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Abstract 

Summary 

 
Little, S.N.; Klock, G.O. The influence of residue removal and prescribed fire 

on distributions of forest nutrients. Res. Pap. PNW-338. Portland, OR: U.S. 
Department of Agriculture, Forest Service, Pacific Northwest Forest and Range 
Experiment Station; 1985. 12 p. 

The effects of two levels of residue removal (removal of all woody material larger 
than 15 x 180 cm and 10 x 120 cm) on the distribution of nitrogen and sulfur on 
the forest site and the added effects of postharvest prescribed fire on those 
distributions were studied at two sites in the Cascade Range in Oregon. Nutrients 
lost from increased removal of residue were small compared with nutrients removed 
in merchantable timber. Differences in the amount of nutrient capital removed 
during harvest between the two levels of residue removal amounted to 1 percent of 
the total site nitrogen and 4 percent of the total site sulfur. The amount of nutrient 
lost during fire depended not only on residue levels, but also on moisture content 
of residue and duff. At the site where both treatments had the same moisture 
levels, the unit with less residue removed by harvest lost 7 percent more nitrogen 
by the combination of harvest and prescribed burn. It appears that nutrient losses 
due to fire may be mitigated by increased residue removal. 

Keywords: Nutrient loss, soil nitrogen, sulfur, residue treatments, prescribed burn-
ing, yarding residues. 

Pressure is being put on all forest lands to maximize outputs from the current crop. 
Growing markets for alternative wood products has led to increased utilization of 
forest biomass, which has, in turn, led to concern over the ability to maintain forest 
productivity while meeting the increasing demand for biomass. 

Maintaining productivity on a given harvest site depends on protecting soil integrity 
(including nutrient capital, soil structure, and soil stability), reducing competition 
from nontarget species, providing planting sites or adequate seedbed conditions, 
and protecting the future stand and adjacent timber from wildfire, pests, and 
disease. The harvest strategy and the treatments used to prepare a site for 
regeneration will affect all of these areas, particularly with respect to the amount of 
forest biomass left after harvest. 

One specific area of concern is the effect on nitrogen and sulfur reserves of 
removal of increasing amounts of biomass combined with prescibed fire. This study 
looked at two levels of residue removal (removal of all woody material larger than 
15 x 180 cm and 10 x 120 cm) and the added effects of postharvest prescribed fire 
on the distributions of nitrogen and sulfur. Two sites were chosen in the Cascade 
Range in Oregon: the Joule sale in the Willamette National Forest and the 
Blackeye sale in the Mount Hood National Forest. On all sites, nutrients removed in 
residue were small compared with nutrients removed in merchantable timber. Dif-
ferences in the amount of nutrient capital removed during harvest between the two 
levels of residue removal amounted to 1 percent of the total site nitrogen and 4 
percent of the total site sulfur. 



The amount of nutrient lost during fire depended not only on residue levels, but 
also on moisture content of residue and duff. At Joule, differences between 
moisture levels overshadowed differences in residue loading before burn. At 
Blackeye, both treatments had the same moisture levels, and the unit with less 
residue removed by harvest lost 7 percent more nitrogen by the combination of 
harvest and prescribed burn. It appears that nitrogen losses during burning may be 
mitigated by increased residue removal, resulting in a net savings of nutrient 
capital. Attempts to quantify sulfur losses were largely unsuccessful. 
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Introduction 

Methods 

In the Pacific Northwest, concern is rising about the ability to maintain the produc-
tivity of forest lands with increased removal of residues and the use of prescribed 
fire for site preparation. Forest nutrients are lost from a site when residue is re-
moved to meet demands for fuel and fiber. Nitrogen and sulfur, important plant 
nutrients which are often deficient in Pacific Northwest soils (Heilman 1981), are 
volatilized when slash is burned. This study explored the possibility that the 
amount of nitrogen and sulfur lost during a prescribed burn may be reduced by 
removing large residues before burning and hence reducing the duration of the 
burn. 

Although the general effects of fire on soil and nutrient dynamics are known (Wells 
and others 1979), the combined effects of intensive harvesting and prescribed burn-
ing cannot be predicted. Harvesting woody residues leaves less large fuel on the 
unit to burn. Thus, nitrogen and sulfur losses from burning may be reduced 
because of lower fire intensity and duration. Although harvesting more wood from a 
site may decrease the need to burn for hazard reduction, because of the decrease 
in large fuel and compaction of the fine fuel, burning may still be the most cost-
effective means of slash reduction to increase the number of available planting 
sites and to control unwanted brush. Knowledge of the effects of various combina-
tions of harvest levels and prescribed burning on distributions of forest nutrients is 
needed for effective management. 

The amount of forest residue remaining after a timber sale generally reflects the 
specified size of material that must be removed during harvest. Current specifica-
tions for USDA Forest Service sales west of the crest of the Cascade Range usual-
ly require the purchaser to remove all material larger than 20 cm in diameter by 
310 cm in length. Because even smaller materials may be removed in the future to 
meet growing demands for fiber and fuel, a better understanding is needed of the 
relationship between size of residue left and the effects of burning. In a previous 
study (Little and others 1982), yarding to a minimum 15- by 180-cm specification 
significantly reduced the amount of residue on the site as well as the amount of 
duff consumed by the ensuing prescribed fire, as compared to that observed for a 
20.3- by 310-cm specification. The objective of the study reported here was to 
determine the effects of two intensive harvest levels (15- by 180-cm and 10- by 
120-cm yarding specifications) on the amount of nitrogen and sulfur remaining in 
residue, duff, and soil and the subsequent effects of prescribed fire on those 
nutrients. 

The impacts of intensive harvest and prescribed fire were studied in two timber 
sales: Blackeye (Clackamas Ranger District, Mount Hood National Forest) and 
Joule (Lowell Ranger District, Willamette National Forest). The study sites in these 
sales were originally stands of old-growth Douglas-fir (Pseudotsuga menziesii (Mirb.) 
Franco) and western hemlock (Tsuga heterophylla (Raf.) Sarg.). Four cutting units 
were divided in half (down slope) and logged to different yarding specifications.1/ 
Units 20, 30, 11, and 22 were yarded to a 10 by 120 specification; units 2, 3, 12, 
and 21 were yarded to a 15 by 180 specification. Two pairs of units (2 and 20; 11 
and 12) were chosen for nutrient and biomass analysis. Duff and fuel consumption 
were measured on all units. 

 1/ Yarding of units was done as part of a study funded by the 
U.S. Department of Energy to assess the costs of harvesting dif-
ferent levels of residue (Adams 1983). 
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Preharvest Sampling 

Postharvest Sampling 

Burning Conditions 

Post burn Sampling 

The amounts of nitrogen and sulfur in duff and soil were determined on twelve 0.08-
ha fixed-radius plots on each of four units: 2, 20, 11, and 12. Plots were 
located on a randomly oriented grid of equilateral triangles to ensure uniform 
distribution among the sample plots. All duff was removed from two 0.1-m2 areas at 
each plot, one 3 m north of plot center and one 3 m east of plot center. Duff included 
all of the forest floor above mineral soil (litter, fermentation, and humus layers). 
Mineral soil cores were extracted from the areas where the duff was removed at 
depths of 0-7.5 cm, 7.5-15 cm, 15-30 cm, and 30-60 cm. Samples were air dried and 
analyzed for total nitrogen by the micro-Kjeldahl method and for total sulfur by the 
high frequency induction furnace method (Black 1965). Descriptions 
of the soil chemical characteristics before and after harvest are shown in Appendix 1. 

The amount of biomass and nutrients removed during harvest was determined 
using data from Adams (1983). Biomass removed in merchantable timber was 
calculated by species from gross scale volumes, specific gravity as sampled in the 
field, and board foot to cubic foot ratios as developed by Cahill (1984). All nonmer-
chantable material removed during harvest was weighed by species. Weights were 
corrected for moisture content using data collected at time of removal. Samples of 
wood and bark by species were taken for nitrogen and sulfur analyses. See Appendix 
2 for calculations. 

Residue (all woody material greater than 0.6 cm in diameter) was inventoried using the 
line intersect method (Brown 1974) on 1525 m of line for each unit to estimate fuel 
loading within ± 10 percent with 95-percent confidence (Pickford and Hazard 1978). 
Samples of residue from each species were taken at each study location 
and analyzed for nitrogen and sulfur concentrations in wood and bark. 

The initial sample plots were used for the postharvest sample of duff and soil, with 
one sample taken 3 m south of plot center and one taken 3 m west of plot center. The 
same procedures used in the preharvest sampling were followed. Differences 
in amounts of nutrient capital between units were calculated as the difference by 
component of the averaqe unit values. 

All units were broadcast burned by the strip-headfire method. Just prior to ignition, 15 
moisture samples were taken from the upper and lower halves of the duff layer and 
from residue 7.6 to 22.9 cm in diameter (thousand-hour fuel). Duff samples were 
ovendried at 72 °C and fuel samples were dried at 103 °C. The preburn fuel and duff 
conditions are listed in table 1. 

Duff consumption was estimated in two ways: by difference in duff weight and by the 
difference between measured depth of duff before and after burning. After burning, 
duff was sampled with two 0;1-m2 samples taken from each of 12 plots on 
each unit The difference in duff weight per hectare before and after burning was 
calculated as an average of plot measurements. These postburn duff samples were 
analyzed for nitrogen and sulfur. The duff depth on all sites far exceeded the depth 
consumed by fire. Because duff samples were collected before any significant 
leaching occurred, impact on soil was assumed negligible and no postburn soil 
samples were taken. Duff consumption was also measured as a reduction in duff 
depth according to the procedure developed by Beaufail and others (1977). Sixteen 
metal spikes were inserted it} the soil 0.5 m apart on a grid at each of 25 plots in 
each until. Twelve of the 25 plots were the same plots used to sample for soil and 
biomass capital.

2



Table 1--Preburn duff and fuel loadings, consumption, and moisture content 
 
 
 
 

           1/ Dimension of largest log to be left on the unit after harvesting. 
 

 

Results and 
Discussion 

Effects of Harvest 

Effects of Burning 

Residue consumption was calculated by diameter reduction (Sandberg and Ottmar 
1983). Percent consumption was calculated for residue diameter classes from 
measured reduction in diameters of logs caused by consumption. Postbum residue 
consumption was then computed as the product of preburn inventory and percent 
consumption for each residue diameter class. 

Estimates of biomass, nitrogen, and sulfur for residue, duff, and soil are listed in 
table 2 for after harvest and after burn. Table 3 lists by components the changes in 
biomass, nitrogen, and sulfur caused by harvesting and burning. 

Losses of biomass, nitrogen, and sulfur during harvest reflected yarding specifica-
tion on both sites. The difference between pairs of units in total above-ground 
biomass harvested was 104 Mg/ha for units 11 and 12 and 57 Mg/ha for units 2 
and 20. The increased loss of nitrogen caused by the harvest of smaller material 
was 102 kg/ha at the Joule site and 61 kg/ha at the Blackeye site. This difference 
between units represents 5 percent of the nitrogen above mineral soil before 
harvest at unit 11 and 4 percent at unit 20. In both cases, this is only 1 percent of 
the total site nitrogen. The difference between units in loss of sulfur was 20 kg/ha 
at Joule and 13 kg/ha at Blackeye. This corresponds to 9 percent of the sulfur 
above mineral soil on unit 11 and 8 percent on unit 20, or 4 percent of the total 
sulfur on both sites. 

At the Blackeye units, losses of biomass and nitrogen from burning were propor-
tional to yarding specification. Unit 2, where less biomass was removed during 
harvest, lost 72 Mg/ha more biomass and 126 kg/ha more nitrogen than did 
unit 20. 

At the Joule units, losses caused by consumption did not follow yarding specifica-
tion. Unit 11 lost more biomass and nitrogen (15 Mg/ha and 319 kg/ha, respective-
ly) than did unit 12. This inconsistency was due in part to the difference in fuel and 
duff moisture between these units. Unit 11 had drier fuel which enabled greater 
consumption. The loss of nitrogen from unit 12 appears to be quite low relative to 
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Table 2--Total biomass, nitrogen (N), and sulfur (S) by components after 
harvest and after burn (SE in parentheses) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
         1/ Dimension of largest log to be left on the unit after harvesting. 
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the amount of biomass lost. We suspect that the sample size may not have been 
large enough at this site to assess nitrogen, because the difference in nitrogen 
concentrations in the duff between units 11 and 12 was not significant. 

There appeared to be an increase in sulfur in the duff following the burn in units 
11 and 12. This may reflect inputs of sulfur that were not volatilized from consumed 
woody fuel. Postburn sulfur levels were 20 percent less than preburn levels at units 
2 and 20. It appears that either the field sampling or the chemical analyses, or 
both for sulfur were insufficient to determine the fate of sulfur at these sites. 

Duff depth reduction and fuel consumption estimates are listed in table 1. There 
was no difference in depth reduction between paired units 11 and 12, and 2 and 
20. Depth reduction at units 1, 3, and 30 increased with the amount of residue left 
on the site. Depth reduction was contrary to yarding specification on units 21 and 
22, with 25 percent more depth reduction on 22, the unit with the more stringent 
specification. This was probably due to the high moisture content of the fuel and 
duff in unit 21. We suspect that moisture content played a more critical role than 
loading at these units. ; 



Table 3--Changes in biomass, nitrogen, and sulfur caused by harvest and 
prescribed fire 

 

1/ Dimension of largest log to be left on the unit after harvesting. 

 

Combined Effects of 
Harvest and Burning 

Because the reduction data for duff depth as measured after harvest were not con-
sistent with the biomass data from the nutrient samples, we could not estimate 
nitrogen loss for units 3, 30, 21, and 22. The inconsistency among data on depth 
reduction and biomass loss resulted from the destructive nature of the biomass 
sampling. Unlike the depth measurements, biomass samples could not be taken at 
the same place before and after burning. The sampling for duff depth reduction 
was much more intensive than sampling for biomass loss (400 samples vs 12 
samples per unit). Given the high variability in duff depth over a unit, it appears 
that the sampling for biomass may have been insufficient. 

The loss of total nitrogen from harvesting and burning was greater in unit 11 (1142 
kg/ha) than in unit 12 (721 kg/ha) (table 3). This difference was probably due to dif-
ferences in preburn fuel moistures as noted above. More nitrogen was lost from 
unit 2 (960 kg/ha) than from unit 20 (895 kg/ha). In this case, the loss of nitrogen 
during harvest due to removal of smaller material was more than compensated for 
by reduction in loss from burning caused by reduced fuel loading. On both sites, 
differences among units in the amount of sulfur lost was less than 3 percent of the 
total site sulfur before harvest. 
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Conclusions In old-growth Douglas-fir/hemlock stands, the amount of nitrogen lost by removing 
additional biomass to the 10 by 120 specification appeared to be much less than 
the amount of nitrogen lost through harvest of merchantable material and pre-
scribed fire. The results on units 20 and 2 indicated that there can be a net saving 
of nitrogen on units that are burned if they are logged to a closer specification. 
The results at Joule showed that moisture content plays a critical role in fuel and 
duff consumption and may overshadow any difference in preburn residue levels. 
Removing residue from a site may reduce the total amount of nitrogen lost from 
harvesting and burning for a given moisture content of fuel and duff. It may also 
increase the range of moisture levels under which a unit can be burned and yet 
achieve a limited amount of duff consumption and nitrogen loss. 

The number of replicates was limited to two, and our results reflected only the con-
ditions at the Blackeye and Joule study areas. We were able to show, however, that 
a measurable difference in nitrogen loss from fire can be achieved by increasing 
harvest specifications if moisture conditions are held constant. Further research is 
now underway to quantify the amount of nitrogen lost given different residue 
loadings and burning conditions. 

 

Approximate 
Conversions 
to English Units 

When you know multiply by to find 

centimeters 0.394 inches 
meters 3.281 feet 
kilograms 2.205 pounds 
hectares 2.471 acres 
kilograms/square meter 0.205 pounds/square foot 
kilograms/cubic meter 0.062 pounds/cubic foot 
Mg/hectare (tonne/hectare) 0.446 tons/acre 
cubic meters/hectare                                    14.291 cubic feet/acre 
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Appendix 1 

Summary of Soil 
Capital Data 

Data on soil nutrients and physical properties collected before harvest are listed in 
table 4. These data are presented to allow comparison with other study sites to 
determine the applicability of the results to other areas. Data following harvest are 
shown in table 5. 
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Table 4-Description of soil before harvest 



Table 5--Description of soil after harvest 
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Appendix 2 

Calculation of Nitrogen 
and Sulfur Exported 
During Harvest 

Adams (1983) determined the amount of wood removed from the Joule and 
Blackeye sales as part of his study on the cost of harvesting residue with conven-
tional equipment. Data from his study include, by species, the gross scale of all 
merchantable material removed, green weights of all other wood removed, moisture 
content of residue removed, specific gravity of wood removed, and diameter of logs 
removed. Table 5 lists the data used to determine the total amount of biomass 
removed from the four units used in this study. 

Nitrogen and sulfur concentrations determined from our data were then applied to 
the biomass estimates to obtain an estimate of the amount of nutrients removed 
during harvest (tables 6, 7, and 8). The amount of bark removed was determined 
using ratios developed by Snell and Max (1982). The amounts of nitrogen exported 
are slightly overestimated because their ratios assume that all bark is intact and 
nitrogen concentrations are higher for bark than for wood. 
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Table 6-Calculation of harvested biomass 

 
 

1/  Adams (1983). 
2/ Cahill     (1984).



 
Table 7--Calculation of nitrogen removed by harvest 
 
 

 

 

 

 

1/ Snell and Max (1982). 
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Table 8--Calculation of sulfur removed by harvest 
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cent of the total site sulfur. The amount of nutrient lost during fire depended 
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