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2- Tukey
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etters in each figure have not significant difference at
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Figure 2. The interaction between genotype and drought and time on proline content of M3 mutant seedling and

Hashemi parent two normal and drought stress conditions using Tukey test (5%) (Means with the same letters in each
figure have not significant difference at 5 % probability level)
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Figure 3. The interaction between genotype and drought and time on the relative water content of M; mutant seedling

and Hashemi parent two normal and drought stress conditions using Tukey test (5%) (Means with the same letters in
each figure have not significant difference at 5 % probability level)
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Figure 6. The interaction between genotype and drought and time on catalase activity of M mutant seedling and
Hashemi parent two normal and drought stress conditions using Tukey test (5%) (Means with the same letters in each
figure have not significant difference at 5 % probability level)

J S oS gty drgi 3 Ko e b gl el
Vgoms aul (i3 g (LS ) 8l sl goul
oo i ple Galejl 53 b Gl (i 51 5
oL Gl 6y ©ygotr (35 5l am olej el L
Pl A Cowd Joe 18y 50 inlidl ] a4 ebbay ol
slis ol adls GBI oy iie gelee
ialS o Sitd 5 Lalyd 3 Jaoxia Cilige (slacaisi
o @l oomen 0 Gl ) ol glid ojlus
St i byl 5 SeieyS)l et ol L adllas
9 B sl slompl casl Jlop bulpd ) i
ColinS) 51 ol opypaal S5 18Ty ol yoSe)
@ Jooo Lol cel gl ol clld iolisl s
S b ol @l edie (Sl i des I bais
3 Jesio slacuiss p colinst sl clae 3l clale
3 Joss Lol sl 130 g als (2ol s Ll
) Sis G (Sib 5l g Ned e eilas sla i
Called e 55 (39)00 Jlasd 4 gilinunST (glo i dlax |
OB STy SlsSal 5 B 5 jlapsTy ooy
o9 YV obe 0 @l by (IS jebay e
dg S8l Miz 9 Mag cilige cuigij ¥ g ilige
Slyome (pizmen 9 OIS e ol Ul Sp ool
ol culled g oLie oyluly pasls Gl o e
oy gl ) (S8 A Jo g 4 (eS|
ook L3 Qs iy (npdedte plyicds o
Jils gl b 56 Magag Migs Mzp cilise (slacussss
e sy npoeles Glsis 4 A aw )3 3)Sles
I
APX POX 15l _luus] 5 (clopu sl 5 lié gyl
5 95, G (Sts 4y Joos )3 Ol 15 olej )3 CAT
Ligh oolaiwl (Siis & oo gy (o5, o wilg o

wil el > olsme Gl el Suas s
W iy pl 4 ab My cilige cadg; ;0 APX
G L (Sis i cos cibge ol > APX ol
O €58 i onl 3 (S (S B3 pusilSa VL
D5 X g Bl She dulie b ol badye (S5
ke 48 0l Lt lpsSl ml clls ey x
) & Jloy llpd 5 celo VW oloj )3 culld ol
a 55 5l gw el £ s Y SSke L My
5 sl 3l fo0V (1 Sbe b Mgz 9 My slacuisss
Jy lulys > celo & gloj o b (e (pyieS
udls 315 o] )Y Sl b Mgy qagi§ 4 bgsye
oI5 (65 4o

g ot Canle 4 gy )3 (St 4 Jood dge
ol 550 Gl aedld I (S e G JB s
bulyd > wly (oo & (oo pB)l 3900 53 it sl
Jol5 Spo il ausly 55V 5 Slas g diloy on5j yiis
(abosdsn  ((Njdshiee  lse Clhogas
bilyd » gp 3Sles p oS o 5 Sl
bl o2 Sas
il cipi V) (abowdon 9 (Sidnid (Ri9dsiee
dyge (Suid il Cov euily (gl iy ol e 4 g
M s adllae ol @l (IS pobo & .85 )13 oy
5 dzails Jsb LtalS col PEG j ol Sis i o
Wy Cund g dadidy) Job & Jbb )3 09 drady)
ool gl b anlio ) Jooio (slacuiiy ) dpadle 4
Sdd & Jood 5> Jelge Sl (il )5 Lbe Rl
3 it Jolgs ) bl 5,35 o b ely; &Y guao
Slp gy opl e Jol 0 S0SK b Lol s oo
@ bl bl & (Std G5 cov llS Jood adlle
g daly 4 &b oS oy gl b Shy s



S 5ol aliyed Loy sy ol s
¥. by s asls 5l eolatwl b (Sis (15 4 gl )0 (Ma) edls g5 Clige (slacadsss oy Jestio yuss

Wigas 03> )8 degi D90 ¢ S 5 Cowl dzily (Sid 55 4 Joodie glacaie dbul (ly
Sodoliyy Dyl 5> Al oo 00l Sl e slacaiy

&l

1. Agarie, S., N. Hanaoka, F. Kubota, W. Agata and B.P. Kaufman. 1995. Measurement of cell
membrane stability evaluated by electrolyte leakage as a drought and heat tolerance test in rice
(Oryza sativa L.). Journal of the Faculty of Agriculture, Kyushu University, 40(1/2): 233-240.

2. Bandeoglu, E., F. Eyidogan, M. Yucel and H.A. Oktem. 2004. Antioxidant responses of shoots and
roots of lentil to NaCl-salinity stress. Journal of Plant Growth Regulation, 42: 69-77.

3. Bouman, B.A.M., R.M. Lampayan and T.P. Tuong. 2007. Water Management in Irrigated Rice:
Copingwith Water Scarcity. IRRI. Los Banos. Philippines.

4. Basu, S., A. Roychoudhury, P.P. Saha and D.N. Sengupta. 2010. Comparative analysis of some
biochemical responses of three indica rice varieties during polyethylene glycol-mediated water stress
exhibits distinct varietal differences. Acta Physiologiae Plantarum, 32(3): 551-563.

5. Bates, I.S., R.P. Waldern and 1.D. Teare. 1973. Rapid determination of free proline for water stress.
Plant and Soil, 39: 205-207.

6. Bian, S.H. and Y. Jiang. 2008. Reactive oxygen species, antioxidant enzyme activities and gene
expression patterns in leaves and roots of Kentucky bluegrass in response to drought stress and
recovery. Scientia Horticulturae, 120: 264-270.

7. Chance, B. and A.C. Maehly. 1995. An assay of catalase and peroxidase. In: Colowick, S.P.,
Kapland, N.D. (eds), Method in Enzymology, Academic Press, New York, 764-791 pp.

8. Chaturvedi, G.S., A. Singh and R. Bahadur. 2012 Screening techniques for evaluating crop
germplasm for drought tolerance. Plant Archives, 12(1): 11-18.

9. Claiborne, A. 1985. Catalase activity. In: Handbook of methods for oxygen radical research (R. A.
Greenwald, Ed). Boca Raton, FL, 283-284 pp.

10. Drakhshan, A., M. Salari, V. Babaeizad, N. Panjehkeh and A.H. Taheri. 2020. Study of biochemical
and molecular changes of iranian rice cultivars in interaction with bacterial pathogen Xanthomonas
oryzae pv. oryzae causes leaf blight disease. Journal of Crop Breeding, 12(36): 77-89.

11. Fahramand, M., M. Mahmoody, A. Keykha, M. Noori and K. Rigi. 2014. Influence of abiotic stress
on proline, photosynthetic enzymes and growth. International Research Journal of Applied and Basic
Sciences, 8(3): 257-265.

12.Farooq, M., A. Wahid, D.J. Lee, O. Ito and K.H.M. Siddique. 2009. Advances in drought resistance
of rice. Critical Reviews in Plant Science, 28: 199-217.

13. Farkhondeh, R., E. Nabizadeh and N. Jalilnezhad. 2012. Effect of salinity stress on proline content,
membrane stability and water relation in two sugar beet cultivars. International Journal of
Agricultural Science, 2(5): 385-392.

14.Faize, M., L. Burgos, L. Faize, A. Piqueras, E. Nicolas, G. Barba-Espin, M.J. Clemente-Moreno, R.
Alcobendas, T. Artlip and J.A. Hernandez. 2011. Involvement of cytosolic ascorbate peroxidase and
Cu/Zn-superoxide dismutase for improved tolerance against drought. Journal of Experimental
Botany, 62: 2599-2613.

15. Fang, Y.J. and L.Z. Xiong. 2015. General mechanisms of drought response and their application in
drought resistance improvement in plants, Cellular and Molecular Life Sciences, 72: 673-689.

16.Fukai, S. and M. Cooper. 1995. Development of Drought-Resistant Cultivars Using Physio-
Morphological Traits in Rice. Field Crops Research, 40: 67-86.

17.Gisele, A., M. Torres, A. Gimenes, V.E. de Rosa and V. Quecini. 2007. Identifying water stress-
response mechanisms in citrus by in silico transcriptome analysis. Genetics and Molecular Biology,
30: 888-905.

18. Gregorio, G.B, D. Senadhira and R.T. Mendoza. 1997. Screening rice for salinity tolerance. IRRI
Discussion Paper series 22(22) IRRI, Manila, 30 p.

19. Hossaini, S.V., A. Ganjeali, M. Lahouti and A. Beyk Khormizi. 2013. Effect of drought stress on
seed germiniation and some morphopysiological and biochemical traits of Oryza sativa L. cv.
Hashemi seedlings. Agronomy Journal (Pajouhesh & Sazandegi), 104: 182-188.

20.Huang, L., F. Zhang, F. Zhang, W. Wang, Y. Zhou, B. Fu and Z. Li. 2014. Comparative
transcriptome sequencing of tolerant rice introgression line and its parents in response to drought
stress. BMC Genom, 15: 1026.

21. Jankowicz-Cieslak, J. and B.J. Till. 2016. Chemical mutagenesis of seed and vegetatively propagated
plants using EMS. Curr. Protoc. Plant Biol, 1: 617-635.

22.Li, Y., Y. Gao, L. Ding, L.Q. Shen and S. Guo. 2009. Ammonium enhances the tolerance of rice
seedlings (Oryza sativa L.) to drought condition. Agricultural Water Management, 96: 1746-1750.
23.Lindén, L., H. Rita and T. Suojala. 1996. Logit models for estimating lethal temperatures in apple.

HortScience, 31: 91-93.



S W g 3blp s (b3l Loy «csygime ol o
) VEN ol /FY o)las /om3, ko Sl /sty alS o3l aoliting,

24.Lobell, D.B., W. Schlenker and J. Costa-Roberts. 2011. Climate trends and global crop production
since 1980. Science, 333: 616-620.

25.Kim, Y.J., S. Shanmugasundaram, S.J. Yun, H.K. Park and M.S. Park. 2011. A simple method of
seedling screening for drought tolerance in soybean, Korean Journal of Crop Science, 46: 284-288.

26. Marchner. H. 1995. Mineral nutrition of higher plant. Second reprint. Academic press.

27.Michel, B.E. and M.R. Kaufmann. 1973. The osmotic potential of polyethylene glycol 6000. Plant
Physiology, 51: 914-916.

28.MVD. 2016. Mutant Variety Database, http://mvd.iaea.org.

29. Patakas, A., E. Zioziou, N. Nikolaou and K. Radoglou. 2002. The role of organic solute and ion
accumulation in osmotic adjustment in drought-stressed grapevines. Plant Science, 163(2): 361-367.

30. Nakano, Y. and K. Asada. 1981. Hydrogen peroxide is scavenged by ascorbate peroxidase in spinach
chloroplasts. Plant Cell Physiology, 22: 867-880.

31.Pandey, V. and A. Shukla. 2015. Acclimation and tolerance strategies of rice under drought stress.
Rice Science, 22(4): 147-161.

32.Rai, M.K,, R.K. Kalia, R. Singh, M.P. Gangola and A.K. Dhawan. 2011. Developing Stress Tolerant
Plants through in vitro Selection-An Overview of the Eecent Progress. Environmental and

Experimental Botany, 71(1): 89-98.

33.Rezaeinial, M., M.R. Bihamta, S.A. Peighambari and A. Abbasi. 2018. Effect of Drought Stress on
Antioxidant Enzymes Activities and Some Physiological Traits in Chickpea (Cicer Arietinum L.).
Journal of Crop Breeding, 11(30): 11-22.

34.Sabesan, T. and K. Saravanan. 2016. In Vitro Screening of Indica Rice Genotypes for Drought
Tolerance Using Polyethylene Glycol. Journal of Advances in Agricultural & Environmental Engg,
3(2): 375-380.

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

36. Shekoofa, A. and T.R. Sinclair. 2018. Aquaporin activity to improve crop drought tolerance. Cells,
7(9):123.

37.Suprasanna. P., S.J. Mirajkar, Y.V. Patade and S.M. Jain. 2014. Induced mutagenesis for improving
plant abiotic stress tolerance. Mutagenesis: exploring novel genes and pathway. Wageningen
Academic. 476.

38. Thabet, S., T. Moursi, M. Karam, A. Borner and A.M. Alqudah. 2020. Natural variation uncovers
candidate genes for barley spikelet number and grain yield under drought stress. Genes, 11: 533.

39. Vendruscolo, E.C.G., I. Schuster, M. Pilegg, C.A. Scapim, H.B.C. Molinari, C.J. Marur and L.G.E.
Vieira. 2007. Stress-induced synthesis of proline confers tolerance to water deficit in transgenic
wheat. Journal of Plant Physiology, 164: 1367-1376.

40.Vibhuti, S., S. Shahi, K. Bargali and S. Bargali. 2015. Seed germination and seedling growth
parameters of rice (Oryza sativa) varieties as affected by salt and water stress. Indian Journal of
Agricultural Sciences, 85(1): 102-108.

41.Yang, J.C., K. Liu, S.F. Zhang, X.M. Wang, Z.Q. Wang and L.J. Liu. 2008. Hormones in rice
spikelets in responses to water stress during meiosis. Acta Agronomica Sinica, 34: 111-118.

42.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.

43. Zingaretti, S.M., M.C. Inacio, L.M. Pereira, T.A. Paz and S.C. Franga. 2013. Water stress and
agriculture: responses of organisms to water stress. Responses of organisms to water stress/water
stress and agriculture. IntechOpen, 179 pp.

44. Xu, W., K. Cui, A. Xu, L. Nie, J. Huang and S. Peng. 2015. Drought stress condition increases root to
shoot ratio via alteration of carbohydrate partitioning and enzymatic activity in rice seedlings. Acta
Physiologiae Plantarum, 37(9): 1-11.



Journal of Crop Breeding Vol. 14, No 42, SUMMET 2022 ..........uuiiiiiieieeeieettrteteteseeeetete e e e eeeeea e eaeaeess e a e s eertens s saesen e e eneneeneas

Determining the most Tolerant Genotypes of Hashemi Rice Mutant (M3) in
Response to Drought Stress using of Physiological Growth Indices and Enzymatic
Changes

Seyed Elyas Mirnouri', Reza Shirzadian-Khoramabad? and Leila Khazaie®

42

1- M.Sc. Student in Agricultural Biotechnology, Faculty of Agricultural Sciences, University of Guilan
2- Associate Professor, Department of Agricultural Biotechnology, Faculty of Agricultural Sciences, University of
Guilan, Rasht, Iran
3- Researcher, Rice Research Institute of Iran, Agricultural Research, Education and Extension Organization
(AREEO), Rasht, Iran, (Corresponding author: Leila_khazaie@yahoo.com)
Received: 24 December, 2020  Accepted: 2 November, 2021

Extended Abstract

Introduction and Objective: Abiotic stresses, especially drought, have a negative effect on
crop growth and production. Plants display a variety of hysiological and biochemical responses
both at the cellular and whole organism level upon sensing drought stress. Drought tolerance
levels and antioxidant protection mechanisms were evaluated for 41 mutant genotypes seedlings
(M) induced of the ethyl methanesulfonate on Hashemi rice cultivar.

Material and Methods: Drought was imposed in hydroponic culture with polyethylene glycol
6000 (PEG 6000) at the level of -10 bar using factorial experiment as completely randomized
design. In this experiment the morphological characteristics of relative humidity content,
electrolyte leakage, proline and antioxidant enzymes were investigated.

Results: All the studied genotypes showed apparent decreases in growth characteristics under
drought stress. Based on different morpho- physiological parameters, two genotypes M,y and
Mi, were identified as promising drought tolerant mutant genotypes. They exhibited the
maximum increase in root length without any significant changes in its root weight and root
volume compared with the parent under stress and also showed better performance for various
physiological parameters such as relative water content, cell membrane stability and proline
content upon water stress under hydroponic conditions. Concomitantly, the activity of
antioxidant enzymes catalase, peroxidase and ascorbate peroxidase in the drought-tolerant
mutant genotypes increased markedly during drought stress, while decreased by drought stress
in the drought sensitive mutant genotypes. Also, M3 and M, mutant genotypes were
introduced as the most susceptible genotype with minimum performance at stress level.
Conclusion: In this study it was found, proline accumulation, increase of root biomass,
increase of membrane stability and antioxidant enzymes such as POX, APX and CAT
during water stress are contributing to drought tolerance conditions and could be used in
screening for drought tolerance. The mutant genotypes identified in this study will be useful
for further dissection of water stress tolerance in rice.
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