Journal of Crop Breeding Vol. 16, Issue 1, 2024 p: 153-170

Research Paper

Screening of Some 10th Generation of Rice (Oryza sativa L.) Mutant Lines
Using Agronomic and Biochemical Evaluations in Saline Conditions

Farhad Bagheri!, Hemmatollah Pirdashti?®, Gorban Ali Nematzadeh® and
Yasser Yaghoubian*

1- Ph.D. Student of Agrotechnology, Genetics and Agricultural Biotechnology Institute of Tabarestan, Sari
Agricultural Sciences and Natural Resources University, Sari, Iran
2- Professor, Department of Agronomy, Genetics and Agricultural Biotechnology Institute of Tabarestan, Sari
Agricultural Sciences and Natural Resources University, Sari, Iran, (Corresponding author: h.pirdashti@sanru.ac.ir)
3- Professor of Molecular Genetics, Genetics and Agricultural Biotechnology Institute of Tabarestan, Sari
Agricultural Sciences and Natural Resources University, Sari, Iran
4- Assistant Professor, Department of Agronomy, Genetics and Agricultural Biotechnology Institute of Tabarestan,
Sari Agricultural Sciences and Natural Resources University, Sari, Iran

Received: 25 September, 2023 Accepted: 21 December, 2023

Extended Abstract

Background: Salinity stress is one of the most important limitations of rice cultivation
worldwide. On the other hand, the use of physical and chemical mutagens can be very important
not only to the development and combination of new genes or alleles with agricultural importance
but also to introduce genotypes more adaptable and stable to adverse weather and soil conditions.
For this reason, with the development and progress of rice varieties that are tolerant and adapted
to salinity, it is possible to increase the sustainable production of this stable food. Therefore, the
present study was conducted with the aim of investigating the response of the tenth generation
(M10) of rice mutants to salinity stress in the reproductive stage using agronomic and biochemical
characteristics.

Methods: In this research, 13 mutant lines of Seng-e-Tarem, Hashemi and Khazar cultivars using
gamma ray irradiation from Cobalt 60 which have been previously identified as tolerant lines in
molecular studies were used along with the tolerant cultivars of Nonabukra and Deylamani and
sensitive cultivars of IR29 and Sepidrood. The genotypes were exposed to three levels of salinity
(0, 4 and 8 dS/m) from the source of sodium chloride. A factorial experiment based a randomized
complete block design (RCBD) and a factorial split based a RCBD with three replicates were
used to evaluate agronomic traits along with yield and biochemical traits, respectively. The
measured parameters were tillers number (TN), the number of filled (NFG) and unfilled grains
(NUG), 1000 grains weight (TGW), plant height (PH), Days to 50% of flowering (DTF) and the
paddy yield (PY), and for the biochemical traits, the activity of catalase (CAT) and superoxide
dismutase (SOD), protein (PN), proline (PR) and malondialdehyde (MDA) contents and
electrolyte leakage (EL) percentage.

Results: The results of the variance analysis showed that the effect of salinity and genotype and
their interactions were significant for all the measured traits. A wide range of genetic diversity
was observed among the genotypes for the agronomic and biochemical traits. Among the traits,
PY was identified as the best and the most indicative trait to classify the tolerant genotype under
salt stress conditions. Among the investigated mutants at different levels of salinity, the highest
PY was recorded in MP6, MP10 and Deylamani genotypes, respectively. PY value in MP10
mutant at the salinity level of 8 dS/m was closed to Deylamani variety (tolerant check). With the
increase of salinity from zero to 8 dS/m, the measured traits adversely affected. The cluster
analysis diagram of studied genotypes based on agronomic traits and PY at a salinity level of 4
dS/m classified the genotypes into three separate groups. The genotypes MP2, MP3, MP4, MP9,
and MP10 were grouped in the second group, in which Deylamani cultivar was also present as a
tolerant check. The cluster analysis diagram of agronomic traits and PY at the salinity stress level
of 8 dS/m divided the genotypes into four different groups. In the third group, two genotypes of
MP9 and MP10 were included with Tarem Deylamani variety (tolerant check). The correlation
coefficient between agronomic traits in 8 dS/m of salt conditions showed that PY had a positive
and significant correlation with PH (r=0.51), the NFG (r=0.88) and TGW (r=0.63). Also, there is
a negative correlation between DTF with PH (r=-0.70) and NFG (r=-0.62) and a positive and
significant correlation with TN (r=0.60). Biplot analysis divided the studied lines into four groups
based on agronomic traits at a salinity level of 4 dS/m. The first group includes six mutant lines
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as very sensitive group, the second group includes two mutant lines as sensitive group, the third
group with three genotypes including lines MP9, MP10 and Tarem Deylamani variety (tolerant
check) as tolerant group and the fourth group with six genotypes included lines MP11, MP12,
MP13 and Nonabukra variety (international tolerant check) as well as Sepidrood and IR29
varieties as high salt tolerant group. Also, biplot analysis based on agronomic traits at a salinity
level of 8 dS/m divided the studied lines into four groups. The first group consisted three mutant
lines as very sensitive group, the second group included six lines as sensitive group, the third
group involved five genotypes including MP11 and MP13 lines and Nonabukra varieties (tolerant
check), Sepidrood and IR29 as the tolerant group and the fourth group with three genotypes
included MP9 and MP10 lines and Tarem Deylamani variety (native tolerant check) as high salt
tolerant group. For biochemical traits at 8 dS/m of salt stress, the highest amount of SOD was
recorded in Deylamani cultivar (tolerant check), PN for MP2 mutant, PR for MP3 mutant, and
the lowest amount of EL and MDA was recorded for MP2 and MP10 mutants, respectively.
Conclusion: In general, PY of MP10 mutant line in salt stress conditions was closed to Deylamani
as a native salt tolerant cultivar, therefore could be introduced as a superior line for further
research in saline conditions.
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Table 2 .Analysis of variance of measured agronomic traits of M10 generation rice mutant lines under salinity stress
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** *and ™: Significant difference at the probability levels of 0.01, 0.05 and non-significant, respectively.
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Table 3. Comparison of the average agricultural traits measured in M10 generation rice mutant lines at the control

salinity level (normal condition)
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Means in each column followed by similar letter are not significantly different at 5% probability level using Duncan's Multiple Range Test
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Table 4. Comparison of the average agricultural traits measured in M10 generation rice mutant lines at a salinity

level of 4 dS.m™!
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Means in each column followed by similar letter are not significantly different at 5% probability level using Duncan's Multiple Range Test
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Table 5. Comparison of the average agricultural traits measured in M10 generation rice mutant lines at a salinity
level of 8 dS.m™!
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Means in each column followed by similar letter are not significantly different at 5% probability level using Duncan's Multiple Range Test
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Figure 1. Comparison of the average yield of a single plant measured in M10 generation rice mutant lines under

salt stress conditions. Means in each salinity levels followed by similar letter are not significantly different at 5%
probability level using Duncan's Multiple Range Test
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Table 6. The results of the correlation coefficient of agricultural traits and yield in the condition of salinity stress of 4

and 8 dS.m!
. G 59, olaw
S50 Slos 29)
i s Js &l i o5 5 bl Sgy aily slaws aoxy Dl oS £l
e Number of 1000 grain Filled grain Unfilled grain Tiller Plar E ')h
Yield per i weight per panicle per panicle number ant height
lant days until
p flowering
Fo e o3 ¥ (5590
4 dS.m* of Salinity
1 o].:f &Lu)‘
Plant height
1 012 oy dlad
Tiller number
0.38 0.37 _ Sgp &b s
Unfilled grain per panicle
1 -0.59" -0.35 0.40 ) D i
Filled grain per panicle
0 lim -
1 0.28 -0.02 -0.16 0.40 SRR Ok
grain weight V..«
. . . S U 59, Slas
1 -0.12 -0.55 0.70 0.26 -0.58 Number of days until
flowering
1 -0.55" 0.37 0.76™ -0.53" -0.39 0.44 92 <5 3,Sles
yield per plant
Koy e od A (59
8 dS.m* of Salinity
1 olS gl
Plant height
doy dlaes
! 033 Tiller number
Sor dily dliay
0.60* 0.24
Unfilled seed per panicle
1 012 -0.24 054" _ 2 b 2Liss
Filled seed per panicle
1 )i 1y
1 . -0.07 -0.02 11 AROLR B9
039 00 00 0 1000 grain weight
- . - 2L g, ol
1 -0.26 -0.62 -0.17 0.60 -0.69 Number of days until
flowering
1 0.48 0.63" 0.87" 0.02 -0.05 0.51° St S5 3,Slas

Yield per plant

Sl gine 295 Cuadle (g dliel o> Ko g iy w3 (5 o shne o & T

*

*and ** significant at 5 and 1%, respectively; all other numbers are not significant

s MP1L (oY Jold gl @ b pgw 09,5 cplue
Jolb 59 aw b op)lex 09)5 9 Joxie 09)5 (lgisas
(osio 12L5) lalys o)l o3, 5 MP10 s MP9 (cla Y
TR 2 )90 OIS p 2 g g VL Jeod b
Mirdar mansouri et) -,Ken 5 (5yqaio jdyme lawg
oY &S ab ol oMyl a0 5l eolizul L (al., 2013
OS5 & Jezd adls e b b sdesme Siads 9 V44
PR e sl ogllon 40l 53 55,5 )3 93
Oyt 5 Bab abld (5 (g 9 A5 Lame 93 3 )|
Aol laginghy oz )9 G5 4 pB) (5 Jesrte

gaw 3 (= Slie lulp (V2 JS5) b 420

@y adlas 3590 SlacnY e g uionjowd Sl 98
oY b ol Jold gl 09)5 3505 el 09,5 e
Olyisd (nY 93 ol pg3 09)5 ¢ ol (A 095 (lgicy
MPO slacn Y Jold Cuigi duw b pgus 09,5 (ol 095
09,5 Olgisas (Joxio aali) Sl p)lb o5, 5 MP10
MPLL slacnY Jobi cuigij (b b plea 09,5 5 Jooxio
cimen o (Jaoxite 1013) LS obgs o3, 3 MP13 MP12
0ot 392 (698 SV Joo LIR2 939, dpw slag$)
Cudd ()9 ghaw )3 (25 Slae wluly Sl 4 jos
@l adlls 3y90 slacnY (VD JS3) yio o uton o
09)5 Olgisds (n¥ dw lass Jgl 09,5 3903 manndli 09,5 o
09,5 Olyedr Y (RS Jald pgd 098 lus (L


https://www.sid.ir/search/paper/%20%D8%AA%D8%AC%D8%B2%DB%8C%D9%87%20%D8%A8%D8%A7%DB%8C%20%D9%BE%D9%84%D8%A7%D8%AA/fa?page=1&sort=1&ftyp=all&fgrp=all&fyrs=all
https://www.sid.ir/search/paper/%D8%AA%D9%86%D8%B4%20%D8%B4%D9%88%D8%B1%DB%8C/fa?page=1&sort=1&ftyp=all&fgrp=all&fyrs=all

V&Y

Oluagn pbs g 03ljcunss (Jaily )8 ¢ 283y dllcaen (53 5o 8

MPIO

MPL3
5 @

NP1 MPY

P2

MPS

VY Y oyl [pmd 3l Jlo /2y alS oMol dob yingsy

R

MPIO

" MPS ., |
MP3 MPS

=i Slao ol sty (uienj o3 (B) cuiin 5 (@) Jlaz 598 aw )3 aalllas 3590 cilie sla oY Sl ages - JSU3
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Figure 4. Comﬁarison of the average SOD measured in M10 generation rice mutant lines under salt stress conditions.
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level using Duncan's Multiple Range Test
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conditions. Means in each salinity levels followed by similar letter are not significantly different at 5% probability
level using Duncan's Multiple Range Test
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