.

%% « g Journal of Genetics @@
Tranian Genetics Society and Plant Breedlng Shahid Bahonar

University of Kerman

/ Print ISSN : 3060-7965 Online ISSN : 3060-7271

Studying the effect of physical and chemical mutagens on the
morphological and biochemical characteristics of the Marguerite plant

under greenhouse conditions

Fatemeh Poursaeed Esfahani
MSc Graduate, Department of Biotechnology, Graduate University of Advanced Technology,
Kerman, Iran. Email address: fp13664621@yahoo.com

Amin Baghizadeh

*Corresponding Author: Associate Professor, Department of Biotechnology, Institute of Science
and High Technology and Environmental Sciences, Graduate University of Advanced
Technology, Kerman-Iran. Email address: amin_4156@yahoo.com

Gholamreza Sharifi Sirchi

Professor, Department of Biotechnology, Faculty of Agriculture, Shahid Bahonar University of

Kerman, Kerman, Iran. Email address: sharifi-sirchi@mail.uk.ac.ir

Somayeh Aminizadeh
PhD, Department of Plant production and genetics, Faculty of Agriculture, Shahid Bahonar

University of Kerman, Kerman, Iran. Email address: s.aminizade2008@gmail.com

Abstract
Objective

Induction of mutations using chemical and physical agents has become a widely adopted approach
for improving desirable traits and generating new cultivars in ornamental plants. The flower
production industry is a dynamic sector worldwide, and its growth depends on innovation and the
introduction of novel varieties. Marguerite (Chrysanthemum superbum) is an important seasonal
cut flower, and improving its morphophysiological traits has long attracted the attention of
researchers’ attention. To investigate the effects of mutagenic agents on variation in marguerite,
gamma irradiation, ethyl methane sulfonate, and sodium azide were applied, and the resulting

morphological and biochemical traits were evaluated.
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Materials and Methods
This study was conducted as a greenhouse experiment using a Completely Randomized Design
(CRD) with three replications at the Research Greenhouse of the Graduate University of
Advanced Technology in Kerman, Iran. The treatments included gamma irradiation at doses of
50, 100, 150, 200, and 300 Gy; ethyl methane sulfonate at concentrations of 0.3, 0.7, and 1%; and
sodium azide at 0.5, 1, and 5 mM. These treatments were applied to marguerite seeds to induce
mutation. The collected data included morphological and biochemical characteristics, which were
statistically analyzed using Excel and SPSS software.
Results
The results showed that gamma irradiation was the most efficacy at inducing changes across
various traits in marguerite, with some doses, such as 300 Gy, significantly improving growth
indices. Sodium azide also had notable effects on certain traits, although these were mostly
observed as reductions in plant growth and development. Ethyl methane sulfonate exhibited
milder effects overall; however, a concentration of 0.7% led to noticeable alterations in certain
characteristics. Biochemical indicators such as pigments, flavonoids, and proteins were also
affected, with both the type and concentration of the mutagen playing a critical role in the
direction and magnitude of these changes. Overall, the findings suggest that mutagenic agents can
effectively influence the morphophysiological and biochemical traits of marguerite. Among them,
gamma irradiation proved to be the most effective and may serve as a promising strategy for
increasing variability in marguerite plants.

Conclusion

The use of gamma radiation under controlled conditions can be considered a promising tool for

creating morphological changes. By evaluating the stability and fixation of these changes in

subsequent generations, this approach can support breeding programs aimed at developing new
varieties of marguerite flowers.
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Figure 1. The effect of applying ethyl methyl sulfonate, sodium azide, and gamma
radiation treatments at different doses on the height of Marguerite flower.
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Figure 2. Effect of physical and chemical mutagenic treatments on the plant height of
Marguerite plants. a: control plants b: plants treated with gamma radiation at a dose of
300 Gy c: plants treated with 0.7% EMS d: plants treated with 5 mM sodium azide
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Figure 3. The effect of applying EMS, SA and gamma radiation treatments
at different doses on the plant diameter of Marguerite flower
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Figure 4. Effect of applying EMS, SA and gamma ray treatments at different doses on the

cover area of the Marguerite flower
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Figure 5. Effect of physical and chemical mutagenic treatments on the cover area of
Marguerite flower a: Control plants b: Plants treated with 0.1% EMS c: Plants treated

with 0.5 mM SA d: Plants treated with gamma radiation at a dose of 200 Gy e: Plants

treated with 1 mM SA
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Figure 6. Effect of applying EMS, SA, and gamma radiation treatments at different doses

on the number of lateral branches of Marguerite flower
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Figure 7. Effect of EMS, SA, and gamma ray treatments at different doses on the number
of leaves of Marguerite flowers
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Figure 8. Effect of EMS, SA, and gamma ray treatments at different doses on the leaf

width of Marguerite flowers
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Figure 9. Effect of EMS, SA, and gamma ray treatments at different doses on the leaf

length of Marguerite flowers
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Figure 10. Effect of EMS, SA, and gamma ray treatments at different doses on the petiole

length of Marguerite flowers
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Figure 11. Effect of physical and chemical mutagenic treatments on the leaf petiole of
Marguerite flower. a: Control plants b: Plants treated with 0.7% EMS c: Plants treated
with gamma radiation (300 Gy) d: Plants treated with 5 mM SA
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Figure 12. Effect of applying EMS, SA, and gamma radiation treatments at different doses

on the root length of Marguerite flower
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Figure 13. Comparison of physical and chemical mutagenic treatments on root length
Marguerite flower. a: Control plants b: Plants treated with gamma radiation (300 Gy) c:
Plants treated with 0.3% EMS d: Plants treated with SA at 5 Mm
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Figure 14. Effect of applying EMS, SA, and gamma radiation treatments at different doses

on stem fresh weight of Marguerite flower
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Figure 15. Effect of applying EMS, SA, and gamma radiation treatments at different doses

on stem dry weight of Marguerite flower
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Figure 16. Effect of applying EMS, SA, and gamma radiation treatments at different doses
on root dry weight (A) and root fresh weight (B) of Marguerite flower
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Figure 17. Effect of applying EMS, SA, and gamma radiation treatments at different doses
on leaf protein content of Marguerite flower
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Figure 19. Effect of applying EMS, SA, and gamma radiation treatments at different doses
on carotenoid content of Marguerite flower
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Figure 20. Effect of applying EMS, SA, and gamma radiation treatments at different doses

on the flavonoid absorption rate (wavelength 270 nm) in Marguerite flower
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Figure 21. Effect of applying EMS, SA, and gamma radiation treatments at different doses

on the flavonoid absorption rate (300 nm) in Marguerite flower.
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Figure 22. Effect of applying EMS, SA, and gamma radiation treatments at different doses
on the flavonoid absorption rate (330 nm) in Marguerite flower

Yoo YVe 290 Job dw )0 W3ggMs Gla iolj8l cucly aald olS 4 s ()15 ze M3 L G jlos IS jsboas
lozge Jobo et )3 155gM o ials el sald 4 o ()5 ne BB L EL Jlo (pizman 0 yiogil YV 4
Sl JS5) Wil )l sl ol a4 Caws (6 )b e BT ;oS00 (slazge Job 10 ASeiaMd ida e 10 b jlos ol .190,8
AR E
2 S game (oSS, dbul 3 45 cul (S99 AL, Cp Pt | So WSS, opl temilawgis]
b S wnp asls b Sl syt ol p b b S S, (Kong et al. 2003) s,ls 3,8 i ol
P LE gy 9 SAEMS (lajls Jhe! VF IS5 4 4595 L (Mekapogu et al. 2020) s)bs 2L sl J5 5 SIS
ST LS gy sals alS b dwslio )3 Sy y3 39390 ylawgs] b e LialS el G5 jlag 5o 4y ciliseo (slaj
P il SILEZ 9 EL (clajlo cudlss (o)l stne gl anlis b (al3il ool wizym 10,5 sl (I3l el
39 5 e J o0 b aslie ajlas plo 0lS 51 3ad (sl lise 55 GE0lS sl 9 03,5 Jos lnjless plo &
@ LB g 35 GRlBIL a5 35 lgdel Glgioe il ggite S WIS S5, b o )S)le J5 g Bin axsliy g (LS jles
5y bis e L g3y il oy Jlos] i )Sile )5t <S5y il & dog b dinyp il cuss Gua )

s Mol ol (55 )3 i 9y wsllae Slio il &8 1S oo il |y el ) «SpuoMS

Yo

Journal of Genetics and Plant Breeding; Print ISSN: 3060-7965, Electronic ISSN: 3060-7221



BN,

(V€+¢ b ¥ o)lw.fs Y o”a) AU (63154 ¢ S dlse

s,

il 3T >

Looe y3 oy

oy

Ol 2 cilises 5133 )3 LIS 95 0 9 W5l rww (Wlghlgw (e U1 S )low U TY JSU
Cu s slo 5y omilwgis]

Figure 23. Effect of applying EMS, SA, and gamma radiation treatments at different doses
on the anthocyanin content in the Marguerite flower
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