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INTRODUCTION

Over the pastlcentury the population of. the United Statés ﬁas in-
c:eased‘;hreg—foldg to over 224 million»ééopleuiﬁ’1981. This population
bqom haé'placed,a-tremendous:demand on the nation's natural resources,
and the land base upon‘wﬁiCHiﬁo prodﬁéexeSSentialﬁfood, fiber, and
energy has become 1imited in mény areas. It‘is evident that in order to
meet thiS~demahd5.ﬁ8te iﬁéeﬁéi&ehﬁéﬁagemeﬁt of ausmallervnumber of acres
is requiréd. The trend.of inténsive,management has bgenbevident in
3agriculturé for a number of years. Increased mechanizatiqn, widespread
- pesticide and.fertilizér use, and improved genetic»stdck have led to
substantial increases in crop yields.

Thé trend of iﬁére;sing management intensity has also become evi-
dent in the forest-prodﬁéfs industry,_particularlyﬁwithiﬁ the past ten
years. Suéh practiceé'as fofest feftiliéation, intensive site prepara-
: tiqn, and the use of genetically improved plaﬁtiﬁg'stoék are in éommon
ué¢ #oday, in.additioh; inteﬁsive culture, short rotation, hardwood
._pléntations'arg béing widely established for rapid fiber production
(Ribe, 1974). In thévLake States and the southeastern U.S. the trend
"is toward whole-tree utilization, where all above—grdund portions of the
‘tree‘are harvested and removed from the site (Nelson, 1976)..

The use of intehsiVe»management in agriculture and forestry is
. undoubtedly necessafy for cbntiﬁued.production of food and fiber in

sufficient quantities to meet the needs of the nation and the world.
‘Many mahagement practiCes, bowever, have received sharp criticism over
the yeafsf.'PollutionvcauS¢d by excessive uéé of pesticides and ferti-

lizers on agricultural lands has been well documented, and concern has



been,enpressed“oyer various,forestryvpraCtices.v.For eaample, in«197§-
‘the Env1ronmenral Protectlon Agency banned the commonly used 2, 4 5-
herb1c1de for'forestry use:on the grounds that it may be a hazard to
human health In.addltlon, 1ntens1ve151lv1cultural pract1ces*such aS'l
some tynes of 51te preparatdon have - been questloned as to. ‘their possible'
contrlbutlon to nonfpolnt-source»water pollurlon.

One of the najortconcernsfofldntensive'forest»nanagemenrlrelates’ror
: Whole—tree’utdliaation”and nurrient cycling;iiForestersbhave knoun for a-
number of years that nutrlents are’ removed from the 81te through conven—_."
tlonal tlmber harvestlng actlvltles (Rennie, 1955 0v1ngton, 1962)
‘Wholeﬁtree.removal results 1n‘a‘much greater‘nutrlent loss from‘the sire
through-removalfofrfoliage,,smalIAbranches;-andborher vegetativenpartsa.
vthan:ln.conyentionaliharvesting whenlonly theﬂmerchantable’bole~is re-
‘moved. Thls dlsruptlon of " the ndtrient cycle: has been addressed by
numerous authors (Boyle and Ek 1972 Weetman and Webber,‘1972 Boyle
.et alu, 1973 Malkonen, 1973; White, 1974 Klmmlns and Krumllk 1976
Klmmlns, 1977 Wells and Jorgensen, 1979), however, much more spec1f1c‘
1nformat10n needs to*beagathered w1th-respect to'dlfferent;forest types,
fcllmatlcvand geographlc reglons, and soil types. |

Whole-tree utllizat1on has been widely. advocated by some for a num-
:'vber'of years (Young, 1964ﬁ3Keays, 1971)°.however, it has‘only been
: w1dely applled in the U.S. since the early 1970 S. WhileWhigh-capital,
’n.1nvestments in equlpment, reduced pulp ylelds, andkchlp storage problems

1‘have been'c1ted aS'operatronal dlsadvantagesﬁtowwhole—tree utlllzatlon34.

a 30 rO»SOvpercent lncreasedffdber yield §e£55cre andusubstantial’reducf{

tions in site preparation costs are strong advantages for its continued .



use (Matiés, 1978).

ForesterS'have‘long been aware that*infensive~management practiCéSgu
no matter how beneficial ﬁhey may.seem,inbthe~short run, Haﬁe lonéftérﬁj 
utiiity'only'if they provide ‘the desired result withoﬁﬁ causing site
degra&ation. Théfspeéulation'that wholé—trée utiiization may result in
- a deﬁletion of soilﬁhutrients and lead to reduced site quality ﬁas been
vdiscussed by BOyle,(I976);'who concluded that it ié-necessary’to devglop
réliablg estimateé'of nutrient inputs, transformétions,band odtpufs in
order to evaluate sife impacts:of whole-tree harvesting:

The effeéts of wholeftfee removal_on the site are many andvvaried,
but the most drastic effééts are'incurfed by‘the>fore§t floor. .Aside
froﬁ the normal disturbance and mixing of layers caused by ldgging
equipment, the forest fldor experienées tremendous changes in:terms of
reduced-nutrient.iﬁputs from litterfall, accelerated wéter'ﬁovement
through the layefs, sharply different temperature regimés,‘and increased
microbial decomposition. 1In addition, the amouﬁt'of loggingvslash
available for incorporation into the»férest‘floo: ié.pnly half the
quantity fhat reﬁains after’conveﬁtional’harvesting;(BOyle, 1976).

'The’importaﬁce'of the presénce'of7a protective organic mat over
forest soils has been known since the early 1800'sb.when.thé‘Germaﬁ
forester j. C.vHundeshagen pointed out the silvicultural significance
vof different types»éf forest humus. Recéntly,‘Pierce etfal;.(1972)
summarized the importance of the forest,floor of pddzél'Soils in New

". . . the forest (both species diversity and

Hampshire as follows:
growth) is almost totally dependent for its existence on this thin -

(2-20 cm), rather fragile, organic layer." The forest floor plays such



a critical role in;the’forestvnutrient cyoling process that any distur-
bance could trigger a sequence of events leading to a reduction in: site
quality.

Clearcuttiog.has its greatest immediate effect in fhe space. closest
to the ground surface, i.e., the slash layer, forest floor, and the A;
soil horizomn.: It is critical to the developmeni of the new stand that
“the forest floor continue to proVide‘protective cover and a»source»ofv
availoble>nutrients to. ‘the underlying mineral soil. The present studyo
was designed tovanalyze.thejcﬁanges'in.nutrient content in forest floor
layers, upper mineral soil, and litterfall for a period of time follow-
ing clearcutting andfohole—tree removal, and to relate these changes to
indices for-minefalization and decomposition, soil tempefaoure, soil
moistufe,oand precipitation. |

In order to adedﬁétely study the dynamics of the.forest.floor-fol;
lowing clearcutting aod whole-tree removal, it‘is'oecessary‘to‘carry
out a long-term research effort to monitor forest floor changes until a
return to pre-cutting conditions occurs. To accomplish this goal a two-
:phaSé research project was established. This digsertation reports on
Phase I, which consisted of a study of forest floor changes which oc-
curred in the first 16 months following clearcutting and whole-tree
removal. Phase II is a continuation of the study with,tho»intent of
obtaining extreme values for certain key forest floor characteristics
,and'monitOring changesvthat\ooour as the forest floor approaches pre-
cutting conditions}o Phasé'l entompassed the measureméot~period of‘June5n
1979, through Apfil; 1981,vwhilevPhase II began in=ﬁay,_i§81, and. will

proceed through as many years as necessary for the forest floor to



"returngto.prefcutting levels. The: specific. objectives for Phase I’éfé‘

as follows:

1.

)

To‘quantifyrandvc0mpare’the_following;fotestHfloor charactérisfiés‘

"existingibétween-a»clearcut (whole=tree removal) and an uncut por-

tion*of-an'Apﬁalachién'oak’foreét Sténd} 1ovéﬁFdry=weight,:depth;
aﬁd.total,nutrient content N, P, K; Ca, Mg) of the L, F, and H
laygrsL | '
To'quéﬁﬁif&aand c§m§are\theffolléﬁiﬁg;Al'hbriZOnaéoil_Eharaéterisf»

tics*existinggbetwéenﬂa,clearcut (whole-tree removal) and an uncut

»portion-6f'énﬁAppalachia§ oak forest stand: tbtal nutrient content,

pH, organic matter content, C:N ratio, soil moisture, and soil tem-.

peraturég

To quaﬁtify_andicomparev;he'féllOWing }iﬁterfall:chaféc#eristics
eXistingtbétwéénfa clearcut (whéle;trée‘removal) and’an‘uncut por-
tion ofVaﬁprpélaChiaﬁ éak forest Staﬁd:~ oven-dry weight and‘tdtal :

nutrient content.

- To quantify and compare the foliowing'soil solution charaéteristids'
éxiétingrbetWeen a clearcut (whole-tree removal) and an uncut por-= .
tion of an Appalachian oak forest stand: NO3-N, NH4-N, P, K, Ca,

‘Mg, and pH.



'LITERATURE REVIEW

. NOmenelature‘end'ClassifiCation of Forest Floors
The-impoftanee}of Qrganie‘ﬁetier to:such soil ﬁroperties aé"ferti-»
llty, structure, and tilth has been realized since- anc1en§$t1mes, aﬁd is
even referred to in Greek'mythology‘dat;ng from 900 B,C. (Tisdale: and
Nelgeh, 1975). Ofganic‘matter in forest soils is equally iﬁportant'in
ef determining,soil.propertiesiaffecting tree growth. The~ferest'floof‘can.
be viewed as a storehosse of organic matterecontaininé.energy and nutri-
ents,.which'forms a profective mantle oveﬁ.dn&erlying'minerallsoil.
fhroﬁgh natural decompositibn processes the forest floor developsea
charaeteristic series of layers:descfibed by HobVe: asd Ldﬁt (1952) as
followsih‘ |
L Layer - (thter) the sufface layer of the forest floor con~
51st1ng of freshly fallen leaves, needles, twigs,
’berk, ene-fruits, Where decomposition andwincorpora—
"tibp-are:rapid, this,layer may be very,fhin‘or absehe
dufing,the'growingvseason.« In standardized horizon
nomencléturevthis is‘the Apo herizon;‘
F Layer - A layer dfvﬁartially'decomposedﬂlitter recognizable
‘as'to_ofigin.. The AOl herizon.v |
H Layer - A layer consisting of well-decomposed erganic matter
| ,unrecognizable as to origin. The Agp horizon.
Early4feseereh_in§olving,thevforeSt floor foeused on:ﬁhe develop—
'ment'ef.a‘classification scheme for the numerous types of forest floors
encountered.. Hundeshagen (1830) was perhaps the first to attempt to

cla551fy the forest floor based on morphologlcal characterlselﬂs. ‘His .



>ideas, héﬁe&er,iwe?e‘not»aécépfedglaﬁd 45»years:paSéed befpfefEméis

(1875) distinguiéﬂéd three different'types~of forest floorsvrouéhly
ch:eépbnéiﬁg;tqftﬁe7more wid¢ly known classification Ppbgbéed by(tﬁe. )
-Danish fbreétef.Mullér;(1879,f1884);_'ﬁulierhﬁés theffifét;td recogﬁize Ju
the forest floor as‘a‘naﬁural biologic-uﬁit, and as a résult»offdiscri—« L
minéting'fieldiandglab-wofk he‘aiétiﬁgﬁiShéd tﬁo main'typeéwof fofest_
:floo?s-as follows:

mor - organiéumaterial distinctly‘éeparate;from'underlying

minerai»soil. |

mull - Qrganié’material.incorporated into underlying mineral

| ‘éoii. “ |

Ramann (1893) authq?ed the‘fifst standard>téitbook on.for;st soils,
aﬁd‘d;ve;ged from;Mﬁiler'suﬁéﬁenclature<when‘he’fécogniééd“thrée foresf
:floorvtypes which'hebcélléd mull, dry peat or trockentorf;1and;¢oar5e_’
humus‘or rqﬁﬁﬂmus;f Ramann'$ mull and rohhﬁmusrcorresponded:to'Muller{s~v
mull and mbr, reépectivelj;’ﬁdwéver, Raﬁann;s troékentbrf class descriﬁed“
a heavier;,toughér;umore extreme organiC‘ﬁat fhan_Muller'sumor. In sub-
bsequent editions of'his:text,FRaﬁann (1905,.1911)‘oniy refer?ed to two
forést‘flbor’typgs,_mﬁll‘and raw hﬁmusﬂ(rdhhumus).

The confusing.éfray,§f forest floor terminology céntinued to-plague-
‘Europeaﬁ.foreStgrs ﬁuringbthe early 1900's. The term*"alpénhumu;" was
viﬁtroducedwby-Ramann’(1905) ih:referencé to*ofganic»soils;tand was later
éhanged to ”moderﬁ:in the third.edition.of'his text (1911). ‘The use of"
‘the'teim ﬁoder haS»flﬁctﬁated'throughout~the'yéars and has:beén=applied'
to describé;sughvwidely”varying.c0nditions-as orgénic‘soi1s and unincor-

porated,humus.occﬁrring direCtlyvbeneath*the,forest_litfer (Vater, 1928).



'The'development«of’Europeen thoughtsxon forest floor.nomenoiature:
was clarified bvaomell‘andeeiberg (1931) In addltlon, they: proposed
a’ cla831f1cat10n system for forest floors in the northeastern U.S.

After analy51s of the phy51cal and chemlcal propertles of a- large number
of forest floor samples,narcla581f1cat10nvscheme was.:developed that em-
ployed mull and.duff as>thebbasic units,‘withhnumerouS.subdiviSions

under each i. e, crumb mull, graln mull twin- mull detrltus mull

root duff leaf duff, greasy duff and f1brous duff Rev151ons of thls R

system were. publlshed by Helberg (1937) and Heiberg and Chandler (1941), d
| which eventuallynled to avkey»for,rdentlfleatlon and_c13531f1catlon of
forest floors tHoover and hunt 1952,
| Forest floor c13531f1cat10n in the U.S. contlnued at’ the Unlver31ty
of Wlscons1n under ‘the- 1nfluence of Dr. S A Wllde._ A summary paper
was publlshed by Mader (1953) descrlblng morphologlcal features of 35,
forest floor types found"throughoutlthe U.S. and*Canada.,'Wllde'(1971)
_proposedfan,allsinclusive'classification_scheme unlike'older-attempts.v
Whichistemmed-from the esrlier.work of ﬁomell and Heiberg."In Wilde's
system the organiC'material comprising the:forest,floor'is~characterized
by,itSfposition relative:to:the underlying~minera1 sbil, Three broad.
groupsfwere diStinguished‘asﬂfollous: |
1. ectorganiC'layers.f COnsist ofrorganio materisi'which'rests‘on
the surfecefof thevmineral‘SOil,
2. endorganic*iayers-- consist of organic materialhwhioh forms an
intimate~mixture.with the mineral soil.
3. ectendorganic layersv—reonsist of’ectorgsniC'iayers‘overiying

dark organo-mineral horizons.



Furthef breakdowns?wéfeidistinguished Qithin-éach'bro#d‘groﬁp; For éx—
ample,,vermiolignd'parvital:fep:ésenﬁ eafthworm”mulls and;micfobioticv
:muilé,_réspeqti&eiyﬁ &hile'veior;ands1entaryrepresentvfriabie or spoﬁgy

mor énd;magte&mef, respectively; 'f
Nomenclature discrepancies concerning forest»floof.iayerS'have also
: éommon1y70ccurred'throughoutfthe years. For example,vthe symbo1s.F and
 HjWére introducedvby'HesSelman (1926} as abbreviafidns-for;Swedish words.
Rpméil and~Heibergv(1§3l).suggested:their adQPtiOn_fof‘intefnational-use
"and iﬁdicafedvfhath.coﬁld.représent-a "férﬁenﬁatioh,hOriéonﬁ,o;.a first
layer of'decomposition,/énd H’cquldlrepreéentva’"humifiéd,hqriZOn" or
a layér of extremé decom§osition. This*nomenclafﬁre,vdue tb»ité'simf
plicity and syﬁboliém:for natufal conditions, quickly becémevaccepted
"1.éndfis still.commoﬁly'used‘byufdresterS'today. |
'ThéijSt recent soil taxonomy scheme'départs from theitréditionﬁl
L, F, éﬁd-H layerudeéigﬁatidnsvfor the-fofest'fiddr (ﬁ.S;D;Ai, 1975).
The Soil-Taxéﬁomy S&stem fecogniZes two subdiviéions,asvfdlloﬁé:
01 —v0rganicfhofians in which eSsentiéliy the originalaform
of mostVVegetétive matter is visible to the"naked eye
(cprreSpoﬁdé_to,thé L and F-layéfs,'and'the:old’Ado hori-
‘ 'zon)',
02 —.Organic.horiZons‘iﬁ'whiéh the origipal forﬁ.of most plant
 or animélfmatter;cénnqtfbe-rgcdgniéed with the.néked eye
 '(corfespénds'td thé.H.layef and the_old»Aé horizon).
'The 01 and‘OZ'designations are:in gommon'usaggvtoday by §oil"$cientists,
an& thuésa discrépan;y still exiSts‘és:fo:esters prefef the more tradi—'

:tionai and descriptive.L, F, and H labels.
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Discrépanciés,in the»literéture alsO»exist~as to the proper désig—
nation for the:fcrést floor. The téfm~"humus layer" has been commonly .
used,.énd Wilde_(197l) still»pfefefsfigs-ﬁsagé;‘ In-soilvécieﬁce termi-
nolOgy,vhowever,‘hﬁmuérrefersrto;the "more or.le$s45table-fréction of
the 5011 prgaﬁiCfmatfer'femaining aftér the’ﬁajor*portion«of added plant .
and animal residués héve decomposed" (B;ady, 1974). Obv{Ously the or-
,ganic_mat~overlyinghmineral'éoilszin ﬁorééts;differs cqnsiderably from
ﬁhe sdilgsciehtiStrsréQnﬁeptiOn»bf humus. The Society»of;American For-
esters (I97i) réCOgnizéd the term‘ﬁhumﬁs layer" as;"a:geﬁeral,term‘for
.theTSUrfaée layers-composéd of or dominéted»by drganic-material, whether
unigcofporétedrOr‘incorporaﬁed»with‘mineral soil, or- at SOme,intefmeé
diate stageﬁland‘the term "forest floor" as "the-surface:layef of a soil’
suﬁpdrting forest vegeta&ion;"' The current Soil Taxonoﬁy;SyStem
(U.S;D,A;;,1975),pe£erred’td;the forest floor simply as an organiclb
horizon, désignatéd by the letter 0, and further divided‘into 0l and 02
subhorizons. In‘thié»dissertation the organic.mat‘éurface overlying
mineral soil wili be' referred to as the forest floor, énd-will be divi-

dédvinto L, F (01), and H (02) layers.

Early Fbrest-Floor Studies in the U;S;
Eérly American studiés invélving the forest floor focused on quan-
tifying’the size and nutrient content, and in'deveibping relationships
. to measuréble stand gharacteristics. 'Kittredge (1948), in the chapter
entitle&'"Litter and‘fhe_Forest Floor," summarized the older 1iterature;'
‘ Several early studigs were carried out in the'Lake Statés (Alway and
Kittredge, 1933; Alway et al., 1933a; Alway et al., 1933b) in various

forestitypés. From this research it was established that forest floors
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v'vunder“hardwood;Stands have hiéher pﬁiS¢andShighertnitrogen-contentslthan
't’forest floors developed ‘under conlferous stands. In- addltlon, nutrlent
‘rcontents (N, P, K and Ca) 1n the forest floor were found to. be hlgher
'undertlater succe331onalvspecies.'-In;this,case»the,succe581onalvproj
:'gresSion;frOm jackdpinéitovredvpine‘tofeasternfwhiterpinefto sugarhmaple~-.

: sAmerican basswood ‘was considered | |

| In addition to: Alway s work in ‘the Lake States, Slms (1932) repor—

ted on a- prOJect undertaken in the Appalachian Mountalns of North Caro-»

,'lina to: determlne the protective value of the forest floor in the oak-

'._‘plne type. Several‘study‘sites were established and different.treat- -

“ments 1mposed on the forest floor. -Burning«Was found.tokhaveha'detri—
-mental. effect on the forest floor, as it took-at. least three- years to:
:‘ﬂbulld the” forest floor back to preburning levels. Durlng-thls»periodv
the 5011 was: more subJect to frost heav1ng and subsequent er051on.H
' Wilde et al (1937) studied nutrlent contents. of forest floors 1n ’
the Lake States and related dlfferent forest floors on. the basis off
‘fertlllzer value»for’forest‘nurserles;v Metz (1954) analyzed forest
floors under three different tlmber types in South Carollna. .D1n85“
A hplnefnardwoodsé-and{hardwoods.d Forest floor accumulations were foundvto

‘be the least undervthe5hardWOod’stands; .Accordlngato’Metz¢th1swwa51’A'

f‘attrlbutable to hlgher decomp031tion rates in the hardwood stands, as’

~all timber types had~ comparable annual litter 1nputs.‘ Dominantuhard— d
: _Wood spec1es were yellow—poplar and Various hlckorles Whlch produce :
'leaf lltter that is: higher in bases and more readily decomposed than

. the more resistant pine litter.
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: Forest Floor Nutrlent Dynamlcs

With the advent of ecosystem studles An the early 1960 'S (0v1ngton,';l“

1962), 1nterest 1n studylng the forest floor was renewed ~Solentlsts

' gvbecame 1nterested 1n the role ‘of the forest floor in ecosystem processesha

such as nutrlent cycllng and energy flow. Attempts were made to: quan—

tlfy the bulldup and steady state condltlon of the forest floor and- 301l>5

organlc matter (Jenny et al., 1949 Olson, 1963' Mlnderman, 1968) Nu—-;pvf.'

trlent cycllng studles carrled out at- the Hubbard Brook Experlmental

: Forest in New Hampshlre (Bormann and leens, 1967 leens and Bormann,

'1970)'indicated;the-importance10f the forest‘floor*asfa”buffer to»eco—

’ system dlsturbance by relea31ng nutrients through decomp051t10n at vary- o

vlng rates- dependlng upon temperature and m01sture ‘as well as other env1-~'

ronmental condltlons. wPlerce.et al (1972) reported that on nutrlent—ﬁ

poor7podzols,in NewaampShdre}the;forest‘floorlwaScheama;or,factor.1né» . 2

fluenclng treeagrowthhand;speoiesfdiyersityt,v

‘Reiners.and:Reinersh(l970} oarriedtout'acproject~inrthree forest>d‘
stands.in;Minnesota;feEnergy flowsfandvnutrient fluxesywerehdeterminedb
for"forest‘flodrsfalong*anfelevationaldgradientffrom’an;upiand.oakrsténd;‘s
to a'whitefcedar:swampng Turnoverxtimesaforvseveral nutrients.were.de; 3
termined and it'Wgsffound*that,turnover»times;inereased?greatly_fromé.
upland tO,SW5mP CQﬁdiinHéskdueftOﬁthe Wetlconditlons presentbin the
.swamp. N |

A detalled look at- nutrlent cycllng in European dec1duous forests
was undertaken by»Duv1gneaud and DenaeyerfDe Smet‘(l970), The maJor
vnutrient contentsfwerehquantifiedfin'all portionS'of,a'forest‘stand;.

ineluding“the;forest floor. Duvigneaud:and~Denaeyer4De,Smetv(1970).
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providedbthe'fOresﬁ floor nﬁtrientAdaté'shown in Table 1. The beech
forestﬂinvGrEat Bfitain agcumulated,g:eater quantitiés-ofﬁnutrients in o
ktheifofeétffloor,jWiﬁﬁbthe excéption»of Ca,'£han the: other forest types:
- studied. Muchfof;the"variation,in’nutrient contenthdf various forest:
stands can be,attributed to pastkétand history andithe successionél

- development of vegetation.. Sﬁitzer et al. (1929) traced*thé devélcpmént
of'the»forest“floor’in‘40fstands on upland siteSqof the east Gulf‘Coasta1 
Plain. Their data (Tablé'2);suggeét an iﬁcrease‘invmosﬁvnﬁtrients as a.

) ypung;stand develops,. then. a gfadualvleveling offuorvslight decrease.as
matﬁrity is feached.v Asvthe hardwood component of the sténds dévelopéd,

“ "the calcium and’mégﬁesium content. of ‘the forest floorvincreased.

Wells et al. (1972) investigated mineral nutrient cycling in a mixed
hardwood and'avloBlolly'pine'standvin North Carolina. Litterfall was
’recognized;as‘a‘majqf ﬁath@ay of»nﬁttiént-flbw, and nutfiéht,cbntents in
hardwood‘litter were:much-greatér“than inlpine;1itter.v7

Yount (l975) studied fOrest'floof nutrient dynémics’in southern.
Appalachian hardWood;ahd white‘pine;plantation7éco§ysfemé,_and’found
- that calcium conténtsvwere greater  in the hardwood forest floor, while
N and P storage was:highérvin the pine forest fioor; Potassium and Na
contents were nearly‘equai in both forest floérs; however, the ﬁine for-
est  floor was significantly greater in total carbqn.storage.

- One of the more recent and detailed investigations relating to the
forest floor.and hutrient cYcliﬁg was reported by Gosz et-al. (1976).
Nuttrient contents by forest floor layers were determined on an undis-
turbed watershed 6h‘thé-HubBard‘Br00k ExperimentalkForest~in‘New Hamp-

shire.  Nitrogen was found to be the most abundant element in the forest



14

Table 1. . Forest floor macronutrient. data from several: hardwood stands"
o in Great Britain and. Belglum From: Duv1gneaud and Denaeyer-
De Smet (1970).

'Macronutrient COntént51?

Forest:

Type = .Lo¢ation “Age N  P _’-‘,K‘ : Ca:

B Years  =-=-m------—kg/ha—-
Birch =~ Great Britain 22 47 6 8 72
0ak  Great Britain 47 71 . 5 - 8 35
Beech ~  Great Britain 37 180 1l 20 5l

Chestnut = Great Britain 47 80 6 10 32
Oak-Beech ~  Belgiom 75 33 2 15 T4
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Nutrient content of the forest floor by stage of suc-

Table 2.. ‘
~ cession and period of development based .on 40 stands
growing on upland sites in the east Gulf Coastal Plain.
From Sw1tzer et al. (1979).
Sﬁage of‘Succession_and
Period of Development
Early . Middle - - Late
o - B Oak-
Small Large oo ‘ Hickory-
Nutrient  Field Pole Pole  Standard:. Veteran. Pine
--~kg/ha :
0 1700 180 . 200 210 190
P 0 12 JE T 14 13 ' v12
K 0 13 15 17 18 17
Ca o 53 85 130 180 300
0 18 20 T 22 ‘ 23" 28

Mg»
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floor, follbwedﬁinusgqueﬁéé»BY£Ca,'Fé; and'é. NitrégenﬂéﬁduPThad.fhev
ibngeSt residence times>in‘tﬁe‘forest fioor,,while K'had'the'shortESt:
g reéidénée.timef,v

' RédentlY’Shafpe et al. (1980)1developedsa:modélito:ﬁredict foliége
. litterfall, L.+;F;1ayér'mass,'and Mg, P, and K contehts.offthe L+F
layer. .The model was tested using forest floor and litter samples from
U.S. Forest Servicebinventéry ploté‘in the:soﬁthern>Appalaéhiansa The;
model, based»on-é sériesvof;general allometricSedﬁatioqs,,adequately'_5
predicted litferfall andeLﬂ+'ﬁ»laYef mass. Elementalbconténts of lit-
terfall and Mg'andlmeineraiiéationfiatesjwere{OVerestimated; whereas
the P mineraiization‘rate.ﬁaévunderésfiﬁated.k This-modéling,approaéhk
is unique and patticularl& uséful when attemptingAtO'develop.regional—

ized information based,oﬁ.normal forest inventory»data{ .

“”.:. Litteffali aS'a'Pathﬁay‘forfNutriént'Cygling.-'
Litterféli‘is an iﬁportant3diménsion in the studyfof the'forest_‘
- floor. It is the major input‘30qrce of'oiganic mattei,rnutrients, and
energy to. the forest‘floOr, and as such deserves*specialvatténtioﬁ.
There iscertainly né'paﬁcity“of‘informationvon‘ampunté of litterfall
- in various forest types throughout>the!ﬁorld., Earlier'stﬁdiesion nu-
frieﬁt contents.offforeSt’litter-in'the'U;S; were repottedsby'Alway“and,
Zon (1930), Garstka'(1932)2*Lun£-(1935),‘Coile»(1937), Chandler (1937,
1941, 1943),‘Broadfo§t~and Pierre (1939),»Metz (1952),.Daubenmire (1953),
Blow (1955), and MéGinnis (1958). As with the forest floorvstudiés,
interest in‘ecosyétem.procesées:in tﬁe 1960's led to\more‘litterfallf
studiés, particularly with fespect to nutfieﬁt cycling. Decomposition_

“and nutrient release from litter was of particular:interest (Nykvist,
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v1959a,>i959ﬁ,,19613;f196lb5 1962;'Remezov,'l§61; Shahk$ and101sop, 1961;
Gosz-et‘éi.,i19727andfl973)fésﬁthe need f6r;quaﬁtification¢Of,etosystem
compbﬁentsﬁbeﬁémevapparentiz»Cﬁrrent*emphasis;iﬁ‘épqsystém~analysisvis
on theﬁdeveiopment:§f qomputer*m9dels to depiét,nafural'ﬁrocesses,.an
’en&eaVOrfwhichirEqﬁireséfhé'pfeseﬁqév6f iargé,'éccuréfeadatg.setsvforiail‘
ecoSysteﬁ func£ions (Aﬁderéson, 1971). ‘Beéausefﬁf'thevimportance of
“litterfall in driving,the nutrient cycliﬁg brogéésviﬁ eqosystems;,1itter-
ﬁall studiééuare;sfili;beiég'Conducted and Willvéénfinﬁeﬂtdzbe'conducted :
‘in the_future-(Peafsdn;énd'Wéaver, i§78).,

‘lSeveral liﬁtefféll studiéé havélbeén cafried;outfin;tﬁe‘sputhe;n.
'Appaléchian.Mbuﬁfains.v}Siﬁs €I932) reporﬁed‘on'a étﬁdy‘infthe Bent
iCreek&EﬁperimentaliFoféét;near'AShevilie,,Nofth Cardlina,  1eaf;fall fof
’two.plots;iﬁ;an.oak—pihelétén&;were 3,475;and 2,9145kg/haifor the year -
1930, Metz (1952) studied annual litterfall in several stands on the
v SOuthlCarolina'Piedmoht."Iheiannual litterféll réngéd f£om»4,550*to
6;298;kg/ha.viIn édditioﬁgyfreshly fallén leéves~from«14Z£rée‘species"v
 vwere-anglyzed foer,_Ca; and Mg,contentf 'Litterﬁall“frdﬁ:hardwood-treés
wasufoundfto contain,twidé:as{ﬁhdhvﬁ, thr¢é times-és much Mg;jand five
“timeé,as muéH*Cé as.iiftérfall‘from pine tfeés; ;BloW»(iQSS),Sfudiedm
vlitﬁer'depbsition in" the TeﬁnésséeuRiQer Wétgrshé&;‘aﬁd fOund_an annual’
le#f-fall-éf.2;914 kg)ha infuplaﬁabéak'stands. | |

MbGinnis'(iQSB)’éafried?éut”a detailedvstﬁdngompéfing forést‘floorsv
vaﬁd»littéf'depositiéglfor:Sfénds~inafhg;GreaflSmoky;Mbuptainsiof east.x
fennéséeé; 1Litferfall'averaged 4,483Lkg/ha for'scpubvpine sfands and |
»4;988 kg/ha for Oakéhiékory:étands.:.Bray andaééfhém.(1964) summarized:‘

litter Productioh'in‘foiéSts tﬁroughoﬁt the world, and provided
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litterfall rates forrvarious locationS‘in Tennessee: (Table 3). Annual
litterfall was heévier'in'ﬁhe: Pinus echinata stand than in the P. vin-
giniana_or mixed,hardwood stands.. Topography and .aspect did not. appre-
ciably influence hardwood: litterfall; the?er, P. echinata stands on
north-and southvslopes had-much more annual litterfailithan on lévelf
uplands, 6,600 and 6,200 vs. 3,800 kg/ha/yr; respectively.

Wells et al. (1972) reported on-a nutrient cycling séu&y in a -hard-
wood'and_a,pineostandfon,the Duke Forest in North Cérolina. Litterfall
was‘5,7251and'4,587'kg/ha in the hardwood and- pine stands, respectiveiy.
In addition; nutrient analyses: indicated that hardwbod litter contained
70% more N and 2507% more Ca than the pine litter. Hardwood litter also
contéined about twice as much K,-Mg, Mn, Cu, Na, and Al as pine litter.

Cromack and Monk (1975) réported on litferfall and. decomposition in
a mixed'hardwdqd stand and a white pine plantation at CoweétatHydroldgic
Laboratory'near;Frapklin,'North Cafolina. 'Annualylitteriproduction,was_
4,369 and 3,253vkg/Hé in the hardﬁood stand aﬁd pine plantation, respec—
- tively. Cotrufo:(1977) analyzed litterfall and nutrientvcontepts,in a
“mixed hérdwodd forest on the Bent Creek Experimental-Forest, Where'an—‘
-nual litterfall,was 3,730 kg/ha.v~Compariéons were ﬁade betwéen upper.
slope positions: dominated by'mixed»oaks~and 10wervslopé poéitionsiddmi—
nated by‘LiniQdendﬂoﬁ tulipifera and Betula Lenta. Litterfall.was-
greater oﬁ tﬁe upper. slopes, but lower:slope litter had highef conéeﬁ4
trationsioffN, Ca, and K. |

" Kreh et al. (1978)lénai;zed litferfall in;éeveral old-field Virginia
pine stands represénting’abrange of ‘age classes in the western Piedmont

of Virginia. Annual total litterfall was found to-increase with stand-
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Table 3. Litterfall deposition_ratésﬂfor Various‘species
and topographic positions in Tennessee. "From
Bray: and Gorham' (1964).

_ - Topographic o ‘
Species ©© DPosition’ Litterfall

T

‘ kg/ha/yr
Pinus “virginiana - © 4600
Quencuévspp. . ' L e . 4500
Pinus echinata . north slope 6600 -
Pinus echinata - south slope 6200
Pinus echinata : ‘level upland 3800
Liniodendron tulipifera, :

Populus spp., Fraxinus _ sinkhole 4700
spp. | |
Lindodendron tulipifera,
Quercus spp., Carya spp.

. Lindodendron tulipifera,
Quercus spp., Carya spp.
Liniodendron tulipifena;
Quercus. spp., Carya spp.
Liriodendnon tulipifera,
Quercus spp., Carya spp. -

north slope . . »:':-4000; 
south3slope: - ,5000f
léVel;uplandvv o 54ﬁ0

~valley 5300
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ggéb(Yﬂto 36 years) from 3,940~£o 5,580 kg/ha. Ofndorff?and'Lang-(1978)1
studied litterfallﬂaﬁd downslope. transport on: steep hillsides in West:
' Virginia. Although the study did not show increased‘forést:fioor.maSSesf_
-at‘lowerfsiope positions, a:fenced enclbsure showed: that about ZSZ'OfJ’
leaf deposition:moves'downsldpe; |

Effects of Clearcutting on Forest Floor Nutrient Dynamics

The effects of various forest'management practices on - the forest:
floor have not been well dodumented. Diebold (1941) discovered that . .
" logging caused a decrease in forest floor depth of 2.5-to 5.0 cm, but”v
that-tﬁis was- insignificant in comparison to the 35 cm decreasé commonlyi
caused by‘fires. Hartj(l96i) found that the forest floors in clearcut
~ stands averaged 1.3 to 2.5 cm less in depﬁh than older stands 20 to 30 
years after'loéging. Dominski. (1971), reporting on.studieé in. the Hub;‘
-bard'ﬁrook Experimental(Forest in' New Hampshire, foundvthat,clearfélling
and{Sﬁbéequentisuppression of regeneration caused a 2.5 tof5f0“¢mvreduc-
tion in forest floor depth in the first 3;years following cutting.

N&kvist (1971) reported on:-a study-initiated in 1966 at Garpemburg,
Sweden. An-oldegroﬁth spruce.forest.wés»clearcut»with,severai treat—
mentsmappiiEd; includinnghole—tree removal, remoVal'of'bolé—wood;dﬁly;

- and removal of bole-wood with’éubseqUent slash'Burning;. Changes in the
forest floor aftéf-one yeaf are bresented;in Table 4. The‘nutfient;con-
teﬁts in the forest floors under’clearcut stands Were»considerably less
bthan those‘under the uncut old?gfoﬁth SPrﬁge'forest.» Thé wﬁoie—tree‘
removal tréétﬁeht—produced the:émallest nutrient contents in the.foreStb
floor.. ‘\ |

One- of the most: detailed:studies to -date on: the response of the
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‘Table 4. Nitrogen, P, and K contents of the forest
floor of spruce stands in: Sweden prior to
clearcutting and one year after conven-
tional clearcuttlng, whole-tree harvest-v
ing, and conventional clearcutting with
- slash burning. From Nykvist (1971).

Forest Floor:
Nutrient Content

Treatment:: : N P K
——————— kg/ha————-—
Prior to,clearcutting" . 1166 62 94

- Cbnventionalecleareuttiﬁg!
(slash remains on*site)

Clearcutting w1th wholev ‘ 688 : 45 52
trees removed ' : .
Conventlonal'clearcuttlng, ‘ 735vv:‘ 49 68

with slash burning .
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foreStlfloor to logging-waS'éarried.out by Coviﬁgton (1976) in’northern
New Hampshire. vFoufteen-éfands,\ranging in age from 3 to over 200 years,
were'analyzed.for,férestufléor brganic'matter, nutrienﬁ content, and: -
litterfall. Férest fléOrS'decreased”iﬁ thickness and érganic matter
cdntentﬁfollowing!clearcutting,_due primarily'tdrreducéd litterfall and
.increaseddecompoSitionrates'Which are ‘a function of higher temperatures
and moisture,. and theveasilyrdecompqsed nature~ofvsuccessional litter.

- Covington found no diffefénces in forest floor Mg, K, and N. concentra-
tions; however, Ca was significantly higher‘in stands,with lower organic
matter contents'in the forest floors. . The major dééreases~in forest
 floor organiC'métter‘&uiing the revegetation périod'occurred‘in the F
and Hrlayers. The imporfance of logging slash as a "slow-release ferti-
lizer" during fﬁe 15 to: 64 year "rapidly aggrading,phgse"-of regenera-

. tioh-waé’stréSSéd, perhapsvcaéting a foreboding—shadéw;on logging prac-
tices that remove entire trees and leave no slash. |

Wells: and Jo;géﬁsen.(l979) discussed the importance_of'the forest
floor nitiogen.reservé'in stands that haVe been whdle—treeiﬁarvested..
Forest floor N was:subject to loss from minerali;ation“and subsequent
leaching, and from fire; fherefore, foreést stands with large N réserves
in the forest floof ﬁay_bé vulnerable to nutrient loss.

A computer model wés developed by Aber et al. (1978) to simulate
the effects of differeht harvééting;fegimes on forest floor nutfient
dynamics in northern hardﬁbod forests. - Three levels of utilization, .
cleafcutting, whole-~tree harvesting, aﬁd complete forest harvestipg
(including foot-removal),,werevcompéred.- It was éoncluded that.nitrogén;

‘loss from the system increased with increasing removal of organic
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material from'tﬁe-site, and that the logging slash left after conventional -
glearéutting provided a carbon—riéh substrate for ﬁicrobes. The in-
 creased microbial éctivity résulted iﬁ more Niimmobiliéation,‘which is
‘gradually feleased‘back into thé.system. . Forest. floor. recovery after
harvésting‘was also,cloéely'related to rotation:length, with a 30-year
whole—tfée rotation resulting in a forest floor only one-half as large

as that after a 90-yéar clearcut rotatiqn.

Aside from disturbance caused.byvlogging equipment, timbér-harvest-
ing. influences the forest floor By creating-favbrable_cohditions for
decqmposition,»i.e., increased cérbon’soﬁrce, inqréased mdistqre con-
tent, and increased temperatufé (qugensen et al.; 1979). Elevated
nutrient contents in streams draining cléércut areas«(Pietce-et al.,
1972) héve been attribufedvto these'efféctsg however; on soils with
rapid.regrowth-théfe ié relatively little solutioﬁ'loss,(Stéfk, 1979).

In western: forests, soilborganism activityliS often-limited:by
temperature and ﬁoiéﬁure, and on such sites Wildfire is thé principal
carbon recycling;agent (Harvey et al., 1980) . inéréased moisture con-
‘tent and . soil temperatureS’following cléarcutting‘méy,increase.decompo-
sitioﬁ, and logging~slash.left in close contact with the forestﬂfloor
© would ser&é“%s»a uéeful»carbbnfsource for soil,organisms;‘ Under these
éonditiéné, logging préctices have the potential for increasing site
produbti&ity;!

A-number:of“étudiesuhave beeﬁbinitiated.in‘thgmsouthgrn‘Appalachiansr'
to assess-the effects of clearcuttihg~on?nutrieﬁt cycling.<ﬂbnk.et al.,
‘1977;“SWank and;Dougiasé,-1977f;;howevef, the most reéent”work centeredi

‘on a nitrogen removal model develppéd by Rauscher (1980).  The model was
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developed. for various- combinations of site iﬁdex1and stand density, and
utilized both a: conventional harvest and a whole-tree removal With,90—' 
year rotations.. Soil N:content waS'used asvthé variable expressing°the

- effect bf harvesting, and several interestiné_rgsults were noted..  Con—
ventional clearcutting was found to reduce the soil N’ pool, and'thé re~
duction increased with increasing stand density and site index.. Higher
quality sites were found tp bé more vulnerable to: N loss,than lower qua-
lity éites, because'of # higher amount of N removal‘in the biomass - and
the production of more litter after hafvest, which reéulted in greater:
decomposition ‘and subsequent leaching losses. Vitéﬁsek et -al. (1979)‘»
noted. that. during decay of forest floorvmaterial with a wide C:N ratio,
nitrogen'isbassimilated by soil microorganisms. and thus'iﬁmobilizeds

" resulting in reduced N ieaching'losseé.' Phytqmass with a wide C:N

ratio is more likely to be‘produced'on lowef’quality sites,. thereby
further éﬁbstantiatingvRauscherfé coﬁclﬁsion tﬁat»pborerbsites are less

vulnerable  to:N loss.



METHODS

Study Area Dgscription

The study area is located oﬁ a north-facing side~-slope on Price
Mouﬁtain‘in thefFishburntForest. The area is situated}approximately
11 km southwest  of .Blacksburg-in Montgomery County,'Virginia,iand is in-
the Ridge and Valley Physiographic:Region»(Fenneman; 1938) and the Oak;,
ChestnutvForest Region" (Braun,. 1950). | |

Tﬁe-area is qhérééterized by a humid, continen;al~climate that is:
modified by elevation (Crockett, 1972). Thé mean annual.air temperature.
is 11°C, with the growing season extending for 161 days, from April 30
to October 8. The annual precipitation averéges 97 cm and is well-
distributed throughout the year, with the maximum-:in July and  the mini;-
'mﬁm-in Novémber.‘ The ‘annual precipitation during the period:-of this
study was 112 cm and 91.cm for 1979 and 1980, respeétively.

The study‘are# consisted of a 0.86 ha mixedbﬁpland éak forest stéﬁd.
The average age of the dominant oaks was. 130 years andbthe average oak-
site index:waSs56 (Hampf, 1965). Elevation across the study area ranged
frpm,610,to 628 m, and the slope averaged 17 percent. The entire area
occupied a uniform'sidé sloﬁe extending from the ridgetop to a mid-slope: -
position, and.is-generally.moderately well drained.

Soils on the study érea'ranged from loamy-skeletal, mixeé, mesic,
Typic Dystrochrepts of the Calvin and Berks series to.a: clayey, mixed, .
mesic Typic Hapludult -of the Muse series. /Soils‘ofAthe Calvin and Muse
>series were deriVed from shale, while soils of the. Berks series were
derived ffom sandstone. Profile descriptions of the'threé series are .

provided in Appendix Tables 1-3.
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The:forest.flOOr wés.uniform throughout  the study area, and was-

characterized -as a- typical mull, or é‘vermiol using thgvclassificatiOn
-scheme:ofiWiideﬂ(lel)} ‘Tﬁe Fand ﬁ~layerS'were-réadily;distinguiéhed:
throughoﬁt théifear; with the L layer fresent only duringvthé period. of -
autumn litterfall.  The Ffaﬁd H horizoné—avefaged 3.6 and 2.9 cm in
dépth, fespectively. | |

7 ‘An‘initial,survey of the vegetation:qn tﬁevstudy area—revealedf
2,875‘stems'pgrfﬁa,and“24.3 m? of basal area per ha in the-upper stré_
o tum,_which.consiéted of aii stemsfgreatef than 2.5:cm dbh._»The ﬁiddle'
strafum5'which consisted of stems greater than 1 m tall but less than
2.5 cm dbh, éontriﬁutedxl,ZIS stems bér ha."Ihéivéggtétioﬁbsurvey also -
revealed thaf Quenddé“pninué L., Q..aﬂba-tl,.aﬁd Acer nubﬁum L. were
the dominant upper stratum»spécies, while A. aubrum L., Carya Lomentosa
Poir. Nutt., Q,,pﬂinué>t.; énd-CaMhdé'ﬁZoﬂida.L; dbﬁiﬁated.the middle -
stratum.. The lqwer:Stratum, or woody-gfound,vegetétion less than l,m:,
'tall, was dominated-by-A; ndbhum L.;.Vadcinium vacikkan&:Ter;, Q. prinus
~L.,.aﬁd Vibwuum aceﬂiévkium L. The relative importance of majorrwoodyk
plantaspecies by étratuﬁ:iénpresented-in_Tables»S; 6, and 7f .

Field,Methods

Timber Harvesting: -

' In August, 1979, a 0.47 ha portion of.the stand &as‘clearcut’using
chain‘saws.”‘All'stems énd'top$rwere remoﬁed frbmfthé site with a'rubbér-
‘tired skidder,.'and after: the merchantabie sawlogsvwere removed all re-
méihing;material'was>chipped. Alfhéugh some Woody slash was left .on-
th§ ;ite, the‘opefation-cloéely réSembled,an'actuél’commercial whole- = -

_tree harvesting operation.
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Relative density, relative frequency, and importance values for.

Table 6.
‘major middle stratum (>l m tall but <2.5 cm dbh) species in: the
study area on Price Mountain, Montgomery County, Virginia.
A B c
Relative Relative Importance’
Density - . Frequency Value:
(% of Total (% of Total (Mean of
Species ~ No. Stems/ha) Frequenqy) A and B)
Acer nubmum L. 25.1 18.0 21.6
Carnya tomentosa Poir. Nutt. - 11.5- 13.5 12.5
Quercus prinus L. 12.3 11,2 11.8
Connus  gLorida L. o 9.1 " 12.4 10.8
Amelanchien arborea (Michx.» 6.2 _ 11.2 8.7
f.) Fern. _ ‘ :
Quercus  velutina Lam. : 5.3 : 9.0 7.2
Vibwinum: hafinesquianum 9.1 4.5 6.8
Schultes.
Nyssa sylvatica Marsh. 4.1 5.8 4.
Quencus alba L. 3.3 5.6
Vibwinum acerifolium L. 3.3 4.5 .
Carya glabra (Mill.) Sweet 1.6 4.5
Minor species*: 9.1
*Minor species: _
Prunus serofina Ehrh. Fraxinus . pennsylvanica Marsh.
Hamamelis virnginiana L. Sassagras albidum (Nutt.) Nees
Vibuwrnum prundfolium L. Liniodendron tulipigera L.

Castanea dentata (Marsh.) Borkh. Conylus cornuta Marsh.
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Table 7. Relative:dénsityg'relativé.frequencyg-énd“importance values
for major lower stratum.(<l m tall) species in the study
area_othrice:Mountain, Montgomery'County,{Virginia,

"B

C

A . ,
- Relative Relative ‘Importance.-
Density - " Frequency Value
o (% of Total (% of Total (Mean of
Species ‘ No. Stéms[ﬁa) Frequency) A and B)
Acer nubrum L. - 15.4 16.4 15.9
Vaceinium- vacillans: Torr;’ o 18.2 11.2 14.7
Quercus prinus L. . 8.7 9.5 9.1
Vibwtnum aceréfolium L. 9.1 7.8 8.5
Gayﬁu/s/saua bacca,ta (Wang. ) 8.5 6.0 7.3
K. Koch.
Amelanchier a/abcm.ea (MlChX 5.7 8.6 7.9
- f. ) Fern.
Gaultheria ;ofwcumbews L . 4.2 9.5 6.9
Que/Lcws w@ba L. . 5.5 6.9 6.2
Cmya zomenia/sa P01r Nutt. = 3.0 6.9 5.0
Cornus flonida L. - 4.7 4.3 4.5
Queticus velutina Lam. = 2.0 6.0 4.0
Vaceinium stamineum L. ’ 2.0 3.4 2.7
~ Carya glabra (Mill.) Sweet. 0.8 3.4 2.1
Minor species* 1222

- *Minor - species: _
Viburnum raginesquianum Schultes.
Nyssa sylvatica Marsh.
Parthenocissus qu,cnqueﬁo&a (L. ) Planch.
Sassafras albidum (Nutt.) Nees
' Rhododendron nudiglorum (L.) Torr.

o Prunus sernotina Ehrh.

Oxydendrum arboreum (L.) De.
Crataegus. spp. L.
Hamamelis virginiana L.

 Pinus strobus L.

Castanea dentata (Marsh. ) Borkh
Vibwinum prundfolium L. :
Acen saccharum Marsh.

Corylus cornuta Marsh.
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Forest Floor Sampling -

Forest floof sémpling'datES were estéblisﬁed as follows: - June,

| August, aﬁdﬂNovemBef. The first collection was in June; 1979, prior

to clearcutting;’ Subéequent collections7wer§~made in'Augﬁstband Novem-
ber, 1979, and:JUné, Augﬁst, and November, 1980.

.In order to facilitate ground control, eight 2.8 x 2.8 m sampling
units were randomly located in ﬁhe cut area each yéar. Eight sampling:
unitS<were’alé0'lOcated.in the uncut area each year. - The sampling units
were:square,‘and consisted. of four 1.4 x 1.4‘m cells (Figure 1). For
each year of the study, three of the cells wefe randomly selected as
locations for forest floor and mineral soil collections, while the
fourth contained a litter' trap. Thus, for a given sampling date, eight
observations were obtaingdvfor each area. A map of the study areay
showingvsamplihg unitklocations, is provided in Figure 2.

To collect theiforest floor samples, a 0.5 m? plfwood“templatevwas
placed on thevgrouﬁdfwithin a-cell, and a machete was used tq cut out a.
sample forest floor plot around the template. The organic material in
each of the L, f, and H layers was removed by hand, bagged, and trans-
ported to the laboratory‘for analjéisr ’The layers were distinguished
accordiﬁg'to tﬁefdescription by Hoover'ana Lunt (1952). Living plant
tissue was not sampled. .

Forest floor depth by layers was measured to the neafest cm on all
four sides. of the sample plot, and a mean was determined. The pergent-
. slope'.of the plot was measured with an Abney ‘level, and -an-areal cor-.

" rection factor was applied for conversion to a per hectare basis.
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‘Figure 1. Typical sampling unit consisting of four 1.4 x l.4 m
cells, located in the clearcut area, Price Mountain,
Montgomery €County, Virginia.
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' Mineral Soil Sampling

>"7A composite sample;of*the_Al-horizonuWasuobtained on each forest
bfloor plot af;er:rémovai of'the:ﬁ iéyer-1:Fivé éorgs‘to a»depth~of:5.¢m
wéreaextréctedfwith a~bulk’dénsify sémpler and composited. Two. addi-
tional samples frOm.eaéh:fprest floor plot were cpmﬁosited:fbt a bulk
density deterﬁinatién.

Soil samples were collectgd’fo; a_microbiolpgical charaétérizationr

‘of thé,study'areauin June, 1980, Samples were thaiped from:the.H—A1
~ zone at five-lbéhtibqsniﬁlbqth the cut and uncut portioﬁs'of:thé stand;
Each group'of five sampléS-wés then'mixed,to produce é compoéite~sample§«

Litterfall Sampling

Litterfail traps were-tandomly plaéed in one' cell of eadhrsaﬁpling‘
unit. Traps were set out by October 1, 1979, and 1itte;rwas:céli;cted:'b
‘ﬁOnthly through.OGtober; 1980.. The littér collected'in Décembér¥through-
Februaiy was COmposited as- a winter inecrement. _The'frapé wefé;repgsi?
tioned in the 1980 sampling units in’June, 1980.

Each litterfall trap'¢OnSistéd'of a-0.5‘m2'box\qonstructéa:of‘lo X
2.5 cm untréated redwood boards-with‘a fibefglaSS»screenybottom; The
trafs were~equipped“with side spikes which were driveniinto the: ground
so. that: each trap-wasqusitioﬁéd:level and. just above the,L_layef‘of the
forest floor (Figﬁ:e_l).

Soil Solution Sambling

'Porbus*céramic cup lysimeters (Wagner, 1962) were installed at 15
“and 30 cm depths adjacent to each of the 1979 sampling units. Lysimeters
were constructed- using 3.8 cm PVC pipé’and were weathered in a 2% HCl

solution prior to inmstallation. Eéch‘l?simeter was placed in an auger:



34

~hole in a soil slurry to obtain a close contact between the PVC pipe and
the soil. A 60 cb vacuum was placed on the lyéimeters 24. hours prior to
the time of collections. ‘Sbil‘solutions‘were collected on a biWeekly

basis from April, 1980, through March, 1981.

Soil Moisture, Soil Temperature, and Precipitation MEasuremehts.

Soil moisture and soil temperature measurements were made‘adjaéent
to each of the 1979 sampling units at the same»time as»soilreolufien
collections. FSoil-moiSture'was determined gravimetricailyﬂusing;a.10 cm} e
core~extrac£ed with a‘punch’tube, while soil temperature wés-detefmined |
at.a 2.5 cm depth using a soil thermometer.

Precipitation data were ebtained using a standard :ain gage: at the
VPI & SU College of‘Agrieulture and Life Sciences,'Pfice'sterk Research‘
Station, which is located about 3.2‘kmifrom the study site.

Lab Methods |

Sample Preparation

All forest floor, litterfall; and soil samples were,in&iVidually'
bagged_in the field and’éllowed«to air dry-in Ehe_lab. Thexorganie"
samples were then dried: to a’cohstant,weight iﬁ.a con?ection»oveneat
700C, weighed to'the,heafest o.1lg, and ground in a Wiley Mill to pess
a Z:mm mesh screeﬁa Ground samplesnwere randomly reduced in size using
e Fisher sample splitter. |

Soil‘samples for nutrient analysis were;air-driedeane then ground

to pass a 2 mm mesh screen. All material greaﬁer than 2 mm was discar-
ded. The soil samples used for bulk demsity measurementvaere.ovené,
. dried at 105°C, Weighed, then ground . to phss a2 ﬁm mesh screen. Coarse

‘fragments greater than 2 mm were treated with a 2% Calgoﬁ solution,
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’washed'.even-drledi andfreneighed. A corrected bulk dens1ty was ‘then
computed for. the less than 2 mm flne earth fractlon.-

5011 samples for the mlcroblologlcal characterlzatlon were: returned
: to the labin plastlc contalners, a1r-dr1ed for several days, then gently
passed.through‘a.Z mn ‘sieve.

Nutrlent Analy31s of Litterfall and L and F Layer Samples

Litterfall and L and F layer samples were ashed in Pyrex 1gn1t10n

.tubes u31ng ‘a 500°C muftle furnace, and then dlssolved in 6N HCl Total ‘

P was determlned u81ng the ascorbic acid color1metr1c procedure of Mur-
phy and'Rlley,(l962)a Total Ca and Mg were determlned by atomlc absorp—»

“'tion, and K by flame em1331on. A Perkln-Elmer model 460. atomlc absorp-

tionpSpectrophOtometer was.usedffor'K. Ca, and Mgvdetermlnatlons;..Total,

‘N was determlned using the mlcro—KJeldahl procedure outllned by Bremner
(1965), and: the salt-catalyst mlxture (100 g K5S04,:10 g CuSOy* 5H20 lg Se)
recommended#byﬁNelson'and“SommerS’(1973)

Nutrlent Analysis,. Organlc Matter, and pH Determlnatlons of 8011 and
H Layer Samples . : L

Soil andtH{layer,samplesrWererdigested.using’the5perchloricfacid

procedurenof'Sommers—anvaelson~(1972).b Eer,the3ﬂilayertsamples,»CQn—'

centrated nitric acid was used as an oxidant. Total P, K, Ca, Mg,uand,N”j

were determined using the same procedures'as for the litterfallfand'L'
and Fhlayer Samples, ‘Organic matteerOntent for the soil'wandeternined
“by the Walkley—Black Wet ox1dat10n procedure outllned by Alllson (1965)
“For the H layer ‘samples, organlc matter was determlned ‘as: loss on 1gn1-
tion using.Jackson sv(1958) procedure,:and.erganlc carhonﬁwas“computed

‘»»_usingzthefmethodrrecommendei:by'Lunt'(1931):for H.layer'material; The

i
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pH of soil samples- was determined'using‘a combination glass electfode.in‘~
ca 1l:1 soil-water mix.

Nutrient Analysis of Soil Solutioms

Soil solutions were‘analyZed-for.P'using the ascorbic acid method,
K using flame emission, and Ca and Mg-usiﬁg atomic absorpti§n spectro-
ph&fometry. The pH was determined using:a combination‘glass electrode.
Ammonium—nitrogen was determined using an ammonia electrode and”an Orion
" 901 ionalyzer with 10 M NaOH as:a-pH;adjuster. NitrﬁtefnitrOgen‘was de-
 termined colorimetrically'aftér‘reduction to NO,-N using.a épppér-cad_
mium- column (Henriksqn and-Selmer-0lsen, 1970). | | |

Microbiological Characterization

Duplicate di1ution series, rangingvfrom 1071 to 10’8,_Wéfekprepared
using 10 g subsamples from thé'compoéitetsamples from thg cieéréﬁt“and“
uncut areas.

The 10™* to 1078 dilutions were used to:testvfor.éctinomygetes.
Sodium caseinate agar wés;uSed, and plétes were incubated at 30°C for
14 days prior tékcounting:actinomycete colonies.

Fungi were enumerated.ﬁéing'the»10'2 tq 10'“ dilutiéns and .acidi-~
fied potato -dextrose agar (pH 4.2); Platés wéfé incubate& at 30°C‘fqr
four déys prior to coﬁnting fungal colonies..

The 107 to 10~8 dilutions ahd sodium:caSeiﬁate agar.wefe use&‘to
-enumerate bacteria. Thé numBer of bacteria was-detérmined as éQlony—
forming units after incubation at 30°C for four’weéks;_ f

The 1072 to 1077 dilutions were used forcenﬁmeratipﬁ of denitri—
fiers. Five nitfate.brotb-tﬁbesrweré_prepared for egch:duplicate,sub-

sample, and incubated at 30°C for l4 days. 'Thewprocedufe of Focht and
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7 Joseph (1973), modified. to 1nc1ude the use of N,N, dimethyl-1 -naphthy— -

.lamine as-a- substltute for: a—naphthylamine (Miller and: Nev1lle, 1976),

was followed to enumerate denitrifiers. The ‘Most Probable:Number (MPN)

tecﬁnique'of‘Alexaﬁder:(1965)'was used.
The“nitrifying.bactetie,’NiiROéomaﬁdA and Nithabacten, were eﬁu—

- merated using the 10~2 to 10~® dilutions and a 3Q—day inc&batien:at

‘;30°C. The:procedure ef:Alexander and Clark (1965) was followed to de-

termine- the-MPN of nitrifying organisms.

'Statisticel Analysis

Three major tests for differences in means were performed in this
~study. The first'test wes designed to determine significant differences
between the clearcut and ‘uncut areas at each sampling date, student S
t test was used for these comparisons, and was preceded by an F test
for equallty of varlance..-If the variances were not equal, an-approxi— .
mate t was computed. The: test was performed for the litterfall, forest
floor layer, soil solution, and soil temperature: and moisture data.

The second.test invelved eomparisons of means acrbsstSémplingwdates,
For this test an analysis:of vatiaﬁce procedure wae used, followed by
Duncan's Multiple RangevTest-for“individual.comparisonsa ‘This test was
.employed for individual fOrest:floor'layefs and soil solﬁtionidepths
within each area, eé well as for‘littetfall, soil moistute, and;soii
temperature. For each of: the Dunean's,Mﬁltiple Range Tests, the error
meen'square'for”the overall F-test in the analysis of variance was’ used.

The final test involved eomparisons of meaqs between forest floor -
layers at eechvsampling date,:andva150'1n§01Ved an‘analysis of ‘variance

followed by Duncan's Multiple Range Test;-.This test .was performe& only
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on the forest:floorudata~sé;; The error mean square used in the Duncan's .
test was computed for'tpe_overall F test.

All stafistical énalyses were pgrfofmed at an‘a‘léﬁel'Ofro;OSTusing.
~the Statistical'AnaiysiS3Qyétem available at-the VPi‘& SU:Computing

Center.



"RESULTS
As mentionedzinfthéfintroduction,ionly the PhaselI'resuitsjof,the(
study Will’be»presenté&*hére. This section is dividéd into'sixv§arts as’
‘ fbllows:“.iitterfali-nutrieﬁtﬂdynamics,'fbrést flooi-nutrient,dyﬁémics, 
soil solution nutrient dynamics, soil'tempetature'gnd.moiéture,dynamiés,?
precipitation, and microbiological characterization.  Thevresu1ts for

eachusectiQn will be presented with-accompanying tablésvand,figurés.

Litteffall_Nutrient Dynamics

Litterfall, the majorvpathway for;nﬁtfiént'transfer in forest eco-
syétems, was-colle¢ted—in_thevclearcut~andkuncut-areaé f6f»thé pefiod
October,_1979,'thr§ugh Octobéf, 1980.. The total ampuntvof litterféll,
expressed as dry wéight'in-kg/ﬁa, for.allvsampling dateé@is;prgsented in
»Appendix TableMA and Figﬁre‘3;  Thé‘lafgest amount,bf.litterfallvfbr both
the’cléércutiand’uncut areas was recorded during October. Fof exémﬁle, .
during~0ctober,v1979,,3,905 and 552 kg/ha»were recorded in the uncut and
clearcut areas, respectively.  These Vaiﬁés differed.significantly,-and 
weré*also’signifiCantly greater than the.émouhts'of‘litterfall»reqorded'
during'thepremaining monfhs of colleétioﬁvin»bofh the cut and uncut
areas; jAlthoughvsignifiCéntly,highér ambuntsbofrlittéf fell in the -
' uncﬁfLarea as:cbmpér&d‘tozthefclearcut,area, monfhlf litterfall within
either of the two areas did not véry significahtly, with the exéeption
of October.. | |

Total N;conteﬁtsatrénéfefred inTmbnfhiy litterfa11 ar§ préSeﬁted in
Appen&ix Table SiandiFigﬁre‘4. The trends i chdntehté péréliele&'thé'
biomaés'data of'Appendix Table 4 and Figure 3;"however,.SOme'variations

existed. For.éxample,vin the uncut area, 1.5 times more: litter: fell in
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November, 1979, as compared. to. June, 1980; however, overvtwo times. the
amount of N was transferred in June as compared to November. Overall,
October was the major month during which N was cycled in litterfall.

_ The‘smallest quantity-of:N was transferred. during the‘mdnthS'June through
August; hbwever, in both the ciearcut and uncut areas Oétober‘was the:
oniyfmonth~dﬁring which a significantly greater quantity of N &as’cycled.

Total P contents, shown in Table 8, were.significahtly higher in
litterfall from the uncut area for all months except March and September..
The largest amount of P was cycled in the October litterfall; for ex-
ample, 1.7 and 0.3 kg/ha were recorded for the uncut and clearcut areas,
respectively, during October, 1979. Overall,-there'was'very little dif-
ference noted within each area between P contents in litterfall for
months- other than October.

The gétal K contents contained in monthly litterfall are presented-
in Table 9. The pattern of K transfer was similar to that of P, although -
somewhat more variable. The greatest amount of K cycled.was asséciated
with the large biomass which fell during October. The 15.1 kg/ha of K
recofded for the uncut area:during October, 1979, was significantly
greater than. the 1.7 kg/ha recorded for the clearcut area during the
same month. In the clearéﬁt area little variation was noted in the
amount of K cycled between months. ‘In the uncut area, however, much
more variation was noted. The K content in litterfall ranged from 0.1
kg/ha‘in‘August, 1980, to: 0.5 kg/ha in June, 1980; however, thefe were
no significant differencésrbetween months.

Consistently more Ca was.cycled'in litteffall in the uncut area as

compared to the: clearcut area (Table 10), and October was. the month of
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Table 8. Litterfall P contents by sampling .
: dates between clearcut and uncut
oak. forest sites, Price Mountain,

- Montgomery County; Virginia.

Sampling P Content
~Date Clearcut Uncut
--------- ) P ——
Oct 79 0.3bA* 7aA
Nov 79 <0.1bC 0.1aC
gt <0.1bC 0.1aC
Mar 80 <0.1aC 0.laC
Apr 80 <0.1bC 0.1aC
 May 80 0.1bC 0.2aC
Jun 80~ <0.1bC - 0.1aC
Jul 80 <0.1bC 0.1aC
Aug 80 <0.1bC. 0.1aC
Sep 80 0.1aB 0.1laC
Oct 80 ~0.2bA 1.1aB

*Means within a row with. the same. lower-—:
case letter are not significantly differ-
ent using the 0.05 level of the student's
t test. Means within a column with the
same upper-case letter are not signifi-
cantly different using. the. 0.05 level of

' the Duncan's Multiple Range Test.
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- - Table 9. Litterfall. K'contents‘by sampling "
- . dates between clearcut and. uncut

oak.:: forest :gites, Prlce Mountain,

Mbntgomery County;, Vlrginia.

~ K Content

Sampling : :
Date.  Clearcut ‘ - Uncut
[ P —
Oct 79~ 1.7bA* - 15.1aA
Nov 79 . 0.1bB 0. 4aC
g:ﬁ';g' 0.1bB . 0.2aC
Mar 80 ' : ‘0.133  o ‘ 0.2aC -
Apr'80  <0.1bB 0.lac
May 80 . 0.B 0.4aC
Jun 80 '<0.1bB | 0.5aC
Jul 80 © 0.laB " 0.4aC
Aug 80 . <0.1bB 0.1aC
Sep 80 . 0.4bB 1.laC
Oct 80 - 1.3bA 9.7aB

. *MEans within a row with the same lower-

" case letter are not 51gn1ficantly dif--
ferent using the: 0.05 level of the stu-
dent's: t test: Means within a. column -
with the same upper-case letter are not .
significantly different using the 0.05
level of the: Duncan s Multiple Range
Test.

S
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Table 10. Litterfall Ca contents by samp-' '
C ling dates between clearcut and.
. uncut' oak forest' sites, Prlce
Mountain, Montgomery County,

.. Virginia. -
Sampling Ca Coﬁtgnt v
- Date Clearcut Uncut
L mm———— kg/ha~———————m
Oct 79 ..~ 5.6bA* . 38.4aA
Nov79 . 0.7bC . 2.2aC
_gz; ;gf, | 10.5bC 3.3aC
Mar 80 . 0.5¢ - 3.7aC
Apr 80 0.4bC  2.2ac
May 80 0.3C 1.5aC
. Juw 8  0.2¢  l.7aC
Jul 80  0.3aC.  l.laC
Aug 80  0.1bC 0.7aC
Sep 80 0.5bC 2.4aC
0Oct 80 . 3.1bB  27.8aB

*Means within a row with the same lower- .
case letter are not significantly dif-
férent‘uSing,the 0.05 1level of the stu-

~dent's t test.  Means within a column
with the same upper-case letter are not-
significantly different using the 0.05
level of the Duncan's Multlple Range
Test. :
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; _gfeépest Ca,£fansfer;n In october,'1979;.38.4'and 5.6 kg/ha.df Ca were
cycled in the'uncut,and clearcut areas, respectively.  The loweStv
_amounté of Ca Wére;t:énsferred7during'May througthugusi.

The £Otal Mg:contents.in litterfall (Tabie 11) followed the same
pattérn,as the'other*bases. kOctobef, 1979, was the dominanﬁ monthvfbr»
Mg cycling‘iitte?féli, with 4.1 and 0.6 kg/ha cycled in the uncut and
clearcut aréas,:reépectively. Extremely low amounts of Mg were found in
the cléarcut area during the other,months;gin most cases less thanm 0.1
ng/h?;l In the uncut area significantly more Mg was transfefré& in the
litterfalivfhaﬁ in the clearcut area..

Forest Floor Nutrient~Dynémics-

"To evaluate the effects of clearcutting and whole-tree harvesfing .
’onfﬁhg f6rest flbor,.fdrest flbor'dry weight, depth, and nutrient con-
:Eents:weie‘céméared between clearcut and uncut areas. Organic'maftér“v
-conténf, C:N ratio, pH, and nutrient contents of the Aj minéralvsoil
layer (A1,horizonvto’a depth- of 5'cm> were also included in this ana-
iysis. Resglts-will be presented on an individual forest floor layer
basis. |

| The'dry weight,of‘the L. layer differed significantly between the
clearcut andvuncut.areas only during August, 1979, and‘November,'i980
(Table 12). During Augﬁst, 1979, the presehce of logging slash.wa§ ¢vi;
dent  as the dry weights of the L layer for the ciearcut and ‘uncut areas
were 9,518 and 1 kg/ha, respectively. During June and August, 1980, the
L 1ayef‘wésvnoneXistent«in both the clearcut and uncut areas.

The nutrient contents: followed a pattern similar,fo the L layer

dry weightv(Table 12). Total N, K, Ca, and Mg were significantly
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Table 11. - Litterfall Mg contents by samp-
' -~ ling dates between: clearcut and
uncut oak. forest sites, Price:
Mountain,. Montgomery County,

Virginla.n
'Sa@pliné' _Mg Content
Date’ Clearcut Uncut.
--------- Kg/ha~——————v
Oct 79 0. 6bA*  4.1aA
Nov 79 . 0.1BbB ~ 0.2aB
'gzg';gf <0.16B 0.2aB’
Mar 80 <0.1aB 0.2aB
Apr 80  <0.1bB 0.1aB
May 80 <0.1bB - 0.2aB
Jun 80 | <0.1bB 0.2aB
Jul 80 <0.1bB 0.1aB
Aug 80  <0.1bB 0.laB
Sep 80 | 0.2bB . 0.3aB
Oct 80 ©0.5bA 3.3aA

#*Means. w1th1n a row with: the same 1ower-»
case letter are not: 51gn1f1cantly dif-
ferent using the 0.05 level of the stu-
dent's t-test. Means within a column
with the same upper-case letter are not

. significantly different using the 0.05
level of the Duncan's Mnltlple Range
‘Test. :
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Table: 12. L layer dry weight,; nutrient contents,
and depths for clearcut and uncut oak
forest sites, Price Mountain, Montgom-
ery. County, Virginia.

Sampling

Date Clearcut Uncut
kg/ha
, Dry weight 4ba*  2a
N Trace a Trace a:
P Trace a Trace a
Jun 79 7 K -+ Trace a- Trace.a
Ca . Trace a .- Trace a
. Mg Trace a Trace a
Depth (cm) - <0.la <0.1a
Dry weight 9,518a 1b
' N 52a Ob
P ‘ 3a. . Oa
Aug 79 K v 18a 0b
' Ca 84a 0b
Mg ba Ob.
Depth (cm) <0.1la <O.1'§
Dry weight 2,298a 1,949a
. N 7a l4a
P : <la la
Nov 79 _ K 3a 7a
Ca ' 19a 20a
Mg la 2a
Depth: (cm)- <0.1b 2.6a
Dry weight Oa ‘Oa
N Oa Oa
‘ _ P ' Oa Oa
Jun 80 K 0a Oa
Ca Oa ' Oa
Mg ‘ 0a O0a
Depth (cm) Oa Oa
Dry weight Oa Oa
N Oa Oa
P : Oa Oa
Aug 80 K Oa Oa
- Ca . 0a Oa:
‘Mg Oa Oa

. Depth’ (cm) - 0Oa Oa



Table 12. L layer dry weight, nutrient contents,
and-depths for clearcut and uncut oak
forest sites, Price Mountain, Montgom-
ery County, Virginia (continued).

Sampling ,
Date Clearcut Uncut
kg/ha
Dry weight 243b. 1,633a
N 2b- lla
P o <1b la
Nov 80 K b - 4a
Ca 3b 18a
Mg <1b 2a
Depth (cm) 0.2b - 3.2a

*Means' within a row with the same lower-case
“letter are notisignificantly’different using
the 0.5 level of the student's t test.
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higher in'the uncut-area during N0vember,'1980,'lF0r eXaﬁple,;dUring
August, 19795 theiL.layer in the:ﬁncut area was. essentially nonexistent,
while the L'layer'invthe'cléafcut area contained 52, 3, 18, 84, and 4
kg/ha of N} Py, K, Ca, and Mg, respecfively. By November, 1980, ;he L
layér nutrignt contents in the uncut area were signifiéantly=g;eater;-
 than‘the clearcut area.

.The F-layer dry weight, nutrienﬁ cohtents, and dep;hs,,presentédvin 1>
Table 13, are different from tﬁose~in the L lﬁyer. The 'F layet dry
weight'tended to be greater in the clearcut areé, although no- statisti~
cal differences: were shbwn; The greatest difference occﬁrred just‘after
cutting, in August, 1979; when the F layer dry weight in theiclearcut
area was 23,077 kg/ha and the dry weight in the uncut area was 13,362
kg/ha. "

The nutrient contents of thé'F layer in the clearcut and uncut"
areas were quite similar for all sampling dates (Table 13). Oﬁly_during
August, 1979, immediately after_cutﬁing, were the nutrient cbntentszéf
the F layer in the clearcut area consistently greater‘thgnrin:the uncut'
area. At this date, however, only K was significantly.greater.in thé
clearcut area, 21 vs. 11 kg/ha.

In addition to dry weight, nutrient contents, and depths, organic
matter content and C:N ratio were inéluded as variaBies for cpmpafing
H layers. These data-are provided-iﬁ Table 14. The H lajér dry weight -
was,cqnsistently higher in the clearcﬁt area than in the uncut area;
however,.significant»differences were noted only‘duriﬁg June and- August,
1980. The respéctiVe values for the clearcut and uncut areas for these

two monthsfwefev42;059 and 21,250 kg/ha.for June, and 32,149 and.I8,747
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Table 13. F layer dry weight, nutrient .contents,
and: depths. for clearcut and uncut oak
forest sites, Price Mountain, Montgom-
ery County, Virginia.

Sampling .
‘Date - - . Clearcut:. Uncut
, kg/ha
i Dry weight 20,230a* 17,309a -
N . 191la- - - 24la
P 9a 15a-
Jun 79 K ' 13a . - 13a
Ca 209a 295a
- Mg 12a 15a
 Depth (cm) = - 4.4a : 2.8b
- J
Dry weight 23,077a - 13,362a
N . 2298 205a
‘ P l6a 12a
Aug 79 K 2la. 11b-
: Ca 304a 233a:
Mg : 18a 12a.
Depth (cm) 2.5a v 2.3a
Dry weight - 12,929a ' 15,090a
N 136a - 147a
. : , P 7b . - 1lla
"Nov 79 kK 13a l6a
Ca-. . 157a- +197a--
Mg -8a - 1la
Depth. (cm) 2.1b 2.9a
Dry weight.: - 24,197a- 16,074a:
o N -2 177a - 191a
P ’ 8a - - 10a
Jun 80 K © 28a 15a
Ca. 245a 220a
Mg . C 1lla  1la
~ Depth (cm) S 2.1a . 2.7a
Dry weight 22,156a-. ~  17,758a.
N ‘ © 155a. 236a;
P - : 8a - 11a
Aug 80 K 20a 15a
' Ca 279a 244a
Mg 10a - lba

Depth (cm) 1.3 1l.8a
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Table 13. F layer dry weight, nutrient contents,
and depths for clearcut and uncut oak
forest sites; Price Mountain; Montgom~
ery County, Virginia (continued).

Sampling

Date ’ Clearcut Uncut
v kg/ha--—-
Dry weight 17,174a 16,129a
N 157a 135a:
P 8a 9a
Nov 80 - : K 17a 18a
- Ca 202a ' 199a
Mg lla 12a
Depth (cm) 1.5b 2.7a

*Means within a row with the same lower-case
letter are not significantly different using
the 0.05 level of the student's t test.
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Table 14. H layer dry weight, nutrient contents, depths,
organic matter contents; and C:N ratios for
clearcut.and: uncut oak: forest sites, Price
Mountain, Montgomery-County,. Virginia. '

Sampling’ , :
Date Clearcut Uncut
P mmme—— kg/ha~—=—=—=
Dry weight 38,526a% 36,023a
N 379a 402a
P 29a 34a
: K 70a 63a
Jun. 79 . Ca 167a 174a
Mg 52a 53a
Depth (em)- : 2.9a 2.9a
OM Content (%) 49.4a 48.7a
C:N 27.2a : 24.6a
Dry weight 31,553a 20,227a
N 304a 235a
P 24a 18a
K ' , 70a 34b
Aug 79 Ca ~172a 88a
Mg ‘ 52a: 30a
Depth (cm) 2.6a 1.7b
OM' Content (%) 48.5a 49.4a
~ C:N 27.7a " 24.1a
Dry weight 35,760a 32,543a
N 290a- 365a
P _ 21a 26a
K 50a 36a
Nov 79 Ca- ' 142a 152a
Mg 59a. _ 50a
Depth (cm). 2.2b 3.3a
OM Content’ (%) « 34.5b 43.2a
C:N 23.3a 21.7a
Dry weight 42,059a 21,250b
N 362a 271a
P 28a 18a
: K 10la 28b
Jun 80 - Ca ' " .207a ‘ 159a.
Mg 68a 30b
Depth (cm) 2.4a 2.7a
OM Content (%) 38.4b © - 50.5a&

C:N 24.9a 21.7a
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Table. 14. H layer dry weight, nutrient contents, depths,
‘ ' organic matter contents, and C:N ratios for
clearcut ‘and uncut oak forest sites, Price
- Mountain, Montgomery County, Virginia (con-

tinued) ..

Sampling. o
Date . Clearcut Uncut
e kg/ha—=————-
‘Dry weight 32,149a 18.747b
‘N 332a 251a
P ' 23a 16a
K : 37a 14
Aug 80 Ca 189a 105a
Mg 55a . 24b
Depth (cm) - : 1.7a l.4a
OM Content (%) 41.1b 50.1a
C:N 21.8a 20.9a
Dry weight 34,168a 25,146a
N 419a 307a
P ' 25a 21a
o " K 59a 40a
Nov 80 Ca . 186a 171a
Mg ' 57a 38a
Depth: (cm) 2.1a 2.5a
OM Content. (%) 42.2a 44.9a

C:N 22.1a- . 20.6a -

*Means within a row with the same lower-case letter
are  not 31gn1f1cantly different u31ng the 0.05 level
of the student st test.
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kg/ha for August.

‘A-comparison of H layer nutrient contents betweeﬁ clearcut and
uncut. areas revealed mixed results (Tablewlé). Only total K was.con-
sistently higher in the clearcut area, significantly so during: August,

11979, and June an& August,.1980. During the 1980'sampling>seéson; all
nutrient contents tended to be higher in the clearcut area. |

Organic matter contents showed a delayed response to‘clearcutting
(Table 14).. During June andvAﬁgust,v1979, there was no'significant dif;
ference in H layer organic matter content between the clearcut and uncut
areas.. In November, 1979, however, the organic matter content of fhe
uncut area:was significantly.greater than the clearcut area, 43.27 as
compared to 34.5%. This same trend also occurred during June and
August, 1980, but by November, 1980, no sighifi¢ant difference was de-
tected between the two -areas. |

The C:N ratio, computed as the quotient of. total organic carbon and
total Kjeldahl nitrogen, was also used t§ compare the clearcut and uncut
areas (Table 14). Although the ratio was higher in the clearcﬁt area
at all sampling:dates, no significant differences were deﬁected. The
higheét-ratio in the clearcut area was recorded in August, 1979.. During
this sampling period’the.C:N ratio in the clearcut area‘was'27.7,‘while
in .the uncut area fhe ratio‘was 24.1.

Periodic comparisons between A; layer total nutrient contents at
the varioué sampling datés*yielded variable-results (Table 15).  ‘The A1, 
layer total N varied between clearcut and uncut areas and between sampl-
ing dates; however, no significant‘différences were noted. During Au-

gust, 1979, only K, Ca, and Mg were noted as significantly greater in
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A1 layer nutrient. contents, pH, organic
matter .contents,; and C:N ratios for =
clearcut . and uncut oak forest sites,
Price ‘Mountain, Montgomery County, Vir-
ginia. - o . o

- Sampling
Date

' Clearcut Uncut

Jun 79

Aug 79

Nov 79 .

Jun 80 -

kg/ha
795a* 723a-
126b  l42a
2348a . 2229a.
264a . - 249a
8932 992a
1 3.8 3.9a
OM Content. (%) 6.2a - 4.9a. .
C:N' . 21.4a 19.5a -

9 RO,
R SRR

N  950a 74ha

P © 151a 136a

K : 3358a 2271b -

Ca  282a - 214b

Mg ©1070a - - 869
pH 4.0a 3.8a

OM Content (%) R 6.5 = 6.0a

c:N. 20.5a  22.0a

842a 836a

152a 147a.

2653a 2229a.
285a - 257a

1024a 1053a
S pHA 3.9a 3.8a

OM Content (%) 5.6a - 5.8a

’ C:N 20.6a 22.8a

-
LEE A=

730a  917a

3183a’  2640a

& Emo=

. 1212a 1086a

pH 4.3a 4.1a

OM. Content (%) . o 4.3b ~ 5.7a
C:N 20.8a  19.6a

145a 159a

290a  300a



Table 15. A; layer nutrient contents, pH, organic
-~ matter contents, and: C:N ratios for
clearcut and uncut oak forest sites,
‘Price Mountain,: Montgomery County, V1r—
'~ ginia: (contlnued)

Sampling - _ :
Date v . : Clearcut Uncut
kg/ha--
N 828a. 9l4a.
P 145a 14la
K 2766a. - 2688a .
N Ca 297a 225b-
Aug 80 Mg 1141a 947a
pH- - 4.2a 4.0b
oM Content (/) 5.8a 5.6a
C:N 21.2a 17.6a
N 812a 669a
P 146a  13la
'K 2795a 2758a
. . Ca 306a 218a
Nov 80 Mg 1031a 1036a
pH 4.2a 4.la
OM Content (%) 6.5a. 4.6b

C:N : 22.3a1 18.8a

*Means within a row with the same lower-case letter
are not significantly different using the 0.5 level
of the student's t test.
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theﬁclearcutathanvinfthe uncut area. ?otassium‘wasnthe-only'element-‘d-
that was con51stently higher in. the clearcut area at all sampllng dates,,
u'however, a signlflcant dlfference was determlned only during August,
L.1979 ”

Soll PH was. con31stent-throughout the two sampllngnseasons (Table :
15). Follow1ng_clearcutt1ng,sin August, 1979 the pH of the A1 layer 1nv'
‘the:clearcut area.was’consistently greater than in the-uncut‘area, but
was™ 51gn1f1cantly hlgher only durlng August, 1980, when values of 4, 2
and 4.0 were recorded, for the two areas, respectlvely.

The- organlc matter contents of . the A1 layer were extremely varlable.’
and generally not 51gn1f1cantly dlfferent (Table 15). Slgnlflcant.dlf-
.ferences:were»detected only’for June-and’November, 1980. NOfS1gnif1cant
dlfferences in C:N. ratlos were. detected between the two.areas.b

Comparlsons of total dry, weight between forest floor layers and
-between sampling dates within the clearcut and uncut areas’ are. presented;
1n*Append1x.Table~6—and Flgures:5~7. In both the clearcut and uncut |
'areaS*fhe greatest dry'weight waS@contained'within thelﬂﬁlayer,'follbwed_:u

by the F and L.layers,.respectively. During nearly every sampllng date-r

‘the three layers ‘had. 31gn1ficantly dlfferent welghts.. Wlthln the clear—.; SR

cut area significant changes in layer biomass over time were noted only:
with the,Lflayer. ‘The L 1ayer blomass increased from less than 100
hg/ha;in-June,“1979,,to 9,500~kg/ha=1n August5'1979w ’In;theﬁuncut:areaﬂ
the L layer was significantly higher in dry weight during November, 1979,
and 1980. | | “
Total" N‘compar1sons between forest floor layers and between sanpl-‘

ingvdates‘w1th1n;the clearcut and uncut areas are,presented'1n“Append1x



59

- ceTUrlaTp ‘Ajuno) %H@anuﬁoz .cﬁmuzzoz muanm
,mwuam 1s9103 &mo noun pue INOIBSTO 10F I9LeT 7T @Yl jo Jydrem LI1d ¢ oindTg

E<u>\£.zo_>: JNIL

08 - 08 08 6. Y] 6.
AON onv  NNP AON " onv NAP

%% T | T

o LNONN O--0O
1NoY¥V3IT0 e—e

o
o
n
(YH/9X) LH9I3M A¥d




60

mﬁﬁawuﬁ> “%uc:oo %H@Eowu:oz ‘urelunoOl 99Tig

rmmuﬂm 3saio3 xmo uswc: w:m u:uuNMHu 103 um%ma A @Y1 Jo 3ystem %un ‘9 2an3t14g
Amd.m_»\ _,._._.ZOs: JNIL -
08 08 08 6L 6L 6L
“AON onv NP AON onv NP
T | | I | ,
Q
% LI~
<
_ =
— N 401 m
- 1noNN -0 | &
1NJ4V3T0 —e I
, —
_ =
)
™~
X
r
X
B o
w




ceTurSarp ‘£3uno) LaowoSuoj ucﬂmun.zoz 90T1d fs931s
189103 YBO INdUN pur JINOIBS[D 10J I94AeT H 92Ul Jo 3Iy81tom LKag °/ 2an314g

(Y4V3IA/HLNOW) INIL

61

08 08 08 61 6L 6.

AON onv  NAP AON ony  NAP
I I —V I — — O
1NONN OO 10!

1NoY¥V3ITO 0—e

\

\

\

/

)

/
Ju
P

1

o

N

’
hY
1
o
M

(¢OIXVH/9M) LHOIIM AN¥A




62

Table:7‘and Figures 8-13. The.Al layer-consistently containedﬁsignifi—
cantly greater amounts of total N- across all sampllng dates w1th1n both
the clearcut and uncut areas (Appendix Table 7, Flgures 12 and 13).

. With a few,exceptlon55 the H'layer in both the clearcut ‘and udcut areas. -
contained significantly more total N than the f oruLglayers,‘and'the F
laYets contained ﬁore than the t 1ayers (Figures 12 and 13); W1th1n the_
clearcut area a 51gn1f1cant 1ncrease in total N in the L layer ‘was- noted
1n.August, 1979, when 52 kg/ha~were»re¢orded~(AppendlxaTable 7,.Flgure

Z 8),>.No~signifiCant diffefencesgwere-reeorded over:timejin the.HfordAl t“
layers. of the clearcut area. In the;uncut'area the N contentrof.theva
layer was significantly greater during the November"sampiiqg‘dates-(Figévd
ute 8). In the F layer,‘h6wever, the smallest N contentsﬂwete‘observed‘_-
during:the;November'sampling dates (Figure-9). Total Nain'the-Alflafer:‘
Was:highest‘in’the uncut area durinngune, 1980, when 9i%ﬂkg/havwere
recorded. . No significant differences were noted within the A layer,
ovet»time.

Comparisons of total P between forest floor layers and:betweéﬁ‘
samplingrdates within ‘the clearcut aﬁd uncdt>afeas arevpreSedted ide
Table 16. The A 1ayer contalned the largest ‘amount of- total P of - all
the. forest floor layers, and thlS trend was con31stent across all. sample‘
dates w1thin both the" clearcut and uncut areas. The relatlonshlps be-

. tween. the total P CQntents in the L, F, and H‘layers‘werefnot'aszell-
defined. Id all cases except'Augusteand ﬁovembet, 1980,‘dn'theﬂgncht‘
area, the H-layersicoﬁtaiaed sigﬁifibantlyAﬁore total P thah‘the*L lay- -
ers;’howeVer,~there_were ofteﬁono signifieant ddfferenceS=betweeaatotal

P contents in the L and F layers. 1In the clearcutuarea.Significant
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»‘inéréases in .total P were noted-fOr the August, 1979,-samp1ing date in
'Both'thexL-and.F layers (Table 16). No significaﬁtudiﬁferences occurred
over_time:in'ei£ﬁef'the'Hyor Ay layers in the clearcut area. In the
uncut area: signifiéantly'more total waés recprde& fo?ithe‘Novembef
sa@pling‘date;5invthe L:layer. No-significant differencesvwere noted
in total P contents in the A; layérs*in the uncut area. |

| A comparison of total K between ﬁorest»flodr.layers»and-between‘
_ sampling dates Witﬁih-clearcuf and.ﬁnéut areas: is pfésented in Table 17.
Large;amoﬁn?s of'totavi were observed in the Al,layer,,énd these were.
v significéntl&'gréater than the amoﬁntsvof tbtai Kifbdndiin‘the'other
layers in both the clearcut and uncut areas. Significant differenceé
werelnot noted'betwégn the K contents' of the L, F, and H layers in both
"thefclearcut and unéut areas¢ Wi#hin;the cleafcut afea, different
tfends,wére.apparentkin-K contents between the~Vafious,layerS'(Table.
17). In the L layer a signifiéént'increasé in-totai:K was nofed in Au-
gust, 1979. In June, 1979, the K content of the.L 1ayer‘wa§ 0 kg/ha,
and in August,fafter clearcutting, the K content of the L layef increased
to 18‘kg/ha,f'In the H layer no increase in K was. found from June to -
August5 1979.‘ The Ai layer showed the same ‘increase in K bétween June
and August, 1979, as the L and F 1ayeré. In the unédtvarea'the K con-=
tents of the L agd E layers were the greatest duiing_the:No§ember sampl-
: ing dates. In the Hzlayer fhe»highest K content, 63 kg/ha, was recordéd
vduring June, 1979. Significant'differences'invthe H layer wefe not
-noted among the remaining éampling dates, nor were significant differ-
ences noted’ among sémpling dates in the A; layer.

Thewtota1<Ca comparisons between forest floor layers. and betweeh
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' - sampling dates within the clearcut”ahd'uncut,areas,are pfesented'inf
Tableris; The. Al layer was not' as great a pool for Ca as'it was for
the.other nutrlents. Although the A, layer usually contalned more- Ca
- than the others, there were-numerou3~1nstaoces wherea31gn1f1cantly
greater;amounts.Were*not,noted,v For'example, duriog’June5vl979; in the.
clearcut area, the total Ca contents of .the Ay, F, and H layers were, |
respectively, 264, 209, and 167 kg/ha. Theservalaes,were,not signifi-
‘cantly-differenta vIn the clearcotvarea.a significantﬁincreasevin total
Cavin‘the Lalayer was~reeorded from June to August; 1979:(Table 18).
,»Total Ca increased from 0 to 84 kO/ha dur1ng this perlod uNovsignifie:
cant differences were found over t1me in- the F, H or Al layers. Injthet
L layer_ln the uncut area 31gn1f1cantly»hlgher'amounts~of Ca were fouad-
‘during the NovemberfSampling\dates. 'Variablesca contents WereEfoundvin
the F, H, and Ay layetsiih'the:dncot area (Table‘18)f | B
»Comparisons of total Mg contents betweenlforest-fioor layers and .
between_sampling_dates fo;:the ciearoutvand:uncut areas are presented.
in Table 19. The: highest aﬁounts of Mg were foundwia the A; layers-
thtoughout all’sampling;dates'infboth the cleareut and'uncot areas;
:Overall,_the‘order‘of‘decieasing Mg concentration.in the femaining
iayers was as.folIQWS:'.H‘> F > L. In.mostscases,_however; significant
differences were not.noted,between the Mg contents;in.tﬂese"layers.
Within the clearcut area, 51gn1f1cant1y greater amounts ‘of Mg were. re- -
corded in the L and F 1ayers during the August, 1979, sampllng date than
» for most‘of the otherﬂsampllng_dates in those two layers (Table 19). No
‘significant differences: were.found betﬁeen the  various sampling dates-

- for the H layer. 1In the‘uncut area significantly greater quantities of
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- Mg were recorded during ‘the - November sampllng dates for the. L layer..
- No: slgnlflcant dlfferences in Mg contents for the F layers were ev1dent,,,‘
however, for the H layers 51gnif1cantly greater Mgitontents were recor—=
hded for June and November, 1979 No: 81gn1f1cant dlrferences were’ noted |

1n{Mgwcontent.for:the Alylayers;infthejuncut area.r |
Comparisons'of’forestffloorflayer depthS“betveenfsampling‘dates
within clearcut and}uncutAareas.are:presented in;TableQZO,L:The‘f,and'H;@r:
;,layeradepthsrweresgenerally.greater:than:the‘bilayer5depthsuin bOth’the
tclearcut .and uncut areas however, during the November sampllng dates in
-fthe uncut area no s1gn1f1cant dlfferences were noted between the three‘,'
vlayers._ As an example, 1n November,‘l979, in the uncut area the respec-—
tive. depths for the L F, and H layers were 2.6, 2 9,- and 3.3 em.: Within B
~the: clearcut area the L layer remalned largely nonex1stent w1th the ex=' -
gceptlon of November, 1980 when a sllght 0. 2 cm. depth was recorded
,-(Table 20) For the F and H layers a. generally decrea51ng trend was
’noted from June, 1979, through August 1980.‘ The: valueS'for November,v.
1980 Were sllghtly hlgher than August, but Stlll s1gn1f1cantly below |
'June, 1979 In the uncut ‘area 31gn1f1cant L 1ayer depths were recorded.‘
eonly for the November sampllng datestj The smallest depths in the F-and.
- H layers were found durmg the August sampling dates, Whlle the greatest*‘ w
»depths-werepfound.1n'November,‘1979. | |
"CompariSOnssofiorganicbmatterqcontentsdbetveen}thefoandiAl layers
and'acrosSvSampling'dates'within'the clearcut-ahd'uncutlareas‘arerpref‘f
sented 1n Table 21 ‘Thelorganic matter contents of'the-H.layersdwerev
vd51gn1f1cantly greater than the A1 layers durlng all -sampling dates in

both-thegclearcut-and,uncutvareas, The values:for*thevH,layer ranged ' -
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Depths7of foféStwfIOQrulayérs,betWeen sampling- dates

Table 20. ‘
- for clearcut and uncut oak forest sites, Price Moun-
tain, Montgomery County, Virginia.
, Depth S
s Clearcut ' . ‘ Uncut
Sampling- . . - .

Date. L  F H L B H
~Jun 79 0.1cB*  4.4aA  2.9bA | 0.1bB = 2.8aA  2.9aAB
Aug 79 0.1bB 2.5aB - 2.6aAB 0.1bB  2.3aAB 1.7aC

Nov 79- 0.1bB. ~2.1aBC - 2.2aABC. 2u6aA-  2.9aA - 3.3aA-

Jun 80~ 0.0bB  2.1aBC  2.4aABC | 0.0bB  2.7aA  2.7aB .
Aug 80 0.0bB 1.3aC  1.7aC’ | 0.0bB 1.8aB = l.4aC

Nov' 80 0.2bA 1.5aC 2.1aBC | 3.2aA . 2.7aA .

3.2aB

*Means within a row with the same lower-case letter are not
significantly different; means: within-a: column with:. the. same

upper-case letter are not significantly different.

Differen-

ces were determined using the 0.05 level of the Duncan's Mul-
tiple Range Test.: - :
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Table 21. Organic matter contents of H and:.Aj. forest"
’ floor layers between sampling dates. for

- clearcut” and ‘uncut. oak forest: sites, Prlce
Mountain, Mbntgomery ‘County, Virginia. -

Organic Matter Content

vSampling, _ Clearcut - Uncut .
Date B Ay  H. Ay
Jun 79 49.4ad* 6.2bA | 48.7aAB 4.9bAB
Aug 79 48.5aAB 6.5bA | 49.4aAB .  6.0bA
‘Nov 79 34.5aC  6.0bA | 43.2aB 5.8bAB.
Jun 80 38.4aC’ 4.3bB | 50.5aA . 5.7bAB.
Aug 80 41.1aBC  5.8pA | 50.1aAB . 5.6bAB
‘Nov 80 42.2aABC 6.5bA | 44.9aAB 4.6bB

*Means within- a row with the same lower-case letter-are °
not 51gn1f1cantly dlfferent, means within a column
with the same: upper-case letter ‘are not 31gn1f1cantly

'different. Differences were determined using the 0. 05
level of the Duncan's Multiple Range Test.
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~ from 34.5 to 50.0%, while those for -the Ay léyer rangedffromﬂ4.3 to]6;5%g ,\ 

The organic matter content of- the.: H layer- in- the clearcut area‘was at‘a
maxlmum in June, 1979, then decllned to a low of 34. 5/ durrng November,*
19?9} 'Slgnlflcant differeqceSfin organic matter content in thevAlelayer'
in the»eiearctharee were nor noted, with the exceptioﬁ of*a<1owrof,4.3%1“
reeorded ianune, 1980 (Table 21). | | |
Comparisons offoN ratios between the H and Aj layers and acroeef
sampling-dates-within‘the>c1earcut and. uncut areas. are Presented ing
‘:Tabler22. vSignificaﬁt.differences were found oﬁly during tﬁe August,“‘
1979,,sampling»date in the clearcut area and the June; l979,lsampling
date~iﬁ’rhe uncut ‘area. Within the clearcut aree noisiggifiCanrfdife

ferences in. C:N ratio were'evidenteover time in either the H or A; lay-

ers (Téble’22). In the H layer within the uncut” area a decreasing trend .

~was noted as the C:N ratio dropped from a high of '24.6 1in: June, 1979
to’a 1ow of 20.6 in November, 1980.  No s1gn1f1cant dlfferences in C: N
ratio were observed over~t1me>1n_the Al layer of the uncut: area. -

Achmparison of:Al layer pH over time in the,clearcut~andfﬁncur7
areas{isipreeeneed,in:Table 23, In the clearcut area. the pH observédr g
f0rrthe’l9801saﬁplingfeeason'ﬁas significantly higher  than for the 1979

 samplingeseason. No:significant changes: were noted5within:eitherjqf'thet
two sempling seasons. A similar trend occurred in the’uneutVarea; how- |
=ever,rit was not asﬂwell;defined.'1The5pHerecordedgfor August'énd‘Novemej;

“ber, 1980,»wae 4.0 and 4.1, respectively, and these did not differ sige

nifiCantly:from the 3.9 recorded for June, 1979, in -the uncut area.
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Table 22. Carbon:nitrogen ratios in H and A; forest
o floor layers between sampling dates for
clearcut and uncut ‘oak forest s1tes, Prlce‘

g Mountaln, Montgomery County, Vlrginla.

| _C:N Ratio
Sampling - Clearcut : Uncut ‘
‘Date H Ay HO Aq
Jun 79 27.2aA% < 21.4aA | 24.6aA 19.5bA
Aug 79 . 27.7aA- . 20.5bA | 24.1aAB. 22.0aA
Nov 79~ 23.3aA  20.6aA | 22.8aABC = 21.7aA.
Jun 80 ~ 24.9aA  20.8aA | 21.7aABC  19.6aA -
~Aug 80 21.8aA  21.2aA | 20.9aBC  17.6aA
Nov 80 ©  22.3aA  22.l1ah | 20.6aC 18.8a4

' #Means: w1th1n a row- w1th the same . lower—case letter :
~are not 31gn1f1cantly different; means within a col- -

umn with the same upper-case letter are not 31gn1f1—~'

_cantly different. Differences were determined using
the 0.05 level of the Duncan's Multiple Range Test.
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Table 23. A, layer pH between sampling
dates: for-.clearcut. and uncut
oak forest sites, Price Moun-

~ tain, Montgomery: County, Vir-

giniav

Saﬁpling- _ ‘

Date - Clearcut Uncut-

pH ‘

Jun 791 S - 3.8B#* 3?9BC
Aug 79 4.0B 3.8C
Nov 79 , 3.9B: 3.8C
Jun 80 ‘ 4.3A 4.1A
Aug 80  4.2a 4.0ABC
Nov 80 o hu2A . 4.1AB

*Means within‘a column with the same upper-—
case letter are not significantly differ-
ent using the 0.05 level of the Duncan's

“Multiple Range Test. '
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SOilfSolution*NutriéntaDynamiCS-N

Comparisons of SOll solutlon pH between clearcut and: uncut areas

“and sampllng dates for both 15 and 30 cm depths are. presented in Table r,fh?‘;

,rv24 - No- 31gnif1cant dlfferences Were found between the clearcut and -

_uncut-areaswat-elther'depth- Wlthin the clearcut area, ‘the 3011 solu—'-

"'tion pH at a depth of 15 cem was: much less varlable than at the 30 cm.

‘depth~ For example, at the 15 cm depth: only the pH recorded on Aprll
hblO and May 15 4 01 and 3 94 respectlvely, were: 51gn1f1cantly Jlower
vthan the. remalnlng sample dates (Table 24) In the uncut area, s01l ,
iEsolutlon pH also varled throughout the year. At the 15 cm depth a: hlgh h
dvalue of 6.07 was: recorded on May 29 whlle low values of 4,04 and 4 26
were. reported on Aprll 10 and May 15 respectlvely (Table 24) Slmllaru
high and low pH were: also recorded at the. 30 cm: depth in the uncut area.
| Comparlsons of 15 and 30 cm. 3011 solutlon NHQ‘N concentratlons be;-
'"tween sampllng dates and between clearcut and’ tncut areas are’ presented
~din Appendlx Table 8 and Flgures 14 and - 15 , Ammonlumﬁnltrogen concen—,wn
',ftratIons,rn the,Clearcut-area’50111so1utlon-Were:consistentlfggreater
,,thanVindthe’uncut“aréaae Theihighest'cOncentration'in’the clearcﬁtgéfea?”:
'recorded at the 15 cm depth on May 1 was- 2. 84 ppm, whlch was eignitlefi'”
p cantly greater than the 1 83 ppm recorded on the same date in- the‘uncut35‘h
larea“(Appendlx Table 8vand.F1gure 14); At the 30 cm depth on the same
date 2 19 and 2 13 ppm- were noted for the clearcut. and uncut areas,‘vlu
_srespectlvely (Appendlx Table 8 and Flgure 15) Wlthln the clearcut areaE»'
Vthe lowest concentratlons of NHq—N were observed from July through
L March, while:slgnlflcantly;hlgher-concentratlonsiwere!obserVed during,'

May. Sinilar;trends«occurredﬁatlthed15landv30 cmfdepthsg~;1n€theiuncut”,
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Table 24. Soil;solution,pH,for‘lS and 30 cm depths between
’ sampling dates for clearcut and uncut oak forest
sites; Price.Mountain, Montgomery County, .Virginia.

Sampling 15 cm 30 cm

Date Clearcut Uncut Clearcut Uncut
10 Apr 80 4.01aB* 4.04aE 4.05aD ~ 4.03aD.
0Ol Apr 80~ 5.35aA" - 5.03aCD | 4.98aBCD  5.11aBC
15 May 80 3.94aB  4.26aE  4.4kaD 4.10aD
29 May 80 5.56aA  6.07aA '5.48aABC.  5.86aA
18 Jun: 80 6.20A. ———kE 5.37ABC ——
02 Jul 80 =——- — 5.57ABC —
17 Jul 80 e - 5.32ABC —
30 - Jul 80 5.:70aA 5.20aBCD - 5.61aAB. 5.85aAB
26 Aug 80 — -— 5.20ABCD —
20 Oct 80 4 .90AB -—= - -—-
12 Nov 80 5.70A - e - ——
03 Dec 80 5.75aA - 5.95aAB 5.58AB ——
06 Feb 81 ——— —_— 5.15ABCD —
20 Feb 81 5.08aA - 4.83aD - 4.81aCD’ . 4.84aC
05 Mar 81 5.20aA 5.04aCD '5.00aBCD 4.85aC
17 Mar 81 S.SSaA 5.69aAB - 5.83aA 5.78aAB
31 Mar 81 ©  5.74aA 5.44aBC 5.50aABC - 5.53aAB
*Means® within a.rowlwith'the‘sameblower-casejlétter,are~n§t‘

significantly different using the 0.05 level of the student's
-t test.
are not significantly different using the 0.05 level of the
Duncan s Multlple Range Test.

#*No  soil solution collected due to dry conditions.

Means within a column with the same upper-case letter
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varea,ithe_higheét‘ﬁﬁu—choﬁcentratibnsrwere alsO‘recordéd'durihg May,
With~intermedié;e cOpcép;rétidns found for April, and lowés;fédncentra—--
'tiOnsrrecorded~during Méfch. |
Fifteen and73Och-soilisoluﬁionrN03—N concentrations between ;émp~
ling détesjaﬁd‘BetWeen clearcut and,uncut‘arEAs.are‘presented’in Appeﬁm
dix Tablé'é and‘Figureé 16 and 17. Significant &iffereﬁce; in soil so- f,
lution: NO3—-N concentrétibns were recorded betﬁeeﬁ the clearcuﬁ and uncut
vareas*only for the:Mgrch”sampling dates and only ét the LS'Cm depth
(Appéﬁdix Table é, Figure'lﬁ), At the 15 .cm deptﬁ in thé élearcut.area
no significant differences Weré found in soil solution"N03~N:concentraf 
-tioﬁ'froﬁprrilvthrough Dedember; however, the February'through'Mhrqh ‘
concéntratiéns\weré;éignificantly higher. Few sigﬁificant‘differences
were found in the-ﬁnCut area; however, the highest concentrétions at- the
15 and‘SO cm depths,'0,88»andv0.73 ppm, respectively, wgré_recorded on
February 20. - ‘
Soil solution Pf;oncentrations for 15 and 30 cm depthé‘are presen-
‘ted in Table 25. Very low concentrations of P were observed; from De-:‘
cember'thtbugh_Maféh'no soi1 solution P was detected in eithgr the clear-
cut'oftﬁnCUt:aiea. In the clearcut aréa the highest coﬁcéﬁt?ation of P‘
wasrreéorded onfdctober 295 1.15 and 0.49 ppm were recorded.for‘theA154Y"
and 30 cm depths, respecfiVely. In the uncut area the highest P concen-
’tratioﬁs.occurréd during the Aprilksampling~dates.‘ :
ThekcompariSOnsfof‘éoil sqlution K between sampling dateé and Be—
tween clearcut aﬁd uncutraréas for 15 and 30 cm depths-ére pfesentéd>in |
Table;ZG. Significant differences in the clearcut area. were noted1iﬁ

v April and.May at both,depths, and in-March at the’ 30 cm depth. The:
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“Table 25. - Soil solution-P>concéntrationlfér 15 and 30 cm depths
between sampling dates- for clearcut and uncut ozk
forest. sites, Prlce Mbuntaln, Mbntgomery County,

3 Vlrglnla.
‘ P.CoﬁcentratiOn
Sampling ‘¥5~°m — o 30em
Date Clearcut - Uncut Clearcut '~ Uncut
ppm - -
10 Apr 80 0.03aC*  0.02aA | 0.0laC 0.02aA
17 Apr 80 0.03aC 0.02aA 0.02aC 0.02aA
01 May 80 0.0laD . 0.0laB <0.01bC 0.01aB
15 May 80 <0.0laD  <0.0laC 0.01C —
29 May 80  0.0laD <0.0lbC <0.0laC ~ ~ <0.01aBC
18 Jun 80 0.01D ke — —
02 Jul 80 —-— -— 0.148 —-—
17 Jul 80 — -— | o0.03C -
30 Jul 80 0.03¢ = C0.03¢C e
26 Aug 80 _— — 0.02¢ _—
29 Oct 80 .~ 1.15A — | 0.4  —
12 Nov 80 . 0.94B T C -
03 Dec 80 <0.01D — ©<0.01C -
06 Feb 81 ——- — <0.01c -
20 Feb 81 <0.0laD  <0.0laC | <0.0laC  <0.0laC
05 Mar 81 <0.0laD <0.0laC <0.0laC ~  <0.01laC
17 Mar 81 <0.01aD - <0.0laC <0.0laC  <0.0laC
31 Mar 81 <0.01aD <0.0laC | = <0.0laC <0.01aC

>

 *Means within a row with the same lower-case letter are not
significantly different using. the 0.05 level of the student's
't test. Means within a column with the same upper-case let-
ter are not significantly different using the 0.05 level of

- the Duncan's Multiple Range Test.

**No soil solution-collectedvdue:to dry conditions.
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Table 26. Soil solution K concentration for 15 and:30 cm depths
between sampling dates. for clearcut and uncut oak
forest sites, Price Mountain, Montgomery County,

Virginia.
K Concentration

Sampling . 1> cm . 30 Em

Date Clearcut Uncut Clearcut Uncut

‘ ppm -- .

10 Apr 80 5.28aA*  2.39aBC |  3.24aA  2.4laA
17 Apr 80 2.80aB 1.78bCD 2.68aAB . 1.76bBC
0l May 80 2.84aB 1.67bD 2.68aAB . 1.54bBC
15 May 80 1.86aB. ~  1.52aD 1.97aBC  1.12bCD
29 May 80 1.97aB = 1.40aD 1.76aBC  0.52bD
18 Jun 80 2.508B ik ~ 1.65BC -
02 Jul 80 Ce— -_— " 2.23BC -—-
17 Jul 80 T e e 1.55¢ -
30 Jul 80 2.19bB 2.90aAB '2.62aAB 2.34aAB
26 Aug 80  -—= —_— 2.218C -
29 Oct 80 0.95B -—- 1.798C -—
12 Nov 80 1.73B -— -—_ ——
03 Dec 80 2.60aB  3.37aA |  2.89AB -
06 Feb 81 —— T - 1.79BC -—-
20 Feb 81~  2.66aB ~  2.10aBCD |  2.07aBC  1.56aBC
05 Mar 81 2.40aB.  1.71aD |  2.0laBC  1.23bC
17 Mar 81  2.00aB . 1.62aD - 1.98aBC- - 1.30aC
31 Mar 81  2.95aB 2.06aBCD |  2.26aBC  1.64aBC

*Means within a row with the same lower-case letter are not
51gn1f1cantly different using the 0.05 level of the student's
t test. Means within a column with the same upper-case let-
ter are not significantly different using the 0.05 level of
the Duncan's Multiple Range Test.

#%No soil solution collected due to dry conditions.
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highest K concentration, 5.28 ppm, was observed on April 10 in the
cleércut;area, while~the‘loweét»concentraﬁion, 0.52 ppm; was»récorded,
on:May‘ZQ in the unnnt ;rgg., In the uncut area, the~highest‘choncen—‘
trations:nére-recor&ed in April,vJuly; and December. At the 15 cm nepth
the highest,concentranion,‘3.37 ppm; was recorded on Denember 3, While:' :
.atvthe 30lcn depth tne high concentration of 2;41 ppm was noted on April :

Conpnriéons of soil solution Ca between samplingjdatES’and betweén
cléarcut and uncut argaé fbf 15 and 30 cm depths are presented in Table
27. bNo significantbdifferences in soil ‘solution Ca were noted between
Clearnnt and uncut ‘areas ét eifher the 15 or 30 cm dépth. During por-
tions of the year the Ca concentration was highef*in the uncut area, and
at other timeé the reverse occurred. Within the clearcut area the high—
“est concentrations at both depthé ocnurred in April;\howeverg‘onlfn
: slightly lower concentrations were‘recofded in the sampling period:fromrf
December through-ﬁafch- Similar tfends occurred at both‘depthévin‘the
uncut area.

Fifteen’and.BOv;mvsoil solution Mg‘concentration5~bétween’sampling
dates and between clearcut and uncut areas are presented in Table 28.
Only on.April 10;-at the 30 c¢m depth were the uncuf area soil solution Mg
concentrations significantly greater than in the clearcut,area. The
concentrations'fdf this‘éampling date were 5.27 ppmvfor the uncut area
and 3.52 ppﬁ,fcf the clearcut'area'(TaBle 34). At all’pther“sampling:-‘
dates noJSignificant differences were found. Within the cleércutrareQV;
"the highest Mg cnncentration3<were,found during:thenApril sampling daﬁés.i

The same trend also occurred in the uncut area. Magnesium concentrations



91

Table 27. Soil solution Ca concentration for 15 and 30 cm depths
between sampling dates for clearcut. and uncut oak
forest. sites,: Prlce Mountain, Montgomery County,

Virginia.
Ca Concentration:
Sampling ‘ 15 cm - 30 ¢m
‘Date Clearcut Uncut Clearcut Uncut
| . ppm=———=- ,
10 Apr 80  11.06aA% 9.37aA 8.11aA 10.85aA
17 Apr 80  8.86aAB  6.83aB | 5.83aAB  6.28aB
01 May 80 6.04aBCD 5.35aBC 5.79aAB  4.88aBC
15 May 80 3.07acD 3.98aC 3.39aB 3.1llaC
29 May 80 3.95aCD 4.17aC 3.10aB 2.66aC
18 Jun 80 4.69BCD ik 3.78B ———
02 Jul 80 —_ —- 4.54AB —-
17 Jul 80 -—- S 3.638 —
30 Jul 80  2.47aD - 4.52aBC | 3.12aB  3.60aC
26 Aug 80 — e 3.108 —
29 Oct 80 5.04BCD —_ 5.25AB —
12 Nov 80 4.10BCD = —— | o == —
03 Dec 80 6.42aBCD 6.72aBC 5.41AB" _—
06 Feb 81 — — 4.34B —
20-Feb 81 7.52aBC 5.21aBC 5.59aAB 4.34aC
05 Mar 81 6.52aBCD - 5.58aBC | 5.52aAB.  4.2laC’
17 Mar 81  5.36aBCD 5.25aBC | = 4.34aB 4.87aBC
31 Mar 81  6.40aBCD  5.1laBC 5.60aAB°  4.18aC

*Means within a row with the same lower-case letter are not
31gn1f1cantly'differenttusingAthe 0.05 level of the stu-
dent's -t test. Means within a column with the same upper-
case: letter are not 31gn1f1cant1y different using the 0. 05
level of the- Duncan s-Multiple Range Test.

**No- soil solutlon collected due to dry conditioms.
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Table 28. Soil solution: Mg concentration for 15. and 30 cm
' -depths . between sampling dates for clearcut and
uncut oak forest-sites, Price Mountain, Montgomery
- County, Virginia. S

Mg Concentration

15 cm ' 30 cm

Sampling : _ ‘ -
~Date: Clearcut: Uncut Clearcut "~ Uncut
. s ~——Dp: :
10 Apr 80 4.30aA% . 4.64aA 3.52bA°  5.272A
17 Apr 80  2.84aB 3.38aB | 3.19aA  3.21aB"
01 May 80 - 1.60aBC  1.6laC | 1.72aBC  1.74aCD
15 May 80 0.98aBC  0.84aC 1.21aBC 0.86aD
29 May 80 0.78aC  0.94aC 1.18aBC  0.90aD
18 Jun 80  1.24BC ——-%% | 1.088¢ = —-
02 Jul 80 - - | 0.96C -—
17 Jul 80 - —— | o0.98C -—-
30 Jul' 80 0.83aBC  0.99aC | 1.03aC  1.01aCD
26 Aug 80 - — | o.75¢ -
29 Oct 80  2.10BC . — | o.84c —
12 Nov 80 2.94AB —-_— —_— [ —
03 Dec 80 1.82aBC  1.90aC | 1.68BC —
06 Feb 81 - = | 1.958C  -—
|20 Feb 81 1.96aBC~  1.68aC | 2.08aB. 2.09aC
05 Mar 81 1.76aBC 1.88aC 2.16aB 2.26aC
17 Mar 81 1.79aBC ~ 1.99aC | 1.93aBC - 1.97aCD
31 Mar 81 1.71aBC  1.66aC | ~2.11aB  2.16aC

*Means. within a-row with the same lower-case letter are not
significantly different using the 0.05 level of the stu-
dent's t test. Means within a column with the same ‘upper-
case letter are not significantly different using the 0.05
level of the Duncan's Multiple Range Test.

#%*No- soil solution collected due to dry conditions.
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S in the clearcut area. ranged from 4, 30 ppm, at a depth of 15 cm, on Aprll;

10 to 0:.75 ppm, at a depth of 30 cm, on August 26..

8011 Temperature and M01sture Dynamlcs - o o ,
, Soil temperatures:between sampllngpdates andvbetweenvCiearcut and
uncuttareasfare*presented*in;Appendix Table 10 and;Figure-18; Throughé;

out most of the year the soil temperatures recorded for the clearcut

area were significantly.higher than the uncut area. - The‘Onlydexception o

occurred on. February 20 when the soil temperature recorded for the un= o

'hcut area was - 7 5°C Wthh was. s1gn1f1cantly higher than the 4, 7°C re-
‘.corded for the" clearcut area The. greatest dlfferences 1n temperature.
between the-tWO'areas Were~recorded,durlnnguly and‘August- On July 17
the temperatures recorded in the uncut and clearcut areas were 26 7 and
| 33 9°C, respectlvely (Appendlx Table : 10) Withln'both'the clearcut'and 1
uncut areas, 1ncreases in temperature were noted from Aprll through |
July, w1th subsequent decllnes thereafter (Flgure 18) The‘h;ghest
temperatureS'were recorded-1n‘both,area3»1n July, and the loweStiing-
January‘and.Eebruary.' On{February 6 the temperaturesArecordedfin:theQ
clearcut and uncut areas were, respectively, - -Zﬂand‘;Ofloc.. o

| -5011 m01sture (expressed as: percent of oven-dry welght) comparlsons :
between sampllng dates for: clearcut and uncut areas are presented in L
vAppendlx Table 11 and Flgure 19.' From March through early May the 301lv
'¢m01sture recorded in’ the- clearcut area was. less than in: the uncut area,dr
fhowever, for the remainder of thevyear the opp031te occurred 0n~numer—:
ous occa81ons the 5011 m01sture in: the clearcut area was. signlflcantly
higher>than‘invthegunCUt.area; Fordexample, on July 2‘themsoillmoisture

" recorded in the'clearcut area was 28%, while that:recordedvinwthe5Uncut‘
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‘ aréa;w533l7%,;acsignificant diffefeﬁcej(Appendi$ Tablel11);7 The highest
‘,moistureféontents;in>both~ar¢a5'were-fecordéd~when'the:groundeés frozen
in.JénQéfyuantherﬁarys ?nd;the lowést,moisture;coﬁtenfsbwere»recordéd”~
dUriﬁg.August andQSeptemberf(FigﬁregL9).-*The highést‘méisture-ébntent,
reéofdédvih the‘ciearCut,aréa was 106%;;bn Fébruéryjég whilefthe»lowest-‘
‘»moisture.content, 16% Was-fecorded;on August 14 éﬁd~Septémber-l6.' Ex—v
tfemeshin the‘unCutuarea_Were'recorded on the samgﬁdates>as ﬁhexclearcut
aréa,fll?% and”ll%5~respéctive1y;

Precipitation.

'Monﬁhly précipitatioﬁ'fOrvthe’period of Jaﬁuary;'1979,‘thfough‘
March;>1981,.is preéénped:inﬁApbendii:TaBle 12. _The'nbfmal:annual pre-
 cipitation is'lol,6»cm. iThe datavin:AppendiX'Table‘125 show; that 1979
was about 10 cm“ébdvé normai, while-i980»wés about lOvém bgidw. vTﬁe
preéipitétién;dﬁring”i9?9~wésfbetter»diétfibutedxthroughoﬁ£ tﬁe year
than in 1980, when 20.2 cm of rain fell in July. The‘precipitationffor
the firstrthrée;ménths of 1§SIﬂwaé below normal. During this period
L4.2'§mfwére-reéorded5vas“compared to 23.4 and 31.0'cmﬁfor the same

periods: during 1980 and 1979, respectively.

: Microbiélggical'Ché?acterization
The;résults»of the microbiological chéra¢tefiZatibnvare presénted R
in Table.29. Bacterié~were‘the,mp§t‘numerous microorganisms’in both the
‘ clearcﬁtfaﬁd uhcut.areas;,fbllbﬁed bylactinomyceteé andﬂfunéi.b Actinoe?
_mYCetesf?ﬁd'bacteria were more-numerous”invthe‘éléarcptVArea,.while
_ fungi-weféimore plentiful in the uncut -area. Thendenitrifying,micro—
organisméfweré moreacbmmon:in'ﬁherclearcut,area;'lgd X 104 organisms:

per gram90f~soil‘reCOrdgd'asVcompare&*tow9;0 X 102‘orggnismsiper~grami=
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Table 29,  Number of organisms per gram of -
: - oven-dry soil from clearcut and-

' uncut oak. forest sites, Price -

" Mountainy Montgomery County,

Virginia..
Organism: ' Cleércut _'Uncut'
I —--No./g OD soil x 10%=-=—
ActiﬁomyﬁetésA 130.0 70.0°
‘Fungi T 3.0 4.0
Bacteria 150.0 1120.0
 Denitrifiers 1.00 : 0.09
. Nitrosomonas 1.40 ~0.25

. Nitmobacter ~  0.054 0.017




of soil in the uncut area. The nitrifying organisms, MLt&oAbmonaA7and

Nitrobacter, were also more numerous in the clearcut area.



DISCUSSION

Litterfall-Nutrient>Dynami¢s

Litte;fall'is:thecmajot pethway bycwhich'mcst'nutrients,are»cycled
in»forest‘ecosyeteﬁs (Medwecka—qunas; 1971),_and the reecltant_forest
{fioef:buildup which‘occurSrserves.as the*singie.moet‘important feature
dlstlngulshlng a forest soil from an agrlcultural soil. L1tterfa11
also serves as.a stablllzlng influence which helps to- ma1nta1n the con;‘
servative nature of forest nutrient cycles and presetve,51te‘qua11ty in
- the absepce of disturbance. When,a«disturbance,.such'as cleatcutting,
- occurs in a forest stend, nutrient cycling is disrcpted and a host of’
modified environmental factorsubegins>to affect nutrient dynamics. |

Litterfall hUtrient'dynamics.in the clearcut and uncut areas were
_;harkedlybdiffetent (Appendix-Tablest4-5,~Tablese8-ll, Figuree 3=4). A
ﬁuch 1argervquantity of'litter fellcthroughout the yeeruin tﬁe uncut. -
-area, but tﬁe:difference wes most’pronounced.dufing Octebef; the period
of ﬁeiimﬁm”littefféll; The litter which fell in the clearcut area ori-
.'ginatedieither from vegetation,outside the:cut area.andnﬁas»transported
by w1nd or from stump sprouts or‘succe331onal vegetatlon Whlch seeded
into the cut ‘area. The 1nterrupt10n of the lltterfall portlon of the
nutrient cycle'is;One of:the major factors contributing to-a‘decline in
'forest’flcor size follewing clearcutting (Covington, 1976) .

Cov1ngt0n (1976) found that four to six years were required for
lltterfall in ; clearcut area to approach pre~cutting levels. ' The pre-
sent litterfall study was:conducted for 14 months following~c1earcutting,
and no ev1dence of ‘an approach to pre-cuttlng levels was: observed from

October 1979 through October 1980 The:follow1ng data fromwAppendlx
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Table. 4 are of perticular:iﬁterest:

Litter Dry Weight

‘Clearcut = Uncut
kg/ha~-
Oet 79~ . 552 3,905
Oct 80 300 2,126
‘Perceht Change 45.7 45.6

Theenormalvsuccessional;trend‘wouldkrequire»a,1eréerhlitterfall during.
11980;,unti1 eventually,themclearcut ahd;uheut’areas:would=have similar'
‘rates. Since the reduction in October litterfall from 1979 to 1980 oe-
curred equally in both'areas; the decrease cannot be attribute& to a -
succe331onal trend but rather to an env1ronmental factor manlfestlng
1tsel£ in both’areas.v Since 1979, the year of higher October litter—
irfall,nhad'over’ZO-cm‘more-precipitation than 1980 (Appendix:Table 12),.
" the difference in‘Octoberrlitterfall mayﬂbe attriheted te less primary
: _produetioh during 1980.. | |
For most of the.nutriente studied, a significantlj.greater quantity -
- was eeeOCiated with the increesedvlitter that fell in the uncut area.
»There“were.several‘months durihg which a}significantly,greater‘amouhtvofk
litterifelleiﬁ-thefﬁncutrareag but the amount.of eggiVen‘nutrient cycled
in that.litter Wae not‘significantly greater;“however, a elear trend was
not erident. -Marks and Bormann (1972) reporteaithet eatly-suéceséienalf
stands that developed after 1ogg1ng in central New Hampshlre had annual -
‘N uptake rates 50/ higher than in a mature,,undlsturbed ecosystem. This
may be attrlbutedvt0'the~ab;11ty of ' the succe331onalavegetatlon~to take .

up the larger amount-of -available nutrients.
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Low. P, K, and Mgncoﬁtents were cycled in the litterfall in both the
clearcut and uncut areas. Cotrufo- (1977) found that the order of impor-
tance of: nutrients. in mixed hardwood litter in North Carolina was N >
Ca > K > Mg > P. This same pattern emerged in this study with nutrients
expressed on a kg/ha basis. The nutrient quality of litterfall varies
throughout the year. The relationshiplof-biomass to N content from No-
vember, 1979, to June,. 1980, in the uncut area was made previouéiy. In
this case, twice the amount of N was transferred to the forest floor in a
much smaller quantity of litter. The N, P, and K concentrations of deve-
loped leaves remain relatively constant until the autumnal leaf abscis-
sion process begins, after which a decline occurs so that subsequent
leaf fall contains reduced nutrient concentrations (Pritchett, 1979).

Although autumnal litter accounts for the largest amount.of dry
weight cycled (Cotrufo, 1977), the collective importance of litterfall
in the: remaining months cannot be overlooked, particularly when the high
nutrient contents associated with this litter are considered. The
clearcut area Ca data from Table 10 show that from December, 1979,
through September, 1980, 2.8 kg/ha of Ca were cycled in litterfall,
while only 3.1 kg/ha were cycled in the October litterfall. Large
amounts of litter (primarily in the form of twigs and fully developed
leaves) are often produced by summer storms (Gosz et al., 1976), and the
quantity of nutrients cycled in this dry weight may be considerable.

Forest Floor Nutrient Dynamics

While the effects of clearcutting on monthly litterfall are readily
apparent, the immediate influence on the forest floor is no less notice-

able..  The trends of Figures 5 and 6 show the changes incurred by the L
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 layerffoiiowing¢clgarcutting,: During-Jﬁne, 1979,'nowsignificant-difé‘
"‘feréhces,were’notédfin,Lvlayer charécteristics-between the:clearCut‘and
§n§ﬁ£ areaS;'h6ﬁ§ver; invAugust, 1979,‘the dry weight and ﬁutrient con-
tént of the L‘layer:in.;he-éléarcut area inc£eased7drama£ida11y. Thisl
inciease was entirely due to ﬁhe logéing‘slasﬂ which was left after the
clearcutting operétioﬁ,- It should be pointed out that since thiS'bpera—
" tion was a‘whole-tree»removal, fhe large-L,layer'thatiwasfmeasured would
account for only a fraction of the L layer that would be preéent follow~
(ing.a conventional élearcut. When  comparing conventional clearcutting
‘ With whole-tree removal, Kimmins’(1977) reported that iﬁ'a 100-year-old
hardwood stand 697% more P, 47% more K, and 37% more Cé would be removed
in the whole-tree harvest. Thus, it seems that with conventional clear-
cutting the logging slash left.after the operation would result in a
much larger forest floor and higher nutrient contents than:reported here.

Although: the L,layer’in the clearcut area in August, 1929, was‘sig—

nificéntly lafger than in the uncut area, by November, 1979, no signifi-
cant differences were noted in dry weight or nutrient content between*
the two areas.  Although the dry weight was greater in the clearcut
area, the nutrient contents were greater in the uncut area, indicating-
a greater nutrient concentration of fhe L layer material in the uncut
area. The composition of the L layer in the clearcut was largély resi-
dual, undecomposed woody material left after the clearcutting operation,
while the L layer.in'the'uncut‘area was cémposed’mostly of the October
litteffall. By June, 1980,.the.clearcut influence on thevL'layer had
disapgeared, and the expected trend of lafger L layers in the'uncut area

was evident by November, 1980.  All of the .logging slash had essentially’



become‘incorporated!into:the f;layergbyvJune;ﬁ1986;nwhich,isknot'surprise?4
yingl since byudefinltionfthe_fflayer;consistsfotiorganicvnatterﬁinqany‘ |
f‘stageZofjdecompositiontr4. | o | |
“The dynam1cs of the‘F layer following clearcuttlng are ‘not-.as: pro— :
nounced -as: for the L 1ayer., The data of~Table 13'and*F1guresv7 and»8"b
- show that through the 1980 sampllng season the F layer in the clearcut
area had .a greater dry welght than in the uncut area. This: was. due |
’ glargely to the 1nput of logging slash from the . L- layer.o‘Theilower nutri-ﬂdli
ent Quallty of the F layer material was also ev1dent, slncebln most cases'JH
‘the smaller F 1ayer in the uncut area. contalned more nutrlents w1th the

“fexceptlon of Ca. Slnce Ca is a structural component of lltter that is

released slowly by decompositlon (Gosz et al., 1973), 1t~rema1ns in woody,,"‘

»tlssue longer than the other nutrlents;

Although changes in F 1ayer dry- welght within both the clearcut and
’dunéut'areas»OCCurredﬁover‘the course of the studyy“signiflcantﬂdlffer—a'
ences WithinVeitheraarea'didfnot occur. - Some: trends were apparent .how—
ever;‘ W1th1n the clearcut area the smallest F 1ayer was. recorded durlng »
the November sampllng dates (Flgure 7)., The most‘actrve'mlnerallzat10n=
perlod on: thlS site extends from April- through September'-throughout
this. perlod the F- 1ayer is the exposed forest floor surface, as the L
layer is essentlally absent. Slnce ‘the October lltterfall prov1des an “
“input to the L. 1ayer and not the F 1ayer, by November the F layer is. at
‘1ts mlnlmumVSIZe,'andksubsequently;bulldS“ln dry welghtwaspthe autumnal;
litterfall;ishincorporated,“ Infboth the-clearcut‘and.uncutggreastin’
both\years'aHdecreaSe-in.F layerbdry-weight“wasvobServed?froijune to-

November. -
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fhelﬁwlayer was:leeS»affecte&hhyitheaclearcut operatiOnithanfthe,L
or‘Fhlayers. Throughout the course of the study the H layer dry Welght
H1n the clearcut area é%s larger than in.-the uncut area._ Thia,lsupar-v
tlally.explalned-by,the greater:minéral;soxl:component;that}occurredlin*
‘thiSJlayer-in thejclearcutrarea.' ReinerS»and‘Reinere;(1970)iand"Yount
(1975)_reported onfthe'large anount oquI mineral soil;mined‘with-the H
‘layer'in‘undisturbeunhardwood Stands,"This;waslencounteredein the pre-
. sent?étudy;zhOWever;:in»the*clearcutEareazthe Hilayer wastfurtherfmixedf
: w1th the,Allhorlzon due to the logging operatlon. Thia«was especially'
g apparent where sk1d tralls happened to traverse: a forest floor plot: A
comparlson:of organlc;matteracontentszbetween thefclearcut andvuncut
areas (Table 14)- reVealed that after clearcuttlng, the organic matter
l content of the H. layer materlal was less in the clearcut area.e‘
Throughout the: 1980 sampling season- the H layer in the clearcut
;area contalned a 1arger overall nutrient content, although 31gn1f1cant
dlfferences were: noted only for K and Mg The 1mportance of the: nutrl--
ent content in the'forestwfloor cannot‘be'overemphasized; aince nutrients
mineraliéedxin the F andJHilayers'are often'directly-taken up by plants
(Virogilé55);_.For'the,most part,‘thehFulayer containedfa lower nutrient
content'than theﬂuncut”arearduring11980;-and-it'isliﬁportant'to.noteethe.
total amount of”nutrients?in‘the H layer; . In the Appalachian forest re-
gion, the mineral 5011 comprlses the largest nutrlent pool (Rauscher,
1980), and it is- likely that much of the nutrient content is associated
v»w1th mlneral soil and: SOll humus mlxed W1th H layer materlal |
e'The‘greatest,amOunt‘of variatibn~in nutrient contentﬁoccurred in-

" the A layer. According to the data in Table 15, the total nutrient:
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~ contents, organic matter-contents, and‘C:N ratios were noticdhsiétenfiyf
higher in3eith¢r the clearcut or uncut‘éreas. Since the mineral,soii is:: 5
oveflaiﬁ by‘the L, F, and H layers, it’ﬁaé not as sharply affectéd byff
the;ciearcutting,operation, eXcept,wherenthe;entire forest'floor waé;v
remoﬁed~orfmixed with the soil. Thevclearcutting.effeCts wére»mOSt]prﬁf'
nouncedvoﬁ?the-surface forest floor layers; as a result changeé’ip th§{:,
mineral soil would. probably not occur for from three to five'yegrsQ ;vv
 In:ordef,to summarize the most recent nutrient statué~of the;forééftf-'
' f;oor:in;the clearcﬁt area and compareﬂitfto‘the—hncut afea, the fOIiow-, )
-ing data - were excerpted from Tables»12,‘13,‘and 14:

Dry Weight and Nutrient Contents
for L, F, and H Layers for November, -1980

Clearcutv‘ Uncut

kg/ha-

 Dry ' ' ‘
Weight - 51,585 o 42,908
N 578 453
‘P - 33 31
K. . 77 - 62"
Ca 391 388
Mg 68 .52

When  the tdtai nutriéntrgontenté‘for the L, F, and H lafers_are:combined
it becbmes aﬁparent.that the forést*floor inrthe clearcut aféa has not
diminishediin térm§ of_dry:wéight'or nuﬁfientrébﬁ;eﬁt. 'Sinée the abSvéi;.
‘data were collected during November 1980, 14 monthsfafter'c1egrcutting,‘
it is,hypothesized»that the forest fioor in the_clearcut.afea-is stili 
'experienéing,the nutrient benefit of the.loggihg;élash. It is useful to
poiﬂt.outs hbwever, that much of the nutrient‘benefit-is.containéd-within:
vthé,Hilayer5 which'indicates that aftef»14.months a‘sizeable portion of -

the logging slash: has become incorporated into~thebH'layer, This
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trensferral of orgaoic metter'and‘essociatedvﬁutrients ftomithe L layer-
to: the Htlayer in114 months appears. to be:rather rapid‘ipcorporationj‘
however, it;iseimportant‘to:point out that-muchvof‘theglogéing slash.
con51sted of green leaves and small debris that ‘were left on-site.: By
comparison, Reiners and Reiners (1970) reported a 15-year turnover time.
for organic matter in the forest floor of an undisturbed  oak forest.
The'reletively~repid@incorporatiOn of the logging,slash in,the present
study ﬁay~be attriboted to the,foildwing: |
1. Green leaves\on’the-avefége'contain.twice the-emount,of:N>as.yel—
lowed: leaves, aﬁd,thus would decompose much.more-rapidly»than:autum-
nal litterfall (Vlro, 1955)
2. . Increases in temperatore and m01sture in the clearcut area would

favor more rapid decompoeition (Bormann et al., 1974).

\

':Soil,Solution-NutrieﬁtﬁDynamicef

ANutrient concentrationsfih thebsoil SOlotion'respond.ooickly to
sitedisturbance and prov1de useful 1nd1cators of decomp051t10n and
mineralizatlon (McColl and'Powers, 1976) _Gessel and Cole: (1965) -and’
McColl (1978) used’ the' ionic composition of forest 301l»solutlons—to
etudyvthe‘effetts of timber harveeting—io Weéternéforestsi Soil soluj
tion'nutrient’concentratione,and pH were used.inothe present;study as.
indicators of mineralization.in the clearcut and uncut areas.

Previous~studies—heve'in&icated that favorable'conditions for rapid
organio'matter decomposition exist'after'clearcuttingI(Likens et al.;
19705 ‘DominSki;i1971',Likens aﬁd‘Bormann, 1972). Miller et al (1976)
presented the .data.of :Table 30 to: dellneate boundarles of env1ronmental

factors»that 1nfluence;m1crob1al’act1v1ty in soil. ,Infotmatlonvwas'



107

‘Table 30.. Environmental‘factors~and;théir approximate
‘ values ‘for general microbial activity in
‘soil, Miller et al. (1975).

 Rate of Microbial Activity

Factor Minimum Optimum Maximum

Moisture (% of : '

approximate  field 5 50 80

capacity) : '
Temperature (°C) 2 28 40
Aeration (% of -

approximate field Variable . 50 Variable
~.capacity) T
pH _ 4 -7 10
Food Supply (C:N) Variable 2 25:1 ~Variable:
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gathe:éd}in,théjpresent study to~as§ess:the conditions ﬁnder'whichrdecdméi
‘1pdsitionao¢cufs; The efféctS»df clearcﬁtting.on*soil solution‘nutriené '
dynamics:anakcomparisons;with;thé.uncut'area are shown ianﬁpendix-Tables'
' 8-9 -and' Tables 24 through 28. Overall, conditions.Were favorable for:
_'decdmpositibn.froﬁ"Aprii.tﬁrough,NoVembér, with“exceptionsfin'very~dry7
portions. of August and October.

The pH of a soil solution is a usefﬁl indicator of appropriate con-
ditidns,fdrudécomposition., After clearcuttlng in a Callfornla Euaaﬂypiué
‘gﬂobuﬂué forest, McColl (1978) found decreases in soil. solutlon pH.
Stark (1979):stud1ed soil:solutions after clearcuttlng_and whole—tree
"removal in a‘larch/Douglas-fir forest and found soil solution. pH to-be.
slightly higher than in forested control areas. Soilfsolution‘pHJs for
the preseﬁt study éré présented‘inzTable 24. A large amount of véria—.
bility'was’aésociated with these pH Vélues, and thus ho siénificant dif-
ferences were discérﬁible between the clearcut and uncut‘areas; It is
important‘to note,.hoﬁever; that for numerous'sampling,datés:nO'solution
- was extracted from the uncut area due to dry conditioms, and'duriﬁg~
these sample dates the pH of the soil solutiom collected from the clear-
cut'areé Was.high, ‘Overall, the pH's ranged from 4rto,6; or between the
. minimum and optimum*fangewfor4microbiél aétivity:(Miller:et al., 1975).

Soil solution N dynamics provide the best indicator of the effects
of ciéaréﬁtting; sinCé:ionic.fdrmé of:N in soiﬁ£ion are'derived-princi—
éally'fromiorganic sources. Of the two forms of N‘analyéed'in;this- |
study, NHq-varovided‘the;mbst straightforward results. The NH4-N data,
preééntedhin'Appendik Table Sfand'Figurés 14 and 15, show incréased con-

”_‘centratiOns‘in the clearcut area throughout the sample year. Although ’



109

;the majorlty of the NHq-N is f1xed or adsorbed on’ exchange complexes
: (Wbllum and Davey, 1975), a. sizeable quantlty is in’ solutlon -at’ any
glven;p01nt-in»t1me.v The,ammonlficatlonnprocess is:dlrectlybdependent
‘upon the 5011 and forest floor microbial populatlon, whlch is 1n turn ;f
influenced by the env1ronmenta1 conditlons follow1ng clearcuttlng
TheaN03—N'c0ncentratlons were much-more'varlable-than.NHq'N Nitri—'
' flcation occurs to. some degree in th1s system, but 1s probably 11m1ted
-to a large extent. by pH.. Wbllum and Davey (1975) reported that the
'optlmum pH range for- N&t&o&omab is- -7 to 9 while that for Mataabacten
' is.S‘to 10; Both oflthese‘organisms were-enumerated;in;the microbio-
”loéicai'chatacterizationr(fable’29); and(they‘occurred in'greatervnumh :
:bers;in the‘clearcnt;area;i Since'the:NO34N concentrations were lower
than;NH;—N»concentrationsfthroughout most . of thejyeargait appears that
‘bnitrification«is:aflocaliaed pﬁenomenon:in,this.sYstem;e-Dn;ing;thee;“
d‘spring,vwhen,matm~ambient,temperatures-heat the>surfaceﬂof'the’clearcut
;area:forest»fioof,,nitrification proceeds at alfaster.rate,,as evidencedv g
’.by Fignre 18. Ereeaing,andmthawing'f0110wed byvtainﬁcanvleachamany nué
v:trients formerly»immobiiiZedgin-microbial biomass (Witkamp; 19695. . This"
»situation?commonlyvdccufted.at tnefforest floor surface in the»clearcutf'
Jd_area;'and’the~NHqéthhos reieaSed may be-Converted5to'NOg—N;eif condi-
'tions:are,favorable,“adsorbed‘tomsoil-coiloids,_or taken,up'by growing.
. vegetation. | |
| Denitrification;oaithongh it‘canvonly be;discuSSed”invtermsvofJCOn-';
. jecturegjisaan)additional:factot.whicn‘may accountbfor'theenariabiiity -
dof;NOgﬁthoncentrations‘in-soilisolution. Denitrification:broceeds

;readily at low O3 concentrations, as long as a carBonvSQurce,for,energy\
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and,a'ﬁOg"source_ééfangeiectron:acceptor‘are présent (Wollum and Davey;
;1975)4A Denitrifying microqrganism3~were énumerated in the microbiologi¥ 
' cal'phafééterization~(Table 29), and more'denitfifiers were'present‘in
-thé\cleércut areé. in the forest floor there is a large carbon soufée 
availablé,.and:aﬁaefobic sites are present, particularly within the
;clearcﬁt’areé,jduen;o higﬁer soil moistures (Figure>19).- Although deni-
trification hasvnot'been investigated in forest soils,,it is-gene:ally
considered to occur, aﬁdguﬁaccounted.N losses‘in nutrient cycling studies -
sare'often'aftributed to:denitrificatidn (Wollum and Davey, 1975).

The conceﬁtrations'of the other nutrienfs generaily.wéré’not»useful
indices of mineraliéation-in the clearcut and uncut areas. " The P con-
centrations were much lower than thefother nutrients: studied;  however,
the geﬁeral trend was' toward higher'concentrations-in-thevélearcut,areé

 (Table 25). POtassiﬁm concentrations clearly were higher in the cut
area;‘howevef,'Ca;éoncentrations were variable and Mg cohcentrationsxwere»
highervin‘the.uncut area (Iables 26-28) .. The Ca-and‘Mg\data do not re-
flect the general trend of'inéreasing nutrient concentrationé-in the
clearcut area; however, they may be-more_greatly affegted by other fac-
tors; éuch”as,release-fromsmineral forms, varying éoncentratiohs of ele-
.ments,iﬁiprecipitaﬁion,,and'the porous. ceramic cup variability (Hansen
and Harris, 1975){

'Although séil‘temperéfure, moisturé, and pH are knoﬁn to be majof
‘factors:influencing”decbmposition and mineralization, none were clqsely
correlated to the concentration'Of'nutfients in solution. During the
vwintér mqntﬁs, when' soil temperafures~are 1ow; considerablé-mineraliza-

'":tiOntmay.occurvat-the,surfacé if'the‘ambient temperature is’ high- enough.
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An example is provided with the FebFZO NH,-N'data from Appendix Table 8.

A 1arge:iﬁcrease in NH,-N in solution was noted, even thoﬁgh‘soil tem="

peratureéfwete;low»(4;79Clih-the»clééfcut, Appendix TaB1ev1Q). The four . .

days.prior - to sample colle¢tion_Weré the warmest on record for'three'
months, and the high ambient temperatures influenced surface activity of

microorganisms, even though»the'temperétures‘atva depth of 2.5 cm were

below the range of4normal'microbialfactivity; Future studies-shoﬁldcin—.

cludefsﬁrface;temperature measurements’to accouﬁt:fdr this»phenomendn,b
Soil miéroorgénisms play‘a cr;ﬁicél r61e in the*maintenance'ofba
‘forest7f100f’and thé releaserof aVailabié nutrien£é fof,plant'gfowth.
Bacteria’and actinomYcétesfWeré‘the‘dominéﬁt;microorgaﬂisms;in terms . of
overall numbers (Table 295; haWéver, large numbers of fuﬁgiﬁﬁere'also
enumerated. Mdré bactefia:ahd actinomycetes were,fbun&lin;the:clearcut

» area,'whiéhfmaytbe.dué’tthighér soil pH (Table 15)." The higher’pH.may

_a130'explain’thewlower numbers. of fungi and higher'numbers«of‘nitrifying!

organisms in the cut area. Although natural variation in microbial

populationsvare'great,:and'Quantitative.relationships.are-diffiCult to

obtain, the trends measured seem to indicate that decomposition and min- -

eralization occur more rapidly in the clearcut area, and a decrease in

forest floor size and nutrient content will occur as long as these con—

ditions prevail.



SUMMARY AND CONCLUSIONS
>The intent of the current progect was to crltlcally analyze changes d’
in forest~fldor*size;and;nutrientacontent-overftime'fbllowingtclearcut-i~
tingfand“ﬁhole-tree~removaliin‘an~anpalachianfoakafbrest,stand;v ?revious“
work bnguttinger (1950),_lriﬁhle'and!Lull;(1956), andméovinéton;(19j6)“
1 indicateduthat forest floor‘siae decreased after clearcuttiné. This
study was establlshed to: investlgate this phenomenon more thoroughly
o Forest floor and A1 soil horizon samples were collected in June,
1979, prlor to clearcuttlng, then in August and November, 1979 and
jJune, August, and November, 1980.‘ Forest"floor samples werenseparatedw
by L F, and H layers, and comparlson samples were collected in an adJa—
: cent,.uncut~control area. .Monthly litterfall,was:collectedtfrom>0ctof
. ber, 1979 through October,.1980, im both areas, and so1l solutlon ~V
saﬁples werescollected'on a:b1weekly-bas1s frOm-Aprll 1980 through
March"1981 » The clearcutting operatlon, ‘carried: out ‘in August, 980,
. s1mulated an actual commercial. whole-tree harvest.
T Nutrient analysls»included total N,VP,.K,vca.andﬁMglszln:addition,
‘.other§variablesrwerewdeterminedbon‘SeleCted'sanples,tSuch~as~organic‘f
matter content and C N ratio for H 1ayers and>301l samples. 'Sodl ten—~s
'peratures, 3011‘moistures, prec1p1tat10n, and numbers of microorganisms

in clearcut and uncut’area so1l:samples.were~all determined.

The results reported here clearly show that the: forest floor in the :f-"

’ cutcarea has not " decreased in e1ther dry weight or nutrient: content when
vcomparedﬁtowan-uncutlcontrol area. - The logging slash left'after clearé;-'
CUtting,caused~an'immediatelincrease;intthevL,layer, and by‘Novemher,:‘
,1980;.much:of the,organicmmaterlal.in the loggingvslashfhadppa3sed,

112
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thrbugh'the F‘layer.and‘WaS'incOrPorated into the HilaYér;v After the‘ . 
'most»recent'forgst~floof sampling, November, 1980, the foréét floor in’
the'cléarcut area»WaSJStill larger thén.in the»uncutvareé,_but_this
trend is not expectédito continue. It is important to’boiﬁt out here
that -the iogging‘slashgéffect that occprredvis:ﬁiﬁbr by’;omparison-to

a conventionally clearcut area. Boyle (1976) feportedjthat about twice
as much,slash is produced. by convgntional clearcutting§ therefore, the
binputs to the L,-F;'ahd’Hflayers WOuld‘be much‘higher;.and a.longer
Periﬁd of€time'W§uld-be fequired for a‘foreét7floor'reduction-to.occur,

‘ The factors which cause reduced forest floor siées aftér~c1earcut—
ting wefe'anélyzed'in thié’sﬁudy.- The litterfall in the‘éufvarea’wasb
‘ohly-abbut 147 ﬁf the litterfall in the uncut area. Although this per-
centageiwill increase:as"thefyouﬁg»stand devélops-in the cut area, tﬁere‘
will bé a number df'yearSrbefore the two areas receive equiﬁalent litter
inputs. Sail-temperatureSgaﬁd moisturesIWere;génefally higher in the
éut area. Duriné dry fartsiof the year soil‘moisture was-oftén.extrac—
‘ted from the cut area while none couid be extracted from the uncut area.
Sdii pH'svwere consisteﬁtly higheg in the clearcut area; Sugh soil tem-
perature;?moisturg;vénd:pH-conditionsfresult in a more féyorable environ=-
ment f0r~organic-maﬁﬁef»decdmpoéition in the cut area. 'This=increaéed
decomposition,'coﬁpled with reduced litter inputs, will eventually re- -
sult in a.degréasedvfprest~fioor:sizé andlnutriént content. The fact
that:decreasesfwerevnqt.ﬁ;ted by Névember; 1986; can bevattributed to
the organic,matter.input.to the forest floor in thé'fqrm of logging.
slash iﬁ the clearcut area. |

‘In order to further substantiate the increased decomposition in the
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clearcut: area, 'soil solution nutrienf cbntent was analyzed as an index
of mineralization. Ammonium-nitrogen, the nutrient mOsf cldsely»asso-'
ciated with mineralization from organic-sources, was present in tﬁe
clearcut area soilisdlﬁtigﬁ in higher»conéentrations than in the uncut
control area. vBacteria,'actinomycetes,»denitrifying;andﬁnitrifying
microorganisms were all present in greater numbers in soil samples col-
lected from the clearcut area. |

‘To fully evaluate the effects of the clearcutting operation on the
forest floor, reéults‘from»Phase II of this research project will be
necessary. Although:a forest floor reduction in dry weight and nutrient
content has not been,observéd to date, all bf the factors necessary for
such a reduction are present, and the extent to which the forest floor

is affected will be determined through future sampling.
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Appendix Tab

‘ ':“Series.< Calv

l:3Cld§Siflcat1
Parent Mater
1Phys1ography

' Described by

- Date: 27 Ju
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le 1. Profile descrlption for a Calvin series soil sample’
from the study area on Prlce Mbuntaln, Montgomery
County, V1rg1n1a.~
vin.
on: Loamy—skeletal ~mixed, me51c Typlc Dystrochrept
1al Shale
§1defslope'°

: 'K.HMplten,jSoil,Scientist
Soil Survey Staff
VPI & SU-

n>79_

Horizon

- 01,02

Ay

By -

' Depth - Pedon Description

5- 0 cm Undecomposed and partlally decomposed leaves
“and twigs..

0- 8 cm. Reddish brown (5YR 5/3) shaly silt loam; mod-
: erate fine and very fine granular structure;
" friable, slightly sticky, slightly plastic;
25% shale fragments; many very fine, fine,
medium, and coarse roots; clear smooth boundary.:

8-53 cm. Reddish brown (5YR 5/4) shaly silt loam; weak. -
) fine and medium subangular blocky structure;
friable, slightly sticky, slightly plastic; few
thin patchy clay films in pores and on ped
faces; 407% shale fragments common  very fine,
fine, medlum, and coarse roots; clear smooth-
-‘boundary.

53—64:cﬁ- -+ Reddish brown. (5YR 5/4) very shaly ellt loam;

ﬁma531ve structure; friable, slightly sticky,

‘slightly plastic; 70% shale fragments; few fine

~and very fine roots; clear smopthvboundary‘
64-99 cm Weathered (purple) shale bedrock.

99 cm v::vHard (pufplé)‘shaietbedrock.
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Appendix Table 2. Proflle description for a Berks-like series- soil :
- sample from. the study area on: Price. Mountain, Mont—l
gomery County, Virginia.
Series: Berks-like- ; ,
Classification:';anmy+skeletal,,mixed, mesic Typic Dystrochrept
Pareneraterial:.fsandstonev
Physiography: Side slope

Described by: K. Molten, Soil Scientist
: Soil Survey Staff
VPI & SU

Date: 27 Jun 79

Horizon ~  Depth B 'Pedoh~Déscription‘

01,02' © 5= 0 cm - Undecomposed and partially decomposed leaves
' and twigs.

Ag -~ 0- 3 cm Brownr(7.5YR 5/4) silt loam; moderate fine gran-
» ular structure; friable, slightly sticky,
'slightly plastic; 50% fine-grained sandstone

stones; many very. fine, fine, medlum, and coarse

roots; clear smooth boundary.

Boy . 3-61 cm .Brown: (7.5YR 5/4) silt 1oam;jweak-mediumrsub~
angular blocky structure; friable, slightly
- sticky, sllghtly plastic; few thin- patchy clay
films in pores.and on ped faces,.SOA fine- -
- grained sandstone stones; common very. fine,
- fine, medium, and coarse rootsj clear’ wavy
‘jboundary.

R 61 em Hard sandstbne;v
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~ Appendix Table 3. Profile description for a Muse series soil sample
PR from the study area on Price Mountaln, Montgomery
County, V1rg1n1a.
Series:r’MuSe Gl
Classifipation:v Clayey, mixed, me31c, Typlc Hapludult
Parent Material: Shale
‘Physiographyt 181dg;slope .

Described by: K. Mblten,>801l Scientist
Soil Survey Staff
VPI & SU

" Date: 27.Jun 79

Horizon - Depth - .JPedon Descfiption

01,02 ‘54 0 cm Undecomposed and partlally decomposed" leaves
: i and twigs.

Ay 0-13-em Brown to dark brown. (7.5YR 4/4) silt loam,

' : moderate fine granular structure; firm, sticky,
. plastic; many very fine, flne, medium; and
coarse roots; clear smooth boundary.

Bot - 13-71 cm Reddish brown (5YR:5/4) silty clay; few fine
- prominent red (2.5YR 4/8) and brownish yellow
- (LOYR 6/8) mottles; moderate, medium, subangu-
lar blocky structure; firm, sticky, plastic; .
common medium clay films; common very fine,
fine, and medium roots; gradual smooth boundary.

c 71-157 cm ~ Mottled yellowish brown (1OYR 6/8), dusky red
' (2.5YR 3/2) and white (10YR 8/1) silty clay;
_massive. structure, friable, sticky, plastic;
clay flows; few very f1ne and fine- ‘rootsy 2%
shale fragments.
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Appendix Table 4. . Litterfall dry weight

: by sampling.dates be-
tween clearcut and
uncut . oak forest: sites,
Price Mountain, Mont-
gomery County, Virginia.

- Dry Weight.

Sampliﬁgb .
Date ‘ Clearcut Uncut
, B kg/ﬁa ————————
Oct 79 552bA% 3,905a4
Nov 79 82aC - 2lhac
Dee 1o” 49bC 250aC
Mar 80  44aC © 257aC
Apr 80 38bC . 164aC
May 80 45bC 142aC
Jun 80 1 145aC
Jul 80 6bC ~ 104aC
Aug 80 6bC  66aC
Sep 80 - ©63bC 161aC
Oct Sd 300bB 2,126aB

*Means. within a row with the same
lower-case letter are not signifi-
cantly different using the 0.05 level -
of the student's t test. Means with-
in-a column with the same upper-case
letter are not significantly differ-
ent using the 0.05 level of the Dun--
can's Multiple Range Test.
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Appendix Table 5. Litterfall N contents.
' by sampling dates be-
tween clearcut and
uncut oak forest sites,
Price. Mountain, Mont-
gomery County, Virginia.

N Content

Sampling -
Date - Clearcut Uncut
kg/ha

Oct 79 4.1bA%* © 3l.1aA
Nov 79  0.4aCD 0.8aC
Dec o 0.3bCD 1.6aC
Mar 80 : 0.4aCD 1.6aC
- Apr 80 . 0.4aCD 1.4aC
May 80 - 0.7bCD . 2.1aC
Jun 80 - 0.1bCD 1.7aC
Jul 80 <0.1bD 1.4aC
Aug 80 <0.1bD ‘ 0.8aC:
Sep 80 : 1.0bC "~ 2.1aC
Oct 80  2.2bB  13.0aB

*Means within a row with the same lower—. -
case letter are not significantly differ- .
ent using the 0.05 level of the student's
t test. Means within a column with the
same upper-case letter are not signifi-
cantly different using the 0.05 level of
the Duncan's Multiple Range Test.
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‘Appendix Table 8. . 5011 solutlon NHQ—N concentratlon for~
' L 15 and 30 cm depths.between 'sampling
" dates for clearcut and uncut oak for- .
‘est 31tes, Price- Mountaln, Montgomery~
~ County, Virginia. .

NHu-N Concentration

Samnlingi’ v15'cm . v 30 em. A
Date Clearcut ‘Uncut - ~ Clearcut _ Uncut
e ,pp#T, .
10 Apr 80  0.73aBC*  0.36aBC | 0.71aCB  0.39aB
17 Apr 80  0.65aBC 0.38bBC | 0.58aCD 0.36aB
0l May 80  2.84aA 1.83bA | 2.19aA  2.13aA
15 May 80  2.64aA - 1.67bA 1.97aA  1.97aA
29 May 80  0.53aBC ~  0.21aCD | 0.30aCD © 0.15aB
18 Jun 80 0.74BC - -—=%% | 0.37CD -—
02 Jul 80 —_— — | 1.258 —
17 Jul 80 —— = | o.53cD0 -
30 Jul 80  1.08aB = 0.67aB | 0.59aC 0.49aB
26 Aug 80 —_ — 0.15¢D ——
29 0ct 80  0.03¢  -—— | 0.32CD -
12 Nov 80  0.03C — — i
03 Dec 80  0.05aC  0.06aCD- | 0.03D  ~  ---
06 Feb 81 = ——- m 0.10CD —
20-Feb 81  0.46aBC 0.27aC~ | 0.37aCD 0.37aB
05 Mar 81  0.06aC 1 0.026D | 0.03aD  0.06aB
17 Mar 81 0.09aC  0.02bD 0.04aD  0.03aB
31 Mar 81  0.l7aC 0.02aD | 0.04aD 0.02aB

*Means within a row with the same lower-case letter are'

not significantly different using the:0.05 level of the.
student's t test. Means with a column with the same
upper-case letter are not 31gn1ficantly different using
the 0.05 level of ‘the Duncan s Multiple Range Test. -

**No soil solutlon collected ‘due to dry cond1t1ons
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Soil solution NO3-N. concentrations for
15 and 30:cm depths between: sampling.:

dates for clearcut. and uncut oak forest
sites, Price Mountain,
ty, Virginia.

Montgomery Coun-

NO3=N-Concentration

Sampling- ‘ 15.cm .30 =
Date Clearcut Uncut Clearcut Uncut
| i ppm : -

10 Apr 80 0.55aB%*  0.34aAB | 0.35aBC°  0.30aAB
17 Apr 80 0.33aB = 0.34aAB 0.40aBC  0.33aAB
01 May 80 0.50aB 0.27aAB 0.06aC 0.07aB
15 May 80 0.26aB 0.47aAB 0.29aBC. 0.43aAB
29 May 80 0.35aB 0.44aAB | 0.21aBC 0.24aAB
18 Jun 80 0.47B e 0.42BC -
02 Jul 80° — - 0.86ABC -
17 Jul 80 e ——— ~ 0.50BC - ~—=
30 Jul 80 0.51aB 0.56aAB 0.48aBC 0:32aAB
29 Oct 80 0.128 — <0.01C S,
12 Nov 80 0.02B — 0.05C —-
03 Dec 80. - 0.15aAB 0.35aAB |  0.15aBC 0.35aAB
06 Feb 81 — - <0.01C -
20 Feb 81 1.70aA 0.88aA 1.99aA 0.73aA
05 Mar 81 1.79aA 0.01bB 1.21aAB  0.05aB
17 Mar 81 2.102A 0.19b8 0.85aBC ~  0.37aAB
31 Mar 81 1.56aA 0.43bAB 1.14aAB  0.23aAB
f*Meansvwithin a row with the same 10wer-case lettef‘arelnot

significantly different using the 0.05 level of the stu-
Means within a column with the same upper-

dent's t test.

case letter are not significantly different using the 0.05
level of the Duncan's Multiple Range Test.

**No soil solution collected due. to .dry conditions.
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Comparison of soil tem-

tween clearcut.and. uncut

. oak forest sites, Price

Mountain, Montgomery.
County, Virginia..

Sampling

' Soil Temperature

Date €learcut - Uncut
f ' o¢c ‘ .
10 Apr 80 - 12.6aGH*% o 11.6bH
17 Apr 80 - S 9.7al © 10.3aLJ
01 May 80 12.4acH 12.1aGH
15 May 80 . 16.5aF 15.3bF
29 May 80~ 21.8aD . 19.2bCD
18 Jun 80" 21.5aD 18.7bD
02 Jul 80 26.5aC 23.1bB
17 Jul 80 ' 33.9aA 26.7bA
30 Jul 80 30. 4aB 24.,0bB
14 Aug 80 33.1aA  26.5bA
26 Aug 80 29.3aB 23.9bB
16 Sep 80 21.2aD - 20.0bC
01 Oct 80 . 22, 0aD: 19.6bCD
15 Oct 80 19:2aE 17.2bE-
29 Oct 80 13.7aG 12.9bG
12 Nov 80 9.8al 9.6aJ
03 Dec 80 - 5.5aK 5.7alk
08 Jan 80 -0.2aM -0.2aN
22 Jan 80 2.2aL 1.8aM
06 Feb 81 -l.2aM -0.1aN
20 Feb 81 4.7bK- 7.5aK
05 Mar 81 4.,9akK 5. 6aL
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Appendix Table 10. Comparison of soil tem-.'

’ ‘ o perature (°C) between -
sampling dates and be-
‘tween clearcut and uncut
oak forest. sites, Price’
Mountain, Montgomery.
County, Vlrg1n1a (con—
tinued). »

Soil Temperature

» Sampling,

Date = Clearcut © Uncut '
17 Mar 81 7.4aJ  6.6aKL

. 31'Mar Sl?n Tf:g :Jll.SaH< T ‘fvii;laHI"

*Means within a row with the same lower-case .

" letter -are not-significantly dlfferent u31ng
the 0.05 level of the student's t test.w -
:Means within. a’ column with the same upper—

- case letter are not- 31gn1ficantly different

- using the 0. 05.. level of the Duncan s Multlple
Range Test.., : .
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Cbmp&fisbp‘of soil mois-
ture: () between sampling -

_dates’ and between clear-
cut and uncut oak: forest
sites, Price Mountain, .. .
Montgomery: County, Virginia.

~ Sampling

__Soil Moisture-

Date Clearcut Uncut
%

10 Apr 80 35aDEFG 38aBCDEF
17 Apr 80 32aDEFG 35aCDEFG
01 May 80: 35aDEFG 37aCDEF -
15 May 80 32aDEFGH 29aCDEFGH
18 Jun 80 - 31aDEFGHI 24bEFGH -
02 Jul 80 28aFGHI 17bFGH
17 Jul 80 27aFGHL | 26aDEFGH
30 Jul 80 31aDEFGHT 26aDEFGH
14 Aug 80 15aHT C11bH
26 Aug 80 30aDEFGHL ~ 20bEFGH
16 Sep 80 " l6al 11bH
01 Oct 80 20aGHI 13bGH
15 Oct 80 22aGHI 15aFGH.
29 Oct 80 28aEFGHT 22bEFGH
12 Nov 80 ~ 28aEFGHI 21bEFGH
03 Dec 80: 32aDEFGHI 30aCDEFGH
08. Jan 81 81aB 50aBC
22 Jan 81 77aB 41bBCDE
06 Feb 81 106aA 117aA
20 Feb 81 55aC 48aBCD
05 Mar 81 44aCDE 60aB
17 Mar 81 45aCD 48aBCD
31 Mar 81 42aCDEF 47aBCD
*Means within a row with the same lower-case

letter are not significantly different using

the 0.05 level of the student's t test.

Means

within a column with the same upper-case letter -
are not significantly different using the 0.05
level of the Duncan's Multiple Range Test. .



Appendix Table 12.

138

Monthly*précipitation}(cﬁ)
for: January, 1979, through
March, 1981, recorded. at-

‘the VPI & SU College of
‘Agriculture and Life~Sci=

ences Prices Fork Research
Station, Montgomery County,

_Virginia. -

Month

Precipitation

1979

1980 1981 .

Jan
Feb
: Mar

Apr

May

Jun L,H

Jul

Aug
Sep -

Oct.
”Nov
Dec”

Total

=CIi~-

13.5

9.4

8.1
10.5

9.4

9.2

8.0
6.0
13.0

9.0

11.6

3.6
111.3

8.8 1.4 .
2.0 7.l
12.6 5.7 - |
9.8 -

6.4

6.
20.
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_ NUTRIENT DYNAMICS OF THE FOREST FLOOR
IN AN APPALACHIAN OAK FOREST STAND
FOLLOWING CLEARCUTTING AND WHOLE-TREE REMOVAL

by

James E. Johnson

"~ (ABSTRACT)

"Experimenthwefegconducted to monitor nutrieatjdynamicssin<the
o forest floor of;aamupland Aﬁpalachian‘oak forest'standrfollowlhg>clear;e-
cutting and whole4treefremoval' Samples from the L, F, H, and A1 layers ,
were collected durlng June, August, and November of 1979 and 1980
Monthly 11tterfall was collected from October, 1979, through October,
- 1980. 801l.solut;onvsamples;wererextractedron a‘blweekly.basls;from
April,‘1980,’throughaMarchy l§81, and concurrent'soil:moistore~and‘teﬁ— o
vperatﬁreldetermihatioas were made. All samples were: collected from: the
clearcut area and an adjacent uncut -area. Nutrlent analyses 1ncluded
total N, P, K Ca, and Mg, and pH, NHy-N; and NOg-N for the soil solu-
tlons only.

COﬁparisons,ﬁerefmade'betweenunutrient contentszin’the¢foreSt floor
and mineral:soil»from:the-clearCut;and uncut areas,.betWeenrnutrient coa‘,
; tents. w1thin forest floor layers Wlthln each area, aad between nutrient
contents collected over tlme Wlthln each area.: Slmllar'comparlsonslwere;_
" made using:1itterfall-nutrient_contentshand soil solution3hutrient’cone
ceptrations{ !Immeaiate clearcottioéfeffects¢were mostprpnodnced'on‘then
L 1ayer-ofuthe-forestffloOrsedue to the logging slash iaput.' Immediately

aftervcutting”the,LflaYerlin the cut area had a dry,Weightaover‘9;SOOV‘




t:imes.' .:that' of: thef.L, -iayerj .inrthe -uncut'area. This lo'g'gingf'.siash rapi&ly«
becaﬁe 1ncorporated into. the forest floor of the cut area, and after 15-
months, the cut area had a forest floor sllghtly hlgher in-dry weight
and nutrient content than did the uncut area. Slashzlnputs,accounte&g
for these increaees,nsince*oVer"thefcourse of the:stﬁdyfthefcut area-
received‘bnly 142 of therlitterfallbthat occurred in the”uncut area.
Soil temperature, moisture, end soil solution NH;—choncentration,were
: éll'higher'in thecclearcut.area;; Soil solution NOg—N concentratlons
‘were variable but generally the same in both areas. After.lS;mqnths
.following.Clearcutting;and'whole-treevremoval, thefforest floorein the
clearcut area was slightly higher’in dry weight’and-nutrieﬁt“content'

than an adjacent uncut area, and no site degradation was noted.’
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