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(ABSTRACT)

Loklolly pine that is winter-sown in the greenhouse and spring-
outplanted has been observed to exhibit growth abnormalities in the form
of multiple apical and needleless shoots. Seedlings that exhibit growth
abnormalities are of questionable value in the evaluation of progeny
tests. The use growth data from this seedling material could result in
biased and erroneus or invalid conclusions about individual tree or
family performance.

To determine the causes of growth abnormality development, and to
suggest possible remedies, two experiments were initiated. The first
experiment examined the effects of raising five Virginia controlled-
cross families in two different greenhouses and subsequently outplanting
the seedlings on two contrasting sites. The second examined the effects
of pre-planting exposure to 0, 4, or 6 weeks of shortened days followed
by 0, 400 or 600 hours of chilling and post-planting supplemental water.

Experiment one results indicated that abnormalities were more
apparent at the better growing site. Further, pre-planting hardening-
off likely increased the dormancy status of the seedlings and somewhat
alleviated growth abnormalities. It was determined that families varied
in the expression of abnormalities. Abnormalities were only observed
during the first summer after outplanting; symptoms were alleviated
after overwintering.

Experiment two results indicated that treatments that influenced
the dormancy status of the seedlings influenced the development of
growth abnormalities. - Pre-planting shortened days resulted in increased
needles per total stem units for the second flush. Pre-planting
chilling and post-planting supplemental water increased apical

dominance.
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CHAPTER 1
INTRODUCTION

PROBLEM STATEMENT

Loblolly pine (Pinus taeda L.) is, commercially, the most
important tree in the southeastern United States, comprising one half of
the standing pine volume (Baker and Langdon, 1950). In 1985, 61.9
million acres of the southern United States were classified as pine
forest. Of this 61.9 million acres, roughly one third were planted
(Brown and McWilliams, 1990), often with genetically improved seedlings.

The majority of loblolly pine genetic improvement work was
initiated in the 1950’s, and has relied on controlled-cross progeny
testing since its inception. Before 1987 most of the loblolly pine
controlled-cross progeny testings established in the southeastern United
States were sown in a nursery, and raised under regular nursery
production regimes. These seedlings were then planted as bare root
stock. However, since 1987 most of the progeny test stock has been
greenhouse-grown, usually in 10 cubic inch C-10 Leach® tubes. Seedlings
raised in this manner were either greenhouse-sown in the winter and
outplanted the following spring, or were greenhouse-sown in the summer
and outplanted the following fall.

Spring planted, controlled-cross progeny tests conducted by the
Virginia Department of Forestry (VDF) have expressed growth
abnormalities in the form of multiple apical and needleless shoots
(personal communication, Tom Dierauf of the VDF and Peter Wallace of
Westvaco Corporation, South Caroclina). Mexal and Carlson (1981) have
also described growth of needleless shoots and loss of apical dominance
in spring outplanted loblolly pine. These abnormalities were attributed
to a failure to fulfill the chilling requirement of the seedlings (Mexal
and Carlson, 1981).

Description of Growth Abnormalities

Growth abnormalities are not typically observed for most of the
summer, and do not develop until August. Abnormalities included the
loss of apical dominance, the production of needleless shoots, the



development of shoots with primary (photosynthetic) needles, and the
production of shoots with non-photosynthetic scale leaves only (failure
of secondary needles to develop). Both the leader and the lateral
branches were observed to lack secondary needle growth. Symptoms were
often combined, forming needleless "basket whorls". "Basket whorls"
often contained a stunted or absent terminal shoot, with long,
needleless branches surrounding the stunted, dormant or overgrown
terminal shoot (Figure 1-1). After overwintering, seedlings that
expressed the growth abnormalities were observed to resume normal
growth. However, several competing leaders were observed in the second

year.

Cultural Treatment of Seedlings Expressing Abnormal Growth

Cultural practices for the seedlings exhibiting the abnormal
growth are, for the most part, standardized within the North Carolina
State University - Industry Tree Improvement Cooperative. For the
Virginia Department of Forestry, seed is collected in October, and cold
stratified for 30 days. In January, seed is sown into fine vermiculite
in flats and allowed to germinate on heating pads (24°-27°C). After
germination, seedlings are planted into Leach® tubes in a mixture of 1:1
volume:volume peat moss and vermiculite. Fertilizer is applied as
Osmocoat® nine month slow release fertilizer (18:6:12 N:P:K) at a rate
of 3 grams per liter of soil. Micronutrients are applied with Micromax®
fertilizer, at a rate of 1.1 grams per liter of soil.

In the Virginia Department of Forestry greenhouse in New Kent, VA,
Banrot® is applied weekly to prevent damping off, until seedlings
harden-off. Water is supplied as needed, by misting. Daylength is set
to mimic summer conditions, starting at 13:45 hours, increasing to 14:45
hours by February 26, and decreasing to 13:45 hours by April 16. This
lighting regime was instituted by the VDF to overcome growth
abnormalities in the form of multiple apical and needleless shoots that
developed under daylengths of 16 hours.

In mid-April, seedlings are placed outside in a seed orchard
(approximately 70 percent full sun), with continued irrigation. In
early May, seedlings are outplanted. Virginia Department of Forestry
seedlings are outplanted on the Appomattox-Buckingham State Forest, in
Appomattox, Virginia on a site that has been clearcut, chopped and
burned. Competing vegetation is controlled with a mixture of Oust® and

Roundup®.






