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Table 1. Standard evaluation of genotypes fot salinity tolerance (Gregorio et al., 1997).

Score observation Tolerance
K'Y odalin Jezs
S e ok Jloy A polin Loy
1 (Normal growth, no leaf symptoms) (Highly tolérénce)
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1- Stress susceptibility index
4- Mean Productivity

2- Stress Tolerance Index
5- Geometric Mean Productivity

3- Tolerance index B
6- Harmonic Mean Productivity
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Table 2. Stress tolerance indices studied in this research

e )
Source

Relations

Stress tolerance indices

Fischer and Maurer, 1978
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Fernandez, 1992 STI = 3*72': (Stress Tolerance Index) i 4 Joos (adli
P
Hossain et al., 1990 TOL = YP — Ys (Tolerance index) Jasc

Hossain et al. 1990
Fernandez, 1992
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Figure 1. Death of Hashemi parent seedlings (percentage) in different concentrations and days after salinity treatment
until the fourteenth day
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Figure 2. Growth and developmental status of studied mutant seedlings under salinity stress conditions

b by clic ¢y glge ) Qb Joe g 39 Ms
o5 balpd )5 1y baeassis 0Slee (o8l (e 5 5558
Ll o sl ol odimd slis oly , il wal b (s
I om (e 2 mton) (3 V1) r9d G5 9 GAS g
ol o) Sl ) 28l i g9y LSy i g, VF
ol @l psbcos sad cpSoilul Gliv el o

VEY o (P 0.001) Jsine cglis ubyly 40

Hellow pglie 08) 9 (odla Wiy 18) Ms cibge Cuigi;
9 (e 3 mion) (w3 ) g yi0) r9d (slajlows FLAT
o Lg).;o)’b.sl s ded y Wl jiSen p
oSl (F Jgia) o plis ady) g able (Sojglsd)ge
dbye > eadobyl Clie @l g vy S
<ilige iy WY (55) (5p98 (5 baalpd )3 (slaoals



ogn b 5 e SIde b ol Lo o 5 W

v¥ lomalS als o 1> 15 4 Jood slagadls p 18T L (Ms) g cilige lacuini ()ed 4 oo 2bj))

Sopd W5 lyd 5 sl Byl o Ma cilige aigij WYY (SG5elg8 90 Slao (yuilylg 4305 =¥ Joa
Table 4. Analysis of variance of morphological traits on 142 M; mutant genotypes and control varieties under salinity stress
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2 of stem ) ady) Plant Root Stem  Rootlenght — Stenlenght <>2"  Source change
2 Rateof ~ Total o Stem total 0 ; df
|t to root stem dry Ldry dry weight weight  weight
H weight i g
length weight weight
to root
0.04" 0.92™ 0.003™ 0.0001™ 0.002™ 0.18™ 0.051™ 0.054™ 12.97™ 4657 143 (V;r?éty)
15.18 340.5™ 0.88™ 0.028™ 0.6™ 110.05™ 16.8™ 40.9 719.15™ 86736.2" 1 (S‘t)r;s)
0.04° 0579  0002° 00001 0002 013"  0.032" 004" 3.27" 302" 143 (Vaﬁ yigfﬁess)
0.02 0.196 0.001 0.00003 0.001 0.06 0.011 0.026 131 24.85 292 (E%(;‘e)
139 124 7.3 25 12.6 19.8 18.6 225 10.7 13.07 Olysd o

*:

* is significant at probability of 1%
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Table 5. Correlation oefficients of stress tolerance indices in studied genotypes seedling

Ys Yp SSI TOL MP GMP HMP
Ys 1
Yp 0/15 1
SSI -0.545™ 0.573™ 1
STI 0.747™ 0.712™ 0.064
TOL -0.184" 0.944™ 0.7517 0.459™ 1
MP 0.441™ 0.953™ 0.354™ 0.873™ 0.801™ 1
GMP 0.466™ 0.936™ 0.361™ 0.874™ 0.775" 0.991™ 1
HMP 0.924™ 0.435™ -0.201° 0.917 0.124 0.676™ 0.705™ 1

* ™ are significant at probability of 5 % and 1%
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Figure 3. Dendrogram from studied mutant genotypes ('Ylf)dwnh control varieties under salinity stress using ward
method.



va

10.

11.

12.
13.

14.

15.
16.

17.

18.
19.
20.

21,
22,

23.

ogn 5 e SIle b bl o, o5 W

VY oo /5D 0)las /pad gl Jlo /el GlS oMol asliiags,

&l
Afkhami Ghadi, A., F. Habibzadeh and S.J. Hosseini. 2021. Evaluation of Rice Genotypes from
Crossing based on Salinity Stress Tolerance Indices. Journal of Crop Breedin, 13(39): 108-121
(In Persian).
Ahloowalia, B.S., M. Maluszynski and K. Nichterlein. 2004. Global impact of mutation-derived
varieties. Euphytica, 135: 187-204.
Ahmadikhah, A., H. Shojaeian, M.H. Pahlevani and L. Nayeripasand. 2014. Identification of salt
tolerant mutants in rice and their fingerprinting using ISSR markers. Modern Genetics Journal, 9(3):
299-312 (In Persian).
Ali, S., R.K. Gautam, R. Mahajan, S.L. Krishnamurthy, S.K. Sharma, R.K. Singh and A.M. Ismail.
2013. Stress indices and selectable traits in SALTOL QTL introgressed rice genotypes for
reproductive stage tolerance to sodicity and salinity stresses. Field Crops Research, 154: 65-73.
Ali, M.N., L. Yeasmin, S. Gantait, R. Goswami and S. Chakraborty. 2014. Screening of rice landraces
for salinity tolerance at seedling stage through morphological and molecular markers. Physiology and
Molecular Biology of Plants, 20(4): 411-423.
Anshori, M.F., B.S. Purwoko, L.S. Dewi, W.B. Suwarno and S.W. Ardie. 2020. Cluster heatmap for
detection of good tolerance trait on doubled-haploid rice lines under hydroponic salinity screening.
I0P Conference Series: Earth and Environmental Science, 484(1): 12001.
Ashraf, M. 1994. Breeding for salinity tolerance in plants. Critical Reviews in Plant Sciences. 13, pp.
17-42.
Bagheri, L. and A. Fallah. 2016. Producing of tolerant cultivars to salinity stress in rice (Oryza sativa
L.) using mutation and biotechnology. Agricultural Research, Education and Extension Organization
Publications, 50 pp (In Persian).
Chinnusamy, V., A. Jagendorf and J.K. Zhu. 2005. Understanding and improving salt tolerance in
plants. Crop Science, 45: 437-448.
Chowdhury, A.D., G. Haritha, T. Sunitha, S.L. Krishnamurthy, G. Divya B Padmavathi, T. Ram and
N. Sarla. 2016. Haplotyping of rice genotypes using simple sequence repeat markers associated with
salt tolerance. Rice Science, 23: 317-325.
Da Luz, V.K., S.F.S. da Silveira, G.M. da Fonseca, E.L. Groli, R.G. Figueiredo, D. Baretta and et al.
2016. Identification of variability for agronomically important traits in rice mutant families. Bragantia,
75: 41-50.
Dasgupta, S., M.M. Hossain, M. Hug and D. Wheeler. 2015. Climate change and soil salinity: the case
of coastal Bangladesh. Ambio, 44: 815-826.
Diaguna, R., F.C. Suwarno and M. Surahman. 2017. Testing method for salinity tolerance at
germination stage on rice genotypes. International Journal of Applied Science and Technology, 7(3):
69-76.
El-Hendawy, S.E., Y. Hu, G.M. Yakout, AM. Awad, S.E. Hafiz and U. Schmidhalter. 2005.
Evaluating salt tolerance of wheat genotypes using multiple parameters. European Journal of
Agronomy, 22: 243-253.
Epstein, E.J.D., D.W. Norlyn, R.W. Rush, D.B. Kinsbury, G.A. Kelly and A.F. Cunningham. 1980.
Wrona Saline culture of crops: a genetic approach Science, 210: 399-404.
Fahad, S., A.A. Bajwa, U. Nazir, S.A. Anjum, A. Faroog, A. Zohaib, S. Sadia, W. Nasim, S. Adkins,
S., Saud, M.Z. Ihsan, H. Alharby, C. Wu, D. Wang and J. Huang. 2017. Crop production under
drought and heat stress: plant responses and management options. Front Plant Science, 8: 1147.
Fernandez, G.C.J. 1992. Effective Selection Criteria for Assessing Stress Tolerance. In: Kuo, C.G.,
Ed., Proceedings of the International Symposium on Adaptation of Vegetables and Other Food Crops
in Temperature and Water Stress, AVRDC Publication, Tainan, 257-270.
Fischer, R. and R. Maurer. 1978. Drought Resistance in Spring Wheat Cultivars. 1. Grain Yield
Responses. Australian Journal of Agricultural Research, 29: 897-912.
Flowers, T.J. and A.R. Yeo. 1981. Variability in the resistance of sodium chloride salinity within rice
(Oryza sativa L.) varieties. New Phytology, 88: 363-373.
Francois, L.E. and E.V. Maas. 1994. Crop response and management on salt-affected soils. In
Handbook of Plant and Crop Stress. Biologia Plantarum, Marcel Dekker, New York, USA. 149-181

pp.

Ghosh, B., M.D.N. Ali and G. Saikat. 2016. Response of rice under salinity stress: a review update.
Journal of Rice Research, 4: 167.

Golkar, H., M. Asadi, G. Mohammadi-Nejad, H. Naghavi and B. Nakhoda. 2012. Assessment of
salinity tolerance of different promising lines of bread wheat (Triticum aestivum L.). Advances in
Applied Science Research, 3(2): 1117-1121 (In Persian).

Gregorio, G.B., D. Senadhira and R.D. Mendoza. 1997. Screening rice for salinity tolerance. IRRI
Discussion Paper Series no. 22. International Rice Research Institute, P.O. Box 933, Manila 1099,

Philippines.



o e 3 e I ol ol Loy 5 U
A lomalS als o 1> 15 4 Jood slagadls p aSU L (Ms) g cilige lacuini (6)ed 4 oo (2bj))

24.Hakim, M.A., A.S. Juraimi and M.M. Hanafi. 2014. Biochemical and anatomical changes and yield
reduction in rice (Oryza sativa L.) under varied salinity regimes. BioMed Research International,
208584: 1-11.

25. Haque, S.A. 2006. Salinity problems and crop production in coastal regions of Bangladesh. Pakistan
Journal of Botany, 38: 1359-1365.

26.He, S., Y. Han, Y. Wang, H. Zhai and Q. Liu. 2009. In vitro selection and identification of sweet
potato (Ipomoea batatas (L.) Lam.) plants tolerant to NaCl. Plant Cell Tissue Organ Cult, 96: 69-74.

27.Henikoff, S. and L. Comai. 2003. Single-nucleotide mutations for plant functional genomics. Annual
Review of Plant Biology, 54: 375-401.

28.Hossain, A.B.S., R.G. Sears, T.S. Cox and G.M. Paulsen. 1990. Desiccation tolerance and its
relationship to assimilate partitioning in winter wheat. Crop Science, 30: 622-627.

29.Hussain S., Z. Jun-hua, Z. Chu, Z. Lian-feng, C. Xiao-chuang, Y. Sheng-miao, A.B. James, H. Ji-jie
and J. Qian-yu. 2017. Effects of salt stress on rice growth and development characteristics and the
regulating ways: a review. Journal of Integrative Agriculture, 16: 2357-2374.

30. Hosseini, S.J., Z. Tahmasebi and H. Pirdashti. 2012. Screening of rice (Oryza sativa L.) genotypes for
NaCl tolerance at early seedling stage. International Journal of Plant Production, 3: 274-283 (In
Persian).

31. llirjana, S., Y. Ariana and D. Andon. 2007. Induced mutations for improving production on bread and
durum wheat. AIP Conference Proceedings, 899: 747.

32.1smail, A.M., J.D. Platten and B. Miro. 2013. Physiological bases of tolerance of abiotic stresses in
rice and mechanisms of adaptation. ORY ZA-An International Journal on Rice, 50(2): 91-99.

33.Islam, MZ., MA. Baset Mia, MR. Islam, A. Akter. 2007. Effect of different saline levels on growth
and yield attributes of mutant rice. Journal of Soil and Nature, 1: 18-22.

34.1zaddoost, H., H. Samizadeh, B. Rabiei and S.H. Abdollahi. 2013. Evaluation of salt tolerance in rice
(Oryza sativa L.) cultivars and lines with emphasis on stress tolerance indices. Cereal Research, 3 (3):
167-180 (In Persian).

35.Jalata, Z., A. Ayana and H. Zeleke. 2011. Variability, heritability and genetic advance for some yield
and yield related traits in Ethiopian barley (Hordeum vulgare L.) landraces and crosses. International
Journal of Plant Breeding and Genetics, 5: 44-52.

36.Jennings, P.R., W.R. Coffman and H.E. Kauffman. 1981. Mejoramiento de arroz. Cali: Centro
Internacional de Agricultura Tropical.

37.Jiang, S.Y. and S. Ramachandran. 2010. Natural and artificial mutants as valuable resources for
functional genomics and molecular breeding. International Journal of Biological Sciences, 6: 228-251.

38. Lauchli, A. and S.R. Grattan. 2007. Plant growth and development under salinity stress. In: Jenks MA,
Hasegawa PM, Jain SM (eds) Advances in molecular breeding toward drought and salt tolerant crops.
Springer, Dordrecht, 1-32 pp.

39.Lee, S.Y., J.I. Cheong and T.S. Kim. 2003. Production of doubled haploids through anther culture of
M1 rice plants derived from mutagenized fertilized egg cells. Plant Cell Report, 22: 218-223.

40. Lutts, S., J.M. Kinet and J. Bouharmont. 1995. Changes in plant response to NaCl during development
of rice (Oryza sativa L.) varieties differing in salinity resistance. Journal of Experimental Botany, 46:
1843-1852.

41. Maluszynski, M., K. Nichterlein, L. Van Zanten and S. Ahloowalia. 2000. Officially released mutant
varieties-the FAO/IAEA Database (INIS-XA-291). International Atomic Energy Agency (IAEA):
IAEA.

42.Munns, R. 1993. Physiological processes limiting plant growth in saline soil: some dogmas and
hypotheses. Plant Cell Environment, 16: 15-24.

43.Munns, R. 2002. Comparative physiology of salt and water stress. Plant Cell Environment, 25(2):
239-250.

44, Munns, R. and M. Tester. 2008. Mechanisms of salinity tolerance. Annual Review of Plant Biology,.
59: 651-681.

45. Nematallahi, Z. and G. Saeidi. 2011. Study Of Drought Tolerance In Some Flax Genotypes. Iranian
Journal Of Water Research In Agriculture, 25(1): 57-66.

46.0misun T, S. Sahoo, B. Saha and SK. Panda. 2018. Relative salinity tolerance of rice cultivars native
to North East India: a physiological, biochemical and molecular perspective. Protoplasma, 255: 193-
202.

47.Pradheeban, L., N. Nissanka and L.D.B. Suriyagoda. 2014. Clustering of rice (Oryza sativa L.)
varieties cultivated in Jaffna District of Sri Lanka based on salt tolerance during germination and
seedling stages. Tropical Agricultural Research, 25(3): 358-375.

48. Parry, M.AJ., P.J. Madgwick, C. Bayon, K. Tearall, A. Hernandez-Lopez, M. Baudo, M. Rakszegi,
W. Hamada, A. Al-Yassin, H. Ouabbou, M., Labhilili and A.L. Phillips. 2009. Mutation discovery for
crop improvement. Journal of Experimental Botany, 60(10): 2817-2825.



oo e g odle pSIle ablpd bl Loy (S U
A WY ke I¥0 o,les /o330 Jlo /L;cl))' oblS Mol dsliingg

49.Qadir, M., E. Quillérou, V., Nangia, V. Murtaza, M. Singh, R.J. Thomas, P. Drechsel, A.D. Noble.
2014. Economics of salt-induced land degradation and restoration. Nat Resour Forum A U N Sustain
Dev, 38: 282-295.

50.Rasel, MD., MD. Tahjib-UI-Arif, M. Anwar Hossain, L. Hassan, S. Farzana and M. Brestic. 2020.
Screening of Salt-Tolerant Rice Landraces by Seedling Stage Phenotyping and Dissecting
Biochemical Determinants of Tolerance Mechanism. Journal of Plant Growth Regulation, 40(5):
1853-1868.

51.Razzaque, S., T. Haque, S.M. Elias, M.Z. Rahman, S. Biswas, S. Schwartz, A.M. Ismail, H. Walia,
T.E. Juenger and Z.1. Seraja. 2017. Reproductive stage physiological and transcriptional responses to
salinity stress in reciprocal populations derived from tolerant (Horkuch) and susceptible (IR29) rice.
Scientific Reports, 7: 46138.

52.Rahman, M.A., M.J. Thomson, M. Shah-E-Alam, M.D. Ocampo, J. Egdane and A.M. Ismail. 2016.
Exploring novel genetic sources of salinity tolerance in rice through molecular and physiological
characterization. Annals of Botany, 117: 1083-1097.

53. Rosielle, A.A. and J. Hamblin. 1981. Theoretical aspects of selection for yield in stress and nonstress
environments. Crop Science, 21: 943-946.

54. Salehin, M., M.M.A. Chowdhury, D. Clarke, S. Mondal, S. Nowreen, M. Jahiruddin and A. Haque.
2018. Mechanisms and drivers of soil salinity in Coastal Bangladesh. In: Nicholls R, Hutton CW,

Adger W, Hanson S, Rahman M, Salehin M (eds) Ecosystem services for well-being in deltas. Cham,
Palgrave Macmillan: 333-347.

55. Safitri, H., B.S. Purwoko, I.S. Dewi and S.W. Ardie. 2016. Morpho-physiological response of rice
genotypes grown under saline conditions. Journal of International Society for Southeast Asian
Agricultural Sciences, 22(1): 52-63.

56. Shiu-Cho, W., V. Ching-Kit and K. Su-Wan. 1985. Cell mutations for salt tolerance screening in
tissue culture. Botanical Bulletin of Academia Sinica, 26: 195-201.

57.Shu, Q.Y. and P.J.L. Lagoda. 2007. Mutation techniques for gene discovery and crop improvement.
Molecular Plant Breeding, 5: 193-195.

58.Sio-Se Mardeh, A., A. Ahmadi, K. Poostini and V. Mohammadi. 2006. Evaluation of drought
resistance indices under various environmental conditions. Field Crops Research, 98: 222-2209.

59. Talebi, A.B., A.B. Talebi and B. Shahrokhifar. 2012. Ethyl methane sulphonate (EMS) induced
mutagenesis in Malaysian rice (cv. MR219) for lethal dose determination. American Journal of Plant
Sciences, 3: 1661-1665 (In Persian).

60. Yoshida, S., D.A. Forno, J.H. Cock and K.A. Gomez. 1976. Laboratory manual for physiological
studies of rice. IRRI, Las Banos, Laguna, 83 p.

61.Zeng, L., M.C. Shannon and C.M. Grieve. 2002. Evaluation of salt tolerance in rice genotypes by
multiple agronomic parameters. Euphytica, 127: 235-245.



Journal of Crop Breeding Vol. 15, No 45, Spring 2023 ... .. ...ttt e et eee et e ee et seein s eeeiee e e e e eens 82

Assessing Salinity Tolerance in Rice (Oryza sativa L.) Mutant Genotypes (Ms) with
Emphasis on Stress Tolerance Indices in Seedling Stage

Leila Khazaiel!, Reza Shirzadian-Khoramabad?, Ali-Akbar Ebadi® and Ali Moumeni*

1- Ph.D Graduate, Department of Agricultural Biotechnology, Faculty of Agricultural Sciences, University Campus 2,

University of Guilan and Researcher, Rice Research Institute of Iran, Agricultural Research, Education and Extension
Organization (AREEO), Rasht, Iran
2- Associate Professor, Department of Agricultural Biotechnology, Faculty of Agricultural Sciences, University of
Guilan, Rasht, Iran, (Corresponding author: R.shirzadian@gquilan.ac.ir)
3- Assistant Professor, Rice Research Institute of Iran, Agricultural Research, Education and Extension Organization
(AREEO), Rasht, Iran
4- Professor, Rice Research Institute of Iran, Mazandaran Branch, Aaricultural Research, Education and Extension
Organization (AREEO), Iran
Received: 14 March, 2022  Accepted: 23 July, 2022

Extended Abstract

Introduction and Objective: Salinity stress is one of the most severe constraints limiting rice
production worldwide. Thus, the development of salt-tolerant rice can provide increasing food
demand due to climate change effects.

Material and Methods: To investigate the reaction of mutant genotypes to salinity stress in the
seedling stage, 309 selected mutant genotypes selected in the third generation along with
Hashemi local cultivar and FL478 (resistant) in two levels of NaCl salinity (0 and 10 dS/cm)
were evaluated as a completely randomized factorial design with two replications. Growth
parameters like root length, shoot length, root fresh and dry weight, shoot fresh and dry weight
and plant biomass were measured after 14 days of exposure to two levels of stress namely, non-
stress (EC ~ 1.2 dS/m) and saline stress (EC ~ 10 dS/m) in hydroponics at seedling stage. The
Stress tolerance index (STI), Stress susceptibility index (SSI), Mean productivity (MP), Stress
tolerance (TOL) and Geometric mean productivity (GMP) for each genotype was calculated for
all the traits.

Results: The results of analysis of variance showed a significant difference between genotypes
for all traits that indicated genetic diversity between them. A wide range of genetic variability
was observed among genotypes for studied traits that root traits were identified as the best
descriptors for tolerance to salt stress conditions. Results of correlation coefficients among the
indices showed that STI, HMP and GMP indices were the most suitable resistance indices. Salt
stress response indices (SSRI) were used to classify the number of 144 mutant genotypes; 25
mutant genotypes (17.4%) were identified as salt-sensitive, 46 (32.6%) with Hashemi parent in
salt-sensitive group, 41 (32.6%) with FL478 each in salt-tolerant group, and 30 (20.8%) as
highly salt tolerant. Among the mutant genotypes, four mutant genotypes emshs290, emshs292,
emshs165 and emshs84 were identified as the most tolerant genotypes based on stress tolerance
indicators, minimum leaf tubing, high biomass rate and better stress compensation ability. Also,
the mutant genotype emshs31 was introduced as the most sensitive genotype with a minimal
performance at the stress level.

Conclusions: Induced mutation of EMS has desirable effect on creation of salinity tolerant
mutant genotypes and the studied indices can utilize for separating of salinity tolerant mutant
genotypes in rice mutant populations. This mutant population could serve as a valuable
genetical resource in the development of novel salt-tolerant varieties for the salinity prone
regions under rice cultivation.
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