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LTS PRODUCTION, DECOMPOSITION, AND
WUTTIENT CYCLING IN A MIXED HARDWOOD
WATERSHED AND A WHITE PINE WATERSHED | et

KERMIT (II{().\X{\(:R‘.j R.* and CARL D. MONK
Departmenc ot Botny, University of Georgia, Athens, Georgia '

ABSTRACT

Litter pro.duction and decomposition data were obtained for a mixed-hardwood watershed
and for a white pine wuiershed. Littertall data were obrtained for I wes, stems, flowers,
acorns, and miscellancous debris in the hardwood watershed and for needlds, stems, and
cones - the white pine watershed, Litterfall data obtained included biomass of litter;
mirogen, phosphorus, potassium, calcium, and magnesium contents in litter: and structural L
organic constituents (ligin, cellulose, and total fiber) of leaf litter. Total annual litter
production in the hurdwood watershed (1970-1971) was 4369 kg ha™ year of which

VT3 kg bt year' (64%) was leaf litter. Total annual white pine litter production

- (1970197 1) was 3255 kg ha™' year™ | 98% of which was needle litter in the young stand

AR LA el R a2 o e £ ki
(pianted 19565, Litter dcuunpow[l()n dd[a were obtained for weight loss rate and for loss

rates of nurients, The tiest-year litter breakdown rate of confined mixed-hardwood leaf
dter was k= —0.70 vear ' the breakdown rate of confined white pine ncedle litter was
lo= =040 year ' Liter decomposition rates of chestnut oak, white oak, white pine, red
naple, and dogwood v ore significantly correlated with senescent leaf carbon-to- nitrogen
ratio and selerophyil andex, the selerophyll index giving a better statistical estimate of
decomposition rate. | SRS

Nutrient cycling ana cnergy flow are two ccological processes that delineate the

structure and dynamics of ccolagical systems. In terrestrial ecosystems in
important set of energy flows and nutrient transfers result from litterfall and

¢ v

from the subsequent duomposmon of litter. Litterfall and litter decomposition : :

can be thought of as separate events in terrestrial ecosystems, but such ccological ' o
)
.
{
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G110 CROMACK AND MONK

processes as encergy flow and nutrient cycling permit them to be linked together
funciionally in an ccosystems context,

Seventy peceent of the energy fixed in net primary production in a grazed
meadow L‘co.xysum goes directly to decomposer organisms (Macfadyen, 1963).
As much as 904 of terrestrial net primary production ultimately is utilized by
decomposers (Whittaker, 1970, Odum, 1971). It has becn suggested  that
decomposer organisms may be just as important in aquatic ecosystems as they
arce in terrestrial ones (Pomeroy, 1970). Litterfall and litter decomposition also
account for u substantial portion of internal nutricent cycling in terrestrial
ccosystems. Ina study of a mesic oak-dominated forest floor, litterfall
accounted  for approximately  60% (average for the clements phosphorus,
potassium, calcium, and magnesium) of internal nutrient input to the forest
floor (Caulisle, Brown, and White, 1966a; 1966b).

Biodegradation of litter is a complex process in which microorganisms and
soll animuals interact synergistically (Crossley, 1970; Witkamp, 1971). Both the
microorganisms wnd soil animals are strongly influcnced by such abiotic factors
as soil=litter temperature and moisture, Microorganisms predominate in litter
gccomposition, primarily because they have cnzymes capable of biodegrading
structural carbohydrates including such complex end products »f carbohydrate
metabolism as hpnin (Witkamp, 1971). As much as 90% of litter materials can
be bio«lcgmdcd by microorgnnisms (Macfadyen, 1963). Microorganisms are also
important in the release and transfer of nutrients bound in the litter (Witl\'ninp,
19715 Stark, 1972; Todd, Cromack, and Stormer, 1973). Soil animals, by
interacting synergistically with the microorganisms, function as onc set of
biological control factors which regulate rates of litter decomposition (Edwards,

- Reichle, and Crossley, 1970; Ausmus and Witkamp, 1974). In turn these animals

are dependent for their nutrition primarily upon the microorganisms they ingest
since soil animals lack enzymes necessary to biodegrade all but the simplest
forms of structurul carbohydrates (Niclson, 1962).

Considerable data exist for litter production and litter nutrients in forest
ctosystems, with major review papers summarizing forest-litter data fro 0 many
different sources (Ovington, 1962, 1965; Olson, 1963, Bray and Gorham, 1964;
Rodin and Buzilevich, 1967). For the purpose of facilitating comparison of data
from many diffcrent ecosystems, tota' annual litter budgets are prél‘crrcd;
subannual budgets for major litter components usually arc available in most
recent studies (Carlisle, Brown, and White, 1966b; Sykes and Bunce, 1970; Gosz,
Likens, and Bormann, 1972). )

In this paper we compare nutrient cycling from litter production and litter
decomposition in a mixed-hardwood ccosystem with the same nutrient-cycling
processes i an adjacent white pine (Pinus strobus L.) watershed in the southern
Appalachians. We also compare indexes of foliage-litter substrate quality
obtained from the two different vegetation types and discuss nutrient cycling
implications of foliage-litter nitrogen and phosphorus levels in the context of
carbon allocation to such substrates as lignin and ccllulose.
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WTTER PROLUCTION, DECOMPOSITION, NUTRIENT CYCLING 611
RECEARCH AREAS

The two forest watersheds used in this study are located within the U. S.
Ferest Service Cowceeta Ilydrologic Laboratory, Franklin, N. C. The two ficid
sites were chosen such that litter production and litter decomposition in a
mixed-hardwood ecosystem could be compared and contrasted with correspond-
ing litter dynamics in a white pine ecosystem. The mature mixed-hardwood
stand, designated by the U. S. Forest Service as watershed 18, is 12.5 ha in arca.
The white pine stand, planted in 1956, is 13.5 ha in arca and was designated as
watershed 17, Broad environmental differences between the two watersheds are
minimized in that they have similar slopes, aspects, altitudinal ranges, soils, and
precipitation wnd arc  contiguous for approximately onc-half their vertical
distances (Kovner, 1955; Johnson and Swank, 1973).

MATERIALS AND METHODS

Square traps 0.5 mon a side were used for hardwood leaf | ter, flower litter,
and debris. To make all traps equal regardless of ground slope, we placed cach
trap on wooden legs and leveled each with a spirit level during installation. The
traps were checked periodically thercafter. Thirty of the litter traps were placed
at random in the hardwood watershed in the fall of 1969, Acorn litter was
coliceted from 20 60-cr by 60-cm cloth-bottomed deadfall traps.

Wiite pine needles were collected in 200-cm by 15-cm aluminum roughs
used ina throughfall study of watershed 17 (Best, 1971). Nincteen of these
troughs were used; 10 were located in one random transect and 9 were located in
another random transect through the watershed.

During the fall periods, leaf and needle litter were collected at approximately
2-week intervais. Since some of the white pine ncedles became lodged in
branches, additional litter collections were made at intervals throughou® tae
year. No hardwood collections were made in winter because little leaf litter
remained on the trees after December., Beginning in late spring and LOI]UHU]H[{

. through the summer at monthly intervals, flower litter and debris were collected
i the hardwood watershed.

Stem and branch litter were collected from 18 10-m by 10-m ground plots in
the hardwood stand. During the summer of 1970, the total accumulated
standing crop of woody litter was estimated. Within each plot, two 2-m by 2-m
subplots, located on opposite diagonal corners of the large plots, were used to
collect stem litter less than 2.5 em in diameter. In the whole plot, woody litter
2.5 em or greater in diamcter was collected. American chestnut logs and
branches were excluded from the standing crop totals since they represented
litter input from a catastrophic event in the watershed. The following year
colfection was made of all woody litter that had fallen into the plots.
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612 CROMACK AND MONK

In the sumpmer of 1970, 10 3.33-m by 3.33-m woody-litter plots were set up
i the whige pine stind, collections were made in the Summer of 1971, Most of
the dead branches feniin on the trees, Conscqucmly woody-litter input to the
forest floor s A8 yet relatively unimportant for the white pine stand.
Woody-litterfall Jagy from the ground plots of both watersheds were corrected
‘o a horizontal area basis for average slopes of 539 iy both watersheds. This
permitted comparison of woody litter from the ground plots wit}y litter-trap dara
ONa common basjs,

Data for firstyear leaf-liteer breakdown of single specics were obtained
during o conseeutive I-year periods, bcginning in the fall of 1969. Single tree
species for which leaf-litter decomposition data were obtained include chestnue
oak (Quercus privus L), white oak (Quercus alba L.), red maple  (Acer
rubium L), and flo vcring dugwood (Cornus Sflorvida L.) in the hardwood
watershed and eusterp white pine in he pine stand. The four species used for
deciduous-icger breakdown were chosen to give a range of decomposition rates
and to represent the more important species groups producing leaf Jitrer within
the system. in the hardwood stang additional Ic."f»dccomposilion data were
obtained for mixcd-species leaves iy litter bags,

Data for litter breakdown of single species were obtained using decimerer
square fiber glass litter bags (Crosslcy and Hoglund, 1962), each containing
dpproximately 2.5 g of leaves. In the deciduous stand the integrated decomposi-
ton rate wag obtained for mixed-hardwood leaves confined in the large,
0.125 m?, litter bags cach conl:lining npproxim;ucly 40 g of dcciduom‘,lczwcs. In
addition o the larger size, a different bag design was used for the mixed-liteer
bags to permit casier entry of sojl animals, The upper half of cach large bag was
made of 2.54-cm-mesh nylon netting, while the lower half wag fine 2-mm-mesh
nvlon to inhibit Jogs of small leaf fragments from the bag. The decimeter-sized
fiber glass ligeor bags used for single-specics leaves from chestnut oak, whire oak,
red maple, ang dogwood and needles of white pine were all 1-my mesh,

Litter bags were removed from the field a¢ approximately mon*hiy intervals,
The bags were weighed to determine pereentage weight Josg from original
samples before the samples were ground in a Wiley mill for nutrient analysis.

Litter weight loss Was quantified for single-species and for mixed-deciduous
litter bags using the exponential decay model of Olson (1963). Nutrient Joss
rates from mixe( deciduous litter were also quantified using the same approach.

Leaves, other smal) litter, and woody litter were air-dried for storage where
practical or dried at 50°C when wet litter or green leaves were collected. Leaves
that were to be yseq for decomposition studies were air-drie only to prevent
possible chemical anges that might affect decomposition, For nutrient
analyses, including nitrogen, litter was dried at 70°C. Aj] final dry-weight
biomass caleulations were made on litter subsamples dried at 70°C. Samples
were ovendried at 50°C for analysis of organic constituents of litter. Nutrient
analyses included determinations of sodium and the following major clements.
nitrogen, phosphnrus, calcium, potassium, and magnesium,
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LITTER PRODUCTION, DECOMPOSITION, NUTRIENT CYCLING 615
TABLE 2
WHITE PINE WATERSHED 17: ANNUAL LITTERFALL :
BUDGET IFOR BIOMASS AND MACRONUTRIENTS i e e B
FOR 1970-1971 ; ’ 5 "
, Category Needles Stems* Pine cones Total
Piomuass,
kg ha™ year™! 31841293 385 £ 140  30.6 t 8.1 3253
Co of biomass 97.9 1.2 0.9 100.0
AMicronutrients,
kg ha't year™ )
Nitrogen 26.27 0.16 0.11 26.54 : - T
Phosphorus 3.06 0.03 0.03 3.72 '
Potassium 5.32 0.10 0.12 5.54
Calcium 19.08 0.11 0.003 19,19
Magnesium 2.71 0.002 0.000 2.71 4

*Most dead stems remained attached to the trees.

Total annual litter production in the white pine watershed was 3253 kg ha!

year ' considerably less than the mean annual litter production of 5425 + 950

kg ha™' vear™ in 8 other North American warm temperate coniferous forests

(Bray and Gorham, 1964). However, the white pine needle-litter production of

- 3B4£293 kg ha™' year™ does not differ significantly from annual needle-litter e S
production, averaging 3640 % 510 kg ha'! yc;u’~l in 10 North American warm
temperate coniferous forests (Bray and Gorham, 1964). North Amecrican warm
temperate forests average 37% nonncedle litter, while cool temperate forests
average 23% (Bray arvd Gorham, 1964), On this basis, the white pine watershed
at Coweeta could average 4500 to 5000 kg ha™ year™ total annual litter

production when mature. Needle-itter production did not differ significantly -~ -

from White pine necdle production, averaging 3386 % 375 kg ha™ year™ or ' . I

three stands located in the northeastern United States (Chandler, 1944), . a ‘ T S o
Compuaring the nutrient budgets of these three northeastern white ping PRGN, S — o

stands with data in Table 2 shows that the former were cycling 26% more
nitrogen, 10% morce potassium, 54% more magnesium, nearly the same quantitics #
of calcium, and 469 less phosphorus. Comparison of total annual litterfall
nutrient budgets in Tables 1 and 2 shows the hardwood stand was cycling more
potassium, calcium, and magnesium in litterfall than the white pine stand. The
appreciably greater amounts of potassium, calcium, and magnesium being cycled
by the hardwood ceosysiem than by the white pine watcershed are consistent with
other reports (Chandler, 1944; ()vington, 1962; 1965); temperate hardwood
ceosystems generally cycle more cations than coniferous ccosystems with similar
productivities. In the present case, total litterfall and nutrient return in litter are
sulstantially ess in the white pine watershed.
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616 CROMACK AND MONK

Litter from the reproductiye Materials and fine debris i the hardwoog
wWatershed liag cqual or higher percentage toncentrations of all nmcrunutricms,
except calcium, g4 did deciduoys leaf litter, Branch liyrer contained smaller
nutrient concentrations thyy, deciduoys leaf liceer, Flower litter, which, was
maostly from oaks, and miscellaneoys debris contained relatively more macro-
nutricns, Cxeept potassium, thap did acorns, Partitiuning the acorng into
tomponent pares permitted the nutrient quality of the kernels to pe assessed,
Acori production jy 1970 to 1971 was heavy ang totaled 9 4% of total litterfa]
biomass. Three years of acorn Production in ap oak-dominateq forest in Gregr
Britain veraged 2,59 of total litter (Sykes and Bunce, 197¢). Although o
dcorns were collected gt Coweera during the subsequent year, production
wemed noticcably Jegy.

Total litter nutrient input budgets in throughfal] apg litterfal] are given in
Table 3. Daca are for potassium, caleium, magnesium, an( sodium ip both the
hardwood ang the white pine stands, Both Watersheds are cycling nearly simy]ar
mounts of nutriens n throughfall, by, they differ Substanrially in quantitjes

TABLE 3

C()A‘JP/\RISON or LITTERFALL AND THROUGHI"/\LL
NUTRIENT BUDGETS BETWEEN HARDWOOD AND
WIHTE PING: STANDS FFOR 1970-1971

Nutriene hudgcts,
kg ha™ year™ K Ca Mg Na*

NI _”,;\\__\ S
Tardwood
Annual Iiucr[ull,
total 18.07 44.49 6.55 0.009
Annual throught‘a”, :
totalt 30.50 8.10 3.10 8.000
Total annuyy ‘
budyet 48.57 52.59 9.65 8.609 |
Annual Iichrf;lH,
"0 0f tocal 37.2 84.6 67.9 0.1
White pine
Annual Ii[tcrfa[l,
total 5.54 19.19 2.7 0.002
Annual throughfall, . -
totalt 30.50 0.30 2.00 7.20
Total annual
budget 36.54 25.49 [ 4.71 7.202
Annual li[tcrf:x“,,
% of toral . 15.2 75.3 57.5 0.03

*Sodium concentration iy 2 ppm in hardwoo.g litter ang
0.5 ppimin white pine litcer,
Tl rom Bese (1 971).
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LIvrep Pl:()l)UCTlON, DECOMPOSIT!ON, NUTRI[NT CYCLING 617

Aid in pory) Proportions of Nutriencs contribute( by ii(tcrf:l”. In termg of
absolyge anounts gy pereentage contribution by litterfy)) to-the tory] nutrieng
budgers, the deciduony SYStem has more clements j, litterfa]) relative ¢
‘Khl'()ii"(il!..!“ than js e case for the white pine stand,

When the total nutriene budgets in the hardwo o watershed gre compared
with these of a mespe u;ik—d()minatcd forest jp, Britain (Cziriixlc, Brown, and
White, 1966b) for the clementy potassium, c;ilcium, and magnesium, j¢ Is seen
that the Pereentages contribugeq by litterfa) in the Coweery hardwoo g stand are
al gicarer by an verage of 220 Total amouny of potassium, and calciyp, cycled
ar Coweery i both throughfa| and licterfy)) aso are greater by 20%, while 27%
more tory] Magnesium yyyg cycled in their System. Sodiym budgers are very
different in the two dcciduous forcsts, with nearly seven times more tory]
sodium being cyeled in the British o) Woodland, Although detaileq budgets are
ot given iy Table 1, actual sodjum content of Jjpeer n the Sritish System
((I;li'lixit, Sronwn, and \‘»'hirc, 1966l)) was three orders of magnitude greater thay
hat of e hardwaoog liteer q¢ Coweey,

In Table 4 the dayy for organic Constituents in lcaves show several treps.
Most Sencscent Jegyes have higher o] fiber ang lignin by lower nitrogen gp
Phosphorys than (o leaves in the mid~gm\ving Season. For Purposcs of
Cemparison wigy, deciduoyg Species, we hag to take Composite Samples of 4 age
classes of needles or Jegpeg Lo obtain 4 fepresentatiye sample for folisy nutrieng
and organic an, lyses,

1t has Leep h}'poihcsiy_cd that foljar sclcrophyii Indexcs above 100 (o 150
indicate Vegetation thae g adapted o Erowing on phosph<)i'us~dc[icicnt sites
(Lovelesy, 1961 1962). Species growing o such sijteg gencerally hyye lower
protein content thyp vegetation With ;idcquatc phosphorus available (I,o\'clcss,
1961, 1 962). ,'\Ilimugh there g some question gy to when jp the season to
sdmple precq laves for sclerophyl dctcrmin:xrions, Very carly season values
Probably woylg be mi.slcﬂding owing to higher nitrogen ang Phosphor g conteng
and lower £11,0, content, Whep mid-Augyse values for green hardwo leaves a¢
Coweeta ape Compared, 4] scicmphy“ indexcs are high, indicating a sclerdphy)-
lous vegetation, Al conifer species Compared, inciuding those fropm the wistern
United States, haye high sclcrophy“ indexces, Red alder and Snowbrush gpe
included 4 CXamples of niL‘rogcn_—fixing Specics, Nitrogcn-ﬁxing species mighy
have Jow .scicmphyii indexeg simply because they have 5 readily avajlyp),. source
of Ntrogen CYeN in soils of low phosphoryg vailability, American chestnye
Survives g Coweery only ag Stump sproys.

Evidence g been bresented thap 4 Phosphorys content beloy 0.39% s
dssociated wirh 4 lower protein conteny and a high sclerophyl index (Loveless,
1961; 1962y Most Phosphoryg values for Ereen leaves jn (e species listed jy,
Table 4 yere less thap 0.2%, except yellow poplar ang Douglas fir, and aj were

below 0.3

S(’I('mph_\'l! Veuctition veeurs in by, wel an dry habitags (I,nvcic.-;\, 1962).

Phosphage ‘I('“l'i(‘m'y I characteriseje of acid soj) i arcas of gl raunfa|
%.-—. = g nvvvrv"—‘vnn-'wmr—rvw'rmn S S —
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618 CROMACK AND MONK

TABLE 4

REPRESENTATIVE sp LCIES DATA FOR FOLIAGE
ORGANIC-MATTER QUALITY

% total acid Sclero-

! detergent % phyll
Species Location % N % P fiber lignin index

—— -— 0" e UL TR
Chestnut oak (G)* Cowecta, 2.0 0.18 32.8 12.6 168
Chestnut oak (8) N. C. 1.2 0.12 48.3 25.5 430
Scarlet oak () Cowecta, 1.8 0.16 31.0 15:5 177
Scarlet oak (S) N. C. 0.9 0.12 34.8 16.7 397
White oak () Cowecta, 2.0 0.17 26.0 9.1 132
White oak (5) N. C. 1.0 0:12 38.2 17.2 390
Mixed hi‘:lmry (G) Cowecta, 2.1 0.18 33.7 9.2 165
Mixed hickory (S) N. C. 1.2 0.16 42.9 16.9 351
Red maple (G) Coweceta, 1.5 0.16 29.3 V.4 200
Red maple (8) N. C: 1.2 0.14 50.0 12.7 260
Yellow poplar (¢;) Coweeta, 2.0 0.20 29.3 7.2 146
Yellow poplar (S) N. C. 1.0 0.12 41.1 14.6 443
Dogmwood (G) Coweceta, 2.0 0.18 22.4 3.5 115
Daopwood (8) N. C. 1.4 0.14- 21.1 3.9 160
American chestnut (G) Coweceta, 1.9 0.18 30.3 7.6 163
Amcrican chestnut (S) N. C. 1.0 0.10 32.8 8.8 354
White pine (G) Coweceta, 1.4 0.17 38.8 16.4 296
Whilcpinc(S) N. C. 0.9 0.11 54.3 31.0 617
Douglas fir (G) C.Orv:\“is, 1.0 0.27 28.3 16.5. 309
Douglas fir () Ore. 0.5 0.26 38.6 24,1 815
Pondcerosa pine (G) Flagstaff, 0.8 0.14 32.4 16.1 414

' Ariz, ‘
Engelmann spruse (G) . Logan, Utah 0.6 0.07 27.4 13.3 510
]

Red alder (G) Blue River, 2.5 0.23 11.9 6.0 ' 49
Red alder (S) Ore. 2.1 0.16 19.4 9.5 94
Snowbrush (G) Blue River, 2.0 0.13 15.7 6.1 80
Snowbrush (S) Ore. 0.81 0.06 21.0 10.0 265

*All samples represent mean values of composite samples taken from at least five
different individual trees, except Ponderosa pine and Engelmann spruce. G =

season, S = senescent,

mid-growing

(Salisbury, 1959); Coweeta watersheds are situated in a region of high rainfall,
and considerable weathering of the older Appal
(Kovner, 1955),

on

achian land surface has occurred
Return of phosphorus in litterfall averages 0.11% concentration

a dry-weight basis, based on total lLitterfall biomass and total amount of
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LITTER PHRODUCTION, DECOMPQSITION, NUTRIENT CYCLING 619

phosphorus given ia Table 1. The white pine stand is cycling an equally low level
of phosphorus in litterfall (Table 2). The critical level is 0.2% for phosphorus
immobilization in decomposing litter (Alexander, 1961). Phosphorus valucs in
decomposing litter st Coweeta are all less than 0.2%, showing that this clement

would tend to Le immobilized by microbial organisms. First-ycar phosphorus

o loss of 34% from mixed-hardwood leaf litter was considerably lower than the
first-year weight loss of 50% (Cromack, 1973). Further evidence of phosphorus
deficiencey in Coweeta soils comes from experimental data with these soils in
which Amcrican syeamore (Platanus occidentalis 1..) scedlings lacking mycorrhi-
zac show phosphate-deficiency symptoms when grown in greenhouse containers
(Best, Marx, and Monk, 1974); presence of mycﬁrrhizal symbionts would permit
survival and.reproduction of tree vegetation in the infertile soils characteristic of
Coweeta. Phosphorus-cycling levels remain low cnough to indicate that the .
vegetation would have the high sclerophyll indexes observed. ‘

High sclerophyll indexes are associated with lower folingc ash contents
(Loveless, 1962). One general implication of this work is that ccosystems which
arc- characterized by highly sclerophyllous vegetation (possibly duc to phos-
phorus deficiency) are cycling smaller quantities of total nutrients, as reflected
by ash content, than is the case for vegetation with low sclerophyll indexes
(Monlk, 1966). When comparative sclerophyll data become available from many
of the temperate ccosystems for which litter nutrient data exist; then a better B
Judgient can be made concerning the relationship between nutrient cycling in

the system and the sclerophyll indexes of their characteristic vegetations.

reproduction of tree vegetation in soils of low fertility is also needed.
Decomposition wnd nutrient-loss-rate data were obtained for both hardwood
and white pine litter. On the basis of sets of litter bags put out in two
consecutive ye. r:‘,.xirsc-ycur, decomposition data for single specics in both
watersheds showed the following exponential weight loss rates: k = —0.46 year™ o
for white pine, k = -0.61 ycnr_l for chestnut oak, k = —0.72 year? for “hite )
oak, k =-0.77 _\'c;n‘_l for red maple, and k ==1.26 year? for dogwood. A ; . e
mixture of hardwood leaves contained in large hitter bags had an annual

Assessment of the role of mycorrhizal symbionts in permitting survival and R T e X T YT T T e T~

exponential loss rate of k =—0.70 ycnr" , Of In terms of percentage weight Jdss,
50% weight loss occurred during the first year. By contrast, white pinc averaged
only 37% weight loss during the first year. The slowest decomposing hardwood
species was chestnut oak, which averaged 46% weight loss during the first year.
Dogwood, the fastest decomposing hardwood species, averaged 68% weight loss
during first-year decomposition. '

Relewse of nutrients during first-year decomposition showed that nir.mgcn,l
phosphorus, and calcium tended to be immobilized, while magnesium and
potassium were lost at greater rates than weight. The mixed-hardwood litter lost
only 12% nitrogen during the first year, and there was no significant loss of
nitrogen from white pine litter. Mixed-hardwood litter had.a carbon-to-nitrogen
ratio of 02 : 1, while white pine had a carbon-to-nitrogen ratio of 58 : 1;

12 % Lo
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carbon-to-nitrogen ratios appreciably greater than 30: 1 result in increasing
immobilization of nitrogen in the microbial populations’ dccomposing litter
(:\Ic:\':lml';r, 1961). ;

Mixed hardwood litter lost 34% of phosphorus during the first year of
decomposition, in contrast to a 50% weight loss; an indication that partial
immobilization of phosphorus occurred. In white pine there was no significant
loss of total phosphorus in first-year decomposition; but the weight loss was
37%. As indicated previously, the probable reason for the appreciably lower loss
rate of phosphorus compared to weight loss from decomposing litter was the low
level of phosphorus (0.12%) in foliage litterfall of both watersheds. The critical
level at which phosphorus is immobilized in organic material is 0.2%.

Calcium loss rate was also less than the weight loss of the deciduous litter,
cg, 2 29% first-vear loss of caleium compared to a 50% weight loss. There was
no significant loss of calcium from white pine litter during the same period.
Evidence exises that litter- and soil-inhabiting fungi can concentrate substantial
amounts of calcium (Stark, 1972, Todd, Cromack, and Stormer, 1973),
quantities perhaps sufficient to result in partial immobilization of this nutricnt
in litter. Macronutrient quantities of calcium as well-as other cations, such as
potassium and sodium, can be used by fungi to neutralize oxalic acid, which is a
low-cnergy waste product of carbohydrate metabolism in fungi (Foster, 1949).
Oxaloacetic acid, a key intermediate in respiratory metabolism, is hydrolyzed to
oxalic acid and acetate by oxaloacetate hydrolase in fungi (Burnett, 1968). The
common metabolic production of this aeid would result in substantial demand
of cations, such as calcium, in the production of oxalate salrs (Foster, 1949).

Potassium and magnesium loss rates were greater than weight loss rates for
both mixed-hardwood litter and white pinc litter. Potassium loss during the first
vear for hardwood licter was 83%, while potassium loss was 82% from white pinc
litter. Magnesium loss was 77% from mixed hardwood litter and 6 3% from white
pine. It has becn shown that '37Cs (an analogue of potassium) loss rates were
greater than weight loss rates for three deciduous species (Witkamp and I'rank,
1969). In another study the loss rate of '34Cs was also considerably greater than
the weight Joss rate of white oak (Witkamp and Crossley, 1966). Potassium is
known to be sigmificantly concentrated by both the vegetative and spo‘ri)cnrp
portions of fungi-inhabiting litter (Stark, 1972; Todd, Cromack, and Stormer,
1973). In contrast to calcium, which tends to form insoluble calcium oxalate
crystals in such vegetative structures of fungi as hyphac and rhizomorphs,
potassium is readily translocated in fungi where it is accumulated in sporocarps
(Stark, 1972). Although potassium oxalate can be formed, it is much more
soluble than calcium oxalate and would tend to be lost by leaching when
excreted by hyphuace. Potassium is more casily leached from litter than any other
essential cation (Cromack, 1973). Magnesium was not significantly accumulated
by fungi in litter substrates at Coweeta (Todd, Cromack, and Stormer, 1973),

indicating a leseer use rate for the element than for potassium. Magnesium also s
. 14 B
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notas casily leachied from litter as potassium (Cromack, 1973), in part because it

isoless casily displaced from cation exchange sites in ljtcer substrate

potassium,

Weight-loss regressions were calculated from ¢
pine, chestnut vaxk, white oak,
mentioned) and the

Two simple |

Xponential loss rates of white
red maple, and dogwood (as previously
chemical properties of the senescent leaves of those trees.
Inear regressions were caleulated using the ¢
rates ot the species as the dependent variables
and sclerophvll indexes

Xponential weight o
and the Carbon—to-nitmgcn ratios

of these speecies (Table 4) as
0 regressicn of exponential
and c:uhon-w-mng;cn ratio (x) is

of senescent leaves
independent variables, The line weight loss rate (y)

Y= =1.92+0.026x (11:5,r:0.86,p=0.06) BN¢))

The data for the (:n'bon~ro-nitrogcn ratio in senescent leaves of the five specics

used m Lq. 1 were. white pine, 58.0. 1; chestnut oak, 42.2. 1. white oak,

48300 red maple, 39.2 . 1;and dogwood, 31.8: 1. The lincar regression of the
exponential weight loss rare (y) and sclerophyll index (x) is

Y ==134+0.001x (n=5,r=0.90,p<().05) (2)
Comparison of the twe regressions shows that the sclerophy
toliage is a statistically better varjable with w}
rate than is (he senescent leaf ¢

lindex of senescent
lich to assess leaf decomposition
m'bon-to-nitrogcn ratio,

The selerophyll index incorporates information abouyt org

anic-matter quality
for deconmposition in (e

rms of such structyral compounds as cellulose
as well as crude protein nitrogen,
indicate the nature of

and lignin,
The carbon-to-nitrogcn ratio itself docs not
the carbon substrate, Alexander (1961) presents cv
from the work of others (Fuller and Norman, 1943, Peevy
l’im‘n’:, Allison, ang Sherman, 1950) that litter decom
Letter predicted. Ly know

idence
and Norrus,, 1948;
position ratcs may e
ing lignin content than by knowing the ¢
nitrogen ratio. The present data on scler phyll index, which incorporates lignin
and cellulose as total acid detergent fiber, plus a linear regression relating species
lignin content to dccomposition rate (Cromack,
hypothesis (/\Jc,\'.lmicr, 1961),

arb }”H o-

1973), support his basic

A possible conseq

uence of sclerophylly not considered by Loveless (1961,
1962) was that leaf-lit

er dccomposition rates would be
high sclerophyll indexes. As discussed previously | he
between high leaf

less in those species with
established rcl;lti(mships
sclerophyll indexes and low leaf ‘levels of
nitrogen, and ash. In forest ccosystems characterized by
Ritrogen and phosphorus, the sclerophyll index
slower orpanic

phosphorus,
cycling low levels of
can be considered an index to

maiter (1(:(()111[)051'11'('”1 rates and release rateg of such nutricnts ay

NT CYCLING 621

s than is

N, I gt
i i
"

LT T



622 CROMACK AND MoK
ACKNCWLEUGMENTS

This work was sipported in parg by the Eastern Deciduous Forest Biome,
International Biological Program, fundeq by the National Science Foundatijon
under intcr;r;;(:nc_,' agreement AG-199, 40-193-69 with the U. S. Atomic Energy » )
Commission—()ak Ridge National Laboratory; i part by National Science X
Foundation Brant GB-20963 to the Coniferous Forest Biome, U. s, Analysis of
Ecosystems, International Biological Program; and in part by the U. S, Forest
Serviee Pacifie Northwest Range and Experiment Station. We thank Samantha
Best and ann Young for technieal assistance, Douglas 1\1c(}inry, Alan Tor-
renueva, and Robert Fogel for ficld assistance, and J. Benton Jones, Jr., and
Laraine L. Glenn for nutrient analyscs,

Coniribution No. 209 from the Eastern Deciduous FForest Biome, U, §.—
Internationa] Biological Program and contribution No. 175 from the Coniferous

Forest Biome. TTTTTTT———
REFERENCES

Alexander, M., 1961, Introduction 1o Soil Microbiology, John Wiley & Sons, Inc.,
York,
Ausimus, B3, S and M, Witkamp, 1974, Litter and Soil Microbial Dynamics in a Deciduous
Forest Stand, USALC Report liDFU-IBl’-78-10, Oak Ridgc National Lnborutury.
Best, G R, 1971, Potassium, Sodium, Calcium, and Magnesium Flux in a Mature Mardwood
_ Forest Watershed ang an Eastern White Pipe Forest Watershed at Coweeta, M.S, Thesis,
University of Georgia, Athens, Ga.

New

[kl Ritic tapos 4513 RRCRU b Dy o T AT

=, D. Marx, and oD, Monk, 1974, personal communication,

Bray, . R, and L. Gorham, 1964, Litcer Production in Forests of the World, in Advances i
LEcological Rescareh, ], B, Cragg (Ed.), Vol. 2, pp. 101-157, Academic Press, Inc., New
York.,

Burnete, J, ., 1968, Fundamentals anrchal()gy, St. Martin’s Press, New York,

Carlisle, A, ALLL F, Brown, and E.J. White, 1966a, Litterfall, .caf Prod _ction ang the
Effeces of Defoliation by Tortrix viridana in 3 Sessile Oak (Quercus petraca) Woodland, : . { T o
; . J. Feol,, 54, 05-85. ; . }
recipitation Beneagh il -

—, 1966b, The Organic Matier and Nutrient Elements in the P
Sessile Oak (Quercus petraea) Canopy, J. Ecol., 54, 87-98.

Chandler, ROFE, e, 1941, Amount an( Mineral Nutrition Content of I’rcshly Fallen Needle
Litter of Some Northeastern Conifers, Soif Sci. Amer, Proc., 8: 409-41 1.

Cromucl;, K., Jr., 1‘)73,‘ Litter Production ang Dccomp()silion in a Mixed Hardwood
Watershed and a White Pine Watershed at Cowecta Hydrologic Station, Nor; Carolina,
Ph, D, Di:;scrt;uiun, Univcrsity of Georgia, Athens, Ga,

Crossley, ). A T, 1970, Roles of Microflora and Fauna in Soj] Systems,
the Soil: Leology, Degredation and Movement, International Symposiur
in the Soijl, Pp. 30-35, Feb, 25-27, 1970, Michigan State University,

—, and M. p, Hoglund, 1962, A Lincr-Bng Method for the Study of
lnl‘..:l)iting Leaf Litcer, Feology, 43, 571-573

Day, 15 p,| Jv, 1977, Vepretation Structure of a Hardwood w
Thesis, Univvr\il_‘,’ of Georgia, Athens, Ga.

in lesticides in
N on Pesticides

Microa rthropods

atershed aq Cowceta, M5,

R, T R T T G Tem
TR s vy o T T S Ay e . i .
%

- B it ._.w«v-_vt-.:?;‘ T ——



ST
"

LITTER PRODUCTION DECOMPOSITION, NUTRIENT CYCLING 623

P

Fdwards

Ce ¥y K, Reichle, and D, A, Crossley, Jr., 1970, The Role of Soil Invertebraes
i Turnover ot Organic Matter and Nutricnts, in Analysis nf"l':'m/u'm/u Forest
Feosystems, .1 Reichle (1id.), pp. 147-172, Springcr-Vcrl:xg New York, Inc,

Ellis, G Matrone, and ., A. Maynard, 1946, A 729 H,SO, Mcthod for the
Determination of Lignin and Its Use in Animal Nutrition Studies, J. Anim, Sci., 5:

235-207,

e R e

Foster, J.w,, 1949, Chemical A ctivitics of Fungi, Academic Press, Inc., New York,

Fuller, W, 11, ang AL G, Norman, 1943, Ccllulose Decomposition by Acrobic Mesophilic
Bacteria from Soijl. HIL The Effect of Lignin, J, Bacteriol,, 46, 291-207,

Goss, LR, Gl Likens, and 1, . Bormann, 1972, Nutrient Content of Litterfall on the
Hubbard Broolk LExperimental Forest, New Hampshire, Lcology, 53; 769-784.

JTohnson, P 1y Wo T, Swank, 1973, Studizss of Cation Budgets in the Southern

Appalachians on [Four Experimental Watersheds with Contr:l.xting Vrgc(.xlion, Licologry,
54 70-80,

Jones, J.8, Jro and Mz I, Warner, 1969, Analysis of Plant-Ash Solutions by Spark-Emiission
Spcctrnx’copy, Develop, Appl. Spectrosc,, 7A, 152-160.

Kovner, J, 1, 1955, Changes in Streamflow and Vegetation Chuaracteristics of 4 Southern
Appalachian Mountain Watershed Brought About by Forest Cutting and Subsequent
Regrowth, ph, D. I)i.\scruliun, State Univcx'sity of New York, yracuse, N, Y,

Loveless, AL R, 1962, Further Evidence 1o Support a Nutritional nterpretation of

“ Sclerophylly, A, Bot., (London), 26, 551-561. ' e
i T 1961, A Nuwritional Interpretation of Sclerophylly Based on Differcnces in the, T
j . Chemical Composition of Sclerophylious and Mesophytic Leaves, Ann. por. (London),

25: 168-18.4, i
M:n'f’.nl_\'cn. AL1Y63, Aninal Lcology, Sir 1saac P

itman and Sons, London, . TR R

Monk, €. D, 1966, An Ecological Significance of Evergreenncss, Leology, 47, 504-505. PRI
Niclson, ¢, 0., 1952, Carbohydrases in Sojl and Litcer Invertebrates, Otkos, 13, 200-215,
Odur, 12, 1, 1971, Fundamentals of Ecology, W, B, Saunders Cmnpnny, Philadelphia.
Olson, 1S, 1903, nergy Storage and the Balance of Producers and Decomposers in

Ecological Systens, Lcology, 44. 322-331.
Ovington, §, D., 1945, Organic Production, Turnover, and Mincral Cycling in Woodlands,

Biol /\'(‘U., 40 293-336.
e, 1962, Quantitative I{cology and the Woodland Ecosystem (Ionccpt, in Advarces i )
Licological Researeh, 5.8, Cragyg (Ed.), Vol, 1, pp. 103-192, Academic Press, “ne¢., New ) L ) e
York.

e eniiin M

Peevy, W. ) and A G Norman, 1948, Influence of Composition of Plant Maicrials on ) e -
Propertics of the ['u-compoxcd Residues, Soil Sci., 65: 209-226. b
{ Pinck, L. A FLE, Allison, and M, S. Sherman, 1950, Maintenance of Soil Organic Mateer, L
i I Losses of Carbon and Nitrogen from Young and Mature Plant Materials During .
Decomposition iy Soil, Soil Sei., 69, 391-401,
l'mnum_\', L. R, 1970, The Slr;ucgy of Mincral (j-ycling, in Annual Review r,v/I-.'z:ulngy and ) r o
.\‘Vy\(z'z/m/in\'_ R Johnston, P, w, - Frank, and C.D. Michener (Lids.), pp-171-190,
Vol I. Annual Reviews, ll{c., Pulo Alto, Calif.
Rodin, L. 1., and N. L Bazilevich, 1967, Production and Mincral Cycling in Terrestrial
Vegetation, Oliver & Boyd, Edinburgh, .
S.lliu[mr)', [N O 1959, Causal Plant licology, in Vistas in Bomﬁy, Wo B, Turrill (I2d.),
pp. 124144 vy, L. Pergamon Press, Inc., New York.
Stark, N, 1972, Nutricat Cycling Pathways and Litter Fungi, [s’iu.\ci:’/m', 22: 355-200),
Sykes, DML and KOG Bunee, 1970, Fluctuations i Litterfall in 4 Mixed Deciduaons
Woodland Over 5 Fhice-Year Period 19661908, Oileos, 21, 326-329,

&
TRITURT Y TR,

TR T v v ~wnines 111 ey o sy Y v e Ty ey
e
liw
: -
N ; 2 - o
£y A U
g <o
o Al
‘ i
’ e | e L i, #3
TR R SIS i i . , ,



o
LS}

CROMACK AND MONK

Todd, i L., K. Cromack, Jr., and J.C, Stormer, Jr., 1973, Chemical Exploration of the
Microhabitat by Electron Probe Microanalysis of Duompowr Organisms, Nature, 243,
594540,

Van Soest, P, J., 1966, Nonnutritive Residues: A System of Analysis for the Replacement of

Crude Fiber, J. Ass. Offic. Anal, Chem., 491 546-551.,
—, 1963, Usc of Detergents in the Analysns of Fibrous Feeds, 1. A Rapid Mcthod for the

[ l)uuxmnl[.un of Fiber and Li Jignin, J. Ass. Offic. Agric. Chem., 461 829-835.

=, and R. H. Wine, 1967, Use of Detergents in the Amly\n of Fibrous Feeds. 1V,
I)Lumnnmon of Plant Cell Wall Constituents, J. Ass. Offic. Anal. Chem., 50: 50-55.

Whittaker, R, H., 1970, Conumunitics and Ecosystems, Macmillan Pubh.shmg Co., Inc., New
York.

Witkamp, M., 1971, Soils as Components of Ecosystems, in Annual Review of Ecology and
Systematics, R, ¥, Johnston, P, W, Frank, and C. D. Michener ( (Eds.), pp. 85-110, Vol. 1.
Annual.Reviews, Inc., Palo Alto, Calif.

—y and DUAL Crossley, Jr 1966, The Role of Ar(hmpods and Microflora in Bre: Lkdown of
White Oak Litter, Pedobiologia, 6: 293-303.

——, and MLLL Frank, 1969, Loss of Weight, °Co and '*7Cs from Tree Litter in TthC

Subsystems of a Watershed, Environ, Sci. Technol., 31 1195-1198,

Lrl ta:

1. paqe 617, second paragraph, last sentence. Change
'three orders of magnitude greater'' to ''two g C—
oud :rs of magnitude greater''.

page 517, next to last paragraph:. Delete Douglas- P e Y T T TS T ST T

[8%]

fir from the last sentence.

3. In table h, page 618, reduce all phosphorus values
by 1,3 for western coniferous, western deciduous
and western broadleaf evergreen species. All
eastern deciduous and coniferous species vilues

for P are correct. o LI T

t. page 620, second paragraph , last sentence:}The s
Alexander, 1961 reference was left out in referring

to critical level a2t which P is immobilized in

organic material.

T RPEIRY IR AT 1 7 T 8 A B AT e e

A L ol S T ol B "

o e ik

1

|



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16

