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Abstract .--Seven provenances of_Fraxinus Pennsylvanica
Marsh from the Great Plains Region were planted in
North and South Dakota, Nebraska, and Kansas in 1961.
A later collection of seed from 24 provenances was planted
in 1971 in the same states. Trees originating from Kansas
and further south suffered progressively greater winter
injury as the distance of the plantation from the origin
increased to the north. However, trees from southeast
Kansas and central Oklahoma provenances grew faster than
average 1in eastern Nebraska and trees from Nebraska
provenances grew faster than average in North and South
Dakota. North and South Dakota trees performed better
than trees from other sources in the south central Nebraska
planting at Hastings.
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Green ash,_Fraxinus pennsylvanica Marsh., has become increasingly
important for urban and park plantings because of its hardiness
and satisfactory performance on adverse sites, even in periodically
flooded areas (Broadfoot and Williston 1973). It has been one of
the most widely and successfully planted hardwoods in windbreaks
native on diverse sites east of the Rocky Mountains from southern
Alberta, Canada, to Nova Scotia and Florida on the Atlantic coast
(Forest Service 1965).

An earlier provenance study by Wright (1944) revealed ecotypic
variation in winter hardiness, growth rate, leaf fall and leaf
morphology among collections from the eastern United States and
Canada. In the Great Plains Region three ecotypes based on resis-
tance to artificially induced drought were recognized by Meuli and
Shirley (1937). More recent research indicates that individual
tree variation is as great or greater than variation among prove-
ances (Santamour 1963). Ying, et al. (1972) reported a north-south
clinal variation in growth rate, bud break and leaf fall in a nursery
study of green ash provenances of the Great Plains Region.
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Provenance test plantations have been established in Nebraska and
three other Great Plains states to determine genetic variability of
green ash, and to evaluate the adaptability and performance of various
seed sources to these plantation sites.

METHODS

1961 Provenance Study

The Plant Materials Division, Soil Conservation Service, collected
green ash seed in 1959 from seven native stands in the Great Plains
Region and provided seedlings to the Nebraska, Kansas, and South Dakota
Agriculture Experiment Stations and the Plant Materials Center, Bismark,
North Dakota (Figure 1). The number of trees in each stand from which
seed was collected was not recorded, but in most instances was probably
only one or two trees. Seedlings were grown at the Plant Materials
Center, North Dakota, and distributed in the spring of 1961. The Nebraska
plantation was established at Horning State Farm, Plattsmouth, with
twelve replications of 4-tree linear plots in a randomized complete
block design spaced 1.8 x 3.6 meters (6 x 12 ft.) on an eroded upland
silt loam of loess origin with north aspect. Planting designs were
different at each of the other locations. Sources that were planted
at each location are shown in Table 1.

1971 Provenance Study

Green ash seed was collected by Soil Conservation Service personnel
in 1968 and 1969. The number of parent trees in each stand ranged from
one to ten. In addition, we collected open pollinated seed from each of
the seven sources established in the 1961 planting at Horning State Farm.
Seeds were planted in June, 1970, in our nursery at Lincoln.

Three plantations were established in the spring of 1971 in Nebraska
near Plattsmouth, Hastings, and Lincoln respectively (Figure 1). The
randomized complete block design with single tree plots was planted on
a level silty clay loam site at Hastings and Lincoln and on a gently
sloping silt loam site at Plattsmouth. Progeny seedlings from the 1961
provenance plantation were also planted at Plattsmouth. The Lincoln
planting was spaced at 0.6 x 1.8 meters (2 x 6 ft.) and the Hastings and
Plattsmouth plantings were spaced at 2.4 x 4.3 meters (8 x 14 ft.).

Seedlings for test plantations in other states were provided to the
U.S. Forest Service Experiment Station, Bottineau, North Dakota, and the
Agricultural Experiment Stations at Brookings, South Dakota, and Man-
hattan, Kansas. Number of replications of 4-tree plots varied from 3
(Kansas), 6 (South Dakota), to 8 (North Dakota) in a randomized complete
block design. The South Dakota planting on a sandy loam was spaced 2.4
x 3.0 meters (8 x 10 ft.) and the Kansas plantation on a fertile sandy
clay loam was spaced 3.6 x 3.6 meters (12 x 12 ft.). Seedlings for the
North Dakota planting were lined out in Bottineau for one year before
field planting in 1972 in two single row windbreaks on private land
with 2.4 meters (8 ft.) between trees.



Figure 1. Collection and plantation sites of green ash provenances.



Analyses

Data from the three 1961 Nebraska plantations were analyzed as a
completely random experiment with unequal numbers of replicates because
of missing plots. Variance analysis of data from the other plantings
followed standard procedure of the randomized complete block design.

RESULTS

Mortality and Injury

Survival of green ash seedlings originating from Nebraska and states
to the north was over 90 percent in all plantations, except where
gophers injured roots and killed trees in the 1971 planting at Platts-
mouth. At Bottineau, North Dakota, half of the planting suffered var-
ious degrees of damage from rabbits, thereby increasing variability of
results, but causing no mortality. Also, over 73% of the seedlings of
Oklahoma origin failed to become established at Plattsmouth the first
summer. Thirty seven percent failed at Brookings and either all failed
at Manhattan or they were not available for planting.

Winter killing was the major cause of mortality to the trees from
Oklahoma in the North and South Dakota plantations. Trees of Kansas
origin were hardy in Nebraska plantations but suffered winter injury in
North and South Dakota. At Manhattan, Kansas, trees of the Oklahoma
source in the 1971 planting were injured by cold, but trees of Oklahoma
origin in the 1961 planting have not suffered injury at Plattsmouth.

Growth
1961 Plantations

All sources at Plattsmouth, Nebraska, maintained the same relative
height at age ten that they had at age two. Correlation between age
two and age ten height was 0.97. The diameter growth in this planting
closely paralleled height growth.

Eight-year height indicated the strong effect of seed sources,
site and site-seed source interaction (Table 1). Trees from Butler
county Kansas (K-1) were taller than those from other sources in Kansas,
Nebraska and South Dakota plantings but lost that superiority in North
Dakota due to cold injury. Diameter at age 15 indicates that the rela-
tive size of the various origins had not changed since the height measure-
ments at age eight (Tables 1, 2).

1971 Plantations

The below average height growth of the Kansas source in the 1971
South Dakota plantation and the Oklahoma source at Hastings, Nebraska,
was probably due to winter injury (Table 3). The Kansas and Oklahoma
sources did not survive the first winter in Bottineau, North Dakota.



Table 1. Height of the 1961 green ash provenances at four locations
and heights of their progeny at Plattsmouth.

Table 2. Diameter at the 1961 Plattsmouth plantation at age 15.



Table 3. Relative height of the 1971 green ash provenances in the nursery and in six plantations in
the Great Plains Region.



Mean plantation height increased from north to south. Generally,
height growth for all sources in the two eastern Nebraska plantings was
considerably greater than in the south-central Nebraska (Hastings)
plantation.

Trees of provenances from eastern Nebraska (stands no. 14, 16, 17,
18) performed very consistently at all locations. Trees of North Dakota
and four South Dakota sources were the largest in the south-central
Nebraska planting (Hastings). Analyses of data from the three Nebraska
plantings showed considerable within-stand variation among most provenances.

Progeny from the 1961 Plattsmouth provenance planting performed
very much like their parents in that planting (Table 1). Progeny of the
Butler county, Kansas, provenance, the fastest growing trees in the 1961
test in Kansas and Nebraska, were the tallest in the 1971 Kansas plant-
ing and were above average in growth rate in all Nebraska plantings.

Correlation between height growth and latitude of seed origin for
each plantation were all negative but significant only at the Manhattan
and Lincoln (r=0.76) plantations.

Site-seed source interactions were all significant in combined
analyses and are reflected in the low correlation of height between
plantings (Table 4). Correlation coefficients were generally high be-
tween plantations with similar site conditions.

Correlations in height growth between different ages varied from
plantation to plantation, but were all statistically significant.
Correlation of first and second year height with that of the fifth year
height was 0.86 and 0.95, respectively, at the Hastings plantation. The
same correlations at Plattsmouth were only 0.57 and 0.48. Second year
and fourth year correlations were 0.51 at Brookings; 0.40 at Bottineau;
and 0.93 at Manhattan.

Table 4--Correlation of total height among different plantations of 1971 .



DISCUSSION AND CONCLUSIONS

The 1961 study showed that at least one nursery producing planting
stock for establishment of provenance plantations should be located near
the middle or southerly portion of the natural range of the species to
avoid winter injury to seedlings of the southern provenances.

The observed injury, mortality and growth rate of the 1961 and 1971
studies were very similar. Analysis of the more extensive 1971 collec-
tion with more parent trees from each provenance indicated that consid-
erable within stand variation can be expected for green ash. Selection
of desirable phenotypes within a stand for seed collection is therefore
necessary to attain reasonable uniformity of progeny for planting.

Although the Kansas source grew faster than the average at all
Nebraska test sites, and Nebraska sources grew faster than others in
North and South Dakota, there were exceptions to the observations that
moderate northerly displacement may result in a faster growing planta-
tion than would result from planting trees originating from the same
or more northerly latitudes. For instance, northern provenances grew
faster than all others at Hastings, Nebraska, a site normally receiving
24 inches precipitation as compared to 28 inches at Lincoln and Platts-
mouth. This plus more sunshine and higher wind speeds of longer dura-
tion produces a site which places trees under stress many times through-
out their life. This apparent ability of northern sources of green ash
to grow faster than southern sources where water is often limiting
agrees with the findings of Mueli and Shirley (1937) that drought resis-
tance of green ash increases with latitude of origin.

Since performance of open pollinated progeny from the 1961
Plattsmouth provenance plantation was very similar to that of their parent
trees, very little, if any, natural crossing occurred among the various
provenances. This fact is supported by our unreported spring phenology
observations which indicate the existence of differences in date of
flowering among the provenances of this plantation. They are apparent-
ly large enough to discourage cross fertilization among genotypes of
considerable diversity,

All of the easier Nebraska stands, and particularly the Cedar
County source, produced progeny that grew faster than average in most
locations. Until seed orchards of improved selections can provide
seed tailor-made for specific planting sites, the Cedar County, Nebraska,
stand ranks high as a source of seed for fast growing trees to be
planted in Nebraska and the Dakotas over a wide range of site conditions.

In the future, selected phenotypes of green ash will be vegetative-
ly propagated to establish seed orchards and clone beds in order to
attain a predictable response to a specific site while maintaining enough
genetic diversity to avoid wholesale loss due to unforeseen pests or
environmental stress.
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