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Wholc-catehment Application of Dolomite to an
Acidified Forested Feosystem in Gjerstad,
Southern Norway
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Figure 1. Sttuation of the limed and reference cotchmonts in Gjorstad. Stations for surface water
-‘ﬂlll‘-'lliﬂlllull-lM-l. LIM-2, LIM-3, LIM-4 gocl REF), soil ehomistry and soil salution sampling (FU and
51" stations) are shown, Runofl is regisiered continuously at LIM-1, LIM-4 and REF,




Tmisle 2 Chenrenl digitlyses et hneds waed an MIVA paegee comgeasenis g o BIETT (e mgialag
I mdactive couplad plasm ennisann spestietieiey, P8R Indocboee eoopeled prlasoe eoussmnm
apesciranneley corlinod with ks STty FLAT T i jed il s s,

UATETTTRY favnmeter minn LInit Amtlyical metlunl

il It - lug [ Patentunnetrn:

el Cindoiclivily msom A Llectomatre

Ll {Taludbtn g I 1

My Melsiptmnesitn mel. ' 1

M Sodinn mp b ! Itk

k. bl bitgs | ' [

£l U'hlernde mie ! Loy chirvnutogrnphy

GLEN Shitphae g | ! Garn cihunaresg gl

LY Mty e N1 ALt colarimery

MEL Ammarunn pp il ! Anbevstiic colirimeiry

Alk F\Ikllli”il}' frde] 1 ! Pedenbhmmnetrg: hhindnm
W plLaALS

TR Tl vepsimie carlvn mg . Caxecddation e 00 wind
theit T dJetew e

Alr Weagtivie sl upr 1! Al colsrinwry

i li Mot e abitbanthn pye L I Aubivoaine anlonunehy
adler o eauluope

Rl ), 11 myg [ ! hedanteh y {1F1A)

v M Taatal mitnynen el Adbmmnic calerimery

[t I Lunl (IIPE N IRHHTRMES Ml ! Aulumabie colonmmelny

Ay Mrnenmie i 1 ! [LE

1 TR TITITEEY pp 1 ! T -M A

T L[] pet.! IO B

L Covepipher pp T, I e hds

It frean . 141 MS

15 1T Blingprimesg el ! [ [RLY Y

Mi Mivhel Hpl.' IC1-hAN

It Lyl npl.! BT M~

An Al ppt.! 1 pd=

AR {."\i.'itlquulrnltriinp,cupuuuy}, 1 e 1 TR L TYe T
AMC "+ Ml.‘,lr O VTR SR BT S '.*..'I + MY ML 0 AD e nlalions e in TIIRE '

M=o Ba g Ma*yingeg B caleulited
Mak M BB [T ] gy U £ e enbively dhenived romm sea iz, 1 e M| o departs
Lot et e the s UL AR ihie indicsdes sources or anks o M in the calchimen,

Mk g ve B 0o O] b feag et Dimed eosehiment is caleubibed o watder Mew and 1he
flirenee betwewen witnoleapeoasly fken senples ron LisG 4 and Bl This diTerenee waes then
curheiod dewt thies roemam pues=loemdnge difTevenee belwen e twee calelimwents, "Lhis correction was 10014
my 1. Pl o mend <1081 mp I Min M,

| |



B A Areriad

Tl et miaternn ] swann Dested stafesbicaliy Ty ol Pervend et heeds

Funsd U winer suinplus,

booosystemabie pre liming warialdliey: belwean suly conrelments wis dested wilh simple ANOY A The
sty wore perloried on the meins of cdeulited differences of simultimeously Gilken saimples s
mdependiond (e edecirrebtiony LM cbaiienys awd the B0 aGtion, This elifterenee., which
pocduee tlwe contrilwiiom o yvaianee o seasonal virinlalioy, isorerorrod foos g, Uil

Ao U T buis G Tt e sl fested by use ol e dadiest ol AREIV A,

Ao Teends adler. snd due o Himing were lesded bByouse of sipde repessiens e Lhe it
ool fror s, s v leetegd i the pefeeenee vt lomend, were iy clipnmgland,

Ay Cheppees ipe water ghiennsdey in By liooed estebingenn (EIMAG webijee o the celeenes eatelinwen
(RS s b puarat ol oo of Towiage g seprienndwee TR weere Besteal by Doorborne Tatervandam
Avalysea (RTAY (mpenten e eef TR IA conpuues b Teremees o coneenloations o pureed,
clhirnoaloweally-indered wmpplea fin the pe- il post=limp peviods watl thee cheoipes ot
[rentn TOCG rlemnd Yavnderad seln o il e,

3.2 moll ol sl gebuclon chemisiry

L2 m] sampling

ol ward s inprled estimier BERE Belore Tsing a1 boplos £8 coc o i B amd referene
catchumuentzy e e andysis o ground vegetntion (FIgure B Adeach plod 1 sanme wis colbeeted
Frastan L T Borwzoncamdd 28 smmples Ty te mdnerad sodl bz,

Y Chembead analyses sy

Mo la e e s leacted inowealen foe mewsanenwenl a8 pl bl i TR RELMOY, Gar deleemainamtiog off
eexezhizpeabhle cations, Holk ooty Tevs onn dpndiesn, e Bebilahl B were oo aec balk ol
Clantinta of 31 elemwedd wan aleternmoed By 10T Tk Dve conpled phieanm comsanom apeclioome ol
du el gt b 1he Talk senl Arilyses wete etcloiiied o UKkl stomdied procediies,

Cation e limge cipae iy (0B MNTLNGY exmia bowis citleudnoed ws e equividene sum ool 10, Al G,
Pl Pin, el IS BNt sutonearianin 0% is bt ineed ws ol svurte ol {6500 WD P B 1oL

AL Sl anlivtlien s sl iy

b [revennet DBysipnetees ey gt led peioe o Toninge ¢ dvagzost P2y im s o legadionns e legtind fin
vepnhbiom uebyses (e 11l b oses oo Foglelebseon {ED i 3 i Spygetdaen (51, Y Bysnnelers
o emaebe senqalings dhepth “Thes swonniples were collieted Gdlowing o Rl-hen cemcoabivn puaaael Thas wnl
salubie wea collectoe] e S el TS cancddepbe el aboeesd oo 2 Lbee Thenzal b tles, seboels e
earvrsed oy v el oat cafalyaeel ey s gl ea adpo eeowth, Thes son ] dulabion anigiles bl
Biliewese ] Dot 0 post vesalienies aund steered B Dess Weoed <08 Tuakbes proasa eeanialysas ol NIV AL

Sl oty Bt L et T T e oie g =lobaag sunipes ol sl sulinaen,

JA Farest Invehiory

Friat mvbvuntenlen whoeee cofonad ool daceg oo TG ob Beotle Divied wisd celderatice aecaes, The
ERVIIDWY Wi Lwde s 0 abafenintie sluphe plal adventovy, Loies e L] ol wati lekdav ikl
diabnhices ol TORY i o her Feweesd aied olean sl Tves savngrles prlots swere plactued sl SO0 st
FIREIre 2y The plols s cotenlar Wil an nea of 26 i Mo v el sl ek |‘.ln.‘|'|.l'|.1i!|l.'|l|l[}'
thaches ] Witk o Wameslen ol o0 Hhe centas Tots that Bell ony peeat-laned, connds, Wl of Balradn ok
wore chassdied s pon-piaduetve e Blocs o deil oo Tooeder orues Bebwondn staheli wore
sysienticully v H s b o diveenen, Aonatl ol T2 (Lt aread aend SO dreloreioe uead

[rlerta Wkt cthalllal,



MWV AT

e 1 B O TR TERTETTT AR TER T
I eae e snpbe plod b trews mone than 5 e i dinmseter ot breaet heighl weore measaead by dineler
snned e nlly mgirked with dree mamber, T ree species were noied.

Sl Bveey weerds e e gl willeg o Tebseape Bten 2 s waes] el e v ol e trees
Falbange wentlon Hhe sl swere pivkaedb ol Bee oo aee meaaoreaanenls, These wonply lees s
aanneed [on lasehl ol el Desiphl o Dt e aoal diien) Tt ol dipmgipers s ol
s oo dmnd, Sagile cores wene Liken Teaas all smnple Bees ol ool cing weicd e sy
Mienackiead e e el M) yenea, Froen et soonple plal) whsee prossaldle, Hhee Taea Lieygest ees {hy
ity Wt lotlb abinnagaes swasre prehand aul $in ailes nales ecshomdoan Ieaedinaa b thes vacndles

alre iy ennirnedd, ark i kowss woes Desasorerl el aeinnd Tt poeceaetle seaoanlly caluzmes) e D
e, AL gl romgs were st e Brensd Do e e detenmsaaabuae vnn hese s, The il
Fings were micisured Loy,

LT S Tasle sy volwane- sl cotddnge class colealintivny

St ndex Tor cach simmpling plod was estinneed Brom e e fevase i wd heighe ol ihe v Largest
b T weite U270 G arves Do adiimeder Lo bicieht reliionslap Gor anch iree pweica were constrogied
Fear Thigr foeer gyeie opretbier, Tree bciphl weas (o estinated Tor bl trees, Yaolume was cideutioed using
T tonns T spwewge, pind sl Direh Gl beoaad lesved drces e leeased as Dbivediin this connection)
{Hasind Paa, Vealonded DT BegemBaep Dol witly iz e s Dol os fnsepemstent cariatles,
Crufbieng o P (len e lianiteens see Lemd i Flpoey B s clepenabont oan site prdes, speeics ol aps o e
e sl o et el bevees Bevoceadeabared Benn Thas saorgale plet cdaba fen the Bwa aneas,

34 Intensive mondtoring plits

B il ol eh 1wy wcas, 00 s plots (2% X Wby wele aufpedbhively ed out (Blpuse 3. The
criterin for phiwing the deflerenn plis were we cover Ui vepeintion gradet e o e e darchinem,
andd i comparithhe gradient io e eetorence carchment, e grindiene ivied Trom dry b we i Trom
el Lomrrerhle sonile, WD ciel songsbe phol s e o 5 50 F meownns dscd o anensive regsirition
al gt (F e e e o, Ty o esie o plod st pmees oo oo were mcisuned,

Jod 1 Registration In the plots

AN ey voe Haoe 5 eeen o Tnazast Terphn weere roasags D Iyl iee pd peeypemeat |y pegekasl withoo
pinbers el mmd ceeesn Iaplal weas issesured ew alemat Bkl ol ths frees o VELE Hemehd vaverenieid
warn iy estnaad o e rees ol Bork Vchiaess s dieannaed, T FIERS heplil weas s

Dietiitieed v ool the e, Pl Wt ilae doted o Hiese Doy,

Flie U Larzese troes by dimmeter Sspraed o panic ) were cogead wopath, sl ape amd aiool vige wieh v woene
marsured i the Liburilory.

i autnmn, diimmuder was mensired vl rees onl eee vinslity evnluaned, The vivgivy evaluisoon is
Pipsz ] ann dree crawn densivy and colimr, The crowie densily () s dehmed s dwe ot ot noadles in
frew erowig cmpired feowhag could he expectod ofa soumd free i cha particulir e, Phe erown
velannr i o ol impressiont o0 e codonre bascd on o seile Trom Do A s noeesd gecen, & oslighit]y
yirllove 3 arveripe yellow o A sironply yollvawe, Phe resull o tie evaluitlion i: based on the s
brows sche year anel the wark bk been done by the s porson and followes She same crileeias for the
Mdyteswa g o A0 sl roni nrings progErLe (6o eeen |,



NIVA 40%7-99

I_'. “”-.

N Reference area e

P e

Figure 2. Map showing the two catchments and the sampling lines in each area, Red dots indicate
plots where trees were mensured, Scale approx, 1:20000,

18



NIVA 4059799

i - |";" L i 1
i D0 Bl el
f : I B L jHT
i 'ilri - Reference avea ;“f?,:

. L *

J o 1 -

W e
o Stathom 10y
L 3 y 'lp 11

£ PR et i e e e
“'1‘ v JI [ .|:.‘Jl

i
mithe lime |

4

. i I i = v, "-\. "
v - ol e adite ey -.A.LI"" A
I.';'I-I-I s | ] ] 1 --1....'_ ..'-‘. 4 _I:. -F-"h. ,.‘?!-Mf L1 ‘ R LB Y

»  Sawpling dams for runoll witer i Vg

'. Y
i
it

&
@ Plots with reghsiration of vegetation and tree growth and situlity "3." i
v |
w % Plots with registration of vegetation, sull water ind troo growth and vitality | T W
roow i L I T’ " y |

: VR T

"

e
En

Figure 3, The location of the intensive monitoring plots, All plots were used for vegotation
ifvestigations and some for soil solution sampling, Scale approx, 1:20000.




B WA b7 A

Gl St Istival aminlysis

et apen heighie and dicometer the salume of 1he sample trees wats estnuded Wby B beons o
ahil vt tree species (ivmasti] T, Yostjordel TS Heamdseg 1900 A& Hicar eogrcssiot e
chavmrer s volmne onn tlieee troes wies Weaed Wy astingiee volume Bor il e, Ul enction developod
Iraame Hae PH epristetion was alan nsed o the PSR dain, Yoblumwe imcrement inctie 4 year perivd wis
calea b s e diM8 g dsbagdiogs ver o Tiebweeen Pl Twa yeirs,

Sl il UV eenle PP e embimgdail o Thig Tepadss asd o ger b Bgaelpd o e 3 e ey palid, Sl rukes,
ailin v B s elomsianmd Teee spwevies wees asesd Leeediserime o st iisbes ol ihe plds,

The traibwe it o the Ao puardend feean PR 0 TR s connpranes] Bee dnengemenl fone
chechoped 0 Moo vonshiiins bucssd v oo vestipahons un peeineieend sample iy
(Hhnesme TPHRL The et Torw e D abmsddonge oo, skl el sl neles s
CXELAERHAEY warinl s FFUnd Tt dal praey apemes aoid Boeb Qo e ol Tiel-Jeaves) waeis mmed il
the inereanent was weeneled winly i e apedies slale of lal voeluee,

4. Results

.1 Precipitation and hyd rology

Meusnthby provipivion ameusn i die ety neeoralogical stitlaon Anbur b Chpernhinl o water
lisehairee an e three mwnmirimsge sitionts are showa m Flgore 3 and Figoee 5.

Avcinadding o e pad Fanapy o Boewsy siveriee disg o mn e ey i 00 mm yr (L s ki
Parmbamn Mz rogspanred popd 1o e solsesdebnent aeeies ol sGeiie LIS LI Dol KEE speciic
hesc T o e B yesees PO TT weere eplendiig] ¢ nlae b,

WU — — — — _
-

g 2

E

E

E 1ol

LH
Jin B

S B

Flgure 4. Monithily peeagnintany oonweunt ol Hoe oeleacolapuea siabunn (35203 .-':"uhhl.:llll 1T it
|'!I.‘I'iul.1 Crov e trannith wnted s HE-Yea o By eacmal poraeapniabian Dod Hee Tk ) Thaln G
{ha Morwe it el uloperad] 1 lalatlie,

0



AV ANRY G

Pkl amud the: Togaliolagaicin ] woine Tromn sumsnier 19949 oatimiier 19 wiks very wol coiipiniid o il
Tullwing years Cinly theyear P0G wirs clivee fo normnl, 880 P90 amd especatly e hyvadrodugcal
year VS 1860 were dey D ower diselsrgpe o [9ecomd 1920 compared with the initial poraad aller
bttt v uler even el webien aecurnm ladeel dhoae e v ileulatend {Ploure &),

‘ s Hifl h | _
lﬁ_ 1 -
E
§" Wiy “’H — e M S
a1l T
LIm-4
E LI} |
o
E ] I-h_['
¥ LT | |
i WA i e T o 117 Ly
REF
= LHL] -
E 1t
g ]
i hab o b [ Mo ol
e g Jon T o A L Wiy st

Flgnre S Monthly dischirge af LIMC L EIV G and REE Tascbarges i PR et oot neeasdrethm -
l.



e RN L

A0
R 1 S —_— :--_.-r"
g ] I;F-- -

o~ -

I e e T

3 i L e—
.-

E . .::.;y_,_l—r'_

110 ¥ rL —_—
L g,—,'.".-i-""
§ o

i HI Jan o ¥ AHTI AL
LA e e SN I

Figare b Acowmnbaced water drsehiree Qoo ol momtorig? sGicoes LIS L LIM md B biw
Ty peviva) [ Taef,

Tulile A Calenbabe] spisifie disabunpes oy Uy i eatebments D IRY-1, DIl el REF Besaltn ane
prvvi i ealendim yemes amd i begeleelegrie yeaca {1 Taly by A ooe )

aleedar yanar e [ s [ wdndty [vp}?
ML ik} LR hR i
1M TR Wb fil) Hom
B PO . SOV
Flyslrealingric yarin (LLYS B LN [vrra- "M Frpis=10000F
[0 R A1 fih b
|.10A-4) | 156 dnn filib
Il 1174 divdd

4.2 Runotl water qualliy

S0 P'rediming characterisle s

Sl et pre=liemiy, sty et eaoen sulealclionenita o oeedted o o, Oy M, AMC, Al

Drac v il EM " BUY tun iy S0k and WNOY CPRDIe 40 T retlecks Wie relanise 1y i respotise off
Soitnd Modepsinest o SO amd WER il st Ol catg Bitenin and e v o unddari
frovseleniicitl Camracterisnics, T i drmeitge 1 LI apd FIRLGE e miore avid sesimve thae 1he
LA catchieend, Flose v i i il W st 2030 swater betore I, a5 aoon i lowar i
arnd AR and nghier Al

Prror G lintimg e steein seicer i fusel ciccliments wears chranival by sewdilied CFrdde o sond Tuble 85,
s eneridly boetweewn L5 and Ba CFtpure 9. imd mwiot eoncanteationg of o tive shapiniam
Cadry were 2% e b sl 2 e 1 e D catchimaents CEalle 530 Aboud H2 %00l e Al was
ey Iwoamd, The relidively bugh orgimic Al fraction e be relited wethe penerally high conlenis
of todal orpsinic ey CFOUY in i strms O % nye 100,

4,33 Pasit-Hlop el feeiist fus
Adber g sipnileant smereies mpll 4, M and A were Tood Tor all LIM slndivns rolaiive 1o
thy [ wtntiom, 'Unble & sumicizey thie ebeet tor LI A The inpocdiite rexpense in pl L whoeh
agregsed o ® Semolb e vlenely seenin Pleare 7o e i engtle b ol e Bosd eodesborien s di 10645
Fhe e asvrwegnbealiony a4 e aond b preegised] Ty U35 s b e | ' v lively Al

T



Tt

1%, Sk

Echon 1

[t o

o R
P

2 watkata

rE

B L~ T e B

Hamoas 1o

il

LTaiS 1= 14

I 4

EEF

LS

_\_

LIMd-

L=,

-1y
=
TS

I'r! “-'i
-
[ |
T

"".' e
[
o =
-1

-
e R o
Lo oA "t
R ey
R I E' -
mre = =TT
L TG o '_'f_ ]
= TN =y !

T
Lo Y
|E|. r-_'. |:-| "rR :‘: Iﬂ'
LI B I W -t
e I
— — - - - '
.-k
P SRR R TN [l
! |:H: rL| f'r', [ ':'_" e
=+ 1T
’ o
SE Ty
Ej = Ml s oy b
L —
L I — R
BT TR
I_ i :.:.h; Tl 1 "'-:
\'.-'.I' - r"_l ]t
T T =
=22 .
= s o
u DR o
TN T
=1 .,- ,II (YT
19 L e e 1
A - :'i —
T o
LA ¥
i o= BE
o F1 a8 e & hat
WL et T g
= oz 0t -
' m om T
'_'.' '-_j' 1 - e
vy = o tf1
=] L ] ri
| N -l
O -
Y B b F o ny
40 b Loaoaod

s

gk
I bhuab

2

'j'.
[}

1l+La
|

"
121

o=t
i

LY ]

¥
ah

-

L
'\._.: -‘.

rhan

r
s L
T =




MW A 0T

newislsing comity (AN incremsed o 1T we A8 gy L. owlorean b JerToase Wik s i The
ondipn] cadehment CUnlale & i dad el vesall o sienifivine chimges w Mo, B ML, 500, 4L Ade,
Ler P BT e emppinnie €00,

A e il Seevewae chooing e est (0 el e T, er sipon e ool weere deiccted Doy
Iz b L AR el speges al LIM-A Thevs weene Hans rae sipms o e idi e atian,

Acmeptn lenst devrsise e Ale {0y edoes Do Teeewna e wesas Goned fiee TIM-E aaed DI [ Taldle fiould
Elgare 2% The deveeme o Alv-cooeenieabon was cather onlest, owewar, S 43 el 47 l.!
prctiveeeig e <10 msd 9 g 1 I proaal=lavne e L= aaned TIMesb, venpaectee Dy oedalivs e REF, This
Wil L the Adr-coneelnrabney w e duvieed calebeeient swan ooy shighrly loowes o o e cedisvene
cillelirie 10 alber Jiettede. Ao wortespaelhiig elevevase Tt 24 il 38 1o 20w 22 ppd Y Ginnd L
e ditderenee e the D fudioiieene trae et AL Al aufiparaed el Hhe tuan! Als
apccied, ed e nwsm coneeetion ol s drodten wos 17 pidg booadier B CTalbe 8} Mo
sipnidicani limomg colidedd changee in Ao or TEC wis ot

Phi Kandem Interveniion Amtlysiz also shiowes iad pi O Mg, ard AN conveniradoms waerdisad
sl Ale el Al deereised stpnitcanty in LI A relivive fo BED i September 19499, dhe poann ol e
el Timringe O pdele &3, B LA it icabes vo sapmi P changes in [0R 0 Wiy,

Aconnplieant {08 i Bl weas Baoned o TOR S o BIM-T T oo g0 DIM4 Fogosulphiate
el Pl anprns O M- Dus o evev s o sipanlasiml Sieaeasege doembat D IMG Bt oo TIM- L



TRV

Tulrle &, Wi soreann waier vilues and sad, devioion £ kecketsd Boe difterent viiabales i e el
(I ATl retvrenee {REE Y eatebnems betiee iod sfter tratwwend o Bepdembes 1984 00 1180 e
B sanl n 3537 pasd=liming e all varisdsles * denoes aipmi et clemge = 0 ) ol nem an
e linre ol Tt =0 il Dy Lingdoge syn] st BEE a8 e b al e Snpoilicieee af chooge: ol TIM0 s
Temasih o alilevenges o s lanennxly ke arnples aevending Lo ANCY A o0 e oone-pacdnietn
Kokl =Wl et s alacy Fulile i

o panf L
Wik e
0 mge .
I nig 1.
B4l il
[ nl,’
TS Dl
M [ el !
L'l e | '
LR ppi!
AN Jiei| !
Alr |L4.I_f.|
Ay |Ij.'_].I
All p].'_].l
Tl M ppl, !
Orp M el
Tenw: mpl,?

tirpd 1L

Puelis
Thih{n 2
i, M (0, 1)
IEE {5
LORITR LYY
Pa| fin %)
IRARTIRED!
MUERIE
44 mm
A i Ry
M7y
[RERNE!
R
[ L
TI{ 1Y
KA {164
ERARE NI

L300

RE R

1.1v1-d

Ao

Lir (03 2H)"
TN (LAY
LAl (e sy
TN L
LAVED 2y
3l KR
Alv iRy

!4 ¥t
R

I;H [in']++
T L
[0 (alfd)*
R V)]

[5 {11
il AR
MR RIS
T
RN TN

lig o
WRNIRY
A4 M
IR
A (DITR)
[0t
U LT L
[J14
ST
MO
MR
2N

14 (N

I RERC L
S 1)
YR 5)
2] 4T
A0
by

K

Al

2 4.5
SR AN (RN A
IR (R T
SERTIEL T
(IR ] FRR Y
S VT
TR
AR IR
LA
MY {5H)
PEaind)

| LA AR
BEIRI
Y
ARLER LY
RER NN Y
LIS LAY
Viim

Talle d, Leewulls ol mandom inteevention s lysis comporings diferenes in coneendeabuwans mopeoned
savnipales el legted Tronn LI =D Pl e BEEL foetoreneey B s peerwody pooce mead paost=linmip,

H' ol iy My A R
[T | ! |11|.1_I.I 1II+',].: HR! !

pre-limimg. aveangs LA T s dmd L Twdn e 1
nolH L Il (IO 1 I e N fri] L
avpoditlpe LRI B U FICCT I N Tt I UL S R
LRI O LS E TS | 1 md Eh &% MR 141 1K1 16 d 14
nosf SV B LI QT [JPC Y T R LT TH 1 (L i
FTEC TR () AR W 1 A A T 0 I I I T S W R 1 o Xl

Clitied 1 e ferenaod e ldedery LI pand BEE

nd et el Do od T, Bsept, ol

it sl - lill e SRR R ] fh il
FAA loval o i oy, - CRUHNT GO GO0 AL G D

Zh

s AR

Tt 11
ot M
[.5 1.5
14 |
med ¥
|0 A
(1he] 4
T {1

ML M

nel TN TIRTH T !
I

Kl
L
M

LR

hill
ETH

N



BV A AT A

70 -
v ,

Y

HEW

i

pH

L

4h

Al T —
dornell S0 NETT I iy WG NHTETH Jiar 4

REF

Lit1 11 4

-
3

&8

Jon T MR L] Ao 05 RATIE i B e

i it 4 RFF

P g e e e ' — 1 w1 e

1.4

ka —a.

h

[0 .
Jiviy 5 il T i A5 JinN6 A7 T

l1MA Likd A RFF

Fhgure 7oL Cw ond Mo stecumes of Bmad (LM 1 diend DR A wend reletenee (B ycure it in
fhe Cajerstind Trose, Psbonnile wits sprcadd iy Sepenshior 159494 Grvew),

-h



P IV A LS T

L

0 h i — A

00 kY

Casil, —

L1 8 e e ..
Jn 01 i i NI o SlA ok 7 Jinn BR
....... LIM | LIt A
1) -

d -

n . ,;,v/l,fh,/\\ . --..f'/.x

—

I:Jl

: L
:35 e , |'jrb
Soan| T e LR

0.
NI Jiny i Jin i NTILREIN Jin Y shivm S

....... LIM | LiM 4

Plewre B D rifeeences in 5l My eoncendetions bbaeen o anb velisoenee stoeimns o b
Crjerstadd Torest, Dibamile was sprend in Sepiemibee 120 Lmow)



MV A AMETER)

_—
N H
AL
[
o
-
I M
i
i) — e e -
Jin M Jrurn thd Jrinn G Juy Jo57 Joirn 0
....... b -1 LI A HLI-
200 . R -
1440}
-
tn
" LF
-,
il
o o .
Jrinn B earn 1144 i NANTH Ju s Jarran
------- LI LiM 4 REF

Fleure . Reachve (A mend vowparnie smorweenesvie 07 adoninioo s st o Hmed (01 and
AR Y umd v berelice: tREY et o ihe gerskznd fiaresl Pl e s wp e i Sepieim by
[Y34 L),



B A ) o)

A0 l -
1060 .
o "
r_::.I T, ?‘\H’r .
e
g 18,¥] '
310 it e, 1 s
i L Jineid Jum i JUHT B Jiam By Jim i
kA Likd .4
00 o -
100
—
k . "
F_'.L ﬁ . l'“ - y I “I.lt"‘:‘
| L | ._-{‘
'f? "h-ltl‘i'i“\." I| \.I.I..l-wh"l,u”‘ ' 'Iﬁk .JI
= . !
-1
Ay L —— R
Aot din Tl NAIRAE JanAy Jin 8 Jn e
....... LitA-1 b |-

Flerore Bk Dhifterences i cotentiatnim ol Tenetive (AL and Talule (AL oluomman e tbwern Tanesd
andd relareney sy it Lipdeabind forasn Dholovitte Wae sphamd o Sepietntun TR {aa i),

s sl wiere non supposed Ty Rove ssmit e e o the water cheismiey, 1 weeie ol eprsmdic
scidification g My suppby o U Tovest soil, doe ol dishiowe 3o 1he coist Howeser, i ey
LS (Fanpr meesk s liee Tionened i sivnmg i i soedinn LD eomeestt rnniaoie divioed relacively L
Prapaud e e e, o] iy rosndecd e peentive vitlus Lo o naeine Mt o lowest cntiiiidd Ae
i e ol epdedmgent i L projeet persnd Figonre 01 Fhe lmad cictelment il shoswed 5o drep in
AN Tl md Bey negrnlive wilwes,

T el varialilily wars velifively T G comeentrtbions of WO (P pare 125 Somme o e
prohilenns this nophl Tgvee o the stadiedical bests were elimmited by s of e ditforonees batween
dita=pndve ol ol sl petizrenee soaples. Holalso e diflerenees wore chiracwersod by sssoml
vanisbilily {0 lpee 12y This wis found e B loihie pechimning sond s T period. @ e steciams da
ol s s e el ihe sevvnsd seinnier e leowing limings, The result v the AMCOEA fose ol ihe pre-
e b guast=tnaniup e o BIM- L el LM w0 snidl ot sigmiliciont inercase e
sneeleana of e =000 Dol o DML Bued e L 1L Randon indersvenieon smldysis sloweed o
s bl bl eres e (Tl &)

The vwpenine WO Tetuny, e Carelabivnsdogy of e alivenlvas] oeggmie mgifer gogd okal pluasphoros

ekl AL elal Bon el soeuleant by aflaee Tooaoge Clable 8 ool Flpaee 1)L

a1



=L

Fa

AN peg L

MW A LR

U - *
1458

o

5‘:, 100 4

R

04—

Jr 3

(oo

o

AT R

e Jun 95 A IR Ao 5v?

LMY - Lk 4 HLI

A

({30

ey

4]

il

Jueh Jirn, Jrn=R Jann? Junn -

Litd 1w Lint 4 HLI

June=Ed

Jana iy i Jan Ly Jurn=fii

LIM A oo LM 4 RE

Flpaee T Dlemishe, rianerinee Macibact ool ARC fsteenes ol Tonedd (L= 1 el TR A ol

eelireree (REFY emtebinen aothe Cipeesbael el Trdvanie weas sl o Seprembor R furow),

1)



MU A TS

Lon

din by AT

Jin i it WAL il T
------- [IL.¥:C IR— | ¥ ' MLk
Y -
o
(m]
B . "
:.'i: lll I| .ﬂ..
5_.1';' . n Ao i
0 g T Y L T T T
A0 . . .
Jitn iy i dor il o i 8YY e YR
Likd | FARA &

Fhgure T2 MO Mo stembta ol Tned (LIS 1 ool LIS AT el sl rennee (IR FY coleliameods oo we

Cpranind furesl, Thee MON-B-00T sl r e s ool Dol wies spiead o Septeidnes 1800

il ),

H



MY A ALRE!

[0 pmmen s e m——— e a]

= AN

R

i — —
Juan-siiy Jura4 Jun=sls Jon=Ti o iy

....... [ kA1 [ T4 o, T F

1ilh
Al
fn 10

ﬂ;r )
£

10

g
Jivn 4 St i Jinn i Wil A Jin Y Jilry 4

coees LA L IbA-A RFF

Flpmree L3 Phecsobved vn g Woaned the Chpe 80 g Mocato v steesns of lewed (TIM D o TIM3)

sl e lere e JETEFY cote hmen? o thes Chenabael e, Pdoinnfe o spemd od Septaeinber 1R8]

LAY

423 Trace imetuls

M pece g bt ol wace oetls aee avatlalie amed thus clinges Toom pee loning dee post lining
pevivid canmer beomddysed, Ploswever, cotcenteitivng in e lmed soreion eelabive do0 the reteronee
AL were whalyscd Dor difderenoes e postinsing wends.

Foiolive e REF mone ol 100 eiee menths inomonthly poine simples were signilicently bigher alie
Teniinyge Crwble 7 b e, el O By B MDYl Anowere signidivindly Lower in the sirem of the
B! cunchimen, which wivy e due oo inharenn difTerenees between the soeciums or may b an cfieen ol
el Cnly w, Cooamd A0 showed sy decreasing trewds i runat T Sne il il
vittchrmenn during e & yoar moninsemg pernd (Pguee W) e Phy O, Cuy Al Nivenmined
relatively aniTecoal by tie dolomile npplication. Cr was mestly Betbow deteetion Hovite ine ol limel
amd unlineedd cile linnencs,



b RPN TTTHERT LD

-
th
g
3
-l '.'-.-'"-.\‘I“'..-.—..-h.-'"“-.?\_-.". -
0 be—_— .
M HURE Jun-ts B Jin Gy Jithy (IR
I IR Y | =t 10
AN
o M
[}
R
=
=
4] . . .
N JI B Jin Tl JunF rgrn AHE
el =t =L
20 —
1%

2npal

Jdirra St Jiin BG Jan o/ Jin 5B

------- =1 R} it 1)

Flomee 14, Culil 400, Mraysnese (Ao e oy (R0 st g Timed (0 1 arad i Ay il
voTereney EREF Y war v ik e ieralmd finesl Thaloarolis wies sprcil i Sepfembr 1498,

i



MY A iRy M)

Table 70 Mol s dev. e medion (e 1y ol nine tniee metals fom T simples gl siedinme m
e AN wndimed (R FY catehimwnie, sl siompdes (o 1Sy are Peom dhe pest Tining parisl, *

denanles wippi Pty (et Sy lowee wog or e iy widmes T Gt e EE Vb mctals o
ol sipmdbigand By alifherent Olememeieabions oo thaz sgoopdes ey Bead wogler dhee deteetions Tima| wesne el al

Ve alisleetnenen Lo

1.1M-4 REF
1% YT 1Y AL Mecdizn Mliirn {48 edewe) (% PR TE T

fiu 27 L5 TRED
it it THE
|t AT (e {1,173
AT DA T AL 12l
i+ [ Ju|
Wit R SRR R}
Mt - I .15
I*h (L L1 ERr R T Y
Aot (- RIS Al

d. 24 Cmonnd Mg tramspor

Ther tatal fengapun Cel 4ol By al BBl sbiansg thes feal 3oy adter Toing weas AN aoed TEMD By,
renpreviively (Fheire TS oaspun 0 at TR v alaee shown ) Heseel oo e pae=lomme el puast-inuang,
i bereiioes Derweecn mieipdes Toonn LR il BEF wonel tomeespuat o ST K Canmmd 53940 kp B from
Wie applivad dulettiie wits caleulueed for the Drst 8 venrs aleer honimg, (RRUre W), PR correspuobids
s s L0 o e wdedd oty ol dhese ebemieins, A unetild ranaspor o Bess thoe 1ot the
b fuar bt £ v A g st Tonl o this experiment,

RIL



MY A ik S

1.IM-i
WH — -
Il!l
FTRI LN
)
|
]
PARLETT N o ==
[xl ~ —_
'_- _'_.f- - . . f r
- R
i T Rl
Loy sl lankh 125 Tanby Wi Tah o7 L "IH
o=l A M
AN
UG e=-
-'..
-J.

L, —— -

vy BRI _.-""----

-;1 ~ -

'] ——-— :

i — e

.l -FFH-/ ___.,....-f

— -

s
It L mrm e e b re i e ———— -
NETEE ANTIBER Jin Mg Jin") Jim Yk
e TR Mgy

EFleire 15, Avcumnloled todad winoil o Cwatiel My transporied aat ab stitudis LIV il 116 A i

Hres Tl dunet vt



M A AT

T.1M-1
]
R — e
i
= Hikn
ri.
v AT e — 1 8 e i ——— e [E— [
| -
1. e T et
I 1 Hj___‘: T a .. pp—
i Ll
IRTTRE loen 4hn IETCIT Ty L 414
| TR M
LiIM-4
IR
o 4L r
T g
. -
e S L—— T
ol et
L .FJ'--
'ri el N -
. . - —
Yoo .ff:-.r. e
o
11 _
.I|III wil Taly 0% |.||| il Lo 102 Tun wll
{0 kg

Figrnre Do Avcumubited it Gafue to Timinge oot o €5 Mpr femmspnerted v <iions T 1=
and DL 3 o e B sttt relative e thad expected Bascd i innpend Tromg e relvpeoee

vt bz FERDE),

M



MW A FHYS A8

4.3 moll chemistry

Thic sonil ahaian st the Iysineler sidions reproesend Elhe commuesibin s the oepanie 0% ol mineeal £15
coed sl Bver Bt Tinnings Dxdin Do s Boeigise, dhees Togaded inthe loneebaselpnmend ol g
Bersileed o thee conteel ealehment aee pivew in Talebe 8ol Talib

Tlae rpsnits wlievwe sl the sails wany widely o clsomigal simnpusiioon, This reesia e wisdes g
st clupeseperintng Thae b osites G epel copicbimaend weere intentisned by chosen Be voven a0 i 10

vasprelal g el el e abare oo lifiones

43,1 suils of the eontrol cadeh neend

T ETT TR Rt A T TTH ] KRS

Tlws leveqdivn e wirarioad withe G o shecicdosrs eees, The preemrl weiber Galsle s Db, ol Eluse wees
never prahlems in g the Tysimeter Bisttles, The pHEovidees m the sader somples esgeweted oo e
epriann ol poemeea ] sl swazpe eladively gl (LR ol 4 8 nespeedively

Shhiega SPOT nl =1

St HEEV va lowsteed s lallese oo thee vueds Tndly welohe S0 At o Toenteed oo o tariet oy ol ivre
slupes pust abaeve BT The dooimeating: Gt e cannnlisreas, The sl soliieos =satoples wmably Bl i
wlhenndn Yellowy doilodit wind e voliloas a0 51 wan bstindly Towy, wapdcia by T,

e HERTRIT T Y R Y PRRT Y et a8
sz abmianne aiee Dowibesd fna shindy avea bonwatl Birpe speace trees, Thae provnd vepetalion was
peteely devebopand 1w side b mderitely dey.

ST Sol1s of the (el cowie o ent

Stulmns BV W el 1-1 1 07

Stateacks FUOS menl FTVAT swiere TowededD o o el by ae pless Borest, Ther sonl selation .'.hl1.1|'|l|l|.‘.'1' {RRI (T}
Wi ocnnaot gl 1y were Tow s volise aeid of yellow colone, The soil gualiy can e compared so
aaild b alitaedis SE S0 and 1Y 40

Mpwgiawgre DB amd [ s

Fhese stlienrs are locsded i she baateeon o o small walley seitl o mised Tovesd el comileres inul
dheitherus drees, e e mutser ol Bieelies, The eeswral sqier Tesvel is bl tha: Tysonueien
Bt les wvrre 1TTeed upr sl winder seillin o Dewy b,

Shtoapes FU AR gl 1) a0
Slbabivane U LR swavs paboneged e bapaey o] ol Lev o whvesnn swehihe BFUI s Loeateel Tapalaee ope oad 1
vl i betwecen e veeds d s Mg aliler The Tysionesiee FUD A0 seldoo perve weden saongvles aloall,

Taharn v thien Hae e svils ol e Yowibes o Hhes selerenes ealelrewsad wee s ar ehenmneally 1 e 6 sl
el s 3 mabesw oot Deeewsal sl { Blparee D73 7T steeagneneity e Ml aites e oellected on e Lo
sbae kil lese i i ol P vneanng Thies savils aae Pyprand Fon coenliniias iaests o Moy, altholigh
Pheey Tunwes catliess Tewwe OFM aiaes, Thes oy v Maee D e Tewge=tenm deprasi e ool sroes e o Mo sl



MW A A

M [MME Il slmnmVy iy
1Y i
I
|
ni ! n
i N - T I” Dmlurrw =
' Eyel o |8y
adn i " .:
| | H
1 [ I qae - i H
P o al IR e rral
catlan aHEhdngo FRRELIY IN0G K B it B ILTALEN
{HHAMLED
e |I:H|
11Kl m |
S |
I i vl wu
#thi Wlurn=i du el
|
144} LT
I
1 1 a
Pt Al IRk P LIy
Gy
4l |
u H
Wrelvier v
Mt
" B
i
e i
1 e S
Funrman el

Fhgare 17050l chamdsoy o e dosites oo referenee wod limed ciochwent: ae Chersod,  sinplad in
st ner DU i G limsige, Mostaind sodieed destacion of e simpldes O oo omasn 12 LS
Feve i es] sodlh e sl



t BN =

-

b e Y

n

-

T i

-

'_.
= ICP

] el Teiciliy
FTEL N

=md
Lozl

15P1 =

b |

T

[

n

LT
[

R

Oy A e
ol o] [ o =

S D

PR T

=
LY

n ik

LH |

Ly W

CLaZora

AT

e A |

li=s

i

TAln |

L

=
-

i Lo

LA S GRIE

PR il

Table & a. 7

3

[Fan [ I B U LR IR LN B BRF =L =T} I:"I'I' =l =b Ly ']. [ I P Y BT et |
EI NP L U B LR L L R A TouT o B LI
e T TR LA T MUY SR O I R PP R S = A e
E S T N N T T I N RN T Th B N T T rour
1

amo e T T I - o T o B O O T A T Y- B T L

o T L L A B N A T A [ T TS
el T TR TRETIRE L SV TR TR S e M, = whe b N T
-_— A .l
[
;

i I T L I T O R T 1 I i = .

~ _"” 'L' LR T L Ut I B LA -r 1, e MeodL e T
- (i e L T R O N Y N | RN T TN B [T TR MR
ﬂ 1 1 AL e, e, Pl =1 ="F 1
i

:_.1 1 o=l 2= -1 A LI | L N I I N B ? R I EY I ] -’J
i""" I T I L I U I L IR b T N ke bE T e L

—_— PR = AT PP e = - Y AT T Y H

- N ] FYoe Ry

= )|

L o L L T -U i L R O I | ool o S S T o p b T T e

|
L: ’_"F TR T aa r e, 1R -.r ’ .,i e Lo ol 8 R I A
- LI I L IR Y =T BF | 1l ey b A S L Y | r LI B B 1]
- o LRI T R o LA Ate P}
é -
(N
' LU S ol I o I S -.E.l b AT B L B R R - e "~ ' BLF S |
o [ EHE I T [ =t Wl oty
e Bk e A S e o e o - TN TR . R
= I A B VR T S | IR I JY ] [T IR R |
ﬁl py ovm o=l wod
I
;_.-'_ ' Waoef M R R == L I LR LR B N U T | Ea U | o
f LT O R T R I P P O R L L e ooa P} OCF FN N R
L P Y e R | I (N T T~ R -} T - T
. ol L B N TR R B B e e e A N ooy
o
%
' ro ir [ Y - Lol ™ ™ oa] o ==
"T' TR R L] 'Eli AR Y] A T TP l"r. 14 .E Rel ST ) -,
'.1; - .“I- ! \ .-II 'I—" ot .=: T : | ! M J:I': P |.-; iy
= L P L ] F1oar TS
A 'i' T B T k-] E- 1
}; ot 1 P A I
L
e - L B BT U LI I A o | "-I]' | Lok - Tl T T S I R = = BT ST o I |
N L R A T B B S L S A
. Pl oo BROTPE AR WL AR W o I TR ML 8 [ |
— DN - PR I |.:'.I 1 ..F. W N ' T - T T
YRR I L TR R B A P L A R R e . e
W ? LI 5 = P o g Weow o Ml
. [ LIS NE L T IR gy ol AT AR 1 " B I R
rL-'- Lo Foohe ke e i |'|-l! o !'r-. ' |1? |':' |'|-: !
I
L. LT TR Y ] AL P N IS F P N L - PET-FRE 1 Y B IR S PR, FEE I ¥ M.
o T I ) T e T =T -;- L L LN r |E'|
e SR I T I L BT R - =
b | e B Il | o R Tl O T O

B Rl SR BT R LA oL o A T | ol m] e oS e I b b R a)
:l.E_ ® r -:F -r e W R, R -l ’" E W O

T IRY ST B BT S BT -4 S T I

=
—_—a
—_
s
Tl
| el
b po ot

AT . Y EE A W '
O P T . B e o
;n.n.n.ﬂ.n.n._'_'_'_'_'_'ﬂ.n.n.n.ﬂ._'ddtd
[EM X ST T o N F - B Wy B I I Ty IS N PR ¥ I F A BT R BT o R T
[ B .{- e .E. [] o RE & T
Y= =T . [ N I N e N
ar =
: .- —
I\r R o :
YT S AT
- ' - ' r - - . ]
- .-i-JEE"J" 2o E B




ST

LK

B

zonE In ks

=1

e T

hmerL1 62 =2

eleneros cine

.'_E

AT

it o

17 1mrae

. i%h

LD P N

o

2 cra

L R I

"

Tatdz 8. b. Pre1

ok

L
=

W]

L)

W

g
T

oy

L

1
vl

sy

W

'

.

ff-

1=
ey
e
W\

1

'R
ey

R |

oy
.
i

[

1
ETR

=T
1
L
1%

'y
1

1#
T

'
'
ri

br I3
P

40

i
”

1
i

o
[Tl

'R
~
'

7,
LM

-

W'

Lk
L]

.y
'F1

s
e
=

L
.

~”y

]
AN

b

.
'
(8

i
fha
W

Z

vl
¥

)
e

1
-1

ary
i

"=
ey

1

r
=1
™1

I
4
ir

1

15

e
",

1

=T
W

504

-r
F
[

L

L

W
W

i

LN
r

Tl
L

1

W,
N

|

o

bl it 4

—

T

[l
-
|
T
FLS

|

(L]
|12}

[ 8
it

rl

"y

W,
L

i

o

na”

1
4

1"
-~
"

Lhl

"
o

=
-+

(LY

i
rh
1'r

it L

'y
T

My
4]

L

=

W
i
1

| ;s

.-.I

+h

Fr.

My
w!

S

(N 1)

e
[F

L
—d._ 3

My
!

lal
‘e

o1

-

s

11
h
I

'N
=
i

1
”.

~d
ol

¥
rh

1F

-1
o

Ml

-

rs

e

i

i

I

-]
B

_._

™.

1
L
W'

o




LBDo=

gl | L oy T | a1 |

1k ik

LU e o

gy =~

-

o L

=
Akt O

s

Al

e

izl

P
Py e |

L.

Sl oy oy ey w

i 8

o

oI

|

-,

.

kel

I

k-2
H-C

SoimeTion

= .=

ool

"'f
i FLo

SIER AL borzrnzl

H
-
n
o
i
n
=
[

JEX

s
re

I3

bl

L
“H

0
4

ul
“ry

L

fl
-
.

o
Ll

1
1=,
B8

_
e

Tl

L |

g

i,

F

1

T
17~

i

ay

|

'y

T

L1

.

o
P
(=1
«

LA 0

=

vl

=1

"y

i L,

L

')

L]
'

[

1

=

-+

iy

o

[N

Tl

+

PR

iy

X
.l

i
W

4

=
1
ir I3

-,
[

L [
o,

T

ERCIE b

| =f

=+
L]

L

ra
L |

b1
|F.l
i
e

]
vy

=T
ry
ey

o

15
r

.

Ay

-
iy

‘o

iy

-
I
1D

1

L
B )

L]

[ |

'y
"
|‘|
Ll

'
.

Vol
1

L
.
L

[
W
"1
”

(]
bl
L]
ol

‘g
ol

11

il

1

!
ba
-y

Tl

(L

1

v
-

-
a,

¥

”

LI}

e
TN

rl

e

¥
.

Iyl

lA
Lh)

P

o

h

1

I
=1

o
==
Lo}

Fa
[T

£
rer

- =

wl
N

-
ey
1
Vol

=

Lo

£y

D
-1

1"
1
[TH
-~

i)
IFa

EH

=1

|"|:

-'I'J

A

.y

141
)
wr

i
Frh
=1

(L]
[ )

1
G
i

1

i
1

1
.l

b
B

oy

(]
-1

o
i

ey

1'm
[ N
]

Wl

L]

¥

.

W

b L

.

1

1
-
i

T

[

[T

e
-1

=9
Wl
Ir

¥

‘h
1

-+

5

re
ir
LI

W

oy

w,

%

1

N
=
ol

L]
141

P 1

1n

A

W'
I

[T

ey

e

1

Ay
"T
=1




F

R

bl | I

zoen JERET A

WETSERAL =i

ot
~

C:

ol 45

| P )

k3  H

=

VR
|

g%
141

'
L

N
'

rr.

L
'

1
LU

‘P
1
-

W
L

i

v,

e

W'
i
i

'y
r
1n

1%
W
LN

e

=T

s

WL
-~
BN

TEn

.

L1

LT

151

L

L
=1

.
L

T
=+
=1

i
1

"

1
L}

LN
W

nr

L=
L

|
1"

L

-+

y

L.

o
£l

oy

L]

Wy

[N

e

iy

.
I.l

1]

i

o

10

L

1°r
=r

=
[F

T

e
"=
"




[Ie H

faca

e

s

Tisln=
1.

a sHAO

1=nr=sis |

dea ol o =eral =il
__.l____:_-\_

went 1FL CEC

[ Tombld>Fwn b ouch

Table®. b.

&
i
m
2

e |

i} Pl

et H

C

LS

"1

o=

0.1a

I

T

L

Yy

LA

1
L
o

-

FEll
i

L]
"

"y

]

W
"y

LN

W,
Ty

Wi

L™
LG~

[
3-

1y
W

o=

H |

=N
re,

"o
w,

L

-
L]

1 r'.l-

L

ary
LN

Tl

=4 =

)

L

-

22

1=
T

L]

o

|

LLIY

oy Iy B

4

1 Fy

iF
WL

amy

ol I

!

5

==

nli

Ll |
.

1w

=

T
FLE
A

Y

1
Vv

g - B

=
T
ri

ol

-

ni

(W]

T
Wl

Trl

.
T

LA
i
17
L]

b
L |

-
(L
ey

Wr
[EhY

a7

-y

1.:%

b

wa

"y
LM
A

L |

2.2

ni

-

[R—

12
=t

o

LLN|

"y

ni

i
W

NNk

LENY

ol

L 1

it
iF
L]

als
L

il

TLaE

0l

W

ri
LA

Wl
[T

L |

e

Th
Tl

TH|

T

LU
L
1

[a]

nli

"

LN

oy

ar

nli

W
kY

[l
]

L]

nl

W
i

Wy

ful 8
v

r

L

e

[

L
LN

ff) =

LN

]
Wk

12X
I

LT

rli

0l

¥
WL
A

s
e

141
LR
ri

L ]

[ ]

nl

-

al

by}
1

[
W
]

e

L}

nl

3

-

Ll

"
L}

[
Wi

LN

LU
o

o

1y

)

et
F i

-

[l
-

p
p
P

a9

(]

L.2n

L]

L]

Wil

aPsT

-
3

2

R

[ 18

ey

[ 2%

[

L
12

"y
= p

nl

1
w,

re
[F
(Lo

= 'l

Ly
1

T
L |

'T
o
i

[F]
vl

b
=1

G

e

b

o
T
10
]

s
L

a

Ty
-

=]
Y
[+ 9
1A
1

L |

il

!

e

rey

i
T

4
e

L

—t

4 A

11l

e
1l

[-F4

F
ey
¥l

==
[ ]

LN



7] I'.Ir
-
'r';
¥
I

o o
i
"
f

o Ll

R
E
E
E

R

-
o
5
E

!
|I-I
F‘.‘
-
i
I
E
12l
m ’
[T
i
o

JBS

Ly Wkt

|- el

EL

=00

=t wy =t h 0 v
P R
=4 |'{|||||--|.u-I
= - o= 'I! vl
I}
=1 0 FF et b
—- = e -
—
BT 1 45 == g dF
=) e e T
1w
Rl Y | [T
o gt —
Lo
= =F 21wy
T [t IR L
— e =
el
= Tl -.-I- £
D ) g v e
=1 LY o |
ERL R T N M
P
’y s |
TP o D W 1y
P Y L -
Piosr o e
r | - L.
[ ]
[

E

r
r

'
]

rx
]

[}

(L]

L.F

trl

e
-r wy

-
- -
"

b

LRl

-

Wy

we -

q

o

T

L=

pppich |
=1




MIVA 47 LY

d.d Moil seluilon

Tl Pysrmalers wess cosdalled oo Sepbenbies T3 Sianples colleecien] ihavpds bLdreinbn Pk waene
dearepated Bere due o pussble cllers ol distu e coased by e iostallildon,

The et il cettipenlten ol el salubeny Ve whielely Bebvaean T soes, o el rellechng: e
betaraneurivdty vl sodl ol sie progernes, Fov edmtiple, pEL o he hunins ey wies sl 4 at e 5149,
FUECER sl PV T S 6.0 e sne SP0H, FUAS aied FUP S (e T8 anel Flgure D9, T here waele
ne ends over e i prieat sy ol e Tysieeweers D et the i or i vand i,

m g comwontratinnny i seon] solubion el virend 1ong site weosoe (FIpnre 20000 Flgare 20 5 A S ol e
Pysimedirs i the Bimed cideliment che Mg coneonriins show g sadisically signitican (p-2 0.h)
e duviog dhe 3w Tollivwinge Dining, 1 Tere weere o st ieao eends i &5 coneeimridione
(Tpeaee 22 ol Figare 1A



Y A D) g

Fnll mululiun pH
& cm depth
or iy
e .
oo i
[ - e !
" I A p e LIS
.|“| + n i
an 1
in
HR
1= IRk e FIFR weng
R L
L3 .
it b :
S - . o Ta !
o ”~ L] ‘- . - ]
1 '
an
H| '
ETRF] Ly AR nenr
HISH T
ne
LT
-
o | '
an - tin gy | J— o
an |
1
i ud 1l 1l um mend
1 an
= . .
[TRTH !
wEo
NIk
LY "
FE -+ LY LY ¥ Y LT
[N '
LFH Iid ul e TFR
nI*an
uh ., .
"
Lh
L H
¥
. 5 T - ML 8 - T
W '
"
e e s e e e
aF bo
FIE
urt ,
L
o
ih r + ay =+ ny " .
an !
[
1Fird wd e ol e

Flginee TR. prl Do seil sodabiaes oo palors oo e ee e gqnigbaegend,

plotw In roferanca eoichmant
10 it dep'n

fiF iu

Ln
l|'||
an

I'h
INF Ik e IR

{1 g L]

IHF M al e Il]

ey

i TR o

I"h

Ird M ey A

LR L)

ut
ds
L
|
an
1l
[

LR} nure s

I A

/K8
ik
wl . ¥
an - w LI
an
Hi!

[ENIN} 1F e ik

Hia10

ay

L]

Fy

"l

an # Yow P
an

e

e wonn P L

il

[IraTY

= "

et

i df

[AER I

[AER 1

ey



—

Rt RO N Ty L

Hull mlution pA ploty i Himed colehummenl
o cm dapth 1% cm thepih
i 0 LRTR
ha [
Alk s
"n wa
Al L
¥ -
- . ] om ER o, am
] a
an - blld ot i - Al
i VL
ITRIF] meys TR s e AN E i ey
ruus rduod
L1 e \
Lir H Il !
" T :
1
- = +
in an | bow Hom el
A a - a an
H F3 ]
il * i (I8 |
L L] A [HAL] [HATrS i L] bl e
ML 44 1114
B L]
il " ' * _” om i - L
LR ‘ . -I’ ww ot - r aH F T
i | " .
LR i
44 an
e | o
i da s it et IV Ik IERTE} uf [ RTE
M Al LR L)
IR . Lh ¥
H % LR
an | % - + l."l L l++| nn | + T * a r !
| . -
1
| : KL
H 1
an | | a
1l . L
[N ™
s [IERTLS e wlul i 1l [Fr'S ot
ru4n U 4
nh L \
LRl ! el
' N "oy -
ad ¥ - N b
| ] r ¥ ay ' L% - L .
ah P
1 1
i 1
R ' 1 '
el e e e FIER] e e e
FLI4d 'L 4u
e ny
] L]
LN Fh
. " . t
W - AT a " » ol - L. " - P
al an .
1 14 :
[N (R '
ulin [TERTEY dn winlt ud b [Tt LR wd ol

lpwee T3 U o wenil waeibivnn S pleds o ther Tioeeed vatedienent,

4



ol wilbon
noom dopin
fikun
L
11
-t i
L[N ot . - [ *H-
an’
e LRI e
I
i
.
i‘ L]
l -
n -
LLY b -
s
HET] 11 oo, ok
upar
ol
.
F 1
n # u
FYTRE w -
nn
I ! ah Arun
1P Al
it
L]
[\RE
|
i a . v ow
i
ns A [IFER1NY e e
I 4y
n
I
| BN
Fr I + +
L) [ &
£Y
a4 ¢ F
Al
LERI| LFRILY FILALS]
HL B
vl
(] ‘
&
[BLE *
T » o
¥
n= | +
i
"ne Wa e e ue ne

ot

IkF 1kF

u

L eF

l--I"I

Ry

By HE

s

ey

neny

W I

plais In rafurence catchmuont
1% Sdik GERIN

Ak vn

[y}

o 14 TR0 arun

FLILER L]

'a- I
.\ . u P

-

nu

el Ir A el

MY

'y
w — 5 Tub

A1 A dn

ar 44

nr s e m

LT

Ih

R .
(i ot >

ket

ne na L) ne Wi

e

IkFLF

o

et

e

Elyegry M Mg comepteatione i sed b splwdions in gl i the refeorenee eatelimgpl



(MRS LTy Y

Boll sululivn Mg plets In Hmad enktctunenl
& om doph 10 ¢in depih
FU o o
iy i
14 ' 1
- - 1
" . *r L
LN — |4
‘_,_'-—ﬁ_'_'._r ! - N . - ot
i : el
TR TEaTH TRl e LR ny i Y]
e/ ruar
n KFl
[N LN |
T I o LT |
; o |
ol _._.—ll ' e |
Il b T I ] " oo -
I
nrin L] ] e iCH IrF = 1LF U Ivf o
[ATEL | TR L
i ALl
() 18
- ‘ -
H- L] t 1
Ikh qr . L Y L nd ." W ? l'-' 5 o Ay ot
Il . I ]
ek nenn neew ny oy FIRRT] [P AT Iy ey
PLAR MR
2k e
[ I
EI' LA -r 14
—t
s i ._...i_qJ_|I'* t l: ne . e iy
nn n
i IF I 1f il wt 1 [EETL] whud
[UFEH | M AD
il I
[ | 1h
(L I il i
T u .|.". '
[ it *
n= te -~ + = I - ra * s "
L] nm
ITRT ] FITE T e e e LFRTLN e e ne
Fu 1 FLI 4
Al o
‘ !
. . ' 1
i‘ [}l - * " | & LKl - x .
. b 1Y i . " . L +
nn i
LIERIEY [T IR fhaf [TERTE] e e [[ET] whal

Figure 20 My concentatui oeand saelubiony soopladeinc thes Tomed wdgehornged, sipni eand Lo enels

Idicaied 1 regresasion Lines,

A



MUV A A

Anll anlinlzn Ch (VL P R LT R T
At gdnilh 1% ¢mdmph
HILRT) e i
Al . L
= i
44 | an
R yin
a1l | BT
1
N o oa " R B R Ll o tut
i : [1LH] :
add LA TR e [[FRTE] e = e NERT
ar e Py
W , LYl
Tl : o
an I Ll
g . i.r 1
A | B .
I|'|| b l-‘- R = k| AT . 'F* tn wa eyt
WUl i '
TERTT] e e LT il 1 AR IFaTH LT
s s
i Fulp
B | -
FIIN 14l !
1 : " (0]
-l : wh
LA 3 ' Al
. - vk W [ L | ™ emwm n telm L TOT ]
nn
1= Hnens e A LT L] Ik Inh IkFae
Han
i
i
il !
wn
1
| .
v !
* tn o ay L T
mnn '
L] R e il
M AR e
I" 1 . il
! |
Wl ' = i
14 | an :
F o r + ! ipan '
: . T + L +
1T F ¥ & A L L 1
- ¥
" * | In - b ot
!t an
ol I e e ke LIFNE] ILRFIN IFRTTY nend
(11811 ar by
uf | . 1]}
1
af | L 1
Al ' an '
dt ' i
an H
L R . va +
i * a T In. " + - ¢ -
1kl ' |
L 1ng S A P IF e I3 I, il darnr

Plgwre . ¢t conceamativg i sonl solsto e plots o e weleoee cate e,

a1l



Bull sululion
54T epIn

P oo

h
-\..;||
1

I":Iﬂ-l

[NH ‘
+* - T
uy (1] LI o
1 e, FIFRTY

rear

LIl
"ty

A
i

L]
L L +

ety LR 1+ 14l

a4l

i,
Wt

1 x
U B B ¥ L

Il
[ ERI LR N

HLran

' " 2 'lq.

i e i ufe [LENE I}

QTR

frn

n

1l
A

EEI

Il'.li ¥

i

an % o

[ILRFT] e s

FLl au

n
N
ny
' +
11 A &
.

Al wful [TERTT

Co

[T, ]

LTy

.

L]
nar

ol

ar
"%

une e

[
Ly

[AER 1

BTV AIGT T4

plata Im limad angahn g

1k
"
41
I
t ¥l
EN
(I

ni
A A

[}
Wil |
LA
romi
i
1k a
nn U
PN ]

ni .
ey
A

[ Sl
-
1l
ni

wrF

*

e
ne

T
L

L
1]
il
]

nn
HERIE

|
g
an
¥n
R
1

[N [

il l
g

1 i dnpfy

LIl
»
4rk # a2 e LR
(LR T 1 et
Mg arT
1
i
1
|
LTI iy v = A
[ITRTIN TN menr
i 44
|
|
b [ ]
.y Ty F Ty
TLEVIN e, wene
PR
L™
a
+'+ % L
l.+ b
bl I A
FLI Al

= o oA o

il wh il et
FLIAD
1
1
[ ] r ot PO | i
AF I W TR

Flitiye 23 o coarmsendegions i soil selation inplots incie Ded catc ittt



MIVA ArprT o

4.5 Forest investlpations

.80 [irist cousilhy g

P Wigneeye 34 e adistrthation aof dirlorenn cunming chitses i ahown e o calehnents, The saapling
mteaaily i oappog ity B tor both areas, wmd e saund composioon s Ly ahike, e e celenmore
e Hiemres v b ooy e e lecsgred Aorest, Here, ot FO% ol the forest i e chistabiod o old
privehctinn Feweal o aelad fopcsl, while i che limed cnechiment this proporton i S0,

Fugilhmn - Himard Npleldmmn - ndurannn
M e R pay]
" - o
[N
i
| £y W

Ay

LT

Floare 24, Arca distiaetoboed b Teend erdlinme ghiveses i e Do gielmpenls Ol olisses
o o futewng deli o, 1= Fureal umle repeneebng, [ = Bepmeraied s ik yonng
Faresd, T Yowms peodiiction furest, 1Y - old (m st foneal, Vo= aled fineesd

Tl T aral Tadede T liers ageprmegmiled dleures Dor boresl coiditnn e thie U catelanenta, Tl shune
el Seels e L Morway spreoee s igher oo selerency ared (AR codnpatead ot b o
fafafebbh A mmall Teactoon ol bosrad -] frees in Ui midedbe e amd ol suieds wovypicad Tore tins
regben, The clom-uat aaews ity vagetnnents e mainly dominiled by aech o lombling wspen.

Tulde 10k S Ly Dapidsees Jiok Cher Tewtesd aboendy ng e Two eatelmgngy,

] N i L“.’.*.!"'““'""'” et il Saabdaen - lefirenes aan

Al B0 ha AR i

Todal sbmndenpr wolpng o ”U'..”.i:l.a-i.l"“m -I_n-q:;l:;*'.'!'a' !

IM\.‘HH diagner [ g | [53 ki
. Mt':il__h:.'ul'.ll_l_“ N . sk 11 1hal 1

AVerye vullnne puer e TREYEITE ) -u-n.,.' ' )
Efi_:.'.'m il 07 yi 7 yr

Munther e samigile: plisis I-;_’ | I S

Sample sy Rt "m.l‘sl.?'m

iy II_1L11.‘1: {1 Ly} - - - [} | Il K




SR TTO R RTTH

Tulele 10, Vol o et corlbionge elivmse s ol Teg dree wpegaes oo b bwas vine lnmenis,
Fibgledibsen - T eave [l

| | "'.-"H|III1II'|::|||1]

g ML M ol Anpn (kL EH b LA
LT brinndleavees
— e . . . TR
I Tt 443 1 1} [ 2 [ 1171
A" L i) Wl L [4) i Mg
vV Al nds (RIS At Ml N | hiiit
=0 S4.3¢] ) Anl KX s . T

SN reirenge cuiclingnt

| ! Vulunie {in')
Culling Apree e (I Azpen i %k e LTI
T HIRNCS | _ L [raindlonves
| Hl it LA b 101K [+ N 413
IV Ar¥ lls iy - 114 | ) “-_| o |.*l:i.“|
. "'-"_. (LRIl 231N 117 214 37 a7 IR
SEILE [ 5ivs Vel () Ak ?-II | F.H“ T I:':HJIIJ'

d. 5.2 Intensive 1omitariig oy

The mwevemeenl i the sdapesr pepeimd P9 1995 G conipinned e e wsinaied aerencan ieed o
Ml Tonetons (W rper 250 The sweradl level of estinsied inerenient e 2% dor e relereine
et et urd 775 e the T vt lnead, This difioence eomel sigstlicin. A seen tome Plgare
25 thie vkt o vk fesdila i il Baepes Uhoe pleds e & e ibe relicroeee catchimenl, his o vory low
et ceniiared e Dl es e B the Sapglion, Thiv s probably coused By o ity ol
dechinming e, The reawson fon s has oo Teeen mwarshpaded lether,

Thi severige Crowin ety amd crveen calaon e slwowen e Flooree 36 0wl Figpes 3700 Tl v
tirpeidy iy lsn I'I.'J.'I.1I"f'1.‘i}" oo, wenlli ey ol Dl sl witle less e R5%5 crown densaly e st off
e pereeed. The Tevel v Wotle beoa pemc=l=yean e el af Booweys e Bee exlgeded, The wone
hetlabe Do dhe crown coloar, Tl el =Doe=beitnnd vonntnan s mwane prenemeesl i ceesen volinn An
P i codone Vil (et Sl Lot Drasen ) W Tirem D dan TS Theo o sbeaily deveeise: incvaloe o
THEYS AR LR Diiis BCe1n pited 10 Pty el et s,

51



NIV A 4097-99

Valume ingramant in limad and refarence
catlnlininl

A

el pengestaast, =T i 4. paars
E
L
-
-
-
-

«18
4 & 8 T a
Fiat no.

w LAl

Figure 25. Differences between measured and estimated inerement on the intensive monitoring plots.
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Flgure 26. Average crown density on intensive monitoring plots in the period in the two areas.
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In Flgure 28 the percentage amount of green trees in each plol con be seen, For most of the plots an
almost complete recovery in erown colour compared to 1994 has oceutred, SUll some standa have low
proporiions of green trees.
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Figure 28. The amount of green trees on the intengive monitoring plots in the limed eatchment and
reference catchment in the difTerent years,

5. Discussion

The choiee of conrse dolomite and the dose of 31 ha'' for lirning the 80 ha forested ecosystem in
Gijersind was partly based on recommendations for forest soil liming in Sweden, as summarised by
Nihlghrd er af, (1996), Resulta from the whole-catehment liming st Tionnstrond (Tranen ef af, 1997)
with the same dose of more fine-powdered ealeite indieated that significant improvement of the waler
quality was likely, Higher doses may change the soil pH too mich, wheieas ion exchange of
necumulated Al and H' in the soil with the added Ca and Mg and production of organic acids from
decomposition of organic matter mny incrense the acidity of the aoil solution if lower doses are used.

Due to the anticipated variability of many important factors for acidity and liming effects within
hoterogeneous catchments, mixed forests and climatic reglons, we chose n fixed dose and o poired
catchment experiment in a forest ecosystem that might be regarded as typical for large seidified oreas
in Morway. An initial split in the limed catchment for stream water analyses and parallel sampling of
soil solution at different stations were included to study inscatchment varinbility.

5.1 Soil chemistry

Sites for soil chemistry was sclected mainly for vegetation purposes. Large gradients in nutrient status
and waler supply were two central eriteria for this selection. As a result large variability in most of the
soil ghemieal compounds was expected, and this is indeed what wae found,

The chemistry of the soils at the two Gjerstad eatchments is typieal for goils in southorn Norway in
contferous forests on nulrient-poar, siliceous moraine, Soils on well-drained sites are acidic and
exhibit podsolic charscter, while those on adjacent weller areas are typically organic-tich and
humified, Both the cation exchange capacity (CEC) and the base saturation, 1wo key paramelers with
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Appendix A, Water and soil chemistry
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Appendix B, Hydrology
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