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Abstract 

It is a high priority to maintain high levels of biodiversity within and among 

populations when managing ecosystems based on long term sustainability.  One way 

to achieve this is by regenerating a site either by seeds or seed-derived seedling from 

an increased number of mother plants and a variety of species. This mode of action 

could increase genetic diversity within and among populations.  However, a number 

of factors related to actions prior and after seed collection could pose obstacles to 

achieve this goal. Specifically, prior to seed collection, a substantial number of 

mother trees should be preselected to guarantee adequate seeds for seedling 

production. However, factors like seed periodicity limit the ability to collect 

adequate seeds on a yearly basis.  In addition, seed collection from the tree crown is 

extremely difficult and dangerous, especially when collecting on steep slopes. 

Further, after seed collection, factors related to the physiology of each species pose 

limitations for long-term storage and seed germination. Specifically, recalcitrant 

species such as Quercus spp. cannot be stored for more than one year.  On the 

contrary, orthodox species, such as Cornus mas have intense dormancy levels that 

limit or eliminate seed germination.  Those and others factors are discussed and 

analyzed in relation to the difficulties that are posed by the Mediterranean 

ecosystems, such as intense drought conditions. 

 

 

Background 

Natural ecosystems maintain high levels of biodiversity [1]. Maintaining and 

enhancing those levels of biodiversity within and among populations is a high priority 

for foresters when managing for the long-term sustainability of those ecosystems.  

Quite often, ecosystems are disturbed severely and on a very frequent basis.  

Specifically for the Mediterranean areas, fire events are considered the number one 

type of disturbance that usually occur after prolonged drought periods, especially 

towards the end of summers [2, 3]. When the frequency and the severity of the 

disturbance events are high this might result to the absence of natural regeneration 
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of trees from seeds.  Many areas of Greece, such as Peloponnesus (e.g. fires of 2007) 

are characteristic examples of fire events that occur on a frequent basis, while also 

the severity of the disturbances is very high.  

Foresters attempt to restore those highly disturbed sites in the most ecologically 

friendly way by planting a great variety of seed-derived native species.  Forest 

nurseries are urged to produce within short periods of time large amounts of high 

quality seedlings and have them ready on time to be transplanted.  The future 

success of the regenerated sites is of great challenge, especially when additional 

obstacles arise that are associated with issues such as insect outbreaks caused by 

abrupt climate alterations [3].  

In Greece, many of these areas are naturally regenerated either by the preexisting 

seed source or by the ability of some species to stump- or root- sprout after a fire 

event.  Those species seem to thrive and grow fast, particularly those that are 

favoured by the already existing vigorous root system of the “mother” tree.  

Nonetheless, the quality of the wood and the genetic complexity of the stump- and 

root- sprouts remain at low levels.  Propagation from seeds ensures high genetic 

diversity [4]. Further, seed collection from natural ecosystems (not plantations) 

ensures the genetic diversity and enhances seedling survival under the 

Mediterranean environments [5].   

Greek forest nurseries usually propagate by seeds that are either collected by the 

forest service or provided by the Ministry of Rural Development & Food (Section of 

Forest Nurseries & Seed Production, Athens) [6].  Nonetheless, the number of 

species is rather low, with most commonly used species the Pinus spp.  

Consequently, the reduced number of regenerated species ultimately reduces the 

biodiversity levels. When regenerating sites either by seeds or seed-derived 

seedlings from an increased number of species and increased number of “mother” 

plants for each species that could enhance the biodiversity levels within and among 

populations.   

However, a number of factors related to actions prior-, during- and after- seed 

collection could pose obstacles to achieve this goal.  This paper aims to describe and 

inform about these obstacles in order to achieve better seed viability and availability 

for an increased number of species that could be regenerated at the disturbed sites.  

Propagating from seeds should be a priority for the forest nurseries.  For the Greek 

ecosystems, the production of an increased number of species highly depends on 

seed availability and the knowledge regarding seed collection, treatment and 

storage.  As for the National Programme [6] there are limitations regarding the 

number of species that are used for seed collection in order to serve foresters and 

nursery owners that face obstacles in the seedling production of those highly 

valuable species.  Those factors are going to be analyzed after years of experience in 

collecting, handling and storing seeds while also studying success and performance 

of transplanted seedlings at the regenerated Greek areas [7-9]. 

 

Prior to seed collection 

It is very important to regenerate a site from seeds that have been collected from 

species that occur at the regenerated area.  Usually the remaining surrounding tree 

populations are the most suitable to serve as “seeders” because the seedlings 

derived from them are genetically better equipped to grow in the specific 
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microclimates.  Further, seeds should be collected from mature dominant trees with 

the best phenotypic characteristics (e.g. crown form) that are healthy and open 

crowned [10, 11]. These seeder trees should have an adequate distance between 

them in order to get the most genetically diverse and physiologically best seeds (e.g. 

complete embryos).  Most likely, those seeds provide seedlings that have similar 

phenotypic characteristics with that of the parent and could better adapt to the 

climatic conditions of the local areas.  Consequently, those seedlings should be the 

best suited to overcome transplanting stress based on their morphological and 

physiological characteristics. 

In the case that there are no trees at the regeneration sites, it is recommended to 

select from nearby populations that experience similar environmental conditions to 

that of the regenerated sites. Consequently, longitude and latitude are very crucial 

factors that should always be taken into consideration when regenerating a site.  

When regenerating an area from seed source that occurs at different latitude and 

longitude then those seedlings are prone to regeneration failure.  This is very 

important especially for areas like Greece where the landscape is very diverse.  

Furthermore, the microclimate of a specific area should be taken into consideration 

and studied prior to any regeneration efforts, especially since areas of similar 

longitude and latitude might also vary.   

Having all these in mind it is best if the seeder trees have been preselected with an 

adequate number of trees that are grown fairly apart from each other, in order to 

guarantee genetic diversity and an adequate number of viable and pest-free seeds.  

That becomes more of a problem when dealing with the seedless period.  “Seed 

periodicity” limits the ability to collect adequate seeds on a yearly basis.  For 

example, based on the physiology of the species, the phenomenon of seed 

periodicity of “good” acorn production years occurs every three to five years 

depending on the oak species [12, 13]. However, bibliographic information regarding 

seed periodicity is very limited for the Mediterranean ecosystems.  Particularly for 

Greece, the cited literature is very sparse to absent.  The lack of proper scientific 

information is a substantial obstacle that limits the ability for proper seed collection 

based on seed availability (seed periodicity) and maturation in order to meet the 

regeneration demands.  So, despite the fact that seed periodicity should always be 

taken into consideration, in order to avoid seedless years for a specific species 

additional research needs to done.   

Further, when there is a “good” seeding year, seed collectors deal with many 

different species that need to be collected on time in order not to miss the crop.  It is 

known that the majority of tree species seed during autumn (e.g. Acer 

pseudoplatanus L.), but there are also species that seed in spring or summer (e.g. 

Erica arborea L.).  So, it is very important to “know” your species in order to properly 

be ready to collect on time without missing the crop.  This action sometimes is hard 

to be achieved due to the lack of scientific information for the Greek species 

regarding their variation in seeding time based on their longitudinal and latitudinal 

distribution. 

In addition, in order not to lose the seeds the trees need to be monitored on a 

regular basis.  That is because the majority of the seeds are shed from a few days to 

a few weeks, depending on the species. Because of the shedding time, difficulties in 

collecting seeds could be faced.  In general, species have a wide elevation range; 
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areas at a higher elevation tend to shed their seeds later compared to lower 

elevations.   

The possibility of collecting seeds from the wrong species, mainly due to 

morphological similarities among them, is very high and therefore there is always a 

risk to regenerate the sites with the wrong species. That is a very common 

phenomenon for oaks, where for example, Quercus pubescence Willd. is usually 

confused with others like Quercus fraineto Ten., despite the fact that their 

distribution differs. So, well trained personnel always helps select the right tree 

species from the right tree populations that will serve as seeders.  This is a key 

parameter that should always be taken into consideration, especially when dealing 

with species that cross pollinate.  In addition, old plantations or old, reforested sites 

with inadequate information regarding the origin of the existing trees should never 

be used as seed–sources.   

The possibility of cross-pollination might cause alterations at the level of seed 

dormancy of the collected seeds.  A characteristic example is the hybridization 

between Acer pseudoplatnus L. and A. platanoides L. A. pseudoplatnus is considered 

a species with recalcitrant seed behavior.  This means that the seeds experience no 

dormancy and they cannot be dried below a specific threshold of moisture content 

since they lose viability [14]. On the contrary, A. platanoides seeds are characterized 

by deep levels of dormancy that are highly affected by the timing of seed collection 

[14].  When collecting seeds from trees that are hybrids of the above Acer spp. it is 

hard to determine the intensity of seed dormancy that might lead to improper seed 

storage with ultimate result the complete loss of the seed-lots.   

 

During seed collection 

The intensity of seed dormancy might also be affected by the level of seed 

maturation during seed collection.  The well trained personal usually uses color 

indices of the fruit or the seed.  Figuregraph/Figure 1 shows the variation in the 

reddish color of Arbutus unedo L. fruits.  However, seed maturation might differ 

despite the similarities in color affecting the level of seed dormancy [15].  Further, 

species like Cupressus sempervirens L. have a high variability in the timing of seed 

maturation that also affects seed viability and dormancy [16].  Consequently, in a 

stand, not all of the trees within the same species exhibit seed maturation at the 

same time, or even within the same tree, there is differentiation in the levels of seed 

maturation.  So sometimes, depending on the species, it is almost inevitable, that 

even with well trained personnel not to avoid collecting immature seeds.  This 

induces some differentiation at the level of seed germination since that affects the 

level of seed dormancy as well as the quality of the produced seedling.  Well trained 

personnel know the difference and try to minimize as much as possible the effects of 

seed immaturity.  

The importance of well trained personnel continues even when collecting from the 

trees.  They need to be able to recognize the species, to select the best individuals, 

to use the right tools and also being willing to take the risk of climbing.  As it is said, 

“the right person for the right job” saves labor and money.  Steep slopes, like those 

that are very common at the Greek mountains, make the labor harder and riskier.   

In addition, having the right tools always reduces the intensity of the labor and risk.  

For example, sometimes special clippers might enable workers to reach the higher 
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branches and avoid the risk of climbing.  In cases of thorny species, such as Rosa 

canina L., the use of the right clippers and gloves could save the day.  Nonetheless, in 

the market, there are plenty of tools available that could help reduce the risks, labor 

costs and time.  We should always keep in mind that if all the steps before- during- 

and after- seed collection is done properly then it is a very intense and expensive 

procedure.   

In order to enhance biodiversity, nurseries should be able to produce an increased 

number of different species.  Proper “time” management is a crucial factor in order 

to successfully collect adequate seeds for an increased number of species to 

guarantee large quantities of seedlings to regenerate the sites.  In addition, well 

trained personnel should be able to treat and store the collected seeds properly to 

guarantee seed viability.  

 

After seed collection 

After seed collection, factors related to the morphology and physiology of each 

species pose limitations for long-term storage and seed germination. Specifically, 

based on the morphology of each species, it is not easy to remove any unwanted 

seed parts, such as the fleshy fruits that in most cases pose limitations to seed 

germination by inducing dormancy [10].  A lot of intense labor and multiple cleaning 

steps need to take place prior to seed storage (Figure 2A, B).  For some species, the 

cleaning process continues even after the majority of the fruiting part has been 

removed.  For example, the Arbutus sp. is one of the species that even after the fruit 

part has been removed it needs further cleaning.  That is a very tedious and time 

consuming process due to the similar reddish color of the small sized seeds with the 

remaining fruit parts that are hard to be distinguished (Figure 3A).  

Based on the physiology of each species, it is hard to maintain long term viability 

under proper storage conditions.  Specifically, recalcitrant species such as Quercus 

spp. cannot be stored for more than one year.  For those species after they have 

been collected, it is highly recommended to place seeds in water for 24 h prior to 

storage [4].  With this technique, the recalcitrant seeds restore most of the moisture 

lost from the time of shedding until storage time, while most of the empty or 

infected seeds float and can be discarded.  Also, storage, temperature is another key 

factor that affects viability.  Temperatures below 0 
o
C can lead to a complete loss of 

the entire seedlot due to cell-crystallization [4].  The recommended storage 

temperature, when applicable, ranges between 1 to 5 
o
C [4].  These temperatures 

keep seed metabolism at low levels and maintains viability, while fungal activity also 

remains low.   

On the contrary, orthodox species, such as Cornus mas L. have intense dormancy 

levels that limit or eliminate seed germination.  These species, despite the fact that 

they can be stored with no difficulty for up to ten years, cannot be germinated 

unless treated properly.  Finding the right treatment to germinate these seeds is not 

the easiest thing, especially when dealing with multi-levels of seed dormancy.  For 

example, Rosa canina is a species that has exogenous inhibitors due to pericarp 

constraints and endogenous due to embryo dormancy.  In order to break seed 

dormancy the pericarp needs to be treated to soften the stony pericarp, while the 

embryo also needs to be treated. 
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Nonetheless, it needs to be noted that no matter what the storage temperatures 

are, radical protrusion will occur if seeds are treated properly.  This, combined with 

the “seed periodicity” induces another obstacle when those species are of high 

demand in producing seedlings to regenerate sites.  Radical protrusion occurs after 

the seed dormancy has been broken and the seed is viable.  During that period, seed 

metabolism has started and gradually increases.  If those seeds are not sowed on 

time, it is likely to lose the viability of the pretreated seedlots.  Figure 3B shows the 

inevitable total loss of an Arbutus unedo seedlot by fungal infection after the seeds 

have been cold-stratified properly to break seed dormancy, for three months [17].  

So, in both recalcitrant and orthodox seeds, increased temperature levels during 

storage might be detrimental due to possible fungal activities.  The higher the 

temperature, the greater the level of seed deterioration due to the increased levels 

of seed metabolism combined with the increased levels of fungal activity. 

Fungal activity, predation and other abiotic problems continue during the growth 

period of the seedling at the nurseries and after their transplantation at the 

regeneration sites.  Extreme situations such as insect outbreaks or extreme weather 

conditions might lead to seedling mortality.   

 

 

Conclusions 

From the moment of the selection of mother trees for seed collection to the time of 

seedling production and to the transplantation at the regenerated sites, the greatest 

obstacle is “time”.  Managing time properly is the key factor that enables to properly 

overcome obstacles prior- during- and after- seed collection, seedling production 

and transplantation success.  Enhancing biodiversity in restored ecosystems might 

seem possible, but its application poses many and serious obstacles. However, 

proper “time” management with well trained personnel before- during- and after- 

seed collection limits all the obstacles to the minimum and helps in achieving the 

ultimate goal that is restoring successfully the sites.    
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Figure 1. Variation in the ripening color (redness) of the Arbutus unedo fruits 

 

 
 

Figure 2. A) Removal of unwanted seed parts in order to achieve proper seed storage 

and minimize the “dormancy” effect, B) additional cleaning steps prior to storage. 

 
 

Figure 3. A) Difficulty in separating the alien matter from the small sized seeds of 

Arbutus unedo L. (left, clean seeds, right unwanted fruit parts), B) seed storage 

problems due to fungal infection of Arbutus unedo L. seeds during cold stratification.


