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ABSTRACT: The production of suitable varieties is possible for the cultivation in paddy fields through 
the recognizing of the genetic resources of plant materials. In order to study of M4 mutants from Tarom 
Mahali (66 No.), Hasani (38 No.) and Anbarbo (29 No.), their selected seeds were planted by one 
panicle and seeds of check varieties, Tarom Mahali, Hasani and Anbarbo were planted in 2 square 
meter on nursery. The design was carried out as Augment design with 6 block and check varieties were 
randomly take placed in each block.  The transplanting was done by one seedling with 25×25 densities 
in 1 square meter. For each mutant and check were measured characteristics of the number of flowering 
day, plant height, panicle number per hill, yield and yield components in flowering and ripping stages. 
The results showed that the mutants were early- maturity related to check varieties. There was diversity 
for plant height trait, but most of mutants were decreasing 10-30 percent in plant height compared to 
check. There was diversity between yield components but all of most were same with check varieties. 
The increasing yield of selected mutants was 10-27 percent. The cluster analysis of mutants from Tarom 
Mahali, Hasani and Anbarbo varieties were grouped them to 5, 3 and 4 groups respectively. The most of 
selected lines were placed in group of 3 and 4. The 8 lines with higher yield, however, 12 lines of early- 
maturity and short plant height with same yield were selected as well. 
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INTRODUCTION 
 

 The diversity and choice are two mains of the breeding program and do any research subject to optimum 
variation is desirable target (Kiani et al., 2013). Mutations with greater genetic variation in a part of the evolution 
that embraces diversity and choice is a two-part role in the breeding and development of plants that it is very 
important (Esfahani & Photokian, 2003) Ionizing radiation, such as gamma radiation, mutagenic effects, the more 
varied the gene pool of plants and are used as a supplementary tool for breeding processes (Khialparast, 1991& 
Bagheri, et al, 2014). Despite some limitation in mutant breeding, induced mutation to a large extent used to modify 
plants. The advantage of the modified mutant potential to modify one or more characters is unchanged genetic 
resources (Wani & Anis, 2008). Production of suitable varieties for planting in paddy fields to identify genetic 
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resources of plant material is possible. For the evaluation and development of plant genetic material, it is 
necessary to examine the nature of germplasm genetic (Kiani et al., 2013). Many researchers have divided the 
Iranian rice varieties by using of morphological traits (Behpouri et al., 2006 & Rahim Sorosh,et al., 2005). 
Bajracharya et al. (2006) cited that can use the phenotypic traits of the lines for evaluation.  Ramanujam, et al. 
(1974) reported that selection has higher performance if it was base on selection of the desired genetic traits. 
Tourang (2011) said that due to low frequency of the good genes, to achieve a suitable genotype, it needs to have 
a large population. Babaei, et al. (2011) concluded that 80 percent of agronomic traits in the second generation of 
mutant population (M2) are significant base on the agronomic traits, but the Tarom Hashemi and Snag Tarom 
varieties were 50 and 10% significant respectively. Esfahani & Photokian (2003) were studied the effect of gamma 
rays on Domsiah rice in which they obtained a mutant with 15 days earlier-maturity than the control line. Majad et 
al. (2003) have also obtained a mutant that it has resistance to lodging by mutation induction using gamma 
irradiation from Musa Tarom variety (Iranian local tall variety that it was sensitive to lodging). Kademian & Babaiean 
Jelodar (1999) have tested Tarom mutant in doses of 250 and 350 gray, they management them up to M5 
generations to produce mutant of early- maturity line with dwarf and qualitative grains. Rawling et al. (1958) cited 
that the effect of radiation on soybean had significant genetic variation in grain yield, plant height, the seed size and 
arrival time. Wani & Anis (2008) used  the gamma rays in seed of  pea in which  they received a mutant with three 
lines of high performance by increasing the size and number of morphological traits such as seed , leaf , flower and 
pod number. Oladi et al. (2014) have evaluated of F3 of 126 lines through agronomic traits and they obtained 28 
lines in which have more performance compared to the check variety. Kiani & Nematzadeh (2013) studied the 35 
foreign of rice lines with two -line Iranian rice by eight traits. They concluded that a total of 68 percent of the 
diversity of crops was showed by three components of the data that the characteristics of grain filling were the most 
important component. Study and evaluate the agronomic traits of the  mutants of Tarom Mahalli, Hasani and 
Anbarbo varieties in comparison with the fourth generation (M4) could given a good basic information about the 
traits of the mutants in which they suitable for planting in paddy fields of north of Iran. The purpose of this test are 
the selection of superior rice lines in the fourth generation of mutants base on comparison of  agronomic 
characteristics in field of deputy of rice research institute of Iran (Amol). 
 

MATERIALS AND METHODS 
 

 In order to evaluate agronomic traits of the fourth generation of mutants (M4), their selected seeds of Tarom 
Mahali mutants (66 No.) Hassani (38 No.) and Anbarbo (29 No.) were planted as a single panicle in nursery of the 
deputy of rice research institute of Iran in Mazandaran (Amol).  The seeds of Tarom Mahali, Hasani and Anbarbo 
as check varieties were planted in 2 m2 of nursery. The nursery was cared for one month. The field was plowed in 
May 2014 and scored smooth operations were carried out by Machine. The Augmented design was planed with 6 
blocks in which the three check varieties were randomly placed in each block. Fourth generation mutants (M4) 
were only placed once in the block as well. Transplanting was performed in 11 May 2014. Each mutant and control 
was planted in spacing of 25 × 25 cm, and it was equivalent of one square meter. The distance between the block 
was 75 cm. Four type fertilizer, such as; urea sulfur, potassium chloride, ammonium sulfate and potassium super 
phosphate at a rate of 0.5 kg per 500 m2 were used in 20 and 40 days after transplanting.  The weeds were 
controlled by hand weeding in two times. The blast and stem borer was controlled by spray with the Bim 
(Tryicyclasole) and diozinon approximately at 50% flowering in the field. The experimental farm was visited every 
day to obtain date of the 50% flowering. For each mutant and control were measured the plant height at flowering 
stage, the number of panicle in the hill, and yield components and yield. Analysis of experimental data was done 
base on augmented design in which there were randomly three checks in each block. Analyzes for control 
treatment was done based on randomized complete block design by using SAS software. Means traits evaluated 
mutants fourth generation (M4) according to the following equation was estimated effects of experimental error. 
The comparison was performed using the least significant difference (LSD5 %, 1%). The equation to estimate the 
standard deviation was: [Sd = √MSE (2c + 1) / c] is the mean square error MSE test control varieties for trait and C 
is the number of witnesses. To grouped mutants fourth generation of the control on the traits measured by Ward 
method and cluster analysis was done by SPSS 16 Ver. 
 

RESULTS AND DISCUSSION 
 

 Analysis of variance of the checks (Table 1) showed that the block effect was not significant for all traits 
evaluated and therefore the measured characteristics for each mutant were not adjustment. The coefficient of 
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variation for characteristics evaluation test was varied between 2-20. The lowest coefficient of variation was related 
to the number of days to 50% flowering and the highest coefficient of variation was belonged to the number of 
empty grains per panicle (Table 1). Table Comparison of characteristics for control variety showed that plant 
height, number of panicle per hill, and the total number of filled grains per panicle of the Hasani check variety was 
less than Anbarbo and Tarom mahali varieties. Days to 50% flowering of the Hasani and Tarom mahali were 65 
days, but the Anbarbo variety was 78 days.  The yield of Hasni variety was lower than other varieties; however, 
there was no significant difference at 5% probability level (Table 2).  
 

Table1. Analysis of variance of some agronomic traits of check rice varieties 
Total 
number of 
grains 

number 
of 

empty 
grain 

number of 
filled grains 

Panicle 
length 

Panicle 
number  

Height Yield 
 

Days to 
50% 
flowering 

Df S.O.V 

69.08ns 0.185ns 59.36ns 1.036ns 1.50ns 28.67ns 882710.6ns 1.85ns 5 Block 
2748.77** 1.71* 2024.93** 59.19** 27.14* * 1086.11ns 1392014.97ns 336.98** 2 Treatment 
135.02 0.283 148.26 2.006 3.49 24.64 569354.24 2.12 10 Error 

10.63 19.99 11.97 4.82 15.46 5.35 10.33 2.09  C.V 

ns: no significant ,  * ، *    * are significant at  5% and 1% probability 
 

Table 2. Mean comparison of some agronomic traits of Anbarbo, Hasni and  Tarom Mahali varieties 

Total 
number of 

grains 
Per 

panicle 

number 
of empty 

grain 
per 

panicle 
 

number of 
filled grain 
per panicle 

Panicle 
length 

(cm) 

The 
number of 

panicle 
Per hill 

Height 
(cm) 

Yield 
(1-kg.ha) 

Days to 
50% 

flowering 

Check 
Variety 

a128.7 a10.8 a117.9 a32.9 a14.2 a157.1 a7530.6 a78.2 Anbarbo 
c86.2 b4.5 b81.8 b28.5 b9.9 b132.4 a6751 b65.97 Hasani 
b112.7 ab7.2 a105.6 b26.8 ab12.2 a154.1 a7630.9 b64.58 Tarom 

Mahali 

   For each parameter, means followed by different letter (with a column) are significantly different at the 0.05 probability level 
according to DRMT 

 
Days to 50% flowering  
 Traits compared to the fourth generation of mutants (M4) showed that among the 66 mutants from the Tarom 
mahali was 49 more early-matured lines, the 50% flowering of  the Tarom  mahali variety (check) was 65 days. 
Two mutants had 54 days number to 50% flowering stage. All mutants fourth generation (M4) from the Hosni was 
early –matured lines than control. One mutant of the hasani had 50 days to 50% flowering stage. Days to 50% 
flowering of the Hassani variety was 65 days in the Amal. All of the 29 fourth-generation mutants (M4) from 
Anbarbo variety were more earlier -matured than the control Anbarbo. Five mutants of Anbarbo had 54 days to 
50% flowering stage. The filthy percent of flowering of Anbarbo was 78 days in Amol.  Due to the using of 
mutagenic, dwarf traits and earliness had more diversity and we selected on the basis of these traits (Tourang, 
2011). Esfahani & Photokian (2003( have concluded that mutant lines with 15 days early-matured was obtained by 
using of  gamma rays on Domsiah rice variety.  
 
Plant height 
 The plant height of 18 lines of the fourth generation mutants (M4) from Tarom Mahali were significantly lower 
than check variety (Tarom Mahali). The plant height of mutants was 127-135 cm.  The average of plant height of 
check variety (Tarom Mahali) was equal 154 cm. The four mutants from Hasani variety were significantly lower 
than control of Hassani (132 cm) .The minimum plant height in was related to line of 2317 with 96.25 cm. The 17 
mutants from Anbarbo had lower plant height than the control Anbarbo (157 cm), that it was significant at the 1% 
level by LSD. The mutant plant height was 102-133 cm. The minimum height belongs to the mutant number of 
3227 in which it was equal 102.25 cm (Table 3). Due to have many mutant lines, we have to selected lines and was 
given in Table 3.  Babaei, et al. (2011) concluded that the plant height of Sang Tarom variety from different gamma 
treatments were significant compared to control. Rahim Sorosh, et al. (2005) obtained that most found heritability of 
plant height and phenotypic diversity index was higher than the rate of genetic diversity. Tourang (2011( cited that 
the two lines of mutant rice from the Domsiah compared with the local Domsiah had lower plant height related to 
the control group. Kademian & Babaiean Jelodar (1999) showed that the Tarom mutant in doses of 250 and 350 
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was management by pedigree up to M5 generation; they produced early-matured mutant line, dwarf and qualitative 
grains. 
 
Yield and yield components 
 The among of mutants from Tarom Mahal and  Hasani , there was two mutants  in which they had the highest 
number of panicle per hill and significant at the 1% level by LSD. The panicle length was only significantly different 
one local Tarom mutant from other mutants, but the mutants Hasani and Anbarbo were not significant at 5% level 
by LSD. The grain filled of the Tarom Mahali and Hasani mutants compared to control was not significant by 5% 
LSD method. But only one mutant of Anbarbo had163 grains per panicle in which it was significant than others. The 
9 mutants from Tarom Mahali had more empty grains per panicle than check and 21 other mutants had lower 
empty grains per panicle. The Tarom Mahali had 7.2 empty grains per panicle. There was no mutant from the 
Hasani in which it was has empty grains lower than control. Hassani variety had 4.5 empty grains per panicle, but 
there was 11 mutants Anbarbo with less empty grain per panicle than Anbarbo check (Table 3). The total number 
of filled grain of theTarom Mahali and Hasani mutants compared to control was not significant at 5% by LSD 
method. But among of Anbarbo mutants, only one mutant had 173 total grains number per panicle in which it was 
significant than others. The yield of 5 mutants from Tarom Mahali was between 10-12 percent higher than check 
and two mutant was 22% higher compared to the control as well.  Average yield of Tarom Mahali was 7630 kg per 
hectare. The mutants Hasani, No. 231, and 2313, respectively had 17 and 11 percent more performance compared 
to control of Hasani . Average yield of Hasani was 6751 kg per hectare. The among of Anbarbo mutants, only 5 
mutants had higher yield and  number of  327 Anbarbo mutant had 27% more performance compared to control. 
The rate of increasing yield was between 11 to 17 percent more than Anbarbo check. Average yield control 
(Anbarbo) was 7530.9 kilograms per hectare. Oladi et al., (2014) concluded that at least increase the performance 
of selected lines was 25%, which was statistically significant compared to control. They also concluded maximum 
panicle was 18 panicles per hill. Panicle length of the highest selected lines was 31 cm. The highest number of 
total grains was 138. The highest number of grains per panicle was 116 grains (Oladi et al., 2014). Tourang (2011) 
said the top two lines of characters had same full-time, tiller number, quality and yield, as well as Domsiah Mahali 
(check). Wani & Anis (2008) cited that the using of gamma rays in the pea mutant was found three lines of high 
performance by increasing the size and number of morphological traits such as grain per pod, leaf and flower 
number, and pods. 
 
Cluster analysis 
 Cluster analysis of mutants indicated that the Anbarbo mutant were placed in 4 groups or cluster (Figure was 
not showed). The first group consisted of 11 lines or fourth generation mutants Anbarbo. Line 5 was the second 
group and control Anbarbo. Apart from the 5-line was Anbarbo. The third group had 10 lines and five lines are 
selected based on the phenotype in this category. A line number 322, with the lowest yield (2969 kg per hectare) 
was placed in fourth group. It should be noted that phenotypic selection action was with emphasis on early-matured 
and appropriate status. Cluster analysis mutant from Hasani was placed in 3 groups or cluster (Figure was not 
showed). The first cluster had 21 lines, including the Hasani's control. The second group had 13 lines or fourth 
mutant generation of Hasani. The third cluster had 8 mutants and 2312 line was except the last line of cluster 
analysis and it performance was 7121 kg per hectare and 57 days to 50% flowering. Cluster analysis of mutants 
from Tarom Mahali was placed them in 5 groups or cluster (Figure was not showed); third group had 13 line mutant 
Tarom Mahali (M4). Group 4 with 4-line number 1114.1218, 1120.1212 had the highest yield, and can be selected 
by bit; our phenotype is consistent with cluster analysis. Line 1320 fifth group of genetically different from other 
lines, and lines 112 and 113 are also part of the selection lines from fifth group.  It was the desired phenotype 
although lower performance. In this trial were acceptable performances were 20-line mutant from fourth generation 
(M4) that early-matured line, dwarf. Our results showed that increasing of yield of mutants compared to check 
varieties (Tarom Mahali, Hasani and Anbarbo) was 10-27 percent and earlier, dwarf phenotypes. Results grouped 
by cluster analysis showed that our choice is partly consistent lines from clustering analysis. Oladi et al., (2014) 
selected 28 lines by cluster analysis and they divided them into seven groups and the fourth and fifth clusters were 
selecte .Kiani & Nematzadeh (2013) have placed in three groups 38 rice genotypes by cluster analysis. Zenalinajad 
et al., (2003) was done cluster analysis base on morphological traits with 10 spaces for 100 rice genotypes, and 
divided them into four groups. 
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Table 3. Mean comparison of the traits evaluated of some mutants of fourth generation (M4) from Tarom Mahali, Hasani and 
Anbarbo 

Yield 
(kg.ha-1) 

Total 
number 

of 
grains 
per hill 

number 
of empty 
grain per 

hill 

number 
of filled 
grain 

per hill 
 
 

Panicle 
length 
(cm) 

number 
of 

Panicle 
per hill 

Plant 
height 
(cm) 

Days to 
50% 
flowering 

Some 
mutants 
fourth 
generation 
(M4) 

Row 

7445.7c 133.6c 7c 126.6c 26.5c 13.25c 143c 58e 112 1 
6992.7c 140.2c 4.8c 135.4c 26c 12c 148c 58e 113 2 
8670c 110.2c 5.6e 104.6c 27.57c 12.75c 143.25c 59a 115 3 

9697.4c 122c 4.8e 117.2c 25.9c 14.5c 131.5d 62c 1120 4 
6598c 139.8c 5.6c 134.2c 24c 12c 133.25d 54e 122 5 
7732.9c 96.8c 5.2a 91.6c 23c 14.25c 141.3c 54e 123 6 
6780c 138.8c 2.6e 136.2c 27c 14.25c 152.25c 55e 129 7 
9544.2c 94c 4.8e 89.2c 27.9c 15.25c 163c 58e 1218 8 
8680c 105c 3.8e 101.2c 26.1c 13.75c 150.75c 54e 1315 9 
8678.5c 111.6c 4.9e 107c 26.6c 13.25c 139.75c 68c 1316 10 

9561.5c 121.6c 18.8a 102.8c 25.8c 19.25b 138.5c 59a 1320 11 

5395.7c 83c 4c 79c c26.6 8.5c 123.5c 54e 211 12 
5050.3c 110.8c 4.4c 106.4c 26.2c 9.5c 143.25c 54e 212 13 
5348.7c 115c 4c 111c 29.8c 8.5c 126c 54e 217 14 
5846.2c 108.4c 8.4a 100c 31.2c 10.5c 115d 54e 2210 15 
5369.6c 104c 5.8c 98.2c 29.4c 10.75c 130.5c 54e 2211 16 
7230.2c 103.4c 7.6a 95.8c 2c 10c 124.25c 54e 2212 17 
7781.9c 106.4c 15.4c 91c 26.5c c12.25 131.7c 58e 231 18 
3840d 86.2c 14.2a 72c 10.5c 10.5c 99.75e 51e 2311 19 
7353.5c 97c 6.2c 90.8c 10c 10c 128c 51e 2313 20 
6040c 93.8c 5.2c 88.6c 8.25c 8.25c 151.5b 54e 2318 21 

6199.7c 134.2c 12.4c 121.8c 27.8d 12.5c 117.5e 54e 321 22 
9660.7c 103.4c 8.8e 94.6c 29.2c 15c 113.25e 72d 327 23 
5934.7c 107.6c 9.8e 97.8c 26.8d 12c 131e 54e 328 24 
5231.7c 71.4d 3.8e 67.6d 24.8e 12.75c 137d 54e 3210 25 
8437c 93.2c 11d 82.2c 24.5e 12.25c 136d 69e 3218 26 
8687.4c 114c 17.4a 96.6c 28d 12.25c 120.5e 69e 3219 27 
7377.9c 99.2c 5.8e 93.4c 25.6e 13.5c 147.2c 54e 3221 28 
8891.4c 106c 10e 96c 26.8d 13.5c 136d 71e 3226 29 
8609.3c 105c 11.8c 93.4c 31.2c 10c 106.25e 70e 3228 30 

2567.9 39.54 1.81 41.44 4.82 6.36 16.89 4.95  LSD5% 
3652.6 56.24 2.57 58.94 6.85 9.05 24.02 7.05  LSD1% 

Mutant from Tarom Mahali is 1-11row, mutant from Hosni is 12- 21, and mutant from Anbarbo is 22-300-22 rows C= similar to 
the control, d =lower control at the level of 5%, e= lower control at the level of 1%, b= higher than control at level of 5%, a 
=higher than check by using LSD at 1% probability  

 
CONCLUSION 

 
 Days to 50% flowering of the Hasani and Tarom mahali were 65 days, but the Anbarbo variety was 78 days.  
The yield of Hasni variety was lower than other varieties. The plant height of mutants was 100-135 cm. Only one 
mutant of Anbarbo had163 grains per panicle in which it was significant than others. The rate of increasing yield 
was between 11 to 17 percent more than Anbarbo check. The most of selected lines were placed in group of 3 and 
4. About 20 Mutants was selected in which they had higher yield than checks varieties and shorter growth duration 
 

REFERENCES 
 
Babaei A, Nematzadeh GhA, Hashemi H. 2011. Study of effect of Gamma ray on creating diversity of Sangtarom, Tarom Hashemi and Nemat 

(M1 and M2 ). 14th National rice congress. (In Persian). 
Bagheri L, Fallah A, Moghysh, E, Amiri Khan R. 2014. Screening for salt-individual plant tolerance in locally adapted Rice (Oryza sativa L.) by 

induced mutation using Gamma ray. The First Conference Nuclear Technology Application In Food Industry & Agriculture- University Of 
Tabriz 2014. (In Persian). 

Behpouri A, Khradnam M, Bejanzadeh A. 2006. Evaluation of 100 rice genotypes by using of morphological characters. Journal of Agricultural 
Science. Vol. 12 (4): 799-809. (In Persian).  

Bajracharya J, Steele KA, Jarvis, DI, Sthapit BR, Witcombe J.R. 2006. Rice land race diversity in Nepal: Variability of agro-morphological traits 
and SSR markers in landraces from a high-altitude site. Field Crops Research. 95: 327-335. 

Esfahani M, Photokian MJ. 2003. Induction of early maturity mutant and awn remove of Domsia variety. Journal of Iranian crop sciences. Vol. 4. 
No. 2. 95- 106. (In Persian). 



Intl J Farm & Alli Sci. Vol., 5 (1): 1-6, 2016 

 

6 
 
 

Kademian R, Babaiean Jelodar N. 1999. Production of mutant –short plant lines, early maturity, with high yield from Tarom Mahal of variety by 
Gamma ray. The second national conference in applied technology of nuclear science in Agriculture and Natural Sciences, Institute of 
Agriculture Biotechnology of  Iran. (In Persian). 

Khialparast F. 1991. Evaluation of genetic and geographic diversity of Mungbean 
          collection of Iran. M.Sc. Thesis. Karaj Agricultural Collage. Tehran University. 
Kiani GH, Nematzadeh GhA. 2013. Genetic diversity of fertility restoring lines in rice based on morphological characteristics. Agronomy Journal 

(Pajouhesh & Sazandegi) No 97 pp: 122-130. (In Persian). 
Majad F, Rahimei M,  Rezazadeh M. 2003. Evolving of mutant line resistant to lodging and hiegh yielding rice variety by induction mutation 

Gamma ray (physical mutagen). Journal of Nuclear Science and Technology. No.26. 37-43. (In Persian). 
Oladi M, Nematzadeh GhA, Hashemi SHR, Gholizadeh A, Afkhami Ghadi A, Rezaei, M. 2014. Screening of Rice Promising Lines from Multiple 

Cross using Agro- Morphological Traits . Journal of Crop Breeding Vol. 6, No. 14.15-26. (In Persian). 
Ramanujam S, Tiwari AS, Mehra RB. 1974. Genetic divergence and hybrid performance in mung bean. Theoretical and Applied Genetics, 45: 

211-214. 
Rahim Sorosh H, Mesbah H, Hosenzadeh H,  Bozogepour R. 2005. Genetic and phenotypic variability and cluster analysis for quantitative and 

qualitative traits of rice. Seed and Plant Improvement Journal. Vol. 20. No. 2.  167-182. (In Persian). 
Rawling JO, Hanway DDG, Gardner CO. 1958. Variation in quantitative characters of soybeen after seed irradiation. Agrculture Journal. 50: 

524-528 
Tourang A. 2011. Evaluation of quantitative and qualitative traits of rice mutants line of Domsia variety. Selected papers of 14th National rice 

congress (In Persian). 
Wani A, Anis M. 2008. Gamma Ray- and EMS-Induced Bold-Seeded High-Yielding    mutants in chickpea (Cicer arietinum). Turkerish  Journal 

of  Biology. 32: 1-5. 
Zenalinajad H, Mirlohi A, Nematzadeh GhA, Rezaei M. 2003.  Genetic diversity of some the Iranian rice variability of sources base on 

morphologic characteristics. Journal of Science and technology of Agriculture and Natural Resources. 7(4).199-213. (In Persian). 


