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Extended Abstract

Introduction: Drought stress is known as one of the main factors limiting agricultural production.
Investigation of the effect of drought stress on grain yield and other agronomic and physiological traits can
be useful in identifying drought-tolerant cultivars. The aim objective of the present study was to study the
effect of terminal drought stress on some of the agronomic and physiological characteristics in a set of
promising barley lines.

Material and methods: This study was carried out at the Cereal Research Station located in Seed and Plant
Improvement Institute, Karaj, Iran during 2020-2021 cropping seasons. The plant material consisted of 17
promising genotypes of barley along with a commercial cultivar (cv. Jolgeh). All genotypes were
investigated in two separate experiments based on a randomized complete block design with three
replications under two control and drought stress conditions.

Results: The results of combined analysis of variance showed a significant difference between control and
drought stress conditions in terms of all measured traits except spike length and the number of seeds per
spike. Furthermore, a significant difference was observed among the tested genotypes in terms of
all measured traits except initial chlorophyll fluorescence, maximum quantum yield of PSII, and
maximum primary yield of photochemistry of PSII. However, the interaction effect between
drought stress conditions and genotype was only significant for the number of days to
physiological maturity, grain filling period, main spike length, and chlorophyll content.

The results of principal component analysis (PCA) revealed that the first five components
accounted for 84.80% of the total phenotypic variation, under drought stress condition.
Considering the angle among trait-vectors indicated that some of traits such as number of days to
anthesis and to physiological maturity, awn length, plant height, leaf area index, chlorophyll
content, and number of seeds per spike positively correlated with grain yield in the drought stress
condition. In general, our results showed that genotypes G2, G3, G6, G7, G12, and G18 were
identified as the best genotypes compared with other tested genotypes.

Conclusion: According to results, genotype G7 due to its highest grain yield and ideal agronomic and
physiological features can be candidates for further complementary investigations in multi-environmental
trials with the aims of realization of a new commercial cultivar.
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Table 1. Pedigree of the 18 investigated barley line
Code /4l Pedigree / o >
G1 Jolge (Check 1)
G2 Bahman/3/MAKOUEE//ZARJOW/80-5151
G3 ALGER/(C110117/CHOYO../3/Makouee/4/STB-12
G4 Comp.Cr229//As46/Pro/3/Srs/4/Express/5/D10*2
G5 ZARJOW/80-5151//Makouee*2
G6 MAKOUEE/3/ZARJOWY/80-5151//Bahman
G7 Radical/Birgit//Pamir-154/3/Rhn-03//L.527/NK1272
G8 CALI92/ROBUST//ND16301
G9 Radical/Birgit/Pamir-154/3/Rhn-03//L.527/NK1272
G10 Yousef/4 /82S:510/3/Arinar/Aths//DS 29
G11 Courlis/Rhn-03//Karoon
G12 Bereke-54/3/Rhn-03//L.527/NK1272
G13 Comp.Cr229//As46/Pro/3/Srs/4/Express/5/D10*2
G14 Pamir-147/Sonata/8/Alpha/Durra/7/P101/5/3896/...
G15 Courlis/Rhn-03//Karoon
G16 (D-16)Bda/Rhn-03//1CB-107766/3/Y ousef
G17 Sonata/8/Api/CM67//Hma-03/4/Cq/Cm//Apm/3/...
G18 Nadawa/Rhn-03//Birka
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Table 2. The combined analysis of variance for measured traits in the 18 investigated barley genotypes

Sils s g L e I 93] IR Lo ol
Mean CV (%) Error integEtion Ger(]gt)ype Replication / E Envn&(l)zr;ment sov
Drought g;ss %;tr;ol 68 1 o 4 ! Slao
Traits
172.06 173 0.93 2.59 2.57"™ 35.04 ** 0.77 24.08 ** DH
46.54 54.63 3 2.30 8.29 ** 40.53 ** 141 1768.21 ** GFP
218.78 227.63 0.25 0.31 5.74** 16.67** 1.34 2115.59 ** DM
87.67 93.77 5.12 21.56 32.05™ 219.32 ** 88.42 1003.45 * PH
15.33 17.45 11.40 3.49 4.37™ 13.74 ** 9.24 121.07 * PL
26.88 33.48 23.68 51.09 74.19™ 372.81 ** 21.11 1175.79 ** LAI
37.28 49.29 7.47 10.46 58.95 ** 54.25 ** 33.07 3896.40 ** SPAD
0.63 0.96 40.57 0.10 0.16"™ 0.16 ™ 0.23 2,96 * Fo
0.55 2.32 18.30 0.013 0.017 ™ 0.02 ™ 0.01 0.41 ** Fv/Fm
1.50 6.56 51.69 0.97 0.78 1.03"™ 0.76 17.95 ** Fv/Fo
11.85 13.08 6.42 0.64 0.98 ns 2.29 ** 0.90 40.58 ** AL
6.25 6.39 6.95 0.19 0.61 ** 6.17 ** 0.45 0.57 "™ SL
48.67 48.50 6.25 9.21 13.10™ 774.04 ** 28.41 0.77 "™ NSS
20.63 21.45 4.50 0.89 0.62"™ 14.33 ** 0.64 17.86 ** TKW
5.34 6.56 12.25 0.53 0.66 "™ 1.97 ** 0.11 39.96 ** GY

o3 ) 90 Jleis] zolaw )3 b bxe 5yl dme pe odind (LIS (i ey i g s ok NS
ns, *, and **: non-significant, and significant at 0.05 and 0.01 probability levels, respectively.
s el Hoals U 3q, i ,Slo s as AL ¢ FV/Fm Fv/Fo SL PL TKW Fo NSS GY LA PH SPAD GFP .DM DH
Jﬁlb cdl...;.w )2 Al oliws casls .))gko.c 4&5).3 Cjaw ua>‘.m cdu}: 8[&4}‘&}459)15 dl}am &l u.&m » 5)5.) ;u_ia)?‘}:).._’i ‘;_\M) L )5)
28l o Sy Jobo 5 (S3ogs Sl alondignd 3,Shas Sl (ol s oo JSOlay oo il 135 (5 e b ol
DH, DM, GFP, SPAD, PH, LA, GY, NSS, Fo, TKW, PL, SL, Fv/Fo, Fv/Fm, AL indicate the number of days to heading,
number of days to physiological maturity, grain filling period, SPAD value, plant height, leaf area index, grain yield,

number of seeds per spike, Initial fluorescence, thousand kernels weights, peduncle length, spike length, maximum,
phytochemical yield, photosynthetic capacity, and awn length, respectively.
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Table 3. Mean values for estimated traits in the investigated barley genotypes under control (C) and
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Continued Table 3. Mean values for estimated traits in the investigated barley genotypes under control (C) and
drought stress (S) conditions

GY (ton/ha) TKW (gr) SL (cm) AL (cm) Fv/Fo Code
S C S C S C S C S C S C

474 7.34 20.20 20.90 48.93 50.67 7.60 7.63 12.33 14 1.09 1.28 Gl
5.40 7 18.03 19.73 55.43 56.40 7.80 8.43 12 12.97 1.67 3.19 G2
5.40 7.08 19.13 19.87 58.97 61.20 5.07 5.40 10.90 12.27 1.53 3.18 G3
6.13 7.78 20.27 21.27 53.47 56 5.10 5.10 12.27 12.97 1.14 1.89 G4
5.17 6.07 19.03 20.17 51.20 56 7.17 7.33 12.13 13.43 1.97 2 G5
5.46 6.32 19.10 20.10 50.77 56.03 6.60 7.20 11.33 12.33 1.30 2.86 G6
6.79 6.40 19.40 20.33 50.53 52.73 5.60 5.70 12.07 12.50 1.97 2.49 G7
4.42 5.93 20.67 21.63 25.70 28.37 7.27 9.60 12.80 14.77 1.59 1.78 G8
5.60 6.40 22.37 23.67 51.93 54.70 5.57 5.57 10.07 13.13 141 1.49 G9
4.35 5.16 21.20 21.37 54.90 56.67 5.83 6.13 12.30 13.30 1.36 2.53 G10
5.70 7 19.03 19.73 55.33 55.47 6.13 6.30 12.93 13.10 1.20 2.42 Gl1
5.49 5.79 20.90 21.40 42.23 49.17 5.87 5.87 12.33 12.40 1.99 2.85 G12
5.93 7.48 20.73 21.87 53.70 55.50 5.40 5.63 11.77 13.33 1.32 1.48 G13
5.22 6.49 20.37 21.37 23.30 24.67 7 7.40 13.07 13.17 1.95 3.07 G14
5.06 6.21 20.97 22.33 52.13 53.23 6.20 6.20 11.07 13.13 121 1.85 G15
5.67 6.43 22.70 23.83 51.73 52.20 5.43 5.53 11.67 13.70 0.51 2.98 G16
4.18 5.92 24.56 25.17 23.65 23.65 6.05 6.17 10.50 12.40 1.98 2.87 G17
5.36 7.19 21.37 22.67 52.73 52.73 5.57 5.97 11.80 12.50 1.44 1.99 G18
0.97 0.44 1.26 1.07 4.06 7.14 0.58 0.90 1.07 1.27 1.32 117 LSD 50.053
0.77 0.35 0.99 0.84 3.20 5.61 0.46 0.71 0.84 1 1.04 0.92 LSD (0.01
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Figure 1. Biplot rendered by the ﬁrlnupal component analysis (PCA) based on the 18 investigated barley genotypes
under drought stress condition. The numbers in biplot indicate genotype codes. DH, DM, GFP, SPAD, PH, LA, GY,
NSS, Fo, TKW, PL, SL, Fv/Fo, Fv/Fm, AL indicate the number of days to heading, number of days to physiological
maturlt¥, grain filling period, SPAD value, plant height, leaf area index, grain yield, number of seeds per spike, initial
luorescence, thousand kernels weights, peduncle length, spike length, maximum, phytochemical yield,
photosynthetic capacity, and awn length, respectively.

G3 B2 (oY d98 0 oaalia V S5 p &S 6iSlon Lbadlie 51 G jo 2l calps (a4 295 L
sl @Y oy olsisa G18 5 G12 G7 GB  puslie olul p bl 45 43 Laseie wyp 3y90 Sliw
Ba5 late L3 13y s byY  ololis 4 e PCA2 5 PCAL ailse 53 o VL
ol 9 YU 3 Slas ol o 5 (Sis &y Jasio sl Y
bl gl pad el Collas (Sjdlsid 5 o)


http://dx.doi.org/10.61186/jcb.15.46.93
https://jcb.sanru.ac.ir/article-1-1388-fa.html

[ Downloaded from jcb.sanru.ac.ir on 2025-12-08 |

[ DOI: 10.61186/jcb.15.46.93 |

0)l8g)ly0 Lo ple o (goalaino 2315 ¢ Sy palds

V¥ S o oy Slio | (B g s 3 Shes py Juad ST (Sts 85 51 g

5 =hy clie plo g 4l 5Sles a5l Jlo g 4l
9 b 2 B 8pS 5 cw)p 3j9e (Side i
laptolojl iz ol @ly )3 35 s 35 ol (6,85
@ Joodia g 2 03]l pB)l (Byme 4 oxie Ml oo (eSS
Sl Mg lads )3 365 wgia, & 295 Jad B (Suis 4
u.»\/b Cuodl (glyl> u.gw.o oS 3l );Lo (}blm » e

A5l e

S M e ol Cuwd 4 ol 4 ds g b IS jeboay

Slows 9 &by )/.Slo.c )Jaa )’| 9> oAl qwyy ‘51@‘;\,{\! )'|
o & Cand oad pS03lul (Sjelgbyge 5 (Sojglgn b
Sl (6 ying dg0d (Sl i byl pd 0 aall 18, g by Y
Jdoa G (pY o554 Y (ol 255 00 Slaidy 500! |
Sl Gt g i bl 0wl o Sles o ik 29 1l

&l

1. Afzalifar, A., M. Zahravi and M.R. Bihamta. 2011. Evaluation of tolerant genotypes to drought stress
in Karaj region. Journal of Agronomy and Plant Breeding, 7: 25-44 (In Persian).

2. Ahmad, I., H. Dai, W. Zheng, F. Cao, G. Zhang, D. Sun and F. Wu. 2013. Genotypic differences in
physiological characteristics in the tolerance to drought and salinity combined stress between Tibetan
wild and cultivated barley. Plant Physiology and Biochemistry, 63: 49-60.

3. Ahmadi, A. and D.A. Baker. 2001. The effect of water stress on grain filling processes in wheat. Journal
of Agriculture Science, 136: 257-269.

4. Ahmadi, K., H. Hatami, F. Abdeshah and V. Kazemian. 2020. Agricultural Statistics (2019-2020

Cropping Year): Crop Plants. Ministry of Agriculture-Jahad 1: 97.

Amini, F., S. Dezhsetan and A. Rasoulzadeh. 2018. Evaluation the effects of water stress on some

phenological, physiological and morphological traits in rainfed spring barley (Hordeum vulgare L.)

Genotypes. Journal of Crop Breeding, 10(27):160-170 (In Persian).

Bagheri, A. and H. Heydari Sharifiabad. 2007. Effect of drought stress on yield and yield components

and ions content in without glumel barley. Journal of Modern Agricultural Science, 7: 1-15.

Blum, A. 1996. Crop responses to drought and the interpretation of adaptation. Plant Growth Regulators,

20:135-148.

Ebadi, A., A. Sajedi and A. Senjari. 2012. The effect of irrigation cut on dry matter remobilization and

some of agronomy traits on spring barley. Journal of Crop Production, 4: 19-38.

9. Elias, E., A. Salih and F. Alaily. 2001. Cracking patterns in the Vertisols of the Sudan Gezira at the end
of dry season. International Agrophysics, 15(3): 151-156.

10.Ergen, N.Z. and H. Budak. 2009. Sequencing over 13000 expressed sequence tags from six subtractive
cDNA libraries of wild and modern wheats following slow drought stress. Plant, Cell & Environment,
32: 220-236.

11.Ghazvini, H., S. Bagherikia, A. Pour-Aboughadareh, M. Sharifalhossaini, S.A. Razavi, S. Mohammadi,
M. Ghasemikalkhoran, A. Fathihafshejania and G. Khakizadeh. 2021. GGE biplot analysis of promising
barley lines in the cold regions of Iran. Journal of Crop Improvement,
https://doi.org/10.1080/15427528.2021.1977448 (In Press).

12.Kadkhodaie, A., M. Zahedi, J. Razmjoo and M. Ressarakli. 2014. Changes in some anti-oxidative
enzymes and physiological indices among sesame genotypes (Sesamum indicum L.) in response to soil
water deficits under field conditions. Acta Physiologiae Plantarum, 36: 641-650.

13.Khomari, A., M. Mahboubi and S. Aharizad. 2017. The effect of water stress on some traits of barley
double haploid lines. Journal of Agronomy and Plant Breeding, 13: 69-82.

14 Kilic, H. and T. Yagbasanlar. 2010. The effect of drought stress on grain yield, yield components and
some quality traits of durum wheat (Triticum turgidum ssp. durum) cultivars. Notulae Botanicae Horti
Agrobotanici Cluj-Napoca, 38: 164-170.

15.Koochaki, A., A. Yazdansepas and H. Nikkhah. 2006. Effects of terminal drought on grain yield and
some morphological traits in wheat (Triticum aestivum L.) genotypes. Iranian Journal of Crop Sciences,
8: 14-29 (In Persian).

16.Lee, T.Y., S.Y. Woo, M.J. Kwak, K. Inkyin, K.E. Lee, J.H. Jang and T.R. Kim. 2016. Photosynthesis
and chlorophyll fluorescence responses of Populus sibirica to water deficit in a desertification area in
Mongolia. Photosynthetica, 54: 317-320.

17.Li, R.H., G. Pei-Guo, M. Baum, S. Grando and S. Cecccarelli. 2006. Evaluation of chlorophyll content
and fluorescence parameters as indicators of drought tolerance in barley. Agricultural Sciences in China,
5: 751-757.

18.Mohammadi, R., M. Armion, D. Kahrizi and A. Amri. 2010. Efficiency of screening techniques for
evaluating durum wheat genotypes under mild drought conditions. Journal of Plant Production, 4(1):
11-24 (In Persian).

19.Monneveux, P. and E. Belhassen. 1996. The diversity of drought adaptation in the wide. Plant Growth
Regulation, 20: 85-92.

o

© N o


http://dx.doi.org/10.61186/jcb.15.46.93
https://jcb.sanru.ac.ir/article-1-1388-fa.html

[ Downloaded from jcb.sanru.ac.ir on 2025-12-08 |

[ DOI: 10.61186/jcb.15.46.93 |

o )l8g)ly0 Lo yule 5 (gotlain SIS ¢ Juyed pals
\oy VEY il /55 0l [eoly Sl [s)y; bl oMol asliingsy

20.0rtiz-Ferrara, G. 1991. Identification of agronomic traits associated with yield under stress conditions.
In: Acevedo E et al. (Eds.) Physiology breeding of winter cereals for stressed Mediterranean
environments. INRA, Paris, 67-88 pp.

21.0zkur, O., F. Ozdemir, M. Bor and I. Turkan. 2009. Physiochemical and antioxidant responses of the
perennial xerophyte Capparis ovate Desf. to drought. Environmental and Experimental Botany, 66: 487-
492,

22.Paknejad, F., Z. Fatemi Rika and M. Dehno 2017. Investigation end season drought effect on yield and
yield components of ten barley (Hordeum vulgare L.) cultivars in Karaj region. Environmental Stresses
in Crop Sciences, 10: 391-410.

23.Pietragalla, J. and A.J.D. Pask. 2012. Physiological Breeding Il; Pietragalla, H., Pask, A.J.D., Mullan,
D., Reynold, M.P., (Eds.) CIMMYT: Mexico, Mexico, pp: 15-17.

24.Pour-Aboughadareh, A., A. Etminan, M. Abdelrahman, K.H.M. Siddique and L.S.P. Tran. 2020.
Assessment of biochemical and physiological parameters of durum wheat genotypes at the seedling
stage during polyethylene glycol-induced water stress. Plant Growth Regulation, 92: 81-93.

25.Pour-Aboughadareh, A., M. Omidi, M.R. Naghavi, A. Etminan, A.A. Mehrabi, P. Poczai and H. Bayat.
2019. Efect of water defcit stress on seedling biomass and physio-chemical characteristics in different
species of wheat possessing the D genome. Agronomy, 9: 522

26.Pour-Aboughadareh, A., M.R. Naghavi and M. Khalili. 2013. Water deficit stress tolerance in some of
barley genotypes and landraces under field conditions. Notulae Scientia Biologicae, 5: 249-3246

27.Saberi, M.H., H.R. Nikkhah, H. Tajali and E. Arazmjo. 2015. Effects of terminal season drought stress
on yield and choosing best tolerance indices in promising lines of Barley. Applied Field Crop Research.
107: 124-132.

28.Shahid Masood, M., A. Javaid, M. Ashiq Rabbani and R. Anwar. 2005. Phenotypic diversity and trait
association in bread wheat (Triticum aestivum L.) landraces from Baluchistan, Pakistan.
Pakistan Journal of Botany, 37: 949-957.

29.Tabatabaei, S., E. Shakeri, M. Shahedi Investigation of yield, yield components changes and some
physiological characteristics of barley genotypes under irrigation tension conditions. Crop Physiology
Journal, 18: 101-114 (In Persian).

30.Tajali, H., S.G. Mousavi, B. Baradaran, M.H. Saberi and E. Arazmjoo. Evaluation of 20 barley
genotypes under the terminal drought conditions. Journal of Crop Ecophysiology, 7: 91-104
(In Persian).

31.Tian, S., X. Mao, H. Zhang, S. Chen, C. Zhai, S. Yang and R. Jing. 2013. Cloning and characterization
of TaSnRK2.3, a novel SnRK2 gene in common wheat. Journal of Experimental Botany, 64: 2063-
2080.

32.Vega, C.R.C., F.H. Andrade, V.O. Sadras, S.A. Uhart and O.R. Valentinuz. 2001. Seed number as a
function of growth. A comparative study in soybean, sunflower and maize. Crop Science, 41: 748-754.

33.Zhao, C.X., L.Y. Guo, C.A. Jaleel, H.B. Shao and H.B. Yang. 2008. Prospects for dissecting
plant-adaptive molecular mechanisms to improve wheat cultivars in drought environments. Comptes
Rendus Biology Journal, 331: 579-586.


http://www.pakbs.org/pjbot/pjhtmls/contents.html
http://dx.doi.org/10.61186/jcb.15.46.93
https://jcb.sanru.ac.ir/article-1-1388-fa.html
http://www.tcpdf.org

