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Abstract.--Genotype x environment interactions were found
for fifteen year height and dbh of black walnut seed sources
grown in seven midwestern U.S. plantations. Correlations between
environmental parameter estimates and plantation effects or
genotype x environment interaction effects were used to identify
environmental factors of importance in the selection of planting
sites. Soil pH and amount of available phosphorus were strongly
correlated with plantation performance in height and dbh.
Average July temperature, length of growing season, and soil pH
showed significant relationships with interaction effects of
seed sources for height. Latitude, average January t emperature,
average July temperature, length of growing season, amount of
available nitrogen, and silt content of soils showed significant
relationships with interaction effects for dbh. These environ-
mental factors merit extra consideration in selection of planta-
tion sites within this region.
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Seed source selections and genetic gains obtained from tree improvement
programs are dependent upon the presence or absence of genotype x environment
(GE) interactions. When strong interactions exist, seed source and planting
site selections should be considered simultaneously in order to maximize
advantageous seed source and planting site combinations. Practical applica-
tion of improved planting stock, however, generally involves plantings on
untested sites. The tree grower, therefore, needs to identify a set of
criteria for selection of plantation sites which will take advantage of
favorable seed source-planting site combinations.

	

Exploration of the relationships between plantation effects or seed
source x plantation interaction effects and environmental factors can be used
as an interim guide for selection of planting sites in which the selected
planting stock will perform well. Since genetic diversity is often used to
protect investors from severe economic losses, more than one seed source is
generally selected. The tree grower, therefore, should use this information
to select planting sites that are likely to take advantage of favorable GE
interactions.
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The economic value of black walnut (Juglans nigra L.) makes it a good
candidate for tree improvement programs, but little information is available
concerning the nature and magnitude of GE interactions in this species. Seed
source x plantation interactions have been observed in midwestern black walnut
plantations (Bey 1973), but actual tests for the presence or absence of inter-
actions have not been conducted.

Seed source x plantation interactions for height and dbh of black walnut
are examined in this report. Environmental factors that may be of importance
in selection of black walnut plantation sites, within the range of environ-
ments encountered, are also identified.

MATERIALS AND METHODS

The black walnut plantations studied are part of a range-wide provenance
test established in 1967 in eight midwestern states (Bey 1973). The planta-
tion located in Indiana subsequently suffered severe flood damage and was ex-
cluded from the study. No two plantations contained identical sets of seed
sources, therefore, the experimental design was an incompletely balanced, or
unbalanced, factorial design. Plantation locations and a list of cooperating
agencies have been published by Bey (1973). Thirty-nine seed sources were
represented in two or more plantations and were used to evaluate GE inter-
actions for height and dbh. Twenty-two of these seed sources were represen-
ted in three or more plantations and were used for correlation analysis.

Data Measurements 

Measurements of height and dbh were obtained in the winter of 1981-82.
Soil samples were collected in mid-April, 1982. Soil depth and depth to
mottling were measured to a maximum depth of five feet (1.52 m). Estimates
of soil pH and amounts of available nitrogen, phosphorus and potassium were
obtained by methods described in the Soil Analysis Outfit, Model AM-31 (La
Motte Chemical Products Company, Chestertown, Maryland). Sand, silt, and
clay percentages were obtained by the Bouyoucos hydrometer method (Sabey 1969).
Estimates of average January temperature, average July temperature, length of
growing season:, and average annual precipitation were obtained from Kincer
(1941).

Statistical Methods 

The Statistical Analysis System (SAS) of Barr et al. (1979) was used to
conduct analysis of variance, variance component analysis, and correlation
analysis. Plot means were used for analysis of variance and variance compon-
ents, and plantation means were used for the correlations. The GLM procedure
was used to perform factorial analysis of variance using fixed effects models.
Type IV sums of squares were used as recommended for unbalanced data by Barr
et al. (1979) and Goodnight (1978). The VARCOMP procedure was used to esti-
mate variance components using random effects models and typel methods of
estimation. Estimates of seed source effects and plantation effects were ob-
tained by an adaptation of the method of Kung (1978) for estimation of parent
effects following use of an irregular mating design. Seed source x planta-
tion interaction effects were then calculated by the formula Iij = Xij -
Xpn - Si - Pj, where:



Correlation analysis was used to examine the relationships between inter-
action effects for each seed source, or plantation effect, and environmental
factors associated with each plantation. A two-tailed sign test (Ostle 1963)
was used to evaluate whether the directionality of correlations between inter-
action effects and environmental factors was significantly positive or
negative:

RESULTS AND DISCUSSION

Seed source x plantation interactions were highly significant for both
height (table 1) and dbh (table 2).

Table 1.--Factorial analysis of variance for 15-year height of black walnut 
seed sources in seven midwestern plantations 

Table 2.--Factorial analysis of variance for 15-year dbh of black walnut seed 
sources in seven midwestern plantations 



Variance components indicate that interactions account for about 5% and 7%
of the total variation in height and dbh, respectively (tables 1 and 2).
Analysis of variance and variance components also suggest that selection of
planting site is of greater importance than selection of seed source for
these traits. Though the F tests for seed source and plantation main effects
are statistically invalid due to confounding of effects in the unbalanced
design, in practice it would be foolish to ignore the strength of the message
presented in these tables. Variance components indicate that planting site
accounts for almost 82% of the total variation in both height and dbh. This
is strong justification for careful selection of planting site in order to
maximize return from investments.

Estimates of environmental parameters for each plantation are given
below (table 3).

Table 3.--Environmental parameter estimates for seven plantations 

Significant correlations between environmental parameter estimates and planta-
tion means in height and dbh, and/or plantation effects for height and dbh
(table 4) suggest that soil pH and amount of available phosphorus are impor-
tant environmental factors in selection for overall site quality of black
walnut plantations within this region. Amount of available potassium and
plantation elevation may also merit some consideration in terms of dbh.

When GE interaction effects for each seed source are correlated with
environmental factors, the correlations obtained are often high but, because
of small sample sizes, they are usually not significant. However, by looking
at the directionality of the correlations, it is possible to identify environ-
mental factors that are likely to maximize benefits from favorable seed
source-planting site combinations. If there is no relationship between a



Table 4.--Correlations between performance and important plantation 
environmental factors 

particular environmental factor and GE interaction effects, the number of
positive coefficients would be expected to equal the number of negative coef-
ficients. The sign test can be used to test this hypothesis (Ostle 1963).
Average July temperature and length of growing season show significant direc-
tionality in correlations with GE interaction effects for height growth
(table 5).

Plantations with higher July temperatures and longer growing seasons
should be selected within this region. Soil pH correlations also show a
tendency toward unidirectionality, but in the negative direction. This is in
opposition to the soil pH correlation with plantation effect (table 4).
Correlation coefficients for GE interactions were generally lower than those
for plantation effect for height, therefore, selection for higher soil pH is
recommended for planting sites within the range of environmental conditions
encountered in these plantations.

Latitude, average January temperature, average July temperature, average
annual precipitation, length of growing season, amount of available nitrogen,
and silt percentage show significant directionality in correlations with GE
interaction effects for dbh (table 6).

Correlations with plantation latitude are significantly negative thereby
emphasizing selection of more southern planting sites for dbh within the
midwestern region. Selections for planting sites with higher January and
July temperatures, greater annual precipitation, longer growing season, and
more available nitrogen are also likely to take advantage of favorable GE
interactions for dbh within this region. Soil textural classes, based upon
percentages of sand, silt and clay (table 3), ranged from loam to silty clay
l oam. Within this textural range, soils with greater silt content should be
selected in order to take advantage of GE interactions for dbh.

CONCLUSION

Latitude, elevation, average January temperature, average July



Table 5.--Sign test on correlations of GE interaction effects for height of 
black walnut with environmental factors of planting sites 

Table 6.--Sign test on correlations of GE interaction effects for dbh of 
black walnut with environmental factors of planting sites!/



temperature, average annual precipitation, length of growing season, amount
of available nitrogen, phosphorus and potassium, soil pH, and silt content
are environmental factors that merit consideration in site selection for
height and dbh growth of black walnut in the midwestern United States. Site
selections based upon these factors will take advantage of the odds that
plantation effects and/or GE interaction effects will be favorable.

It should be emphasized that the results presented here must be consid-
ered exploratory since this experiment was not designed to confirm the role
of particular environmental parameters in the determination of plantation
effects or GE interaction effects. In addition, inferences made from unbal-
anced designs can never be as strong as those from balanced designs (Wright
1977). These results may, however, be used as an interim guide to site
selection until experiments with more seed sources in common can be conducted
and the role of individual environmental factors in GE interactions of black
walnut can be confirmed.
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