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T he Central Hardwood and
Appalachian regions have large
expanses of previously forested, but now
degraded agricultural or pastoral lands
that have been reappropriated for the
growth of hardwood plantings and
orchards. Although fine hardwoods such
as black walnut (Juglans nigra L.) and
northern red oak (Quercus rubra L.) have
been used for everything from flooring to
finely crafted furniture to orchards for nut
production, gaps exist in our knowledge
regarding the most efficient methods of
growing these prized hardwoods. Gone are
the forests of the past with record-size
trees. Increased temperatures, insect pests,
and numerous issues regarding planting
site suitability have hindered the ability to
consistently produce the most desirable
nuts, lumber, or veneer.

The performance of improved black
walnut or northern red oak stock in
plantings such as those typically
established on small holdings by private
landowners is seldom evaluated, leaving
progress to occur by trial and error. Black
walnut trees are particularly sensitive to
site conditions and can exhibit significant
growth differences on poor or marginal
sites when compared to higher quality
areas (Burns and Honkala 1990). Among
the oaks, northern red oak is also
considered sensitive to site conditions
(Burns and Honkala 1990). For each
species, there is little information about
how growth rate and tree form of a species
is affected by soil properties in operational
plantings.

Researchers at the Hardwood Tree
Improvement and Regeneration Center
(HTIRC) have collected tree and soil data
in black walnut and northern red oak in
plantings and orchards. Plantings were
established without comprehensive soil
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information that would provide insight into
the potential performance of trees planted
in each site. To remedy this, we collected
soil samples adjacent to each planted tree at
these sites ten years after planting to
measure soil texture, pH, nutrient
concentrations, surface horizon thickness
and carbon concentration. Examining tree
growth in relation to these important
properties should provide insight into
growth relationships that are informative to
researchers, plantation owners, orchard
managers, and timber companies. The
information is particularly informative
considering that tree plantings on private
land often occur on less productive soils or
in proximity to agricultural fields affected

by herbicide drift.

Our research project is designed to
experimentally test the framework of the
NRCS black walnut suitability index
(Wallace and Young 2009) at black walnut
planting sites for which growth
information is available. The framework
was also extended to evaluate the
performance of northern red oak. These
data would then be supplemented with
additional information compiled from soil
studies of the sites after intensive
sampling.

An additional objective is to analyze
data for black walnut half-sib families to
look for additional trends. While the focus
of this project lies with black walnut, three
northern red oak sites were also examined
in a parallel study. Although oak soil
preferences are distinctly different from
black walnut, investigations of site
suitability and subsequent development of
a soil suitability index for northern red oak

remains a goal.

Initial results for black walnut and
northern red oak indicated importance
differences in the pH preference for these

species. Northern red oak exhibited better
growth under lower soil pH than did black
walnut, a finding reported by others
(Schultz and DeLoach 2004; Stanek et al.
2023). Although we found no other factors
to be significant for growth, Wallace and
Young (2009) reported that the black
walnut growth increases with increasing
soil depth, increasing soil moisture
availability, and increasing nutrient
availability. Our initial findings indicated
that northern red oak growth increased
with lower soil pH, lower clay content,
greater water holding capacity, and in soils
with a thicker surface horizon with more
organic matter.

We observed that the growth of black
walnut and northern red oak was highly
varjable within sites (Figure 1). It has long
been believed that the ideal pH range for
black walnut is between 6.5-7.2 while
northern red oak prefers a much wider
range that is between 4.0-7.0 (Figure 2).
Our findings show that the range of
variation can occur within a single
planting. Interestingly, superior height
growth in black walnut occurred where
soil pH was higher or lower than the
preferred range; however, the pH range
within the northern red oak sites was
almost exclusively within the preferred
range (Figure 3, next page).

When tree height and dbh from a
single family grown at three latitudes.
(39.04°, 40.42°, 42.83°) were graphed,
differences in growth were also observed
(Figure 4, next page). Families (or
cultivars) tested at only one site may not
be providing the grower with accurate
information regarding how that family
will perform in a different location and
soil type. Data will be collected from at
least three sites along a transect to

Continues on next page...
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Figure 1.—Viewing pH in oak and walnut. Visualizing pH across one of the test sites illustrates the high variability within the northern

red oak (A) and black walnut (B) plots.
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Figure 2.—Height variations. Height in northern red oak (A) and black walnut (B) varies by site and species in even-aged stands.
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Figure 3.—Ideal pH. Each of the research sites were evaluated for the “ideal” pH for growth of northern red oak (A) which is between
4.0-7.0 and black walnut (B) which is more restrictive being between 6.5-7.2.

Continued from previous page...

observe significant differences in growth
and development for families of interest.

Future work will include the use of
stable isotopes to explore the carbon and
nitrogen sinks across a site to assess
nutrient sources and turnover rates,
monitor plant stress, and identify the
sources of nitrogen used by plants
(Lawson and Pike 2017). Additionally,
the application of ground penetrating
radar (GPR) as a non-invasive method
for examining root growth on sites
deemed marginal or poor can provide
additional insight into unique rooting
patterns by depth which may provide
greater insight than root volume alone
(Wasson et al. 2012; Pineda-Garcia et al.
2016). The additional information will
allow for greater analysis of fine root
distribution (FRD) which is helpful for
understanding below-ground strategies
used by the tree to optimize the local
hydrological and soil environment
(Hartmann and von Wilpert 2014).
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Results from our work can be
incorporated into existing management
programs being carried out within the
HTIRC and other state and federal
research locations. Information being
disseminated at present results from best
guesses and calculated field data from
standing trees. An important distinction
of this work is that collected data will
allow a site to be evaluated for suitability
before trees are planted and, if planting
stock families are already on a site,
predict growth. The information is
imperative when making thinning/
management decisions as poorer
performers can be removed to maximize
site usefulness. In addition, use of field
tours will provide a distinct visual
representation of the transitions in soil
across a site. Locations used in our study
can also be targets for future tours to
stakeholders and private landowners
interested in seeing up close how the
index can provide powerful site

information not captured in typical
coarse evaluations.

We anticipate that information
gained from our project can increase
planting success, help growers make
informed thinning decisions, and lead
to greater economic values from timber
stands and seed orchards. Our proposal
will address the needs of black walnut
and northern red oak in the Central
Hardwood and Appalachian regions
through dissemination of fact-driven
soil suitability indices to growers. The
proposed project will address the need
for site suitability indices for black
walnut and will collect data for
establishment of a site suitability index
for northern red oak. Improving growth
of black walnut and red oak seedlings as
quality scores (heights, extensive root
systems, larger stem diameters) increase
with better planting site selection prior
to and after planting and streamlining
of information directly to stakeholders
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Figure 4.—Height and dbh for trees of a single black walnut family planted at three
latitudes illustrates diverse growth and development across three latitudes (39.04°,

40.42°, 42.83°).

and the general public regarding
advances in the field.
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