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Effects of Canopy Removal on Cellulose Decomposition
and Nitrogen Mineralization in Quercus rubra Stands
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ABSTRACT

Although many studies of nutrient cycling in forest ecosystems have reported that clearcutting
creates increased organic matter decomposition and nitrogen (N) mineralization in soils, little is
known about the change of these factors following various levels of canopy removal, A series of
experimental plots with four levels of canopy cover, i.e., clearcut, 25%, 75%, and uncut, was es-
tablished in northern red oak (Quercus rubra L.) stands in northern Lower Michigan, U.S. A. I
examined decomposition of cellulose filter papers and N mineralization using an t» situ soil incu-
bation technique in the top 15cm of mineral soil during the second growing season (1992,
May-October) following stand manipulation. Mass loss from cellulose filter papers was more rapid
in the canopy removal treatments than in the uncut treatment. Similarly, net N mineralization
was significantly greater in the canopy removal treatments than in the uncut treatment, There
was no significant difference in net N mineralization rates among the three levels of canopy re-
moval. Net N mineralization for the growing season was 58 kg /ha for the clearcut, 54 kg /ha for
the 25% canopy cover, 51 kg /ha for the 75% canopy cover, and 22 kg /ha for the uncut treat-
ment. These results indicated that even only small amounts of canopy removal (leaving 75% can-
opy cover) led to substantial increases of cellulose decomposition and the amount of available soil
nitrogen.
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INTRODUCTION

Many studies have reported increased rates of soil N mineralization and organic matter
decomposition in forest ecosystems following complete canopy removal (Matson and
and Vitousek 1981, Binkley 1984, Mader ef al. 1989, Smethurst and Nambiar 1990). Par-
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tially open canopies, such as in gaps of older forests or in young stands, also generally
showed increased rates of N mineralization and organic matter decomposition associated
with increases in soil temperature and moisture (Piene and Van Cleve 1978, Mladenoff
1987, Frazer et al. 1990). However, Wallace and Freedman (1986) reported that organic
matter decomposition after clearcutting hardwood stands did not change, while Yin et al.
(1989) found that organic matter decomposition decreased in clearcut red oak stands
compared to partial canopy cover or uncut stands.

Although several studies have reported N mineralization and organic matter decompo-
sition rates after clearcutting oak stands (Matson and Vitousek 1981, Vitousek and
Matson 1985, Yin e al. 1989), the rates in N mineralization and organic matter decompo-
sition following various levels of canopy removal are still unknown, It is important to esti-
mate the potential effects of canopy removal on organic matter decomposition and N
mineralization because of its relationship to tree growth and nutrient availability
(Edmonds 1991). In addition, canopy removal, such as clearcutting, shelterwood cutting,
and thinning in oak stands, has held a considerable attention in terms of forest manage-
ment. The objective of this study was to determine the effects of various levels of canopy
removal on the processes of organic matter decomposition and soil N mineralization in ma-
ture northern red oak stands.

MATERIALS AND METHODS

Study site and experimental design

The study was conducted in Crawford County in northern Lower Michigan, U.S A.
Most of the area consists of second-growth forests that originated in the early part of this
century following extensive logging and burning (Albert ef al. 1986), Annual precipitation
averages 770 mm /yr and includes considerable snowfall, Annual average temperature is
6.7°C (Albert et al. 1986)

Experimental plots were located in two adjacent northern red oak stands on moderately
productive upland sites (longitude 84° 45'W, latitude 44° 31'N, elevation 400m). Mean
stand age was about 90 years and the aspect was north. The experimental design consisted
of three blocks, each divided into four 66X 66m plots randomly assigned one of four canopy
cover treatments: clearcut, 25%, 75%, and uncut, Sampling was confined to the central 30
X 30m area of each plot, leaving an 18m buffer zone to reduce edge effects.

Canopy cover in all plots was measured with a concave spherical densiometer during
July 1990, prior to canopy removal. Canopy cover in this study was defined as the pro-
portion of the sky covered by tree crowns. Canopy was removed in August and
September, 1990 by thinning from below, starting with trees that were a minimum of
2.5cm in diameter at breast height (DBH). All logging residues on the experimental plots
were moved manually into the buffer strips. Mean basal area and percent canopy cover in
the canopy cover treatment plots are presented in Table 1.
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Table 1. Mean basal area and percent canopy cover in canopy cover treatments

Canopy cover treatment

Clearcut 25% 75% Uncut
Basal area (m? /ha) 0 6.1 (0.8) 15.4 (0.8) 34.0 (0.7)
Canopy cover (%) 0 28 (0.7) 70 (0.6) 86 (1.5)

Mean values (basal area n=4, canopy cover n=16) of three blocks. One standard error is given in parenth-
eses,

Soils were sandy, mixed frigid Alfic Haplorthods developed in pitted outwash. Selected
soil physical and chemical properties based on samples collected from a soil pit near the
center of each block are summarized in Table 2,

Cellulose decomposition

Cellulose filter paper bags, placed in 15X 15cm fiber glass bags (mesh size 1,5mm), were
used to allow comparisons of relative organic matter decomposition rates among canopy
cover treatments. In general, the cotton strip method has been used for assessment of
cellulose decomposition rates in soil profiles (French and Howson 1982, Hill e al. 1985),
but cellulose filter paper is preferred because it is simple and easy to apply (Binkley 1984,
McClellan et al. 1990). Twelve cellulose bags enclosed by cellulose filter papers of about 6g
(Whatman #1 filter papers, 4 collection times X 3 replicates) were inserted vertically to
a soil depth of 0~15cm in each canopy cover treatment plot (April 1992). The bags were
collected on four occasions (May, June, August, and October 1992) during the growing
season. Collected filter papers were oven-dried at 60°C for 48 hours, cleaned by gentle
brushing with a soft paintbrush to remove mineral soil or fine root residue on the surface,
and weighed to determine cellulose mass loss rates. A subset of samples of papers from
each treatment for each sampling month was ignited at 375°C for 16 hours to determ-
ine ash content to correct for mineral contamination.

Table 2. Selected soil physical and chemical properties of study sites in northern Lower Michigan, U.

S.A.

A /E horizon Bw horizon
Horizon depth (cm) 0~8 (2)* 8~50 (8)
Organic matter (%) 3.2 (1.06) 1.3 (0.07)
Sand (%) 96.0 (0.8) 94.0 (1.9)
Silt (%) 4.0 (0.7) 5.0 (0.6)
Clay (%) 0.0 (0.2) 1.0 (0.4)
Bulk density (g /cm?) 1.05 (0.02) 1.34 (0.02)
pH 4.2 (0.2) 5.3(0.2)
Total N (%) 0.070 (0.02) 0.019 (0.003)

Total P (%)
CEC (cmol /kg)

0.013 (0.003)
4.24 (1.33)

0.017 (0.004)
2.09 (0.21)

*Means (n=3). One standard error is given in parentheses,
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Net N mineralization and nitrification

Net N mineralization and nitrification were estimated by using an in situ buried plastic
bag technique, Four 15m transects were established in each canopy cover plot, Three
pairs of undisturbed soil cores (5cm diameter X 15cm deep) were taken monthly in each
canopy cover treatment during the 1992 growing season. One soil core from each pair was
transported to the laboratory to measure initial NH,™ and NO;~ concentrations. The other
soil core was placed in a polyethylene bag (0.025mm thick), returned to the same sam-
pling hole, the litter replaced, and then incubated for one month. All incubation bags were
covered by wire cages to prevent damage by rodents. All soil cores (initial and incubated)
were taken from the field and returned to the laboratory where they were immediately
hand sorted to remove stones and large roots. Residual materials were mixed throughly by
hand and stored at 4°C in a cooler. A 5g subsample of mineral soil was extracted with 50ml
of 2M KCl solution within 72 hours after sampling. Ammonium and NO;~ concentrations
were determined using Technicon Autoanalyzer II. Net N mineralization rates were deter-
mined by subtracting the initial soil N (NH," and NO;") concentrations from concen-
trations after one month incubation. Net nitrification was calculated as the difference be-
tween final and initial NO;~ in the same samples. Net N mineralization and nitrification
were converted to mass per area (kg /ha) by bulk density measurements and correcting
for coarse-fragment content,

From the each initial soil core sample, soil pH (1:1 soil:water suspension) was deter-
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Fig. 1. Moisture content in the top 15cm of mineral soils at various levels of canopy cover, Means
(n=9) and one standard error are presented.
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mined (McLean 1982) and subsamples were oven-dried at 105 for 24 hours to determine
oven-dry weight. Soil temperature (7.5cm depth) was recorded three times during summer
between 3 PM and 5 PM under relatively clear skies by thermometers (Taylor Model
5859) placed within each canopy cover treatment.

Data analysis

The study used a randomized complete block design with four canopy cover treatments
in three blocks. The data were analyzed using analysis of variance to determine signifi-
cance of the main effect (canopy cover treatment). Homogeneity of variances was tested
with the Hartley test and normal probability plots were examined to test for normality of
residuals (Neter e al. 1990). Data that did not fit homogeneity of variance or a normal dis-
tribution were transformed. Where appropriate, comparison of treatment means was ac-
complished using Tukey’s test. All analyses of variance for the data were executed with
the General Linear Models procedure in SAS (SAS Institute, Inc. 1989)

RESULTS AND DISCUSSION

Soil moisture content and soil temperatures

Average soil moisture content during the growing season was not significantly different
between the clearcut and the uncut treatment (Fig, 1), Many studies have reported tem-
porary increases in soil moisture content following clearcutting due to decreased water up-
take by trees. However, the extent of changes depended on the type of revegetation, soil
texture, soil water holding capacity, and local climate (Yin et al. 1989, Liechty et al. 1992).
The lack of a significant difference in soil water content between the clearcut and the un-
cut treatment may be attributed to changes in forest floor thickness associated with
decreased litter production and /or increased regrowth of vegetation after canopy re-
moval. Decreased litter production may enhance surface evaporation due to a decreased
mulching effect of the forest floor (Child and Flint 1987).

Average soil temperatures in all canopy removal treatments were significantly higher
than in the uncut treatment (Fig. 2). Increased soil temperatures were probably due to
the increased amount of sunlignt reaching the forest floor after canopy removal.

Cellulose decomposition

All canopy removal treatments showed increased rates of cellulose decomposition
compared to the uncut treatment (Fig. 3). Increased mass loss in the canopy removal
treatments may be due to changes in environmental factors such as light, temperature,
and nutrients as affecting the activity of soil microflora and fauna (Binkley 1984, Johnson
et al. 1985, Beyer 1992). In this study there was no significant difference between soil
moisture in the canopy removal treatments and in the uncut treatment (Fig. 1), This re-
sult suggested that the higher mass loss in canopy removal treatments may be attributed
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Fig. 2. Temperature at 7.5cm soil depth at various levels of canopy cover. Means (n=9) and one stan-
dard error are presented.

to increased soil temperatures, Other studies have suggested that both higher soil temper-
atures and higher soil moisture following canopy removal may result in accelerated de-
composition (Piene and Van Cleve 1978, Binkley 1984). Brown and Howson (1988)
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Fig. 3. Mean cellulose mass loss over the time at various levels of canopy cover. Means (n=9) and one
standard error are presented. Initial incubation (day 0) was April 30, 1992.
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reported that the decomposition potential of cellulose cotton strips was strongly related to
appreciable populations of earthworms. However, in this study cellulolytic fungi may play
a leading role in the degradation of cellulose because earthworms in all canopy treatment
were very rarely observed on this highly acidic forest soils.

Nitrogen mineralization and nitrification

Nitrogen mineralization in all canopy cover treatments was generally higher during the
spring and summer than during the fall (Fig. 4). The seasonal fluctuation in the N
mineralization rates suggested that soil temperature may be the primary factor controlling
the N mineralization process in this stand. There was no correlation (r=0,10, p=0.892) be-
tween monthly soil moisture content and monthly net N mineralization. Boone (1992)
reported similar results that the seasonal patterns for N mineralization in maple forests in
Massachusetts were related to seasonal changes in soil temperature,

Total net N mineralization summed during the growing season was significantly greater
in all canopy removal treatments than in the uncut treatment (Fig. 5). In addition, there
was no significant difference between net N mineralization and different degrees of canopy
removal. Net N mineralization for the growing season was 58 kg /ha for the clearcut, 54
kg /ha for the 25% canopy cover, 51 kg /ha for the 75% canopy cover, and 22 ka /ha for
the uncut treatments. Many studies have reported increased rates of N mineralization in
forest ecosystems following canopy removal because the increased amount of sunlight
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Fig. 4. Monthly net N mineralization in the top 15cm of mineral soil at various levels of canopy cover.
Means (n=9) and one standard error are presented.
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Fig. 5. Total net N mineralization in the top 15cm of mineral soil at various levels of canopy cover dur-
ing the growing seasons. Means (n=9) and one standard error are presented.

reaching the forest floor and water infiltration stimulate microbial activity, facilitating de-
composition and nutrient turnover (Matson and Vitousek 1981, Binkley 1984). There was
no significant difference in average soil moisture determined from initial soil core samples
(0~15cm depth) for the growing season between the clearcut and uncut treatments in
this study. In contrast, soil temperatures were significantly higher in the clearcut treat-
ment than in the uncut treatment, suggesting that increased soil temperatutre may lead to
increased N mineralization rates in the clearcut. Stanford et al. (1973) reported a Qy of
about 2 for N mineralization potential. In this study the increase of about 5C in soil
temperature in the clearcut compared to the uncut treatment was associated with a
two-fold increase in N mineralization rates.

Total net N mineralization in the partial canopy cover treatments was significantly
higher than in the uncut treatment. Increased rates of N mineralization in the partial
canopy cover treatments could be partially attributed to increased soil temperatures
(Fig. 2). However, the increase of about 2°C in soil temperatures in the 75% canopy
cover treatment compared to the uncut treatments was also associated with a two-fold
increase in net N mineralization rates. This result suggests that N mineralization in this
treatment may be more linked to other factors than microclimatic factors such as soil
temperature and moisture content. Changes in the immobilization /mineralization rates
of recently dead root caused by tree removal may have occurred during the sampling
time in this treatment. Similarly, change in substrate quality was the most important in
a Pinus radiata clearcut in Australia {Smethurst and Nambiar 1990).
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Fig. 6. Monthly net nitrification in the top 15cm of mineral soil at various levels of canopy cover,
Means (n=9) and one standard error are presented,

Nitrification was negligible despite relatively elevated NH,* availability following can-
opy removal (Fig. 6). Although nitrification or NO;~ immobilization was dectected in the
clearcut treatment, it was not significantly different from the other canopy cover
treatments. Absence of nitrification in soil from the uncut treatment was not expected
due to the strong acidity of soil in this study site. However, nitrification was also unaffec-
ted by increased soil temperature and pH after canopy removal (Fig. 2, Fig. 7). Low or
undetectable NO;~ levels from oak stands have been reported elsewhere (Vitousek and
Matson 1985, Donaldson and Henderson 1990, Aber et al. 1993). The low levels or absence
of nitrification may be attributed to the low pH, low soil NH,* availability, presence of
allelopathic compounds, or low population of nitrifying bacteria (Vitousek and Matson
1985, Donaldson and Hendensen 1990). However, Hart et al. (1994) suggested that 1-month
soil incubation in in sitw buried bag methods may be too short to accumulate a significant
amount of NO,;~ because of microbial immobilization of NO;~ produced. If any NO,;-
produced is assimilated by microorganisms, NO;~ losses by leaching or denitrification fol-
lowing canopy removal in this stand would be low,

In conclusion, this result indicated that canopy removal is a key process affecting net N
mineralization and cellulose decomposition in red oak stands. Even slight canopy reduction
(i.e., 75% canopy cover) led to substantial increases in available soil N and cellulose de-
composition, In contrast, nitrification was unaffected by canopy removal,



228 Korean J. Ecol. Vol. 18 No, 2

[4)]

4.8
T ]
4
F)
4.6J 7 {l , % 7
-} £ Hal th % ,?
A A N [ r
i A A N |
n IN N N N
N A N N W
N N N IN N
I'N IN N N I'N
N . N N N
A A N IN |
42 A A N IN AN
N I N N 'N
N 2 N N I'N
N EN N IN IN
W IN N I'N n
N 'N N N IN
4 N N | N N _IIN
APR.  MAY JUN. JUL. AUG. SEP. MEAN
MONTH

[ cLEARcUT 25% COVER [ 75% COVER [l UNCUT

Fig. 7. pH in the top 15 cm of mineral soils at various level of canopy cover. Means (n=9) and one
standard error are presented.

=)

Y A SR ATSE YR APAYS YA BRI B Bahg As B
7188 Z7bshe AeE nusT Ytk T YRAAA o) S2NA o5 Aztel Wkl
#atole @ BoiA UA Wk FHABUT QB0 45 QBE A, Z A, 25% M2
T, 5% AT, TAATE VE F, BF 435 15cm oM o] B2 0x B3} wdFoy
g ol§% WA Frse g 24 ST B 4E2 o0 Bl JuAA Aot 2A
HFuch o wavh W4 TU)5he EY Q@ A7) Ao 7oh BAe 7o) vl fUHOD B
Uehdth et Q@ A7 H2)el 353 Aol Ad Br1ses) ¥ §93e Fole A
o 9% AFVIET AL Fo)50) & AW AT 58 ke /ha, 25% U HH 2l T 54 ke /ha,
75% A BA ) 7 51 kg /ha, TH 2] T 22 kg /ha 0.2 Vhekikth, A7 Azte] BEE e o
QB AAZ AW AEE O~ Balt Ah P80l 4T 2718 2 ske Ao Yehy
o},

*LITERATURE CITED

Aber, J.D., A. Magill, R. Boone, J.M. Melillo, P. Steudler and R. Bowden. 1993. Plant
and soil responses to chronic nitrogen additions at the Harvard Forest,
Massachusetts, Ecol. Appl. 3:156-166.

Albert, D.A., S.R. Denton and B.V. Barnes. 1986. Regional landscape ecosystems of



June 1995 Kim : Effects of Canopy Removal on Cellulose Decomposition and N Mineralization 229

Michigan. School of Natural Resources. The University of Michigan, Ann Arbor, MI,
32p.

Beyer, L. 1992. Cellulolytic activity of Luvisols and Podzols under forest and arable land
using the “Cellulose-test” according to Unger. Pedobiologia 36:137-145.

Binkley, D. 1984. Does forest removal increase rates of decomposition and nitrogen re-
lease? For. Ecol, Manage, 8:229-233.

Boone, R.D. 1992. Influence of sampling date and substrate on nitrogen mineralization:
comparison of laboratory-incubation and buried-bag methods for two Massachusetts
forest soils, Can. J. For. Res. 22:1895-1900.

Brown, A .H.F. and G. Howson. 1988. Changes in tensile strength loss of cotton strips with
season and soil depth under 4 tree species. In A F. Harrison, P.M. Latter and D.W.H.
Walton (eds.), Cotton Strip Assay: an Index of Decomposition in Soils. Institute of
Terrestrial Ecology, Grange-over Sands, England. pp. 86-89.

Childs, S.W. and L.E. Flint. 1987. Effect of shadecards, shelterwoods, and clearcuts on
temperature and moisture environments. For. Ecol. Manage. 18:205-217.

Donaldson, J.M. and G.S. Henderson. 1990. Nitrification potential of secondary-succession
upland oak forests: I. Mineralization and nitrification during laboratory incubations,
Soil Sci. Soc. Am, J. 54:892-897.

Edmonds, R.L. 1991. Organic matter decomposition in western United States forests, In
AE. Harvey and L.F. Neuenschwander (eds.), Proceedings Management and Pro-
ductivity of Western-Montane Forest Soils. April 10-12, 1990, Boise, ID. pp. 118-128.

Frazer, D.W., J.G. McColl and R.F. Powers, 1990. Soil nitrogen mineralization in a
clearcutting chronosequence in a nothern California conifer forest, Soil Sci, Soc. Am.
J. 54:1145-1152,

French, D.D. and G. Howson. 1982. Cellulose decay rates measured by a modified cotton
strip method. Soil Biol. Biochem, 14:311-312.

Hart, S.C., G.E. Nason, D.D. Myrold and D.A. Perry. 1994. Dynamics of gross nitrogen
transformations in an old-growth forest: the carbon connection., Ecology 75:880-891.
Hill, M.O., P.M. Latter and G. Bancroft. 1985. A standard curve for inter-site comparison
of cellulose degradation using the cotton strip method. Can. J. Soil Sci. 65:609-619.
Johnson, J.E., D.W. Smith and J.A. Burger. 1985. Effects on the forest floor of whole-tree

harvesting in an Appalachian oak forest. Am, Midl. Nat, 114:51-61.

Liechty, H.O., M.]J. Holmes, D.D. Reed and G.D. Mroz. 1992, Changes in microclimate
after stand conversion in two northern hardwood stands, For., Ecol. Manage,
50:253-264.

Mader, S.F., WM. Aust and R. Lea. 1989. Changes in net primary productivity and cellu-
lose decomposition rates in a water tupelo-bald cypress swamp following timber har-
vest. In J.H. Miller (ed.), Proceeding of the 5th Biennial Southern Silvicultural Re-
search Conference; November 1-3, 1988, Memphis, TN. pp. 539-543.



230 Korean J. Ecol. Vol. 18 No. 2

Matson, P.A. and P.M. Vitousek. 1981. Nitrogen mineralization and nitrification potential
following clearcutting in the Hoosier national forest, Indiana. For. Sci. 27:781-791.
McClellan, M.H., B.T. ‘Bormann and K. Cromack, Jr. 1990. Cellulose decomposition in
southeast Alaskan forests: effects of pit and mound microrelief and burial depth. Can.

J. For. Res, 20:1242-1246.

McLean, E.O. 1982. Soil pH and lime requirement. In A L. Page, R.H. Miller and D.R.
Keeney (eds.), Methods of Soil Analysis. Part 2. Chemical and Microbiological Prop-
erties. 2nd ed. ASA and SSSA, Madison, WI. pp. 199-223.

Mladenoff, D.J. 1987. Dynamics of nitrogen mineralization and nitrification in hemlock and
hardwood treefall gaps. Ecology 68:1171-1604.

Neter, J., W. Wasserman and M.H. Kutner. 1990. Applied linear statistical models: re-
gression, analysis of variance, and experimental designs. 3rd ed. Richard D. Irwin,
Homewood, IL. 1181p.

Piene, H. and K. Van Cleve. 1978. Weight loss of litter and cellulose bags in a thinned
white spruce forest in interior Alaska. Can. J. For. Res. 8:42-46.

SAS Institute Inc. 1989, SAS /STAT user’s guide, Version 6, 4th ed. Volume 2, Cary, NC.
846p.

Smethurst, P.J. and E.K.S. Nambiar, 1990. Distribution of carbon and nutrients and fluxes
of mineral nitrogen after clear-felling a Pinus radiata plantation, Can, J. For, Res.
20:1490-1497.

Stanford, G., M.H. Frere and D.H. Schwaninger. 1973. Temperature coefficient of soil ni-
trogen mineralization. Soil Sci. 1¥5:321-323.

Vitousek, P.M. and P.A. Matson. 1985. Causes of delayed nitrate production in two
Indiana forests. For. Sci. 31:122-131.

Wallace, E.S. and B. Freedman. 1986. Forest floor dynamics in a chronosequence of hard-
wood stands in central Nova Scotia, Can, J. For. Res. 16:293-302.

Yin, X., J.A. Perry and R.K. Dixon. 1989. Influence of canopy removal on oak forest floor
decomposition, Can. J. For. Res. 19:204-214,

(Received 3 April, 1995)



