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INTRODUCTION
There are still many unanswered questions concerning the 
growth of young longleaf pine. Tree growth is affected by a 
multitude of abiotic and biotic stresses on a continuous basis, 
such as light intensity, moisture, temperature, wind, insects, 
pathogens, and plant competition (Kozlowski and Pallardy 
1997). Research efforts have not clearly explained the growth 
patterns of young longleaf pine or how the environmental 
stresses are directly or indirectly affecting growth. To deter-
mine growth patterns of young longleaf pine, it is necessary 
to directly observe the height and diameter growth over time 
and record pertinent environmental factors at the site level. A 
data set of this size has the potential to answer questions 
about patterns of young longleaf pine growth on different 
scales.

Project Background
A study was designed to determine how environmental condi- 
tions affect the height and diameter growth of young longleaf 
pines. The study was initiated in 1969, and data were collected 
until 1980. However, due to a lack of time and funding, the 
project was not completed. The data analyses were resumed 
in 2003.

PROCEDURES

Plot Layout
The site for this study was the Escambia Experimental Forest 
(EEF) near Brewton, AL. The EEF is a 3,000-acre forest that 
was established in 1947 when T.R. Miller Mill Company 
leased the land to the U.S. Department of Agriculture, Forest 
Service, for 99 years at no cost (Boyer and others 1997). The 
EEF has been used extensively for longleaf pine research 
(Boyer and others 1997). Forty longleaf pine trees were 
selected for the study. The study site was a naturally regener-
ated longleaf pine stand that was the product of the 1955 
seed crop. All the selected trees were between 1 and 1.5 m 
tall. Twenty longleaf pine trees were selected on each of the 
two soil types that were present in the stand. One soil type 
was a Lucy loamy sand, and the other was a Wagram loamy 
sand. The taxonomic class for both soils is loamy, kaolinitic, 

thermic Arenic Kandiudults (Soil Survey Division, Natural 
Resources Conservation Service 2003). Both soils have an 
average site index of 20.4 m, and the depth of the A horizon 
of both soils is very similar. However, the Lucy loamy sands 
can have a slightly thinner A horizon and a B horizon with a 
higher clay content at shallower depths than the Wagram 
loamy sands (Mattox and others 1975). The trees on the 
Lucy loamy sand were located on the crest of a ridge, and 
the trees on the Wagram loamy sand were located on a 
slope at the base of the ridge. 

Ten of the trees on each of the two soil types were randomly 
selected for artificial shading. The randomly-selected trees 
were shaded with cheesecloth during the first year of the 
study. The cheesecloth was stretched across a square meter 
frame that was structured to keep the cheesecloth at least 1 m 
above the growing tip of the tree. The structures were periodi- 
cally checked and adjusted. The growing tips of the shaded 
trees received a reduction of about 30 percent of the full sun- 
light they would normally receive at the peak of the diurnal 
cycle. The cheesecloth was installed on March 28, 1969, and 
removed September 24, 1969. 

Growth Measurements
The data for this study were collected from 1969 through 1980. 
Intensive growth and environmental measurements were 
taken from 1969 through 1970. Heights were measured one 
to four times weekly. During the month of April, leaders were 
measured in the morning and again in the evening to deter-
mine diurnal and nocturnal growth differences. Nineteen 
diurnal and nocturnal height growth measurements were taken 
in 1969, and 16 were taken in 1970. Heights were measured 
monthly during the dormant season. Separate records were 
kept for each new leader.

Since at the initiation of the study the trees had not reached 
breast height (1.37 m), diameters were measured at 10 cm 
above the soil surface. Diameters were measured weekly 
during the growing season and monthly during the dormant 
season. Follow-up height and diameter measurements were 
taken periodically from 1971 through 1980. 
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Environmental Measurements
An on-site weather station recorded air temperature and 
precipitation measurements daily during the entire study. Soil 
moisture was recorded on a weekly basis from March, 1969, 
until December, 1970. Environmental variables collected 
during April of each growing season were relative humidity, 
wind speed, and solar radiation.

RESULTS AND DISCUSSION

1969 through 1980
From 1969 through 1980, the average maximum yearly tem- 
perature was 26 °C, and the average minimum temperature 
was 12 °C. Average yearly precipitation was 157 cm. The 
driest year was 1971 with 112 cm of precipitation, while 1975 
was the wettest year, with 230 cm of precipitation. 

On average, the trees grew 12.8 m over the 12 growing 
seasons from 1969 to 1980. There were no statistically signif-
icant differences between average height growth on the two 
soil types or between the shading treatments over this period. 
All statistical tests were performed at the 0.05 level of signifi-
cance. Average diameter growth was 7.20 cm. There were 
significant statistical differences between the two soil types 
with respect to average diameter growth over this period. 
Diameter growth for trees on the Lucy loamy sands was 
greater than diameter growth for trees on the Wagram loamy 
sands. However, there were no significant effects of the 
shading treatment on diameter growth.

1969 and 1970 Growing Seasons
Figure 1 shows the percent of average height and diameter 
growth by month from the initiation of the study in March, 1969, 
to the end of the intensive measurements in December, 1970. 
The main portion of the growing season began in March and 

ended in October. April was the peak of the growing season 
for height growth, representing over 30 percent of the growth 
each year. Diameter growth had similar patterns to height 
growth, but diameter growth seemed to persist into the winter 
months. However, this was a small percentage when compared 
to the most active portion of the growing season. Average 
daily temperature during the 1969 growing season was 28 °C. 
The total amount of precipitation during this time was 131 cm. 
During the 1970 growing season, there was a total of 155 cm 
of precipitation with an average daily temperature of 29 °C. 

Table 1 shows average height and diameter growth for the 
1969 and 1970 growing seasons. Cumulative average height 

Table 1—Mean height and diameter growth by 
shade treatment and soil type for the 1969 and 
1970 growing seasons. Trees were located on the 
EEF near Brewton, AL 

  Height  Diameter
Year Site condition  growth  growth

  m cm

1969 Not shaded 0.99 1.26
 Shaded 1.00 1.13
 Lucy 1.02 1.37
 Wagram 0.97 1.03
 Overall 0.99 1.20

1970  Not shaded 1.09 1.42
 Shaded 1.03 1.50
 Lucy 1.06 1.63
 Wagram 1.05 1.29
 Overall 1.06 1.46

Figure 1—Percent of average monthly height and diameter growth plotted by month. Data were collected in 1969 and 1970 on the EEF 
near Brewton, AL.
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growth over the two growing seasons was 2.1 m. There was 
not a significant statistical difference in height growth with 
respect to the shading treatments or between the two soil 
types during each growing season or over the 2-year period. 
Cumulative average diameter growth during the two growing 
seasons was 2.66 cm. In contrast to height growth, there were 
significant differences in diameter growth between the two 
soil types during each growing season and over the 2-year 
period. Diameter growth for trees on the Lucy loamy sands 
was greater than diameter growth for trees on the Wagram 
loamy sands. However, there were no significant differences 
in diameter growth between the shade treatments on the 
intervals tested.

Diurnal and Nocturnal Growth
The diurnal period between the morning and evening measure- 
ments was about 8 hours, and the nocturnal period between 
evening measurements and the following morning measure-
ments was about 16 hours. During the 19 days the trees were 
measured in 1969, the average daily temperature was 26 °C. 
The average temperature during the night was 12 °C. During 
the 16 days the trees were measured in 1970, the average 
daily temperature was 28 °C, while the average nightly temper- 
ature was 14 °C. The total amounts of precipitation during 
these measurement periods in 1969 and 1970 were 10.16 cm 
and 14 cm, respectively. Average height growth over the 19 
days was 21.64 cm. About 35 percent of the growth occurred 
during the diurnal period, while about 65 percent occurred 
during the nocturnal period. During the 16 days the trees were 
measured in 1970, average height growth was 20.44 cm. 
About 25 percent of the growth occurred during the diurnal 
period, and about 75 percent of the growth occurred during the 
nocturnal period. The large percentage of growth occurring 
during the nocturnal periods is possibly due to the time in 
which the trees were measured. The evening measurements 
occurred between 4:00 p.m. and 6:00 p.m. The trees contin- 
ued to receive a few more hours of sunlight until nightfall. 
There was not a statistically significant difference between 
the soil types or the shade treatments for average diurnal or 
nocturnal growth during the measurement periods in April of 
1969 or 1970.

CONCLUSIONS
The shading treatment resulted in a reduction in direct solar 
radiation of about 30 percent, which seemed to have no 
significant effect on either height or diameter growth of the 
young longleaf pines. Soil type did not appear to affect height 
growth, but there were differences in diameter growth. Diam-
eter growth for trees on the Lucy loamy sands was better 
than diameter growth for trees on the Wagram loamy sands. 
This could possibly be due to a moisture gradient caused by 
the higher clay content in the Lucy loamy sands. To under-
stand more about why height and diameter growth patterns 
behave as they do, the relationships between growth and the 
environment will need to be further explored. Future exami-
nations between the different intervals of growth measure-
ments and the environmental variables recorded have the 
potential to answer more questions about how height and 
diameter growth were being affected by the environment. 
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