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Summary: In Croatia sweet chestnut grows in very diverse “ ological condi- 
tions, in various forest communities, on an area of about 35000 ha. It p 
vides direct and indirect benefits (high-quality wood, edible fruits, honey 
firewood, preventing soil erosion, maintaining the watershed etc.I and 1 

also contributes to the distinctive character of landscapes. Sweet chestnu 
is among the priority species for the Conservation of genetic resources in 
Croatia. In the last 50 years it has been seriously threatened due to ehest

nut blieht. . , .
The aim of this study was to assess the interpopulation and mtrapopu-

lation variability of sweet chestnut populations in Croatia according to t e 
morphology of fruits. Nuts were sampled in 10 natural populations, from 
the whole area of sweet chestnut distribution ränge in Croatia. Each popu
lation was represented by 10 maturę trees and each tree by 30 nuts. Nme 
morphological traits and seven indices were analysed. u ™v* riate an 
multivariate statistical techniques were used to evaluate the differences 
among and within populations.

Zusam m enfassung: ln Kroatien w ächst die Edelkastanie unter
sehen Bedingungen in verschiedenen W äldern, auf einer Flache
rfkter und t a d 4 t e r  Nutzen ist groß (qualitativ hochw ertiges Holz^ u n d B r e n r * , 
essbare Früchte und H onig, Schutz vor Erosion und W irkung auf das G rundw asser, 
etc.) und sie prägt das Landschaftsbild. So ist sie in Kroatien auch unter den Arten, de-
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ren genetische Ressourcen geschützt w erden. In den letzten 50 Jahren w urden ernst
hafte M aßnahm en gegen den Kastanienrindenkrebs gesetzt.

Das Ziel dieser Studie ist die Variabilität von Inter- und Intrapopulationen auf 
Grund fruchtm orphologischer U nterschiede zu bewerten. Früchte aus 10 natürlichen  
Populationen aus dem  gesam ten Edelkastanienareal in Kroatien w urden gesammelt. 
Aus jeder Population w urden  je 30 N üsse von 10 fruchtenden Bäum en entnommen. 
N eun m orphologische M erkm ale und 7 Indices w urden analysiert. Uni- und m ultiva
riate statistische Verfahren w urden angew andt um  die Unterschiede zw ischen und in

nerhalb der Popolationen zu bew erten.

In trod u ction
Sweet chestnut is distributed across the Mediterranean region, from the 

Caspian Sea to the Atlantic Ocean. It is thought that the species survived in sev- 
eral refuges during the last ice age in Southern Europe, Northeast Turkey and 
the Caucasus. It has a discontinuous, scattered ränge, occupying hundred thou- 
sands of hectares in coppices and orchards on acid soils. Sweet chestnut is an 
important multipurpose tree species. It is important to ensure the conservation 
and sustainable use of chestnut genetic resources.

In Croatia sweet chestnut grows in very diverse ecological conditions, in 
various forest communities, on an area of about 35000 ha. Stands with sweet 
chestnut as management dass cover about 15000 ha. Sweet chestnut provides 
direct and indirect benefits (high-quality wood, edible fruits, honey, firewood, 
preventing soil erosion, maintaining the watershed etc.) and it also contributes 
to the distinctive character of landscapes. It is among the priority species for the 
conservation of genetic resources in Croatia. In the last 50-60 years it has been 
seriously threatened due to chestnut blight. In addition, the sweet chestnut dis
tribution ränge is under considerable influence of human activities, so that the 
favouring of particular genotypes also contributes to the loss of genetic diver-

sity.
It is spread in two main, split areas in different climate zones. The larger 

part of the area spreads along central Croatia, from the Slovenian to the Bos- 
nian-Herzegovinian border. Sweet chestnut can be found on all massifs of this 
region, whereas the biggest and most beautiful forests grow on the Zrinska and 
Petrova gora, as well as Medvednica. This is where we can find sweet chestnut 
mixed with oak, beech or hornbeam trees. Due to the Continental climate, sweet 
chestnut most readily grows in warm, well-lit positions in the hilly region, 
avoiding dry, cold and foggy sites. On plateaus, mountain ridges and generally 
mildly sloping terrains it often builds pure stands, whereas on larger steeps and 
more open terrains it grows individually or in groups. It grows on deep, acidic 
and decalcified soil, basically on a siliceous substrate. The second part of the 
sweet chestnut distribution area belongs to the sub-Mediterranean region, m- 
cluding Istria and the islands of Cres and Krk. Apart from forest stands, in this 
part of Croatia the sweet chestnut orchards for fruit growing are located. In this

324

© Verlag Alexander Just: Dorfbeuern - Salzburg - Brüssel; download unter www.biologiezentrum.at



region of warmer climate sweet chestnut grows on fresh terrains with greater 
precipitation, as well as on deep, leached soils with a carbonate substrate. It 
erows well in positions protected from strong winds, whereas in places exposed 
to wind it chooses the most protected positions (ANIĆ 1940, ANIĆ 1943, Medak 
2004, M edak  & Perić 2007, Noyak-Agbaba et al. 2000,2005).

Material and methods . - « i
Sweet chestnut fruits were collected during October 2007 m 10 natural

populations in Croatia (Bosiljevo, Cres, Gvozd, Eastern Medvednica, Western 
Medvednica, Moslavacka gora, Ozalj, Topusko, Ućka and Vojnic), as shown m 

Figurę 1.

Fig. 1: Sampled populations.
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In each population 10 trees were chosen growing more than 50m away 
from each other, and from each tree 30 healthy nuts, with the outer position in 
the bur were collected. The fresh fruits were weighted (m = weight), after which 
the following morphological traits were digitally measured (Figurę 2): height 
(h), width (w), thickness (t), scar length (sl), scar width (sw), seeds per nut (ns), 
number of intrusions at transversal section (ni), as well as the length of intru- 
sions (li). In total 3000 fruits were analyzed. From the measured traits the fol
lowing indices were calculated, i.e. the following variables established. nut 
height/width (h/w), nut thickness/height (t/h), nut thickness/width (t/w), 
scar length/nut width (sl/w), scar width/nut thickness (sw/t), scar width/ scar 
length (sw/sl) and length of intrusions (li)/nut thickness (li/t).
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SW

Fig. 2: Measured traits: h = nut height, w = nut width, t = nut thickness, sl -  scar
length, sw = scar width, li = length of intrusions.

Descriptive statistical methods were used to calculate anthmetic mean

values ( * ) ,  Standard deviations (s) and coefficients of variability (CV). To de- 
termine intra- and interpopulational variability, imivanate (ANOVA) and mul- 
tivariate analyse of variance (MANOVA) were used. The analysed factors were 
population and tree (tree factor nested inside the population factor). To deter- 
mine the deeree of similarities between analysed populations, according to t e 
morphology of fruits, cluster analysis (tree clustering algonthm, Euchdean dis- 
tance, complete linkage method) was used. Discriminated analysis was used o 
find out the variables which best discriminate the groups obtamed by cluster 
analysis. Statistical analyses were carried out using the Pr°S raI^ P ^ f s Sta 1S'  
tica (StatSoft INC. 2001) and SAS System for Windows 6.12 (SAb 1990).

R esu lts
The results of descriptive statistics are shown in Table 1. The average nut 

weight for ten populations was 7.1 g. From the examined populations, the tugh- 
est weight on the average was found in the population Bosiljevo (8.8 g), then 
Cres (8 6 e) UCka (8.2 g), Topusko (8.0 g), Western Medvedmca (7.7 g) Ozalj 

1 g) E a t m  Medvednica (6.9 g), Gvozd (6.5 g) and V o jn *  (5.7 g) The lowest 
nut weight was found in the population of Moslavacka gora (3.8 g). The coe 1 

cients of variability for this trait ranged from 22 to 33 /o.
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Tab. 1: Descriptive statistical parameters.
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s w / t 0.6 0.6 0.7 0.6 0.6 0.6 0.6 0.6 0.6 0.7 0.6

A
0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1

CV (%) 14.8 14.9 15.2 13.4 16.1 17.6 16.6 16.8 14.1 15.0 16.5

s w / s l 0.5 0.6 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.6 0.5

A
0.1 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.2 0.1 0.1

CV (%) 18.7 28.2 19.7 16.9 16.9 16.6 21.1 22.3 16.3 18.7 20.5

l i / t y 0.2 0.2 0.2 0.1 0.2 0.1 0.2 0.2 0.1 0.1 0.2

0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1

CV (%) 1 67.7 45.5 70.5 81.2 79.9 194.5 67.1 71.1 126.8 83.7 83.2

From the established variables conclusions about the fruit shape can be 
made. The nut width is larger than nut height in the majority of populations, the 
ratio being h/w = 0.9. Two populations (Western Medvedmca and Vojmc) have 
averagely equally high and wide fruits (h/w = 1.0). The population Cresi is the 
only one in which averagely the fruits are higher than wider (h/w = 1.1). The 
fruit thickness/height ratio (t/h) is 0.7 in most populations whereas in he 
population Cres this ratio is 0.6. Equally, the fruit thickness/width ratio (t/w) is 
mostly 0.6, whereas in the populations Cres and Moslavacka gora it is 0.7 (Tab e 
1) Since in all the three mentioned ratios the population Cres occurs as an ex- 
ception, it can be concluded that the fruit shape of this population is on the av-
erage different than in the others. , .

The variables scar length/width were compared with nut width, i.e. 
thickness (sl/w, i.e. sw/t). The ratio sl/w was 0.8 or 0.7, and the ratio sw/t 0.6 
or 0.7 for all the examined populations. These two variables were put mto mu
tual relationship (sw/sl), from which it was apparent that the scar of the nuts in 
most of the populations were averagely twice longer than their width (sw/s
0.5), and in two populations this ratio was 0.6 (Table 1).

In the fruits of most populations there was one seed on the average (ns -
1 0) and for the populations Cres and Ucka ns = 1.1. The coefficients of variabil
ity for this trait ränge from 6 to 21% (Table 1). The average number of intrusions 
ranged from 0.3 for the population of Moslavacka gora to 2.3 for Cres. e 
length of these intrusions for all populations amounted to 10-20% of the: fruit 
thickness (li/t = 0.1 do 0.2). The coefficients of variability for variables ni, li and 
li/t were comparatively large, since the values of these variables can also be

zero
In Table 2 the results of ANOVA and MANOVA are presented. Univari- 

ate ANOVA indicates that Variation between populations was significant, at the 
level of significance 0.01, for most traits, except for ns, ni, t/h, t/w and sw/sl. It 
can be seen that the Variation within populations differed at a high level of sig
nificance by all traits. Results of MANOVA showed the significant Variation 
between as well as within studied populations in respect to all traits jomtly.

328

© Verlag Alexander Just: Dorfbeuern - Salzburg - Brüssel; download unter www.biologiezentrum.at



Tab. 2: Results of ANOVA and MANOVA.

Population Tree/Population

ANOVA

Variable df = 9 df = 90

F P F P

m 9.8 < 0 .0 1 36.5 < 0 .0 1

h 13.1 < 0 .0 1 46.3 < 0 .0 1

w 10.1 < 0 .0 1 42.7 < 0 .0 1

t 7 .2 < 0 .0 1 16.7 < 0 .0 1

sl 5.3 < 0 .0 1 32.6 < 0 .0 1

SW 3.9 < 0 .0 1 23 .2 < 0 .0 1

ns 1.3 0 .24 3.7 < 0 .0 1

ni 5.0 < 0 .0 1 16.1 < 0 .0 1

li 5.1 < 0 .0 1 14.4 < 0 .0 1

h/w 4.6 < 0 .0 1 5.6 < 0 .0 1

t/h 2.6 0.01 3 .2 < 0 .0 1

t/w 2.4 0 .02 3.4 < 0 .0 1

sl/w 5.9 < 0 .0 1 5.3 < 0 .0 1

sw/t 4 .0 < 0 .0 1 17.0 < 0 .0 1

sw/sl 1.9 0 .06 11.1 < 0 .0 1

li/t 4.7 < 0 .0 1 12.4 < 0 .0 1

M AN OVA

df = 126 df = 154

F P F P

40 .4 < 0 .0 1 6.7 < 0 .0 1

The dendrogram (Figure 3) shows similarities between ten Croatian sweet 
chestnut populations based on 9 analysed fruit traits. The most similar popula
tions were Gvozd and Vojnic, then Eastern Medvednica, and fmally Ozalj and 
Topusko. To all these populations Western Medvednica could be added, so tha 
these six populations made one group (Cluster 2). The second group (Cluster ) 
was made of the populations Bosiljevo and Ućka, to which the population Cres 
was added.-The population of Moslavacka gora made the third group (Cluster

3).
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Linkage Distance

Fig. 3: Horizontal dendrogrąm.

To determine the traits in which the previously mentioned groups (clus- 
ters) differ the most, the discriminative analysis was used.

From the means of canonical variables (Table 3) it can be seen that the first 
discriminant function (root 1), which explained 91% of variability, best dis- 
criminated cluster 3 (population Moslavacka gora) from cluster 1 (populations 
Bosiljevo, Ucka and Cres), as well as from cluster 2 (other populations), since the 
means for these groups were most distant (Figure 4, axis x).

Table 3: Means of canonical variables.

Group Root 1 Root 2

Cluster 1 0 .7398 0 .3172

Cluster 2 0 .0130 -0 .2085

Cluster 3 -2 .2977 0.2993
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Fig. 4: Scatterplot of the canonical scores for three population groups (clusters).

Standardized coefficients for canonical variables (Table 4) show that the 
discrimination explained by the first function was mostly determined by vari
ables nut width (w), height (h) and weight (m).

Table 4: Standardized coefficients for canonical variables.

Variable Root 1 Root 2

m -0.589 1.752

h 0.797 -0 .379

w 0.809 -0.836

t 0 .223 -0 .202

sl -0 .074 -0 .192

SW 0 .064 -0.179

ns 0.023 0 .062

ni 0 .026 -1 .022

li 0 .010 0.628

Eigenvalue 0.693 0.065

Cumulative Proportion 0.91 1.00
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Discussion and conclusion
The population with the highest average nut weight and size was Bosil

jevo. It is a population located in the central Croatia, but through its morpho- 
loeical fruit characteristics it could be grouped into the cluster of coastal popula
tions, Ućka and Cres. The common feature of these populations is that they 
erow on the carbonate substrate, covered with a deep soil layer, i.e. they grow in 
similar pedological conditions. Apart from that, the populations Bosiljevo, Ućka 
and Cres were the only ones with an average nut weight larger than 8 grams. 
The results of morphometric analysis of sweet chestnut fruits in Croatia can be 
compared with similar research results in other European countries. Here we 
will only consider the trait of nut weight, which is in positive correlation with 
fruit and scar size (nut height, width and thickness, as well as scar length and 
width). In Slovakia BOLVANSKY & UŻIK (2005) carried out research on fruit vari
ability in 4 populations. The average nut weight of these populations (6.9 g) was 
a little lower than the average weight of 10 examined Croatian populations 
(7.1 g). For 3 examined Slovenian populations (SÖLAR et al. 2005) the average 
fruit weight was 12.6 g, i.e. it was significantly higher than in the Croatian and 
Slovakian populations. Fruit weight is the characteristic with highest variability 
(CV = 34%), compared with other characteristics describing fruit and scar size 
(CV = 14-19%) - similar results being found in Slovenia as well. In most other 
European countries pomological research was carried out mamly on selected 
cultivars (marrons), which cannot be compared with Croatian natural popula
tions. An additional problem is human influence on natural populations, as well 
as the question of autochthonous of some populations. The research of variabi - 
ity is important for preparation and implementation of measures for the conser
vation of sweet chestnut genetic resources, whereas the morphological research 
of fruits is, along with chemical analysis, important as the first step in selecting 
trees as candidates for futurę autochthonous best-quality sweet chestnuts culti

vars.

Acknowledgem ents .
This research was carried out with the financial support of the Mmistry ot

Science, Education and Sports of the Republic of Croatia. Grant No. 068- 

0242108-2773.

ANIĆ, M., 1940: Pitomi kesten u Zagrebaćkoj gori. Glas. sum. pokusę 7 : 103-312. 
ANIĆ, M., 1953: Pitomi kesten na Cresu. Glas. sum. pokusę 11: 321-356. 
BOLVANSKY, M. & UŻIK, M., 2005: Morphometrie Variation and differentiation of 

European chestnut (Castanea sativa) in Slovakia. Biologia 60 (4): 423-429.

332

© Verlag Alexander Just: Dorfbeuern - Salzburg - Brüssel; download unter www.biologiezentrum.at



MEDAK, J., 2004: Fitocenolośke znaćajke śuma pitomog kestena u sjeverozapad- 
noj Hrvatskoj, magistarski rad, Śumarski fakultet Sveucihsta u Zagrebu. 

MEDAK J. & PERIĆ, S., 2007: Śume pitomog kestena u H r v a t s k o j - fitocenolośke, 
ekolośke i gospodarske karakteristike. Zbornik 2. botamckog kongresa,

Zagreb. .
NOVAK-AGBABA, S., LI0VIĆ, B. & PERNEK, M„ 2000: Prikaz sastojina pitomog ke

stena (Castanea sativa M ILL.) u  Hrvatskoj i zastupljenost hipovirulentmh 
sojeva gljive Cryphonedria parasitica (MURR.) Barr. Radovi Sumar. inst. 35

(1): 91-110.
NOVAK AGBABA, S, LlOVlĆ, B., MEDAK, J. & S l a d e ,  D., 2005: Chestnut researc m 

Croatia. Acta Hort. (ISHS) 693: 49-54.
SAS, 1990: SAS/STAT User’s Guide, Version 6.12. SAS Institute Inc., Cary, N ,

r USA. . . ,.
SOLAR A. PODJAVORSEK, A. & ŚTAMPAR, F., 2005: Fenotypie and genotypie i 

versity of European chestnut (Castanea sativa M ill.) in Slovema -  oppor- 
tunity for genetic improvement. Genetic Resources and Crop Evolu lon

52: 391-394.
STATSOFT, INC., 2001: STATISTICA (data analysis software system), version 6. 

http:/ /www.statsoft.com

addresses:
Marilena IDŻOJTIĆ, Marko ZEBEC & Igor POLJAK 

University of Zagreb 
Faculty of Forestry 
Svetosimunska 25 
HR-10000 Zagreb 

Croatia

em ails:
idzojtic@sumfak.hr
mzebec@sumfak.hr
ipoljak@sumfak.hr

Jasnica MEDAK 
Forest Research Institute 

Jastrebarsko 
Cvjetno naselje 41 

HR-10450 Jastrebarsko 
Croatia

em ail: jasnam@sumins.hr
333

© Verlag Alexander Just: Dorfbeuern - Salzburg - Brüssel; download unter www.biologiezentrum.at

http://www.statsoft.com
mailto:idzojtic@sumfak.hr
mailto:mzebec@sumfak.hr
mailto:ipoljak@sumfak.hr
mailto:jasnam@sumins.hr


ZOBODAT - www.zobodat.at
Zoologisch-Botanische Datenbank/Zoological-Botanical Database

Digitale Literatur/Digital Literature

Zeitschrift/Journal: Sauteria-Schriftenreihe f. systematische Botanik, Floristik u.
Geobotanik

Jahr/Year: 2009

Band/Volume: 18

Autor(en)/Author(s): Idzojtic Marilena, Zebec Marko, Poljak Igor, Medak Jasnica

Artikel/Article: Variation of Sweet Chestnut (Castanea sativa MILL.) Populations in
Croatia According to the Morphology of Fruits. 323-333

https://www.zobodat.at/publikation_series.php?id=7140
https://www.zobodat.at/publikation_volumes.php?id=36042
https://www.zobodat.at/publikation_articles.php?id=187881

