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2-Tolerance
6- Stress tolerance index
10- Tritipyrum 11- Correlation

1- Stress susceptibility index
5- Yield stability index
9- Yield reduction

3- Harmonic mean 4- Mean production
7- Geometric mean productivity 8- Yield index
12- Principle Component Analysis 13-Cluster Analysis
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Table 1. The studied cultivars and lines in this research
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Table 2. Results of grain yield simple analysis of variance of studied genotypes in non-stress and stress environments
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Table 3. Comparison of grain yield mean of genotypes in non-stress and stress environments using Duncan's multiple
range test (a = 0.05)

Lol poySles bylys poSlas Y /Hles pblalys ) 5 Sles baylyd )5 3 Sles

oY s pb s poSles byl poSlee Y /s pb

O Osh o O Ogh o O ogh

Y 5N av-¥/Y"™ Nosrat £5 A £ AV/E7T Inc79 YAVOIATH AVY/\THE Behrokh
Yeys/Y Foy.a® Rihan yayy/a"t IS 7Y Inc80 FADAIA AdOY /Y D10
585\ @ soav/->* Rihan03  vs¥./s"Y aavy/3 M Inc82 ¥ Faq /o Dasht
yean/yH ovas/¥UHe Sahra fara/o™ syvanv Kavir Yvvan® sAsolo” Fajre30
avav/. sAsy/sY Y ousef yaay/sH ¥o.v/¥° Morocco-9-75  ¥a\w/a™* OFVY /Y Inc72
YAV H S\ Zahak avev® £yvav Nik FAVE/YE svs. /8 Inc73
yrsaN IS Aaad Zarjow FIAQ/DY I a7/ Nimrooz Fry. oy AN Inc77

3 ylel blod 3l asl anshy S e By G s o5 Slacudgs Adbge (O=+/+0) (Sl glataly k> ¢y905] domsts simd (Ui o g b @ gy 1 o> op) 5

il e HiSa )3 Sl sy ad Ko 5105 I tze BMSI VD prdas

OGRS 5 AT ek lalaore (3 g i) Al 5)Slas 1 She ulul y (Sid 4 Jood glo Sl ond 3)51)4 polde =% Joax

Table 4. Estimated values of drought tolerance indices based on the grain
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Table 6. Eigenval ues, the percentage of cumulative variance of tolerance indices and yield under non-stress and stress

in barley genotypes
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environments base on first and second components
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Figure 2. Barley genotypes dendrogram of classification based on six indices MP, GMP, HARM, STI, TOL and SSI
and yield under non-stress (Y p) and stress (Y's) with complete linkage and Euclidean distance criterion

Sl e ol 3 b Qlebl sl )b ) 2,8 adate
slapoY g Kavir ¢ Nik pLs)l ool o islejl 1,5
Rihan sLs) .ools lis o8 Jeoo 30 INCT9 4 INC73
5 (Sedd i 4 Cumlus (a3l o8,) Morocco-9-75
oy eles slacaie) olasa INCB2 Y 4 Sahra

Ls a3lis Juas 3

S19y8 g S

oBiily (anb mlie g (65)5liS uwdy 5l sy (s
Jlogl g s b @ jd g Jlo Oliios duwhe 5 (5
D)5 o (19,48 5 SIS > lacae)

(Sisan 4125 s Gelwly Gieeiy ool

STI GMP MP (cLa a5l Mgl 5 ol cloailye
LS5 gy oalio cln a3l oleieas HARM
LA 4 ld a5l wlws 5 polie slacis;
slagiy) b a5 lapasls SeS 4 lacuigy (sauey)S
S o ol IS 5 Sy by s ol (slaill & 432
am gy Sis 4 Jooo op YL RihaN03 g
Sis 4 Joos FEre30 g Yousef lacig; ol
3y Slas Jus 4 55 D10 pY a3g Lld |y (g yiag Juady3]
Ot bl b bwgie g G g bl e
2 cils gy g)los 0y SO 4 s il Yless!

&b

1. Agrawala, S., M. Barlow, H. Cullen and B. Lyon. 2001. The drought and humanitarian crisis in
central and southwest Asia: a climate perspective. International Research Ingtitute for Climate

Prediction, IRI Special Report, 20: 1-11.

2. Akgura, M. and S. Ceri. 2011. Evaluation of drought tolerance indices for selection of Turkish oat
(Avena sativa L.) landraces under various environmental conditions. Zemdirbysté=Agriculture, 98:

157-166.

169-183.

Fla, 223 pp.

© N o g M W

Allahdou, M. 2012. Evaluation of resistance to drought in tritipyrum lines using drought tolerance
indices. International Research Journal of Applied and Basic Sciences, 3: 461-465.

Amini, R. 2013. Drought stress tolerance of barley (Hordeum vulgare L.) affected by priming with
PEG. International Journal of Farming and Allied Sciences, 2: 803-808.

Ashraf, M. 2010. Inducing drought tolerance in plants: recent advances. Biotechnology Advances, 28:

Bakhshayeshi Geshlagh, M. and M. Shekarchezade. 2015. Evaluation of genotypes of bread wheat
(Triticum aestivum) using drought tolerance indices. Journal of Crop Breeding, 7: 49-59 (In Persian).
Blum, A. 1988. Plant breeding for stress environments. 1th edn. CRC Press, Boca Raton, Boca Raton,

P
Blum, A. 2011. Plant breeding for water-limited enviroments. 1th edn. Springer, USA, 255 pp.
Bousama, M. and W.T. Schapaugh. 1984. Stress tolerance in soybeans. |. Evaluation of three

screening techniques for heat and drought tolerance. Crop Science, 24: 933-937.

10. Cattivelll, L., F. Rizza, FW. Badeck, E. Mazzucotelli, A.M. Mastrangelo, E. Francia, C. Mare, A.
Tondelli and A.M. Stanca. 2008. Drought tolerance improvement in crop plants: An integrated view
from breeding to genomics. Field Crops Research, 105: 1-14.



Wf S oslisal b g slacaisis jl B 0 Juad BT (St 4 Joos L))

11. Ellis, R.P., B.P. Forster, D. Robinson, L.L. Handley, D.C. Gordon, J.R. Russell and W. Powell. 2000.

\éViId barSIEy:9 al?ource of genes for crop improvement in the 21st century? Journal of Experimental
otany, 51: 9-17.

12. El Rabey, H.A., J.A. Khan, K.O. Abulnaja and A.L. Al-Malki. 2012. Molecular characterization of
barley (Hordeum vulgare L.) genome for drought tolerant cultivars selection. African Journal of
Biotechnology, 11: 9527-9533.

13. Food and Agriculater Organization. 2014. FAO 2014 [WWW document]. http://faostat3.fao.org.

14.Food and Agriculater Organization and National Drought Mitigation Center. 2008. A review of
drought occurrence and monitoring and ﬁlanning activities in the Near East region, FAO, 1-56.
http://www.ais.unwater.org/ais/pluginfile.php/516/course/section/175.

15. Fernandez, G. 1992. Effective selection criteria for assessing plant stress tolerance. Proceedings of the
International Symposium on Adaptation of Vegetables and Other Food Crops in Temperature and
Water Stress, pg: 257-270. o ) o .

16. Fernandez, G. 2010. Statistical data mining using SAS applications data. 2" edn. CRC Press of Taylor
and Francis Group, LLC,USA, 442 pp.

17. Fischer, R.A. and R. Maurer. 1978. Drought resistance in spring wheat cultivars. Australian Journal of
Agricultural Research, 29: 897-912.

18.Fleury, D., S. Jefferies, H. Kuchel and P. Langridge. 2010. Genetic and genomic tools to improve
drought tolerance in wheat. Journal of Experimental Botany, 61: 11-22.

19. Forster, B.P., R.P. Ellis, W.T.B. Thomas, A.C. Newton, R. Tuberosa, D. This, R.A. El-Enein, M.H.
Bahri and M. Ben Salem. 2000. The development and application of molecular markers for abiotic
stress tolerance in barley. Journal of Experimental Botany, 51; 19-27.

20. Gavuzzi, P., F. Rizza, M. Palumbo, R.G. Campanile, G.L. Ricciardi and B. Borghi. 1997. Evaluation
of field and laboratory predictors of drought and heat tolerance in winter cereals. Canadian Journal of
Plant Science, 77: 523-531.

21.Golestani Araghi, S. and M.T. Assad. 1998. Evaluation of four screenig techniques for drought
resistance and their relationship to yield reduction ratio in wheat. Euphytica, 103: 293-299.

22.Guo, P., M. Baum, S. Grando, S. Ceccarelli, G. Bai, R. Li, M. von Korff, R.K. Varshney, A. Graner
and J. Valkoun. 2009. Differentially expressed genes between drought-tolerant and drought-sensitive
barley genotypes in response to drought stress during the reproductive stage. Journal of experimental
botany, 60: 3531-3544.

23. Haddadin, M.F. 2015. Assessment of drought tolerant barley varieties under water stress. International
Journal of Agriculture and Forestry, 5: 131-137.

24.Hayes, P.M., A. Castro, L. Marquez-Cedillo, A. Corey, C. Henson, B.L. Jones, J. Kling, D. Mather, I.
Matus, C. Rossi and K. Sato. 2003. Genetic diversity for quantitatively inherited agronomic and
malting quality traits. In book “Diversity in barley (Hordeum vulgare)” chapter 10, Elsevier,
Netherlands, 201-226.

25. Hosseini, S.Z. 2016. Evaluation of drought tolerance in canola (Brassica napus L.) genotypes, using
biplot analysis. Journal of Crop Breeding, 8: 192-202 (In Persian).

26.Khan, M.I., G. Shabbir, Z. Akram, M.K.N. Shah, M. Ansar, N.M. Cheema and M.S. Igbal. 2013.
Character association studies of seedling triats in different wheat genotypes under moisture stress
conditions. SABRAO Journal of Breeding and Genetics, 45: 458-467.

27.Kilic, H., T. Akar, E. Kendal and I. Sayim. 2010. Evaluation of grain yield and quality of barley
varieties under rainfed conditions. African Journal of Biotechnology, 9: 7825-7830.

28. Kumar, M., S.R. Vishwakarma, B. Bhushan and A. Kumar. 2013. Estimation of %netic parameters
and character association in barley (Hordeum vulgare L.?. Journal of Wheat Research, 5: 76-78.

29. Mitra, J. 2001. Genetics and genetic improvement of drought resistance in crop plants. Current
Science, 80: 758-763.

30. Mollasadeghi, V., A.G. Eshghi, R. Shahryari and S. Elyasi. 2013. Evaluation of tolerant and
susceptible bread wheat genotypes under drought stress conditions. International Journal of Farming
and Allied Sciences, 2: 1159-1164.

31.Naghavi, M. R., M. Moghaddam, M. Toorchi and M. R. Shakiba. 2016. Evaluation of spring wheat
cultivars based on drought resistance indices. Journal of Crop Breeding, 8: 192-207 (In Persian();.

32.Poor-Esmaeil, H.A., H.R. Fanaei and M.H. Saberi. 2014. Evaluation of drought tolerant cultivars and
lines of sesame using stress tolerance indices. Scientific Journal of Crop Science, 3: 66-70.

33. Rahimi, M., H. Dehghani, B. Rabiei and A.R. Tarang. 2013. Evaluation of rice segregating population
based on drought tolerance criteria and biplot analysis. International Journal of Agriculture and Crop
Sciences, 5: 194-199.

34.Raman, A., S. Verulkar, N. Mandal, M. Variar, V. Shukla, J. Dwivedi, B. Singh, O. Singh, P. Swain,
A. Mall, S. Robin, R. Chandrababu, A. Jain, T. Ram, S. Hittalmani, S. Haefele, H. Piepho and A.
Kumar. 2012. Drought yield index to select high yielding rice lines under different drought stress
severities. Rice, 5: 1-12.

35. Rosielle, A.A. and J. Hamblin. 1981. Theoretical aspects of selection for yield in stress and non-stress
environment. Crop Science, 21: 943-946.

36. Saeidi, M., M. Abdoli, M. Azhand and M. Khas-Amiri. 2013. Evaluation of drought resistance of
barley (Hordeum vulgare L.) cultivars using agronomic characteristics and drought tolerance indices.
Albanian Journal of Agricultural Sciences, 12: 545-554.

37.Saini, H.S. and M.E. Westgate. 2000. Reproductive development in grain crops during drought.
Advances in Agronomy, 68: 59-96.

38. Schneider, K.A., R. Rosales-Serna, F. Ibarra-Perez, B. Cazares-Enriquez, J.A. Acosta-Gallegos, P.
Ramirez-Vallejo, N. Wassimi and J.D. Kelly. 1997. Improving common bean performance under
drought stress. Crop Science, 37: 43-50.



Wb WAF 5L IVY ojledd /ops Jlo [ sly; lalS oMol aoliiangy

39. Shanker, A.K., M. Maheswari, SK. Yadav, S. Desai, D. Bhanu, N.B. Attal and B. Venkateswarlu.
2014. Drought stress responses in crops. Functiona & integrative genomics, 14: 11-22.

40. Sharafi, S., K. Ghassemi-Golezani, S. Mohammadi, S. Lak and B. Sorkhy. 2014. Evaluation of barley
genotga&s (Hordeum vulgare L.) by drought tolerance indices and multivariate analysis. International
Journal of Biociences, 4: 117-129.

41. Sharafi, S., K. Ghassemi-Golezani, S. Mohammadi, S. Lak and B. Sorkhy. 2011. Evauation of
drought tolerance and yield potential in winter barley (Hordeum vulgare) genotypes. Journal of Food,
Agriculture & Environment, 9: 419-422.

42.S0-Se Mardeh, A., A. Ahmadi, K. Poustini and V. Mohammadi. 2006. Evaluation of drought
resistance indices under various environmental conditions. Field Crops Research, 98: 222-229.

43.Soleimani, A., A. Ahmadikhah and S. Soleimani. 2009. Performance of different greenhouse
%cé%mber cultivars (Cucumis sativus L.) in southern Iran. African Journal of Biotechnology, 8: 4077-

44. Soleymani, A. and M.H. Shahrﬂ'_abian. 2013. Evaluation drought tolerance indices on the basis of
physiological characteristics for different genotypes of barley in Esfahan region. International Journal
of Farming and Allied Sciences, 2: 533-536.

45, Subhani, G.M., M. Abdullah, J. Ahmad, J. Anwar, M. Hussain and A. Mahmood. 2015. Identification
of drought tolerant genotypes of barl%y (Hordeum vulgare L.) through stress tolerance indices. Journa
of Animal and Plant Sciences, 25: 686-692.

46. Taheripoorfard, Z.S., H. Ghazvini, M. Abrahimi and S.M.M. Mortazaviyan. 2015. Investigation of
late season drought tolerance in promising barley genotypes using sensitive and tolerance stress
indices. Journal of Applied Crop Breeding, 3: 39-55 (In Persian).

47.Takeda, S. and M. Matsuoka. 2008. Genetic approaches to crop improvement: responding to
environmental and population changes. Nature Reviews Genetics, 9: 444-457.

48.Talebi, R., F. Fayaz and A.M. Nagji. 2009. Effective selection criteria for assessing drought stress
tolerance in durum wheat (Triticum durum Desf.). General and Applied Plant Physiology, 35: 64-74.

49. Tuberosa, R. 2012. Phenotyping for drought tolerance of crops in the genomics era. In: Monneveux,
P., F;]HM: Fleabaut3 agdsé. Okono (eds.) Drought phenotyping in crops: from theory to practice. Frontiers
In Pnysiology, s: o-3o.

50.Valtas, J., H. Lopez-Corcoles and G. Borras. 2005. Use of biplot analysis and factorial regression for
tzhze isré\éegtizglation of superior genotypes in multi-environment trials. European Journal of Agronomy,

51.Zadoks, J.C., T.T. Chang and C.F. Konzak. 1974. A decimal code for the growth stages of cereals.
Weed Research, 14: 415-421.

52.Zare, M. 2012. Evaluation of drought tolerance indices for the selection of Iranian barley (Hordeum
vulgare) cultivars. African Journal of Biotechnology, 11: 15975-15981.

53. Zebarjadi, A.R., Z. Chaghakaboodi and D. Kahrizi. 2011. Evaluation of rapeseed 8enotypes (Brassica
napus L.) under drought stress conditions. Researches of The First International Conference Babylon
and Razi Universities, 201-204.



Journal of Crop Breeding Vol. 9, No. 23, Autumn 2017

Evaluation of L ate Season Drought in Barley Genotypes using some Drought
Tolerance Indices

Amanollah Soleimani*, Mohammad Reza_Biham;az, Seyed Ali Peyghambari® and
RezaMaali-Amiri*

1, 3 and 4- PhD Student, Professor and Associate Professor , College of Agriculture and Natural Resources, Tehran
University
2- Professor, College of Agriculture and Natural Resources, Tehran University
(Corresponding author: mrghanad@uit.ac.ir)
Received: May 31, 2016 Accepted: September 5, 2016

Abstract

Drought is one of the maor environmental limiting factors in the global agriculture.
Exploiting of crop yield potential and increasing yield stability of them in drought and drought-
prone regions can be guaranteed to feed the world’s growing population. For this purposg, in
order to assess the late season drought tolerance genotypes and determining of tolerant them
using stress tolerance indices, 21 genotypes of barley in a Randomized Complete Block Design
with three replications in two environments (stress and non-stress) in crop year 2014-2015 at the
Agricultural Faculty of Tehran University in Karg) were tested. For stress creation, irrigation at
first spikelet of inflorescence visible (Zadoks scale, code 50) was stopped. Genotypes yields in
non-stress (Y p) and stress (Y's) measured and analysis of variance was performed on them. MP,
GMP, STl and HARM indices which showed the highest correlation with yield in stress and
non-stress conditions were introduced as superior indices for screening genotypes. The results
of principle components analysis and biplot diagram showed that Rihan03, Y ousef and Fajre30
had the highest, Rihan, Morocco-9-75 (susceptible control) and Sahra had the lowest drought
tolerance genotypes respectively and D10 line had the highest yidd in non-stress and was
relatively tolerant. Cluster analysis based on MP, GMP, HARM, STI, TOL and SSI indices and
yield under stress and non-stress conditions classified genotypes in six clusters. Most drought
tolerant genotypes with high yield that their yield difference between stress and non-stress
conditions was lower than the other genotypes, were located in sixth, fifth and fourth clusters
and sensitive genotypes were located in first and third clusters. Based on the obtained results,
Rihan03, Yousef and Fajre30 genotypes were late season drought tolerant, Nik, Kavir, Inc73
and Inc7958%enotypes were relatively dro_u(?ht tolerant and Rihan, Morocco-9-75 (susceptible
control), Sahra and Inc82 genotypes were identified as sensitive. Probably, D10 Line is also due
to avery good yield in non-stress and medium in stress conditions has the potential to become a
good commercia variety.
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