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Abstract

Controlled crosses between sev-
cral species of elm were initiated in
1953. Progeny of the early crosses
between Siberian elm  (Ulmus
pumila L.) and slippery elm (U.
rubra Muhl.) and of backcrosses
were compared with parent trees
in several leaf, fruit, flower and
vegetative  bud  characteristics.
Progeny of a cross between two F,
hybrid elm trees (Slippery x Siber-
ian elm ) were also compared by the
same morphological characteristics
with the parent species. The hybrids
tended to have intermediate char-
acteristics between the parents in
most cases. Height growth of 1964

crosses has been measured annual-
ly. In 1970, the F; hybrids averaged
3 to 4 feet taller than progeny of
the Siberian elm parent. Growth
cessation of the various hybrids at
the end of the growing season did
not differ from progeny of either
parent species. Fruit collected from
slippery elm trees growing near
Siberian elm trees tended to have
a high percentage of hybrid
embryos. Fruit from slippery elm
trees containing hybrid embryos
germinated promptly while those
having slippery elm embryos requir-
ed cool stratification before ger-
mination took place.



The
Siberian Elm

Slippery Elm
Hybrid

By Paul E. Collins, associate professor
Horticulture-Forestry Department

The information reported is based on a dissertation submitted to the Grad-
uate School and School of Forestry, University of Minnesota in partial ful-
fillment of the requirement for the Ph.D. degree.

Agricultural Experiment Station
South Dakota State University,
Brookings

3






The

Siberian Elm

Slippery Elm

Hybrid

By Paul E. Collins, associate professor
Horticulture-Forestry Department

The Northern Great Plains Re-
gion of the United States is a natur-
al grassland area. Native tree
growth is limited to stream courses,
lake shores, hillside breaks and
mountainous areas where soil-mois-
ture relationships are favorable for
trees. For most of the area paucity
of precipitation, heavy soils and
low air humidity favors grasses over
trees. Average annual rainfall over
much of the area is 20 inches or less.
Summer temperatures over 100° F.
are not uncommon, and winter tem-
peratures often drop to -20° F. or
lower in January and February.

The first settlers who established
homes in the region sought to im-
prove the harsh environment by
planting trees for shade, wind pro-
tection and aesthetic purposes. At
first, wildings were dug from native
stands and transplanted to home
sites. Later trees were purchased
from commercial sources. By trial
and error and by organized tree
planting trials at experiment sta-
tions, knowledge has been accumu-
lated on adapted species and on cul-
tural practices for successful estab-
lishment. Since the choice of native

species is relatively limited, plant
introductions from other areas of
the United States and from other
continents have become an impor-
tant part of plains windbreak plant-
ings. Some of the better introduc-
tions have come from Russia, Siber-
ia and Northern China where the
trees have developed under envir-
onmental conditions similar to the
Great Plains. Among those now
commonly used are Russian-olive
(Elaeagnus angustifolia L.), Sibe-
rian peashrub (Caragana arbores-
cens Lam.), Tatarian honeysuckle
(Lonicera tatarica L.), common
lilac (Syringa vulgaris 1..), and
Siberian elm (Ulmus pumila L.).
Although the introductions in-
crease the number of species avail-
able for tree planting, tree improve-
ment continues. Many tree species
are beset by problems that limit
their usefulness. The sub-humid to
semi-arid climate of the plains des-
tines trees to grow under condi-
tions of moisture stress during most
of the growing season except where
ground water is near the surface.
Consequently, many insect and dis-
sease problems which normally



would be of secondary importance
act as primary destructive agents to
further weaken or kill the trees.
Modern herbicides pose a serious
threat to the native boxelder (Acer
negundo L.) and other specics.
Dutch elm discase (Ceratocystis
ulmi |Buism.| C. Morcau threat-
ens to restrict or climinate the use
of American clm (Ulmus ameri-
cana L..). Thus, there is a constant
need to seck out better species,
strains, and superior trees through
introduction, sced source evalua-
tion and sclection. Tree hybridiza-
tion, both inter- and intra-specific,
offers an ()pportunity to up-grndc
the trees available for tree plant-
ings.

One introduction, Siberian clm,
tound wide acceptance in  the
Northern Plains; fast growth, trans-
planting case, drought resistance
and an acceptable mature height
combine to give it this standing.
Fast growth is especially usetul in
farmstead  windbreak planting
where it provides protection from
wind and snow just a few years after
planting. By the time the Siberian
elm rows begin to die out, slower
growing, but longer-lived trees, are
tall enough to provide the protec-
tion needed.

Many plantings of Siberian elm
were planted in close proximity to
the mnative slippery elm  (Ulmus
rubra Muhl.). Natural hybridiza-
tion occurred between the two els,
and clones of the Fy have been ex-
ploited by the nursery trade (Anon.,
1950).

This study was initiated to fur-
ther explore the hybridization pat-
terns between these two species and
to document useful growth data on

the hybrids. Since an improved Si-
berian elm sced source had been
identified, hybrids having the im-
proved source as one of its parents
should demonstrate reliable winter
hardiness and drought resistance.

Parent Species

Slippcry elm is a native species to
all states cast of the Great Plains in-
cluding favorable sites in Eastern
South Dakota ( Harlow and Harrar,
1968). Siberian elm is an Asiatic
clm of Eastern Siberia, North China
and Turkestan (Rehder, 1940).

Siberian elm was first introduced
into this country in 1905 (Wyman,
1951). Test plantings at various ex-
periment stations showed satisfac-
tory performance and soon farm
and town plantings were made in
the prairic arcas of the United
States. The number of trees planted
reached large-scale proportions by
the carly 1930s. Wholesale importa-
tion of sced was necessary to pro-
duce enough planting  stock. Ac-
cording to Webb (1948) most of
the sced came from parent trees
growing near Nanking, China, the
same latitude as Ft. Worth, Texas.
This seed source proved to be un-
suitable when the 1940 Armistice
Dayv freeze seriously damaged or
killed a }ngh percentage of Siberian
clm trees in the Nothern and Cen-
tral Great Plains (Engstrom and
Matthews, 1942),

Some identifiable seed sources of
Siberian elm were not injured by
the sudden freeze. 90(*dlmgs from
these sources were planted in a trial
at the South Dakota State Agricul-
tural Experiment Station. One of
the sources, the Harbin sced, exhib-
ited a relatively carly cessation of
growth, carly enough to avoid in-



jury from fall frosts ( Maxon, 1951).

The Harbin source came from
seed collected in the vicinity of
Harbin, Manchuria, where the cli-
mate is characteristically continent-
al north temperate. Winters are
long and cold, summers are short
and warm. The latitude of Harbin
closely parallels the North Dakota-
South Dakota border.

In 1952, the Harbin source was
named Chinkota elm and released
under state certification standards
by the Experiment Station. Chin-
kota elm seedlings were planted in
rows adjacent to a common com-
mercial source in an experimental
windbreak at Brookings in 1952. An
early October freeze that same fall,
injured or killed 80% of the commer-
cial trees, while 90% of the Chinkota
elms were alive to the tips or only
slightly injured the following spring
(Collins, 1955). Sclected trees of
the original foundation stock of
Chinkota elm were used as parents
in this study.

The slippery elm parent used in
most crosses is a campus tree about
50 years old. Other slippery elm
trees were used as parents in some
phases of the hybridization study.

Slippery elm and Siberian elm
are distinctly different in a number
of morphological characteristics.
Slippery elm is relatively large-leav-
ed with few branched stout twigs
and large buds. The upper leaf sur-
face and young twigs are scabrous,
and the clongate flower and vege-
tative buds are densely pubescent.
In contrast, Siberian elm is small-
leaved and develops a profusion of
slender twigs with small buds. The
upper leaf surface is smooth, and
the young twigs are finely pubescent
to glabrous. The spherical flower

bud and vegetative bud are only
sparsely pubescent. The samara
fruit of slippery elm is densely pube-
scent over the sced cavity; the Sib-
erian elm samara is glabrous.

Hybridization Studies
Previous work

The first report of artificially pro-
duced hybrids of forest trees was in
Germany in 1845, when two species
cach of pine, oak, ¢lm and alder
were crossed (Larsen, 1956). Early
trec hyvbridization in the United
States has been reported by Schrei-
ner (1937) in oaks, chestnuts and
poplars.

Much of the early breeding work
was initiated in response to dis-
cases that threatened important tree
speci(*s. Among the most important
diseases for which disease-resistant
trees have been sought are chestnut
blight ( Endothia parasitica
[ Murr.| A.S.A.), white pine blister
rust (Cornartium ribicola Fisher)
and Dutch elm disease. Richens
(1945), Graves (1948), Clapper
(1952), and Gerhold et al. (1966)
have described these early tree
breeding programs.

The identification of Dutch elm
disease in The Netherlands in 1919
(Beattie, 1937), gave impetus to an
elm breeding program in that coun-
try. Went (1938) summarized the
early program of testing elm species
and varicties collected from many
parts of the world. More recent hy-
bridization and selection work has
been reported by Went (1954) and
Heybroek (1962); Gerhold et al.,
(1966). Accounts of the impact of
Dutch clm discase and the programs
initiated to solve the problem have
been reported from other countries
including England (Melville, 1944;



Peace, 1960: Anderson, 1961),
Sweden (Ehrenberg, 1954), Italy
(Goidanich, 1938) and Canada
(Johnson, 1939; Anon., 1954). In
the United States, progress in elm
tree breeding has been reported by
Smucker (1944), Graves (1948),
Swingle et al. (1949), Clapper and
Miller (1949), Clapper (1952), and
Gerhold et al. (1966).

Studies have shown that resist-
ance to Dutch elm disease exists in
Asiatic elms. European elms are
generally susceptible, but some
species and varieties have shown
varving degrees of resistance. Amer-
ican clms have proven to be the most
susceptible. However, Smalley and
Kais (Gerhold et al., 1966) and
other workers have found that a few
sources of American elm have some
resistance to severe crown damago
and a few have even recovered from
the infection. They also noted that
some slipperv elm scedlings show
resistance to inoculations in some-
what the same manner as Ulnus x
hollandica vegeta (Loud.) Rehd.,
a variety of Dutch elm.

Several selections of smoothleaf
elm (Ulmus carpinifolia  Gled-
itsch. )}, resistant to Dutch elm dis-
case, have been released in Holland
(Heybroek, 1962). More recently
the cultivar Ulmus x hollandica
‘Groeneveld’ was released to grow-
ers in Holland. This resistant clone
was the result of a cross betwceen
Ulmus glabra Huds. (Scotch elm)
and U. carpinifolia (Heybroek,
1963). General hybridization pat-
terns within the genus Ulmus were
reported by Britwum (1961).

Controlled crosses between most
elm species have not been difficult;
however, attempts to cross Amer-
ican elm with other elm species has

usually resulted in failure. All at-
tempts to cross American elm with
Siberian elm or slippery elm at the
South Dakota Agricultural Experi-
ment Station have failed. Probably
a major barrier to successful inter-
specific crosses with American elm
is the chromosome number. The
basic number in elms is x=14 and
most clm species are diploid (2n=
28). However, American elm is a
tetraploid  (4n=>56) (Sax 1933;
Darlington and Wylie, 1956). Der-
men and May (1966) and others
have isolated apparent tetraploid
Siberian elm seedlings after colchi-
cine treatment and plan to usc these
trees in an attempt to obtain Siber-
ian-American elm hybrids.

Controlled Crosses in Elm

The first controlled crosses be-
tween Siberian elm and slippery
elm were made in 1953 and 1954 as
shown in Table 1. Crosses also in-
cluded American elm trees and two
F, hybrid trees (Siberian x slippery
clm). Pollinations were made by
introducing pollen-bearing flowers
into parchment bagged flowers on
the parent trees, and then the
branch with the bagged flowers was
shaken. A small population of F,
hybrids was obtained where slip-
pery elm was the seed parent. The
reciprocal cross gave only one plant.
Backcross progeny were obtained
from both of the parent species,
though the number was quite small
in the slippery clm backcross. The
F, hvbrid elm tree produced a good
population of F, when crossed with
another F; hybrid.

When F. populations are refer-
red to in this report, it means the
progeny of a cross between two dif-
ferent F, hybrid trees. The self-in-
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Figure 7. Germination of Seeds of Siberian Elm, Slippery Elm and their

Hybrids (80 seeds per lot).

The trees were watered at planting
and subsequently as nceded. Insec-
ticides were applied to control leaf
defoliators and root feeders. The
area was fenced to prevent rabbit
injury. Trees that died in the plant-
ing were replaced by transplanting
supply plants of the same age grow-
ing in adjacent rows. Replication
number 10 was lost to residual ac-
tion of simazine which had been ap-
plied four years earlier in an unre-
lated experiment,
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Seeds from the controlled cross
between two slippery elm trees
failed to germinate promptly. Con-
sequently, open-pollinated  seed-
lings of slippery elm were planted
as slippery elm trees. After a month
of growth, it was apparent that
open-pollinated secdlings of slip-
pery elm were actually natural hy-
brids with Siberian elm. To rectify
the situation, seeds of slippery elm
x slippery elm, which had been

placed in stratification in June,
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were sown in August. They germin-
ated satisfactorily and were kept in
the greenhouse until natural growth
cessation occurred in October. Af-
ter a chilling treatment they were
forced into growth in the green-
house in March, 1965, and trans-
planted into the study plot in May,
replacing one of the slippery elm
open pollinated lots (F,).

In the spring of 1966, all trees in
the planting were undercut, lifted,
and replanted in a new area. The
trees were spaced 8'x12’ and planted
in a randomized complete block de-
sign with 4 tree plots and 9 replica-
tions. Height growth data and other
observations have been taken since
that time. Average height growth
for each year is given in Table 7.
In all years measured, the progeny

group differences have been highly
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significant by the analysis of vari-
ance method. (See Table 8 for 1970
height growth data.) The Duncan
multiple range test applied to the
1970 data shows the superiority of
F; hybrids in height growth as com-
pared to plants of the parent species
and backcrosses. The tallest tree at
the end of the 1970 growing season
was an F,; hybrid which had attain-
ed a height of 27 feet.

Growth Cessation

In mid-August, 1965, every tree
in the test planting was staked with
a 4-foot bamboo pole. The leading
shoot was tied loosely to the stake.
Beginning on August 30, increase in
height growth was marked on the
stake at two- to three-day intervals.
A reference mark at the base of the
stake and the tree insured constant
alignment. The date of cessation of






with stratification requirements of
that species.

Approximately 45% of the seed-
lings from 300 seeds were hybrids.
Furthermore, all seeds that had lit-
tle or no dormancy produced F, hy-
brid seedlings. Dormant seeds pro-
duced almost all slippery elm seed-
lings.

This test verified that natural hy-
bridization does occur when slip-
pery elm grows in close proximity
to Siberian elm. It also suggests a
method by which commercial pro-
duction of hybrid seed is possible.
If selected slippery elm and Siber-
ian elm trees are planted in adja-
cent rows or alternated in the row,
seed can be collected from the slip-
pery elm trees and sown in rows
without prior stratification. Seeds
that germinate promptly will pro-
duce F; hybrids; dormant seeds,
most of which are slippery elm, will
probably fail to germinate or
germinate too late to cause any
problem in the lifting and grading
process.

Morphological Characteristics

An extensive study of the taxo-
nomic characteristics of elms has
been undertaken by Richens (1955,
1956, 1958, 1959, 1961a, 1961b) for
the purpose of identifying elm
species and hybrids growing in
England. He measured several leaf
characteristics including length, re-
lative width (width/length), rela-
tive petiole length (petiole length/
leaf length), basal asymmetry,
number of teeth, a set of measure-
ments on the marginal tooth, and
the degree of scabrousness of the
leaf surface. Melville (1937) noted

18

that elm leaves developed different
shapes depending upon the part of
the crown and upon the kind of
shoot on which they were growing.
Leaves formed on short lateral
shoots differed from those formed
on a leading shoot, a proleptic
shoot, an epicormic shoot or a suck-
er. He recommended that sample
leaves be taken from short lateral
shoots. Later he (1960) recom-
mended that the third leaf from the
apex on short lateral branches be
taken for samples since these leaves
are the least variable.

Leaves

In this study the third leaf from
the apex on a short determinate lat-
eral branchlet on the south side of
the mid-crown was collected from
several trees of the parent species
and from the hybrids of the 1953
and 1954 crosses. When the third
leaf was not usable because of mal-
formation or mechanical injury, the
fourth leaf was sampled. All leaves
were dried, pressed and measured.

All sample leaves were measured
for leaf length and width (at widest
dimension), length of leaf from the
widest point to the base, length of
petiole, number of pinnate veins on
the longest side of the leaf, number
of bristles and/or hairs per 80mm?
on the upper leaf surface, number
of hairs along 8mm of length of the
longest vein on the leaf undersur-
face and leaf weight. Averages and
standard errors of these measure-
ments are presented in Table 10.
Figure 8 illustrates the ranges,
means and two standard errors of
two leaf characteristics measured.
Sample leaves of each progeny
group are shown in Figure 9.
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length between the two parent
species, but the width was similar
to Siberian elm.

The inflorescence of the F; con-
tained more florets than either par-
ent, apparently an expression of
hybrid vigor. The frequency with
which inflorescences having twenty
or more florets present in cach of
the progeny groups is shown in Fig-
ure 12. The chi-square test of in-
dependence applied to these frequ-
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encies shows that they differ at a
highly significant level. Some of the
F, inflorescences had over 40 florets
and 19 percent had 30 or more.
Eight percent of the F. flower
clusters had 30 or more florets, and
onc flower bud contained 56 florets,
the maximum counted in any
inflorescence.

The individual florets of each of
the progeny groups also differed in
the number of stamens present. In









spring. Included in the planting
were progenies of both parents, of
controlled crosses (slippery elm x
Chinkota elm and reciprocal ), and
of backcrosses to both parents. A
natural Fy hybrid population which
came from seed collected from a
slippery elm tree in close proximity
to Chinkota elm trees was also in-
cluded in the planting. Height
growth mecasurements were deter-
mined annually.

Highly significant height growth
differences between the various
progeny types were found by analy-
ses of variance after each growing
season. At the end of the 1970 seca-
son, the average heights of the three
F, progenics were significantly dif-
terent from the other types at the
5% level (Duncan’s multiple range
test). Some of the F, trees had an
average annual height growth of
almost 4 feet; mean height growth
for the best F; averaged more than
three fect per year, A severe wind-
storm in 1968 resulted in major
stem breakage that affected the
height growth ranking of progeny
groups. Damage was particularly
severe among the taller F, hybrid
trees.

Height growth cessation of seed-
lings in 8 progeny groups was ob-
served in the fall of 1965. Only min-
or differences were noted between
progenics, though the range of ces-
sation varied and was greatest in
slippery elm.

Seeds having Chinkota clm as the
secd parent germinated more rapid-
ly than seeds having slippery elm as
the seed parent.

Seed from an open-pollinated
slippery elm tree growing adjacent
to Chinkota elm trees produced
only F; hybrid scedlings from
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promptly germinating secds. Seeds
of the same collection which requir-
ed a cold strafication period before
germination developed into seed-
lings that were mostly slippery elm.
This suggests that quantity pro-
duction of F; hybrid seedlings
could be accomplished by establish-
ing an isolated slippery and Chinko-
ta elm planting and collecting sced
from the slippery elmn trees. The
sequence of flowering in these
species in the Brookings area is so
timed that many of the protogynous
flowers of slippery elin are recep-
tive at the time Chinkota elm trees
are shedding pollen.

Morphological ~comparisons  of
leaves, flowers. fruit and buds of the
parent species, backerosses, F; and
F. were studied in progenies of the
1953, 1954 crosses. Since these vari-
ous structures contrasted sharply
between the parent species, it was
anticipated that the F, would show
several intermediate characteristics.
This was true with respect to leaf
size, number of veins, hairiness and
\V(‘ight. The F, samara was inter-
mediate in amount of pubescence,
depth of apical notch, stalk length
and fruit width. The floret of the
F, was intermediate in length and
in the number of stamens. The num-
ber of florets in a single inflores-
cence of the F, exceeded those of
cither parent. Lengths of flower and
vegetative buds in F; trees were in-
termediate in size to those of the
two parents. Similarly flower and
vegetative bud sizes in the back-
crosses and in the F. population
were intermediate between the par-
ental types though the F. popula-
tion was too small to show the full
array of segregates. F; hybrid seed-
ling leaves averaged longer than




similar leaves of the parent species.

On the basis of height growth, F,
hybrids between Chinkota elm and
slippery elm have shown superiority
to the parental spocivs. Since quan-
tity production of hybrid seed is
feasible, the F; offers a source of
tast growth and improved height of

fast growing tries for windbreaks
and shelterbelts in South Dakota.
Life span, maximum height and re-
action to cnvironmental pressures
such as drought, diseases and in-
sects remain to be ascertained as
test plantings of this hybrid are ob-
served through the years.
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