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• Forests at the xeric limit: present situation in Hungary

• Material and methods: collecting genetic and climate 

data

• Searching correlation of climate parameters with 

genotypes, allele frequencies and calculated genetic 

Draft

genotypes, allele frequencies and calculated genetic 

parameters

• Possible conclusions with regard to forest reproductive 

material use, gene conservation management



Forests at the xeric limit

• Declining precipitation and above the average warming

up is forecasted for South-eastern Europe.

• A speciality of this area is that most dominant tree 

species reach here the xeric limit of their distribution. species reach here the xeric limit of their distribution. 

• Consequently the majority of the native species are 

directly threatened by progressive warming and 

increasing drought frequency.



Distribution map of Quercus petraea

Source: http://www.bioversityinternational.org/Networks/Euforgen/



Sampled 15 Quercus petraea populations



Collecting genetic information

• Sample size: 50 individuals per population

• Quantification of genetic diversity at 11 polymorphic 

allozyme loci 
– codominant and adequately characterize the genetic diversity 

within population within population 

• Starch gel electrophoresis provides a powerful and 

cost-efficient assay of genetic variation



Missing genetic differentiation on 
geographic basis



Collecting climate parameters

• Temperature and precipitation digital surfaces were 
compiled by Rasztovics & Móricz using kriging method 
from meterological datasets. 
– The initial dataset included 31 temperature stations for the 

1951-2000 period and precipitation data from 594 stations were 
used for the 1974-2005 period. used for the 1974-2005 period. 

• Producing average monthly temperature and 
precipitation values using interpolation

• Estimating climate parameters from average monthly 
temperature and precipitation datasets (method of 
Mátyás & Nagy)



Average temperature and precipitation



Estimated climate parameters



Searching correlation 
between genetic and climate data sets



Correlation between climate parameters 
and genotype frequencies

genotype Tcont T>25  Pyear Ppos Pacc Pveg Pmin 
ADH(31) -0,72        
6PGDH(43)   +0,70       
EST(42)  -0,71       
AP-B(44)    -0,75     AP-B(44)    -0,75     
GDH(44)     -0,64    
PGM(22)      -0,66   
PGM(42)       -0,69  
SKDH(22)        +0,62 
SKDH(33)    -0,79     
 



Correlation of 6PGDH-A (43) genotype frequency with the number of 
summer days (above 25ºC)



Negative correlation of AP-B (44) genotype frequency with autumn rainfall



Correlation of SKDH-A (33) genotype frequency with annual rainfall



Correlation between climate parameters and 
allele frequencies

allele  Tcont Tsum Tmin  Pyear Ppos Pacc Pveg Pmin Pspr 
ADH(3)           +0,67 
ADH(4)    -0,66        
ADH(5)           -0,73 
ADH(6)           -0,65 
EST(2)   -0,60         
EST(4)   +0,57         EST(4)   +0,57         
AP-B(4)      -0,62      
GDH(4)       -0,69     
PGI(6)            
PGM(2)      -0,69  -0,64   -0,67 
PGM(4)        +0,53  +0,56  
SKDH(2)          +0,61  
SKDH(3)      -0,82 -0,74  -0,69 -0,75  

SKDH(4)      +0,53    +0,52 +0,58 
 



ADH-A (5) allele frequency vs. spring rainfall



SKDH-A (3) allele frequency vs. annual rainfall



Allele 
number 

Tcont  Pyear Ppos Pacc Pveg Pmin Pspr Paut 

AP-B   +0,62  +0,66  +0,65   
PGM   -0,69  -0,64   -0,67  
Effective          

Correlation between climate parameters and 
calculated genetic parameters

Effective 
allele 
number 

         

EST -0,61         
SKDH   +0,80 +0,76 +0,66 +0,68 +0,73 +0,62 +0,81 
 



Effective number of allele of EST-A and continentallity (Tmax-Tmin)

selection pressure 

increase

diversity decreasediversity decrease



Effective allele number of SKDH-A vs. annual rainfall 

selection pressure 

increase

diversity decrease



Correlation between climate parameters and 
calculated genetic parameters

Hobs  Tcont T>25  Pyear Pacc Pveg Pmin Paut Pwin 
ADH  -0,73         
EST   -0,74        
AP-B     +0,56 +0,66  +0,73  +0,69 
           
Hexp           Hexp           
EST  -0,61         

SKDH     +0,86 +0,68 +0,75 +0,76 +0,80 +0,69 
           
Fis            
ADH  +0,76         
AP-B        -0,69  -0,64 
EST   +0,71        
PGM      -0,60     
 



Observed heterozygosity of ADH-A and continentallity (Tmax-Tmin) 

selection pressure 

increase

diversity decrease



Observed heterozygosity of AP-B and the rainfall of the driest month

selection pressure 

increase

diversity decrease



Summary

• Results show a distinctive selective effect on allozyme 

gene loci 

• The conception that heterozygots in general are 

showing more tolerance to stress is not supported by 

these resultsthese results
– only in a few cases, where heterozygots seem to support 

tolerance

• In the majority of cases a frequency increase of 

adaptively favourable alleles has been observed

towards the xeric limit
– leads to decrease of diversity 



Summary

• Climate stress is a significant and effective selection 
agent

• The loss of genetic diversity decreases the adaptive 
potential of the population

• Possible consequences:• Possible consequences:
– changes of sessile oak distribution as a result of 

unfavourable environments

– loss of habitat





Conclusions

• Reconsidering of forest management rules

– populations at margins resemble each other more than 

geographic adjacent ones

– seed (planting) zones should be redrawn



Seed - Planting zones 

Quercus petraea



Conclusions

• Reconsidering of forest management rules
– populations at margins resemble each other more than 

geographic adjacent ones

– seed (planting) zones should be redrawn

– review of the present concept of reproductive material use

– introduction foreign provenances of native species?– introduction foreign provenances of native species?

– introduction exotic species?

• Special silviculture for exposed regions?
– prefer plastic, adaptable populations

– leave more room for natural selection: plant higher 
numbers, prefer seeding etc.

• Conservation strategy
– marginal populations/sites less valuable?


