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Identification and Morphological Description of
Cultivars of Chestnut (Castanea sativa Mill) of the
Region of Verin-Monterrei (Ourense, Spain)

J.M. QuEnERO'; J DE LA MONTANA?; AND M MiGUEZ?

Abstract

In this study we classified morphologically the most widespread cultivars of chestnut grown in the region of
Verin-Monterrei: ‘Bermella’, ‘Blanca’, ‘Boullona’, ‘Calva’, ‘Casarella’, ‘Corronchuda’ ‘das Vinas’, ‘Famosa’,
‘Foleiro’, ‘Inxerta’, ‘Longal’, ‘Monfortina’, ‘Soutifia’, “Touro’ and ‘Vilamaesa’. Based on biometrical analysis
of leaves, flowers and nuts, most of variability among cultivars was explained by variations in leaf and nut mor-

phology.

Introduction

Atleast 143 different cultivars of chestnuts
have been identified in Galicia (northwest
Spain) (9, 14). The classification of different
cultivars is not easy because different syn-
onyms are used in different regions for refer-
ring to the same cultivar. It may also occur
that the same name is used for different cul-
tivars. In Galicia, the suitable places for the
production of chestnut are usually on moun-
tain slopes, in acid soils that are at least 70 cm
deep. These characteristics are found in the
region of Verin-Monterrei, where chestnuts
are very important for industries involved in
processing. The objective of our work was
to characterize cultivars of chestnut from the
region of Verin-Mnterrei (Ourense, Spain) on
the basis of morphological measurement of
leaves, flowers and nuts, and to identify mor-
phological traits that play an important role
in determining the differences among culti-
vars, using a multifactorial method.

Materials and Methods
In 1997 and 1994 a series of meetings with
producers from the region of Verin-Mon-
terrei (SE of Ourense, Spain) took place to

! Area de Edafologia y Quimica Agricola.
% Area de Nutricién y Bromatologia

gather information on aspects related to the
most common cultivars in the region, names
of the cultivars, size, production, suitability
for conservation, diseases and pests and any
further information of interest.

Material

Nine areas of production were selected in
different parts of the region. Based on infor-
mation provided by the producers, we chose
80 trees, of 15 cultivars for our study. ‘Ber-
mella’, ‘Blanca’, ‘Boullona’, ‘Calva’, ‘Casa-
rella’, ‘Corronchuda’ ‘das Vinas’, ‘Famosa’,
‘Foleiro’, ‘Inxerta’, ‘Longal’, ‘Monfortina’,
‘Soutifia’, “Touro’ and ‘Vilamaesa’.

A variable number of trees of each cul-
tivar was selected according to its relative
distribution in the region. Of the least wide-
spread cultivars (for example ‘Boullona’ or
‘Foleiro’) we selected samples from 3 trees;
while of the most widespread cultivars (for
example ‘Famosa’ or ‘Longal’), we sampled
up to 10 trees for cultivar. Samples were tak-
en at three different times during 1998, coin-
ciding with the times when the leaves, flow-
ers and fruits were completely developed.
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Biometrical methods

Leaves. Following the recommendations
by Pimentel-Pereira et al. (19) and UPOV
(22), we selected 60 leaves from each tree
for measuring those parameters considered
suitable by previous researchers for differen-
tiating cultivars: length or height, width, ratio
of height/width, leaf shape, number of teeth
and veins in both sides of the leaf, location of
the first tooth, length of the petiole and basal
angle of both sides of the leaf (4, 13, 15, 19,
20, 21).

Flowers. (25 male catkins) were picked
following the protocol proposed by Bencat
and Bolvansky (6). They underwent the mea-
surements recommended by different authors
for cultivar differentiation: length of catkins
and stamens and number of glomeruli (2, 4,
6, 15).

Chestnuts. Following the method proposed
by Guerreiro (10), and studied and completed
by Pimentel-Pereira and Torres-Pereira (20),
we sampled 100 nuts from the 80 trees that
had been selected. From these 100 chestnuts
we selected 25 at random for biometrical and
morphological analysis based on: thickness,
width, height, ratio of width/height, length of
style and stigma, shape of the fruit, shape of
the hilum, unit weight, volume of 100 nuts,
density and color of the outer shell of chest-
nuts (1, 2,4, 5,8, 13, 15, 16, 18, 20, 22). Col-
or measurements followed the parameters of
the Lab chromatic scale (L*, a* and b*) and
from them we assessed tone (H*), chroma
(*C) and saturation (S*).

Statistical analysis.

We analyzed the data in four steps, using
the statistical program SPSS 9.0 for Win-
dows. First we carried out data analysis, and
then we assessed the significance of each vari-
able. Afterwards, we assessed the correlation
matrix beforehand, and we applied a factorial
analysis (using the method of the principal
components), only conserving those with
values higher than one. Next we used vari-
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max rotation to facilitate the interpretation of
factors, on the basis of their factorial scores.
Finally, we grouped cultivars according to
similarity, taking into account the main com-
ponents obtained in the previous step, obtain-
ing a dendogram or logic chart. We used the
hierarchical conglomerate using intergroup
relationship, the square euclidian distance (as
a measure of the proximity among intervals)
and standardizing by means of Z scores for
variables.

Results and Discussion

Leaves. (Table 1) All cultivars had “wide”
leaves (= 5 c¢cm) and none of them had short
leaves (< 13 c¢cm). The number of veins was
always higher than the number of teeth and in
all cases, the first tooth was in the basal posi-
tion, in accordance with the results published
by Pereira and Fernandez (15).

Flowers. (Table 1). Most of the cultivars
had mesostaminate catkins (with length of
stamens between 2.6 and 4.5 mm). Our data
do not support the conclusion of Bencat and
Bolvansky (6) according to whom “short cat-
kins with stamens are shorter and thinner and
long catkins with stamens are long and thick.”
The number of glomerules varied between 56
and 156, and so we assessed the mean for this
variable.

Fruits. (Table 2). Six of the 15 cultivars
studied (‘Casarella’, ‘das Vinas’, ‘Foleiro’,
‘Longal’, ‘Monfortina’ and ‘Vilamaesa’)
had “thin” chestnuts (<1.8 cm) and none had
“wide” nuts (= 3.5 cm). The cultivars ‘Inx-
erta’, ‘Longal’ and ‘Bermella’ had the longest
fruits in accordance with the results found
by Pereira and Fernandez (15); styles and
stigmas were generally “long” (= 0.95 cm).
We have not found any cultivar that weighed
more than 13g/nut and all, except ‘Boullona’,
had low density (< 1.02 g/ml). As regards nut
color, the brightest tones were found in ‘In-
xerta’, ‘Calva’, ‘Foleiro’, ‘Soutifia’ and ‘das
Vifias’, while the least bright were found in
‘Casarella’, ‘Blanca’, ‘Monfortina’, ‘Ber-



JOURNAL OF THE AMERICAN POMOLOGICAL SOCIETY

40

001 Aq paydiinuw yniy 8y} Jo JyBIdY/YIPIM UoHEIdI :00L H/M

L'0FS0 G9ZF.196 vZFLL 1’020 1'0%0°L 89FLLL 079l AV INA £070°¢ BSoBWE|IA
¥'0%0'L £GEF0S )L LTF0L 1’050 1’0760 ¥'670LL €0FL'Z  20799°C £0%2°¢ oinoy
1'0¥9°0 G9GF00Y L 9'1L¥0'8 1’020 L'OFL'L 66792} €078l z0¥8¢ z0%0°¢ Bunnog
G'0¥2°0 LY 1006 0€¥C’ . 1'0¥9°0 1'0%0°L 8'0LF0LL €0FLL £079°C ¥'0¥8'C BUILOJUOI
Z079°0 Zyp¥S801L £179°9 1'0¥8°0 L'0FC'L 6ZLFL6 079l z0%6C £079'C [ebuon
€0¥L0 6L1L¥0ETL TT¥56 1’020 1'0%0°L YZLFLLL 078l 8'170°¢ z0¥Ce Buexu|
0°0¥%°0 ¥ZyF00E L 61T L 1’020 L'OFL'L L'GFELL 078l z0%SC z0¥8¢ oufe|04
L'L¥8°0 £GEF0LLL 81798 1'0¥9°0 1'0%0°L GOLFPLL €078l AV INA Z0FLE esowe
£076°0 182%G201 62798 1’020 L'OFL'L £97CLL €0FLL AV INA 0FLE SeuIA seq
¥'076°0 827086 27788 Z1¥9°0 L'0¥G°0 G'6¥9LL £'0%6'L T0¥LC C0FL'E EPNYOUOLI0D
£0%S0 ¥12795/ 9LT6'Y 1’0790 Z0%0'L SLFH0L Z0¥9'L ¥'0¥G'C z0¥9¢C e|jeJese)
£0%0'L 61766 G'TFS6 L'0FL°0 L'0F2°0 SLFLLL £'0%8'L z0¥8'C ¥'0¥2'€ ened
00%0'L 0LZ¥eehL L'ZF90L 1'0¥9°0 1’0760 £'8702Z) T0FLT z0%9¢ Z0FLE euoj|nog
L'0¥S0 8£970GS ) 91758 1'0¥9°0 1’0760 G /FCLL 0078l AV INA z0%0°¢ eoue|g
¥'076°0 18ZFyeL ¥'Z¥0°0L L'0FL°0 1'0%0°L L'67CLL €076l z0%6C £0%2°¢ ellowJeg
(1w/6) (juw) () (wo) ewbns (wo) (wo) (wo)
Aysueqg awn|op wbrem yun alfis +9lA1S 00} XH/M  ssauwyolyL ybuaT UIPIM JeAnnd

's}inJj Jo siejeweled [eoljaWoIq JO SUOHEIASP pJepue)ls pue sues|y ‘g ajgeL



DEscripTioN OF CULTIVARS OF CHESTNUT 41

mella’ and ‘Corronchuda’. We observed very
low values in the rates of red-green color
(a*) and blue-yellow (b*); however b* was
higher than a* in absolute value in the culti-
vars ‘Famosa’, ‘Foleiro’, ‘Inxerta’, ‘Longal’,
‘Soutifia’ and ‘Vilamaesa’, so in these cases
the yellow component was predominant over
red. The nuts of ‘Monfortina’ and ‘Touro’
ware the darkest as they presented higher
saturation values (S¥).

The different observations reported by
other studies on Galician cultivars (15, 16)
were attributed to phenotypic and/or geno-
type variations, since they also exist among
trees belonging to the same cultivar which
come from different areas (17).

Significance of the variables studies.

In the case of variables related to bilateral
symmetry of leaves (number of teeth, veins
and basal angle), the statistical treatment was
carried out only with the values correspond-
ing to the left side of the leaf, after checking
that there were not significant differences be-
tween values for the two sides.

In the case of leaves we checked that all the
quantitative parameters assessed were signif-
icant for identifying these cultivars, agreeing
with the results found in the bibliography (1,
4,12, 13, 15, 18, 19, 20, 21). Our results are
in accordance with a previous study done on
some of these same cultivars (12), in which
it was concluded that measures of height and
width of the leaf, number of teeth and veins,
were suitable for differentiating cultivars.
Among the parameters assessed in flowers,
only catkin length proved to be suitable for
differentiation of cultivars, as found by other
investigators (2, 4, 6, 15).

In fruits we observed that, except in the
volume and density of chestnut, the rest of
the parameters are significant for differentiat-
ing cultivars, in accordance with the results
obtained by other authors (1, 2, 4, 5, §, 11,
13, 15, 16, 18, 20).

Correlation matrix.

After assessing the correlation matrix
between the 21 quantitative variables that
proved to be significant in the previous step,
we observed a high correlation among them,
as is also shown in the low value of their de-
terminant.

When we obtained factors using the meth-
od of principal components we found that the
21 biometrical and chromatic variables were
saturated in 6 main components with self
values higher than one, which accounts for
approximately 85% of total variance (Table
4). Those variables related to the morphol-
ogy of fruits and color, mainly intervene in
the 1st, 2nd and 4th components and account
for 53.7% of the variance among cultivars.
The 3rd and 5th components are mainly in-
fluenced by parameters of leaves and repre-
sent the second source of variance among
cultivars, accounting for 23.8% of it (and
77.5% of the accumulated variance). The last
factor is related to catkin length, accounting
for 7.6% of the variance, with which 85% of
total variance is finally justified.

As we have biometrical data of leaves,
flowers and fruits of some cultivars picked
up during the harvest of 1994, they under-
went the same statistical analysis (factorial
analysis) to establish what variables account-
ed for the main part of the differences among
those cultivars in that harvest. We found that
78.3% of total variance could also be attrib-
uted to parameters related to the morphology
of fruits and leaves.

This led us to conclude that those param-
eters related to the morphology of chestnuts
and leaves allow for differentiation of cul-
tivars of chestnuts belonging to the same
harvest year. This does not mean that for the
same cultivar, there are no differences be-
tween values for different harvest years. In
fact, when we compared the means of the 4
variables with more influence on fruit mor-
phology in both years, we observed (Table 5)
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Table 3. Means and standard deviations of the chromatic parameters of fruits.

Cultivar L* a* b* Hue* c* S*
Bermella 72.8+21.5 6.9+6.9 4.6+4.8 50.5+22.2 10.3+6.2 12.5+13.8
Blanca 70.0+20.6 6.0+7.7 4.1+5.6 43.6+34.4 10.4+5.8 12.7+25.4
Boullona 94.3+16.6 -5.3+5.0 0.3+6.3 24.1+59.6 8.0£5.2 17.7+15.0
Calva 99.7+7.7 -4.5+6.8 -0.4+7.1 34.4+37.8 9.3+5.6 17.7+15.8
Casarella 59.3+6.3 8.0+3.2 5.2+2.0 56.2+6.3 9.6+3.7 7.3+3.6
Corronchuda 73.4+24.5 3.0+8.6 2.9+4.9 50.0+35.0 9.7+4.7 11.7+121
Das Vinas 97.2+12.6 -4.8+5.9 1.2+54 28.7+45.3 10.6+6.1 20.3+20.3
Famosa 89.1+22.0 3.8+8.2 6.1£7.6 33.2+37.8 10.7+7.8 14.4+14.2
Foleiro 95.4+15.3 3.2+6.7 4.6+6.6 33.2+32.1 9.4+5.5 14.9+11.3
Inxerta 100.0+7.8 0.3+5.8 4.0+5.6 43.0+53.3 7.2+5.4 21.7+16.4
Longal 93.8+10.2 0.3+7.9 1.2+3.7 25.2+38.4 5.1£7.2 35.4+40.3
Monfortina 70.6x£17.1 7.5+6.0 4.9+4.1 54.5+9.7 10.1£5.5 74.6+25.3
Soutifia 98.5+7.0 2.6+6.6 7.5+6.9 24.7+36.1 10.4+6.7 14.5+11.1
Touro 94.0+13.6 -3.1£5.7 -0.4+3.4 31.0+£50.0 5.9+4.3 61.8+9.9
Vilamaesa 90.2+16.1 3.7+9.0 3.9+3.9 27.0+48.7 7.7+8.1 20.6+15.7
Table 4. Main components in the multifactorial analysis.
Variables Components (% variance)

1(22.3%) 2 (18.6%) 3 (13.7%) 4 (12.8%) 5(10.1%) 6 (7.6%)
Fruit width 0.786 0.409 0.172 -0.157 -1.479E-02 0.152
Fruit height -0.181 0.659 0.368 -0.103 -0.199 -0.155
Fruit thickness  0.899 0.201 -0.106 0.213 -9.416E-02 -5.665E-04
h/1*100 0.661 -0.299 0.303 -7.274E-02  0.422 0.236
Style+stigma -0.784 0.412 -3.275E-02 -0.125 8.020E-02 -0.109
Style -0.805 3.715E-02  0.321 8.261E-02 0.103 -0.215
Unit weight 0.701 0.513 0.179 9.720E-02 -0.258 0.197
Leaf width 1.862E-02 3.942E-02  8.183E-02  4.492E-02 0.942 -7.360E-02
Leaf length 0.545 4.944E-02  0.556 0.391 0.125 -5.838E-02
I/h leaf -0.427 3.370E-02  -0.279 -0.283 0.727 4.882E-02
|.petiole 0.288 1.695E-02  -0.151 0.883 -0.188 -1.313E-02
D.left 6.493E-02 -0.197 0.883 -0.232 -6.969E-02  6.726E-02
N.left -8.032E-02 -0.138 0.943 -0.124 2.444E-03 7.513E-02
Alleft 0.519 0.689 0.114 0.263 -3.245E-02  -6.489E-02
|. catkins 0.196 3.829E-03 0.185 -3.720E-02  6.627E-02  0.877
L* 3.336E-02 0.887 -0.283 2.229E-02 0.133 0.108
a* -0.286 -0.712 0.248 -0.199 0.128 -0.440
b* -0.210 -0.362 0.201 -0.460 0.229 -0.587
Hue* 2.833E-02 -0.782 0.327 -9.515E-02  -8.640E-02 -2.382E-02
c* 0.178 -0.394 0.231 -0.769 0.171 7.233E-02
S* -3.320E-02 -0.113 1.260E-02  0.748 0.465 0.226
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Table 5. Comparison of some variables related to fruit morphology, corresponding to the harvest of
1994 and 1997.

Width Height Thickness Unit weight
Means for the harvest of 1994 3.26 3.24 2.03 12.68
Means for the harvest of 1997 3.05 2.76 1.81 8.61
Variation with respect to the harvest of 1994 (%) 06.44 014.82 010.84 032.10

that those chestnuts from the harvest of 1994
were remarkably bigger. These variations
which affect some morphological param-
eters of the nut were also observed in several
publications by Italian investigators (1, 3, 7),
where they concluded that the weight of fresh
chestnut and nut width, are “traits highly in-
fluenced by environmental conditions”.

When we analyzed intracultivar variations
for the different cultivars in both harvests,
we found that the chestnuts of ‘Vilamaesa’
showed more variation in unit weight (53.8%)
in width (14.1%) and thickness (20.97%)
(Table 6). However, we observed little varia-
tion in the weight of nuts from ‘Touro’ be-
tween both harvests (5%), and we observed
little variation in width, height and weight in
the case of ‘Bermella’.

Cluster analysis. Dendogram. In this step
we wanted to group the different cultivars
into conglomerates according to their degree
of similarity. So, we selected as relevant pa-
rameters the 6 principal components which
accounted for 85% of total variance. We
chose intergroup relationship as the method
of grouping and the square euclidian distance
as the measure for establishing proximity
between variables, obtaining the dendogram
presented in Figure 1. Four groups of vari-
ables can be distinguished which, in turn,
are part of a bigger conglomerate. The first
group is formed by a small cluster, which in-
cludes the 5 cultivars ‘Inxerta’, ‘Vilamaesa’,
‘Blanca’, ‘Foleiro’ and ‘Soutifia’. The second
conglomerate is formed by a cluster of ‘Cor-

ronchuda’, ‘Famosa’, ‘Bermella’ and ‘Casa-
rella’. A third cluster is attached to these two
groups, formed by ‘Calva’ and ‘das Vifias’.
‘Boullona’ and ’Touro’ formasmall conglom-
erate, attached to the three above. Moreover,
there are two cultivars which are less closely
related ‘Longal’, and ‘Monfortina’, clearly
differentiated from the clusters formed by the
rest of the cultivars considered.

Conclusions

All the quantitative variables determined
on leaves proved to be significant for dif-
ferentiating cultivars. Of the biometrical pa-
rameters of flowers, only catkin length was
useful, while in fruits, all except the volume
of 100 fruits and density established signifi-
cant differences among the 15 cultivars. We
observed significant differences in weight,
width, height and thickness of the fruit when
comparing chestnuts of the same cultivar in
different harvest years (1994 and 1997). Bio-
metrical parameters of leaves and flowers ac-
counted for 77.5% of total variance among
these cultivars. Cluster analysis enabled us
to group 13 of the 15 cultivars in to 4 dif-
ferent groups: the first cluster includes the
cultivars ‘Inxerta’, ‘Vilamaesa’, ‘Blanca’ and
‘Foleiro’, with ‘Soutifia’ very near; a second
group is formed by ‘Corronchuda’, ‘Famo-
sa’ and ‘das Vifias’ and a fourth group with
‘Boullona’ and ‘Touro’. ‘Longal’ and ‘Mon-
fortina> would form separate groups, since
the euclidean distance that separates them
from the above clusters is considerable.
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Table 6. Comparison of some variables related to fruit morphology, between the harvest of 1994 and

1997, for the cultivars studied.

Width Height Thickness  Unit weight
BERMELLA
Means for the harvest of 1994 3.18 2.92 1.97 10.94
Means for the harvest of 1997 3.23 2.86 1.88 10.01
Variation with respect to the harvest of 1994 (%) 01.57 02.05 03.08 08.5
CALVA
Means for the harvest of 1994 3.52 3.25 2.30 13.14
Means for the harvest of 1997 3.16 2.83 1.85 9.56
Variation with respect to the harvest of 1994 (%) 010.23 012.92 019.56 027.24
FAMOSA
Means for the harvest of 1994 3.42 3.05 2.03 13.88
Means for the harvest of 1997 3.07 2.71 1.80 8.62
Variation with respect to the harvest of 1994 (%) 010.23 011.11 011.3 037.89
LONGAL
Means for the harvest of 1994 2.91 3.49 1.84 11.08
Means for the harvest of 1997 2.64 2.92 1.59 6.58
Variation with respect to the harvest of 1994 (%) 09.28 016.33 013.59 040.62
SOUTINA
Means for the harvest of 1994 3.25 3.40 2.11 13.44
Means for the harvest of 1997 3.03 2.77 1.85 8.04
Variation with respect to the harvest of 1994 (%) 06.77 018.53 0112.34 040.18
TOURO
Means for the harvest of 1994 3.09 3.28 1.90 10.90
Means for the harvest of 1997 3.22 2.56 2.10 10.36
Variation with respect to the harvest of 1994 (%) 04.21 021.9 010.05 04.95
VILAMAESA
Means for the harvest of 1994 3.48 3.28 2.05 15.41
Means for the harvest of 1997 2.99 2.69 1.62 712
Variation with respect to the harvest of 1994 (%) 014.1 017.99 020.97 053.80
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