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Figure 1. — Illustration of IDH banding patterns in four megaga-

metophytes from a shortleaf pine tree, a hybrid pine tree and a
loblolly pine tree.

pooled results from all of the known hybrid seed lots pro-
duced an exact 50:50 ratio of parental bands. The 8 putative
hybrid trees from the littleleaf infected shortleaf stand
were classified by this technique as 6 loblolly-shortleaf
hybrid trees, 1 loblolly pine tree and 1 shortleaf pine tree.
Processing single seed samples allowed for only 30 seeds
per gel slab and limited us to testing only 3 trees per gel.
Large testing programs would require a great many gels
using this procedure which may result in a prohibitively
high cost in terms of time or money. If a simple, single-
banded, monomeric enzyme system, such as IDH, is being
used it may be feasible to pool all ten megagametophytes
from a single test tree and to use the pooled material as a
single tissue sample. This pooling should result in a single-
banded sample if the tree is homozygous for either paren-
tal band and a double-banded sample if the tree is a hy-
brid. The ratio of the two parental isoenzyme types in the
ten seed sample will determine the relative darkness of the
two bands on the gel. We tested this pooling technique on
seeds from our known hybrid trees with complete success.
All of the tested known hybrid trees produced two dis-
tinguishable bands. We then tested different mixtures of
the two parent species megagametophytes to determine if
both isoenzyme types would still be identifiable when the
parent ratio was as high as 9:1. We found IDH activity to
be sufficiently strong in the two tested pine species to
produce both band types even when the ratios were skew-
ed to this maximum point for a ten seed sample.
Electrophoretic assaying of IDH isoenzymes should be
highly accurate for identifying first generation loblolly-
shortleaf hybrid trees. However, identification of hybrid
trees of more advanced generations may not be as reliable.
It is reasonable to assume that natural back-crossing will
occur between the first generation hybrids and one of the
two parent species. Mendel’s principle of segregation would
allow for only one half of the progeny to contain both of
the IDH bands if the segregation is unrestricted. Likewise,
progeny produced as a result of crossing between two

first generation hybrid trees should be 50% heterozygous
and 25% homozygous for each of the two parent types.
Deviations from these expected segregation ratios is pos-
sible if the IDH gene is linked with a trait that increase
the probability of individual tree survival in areas where
either fusiform rust disease or littleleaf disease is a pro-
blem.

When this test is applied to new situations, a large por-
tion of the local parental populations of both species should
be tested for IDH homozygosity to minimize the probabi-
lity of missing a low frequency IDH allele which may cause
misclassification problems of both parent trees and hy-
brids. The possibility of misclassification must be con-
sidered even if no low frequency alleles are found. The
probability of such a misclassification will undoubtedly be
small, but nonetheless must be taken into account when
trees are assigned a “hybrid” designation. Use of this test
in conjunction with other forms of hybrid identification
such as index calculations should increase the accuracy and
reliability of the testing program.

Conclusion

An accurate and precise system for differentiating be-
tween first generation loblolly-shortleaf hybrids and the
two parent species can be developed with simple starch
gel electrophoresis. Trees in the South Carolina and Geor-
gia portions of the two parent species ranges were distin-
guishable by differing IDH bands when either ten single
seed samples or a single ten seed pooled sample was used.
Use of this type of biochemical system eliminates many of
the problems inherent in a taxonomic classification based
on quantitative, morphological traits such as needle length
or cone size that are subject to environmental modification.

Literature Cited

BercManN, V. F. and Rurrz, W.: Short Note: Identifizierung von
Hybridldrchensaatgut aus Samenplantagen mit Hilfe eines Isoen-
zym-Markers. Silvae Genetica 36 (2): 102—105 (1987). —— CONKLE,
M. T., Hopckiss, P. D., Nunnarry, L. B. and Hunter, S. C.: Starch
gel electrophoresis of conifer seeds: a laboratory manual. U.S.D.A.,
Forest Service Gen. Tech. Rep. PSW-64 18 pp. (1982). —— FLORENCE,
L. Z.: Prospects for using loblolly X shortleaf hybrids for resist-
ance to fusiform rust. 12th South. For. Tree Imp. Proc. 1973: 302—
309 (1973). —— Harr, R. C. and Swirzsr, G. L.: Introgression with
shortleaf pine may explain rust resistance in western loblolly
pine. U.S.D.A. Forest Service, Res. Note SO-88, 2 pp. South. For.
Exp. Sta., New Orleans, La (1969). —— Hgenry, B. W. and Bercaw,
T. E.: Shortleaf-loblolly hybrid pines free of fusiform rust after 5
year‘s exposure. J. of Forestiry 54: 779 (1956). —— Lirree, E. L.,
Jr., and Ricuter, F. I.: Botanical descriptions of forty artificial
pine hybrids. U.S.D.A., Tech. Bull. 1345, 45 pp. (1965). —— ScHOE-
nike, R. E.: Professor of Forestry. Clemson University, Clemson,
S.C.. —— ZosrL, B. J.: Are there natural loblolly-shortleaf pine
hybrids? J. of Forestry 51: 494—495 (1953).

Stability of Loblolly Pine Families in the Southeastern U. S.

By B. Liand S. E. McKea~nn?)

(Received 1st February 1988)

1) Research Associate and Associate Professor, Cooperative Tree

Improvement Program, Depariment of Forestiry, Box 8002,
North Carolina State University, Raleigh, NC 27695-8002, USA.
Paper number 11360 of the Journal Series of the North
Carolina Agricultural Research Service. Research supported by
the North Carolina State University-Industry Cooperative Tree
Improvement Program.

96

Abstract

The response of 43 open-pollinated loblolly pine (Pinus
taeda L.) families from different first-generation seed or-
chards in the southeastern U. S. were evaluated for 8-year
height, DBH, volume and percent fusiform rust (Cronar-
tium quercuum (Berk.) Mivase ex Swuirar f. sp. fusiforme)
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infection at 21 test locations in coastal Georgia, Florida,
Alabama, and Mississippi. Analyses of variance indicated
highly significant (p < 0.01) genotype X environment
(G X E) interaction and heterogeneity of regressions among
families. However, regression stability analyses identified
only a few interacting families which had regression coef-
ficients significantly different from the expected value of
one. Linear regressions of family mean performance at
each test on an environmental index (mean of all families
in each test) showed the general stability and adaptability
of most selected loblolly pine families over test environ-
ments. Most selected families had better mean perfor-
mance and greater response to favorable sites than un-
improved check seedlots over test sites. The few families
which were responsive and high yielding on different test
sites could be used to maximize forest productivity and to
obtain the best use of genetically improved stock under
different environmental conditions.

Key words: Adaptability, environmental index, G x E Interaction,

Pinus taeda L..

Introduction

Tree breeders’ concern with genotype X environment
(G X E) interaction has led to a greater interest in studies
of genotypic stability across various environments. How-
ever, most stability studies in forestry have been done
with only a few genotypes or seed sources, and those
materials have been tested over a limited range of loca-
tions. MorcensTERN and Teicu (1969) identified different
stabilities in 12-year height growth among different Jack
pine (Pinus banksiana Lams.) provenances. Gopparp (1977)
reported that the stability parameters (regression coef-
ficients) of four open-pollinated slash pine (Pinus elliottii
E~xceLm.) families were significantly different from a value
of one. Differences in stability were not found among
groups of loblolly pine families by Owino (1977). Regres-
sion estimates of slope and standard deviation by YEiscr
et al. (1981) indicated different stabilities among four
loblolly pinc seed sources in plantations of the Western
Gulf region. Based on the adaptability and stability para-
meters in both height and rust resistance of loblolly pine
families in Georgia, La Farce and Kraus (1981) suggested
that the best families are those that maintain a stable
superiority in growth rate and resistance to fusiform rust
over wide ranges of site quality and rust hazard. BArNEs
et al. (1984) compared four methods of evaluating G X E
interaction for maximum wood density of Pinus caribaea
Morgerter and found the regression analysis had the poten-
tial for predicting genotypic performance on untested
sites. ,

Traditional analysis of variance is a useful way to pro-
vide information on G X E interaction, but it does not
identify interacting genotypes nor give any measure of
stability in the dynamic response of genotypes to different
environments. Expressing the performance of a genotype
as a linear function of an environmental index (Yares and
CocHran, 1938; Finray and WiLkiNsoN, 1963; EBERHART and
RusseLL, 1966; Perkins and Jinks, 1968 a, b) has considerable
value for interpretation of interaction because it usually
accounts for a substantial part of the G X E interaction
variance (Freeman and Perxkins, 1971).

As tree improvement programs become more intense in
the southeastern U. S., and more improved loblolly pine
seeds are produced from seed orchards, the adaptability
and stability of selected families to a wide range of envi-
ronmental conditions must be determined. A better under-
standing of genotypic stability and adaptability of many

selected families over various locations will increase
genetic gains by allowing breeders to optimally deploy
families to sites. This paper reports the stability of 43
open-pollinated loblolly pine families in 21 test locations
in coastal Georgia, Florida, Alabama and Mississippi.

Materials and Methods

A series of tests was established throughout the south-
eastern U. S. from 1975 to 1978 by using open-pollinated
seeds from first-generation clones in the N. C. State Uni-
versity Tree Improvement Cooperative. One to six open-
pollinated families from each of 14 cooperators (Table 1)
were selected for use in the tests primarily based on their
superior growth performance in each cooperator’s pro-
geny tests. A total of 43 families were used in the study.
No attempt was made to put all families in each test. Un-
improved local seedlots were also included in each test as
checks. The checks were not from the same seedlot in each
test.

The experimental design for each test was a randomized
complete block with six replications of 10-tree plots of 30
to 50 seedlots. Stem height, diameter at breast height
(DBH), and the presence or absence of fusiform rust were
measured at eight years of age for each tree. Volume was
estimated using the formula of GoeseL and WAaRNER (1966)
and was converted from cubic feet to cubic decimeters.
Arithmetic means for each seedlot (family and check) were
calculated for each trait within and across tests. A mean
for all seedlots in a test was also calculated for each trait
and is considered as the measure of site quality or envi-
ronmental index for each trait. These test means included
seedlots which were not included in the stability analyses.

There were 21 tests from coastal Georgia, Florida, Ala-
bama, and Mississippi in the same latitudinal area (Figure
1) which were used in the analyses. The stability of 43
families plus the check seedlots that were tested in at least
six locations was evaluated.

An analysis of variance was conducted on family plot
means by using the method of FreemaN and Perkins (1971).
Fintay and Wikinson’s (1963) concept of regression coef-
ficient and family performance for traits was used for
estimating stability and adaptability. Family means from
each test were regressed on the mean performance of all
genotypes at each location (environmental index).

Regression coefficient (b) and the seedlot means were
presented in Figure 2 as a generalized method of inter-
pretation for analyzing the stability and adaptability of
the families. The position of a particular genotype on the
plot indicates the type of stability and performance over
test sites. Genotypes with b = 1.0 have an average stability
since their response to environments is parallel to the
mean response of all genotypes in the tests. Genotypes
with a high mean performance are well adapted to all
environments. Genotypes with b > 1.0 have low stability
but are respousive to improved environmental conditions.
Genotypes with b < 1.0 have high stability and are not
sensitive to changes in environmental conditions. The ideal
genotype is the one with maximum yield potential in all
environments (high mean performance), and maximum
stability (b = 0.0).

Results and Discussion

The effects of test location by family interaction for
height, DBH, volume and percent rust-free trees were
highly significant at the 1% level (Table 3). Significant
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Figure 1. — Test locations in the study. Numbers indicate the
mean height (m) at age eight years.
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Table 1. — Family means for height and DBH, number of tests, regression coefficients (b)
and standard errors (in parentheses), and the coefficients of determination (R?) for the
regression models.

Height

(m)

DBH

(cm)

#

Family Originl Tests Mean i R2  Mean bj R2

01014 P,GA 8 7.82 1.01 (0.085) 0.95 11.22 1.03 (0.070) 0.96
01064 P,GA 12 6.52 0.58 (0.098) 0.85 9.75 0.%2 (0.130) 0.81
01523 p,sC 7 8.09 1.01 (0.112) 0.92 12.50 1.10 (0.179) 0.84
02008 Cc,Va 8 8.11 0.92 (0.091) 0.9 11.93 0.93 (0.067) 0.96
02040 C,Va 19 6.79 0.55 (0.081) 0.88 10.30 0.96 (0.095) 0.84
03007 p,sc 13 7.64 1.00 (0.073) 0.94 11.77 1.00 (0.076) 0.93
03036 P,SC 14 7.09 1.05 (0.039) 0.98 10.95 1.01 (0.065) 0.95
04006 c,va 9 7.77 0.91 (0.091) 0.92 12.06 1.11 (0.089) 0.94
04018 Cc,va 19 7.25 1.02 (0.069) 0.92 11.11 1.03 (0.068) 0.93
05005 C,GA 10 7.7% 1.08 (0.109) 0.91 12.31 1.11 (0.107) 0.91
06009 P,NC 11 7.82 0.83%#(0.069) 0.93 11.64 0.97 (0.072) 0.94
06020 P,NC 19 7.51 1.03 (0.059) 0.94 11.00 1.02 (0.050) 0.96
056022 C,NC 8 7.66 0.78*%(0.088) 0.91 11.33 0.77 (0.119) 0.84
07002 c,sC 8 7.82 1.22 (0.127) 0.92 11.81 1.18 (0.155) 0.88
07034 c,scC 11 8.54 0.94 (0.133) 0.82 12.76 0.92 (0.159) 0.75
07056 c,sc 19 8.30 1.14 (0.070) 0.93 12.37 1.12 (0.086) 0.90
08001 C,NC 20 7.59 1.07 (0.085) 0.94 11.25 1.10 (0.057) 0.95
08059 C,NC 20 7.51 1.10 (0.055) 0.95 11.50 0.98 (0.068) 0.91
08061 Cc,NC 20 7.70 1.12%(0.042) 0.97 11.72 1.08 (0.051) 0.96
08068 Cc,NC 21 7.38 1.03 (0.048) 0.96 11.18 1.01 (0.070) 0.91
08076 C,NC 16 7.75 1.10 (0.064) 0.95 12.49 1.05 (0.073) 0.93
08102 C,NC 7 7.26 0.96 (0.039) 0.99 11.46 0.97 (0.093) 0.94
08509 C,AL 10 7.41  0.99 (0.094) 0.92 11.12 0.83 (0.106) 0.86
09017 P,NC 11 7.88 1.08 (0.073) 0.95 12.20 0.94 (0.102) 0.88
10002 C,GA 7 7.13 0.86 (0.164) 0.80 12.33 0.92 (0.163) 0.82
10005 C,GA 13 7.97 1.09 (0.066) 0.95 12.29 1.09 (0.061) 0.96
10006 C,GA 8 7.62 1.07 (0.116) 0.91 12.20 0.96 (0.108) 0.91
10010 C,GA 7 7.61 0.89 (0.172) 0.78 12.05 1.00 (0.193) 0.79
10014 C,GA 14 7.57 1.11 (0.096) 0.90 11.50 1.00 (0.100) 0.88
10046 C,GA 6 7.88 1.01 (0.107) 0.94 11.51 0.95 (0.106) 0.93
11009 C,sC 10 7.95 1.20%(0.077) 0.96 12.30 1.06 (0.116) 0.89
11010 C,sC 8 8.29 0.91 (0.078) 0.94 12.64 0.97 (0.118) 0.89
11016 c,scC 14 7.66 1.16 (0.085) 0.93 11.44 1.10 (0.100) 0.90
11061 C,scC 7 7.22 1.22 (0.150) 0.90 11.56 1.11 (0.113) 0.93
15042 P,GA 16 7.41 1.19%(0.079) 0.93 11.04 1.14 (0.085) 0.92
17004 C,AL 9 7.71 1.00 (0.089) 0.93 12.41 1.02 (0.103) 0.92
17005 C.AL 7 7.80 1.03 (0.095) 0.94 12.03 1.04 (0.053) 0.98
17016 C,AL 20 7.02 1.06 (0.074) 0.91 10.74 1.00 (0.068) 0.92
17019 C,AL 6 7.79 1.15 (0.144) 0.91 12.55 1.08 (0.144) 0.90
17037 C,AL 11 7.41 1.06 (0.139) 0.84 11.17 1.08 (0.132) 0.86
19016 C,AL 8 6.75 0.98 (0.157) 0.82 10.46 0.93 (0.158) 0.81
19017 C,AL 7 7.66 1.20 (0.128) 0.93 11.70 1.01 (0.127) 0.90
19024 C,AL 8 6.77 0.99 (0.100) 0.92 10.51 0.99 (0.109) 0.91
Check Seedlots 21 7.35 0.80 (0.136) 0.70 11.35 0.81 (0.163) 0.61
Overall Mean 7.60 11.63

1) Origin: Province (P = Piedmont, C = Coastal Plain), State.

*) Significantly different from 1 at the 5% and 1% level, respectively.

linear regression effects partitioned from the interaction
sums of squares suggested that the G X E interaction was
partially due to the heterogeneity of family response over
various environments. Also, a small but significant portion

of the G X E interaction was nonlinear.

The stability of a genotype across a range of environ-
ments has been measured by its among-environment vari-
ance (PraisTep, 1960; Suukra, 1972), the regression of its
mean to an environmental index (FintAy and WILKINSON,
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Figure 2. — A generalized interpretation of stability and adapt-

family means over all tests.

ability for all genotypes by plotting regression coefficients (b) and



1983; Perkins and Jinks, 1968a), the residual mean square
from the regression (Eseruart and RusseLL, 1966; Tar, 1971),
or combinations of these three methods. Lin et al. (1986)
examined nine stability statistics currently in use and con-
cluded that the regression procedure is valid for providing
information on the relative stability among genotypes in-
cluded in the experiment if the regression model fits the
data. The use of the mean of all genotypes as the environ-
mental index for regression has been criticized since it is
biased by the genotypes under consideration (FrReemaN and
Perkins, 1971; Harowick and Woobp, 1972). The assumption
of linearity of response was also questioned by NAMkooNG
(1978). However, if the number of genotypes and environ-
ments is reasonably large and the environmental range is
sufficiently wide, the linear regression using the mean of
all genotypes should be biologically valid (Friep and CATEN,
1971; Frier, 1972). In this study, the 21 test means repre-
sented 30 to 50 families per test, and the test means ranged
from 5.4 m to 9.4 m for height and 13% to 73% infection
level for rust. The number of families tested and the range
in site quality and rust infection were judged to be large
enough to justify using the regression method. The coef-
ficient of determination (R®) for the regression was used
in this study to determine how well the linear model fit
the data. Essentially, the R2 measured the genotypic sta-

bility as the deviation mean square from the regression
as proposed by EperHArT and RusseL. (1966). A stable
family is defined as one having b = 1.0 and R? = 1.0.

For each loblolly pine family, the mean, regression coef-
ficient (b) and standard error, and the coefficient of deter-
mination (R?) are shown for height and DBH in Table 1
and volume and percent rust-free trees in Table 2. All R?
values are highly significant except for family 10002 for
percent rust infection. The b statistic was interpreted as
the genotypic response and was used as a relative measure
of stability over test sites since such a large part of the
total variation was accounted for by the regression. Values
for the regression coefficients ranged from 0.78 to 1.22 for
height, 0.77 to 1.18 for DBH, 0.72 to 1.41 for volume, and
0.59 to 1.52 for percent rust-free trees. Regression coef-
ficients (b) were significantly different from 1.0 for rela-
tively few families, for height (5 of 43), for volume (8 of
43) and for percent rust-free trees (6 of 43) (Tables 1 and
2). The average stability of these loblolly pine families in
this region is demonstrated by the majority of selected fami-
lies having regression coefficients (b) not significantly dif-
ferent from one. The significant G X E interaction sums
of squares in the analyses of variance was contributed by
only a few interacting families.

Table 2. — Family means for volume and percent rust-free trees, number of tests, esti-
mated regression coefficients (b) and standard errors (in parentheses), and the coef-
ficients of determination (R?) for the regression models.

volume (dm?) % of Rust-Free Trees_,

Family Tests  Mean bj Mean bj R
cl014 8 31.40 0.5 (0.074) 0.95 55 1.24 (0.126) 0.92
01C¢54 12 21.33 0.56%% (0.091) C.81 53 1.44* (0.161) 0.87
01523 7 39.16 1.03 (0.142) 0.88 S0 1.18 (0.184) 0.85
02008 8 36.19 0.96 (0.062) 0.27 68 1.00 (0.129) 0.88
02040 19 25.17 0.85 (0.075) 0.87 59 1.23 (0.136) 0.81
03007 13 34.01 0.98 (0.071) 0.94 75 0.82 (0.113) 0.80
03036 14 28.92 0.91 (0.048) 0.96 57 1.28*% (0.102) 0.92
04006 9 35.72 1.00 (0.073) 0.95 52 1.32 (0.150) 0.89
040138 19 29.96 0.95 (0.063) 0.93 56 1.23 (0.164) 0.75
05005 10 38.92 1.21 (0.116) 0.92 57 1.36 (0.250) 0.74
6009 11 34.75 0.88 (0.085) 0.91 40 1.32 (0.224) 0.75
06020 19 39.61 0.97 (0.429) 0.%6 57 1.28 (0.137) 0.82
06022 8 31.61 0.72% (0.092) 0.88 57 1.13 (0.252) 0.71
07002 8 38.29 1.41* (0.149) 0.%2 50 0.83 (0.243) 0.57
07034 11 44.39 1.11 (0.156) 0.82 65 1.13 (0.201) 0.74
07056 19 41.73 1.34% (0.083) 0.93 64 0.99 (0.133) 0.74
08001 20 32.02 1.13* (0.047) 0.%7 63 1.06 (0.132) 0.76
08059 20 33.01 1.00 (0.057) 0.94 65 1.20 (0.137) 0.79
€806 20 34.82 1.15%* (0.045) 0.97 56 1.39%%(0.107) 0.89
08063 21 30.69 1.62 (0.058) 0.94 65 0.97 (0.108) 0.79
08076 16 39.43 1.13 (0.064) 0.95 63 1.22 (0.160) 0.78
08102 7 32.80 1.05 (0.084) 0.96 34 1.07 (0.248) 0.72
c8509 10 29.34 0.80 (0.090) 0.88 57 1.41 (0.272) 0.72
09017 11 38.05 1.07 (0.080) 0.94 63 1.02 (0.085) 0.93
10002 7 36.24 0.98 (0.165) 0.83 65 0.38 (0.194) 0.30
10005 13 40.58 1.23* (0.067) 0.96 67 0.59 (0.198) 0.46
10006 8 38.01 1.08 (0.100) 0.93 75 0.70* (0.110) 0.83
10010 7 36.64 1.11 (0.204) 0.80 53 0.91 (0.317) 0.51
10014 14 34.40 1.12 (0.100) 0.90 40 0.85 (0.113) 0.80
10C46 6 34.16 0.93 (0.095) 0.94 58 1.05 (0.297) 0.65
11009 10 39.31 1.24*%* (0.093) 0.95 82 0.84 (0.177) o0.58
11010 8 42.39 1.15 (0.132) 0.90 81 0.73 (0.210) 0.57
11016 14 34.08 1.18 (0.088) 0.93 74 0.74 (0.192) 0.50
11061 7 34.44 1.23 (0.116) 0.94 59 1.08 (0.286) 0.41
15042 16 30.96 1.01 (0.071) 0.93 73 0.60 (0.107) 0.65
17004 9 37.49 0.98  (0.089) 0.93 56 1.52%%(0.135) 0.93
17005 7 36.68 1.03  (0.068) 0.97 72 1.18 (0.129) 0.92
17016 20 27.66 0.93 (0.055) 0.93 53 1.21* (0.098) 0.88
17019 6 38.78 1.09 (0.127) 0.92 70 0.89 (0.315) 0.54
17037 11 30.91 0.96 (0.134) 0.82 61 1.00 (0.175) 0.74
15016 8 25.24 0.72 (0.124) 0.80 33 1.23 (0.280) 0.70
19617 7 33.60 0.97  (0.098) 0.93 49 1.41 (0.225) 0.85
15024 8 26.04 0.88  (0.076) 0.94 43 1.08 (0.179) 0.81
Check 21 31.64 0.76 (0.145) 0.63 63 1.15 (0.150) 0.79
Overall Mean 34.13 59

), **) Significantly different from 1 at the 5% and 1% level, respectively.
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Table 3. — Analyses of variance for height, DBH, volume and percent rust-free trees
of loblolly pine at age eight in 21 test locations in the southeastern US.

Mean Squares

Source df % Rust~
Height DBH Volume free trees k

Location 20 262.60** 571.31** gs515.61** 3.76**
Replication(Location) 107 5.75**  12.25**  1485.53** o0.09**
Family 42 11.82**  28.42**  4736.07** o0.72**
Location x Family 443 2.53%* 6.88%* 464.28** o.05**

Linear regressions 42 3.53*%* 8.87** 1155.02** o0.11**

Dev. from regressions 401 L43*%* 6.67%* 391.93** o0.04a**
Residual 2490 29 3.15 207.07 0.033

*+j Significant at p < 0.01.
.

The different types of stabilities can be illustrated by
plotting means from three selected families against the
test means for volume (Figure 3). Family 03007 represents
a genotype of average stability, as defined by b approxi-
mating 1.0, and average performance for volume growth
over all tests. Changes in its performance across test sites
were proportional to changes in the test site averages and
were essentially equal to the test average. Family 01064
represents a relatively stable genotype for volume com-
pared with other families in this study but was a poor
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Figure 3. — The regressions of three family means for volume on
the environmental index (test means).
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Figure 4. — The regression of three family means for percent rust-
free trees on the environmental index (test means of percent rust-
free trees).
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performer for volume over all tests. Family 07056 repre-
sents a relatively unstable genotype that was sensitive to
site changes and had greater adaptability to favorable
sites.

The same patterns of differential reaction of families to
various environments for percent rust infection is shown
in Figure 4. Three families were used to illustrate the ap-
plication of regression analysis in analyzing their relative
stabilities and susceptibilities to rust in high and low rust-
hazard sites. There were differences in rust resistance
among the three famlies. Family 17037 represents a geno-
type with average resistance and average stability (b =
1.0) over all sites. Family 10006 was a stable genotype (b =.
0.70) over all levels of rust infection, while family 01064
was very unstable (b = 1.44), and it was highly suscep-
tible to rust.

To identify genotypes with different levels of mean
performances and stabilities in the study, the relationship
between regression coefficients and family means for
volume was plotted (Figure 5). High family mean per-
formance over all test environments indicated the general
adaptability of the families. The regression coefficient
further measured the stability of the genotype and indi-
cated the kind of environmental condition to which the
family was adapted. Most of the 43 selected loblolly pine
families were classified as Average Stability genotypes
because their linear response to site averages was ap-
proximately b = 1.0 (Figures 2 and 5). Family 03007 is an
example of an Average Stability genotype with b = 1.0
and average performance in volume (Figure 5). There were
some families such as 07056 with b > 1.0 and high mean
performance (Figures 3 and 5) which can be classified as
Responsive High Yield genotypes. These families were
relatively unstable but performed relatively better on
favorable sites. They were also above average on poor
sites. Only a few families such as family 01064 were identi-
fied as Stable Low Yield genotypes for volume growth
(Figures 3 and 5). The check seedlot was above average for
stability (b < 1.0) in height, DBH and volume and was
below average for mean performance (Tables I and 2).

A significant positive relationship (r = 0.75) between the
b parameters and the family mean performance for volume
(Figure 5) was noted in this study. This kind of relationship
has been found in other crops (FinLAy and WiLkiNsoN, 1963;
GRray, 1982), where better performing genotypes were more
responsive to better sites.
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Figure 5. — The relationship of regression coefficients and mean

performance for volume of loblolly pine families.

If there is genetic variation in stability and performance
among families, tree breeders have the opportunity to
select for different stabilities under different environ-
mental conditions and determine the optimum genotypes
and management systems for each environmental condi-
tion. For example, families in'the Responsive High Yield
group have greater specificity of adaptability to high
quality environments and should respond well to inten-
sive silvicultural practices. Although there were few of
these families found in this study, it would be most valu-
able to use these families such as 07056 on high site index
lands to maximize yield and to obtain the best use of
genetically improved stock. If forests are being established
on less favorable sites or over a large range of average
sites, families in Responsive High Yield group or in the
Average Stability group with above average performance
would be very productive genotypes. The Average Stability
group has general stability and adaptability to all envi-
ronments.

Conclusion

The strong trend in this study for selected loblolly pine
families to have average stability and perform in a predict-
able manner over a wide range of sites is very valuable
information for tree breeders. Significant G X E inter-
action in the analyses of variance was contributed by very
few families for height, DBH, volume and percent rust-
free trees in the study. An important implication to the
breeding program is that families usually need not be test-
ed over environmental extremes to determine breeding
values. With few exceptions, a family’s performance on

good sites was highly correlated with its performance on
poor sites. It may be valuable to test over environmental
extremes to identify the few Responsive High Yield fami-
lies which should be used to increase forest productivity
on intensively managed sites.
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Abstract

A model of a complete cycle of tree improvement is
proposed that combines in the equivalent annual rent
(E.A.R.), both genetic and economic factors affecting tree
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