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Abstract .--European alder ( Alnus glutinosa L. Gaertn.) is an
increasingly important species in the Eastern United States for
use in soil reclamation, biomass plantations, and as a nitrogenfixing nurse crop. Information from provenance and progeny tests
is beginning to identify sources of superior genetic quality. The
next stage in alder improvement will be developing efficient means
of putting the superior selections into widescale use. Alder is
somewhat unusual among tree species because all three standard tree
improvement techniques: 1) seedling seed orchards, 2) clonal seed
orchards, and 3) vegetative propagation are potentially useful approaches. Available data on flowering, seed production, grafting,
and rooting are summarized, and additional data needs are identified as a means of assessing the relative value of the three approaches. Seedling seed orchards seem to be the best approach at
present. Whichever approach is used, the expected returns are high
because of alder's early reproductive potential and the short rotations required to benefit from improved alder yields.

INTRODUCTION
We have previously reviewed the potential importance of European black
alder, Alnus glutinosa (L.) Gaertn., in soil reclamation, biomass production,
and as a nitrogen-fixing component of mixed species tree plantations (Robison
et al. 1979). Interest in the species continues to increase. In the last
three years we have supplied seed for more than 25 field evaluation trials in
all parts of the eastern United States. All available nursery stock was sold
out this spring, and more nurseries are beginning production. And the State
of Kentucky established a seed orchard for the species in 1978 (Oak and Dorset
1981). As data and selections become available from the field trials and as
nursery production increases, many more organizations are likely to face the
questions: How can the improved materials be produced on a large scale?
What are the alternatives? The difficulties? The benefits? In this paper,
we review the key considerations, the available data, and the future research
needs in answering these questions for applied tree improvement programs. A
more theoretical review of the considerations in the genetic improvement of
alder has been published previously (Hall and Maynard 1979).

SOURCE SELECTION
Because European alder is an exotic species to the United States, all our
improvement efforts will have to start with selecting a source or base population that is adapted to the local conditions. Introduction of the species
to North America began in colonial times (Harlow and Harrar 1969). Furlow
(1979) shows a range map for some of these naturalized populations in the
United States. In these existing stands, natural selection has had time to
develop some land races for us. These stands can serve as an initial source'
of selections for tree improvement. However, because the original germplasm
sources (geographic and population size) for these stands are unknown, they
are not suited as a sole source of germplasm for a long-range improvement program.
Testing of known sources of European alder began in 1962 with Funk's seed
source study in Ohio (Funk 1979). On the basis of his 16-year results,
European alder sources from southeastern West Germany (Bavaria) perform best
in Ohio. Since 1979, new seed source trials have been started in seven additional states in the North Central Region (Illinois, Indiana, Iowa, Kentucky,
Michigan, Minnesota, and Wisconsin). Early results from plantations in northern Wisconsin, southern Illinois, and central Iowa confirm that alder germplasm from southern Germany is well adapted to our conditions. On the basis
of survival and growth over the first 3 years, it seems that sources from
Wales, Denmark, Poland, Hungary, northern Italy, and the north shore of the
Black Sea also are promising (Maynard and Hall 1980. Unpublished data on file
at Iowa State University, Clausen, U.S. For. Serv., Carbondale, Illinois,
personal communication). Over the next 10 to 20-year period, all these provenance studies should serve as valuable sources of selected material to initiate
tree improvement efforts. An updated list of provenance test locations will
be maintained on file at Iowa State University so that we can direct parties
to the plantations that could be used in their localities for selection work
or breeding. However, these provenance tests do have their limitations as a
source of selections. In contrast to the thousands or millions of trees that
we have to select among when we start improvement work with native populations,
the provenance tests usually will have only 16 to 40 trees per provenance
planted at one location. Hence, within-population selection intensities will
be very low. Therefore, it may become necessary to conduct selection work
in the European stands themselves or to establish large block plantings of
selected seed sources in this country.
PROPAGATION ALTERNATIVES
European black alder is somewhat unusual among tree species because all
three standard tree improvement techniques: 1) seedling seed orchards, 2)
clonal seed orchards, and 3) vegetative propagation are potentially useful approaches for production of improved materials for outplanting. The first
production orchards (Zobel and McEllwee 1964) can be established from selections known to perform well in specific regions as based on the data becoming
available from provenance and progeny studies. The present task is to analyze
the biology of black alder to choose the appropriate production method.

Seedling Production
The standard approach to producing black alder planting stock has been to
grow 1-0 bare root nursery stock (U.S.D.A. 1974). A number of nurseries in
the eastern United States have experience (or are developing it) in the production of black alder. On a smaller scale, we have found it more desirable to
produce containerized planting stock (Maynard and Hall 1980) to conserve seed
and control actinorhizae development.
Seed Orchards
Black alder flowers relatively early. The flowers start appearing at 3
to 4 years of age, and substantial flowering occurs in 6 to 8 years (Funk
1965). Several trees from Hungarian and Danish seed sources in our provenance
study (Hall and Maynard 1979) began flowering in the second year after planting, and many more trees have begun flowering in the third year. It has been
postulated, however, that early flowering can adversely affect vegetative
growth (Matthews 1963) and, possibly, nitrogen fixation (Hall and Maynard 1979),
so it may be necessary to avoid early-flowering trees in seed orchard establishment (Heybroek 1978, Hall and Maynard 1979). Selection against earlyflowering trees would delay seed production and lead to higher costs unless
inexpensive methods to culturally promote early flowering are developed. Because of the important trade-offs involved in early flowering, we have been
closely monitoring our provenance test in this regard. We recently analyzed
the growth rates for the first two and one-half seasons for 98 trees from
five of our better provenances. Of these trees, 51 had begun to produce flowers, and 47 had not. At this stage, the flowering trees have exhibited significantly faster growth over each of the first three growing seasons of
their existance. This may be only a reflection of the concept that good vegetative vigor is conducive to flowering. It will be next growing season at
least before we can observe the influence that heavy seed crops may have on
vegetative growth.
If genotypes can be used that naturally flower at 4 years of age or less,
then it is doubtful that grafting would offer much advantage. On the other
hand, if it proves necessary to select against early flowering to develop
superior vegetative growth, then clonal orchards could be more important. The
years to flowering after grafting of scions from mature trees onto established
rootstocks is not known for black alder. If grafting significantly reduces
the time to flowering, as has been found with other species (Wright 1976),
then clonal seed orchards may be justified. The greatest problem confronting
the use of clonal seed orchards is the grafting process itself. Limited
grafting work has been done with alder (Chiba 1966, Robison et al. 1979,
Robison 1980). One apparent problem is that high levels of phenolics present
in alder tissue may inhibit grafting success. And the potential problems of
graft incompatibility and topophysis also should be studied. However, observations on a 14-year-old clonal seed orchard in Bavaria have indicated that
these are not problems with black alder (Clausen, U.S. For. Serv., Carbondale,
Illinois, personal communication 1981). Flowering scions have been grafted
successfully onto rootstocks to concentrate breeding stock in one area
(Robison et al. 1979, Robison 1980), but it is not known whether these scions

will maintain their flowering status. Should grafting prove an unacceptable
method of clonally propagating black alder, rooted stem cuttings might be used.
We regularly use softwood cuttings to produce clonal material for research
needs. Cuttings could be produced in quantities sufficient for the establishment of clonal seed orchards. Whether these cuttings flower at an age comparable to seedlings is not known. We have established a clonal test plantation
to determine this and other characteristics of rooted cuttings.
Once flowering is established, good seed crops usually occur regularly
(Funk 1965, Stettler 1978), although a 1977 drought caused production of mostly empty seed in a black alder stand in Iowa (Hall and Maynard 1979). To ensure the production of filled seed, research is needed on the process of seed
development and maturation. The critical stages during seed production must
be delineated and correlated with environmental conditions. The delayed fertilization that is characteristic of black alder (McVean 1955) may be one such
stage. Irrigation during this period before fertilization in June and July
may be necessary to ensure the production of filled seed.
Germination of black alder seed generally is good, with seed from open
pollinations yielding from 40 to 80 percent germination (Robison 1980). Seed
from controlled pollinations germinate at rates of 20 to 60% for outcrosses
and from 0 to 8% for selfs (Hagman 1970, Robison 1980). A pollen tube incompatibility system is thought to be the cause of the depressed self fertility
in black alder (Hagman 1970, 1975, Stettler 1978). Nursery germination rates
can be expected to be much less than those under ideal conditions because
of the small size of alder seed and its sensitivity to moisture stress during
germination.
The amount of genetic gain achieved in a clonal versus seedling seed
orchard has been used often as a criterion for determining which seed orchard
design is better (e.g., Wright 1964, Goddard and Brown 1961, Johnsson 1964,
Zobel and McElwee 1964). The clonal seed orchard method often is shown to
produce higher gains because of the reliance on progeny tests to rogue the
initial planting. Seedling seed orchards, which are derived from progeny
tests themselves, are shown to give almost as much gain in most cases. However, because the trees making up the final seedling seed orchard may not have
been progeny tested themselves, the actual combining abilities of the trees
are not known, and the offspring produced from such an orchard may not be supeior (Zobel and McElwee 1964). Conversely, proponents of seedling seed orchards
state that additional gains are possible with this method through controlled
breeding and testing because of the broader workable genetic base available in
seedling seed orchards compared with clonal seed orchards (Goddard and Brown
1961).
Genetic gain considerations are not that important in the choice of seed
orchard design if three points are considered. First, trees selected (or
retained) for inclusion in seed orchards, whether of clonal or seedling origin,
should be progeny tested (Toda 1964, Barber and Dorman 1964). Data on combining abilities of the parents will be needed to thin the seed orchards to
the combination of trees most likely to produce superior offspring. Progeny
tests are also a necessary step in seed certification (Barber 1975) and will

be needed in each region and under the various management systems that the
trees are to be grown if significant genotype x environment interactions
exist (Libby 1964).
Second, seed orchards should not be equated with breeding orchards. Seed
orchards are for the primary purpose of producing genetically superior seed.
Additional plantings containing a much broader genetic base than possible in a
seed orchard should be established for breeding and gene conservation purposes
(Weir and Zobel 1975, van Buijtenen 1975). These plantations, often termed
gene or tree banks (Zobel and McElwee 1964, Libby 1973), are the source of new
genes and gene combinations that may prove beneficial in the future when management practices, product requirements, or environmental concerns require a
change in the genetic makeup of the trees (Zobel and McElwee 1964).
Third, first-generation production orchards are not the end of the line
for genetic improvement of a species. Additional breeding and testing will
be needed to provide a source of material for advanced generation seed orchards
(Zobel and McElwee 1964, Libby 1973, Weir and Zobel 1975). The first production orchards are established only as a means of providing the best possible
improvement in the shortest possible time (Zobel and McElwee 1964). Because
of these three considerations--l) the requirement for progeny testing, 2) the
requirement for additional breeding orchards, and 3) the requirement for advanced generation orchards--the first seed orchards established for black
alder will depend on technical considerations more than gain optimization.
Inbreeding often is cited as a problem in seedling seed orchards because
related individuals often are retained in close proximity after roguing (Zobel
and McElwee 1964). Inbreeding should not be a problem if care is taken when
the progeny test is thinned to seed orchard specifications (Goddard 1964) and
if alder's incompatibility system reduces matings between relatives (Goddard
and Brown 1961) or if inbred seedlings are sufficiently weak that they can
easily be culled before field planting. Unfortunately, the effectiveness of
the incompatibility system has not been adequately tested for sibling matings
and other types of mating between related trees that might occur in a seed
orchard. Another possible remedy is to move related trees apart by using a
tree spade. This technique also could solve the problem of nonuniform spacing
after roguing. Five years ago a group of young alder trees at the Iowa State
Nursery was moved with a tree spade. Because of initial top dieback, all trees
were cut back to the stump. All trees sprouted, and most began producing seed
crops again in the third year after they were moved. This year, they are producing a commercially significant amount of strobili. This raises the possibility that alder seed orchards could be managed on a coppice basis, a portion
of the orchard being cut back periodically to keep the production of seed closer to the ground for ease in collection.
Early thinning to promote flowering and wide crowns is needed when converting progeny tests to seedling seed orchards. This early thinning cuts the
evaluation period in progeny tests. Therefore, juvenile-mature correlations
are needed to improve selection of superior trees. We are conducting one such
study to determine age-age correlations for growth and wood characteristics in
15- to 18-year-old black alder. Should shorter rotations be employed to grow

black alder, the progeny tests could be grown for most or all of the rotation
before thinning.
As previously mentioned, progeny tests should be conducted to test parent
trees in both seedling and clonal seed orchards. These secondary progeny tests
are a potentially valuable source of additional seed orchards if greater quantities of seed are needed or if significant genotype x environment interactions
exist. The progeny tests then could be thinned to the trees performing best
in a particular region.
Expected Returns from Genetically Improved Seed
Because of certain biological characteristics of black alder and the potential use of short rotations, the expected monetary returns from using improved seed are high. Marquis (1973) discussed several factors that were the
most important influences affecting profits with tree improvement. First was
the amount of seed produced per tree. Species that produce large amounts of
seed are more profitable than species producing small amounts. This is because less seed orchard acreage is needed to produce sufficient quantities of
seed. Second, fast-growing species with short rotations are more profitable
than slow-growing, long-rotation species, if the value of the species are comparable. Interest charges on initial costs have less time to accumulate.
Third, the value of the final product affects profits. The higher the value
of the product, the more profitable is the investment in seed orchards. Last,
genetic gain influences profits. Gains in growth rates increase the profits
realized from tree improvement efforts, assuming constant value of yield and
costs. Moreover, gains can be made in wood quality as well as physical yield,
thus increasing the value as well as the volume of the final product.
Black alder has the potential to capitalize on at least three of these
factors. This species produces abundant sees. A female black alder catkin
produces approximately 60 seeds, and one mature tree produces about 4000
catkins (McVean 1953), yielding 240,000 seed par tree per year on the average.
The growth rate of black alder rivals that of sycamore (Kellison and White
1979), and black alder has the potential to be intensively cultured on short
rotations (Dickman 1975). The species presently is relatively unimproved.
Therefore, because of its inherent wide variability and the availability of
other Alnus species for interspecific hybridization (Hall and Maynard 1979),
black alder provides excellent opportunities for rapid genetic gain through
selection and breeding. The only unfavorable factor is the product value.
Black alder is used in Europe for pulp and other wood products, but a commercial market has not yet been established in this country. This situation
could change quickly once selections are available that perform well in specific regions. Black alder has too many added benefits such as nitrogen fixation, coppice regeneration, and good fiber and fuel characteristics to be
ignored much longer for commercial planting.
The following discussion illustrates the amount of increased gross revenues expected, given several levels of genetic gain in volume of black alder on
a 6-year rotation and at a discount rate of 20%. (This discussion is modeled

after a paper by Perry and Wang (1958). The following conservative assumptions were made to carry out this evaluation:
1) The land is owned, and all costs and prices remain constant over
time. 2) One pound of seed will produce 10,000 plantable seedlings (USDA
1974) (with 340,000 seeds per pound this is a very conservative assumption and
may increase with improved nursery practices or containerization). 3) Trees
are planted on an 8 x 8 foot spacing, or 680 trees per acre. 4) Eighty percent of the trees will survive until final harvest at 6 years. 5) Specific
gravity of green, barky black alder chips is 0.40, yielding 1.25 tons/100
ft 3 (a conservative estimate based on estimates from Vurdu (1977) and
Gonclaves and Kellison (1980). 6) A price of $12.50 per ton or $15.50 per 100
ft 3 of delivered barky chips (Coder and Wray 1981). 7) Growth data for unimproved black alder grown in southern Illinois will be used as a basis of analysis (Table 1) .
Given these assumptions, one pound of seed would produce enough seedlings
to stock 14 acres, and each acre of seed orchard (15 x 15 foot spacing in the
seed orchard) could support annual planting operations on approximately 2000
acres of forest land. These figures compare very favorably with southern pine
seed orchards, which require 3-7 acres of seed orchard to produce sufficient
stock to plant 2000 acres of land (USDA 1974).
The values in Table 1 were used to calculate the increased gross revenue
per acre and per pound of seed under various levels of genetic improvement
(Table 2). This analysis indicates the monetary gains possible with modest
increases in volume production through genetic improvement. A 5% gain, for
example, results in an added gross revenue after discounting of $1.74 per acre
and $24.31 per pound of seed. This means that an extra $1.74 per acre can be
spent on cultural practices or that an extra $24.31 can be spent on seed for
each pound bought and still realize a 20% profit.
Six years probably is not the optimal rotation age for black alder; 13 to
14 years may be more realistic (Glavav 1962). But by using shorter rotations,
the costs incurred during the rotation have less time to accumulate added interest charges. Also, the cost of subsequent rotations could be reduced with
the use of coppice management that would negate the need for establishing new
stands after every harvest.
Vegetative Production
The major alternative to seed orchards is the use of vegetative propagules for field planting. This method is advantageous because intact genotypes of superior selections can be captured (Schreiner 1966, Libby 1973, Hall
and Maynard 1979), and rapid genetic gain can be made (Kleinschmit 1977).
Clonal production would be beneficial if nonadditive genetic variance proves
important in black alder as it has in the southern pines (Dorman and Zobel
1973, Dorman and Squillace 1974). This is likely because black alder is a
polyploid and would have the potential for much dominance and epistatic variance (Hall and Maynard 1979). Potential pest problems created by low genetic
diversity can be surmounted by the use of multiclonal lines (Schreiner 1966).

Table l.-- Yield and value of European black alder grown in Illinois. Adapted from Kellison
and White (1979).

A mixture of several genotypes indeed may have better defense against environmental and pest catastrophes than a continuum of seedling genotypes (Libby
1973)
Stem cuttings are now the best approach for cloning black alder, although
tissue culture techniques may be developed (Hall and Maynard 1979). We routinely achieve more than 50% success in rooting softwood cuttings in our greenhouse. Similar rates have been achieved with dormant hardwood cuttings, but
the success of this method is more variable. Alders sprout prolifically from
cut stumps, therefore, it should be easy to establish and maintain cutting
orchards. Several unknown factors concerning the rooting and growth of black
alder cuttings must be delineated, however.
As with other species, our observations indicate that cuttings from mature trees may be more difficult to root than juvenile cuttings. Coppicing
may restore rooting ability, or small numbers of cuttings could be established
from older trees with these ramets utilized as stock plants for subsequent
multiplication. Clonal tests must be initiated in several locations to determine genotype x environment interactions, juvenile-mature correlations, and
performance of cuttings taken from young material compared with those taken from
older material (Libby 1973, Heybroek 1978). Most of all, however, a reliable,
inexpensive method of propagating stem cuttings must be found. A method of
establishing unrooted cuttings directly in the field would be desirable, but
this looks unpromising at present (Hall and Maynard 1979). For difficult-toroot species, Hartmann and Kester (1975) have suggested pretreatment of hardwood cuttings with auxin, followed by a cold-storage period to initiate root
formation and allow more rapid root growth once outplanted. This technique
may have potential for alder and should be evaluated.
Clonal production has many advantages, and plantations to test the growth
of cuttings through maturity are warranted. But until consistently reliable
methods are developed for rooting alder, cutting orchards are the least desirable method of production.
CONCLUSIONS AND SUMMARY
Provenance test data and materials are becoming increasingly available to
support alder selection and breeding programs. The south-central part of the
native range of the species seems to offer the best germplasm for use in the
north-central United States.
Seedling seed orchards seem to be the best method for producing improved
material for outplanting. More is known about seedling production and growth
than the production and growth of cuttings and grafts. Initially, at least,
seedling seed orchards offer the simplest approach.
Progeny and clonal tests need to be established to determine combining
abilities of selected genotypes for roguing purposes and to determine growth
and reproductive characteristics of vegetative propagules. If superior genotypes are found that should be included in the initial seed orchard, the se-

lections could be propagated vegetatively to preserve the intact genotype and
then be placed in the orchard.
I

Further genetic improvement beyond simply choosing the best source of
black alder is warranted. Increases in genetic gain are very possible because
of the wide intraspecific and interspecific genetic base available for breeding. Even with modest improvements in volume growth, it has been shown that
significant monetary gains can be made. Finally, the market for black alder is
expected to expand because of its technical properties as a pulp or energy species, its tolerance of poor sites, and its ability to coppice.
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