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INTRODUCTION

On an experimental area with 11 provenances of black alder esta-
blished in 1968 in Kérnik (Mejnartowicz 1980a) besides the plots
with black alder from Czeszewo on the Warta a hybrid full sib proge-
ny was planted obtained from controlled pollination of Alnus incana with
Alnus glutinosa. Such hybrids, sometimes found in nature, have usually
a luxuriant growth and as such have drawn the attention of foresters long
ago. Already in 1854 data was published on interspecific hybrids of al-
ders. These were most probably the first controlled crosses in trees that
have yielded a progeny with heterosis (Klotsch 1854 after Svo-
boda 1957). After that for almost 100 years publications are not known
on controlled hybrids between the black and gray alders. In 1969 Vaclav
reported that 12 years old hybrids A. incana x glutinosa have a height of
6.1 m while the hybrids of A. glutinosa x incana only 3.3 m. This data
has indicated the importance of the choice of mother, and have also shown
that a higher number of fertile seeds is obtained when we use for polli-
nation a mixture of pollen from several trees of black alder. From the
studies of Chiba (1966) it appears that interspecific hybrids of alder
do not have heterosis and that only occasionally one observes in the F!
generation a greater height growth.

METHODS

When selecting stands for the establishment of an experiment on the
genetic variability of black alder a single tree of gray alder was found
in the surround of a seed stand of black alder in Comp. 111 of Range

* This work has been supported by grant 10.2.10.07 from the Polish Academy
of Sciences and PL-Fs-36 from the Maria Skiodowska-Curie Fund established by
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Fig 1. Form classification of alder (Verweij 1977)

2, — straight, 3, 4 — slightly curved, 5 — heavily curved, 6 pitchfork, 7 — widely spread-
ing, 8 — heavy lateral branches starting under crown, 9 — double stem, 10 — bush tree

Sptawik, Forest District Czeszewo on the Warta (Mejnartowicz
1972). From this tree all male flowers were removed and the female
flowers were covered with isolation bags made from wide dialysis tubes.
The flowers were later pollinated with a pollen mixture from 12 black
alder trees growing in the adjacent seed stand. From this same stand
seed was collected for the provenance study of black alder (Mejnar-
towicz 1980a).

Hybrid seed and seed from the paternal population have been sown
in the same nursery of Zwierzyniec Range near Kornik. After one year
the seedlings were transplanted at a spacing of 10X30 cm. Two years
old seedlings were planted out onto three experimental areas in Forest
Range Zwierzyniec nr. Kérnik, onto a fertile sandy-clayey soil rich in
water, in Forest Range Budwiecie of Forest District Gotdap and on plot
I-2a in a sand pit of the Szczakowa Mine-filling Sand Quary. In all the
experimental areas the hybrids were planted only on the plots with trees
of provenance Czeszewo and in the surround of the experiment but al-
ways besides trees of black alder of the same provenance. Below the re-
sults presented concern only the measurements and observations made in
the Zwierzyniec experimental area.

RESULTS

The maternal tree Alnus incana, had a height of 6m and a diameter
of 7 cm measured at 1.3 m above the ground. The tree was 15 years old.
The stem was crooked with many tops, which according to the scale
shown in fig. 1 can be designated with the symbol 7b. The crown was
positioned at mid length of the stem. It was therefore a typically ,,nega-
tive” tree. Arround the stem there occurred numerous root sprouts cha-
racteristic for many trees of this species. The leaves were grayish-green,
dull, without a lustre, which according to the Colour Chart RHS (1966)
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Fig. 2. Leaf shape of the maternal tree Alnus incana.
Phot. K. Jakusz

Fig. 3. Leaves of A. glutinosa, provenance Czeszewo. Phot. K. Jakusz

could be defined as having a 147 A colour on the upper leaf surface and
147 B on the lower. The leaf shape is shown in Figure 2 and other data
in Table 1

Paternal trees, A. glutinosa, have had a height of 24 - 26 m, a diame-
ter of 26 - 38 cm and an age of 60 - 75 years. The stems were straight of
high technical quality, with a crown covering the upper 1/4 to 1/3 of their
length. The leaves were dark green with a lustre on the upper surface,

2 Arboretum Kornickie
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Table |

Mean values of some leaf characters measured in 10 trees of A. incana x glutinosa, 10 trees
of A. glutinosa and the maternal tree of A. incana

intented on the top distinctly downy (Fig. 3). A detailed description of
the stand in which the paternal trees and the single mother tree grew,
an analysis of the soil and ground water as well as the characters of le-
aves and infructescences of the black alders are presented in an earlier
paper (Mejnartowicz 1972).

The Fl hybrids A. incana x glutinosa have leaves with characters
that clearly distinguish them from the paternal species. They differ in
the colour and shape of leaves (Fig. 4) Most commonly there are leaves
with the upper surface having a colour close to no. 146A in the Colour
Chart RHS (1966). Some of the hybrids have leaves classed as 147A and
147B. Colour 147B is most common in A. glutinosa however the leaves of

Fig. 4. Shape and dimensions of leaves from the F1 hybrids A. incana x glutinosa.
Phot. K. Jakusz
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Table 2

Colour of bark and leaves in 4 years old trees of A. glutinosa and A. incana x glutinosa estimated
on the basis of the Colour Chart RHS (1966)

the hybrids do not have the characteristic lustre of the paternal species.
On the lower leaf surface the most common colour is 146B while in the
black alder it is 147B (Tab. 2). In terms of dimension the leaves of the
hybrids exceed substantially those of the parental forms. Their mean
length (measured on 10 trees) amounts to 8.96 cm and width 8.21 cm
while in the trees of the black alder growing in the same plots the di-
mension are 6.25 cm and 5.56 cm respectively. The leaves of the mater-
nal tree have had an average length of 8.56 cm and a width of 6.41. The
leaf surface of the hybrids are not downy as A. glutinosa and not pu-
bescenct as A. incana. Both the leaf surfaces are glabrous and only along
the main vein there occur hairs of creamy colour. The leaf is apiculate
or obtuse but it is never retuse as in the black alder nor acuminate as in
gray alder. The estimated colour of leaves and bark in 9 hybrid trees
and 9 trees of the black alder are presented in Table 2.

Several leaf characters are typical intermediate. For example the cha-
racteristic leaf shape (Fig. 4), the number of pairs of veins as the ratio
of blade length to petiole length are intermediate between those of
A. glutinosa and A. incana (Tab. 1).

The bark in the young hybrid trees is greenish brown, smooth
with a lustre. About the 10th year it becomes dull gray in the lower
parts of the stem, the upper ones remaining smouth with an olive green
colour.

Infructescences which were formed by some of the hybrids in the
12th year similar in shape to those of the gray alder, however they have
somewhat longer peduncles, whereas on the mother species the female
catkins are usually sessile. The paternal species has much longer pedun-
cles (Figs 5, 6 and 7). So far we lack data concerning the fertility of seeds
developed on the F! hybrid trees.

Height and diameter have been measured in hybrids and in the ad-
jacent trees of black alder from provenance Czeszewo. An analysis of
data is presented in figures 8 and 9 and in tables 3 and 4. The rapid

2%
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Fig. 5. Inflorescences and the sessile or very shortly pedunculate infructescences
of A. incana. Phot. K. Jakusz

Fig. 6. Inflorescences and infructescences of the hybrids. Peduncles of inter-
mediate length between those for the parents. Phot. K. Jakusz
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Fig. 7. Inflorescences and infructescences of trees from the paternal population
of A. glutinosa. Phot. K. Jakusz

growth of the hybrids is particularity manifest between the 4th and 1.2th
year. All the hybrid trees have had at the time a greater height and dia-
meter, though towards the end of the observation period there was a ten-
dency for a decline in the differences. While the height of 3 year old
A. glutinosa seedlings represented only 67.9% of the height of the hy-
brids, in the 12th year it was already 89.1% (Tab. 3).

Girth increment of hybrid trees was much greater than that of
A. glutinosa and the differences here were even greater than in height.
In the eleventh year of life diameters of black alder measured at 1.3 m
amounted to only 62.4% of the diameters of the hybrids (Tab. 4).

Table 3

Height of A. incana x glutinosa (Ai x Ag) trees and those of A. glutinosa (Ag) of equal age
from the paternal population, growing jointly in plots of an experimental area in Kornik



22

Table 4

Comparison of diameters of trees measured 30 cm above the ground and after the 6th year
1.3 m above the ground in the hybrids A. incana x glutinosa (Ai x Ag) and the pure species
A. glutinosa (Ag)

Shape and branching of the hybrid trees are an important characte-
ristic in which the hybrid trees differ from the parental species. None of
the hybrids at age 12 had as crooked a stem or as low a crown as the
maternal tree. In the fourth year of life of the hybrids the number of
branches was counted on 15 hybrid trees and 15 black alder ones. The
mean number of first order branches was 38.5 in the hybrids and 35.9

Fig 8. Increase in height of A. incanaxglutinosa and A. glutinosa trees during the
first 12 years of life
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Fig. 9. Increase in diameter of A. incanaxglutinosa and A. glutinosa trees mea-
sured at 30 cm above the ground till age 6 years and then at 1. 3 m from the
ground

in A. glutinosa. Besides in the hybrids the branches in the lower part of
the crown die 2-3 years later than in A. glutinosa, and some remain
alive even much longer (Fig. 10).

In the first 5-8 years of life the stems of the hybrid trees were
straight and did not differ in shape from those of the black alders. Then
crooks begun to appear in the lower part of the stem, possibly due to
the rapid rate of growth (Fig. 11). In the 12th year of life an evaluation
was made of the shape of the trees using the scale of estimations pre-
sented in Fig. 1. The results are presented in Table 5.

Table 5

Percentage frequency of occurrence of various forms of A. incana x
x glutinosa and of A. glutionosa estimated on an experiental area
in Kornik according to te scale presented in Fig. 1
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Fig. 10. Eight years old hybrid A. incana > glutinosa with luxuriant growth
butwith low set branches at an acute angle. Phot. K. Jakusz
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Fig. 11. In the front A. incana = glutinosa at age 12 years among trees of A. glu-
tinosa of the same age from the paternal population, growing on the experimental
area in Koérnik. Phot. L. Mejnartowicz

DISCUSSION

The leaf characters, and particularity their shapes (Fig. 4), texture
and colour, the stem shapes and those of the infructescences on trees ra-
ised from artificial cross pollination when compared with the same cha-
racters on the paternal trees are intermediate in nature, sometimes with
a tendency more in the direction of the paternal from and sometimes to-
wards the mother. This was true for all trees except one, and therefore
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can be considered as evidence of hybrid nature of these trees. The single
tree in the Fl progeny which did not have intermediate characters, was
clearly close to the maternal form without any paternal features. It had
acuminate leaves densly pubescent, leaf and bark colour as in the mo-
ther tree, a crooked stem with a smooth bark. This tree may have for-
med as a result of selfpollination, had the castration been incomplete,
or from apomictic development of a seed, which phenomenon is known
from the literature to occur in A. incana as is pointed out in a review
paper (Mejnartowicz 1980c). For this reason in this study this in-
dividual was excluded from consideration clearly not being a hybrid.
The others are assumed to be proven hybrids.

The obtained measurements of heights and diameters of A. incana
x glutinosa appear to have a clear advantage over the paternal A. glu-
tinosa progeny. These differences are significant not only in respect to
the Czeszewo provenance which grows on the same plots as the hybrid
(results shown in Figures 8 and 9 and Table 3 and 4) but also in rela-
tion to the other 10 provenances of the species considered in the Kdérnik
experiment. Thus for example at the age of 8 years the mean height of
trees was 4.7 m for the slovest growing provenance Ketrzyn, 6.3 m for
provenance Czeszewo and 7.5 m for provenance Ulanéw the fastest gro-
wing one (Mejnartowicz 1980b). At the same time the hybrid pro-
geny had an average height of 7.6 m (Tab. 3).

The only known numerical data concerning A. incana > glutinosa
hybrids published by Waclav (1969) differ suprisingly from those
presented here. Trees that were 12 years old in VVaclav’s experiment
had only a height of 6.1 m that is less than the majority of trees in the
11 provenances Studied here at an age of only 8 years (Mejnarto-
wicz 1980b), and less than 7 years old hybrids in this experiment.
Perhaps these differences could be assigned to unfavourable site con-
ditions, about which there is no information in Vaclav’s paper, or
to the fact of using in my study of a father tree with an exceptional
breeding value giving a double mean deviation of the F! progeny from
the mean for the Czeszewo paternal population (Falconer 1974).

The rapid growth of hybrids may be the result of the phenomenon
known as heterosis. Since A. incana in Czeszewo is several hundred
kilometers beyond the continuous range of the species it is quite probable
that the individual in question is a selfed offspring of a similarity isolated
individual. This is further indicated by its poor, ,,negative” growth. Thus
the crossing of an at least partially inbred individual of A. incana with
genetically distant A. glutinosa trees has resulted in heterosis of cha-
racters that are unrelated to reproduction such as height and diameter
growth and the length and width of leaves.

Comparing the shape of stems in the Fl progeny with the mother
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A. incana tree one can say that this character is patroclinal in nature.
None of the hybrid trees had such a crooked stem as was observed in
the mother.

Some characters of the hybrids are matroclinal in nature. One can
include here the persistence of branches which die much later than in
the paternal species, the acute angle at which they are set on the trunk
and the texture and colour of bark.

SUMMARY

A 15 years old negative individual of A. incana has been pollinated
with a mixture of pollen collected from 12 A. glutinosa trees of great
silvicultural value aged about 60 years. The A. incana > glutinosa hybrids
were planted in plots next to A. glutinosa trees from open pollination in
the paternal stand. Measurements of heights and diameters till the 12th
year have shown very Significant differences between the mean values
for the hybrids and for the trees from the paternal population. At the
age of 12 years the mean height was 11.03 m and mean diameter 126 mm
while the means for trees from the paternal population of equal age
were 9.90 m and 89.0 mm respectively. Leaves of the hybrids have larger
areas than those of the paternal species and are not downy. The shape of
the leaves, the number of vein pairs, the ratio of blade length to petiole
length are intermediate characters, while the petiole length, the branching
angle and the viability of branches are matroclinal characters.

Institute of Dendrology
62-035 Kornik
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LEON MEJNARTOWICZ

Morfologia i wzrost mieszanicow  Blnus incana > glutinosa

Streszczenie

Pietnastoletnie negatywne drzewo Alnus incana zapylono mieszaning pytkéw
zebrang z 12 drzew A. glutinosa o duzej wartosci hodowlanej i majacych okoto
60 lat. Mieszance A. incana x glutinosa powstate w wyniku tego zapylenia posa-
dzono nastepnie na poletkach doswiadczalnych obok drzew wyrostych z nasion ze-
branych w drzewostanie ojcowskim.

Pomiary wysokosci i $rednic w wieku do 12 lat wykazaty bardzo istotne réz-
nice miedzy drzewami A. glutinosa a mieszancami A. incanaxglutinosa. Drzewa
olszy czarnej z populacji ojcowskiej miaty w 12 roku zycia 9,90 m wysokosci i 89,0
mm $rednicy, podczas gdy mieszance miaty odpowiednio 11,03 m i 126 mm. Li$-
cie mieszancéw byty wieksze niz drzew z populacji ojcowskiej i nie byly omszone
w katach nerwoéw.

Ksztatt lisci, liczba par nerwdw, stosunek dtugosci blaszki do diugosci ogonka
sg U mieszancéw cechami intermedialnymi, podczas gdy diugos¢ ogonka, kat osa-
dzenia galezi na pniu oraz zywotno$¢ tych gatezi sa cechami o charakterze ma-
troklinalnym.

JIEOH MEWHAPTOBWY

Mopdponorua u poct rmbpugos F1 Alnus incana x glutinosa
Pe3tome

MaTHaguaTuneTHee HeratmeBHoe fepeBo Alnus incana oOnbiNWAM CMECbIO MblbLbl CO-
6paHHO/ ¢ 12 pepeBbeB A. glutinosa B BO3pacTe 0KoMo 60 fieT, XapaKTepu3yroLmxcs
60/bLIOMA XO3AWCTBEHHOM LEHHOCTbIO. BO3HMKWKME B pe3ynbTaTe 3TOr0 OMbIIEHWUS rUM6puAbl
A. incanaxglutinosa 6blnM BbIC&XXEHbI Ha OMNbITHbIX MIOWAASX PSAOM C  AepeBbaMU
BbIPOCLLUMMM U3 CEMSIH COBpaHHbIX B OTLLOBCKOM [pPEBOCTOe.

V3amepeHus BbICOT M AuamMeTpoB B BO3pacTe A0 12 neT BbISIBUAM CYLLECTBOBaHWE 3Ha-
UYATENbHLIX pasnnuunii mMexay faepesbsimu. A. glutinosa u rmubpugamm A. incana x gluti-
nosa. [lepeBbsi OflbXM YepHOW C OTLOBCKOM monynsuum gocturinm K 12 rogam 9,90 M Bbl-
cotbl 1 89,0 MM AuameTpa, B TO Bpems, Kak rubpuabl MMmenu COOTBETCTBeHHO 11,03 wm
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M 126 MM. JIUCTbS TMBPUAOB XapaKTepu3OBa/ICh OGOMbLLMMW pa3MepaMu 4YeM Y [epeBbeB
OTLOBCKOV MONYNAUMU U OTCYTCTBMEM OMYLUEHWS MEX/Y YrnamMmn HepBOB.

dopmMa NIMCTbEB, YMCNO Map HEPBOB, OTHOLIEHWE [A/MHbI JINCTOBOM MMACTUHKN K A/MHE
uepellka SBNAIOTCA Y TFMGPULOB WHTEPMEAUS/IbHBIMK YepTamu, B TO BpPeMs Kak [/iMHa
uepellka, Yron Mexay BETBAMW 1 CTBOJIOM, a TaKXe >KM3HECNOCOOHOCTb 3TWX BeTBel
ABNAOTCA MaTPOK/MHAIbHBIMU YepTamul.



