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Abstract. --Fertilizer trials in a Mississippi seed orchard
showed that N stimulated flowering, P did not, and N + P was no

better than N alone. Of three nitrogen sources tested, NH4NO3
proved most effective in one experiment; but response to NH4NO3

and to NaNO 3 was about the same in another experiment. Fertilizing
in mid to late summer produced the greatest increase in flowering
(as much as 300 percent); the best treatment (fertilized July 26)
tripled cone yield and quadrupled yield of sound seed. Fertilized
ramets were no taller than controls, but diameter growth was
improved by treatments. Clone x treatment interactions were
always significant.
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Soil fertility, one of the chief environmental factors affecting fruit-

fulness in conifers, is usually controlled with fertilizers. The effective-
ness of the treatment depends on the formulation, rate, application method,
timing, and their interactions with soil type and water relations. This
paper reports the effects of different times of application and different
fertilizer formulations on loblolly pine (Pinus taeda L.).

MATERIALS AND METHODS

In 1970 a series of six fertilizer experiments was initiated in the
U. S. Forest Service's Erambert Seed Orchard near Brooklyn, Mississippi.
Three experiments tested time of fertilizer application; two evaluated
responses to different nitrogen sources; and one was an N-P factorial,
testing effects of nitrogen, phosphorous, and the N-P combination.

The orchard is composed of loblolly ramets from south Mississippi
that had been grafted to nursery-run seedling rootstocks of local source.
Nearly all the ramets used in these experiments are on three soil types:
Ruston, Norfolk, and Luka loamy sands. N and P in soil analyses averaged

280 p/m and 5.7 p/m at a 6- to 8-inch depth.

Many aspects of experiment design were the same for all six experi-
ments (table 1). Randomized complete blocks with single-tree plots were
used throughout. All experiments were designed so that clonal and clone
x treatment effects could be evaluated. No ramet was used in more than

one experiment, nor was any ramet treated more than once in any experiment.
Different clones were used for each experiment with the exception of
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N-source II, which had some clones in common with the N-P factorial.
Fertilizers were applied in four equally spaced holes under the dripline
of the crowns and followed by about 1/2 liter of water before the holes
were closed.

Strobili were counted for 2 or 3 years before and for 2 years after
treatment. Heights were measured before and for 2 years after treatment.
Diameter measurements were made before and after treatment in the N-P
factorial and timing II experiments, and after treatment in the timing
I experiment. In the fall of 1973, cones from all trees in the timing
II experiment were harvested. Seed were extracted, counted, and weighed.

All count data were transformed to 3count + 1 for analyses of variance.

All statistical tests were at the 0.05 level of probability. Treatments
are assumed to be fixed effects, clones random.

RESULTS AND DISCUSSION

Flowering in the seed orchard varied considerably from year to year.
Female strobili production was below average in 1970, slightly above aver-
age in 1972, and above average in 1973. However, proportional increases
in flower production caused by fertilizer treatments were about the same
in all three years.

Timing

Fertilization in March increased flowering by 50 percent over controls
(fig. 1). Flowering increased with progressively later fertilizer applica-

tions until it peaked with the August treatment at about 300 percent over
controls. Response dropped sharply after August, but flowering was still
about 30 percent over controls in ramets fertilized in the first week of

Figure 1.—Female strobili production in young loblolly pine grafts in
response to timing of fertilizer application. Dashed line represents the

generalized response for the three experiments.
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November. Hence, fertilizing rather late in the year is best for inducing
flower production in loblolly pines.

These results can he explained on the basis of growth and carbohydrate
accumulation in relation to time of flower formation (Schmidtling 1974,

Shoulders 1970). Fertilizers should be applied early enough to increase
flower initiation (or perhaps prevent abortion of already formed primordia)
but late enough to minimize uptake by competitors or diversion of nutrients
to growth rather than flowering. Late summer application may also be ben-
eficial to second-year cones since they accumulate most of their nitrogen
at this time (Dickmann and Kozlowski 1969).

N-P factorial 

The fertilizers (ammonium nitrate and triple super phosphate) were
applied in late July, the optimum time as indicated by the timing experi-
ments. Application of nitrogen increased female flowering threefold, P
alone had little effect, and N + P was about the same as N alone (fig. 2).

Nitrogen source 

In both experiments, all
nitrogen sources enhanced
flowering over controls (fig.
3). In N-source I, tree ferti-
lizers, nitrate of soda, (NaNO3)
ammonium sulfate ((NH4)2SO4),
and ammonium nitrate (NH4NO3),
were applied in May, which
is a little earlier than desired
in view of results from the
timing experiments. Differences

between control and the ferti-
lized ramets and differences
among fertilizer treatments

were all significant. Fertilizing with NaNO3 doubled flowering and ferti-
lizing with (NH 4 )SO4 tripled female flowering, but the combined source
NH4NO 3 was best.

In N-source II, NaNO 3 and (NH 4 ) 2SO 4 were applied in July, near the
optimum time. The difference in timing between the two experiments may
have some bearing on the results. As with N-source I, the difference be-
tween fertilized ramets and controls was statistically significant (table
2). However, differences between the two fertilizer treatments were not
significant; both increased flowering fourfold over controls (fig. 3).
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In general, better flowering clones responded best to fertilization.
However, there were some exceptions, especially in N-source II. Clone 29
(fig. 4) was less than average in flower production when not fertilized but
was by far the best flowering clone when fertilized. In all but one
experiment (N-source I), clone x treatment interactions were significant.
The interaction in each case was made up primarily of the control vs.
fertilized component. For example, clones did not respond differently

 to the various times of fertilization, but they did respond differently
to the application of fertilizer itself. Similarly, in N-source II (table

2 and fig. 4), little of the interaction resulted from a differential clonal
response to source of nitrogen.

Cone and seed yield

In the one experiment which included cone collection (timing II),

only 21 percent of the female strobili produced harvestable cones. Never-
theless, the number of seed produced was always greater for fertilized trees
than for controls (table 3). The July 26 application appeared best in terms

of numbers of cones and sound seed produced. The variable nature of cone
survival makes conclusions preliminary, but the larger number of flowers
resulting from fertilization will most likely also increase seed production.
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Growth

In none of the experiments did treatment significantly affect height
growth, though clonal effects were usually significant. Diameter, which
was measured in only three experiments, was affected significantly by
fertilization in all cases. In the N-P factorial, N stimulated diameter

growth, P did not, and N + P was no better than P. Diameter growth in

timing I and II was in line with what one would expect: fertilizing early
in the year tended to affect growth in the same year fertilizer was applied;

fertilizing later in the year affected the next year's growth.

CONCLUSIONS

Results of the six experiments indicate that fertilizers should be
applied to loblolly pine seed orchards late in summer. Nitrogen seems
to be the important component, though phosphorous may be beneficial on
a P-deficient site, which the Erambert Seed Orchard apparently is not.
Ammonium nitrate is as good as or better than either an ammonium source
or nitrate source alone.

Clonal effects and interactions with clones are important in measuring

flowering and should be accounted for in any experimental design.
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