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ABSTRACT 

1 

Knowledge on natural regeneration in mixed stands is scarce. In natural forests all kind 
of interactions lead to an excellent natural regeneration. Two regeneration strategies 
appear : gap succession and advance growth succession. 

Four critical factors can be distinguished in the process of natural forest regeneration 
stand condition, weather situation. soil condition and biotic factors. 

Forestry can significantly contribute to a successful natural regeneration by creating 
suitable ecological conditions. Crown density should be red.uced to 60 % and secondary 
thinnings may only be executed after the establishment and consolidation of the seedlings. 
Soil preparation should be done to avoid soil compaction and raw humus formation as 
well as improve chemical and physical soil conditions. At present fencing is practically 
unavoidable. 

1. INTRODUCTION 

Natural forests are characterized by two main features : a mixture of species and a 
natural regeneration. unlike most of the presently managed forests. which feature 
mono specific stands and artificial regeneration. 

Natural monospecific forests are in Europe probably only found near the timber line and 
in extreme habitats . such as peat bogs. But even here one may occasionally encounter 
mixtures. The richest mixed forests in Europe an~ the alluvial hardwood forests of the 
\Ipper Rhine valley. with twenty to thirty woody plants and eight or more tree species in 
the upper canopy alone. Generally, however, the mixture consists of 1'.'10 or three 
species. The forests may form one or several storeys, or are irregular. One has to 
distinguish between homogeneous and heterogeneous mixtures. The former normally 
produce intermediate micro climatical conditions with respect to a successful natural 
regeneration. while the latter are likely to create a patchwork of microclimates, provo
king abundant natural vegetation (Barkman, 1992). 
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Slovenia, Cimpersek (1988) found that regeneration was not successful after logging. It 
was more successful after patch clear felling than after regeneration felling. 

With respect of stand condition it should finally be stressed that dead wood is an 
important germination site (Lack, 1991). 

Besides the internal stand features, also external factors such as altitude, slope and 
effective temperature can determine the establishment, survival and development of 
natural seedlings (Valkonen, 1992; Paramonov, 1987) . In Northern Finland natural 
regeneration of Scots pine and Norway spruce has been successful up to 350 m altitude, 
but it has taken 10-15 years to reach the desired stocking level. 

3.2. Weather situation 

It is well known that the weather conditions affect in many ways the regeneration results. 
It determines on the one hand the creation, production, preservation and germination of 
the seeds and on the other hand the development and parasitizing of the seedlings. 

The phenomenon was especially investigated with beech (Dimitri et al., 1988) . The 
temperature sum of June and July of the previous year is important. Warm and dry 
weather in this period normally leads to a good seed production in the next year, 
provided no weather extremes occur in the meantime. After seedfall the weather can 
have a decisive impact on beach regeneration when : 

- due to very mild temperatures, germination starts strongly from the mid of January; 
- due to a humid and warm climate, the development of harmful fungi is heavily 

stimulated; 
- due to low air and soil humidity, the fruit cores or the germinating seeds are drying 

out; 
- due to late strong frosts up to 80% of the germinating beechnuts are frozen. 

The weather, of course, cannot be influenced by silvicultural measures. Yet stand 
conditions can strongly affect the impact of general weather situations. 

3.3. Soil condition 

Soil and humus conditions,as well as chemical soil characteristics, influence directly and 
indirectly the regeneration result. 
Soil compaction. e.g. due to logging activities, makes regeneration almost impossible. 
Accordingly, hauling equipment should be restricted to a permanent network of skidding 
lanes, have wide tyres or tracks and operate on an adequate cushion of brushwood 
(Hofman, 1992). A thick raw humus layer. characteristic for many spruce stands, 
strongly hampers natural regeneration. Nutrients deficiency complicate the processes and 
especia lly the increasing acidifiction of the upper 5 cm soil layer, often with a pH lower 
than 3.0, strongly hinders not only the germination but also the development of primary 
roots, while it favours the development of fungi (Gehrmann and Ubrich, 1983). The 
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abundant regeneration in the mixed mountain forest in the Alps of Eastern Bavaria is 
certainly partially due to the calcareous soil, unlike the complete lack of beech regenera
ton on acidified soil of the Forest of Soignes in Belgium (Muys et al., 1988). 

In connection with soil condition there is the ground vegetation. Natural regeneration is 
often inadequate or completely missing beause of competition of an abundant ground 
vegetation. Moreover it indirectly affects regeneration by interaction through phenomena 
such as mice damage or fungi attacks. 
Successful natural regeneration cannot be expected on areas with a dense ground 
vegetation. Therefore clear felling must be avoided. 
Mosandl et a1. (1988) found that establishment, survival and growth of seedlings were 
not threatened as long as ground vegetation covers less than 40 %. Johnson et al. (1989) 
concluded that the abundance of red oak in a herbicide treated clearcut suggests that the 
key to regenerate red oak may be competition control and not necessarily a long 
regeneration period. Fhrener (1989) stresses the necessity to carry out weed control 
early, so that the natural regeneration can benefit from the June sun. 

Ground vegetation should be used for provoking a succesfull regeneration. It can be used 
as an indicator of soil suitability for regeneration. Observation of the ground vegetation 
can help to determine where and how to intervene by felling. 

3.4. Biotic factors 

A lot of experiments have already proven that the principal problem for natural regenera
tion is damage by game and that it is very difficult in many forest areas to achieve 
natural regeneration under present conditions (Ott et a1., 1991). 
Some authors, however, although stressing browsing damage, put the impact into 
perspective, at least to some extent. So Mosandl and El Kateb (1988) found that the 
number of seedlings and saplings was also outside the fenced area more than sufficient 
for a good natural regeneration, provided there was a suitable crown density. A big part 
of the plants, however, were damaged by game. Especially fir and maple were browsed, 
unlike beech and Norway spruce, which were hardly damaged. The browsing degree 
mainly depended on plant height, which on its tum was determined by crown denSity. 
Browsing was relatively low under a dense cover, whereas it was very significant under a 
strongly opened canopy. Dangerous situations occurred on clearcuts. Also Robic and 
Boncina (1990) put into perspective the role of herbivorous ungulates, after having 
studied the composition and structure of natural young growth of beech and silver fir in 
the mixed Dinaric fir-beech forests. Indeed, as height increment of young trees is 
suppressed by the canopy trees, they concluded that young silver firs may be exposed to 
browsing for several decades in unfenced areas. 
Nevertheless one has generally to conclude that, at present, satisfactory natural regenera
tion can only be achieved by fencing. 
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Besides of all kind of macro-organisms, micro-organisms also can strongly affect the 
regeneration result. In this respect, fungi are the most important and their occurrence is 
strongly linked with the thickness of the raw humus layer. It is proved that the infection 
of beechnuts depends on the site quality (pH and content of organic material) and on 
climate, especially in November-December. Later on, seedlings are often attacked, on the 
raw humus level, during humid-warm weather conditions. 
Further on, significant damage can be caused by birds and rodents. Seedlings are in the 
first season increasingly threatened by louses, insects and especially by snails. If they 
survive, they are still for several season the subject of mice damage. So, Cimpersek 
(1988) found that mice were causing considerable damage to beech regeneration. 
Nevertheless one should not forget the benefifical help for secondary seed dispersal by 
rodents. In this respect, Forget and Milleron (1991) noted, that seed removal and seed 
burial rates were strongly affected by features of forest habitats and/or forest age. 

Forest fire deserves special attention with regard to forest regeneration. It is often very 
useful in temperate zones (Lust, 1988) and almost indispensable in boreal zones. 
Komarova (1989) reports about natural regeneration by seed after a major autumn fire in 
the Soviet Far East and mentions that regeneration by seed was intensive on areas where 
the litter had been destroyed. Rapid colonization of burned areas was associated with 
active germination of seeds preserved in the soil. On their side, Williams and Johnson 
(1992), investigating the factors affecting recruitment of Pinus pungens in the southern 
Appalachian Mountains, conclude that the result suggest that optimal recruitment and 
population maintenance of P. pungens in pine/oak forests are unlikely in the absence of 
fire. 

4. KEYS TO SUCCESS 

Based on extensive published litterature Ott et al. (1991) made a detailed comparison of 
the ecological factors influencing seed production, germination, seedlings establishment, 
growth and and survival of natural regeneration of tree species in the montane zone and 
the subalpine spruce zone in Switzerland. Herein the necessary conditions for the 
regeneration of mixed forests are described as follows : 

1. Decisive limiting and minimal factors : light deficiency and quantity, competition of 
ground vegetation and game damage. Application of local optimal canopy density; 
avoiding of too early and too heavy thinning; no gap or clear fellings. Rule of tumb : 
thinning until crown density 60% combined with ground vegetation density 20-30 %. 
Once enough seedlings are established, significant stronger thinnings are needed. 
Browsing is the overall dominating problem. 

2. Aggravating limiting factors: water supply and seed years. No drying up of the soil 
and a relative air humidity of 50-60 %. Use of rare seed years of beech. 

3. Other affecting factors: rodents, insects, snails, seedling fungi, alielopathic interac
tions, etc. 
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For Edwards (1987) the keys to success include a suitable seedbed, adequate seed supply, 
sufficient moisture and freedom from excessive competition. 
So it is evident that forestry can contribute to the natural regeneration process. It has 
mainly to focus on three points : 

canopy density; 
soil preparation; 
game damage control. 

Several experiments have proved that almost all tree species find favourable generation 
conditions when the canopy density is reduced to 60 %, corresponding with a removal of 
about 25 % of a closed stand and leading to a ground vegetation covering approximately 
20-30 % of the soil. Anyway regeneration must be established before the stand is opened 
up, in order to compete with ground vegetation. Regulation of mixture can be achieved 
by determining the initial light quantities and by the periodicity and degree of secundary 
thinnings. 

Soil preparation contains a doubl~ aspect. From the one hand the forest soil must be 
protected against compaction, while from the other hand some active measures against 
unfavourable conditions should be taken. The latter aims to improvement of both he 
chemical and the physical soil characteristics. 

According to Bressem (1988) soil pH affects the fungal flora on the fallen beech mast, 
low pH values seem to increase the aggressiveness and pathogenicity of the soil fungi. 
Best germination and development of primary roots, cotyledons and shoot: root ratio are 
achieved with soil pH values of about 4.3. (KeI). Plant development is severely inhibited 
by pH values of 3.0 and pH values greater than 6.0 are unfavourable for the overwin
tering of the mast. Liming improves the germination rate and seedling development and 
appears to reduce the virulence of important soil fungi. Timing of the liming is decisive. 
It should be done 15-20 years, or at latest 3-5 years, before starting to regenerate the 
beech. Liming in the mast year itself will impair the overwintering of the seeds. A 
targetted application of fertilizer and/or lime at the start of the second growing season 
promotes seedling development (See also Dimitri and Bressem, 1988). 

All experiments show a positive effect of soil cultivation on establishment and preserva
tion of seedlings. Dohrenbusch (1990) concluded that it was very helpful in improving 
conditions for survival of overwintering beech seeds and in favouring development of the 
young plants. Especially two methods are to be recommended. Soil injuring, by scarifica
tion, can be executed on the full area or on part of it and is to be considered as an 
extensive measure. Unlike intensive soil cultivation by strip removal of the topmost 
humus layer, that incorporates the seed into the mineral soil, reduces mast loss, preserves 
viability, reduces seedling losses and improves seedling development (Bressem, 1988). 

Finally it should be stressed once more that, at present, satisfactory natural regeneration 
requires almost always fencing. However Bressem (1988) found that the greatest losses 
of previously healthy (beech) seedlings occur in June/July of the first growing season, 
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mainly as a result of insect damage. Therefore appropriate control may be necessary. 
The same can be concluded with oak seedlings, which are often very heavily attacked by 
Oidium fungi. 

5. SUMMARY 

Knowledge on natural regeneration processes in mixed stands is scarce. Generally, 
natural regeneration does not occur frequently and the regeneration circumstances have 
strongly deteriorated the last decades, due to acidification. 
In natural forests all kind of interactions between the biotic and abiotic world normally 
lead to an excellent regeneration. Two regeneration strategies clearly appear : gap 
succession and advance growth succession. Disturbances are dominated by small canopy 
gaps, created by death of some trees. 
Four critical factors can be distinghuished in the natural regeneration process. 

1. Stand condition. Seed availability is a first requirement, but normally no problem. 
Canopy density is a crucial factor, regulating density, composition and development 
of regeneration. Vertical stratification favours well shaped crowns. Gap size is to be 
considered as a comprehensive indicator of the microclimate. External factors such as 
altitude and slope, should also be taken into account. 

2. Weather situation. It determines the creation, production, preservation and germina
tion of the seeds and the development of the seedlings. 

3. Soil condition. Soil compaction, nutrient deficiencies and increasing acidification 
strongly hinder regeneration. An abundant ground vegetation must be avoided. 

4. Biotic factors. Game damage is often seen as the principal problem for natural 
regeneration. Besides other macro- and micro-organisms do play also an important 
role : birds, rodents (mice), fungi. Forest fire deserves special attention, mainly in 
boreal zones. 

Forestry can significantly contribute to the success of natural regeneration, by creating 
suitable ecological factors for germination and seedling development. 

Canopy density should be reduced to 60 %, corresponding with a removal of 25 % of 
the closed stand. Further opening of the stand is only allowed when the regeneration 
is established and able to compete with ground vegetation. 
Soil preparation should focus on the one hand to avoid bad circumstances e.g. 
compaction and raw humus layer and on the other hand to improve chemical and 
physical features. Two methods are to be recommended: an extensive soil scarificati
on or an intensive strip removal of the topmost humus layer. 
Fencing. 
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