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INTRODUCTION

Interspecific hybridization of forest trees may produce planting stock that
will outperform either parent species under unfavorable conditions, such as
poor site, severe climate, or high disease and insect incidence (Duffield and
Snyder 1958). The southern fusiform-rust fungus (Cronartium quercuum (Berk.)
Miyabe ex Shirai f. sp. fusiforme) is a serious pest on loblolly pine (Pinus 
taeda L.) throughout most of its range. In contrast, shortleaf pine (P.
echinata Mill.), a closely related species, is rarely affected by the fungus.
Because the two species overlap in range and have relatively weak reproductive
barriers, hybridization might be used to transfer genes for rust resistance
from shortleaf to the faster-growing loblolly pine.

Shortleaf and loblolly pine apparently hybridize naturally (Mergen et al.
1965, Zobel 1953). The first control-pollinated hybrids of these two species
were produced in 1933 in Placerville, CA (Duffield and Righter 1953). The
hybrid has been botanically described (Little and Righter 1965), with
distinguishing characteristics noted by Mergen et al. (1965). F2 hybrid
progenies produced in Placerville have grown well and demonstrated fusiform
rust resistance in progeny tests in Louisiana (Henry and Bercaw 1956) and
Georgia (Sluder 1970).
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Abstract. To study the performance of shortleaf x loblolly pine hybrid
progenies with differing proportions of the two genomes, families with 25,
50, or 75 9

E of each genome and the corresponding 75, 50, or 25 5
'E; of the

other were produced and outplanted along with pure families of each
species. In February 1986, 39 seed lots grouped into five genome
proportions and eight progeny types were planted in four randomized blocks
in each of two areas. At age five years, variation among seed lots without
regard to genome proportion or progeny type was significant (P < 0.01) for
survival, height, and within-plot coefficient of variation in height in
both plantations. Progeny groups (either genome proportion or progeny
type) differed in height in both plantations and in survival in one (P <
0.01). Generally, the greater the percentage of the loblolly genome, the
better the survival and growth. Hybrids with 75 %> of the loblolly genome
performed almost the same as pure loblolly in height and survival; those
with 75 0 of the shortleaf genome, almost the same as pure shortleaf.
Infection by fusiform rust was too low for evaluation of rust resistance.



Based on the promising results from these tests, the USDA Forest Service,
Southern Research Station, has continued the research with hybrids of these two
species in Macon, GA. Shortleaf and loblolly pine clones from Georgia Forestry
Commission's seed orchards and the largest, best-formed trees from an F 2 hybrid
progeny produced at Placerville and grown in Georgia were used as parents.
Results indicate that resistance to fusiform rust is inherited from the
shortleaf parent (LaFarge and Kraus 1975, 1977, 1980; Kraus 1985, 1986).

The most recent study assesses the relative performance of the two species
and a series of their hybrids containing three different proportions of the
genomes of each species. Fifth-year results from the two experimental
plantations in this study are reported.

METHODS

Hybrid families with 25, 50, or 75 percent of the loblolly genome and,
respectively, 75, 50, or 25 percent of the shortleaf genome were produced. The
50:50 loblolly:shortleaf group had three types of progenies and the 75:25 group
had two types. Each of the other three genome proportion groups (0:100, 25:75,
and 100:0 loblolly:shortleaf) had one type of progeny, bringing the total to
eight types. Five families from each of the six hybrid types plus five pure
loblolly and four pure shortleaf families or bulks comprise the 39 seed lots in
the study (Table 1).

The 50:50 hybrids (types 3-5) were F and F 3 progenies. Backcrosses (types
6-8) were made with F and F

2
 hybrids. with the exception of progeny types 5

1
and 6, the hybrid progenies were produced by controlled pollinations. Progeny
type 5 was assumed to be an F

3
 from wind pollinations among F

2
 parents in an

older study plantation. Progeny type 6 was assumed to be a backcross to
surrounding loblolly pines from wind pollinations on the F 1 female parents
growing in a young hybrid seedling seed orchard (Table 1).

The seedlings were planted in two plantations in Georgia during February
1986. The field design for each plantation consists of four randomized blocks,
16-tree square plots, and 2.5 m x 2.5 m spacing. In the plantation located in
the Hitchiti Experimental Forest in Jones County, all four blocks are
contiguous (plantation 150). In the second plantation, seed lots 3573, 3577,
3601, and 3604 are excluded. This plantation is located on two noncontiguous
sites in Meriwether and Putnam Counties, with two blocks in each county
(plantation 152). All sites were cut-over. The Jones County site was prepared
by discing; the Meriwether and Putnam County sites by windrowing. All are in
the Piedmont physiographic province, and site quality in each varied from
medium to low.

Data recorded at age five years were survival, height, and infection by
southern fusiform rust. Within-plot coefficients of variation (CV) in height
were calculated. Survival, height, and CV in height data were subjected to
analysis of variance (Table 2). Rust incidence was too low, even on pure
loblolly, for meaningful analysis of rust data. Comparisons among group means
(percentage loblolly, progeny type) were made with Bonferroni's method (Miller
1981), and eight contrasts between progeny types were tested with the
F-statistic.
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1
Three- and four-digit numbers (520, 2006) are loblolly and shortleaf
clones, respectively, in Georgia Forestry Commission seed orchards. HH-5,
etc., are F, hybrid trees in the Hitchiti Experimental Forest. CH-4 is

3

2
 a F

2
 at Callaway Gardens. W is wind-pollinated.

Female F
2
 trees in a plantation in the Hitchiti Experimental Forest,

assumed crossed with other F trees in the plantation.
Female trees in a young seeding seed orchard in Baldwin County, assumed
backcrossed to loblolly.
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RESULTS

Seed Lots

Variation among seed lots without regard to genome proportion (Table 3) or
progeny type (Table 5) was significant (P < 0.01) for all three variables in
both plantations. Also, variation among seed lots within genome proportion and
progeny type groups was significant (P < 0.01 or 0.05) for all traits except
height in progeny type in plantation 150.

Genome Proportion

Variation due to genome proportion (percentage loblolly) was significant (P
< 0.01) for survival in plantation 150 and for height in both plantations
(Table 3). Percentages of the two genomes showed no significant effect on
within-plot CV in height in the analyses of variance (Table 3), but
Bonferroni's method of comparisons among treatment means (P < 0.05) showed pure
shortleaf to be more variable in height within plot than 75 percent loblolly in
plantation 150 and than pure loblolly in plantation 152 (Table 4). Generally,
the greater the percentage of loblolly, the greater the survival and height and
the less the within-plot CV in height (Table 4).

Progeny Type

The eight progeny types varied in survival in plantation 150 and in height
in both plantations (P < 0.01) (Table 5). Tables 6 and 7 show progeny type
means and multiple comparisons among them (Bonferroni's method). Table 8 shows
F-statistic tests of eight of the more meaningful contrasts between progeny
type means. While none of these contrasts were significant for plantation 152,
seven were significant for plantation 150.
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Correlations

Correlation between the two plantations was good for data means for height,
reasonably good for survival, and poor for CV in height. For seed lots,
progeny types, and genome percentages, respectively, correlation coefficients
were: 0.76 (P < 0.001), 0.88 (P < 0.01), and 0.90 (P < 0.05) for height; 0.41
(P < 0.05), 0.61 (ns.), and 0.72 (ns.) for survival; and 0.27 (ns.), 0.32
(ns.), and 0.56 (ns.) for CV in height.

DISCUSSION

If the assumptions about pollen source for the wind-pollinated progenies
are not totally correct, type 5 (F

3
) may be more than 50 percent and type 6

(backcross) less than 75 percent loblolly. Each of these two wind-pollinated
progeny types can be compared with its corresponding F3 (type 4) or backcross
to loblolly (type 7) produced by controlled pollinations. Contrasts shown in
Table 8 indicate no differences between the two types of F progenies (type 4
vs. type 5), but do indicate a difference between the two ypes of backcross to
loblolly progenies (type 6 vs. type 7) in plantation 150 for within-plot CV in
height (P < 0.05). The wind-pollinated type 6 progenies were more variable in
height than the type 7 progenies, even though they differed little in mean
height or survival (Table 6). This difference may be caused, in part, by
greater variation within half sib than within full sib progenies.

Based on fifth-year results, hybrids with 75 percent of the loblolly genome
performed almost the same as pure loblolly in survival and growth. Conversely,
hybrids with 75 percent of the shortleaf genome performed almost the same as
pure shortleaf. The 50-50 hybrids' performance was between the two.

The trait for which hybridization is deemed most beneficial, resistance to
fusiform rust, could not be evaluated at age five years because almost no
infection had occurred. Cool, moist weather early in the growing season is
necessary for infection. This type of weather did not occur during the first
five years of this study. Perhaps by age 10 years weather conditions will
promote more normal exposure to innoculum, and resistance to fusiform rust can
be evaluated.

These and earlier study results indicate that the favorable traits of
loblolly and shortleaf pines can be combined into a genetic stock with the fast
growth rate of loblolly and the high fusiform rust resistance and straight
stems of shortleaf. Only one or two generations of backcrossing from 50:50
hybrids to loblolly will be required to regain the fast growth rate of
loblolly. Still uncertain is how many generations of selection and breeding
after backcrossing to loblolly will be required for high, stable rust
resistance. Confidence and progress would be greatly enhanced if the number,
location, and mode of action of all available resistance genes in each species
and their interaction with genetic variation in the fungus were known.
Breeding research with these two species should continue until broadly-based
genetic stocks of resistant loblolly pines are developed for high fusiform rust
hazard areas of the Southeast.
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