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GENOTYPIC VARIABILITY OF MORPHOLOGICAL
CHARACTERISTICS OF ENGLISH OAK
(QUERCUS ROBUR L.) ACORN

ABSTRACT: This paper deals with the acorn morphology (length, diameter and
mass), analyzed in seventeen English oak genotypes (Quercus robur L.) from the English
Oak Clonal Seed Orchard Banov Brod (Srem, Vojvodina). The highest values of acorn mass
and length were measured in genotype 5. The largest diameters were measured in genotypes
6 and 21. Genotype 35 had the lowest acorn mass, length and diameter. The results from
this study should serve as guidelines for the selection of trees yielding fruits possessing the
desirable morphological characteristics.
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INTRODUCTION

Genus Quercus, represented by deciduous and evergreen trees and shrubs,
belongs to the Fagaceae family. In our region, this genus is represented by se-
veral species. The English oak (Quercus robur L.) is one of the most impor-
tant forest species. English oak forests are the most valuable forests in Europe
from the economic aspect (Orlovi¢ et al., 2000). Owing to reckless timber
harvesting in our country the former English oak sites were often left unfore-
sted or they were regenerated by other species (Erde§i, 1985). One of the
methods of regeneration and restocking of partly naturally regenerated areas is
to produce and use selected forest seed, produced in seed orchards (Lit-
tvay, 1999).

Oak fruit, acorn, contains a seed without an endosperm and an achlo-
rophyllous embryo (Watson and Dallwitz, 2000). The size of English
oak acorn depends on tree age and site characteristics, but its form, which is
ovoid, is constant (Sdrkdny and Szalai, 1966). The size of a mature
acorn is not constant and depends on the yield and other growth factors
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Maksimovié et al, 1982). A direct correlation between acorn size and
young seedling survival in stress conditions and a positive correlation of seed-
ling size and acorn size are reported by Aizen and Woodcock (1996).

The cultivation of high quality oak and the intensified timber volume pro-
duction are based on the production of superior seed. For this reason, in 1973,
the best stands of Quercus robur L. were selected in the River Sava basin and
designated as seed stands (Maksimovic¢ et al., 1982). Also, an English
oak clonal seed orchard was established in the Sremska Mitrovica Forest Esta-
te, from which the material for the analyses originates. This morphological
study of acorn should produce guidelines for the selection of genotypes that
yield fruits with desirable characteristics.

MATERIAL AND METHODS

Plant material was taken from the English Oak Clonal Seed Orchard Ba-
nov Brod, Forest Administration Visnji¢evo, Forest Estate Sremska Mitrovica,
State Enterprise “SrbijaSume”, Belgrade. The plantation is situated along the
left bank of the River Sava, in the location “Sancine”, the Banov Brod Forest,
the village of Bosut. It was established by vegetative means, i.e. grafting. Eng-
lish oak seedlings of seed origin (acorn), aged from two to five years, were
used as rootstock in the plantation establishment. Scions were taken from the
trees (plus-trees) selected in the forests of East and West Srem and numbered
from 1 to 85. The scions (shoots with three buds) were removed from plus-tre-
es during the dormant period (early March) and kept until grafting (late April
— early May). The scions for summer grafting were shoots with green bark
whose buds were formed in May and June of the current year. In this way, the
clonal seed orchard was established from 85 genotypes of English oak.

The following seventeen genotypes were selected for this study: 4, 5, 6,
16, 18, 20, 21, 22, 25, 28, 29, 30, 33, 35, 38, 40 and 85.

Acorn mass was determined by measuring the mass of 20 acorns and by
calculating the average value.

Acorn length and diameter were measured using a slide gauge and ex-
pressed in cm.

The study results were processed statistically by the analysis of variance
using the program MSTATC. The genotypes were compared using Duncan’s
test at O = 0.05 significance level, with the values of the least significant digits
— LSD. The means of the study parameters were ranked and marked with let-
ters.

RESULTS AND DISCUSSION

The morphological study of the selected plant acorns indicates the presen-
ce of significant differences in both length and diameter (Table 1). Among the
analyzed morphological characteristics, the least genotypic variability was ob-
served for acorn length (CV = 5.23%). The highest average (32.3 mm), and
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the highest critical values (31.0 mm, i.e. 35.0 mm) characterize the genotype
5. Genotype 16 had the smallest acorn length (23.8 mm) and the lowest criti-
cal values (20.7 mm, i.e. 26.0 mm). In general, the average size of the studied
parameter in all genotypes was 27.2 mm. Compared with its length, acorn dia-
meter had a somewhat higher variability among the studied genotypes (CV =
6.28%). The average minimum value for all plants was 14.4 mm, maximum
17.4 mm. Genotypes 21 and 6 had the largest diameters, 18.0 mm and 17.9
mm, respectively. The smallest acorn diameter occurred in genotype 35 (13.9
mm). The average diameter size for all studied plants was 15.9 mm. Several
authors have attempted to differentiate individual oak species based on acorn
size and form. However, Brookes and Wigston (1979) report that the-
se parameters are not reliable discriminants, either for the differentiation be-
tween Quercus petraea and Quercus robur, or between these species and their
hybrids.

Table 1. — Quercus robur acorn morphology, plantation “Banov Brod”
Length (mm) Diameter (mm) Mass (g)
Genotype - - -
min max X min max X min max

26.7d 24.0 29.4 16.0def  14.0 17.2 4.44 2.98 5.74

5 32.32a 31.0 35.0 16.8bc 15.0 18.3 6.12 4.54 7.32
25.3¢f 225 27.0 17.92 17.0 19.6 5.5bc 3.76 7.15

16 23.82 20.7 26.0 16.2¢de 144 17.5 3.7fe 2.43 5.31
18 26.0d 243 27.6 14.9hi 14.0 16.0 3.68 293 4.99
20 28.0¢ 233 30.7 15.5f¢h  14.0 17.0 3.8¢fz  2.29 4.97

21 28.5¢ 26.3 29.9 18.02 15.3 19.5 5.8ab 3.83 6.87
22 26.54 24.5 28.2 16.1def 144 17.2 4.4d 3.39 543
25 25.1¢f 239 27.0 15.7¢fs 144 17.3 3.8¢f  3.30 4.98

28 29.8b 26.3 31.8 16.5bcd  14.6 18.0 5.5bc 332 6.83
29 26.7d 239 29.1 16.2cde 14.1 17.8 4.3de 2.83 5.24
30 26.5d 243 30.0 15.5f¢h 13.8 17.1 4.2def 318 5.47
33 26.84 242 29.3 15.0hi 13.8 16.2 3.9defg 3,10 4.91
35 24.6te 219 26.0 13.9i 124 15.8 2.8h 1.97 4.12
38 28.7¢ 27.2 29.9 17.0b 15.5 18.5 5.1¢ 4.14 6.06

40 2674 254 281 146 133 15.8 3.8z 309 472

85 3076 288 32,6  1528hi 142 16.2 42df 330  5.16

Average 272 249 293 159 14.4 17.4 44 320 5.60
LSDggs  0.89 — — 0.62 — _ 0.47 _ _
CV% 5.23 — — 6.28 — — 17.26 — —

Kormanik et al. (1998) reported of the dependence of Quercus rubra
L. seedling development on acorn size. Plant height, root collar diameter and
seedling survival are significantly correlated with acorn mass. Miao (1995)
provided data on the effect of acorn mass on seedling growth in Quercus ru-
bra. The results show that the total biomass increased with the increase of ini-
tial acorn mass.
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Acorn mass is the morphological characteristic with the highest variabil-
ity (Table 1) among the studied plants. Disregarding the genotype, the values
ranged between 3.2 and 5.6 g. The average acorn mass was 4.4 g. The values
of individual genotypes varied between 3.6 g and 6.1 g, measured in geno-
types 18 and 5, respectively. It was interesting to note that genotype 5, along
with the highest acorn mass, also excelled all studied plants in acorn length.

The study of the above morphological characteristics of English oak
acorn also included correlations (Table 2). Positive correlations were found be-
tween length and width and length and acorn mass. There was a very high
correlation between width and acorn mass (12 = 0.87).

Table 2. — Correlation of acorn morphological features
Acorn morphology Correlation coefficient
length — width 0.36
length — mass 0.66
width — mass 0.87

The shares of individual parts of the fruit in its total mass were also dif-
ferent (Table 3). On average, cotyledons amounted to about 87.5% of the fresh
acorn mass, while pericarp and testa accounted for about 12.5%. The values of
individual genotypes varied only up to four percent (from 86% to 90% for cot-
yledons, i.e. from 10% to 14% for the other part of the fruit). It is interesting
that the percentage of individual parts of the fruit in its dry mass showed dif-
ferent tendencies compared with fresh mass. Namely, while the cotyledon per-
centage decreased, the percentage of pericarp and testa increased.

Table 3. — Percentage of individual fruit parts in its total mass
Percentage in fresh mass (%) Percentage in dry mass (%)
Genotype - -
Cotyledon Pericarp and testa Cotyledon Pericarp and testa
90 10 86 14
5 88 12 85 15
6 86 14 81 19
16 86 14 82 18
18 88 12 84 16
20 88 12 82 18
21 87 13 84 16
22 87 13 84 16
25 88 12 86 14
28 87 13 85 15
29 89 11 87 13
30 88 12 86 14
33 88 12 84 16
35 87 13 84 16
38 89 11 85 15
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40 86 14 83 17

85 86 14 83 17
Average 87.5 12.5 84.2 15.8
CONCLUSION

The study of acorn morphological features in seventeen English oak ge-
notypes from the English Oak Clonal Seed Orchard Banov Brod (Srem, Voj-
vodina) points to genotype 5 with the highest measured values of acorn mass
and length. The largest diameters were measured in genotypes 6 and 21. The
lowest acorn mass and sizes occurred in genotype 35.
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TEHOTUIICKA BAPUJABMJIHOCT MOP®OJIOIIKMX OCOBMHA
KNPA XPACTA JIYVKHBAKA (QUERCUS ROBUR L.)

Harama I1. Hukommh!, Camra C. OpnoBuh?
I TIpupoaHo-MaTeMaTUuku (akyaTer, MHCTUTYT 3a GUOJIOTHjy U €KOJIOTH]Y,
Tpr Hocureja O6panosuha 2, 21000 Hosu Can, Jyrocnasuja
2 TTomonpuBpenHu ¢akyarer, MHCTUTYT 3a TomojapcTBo, AHTOHa YexoBa 13,
21000 Hosm Can, Jyrocmasuja

Pesnme

VY pany cy aHanuszupaHe MopdoJiolike 0COOMHe (Iy)KWHA, MPEYHUK U Maca) Ku-
pa KoJ cemaMHaecT TeHOTUIIOBa XpacTa JyKibaka (Quercus robur 1..) U3 BeretaTMBHE
cemeHcke maHtaxke banoB bpon (Cpem, Bojsoamna). Hajuie BpegHocTH mace u
JIy)KUHE Kupa yTBpheHe Cy KoJ TeHOTHIa 5, HajBehr NMpeYyHMK KOO IeHOTHUIIoBa 6 U
21, nok je reHotun 35 MMao HajHWKE BPEIHOCTHM Mace, AY)KMHE W TIpeYHUKa KUpa.
JobujeHu pesyatatu Tpeba ga Oydy jemHa ol CMEpHUIIA Y omabuparby OHMX T'€HOTH-
TOBa KOjU Jajy TUIOAOBE ca TMOKeJbHUM MOP(QOJIONIKMM KapaKTepuCTUKaMa.
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