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Absmct: Radial pauems in tree-smg chemical element concenmeioxa ia red sak ( Q U L ' P C ~  
P&TU L.) and black c h e q  (Prunw serosina Einrh.) we= maliyzed to infer past enviroaamntal 
changes at two matran: ApprafacB~ian forest sites. Muldgle cores exwdcted from five mes  of 
each species at each site wen: 16ividd into 5-ga segments, measured disr length, cornposit&, 
and analyzed fm 19 elements using plasma emission sgeczoscopy. Radial paaems of 
tree-ring che~1ica.l ebments were categonized into three types: elements showing reX;Ptiveiy 
constant radial concenrra~on in an inner w d  zone with incmased concena-a~uns in an outer 
wood zone near the cambium, elements showing relatively constmt sadid concentration 
a s ~ b u t i o n s  with no rise near the cmbium and elements showing mdually increasing 
concentrations from pith to cambium. Piece-wise multipb regression with conwtion for 
serial canelation was used rn develop models of these paEems. Significmt effects on 
chemical element concentrations by basal area p w t h  rates and the outer 15 yeas sf growth 
were detected. With the possible exception of Ca and Sr, mnds in chemical element 
concznnations in inner zone wood with me-ring age did not indicate a Esponse to the effects 
s f  timber cutting, chestnut blight or atmospheric deposition. 

Tree-ring chemistry has f~quent ly been used to record changes in levels of air pollutients and, 
more recently, changes in the soil chemical envhnment. Long and Davis (1989) recently 
found that Sr concenaradans in white oak (Qtkercw alha L.) in Pennsylivmia show& a 
consistent pattern d higher Sr accumulation from fly-ash in xylem for p r i d s  when 
coal-fired emission stacks were lov~est and at hat ions mew power plants. Guyet@ et d. 
(3989) showed a decrease in h e a r t w d  molybdenum concenwation in eastern re$ce&r 
( h n i p e r u  virginium E.) which was believed to be caused by increased amosphe~c  suIfw 
deposiPion. McCHeraahen et d. f 1989) showed significmQy increased c h e ~ c d  element 
content of tree-rings in yellow-poplar (LiriodenQron fulipgew E,) in response to applicaeons 
of N-P-K fertilizer and dolomitic Limestone: to the soil. Bon&etti et al. (1989) used radial 
trends in the ratios of Al to base. cations in red spruce (Picea  dens Sarg.) and eastern 
hemlock (Tsuga canadcaris &.) C m . )  wood to infer the impact of amospkierlc dep~bsition on 
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ff.licsp!~c iht: N L . L ~ C . C ~ ~ C ~ : S  in TIIC. : ipj>!l~atic)~i o f  trcc,ring clarrz~icni nt;.;tlys;b to ;wcsr enviru~m~cntn:  
pollurialr~, intcrprcrationi cjf r~aa; l tv  ca;n hc anrttig:iorrr;. Lcpp (11&"?) poi:~ted to rn;ti.~:ii 

tnnucn:aiarries wirtr ~rgarc i  ttr ;~;lafaw;i?s t ~ f  xn?ea;+.l tipt;ilic, cornplcxaeiois, ilnd tatera1 transport in  
tsca:a which limi;?: trsc of ~rcf;.c-.rirtg chcrnical cfirr?nologics in sru!fies ctf eilvrrr;~n?nerHai 
pnl!uricsr;. For cx:kmplc, Ikfchl'lrnahert ce tel. (1989) f o u n ~ i  evidertca ehsr 9" S, K, Ca, a ~ d  Zri 
%-err: mc>$i%c in  y.'llow-perplar w : d .  -!%US, ;ir);~lication c ~ f  tree-ring chranist~y not BR CXXI 

sciealcc. 

'Fhis a ~ ~ r d y  was irairl;arcri ti,? t?cir:r.~ni~rc if '  ihc* radial vah;~eiora of tree. rirlg chcntisny in IWD 

t?ilrrturc: Northcis1 i$jtririklaiis:;an h;~r.iJ\vc)cd sands  C O U B ~ ~  br: atsed xo derem1ir:e if changes hav:: 
occzrrwtl in rhc frrrc1;t chcnlicnl c-nvironnlcrre. Errs~ixa~tlrrn~erntlzI stresses in  rhc:ir: sra.nds car1 be 
ckxart~c.ntcr$ ;nr\d fl;~*vf: ill~ltidcCH c;irJy forest ~ : e i ~ t i n l j .  chzsmur blight, and rolixr%veiy laigh levels 
of acidic asarxi~sphesic cfcpt,.;itirjrr. 'I'ttc sires, Fork Mrrrrntaiil arzd EPea Vine lbil%, have idiffc~ng 
soi l  krrilbry IcvcIs fl>cbV:tlfi: rt a!. i 98%) iind ;any tre:ndx rckrted t o  soil cltimger; wen 
cnzgh;tsi;p.cti iza rftis piipctr. Trct: .;yscc:ics str.;ifietl were red uak (QUC~CMS ri~hrit I.,.) :it~d i?ltt,~k 

cherry ilVnerti8,u ~circraincz i;l.irla. j, hctth ir~?jxwt;si . t t  i:tttrrrrtc~ial sprcicl;. 

'I'RCS ~ ( i l ~ f i ~ t j  ~ r : r g  I g r C : ; ; i i ~ g j  (trb I " * v ~  Mdrtiflt;iit~ ;it E'CTSI~IW f'x~re.rit.n~cnt;lI t;c,rt.si it] racsathcer~u;rl 
Wesl Virt:irntiil ( J t F ' .  ():i'N; 7(f", ..$Is. 3f)" Wi  ar~cl 12sa Vjrjc t%i!l oil Laurcf Mounataia~ ioa 
nti~l~ftc;as;cn~ B'tcalrrz?lwaiji;t ( l iP ,  IO" 43'' 3;  7V1, iW' Kj. Iicrnoiv Expcrirsrk.rr:;al Fasrest is 
Itc~x.:rtccl z:r::ar H":tn*scuns, WV arsct i s  rn~;tn:~~~:t i  hy the I.!. S. t;orel;a Service. NortZnoasreri~ Forest 
Ilxiacrirnt*rrt Sm;uii~n, 'I'hc I+c;r Virae I lilt srec is p m  r t f  Rofiirng R t ~ k  %::irmu rxar L,igcrr:ier. PA. 
Nttth sita:~ wcrc ge:mzt%y sloping i=zlij*?;t ~Lopt.3 ~hid$c-ec~p sirel;. 

'if9rc Irork Mrrrrnraira s?tc w:rs tiiinr~!i;nrr.cl by red ttlik* black cherry, and stigaf- mapk (t2cer 
.~a<:e.!atrr-iern M;tr..;h.i rwcr; with ~nirsr~r :srl.roiiiiars of c~rhrr ~t:~rtitvt,x8cks t x ~ ~ i ~ ~ i f i g  io the overfit~ry. 
S<,il,i wcrc derivc.4 f i i ~ r i t  sar!dsti~;~c. :sod silestc,rae: f r t ~ t l  rhe Cnrckill ;LSIC$ Chcrx~t:$~y f<mnations. 
StjiIs wt.ac HIe'n;rlt\ :argtH Elerles s ~ ~ r i c s  lclnn~y-skclct;kl, anixcd, mcsic, Typic B>ystnxic&rt:p!s. 
t.3ie.v:ieictrx of ttris site was ;ttx,ira 850 a l l .  Mciin artni~al ~~~z.cij,itatiasn at rhc E'cz~nw 
Z ~ X ~ B C P I I I I C X * I P ~ ~  FO~CSE is 1.12 ~'111 and n1c;ln tannaiti air tzrn~pitiufe is 8.9 degrees C. 

At I;r,rk Mnur~i:iirj. \~e:avy hi~fa-g~i i ic czst~irlg t~c1int.d In i4Jlf l-15. In ardirltan, resiriud 
Agnar-ic;tn chcs:nmt ~.'sr.zsimnc~ia t i r i ~ i r ( i ~ [ ~  (M~1rsh.j Borkh.) trees kxgrrn rt, die fr"rcrn chestnut blight 
in t " 3 l g )  :srtd by :9$3S aHf n1atssn.c: ti-et!n wr:r.r killed. Sabvagc Itrggit~g al dcisd Arncricar~ chesar~rtt 
~~;c~tr;*.t:iJ ill  921:s ~ i ; t t t i P  ler :itrttot :t!ii; aiirnt.. 
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y-+c . . % i.&* vjrlc 1 2 . 8  n ~ r l  s i x  c~3n5tsit.ci of x d  i t ~ k  ;i~;bg black c i . i c q  1 ~ ~ s  airnost exi;i~rsivcly. 

San;Ssro.ix:. ~ t ' i < i  \iil;~lc fi.(.bil: 2he Pufisviilc ; i i i ~ I  &1911ch Clt~tinai B:iirm;etiont.:, r~spccri.;t:iy, wcrr 
fo!!rarl i n  soii pit.; ;%r. the: sirc. Solis WCYC HazHutrrur. 'iounay-sktlcral, r n i i ~ e t c l ,  rr~rsic Typic 
I:~ly~rri-ri.ltzpt'i and  L,e-ck Kij i  fine-lo;uny, i ~ ~ i ~ e d ; ? l ,  I P ~ S ~ C  'Typic P3;1g,ludulfs. Eievation of this 
site. ~ 3 s  ; ih t )u~  f $0 ;I?. h k e a  narxntaiil ~:n*cipi:;cnicgn or? top 6.96' Laurc! %9~.3un~eain :]en$ Pea Vine: 
W i l l  is at?ol.rr 133 ern with 27% if?: ( r f  ;ar?rl~sai srtc>iv&li ilepth. %4c;rxr azar~.nu;ai air terarperstvrc i s  
7.2 ~ C S T U S ' S  C:. f; i~t"t  t:i.mtticg on fPe:a Vine PIiii has beef3 prot~ibired since :he IGKL'~ wits 
purcl~ssc~i for Kc?llir?g R r ~ k  F;i~n.rrrts o,pl Nc.tvs:n.nhzr 18. 2916. Some detid Ant-rcric:an chcstt~me 
was rcn1ov~d  i : ~  tl?c itE40-SO p:kt:rinf iirtd thus i t  is  assurrreri F I P ~ ~ .  ~:tacsnnut %.Iizc? in this s ~ t x t c i  

h,girtnirng liaotlniJ1 1910-15. 

Soil as. Fork %$cturasain shc.wed Pt~wzr acidity 2nd higi1t.r cxthtsrtgcrtb!~ base c~tictns than soil at 
Pea Vine Hill. Bi~chanpcablu c.;iicit.irn i r ~ ,  fkt?rk Mo~il~eiki~? aviil~kgcd 0.82 618f"q/Ig#) g ::ccrasr,p;a~d 
so fl.5fi:nseqblllbl g nr Pcn Vine i%il l  (11;).c9,V:alte et al. IY88). Soil avaaor at Pc,a Vine 1,Zi:l 
exhibited iiignificanrliy kiglncr I{, Mu, ar3~1 AI and Icrwrr Cn anzd Mp cr,~ncc:ntri~!lons than at 
Fork Mountain. Mare compIcrre soil and soil wralcr ohrnsistry at tSncse twc, sites i s  aviaiirrble 
elsewhere (0eW:~ilc co. ; r l . ,  I6)KX). 

Atn~o?;phe.ric cicpclsiaictn i s  rciatfvcly acidic at boti! sites. Our of 82 wet dcpositishn aalc38litc1ring 
st;itio~js in thc Xlilitcct Sfaics: tire Lx:;icling Kidpc, I)cnnsylvaali:i strtticsn ufhich iri Iw-rited X30 
krn morthenst r ~ t '  thr iJc;t Vine I IPli 5 2 : ~  mnks ?sf in  cfepcasltiora of' Bib nrld ( ~ t h  in su!h?t: 
dei>c>sitinn fKnnpp er ;ti. IY8K).  'Ille I73rsc)nr;, Wcst Virginia starion within 261 k n ~  of kbrk 
Mtrr. ranks 4th irt H.i>;tnct Ibbth In su1i"atc rfcy.t~.ssiiion. 

Five rod oak ar.i~i five: black C ~ C F T ~ J  trcm W C ~  sa~~kpled a$ bc,ot,ia ttlc PC;$ Virlc Iiill and Fork 
Moun1;rir.i sires irn IYHS. Trees n:lected for coring were dornina.nt and co..de,anirnant oversnrnq 
trees with sciativeiy snaiphr hoIe\j and hcdthy crowns wiahirs akmn 56Yf an crf Gdge--fop soil 
leachate rmnniaoring sires used in other re~eiirilh. NU hollow uees were simmpled. Sortre of the 
red oi.i~ mes snrr~pled an both sire..: had pith ages over IIkO years; these trees apparently 
srtwived ihc Erleavy totting i r a  1910-15 a: Mm. C)r;h@r sd n;rk and all biack chcrry Wes 
siul.ilpleni had pith ;~gcs of 85 ycars rrr less. f3iamtters at bxast hcight of sar~lpled Eees it& 

Fork Mozlntain ;areraged 57 C ~ B  for rtxi c?;& and 48  crn for black cherry. X:Piamtrrs ar Pea 
Vine Piill avcr:!.gcd 44 cn4 far red o;tk. itrn~i. 4 l cm for black cherry. 

W d  cores were exnacred from tree boles aa breast heighe ersizlg a 4-mm dimeaer 
TeBon-coa~b increrncrlt borer, Borers and e;.xsr&ctors were ~lcaaed with acetone and 
(jejcjnizxd water prior to each field visit arad ~ l n ~ e d  with deitbnizcd waaer befiare each 
ex~actlon. Four cilres from bark ro pitnil w e n  txrracreci f r tm eeaclx uec, Cores wcrc cxtrilcted 
sra ~apprtrxkrnareiy 90-sfegrcc ;angles fronl each other :ir<>inmc& rfkc circun~krcnuc 43E I!IC tri'es, 
SsmpI~il i~scludr-d any rt;scaixtra wcrhxi prc:rt:nt. Nu i;t?rt:s wiai.8 disc:rserf tissue wcrc :tra:rlyzcd, 
PEasoc gloves were uscd ivftciimctlcr cores wcw h;inLHled. Cmvs were rirrscd with beionized 
w a ~ r  lifter c~wacelon in the field and nanspcjned from the ficlef afid frc~zen in? plastic straws. 



Xn tht: lahorrttony, cores wqesp3 divided into five-yea g ~ ~ t h  i~.gc~ements and tfxe segmerlns sf 
the four cores fmm each 5 yr segment were composi&d for each ecsrcs were nGr 
cross--dated before compositing. Errors coulci exist due to missing or insdisrisrcr rirtgs when 
cornpaling the ages of 5 yr segments among trees atld sites. Any such errors  re R P ~ E  iikeIy 
in black c h e q  with diffuse-poroets wood and relatively indistinct P-irlgs than in red oak whh. 
Ping-porous wood and more distinct rings. Composite samples were used to ~ d u c e  sample 
v ~ a b i l i t y  and provide sufficient mass for chemical analysis. k.srgrh of each core ~eg~r.l$nk 
was measured with a calipers and averaged for each composite sanple. Csmposite sample 
dry weights averaged 0.7 g with a range iicpnra 0.1 2 to 6.92 g. The division between sapaivd 
and h e a r f w d  in the cores was not recorded. 

W d  cores wexc analyzed for phosphoms, potassium, cdciunn, magnesium, ixon, xnangsfiinese, 
muiybdenum, copper, zinc, sdu rn ,  aluminum, silica, cobdt, charsmiazm, nickel, Bead, 
cadmium, strontium, lurid baiutn at the University of Georgia, Institute of Ecology using a 
Jml-Ash plasnlo emission specn"ameter. Coxs were oven dried, weighed, ashetl and 
digested in 20% nitric acid prior to anaiysis (Jones 1977). 

Multiple regsession analysis was employed to analyze mads in tree-ring chenrais~y data for 
each element, species, and site. Tree-ring ciiienrical. concentrations were used 8s de~.ndent 
variables and independent variables were ring iise in years, basal area increment in  rnm$per 
five years, and a piecewise regression term which is described later. Basal m a  incremcna 
were computed Emm the mean lengths of five-year wee: core segrxlenns. Serial correlation of 
residuals from these models, as detemined using the Du~bin-Watson statistic, was eliminated 
using an iterative procedure invoilvirag differencing all variables over rime and using s t?treb 
aurmorselation cmfficicnt (Netcr et al. 1985). Alt statistical tests were conducted at a 95% 
confidence Levcl. 

RESULTS AND DISCUSSION 

Basal Area Growth of 'bees 

Radial garterns of basal a x a  growth for the mes showed peak basal area incrertlents xcuued 
at different times among sites and species Figure 1). Older red uak Eees at both sires 
experienced rapid diameter growth beginning in about 1910-20 with geatest basal ma 
increment in the 1930-40 perid. Release. from competition by cutting and chestnut blight 
p b a b l y  explains this growth pattern. Younger red oaks and black cheny showed peak basat 
area increment ~ o u n d  f 960 or a padual increase in basal area increment up to the time of 
sampling. These yournger trees reached breast height after 1910-20 and many are still 
growing vigorously. As indicated in Figure 1 black c h e w  sees were generally youngh d36in 
the red oaks arad the youngest black cherry were h ~ n d  at Pea Vine PIill. 



F i p  1. Basd mn growth rates of (a) Fork Mm. - red oak, (b) Pea Vine Elill - red 
oak, (c) Fsrk Mm. - black cherry and (d) Pea Vine NU - black cherry trees. 



Radial. Patterns in Tree-Hing Claert~issrgi 

Distinct panems of radial variations in the concentrations of chedcaf elements were foirnrad In 
a - ~ n g s  for both sites and species. Patterns obsetved varied with the element inn question. 

A pattern of radid v~at iorn in tree-sing element concentration was identified in which 
concenm6ons varied between an inner and outer zone. Etz the inner zone concengations were: 
relativeiy constant. In the outer zone concennations increased sharply as the cmbium was 
approached. This pattern of variation was designated Type I. Designa~on of inner and outer 
zones does not necessarily represent heartwad and sapw~od zones in these mes. Elements 
showing Type 1 variation were Ca, Mg, Sr, Ba, Mn, K, and P. Examples of this type of 
variation are given in Figlure 2 for Ca in red o& m d  black c h e q  at both sites. Higher 
concenmdons of Ca occurred near both the pith and the cambium in the older r d  oaks; the 
absolute mmimum occurred near the cambium in the last incsernent in almost every case. 
Minirnum concenmtions in the older red oaks tended to occur during the 1910-50 period 
suggesting a growth rate effect on concenmtion for all alkaline earth metals including Ca. 
Potassium and phosphorus were also classed as Type 1 elements even though they are not 
ah l ine  earth metals. 

Several features of the Type I variation suggest a growth rate effect on chemical element 
concentrdtions in tree-rings, Minimurn concennatioras occur at about the time of maximum 
basal area incxmerrts at least for the older oak trees. Concenmtions also increase and basal 
rered increments generally decrease as the cambium is approached. Both of these trends 
suggest an inverse relationship between concentration and basal area increment. The 
importance of this relationship was tested with =gtession analysis since gruwth rate effects 
must be removed to detect any mnds in chemical element content over time, 

The other extreme in radht pattern in tree-ring elements was designated Type 2 with extreme 
vrpriability and general Back of any hadial trend within trees. Elements which followed this 
Type 2 pattern include Cd, Pb, Cu, Co, Cs, Ni, and Af. Figure 3 illustrates this pattern for Pb 
in red oak and black cherry. Although mnds in radial Pb ape in&ca@d for individual trees, 
no consistent mnds are shown for all trees. This was typical of aU the above m e  metals. 
The concenEations of these tract: metals cfid not appear to vary with growth rate or increase 
in the outer, near-cannbium region. 

Type 3 radial variation in nee-ring elements was intemediate between the other two types 
with variable, but 6p~dudtly increasing, concentrations from pith to bark. No consistent steep 
increases occurred in the outer zone. Eiements fd ing  in this category include Na, Fe, Zn, 
Mo and Si. Examples of Type 3 radial pattern for Mo is given in Figure 4 for both species 
and. sites. Again mnds for some trees may Imk like Type 1 or 2 elemens, but the mnd was 
not consistent among trees or sires. Placement of the elements into one of the three patterns 
of radial v;fx3ation was somewhat subjective and regression analysis was used to help qumtify 
xlationships. 



Figure 2. Radial variation sf ace ring calcium content for (a) Fork Mtn - ~d oak, (b) 
Pea Vine Hill- red oak, (c) Fork Man.- black cherry and (d) R a  Vine Hill - black cherry. 
This pattern of variatEon was designated Type 1 with a marked increase in the sapwarcbtf. 



F i s n  3. R d d  of frce ring lead content for (a) Fork Mtn. - red oak, (b) Pea 
Vine HiU - red Q&, (c) F;ork Mtn. - black cherry and fd) Pea Vine - black cheq. 
This with peat vanation and l i~ic rdal mnd designat& Type 2. 



4.  dial variani~i? of tet: ring nxoiybdentrna corscetzt for ia) f'ork bftn. - ~d orak, 
(b) pea vine Hill - rctP oak, (c! Fork Mtn, - black cherry and id) Pea Vine &fill - black 
cherry. mis intermediate pattern of radiai vanation was designated Type 3. 
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TI:: cause of the varying ridial patterns among elements can not be detemined with certainty 
at present, but sanx obsemations are appropn?;ate, The fact that the same type of rdiat 
v&ation mcu~eci for each element in both species indicates the paaxem i s  closely linked to 
the nature of the element and not to the considerable &fference irn w o d  smcture between t!ae 
~ng-porous red oak and dif'lfuse-porous biack cherry. Groupings sf the elemenats inso the three 
types of radial vasiatiora suggest the cause may be linlked to the origin of t h  elements, e.g. 
soil vs. atmosphere9 or the nature of the element. Type 1 eiemerats were 1ageXy bivalent 
&aPine earth metals which are quite abundaazt in the soil. Type 2 and 3 elements are: 
prjmarily u-ace metds found in the soil and atmosphex. glme role radial fra~slscatiion may 
have played in shaping the patterns of element variation observed is unknown. Thus, more 
research is needed to ascertain the true cause of the observed rmrfial variadon patterns. 

Regression Mcbdels of Element Radial Variation 

Piece-wise regression models were developed to describe the radial variation in concentration 
of elements from pith to cambium. Two line segments wen: used in the piece-wise 
regression: one for the near-can~bium uukr region needed f r  at least Type 1 elements and 
the second segment for the inner region. The dependence of coneen~ation on growth rate 
was also included in the models by tising basd m a  increment as an independent variable. 
The nncdel form used was: 

where: 
Y = concenwation of element in segtnent, ppm 
X ,  = basal area incmment for tree, rnm2!S yr 
X, ;-- agc of growth segment, yr 
e = age at inner zone-outer zone boundv,  yr 
X, = indicator variable, X,=1 if outer, X,d if inner zone. 

li'hn3ugh trial ttncl error analysis, the best value for the veable  c was detefined to be 15 
years. 

Serial conelation existed in the residuals froan application of the above model in most cases. 
Since serial correlation invalidates hypothesis testing da t ive  to the significmce of regression 
cmfficienmts, a meehd was needed to remove serial cornlation. An a d a p ~ t i ~ n  of the 
memsfosmd v;ariable-iterative approach described by Neter et d. (1985) which involves 
running the regressicms using all variables afferenced over time with a serial conelation 
cwfficieslt was used to remove serial comelation in the residuds. Using this procedwe 
resessions are run on transdbmred variables as: 
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where s is the serial conelation ~wfficient. The n~aximtmm R2 equation witfa a non-signsicznt 
Dmbin-Watson cmfficient was adopted after iteration on the serial comlaticsn cwfficient in 
inmements of 0.2 from r = 1.0 w r = -i.O. Serial csneHatiow cmfficbnts ranging betweera -0.2 
and 1.0 were needed to e l i ~ n a t e  serial comiatir~ra in the model residuds based upon a 
two-tailed Durbin-Watson test sratisiic. Results of these repessi~ns mn with differenced 
data are summarized in Tables I and 2. 

Trends of chemical element concentration with ring age m- time in the inner-zone, as indexed 
by the b, coefficient, were highly va~able among elemen&, species and sites. In Tables 1 
and 2, a positive b, cwfficiernt Lqdicates that concenrsadon irac~ased with dme or decreased 
with ring age. Significant trends in the inner zone were iwdicaeed in 21 equations, 14 positive 
and 7 negative regession coefficients, out of the 76 toad equa~ons. Within a species the 
only consistent trend was an increase in Mo concentaations with ring age for red oak at both 
sites. This trend is opposite that found by Guyette et al. (1989) in h e m w d  of eastern 
redcedar after 1860. Within sites the only consistent trend was an increase in P content with 
time in both species at Pea Vine Hill. 

Trends for Ca with ring age in the inner zone vaned between species. At Pea Vine Hill, Ca 
dec~ased  in red oak and increased in black cherry with time. Release &om competition by 
cutting and chestnut blight would be expected to increase mailability of Ca. An~nosphe.leaic 
deposition would probably initially increase Ca availability due to mbi le  sulfate anions in the 
soil solution and later deplete Ca if the site feaility were: bw. Pea Vine E l l  soil was less 
fertile than that at E:ork Mtn. I~mcreases of Ca with time in black cherry at Pea Vine Hill 
would more likely be a response to increased atmosphe~c deposition, since effects of release 
wouild be minor by 1935 when these young black cherry reached b ~ a s a  height. Older red a& 
at Pea Vine Hill showed a general decline of Ca with time in this inner w d  zone. Alone, 
this uend might be taken to indicate general depletion of Ca from the soil by atmosgherbr: 
deposition. The opposite  end in black cherry for at least the latter part of this time intewd 
confuses the issue and may indicate species differences in accumulation of Ca in bole wwd. 

Differences in time trends for Sr were also found between species in inner zone wood at Fork 
Mm. Smntium increased in red oak and decreased in black cherry at Fork Mm. These 
trends are opposite those found for Ca in each species at Pea Vine Mill rand may be related to 
the con~petition between Sr and Ca in biological systems. HIowever, no significmt &ends 
were indicated for either Sr at Pea Vine HikH or Ca at Fork Mm. to substmtiate this 
 elations ship. 

Other significant changes of element concentraition with ring age were not duplicate8 iir either 
site or for either species. Type 3 elements which were identified with generd increases in 
concentration with ring age based upon ~sud inspecfion, did exhibit the majePrity of positive 
inner-zone sing age trends. 

Variation of element concenmtion with basal area incaennent was almost always negative 
(negasive b,). In 17 out of 20 equations in which the b, cmfficient was signiEcmtamt, the sign 
s f  t%le coefficient was negative. Negative conelations between element conceaaa-iapion adld 
basd area increment were found for all types of elemnts. Thus, element cnncenmtion 



Table 1.--Re$. oak regxssion analysis s u m q  for Fork Mw. md Pea Vine Hi8 based upon 
&ffexneed data and use of seri;al conrefation cwffcients. 

Fork Mnn. Pea Vine Hi11 

Element R' b, b2 b3 b2 b3 

Type 1 

Ca 

Sr 

Ba 

Mn 

K 

P 

Type 2 

Cd 

PR 

Cu 

Co 

Cr 

Ni 

A1 

3 

Na 

IFt: 

Zra 

Mo 

S i 

Ins = non-significali-t mocfel, see text. 
'N = negadve. trend with time. 
P = positive  end with time. 
- = no significant trend. 
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Table 2.--Black ehcray ragession maly sis s u m q  for Fork Mtn. and Pea Vine Ell based 
upon differenced data and use of serial comelation cmffciena. 

Fork Mtn. Pea Vine Will 

Element R? bl b2 b3 W~ ba b, b3 

1 

Ca 

Mi% 

Sr 

B a 

Mn 

K 

B 

Type 2 

Cd 

Pb 

Cu 

Co 

CP 

Mi 

A1 

Type 3 
Nrp 

Fe 

Zn 

Mo 

Si 

ns - 

ns - - 

ns 

20 N P B 

ns - 

ns - 

HIS - - - 

'ns = non-significant model, see text. 
2~ = negative trend with time. 
P = positive trend with time. 
- = no significant trend. 



generdlly decreased as basal area grow& rate increased. Sirwiix negative conelatiept~ between 
ring widths and elemens concentbarion were found by RagsBde and Beadsh (1988) for hickory 
CCzva spp.). 

Analyses we= ilziso conduced using c:tzemicaj! element loads or xylem xcummhtisn rates, 
computcd as the produc'a OI cur!cent~atit,n arid weight of the five y e a  core increments @aes 
and Mc%,aughlin 1984), as the dependerne vmiahte. This analysis approach did not elirmnate 
growth rate effects. Since use of toads did not simplify the ~gpessiora models, the mdysis 
based upon concendrations and basiil area incrennent was employed. It is cleax that whatever 
form of deyendeni vxiable is used, grc~wth late effects must be considered when andyzing 
me-ring chen~ical elcanent time series. 

Increases in the cor~centaation of elements with tin% in the outer zone QPositive b3) were 
comn1~3~1Iy significant for both 'l'ype 1 and 3 ebrnents, as expected.. The regression 
cwfGciet~r b3 was signific;int in 28 our of '16 total equations; with b3 exhibiting a positive 
sign In 27 equtrtions. 'Il'hus, element consenwation inc~ases in the outer zone were significant 
even after the effects of reduced basal area growth rates in this zone were removed. it is 
hypothesized that sap flow and catioxm exchange within the near-cambium xylem elements 
(Bondmrti et a!. $989) is psin~ruily influexlcing concentPations in this oum zone. 

Distirtctly different ri~dial pateenls of chennkcd elenlent concenu-asions occur from pith to bark 
aritrng clcments regardless of sirecics tested or site sampled. 'I'hese patterns appear related to 
ttac n;lture of the elcrnents and pcrhnps pathways for elements to reach the bole wood. 
Piecewise n.nuftif.rle regressioii n-nodels with cosections for serial conelation were developed 
to describe radiui chemical element ccancen~ation patterns. High concen~ations of elements 
were generally usscxiated with periods of low basal m a  grswth. ChenGcaE element 
cnncentrariorzs atso increased line;lrly as the cambium was appmached in an outer zone of 
wmc& of 15 years width. With the possible exccptiun of Ca and Sr, trends in chermicral. 
elemea~t concentr;att(asrs wit11 tree-ring age in the inner wood zone did not appear to be related 
so irxlpacts of timber cutting, chestnut blight and atmosphe~c deposition. 
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