
Universitatea pentru Ştiinţele Vieții din Iaşi 

 

 110 

 

 

X-RAY DOSE EFFECTS ON SEEDS GERMINATION AND SEEDLING 

PERFORMANCE OF EUROPEAN BEECH  

 

Dina ELISOVETCAIA1*, Raisa IVANOVA1, and Larisa ANDRONIC1 

 

e-mail: elisovetcaia.dina@gmail.com, dina.elisovetcaia@sti.usm.md 

 

 

Abstract 

 

The aim of the study was to assess germination dynamics and post-germination adaptation in two populations of 

European beech (Fagus sylvatica L.) seeds collected in autumn 2023 in the 'Plaiul Fagului' State Nature Reserve, 

Republic of Moldova with contrasting initial viability levels (PF-23high – 97% and PF-23low – 57%) under X-ray 
exposure at doses ranging from 25 to 300 Gy. Germination parameters, including total germination, mean daily 

germination (MDG), mean germination time (MGT), and germination rate index (GRI), were recorded alongside 

seedling development under solarium conditions. PF-23high exhibited a more enhanced response: exposure to 25–125 Gy 

stimulated earlier and more intense germination (MDG up to 1.55; GRI up to 2.00), with a peak germination of 77.33% 

at 125 Gy and a 21-day advancement relative to the control. In contrast, PF-23low showed only moderate stimulation at 

25 Gy (germination 65.67%, 13 days earlier than control), and was markedly more sensitive to doses ≥100 Gy, with 

reduced germination and delayed dynamics (MGT up to 122 days; MDG and GRI consistently lower across treatments). 

At high doses (200–300 Gy) both populations demonstrated a pronounced decline in germination parameters. Seedling 

survival under solarium conditions revealed a uniformly negative impact of irradiation: both PF-23low and PF-23high 

showed rapid post-germination mortality, particularly between weeks 6 and 10 at doses ≥50 Gy. Despite the initially 

higher physiological resilience of PF-23high, neither population exhibited stable adaptation under prolonged post-
irradiation stress. These findings may suggest a high level of radiosensitivity in European beech during early 

ontogenetic development, regardless of initial seed viability. 
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Fagus sylvatica L. (Fagaceae) is one of the 

key tree species in natural forests of Central 
Europe, characterized by a moderate lifespan of 

approximately 300 years and a comparatively late 

entry into the reproductive phase – at the age of 
30-50 years (Packham J.R. et al., 2012). The onset 

of fruiting in European beech varies from 20 to 80 

years depending on ecological conditions and 

growth form – solitary, in stands, or in dense 
forests (Bonner F.T., Leak W.B., 2008). Stable and 

abundant fruiting in beech depends on climatic 

factors and yield cyclicity (Bonner F.T., Leak 
W.B., 2008; Gavranović Markić A. et al., 2024). 

Studies conducted across various European 

regions show that seed yield in F. sylvatica is 
mainly characterized by binary cycles, as well as 

3- to 5-year cycles under the influence of various 

factors (Drobyshev I. et al., 2014; Lebourgeois F. 

et al., 2018; Chiavetta U., Marzini S., 2021; 
Gavranović Markić A. et al., 2024). At the same 

time, the periodicity of mast years varies by region 

and historical period and may reach 5-7 or even 
15-20-year cycles (Piovesan G., Adams J. M., 

2001; Drobyshev I. et al., 2014; Ascoli D. et al., 

2017; Brumme R. et al., 2021; Hacket-Pain A. et 

al., 2022). Significant changes in mast periodicity 
are associated with climatic factors such as 

extreme summer temperatures, drought, and frost 

during flowering (Nussbaumer A. et al., 2020).  
Contemporary climate dynamics are 

increasingly constraining the capacity for natural 

regeneration of F.sylvatica in several parts of its 

distribution area, particularly in southeastern 
marginal zones, where elevated heat and drought 

stress are becoming more prevalent (Bolte A. et 

al., 2016; Muffler L. et al., 2021). 
Among various approaches to enhancing 

genetic diversity in plants, radiation-induced 

mutagenesis remains one of the most reliable and 
efficient techniques (Ma L. et al., 2021). X-rays 

and gamma radiation are the primary tools in 

mutation breeding programs, offering promising 

outcomes for woody species including F. sylvatica, 
which are genetically rich yet have not been 

subject to intensive selection efforts (Kornienko 

V.O., Netsvetov M.V., 2016; Holonets R. et al., 
2021). For example, Holonets et al. )2021) found 

that gamma irradiation (γ-rays) at a dose of 2 Gy 


