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INTRODUCTION

,Roots comprise the primary interface between plant and‘soil %or
uptake of water and nutrients. Much is known about_the biochemistry,
cell physiology and membrane physics associated with these important
processes [e.g., Devlin (1966), Larcher (1975) and Pitman (1976)]. In
this paper we discuss the role of_the Belowground ecosystem, especially

the autotrophic root component, in the structure and function of forest

.ecosystems. Beyond recognizing roles of anchoring terrestrial plants

and uptake of water and nutrients, this component of the forest has been.

largely neg]ected in an ecosystem context. In order to focus our dis-
cﬁssion on the properties of the belowground ecosystem, we use the term
rhizosphéke to include roots, mycorrhizae, microbes, and rhizophagus
invertebrates. Each component of the rhizospﬁere merits review and
speculation as to specific roles in their oWn right. However, we have
chosen to develop our discussion on the entire subsystem rather than
individual components. As we shall develop in'this paper, many answers
to questions we pbsé about dynamics of belowground subsystems rely on
cgntinuing research into detailed processes at organism and community
levels. |

Roots comprise a substantial portion of forest ecosystems generally
accounting for.15-25% of total biomass. The range of values reported
for individuai stands, however, extends from 9-44% (Santantonio et al. .
]977). The greatest amount of root biomass accumulates in temperate old
growth conifer forests (over 200 t/ha, e.g.,‘Rodin and Provdvin [n.d.]

in Rodin and Bazilevich 1967).- Broadleaved and subtropical forest types
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are characteriied-by a maximum of 70;100 t/ha dry weight of root organic
matter (BazileQich and Rodin i968). Regard]ess of the type of_fore;t,,a
consistent structural relationship exists between root and shbot acfoss
a wide variety of environments inhabited by trees (Fig. 3, Santantonio
et al. 1977). Researchers have used this relationship to develop regres-
éion equations to estimate the ]ogarithm‘of root system biomass from the
logarithm of.stem diameter at breast height. tonsistent structural
’re1ations have been applied widely to estimate biomass of tree.components
from easily measured plant dimensions by using these equations, an ‘
approach termed "dimensional analysis" by Whittaker and Woodwell (1968,
'1971); AThe most reliable methods employed to estimate total root biomass
vusuaT]y éqnsist of a combination of ekcavation‘and s0i1 coring tech-
nfques. Root systems of a 1imited number of trees are excavated to
. develop logarithmic regression equations to-estimate large structural
fdots."Soil cores or soil monoliths are taken to estimate small and
fine roots.on a unit area basis. Studies of root biomass have been
. summarized in reviews by Ovington (1962), Rodin and Bazilevich (1967),
and Santantonio et al. (1977). |
 The proportion of total biohass répresented by roots is loweét for
forests and ranges ﬁp to 90% for tundra and certain grasslands. Thié is
because foregts acéuhu]ate large amounts of woody material aoneground,
whereas tundrélﬁnd grass]and'communities invest heavily into their
structure belowground. Such a large amount of organicAmatter, accumu-

lated at considerable metabolic expense, clearly could serve several

purposes, such as storage of plant carbohydrates and essential nutrients.

The following discussion briefly reviews recent findings on the behavior
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of belowground ecosystems and suggests some additional questions yet to

‘be;reso]vgd. In particular, seasonal production/turnover of root biomass,
role of root processes in nutrient turnover, root exudation and the
significance of belowground dynamics to the energy balance of the forest
ecosystems are considered.

Before proceeding further, some discussion of why understanding the
be]owground ecosystem is important. Our concept of forest root dynamics
incorporates several reasonable but generally untested assumptions. For
example, root production has been assumed to be related to shobt pro-
duction in the same manner as biomass, i.e.,’ |

root productionA - (k) shoot production
root biomass shoot biomass

- Lacking information, the constant (k) has been assumed to equal 1.0.
Assumptions such as_these have arisen primarily because of technical
problems and exces;ive labor required for research on forest tree roots
(Newbou1d41967; Lieth 1968). Recent progress in this area of study is
related to two.factors. First, much work emanates from large integratéd
studies of forest ecosystems such as those initiated as part of the IBP.
Thése studies sqppdrted skilled and dedicated technicians necessary to
obtain the requisite data. Second, as more became'known about the
metabolism of'forest'ecosystems, the potential role of roots in eco-
system function énd their energy demands associated with the accumu-
lation and turnover of carbon and other essential elements surfaced as a
central link coupling physiological processes and their environmental é

constraints with ecosystem behavior. As a result, some interesting

findings are now available.” By no means do we know enough to generalize,




but these initial findings are exciting and counter to what has been &
commonly assumed. The next several years should see considerable addj-?

tion to the few ekamp]es which follow.

Seasonal Accumulation/turnover of Root Organic Matter

Root biomass of forests is not static. It changes annually and
represents a varying proportion of the total biomass dufing stand'deve]op—
. ment. By far the most dynamic component of root biomass is the fraction
defined as "fine roots". No standard definipion exists for fine roots.
The distihction between fine and large roots is usﬁa]]y based on an
arbitrarily chosen diameter ranging from 1.0 to 10 mm. - These roots are
distributed in upper soil layers; genera]1y'90% are in the top 30 cm.
vIn peat.soi]s, howeQer, the same proportion is in the top 10 cm (Heikurainen
1957). It has-1ong been known that a seasonal periodicity of root
growth is common in woqd& plants [see reviews by Lyr and Hoffman (1967),
.Kozlowski (1971), Hermann (1977) and Santantonio et al. (1977)]. For
e#amb]e, radial Qrowth of woody roots (with secondary xylem thickening)
can closely follow the pattern of radial increment growth aboveground
(Fayle 1968). .Studies concerned with seasonal periodiéity of root.
e]dngation, initjation of laterals and subsequent growth have not clari-
fied whethef periods of inactivity reflect physiological or environ-
mentally-mediated dormancy. Sutton (1969) concluded that evidence for
autonomous control is not convincing and that priﬁary growth of roots is
,- probably dominated by environmental conditions. Control probably lies

iith the interaction of endogenous and environmental mechanisms, but

- this remains to be satisfactorily demonstrated.
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While there is considerable information on the phenology of rbot
growth, there is an insufficient basis for:making estimates of root
production and turnover. The earliest studies of root production are

probably those of Heikurainen (1957) and Kalela (1957). Both studies 4

involved Scots pine (Pinus sylvestris L.) in Finland and both reported a

modal pattern of rapid growth to peak root biomass in the spring and a

. gradual.decline during the summer to a low of about 50% of. the peak -
-, level. A bimodal peak in root biomass has been reported for an oak
woodland in central Minnesota, USA (Ovington et al. 1963) and a stand of

Eurbpean beech (Fagus sylvatica L.) in the Solling area of West Germany

(Gottche 1972). In both instances, biomass peaked in spring with a
second but lower peak in the fai]. Investigations by Harris et al.

(1978) in a 45-year-old yellow poplar (Liriodendron tulipifera L.) stand

in east Teﬁnessee also revealed a spring-fall bimodal peak, while for
loblolly pine (Pinus taeda L.) in North Carolina the modality was less
c]ear‘with peaks observed in late fall, late winter and possibly late
spring. The year-to-year consistency observed by Harris ef al. (1978)
for yellow poplar suggest a strong measure of endogenoﬁs control. As
with root elongation, the corre]ationé of periods of peak biomass with
-environmental patterns are inconc]usive.iﬂég;;gggngtudies of mature o
Doug]as—fir(jn western Oregon, however, reveal changing seasonal patterns
of standing crop of roots <5 mm diam. from one yéar (moderately dry) to

the next (wet) (Santantonio 1979). -

The surprising result of recent studies on seasonal dynamics of

fine roots is the large flux of organic matter which is involved — large




in an absolufekéense as well as re]atiVe to other organic matterhfluxes
of forest_ecosystem (Harris et al. 1975). .The lateral root‘biomaés of
yellow bop]ar showed considerable variation in the smaller root size

classes (Fig. 1). Small roots within this forest were characterized by
a peak in late winter (1 March), a.mihimUm in mid-May, a second peak'in

mid-September, and a minimum in early wintef (December to'Januahy).

_This pattern appears to be consistent among successive years. Based on

summation of positive seasonal differences of between minimum and subse-

‘quent peak biomass estimates, net root biomass production was 9.0 t/ha,

with a net annual turnover (translocation and sloughing) of equal magni-

tude. This value of net annual small root production is 2.8 times

larger than mean annual aboveground.wood production determined for the
study area from a]]ohetric equations and periodic (1965 to 1970) dbh

~ inventory (Sollins et al. 1973).

Other experimental data on ecosystem cérbon metabolism for the same

~influx.and soil-litter carbon efflux yield an amount of unaccounted

Liriodendron forest study area corroborate the existence of a large,

‘annua]'be]owground allocation of carbon. Estimated net photosynthetic

carbon input to soil equivalent to 7.5 t organic matter per ha (Harris

et al. 1975; Edwards and Harris 1977). For temperate deciduous forests,

the assumption that belowground primary production is a fraction of
aboveground prfmary production proportional to biomass pool size as is
commonly assumed would lead to an underestimate of total annual root

production. -
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F]g 1. Seasonal distribution of lateral root b1omass in a Lirio-

dendron forest for (a) roots <5 mm diam. and (b) roots 25 mm diam.
+ 1 SE). Net biomass production and turnover were calculated from
differences in pool size through the year. Based on monthly summary of
core data, no consistent pattern of biomass dynamics could be detected
for roots >5 mm diam. (Edwards and Harris 1977) o
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'The resﬁ]ts from yellow poplar are not an extreme examp]e.' While
the number of studies are limited, a sufficient range of forest eco-
‘system types is represented to indicate that the large flux of organic
matter belowground is a general property of forest ecosystems. In -
mature (70-170 yrs), natural stands of Douglas-fir in western Oregon,
Santantonio (1979) has found that seaséna] patterns and ratios of live- )
to-dead roots (<5 mm diam.) distinctly aiffer between wet and dry sites
(Figs. 2 and 3). Accounting for quantitative changes in 1ivé and dead
'.fine roots from one month to the next; root growth, mortality and decom-
position from March 1977 to March 1978 were estimated. Root growth was
8.5, 10.2, and 10.1 t/ha for wet,.querate and dry sites, respectively;
-root mortality was 10.9, 12.2 and 13.1 t/ha, respectively; and root
decompos{tion was 12.3, 12.5 and 18.4 t/ha, respectively.

- In another'stUdy of 40-year-old Douglas-fir stands, Keyes (1979)
found a contrasting pattern in biomass of rbots <2 mm diam. between

"good" and "poor" sites. On the good site, no seasonal pattern was
apparent (mean of 2.5 t/ha), while on the poor site there was a model
pattérn with a late spring peak (8.3 t/ha in June) and a November
.mihimum (2.1 t/ha). Keyes did not sebarate_]ive and dead roots, but did
'observe rapid appearance and disappearance of root tips suggesting rapid
turnover, even on'the good site where no seésonal pattern was observed.
McGinty.(1976) found no seasonal pattern of fine root biomass in a
mixed hardwood watersﬁed at Coweeta (western North Carolina). McGinty
suggested that the absence of a seasonal pattern might reflect niche |

differentiation belowground, but he did not separate living and dead
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Fig. 2. Seasonal fluctuations of live fine roots of Douglas-fir

on three sites. Standard errors of estimate are approximately equal
to + 1.0 t/ha. :
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Fig. 3. Seasonal fluctuations of dead fine roots of Douglas-fir
on three sites. Standard errors of estimate are approximately equal
to + 1.0 t/ha. : ‘

.
o
.




tons/ha

WET

DEAD ROOTS < 5mm DIAMETER,

2+ . - |PEAK MOISTURE STRESS

GROWING SEASON | |
obt 1 ot oy Lt |

M A M J J A S O N D J F M
1977 :

1978
MONTH |

T Y T T A R T T T R T T e T L R Y O N T ST AT TR T
< T AR L [N LT, R b ST e T AR s e T




1

root components. McGinty interpreted his data to indicate that there
may be a "root capacity" for a maiufe forest-soil combination; as the -
forest matures, net root production equilibrates with root'mortalify.
while.MéGinty's study did not lend itself to providing a conclusive
es;imate of primary production of roots, growth into filled trenches
répresents a fine root production 6.0 t/ha/yr. -GivenAthe standing pool
of roots; <25 mm of 27 t/ha, this suggests a turnover time of 4-5 years.
"His measured decay rates for roots would support a turnover time at

'. ]eést as rapid as pfoposed. McGinty's large size cut-off (25 mm) would
tend fo underestimate vastly the dynamics of'fine.roots <5 mm or absorb-
ing roots <1 mm. Thus his estimates of production and turnover should

be considered conservative.

Anéfher recently completed study in Abies,amabilis forests in the
Pacific Northwest region (Grier et al., ms. 16 preparation) further
T'strengfhens the case for large thrbughput bf organic matter belowground. :
Net primary production above- and belowground was studfed in 23- and-
180-year-old stands. Total organic matter (above- plus belowground) in
the two stands waé 77 and 585 t/ha, respectively.' Be]owgrdund net
production was 9.9 and 11.7 t/ha, respectively, with root detritus
production amounting to 8.1 and 11.0 t/ha, respectﬁve]y. Aboveground
préduction was 6;5‘and 4.6 t/ha in the 23-:and 180-year-old stands.

Recenfléﬁudies in coniferous forests have shown that of the small
root tﬁrnover, a significant fraction is comprised of mycorrhizal roots
(Fogel and Hunt 1979, Grier et al., ms. in review). The relative

contributions of mycorrhizal and non-mycorrhizal roots to root turnover

in deciduous forests presently is unknown.

-
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The large accumulation of root.organic matter is a‘seasoné1 pheno- .
menon. The net annual accﬁmu]ation of structural root organic matter
(not td be confused with fine root production) is much smaller and can
best be described as a ratio of total above- and belowground biohass
times the net annual aboveground production. What then is the fate of |
seasonal fluxes of organic matter belowground? Most of this material is
promptly metabolized by soil heterotfophs (Edwards and Harris 1977).
Analysis of total and proportional efflux of CO2 from phe soil surface
(Edwards-ghd Harrié 1977) and experimental measurements of root decay
rate (W. F. Harris; unpublished data) all torroboréte the prompt meta-
bolism of rodt detritus. Again, similar fihdings by Kanazawa et al.
(1§76), McGinty (1976), Persson (1978, ]9795, Santantonio (1978) and

~ Keyes (1979) all point to prompt diéappearahce of fine root orgaﬁic
matter; We are thus left with the fo]]owfng generalization: the soil
of temperate coniferous and deciduous foreét ecosystems annually receives
an inpﬁt of root organic matter equal to or much greatér than‘from'any
other source; this drganic matter fs promptly metabolized by heterotrophs.

Information oh root biomass dynamics of tropical forest is extremely
]{mited. However, one recent studylsuggests that for certain tropical
forest types, production of root organic matte} also may be large with
turnover equé]]y'rabid 1ike the general patfern emerging from analysis.
of temperaté'fbrests. Jordan and Escalente (1979) observed significant
root growth activity‘at'the soil surface in "tierra forme" (never flooded)
forests growing on oxisols in the Amazon Territory of Venezuela. The
surface growth appeared to be in response to litterfall. Roots (<6.mm)

| grew around fallen litter, but were subsequently sloughed as the "captured"

-
.

I NAYY et i s




13

litter decayed. This growth amounted to 117 g/mz/yr, a flux equivalent .
to 12% of aboveground detritus inputs. Such a response may represent a
highly developed adaptation to the lower avai]ab1¢ nutrients in highly
weathered tropical soiis.

Before ieaving the subject of root organic matter dynamics, some’
mention should be made about the dynamics of larger structural poots
'(35 mm diametér).' Generai]&, this organjc matter component is much more
, $tab]e, certainly not exhibiting significant seasonal or éven annué]
dynamics. However, it would be a mistaken impreésion to consider this é
static pool. Again, evidence is sparse, bﬁt Ko1eshfkov (1968) has
reported the interesting observation that during the development of a
forest stand there is a cyclic renewal of large structural roots. One
cannot pass up the speculation that tﬁére might be a physiological
baiance within individua] forest trees causing this main structural
_ component to shift such that the fine root structure continually invades
"new" areas of its soil habitat. Whether this speculation will with-
stand closer observation, and what the controlling factors and mechan-

jsms might be, remain to be answered.

~ Root Organic Accumulation During Stand Development

During forest stand.development, the amount of root organic matter
increases on an absolute basis, but the proportion of the total biomass
as rth organic matter decreases. As reviewed by Rodin and Bazelivich
(1967), patterns of root/shoot ratio between deciduoué and coniferous
forests vary. Gehera]]y? coniferous forests reach an equilibrium root/
;hoot ratio earlier in stand development (i.e., at a lower total bjomass)

than is the case for deciduous forests.
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The Significance of Root Dynamics to Element Inputs to Soil and E]emenfi

Cycling
| Much more limited than our Knowledge of root organic matter dynamics
is our knowledge of the role of root production/turnover (s]oughing) to
e]ément cycling. Of course, some idea or assumptions about root e]emént
content can be used to estimate the flux of elements to the soil.
McGinty's'(1976) work begins to place the contribution of roots in
perspective. In oak-hickory and eéstern white pine'forests of Coweeta,
North Carolina, roots comprised 28% of the forest biomass but contain
40% of plant nutrients.in'hardwoods and 65% of plant nutrients in pines.
Thus, this dynamic root Component is a nutrﬁent—rich.sﬁbstrate. Roots
caﬁ return nutrients to the soil in several ways: death and decay,
exudatioh and leaching and indirectly, when Consﬁmed by grazers.

Studies of leaching and exudation from roots are likewise limited.
In a northern hardwood forest ecosystem, Smith- (1970) has found root
exddation (during growing season) to account for 4 kg/ha of carbon,

8 kg K/ha and 34.2 kg Na/ha for three principal tree species (Betula

alleghaniensis, Fagus g}andifo]ia and Acer saccharum). A]thoughAthe
techniques employed (modified axenic cu]ture) risk introducing artifacts,
a cbnsidéréb]e potential for contribution of elements to the soil via
exudation exists.

Direct exudation of mineral nutrients to the soil may be.of minor
significance, however, in comparison to the role of low molecular weight
organic acids contained in root oxidation. This small loss of reduced

carbon may have a major effect on pH regulation in the rhizosphere and

[N

.
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nitrogen metabolism of the plant (So]]ins ef al. 1979) and the oxalate

as a product of fungal metabolism as well as higher plants could have a‘
-significant effect on weathering of soil minera]s,'espécia11y the avail-
ability of phosphorus to plants (Graustein et al. 1977, Cromack et al.
1979). Many unknowns remain but the results thus far implicate a complex
control‘system in which forest trees exgrt a strong inf]uence over their
..chemical environment suggestive of a high degree of co-adaptation.

134 134

Radiotracer studies with Cs have shown that over 50% of Cs

in roots of tagged yellow poplar seedlings was transferred to cu]ture
solutions in less than seven days (Cox 1972). Sandberg et al. {1969)

]37Cs transfers by

estimated that during one growing season 75% of
yellow pbplaf seedlings grown in sand was due to exudation—]eaching.'
In their analysis of a cesium-tagged yellow poplar forest, Waller and
Olson (1967) considered root exudation 1eaching.processes as .important

137

pathways of cesium transfer to soil based on concentration of Cs in

soil at various depths. If in situ processes of Cs are comparable to

those of the chemical‘ana1og, potassium, large quantities of K could be
transferred to soil annda]]y by 1each1ng-exudatioﬁ processes.
There are very few data which compare return of elements to the
soil via aboveground and belowground processes. Table 1 summarizes a
comparison for an extensively studied yellow poplar. forest at Oak Ridge,
Tennessee (Cox et al. 1978). In this analysis, consumption was assumed
to be 10% of root detritus. Root detritus turnover wés estimated by the ‘ (
\

large residual €O, efflux from soil unaccounted for after litter decom-

position and autotrophic root respiration were substracted from total

soij C02

efflux.
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Table 1. Annual above- and belowground organic matter and element
returns (kg/ha) to soil in a yellow poplar (Liriodendron

tulipiferaL.) stand (from Cox et al. 1978)

Potassium

'Biomass Nitrogen
ABOVEGROUND!
Dryfall/wetfall — 7.2 3.6
. Canopy leaching —_ 2.3 29.4
Litterfall 3,310 42.2 10.0
. Total Aboveground return 3,310 51.7 43.0
BELOWGROUND? |
Root transfer processes3
Death and decay 6,750 76 128
Consumption’ 750 9 14
Exudation-leaching — — 128
Total Belowground return 7,500 85.0 270
Total return.to soil 136.7

10,810

313

| 'iAboveground data from Edwards and Shanks (unpublished d

determinations were made on fallen material.

ata); chemical

2Root biomass estimates from a Liriodendron stand (>80% Liriodendron).

3Exudation-leaching data are extrapolated from seedling studies of

Cox (1975) assuming equivalent behavior of Cs and K.

Element losses

via root sloughing are based on amount of sloughed biomass times mean
root N content; element flux via consumption assumed to 10% of total

belowground return.
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In this example (Table 1), annual return of elements to soil by 'é
root processes was threé‘times the combined aboveground inputs (includ-:
ing atmospheric) for K and at least 1.5 fimes‘aboVeground ihpdts for N.
Of the total (above-and belowground) return to soil, root processes
accounted fof turnover of 70% of 6rgan1c matter, 62% of N and 86% of K.
Some additional fraction (here assumed about 10% of the total estimated
'detrita1 flux) was transferred to soil consumer pools.

- Estimates of total herbivory on roots do not exist. Root feeding
nematodes and various larval stages (e.g., ci;ada).might be principal
consumers as described by Ausmus et al. (1978). Assuming consumption as
10% of the estimated turﬁover'may be high for températe forests. |
Schauermann (1977) reported that rhizophégous Curculionidae consumed
81le3 kcal/ha/yr and comprised 12%'0f the biomass of soil 1ﬁvertebrates.
Assuming comparable consumption rates per unit weight among é]] goi]
invertebrates, total consumption might approach 800x103 kcal/ha/yr. In
Schauermann's beech forest study, Curculionidae consumption was 0.1% of
net primary proddction (presumed to be aboveground only). Edwards (in
Auerbach 1974, p. 86) estimated the total energy consumed by inverte-
b?étes to be 2% of total amount fixed annually. Thus, evidence to date
points to a'sma]1‘absoiute flux of ene;gy by consumption of root (or
aboveground) biomaés. Despite the small absolute roTe of consumers, we
cannot dismiss their importance to the functioning of forest ecosystems.
Schauermann regarded'the Curculionidae as accelerators of the minerali-
zation processes because of physical dAmage to roots and effects of

their feces on microbial decomposition. He found that 87% of energy
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turnover in these rhizophagous larval popu]étion occurfed between August

and April - a period generally coincident thh high root turnover.

Waldbauer (1968) reported a similar patterh for many insect bopu]ations.»

Sﬁgnificance of Root Sloughing to Forest Energy Balance

: Odum-(1969) suggested a strategy of increasing conservation of
nutrients in element cycling during forest ecosystem development. The:
mechanism leading to a closed cycie for nitrogen could be root sloughing
- and subsequent microbial minera]izatidn. In temperate deciduous forests
at Oak Ridge, Tennessee, biomass and nitrogen accumulate fn roots during
periods favorable for growth (summer) or just preceding growth (late
winter); winter growth occurs 1afge1y at the expenée of stored photo-
synthaté; Ddbing periods unfavorable for grbwth (fall-winter) or when
. aboveground energy demands are high (spring-early summer canopy develop-
ment), root biomass is sloughed, thus reduéing the total energy demand
on the temperate forest system at a.time when feserves are seasonally
depleted and/or plant requirements for carbon are high elsewhere (e.g.,
canoby deve]opmenf). Nitrogen contained in}s1oughed organic matter is
conserved as part of the soil detritus by .those microbial processeé
,wh{ch immobi]ize it. Sha]] but rapid‘f1uxes of nifrogen through fhe
decomposers are sufficient to maintain autotrophic brocesses. The rapid
activity of decomposers, resulting in a small pool of soluble nitrogen
at any'instant, serves to minimize ieaching losses from the system.

The cyclic pattern of photosynthate accumulation %n a deciduous

forest and the sustained productivity, which is in part dependent on

available N, are closely coupled through activities of soil microbes on
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a large systematically replenished substrate rich in nitrogen. In this é-
respect, continuous maintenance -of living roots in temperate fbresfs'
would impose energy limitations on detritivores by reducing periodic

influx of nitrogen-rich root organic matter, because this flux repre-

sents 70% of total detrital input. While data from other deciduous

systems are scarce, we hypothesize that evolution of temperate forest
epecies has favored mechanisms which contribute to systematic retern of'
elements and organic matter through belowground sloughing. S1oughing,
therefore, stabi]izes'biogeochemical cycles ef potentially limiting
eleéments in an environment typified by seasonally limi ted photosynthate
availability. As illustrated in Table 2, carbon (energy) is rapidly
metabolized within the ecosystem and lost (es‘COZ). Essential elements,

on ‘the other hand, are retained effectively because of the interactions

 of autotrophs and decomposers.

The energy expenditure to forest ecosystems represented by root
s]oughing is high. In the ye]]dw poplar forest at Oak Ridge (Harfis et
al. 1975; Edwards and Harris 1976), Edwards (in Auerbach 1974) estimated
that lateral root growth, sloughing and maintenance respiration accounts
fer 44.8% of the total energy fixed annually in photosynthesis (1.88x103
kca]/mz). As diseussed above, root s]oughihg with subsequent microbial
immobilization offers a particularly attractive mechanism to explain
retention of essential elements in the uptake zone. In another context,
maintenance and development of a fertile soil requires significant input
of energy (contained in organic matter). For the yellow poplar forest,

energy requirements for maintenance 6f soil are on the order of 66% of

the energy fixed annually by photosynthesis (roots + 21% allocation to

STty
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Table 2. Comparison of.turnover times for carbon, nitrogen
and calcium in temperate deciduous forests (Tennessee)
: (from 0'Neill et al. 1975)

C

Turnover time (Yr)

omponent Carbon® - Nitrogenb Calcium®
S011 d 107 C 109 32°%
Forest Biomass 155 . - 88 ' : 8
Litte¥ (01 + 02) _ 1.12 - . <5 - <5
otal 54 , 1815 445

?

Decomposers ' 0.01 - 0.02

b

4pata based on carbon metabolism of ye]]ow pop]ar forest (Harris et
al. 1975 Reichle et al. 1973). ‘

Data based on n1trogen budget for m1xed dec1duous forest (Henderson
and Harris 1975).

CData based on'Ca budget from a Liriodendron tulipifera forest (Shugart

et al. 1976).

dConsiders aboveground biomass pool. Cyclic renewal of structural

roots (Kolesnikov 1968) would .Tower turnover time. Tree mortality
estimated from permanent plot resurvey (3 year interval) and likely
underestimates the mortality rate over the duration of a forest
generation.

®Turnover time based on available Ca and assumes all losses of Ca
.from soil are from the pool of available Ca. :

fTota] calculated as sum of elements in living and dead components

of the ecosystem; element loss based on sum of all losses from eco-
system. _
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1eaves) Many of man’s activities which reo0ce both energy fixed photo- -
synthet1ca1]y and/or energy input to soil are most severely manifested
'by degradat1on of the soil with respect to hum1f1ed soil organic matter | :
and fertility. The energy 1nputs to soil (dom1nated in temperate forests |
by root stoughing) contributes to maintenance of soil fertility.
There are a number of areas requirtng additioné] study. First, the -
pattern of belowground detritus contributions.needs to.be determined for
additional forest types, especially forests of extreme climates. The
large photosynthate requ1rements for maintenance resp1rat1on of forests
combined with a large annual sloughing of root organ1c matter may limit
forest growth in climates severe1y limiting photosynthate production.
In this same.Vein, the influence of stresses (whether natural or of
anthropogenic origin_snch as air po]]utants) on photosynthate trans-
location needs to be examined in mature forests in order to eva]uate
“forest response to oertunbations. The decay of root organic matter
otcurs rapidly. - Are there biochemical changes in sloughed roots'thatA
'promote decomposabi]ity.onta1ter the behavior of fungal symbionts oen-
era]]y associated wtth the rhiszosphere? Answering these and other
,quest1ons about the dynamlc be]owground component of forest ecosystems

is an exciting chal]enge to forest ecology for the next several years

s ansiy s g
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