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ABSTRACT 
This experiment was conducted at Rice Research and Training Center, Sakha, 

Kafr Elsheikh, Egypt in 2019, 2020 and 2021 seasons. Six late mature rice genotypes 

with high yield and excellent grain quality were used. The seeds were treated in 2019 

season with three doses of gamma rays (250, 300 and 350 Gy) to study the effect of 

gamma radiation on morphological, yield and its components and select new promising 

mutants. The obtained results revealed highly significant variations among studied 

genotypes due to treatments by the three doses of gamma rays. The hard effect of gamma 

rays occurred by 350 Gy dose. The earlier genotype was GZ10789-2 for 350 Gy in M3 

generation and had the longest panicle in M2 with a dose of 300 Gy. The shortest plant 

recorded in M3 with 350 Gy for mutant Sakha 108-m, while Sakha Super 300 showed the 

highest values for panicle weight, panicles plant-1 and grain yield plant-1 on M2 with 250 

Gy and recorded high seed set % in M3. The highest 100-grain weight was recorded in 

M1 with 250 Gy for the mutant GZ10789-1. The mutants Sakha Super 300-m and 

GZ10789-2 were the best new genotypes in M3, which performed short duration and 

semi-dwarf with keeping high yield potential. High positive correlation coefficient was found 

between grain yield plant-1 and days to heading, number of panicles plant-1, panicle weight 

and 100-grain weight for untreated genotypes with values of 0.347, 0.419, 0.446 and 

0.694, respectively. For the mutant genotypes, high positive correlation coefficients were 

recorded also between grain yield plant-1 and each of panicle length, panicle weight and 

plant height with values of 0.652, 0.412 and 0.446, respectively. From presented results 

related to correlation, we can report that the mutation breeding could break the common 

correlation between traits, for example the relation between the yield and days to heading which 

turned from positive correlation under control to negative correlation after the mutated 

generations using 350 GY dose of gamma rays.   

Key words: Rice, Mutation, Gamma Rays, Promising Mutants. 

INTRODUCTION 
Rice is the primary cereal food staple for 3.5billionpeople around the 

world, providing 20%of the calories in their diets (International Rice 

Research Institute 2018). Global consumption of rice is projected to reach 

852 million tons by 2035 (Khush 2013). It is consumed by half of the 

world’s population and cultivated in more than 100 countries in every 

continent (Ashish et al 2018). Mutant varieties breeding is one strategy that 

has been used for increasing rice yield potential. Radiation-induced 

mutagenesis is an alternative source for induced genetic variability in rice 

and itis of great value in the search for materials that can withstand extreme 

conditions of drought or salinity (Clarke et al 2018 and Robertson et al 

2018). The Joint Food and Agriculture Organization of the United 

Nations/International Atomic Energy Agency (FAO/IEAE 2018). Mutant 

Variety Database has registered the release of more than 3200 mutant crop 

varieties grown throughout the world (Prasanna and Jain 2017), including 

mailto:drashrafmoghazy@gmail.com


 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

280 

821 entries for rice (FAO/IEAE 2018). Mutant rice varieties with 

differential characteristics for agronomic traits and consumer-defined 

quality are recognized (Tai 2007, Yan et al 2012 and Schiocchet et al 2014). 

The wide use of mutagenesis for plant genetic improvement can be 

explained by several factors: the varieties produced are readily accepted, 

new varieties can be developed in a shorter time than by conventional 

breeding methods and new varieties produced by transgenesis are less 

favorably accepted (Masoabi et al 2018). The production of varieties by 

mutagenesis requires the selection of large numbers of individuals. 

Mutation may be used to establish genetic diversity and as a tool for 

gene functional studies. Mutation breeding involves the development of new 

varieties that are characterized by disease resistance, early maturity and high 

productivity (Shu et al 2012). There are different sources of ionizing 

radiation, viz. Ultraviolet, X-rays, Gamma rays, protons, neutrons, Alpha 

and beta particles. Gamma rays are commonly used in mutation studies as 

they have shorter wave length. Thus, they posses more energy per photon 

and penetrate deep into tissue (Khin 2006 and Zhu et al 2006) 

In Egypt, Serry and Masoud started mutation-breeding method for 

rice from more than six decades when they subjected the old rice varieties 

Nahda and Agami using gamma rays (Serry and Masoud, 1970). High doses 

of gamma rays caused higher sterility in M1 plants, but low doses of gamma 

rays in some cases stimulated the growth and yield of M1 plants (El-Keredy 

1990). Irradiating seeds with suitable doses of gamma rays produces 

physiological and genetic changes that may be affected the yield of plant 

(Hammad and El- Geddawi 1988). 

The present study was conducted to induce mutation in six 

genotypes using three doses of gamma rays, viz 250, 300 and 350 Gy to 

obtain some variances and selecting promising mutants with favorable 

characters such as early maturing, semi-dwarf and high yielding rice. 

MATERIALS AND METHODS 

The present experiment was conducted at the experimental farm of 

Rice Research and Training Center, Sakha, Kafrelsheikh, Egypt during the 

three growing summer seasons from 2019 to 2021. Six different genotypes 

(Dianjingyou1(DJY1), Sakha Super300, Sakha 108, GZ10789-1, GZ10789-
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2 and GZ10789-3) with high yield and excellent grain quality were used. On 

other hand, these genotypes are tall and having late maturity. Due to tall 

stature, they are prone to lodging. Hence, there is a need to reducing the 

plant height and growing duration without losing the yield potential and the 

related characters. Total 1000 seeds of each genotype were irradiated in the 

Co60 source at the National Center for Radiation Research and Technology, 

Nasr City, Cairo, Egypt in 2019 season with different doses of gamma rays’ 

radiation with rate of 250, 300 and 350 Gy along to 1000 untreaded seeds 

(control). The irradiated seeds were planted after treatments to get M1, M2 

and M3 generations and selection was practiced during the growing seasons 

at the farm of Rice Research and Training Center (RRTC), Sakha, Kafr El-

Sheikh, Egypt. 

In 2019 season, irradiated and non-irradiated seeds of the six 

genotypes were grown on 1st May as M1 generation. The experimental 

design was split plot design with three replications, the main plots were 

devoted to the doses of gamma rays and sub plots were devoted to the six 

genotypes. Each sub – plot consisted of 25 rows, 5 m long, 20 cm between 

rows and 20 cm between hills. At harvesting time on October, the total plant 

number per plot was scored and 50 plants of each plot were selected to 

estimate the average of rice characteristics in M1. In 2020 season, bulked 

seed from each dose were sown on 1st May to give M2 generation in the 

same design of experiment. At harvesting time, the total plant number per 

plot was scored and 50 plants of each plot were selected to estimate the 

average of rice characteristics in M2. In 2021 season, bulked seed from each 

dose were sown on 1st May to give M3 generation in the same design of 

experiment. At harvesting time, the total plant number per plot was scored 

and 50 plants of each plot were selected to estimate the average of rice 

characteristics in M3. 

All the cultural practices were done according to recommendations 

described by RRTC (2018). The data were recorded on morphological and 

yield characters as recommended by Standard Evaluation System (SES) of 

IRRI (2014). Data were recorded on individual plant base, the studied 

characters were heading date, plant height, number of panicles per plant, 

panicle length, panicle weight, seed set%, 100-grain weight, grain yield per 
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plant. The statistical analysis of variance for split plot design was done as 

described by Steel et al (1997) using GenStat computer software package, 

Nineteenth Edition. 

RESULTS AND DISCUTION 

Analysis of variance 

The mean squares due to genotypes and treatments (control and three 

doses of gamma rays) as well as their interaction were significant and highly 

significant for all studied traits of the mutated generations, indicating the 

existence of genotypic differences among studied genotypes and effective 

doses of gamma rays on genotypes (Table 1).  

Table 1. Mean squares and analysis of variance model for all studied 

traits under all experimental treatments during three years 

2019,2020 and 2021  

 

Source of 

variation 
df 

Days to 

heading 

Panicle 

length 

Panicles 

Plant1-1 

Panicle 

weight 

Plant 

height 

Seed set 

(%) 

Yield 

Plant -1 

100-G. 

Weight 

M
1

 (
2
0

1
9

) 

Reps 2 2.4879 1.1844 5.334 0.0237 0.579 17.322 16.949 0.0160 

Genotypes 

(G) 
5 235.62** 12.206** 146.9** 8.1412** 1291.7** 781.64** 287.67** 1.2658** 

Treatments 

(T) 
3 157.74** 34.542** 92.72** 5.9515** 2007.4** 1682.1** 1012.8** 0.1476** 

(G) * (T) 15 9.937** 4.1174** 5.868** 1.2725** 75.78** 333.65** 57.13** 0.0956** 

Error 46 0.8185 0.3396 1.011 0.0479 1.441 3.15 3.899 0.0014 

M
2

 (
2
0

2
0

) 

Reps 2 0.244 1.8946 2.1125 0.4471 5.146 7.89 84.483 0.0010 

Genotypes 

(G) 
5 238.82** 9.8321** 47.54** 4.3595** 1498.7** 261.74** 380.76** 0.5139** 

Treatments 

(T) 
3 79.202** 37.396** 47.78** 3.3881** 222.8** 804.19** 241.20** 0.2928** 

(G) * (T) 15 22.481** 2.3126** 10.67** 1.2834** 174.6** 55.08** 37.01** 0.0536** 

Error 46 1.281 0.3533 0.7975 0.0395 2.581 1.565 3.002 0.0024 

M
3

 (
2
0

2
1

) 

Reps 2 7.691 0.969 2.06 0.185 0.20 9.875 66.85 0.0013 

Genotypes 

(G) 
5 174.77** 13.181** 66.81** 2.5552** 1025.8** 57.273** 51.62** 0.6373** 

Treatments 

(T) 
3 333.37** 43.665** 101.4** 3.1431** 1033.9** 243.80** 313.49** 0.3190** 

(G) * (T) 15 13.747** 7.989** 2.913* 0.4532** 226.27** 34.282** 37.85** 0.1013** 

Error 46 1.713 1.033 1.379 0.1034 10.87 4.382 7.389 0.0042 

The doses of gamma rays ranging from 200 to 400 Gy with an 

interval of 50 Gy were taken in previous studies by Achal et al (2020). The 
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results of the present study agreed with El-Refaee et al (2017) and Ali et al 

(2022) who found that the used doses are effective on rice genotypes for 

most studied traits.  

The gamma radiation doses affected all genotypes for all studied 

traits comparing with the control. The genotypes performance was 

decreased during 2019 season (M1) due to gamma rays’ treatment. By 

contrast, the doses 350 and 300 Gy had more effect on genotypes than 250 

Gy for all studied traits as shown in Figure 1. 

 

 

 

Fig. 1. Effect of gamma ray doses 

on the genotypes 

performance in 2019 (M1). 

A: Effect of gamma rays 

on days to heading, plant 

height, seed set% and 

grain yield/plant; B: 

panicle length (cm) and 

no. of panicles/plant; C: 

100-grain weight (g) and 

panicle weight (g). 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

284 

Similarly Figure 2 illustrates a similar trend of Gamma radiation 

doses which were effective on the genotypes for all studied traits comparing 

with the control. All studied genotypes performance was decreased during 

2020 season (M2) affecting by gamma rays;  the doses 350 and 300 Gy had 

more effect on genotypes than 250 Gy for all studied traits.  

 

 

 
Fig. 2. Effect of gamma ray 

doses on the genotypes 

performance in 2020 

(M2). A: Effect of 

gamma rays on days to 

heading, plant height, 

seed set% and grain 

yield/plant; B: panicle 

length (cm) and no. of 

panicles/plant; C: 

panicle weight (g) and 

100-grain weight (g). 

 

 

The results presented in Figure 3 revealed the effect of gamma rays 

on rice genotypes for all studied traits during 2021 season (M3). The effect 

of gamma doses was transmitted from M1 to M3 and the harder effect was 

for the doses 350, 300 and 250 in a descending order. These results are in 

the same trend with results obtained by Ali et al (2022), El-Refaee et al 

(2017) and Pallaie et al 1993, they reported that Gamma rays were effective 
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for inducing mutation in rice and could be useful to induce a variation and 

produce a new promising -mutated genotypes. 

 

 

 
Fig. 3. Effect of gamma rays’ doses 

on the genotypes 

performance in 2021 (M3). 

A: Effect of gamma rays on 

days to heading, plant height, 

seed set% and grain 

yield/plant; B: panicle length 

(cm) and no. of 

panicles/plant; C: panicle 

weight (g) and 100-grain 

weight (g). 

 

 

Gamma rays affect on genotypes for all the three mutated 

generations which decreased all genotypes performance by using any dose 

comparing with the control. From the Figure (4), the biggest gab between 

control and the mutated generations occurred in the first generation with 

high drop for the doses 250 Gy and 350 Gy. The second mutated generation 

(M2) followed the first mutant generation (M1) and the third mutated 

generation (M3), respectively.  
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Fig. 4. Effect of gamma 

rays' doses on 

genotypes during 

three seasons 2019 

(M1), 2020 (M2) 

and 2021 (M3). 

 

 

The mean values of days to heading, plant height and panicle length 

are presented in Table (2). The data obtained with respect to days to 

heading, revealed that in comparison with the control, the gamma ray dosses 

accelerated the heading occurred gradually by increasing the dosses of 

gamma rays and the earliest heading was for GZ10789-2 with 350 Gy in M3 

with a value of 88.42 days compared with 99.82 days for the control on the 

same season 2021. The obtained results are in agreement with Gomma et al 

(1995) and El-Refaee et al (2017). 

Plant height was decreased by increasing gamma radiation doses and 

the hardest effect of dosses was done by 350 Gy on all studied genotypes 

during the three mutated generations. The shortest genotype was Sakha 108 

with a value of 76.82 cm with 350 Gy in M2 generation compared with 

92.27 days under control on the same season (2020). In addition, panicle 

length at maturity stage was decreased by increasing the dose of gamma 

rays. In general, the data indicated clear differences between the control and 

the treatments 300 and 350 Gy for all generations (M1-M3). The most 

effective dose of gamma rays of panicle length was 350 Gy treatment on 

Sakha 108 with a value of 16.88 cm in 2021 season (M3) compared with 

22.61cm for untreated Sakha 108. While the longest panicle was for 

GZ10789-2 which treated with 300 Gy in M2 with a value of 24.10 cm. In 

general, there was an inconsistent trend in mean values of different 

treatments for panicle length. These results are in agreement with reports of 

Abdallah (2000) and El-Refaee et al (2017). 
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Table 2. Mean performance of studied genotypes for days to heading, 

panicle length and panicles/plant under control and three doses 

of gamma rays during M1, M2 and M3 generations  

Genotypes Treatment 
Days to heading Plant height Panicle length 

M1 M2 M3 M1 M2 M3 M1 M2 M3 

DJY1 

control 

250 

300 

350 

104.5 105.6 103.2 119.2 119.78 115.97 22.9 22.52 23.05 

98.29 93.14 93.33 93.41 92.94 86.44 20.54 21.15 21.06 

92.62 95.84 94.82 87.59 96.19 82.81 21.06 20.64 20.51 

95.85 92.45 92.77 91.48 89.12 86.00 16.57 17.95 18.40 

GZ10789-1 

control 99.74 99.93 100.1 111.5 113.79 115.91 23.08 23.89 21.95 

250 96.6 96.96 96.15 100.33 111.52 92.94 22.11 22.08 19.41 

300 96.84 97.36 96.22 97.63 100.45 100.85 21.46 22.78 22.15 

350 93.78 98.67 90.77 84.48 100.41 87.12 18.71 20.67 20.70 

GZ10789-2 

 

control 100.7 98.96 99.82 115.0 116.45 109.45 24.50 24.27 24.61 

250 97.21 96.4 96.92 93.17 108.73 111.12 22.89 22.56 24.3 

300 97.24 96.77 96.96 92.27 108.53 103.14 21.82 24.10 22.58 

350 93.15 99.08 88.42 88.67 105.83 100.50 17.93 20.72 19.62 

GZ10789-3 

control 99.1 99.29 98.15 125.13 125.47 122.77 23.56 24.32 24.25 

250 97.4 96.92 96.45 109.43 121.17 117.78 22.11 23.22 23.61 

300 95.81 94.33 95.52 115.41 112.85 113.57 22.67 22.45 21.49 

350 90.22 89.78 89.52 108.87 104.85 100.71 17.88 19.793 18.52 

Sakha 108 

control 97.77 96.63 96.42 90.65 92.27 91.87 20.91 21.74 22.61 

250 95.6 95.46 97.44 77.22 79.25 88.34 21.28 22.08 21.38 

300 92.03 94.89 91.74 82.81 79.45 87.49 23.05 22.85 21.94 

350 93 97.63 89.78 79.46 76.82 79.98 20.45 20.71 16.88 

Sakha 

Super 300 

control 111.7 109.8 113.3 123.2 121.5 127.2 20.27 20.89 21.77 

250 106.4 105.9 104.4 102.2 113.8 105.2 18.24 22.47 19.58 

300 104.7 102.1 101.0 95.41 100.1 98.08 21.36 21.23 20.36 

350 105.8 100.7 96.78 89.26 85.15 85.56 17.47 18.38 18.41 

LSD 0.05 1.487 1.86 2.151 0.957 0.5285 1.973 0.641 0.957 0.977 
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The results presented in Table (2) showed that the gamma ray 

treatments had different effects depending on the dose for number of 

panicles/plant. Differences were observed between the control and most of 

the other treatments on one hand and among the treatments on the other 

hand. The doses of gamma rays decreased the number of panicles/plant. The 

highest effect of gamma doses observed on the lowest number of 

panicles/plant (14.44) under 250 Gy for GZ10789-2 during 2019 season 

(M1). On the other hand, the highest number of panicles/ plant was recorded 

for Sakha Super 300 under 250 Gy on M2 generation with value 25.51 

compared with 24.37 for untreated Sakha super 300. These results indicated 

that the effectiveness of gamma rays was found with the increase of the 

doses with either plus or minus effect. These results are in close agreement 

with those obtained by El-Degwy (2013). Regarding Panicle weight there is 

a big difference between the treated genotypes and the control; the highest 

effect follows the high dose of gamma rays by decreasing the panicle 

weight. By contrast, the lowest value of panicle weight was recorded on the 

genotype DJY1 treated with 350 Gy in 2021 season(M3) with a value of 

2.16 g. While the highest value of panicle weight (5.06 g) was observed for 

Sakha Super 300 treated with 250 Gy without difference by the 

control(untreated) during 2019 season. The obtained results are agreed with 

the results reported by Abdallah (2000) and Ali et al (2022). 

Its clear from Table 3 that the seed set percentage was affected by 

the gamma rays treatments negatively. The seed set percentage was 

decreased by increasing the dose of gamma rays. The lowest seed set was 

46.79% for GZ10789-2 under 350 Gy during 2019 season (M1). While the 

highest rate of seed set was 93.83% for Sakha Super 300 with 250 Gy 

treatment without insignificant differences to the control (93.81%). Similar 

results were obtained by Abdallah et al (2009) and Abo-Youssef et al 

(2018).  
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Table 3. Mean performance of studied genotypes for panicle weight, 

plant height and seed set% under control and three doses of 

gamma rays during M1, M2 and M3 generations  

Genotypes Treatment 
Panicle weight (g) Panicles/Plant Seed set% 

M1 M2 M3 M1 M2 M3 M1 M2 M3 

DJY1 

control 3.460 3.517 4.030 24.4 25.45 24.17 92.64 91.35 92.88 

250 2.621 3.357 3.907 23.56 25.33 24.12 87.76 78.18 88.41 

300 3.117 3.643 3.583 22.53 20.85 22.22 82.67 82.74 81.09 

350 2.813 2.860 2.161 19.11 21.45 18.33 71.61 67.49 76.15 

GZ10789-1 

control 4.993 4.353 5.217 19.25 20.19 19.94 91.24 94.19 92.97 

250 3.853 4.347 4.127 16.59 19.11 20.15 78.93 89.21 89.42 

300 2.963 3.487 4.122 18.21 19.27 17.97 66.03 80.94 81.25 

350 3.455 3.881 3.927 14.76 17.07 15.21 79.25 78.98 81.79 

GZ10789-2 

control 4.86 4.673 5.04 17.12 18.79 19.46 90.96 92.23 92.57 

250 2.913 5.003 5.593 14.44 22.58 17.75 84.44 91.12 89.31 

300 3.013 4.713 4.907 15.87 24.61 16.48 76.78 81.55 80.91 

350 3.443 4.317 4.28 12.52 21.11 14.77 46.79 80.12 79.08 

GZ10789-3 

control 5.497 5.331 5.113 21.95 21.78 21.77 91.32 68.79 86.85 

250 3.841 4.217 4.083 14.59 19.86 19.52 66.23 70.56 80.97 

300 4.462 4.787 4.940 18.88 20.45 18.64 73.63 73.48 81.56 

350 2.660 3.732 3.867 13.45 18.46 13.92 48.67 71.31 79.67 

Sakha 108 

control 4.117 4.217 4.377 24.33 23.77 23.78 90.93 86.77 91.84 

250 3.907 4.83 4.317 24.47 25.03 23.16 88.29 90.12 91.95 

300 3.547 3.773 4.937 24.15 20.56 21.79 72.46 80.01 85.81 

350 3.113 3.167 3.353 18.89 19.55 17.22 59.63 80.20 82.78 

Sakha  

Super 300 

control 5.072 4.823 4.923 24.12 24.37 24.55 96.14 79.44 93.81 

250 5.061 4.427 4.193 21.12 25.51 24.78 91.83 92.76 93.83 

300 4.667 5.045 4.493 20.8 21.06 21.74 81.74 93.12 86.74 

350 3.593 3.227 3.913 17.74 18.98 18.25 70.22 74.76 70.38 

LSD 0.05 1.487 0.361 0.3266 0.5285 1.653 1.468 1.93 2.917 3.44 

Results in Table 4 showed that the treatments of gamma rays 

affected on all studied genotypes by different degrees depending on doses 

and the mutated generation for grain yield/plant and 100-grain weight. 

Regarding to grain yield /plant, the results indicated that the mean values of 

grain yield/ plant decreased by increasing the gamma rays' dose up to 350 

Gy, the lowest value of grain yield/plant recorded for GZ10789-1 (27.11 g) 

with the dose 350 Gy during M1.  
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Table 4. Mean performance of studied genotypes for Grain Yield/Plant 

and 1000_G weight under control and three doses of gamma 

rays during M1, M2 and M3 generations  

Genotypes Treats 

Grain  

yield/Plant (g) 

100-grain  

weight (g) 

M1 M2 M3 M1 M2 M3 

DJY1 

control 45.27 46.97 45.5 2.79 2.82 2.80 

250 44.46 54.71 48.42 2.55 2.72 2.41 

300 39.86 44.78 48.46 2.51 2.51 2.69 

350 32.46 37.08 41.41 2.20 2.43 2.31 

GZ10789-1 

control 53.97 52.82 52.43 3.42 3.58 3.42 

250 39.79 43.05 37.85 3.29 3.15 3.06 

300 40.15 44.93 45.54 3.03 3.00 2.96 

350 27.11 31.12 43.41 2.50 2.50 2.38 

GZ10789-2 

control 52.27 55.64 55.64 2.91 3.00 3.03 

250 42.95 53.20 50.06 2.61 2.97 3.28 

300 43.48 51.27 51.81 2.94 2.88 3.03 

350 36.82 50.82 44.44 2.55 2.76 2.92 

GZ10789-3 

control 45.69 47.72 49.80 3.29 3.07 3.23 

250 31.58 41.30 47.46 3.38 2.93 2.93 

300 41.45 41.20 50.09 3.17 2.85 2.80 

350 29.21 35.42 40.30 2.92 2.78 2.48 

Sakha 108 

control 46.97 48.97 48.93 2.79 2.91 2.89 

250 41.15 50.17 51.45 2.75 3.00 2.83 

300 43.19 39.48 42.46 2.79 2.96 2.87 

350 36.84 43.67 40.74 2.78 2.82 2.43 

Sakha 

Super 300 

control 53.12 56.27 56.59 2.86 2.96 2.85 

250 48.56 55.67 47.55 2.86 3.00 2.86 

300 51.06 50.67 50.39 2.90 2.96 2.92 

350 46.21 50.44 40.48 2.83 2.78 2.75 

LSD 0.05 3.487 3.245 2.848 0.067 0.062 0.081 
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While the highest grain yield/plant recorded for Sakha Super 300 

(55.67g) in the second mutated generation (M2) compared with 56.27g for 

untreated Sakha super 300. On the other hand the results showed that the 

yield had a great drop in M1 compared with control then began to recovery 

during mutated generations M2 and M3 due to selection, adaptation and 

stability. Thes results showed a high similarity with results reported in 

previous studies by Shehata et al (2009), El-Refaee et al (2017), Kato et al 

(2020) and Ali et al (2022). 

Regarding 100-grain weight, the results showed some differences 

between the control and the gamma rays’ treatments. However, the range 

extremes indicated the possibility of selecting promising heavy grain 

mutants from the different doses of gamma rays of the studied rice 

genotypes. The heaviest grain weight was recorded on the low doses of 

gamma rays 250 Gy and 300 Gy, while the light weight of grains was on 

350 Gy dose. The highest 100-grain weight was 3.29 g for GZ10789-1 

compared with untreated genotype with a value of 3.42 g. These results 

were in agreement with those reported by Saragawa and Soni (1993) and 

Sanjeev (2000). In conclusion the mutated Sakha Super 300 and GZ10789-2 

were the best new Mutated genotypes after three generations (M3) which 

performed short duration and dwarfism with keeping high yield potential. 

Correlation coefficient 

The results in Table 5 showed the estimates of correlation 

coefficients among all studied traits to compare between two cases; the 

untreated genotypes (above) and mutant genotypes after three generation 

(below). The results revealed high positive correlation between grain yield 

plant-1 and each of days to heading, number of panicles plant-1, panicle 

weight and 100-grain weight for untreated genotypes with values 0.347, 

0.419, 0.446 and 0.694, respectively. For the mutated genotypes, high 

positive correlations were recorded also between grain yield plant-1 and each 

of panicle length, panicle weight and plant height with values of 0.652, 

0.412 and 0.446, respectively. While a negative correlation was recorded 

between grain yield and both days to heading and number of panicles for the 

mutant genotypes with values of -0.457 and -0326, respectively. From 

presented data related to correlation, we can report that the mutation breeding 
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could break the common correlation between traits, for example the relation 

between the yield and days to heading which turned from positive correlation 

under control to negative correlation after three mutated generations using 350 

GY dose of gamma rays.   

Table 5. Correlation coefficients among the studied traits after Gama 

ray treatments M3 (above) and untreated genotypes (below). 

 Control (untreated) 

M
u

ta
ti

o
n

s 
in

 M
3
 b

y
 3

5
0

G
y

 

 HD PL NPP PW PH F % GY 100GW 

C
o
n

tr
o
l 

(u
n

tr
ea

te
d

) 

HD 1 -0.514 0.447 -0.033 0.580 0.132 0.347 -0.349 

PL -0.122 1 -0.673 0.192 0.198 -0.143 -0.037 0.348 

NPP 0.617 -0.365 1 -0.496 -0.058 -0.054 0.419 -0.577 

PW -0.380 0.179 -0.795 1 0.367 -0.261 0.446 0.501 

PH -0.751 0.239 -0.857 0.581 1 -0.156 0.171 0.174 

F % 0.042 0.698 0.207 -0.378 -0.346 1 0.106 0.001 

GY -0.457 0.652 -0.326 0.412 0.446 0.267 1 0.238 

100GW -0.081 0.904 -0.494 0.525 0.261 0.470 0.694 1 

Mutations in M3 by 350Gy 

HD: heading date, PL: panicle length, NPP: number of panicles/plant, PW: 

panicle weight, PH: plant height, F%: fertility percentage, GY: grain 

yield/plant and100GW: 100 grains weight. 
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