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Abstract: This study was conducted to determine changes for some quality
characters in Mz, M3 and M4 mutated populations of three bread wheat genotypes
irradiated by different gamma rays. The results showed that the genotypes
significantly and variably differed in their response for various traits at different
gamma rays doses in M2, Ms, and Ms populations. The shifts per see from the
controls for examined quality characters such as thousand-grain weight (TGW),
test weight (TW), wet gluten content (GC), gluten index (GI), Zeleny sedimentation
value (ZSV), and protein content (PC) in mutant populations were significant
according to t-test analysis. The results showed that desired variations could be
obtained for quality traits in M2, M3, and M4 generations with different doses of
gamma irradiation depending on bread wheat genotypes. Although the shifts per
see from the controls for ZSV, GC, and PC were significant, TGW, GI, and TW
showed an unchanged or slightly negative response in the Mz, Ms, and Ma
generations. It can be generally said that it may be more appropriate to perform
selection after M4 generation for seed quality traits in mutant populations. Although
the effect of mutagen doses varies depending on the character, genotype, and
mutagenesis generation examined, it can be said that the most appropriategamma-
rayy doses are 300 and 200 Gy doses because of causing significant shifts per see
from the controls.

Ekmeklik Bugday Genotiplerinde Tane Kalitesi Ozelliklerinin Gamma Isim
Kullanilarak Mutasyon Islahi ile Gelistirilmesi
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Oz: Bu caligma, farkli gamma 1511 ile 1s1inlanms ii¢ ekmeklik bugday genotipinin
Mz, M3 ve M4 mutant popiilasyonlarinda bazi kalite 6zelliklerindeki degisimin
belirlenmesi igin yiiriitiilmiistiir. Sonuglar, M2, M3 ve M4 popiilasyonlarinda farkli
gamma 151n1 dozlarinda gesitli 6zellikler igin genotiplerin yanitlarinin énemli ve
degisken bir sekilde farkli oldugunu gdstermistir. Mutant popiilasyonlarinda bin
tane agirhg (BTA), hektolitre agirhigi (HA), yas gliiten igerigi (YGI), gliiten
indeks (GI), Zeleny sedimantasyon degeri (ZSD) ve protein igerigi (PI) gibi kalite
ozelliklerinin kontrole gore degisimi t-testine gore Onemli bulunmustur.
Sonuglar, ekmeklik bugday genotiplerine bagl olarak farkli dozlarda gamma 1511
uygulamasi ile M2, M3 ve M4 generasyonlarinda kalite dzellikleri i¢in istenilen
varyasyonlarin elde edilebilecegini gostermistir. M2, M3 ve M4 generasyonlarinda
kontrollere gére ZSD, YGI ve Pi de énemli degisimler olmasinda ragmen, BTA,
GI ve HA da ise degisim olmamis ya da biraz olumsuz bir degisim olmustur.
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Genel olarak, mutant popiilasyonlarda tane kalitesi Ozellikleri igin Ma
generasyonundan seleksiyon yapmanim daha uygun olabilecegi sdylenebilir.
Mutagen dozlarinin etkisi incelenen 6zellige, genotipe ve mutant generasyona
bagl olarak degismekle birlikte, kontrollere gore onemli degisimlere neden
oldugundan dolayr 200 ve 300 Gy dozlarmin en uygun gamma 1sin1 dozlari
oldugu sdylenebilir.

1. Introduction

The main goal in wheat breeding is to develop high-yielding varieties with functional
characteristics acceptable to producers, processors, and consumers. This means a success that cannot be
underestimated because producers strive for high efficiency, processors need highly functional flour,
and consumers demand and expect excellent sensory qualities in final products (Seabourn et al., 2012).
Bread wheat flour is a functional flour that is mainly used in making bread, cookies, and pastries
(Brankovic et al., 2018). Hence, both the milling and bakery industries require varieties with high-
quality flour to produce appropriate flour and finished products. As good quality wheat can be sold at
high prices, there is a high demand among farmers for varieties with good baking and milling quality
(Byerlee and Moya, 1993). Generally, the best way to determine the wheat quality, which is defined as
industrial use, cooking quality, and the quality of the final product, is to evaluate its technological traits.
Therefore, it is tried to decide its rheological or technological quality by examining the properties of
wheat flour such as protein content, sediment volume, loaf volume, hardness, wet gluten, gluten index.
The best way for determining the quality of bread wheat is primarily the evaluation of grain physico-
chemical properties for its use in industry, cooking quality, and appropriateness of the quality of the
final product. That's the reason why determining thousand grain weight, test weight, wet gluten content,
gluten index, Zeleny sedimentation value, protein content, and understanding of its rheological features
are important (Ahmadi-Gavligi et al., 2004).

Mutagenesis and hybridization are generally the most commonly preferred breeding methods
for the development of new superior commercial varieties. Since the mutagen-derived variability for
quantitative traits in crop plants is inherited, and the selection response gives good results, many
breeders believe that induced mutations can be used to generate beneficial variation in quantitatively
inherited traits where appropriate selection for genetic improvement is applied (MacKay, 2011; Mba,
2013). It causes widespread changes in the morphological, physiological, and quality characteristics
after the application of the mutagenic agent.It has been reported that the yield can be increased with the
induced mutation, as well as other agronomic characters such as stiffness of straw, time of maturity,
adaptability, shattering resistance, disease resistance, protein content, baking quality, malting quality
and numerous other characters (Brunner, 1991). In recent years, the application of induced mutation in
the improvement of several superior crop varieties has been at the forefront in many countries
(developed countries being a priority), and this has had a greater economic impact on food production
and nourishment of humanity (Kharkwal and Shu, 2009). The leading countries are China, India, the
former USSR, the Netherlands, Japan, and the USA, with the highest number of mutant varieties
officially released. Among the mutagens, the highest percentage (> 50%) was gamma rays used in the
development of mutant varieties. Crop wise, the number of mutants developed was highest in grains,
followed by ornamentals, legumes, and other crops, including legumes and vegetables, forage crops,
edible oil crops, and tree species (Mba et al., 2010). Of all crops, rice was the crop with the highest
number of mutants (700 mutant varieties), followed by barley, common wheat, corn, durum wheat, oats,
millet, sorghum, and rye. According to the FAO / IAEA database, 1,825 mutants (corresponding to 57%)
were registered for both agronomic and botanical characteristics; of these, 577 mutants (18%), 321
mutants (10%), 200 mutants (6%), and 125 mutants (4%) were distinguished by increased yield and
related traits, better quality and nutrient content, biotic stress tolerance, and abiotic stress tolerance
respectively (Suprasanna et al., 2015). Although these mutant varieties have created a greater economic
impact by contributing millions of dollars to local economies annually (Ahloowalia et al., 2004; Jain,
2005), unfortunately, the mutant wheat varieties that are expected to provide this extraordinary effect
have not yet been developed in our country.

In addition to its protective role from insects and microorganisms and its sterilization effect, it
is known that gamma irradiation has important effects on various quality criteria of cereal grains. There
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are many studies to examine the effects of gamma irradiation on wheat technological quality, such as
grinding, dough, and baking quality characteristics (Paredes-Lopez and Covarrubias-Alvarez, 1984).
Many studies have been fulfilled on improving wheat quality through gamma irradiation to extend the
shelf life of whole-wheat flour (Marathe et al., 2002) and to increase the activity of endogenous amylases
of wheat (Gralik and Warchalewski, 2006). There are also several studies to elucidate the effect of
gamma irradiation treatments on gluten protein and gluten fractions (Nayeem et al., 1999).

This paper concentrated to determine the effects of different gamma rays doses on some quality
traits of mutant genotypes. The knowledge obtained through this research will be helpful for the breeders
while making a selection of potentially improved wheat mutant germplasm.

2. Materials and Methods

A total of 3 bread wheat genotypes (Bezostaja 1, IBWSN4, and Kate Al) were chosen to
represent likely diversity in earliness, disease resistance, awn type of spike, plant height, and flour
quality.

The experiments were set up with 15 irradiated seeds combination along with the un-irradiated
(control) in the experimental field of the Field Crops Department of the Faculty of Agriculture of
Tekirdag Namik Kemal University during consecutive growing seasons of 2011-2012, 2012-2013, and
2013-2014 with four replicated. It was made following the required agronomic and cultural practices
method. Nitrogen and P,0s at 160 and 50 kg ha™', respectively, were incorporated into the soil as
compound fertilizer (20-20-0) before sowing, urea during tillering, and ammonium nitrate before the
heading stage. The crop was kept free of weeds by hand hoeing as necessary.

Some quality traits such as thousand kernel weight (TKW), test weight (TW), protein content
(PC), wet gluten content (WGC), gluten index (GI), and Zeleny sedimentation value (ZSV) (for methods
see Balkan, 2018) were evaluated in mutated populations of M, M3, and M.

The data thus collected on mentioned above quality traits were subjected to analysis of statistical
manipulation as outlined by Steel and Torrie (1980). The statistical analysis was concerned mainly as a
comparison between data of the control and that of the corresponding population using two groups t-test
(means) and one tail F-ratio (variances).

3. Results and Discussion

The significances of mean squares (MS) from pooled ANOVA through the ‘F’ test for TGW,
TW, GC, G, ZSV, and PC traits in bread wheat mutated populations of M,, M3 and M4 were given in
Table 1.

Table 1. Results of variance analyses for quality traits in bread wheat mutated populations of M, M3,

and My
Replication Treatments Genotype Treatment x
df=2 df=5 df=2 genotype int.
df=10
Characters M, M; My M, M; My M, M; My M, M; May
TGW (g) % ns ns k k3k * ksk ksk ksk ksk * k3
TW (kg/hl) ns ns * ksk k3k ksk ksk ksk ksk ns ns k3
GC (%) ksk ns ns ksk k3k * ksk ns ksk ksk ksk k3
GI ns ns ns * ns  ns KK EE ok * * *x
ZSV (ml) % ns * ksk k3k ns ksk ksk ksk ns * ns
PC (%) ksk ns ns ksk k3k ksk ksk ksk ksk ns ns %

d.f.: degree of freedom, ns: non-significant, *: significance at 5% level, **: significance at 1% level.
The ‘F’ test indicated that variances due to genotypes were highly significant for all the

characters except GC in M3, which provided evidence for the significant genetic variability for the traits
among the varieties. The results of variance analysis for the treatments (which means the gamma
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radiation doses) indicated that the traits out of GI in the M3 and My, ZSV in the M4 under study were
highly significant at (p<0.01) probability level. Mean values in 100, 200, 300, 400, and 500 Gy of
gamma rays and its controls for the investigated characters in the M,, M3, and M4 mutated populations
of three bread genotypes were presented in Tables 2-4, and following results explore the findings of the
present investigation.

In the present study, it is seen that there were significant increases in some characters in terms
of quality traits in M, M3 and M4 mutated populations of Bezostaja 1 variety (Table 2).

Table 2. Variation of some quality properties according to standards (non-mutants) in the mutant
progeny of in Mz, M3, and M4 generation of Bezostoja 1 variety

Gamma TGW (g) TW (kghl™h) WGC (%) Gl ZSV (ml) PC (%)
doses Mean+SE Shift Mean+SE Shift Mean+SE Shift MeantSE Shift MeantSE Shift Mean+tSE Shift
(Gy) (2) (%) (kghl) (%) (%) (%) () (%) (mh) (%) () ()
Cont. 37.8+0.17 0.0 74.3£1.04 0.0 24.2+0.39 0.0 87.7+0.33 0.0 40.9+1.17 0.0 11.87+0.18 0.0
100 37.6+0.78 -0.5 76.4+£0.09* 2.8 21.8+0.34** -9.9 87.7+0.67 0.0 40.3+0.78 -1.511.70+0.23 -14

M, 200 36.2+0.76** -4.2 72.9+0.77 -1.9 23.5+0.47 -2.9 86.3+0.33* -1.641.7+0.35 2.0 11.73+0.23 -1.2
300 35.3+1.13** -6.6 76.9+0.96* 3.5 24.2+0.73 0.0 88.7+0.33 1.1 44.2+1.15%* 8.1 10.90+0.17* -8.2
400 38.6+0.47 2.1 753+1.11 1.4 25.0+0.43 3.3 90.3+0.33** 3.0 43.0+0.93* 5.1 11.87+0.52 0.0
500 38.3+1.37 1.3 72.6£0.45 -2.3 27.5+0.87** 13.6 89.7+1.20* 2.3 47.1+0.96** 15.212.57+0.75* 5.9
Cont. 35.6+0.45 0.0 77.3£0.47 0.0 36.3+0.18 0.0 78.3+1.67 0.0 52.0+1.53 0.0 14.37+0.13 0.0
100 35.6+0.65 0.0 77.1£0.06 -0.3 35.0+£1.08* -3.6 79.3+0.67 1.3 52.7+1.33 1.4 14.33+032 -0.3
Ms 200 32.7+0.56** -8.2 77.3£0.09 0.0 37.0+0.48 1.9 75.0£1.89* -4.250.7£1.16  -2.514.50+0.06 0.9
300 31.9+0.56** -10.476.5£0.87 -1.0 36.0+0.12 -0.8 83.3+£1.67** 6.4 53.7+0.88 3.3 14.60+£0.15* 1.6
400 32.4+0.10** -9.0 76.9+0.13 -0.5 35.8+0.55* -1.4 78.3%1.67 0.0 52.7+1.86 1.4 14.30+0.25 -0.5
500 31.8+0.63** -10.776.3+0.61 -1.3 37.0+0.87 1.9 76.0£1.06 -29533+1.20 2.5 14.33+0.23 -0.3

Cont. 44.6+0.55 0.0 81.3+£0.40 0.0 44.5+2.00 0.0 61.7+1.67 0.0 49.3+1.33 0.0 14.40+0.15 0.0

100 47.0+0.69* 5.4 81.9+0.23 0.7 43.6+£0.76 -2.0 75.0£1.16** 21.6 56.7+£1.20** 15.014.77+0.15 2.6

M 200 48.1+0.58** 7.9 83.1+0.24* 2.2 429+1.11 -3.6 71.7+£1.67** 16.257.3+1.20** 16.214.73£0.23 2.3
4300 47.8+0.71* 7.2 82.9+0.44* 2.0 43.5+0.58 -2.3 73.3+1.67** 18.859.0+£1.00%* 19.714.90+0.10 3.5
400 459+0.30* 2.9 82.3+0.52 1.2 44.8+0.79 0.7 68.3+£1.67** 10.7 53.7+0.88** 8.9 15.20+0.20** 5.6

500 44.1+0.30 -1.1 81.5+0.31 0.3 45.1+0.90 1.4 72.7+1.33** 17.857.3+0.67** 16.215.07+0.03** 4.7

SE: Standard error, Cont.: Control, * and **statistically significant differences from control at 5% and 1%.

In the M, mutated population of Bezostoja 1 variety, there was a gradual statistically increase
for TW at values of 2.8 and 3.5% in 100 and 300 Gy, GI at values of 2.3 and 3.0% in 500 and 400 Gy,
ZSV at values 5.1, 8.1 and 15.2% in 400, 300 and 500 Gy and PC at the value of 5.9% in 500 Gy
respectively, compared to controls. On the other hand, there were statistically significant decreases in
the mutant populations for TGW in 200 and 300 Gy, WGC in 100 Gy, GI in 200 Gy, and PC in 300 Gy
of the same generation.

Regarding the M3 mutated population of Bezostoja 1 variety, significant positive shifts in
quantitative mean performance were observed for GI with the value of 6.4% in 300 Gy and PC with the
value of 1.6% in 300 Gy. However, in the M3 generation, statistically significant decreases were
achieved in the mutant populations for TGW in 500, 300, 400, and 200 Gy and WGC in 100 and 400
Gy, compared to controls.

In the M4 generation, there weee a gradual increase for TGW, GI, ZSV, and PC traits characters
while comparing to M; and M3 generations of Bezostaja 1 variety. Among the M4 mutated populations,
remarkable increases than control were provided for TGW with values of 7.9, 7.2, 5.4, and 2.9% in 200,
300, 100, and 400 Gy, TW with values of 2.0 and 2.2% in 200 and 300 Gy, GI with values of 21.6,
18.8, 17.8, 16.2 and 10.7% in 100, 300, 500, 200 and 400 Gy, ZSV with values of 19.7, 16.2, 15.0 and
8.9% in 300,200,500, 100 and 400 Gy, PC with values of 5.6 and 4.7% in 400 and 500 Gy, while a
significant negative shift in quality mean performances was not observed for Bezostaja 1 variety.

Under the effect of gamma mutagenesis in the progeny (M2-My4) of IBWSN4 advanced line,
significant differences in variability of many traits of seed quality were observed (Table 3).
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Table 3. Variation of some quality properties according to standards (non-mutants) in the mutant
progeny of in Mz, M3, and M generation of IBWSN4 genotype

Gamma TGW (g) TW (kg/hl) WGC (%) Gl ZSV (ml) PC (%)
doses MeantSE Shift Mean+SE Shift MeantSE Shift Mean+SE Shift Mean+SE Shift MeantSE Shift
Gy) (2) (%) (kghl) (%) (%) (%) (%) ) (@m) () ) (%)

Cont. 33.4+0.54 0.0 70.7£0.59 0.0 21.6+0.15 0.0 80.7+0.88 0.0 32.6+1.06 0.011.00+0.12 0.0
100 36.4+0.69* 9.0 73.7+0.51* 4.2 23.2+0.64** 7.4 783+0.33** -3.032.5+1.35 -0.310.90+0.55 -0.9
200 36.6+0.40** 9.6 70.6+0.25 -0.1 23.3+£0.98** 7.9 80.7+0.67 0.0 33.5+0.91  2.810.27+0.09** -6.6
300 36.5+1.23* 9.3 71.0+1.18 0.4 24.3+0.38%* 12.5 82.7+0.88* 2.5 33.8+1.67* 3.710.50+0.15* -4.6
400 37.4+0.90** 12.0 71.0+1.24 0.4 20.0+1.16  -7.4 83.0+0.58* 2.9 33.8+0.70* 3.710.17+0.26** -7.6
500 38.0+0.27** 13.8 69.740.85 -1.4 23.0+£0.20** 6.5 78.0+0.58** -3.4 35.6+0.35** 9.211.13+0.12 2.7
Cont. 31.4+0.22 0.0 74.8+0.81 0.0 34.2+0.12 0.0 71.7+1.45 0.0 37.7£0.33  0.012.90+0.29 0.0
100 29.3+0.48** -6.7 74.9+0.15 0.1 34.3+£0.10 0.3 58.3+0.88**-18.7 37.3+0.88 -1.113.23+0.12* 2.6
200 28.6+0.46** -8.9 74.3+0.23  -0.7 33.1+0.85* -3.2 66.7+0.67** -7.0 37.3£0.33  -1.113.23+£0.18* 2.6
300 28.8+0.40** -8.3 72.2+1.07** -3.5 36.6+0.87** 7.0 67.7+0.88** -5.637.7+0.88  0.013.33+0.18** 3.3
400 27.3£0.58**-13.1 72.5+0.62** -3.1 35.7+0.70** 4.4 73.3£1.67 2.2 45.7+0.88%*21.213.77+0.03** 6.7
500 28.7+0.51** -8.6 71.9+0.42** -3.9 39.0+0.53** 14.0 71.7+1.20 0.0 45.0+0.58**19.413.53+0.12** 4.9
Cont. 43.0+0.31 0.0 78.1+0.10 0.0 37.2+0.88 0.0 66.7+0.88 0.0 37.0+1.00  0.013.33+0.09 0.0
100 43.8+0.89 1.9 79.2+0.51 1.4 46.1+£1.33%* 23.9 53.3+1.33** -20.1 40.3+0.88** 8.914.20+0.12** 6.5
200 43.8+0.60 1.9 79.240.70 1.4 42.3+0.33** 13.7 61.7+0.33* -7.5 38.7+0.67 4.614.10+0.17** 5.8
300 43.5+0.67 1.2 81.3+0.26** 4.1 45.8+1.45%*23.1 57.741.45%* -13.5 40.3+0.33** 8.914.47+0.09** 8.6
400 43.1£0.90 0.2 81.6+0.12%* 4.5 39.9+1.15** 7.3 60.0£1.15** -10.1 35.7+0.33  -3.513.80+0.15 3.5
500 44.0+0.32 2.3 80.0+0.26** 2.4 42.440.67** 14.0 61.7+0.67* -7.5 41.7+0.67**12.714.13+£0.03** 6.0

M,

M3

My

SE: Standard error, Cont.: Control, * and **statistically significant differences from control at 5% and 1%.

In the M, mutated population of the advanced lines, there was a gradual statistically increase for
TGW at values of 13.8, 12.0, 9.6, 9.3, and 9.0% in 500, 400, 200, 300, and 100 Gy, TW at the value of
4.2% in 100 Gy, WGC at values of 12.5, 7.9, 7.4 and 6.5% in 300, 200, 100 and 500 Gy, GI at values
of 2.9 and 2.5% in 400 and 300 Gy and ZSV at values of 9.2, 3.7 and 3.7% in 500, 300 and 400 Gy
respectively, compared to controls. On the other hand, there were statistically significant decreases in
the mutant populations for GI in 500 and 100 Gy and PC in 400, 200, and 300 Gy of the mutated
population.

In the case of the mutated IBWSN4 M3 population, a significant positive shift in quantitative
mean performance was observed in WGC at the values 14.0, 7.0, and 4.4% (500, 300, and 400 Gy),
ZSV at the values of 21.2 and 19.4 (500 and 400 Gy), and PC at the values 0f 6.7, 4.9, 3.3, 2.6 and 2.6%
(400, 500, 300, 200 and 100 Gy), while the significant reductions were observed for TGW at 400, 200,
500, 300 and 100 Gy (13.1, 8.9, 8.6, 8.3 and 6.7%), TW at 500, 300 and 400 Gy (3.9, 3.5 and 3.1%),
WGC at 200 Gy (3.2%) and GI at 100, 200 and 300 Gy (18.7, 7.0 and 5.6%) of gamma rays.

Regarding the M4 mutated population of IBWSN4 advanced line, significant positive shifts in
quantitative mean performance were observed for TW with values of 4.5, 4.1 and 2.4% in 400, 300, and
500 Gy, WGC with values of 23.9, 23.1, 14.0, 13.7, and 7.0% in 100, 300, 500, 200 and 400 Gy, ZSV
with values of 12.7, 8.9 and 8.9% in 500, 300 and 100 Gy and PC with values of 8.6, 6.5, 6.0 and 5.8%
in 300, 100, 500 and 200 Gy. However, statistically, significant decreases were achieved in the mutant
populations of the advanced line for GI in 100, 300, 400, 500, and 200 Gy, compared to controls.

It is understood from the comparison of the mean values of the mutated population of Kate A1 bread
wheat variety and their control averages that the data obtained in the M, M3, and M4 generations showed
significant increases in some quality traits (Table 4).

In the M, mutated population of Kate A-I variety, there was a gradual statistically increase for
TW at the value of 3.1% in 100 Gy, WGC at the value of 5.6% in 500 Gy, GI at values of 5.7, 4.6, 4.2,
3.9 and 3.4% in 500, 200, 400, 300 and 100 Gy and ZSV at value 8.6% in 500 Gy respectively, compared
to controls. On the other hand, there were statistically significant decreases in the mutant populations
for WGC in 200 Gy (6.4%) and ZSV in 200 and 300 Gy (11.8 and 9.9%).

In the case of mutated IBWSN4 M3 population, a significant positive shift in quantitative mean
performance was observed in WGC at the values 8.5, 7.1, and 3.7% (300, 400, and 500 Gy), WGC at
the values of 8.5, 7.1, and 3.7 % (300, 400 and 500 Gy), GI at the values of 7.7% (100 and 400 Gy),
ZSV at the values of 23.5, 13.1 and 9.7% (500, 300 and 400 Gy) and PC at the values of 6.5, 5.9 and
5.4% (400, 300 and 500 Gy), while the significant reductions were observed for TGW at 400, 100, 500,
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and 200 Gy (10.7, 6.2, 5.5 and 4.6%), TW at 400, 500, 300, 200 and 100 Gy (3.7, 3.0, 2.4, 2.4 and
1.0%), WGC at 100 Gy (4.0%), GI at 200, 300 and 500 Gy (7.7%), ZSV at 200 and 100 Gy (8.6 and
6.0%) and PC at 100 Gy (1.8%) of gamma rays.

Table 4. Variation of some quality properties according to standards (non-mutants) in the mutant
progeny of in M,, M3, and My generation of Kate A1 variety

Gamma TGW (g) TW (kghl™h) WGC (%) Gl ZSV (ml) PC (%)
doses Mean+SE Shift MeantSE Shift Mean+SE Shift MeantSE Shift MeantSE Shift Mean+SE Shift
(Gy) (2) (%) (kghl) (%) () (%) (%) (%)  (ml) (%) (%) (%)

Cont. 34.5£0.68 0.0 73.7£0.35 0.0 25.2+0.15 0.0 87.3+0.88 0.037.3+0.87 0.0 10.93+0.38 0.0
100 33.9+0.63 -1.7 76.0£0.72* 3.1 24.0£1.07 -4.8 90.3+1.20** 3.435.1+0.77 -5.9 10.83+0.38 -0.9
200 33.4+0.92 -3.2 742+091 0.7 23.6+1.14** -6.4 91.3+£0.67** 4.632.9+0.99**-11.810.60+0.12  -3.0
300 33.5+098 -2.9 73.4+0.26 -0.425.0£0.85 -0.8 90.7£0.67** 3.933.6+1.38* -9.9 11.20+0.27 2.5
400 33.1£0.35 -4.1 74.1£1.01 0.525.3+0.64 0.4 91.0+0.58** 4.237.2+0.38 -0.3 11.37£0.17 4.0
500 34.4+035 -0.3 72.1£1.00 -2.226.6£0.90** 5.6 92.3+0.88** 5.740.5+0.67* 8.6 11.90+0.12 8.9
Cont. 30.8+0.35 0.0 77.8+0.12 0.0 35.2+0.15 0.0 65.0+1.16 0.038.3+0.88 0.0 13.03+0.03 0.0
100 28.9+1.01*%* -6.2 77.0£0.22* -1.033.8+0.76* -4.0 70.0+1.16** 7.736.0+0.58* -6.0 12.80+0.15* -1.8
200 29.4+0.63* -4.6 75.9+0.40** -2.434.4+0.68 -2.3 60.0+1.16** -7.735.0+0.58** -8.6 12.93+0.12 -0.8
300 30.3+0.82 -1.6 75.9+0.47** -2.438.2+0.67** 8.5 60.0+1.16** -7.743.3+0.88** 13.1 13.80+0.06** 5.9
400  27.5+0.59** -10.7 74.9£0.67** -3.737.7+0.76** 7.1 70.0+1.16** 7.742.0+1.16** 9.7 13.87+0.12** 6.5
500 29.1+1.14* -5.5 75.5+0.07** -3.0 36.5+£0.35** 3.7 60.0+0.58** -7.747.3+0.88** 23.5 13.73+0.09** 5.4
Cont. 44.7+0.33 0.0 80.9+0.15 0.0 44.7+0.88 0.0 60.0+1.16 0.048.0+0.58 0.0 14.27+0.22 0.0
100 43.6+£0.12 -2.5 83.0+0.33** 2.6 44.3£1.45 -0.9 63.3+£1.20 5.546.0+1.16 -4.214.23+0.23 -0.3
200 41.6+£0.53* -6.9 83.3+0.26** 3.0 45.1+1.13 0.9 55.0+0.58** -8.341.0+0.58%*-14.614.00+0.17 -1.9
300 42.0+0.20* -6.0 83.5+0.42** 3.2 46.8+0.76** 4.7 50.0+1.16** -16.743.3+0.33** -9.8 14.23+0.18  -0.3
400 40.6+£0.46** -9.2 82.2+0.38* 1.6 44.7+0.64 0.0 65.0+0.58** 8.347.7+0.88 -0.614.43+0.12 1.1
500 44.8+0.83 0.2 81.6+£0.56 0.9 46.9+£0.21** 4.9 50.0+0.58** -16.748.3+0.88 0.6 14.73+0.09 3.2

M,

M3

SE: Standard error, Cont.: Control, * and **statistically significant differences from control at 5% and 1%.

Regarding the Ms mutated population of Kate A-I variety, significant positive shifts in
quantitative mean performance were observed for TW with values of 3.2, 3.0, 2.6, and 1.6% (300, 200,
100, and 100 Gy), WGC at values of 4.9 and 4.7% (500 and 300 Gy) and GI at the value of 8.3% (400
Gy). However, gradually significant decreases were calculated in the mutant populations for TGW in
400, 200, and 300 Gy, GI in 500, 300, 400, and 200 Gy, and ZSV in 200 and 300 Gy, compared to
controls in the M4 generation.

TGW and TW are the measures of grain density in kg per hectoliter. It is useful for the grading
of wheat. These are because test weight is related to grain density rather than weight and the denser
kernels tend to contain more endosperm (flour) (Williams et al., 1986). The present study observed the
negative effects on an average weight of grains in nearly all the cases of gamma rays doses of bread
wheat genotypes except IBWSN4 advanced line in M, mutated populations where the grain weight
showed some increment over the control. Despite the increase in radiation intensity, asynchronous
decreases in average values for the feature were observed for the mutated population of wheat genotypes
in all generations. The maximum decrease in the average values of grain weight was observed at 400
Gy of radiation dose (13.1) concerning control for the M3 population of the IBWSN4 line (Table 3). In
general, most of the radiation doses showed adverse effects on grain weight. In the case of TW, it can
be said that the same trend is valid for it. The present results are in agreement with the findings of Salem
et al. (2016), who explained that physical properties such as 1000 grain weight and test weight were not
affected by increasing gamma doses up to 3.5 kGy. However, Ainmasaun et al. (2014) observed an
increase in the average 100-grain weight at 80 GY of radiation dose as it was found at 15 kR radiation
dose in the study. Such type of contradiction might be due to either difference in genetic material under
study or due to agro-climatic variations under which the experiment was carried out.

The findings on WGC showed that significant positive shifts in quantitative mean performance
were the highest in all of the mutated populations of IBWSN4 advanced lines than those of Kate A-I
and Bezostaja 1 varieties compared to controls, indicating enhanced scope for selection. In other words,
the most sensitive genotype to gamma irradiation was IBWSN4, while the most resistant genotype was
Bezostaja 1. This result may be indicated that the sensitivity to gamma irradiation depends on the
genotype. Besides, the same gamma-ray doses will produce opposite changes in the physical properties
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of the gluten depending upon the moisture content of the irradiated grain (Sosedov and Vakar, 1961).
The gluten of a grain with a moisture content of 13.4% became increasingly weak, its specific
extensibility increased, its elasticity diminished, and the wet and dry gluten contents decreased with
increasing radiation dosage. In general, the mean values for WGC in all mutated populations of 3 bread
wheat genotypes did not alter significantly despite the increased variance observed for these characters,
suggesting the incidence of plus and minus mutations with equal frequency (Oka et al., 1958). The
present results are in agreement with the findings of Ibrahim (2008), who stated the relative increase in
wet gluten depending on cultivar.

In the case of GI, there was a significant gradual increase for Bezostaja 1 and Kate A-I varieties
at My and at M» populations respectively, while all mutated populations of IBWSN4 were negative
compared to controls. In general, the mean value of irradiated populations remains unchanged, possibly
due to the symmetrical occurrence of mutations with plus and minus genotypic effects (Oka et al., 1958).
These findings are similar to the results of Anwar et al. (2015) who indicated that y-irradiation increased
in quality of gluten through gluten index from 71.22% to 79.31%, 85.11 and 93.21% for the irradiated
sample at 3, 6 and 9 kGy respectively. Ibrahim (2008) stated that the increase in mutation doses caused
decreases in gluten index values.

Regarding ZSV, the significant range was the greater positive direction in the M, and M4 mutant
populations of Bezostaja 1 and IBWSN4 and in the M3 mutant populations of Kate A-I, compared to
controls. These results are confirmed by the finding of Rahemi et al. (2018) and Dolinska et al. (2001),
who explained that Zeleny sedimentation values increased significantly in mutated populations as
compared with the control. Mansour et al. (2012) explained that increases or decreases in sedimentation
values in M, populations compared to control might differ depending on the genotype of bread wheat.

In the present study, a significant shift in quantitative mean performance was positive for PC in
M3, and M4 populations of IBWSN4 and M3 population of Kate A-I were also due to the effect of gamma
rays while remaining unchanged. Similar results were reported by Swaminathan (1972), Swaminathan
(2001), Borzouei et al. (2013), Rahemi et al. (2018). On the other hand, the mean value of irradiated
populations of Bezostaja 1 remains unchanged due to its high protein content because the high content
of proteins acts as a protective mechanism to fight the harmful effects of gamma radiation (Al-Rumaih
and Al-Rumaih, 2008).

4. Conclusion

The increases or decreases in mean performance compared to control were irregular for the
values related to the quality characteristics examined in mutant generations. When assessed together in
the M,, M3, and M4 generations, the responses of bread wheat genotypes to different mutagen
applications differ. The Bezostoja 1 was less affected than the gamma irradiation, while the IBWSN 4
genotype showed higher sensibility. This suggested that mutagen treatment was associated with the
genetic base of the genotypes. It can be generally said that although the shifts per see from the controls
for ZSV, GC, and PC were significant, while TGW, GI, and TW showed an unchanged or slightly
negative response in the M», M3, and My generations. This also indicates that it may be more appropriate
to perform selection after M4 generation for seed quality traits in mutant populations. Although the effect
of mutagen doses varies depending on the character, genotype, and mutant generation, it can be said that
the most appropriate gamma-ray doses were 300 and 200 Gy doses because of causing significant shifts
per see from the controls.
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