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Abstract: Agicealturdt limsstor,e was applied in vrsxyious amouns iie, the sudace of three 
10-m square forested plots on Pea Vine Hill in Westmoreland Couraay, PcnnsyIvmia; a fo~~pzh 
plot served as a control. Measurements of soil e~ch~mgeable calcium and base sakam~on 
revealed positive responses to limestone additrion on aEi teated pbes. However, percolating 
soil water (leachate) was nor significantly affected up to five monrths after Eeatmenr. Four 
years after @atmen$, A horizon exchangeable Ca and base saturation were redarc4 almost %o 
pre-treatment levels. Response of E horizon soil to limeseane @eatmeat was manifested in a 
doubling of base saturation after two years with a xtum to pre-aeatmene values after four 
yem. E horizon exchangeable Ca was also increased but by a lesser amrsunt. Forest f l ( ~ ~ r  
vegetation responses were highly variable; however, liming increasd species diversity. 

Current interest in the potential impact of acid deposition on temesu-ial ecosystems is in part 
centered around the long term supply of soii base cations as it relates to increased leaching 
caused by acid deposition, (Bondietti and Shonle 1990). Many kvestigators have heen 
attempting to relate observed Eee decline syrnptams to nlntxdeart depletion. RcbbeEs et al. 
(11989) reviewed literature related to Type I Spruce Decline and concluded that acid 
deposition-inducecf soil magnesium (Mg) decciencies are a chief cause of these symptoans. 
They cite several studies that reported reversal of decline symptoms following Mg 
fertilization. Ke and Skelly (1990) reptrrted Mg deGciencies in a Noway spruce (Pl'eeu abies 
(L.) Karst) plantation near the site of this work. fosBin and Wolfe (1989) repofled significant 
correlations betwmn Ca concentrations in northern red oak (Quereras r ~ h r a  E.) roots and 
leaves and various liming treatments. 

Johnson and Todd (19919) auld others have recently reviewed Ca depletion on forested sites in 
relation to leaching by acid deposition. Bondietti and Shasrtfe (199O) and Fderer et ak (8989) 
have concluded that acid deposition has resulted in increased Ca. Beaching. Based on an 
analysis of long team soils data at five sites in the eastern U.S., Federer et a]. (1989) have 
estimated Ca leaching rates to he 4-1 6 k@a,/yr. 
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However, previi.rrss work 011 the fc*lizaticprr of afhx&,eiqqg~ds in B-"eax~~sylvaaaia i s  equivscd on 
this point. A~cl~m~ywils; (1983) reported increased growth of black ck~errj ( P B ~ U S  serota'raa 
E%E~.) following N iarsd P fe:~blizariorz and he funhen: contended (Ab.achmoa1y 1985) that Ca 
was nor. limiting gcpwtf: for b%ack cherry in ehe Allegheny N;itit>:a& Fo~csz. W a d  and 
Bowersox (1970) showed i ~ ~ ~ r e i t ~ e d .  gm3altkh hill, an oak stand that received both N and Ca 
applications. Shape et al. (in pa4ep;xarion) repon increased growth of red o& seediings 3 . f ~  

fexei.iizatit~n w%.& bone meal fC&Q) in a. geenhause study. Fertilier applications have beern 
shown to be beneficiaE to the establishrntene of tslack c B ~ e q  fcfllowirrg Kxruvestiglg activity 
(Atachmo&y 1985). The effects c ~ f  applications of N, M and l i n ~  om element ifluxes were 
investigated by Matzrner et al. (1983). They concluded that N anld M lisfli%iza:iorn inc~ased  
leaching of A1 and Mn while Simitlg substarrdally incwased the CdAl ratio in soil so1utior.i. 

In 1983 an Investigation of bbiogeochemical cycling of acid deposition was initiated an Pea 
Vine Iliil in sssuthwesrenn Pennsylvania. As a park of this effcm, I h 1  x lCfm plots were 
mated with agricuhlsal limestone to defernine eke ilnpact of cdcium (Ca) ddition on soil 
tcacltate qraitlity. In this study we attempted to d e t e d n e  the impact s f  I k e  additions on soil 
leachate chemistry, soia exchmgeable Ca, base saturation, md herbaceoens md w d y  gruurid 
vegtation. 

A descriptaon 06 the study area is given by PIPeWalle cr al. (198%). Instnrnlentation for the 
collectic~n of soil lei~citiate samples, leachate aniilysis and estimation of rau~ene fluxes are 
given by DcWallc: et ;if. ( 1  988) land Swistock er 31. (1990). 'fhe soil was a B%nzeltc~nDcHCdb 
loamy-\ke?eeaE. ~nixcd a;rle%*ac typic Dyseraclzreitt located on Pea Vine Rill in souahwesteda~ 
Peir~nsylkania. 

Adji~~erat IOm x lOnr  plots wen: established next to at1 excavated sail Bysimeter pit. Suction 
Idysiasnetcrs were installed on these plots and pan lysianeters were positioned beneath the plats. 
Soils in each pit were charactenred (IIeWaiie et al. 1988). One piot (pior #2) was designated 
as the ctanwol aiad received no Kirnesstane. Plots #1, bl4 and #5 ~cei i ied  bagged a&cultaad 
timeste3nrr on Nc>vember 1, 1984 at the sate of 5.9, fl,E, and 2.9 tonnesha, respectively in a 
one-tin~e appkieation. Tile Iianestrrne was applied :a the surface ctf the litter Iayer by hand. 
These application rates were designeci to pi~b~diacc: a buffer pH of 5.5, 7.0 and 112 the 5.5 rate, 
respectively irr the A soil ha~zon,  The calcralatiorr of limsrone application ratcs was based 
on the SMP buffer pH (Penm State Soil and Forage 'Testing Labcrratuq) of the 0, A, md E 
horizot~s prior lo &carment and the volume of storae free soits in each horizon. The soil in the 
A and E horizons was estimated to be 30 percent stone. The sbndard a@cultuhd lime 
requirements to prduce the: brrffer pH's anentiorsed, for as1 bitid buffer pH of 5.8 for a soil 
depth of appn~ximarely 1'3 cm, were adjusted by reducing the lime requkement by 30 percent-. 
The 1986 :x..casttremeatts of A horizon soit pIl for the light, moderate and heavy application 
revca'ied estimiz.frcl pH's of 4.0, 6.9, and 5.8, rcspectiveiy. The control A ho~zhsn pH 
remained nzex pH-l 3.8. C8ansequcnaly, the rnethd used to cseiaute lime app'iicaGon is itm need 
of further reS-inell.ieraa for acid sails. 
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Twc, simples were obea~ned from each soil honzen on each plot. Soil samples wesc malyzed 
in the Soil 3nd Forage Testing Laboratory aan the Pennsylvania State U~elivessity far CEC, pH, 
exchangeable Ca, Mg, P ard K anti base satur2tioal. 

Soil leachate was collected bi-weeuy utilizing both zero tension pan and cermic-cup suction 
lysimeters. Swistock ea a'i.(1990) contains the details of Iysimeter insalIation, data collection, 
and laboratory methais. glbnfy E ho~zo~a zero-tension data are repofid in this papem: 

Sttrveys of forest floor vegeta6on ealployeld ten randomly selected. pemanenr 1m2 plots on 
each fQm x 10m @earnerat area. All wocdy and herbtaceous sterns were counted once psior to 
treatnsent m d  four times after Eeatrnent. Stmmeys were conducted in September of 8984, 85,  
86 and 89 and June (sf 2990. 

RESULTS 

Soil Chemisfry 

Limestone applications resulted in increased levels of exchmgeable Ca and base s;eturatation in 
the A and E soil horizons. The greatest increases were in the A hor?izon soil (Tables I. and 
2). Within two years after surfrace application of gr(~und limestone, Bevels sf both 
exchangeable Ca and base saturation increased CJXamaticaBy; however, within five years of 
Beatment significant declines approaching pre-matmene levels were appuent. Despite these 
declines, more @a was presetat on the treated plots than prior to mament. 

Table ].--Changes in exchan~eable Ca in A and E hcbJdzoaas with time for a11 ~lots .  

Control %ow Lime Med, Lime Hi& Lime 
Year A E A E A E A E 

--------------------------------------- ("a (mq/lmg)--* ................................... 
1983 0.85 0.70 0.75 0.35 0.70 8 . a  0.60 0.35 
1986 1.45 0.40 3.65 0.62 15.4 0.58 21.0 68.62 
1988 8.35 0.30 1.44) 0.30 0.98 0.40 1.72 0.30 - 

The precise fate of much of the applied Ca is not known. A pogiorn was most probably taken 
up by plants growing on the site and is being cycled though the system, with temposq 
storage in the forest floor and humus. It is $so quite likely that Ga. has been Beached from 
the root zone by percolating soil water. 



Table 2.--61"h3ilgs> in 11 and t :  horiri71; haw ~:i i i r ;a~ir?n !%;nth iirr;r ffx 2.j; j p i 8 . ~ ~ .  
-------.----..-," "--- --.-,--.-.-- - , 

Soil &Vnt:.r 

Srrla iar;i:t:r w;as i:otlcctcd hr:racath rhc B'; ;md kZ h r ~ r i ~ o n s  on :ali g.riior5 with zcrct-tcnsir~n pair 
1ysirwxa:tcrs f i ~ r  one ye;u prior 10 i i l ~ ~ t :  ;jlpplid::tfiofi a!:d five n ~ o i l t h ~  ;efrcrward. Dccnuse of 
scastasllil diffc~fnccii irr soil water yhiiility, si;i',istical C O ~ : J ~ ; ~ , ~ S O Z ~ S  of btfc~rt" and after Ieaclrarc 
&tin :ire for nilc sarm fivc r r ~ t m r l ~  I ~ T ~ ( K I  jNovctnhcf-M;ti'j. 'Tiihft: ~ C ) l \ f i i i r ~ ~  a stlrnn\&?p?.y (if E 

'. " 
irt3ri;rrm le::tcll;rrr rl~rrl~isfz-y bcfarrr ;trreH :tfrrr fitlsc ;.tp~.slic:;rtitrn, I fscrc were fro signil ' itaf?~ 
dit'fit~nces in C':E ~ o i ~ c c t ) t n t ~ i o ~ ~ s  i ts c > t i t ~ ~ ; i ~ ~ i f  by :k:2* ~ I ~ P ~ * I Z I . ) I I  Iysiinetcr~ ~ C ~ ~ P I P :  and after 
liarn~cattrtic: ic~rplic-:irictrrs a x  :inlilng ~ricrrs. Al conc~:;~ar-;iticrns~r *;tioru ?lOi ~ig;zlificit~ttIg: Clifferet~t for 
ruiy cc~r?-rparisc)r~r csccy-rr tilt: B?r.fi~rw :rnct ;iPtcr pcr-icds opt the CI%II IPU~ p101. 1:1 gcncrxk, P ~ C I I C ,  

wrn: no ccra~sisrr~t~t dii'krrrr~c:r.s irl ~ f~es i .  J;tria, Ijnfan~ir-iately. ;rtt,t~itc,ri:rg of soil tvstr:r 
chcrarisxry ~oulel not ht: i :o i~~ia~~.tc i i  kxyrruid ~f.rc f t a ~  n~creltit pcritnl. Iifecause. gnjiirrncf %irrletstoiue: 
dissolves wlar~vciy siirwly, five III:PBII!IS i4:;1s i?a.c,hiikiy tnot sttffjcicnt t o  d~:t~r;r act irrcreasi. in 
<:a i :o i~~~rttr: i t i t f t !  I ra  rtw f: Iv.$r-?,cril sclii 9v;ira::'. M;arsctrl:cr el :t i .  ( 'i!?X9) r.t~~wrncr1 tinrte itic~.;!sch? 
C.'ri W;!S slot ~ x ~ ~ t ~ i i i f ~ e c i  la-;ict?atr* ; t i  50 srll ~fcpth  t i i ~ r i l  six  ~ ~ t c m t i l s  trf'tcs iirning D s:rndy s(.t!l. 
~,XOV\,CL'B:C, the., P;tzi tltar i< !rcrri;roml rcbii crc%::tngc::~\~fo (::I :inti base sat~irritkor~ incxe:fsrd is 
evidezmcc f ~ r  ieitching of k:;r frcrnr tii:: Iit?cr, ! i i l ~ l * ~ \ t ~  aid A iltrrizcfjt~, 

Chantgcs iiv;~ttrre(I in heirbiiccotis :ialcl wc?ttr!p. vtgernrio~i g.nm.irtg con ~ h c  nest plrass. Fctr st?rmw 
species rlxcsc: ci'~;lnagcs ;apftc:rred rt, hc i+r>ni;isrcr~i :inad t;rarisriz;aily ~;ignifc;arzi. For a~thcrr;, 
!~caavevor, it was difficult r o  ;tsccrr:\ia~ i:itlrr.r r,rcnJs over tlnle or signific:nnt ciriffereraccs among 
aealaakcr-tls. We !~iiva: selcckd salrne spccics ctf grearest iaareresx io mallageinent forester$ for 
afisctissit.,rr. 'These incltadc gi-;vis ~ U K X S I P C C ~ ~ ~ C $ ) ,  h:ey-sct"nf~ti fern (Denrasrucdria punerilohulii 
Michx.), htuc%scrv i,k-'crt:ca^~alirt?~ s ~ p . \ .  ricer acialgtic g;nss (k)anit:il~n clizfid~slitzim I...}, blackbe- 
IWrdlf:is y a ; ~ . ) ,  rcil nnapfe (Ar.c.r rzdbj~tutt L.). bt:\ck ~hr r ry ,  red oak arid chestfitat oak (Qicet-t:tar 
prirllds L..,.  I. 



' Vdues in the same m i ~  f 0 1 i t I ~ ~ i f  hy diffcscrl~ tt:ttrs.c; iw ~ignific;intHy different between plots 
ar a-0.SiS for ?lie sitme pcrkx1. 

' ~ a a  asterisk (*,l :it\!~otts ik ~lgi~ificitr~t (Eiffercnt:~: (~1::(!.0.5) for- the i~i'oa-t: and :ifrcr pesrtxjs o r ;  
shc sarrre pior. 

Sanm CiLtT iin rttc itrtcl19rct;ttion of' the hi~l:~f i i t i i?r i  ~1:tta is ;~f~pi.opFa;~tr~'. 17ix cxaelapie, althcsilgh 
IQH5 was the first year fcjtla.,wing lir.ning, mncit of $ 2 3 ~  Biillc re.m;iincd visible on thr: bk~rcst 
f2nor irrdic;;iting tlmst it  w ; ~  not yet wailabfc Ehr plans use. Consccluently, 1985 should bc 
viewi:d as ;I triansitlon year where the f tdl  affect of the wetttnPIcilt was f r o :  cvirfen~t, Entnl 1985 
to the prcscnt shere is rira incxasc In :%IC ;efxl(~~~nt of grass (tlnspecified) on the lirncb plots. 
Elowcvcr., except fo"nr 985, rhc ar?scrtmnt of grass itn o r y  liined piot W;~S not, sEgnifici.sne8y 
difft:rt:aln frtjrr31n ihiia on the crl fnt~~1. 1)a:t:r IoIigtai:  g m s ~  iX.:igun: ? f  inosxased frm~ %!IXCi th~jtigia 
I99Q) on rf:t pltst which received the feast 'Iinlt.. On the i l l ~ d i ~ r ~ i  biifrle P ~ O E ,  deer f~ngiie grast; 
was ;always greater than ehc px-xreaamen year and 033 the high lime pli>t. deer tongue 
abu~ditnca: wits grcat.cr in 3985, 89, ;in6 '31). Witttin year rflffc~nccs were sigzaificnnt k,h:twecr~ 
the control ;axid high and HOW lime piofs in I989 and iow Iinx plot in 1990. '1"hcre appeiued 
rtr be zar, increase in cieer rr>stgtte grztss {an the plots receiving rhc most lirne. 

Kesnabcrs ctf b'it!c_.hcq on the ~nedirnnt Iirrlr pitrr dccfined ttftcr rhc 1986 high, but this decline 
is corifotlnded by nfr equalty stcady deciine in  rtliaalbess oaa rhe conlrml plat. The relatively 
%ow prc.-rrearmcnt numkr:; tsn high and low lime plots also appeared to decline after 
tmatnnenr. Nnr~e of the winhiat, year differences were sti8:isrically significant. 

Flay-scented! fern (Figure 2). a p8a~t thar seems to f ~ t  i:?&-rezsing in prominence i1-t the forests 
stf Pcnnsyiv;tni;i, a p ~ a a e d  rtp decline: on rnrdiilrrr lint2 Ic>w lirnt: gz9t)ts. I'Xmc high l ime plot 
shgtwcd H38 dccrk:;ix in fern nmrnkers. Barc-ixirlr~xlrt rind 1985 f r ~ i  I I L ~ T P P ~ ~ S  WGX not 
signific:inrik, diffcat:rlir bctwczfa tilie ccintstd t t r d  iricc.litan.r and low iirn.~; p8ors; hr,wt:~er, in l a886 
311 aimed ptotc; had significantly fewer f e r n ~  tii!irr, e f i ~  ci.rltlr~i. B y  1990, 3iEfe~rai-ES bc~wce:~ 
plots were simiiar to %hose; prior to Irc;ainxent. 



Figure 1. Trends in abundance of dccr tariguc grass on  thc control (unlimed) and each limed 
plot from 1W4 to lYM. Different Iciters above bars indicatc a signiftcant difference (o! =0.05) 
within tt given year. Diffcrcnt letters in parentheses above bars indicatc a significant 
differcncc {a! -0.05) between years for that plct. 

F i r  2. Trcndc in aharndance of ferns om the control (unlimed) and each limed plot from 
I984 to IVXJ. Dif'fcrcnt fcttcrs ahovc bars Indicatc a signiiicant diffcrencc (:it a -0.05) within a 
given year. fliffcrcnt icttcrs in parcnthrsrs ahovi: t.r;~rs intfic;itc a significant difference 
(a =O.OSj berwecn years for that plot. 



Rdlas spy. i r ~ i p o ~ a ~ ~ t  k%d. species for white-railed deer, appeaed to increase on tall plots 
after eeatr.nent with the exception of 1986 when no R&w spp. were encolanted on m y  of 
the plors. Nan~nbers were low in all cases; consequently, there wen: no significmt differences 
m o n g  the plots in any yea;-* 

Red maple seedlings did not appear to respond to Hiring with the exception of 1985, when 
the low lime plot h id  sigmificmantly more seedlings than any sf the other plots. All plots had  
consistently higher numbers OF red maple seedlings after Beatmerat; however, with the 
exception of 1985, the limed plots and the control were never significantly &ffe~.ent. It would 
appear that red maple did not respond to liming. 

The data for black cherry are pomayed in Figure 3. Only the high lime plot apnppcwd to have 
increased black cherry reproduction dbllowing liming. black c h e w  sediargs were 
counted on the low lime plot, but the total numbers wem low. Black cherry seeaings did not 
increase on the control plot. 

As can be seen from Figure 4, red oak seedlings were scmce on all of the test plots. Only 
the medium lime and control plots had any oak seedlings in 1984. No plots had oak 
seedlings in I985 and only the medium lime plot had seedlings in 1986, F ~ l l ~ w i n g  rn 
exceptionally good seed crop in the fall of 1989, all plots except the control had oak 
seedlings in 1990. 

A St~arlnon Diversity Endex (Margalef 1958) was computed for all pbts for each yeah that 
survey data were collected. The diversity of forest floor vegetation increased on the limed 
plots after 1985, but decreased on the control plot (Figure 51, The indicies compued for all 
limed plots in 11990 were significantly different (a = 0.05) from those for 2984. The control 
plot index in 1990 was not significantly different from that of 1984. 

These plots were not fenced to exclude deer. The area in which the plots were located Bad rs 
high deer population. During the study, an average of 41 deer were harvested from this 324 
ha management unit each year (Fritz, personal communication). With the exception of 1990, 
dl vegetation surveys were done in September. In all years except 1990 every thee seedling 
was browsed and no seedlings were observed to attain a height greater than 20 cm thmughout 
the course of the study, 

These limited results, present evidence that addition of' ground Iimshone to the f o ~ s t  floor 
increased the Ca concentration of soil in the rosting zone. The heaviest s~pglica~ons d lime 
grrwfuced the greatest increases in exchangcahle Cm. Within five years dtcr  application, 
exchangeable Ca had returned to near pre-tream~esat Ievels in the treated soils. These results 
are in close agreement with the findings of Mxschner et al. (1989) for a limed plot 
expe~ment conducted in Berlin, Gemany. Plmts growing on the plots were am~doubtdly 
involved in .removing a portion of this calcium through uptake and cycling through the forest 
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Figure 3. Trends in abundance of black cherry seedlings on the control (unlirned) and each 
limed plot from 198.1 to IFXI. Different letters above bars indicate a significant difference 
(a =0.05) within a givcn year. Different letters in paruntheses above bars indicate a significant 
difference (a! =I).OS) bctwecn years for that plot. 
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Figure 4. Trends in abundance of oak: sccdtings on the ccwtroi (unlimcd) and each Eimcd plot 
from I084 to tYX1. Diffcrcnt Ictacrs akovc bars indicate a. signifiuanl. dilfcrcnce (a =0.05) 
withiit a givcn ycnr. Diffcrcnt !cltcrs in parrnthcscs above bars indicatc a significant 
difference (CZ = 0 . 0 )  hctwccn ycars for  ihat plot. 
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Figurc 5. Trends in tEic Shannon Diversity Index on thc control (unlimcd) and each 
lirned plot frorrl 1984 to 1990. 

floor and humus back to she above ground portions of the plants. Leaching of &la by 
prcolaring soil water also probably contributed to the depletion of the Ca applied to the test 
plots. Unfmunately, long-term soil water measurements were not ma& to enable an 
assessment of the relative importance of these Ca sinks. 

Forest flmr herbaceous and w d y  vegetation rappea& to respond positively to liming. 
Species diversity increased on the limed plots as did the numbers d some plant species, 
Black cherry, deer tongue grass and red oak seedlings dl increased signi5candy in =lation to 
the control plot after liming. May-scented fern declined significmtly on the plot that received 
5.9 tonnesha of lime. Other species that declined, but not signiEcmtly, were blueberry and 
4 maple. Species increasing in number, but not signifncaintlly, were gmss and bltnckbesfgr 
with the highest numbers generally occuning on the gist that received the heaviest lime 
application. As mention& previously, all of these changes occurred &spite the presence of 
Barge numbers of deer and evidence sf considerable deer browsing on the test plots. 
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i,irnt: ~q1'ptBca;ic~n i ir NCY~I.IL! t c s ~  plr,~:.; ozi ijaf.e!ti!n-Dr:kitIh soil Ic!cat~cil i r r i  Pra Vine I4lil in 
sauntl~~cstcnr Pe:t~risylv;ini:n rcsuieed i n  iricrc:rsc<,i;i tiivcniry r l f  gs9innts gntwing f i x  pirbi:,. 
Nu~n!?rrs af bla<,k uhcrry st:r:d!l?sgc~ if.ci:?-c.al;ccf and iaciy-l;cc:snrfnd f'crn rtut~&cr~; iEccj~cast:6. f:dzl:r 
ennguc g~;.lss ;~lsc) incrcr:seti si,gr~ifii:nntly o:.a tkac iinr.it:ri plots. I;~cmascs is1 t.;~cli:anggtt.~?>lz I':a in  
rhc r l  i~cjrizort (!f this ~oii  WCPC stiiH ~ v i i i l * n t  b 1 ~ 1  ; i p~>~. i f l~c t l i r ;g  I ~ ~ C - ~ T C ; ~ ~ I ~ I C T , ~  Bevcts wiihin five 
ycnrs tafecr iitnlirig. Soil v;;tai.i s;impliizg p~obahiy riid not crmtiraue i:arr!$ er~atigh after liriling 
& 5 rno) t o  cietca:i C;i iraching. In  gc:.n?cral. rttc plot xcisivinp tire hear iesr. i~a-nc ;~pp!icarioxi 
( i 1. : ionnesfila) shcrwetl shc greurcsz ovcsull vcgciation rcsponsc; howeve:, even dtc pIr~a 
scct.iving the. Irawcst airyriicailon 12.9 ic9ranccAa;t) aype:a~,d to Cietni3:~l;tra~e positr~ze respotase ro 
Iiansnng. It wctrrlti appear that mtwitranc (5.9 ttctnnrsi%;i) or light (2.9 rc,rrncs/t.r;if 1 i r t . i ~  
ug)l?!lcriric$f.is ~ i x l i l d  Bc sttf'tmcicn~ t i )  jsro&!zace fiivcar;iblr: cilarlges in r t~s t ing zone sc~ii ci~cnmis~l.gi. 
'I'o rtr;rintair! i;trcia c.hrsra.gcz or! t.fais rt.iic, ;idditt0~1ai lime in  these amc.itxalr~ wr,u'rd have ro he 
applicci ;tr nplprt,ximatciy icsur.ycaa ir~tcr'vrtl.;. 
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