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Introduction 
 
Central European forestry has been strongly influenced by traditional German (Saxony) forest 
school, which leads to a change in species composition. The present proportion of silver fir in 
the Czech Republic is around 1 %, whereas the natural should reach 20 % (Zpráva 2021). The 
traditional way to increase the proportion of this species is associated with the conversion of 
Norway spruce stands, where fir is artificially regenerated (planted and seeded) under the 
shelter of Norway spruce trees (Spiecker et al. 2004; Huth et al. 2017). On the other hand, for 
the process of reforestation of large clearings, silver fir is not so not well-adapted (Korpeľ and 
Vinš 1964), as it is slowly growing, shade tolerant, and very sensitive species to climatic 
extremes (Korpeľ and Vinš 1964). On the other hand, Volařík and Hédl (2013) found a high 
proportion of silver fir in the regions that were strongly deforested and where forest nature 
expansion occurs.  
 
We discuss the use of silver birch as a preparatory species in the artificial regeneration of silver 
fir. Some results of experiments established in 2015 in the Czech Republic are presented.  
 
Material and Methods 
 
All experiments were performed in the plots that are located in the eastern part of the Czech 
Republic.  In total, 10 experimental plots – Padělky, Mokřinky, Krůtí, Bílá, Rakovec, Tornádo, 
Stará Ves, Hlubočec I, II, Skrchov represented middle rich and rich soil of oak-beech, beech 
and fir-beech vegetation zone. In these plots we observed the spontaneous regeneration of silver 
fir (Padělky, Mokřinky); evaluated the seeding experiment (Krůtí, Bílá, Hlubočec I) and 
analysed the nurse crop method with pioneer and silver fir. Height increment was calculated 
from the heights of all 70 initially planted silver firs measured between 2016 and 2018 in 
Skrchov. Shoot water potential in Skrchov was measured on 6-7 firs per treatment during 
midday on 23 August 2018 and before predawn on 24 August 2018. Light response curves of 
photosynthesis were measured in Stará Ves during 21 August 2023 on 7 firs per treatment and 
radial increment of Silver fir stems was measured during the vegetation season of 2023 on three 
firs per treatment. 
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Results 
 
In the first experiment, we try to understand the “pioneer behavior" strategies of silver fir. We 
established the seeding experiment in two clearings: one represented the optimum (Bílá: fir-
beech vegetation zone) and the second sub-optimum (Krůtí: oak-beech zone) for silver fir 
introduction. The germination was similar at both sites. Higher survival rates were on the 
optimum site, but due to strong weed competition, the success of Silver fir was low, at 2 % 
(Fig. 1). We found higher regeneration success under the canopy of nurse trees than at the 
clearing. In the other experiment, where seeding of Silver fir was carried out in about 15-year-
old pioneer silver birch dominant stand, the yield of seed exceeded 7 % after 5 years (Hlubočec 
I).  
 

 

Fig 1. Emergence rate and survival rate of silver fir seed (seedlings); optimal site: fir-beech 
vegetation zone, suboptimal site: oak-beech vegetation zone.   

 
To support the presumption that silver fir prospects well in pioneer stands, we analyzed the 
structure of naturally regenerated silver fir in 20 year old pioneer aspen-dominant stands, which 
emerged after Norway spruce dieback (Mokřinky, Padělky – Martiník, Krásenský 2023). The 
presence of mature silver fir around these stands led to spontaneous and continuous 
regeneration (Fig. 2). 
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Fig. 2. Age structure of silver fir regeneration, growing in aspen pioneer stands (the numbers 
above the columns indicate the number of fir seedlings) 

 
The timing of planting of silver fir relative to the age of the nurse crop was crucial.  One 
approach considered planting the silver fir in row spacing with pioneer species immediately 
after clearing emergence, both species at the same time. In the second approach, silver fir was 
planted into preparatory pioneer stands of different ages and silvicultural regimes.  
 
We found success in regeneration approaches, but only where soil moisture was sufficient 
(Tornádo). Pioneer stands stimulate early fast growth of silver fir, reduce seedling mortality 
and regeneration costs. At the same sites, silver fir planted without a mixture of pioneers was 
exposed to climatic extremes and weed competition. In clearings with a high level of soil 
moisture (Rakovec), direct planting of silver fir with (or without) pioneer was not successful 
(Martiník et al. 2018). On the site with sufficient soil moisture (Krnov), the pioneer height of 
about 4 m closed the canopy and covered silver fir  with height of about 1 m after five years; 
thus, the stimulation effect of the pioneer stopped and started competition. To reduce 
competition for light and moisture frequent thinning is recommended (Fig. 3).  
 
At water-affected soils (pseudogley - Stara Ves), the highest radial stem growth increment was 
recorded at the narrow gap (i.e. three rows of silver firs) but seedlings had to compete with 
grasses. Shelter of frequently thinned stand of silver birch suppressed the weed but still allowed 
high radial growth of silver fir. The dense unthinned canopy of silver birch suppressed the 
growth of both grass and silver fir. The photosynthesis of needles increased already the first 
year after thinning of the dense stand (Fig. 3). However, the increased carbon assimilation did 
not reflect in the stem radial growth, which remained in the first year after thinning same as in 
the dense stand (Fig. 4).  
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Fig. 3.  Light response curves of Silver fir current year needles which developed under the 
birch canopy of different densities. Thinning of the dense overstory of formerly dense 
silver birch canopy resulted in the photosynthesis of new needles comparable to the 
one under a frequently thinned stand.  

 

 

Fig. 4.  Radial increment of silver fir plants growing under the shelter of sparse and dense 
birch, at a strip clearcut, and the response of silver fir that grew under the dense 
canopy to thinning.  

 
The introduction of silver fir into preparatory (pioneer) stands optimizes structure of pioneer 
stands and reduces competition for light and moisture; to keep less cover of weeds and to 
balance the total forest ecosystem radial increment with pioneer trees included.  At the 
suboptimal sites with drought-prone sites (Skrchov) the water stress of silver fir was evaluated. 
The silver fir was planted in different stands situations of about 20 years old silver birch stands: 
gaps (20x20 m), control no unthinned plots (density 3 000 trees per ha), strongly thinned plot 
(density 1 050 trees per ha). During summer drought, trees growing in the gap had the least 
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negative water potential, indicating no water stress (Fig. 5). On the contrary, both predawn and 
midday water potential of silver fir under the birch plummeted below -3 MPa, indicating the 
risk of drought-induced mortality (Nourtier et al. 2014). The water potential of birch was less 
negative than of the underplanted silver fir which indicates that deep roots can access water. 
Water stress and light availability jointly resulted in the highest height increment of Silver fir 
growth in the gap and lower under the tree canopy 
 

 

Fig. 5. Left: The water potential of the silver fir under the various densities of silver birch 
canopy and in the gap. Right: The height increment of the silver fir in the gap and 
under two densities of silver birch overstory. 

 
Calamities and clearing may offer an opportunity to increase the proportion of silver fir in 
forest stands in the Czech Republic. Nurse crop methods, where fir is cultivated with the 
pioneers in variable time and space scale may provide a basic silvicultural tool for preservation 
and the increase of silver fir at exposed sites after large scale disturbances.  
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