -0.048 0052 -0.015 0.054 0233 -0.031 -  1.241
alcaro 0.607 1282 0018 0079 0.002 -0.057 0054 -0.021 0.081 0.305 -0.094 -1.041 -
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Figure 5- Biplot analysis of PCA for different cultivars of barley based on the studied traits
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Figure 6- Dendrogram (A) and constellation diagram (B) obtained from Ward's cluster analysis in different cultivars of
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