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Abstract. During 1987, we selected the six fastest-growing seedlings or clones from each of 15 provenances that
represented the natural distribution range of silver maple (Acer saccharinum L.). Shoots from all 90 trees were cut
into nodal segments, rooted as cuttings, and maintained as clonal stock plants in the greenhouse. Rooting was generally
excellent and more than half of the clones rooted ≥90%. ≥90%. At the same time, explants were obtained from these field-
grown trees and many were established in vitro as aseptic cultures by first pretreating with benomyl and rifampicin.
Single-node explants from the greenhouse-grown clonal stock plants were also established and multiplied in vitro.
There was a significant effect of clone within provenance on all in vitro growth characteristics. All clones proliferated
axillary shoots, but not all at the same rates. Although statistically significant, low correlation coefficients indicated
that micropropagation results were not good predictors of nursery performance of the populations from which the
clones were selected, nor of the climatic conditions at the site of origin of the trees. The micropropagation system
reported herein, therefore, should be applicable to a wide variety of silver maple genotypes. Chemical name used:
methyl [1-[butylamino)carbonyl]-1H-benzimidazol-2-yl]carbamate(benomyl).

Silver maple increasingly has been recognized as having an
important role in the energy future of the United States (Ashby
et al., 1987; Ellis and McCown, 1988; Kopp et al., 1988; Me-
ridian Corp., no date; Ranirey et al., 1987, 1988). It grows well
on a variety of sites (Fowells, 1965), can be propagated easily
(Ashby et al., 1987; Preece et al., 1991), coppices readily, and
is relatively free from serious pest problems. This last criterion
is important in that members of the presently used Populus
genus are susceptible to serious stem and leaf diseases and have
a variety of insect pests. In addition, Roth et al. (1982) analyzed
508 species as renewable energy resources and rated silver ma-
ple higher than Populus, Salix, Platanus, and other Acer spe-
cies.

Silver maple can be clonally propagated by rooting stem cut-
tings (Ashby et al., 1987; Larsson, 1968; Kling and Meyer
1983; Preece et al., 1991), budding and layering (Larsson, 1968),
and by micropropagation (Ashby et al., 1987; Preece et al.,
1991). The advantages of the use of clonal stock, rather than
seedlings from open-pollinated seed orchards were discussed in
a companion paper (Preece et al., 1991).

The use of seedlings from different provenances allows for
initial selections to be made under uniform nursery conditions
at one location. Juvenile plants are generally easier to propagate
clonally than adult forms (Hartmann and Kester, 1983; Libby,
1983), and clonal testing can be very effective when starting
with young seedlings (Libby, 1983). Selected clones can then
be used in replicated studies at different locations to separate
the components of genotype and environment.
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This study was conducted to assess the propagation responses
of silver maples as they were being multiplied clonally for plant-
ing in several states of the United States for growth assessment
relating to biomass production. We were interested in the re-
lationships between propagation response and 1) seedling growth
in the nursery and 2) climatic conditions at the site of origin of
the trees. If strong relationships existed, propagation attributes
might then be useful as a predictor of origin or field performance
and many genotypes might be screened rapidly in limited space.
If relationships were not strong, it would verify that this prop-
agation system is applicable to a wide variety of silver maple
genotypes and that the system would not need modification if
one wished to clone a new silver maple tree.

Materials and Methods

Silver maple seeds/plants/cuttings representative of the tree’s
reported distribution range were collected and established in a
nursery in Carbondale, Ill., during Spring and Summer 1987.
The nursery was arranged in a randomized complete-block de-
sign with 200 seeds from each location (provenance) sown (two
per planting hole) 15 cm apart. Upon emergence, seedlings were
thinned to one per planting hole. Provenances within a block
were separated by 90 cm and blocks were 1.5 m apart. There
were five blocks, each containing up to 100 trees from each site
of origin. Exceptions to this were the Virginia, Kansas, and
Minnesota trees because of the lack of a seed crop in these areas
during 1987. The Virginia and Kansas trees were propagated
by cuttings collected from native trees in these states, and the
Minnesota seedlings were dug from the floor of a native stand.
Trees from these three provenances were established in the
greenhouse. This plan resulted in 16 provenances established
from seed, one from seedlings, and two from cuttings. The
focus of this research was narrowed to 15 provenances to give
a wide representation of the native distribution range of silver
maple and avoid redundancy of provenances in close proximity
to each other.

During Aug. 1987, when most growth had slowed in the
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Tab!e 1. Rooting of nodal stem cuttings of silver maple clones selected from a provenance
nursery. z
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Table 2. Clone within provenance effects on in vitro growth of silver maple from single-node explants after 1 and 2 months. z

(continued)
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Table 2. (continued)

zExplants were cultured on DKW medium with 10 nM TDZ.
**Significant effect at P = 0.01 according to F test.

each provenance; however, we did not obtain 100% aseptic
cultures for all six clones from any provenance. Five of the six
clones from south-central New York resulted in 100% aseptic
establishment; however, none of the explants from the other
New York clone survived.

All single nodes from greenhouse-grown stock plants of the
selected clones performed well in vitro (Table 2). Callus volume
ranged from 12 to 674 mm3 and 99 to 2674 mm3 after 1 and 2
months, respectively, in vitro. We reported that there was no
apparent relationship between callus formation and shoot pro-
liferation from silver maple explants exposed to various doses
of TDZ (Preece et al., 1991). Likewise, there was no significant
correlation between callus and total shoot number of these se-
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lected clones after 1 month in vitro, and although this correlation
was significant after 2 months, the low correlation coefficient
indicates a weak relationship (Table 3). There were significant
positive but low correlations between callus formation and shoot
length and number of shoots >5 mm long. The additional callus
may have aided in absorption of nutrients and other materials
from the medium.

After 1 month in vitro, each single-node explant had at least
one axillary shoot (Table 2). Although some were as short as 1
mm, explants from six of the 90 clones had a mean shoot length
>1 cm. After 1 month, the explants of 40 of the 90 clones had
one or more axillary shoots >5 mm long. When only these
shoots were considered, many cultures had mean shoot lengths
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Table 3. Correlations among in vitro growth characteristics from single-node explants after 1 and 2 months, across 84 silver maple
clones.z

zPearson correlation coefficients (R values).
**, NSSignificant Correlation with probability > [R] under HO:RHO= 0/N = 66 at P = 0.01 or nonsignificant, respectively.

Table 4. Correlations between phonological variables of silver maple seedlings grown in a nursery
at 15 × 15-cm spacings and growth from single-node explants after 2 months in vitro.z

between 1 and 2 cm. This “rapid, successful explant establish-
ment lessens the time needed to obtain proliferating shoot cul-
tures and to meet production deadlines.

Explants of most clones had two or more shoots after 2 months
in vitro, and 46 clones had at least three axillary shoots. The
range was as high as a mean of 7.4 shoots for a New Hampshire
clone, six of which were > 5 mm long. There were good cor-
relations between total shoot number and number of shoots > 5
mm long after 1 and 2 months in vitro (Table 3). Therefore, if
axillary shoot outgrowth began, it tended to progress rapidly.

Microshoots have been continuously harvested from these
cultures for rooting. Initially, based on excellent rooting results
under intermittent mist (Preece et al., 1991), microshoots were
placed into a 1 perlite : 1 vermiculite (v/v) medium. Because
of uneven coverage by the mist system, a 10-m bench full of
microcuttings contained areas where rooting was extremely poor
and many shoots died. Conversely, microcuttings in other lo-
cations rooted well. Because of this spotty rooting, which was
not related to clone, subsequent root initiation in vitro has been
on DKW medium with 1 µM NAA. Rooting of all clones was
=80% with this system (data not presented).

Once microcuttings rooted, they were transplanted into RootMaster
six-chamber multiple containers with a 2 sphagnum peat : 1 perlite
: 1 vermiculite (by volume) (Premix BX; Premier Brands, New

buds were at least 3 cm long.
*,**,NSsignificant correlation with probability > [R] under HO:RHO = 0/N = 66 at P = 0.05
or 0.01, or nonsignificant, respectively.

zPearson correlation coefficients (R values).
yTerminal bud set was calculated as the number of days from 1 Oct. until 75% of the terminal
buds per plot were set.
xLeaf abscission was calculated as the number of days from 1 Oct. until 75% of the leaves were
off the trees in each plot.
wBud flush was calculated as the number of days from 1 Apr. 1988 until 75% of the provenance’s

Rochelle, N.Y.) medium. They were placed under intermittent
mist in a shaded greenhouse for the first week to begin acclima-
tization. The plantlets were moved to a sunlit bench while re-
maining under mist for another week. They were then moved to
a shaded bench without mist for 1 week, and then finally moved
to fully sunlit benches until a height of 30 cm was reached (=2
months after the plantlets were removed from the laboratory). The
entire acclimization and growing-on stages were conducted under
natural photoperiods supplemented with a night interruption with
cool-white fluorescent lamps from 2200 to 0200 HR.

We were interested in learning if there was a relationship
between nursery performance of the populations from which the
clones were selected and in vitro growth of the single-node
explants. If such relationships existed, micropropagation of sil-
ver maple might be a useful method for rapidly screening geno-
types before making selections for field testing. Although there
were statistically significant positive correlations between shoot
number, shoot length, callus volume, and several conditions
measured in the nursery (Table 4), the low correlation coeffi-
cients indicate that micropropagation results with silver maple
would not be an appropriate selection system for speed of growth
of phenotypes. The best correlations were between callus vol-
ume and 1987 height and caliper; however, this relationship
was not significant for 1988.
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Table 5. Correlations between the climatic conditions of the provenance and growth
from single-node explants after 2 months in vitro.z

zPearson correlation coefficients (R values).
yMean temperatures, frost-free days, and annual precipitation are for the sites of
provenance origin.
xSeeds were sown in the nursery during May and June 1987.
*,**,NSSignificant correlation with probability > [R] under HO:RHO = 0/N = 66 at
P = 0.05 or 0.01, or nonsignificant, respectively.

We were also interested in correlations between micropro-
pagation results and climatic conditions of the provenance. If
such relationships existed, micropropagation might be useful in
determining origin of unknown seedlings. With silver maple,
this might be useful since the tree has Been transported thou-
sands of kilometers by humans for use in landscapes. Knowl-
edge of origin might facilitate a better understanding of general
tree performance, including cold hardiness. Except for date of
planting, there were significant negative correlations between
micropropagation results and climatic conditions of the area where
the seeds originated (Table 5). The low correlation coefficients
indicate, however, that these relationships were not strong, and
micropropagation results were not very good predictors of the
location of seed origin. Date of planting also was included as a
climatic condition. The seeds were collected from the various
locations as they reached maturity, which generally followed a
south-to-north latitude gradient. They were planted immediately
in the nursery because of the short period of silver maple seed
viability. The best correlation was between callus volume and
mean annual precipitation. The negative correlation indicates
that there was a tendency for explants from provenances with
less rainfall to produce more callus.

The excellent micro- and macropropagation responses of the
wide assortment of silver maple genotypes in this propagation
system is encouraging. The lack of strong correlations between
growth characteristics and origin of the stock plants and in vitro
results indicates that micropropagation has wide-ranging impli-
cations for clonal propagation of a variety of silver maple geno-
types. This rate of success means that new propagation protocols
do not need to be developed for various silver maple clones,
thus simplifying propagation and facilitating the production of
many clonal trees for biomass studies.
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