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RESPONSE OF PAPER BIRCH SEEDLINGS
TO NITROGEN, PHOSPHORUS, AND POTASSIUM

Abstract.—The effects of N, P, and K on the growth of paper birch
seedlings were tested in sand culture tests. Each element was tested
singly at different supplies while holding constant the supply of all
other elements. Seedling growth increased with increasing amounts
of nitrogen. Three to 4 percent in the foliage indicated an adequate
supply. Seedlings were relatively unaffected by different levels of

phosphorus and potassium.

The nutrient requirements of paper birch
(Betula papyrifera Marsh) have not been
thoroughly investigated. Estimates have been
made of the amount of various elements pres-
ent in different portions of trees growing
under natural conditions, but little work has
been done in sand or solution culture studies
where each element can be controlled. Such
studies are needed to determine nutrient re-
quirements of trees and to lay a foundation
for forest fertilization studies.

In the study reported here, seedling growth
improved with increasing amounts of nitro-
gen, but was relatively unaffected by different
levels of phosphorus and potassium. Three to

4 percent nitrogen in the foliage seemed to be
adequate for seedling growth.

Methods

The study was conducted in a growth
room. Paper birch seeds were germinated, and
the seedlings were grown in glazed containers
(8 inches in diameter, 12 inches deep) filled
with quartz sand and perlite. A combination
of incandescent and fluorescent lamps pro-
vided about 3,000 foot candles at seedling
height. Day length was 16 hours. Day and
night temperatures were kept as close as pos-
sible to 85 and 65 degrees F, respectively.



The basic nutrient solution contained the
required elements at the following concen-
trations:

) p.p.m. p.p.m.
Nitrogen 140 Iron 3.000
Phosphorus 100 Manganese 500
Potassium 175 Boron .500
Calcium 120 Copper .060
Magnesium 48 Zinc .060
Sulfur 64 Molybdenum .009

When nitrogen, phosphorus, or potassium
was the tested element, the respective con-
centrations were:

Nitrogen Phosphorus Potassium
p.p.m. p.p.m. p.p.m.

35 1 3

35 5 30

70 50 100

140 100 300
280 200 600
560 400 900

The growing periods were 81 days for the
nitrogen test, 91 days for the phosphorus test,
and 69 days for the potassium test. During
these periods, the seedlings were irrigated
with solution about twice weekly. Fresh nutri-
ent solutions, having pH values averaging 4.7,
were prepared weekly.

Response was measured by seedling height
and dry weight of foliage. In addition, the
amount of each tested element in the foli-
age was determined. Nitrogen determinations
were made by the semimicro-Kjeldahl method
(8). Phosphorus determinations were made
colorimetrically, using the vanadate-molyb-
date-yellow method (I). Potassium content
was measured by atomic absorption spec-

trophotometry (9). Element content was
expressed as percent dry weight and as milli-
grams per seedling.

Response to Nitrogen

As supplies of nitrogen increased, so did
the average height of seedlings, and the
average dry weight of foliage per seedling
(table 1). However, treatment differences in
average height were statistically significant
only at 3.5 p.p.m. The dry weight relation-
ships among treatments were similar to those
of average height, but the weight data were
not analyzed statistically. Optimum growth
occurred when the nitrogen concentration was
between 70 p.p.m and 140 p.p.m.

Nitrogen content also increased as the
nitrogen supply increased (table 1). Treat-
ment effects were statistically significant al-
though the difference between any two
treatments had to be relatively large to be
significant.

Response to Phosphorus

When the supply of phosphorus was in-
creased to a concentration of 200 p.p.m.,
average height increased. But at 400 p.p.m.,,
height decreased slightly (table 2). Average
dry weight of foliage followed the same trend,
except that it was unaccountably high at the
lowest concentration.

The phosphorus content of the foliage
increased with increasing supplies of this
element up to 200 p.p.m. (table 2). A de-

Table 1.—Average height of seedlings, average dry weight of foliage per seedling,
and foliar nitrogen content by treatment

Nitrogen

. Average Average .
- Seedl ; : Nit: tent
ctt;gtci((a)rrll edlings height dry weight itrogen conten

p.p.m. No. mm. mg. Pct mg. per
seedling

3.5 33 42 63 226 a 1.7a
35 41 251 572 28a 17.9 ab
70 47 370 1,253 3.3 ab 42.7 ab
140 31 341 1,201 3.8 bc 47.1 ab
280 29 373 1,421 46¢ 69.8 be

560 11 385 1,741 5.8d 111.2¢

-aIn any column, treatment means having any letter in common are not significantly
different from each other at the 5-percent level.



Table 2.—Average height of seedlings, average dry weight of foliage per seedling,
and foliar phosphorus content per seedling

Phosphorus
concen- Seedlings z}lvqra}x’ge Average Phosphorus content
tration eight dry weight

D.p.m. No. mm. mg. Pct. mg. per
seedling

1 2 244 2,131 1.0 20.0

5 11 302 1,002 4 3.5

50 8 338 1,666 A 12.9

100 3 347 2,929 T 21.8

200 1 492 4,956 1.3 64.4

400 6 372 2,357 1.1 284

Table 3.—Average height of seedlings, average dry weight of foliage per seedling,
and foliar potassium content by treatment

Potassium A A
concen-  Seedlings hv‘?r‘i‘lge verage Potassium content
tration eight dry weight
p.p.m. No. mm. mg. Pct mg. per
seedling
3 20 206 434 s16a 6.8a
30 16 188 581 46Db 27.0 abe
100 30 245 448 5.6 be 24.8 ab
300 11 155 517 7.8 bed 40.1 abed
600 6 101 438 11.0d 48.3 bed
900 0 0 0 0 0

aIn any column, treatment means having any letter in common are not significantly
different from each other at the 5-percent level.

crease in content occurred at the 400 p.p.m.
level, which coincided with the decreases in
height and weight.

Because seedlings were few in number and
some treatment replications were not repre-
sented, no statistical analyses were made.

Response to Potassium

Neither average height nor dry weight of
foliage per seedling appeared to be greatly
affected by the amount of potassium supplied
up to 600 p.p.m. (table 3). However, mortal-
ity occurred at a concentration of 900 p.p.m.
There seemed to be a slight trend toward
decreasing height and dry weight with an
increasing supply, but a statistical analysis
of the height data showed that differences
due to treatment were not significant. The
dry weight data were not analyzed, but the
rather small differences by treatment sug-

gested that dry weight response did not vary
significantly.

The amount of potassium in the foliage
increased rapidly with an increase in the
potassium concentration (table 3). An anal-
ysis of these data showed that the effects of
treatment were statistically significant al-
though a relatively large change in potassium
supply was needed to make a significant
change in the potassium content.

Discussion

The results of this study indicated that a
3 to 4 percent nitrogen content in the foliage
was adequate for satisfactory seedling growth.
This amount of foliar nitrogen was slightly
greater than that reported for seedling and
sapling paper birch trees growing under natu-
ral conditions (10) but was within the range



reported for other hardwood species (2, 3, 4, 5)
and for many cultivated fruit trees (7).

Seedling response did not vary greatly
among the different phosphorus levels. How-
ever, too few seedlings were harvested to
make meaningful comparisons.

Average height and average dry weight did
not vary greatly among the different potas-
sium treatments. The foliar content in all

but the lowest level of supply exceeded the
amounts reported for other forest-grown tree
species. However, they were within the range
reported for cultivated fruit trees.

Although these results parallel those re-
ported by Ingestad (6), they are only tenta-
tive. Further testing is required to more
accurately define optimum levels of supply
and to determine symptoms of deficiency and
toxicity.
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