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NUTRENT CYCLIKG IN CENTME mERDWWD FORESTS 

James A. Lynch and Edwwd S, Corbctt" 

Abstract: Fouaeen yeas of streanlflow and water quality data from the Leading Ridge 
Experimentali Watersheds in central Pennsylvania were analyzed to deternine the long-tern 
i q a c t m f  a commercial forest harvest on smam water chearnistry and n u ~ e n t  loss. 
Cbacutting 44.5 ha of an 104-ha watershed resulted in significant increases in nitrate and 
potassium concentf-ations and significant decreases in cdcihnm, magnesium, potassium, and 
sodium concencations the first-year following hasvesting. The: lower concenrrsntions resulted 
from a dilution effect caused by an increase in stream discharge. Although staaistisalily 
signsicant, the observed changes in ionic concentrations did not cause any serious 
hte~orat ion in stream quality. The changes in most solute concentrdtions, which were most 
prono~mced during the p w i n g  season, appeared to return m pse-cutting levels by the third- 
year. Elowever, concentrations of most macro-nu~ents have peridsally exceeded pre- 
harvesting levels as late as eleven years after hamesting, Although nutrient export increased, 
the losses were quite small, restricted to the first year, and did not appear to be sufficient to 
affect site fertility. 

Changes in serean chemisu-y [oflowing timber harvesting were not considered a problem until 
the late 1960's following publication of results of a study on the Hubbard Brook 
ErrpeP.imentd Forest in New Mapshire (Bommn et al., 1968; Likekerns et a!., 1970). Since 
then a number of studies have shown that changes in the concenmtion of a number of 
inorgmhnic ions, all of which are impo~ant plant nutrients, do occur following timber 
Barnesting (Auberzin and Pauic, 1972; 1974; Corbett ct al., 1978; DougEass and Swank, 1975; 
FeeEerer et al., 1989; Hornbeck et d., 1987; Ktchendepfer and Aubenin, 1974; Lynch and 
Corbett, 1990; Lynch et al., 1985; Lynch et al., 1975; Wartin et d., 1984; Martin and Pierce, 
1988; IPeinharr, 1373; Swank and Duuglass, 1975). Increases in nutrient concenerations 
following hmesting have been attributed to ac~ccele~sed nutrierat leaching due to exposure of 
the site to greater than noma! amounts of heat, aceelemtion of the nierification process, and 
increased leaching of n u ~ e n t s  due to the loss of uptake following plant aenrovd (Likens et 
al., 1978). These studies have also shown that she changes are highly variable, very site 

'~~rofessor of Forest Hydrology, 'Tire Pennsylvania State University, Schml of Forest 
Resources, 31 1 k m s t  Resources Lab, University Park, PA 116802 and Research Hy&ologist, 
USDA Forest Service, 301 Forest Wesou~es Lab, University Park, PA 86802. 

8th Central Hard%,& Forest Conference 5W 



specific, and generally refated to the severity of the cut and %he rate of revegetation of the 
cut-over aea. T%%e rate and Begee. of revegetation appear to control the longevity of 
increased nu~iel-tt concentrations. 

Two things most forest hmesting-nuherat cycling studies have in common are that most have 
been resn-icted la-ge8y to nutrierll corzcen@ations md that most have been re.elative8y shonz-tern 
studies, lasting three to five years. Since timber hansesting, pmicraltufy clie~a~cutaing, 
substantidBy increases stream &scharge (Hibbert, 1967; Lynch et al., 19721, evduation of its 
impact on nusrient cycling must take tehs into consideration. k r  example, increases in n i ~ a t e  
concentra~ons that generally foIlowing forest hrrrvesGng are actually greater when Glution 
effects from increased flow are csnside~d. Conversely, deaeased concen.t~ations of calcium 
and other ions, which are often observed and caused by a dilution effect a t ~ b u t e d  to 
increased flow, may actually represent an increase in export if the ccsncenltrafion-dilution 
effects are not linear. Consequently, the most effective way to evduipte the effects of forest 
management activities on nutrient cycling is to express the changes in both concennagon 
(m&) and export units ( k o a ) ,  the ]latter sf which considers bath concen~ation and 
discharge interactions. 

The longevity of forest-management-n~ierient-cycling studies are of pmic~1ar interest since 
forest mmagemellt activities can impact both the hy&ologic regme and plme communities 
for tens of years. Consequently, the common practice of tem~inating a study three to five 
years after forest hamesting might be premature with regards to evaluating its total impact on 
nutrient cycling. kong-tenn changes in nu@icnt cycling c a i  result from dteration of 
weathering processes, disnvption of hydrologic flow paths, failure s f  water c o n ~ o l  devices, 
inadequate regenemtion, and site ciistmbmce due to unauthoHized entry, among other things. 
Weneves any of these conditions prevail, the overall impact of forest harvesting on nutrient 
cycling land smam quality might persist for 10 to 20 years or more. Such long-term imprtcts 
have been assessed on the Hubbard Brook Expehimentd Forest in Mew Hmpshke where 
impacts of forest harvesting on hydrologic and mu~en t  cycles were observed to last I0 years 
(Hornbeck et al., 1987). A study of long-tern depletion of nuuients from six fms t s  in 
eastern United States suggests that forest hamesting and increased leaching stimulated by 
atmospheric deposition could remove as much as 50% of the available calcium in only 120 
years (Federer et al., 1989). However, the authors caution that adGtiona1 research is needed 
because she uncertainties in the estimates are large. 

The purpose of this gaper is to ,oreport on shon- and long-tern changes in nutrient export from 
a 44.5-ha commercial dearcut in central Pennsylvania. The impacts of this conullel-cial 
clearcut on nutpient concentrations, turbi&ty, sediment bvels, md stream temperatm, and the 
imprzmce of these changes with respect to meeting Pennsylvania's water quality gods and 
EPA's anti-degradration policy of the Water Qurality Act of 1987 were published earlier by 
Lynch and Corbett f 1990). 



This study was carried out on the Leding Ridge Experimental Watershed Resezch Unit 
]mated in the Ridge and Valley Rovince of central Pennsylvania. This unit consists of three 
adjacent watershrsds that are I23 (LRB), 104 (LR3), and 43 (LR2) ha ira area. These 
watersheds were selected to be represenpafive of appmximrafely 4 million ha of h ~ s d m d ,  
much of which lies within established municipal watershed bound&es. 

Watersheds within this hesearch unit m equipped with mdified broad-crested Txnton weirs 
with a shq-crested, 9O-degree, V- notch in the cenmser n~easwe S W ~ ~ B J  dischage. 
S~eamRow is monitor& using W-l water level recorders slstd a seven-day ehm cycle. All 
watersheds have soaxrheastem aspects and range in elevation from 244 to 442 m. Mean slopes 
on the watersheds vary from 12 to 17 percent, with maximiran slopes approaching 50 percent. 
Mast of the soils on the watersheds are residual, havhing devebped in place through the 
weatheiang of undersying strata. Soils on the tower slopes ate p ~ m ~ l y  silt barns md stony 
Jioams that are well drained and have high moishnre holding capacity. The n6dde and upper 
slopes include welil drained cobbly loanas ;and stony loarns with high moisture hoiihng 
capacity. 'Fhe ridge tap is cornposed of cobbiy and smdy Ioams. The average depth of the 
soil mantle is c2 rn. Eight soil series are fourad on the waressheds, They include four 
BjltisoBs--Andover, Buchanan, Clymer, and E~dig- -md four ilnceptisds--Berks, Dekalb, 
E%azBeton, md. Wcikert. Three major gcologih: fornations underlie the watersbeds. Most of 
the Iower slope is underlain by Rose Hill shde. Caseanea smdsto~le tnnrderlies the upper 
ponion of the lower slope, n~iddle slope, and most of the upper slope. Tuscmora qumzite 
usrderlies the ridge top. 

Repeated timber laantestintg plus the effects of fire and &searsc during the 380Cl's have resulted 
in she pmsent-dirty, uneven-aged forest. Changes occur iia the vegetative camuni ty  from the 
valley to the ridge top, The ridge cop znd upper slope corasists of a community of red oak 
(Qrdercav rubrrr Ashe.), chestnut oak (Quercw prinw I,.), black oak (Quercw cseelhm Lamb.) 
m d  pitch pine (Pinas rligida MiII.). The Iower slope rand bottodand species include white 
pine ( P i ~ a q  s~mhres L.), eastern hemlock ('Tsuga camrferssis (L.) Can.), black Sir& (Bemla 
Heprfrr I,.), red. black, and white oak (Querera~ albrr I,.), and tulip popla (Lira'odeierrdrot8 
tulipfe~a t.). 'The clcPminant tlnderstory include black gum (Wr~~~rsa sylvabicce Mash.), red 
mrepBe (Accr rithrm L.), flowe~ng hfdfgwd (Cornr~s floaicda L.), and witch hazel 
(Hamma~~redis virginiuna L.). 

The clirnrafe of central Pennsylvania is of the humid, continennd type. Although frontal 
stoms are the most c o m ~ o n  source of precipin;ntiorn, convectioad showers are prevalent 
throughout the slammer months. Monthly &s~b.ibution of precipitation is such that 
approximately 25% more is ~ c e i v e d  during the gowing season (May-October) than during 
the domane season (November-April). Monthly precipita~on ranges from k 1.66 cm in June 
t s  5.92 cm ill December. Am~mu:al precipitation averages appmximately h 12 cm. 

The styearnls draining each basin develop from two perennial* first-order chmnels and several 
intemittcnt chmneis, $1 of which Ire below the bdbrrndaHy of the upper sfope unit. Runoff 



takes place primaPify as subsusace flow, rather than sea~dce mnoff, Masrmthly streznx 
dischzge, reported as ;a percentage of ~ k t :  total 22nr;at s t readow, increases; steadily from 
October rs April, after which i t  declines throughorat the growing season. 1~fi:lr;c6s~-ic~i!ly2 about 
405% of the ainnrual precipitation tsdrcuss as s&ea.~a.~low, 

REf EARCFi APPROACH 

The paired watershed method. was used ro evaluate ch'mges i . ~  nu&iciat export and smam 
dischage following commercial haskresrirlg on these central Pennsylvania watersheds. 
Leading Ridge Watershed One (I.,HZH) was aised as the urldisturbed casntroi; watershed. 
Leading Ridge Watershed Three fI.,R3) was selected for the commercid clearcut;. Charxges in 
water quantiry were based an linear regression analysis using 17 ymrs of pre-kmest: stream 
&schage measurements from both the ne.ateb and combxol watersheds. The aranual. and 
seasonal. regression equations and m e a s u ~ d  smiam discharge from the cone~ol watershed were 
used to predict stream discharge from rise treated watershed assramitmg it had no:: been clearcut. 
The difference b e t ~ ~ e e n  the predicted dischafge and the measured dischrsgg: on the ihmrested 
watershed represent the ch,mge in snrearulBcrw as a response to h~rvestiag. Statistical 
significance of differences beeween predicted and sneasured values was detemined using 
standud t-test techniques. 

Changes in stream chemisny were based on chemical andyses of weekly sEc8m water 
samples collected during a three-year calibration p e ~ &  (&tober, 9973 no September, 19'76) 
and an li 1-year post-harvest period. Statistical significance sf differences between the contra11 
and harvested watersheds before and after harvesting were deaembined lasing malgrsis of 
variance tec hniqiaes, 

The entire timber sale was under the diection of the Pexlnsylvarria Depmmepar of 
Envhronmnaal Resources, Bureau of Forestry, Rcsrhrclck Dist~icol Forest. Wmesting, which 
was conducted following established Bureau policies, commenced on October 1, 1976 md 
ended on May 2, 1977; 44.5 ha of the I04-ha watershed were hmested. Rubber-t i~d tractor 
skidders were used to move the logs to the lag landings. Br, was estinrated that appr6~ximdtely 
6% s f  the: asea cut was dis&rbed as a result of skict$ing saetivities. API Tags were removed via 
an existing forest road that cut diagonally across the watershed from the ridge ro the lower 
slope. The road was approximately 6310 rn in length. 

In order to control raonpoint pollution during and foa'owi~zg log@~'ng, the Best Sfanagernent 
kacrice (BMP) approach was used on this carauxse~id hmestixag. These BLW'S included: 

1.  A protective buffer strip 1 0 0  feet wick was left sa? each side of all 
perennial streams. Ixbg~Gng of selective mes  was pemsitted in the 
buffer zoxee, 

2. The timber sale war dkided into four bblc~ks. Hmestiwg within a 
block had to be con~pleted befcp~ cutting corn-menced in murksther black. 



3. Skidding over perennial streams, except over approved culverts, was 
prohibited. 

4. Slash was not gemittcd within 25 feet of any perennial or inte1~6t;ent 
streiim. 

5. Lisgging at:tivities were closely monitored by a foreseer from the Bureau 
of Forestry, especially during wet periods. 

6. Main skid nails, fogging roads, and log landings were carefuliy laid out 
by a farester from the Buwau. 

7. Logging was prohibited dal~~ng excessively wet pesids. 

8. Upon retirement, chnlverts were =moved and water bars and other 
drainage devices instailed on $1 loggillg roads and major skid trails. 
H.,ogging roads were atso graded to pre-loggbg conditions and gated, 

9. Filtration strips between road surfaces and smam channels were 
utilizeti. 

10. Road gracics were limited to a mlilrirx~u~n~ of 10 percent and a minimum 
of feast ? pcrccnat. Grades of 15 to 20 percent were permitted for short 
distances. 

i l .  R perftfm~ancc bond was reqklired prior to logging. This bond was set 
at 25% of the timber vnluc. 

12. Yearly inspections of the harvested 'area were conducted for five years. 

Wou~nc stream quaiiny snmples were soIlected weekly with some sampling during s t a d o w  
perids to assure: that all discharge cilasses were represented. All samples were analyzed for 
pH7 sulE~re, caicittm, anagnesluram, potassium, stdium, nitrate, and dkdiniry (CaC0,) in the 
water quality lah of the Envira~n~mlene~l Restburccs Research Institute at The Pennsylvania State 
University, All laboratov analyses followed tm7crhodo8ogy recommended by the 
Envirorrr~zentsB Prcttection Agency (EPA, 1983). 

Exla water sample taken over the study perid was matched with the hydrologic status of the: 
strcam as dex,embned from the hyikesograpfa. The hy&o%ogic status md ionic concentaations 
were used to dcvvbp stream discii:wge/nlaprienr coacen&-ation relationships %'or each Son. 
These regressiorr relatic3nships were used to esdmate ionic csncenmtisns, which were then 
ilscd in conjun~ceion with lihs dischasge daea to estiat?are exporn of each ion from the 
watershcdii. Di~ily export csnirnsaes wcrc calculated for both watersheds and srammaaized by 
anxrual md seasonal periods. St;misric:lf cnmprsisua~s of @re- versus post-harvest concenwatisn 
and s t r e m  discharge dat;a using standard analysis of variance techniques were used to 
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evalnarc. tffe significance s f  rhe ec~xnmercial harvest on num:"renar exposa From this expesimenBl 
watershed. 

RESULTS AND DISCIJSSHON 

Water yield increases iresufting ficbnm ehe csmxaex-cia? cXe:xcut axe given in Table I. The first- 
year increase was 13.7 area-crn, all of which sk-cumd during the growing season. %Re 
domant season showed a non-significant decrease rtf 2.8 ~ea -cm.  The first-ye= increase is 
equivalent to 32 cm on an wea-cut basis. The annual yield increase was shclrply lower the 
second-yea followi~ng harvesting an~ounting to only 3.4 cm. Tila: second-yeax decrease was 
geater than generally repcsned fan: similar studies and was athbeated to the rapid regow& on 
the cat-over area that increased evapi?@anspirational Bosses and 'm unequal ddis~ibution of 
rainf~ill during the summer and early fall rnonrils. Rainfall was below nomal for faur of the 
six growing season nmonrhs even though growing season g~recipitation was above normal. The 
magnitude of water yield increases is influenced s~orpgly by the aIllcsunt and dis~bution of 
both seasonal and annual precipitation (Lynch et aH., 1972). The decreasing trend in water 
yield increases conrintled through the third growing season. By the fourth p w i n g  season, 
water yield increases were sta~istically unaffected by Rrarvesting. 

Table 1.--Annual and seasonal water yield increases following the cotnmercid clescutting of 
44.5 fna on Leading Ridge: Watershed Three. 

Wafer Yield Change 
Water 
Yew Growing Dcsm~ant 

(May-April) ~eassn" SeasonZ Annual 

* SigniFPc~~lt at 0.05 level 
%ay ti1rougt.n October 
' November through April, 



S~earra chcrnisuy concenrraPion data for the c'iexcut and conuol watersheds prior st) and 
foiPllka\virng hawesting are presented ~ K I  Table 2. Except for rnagnesiutrm arid s;lffatet r.,sfiea:n 
chemisq during the three-year c;iilbration period was very siai-nilz on berth watersheds. 
Following harvesting, the concenw;atistns of most parameters atndewene sdgniricifnr change.. 
Cdciun.n, alkalinity fCaCO,), magapesit~m, and scxtit.in-r concefarratiugls decreased xhe first- year 
as did specific conductance and pH; nitme and potassirtm conce~trations increased Fable 2). 
The ~cduc~irsns were a t~butet l  to dilution carsisedi by an increase in stwarn dassharge. 
Increases in nitrate md poeassiu~x; concentsadons were att;rie?~ted to an increase in residue 
&composition and a recHetcti;ion in the upr& of these ions due to havesting and a 
eonespondiing increase in leaching sates. The combined effects of &lrat.ion and increased 
nie;ite keitching resulted in a decrease in pl-8 t h ~  fxst yeax. As expected, changes in saeia~?;~ 
chelaais~ were most evident dtlsing cite growirag season. 

A partem similar to the ilrst-year changes wrts observed the second-yea after hmesfng,  
dthotagh the mk;grrirude of the charlges wcx not as great. Bay the tlaird-yea, water yield 
i~rcre:kses were \hip~lg, reduced, thereby e'iiminreting the effects of dnutiiit~n on mnem annual 
ionic colacenwntlonv fl'able 2). Nlrszaee and naagneslusr, ccmeentratlsns were 111e only ions that 
were significanriy- elevated above pre-hzi~vesting concea~sarions, &though the increases were 
quiie small. Essen",ialIy, snccPm chemistry on the clearcut watershed appeared to return to 
pre-cutting levels by tile end of ai~z third-?c;er. l%owever, this app;iP'h:rrt return ti) prc- cutting 
levels was shon-Iived as a gencr:il increase xn the concenrratiows of most pwt-smeters was 
obseavcd the f1ftB-i year (Table 2). Asscxiated witla the incxased concen~atioms of most of the 
m;lcn?-nu~cnts was an inerec~se m rzfkairinity, p%-1, and specific conducta~?ce. Such increases 
were also noted the sevcr~eh and nisath years followlarg hmesting but not in the: tenth and 
elcverlth years; nor xvcrt: $1 parli?!.nckers sign~Ecnnrly efevafed dunlng the sixth md eighth 
years. This year to yeax variability in nlean analual ccsncenaati6~ns appeared to be related to 
diffe~nces i a a  the aTnc)haaar and disfnabtnrlonr af precxpnsation, pmicularly during the growing 
seasons, ancl its seibseqrrent impact ora ionic cokiccnwatiuns when csn~pared so observed values 
du~~kf :  the three-yerir calibration pelrrod. Diffe~nces  in climatic patterns and subsequent 
solratc concer.ie9;etions between pre- and post-hamesting periods makes i t  cfafficult tat assign 
statistical signit'icar~cc to observed d~fferences in. stream quality. Ht should be nerted that the 
three-yc:~ calibrrtnion period on this watershed is relatively Bong when compssed to similar 
studies, hut sf insufficiem~t length to permit the development of seasonal and m ~ ~ u a l  predictive 
ecgu:rtions 

Slgnaificmt increases iaa the concenosarions of macro-n.ba~ents md subsquent increases in 
atkaEnity, pH, and specific cond~~crance dm-ing the fifth arrd following yeas may have 
resa.dHced from an increase in the weathering of parent mate~alals on the watershed. This is 
skrpporieed by the that Wucagladosts in calcium, xnagnesium, and sodium were very similar 
and that tach i s  :a by-prhdtnct elf weaaheri.ng. Temporal trends in sgtxirn water potassium, 
nlu-~te. and caiciunn cormcenL~e~ons lor file C D R E ~ I  md Ilmested watersheds for both the 
calibsstion anti posh-h<anles~irag per;iods axe: shown in Figures 1, 2, md 3. 

8th Cekntral H a r d w d  Forest Cenkrence 5W 





n? 
rj 

2 7 
4 

3 
rj rr? 
i- 
if 

3 
3 i-.. 
.j.. g 
4 *- 

I " ,  
3 03 
-T 
3 4 LO 

.L g 
3 .-- 
4 3 * 

*_. _..-- 3; 

.:.- . %-- ~e 
'-. 

5.. - 
-=%;=.- 1 rn 

. . .- 4 ccj -- 
-.:yc 3 13 -* 4 

"-\1;9 3 ,  
2 A 33 ".".--- -.-.*- ...--- ;: a 

--"..___._ - - 
.A : : . .- .-: . 2. - 4 - .. 

,____.__ _... - - . . Z  

s3;: 3.- 0 
.-:.. "-c_ 

0 lD 
-. . -. -, - 3 -. ., -.-..-+. 

. . er 3 0 
3 m .-. 3 "  
: or 
2 p-. -.-- 3 m 
11 - 

. . - - . . .----- ----. ! * 
. .,,: ". ; .- ". .-/. - = - ...- " b -- 

1 2 - 
" r- uo!;niado 4 

l = = A J D t i  
-- 

0, 4 - 
-' tb 
3 r- 
" 2  
1 
r: 
r: 1'- - - 0) 3 .-- 
Cl 

------"G - - - - . . . . -. . . . -. .- 
>:::::,-.. 3 -4, 

+ . - . . . . . - < .2--5=-- 3- k 
j -- - 
3 K> 

L ! 1 I t I I 4 F. 
0 - 2  

'"! "3. Y -? C? '? ? '4 9 " 
ni - .-- - - - 0 6 a 2 0  

( 7 / 6 a )  lunissajod 

Figure 1, Trends in sveam water pnt;tssiiam concen~ations fox- the conerol OIK1) md 
hasvested (I,R3) watersheds before (1973-1976), during (Ocr. 1976-May 1'377) and after 
harvesting. 
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Figrare 2. Trends in stream water nitrate concenmtisns for the conmi @,RE) md 
harvested (LR3) watersheds before ('1973-19763, during (&t. 1976-May 1977) and dter 
harvesting. 



Figure 3. Trends in wsteh ~ : h f ~ i ~ l n  ~Ol!t't:8k&atik?ns for the c.'~nltoi {B,R l j .liid 

haffsbested @R3) watershecfls before i: $97.;- I076j, during (act. I9)*it~-htriy I977 .trrti afit:r 
$lanesting. 



Nutrient Export 

Clearcutting did increase the export of most nutrients from the watershed; however, the 
increases were restricted almost entirely to the first-year growing season (Tables 3 and 4)- 
Calcium export increased from 12.1 kglha during the calibration perid to 16. B k@a the fist- 
year after harvesting, but was only slightly higher the second-year. Alanost all of the 
increased calcium export occurred during the growing season (Tablie 4) and was largely due 
to increases in stream discharge (Table 1) that were greatest the farst-year p w h g  season and 
decreased rapidly thereafter. Calcium expart relationships k w w n  the clearcut and control 
watersheds during the remaining nine post-harvest years were essentially the same as those 
observed during the calibration period (Table 3, Figure 4) despite the fact that calcium 
concentrations were significantly higher during some of the latter post-harvest years (Table 2, 
Figure 3). Increased calcium concen~ations during the fifth, seventh, and ninth years 
occurred during the growing season under low-flow con8i~ons and thus accounted for only a 
small percentage of the total annual export. Over the 14-year study period, grawing season 
calcium export accounted for an average of 30% of the annual calcium export on the control 
watershed and 32% on the clearcut watershed (Tables 3 aid 4). 

Magnesium and sodium expon also increased the fmt-year (Table 3) with m s t  of the 
increase occuhting during the growing season (Table 4). Since mapesium and sodium 
concentrations actually decreased the fist-year, the increased export msuited &om an increase 
in stream discharge. Like calcium, magnesium and sodium expspt values returned to pre- 
harvesting levels by the second-year and have remained unchangd during the last nine years 
of the post- harvest period despite significant increases in socfium and magnesium 
concenmtions during the seventh and ninth years following harvesting. As was the case with 
calcium, these increased concentrations occurred during low flow periods and consequently 
con~bueed little to total annual export. Although an increase in p w h g  season expsrt 
might be expected, the increased concentrations have been restricted laegely to a one or two- 
month period in the latter part of the growing season under generalily the lowest flow 
conditions. Since the gowing season export data present& in Table 4 represent a six-mnth 
s u m  period (May 1 through October 311, small increases in concenm~ons for one or two 
months, especially the drier months of August through October, would have little effect on 
the overall growing season export. 

CIearcutting increased both potassium (Figure 1) and nitrate (Figwe 2) concenmdons the 
first-year after harvesting. These increases, dong with the increased s m m  discharge, 
resulted in a significmt inmac.e in potassium and nitrate export (Table 31, the bulk of which 
occurred during the growing season (Table 4). Like the other n u ~ e n t s ,  prassium and nitrate 
export return4 to pre-cutting levels by the secand-year and have remaipld near gre- 
harvesting levels thoughout the remainder of the post- harvest period (figures 5 and 61, 
Again, slight increases in potassium and nitrate concentrations, p r d m ~ l y  during the growing 
seasons, have been insufficient to significantly increase mnud or seasonal export of &ese 
ions. 





Figure 4, Trends in calciram export frnrna the control &RP) and hamesled (,LR3) 
wa&nheds before (11 973- B 97h), during (Oct. 1976-May L%T), md rafter hmesting. 



Fig~lre 5 .  finds in pt~tasrium export from the conml (LRI) and hmestrd (LK?) 
watenhetfs before (1973- 19761, d u ~ n g  (Ocr, 1976-May ,1977), and after harves~ng. 



B-'igure 6. Trends in nimte export form the control (LRl) md hmested (14R3$ 
waaashedx befox (1973-39761, during (Oct. 1976-M;zy 1977$, send dter h m e s ~ n g .  
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The observed changes in strcatn water chenisuy do not =present a signification degada-tion 
of stream quality nor (90 they indicate a significant dete~oration of site quality and fenility, 
Rapid recovery to pre-hmfese levels and subsequent minimal nta~e-ient kjss was due largely etr 

rapid revegetation of the cut- over m a .  Increases in nirs-ate concentsations were quite small 
and we11 below ~ & i n g  water standards. Nevetbheless, such snnd1 increases may violate 
EFA's anti-degadarion policy of rhc Water Quality Act of 1987. This policy requires that 
surface water quality that exceed minimum state water qudiegr stands83.s be maint&ned at 
their existing water quality levels. EPA bas been m s :  stJingent in applying this policy where 
pristine waters, such as those &dining forested warersheals, m involved, Overail, it appears 
that the "Best Management Racrcices" developd by the Pennsylvania Bureau of Forestrgr were 
very effective in controlling nutrient loss f r m  this silvicuftural operation. 

The results of this study clearly indicate the need for long-tenn forest managementlnaxt~ent 
export studies. Although not a component of this project, accurate estimates of total nutrient 
pools and nutr3ent losses through harvest removal under variolas forest h m e s ~ n g  pracrices 
should be a pm of such studies in order to deternine the neignigcance of increased leaching 
with respect to long-tern sire feniiity. Excessive teaching of calcium and other plant 
nutnienrs folbwing hawesting have been suggested as a possible l i ~ e i n g  factor in growth in 
intensively managed norrherasliern forests (Federer et a!., 1989). However, the authors 
acknowledge that the uncenr~inries in their estimates tux large md that furtlrer research is 
needed. 
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Stennis Cooprative Forestry Research Program and the Pennsylvania Deprurment of 
Envkonnle~ltal Resources, Bureau of Foreswy under Cmperative Agreement m-78378. 

Aubefiim, G.M. md S.M. Panic. 1972. Water quaEty h r n  clemut f m s t  %and? The 
Northern Logger and Timber Processor, Ma.,  1972, pp. 14-23. 

Aubertifi, G.M. and J.H. Patric. 1974. VCTaater qtlality after elearcutting n small watershed in 
West Virginria. 5. Enviroil. Qud.  3(3):243-249. 

Bomann, R.H., G.E, Likens, D.W. Fisher, and R.S. Pierce. 1968. Xurirdent loss accelerated 
by clezcurtir~g d a forest ccosysrexn. Science 159-882-884. 

8th Centrd IHLardwd Forest Conference 
__I_. 

516 



&'orbeet, E.S,, J.A. Lynch, and W.E. Soppea. 1978. Timber hamesting pracrices and water 
quality in the eastern United States. 9. of Forcsw 76(8):484-488. 

Dotaglass, J.E. and W-T- Swmk. 1975, Effects of management practices on water quality 
and quan~ty--Caweera Hp&o16agic hboratoq.  Mranicipd Watershed Mmagememr 
Symposmm R w e d n g s ,  USDA For, Sem. Gen, Tech. Rpt. NE-13, pp. 1-13. 

EPA. 1983. blethds for chenaiciaf. malysis of water a ~ d  wastes. Envirctn. MonitoIgsng md 
Suippofi Lab., Enuiron. Roeection Agency, Office of Res. and Development, 
Cincinna~, Oh. 

Federer, C.A., J.W. Hornbeck, L.M. Thirton, C.W, Manin, and R.S. Pierce. 19858. Long-term 
depletion of calciism and other n u ~ e n n s  in eastern PIS forests. Envkon. Management 
1 3(S):S93-Mla 

Hibbert. 19667. Forest matmeat effects on water yield. A m d n g ,  Intematioaral 
Symposium on Forest Hyhlogy,  W,E. Sopper md H.W. Lull eds., Pergamon Press, 
Oxford, England. pg. 52'3-543. 

EJ;ornbeck, J.W., C.W. Mmin, R.S. Pierce, F.H. Bomann, G.E. Likens, and AS. Eaton. 1987. 
The noahern h w d w d  &rest mosystem: Ten years of recovery from ~Hescutting. 
USDA For. Sew., hX-W-596. 30p. 

Kwhenderfer, J.N. and G.M. Auberkira, 19775. Effects s f  axaazlagement practices onn water 
quality and qumt i ty - -Few Experimental Forest, West Virginia. Municipal 
Watershed Mmaaagemntt Syn~poxium Procee&ngs. USDA For. Sew. Gcn. rI'ech. Rpt. 
NE-n3 ,  pp. 14-24. 

Likens, G.E., F.H. Bommn, N.M. Johnson, D.W. Fisher, and W.S.  Pierce. 1978. Effects of 
forest cutting and herbicide nearment oil n t s~en t  budgets in the Hubbmd Brmk 
Watershed kosystem, Ecol. Momogr. 40:23-47. 

Lynch, J.A, md E.S. Corbett. f 990. EvJuation of best management practices for controlling 
nonpoint pollation from silviculite~rd operations. Water Resow. Bulll, 26(1):41-,52. 

Lynch, J.A., E.S. Corbeet, and M. Mtassalilem. 8985. Best management practices for 
controlling nonpoint-source pollution om forested watersheds. J. of Soil a d  Water 
Consv. 40(1):1@-168, 

Lynch, J.A., W.E. Sopper, E.S. Cmbett, md D. Amnd. 1935. Effects of management 
practices on water qudity and quantity--Perm State ExpeHimentd Watershdeds. 
Municigd Watershed Management Symposium &meedings. USDA For. Sew. Cefi, 
Tech. Rpt. NE-13, p ~ .  32-46. 

519 8th CenekaH H a r d w d  Forest Cowfotremce 



Lynch, J.A., W.E. Sopper, and D.R. Partridge. 11972. Changes in streamflow fvlbwing 
partial clearcutting on a forested watershed. Rweedings, NacianaX Sympsium on 
Watersheds in Transition. Amer. Water Resow. Assoc. pp. 313-320. 

M d n ,  C.W., D.S. Noel, and C.A. Fede~r .  1984. Effects of forest clewcutting in New 
England on stream chemistry. J. Envhn. Qud. 13:2M-210. 

Martin, C.W. and R.S. Pierce. 1980. Clearcutting patterns affect nitrate and caldurn in New 
Hampshire s m m s .  J. of Forestry 78:268-272. 

Reinhart, K.G. 1973. Timber-harvest clearcutting and nutrients in the northeastern United 
States. USDA For. Sew. Res. Note NE-170, 5 p. 

Swank, W.T. and J.E. Douglass. 1875. Nutrient flux in undisturw anb mipulated forest 
ecosystems in the southern Appalachian Mountains. Proceedings, Synaposium on the 
Hydrologic Characteristics of River Basins. Tokyo, Japan. IMS-AISH Pub. 1 17, pp. 
445-456. 

8th Cen@:i: YIardwood Forest Conference 5x8 




