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In the southern yellow pines the weight of the wood and its mechanical
properties are determined largely by the relative proportion of springwood
and summerwood in the annual growth rings. An experiment was conducted
by the Forest Products Laboratory to determine the effect of water on
tree growth in order to learn if the proportion of summerwood could be
increased, and to determine also the extent to which the amount of
springwood and summerwood in the annual growth ring might be affected
by the application of certain commercial fertilizers.

The Experimental Area

The experimental area was located in the former Choctawhatchee National
Forest of Florida, where the following conditions existed:

(1) The soil at the site was of a deep and nearly sterile Norfolk
sand, showing upon test only traces of available nitrogen and phosphorus.
It contained normally only about 5 percent as much potassium as an
average soil of good agricultural quality.

1
–This report is a revision of an article that first appeared in the

Journal of Forestry, Vol. 29, No. 5, in May 1931.
2
Acknowledgement is made to assistance received from Southern Forest

Experiment Station and National Forest Officers.
3
–Maintained at Madison, Wis., in cooperation with the University of

Wisconsin.
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(2) On account of the porous nature of the soil very little water
was retained either in the surface layers or in the subsoil.

(3) Near the site was a plentiful supply of fresh water in spring-
fed Gamier Creek, which flows in a narrow depression 60 to 75 feet
below the general level of the area. The position of the springs indicates
that there are no impervious soil layers above the ravine bottoms.

(1.) Longleaf pine (Pinus palustris Mill.) trees of mature age and
size but of extremely slow growth were at hand within a distance of less
than 1,000 feet from the stream.

The area selected is on the east bank of Gamier Creek, approximately
3 miles in a northerly direction from Camp Pinchot Ranger Station, where
the rainfall records used in this report were obtained, The Gulf of Mexico
is about 8 miles directly south of the area,

The experimental area had been a part of the Choctawhatchee National Forest
for approximately 20 years when the tests were made. Although some fire
protection had been given the region, it was not free from forest fires.
At the beginning of the experiment, in the spring of 1927, it was estimated
that this area had not been burned for at least 4 years, A fire line was
raked around the test area to prevent fire damage to the experimental trees.
The experimental plot was protected from fire during the experiment.

Trees and Vegetation

Forest fires had prevented the development, on the experimental area, of
tree species other than longleaf pine and oak sprouts. A few scattered
shrubs were present, and a light growth of grass and herbaceous vegetation
occurred on space not otherwise occupied.

The longleaf pine trees on the area ranged in age from 100 to 250 years and
in size from 6 to 22 inches diameter breast high. The trees averaged about
6o feet in height an the base of their crowns averaged about 30 feet in
height. Most of the trees were of medium or good vigor, with crowns of
thick foliage density. The crowns averaged about 20 feet in breadth and
length and were mostly dominant.

Position of Root Systems

The root systems of trees near the experimental area, which were exposed
intact Icy hydraulic means, showed that by far the greater portion of the
longleaf pine roots occupied the upper 18-inch,layer of the soi10 4 The
roots of the longleaf pine, scrub oak, and other oaks occupied this

–Demmer, E. W. The Root System of Longleaf Pine. Science, Vol, 27, No.
384, 1928.
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layer so thoroughly that the competition for the limited supply of plant
food in the soil and of water retained after rains patently was very keen.

Precipitation

The region had, from 1913 to the time of the experiment, an( average annual
rainfall of 6o inches or more. In spite of this fact, seasons of extremely
low rainfall did occur, and, further, the precipitation at times consisted
largely of heavy rains or extreme downpours at such infrequent intervals
that the soil did not retain sufficient moisture for normal tree growth.
The low moisture capacity of the sandy soil, coupled with warm summer
temperatures, brought about conditions that were not much more favorable
for growth than those existing in semiarid regions.

Moisture-holding Capacity of Soil 

As already mentioned, the water-holding capacity of the soil was very
low. Moisture determinations made 2 days after a rainfall of 1 inch showed
a moisture content of only 2-2/3 percent at depths up to 6 feet. Similar
tests 2 days after a 3-inch rain showed the moisture content, at the same
depths to be about 5 percent. Other tests made 3 hours after irrigation
gave a range of from 6 percent in the surface 6 inches to less than 3
percent at the 6-foot depth.

Establishment of  the Experimental Plots 

The trees were divided into eight sample plots, lettered A to H, with
five to nine trees to each plot. Each group forming a plot was designed
to receive certain treatment (table 1).

Treatment of the Plots

The treatment given the plots is presented in table 1, with this slight
exception; irrigation was omitted when a heavy rain fell on the day
scheduled for the watering.

Irrigation Equipment 

A gasoline-driven centrifugal pump supplied water as required at about
175 gallons per minute through an iron pipe from where it was distributed
to the plots by means of a hose. The third year, spray piping was in-
stalled on three plots and a spray nozzle was also provided for the hose.
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Fertilization

Table 1 presents the principal features in the application of fertilizer.
In the latter part of the first season ammonium sulfate was substituted
for nitrate of soda because of local commercial conditions.

Soil samples from the fertilized and irrigated plots, taken at intervals
during the test, indicated that the benefit derived by this soil from the
addition of mineral fertilizers was not lasting. The fertilizers containing
nitrate and potassium were quickly carried away by the rain water and the
water of irrigation.

Seasons of Springwood and Summerwood Formation 

During 1927 and 1928, examination of the development of the current annual
growth ring, in one tree on each plot, at intervals of 1 month or less
showed that the springwood portion was formed between the beginning of cambial
activity, about March 1, and a varying date in May or June (depending upon
seasonal conditions) when the production of summerwood commenced. In 1927
all the trees inspected except one had started formation of summerwood cells
by May 10; the exception began doing so aboutMay 20. The spring season of
1927 was characterized by very low rainfall from March 1 until the latter
part of June. In 1928, on the other hand, similar examinations revealed
the formation of summerwood by May 22 in only two trees and by June 1 in
only half of the trees; in the remaining trees from two to four summerwood
cells had been developed by July 3. Summerwood formation, therefore, was
under way in all of the trees not much later than June 15, 1928.

There was an average difference of about 4 weeks in the time of the beginning
of summerwood formation between the years 1927 and 1928: the early rainfall
in the second year was more than twice that in the first, and was reasonably
well distributed in time of occurrence.. Summerwood production continued,
when conditions were favorable, until late in the autumn; the growth of the
ring was still incomplete in a portion of the trees on December 10, 1929.

Results of Treatment

Effect Upon Ground Vegetation

The heavy applications of sodium nitrate resulted in some scalding of
the grass and herbaceous vegetation, especially in Plots C and H (table 1).
In Plots B and G, on the other hand, the combination of irrigation and
complete fertilizer greatly stimulated the growth of the herbaceous vegetation
and shrubs. On the lower sides of and just below B and G, the grass formed
a thick and rank cover even during the first season. Among the shrubs present,
the sumach (Rhus sp.) and the oak sprouts (Quercus sp.) grew to much greater
size than similar plants in the vicinity.
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Effect Upon the Longleaf Pines

Foliage.--All of the trees on the plots that received treatment of any
kind throughout the season gave conclusive visible evidence of the fact
before the end of the first season; the needles were longer and darker
than those of surrounding trees. The most conspicuous response to
treatment was shown by the trees on the plot (C) receiving water and
nitrate fertilizer; the needles of these trees elongated sufficiently to
curve outward and form the typical umbrella-like clusters of longleaf pine
while the new needles on the untreated trees were still in compact brush-
like clusters only 1 to 2 inches long.

Closely similar were the trees on the plot given irrigation and a complete
fertilizer, and these were followed by the trees on the plots that received
water only. The shedding of the old needles began earlier and progressed
at a more rapid rate on the plots without fertilizer than on the fertilized
ones, although not all of the old needles dropped off. The trees on the check
plot and on the one that received no treatment up to July showed no improvement
over the rest of the forest. The unirrigated but fertilized plots were in
slightly better condition than the other forest trees in the retention of old
needles, but showed little advance in new growth.

With the rains in June and July 1927, the needles of the untreated forest
trees resumed growth, as did those of the trees on the unirrigated fertilized
plots; the treated trees, however, made a better showing, so that at the
end of the growing season the large, massive clusters of their needles were
from one and one-half to two and one-half times as long as the others.

During 1928 and 1929, on account of greater amounts and a more even distribution
of rainfall than that which occurred in 1927, the external differences in
the appearance of the foliage of the treated and untreated trees were less
conspicuous.

Wood formation.--At the end of three seasons of treatment (December 1929),
chips or increment borings including the last 17 annual growth rings were
taken from all of the trees on the plots. This material was examined under
the microscope and the thickness of the springwood, the summerwood, and
the entire annual ring was measured for each year and for each tree. Table
2 compares the average percentage increase in the springwood portion, the
summerwood portion, and the total ring growth during the treatment and for
14 years before it. Figure 1 shows the results on Plot A to which water
only was supplied. On this plot the average increase in summerwood was
greatest, 165 percent. Figure 2 is a photomicrograph of ring development
in one of the trees from that plot.

Conclusions

The results of this investigation justify the conclusion that a fairly close
correlation exists between the current soil water supply and the formation
of summerwood in longleaf pine trees in the deep, sandy soils of the
Choctawhatchee National Forest. Such a correlation is evidenced in general
by a comparison of the width of the summerwood portion of the annual growth
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ring and the amount of precipitation during the season of growth, over a
period of several years. It is greatly emphasized by the results of a
systematic irrigation of the trees, throughout the season of growth, for
3 years. The trees gave distinct evidence that water regularly supplied
throughout the growing season increased greatly the relative proportion
of at least the summerwood in the annual growth rings. This fact supports
previous statements2 based upon the examination of trees that had been
growing under different conditions of environment.

The application of a complete fertilizer, without water other than the
natural precipitation, appeared to increase the rate of growth of the
trees in diameter to a slight degree, although more in the springwood
portion of the annual growth ring than in the summerwood portion. A
nitrate fertilizer, without irrigation, also increased the total growth
but increased the summerwood to the greater degree. In both cases it
is likely that abundant rainfall in 1928 and 1929 also affected the
growth of the trees.

Although irrigation of the southern yellow pine forests is not recommended,
the results of this experiment indicate some silvicultural measures that
may prove beneficial in the management of forests to increase wood density.
The maintenance of forest soil conditions that will promote the retention
of moisture, making it continually available to the trees, will result not
only in a greater growth increment but also in the production of heavier
and stronger wood than that obtained under less favorable conditions of soil
moisture. In the southern pine region it is not a matter of conserving a
limited water supply but rather of holding much of the rainfall, which
usually is abundant in total amount. The exclusion of forest fires, a
satisfactory stocking of the forest areas, and an 'admixture of broad-leaved
species with the conifers are silvicultural measures that would increase
the organic content of the soil, the soil fertility, and the capacity
of the soil, for the retention of water.

It is of interest in this connection that Barrow6
- and Chalk' recently have

shown that the amount of summerwood formed each year in Douglas-fir is
largely related to availability of moisture to the tree roots during the
late summer.

2Paul, B. H. The Application of Silviculture in Controlling the
Specific Gravity of Wood. U. S. Dept. Agr. Tech. Bul. 168, 1930.

.Barrow, P. Loss of Weight of Three Douglas-fir Poles. Quart. Journ.
For. Vol. 45, No. 4.

1Chalk„ L. Water and the Growth of Wood of Douglas-fir. Quart. Journ.
For. Vol. 45, No. 4.
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Table 2o^mAver a increase in the sprin oad portion the summer-
wood portion and the total width of the annual rowth
ring of irrigated, fertilized, and check plots , of
longleaf pine trees during 3 years of treatment 1927
to 1929 inclusive, in comparison with the aver
growth during the 14 years previous to 1927

	

Plot:Number:	 Treatment
	

Percentage increase or
of
	

decrease (-) in growth

	

trees:	 ---------------- ---------------

A

B

C

D

E

F

G

H

: 7

6

9

6

6

5

7

7

:Springwood:Summerwood:Total ring
width

--------: ----- -----:-- ------

:Irrigation only	 :	 45.4	 16509	 96. 5

:Irrigation plus	 o	 4200	 136.6	 74.5
complete fertilizer:

:Irrigation plus	 57.7	 131.6	 88.6
nitrate fertilizer

:Check plot, no treat - :	 1209	 24.3	 0	 16.8
ment

:Irrigation only,	 :	 4000	 94.6	 0	 61.5
:	 July to December

:Irrigation only,	 45.1	 89.9	 a	 63.9
March to July

:Complete fertilizer	 :	 4004	 —8.9	 0	 23.5
no irrigation

:Nitrate fertilizer,	 3106	 86.8	 :	 5001
no irrigation
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Figure 2. - - Photomic rog raph showing spr ingwood and
summerwood development of the outer 3 years during
irrigation, in comparison with that of several years
preceding irrigation.
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