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ABSTRACT
Nitrogen (N) mineralization was monitored in the humus layer

and soil in an undisturbed and harvested beech (Nothofagus) spp.
forest in the West Coast of the South Island of New Zealand. To
assess the effects of different harvesting regimes and intensities of
burning on N mineralization, treatments applied were (i) Podocarpus
spp. clear-cutting; (ii) Podocarpus spp. clear-cutting and prescribed
burning; (Hi) harvesting to chipwood standard (10-cm dbh); and (iv)
chipwood logging and prescribed burning. Nitrate was found to be
negligible in fresh and field-incubated humus and soil samples in
the undisturbed beech forest. Ammonium predominated in both the
humus layer and soil. Clear-cutting, and clear-cutting and burning
increased NH^-N. The burning effect was confined mainly to the
humus layer.

Additional Index Words: harvesting regimes, burning intensities,
N cycling, NO,, NH<, field incubated soil samples, humus layer,
Nothofagus spp.
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MATERIALS AND METHODS
Study Site

The Larry's Creek study area (42° 20' S, 171° 50' E) was
located 30-km north of Reefton on the West Coast of the
South Island of New Zealand. The site was on remnants of
a terrace that has been truncated and dissected into undu-
lating topography. The elevation was 200 m on a south-west
aspect with slopes avg 18%. Rainfall averaged approximately
1800-mm annually. Many terraces have been formed as a
consequence of regional tectonic uplift and subsequent river
incision. The oldest have been dissected further by streams.
Our site was underlain by weakly to moderately weathered
gravels containing clasts of granites, schists, sandstones, and
siltstones. These were underlain by Cenozoic siltstone and
sandstone. Four major soil classes were identified as: Yellow
Brown earth (Inceptisol), Gley soil (Aquept); Humic Gley
with thin Fe pan (Placiaquept); and Podzol (Spodic soil).

Approximately 95% of the forest cover was silver beech
(N. menziesii) and red beech (N. fused). Remaining species
were predominantly podocarps mostly kahikatea (Podocar-
pus dacrydioides), miro (P. ferrugineus), matai (P. specatus),
and rimu (Dacrydium cupressinum).

Experimental Design
Treatments

Harvesting treatments were applied in a completely ran-
domized block design, consisting of three replications of high
intensity burn, low intensity burn, and nonburning treat-
ments. High intensity burns were obtained by burning the
residues (e.g., leaves, branches, twigs, stems, litter) from
clearcutting followed by harvesting only podocarp species
(PL/B). Low intensity burns were obtained by burning the
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residues from logging (i.e., materials < 10-cm dbh) after har-
vesting to chipwood standard (10-cm dbh) (CL/B) treat-
ments. Control nonburning treatments on each block con-
sisted of podocarp logged (PL) and chipwood logged (CL)
treatments. Each block contained four 0.08-ha plots with
treatments assigned randomly within the block in a transect
line running across the midslope. Also, one forested plot (F)
was established 20-m above each of the major blocks. The
plots were harvested in May 1976. All designated plots were
burned in February 1977, and radiata pine seedlings were
planted in July 1977.

Measurements
The field method for measuring soil N mineralization was

based on the method described by Ellis (1974). Instead of
using plastic vials, 4.0-cm diam nylon cloth tubes (0.045-
mm aperture) were used for incubating litters and soil sam-
ples in the field. This allowed the free drainage of soil water
which prevented water logging and anaerobic conditions.
The nylon tubes also allowed better contact between the
incubated core samples and the surrounding soil. Due to the
free drainage of water, however, an unmeasured portion of
the mineralized N was probably leached. Mineralized N was
measured in the humus layer and at two soil depths (0—9
cm, 9-18 cm).

Four field fresh and incubated samples were obtained at
each depth from random locations in each plot during each
sampling period. To obtain each fresh sample and prepare
one field incubated sample, individual soil cores were taken
with a tubular probe (diam 4.0 cm). Litter or ash was first
removed, then each core was divided into the different depths
and placed separately into plastic bags and mixed. Visible
plant roots and stones were removed. Each composite sam-
ple was divided into two; one for field incubation and the
other as the fresh sample for analysis in the laboratory with
no further incubation. This procedure was repeated for the
other three cores.

To prepare for field incubation soil from the composite
sample taken from the 9- to 18-cm soil depth was placed in
the nylon tube and packed to a length of 9 cm. A constriction
in the nylon tube was then made. The process was repeated
for soil from the 0- to 9-cm depth. The remaining length of
the tube (5-8 cm) was filled with the humus sample. The
filled tube was placed into one of the sample collection holes
and covered with approximately 4 cm of litter or ash. All
samples were stored on ice for transportation to the labo-
ratory. Field sampling began 1 d before burning (February
1977) and continued for 1 yr (February 1978). For the first
35 d after burning, samples were obtained at intervals of 3,
10, 11, and 14 d. Further samples wen1 tlien collected at 30-
to 60-d intervals.

Humus and soil (<2 mm) samples were extracted with 2
M KC1 for 2 h on a shaker. An extractant/sample ratio of
10.1 (w/w) was used. Extracts were filtered through What-
man no. 32 paper. Ammonium N was determined by the
phenol-hypochlorite method (Weatherburn, 1967). This
method was compared with NHJ-N determination by steam
distillation. Results agreed closely between the methods,
which indicated that the 2 M KC1 was not extracting sig-
nificant amounts of free amino acid N. Nitrate N was first
reduced to NOf by passing through a Cd column reductor
and determined by GrasshofFs (1969) method. Results for
NHJ-N and NOi"-N are expressed on an oven-dry basis. The
amount of N mineralized between sampling periods was de-
termined as the difference in exchangeable N between the
incubated and fresh samples. Pretreatment differences in
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Table 1. Nitrate-N concentration in humus and soil (0-9,9-18 cm) in the standing beech forest and in the clearcut and clearcut
_________________________logged/burned plots from 1977 to 1978.________________________

Treatment

Layer
CL CL/B

Fresht Inc.* Fresh Inc. Fresh Inc. Fresh Inc.

PL/B

Fresh Inc.

% of total
Proportion of samples with detectable NO;-N

Humus
Soil (0-9 cm)
Soil (9-18 cm)

1.4
0.7
7.6

2.1
0.7
1.4

8
33
36

10
32
38

12
41
40

14
45
43

11
37
42

12
40
37

14
46
49

17
54
47

——— ————— ——— ———— ——— ~ ——— "»S »K ~ ~ ~ —— ~ ———

Mean NO;-N concentration
Humus
Soil (0-9 cm)
Soil (9-18 cm)

0.6
0.7
0.6

0.8
0.9
0.6

0.8
1.2
1.0

1.0
1.0

.1.1

1.3
1.6
1.4

1.5
1.7
1.3

1.1
1.2
1.2

1.2
1.4
1.1

1.4
1.9
1.6

1.7
2.0
1.8

Maximum NO;-N concentration
Humus
Soil (0-9 cm)
Soil (9-18 cm)

0.8
1.3
1.2

1.0
1.3
1.2

1.4
2.6
3.2

3.1
3.0
2.8

4.9
9.6
7.1

4.3
8.8
7.4

3.7
2.9
2.8

2.6
3.8
2.4

5.6
12.4
7.5

5.1
9.3
8.6

t Total number of samples in each treatment = 144. t Total number of samples in each treatment = 132.

Table 2. Humus and soil pH in the undisturbed beech forest and
in the clearcut-logged and clear-cut logged and burned

treatments at different biomass sampling periods.

Sampling
period

Preburn

Postburn

Postburn
(2yr)

Humus
Treatment

F
CL
CL/B
PL
PL/B
CL/B
PL/B
F
CL
CL/B
PL
PL/B

H,0

3.4af
4.0b
3.8b
3.9b
3.9b
4.1a
4.4a
3.6a
4.1b
4.1bc
4.2bc
4.4c

CaCl,

2.8a
3.5b
3.2b
3.3b
3.4b
3.6a
3.8a
3.1a
3.6b
3.6b
3.7b
3.9b

Soil (0-9 cm)

H,O

-pH —————
-
-
_
_
-
_
-

4.1 (0.4)t
4.4(0.5)
4.3 (0.2)
4.3 (0.4)
4.4 (0.4)

CaCl,

..
-
..
_
-
_
-

3.5 (0.4)
3.8 (0.4)
3.7 (0.2)
3.7 (0.3)
3.8 (0.4)

t Numbers within columns followed by the same letters are not signifi-
cantly different at the 5% level by Duncan's New Multiple Range test
for comparisons between treatments within a sampling period for the
preburn and postburn sampling periods.

t Data in parenthesis refers to standard deviation.

NH^-N concentrations between blocks were examined for
homogeneity of variance using Bartlett's test.

Humus and soil pH were measured with a combination
glass electrode using both distilled water and 0.1 M CaCl2.
An extractant/sample ratio of 10:1 and 2.5:1 was used for
the humus and soil, respectively.

Moisture contents of fresh, incubated humus and soil
samples were determined by oven-drying at 105°C for 24 h
and expressed on oven-dry weight method. Forest floor tem-
perature was determined by the sucrose inversion method
(Jones and Court, 1980; Heng, 1980).

The data were analyzed using analysis of variance, Dun-
can's Multiple Range test, and Mest. These tests were per-
formed using the Teddybear program (Wilson, 1976) on a
Burroughs B6700 computer.

RESULTS AND DISCUSSION
Nitrate

No significant differences in variances were found
between plots; therefore, statistical comparisons were

made between data obtained in the undisturbed beech
forest and from the harvested plots.

Detectable NOj-N concentrations (=0.1 mg kg"1)
are shown in Table 1. The low detection of NOj-N
could be due to NOi"-N being leached from the tubes
with soil moisture. Nitrate was detected more fre-
quently in the soil than in the humus layer in all treat-
ments. Although some NO^" undoubtedly leached from
the samples during moist periods, sizeable differences
in KC1 extractable NOf could still be found between
treatments. The mean and maximum NOf-N concen-
tration, and the proportion of samples with detectable
NOi"-N in the humus and soil generally decreased in
the order:

PL/B > CL/B > PL > CL > beech forest.
Within each treatment, there were no significant dif-
ferences in NOf-N concentrations between field fresh
and field incubated samples of humus and soil. Prob-
ably, this reflects the high mobility of NOf-N in the
soil solution, rather than a lack of incubation effect.

In the undisturbed beech forest, NOf-N was neg-
ligible or undetected in fresh and incubated humus
and soil samples (Table 1). Nitrification however, ap-
peared to be enhanced by both clearcutting and clear-
cutting and burning, although detectable NOs"-N was
generally found in less than half of all fresh and in-
cubated humus and soil samples. Highest NOf-N was
found in the burned plots within 60 to 90 d after burn-
ing. This was probably due to the nitrification of some
of the abundant NHJ-N present in the humus layer
and soil during this period (Fig 1.) A significantly
higher humus pH in burned plots (Table 2) may have
promoted nitrification. Before burning, humus pH in
the beech forest was 3.4 compared to a mean of 3.9
in the clearcut sites. Although low pH conditions have
been reported to inhibit nitrification (Alexander, 1977),
appreciable levels of NOf-N have been found in soils
of pH 4.0 or less (Romell, 1932; Smith et al., 1968;
Weber and Gainey, 1962). Removal of the forest can-
opy would eliminate inputs of water-soluble poly-
phenols to the humus and soil in throughfall and lit-



PHILLIPS & GOH: EXTRACT ABLE SOIL N FOLLOWING CLEAR-CUTTING AND BURNING IN A BEECH FOREST 1565

Table 3. Mean forest floor temperatures recorded
at Larry's Creek, t

Forested site Clearcut site Burned site

Sampling period CI CI 5(°C) CI

15 July 1976-17 Aug. 1976
18 Sep. 1976-18 Oct. 1976
19 Oct. 1976-29 Dec. 1976
3 Mar. 1977-3 Apr. 1977
4 Apr. 1977-4 Jun. 1977
5 June 1977-6 Aug. 1977
7 Aug. 1977-6 Oct. 1977
7 Oct. 1977-7 Jan. 1978
8 Jan. 1978-8 Apr. 1978
9 Apr. 1978-8 July 1978
9 July 1978-7 Oct. 1978

6.9
8.5
13.1
13.3
9.2
6.2
5.5
12.7
15.7
13.8
10.1

<0.5)J
(0.4)
(0.8)
(0.1)
(0.2)
(0.2)
(0.1)
(1.1)
(0.1)
(0.4)
(0.1)

7.5
9.8
15.1
14.6
9.4
5.7
5.9
15.5
21.1
13.8
11.1

(0.6)
(0.5)
(0.6)
(0.5)
(0.4)
(1.0)
(0.2)
(0.4)
(0.6)
(0.4)
(0.4)

_
-
-

15.6
9.2
6.3
5.3
14.8
19.6
13.9
10.4

..
-
-

(0.4)
(0.4)
(0.7)
(0.4)
(1.0)
(1.2)
(0.4)
(0.4)

t Data obtained by Heng (1980) on the same plots.
t Data in parenthesis refer to 95% confidence interval (CI).

terfall. The presence of tannins and other polyphenols
are known to inhibit nitrification (Rice and Pancholy,
1974). Removal of organic materials from forest floor
during harvesting or site preparation also reduces the
capacity of the soil to retain N (Vitousek and Matson,
1984).

Ammonium
Ammonium was the dominant mineral N form in

the humus layer and soil. Seasonal trends in fresh hu-
mus and soil were found for all treatments (Fig. 1).
Peak concentrations occurred in the fall (61.6 mg kg"1

in humus, 11.5 mg kg"1 in soils) and spring (46.0 mg
kg"1 in humus, 13.6 mg kg""1 in soil). The peak levels
of NH^-N generally corresponded to periods of litter-
fall reported by Heng (1980) for the West Coast beech
forests. The higher NH^"-N levels in the spring prob-
ably reflected seasonal changes in microbial popula-
tions due to increased forest floor temperatures (Table
3). Heng (1980) reported high rates of CO2 evolution
for these sites in the spring months. Lowest NH^"-N
concentrations in the humus layer (17.6 mg kg"1) were
found in July when forest floor temperatures and bi-
ological activity were low. The NH^-N levels in field
incubated humus and soil samples were generally
higher, but followed a pattern similar to that found in
the corresponding field fresh samples (Fig. 2).

The net change in NH^-N concentrations between
sampling periods is a result of several processes (e.g.,
immobilization, leaching from the columns, in situ
ammonification). In the undisturbed beech forest, in-
creases in NHJ-N occurred throughout most of the
year (Fig. 3). Highest net accumulations of NH|-N
(48.0 mg kg"1 in humus, 10.5 mg kg"1 in soil) occurred
in spring (Fig. 3). This is to be expected as plant up-
take would be greatest in the spring, thus increasing
the relative differences in NHJ-N levels between the
fresh and corresponding incubated samples. Low
NH^-N levels occurred in the winter months in the
humus and soil, probably due to low soil temperature
(Powers, 1980), microbial immobilization, denitrifi-
cation, leaching, reducing litter input, or to a combi-
nation of these factors.

Nitrogen mineralization was not monitored in the
clearcut plots until just before burning. Immediately
after clearcutting, ammonification in the humus layer
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Fig. 1. Seasonal pattern in mean NHJ-N concentration in field fresh
humus and fresh soil (0-9, 9-18 cm) in the standing forest and
in the clearcut logged and clearcut logged/burned plots (small
letters at each sampling period indicate results from Duncan's
Multiple Range Tests; see Table 2 for abbreviations).

and soil would have increased above that in the un-
disturbed forest (Aref yeva and Kolesnikov, 1964). Af-
ter the initiation of sampling, the general pattern of
ammonification in the fresh and incubated humus and
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soil samples in all clearcut plots was similar to that
found in the undisturbed beech forest (Fig. 1 and 2).
However, important differences in the levels of
NHJ-N were found. In the CL and PL treated plots,
NH^-N concentrations in the fresh and incubated hu-
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Fig. 3. Seasonal pattern in mean net NH^-N concentration in humus
and soil (0-9, 9-18 cm) in the standing forest and in the clearcut
logged/burned plots (for explanation of abbreviations see Fig. 1).

mus samples were lower than those found in the un-
disturbed beech forest throughout the study. The rel-
ative differences in humus NH^-N concentrations
between those in the undisturbed beech forest and
those in the CL and PL treated plots generally in-
creased with time. Many of the differences were sta-
tistically significant. A similar effect was found in the
soil, although the soil NH^-N levels were initially
higher in the CL and PL treated plots (Fig. 1 and 2).

Net accumulations of NH^-N in the humus layer
in the Cl and PL treated plots during the fall months
were not significantly different from those in the un-
disturbed beech forest (Fig. 3). In the soil, these dif-
ferences generally were statistically significant with
higher NHJ-N levels in the clearcut plots. This prob-
ably reflected a continued decrease in the quantity of
easily mineralizable N substances in the clearcut plots
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or increased amount of leaching from columns in the
clearcut plots.

Increases in soil NHJ-N concentrations after burn-
ing have been observed in other studies (Christensen,
1973; DeBano et al., 1979; Dunn et al., 1979). In the
present study, prescribed burning had a short-term but
significant impact on NHJ-N concentrations in the
humus layer, but little measurable effect on soil
NH;f-N concentrations (Fig. 1). The minimal effect on
soil NHJ-N levels was probably because both burning
treatments were of light to moderate intensity (un-
published data).

Ammonium N concentrations in the fresh and in-
cubated soil samples in the CL/B and PL/B treated
plots generally were higher than those in the CL and
PI treated plots for approximately 60 d after burning
(Fig. 1 and 2). Not all of the differences were statis-
tically significant.

Large increases in NHJ-N concentrations were
found in fresh and incubated humus samples 3-d after
burning (Fig. 1 and 2). This could have resulted from
direct inputs from the ash layer, as NHJ-N has been
reported to be a major N component in ash (Chris-
tensen, 1973). The thermal decomposition of amino
components in the humus is another possibility (Rus-
sell et al., 1974). Ammonium N concentrations con-
tinued to increase, reaching maximum values in the
fresh humus from 21-d (CL/B = 82.7 mg kg"1, PL/B
= 97.5 mg kg"1) to 35-d (CL/B = 89.4 mg kg-1) after
burning (Fig. 2). For the incubated humus samples,
the maximum values (CL/B = 118 mg kg-', PL/B =
129 mg kg"1) were found at 35 d after burning (Fig.
2). Throughout these 35 d, NH^-N concentrations in
the fresh and incubated humus samples in the CL/B
and PL/B treated plots were significantly higher that
those found in the beech forest and the CL and PL
treated plots.

The continued increase in NHJ-N concentrations
for the first 35-d after burning suggests a rapid increase
in the population of ammonifying organisms, possibly
due to the elimination of other competing organisms
for the same substrate. Burning has been shown to
favor bacteria rather than fungi (Jones and Richards,
1977; 1978). Miller et al. (1955) reported that bacterial
populations reached a peak within a month after light
to moderate burns in New Zealand hill country, and
then reverted to their initial preburn levels. A similar
effect probably occurred at Larry's Creek.

Humus NH^-N concentrations returned close to
those found in the CL and PL treated plots in <120
d after burning (Fig. 1).

Results from regression analysis indicated no sig-
nificant correlations between NHJ-N concentrations
and moisture content in fresh humus and soil samples.
No regression analysis was done for temperature.
However, multiple linear regression analysis by Heng
(1980) revealed no significant relationship between
NHJ-N concentration and both moisture content and
forest floor temperatures in both hard beech and ra-
diata pine forests. The spatial variation in such factors
as litterfall, competition for the NH^-N ion, total N,
substrate quality, and polyphenol content could mask
or reduce the ability to measure effects of temperature
and moisture on NHJ-N dynamics.

CONCLUSIONS
Results presented showed that NH^~-N was the

dominant inorganic N form retained in the humus
layer and soil. The NHJ-N levels increased immedi-
ately after burning and were affected by site disturb-
ance (e.g., clearcutting). Burning substantially in-
creased NH^-N levels in the humus and to a lesser
extent in the soil for approximately 120 d after burn-
ing. Trends of extractable NOj-N concentrations re-
flected those of NHI-N in the topsoil. The enhanced
NH^-N production is likely to effect increases in
NOf-N in the soil solution which may lead to in-
creased fluxes of NOj-N through the soil profile in
the field. This aspect remains to be investigated.
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