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ABSTRACT - - In 1984 we initiated breeding studies to determne
t he useful ness of Chinese elm (U nus parvifolia) as an inproved
source of genes for pest resistance in elms. Al though the
Chinese elm has generally been recognized to be resistant to

di seases such as Dutch el mdi sease ?DED) and bl ack | eaf spot
(Stegonhora ulnea) as well as various insects (especially elm

| eaf beetle, Xanthosaleruca luteola), its usefulness in elm

br eedi ng has been limted due to its fall flowering habit, snall
| eaf size, and especially its lack of hardiness in the Nor t h
Central Region. Anong the 1986 progeny were 8 to 10 apparently
authentic hybrids with Anerican elm  These crosses when repeated
in 1987 yiel ded 684 seedlln?s of which 149 (21.8% possessed
hybrid vigor and had |arge [eaf characteristics typical of U
americana. Progeny from these studies have exhibited striking
variability in lealr size and general growh habit (e.g.
architecture) and high levels of resistance to the DED pathogens.

| NTRODUCTI ON

Research at the University of Wsconsin to devel op
pest-resistant elnms has relied heavily on Siberian elm (U nus
pumla L. ) as a rral or source of genes for resistance to Dutch elm
di sease ley & Guries, 1993). Wth the exception of
t he cultlvar Inde endence" (an Anerican elnm), all of our
DEDIr esi stant cuI tlvar rel easesGo]t((])I d?t go)cont ai r; ge(ne%@from U.
pumla (e. Sapporo Autumm 50%, "Regal " (25 New
Hori zon" (50% an (f "Cathedral " (50% ). Beginning about 10 years
ago in the North Central Region, periodic infestations of the elm
| eaf beet|e (Xanthosaleruca |ut eola) in urban pl antings of

"Regal" elmresulted in severe defoliation. Al though our other
elmcultivars showed less injury, they are clearly not inmune.

In 1984 we initiated breeding studies to determne the useful ness
of Chinese elm(u. parvifolia) as an inproved source of genes for
pest resistance in elns. Although the Chinese elm has generally
been recognized to be resistant to diseases such as DED and bl ack
| eaf spot (Stegophora ulmea) and various insects i)espem ally elm
| eaf beetle), its usefulness in elm breeding has been limted due

to its fall flowerlng habit, small leaf size, and especially its
lack of hardiness in the North Central region. The feasi bility
of producing interspecific hybrids with inese elmwth
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resistance to DED had been denonstrated earlier by Santanour
(1972, 1973, 1974, 1989).

W report here the results of controlled environnent
i nocul ations using various strains of the DED pathogen on
sel ected progeny of interspecific crosses wth Chinese elm
Progeny fromthese studies have exhibited striking variability in
| eaf size and general growh habit (e.g. architecture) of an
intensity not previously observed in our elm breeding program
Ranmets for use in greenhouse inoculation trials were produced by
vegetative propagation fromselected field-grown trees which were
representative of the various famlies.

CRIA@ N OF PARENTS AND SPECI FI C CROSSES

The initial breeding study in 1984 used asingle selection of
U. parvifolia (W14-1) originally fromseed sent to us from South
Korea, as female, and pollen from 9 spring-flowering el m species
and a few hybrids. About 200 authentic hybrid progeny were
pr oduced. re crosses were nade in the fall of 1986 using
addi tional parents to yield 1600 hybrid seedlings from 20
famlies (including 10 el m species and 10 hybrids or controls.
Anong the 1986 progeny were 8 to 10 agparently aut hentic hybrids
with Anerican elm (Smalley et al, 1993). The best of these
hybrids had very large |eaves, grew 50% faster than the controls,
and norphol ogi cal |y appeared identical to American elm  Crossing
in the fall of 1987 and 1989 enphasized the creation of new
h¥br|ds between U. americana and U. parvifolia. In 1987, a tota
of 97 famlies were created, including five sources of U.
parvifolia as female, and 15 y. americana sel ections and 12 other
species or hybrids as nmales. Additional Chinese el mparents
included two trees located at the U W Arboretum and two speci nmen
trees located at the Mdrton Arboretum Lisle

Crosses in 1989 utilized a single female (W14-1). O the 22
famlies in this series, 19 used different U. anericana mal es
previously selected for high disease resistance. Over 50 obvious
U. parvifolia x U. anericana hybrids were produced, with 7 of 19
mal es contributing the majority of the hybrids. A resistant
(F-1) u. anericana hybrid (Canpus#3 x W85-10) fromthe "American
Li berty" series proved to be the nost fertile nmale and produced
13 vigorous hybrids. N ne of the u. anericana nales utilized
produced no hybrids, while 6 others produced only 1 or 2

Fall pollinations in 1990 sought additional resistant U.
anericana nal es conpatible with U. parvifolia., Cosses again
utilized a single U. parvifolia female (W14-1). O the 21
famlies in this series, 5 used different U. anericana resistant
selections as males, 7 used U. anericana F-1 resistant sel ections
as males, while 4 used susceptible or untested U. anericana
selections as males. To assess the level of female fertility at
pollination a known highly fertile cross (W14-1 x WB68) (e.g. U.
Darvinolia X U. carpinifolia) was used and served as one of the
controls.
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In 1992 the search for resistant y. anericana nales
conpatible with y. parvifolia continued. Crosses utilized
several U. parvifolia fermales including wii4-1 and W948 (from
southern Japan). O the 36 famlies in this series, 3 used
different y. anericana resistant selections as males, and 6 used
U. anericana F-1 resistant selections as mal es. Precoci ous
flomerin? U. parvifolia hybrids fromearlier crosses were also
used as females Iin several crosses with the y. anericana mal es.
These included W216-5 (u. parvifolia x [U. |laciniata x U.
pumlal), and W224-1 § W224-2 (u. garvifolia x uU. pumila). The
latter 2 females flowered on rooted cuttings grown for about 8
months in the greenhouse. To assess the |evel of fenale
fertility at pollination known highly fertile diploid nales
served as controls. Fall pollinations in 1993 continued the
search for conpatible resistant y. anericana nales. Crosses
utilized two U. parvifolia females (WI4-1 & W14-1 x self) as
wel | as the precocious flowering U. parvifolia x U. punmla
hybrids (W224-2) (which continued to flower for a second year)
and 29 selected "resistant" y. anericana selections and F-1 & F-2

hybri ds.
| NTERSPECI FI C CROSSABI LI TY

The crosses nade in the fall of 1986 were very successful and
yielded a total of 4126 seedlings and provi ded useful information
on interspecific crossability in y, parvifolia. Especial
interesting were the hybrids with Arerican elm O a totaY of
684 seedlings produced in the U. anericana crosses, 149 (21.8%
possessed hybrid vigor and had | arge Teaf characteristics typical
of U. anericana. The crosses with diploid nales yielded even
hi gher percentages of hybrids. Crosses with males of u.
carpinifolia, u. slabra, U. ]aponica, and u. punila yielded
respectively, 90.3% 79.5% 78% and 67.4% hybrids. However ,
crosses with the other North Anmerican species, U. rubra, yielded
only 33.3% hybrids.

PRECOCI QUS FLOWNERI NG

To assess the precocious greenhouse-flowering capability of
known field-flowering uU. parvifolia selections and hybrids, 50
ranets each of several such individuals including, 2 u.
parvifolia , 5 y. parvifolia x yu. pumla, 1 y. parvifolia x [U.
laciniata x U. pumla, and 1 W220], were rooted and grown in the
greenhouse without artificial illumnation until leaf-fall.
Except for the held-over year-old precocious-flowering W224-2
i ndi vidual s, none of the ramets produced flowers in 1993 (with a
single dwarfish exception). The reasons for failure to flower
anong these numerous ramets is not clear! The 1992 flowering
event may have been related to the unusually cold, short grow ng
season in 1992, or possibly because npst of the flowering
individuals in 1992 had been a part of the Qphiostoma ulm or 9.
novo-ul m_ inoculation series.
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RESULTS OF RESI STANCE TRI ALS

G eenhouse inocul ations in 1991 contrasted the resistance of
various new U. parvifolia x u. anericana hybrids from the 1989
field planting with other elnms with known |evels of resistance.
Sel ections included 20 individuals from9 famlies; one famly
(W14-1 x [Canpus-4 x Cornell-18]) has clearly produced the
preponderance of superior trees. Mst of the U. parvifolia x U.
aneri cana hybrid selection remai ned synptom ess al t hough internal
discoloration in certain clones was severe. The American elm
control s devel oped severe foliar synptons and nost individual s
had died by the end of the study. It is clear the resistance
genes fromy. parvifolia were transferred to hybrid progeny wth
American elm  These progeny also resenbled their Anerican elm
parent norphologically (e.g large |eaves, highly vigorous, etc.)
(Smalley & Guries. 1993; Smalley et al, 1993).

G eenhouse inocul ations in 1992 contrasted the resistance of
sel ected diploid_prpgenz_fron]g. parvifolia hybrids created in
1987-88. Enphasis in this trial was given to 70 vigorous hybrids
selected fromthe field fromprogeny of crosses with various elm
species and hybrids as nal e parent (But excluding the U.
americana hybrids tested in 1991.) Resistance of these clones
was contrasted with other elns wth known |evels of resistance in
early SEring greenhouse inoculation trials. Mst of the clones
showed high resistance to inoculation with 9. ulm or O.
novo-uln as contrasted to susceptible controls. Candidate
selections for possible cultivar release will be made in 1994
based on crown architecture and various ornamental features. Al
of the Chinese el mhybrids remai ned synptom ess follow ng
i noculation. Their resistance as neasured by the length of xylem
di scol oration also proved to be very high, was only slightly [ess
than the u. pumila control. Half sib open pollinated progeny of
the W14-1 y. parvifolia clone (e.g. the nother tree) also
remai ned synptonl ess, but surprisingly, simlar half sib progeny
froma specinmen U. parvifolia tree in the U W Arboretum proved
to be extremely susceptible. Their susceptibility, in fact, did
not differ significantly fromour highly susceptible U.americana
seedling controls from Loui si ana.
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