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ABSTRACT

Utilization of the southern bottomland hardwood resource is increasing and

also the need for reliable estimates of nutrient levels, distribution and

variation on a stand basis. Nutrient data are presented for three species

of southern bottomland hardwoods° Levels of nutrient concentration by com-

ponent in a 40-year-old stand were foliage > branch bark > stem bark > branch

wood > stem wood, although this trend will vary somewhat among nutrients and

species. Variation in concentration was found to be greater within a tree

than between trees of a single species. Conversion from conventional bole
harvesting to whole-tree harvesting can substantially increase nutrient re-
movals from the site.

KEY WORDS: Biomass, southern hardwoods, nutrient removals,

Acer rubrum, Fraxinus _ennsylvanica, Liquidambar styraciflua

INTRODUCTION

The southern hardwood forest resource represents about forty percent of the

total commercial forest land and contains about fifty-one percent of all forest
growing stock, making it potentially the region's most important resource.

Considerable interest is emerging regarding the inventory, silviculture and
management of the resource. Harvesting operations are expanding in most areas

of the Coastal Plain, yet little data exists on biomass and nutrient distri-

bution in the southern hardwoods. Coupled with the emerging interest in
bottomland hardwood utilization is the increased need for wood fiber and im-

proved efficiency of harvesting. This has been the impetus behind whole-tree

utilization and short-rotation intensive culture (SRIC) forestry. Such har-

vesting and culturing systems have stimulated concern about a possible decline
in soil nutrient supplies and forest productivity (Hansen and Baker, 1979;

Jorgensen, 1979; Marion, 1979). Particularly characteristic of SRIC systems

is the elevated intensity of biomass removal and decreased time periods between

harvests. Conventional tree harvesting which removes only the main portions
of the stem leaves large quantities of nutrient-rich biomass on the site. In

contrast, SRIC systems may double normal biomass removals and consist of a

series of shorter rotations which considerably promotes nutrient depletion from
the site (Boyle, 1975).
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It is apparent that a need has developed for reliable estimates of stand nutrient

content and distribution. White (1974) states that it is imperative that for-
esters establish the rate and amount of nutrients that are removed from sites

under SR!C systems as well as whole-tree harvesting of older stands° This type

of data is being generated through an ongoing project by the North Carolina State

University, Hardwood Research Cooperative, and the Uo So Forest Service_ South-

eastern Forest Experiment Station.

A comprehensive and detailed study was designed for mixed southern, hardwoods in

the Coastal Plain, Piedmont and southern Appalachian Mountains. The study inte-

grates area plot sampling and sampling individual trees adjacent to area plots°

In this way accurate stand data are documented as well as supplementary inform-

ation necessary to complete needed diameter classes of the major species found

on the area plots.

The initial phase of the study is being conducted in the Gulf and Atlantic

_i Coastal Plains. Even-aged stands of mixed hardwoods are being sampled to quan-

tify biomass, energy yields, nutrient content and distribution, and other sub-

i_ ordinate vegetation and soils information. It is anticipated that this inform-

ation will form a comprehensive biomass, nutrient and energy content data base
for southern hardwood forests.

I

METHODS

Twenty-four circular one-tenth-acre (.04ha) plots are being distributed in

.... mixed, even-aged hardwood stands in the Atlantic and Gulf Coastal Plains.

Two replications each of four age classes (I0, 20, 40 and 60 years) are bein_

...... located in three site types: (i) Bottomland--floodplain areas adjacent to

stream drainages, predominantly loam or silt loam soils, (2) wet flats--broad,

interstream areas with poorly drained nonalluvial soils, and (3) swamps--in-

cluding peat and swamp interstream areas characterized by heavy organic matter

_._ accumulation and very poor drainage. Plots are randomly located within stands

'_ to complete this site type-age class matrix. These sites support stands which
make up the largest proportion of commercial hardwoods in the Coastal Plain°

Presently, nineteen plots have been installed (Table i).

Soil and litter, understory vegetation, sapling trees and pulpwood and saw-

timber trees are being sampled. This paper is limited to the pulpwood and

sawtimber tree portion. Trees are felled, sectio_ned and weighed by compon-
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ent° Disk and foliage subsamples are then taken for nutrient content analysis

and physical property determination° Stem disks are removed at the butt,
breast height _ quarter points to a 4-inch-diameter outside bark and at 2-inch-

diameter outside bark. Branch disks and foliage samples are taken from three

branches representing lower_ middle and upper crown. Individual trees of major
species are sampled and processed in the same manner as those within the area

plots to acquire a minimum of 3 trees/1 inch size class on a given site type°

Green and dry weights of stem and branch disks are measured after diameters i_side

and outside bark are recorded. A 60 ° wedge of clear wood is cut from sample

disks and wood and bark dried separately° Samples are ground in a Wiley mi].i
to pass a 20-mesh screen and then analyzed to determine concentrations of nitro-

gen, phosphorus, potassium., calcium and magnesium.

RESULTS

Nutrient data were generated from plot 1 (Table 1), representing a 40-year-old,
mixed red river bottom hardwood stand situated on a well-drained loam soil on

the South Carolina Coastal Plain. The plot was sampled in August of 1978.

The three major species investigated were green ash (Fraxinus pen n_syl_vai_Aci}
Marsh.), sweetgum (Liquidambar styraciflua L.) and red maple (Acer rubrum L.).

Several trends occurred consistently in the nutrient concentrations in a2t three
species :

i. Nutrient concentrations were higher in bark than in the wood for all elements,

particularly for calcium.

2. Bark nutrient concentrations varied less among bole positions than wood
nutrient concentrations.

3. There was generally an increase in nutrient concentrations in stem wood

with bole height.

4. Magnesium and phosphorus varied least of all elements with bole height in
both wood and bark.

5. There was generally a decrease in concentration with increasing branch diameter

<i_i in both branch bark and wood except in the case of calcium in branch bark

}%_} where the opposite trend occurred.

6. The order in which nutrients occurred in bole bark was Ca > N > K > Mg > P.

Green Ash. Nutrient concentrations followed the aforementioned general trends

(Table 2). Nitrogen in the stem wood showed the most increase with height and
magnesium the least. The order in which nutrients occur in stem wood is

N = £ > Ca > P > Mg. For foliage this trend is N > K > Ca > Mg = Po

Sweet&umo Elemental concentration trends (Table 3) were similar to those in

green ash. An exception is the order in which nutrients occur in the stem wood:

Ca > N > K > Mg > P and foliage: N > Ca > K > Hg > P.
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Red Maple° Generally_ nutrient concentration trends (Table 4) followed !!

those cited for all species. The hierarchy of nutrient concentrations was_
for stem wood: N = K > Ca > P = Mg and for foliage: N > K > Ca > Mg > P. _

Magnesium and phosphorus did not vary in concentration with bole height and °

wereequaltoeachother.

Elemental content on a biomass percentage in green ash (Table 5) effectively

illustrates relationships found to occur in all three species.

Table 5. _ weight and nutrient content of sreen ash expressed as percentase

ofabovegroundtotals i

Component Wt. N P K Ca Mg

BoleWood 72.6 39.0 42.9 54.9 23.5 37.8

Bole Bark 7.1 14.0 6.3 i0.4 43.7 20.1

Bole Subtotal 79.7 53.0 49.2 65.3 67.2 57.9

TopWood 1.5 2.5 5.2 2.8 i.i 2.3

TopBark 0.3 1.0 0.5 0.9 1.9 1.3
Branches 17.0 24.1 34.4 21.3 23.5 24.7

Foliage i.5 19.4 I0.7 9.7 6.3 13.8

Top Subtotal 20.3 47.0 50.8 34.7 32.8 42.1 0

Data such as that contained in Table 5 can be useful when assessing extent of

nutrient removal associated with harvesting systems. Approximately 80% of the

aboveground biomass is contained in the bole of green ash. A harvest of total

aboveground material would increase biomass removal by 25% over conventional
harvesting removal. However, such a harvest would increase removal of nutrients

by the following percentages: nitrogen, 89; phosphorus, 103; potassium, 53_
calcium, 49; and magnesium, 73.

It is stressed that the above estimates are valid only for green ash growing

on a Coastal Plain bottomland site or some very similar situation. Time of

harvesting is also a factor governing application of these estimates due to

the varying rates of mobilization of nutrients at different times of the year.

The values given estimate nutrient removal from the site in biomass and do not

necessarily show true system losses, particularly for nitrogen. Primary agents

of nitrogen loss are leaching, denitrification and harvest removal. Rauscher

(1980) found that the greater the litter amount on the site after a harvest,

the greater the loss of nitrogen sustained by the system. A total tree harvest

will produce less litter than a bole harvest, resulting in less nitrogen loss
due to leaching and denitrification. Therefore, the accelerated removal of

nitrogen in a whole-tree harvest is partially offset by the fact that less
biomass remains on the site to mineralize nitrogen. Yet total loss of nitrogen

is greater in a whole-tree harvest than in a conventional harvest.
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SUMMARY AND CONCLUSIONS

Data concerning nutrient levels and distribution in the southern bottomtand

hardwoods can be a valuable asset in determining managerial policy of tl_is

important resource. Interest is increasing in assessing the implication of

whole-tree harvesting on the ability of bottomland sites to provide contin<_ed

high levels of productivity. Paralleling the increase in biomass removal is an

even greater increase in nutrient removal due to harvesting the nutrient-rich

foliage and branches that remain on the site in a conventional harvest.

Sampling of a 40-year-old bottomland hardwood stand indicates that nutrient

levels were variable among the species but patterns of distribution within the

species were similar. Elemental concentrations varied more within a tree than

among trees of a particular species.

Work is continuing on a variety of other bottomland sites in anticipation of a

comprehensive biomass and nutrient content data base for the southern bottomland
hardwood forests.
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