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Six samples of 12 trees each were
used for nutrient analysis. An initial
sample was taken upon arrival of the seed-
lings, a sample was taken one week after
planting, and four additional samples were
taken at monthly intervals from June until
September. Each sample consisted of three
replications of four trees. Foliage from
the four trees was bulked when analyzed
for mineral nutrient concentrationmn.

To avoid dust and soil contamination,
seedlings were washed in a detergent solu-
tion, rinsed, washed a second time in an
ultrasonic cleaner for two minutes, then
rinsed with de-ionized water and dried in
an oven at 70°C for 72 hours. After dry-
ing, all green foliage was removed from
the stem and ground in a Wiley mill to
pass through a 20-mesh screen.

Nitrogen determination was performed
using the Kjeldahl method. Potassium sam-
Ples were digested in glacial acetic acid
and analyzed with a flame photometer.
Samples for the remaining seven mineral
nutrients were digested in perchloric and
nitric acid. Phosphorus and sulfur levels
were determined colormetrically. Calcium,
magnesium, zinc, iron, and manganese levels
were determined using a Perkins-Elmer
Model 372 atomic absorption unit.

STATISTICAL ANALYSIS

Foliage nutrient concentration data
for sampling date, year, and nursery soutrce
were analyzed for significant differences
by analysis of variance (ANOVA)., Differ-
ences in means of foliage nutrient concen-
tration between sampling dates within years
and nursery source were determined using
the Duncan-Waller multiple range test
(p=.05). Differences in means between
nursery sources were also determined us-
ing the Duncan-Waller multiple range test.
Differences in means between years were
determined by the F-test (p=.05) since
there were only two years in the study.

RESULTS2

Nitrogen

Seasonal variation in total nitrogen

2 ces
All results reported are significant
at p=.05 unless otherwise stated.

%]

(N) concentration in eastern redcedar foli-
age is shown in Figure 1. The N concen- |
tration increased significantly during the
growing season in seedlings from the Bessey
and Towner nurseries in 1980 and 1981. For
the Big Sioux Nursery, N concentration didJ
not change significantly from the begin-
ning of the growing season to the end in
either 1980 or 1981.

<

-

Phosphorus .

The phosphorus (P) concentration gen-
erally increased from the beginning of the
growing season to the end in both years
(Fig 2). The only exception was P concen-
tration in 1980 in seedlings from the Big
Sioux Nursery. In this case the P concen-
tration remained unchanged throughout the
growing season.

Potassium

Potassium (K) concentration decreased
until June or July and then began to in-
crease (Fig 3). At the end of the growing
season, K concentration was still signifi-
cantly below the initial values except for
seedlings from the Towner Nursery in 1981
where the final K concentration was actu-
ally greater than the initial value.

Sulfur vl

Total sulfur concentration increased X
significantly by the end of the growing ~,
season over the initial values (Fig 4).

This increase was significant in all cases
except for seedlings from the Bessey Nur- -

~ sery in 1981.

Magnesium "

In 1980 magnesium (Mg) concentrations -
increased from April until August and then
declined in September. Magnesium concen-
trations were significantly higher at the *
end of the growing season in 1980 in seed- _
lings from all three nurseries (Fig 5).

In 1981 Mg concentration in seedlings from
the Big Sioux Nursery followed the same
pattern as in 1980, but Mg in seedlings
from the Bessey and Towner nurseries was <
not significantly different at the end of
the growing season.

[N

Calcium

————— .
The concentration of calcium (Ca) in- -

creased from April to a peak in June and
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then declined (Fig 6). In 1980 Ca con-
centrations were not significantly lower
in September than in April for any of the
three nurseries, but in 1981 Ca concen-
trations for all three nurseries were
significantly less in September than in
April.

Zinc

In 1980 zinc (Zn) concentrations ex-
hibited a pattern similar to calcium. Zn
concentration increased from April to a
peak in June and then declined (Fig 7).
By September Zn levels were the same or
slightly higher than in April. 1In 1981
there was no consistent pattern. Zn in
seedlings from the Bessey Nursery was es-
sentially unchanged in September as com-

pared with April, with a peak value in May.
Zn in seedlings from the Big Sioux remained

unchanged throughout the growing season
with no peak, and Zn in seedlings from
the Towner Nursery was significantly
higher in September than in April.

Iron

Iron concentration was significantly
higher in September than in April for all

nursery sources and for both years (Fig 8).

Seedlings from the Big Sioux Nursery had

a peak value in June each year. Seedlings
from Towner and Bessey had a peak value in
June in 1980 and in August in 1981.

Manganese

Large monthly variations in manganese
(Mn) concentrations from one month to the

Table 1.

next made it difficult to determine any
pattern in Mn concentration (Fig 9).
Seedlings from the Towner Nursery increased
in Mn concentration in both 1980 and 1981.
Seedlings from the Bessey Nursery decreased
in Mn concentration in both 1980 and 1981,
and seedlings from the Big Sioux Nursery
decreased in Mn concentration in 1980 and
remained unchanged in 1981.

Nursery Source Variation

To determine if differences in nutrient
concentration in eastern redcedar seedlings
existed between nursery sources, data from
the initial sample taken prior to planting
and pooled over two years, were analyzed
by ANOVA (Table 1).

Seedlings from the Bessey Nursery in
Nebraska had a significantly higher foli-
age concentration of potassium, zinc, cal-
cium, and manganese. These seedlings also
had the lowest concentration of magnesium
and iron. Seedlings from the Big Sioux
Nursery in South Dakota had the highest
concentrations of nitrogen, phosphorus,
sulfur, magnesium, and iron. These seed-
lings also had the lowest concentration
of zinc. Seedlings from the Towner Nursery
in North Dakota had the lowest concentra-
tion of calcium and manganese.

Variation Between Years

Statistical analysis of the data from
the initial sample taken prior to planting
showed a difference in foliage nutrient
concentration between years for most of

Nutrient concentration of eastern redcedar foliage averaged over a two-year

period to show differences due to nursery source.l

% Dry Matter PPM
Source N P K S Ca Mg Zn Fe Mn
Halsey 1.33b .17b .60a .10b 1.11a .18c 20.5a 331c 173a
Big Sioux 1.63a .18a .54b .13a .99b .23a  14.5c 467a 122b
Towner 1.27b .17b .57ab .10b .95b .19b 19.2b 405b 106c

lMeans in each column followed by the same letter are not significantly different

at p = .05.




the nutrients (Table 2). However, not all
the nutrients were found at their highest
concentration in one year. Nitrogen, cal-
cium, and manganese were highest in 1981;
and phosphorus, potassium, sulfur, and zinc
were highest in 1980. Magnesium and iron
were not significantly different either
year.

DISCUSSION AND CONCLUSIONS

Very little information exists on
foliage nutrient concentration or content
in eastern redcedar. Vimmerstedt (1968)
in a study with eastern redcedar and
eastern white pine examined the levels of
potassium, calcium, and magnesium in both
species. In the tops of eastern redcedar
the level of K was 8.6 meq/100g or 0.86%,
Ca was 30.9 meq/100g or 1.54%, and Mg was
4.0 meq/100g or 0.20%.

Chandler (1937) examined the level
of calcium in several tree species includ-
ing eastern redcedar. Calcium content in
September in eastern redcedar foliage was
8.85 meq/100g and nitrogen content was
1.347%.

Fletcher and Ochrymowych (1955) re-
ported a calcium concentration of 1.41%
in eastern redcedar foliage in the early
part of the growing season which remained
fairly constant during the growing season.
Magnesium was also fairly constant through
the growing season at about 0.20 to 0.227%.
Phosphorus increased during the growing
season from 0.497% to 0.767%.

. also significant.

. between nursery sites in foliage micro-

Seasonal variations in the nutrient
concentration of all nine mineral nutri-
ents were significant. Given these
changes in nutrient concentration within
a growing season, the best time to analyze
eastern redcedar foliage for nutrient con-
tent is after growth has stopped and the
plant has become dormant.

Differences in foliage nutrient con-
centration between nursery sources were
However, no one nursery
produced eastern redcedar seedlings that
were the highest in all nine nutrients.
This more than likely reflects differences
in nursery fertilization practices and also
innate differences in soil nutrient con-
tent between nursery sites.

An example of this is the difference

nutrient content, which is not commonly
supplied through fertilizer. Seedlings
grown at the Bessey Nursery were lower in
iron than the other two nurseries, seed-
lings grown at the Big Sioux Nursery were
lower in zinc, and seedlings grown at the
Towner Nursery were lower in manganese.

Significant differences also existed
between years of the study. Given this
year-to-year variation, any study designed -
to determine the nutrient content of the
production stock at any nursery site
should not be confined to one year. Samp- -
ling over a 2- or 3-year period would allow
for this year-to-year variation.

Table 2. Nutrient concentration of eastern redcedar foliage averaged over the three
nursery sources to show differences due to year.

% Dry Matter PPM
Year N P K S Ca Mg Zn Fe Mn
1980 1.33b .18a . 64a .12a .92b .19a 20.1a 371a 119b
1981 1.48a .16b .49b .10b 1.12a .21a 16.1b 431a 148a

lMeans in each column followed by the same letter are not significantly different

at p = .05.



Figure 4. Percent sulfur in eastern.redcedar foliage from three Great
Plains nurseries in 1980 and 1981.
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Figure 5. Percent magnesium in eastern redcedar foliage from three
Great Plains nurseries in 1980 and 1981.
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Figure 6. Percent calcium in eastern redcedar foliage from three
Great Plains nurseries in 1980 and 1981.
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Figure 1. Percent nitrogen in eastern redcedar foliage from three
Great Plains nurseries in 1980 and 1981,
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Tigure 2. Percent phosphorus in eastern redcedar foliage from three
Great Plains nurseries in 1980 and 1981.
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Figure 3. Percent potassium in eastern redcedar foliage from three
Great Plains nurseries in 1980 and 1981.
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Figure 7. Parts/million of zinc in eastern redcedar foliage from
three Great Plains nurseries in 1980 and 1981.
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Figure 8. Parts/million of iron in eastern redcedar foliage from three
Great Plains nurseries in 1980 and 1981.
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Figure 9. Parts/million of manganese in eastern redcedar foliage
from three Great Plains nurseries in 1980 and 1981.
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