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Ievads

Darba aktualitate

Meza ekosistémas nepartraukti tiek paklautas ievérojamam dabiskam un
antropogénam ietekmém. Viens no nozimigakajiem faktoriem, kas ictekmé ekosistemu
funkcionésanu, ir vides piesarnojums un ar to saistita baribas vielu pieplide no
atmosferas. Pétijumi par kimisko vielu un elementu izs€Sanos no atmosféras un to
ietekmi uz ekosistémam sakas 20. gs. 60. gados. Sakuma uzskatija, ka vielu un elementu
izs€8anas no atmosferas ir papildu baribas avots un ta ietekme uz ekosistémam vértgjama
pozitivi (Cole et al., 1968). Turpmakie pétijumi pieradija, ka skabju izs€Sanas izraisa
baribas elementu izskalo$anos no mezu ekosistémam un izraisa augsnes paskabinasanas
procesu (Cowling, 1982; Johnson and Lindberg, 1992; Cowling and Nilsson, 1995).
Teritorijas, kur baribas elementu atbrivoSanas augsné un nonaksana augsnes Skiduma,
pateicoties vajai mineralu dédé$anai, ir zema, galvenais baribas elementu avots
ekosisteéma ir nokrisni (Parker, 1983). Visvairak pétijumu par vielu, ar piesarnojoso vielu
apriti mezu ekosistémas ir veikti borealaja un nemoralaja dabas zona. Lidz §im relativi
maz pétijumu ir bereonemoralaja dabas zona, kur klimats un vegetacijas sezonas ilgums
atSkiras no iepriek$ minétajam zonam. Latvijas teritorija ka p&tijumu areals ir interesanta
arT tapec, ka pedgjos gados taja strauji ir samazinajies atmosfeéras piesarnojums un lidz
ar to vielu ienese meZa ekosistéma no atmosféras. Promocijas darba ir apkopoti dati
par nokri$nu, meZa nobiru, skuju, augsnes un augsnes tdens kimisko sastavu, veikta
$o datu salidzinaSana gan starp dabas komponentiem, gan starp integrala monitoringa
stacijam, noteiktas izmainas laika gaita, ka ari aprékinata biogéno elementu (Ca, Mg,
K un Nkop) un smago metalu (Pb un Zn) ienese un iznese priezu mezu ekosistémas.
Promocijas darba apskatitie vielu aprites pétijumu rezultati sniedz jaunu zinatniski
pamatotu informaciju par kimisko elementu un vielu apriti boreonemoralas dabas zonas
priezu mezu ekosistémas atmosferas piesarnojuma samazinasanas perioda. P&tfjumu
rezultati paver iesp&ju ari pilnveidot meza monitoringa un integrala monitoringa stacijas
izmantojamas metodes.

Pamatinformacijas avoti

Peétijumu gaita izmantoti Latvija esoSo integrala monitoringa staciju dati un
vienlaikus veikta arT atsevisku dabas komponentu sikaka izp&te. Integrala monitoringa
programma Eiropa izveidota 1992. gada, un taja ir iesaistitas 22 valstis. Latvija
$aja programma piedalas kops 1994. gada. Integrala monitoringa tikls izveidots uz
nelielu tGdensteCu sateces baseiniem, lai varétu modelét Gdens un ta kimiska sastava
izmainas meza ekosistéma atmosferas piesarnojuma rezultata. Latvija darbojas divas
monitoringa stacijas — Taurené (C&su raj.) un Rucava (Liepajas raj.). Rucavas stacijas
parauglaukumi raksturo galvenokart parrobezu parnesi no Rietumeiropas, bet Taurenes
stacijas parauglaukumi — arT Latvijas teritorija emitéta piesarnojuma ietekmi uz meza
ekosistému. Ka Rucava, ta Taurené noveérojumi tiek veikti oligomezotrofos vecuma zina



lidzigos priezu mezos. Tadgjadi ir radita iesp&ja salidzinat procesu norisi dazadu Latvijas
regionu priezu meZos, un 1idz ar to iegiit izsmelosaku informaciju.

Integralais monitorings Latvija sastav no 25 monitoringa apak$programmam
(http//:www.meteo.lv). Promocijas darba ietvaros izmantoti dati no septipam apaks-
programmam:

nokri$ni un to kimiskais sastavs atklatas vietas;

nokri$nu caurtece caur koku vainagiem un tas kimiskais sastavs;
nokri$nu notece pa koku stumbriem un tas kimiskais sastavs;
skuju kimiskais sastavs;

meza nobiras un to kimiskais sastavs;

augsnes kimiskais sastavs;

augsnes tidens kimiskais sastavs.

Darba mérkis

Promocijas darba mérkis ir izpétit vielu apriti boreonemoralas dabas zonas priezu
mezu ekosistémas, samazinoties atmosféras piesarnojumam.
Galvenie darba uzdevumi

. Apkopot un izvertét informaciju par atklata lauka nokrispu, koku vainaga

caurteces un stumbra noteces, augsnes tidens, skuju, nobiru un augsnes kimisko
sastavu integrala monitoringa stacijas Latvija.

. Noteikt petamo dabas komponentu (nokriSnu, augsnes Gidens, augsnes, skuju,

mezu nobiru) kimisko sastavu un ta izmainas integrala monitoringa darbibas
laika.

. Noskaidrot priezu mezu ekosist€mas nozimi nokriSnpu kimiska sastava

veidoSana.

. Izpétit priezu mezu ekosistému nobiru kimiska sastava izmainas vegetacijas

sezona.

. Izpétit augsnes tidens kmiska sastava izmainas atkariba no augsnes horizontiem

un laika gaita.

. Aprekinat biogéno elementu un smago metalu ienesi un iznesi priezu mezu

ckosistémas Rucavas un Taurenes integralajos monitoringos.

Darba novitate

Pirmo reizi apkopotas un kompleksi analizétas kimisko elementu un jonu
pluismas priezu mezu ekosistémas Latvija vides piesarnojuma kimiska sastava
un intensitates zina atskirigos regionos.

Iegtita jauna informacija par tidens plismas un kimisko vielu pardali priezu
mezu ekosistemas boreonemoralaja dabas zona.

P&tijumu ietvaros pirmo reizi veikta priezu mezu ekosistému nobiru kimiska
sastava sezonalo izmainu izpéte.



Pirmo reizi Latvija priezu mezu ekosisteémas aprékinata kimisko vielu ienese
un iznese.

Promocijas darba rezultatu aprobacija

Promocijas darba rezultati apkopoti 3 zinatniskas publikacijas un 7 konferencu
téz€s. Par pétljumu rezultatiem sniegti zinojumi 5 starptautiskas konferencés un 3
Latvijas méroga konferences.

Pétijuma rezultati publiceti:

Terauda E., Nikodemus O., 2007. Sulphate and Nitrate in Precipitation and
Soil Water in Pine Forests in Latvia. Water, Air and Soil Pollution 7: 77-84.
Terauda E., Nikodemus O., 2006. Element Inputs by Litterfall to the Soil in
Pine Forest Ecosystems. Environmental Bioindicators, Volume 1, No 2: 145—
156.

Danilevica E., Nikodemus O., Klavins M., Lulko 1., 2004. Séra un slapekla
savienojumi nokri$nos un augsnes Udeni Latvijas priezu mezos. Geografiski
Raksti Folia Geographica 11, 63-71.

Konferencu téezes

Tabors G., Brumelis G., Lapina L., Nikodemus O., Terauda E., 2007. Air
pollution biomonitoring results in Latvia, 1990-2005. Starptautiska konference
“20™ Task Force Meeting of the ICP Vegetation”. Referatu tézes, 71.

Terauda E., Nikodemus O., 2006. Different stand composition of pine
forest ecosystems influence on nutrient cycles. Starptautiska konference
“Implementation of Landscape Ecology in the New and Changing Conditions”.
Referatu tézes, 90.

Térauda E., Nikodemus O., 2006. Nobiru nozime kimisko elementu biologiskaja
aprité priezu mezu ekosisteémas. LU 64. zinatniska konference. Referatu tezes,
259-260.

Terauda E., Nikodemus O., 2005. Sulphur and nitrogen compounds in
precipitation and soil water in pine forests in Latvia. Starptautiska konference
“Acid Rain 2005”. Referatu tézes, 133—134.

Terauda E., Nikodemus O., Laivins M., Tabors G., 2005. Element inputs
by litterfall to the soil in pine forest ecosystems. Starptautiska konference
“International Bioindicators 2005”. Referatu tezes.

Térauda E., Nikodemus O., Laivin§ M., 2005. Kimisko elementu ienese
ar nobiram uz augsnes priezu mezu ekosisteémas Latvija. LU 63. zinatniska
konference. Referatu tézes, 196—198.

Danilevica E., Basko A., Nikodemus O., 2004. Kimisko vielu izs€Sanas ar
nobiram priezu mezu ekosisttmas Latvija. LU 62. zinatniska konference.
Referatu tézes, 196-197.



Autores zinojumi par pétijuma rezultatiem konferences

20™ Task Force Meeting of the ICP Vegetation. Krievija, Dubna, 2007. gada
5.-9. marts. Stenda referats “Air pollution biomonitoring results in Latvia,
1990- 2005”.

Implementation of Landscape Ecology in the New and Changing Conditions.
Slovakija, Stara Lesna, 2006. gada 4.—7. oktobris. Stenda referats “Different
stand composition of pine forest ecosystems influence on nutrient cycles”.

14" ICP IM Task Force sanaksme. Latvija, Riga, 2006. gada 26.-28. aprilis.
Referats ,,Element Inputs by Litterfall to the Soil in Pine Forest Ecosystems”.
Latvijas Universitates 64. zinatniska konference. Latvija, Riga, 2006. gada
februaris. Referats “Nobiru nozime kimisko elementu biologiskaja aprité
priezu mezu ekosistémas”.

Acid Rain 2005. Cehija, Praga, 2005. gada 11.—17. junijs. Stenda referats
“Sulphur and nitrogen compounds in precipitation and soil water in pine forests
in Latvia”.

International Bioindicators 2005. Cehija, Praga, 2005. gada 6.—-10. janijs.
Referats “Element inputs by litterfall to the soil in pine forest ecosystems”.
Latvijas Universitates 63. zinatniska konference. Latvija, Riga, 2005. gada
februaris. Referats ,,Kimisko elementu ienese ar nobiram uz augsnes priezu
mezu ekosistémas Latvija”.

Latvijas Universitates 62. zinatniska konference. Latvija, Riga, 2004.
gada februaris. Referats ,,Kimisko vielu izs€$anas ar nobiram priezu mezu
ckosistémas Latvija”.



1. Kimisko vielu un elementu izséSanas no atmosferas

Piesarnojuma izs€Sanas no atmosferas ir process, kura nokrisni (lietus, sniegs,
migla), cietas dalinas, aerosoli un gazes no atmosferas gravitacijas speku ietekmée izsézas
uz augsnes virsmas. Kopgjo vielu izsésanos veido mitra un sausa izs€Sanas, ka arT dazos
pasaules regionos (pieméram, kalnu apvidos) izs€Sanas ar miglu un makonos esosiem
tidens aerosoliem (Sigmon et al., 1989; Piirainen, 2002).

Cieto dalinu izméri atmosféra svarstas no <0.0lpm lidz >100 pm. Dalinas, kas
lielakas par 20 pm, strauji nogulsn&jas, un tam atmosfera ir loti 1ss miizs. Lidz ar to tas
ir butiskas tikai vietas, kas atrodas tuvu to emisijas avotiem (Ulrich et al., 1981). Citi
emisijas produkti pirms nogulsné$anas var tikt transportéti ar gaisa masam loti lielus
attalumus, pat tikstoSiem kilometru.

Vielu mitra izs€$anas ietver vielu izs€Sanos ar lietu vai sniegu. Kritosas lietus lases
un sniegparslas var savakt gazes un dalinas, kas ir zem makoniem, tada veida attirot
atmosfeéru (Erisman et al., 1993). Sis process ir nozimigs @ideni $kistosajam gazeém
SO,, NO_, NH, un rupjajam dalinam, tatu saméra mazefektivs hidrofobajam gazém un
sikajam dalinam (Lovblad and Westling, 1989). Koku vainagi efektivi partver gazes un
suspendétas dalinas, kas péc tam ar nokriSniem tiek noskalotas (Parker, 1983). Gazu
un cieto dalinu uznems$ana un noskalosanas no koku lapotnes parveido vielu kimisko
sastavu koku vainaga, pirms §1s vielas sasniedz augsnes virskartu.

Vielu sausa izs€Sanas ietver dalinu izgulsnéSanos, aerosolu sablivéSanos uz virsmam
un gazu absorbciju (Matzner and Ulrich, 1981). Aerosoli var saskarties, veidojot jaunas
aerosolu dalinas, kas funkcion@ un nogulsngjas atsSkirigi (Kumala, 1990). Gazu un
aerosolu izs€Sanas procesa doming SO, un NO, tacu gravitacijas speku ietekmé relativi
daudz nozimigaka izs€Sanas ir baziskajiem katjoniem un smagajiem metaliem (Matzner
and Ulrich, 1981). Dalinu sauso izs€Sanos ietekmé piesarnojoso vielu koncentracija
gaisa, robezslana turbulences pakape, nogulsnétas vielas fizikalas un kimiskas Tpasibas,
ka arT virsmas sp&ja partvert vai absorb&t gazes un dalinas (Matzner and Ulrich, 1981,
Erisman et al., 1993). Dazadam koku sugam ir dazada spgja partvert vielu sauso
izs€Sanos. Noverots, ka Sai zina skuju koki parasti ir daudz efektivaki par lapu kokiem
(Parker, 1983).

Vielu sausa izs€Sanas lielajam dalinam (>2 pm) atSkiras no mazajam un
miglas aerosolu dalinam (<2 pm). Atskirigas fizikalas un kimiskas ipasibas ietekmé
nogulsnésanas procesus. Mazo dalinu veidoSanas galvenokart ir saistita ar kondensacijas
un koagulacijas procesiem, un tas sastav lielakoties no amonija sulfatiem un nitratiem,
kvépiem un organiskajam vielam. Lielas dalinas veido augsnes putekli un jiras
aerosoli, kas tiek parpiisti ar v€ju un ir nozimigi bazisko katjonu nogulsnésanas procesa
(Hummelshgj, 1993).

P&tijumu rezultati rada, ka vielu sausa izséSanas mezu malas salidzinajuma ar
meza masiva vidu butiski picaug. Atseviski stavoSiem kokiem stipraka véja ietekmes,
turbulences un kimisko vielu koncentracijas gaisa rezultata intensivaka izséSanas noris
koka vainaga aug$dala (Beier and Gundersen, 1989). Ta ka koku, it 1pasi skuju koku
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vainagiem ir liels virsmas laukums, tie spgj efektivi partvert no atmosferas gan vielu
mitro, gan sauso izséSanos (Bredemeier, 1988; Hyvérinen, 1990).

Vielu izs€sanas ar makoniem un miglu ir lidziga vielu sausajam izs€Sanas procesam
(Lovblad and Westling, 1989). Pilienu izméri vari€ no 10 lidz 50 pm. Makonu un miglas
fidens pilienos parasti ir augstaka piesarnojoso vielu koncentracija neka nokrisnos. Jo
ilgaku laiku ir migla un makoni, jo vielu izs€Sanas no tiem ir nozimigaka. Tadgjadi
butiski var palielinaties kopgja vielu izséSanas augstkalnu rajonos, ka ar1 dzilas ielejas un
piekrastes rajonos (Fowler et al., 1991).
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Ar atmosferu saistitas izs€Sanas ietekmi uz meza ekosisttmam vislabak var
noskaidrot, p&tot vielu biogeokimisko ciklu un ta izmainas (1.1. att.).

Vielu dalinas un gazes, kuram ir gan dabiska, gan antropogéna izcelsme, tiek
izskalotas vai iznestas no atmosferas un nogulsnétas uz ekosisttmam. Baribas elementi
augsné nokl|st atpakal otrreizgjai izmantosanai divéjadi: ar nobiram un vainaga caurteces
tideniem. Par vainaga caurteci sauc nokrisnpu daudzumu, kas izplist caur koka vainagu;
ne jau visi nokris$ni, kas tiek aizturéti ar vainagu, nokllst atpakal atmosféra (Parker,
1983). Vainaga caurteci parasti veido 60-90% nokrisnu atkariba no mezaudzes koku
sugas, vainagu formas u. c. Vainaga caurtece var ietvert arT stumbra noteci. Par stumbra
noteci sauc dalu no nokrisniem, kas nopliist pa koku zariem un stumbriem. Ir novérots,
ka stumbra notece var sasniegt 0.8—1.5% no kopgja nokrisnu daudzuma atkariba no lietus
intensitates, v&ja atruma, koku sugas un vainaga biezuma (Clements, 1971). Stumbra
notece atseviskam lapu koku sugam var but butiska, tacu baribas elementu aprites
petjumos ta parasti netick nemta véra (Ukonmaanaho, 2001).

Ar nobiram uz augsnes noklist daudz vairak vielu neka ar vainaga caurteci,
tacu baribas vielas no nobiram var atbrivoties tikai péc nobiru sadaliSanas un
mineraliz&Sanas.

Augsnes tdens kimija atspogulo vielu ievadi no atmosféras un vairakus procesus
augsné, ka jonu apmainu, mineralizaciju un imobilizaciju (Ulrich, 1983). ZinaSanas par
augsnes tdens kimiju ir Tpa8i svarigas, lai noveértétu augsnes ekologisko stavokli, augu
augsanas apstaklus un iespgjamo vielu izskaloSanos gruntstidenos un virszemes tidenos.

Vainaga caurteces, stumbra noteces, nobiru un augsnes tdens relativie apjomi, kas
nosaka biogeokimiskos ciklus, ir atkarigi no vairakiem mijiedarbiba eso$iem faktoriem —
elementu izs€Sanas apjomiem, audzes sastava, struktliras un vecuma, augsnes tipa.
Katram baribas elementam tie atSkiras p&c nokrisnu daudzuma un izplatibas (Parker,
1983).
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2. Pétamo meza ekosistéemu raksturojums

Rucavas integrala monitoringa (IM) parauglaukumi ir iekartoti Piejliras zemieng,
Ligupes laba krasta pietekas sateces baseina. Sateces baseina platiba ir 665 ha.
Geografiskas koordinatas —56° 12°Z. pl. un 21°07°A. gar., absoliitais augstums virs jiiras
Itmena — 5.5-17.7 m.

Iev@érojami mazakie Taurenes IM parauglaukumi iekartoti Taurenes ezera ietekoSa
neliela strauta sateces baseina. Sateces baseina platiba ir 27 ha. Geografiskas koordinatas —
57° 10°Z. pl. un 25°41° A. gar., absoliitais augstums virs jiiras Itmena — 179.2—-198.7 m.
P&tfjuma teritoriju atrasanas vietas paraditas 2.1. attela.

Taurene

0 250 500 1000 Km
S Y S E— |

Rucava

0 50 100 Km

2.1. att. Pétijuma teritoriju izvietojums
2.1. Klimats

Vidgjais ilggadgjais nokrisnu daudzums Rucavas integralaja monitoringa ir 772 mm,
tatad lielaks neka valstl registrétais vid€jais nokrisnu daudzums (600-650 mm gada).
11% nokri$nu izkrit sniega veida. Vidgja ilggadgja gaisa temperatiira ir 6.3 °C. Valdosais
vEja virziens — DR, DA. Vegetacijas periods ilgst 198 dienas.

Taurenes integrala monitoringa vid&jais ilggadgjais nokri$nu daudzums ari parsniedz
vidgjo nokrisnu daudzumu valsti un ir 727 mm gada. Liclaka dala nokri$nu izkrit lictus
veida. Sniegs veido 14% no nokrisnu daudzuma. Sniega segas ilgums sasniedz vidgji
126 dienas. Vidgja ilggadgja gaisa temperatiira ir 4.5 °C. Valdosais v&ja virziens — DR.
Vegetacijas periods ilgst 186 dienas.
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2.2. Vegetacija

Rucavas IM parauglaukums

Rucavas IM parauglaukuma mezaudzes ir daudzveidigas. Tajas sastopami 15 meza
tipi (Latvija pavisam ir 23 meza tipi). P&c prof. M. Laivina datiem, vairak neka pusi platibas
aiznem mezi slapjas un parmitras augsnés. Izplatitakie ir mezi slapjas mineralaugsnés
(44% no mezaudzu kopplatibas), kuras klaj Murtilloso-sphagnosa (34%) un Vaccinioso
sphagnosa (9%), mezi slapjas kiidras augsnés (18%) — Caricoso-phragmitosa (12%) un
Dryopterioso-caricosa (4%). Nedaudz slapjo mezu (5%) ir nosusinati. Treso dalu (34%)
aiznem mezi sausas mineralaugsnés. Izplatitakie ir Hylocomiosa (16%) un Myrtillosa
(11%). P&c trofiskuma dominé mezotrofie meza tipi (80%), daudz mazak ir oligotrofo
mezu (19%) un pavisam nieciga platiba — eitrofie mezi (1%). Vairak ka 60 gadu perioda
(1933-1996) sauso mezu platiba pakapeniski ir samazinajusies, bet slapjo mezu platiba
(slapjajas mineralaugsnés) ir palielingjusies (seviski pec 1960. gada). Vienlaikus nedaudz
ir sarucis oligotrofo augtenu ipatsvars, bet mezotrofo mezu Tpatsvars palielindjies
(Laivins, 1996).

Galvenas kokaudzes sugas Rucavas IM sateces baseina ir priede (Pinus sylvestris),
egle (Picea abies) un berzs (Betula pubescens, B.pendula). Platibas un krajas zina pirmaja
vieta ir priede (attiecigi 49% un 50%), otraja vieta — beérzs (36% un 38%), bet tresaja
— egle (14% un 11%). P&dgjos 70 gados par 12% ir samazinajusies priedes aiznemta
platiba, bet picaudzis b&rza audzu ipatsvars (par 5%) un ari egles audzu patsvars
(par 6%). Bérza audzu platibas visvairak palielinajusas péc 1967. gada un 1969. gada
v&jgazem, kad tas sasniedza 43% no poligona mezaudzu kopgjas platibas. Paslaik b&rzu
nomaina egle. Peédgjos 40 gadus ir palielinajusies melnalk$na (Alnus glutinosa) audzu
platiba (p&c prof. M. Laivina datiem).

Poligona meZos parsvara ir vidgja vecuma priedes (41-80 gadu), bérza audzes (21—
60 gadu) un egles jaunaudzes (Iidz 40 gadu). Nieciga platiba ir pieaugusas un paraugusas
priedes (vecakas par 100 gadiem) un bérza audzes (vecakas par 80 gadiem). Mezaudzu
vecuma struktiiru Rucava stipri ir ietekmg&jusas v&jgazes.

Rucavas mezaudz@s intensivi atjaunojas Fraxinus excelsior un Picea abies, bet
krimu stava izplatitaka suga ir Frangula alnus.

Rucavas IM teritorija 98,5% no kopgjas platibas aiznem dabiskie un pusdabiskie
biotopi (mezi un zalu purvi), bet 1,5% — lauksaimniecibas zemes (tirumi, plavas un
lauku sétas). Mezi pieder pie trim biotopu grupam — borealajiem skujkoku meziem (47%
no platibas), Eiropas vasarzalajiem meziem (42%) un slapjajiem melnalks$na un purva
bérza meziem (8,4%). Skujkoku biotopos sausas augtends raksturiga zemsedzes suga
ir Deschampsia flexuosa, mitras un slapjas augten€s — Molinia careluea un Vaccinium
uliginosum. Izplatitakie skujkoku biotopi ir sausie oligomezotrofie liektas cinusmilgas-
priedes (Vaccinio myrtilli-Pinetum var. Deschampsia flexuosa) mezi, mezotrofie liektas
cinusmilgas-egles (Vaccinio myrtilli-Piceetum var. Deschampsia flexuosa) mezi un slapjie
zilenes-priedes (Vaccinio uliginosi-Pinetum) un molinijas-priedes (Vaccinio uliginosi-
Pinetum molinietosum) mezi.

Eiropas vasarzalajiem meziem piemit borealas iezimes: lakstaugu stava raksturiga
suga ir Carex vaginata (Carici vaginatae-Fraxinetum). Daudzveidigi ir slapjie melnalksnu
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meza tipi — purva mirtes (Myricetum gale) un peleka karkla (Salicetum cinereae) kriimaji
un dazadi oligomezotrofie melnalksnu mezi (Carici elongatae-Alnetum glutinosae).
Meza strautu augsteces pazeminajumos nelielas platibas sastopami zemie zalu purvi
(Caricetum lasiocarpae, Caricetum goodenowii, Schoenetum ferruginer), kas paslaik
intensivi aizaug. Vairumam biotopu ir raksturigs izvietojums ziemelu—dienvidu virziena
paraléli juras krastam, un $ada orientacija sakrit ar senam jlras piekrastes virsmas
formam, nogulu mehanisko sastavu un hidrografisko tiklu.

Rucavas IM parauglaukums ir iekartots priezu métraja. Parauglaukuma augu
projektiva seguma apraksts sniegts 2.1. tabula.

2.1. tabula
Rucavas IM parauglaukuma eso$o augu projektivais segums (péc prof. M. Laivina datiem)

Raditaji PrieZzu métrajs (Deschampsia var.)
Sugu skaits 43
Koku stava (E,) segums % 85
Kriimu stava (E,) segums % 1
Lakstaugu (E)) segums % 60
Stnu (E ) segums % 75

Taurenes IM parauglaukums

Lielako dalu Taurenes IM sateces baseina aiznem mezi. Taurenes IM parauglaukumu
mezaudzes pieder pie 7 meza tipiem. Parsvara ir sausie tipi (67% no mezu kopplatibas) —
Hylocomiosa (41%) Myrtillosa (21%) pauguros un to nogaz€s. Mezi slapjajas kiidras
augsnés (30%) — Dryoperiosocaricosa (25%) un Caricoso-pragmitosa (5%) — izplatiti
gar meza strautu. P&c trofiskuma galvenie ir mezotrofie meza tipi (93%). Oligotrofo
mezu ir tikai 7%. Pagajusaja gadsimta stipri ir samazinajusies sauso oligotrofo mezu
platiba (1926. g. — par 16%, 1988. g. — par 4% no mezu kopplatibas). Tas liecina par
meza augtenu eitrofikaciju (Laivins, 1996; Laivin$ un Rasina, 20006).

Galvenas kokaudzes sugas Taurenes IM sateces baseina ir priede (Pinus sylvestris)
un egle (Picea abies). Atseviskos meza nogabalos valdosa suga ir bérzs (Betula pendula,
B. pubescens), melnalksnis (Alnus glutinosa) ar piejaukumu. Kopuma p&c platibas priede
aiznem 60%, egle — 31% un bérzs — 9% no sateces baseina kopplatibas.

P&dgjos 70 gados ir mainijusas sugu attiecibas mezos. Ir samazinajusas priedes
mezaudzu platibas (1926. g. — 84%, 1996. g. — 60%), bet egles mezaudzu platibas ir
pieaugusas divas reizes (1926. g. — 16%, bet 1996. g. — 31%). Pedgja laika ir izveidojusas
bérza mezaudzes un palielinajusies melnalk$na nozime mezaudzg (Laivins, 1996).

Priezu mezos parsvara ir vidéja vecuma audzes (41-80 gadi), bet eglu mezos ir loti
nevienmériga vecuma struktiira — 45% ir jaunaudzes (140 gadi) un 43% — paraugusas
audzes (vecakas par 140 gadiem). B&rzu mezos 25% ir jaunaudzes (1-20 gadi), 50% —
pieaugusas audzes (71-90 gadi).

Taurenes priezu mezaudzg€s izplatitaka ir egles (Picea abies) paauga, bet krimu
stava biezi sastopama suga ir Sorbus aucuparia.
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Sateces baseina ir tris biotopu grupas — borealie skuju koku mezi (87% no sateces
baseina kopplatibas), slapjie melnalksna un purva bérza mezi (11,5%) un boreotemporalie
zalu purvi (1,5%). Taurenes IM lielako dalu aiznem skuju koku mezi dazada mitruma
augsnés. Uz pauguriem un pauguru nogazém sausas augsnés sastopami oligotrofie
briklenes-priedes (Vaccinio vitis-idaea-Pinetum) mezi un mezotrofie zakskabenes-egles
(Oxsalidoso-Piceetum) mezi.

Pazeminajumos slapjas kiidras augsnés plesas oligotrofie zilenes-priedes (Vaccinio
uliginosi-Pinetum) un sfagnu-egles (Sphagnum girgensohnii-Picetum) mezi, bet labak
drenétas vietas — mellenes—egles mezi kiidras augsnés (Sphagnum gigensohnii-Picetum
myrtilletosum). Meza strauta lejtecé paliené sastopami oligomezotrofie melnalksna
mezi (Caricetum elongatae-Alnetum) un peleka karkla krumaji (Salicetum cinerea),
bet gar Taurenes ezeru un nelielos reljefa pazeminajumos — grislu purvini (Caricetum
lasiocarpae, Caricetum diandrae).

P&tfjuma parauglaukums izvietots priezu 1ana. Kokaudzes vid€jais vecums ir 4045
gadi, meza tips — priezu lans. Parauglaukuma augu projektiva seguma apraksts sniegts
2.2. tabula.

2.2. tabula
Taurenes IM parauglaukuma esoSo augu projektivais segums (péc prof. M. Laivina datiem)
Radrtaji Priezu lans (Vaccinio myrtilli-Pinetum typicum)
Sugu skaits 30
Koku stava (E,) segums % 70
Krumu stava (E,) segums % 5
Lakstaugu (E,) segums % 60
Siinu (E ) segums % 70

2.3. Geologiska uzbiive

Rucavas strauta baseins ir relativi lidzens. Sateces baseina nogulumus veido
smalkgraudainas Baltijas ledus ezera smiltis. To biezums mainas no 1 m upes tuvuma
lidz 3,5 m upes tudensskirtné. Dzilak atrodas loti blivi smilts-grants nogulumi, kas
sacementeti ar kalcija karbonatiem. Tie veido Baltijas ledus ezera bazalo slani, kas tiesi
parsedz augsg€ja pleistocéna morénu.

Taurenes strauta sateces baseins atrodas rajona ar sarezgitiem hidrogeologiskajiem
apstakliem. Baseina teritorija aiznpem dalu no kéma terases, kura gruntstideni ir relativi
dzili. Litologiskie apstakli visa teritorija ir vienveidigi — dominé glaciofluvialie nogulumi
(smiltis un grants). Geologiskaja griezuma Iidz 9 m dzilumam ieziméjas tris slani ar
atSkirigu granulometrisko sastavu. Augs¢jo slani veido smalkgraudaina smilts.

Pazemes Gideniem ir raksturiga zema mineralizacija. Tas liecina, ka Sie Gideni sanem
papildindjumu galvenokart ar atmosféras nokrisniem.
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2.4. Augsne

Augu valstij un mezaudzu tipiem ir liela saisttba ar augsni un tas veidoSanas
procesiem. ST saikne ir atgriezeniska — gan augsne nosaka vegetacijas tipu konkrétaja
teritorija, gan augu atliekas veido augsnes organiskas sastavdalas.

2.3. tabula
Rucavas IM prieZu meZaudzes augsnes parauglaukuma apraksts
(péc O. Nikodemus datiem)
Augsnes tips S

(Latvijag klasiﬁll)(ﬁcija) Tipiskais podzols
Augsnes tips (FAO) Haplic Podzols
Augsnes tips (WRB 2006) | Haplic Arenosols
Augsnes cilmiezis Smilts
(0) 6—0 cm Tumsi sarkanigi brans (5YR 2,5/2) nobiru slanis
AhE 0—4 cm Loti tumsi peléka (10YR 3/1) vidgja smilts; masiva struktiira;

sausas augsnes konsistence briva, mitras augsnes konsistence

— loti irstosa; nav lipiga; nav plastiska; daudz siku un Joti siku
saknu; horizonta robeza skaidra, vilpota

E 4-17 cm Roza peleka (7YR 6/2) vidgja smilts; masiva struktiira; sausas
augsnes konsistence briva, mitras augsnes konsistence — briva;
nav lipiga; nav plastiska; vidgji daudz siku un loti siku saknu;
horizonta robeza krasa, vilnota

Bsl 17-46 cm Stipri brina (7,5YR 5/8) vidgja smilts; masiva struktiira; augsnes
konsistence briva; nav lipiga; nav plastiska; vaji sacementéta

ar Fe; maz siku un loti siku saknu; horizonta robeza diftiza,
neregulara

Bs2 46-70 cm Stipri briina (7,5YR 5/6) vidgja smilts; vid&ji daudz rupju viegli
dzeltenigi briinu (10YR 6/4) plankumu ar skaidru pareju; masiva
struktiira; augsnes konsistence briva; nav lipiga; nav plastiska;
maz siku un loti siku saknu; horizonta robeza diftiza, neregulara
BC 70-131 ecm | Loti bali briina (10YR 8/4) vidgja smilts; vidgji daudz rupju tumsi
briinu (7,5YR 5/6) plankumu ar skaidru pareju; masiva struktiira;
augsnes konsistence briva; nav lipiga; nav plastiska; maz siku un
loti stku saknu; horizonta robeza skaidra, vilpota

C 131-170 em | Loti bali brina (10YR 7/3) neskirota smilts; daudz vidgjas grants;
nav lipiga; nav plastiska; nav saknu

Rucavas IM parauglaukums

Rucavas IM baseina sastopama liela augsnu daudzveidiba un ta aug$nu komplekss
atskiras no Taurenes IM baseina aug$nu kompleksa. Lidzenais reljefs neveicina teritorijas
drenazu; augsn€ notiek mitruma uzkrasanas. Taurenes IM baseina purvu veidoSanas
galvenokart ir konstatéta upes ieleja, turpretim Rucavas IM baseina liclakas purvu
augs$nu platibas atrodas upes augstecé, baseina ziemelrietumu dala. Pargjie augsnu areali
sastopami lokalas vietas, kur ir slikti drenazas apstakli. Sateces baseina vidusdala un
dienviddala ir izplatitas velénu glejaugsnes. Atbilstosi Latvijas augS$nu klasifikacijai
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sateces baseina ir izveidojusas $adas augsnes: velénu podzolaugsne, triidaini kiidraina
podzolaugsne, tipiskais podzols un iluvialais dzelzshumusa podzols, ortSteina podzols,
velénpodzoleta glejota un velénpodzoléta glejaugsne, tridaini podzoléta glejaugsne,
tipiska podzola glejota augsne, velenu glejaugsne, triidaini kiidraina glejaugsne, zema
purva gleja triidaina kiidraugsne, zema purva triidaina kiiddraugsne, parejas purva tridaini
kiidraina augsne un augsta purva tipiska kiidraugsne. Rucavas IM augsnes parauglaukuma
un augsnes tidens savaksanas parauglaukuma augsnes apraksts sniegts 2.3. tabula.

Taurenes IM parauglaukums

Taurenes IM baseina teritorija izveidojusies daudzveidigi aug$nu tipi, kuru genézi
ietekmgjis gan reljefs un teritorijas geologiska uzbiive, gan vegetacija. Sateces baseina
izplatitas ir §adas augsnes: tipiska podzola smilts augsnes, nepiesatinata briinaugsne uz
grants cilmieza, velénpodzoleta glejota un velénglejota smilts augsne, parejas purva
triidaini kiidraina augsne un zema purva triidaini kiidraina augsne.

Fluvioglacialo nogulumu izplatibas areala domin€ smilts un grants cilmiezi, bet
strauta ieleja augsnes veidojusas uz kiidras cilmieza. Taurenes IM augsnes parauglaukuma
un augsnes Udens savaksanas parauglaukuma augsnes apraksts sniegts 2.4. tabula.

2.4. tabula
Taurenes IM prieZu meZaudzes augsnes parauglaukuma apraksts
(péc O. Nikodemus datiem)

Augsnes tips (L0 |1 podols
Augsnes tips (FAO) Haplic Podzols
Augsnes tips (WRB 2006) | Haplic Arenosols
Augsnes cilmiezis Smilts
o 7-0 cm Tumsi sarkanigi briins (SYR 2,5/2) labi sadalijies nobiru slanis
E 0-5 cm Tumsi sarkanigi peleka (SYR 4/2) vid&ja smilts; masiva struktiira
Bs 5-40 cm Stipri briina (7,5 YR 5/6) vid&ja smilts; vidgji daudz rupju

dzeltenigi sarkanu (5YR 5/8) plankumu ar skaidru pareju; masiva
struktiira; sausas augsnes konsistence briva, mitras augsnes
konsistence loti irstosa; nav lipiga; maz siku un Joti siku saknu;
horizonta robeza difliza, neregulara

BC 40-87 cm Sarkanigi dzeltena (7,5 YR 6/6) vidgja smilts; vid&ji daudz rupju
dzeltenigi sarkanu (5YR 7/4) plankumu ar difiizu pareju; masiva
struktiira; augsnes konsistence briva; nav lipiga; nav plastiska; maz
siku un loti siku saknu; horizonta robeza diftiza, neregulara

C 87-120 ecm |Roza (7,5YR 7/4) vidgja smilts; masiva struktiira; augsnes
konsistence briva; nav lipiga; nav plastiska; maz siku un loti stku
saknu
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3. Kimisko vielu un elementu ienese meZa ekosistéma
ar nokriSpiem

3.1. Literatiras apskats

Nokrisnu kimijas pétijumos tradicionali galvenokart péta séra un slapekla
savienojumus, kuriem ir vidi paskabinoSa ietekme, un baziskos katjonus (Ca*", Mg*',
K"), kam ir vidi neitralizgjosa ietekme (Ulrich, 1983; Ukonmaanaho et al., 1998a). Séra
emisija un lidz ar to s€ra izs€$anas lielakaja dala Eiropas ir ievérojami samazinajusies
(Dise and Wright, 1995), bet NH, emisija palikusi nemainiga vai pat palielinajusies, un
tas rada, ka slapeklis pasreiz ir nozimigakais faktors skabju ievadei Eiropas teritorijas
lielakaja dala (De Vries et al., 2003). Pedgja laika interese par slapekla saturu nokrisnos
un iespgjamo jutigo ekosist€tmu (gan jiiras, gan sauszemes) eitrofikaciju ir pieaugusi,
tomér, kda norada zinatnieki, lielakoties uzmaniba tiek pievérsta neorganiskajam
slapeklim, ignorjot organisko slapekli. IzskiduSais organiskais slépeklis nokrisnos
(liett) var sasniegt 70% no kopgja slapekla (Cornell et al., 1995). P&tijumi rada, ka lietd
iz8kidusais organiskais slapeklis stimul€ baktériju un fitoplanktona veido$anos un var biit
nozimigs augiem pieejams baribas avots ekosisteémas (Seitzinger and Sanders, 1999).

Mezu ekosistémas nokrisni, pliistot cauri koku vainagiem, biitiski mainas ne tikai
kvantitativi, bet arT kvalitativi. AtSkiribas starp nokri$nu sastavu atklata lauka un zem
borealo mezu koku vainagiem ir pé&tijusi vairaki zinatnieki (Edmonds et al., 1991;
Johnson and Lindberg, 1992; Lovblad et al., 1994; Ukomnaanaho ef al., 1998a; Oltchev
et al., 2002). Elementu plisma nokri$nos caur koku vainagiem ir nozimigs avots baribas
vielu rinkojuma mezaudzé (Turkey, 1970; Parker, 1983). Koku vainagiem partverot
elementu aerosolu-gazu formas, ekosistéma tiek palielinats no atmosferas ienesto
elementu daudzums (Lovett and Kinsman, 1990; Hanson and Lindberg, 1991; Lovett,
1992; Ragsdale et al., 1992; Bytnerowicz and Fenn, 1996; Bytnerovicz et al., 1999; Fenn
and Kiefer, 1999; Lee et al., 1999). Skuju un lapu kokiem, ka ari to dazadam sugam
elementu koncentracija vainagu caurtec@s ir atSkiriga (Turkey, 1970; Hyvarinen, 1990;
Stachurski and Zimka, 2000). Turklat nokri$nu sastavs, kas nokliist uz koku vainagiem,
ietekm& apmainas procesus, kas norisinas starp vainagu un nokrispiem (Turkey, 1980).

Zinatnieki (Cronan and Reiners, 1983) atklajusi, ka skuju koku lapotnes tiecas
nokri$nus paskabinat, un tas norada, ka skabju partverSanas apjomi ir daudz lielaki neka
koku vainagu virsmas buferkapacitate vai bazisko vielu sausa izséSanas kokaudze. To,
ka lapu koku sugam parasti ir liclaka sp&ja buferét skabos nokrisnus neka skuju koku
sugam, ir konstatgjusi ari citi zinatnieki (Fritsche, 1992; Matzner and Meiwes, 1994;
Zimka and Stachurski, 1996). lesp&jams, ka liclais skuju koku jutigums pret atmosferas
piesarnojumu ir saistits ar divu nelabvéligu faktoru — morfologiska faktora (liels lapotnes
virsmas laukums) un fiziologiska faktora (slapekla metabolisma veids) kombinaciju.
Pirmais faktors veicina paskabinoSo jonu (NO,, SO,*) izsé€Sanos no atmosferas, bet
otrais faktors nenodro$ina attiecigo jonu neitralizaciju (Stachurski and Zimka, 2000).

Lauka p&tijumi parasti atklaj, ka koku vainagi NH," jonus absorbé daudz efektivak
neka NO, jonus (Potter et al., 1991; Lovett, 1992; Stachurski and Zimka, 2000). Iemesls
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tam, ka NH," joni koku vainagos tiek uzpemti daudz vairak neka NO," joni, ir koka
vainaga sp&ja absorbé amoniju no diviem dazadiem avotiem, t. i., no lietus tideniem
un no gazém-aerosoliem. Turpretim nitrati tiek absorbéti tikai no gazu-aerosolu formam
(Stachurski and Zimka, 2002).

Parasti NH," un NO, uzpemsana var biit saistita ar OH" izdaliSanos un tas var
veicinat katjonu cikla atrumu un neitraliz&t caur vainagu pliistoSo nokris$nu un augsnes pH
(Clark, 1982). Vairaki p&tijjumi parada arT to, ka So jonu absorbcija var ietekmét daudzus
citus procesus. Intensiva slapekla absorbceija koku vainagos biezi samazina augu slapekla
uzpemsanas apjomus no augsnes (Pérez-Soba and Van der Eerden, 1993; Muller et al.,
1996; Rennenberg et al., 1998). Sis fenomens ietver $adu mehanismu: slapekla uznemsana
ar lapam ietekmé slapekla asimilaciju, un Iidz ar to veidojas aminosavienojumi, kuri
pec tam tiek transporteti uz saknu sistemu (Nussbaum et al., 1993; Weber et al., 1995;
Schneider et al. 1996; Bytnerowitcz et al., 1999). Liela aminosavienojumu akumulacija
kavé NH," un seviSki NO, uzpemSanu ar sakném (Rennenberg et al., 1998). Sis
mehanisms, kas novérots eglei un bérzam, pasarga augu no parbarosanas ar slapekli.

Slapekla savienojumiem ir divkar$a ietekme uz zemsedzes vegetaciju gan baribas
elementu bagatinasanas, gan paskabinasanas zina. Zemsedzes vegetacija (graudzales,
briofiti, k&rpji u. c.) biezi ir daudz jutigaki pret sadiem efektiem neka koki (Falkengren-
Grerup et al., 2000). Lai novertétu potencialo atmosferas piesarnpojuma ietekmi uz
ekosistémam, butiski ir noteikt patiesos apjomus, kas nogulsngjas no atmosferas.
NepiecieSsams zinat, kur tiek parsniegtas slapekla izséSanas slieksna vertibas un kuri no
savienojumiem veido vislielakos apjomus (Zapletal, 2001).

Kop$ industrializacijas sakSanas sulfats (SO,*) ir bijis galvenais anjons nokris$nu
sastava gan Eiropa, gan Ziemelamerika (Parker, 1983; Bredemeier, 1988; Lindberg,
1992). Séra savienojumu sauso izséSanos galvenokart veido séra dioksida (SO,) gaze
un sulfatu SO,* aerosoli (Lindberg, 1992). Partvertais SO, mitros apstaklos gan uz
lapotnes virsmas, gan atvarsnites tiek oksidets par SO,. Tadgjadi var uzskatit, ka
séra nogulsnésanas galvenokart ir SO, nogulsné$anas, un kopa ar H" joniem izraisa
paskabinasanos (Piirainen et al., 2002).

Pettjumos, kuros noteikta kopgja s€ra izs€Sanas (mitra + sausa + makonu/miglas
izsg8anas), konstatets, ka ta ir Joti lidziga SO,* -S kopgja Gidens pliisma caur vainagu
(vainaga caurtece + stumbra notece), tapéc kopgjo fidens pliismas caur vainagu SO,
-S plismu var pienemt par kopgjo S izs€Sanos, kas noklast uz augsnes virskartas meza
(Lindberg et al., 1986; Lindberg and Garten, 1988; Hultberg and Grennfelt, 1992;
Lindberg, 1992; Lindberg and Lovett, 1992; Draaijers et al., 1997; Velkamp and Wyers,
1997).

SO,* -S izs€Sanas ir nozimiga ne tikai saistiba ar paskabinasanos, bet arl tapec,
ka SO, -S anjons veicina katjonu izskaloSanos. Sulfatjons ir relativi mobils anjons
(Lindberg, 1992) un spgj ,,pavadit” katjonus, apmainot tos §kiduma gan no vegetacijas,
gan augsnes dalinu virsmas ar H* joniem (Johnson and Cole, 1977). Tadgjadi sulfatu
izse8anas var palielinat katjonu gan skabo (H* un AI*), gan bazisko (Ca*", Mg*, K*,
Na") izskaloSanos (Cronan et al., 1978; Johnson and Cole, 1980; Singh et al., 1980;
Foster et al., 1989; David et al., 1991).

Vairakos pétfjumos ir pieradita idenraza jona sp&ja ietekmét metala katjonu (K™,
Mg? un biezi arl Ca?") izskaloSanos no augu audiem (Lindberg et al., 1989; Ragsdale
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et al., 1992), jo aizturétais H' jons veicina jonu apmainas reakcijas lapotn€ (Cronan and
Reiners, 1983; Smith, 1990; Schaefer et al., 1992). Tacu nozimiga H" jonu koncentracijas
ietekme uz katjonu izskaloSanos ir véra nemama tikai tad, ja pH<4.0 (Scherbatskoy and
Klein, 1983; Schrier, 1987; Lovett and Schaefer, 1992). Ta ka atmosféras nokrisnu pH
parasti parsniedz $o vertibu, lauka p&tfjumu rezultati reti apstiprina saistibu starp aizturéta
H" jonu daudzumu un izskaloto katjonu apjomu (Lovett and Schaefer, 1992; Slovik et
al., 1996). Alternativs izskaidrojums palielinatai metalu katjonu izskalo$anai no lapotnes
varétu biit saistits ari ar amonija apmainas reakcijam: efektivi absorbéts NH," jons var
ietekmét lidzigu K*, Ca* un Mg*" izskalo$anos no augu audiem (Stachurski, 1987;
Bobbink et al., 1992; Draaijers et al., 1996). Papildu K*, Ca** un Mg?>* izskalo$anas
norisinas kopa ar vajajam organiskajam skabém. Na' un Cl- apmainu koku vainagos
parasti vérté ka nenozimigu (Draaijers ef al., 1996).

Vainaga caurteces kTmija galvenokart tick izmantota, lai nodrosinatu samera precizus
argjas ievades apjoma aprekinus ekosistéma. Novertgjot kvalitati lietus Gdenim, kas iztek
cauri koku vainagiem, var noteikt vielu kopgjo (sauso, mitro un makonu/miglas) izsésanos
uz lapotnes (Draaijers et al., 1996). Tacu noverotie izs€Sanas apjomi elementiem, kas
tiek stingri aizturéti koku vainagos, pieméram, N (Lovett and Lindberg, 1993; Lovett,
1994), vai arT elementiem, kas viegli izskalojas no lapotnes audiem (pieméram, K un Mg)
(Parker, 1983), parasti nav ticami. Sados gadijumos vainaga caurteces bagatinasanas ar
elementiem, ko ietekmé& noskalo$anas no koku vainagiem, daudz vairak atspogulo ieksgjo
baribas vielu rinkojuma procesus neka patieso ievadi ekosistema (Nieminen et al., 1999).
Zinatnieki uzskata, ka novertgjot koku vainagu izmainas, ka arT vielu sauso izs€Sanos
mezaudz€ un zemsedzes vegetacija, nogulsnésdanas no atmosféras mérijumos klada
var sasniegt 30% attieciba uz s€ru un 40% attieciba uz slapekli un bazes katjoniem. Uz
lapotnes caurteces pétTjumiem tas parasti neattiecina. Ir ieteikta papildus koku vainagu
izmainu pétisana, nemot véra koku sugas, ekologisko vidi un piesarpojumu, it ipasi ar
slapekla savienojumiem un baziskajiem katjoniem (Draaijers et al., 1996).

Udens, kas pliist lejup pa koka stumbru (stumbra notece), biezi sastava zina
atSkiras no tdens, kas pliist caur vainagu, un var biit nozimigs baribas vielu avots pie
koka stumbra pamatnes. Parasti par kop&jo fidens plismu caur vainagu pienem vainaga
caurteces tidens daudzuma un stumbra noteces summu. Udens plisma zem piezemes
vegetacijas ir loti griiti novert€jama, un to veic reti. Parasti piezemes vegetacijas ietekme
tiek saistita ar Gidens kvalitati, kuru ievac zem humusa slana (Piirainen, 2002).

Cilvékdarbibai acimredzami ir ipasa ietekme uz smago metalu globalo un regionalo
rinkojumu (Bourton et al., 1994, Nriagu, 1996, Deboudt et al., 2004). Lai arT smago
metalu izs€Sanas pedejos 20 gadus Ziemeleiropa ir ievérojami samazinajusies (Riihling
et al., 1992; Berthelsen ef al., 1995; Ukonmaanaho et al., 1998b; Kubin et al., 2000), vel
joprojam ir regioni, kuros smago metalu ilgtermina akumulacija negativi ietekmé mezu
ekosistémas (Salemaa ef al., 2001).

Smago metalu nogulsnésanas piesarnotos regionos galvenokart notick vielu sausas
izs€Sanas procesa (Bergkvist et al., 1989; Fergusson, 1990). Ir arT p&tijumi, kuri liecina,
ka lielaka dala smago metalu no atmosferas nokliist uz zemes virsmas ar vielu mitro
izs€Sanos, kas var but par trim vai Cetram reiz€m lielaka neka vielu sausa izs€Sanas
(Baeyens et al., 1990; Duce et al., 1991; Migon et al., 1991, Deboudst et al., 2004). Metalu
daudzuma izse8ands no atmosféras mainas gan laika, gan telpas zina. Sis parmainas
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nosaka metalu Tslaiciga atraSanas atmosféra un meteorologiskie faktori (Remoudaki et
al., 1991).

Petijumos par piesarnojoso vielu izséSanos no atmosfeéras un to iesp&jamo ietekmi
uz mezu ekosisttmam Latvija [1dz §im galvenokart izmantoti dati par nokrisnu kimisko
sastavu atklata lauka (Laivins un citi, 1996). Udens pliismas kvantitativo un kvalitativo
raditaju izpete mezu ekosistemas Latvija var sniegt jaunas atzinas par piesarnojoso vielu
parvertibam kokaudzes vainaga, vainaga un augsnes bufersp&jam, kimisko vielu iznesi
no mezu augsném. Seviski nozimigs minétais jautajums ir boreonemoralaja dabas zona,
par kuru Eiropa §adi pétijumi ir veikti maz.

3.2. Materials un metodes

Promocijas darba izstradé izmantoti integrala monitoringa (IM) dati. So monitoringu
Latvija sadarbiba ar Latvijas Universitates Geografijas un Zemes zinatnu fakultati realize
Latvijas Vides, geologijas un meteorologijas agentira.

IM parauglaukumu izvietojumu un p&tjjumos izmantotas metodes nosaka integrala
monitoringa metodika (Manual for Integrated Monitoring, 1998).

3.2.1. Nokrisnu paraugu ievaksana atklata lauka un to analizéSana

Rucavas un Taurenes IM poligonos nokriSpu un to kimiska sastava noteikSanai
atklata lauka katra vieta ierikoti 2 nokriSnu savacgji (Rucava — izcirtuma, Taurené —
meza klajuma). Viens savacgjs paredzets fidens paraugu ievakSanai visparigai kimisko
savienojumu noteikSanai, bet otrs — idens paraugu ievakSanai smago metalu noteikSanai.
Atbilstosi metodikai izcirtuma vai klajuma novietoto nokrisnu savacgju tuvuma neaug
koki, un tuvako koku vainagi atrodas vairak neka 30° lenkl virs nokriSnu savacgja
apmales.

Nokri$nu savakSanai izmanto atvérta tipa nokriSnu savacgju. Tas ir atverts arl
periodos, kad nav nokri$nu. Nokrisnu savaksanas aprikojums sastav no piltuves, kura ir
ievietots filtrs, un uztvergjtrauka. IM poligonos ierikoto nokrisnu savacgju konstrukcija
redzama 3.1. attela. Piltuves apmale atrodas 1.5 m augstuma virs zemes virsmas. Ziema
nokri$nu savaksanai atklata laukuma tiek uzstaditi sniega savacgji, kas sastav no spaina
un stativa. Klimatisko apstaklu atskiribu dé]l Rucavas IM poligona sniega savacgji tiek
uzstaditi un darbojas no 1. decembra lidz 31. martam, bet Taureng — no 1. novembra Iidz
31. martam.
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3.1. att. Nokrispu savacéjs atklata lauka Taurenes IM sateces baseina

IM poligonos augstakas nokrisnu savaksanas efektivitates nodrosinasanai nokrisni
atklata lauka tiek savakti vienu reizi dekade (10 dienu ilga laika posma). Paraugu savacgju
ekspozicijas ilgums ir saskanots ar ekspozicijas ilgumu, kas tick ievérots tidens pliismas
caur vainagu un stumbra noteces apak$programmas, un ari ar citu apak$programmu
paraugu ievaksanas laikiem.

Ja paraugus ievac reizi dekadg, var sakties to biodegradacijas procesi. To novérsanai
nokri$nu savacgjiem tiek izmantots aizsargmaterials, kas izgatavots no aluminija folijas.
Lai nepielautu biogéno vielu, galvenokart amonija savienojumu un nitratu sadaliSanos,
nokri$nu paraugus [idz transporté$anai uz laboratoriju, kur tiek veiktas kimiskas analizes,
uzglaba ledusskapi.

Pirms kimisko analizu veikSanas dekad€s ievaktie nokriSnu paraugi tieck sajaukti,
veidojot ménesa vidgjo paraugu. Paraugu sajauksana javeic ta, lai iegiita vidéja parauga
tilpums biitu proporcionals kop&jam dekazu paraugu tilpumam un lai nenotiktu parauga
piesarnosana. Paraugu tilpumu mérisana, sversana, sajauksana, ka arT kimiskas analizes
atbilsto$i integrala monitoringa metodikai tiek veiktas Latvijas Vides, geologijas un
meteorologijas agentira.

Izmantojamas kimisko parametru noteikSanas metodes noraditas 3.1. tabula.
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3.1. tabula
Nokri$nu kimiska sastava analizes metodes

(Latvijas Vides, geologijas un meteorologijas agentiiras Vides laboratorija)

Parametrs

Analizes metodes

pH

Elektrometrija. Metodes pamata ir elektrodzingjspeka merijumi elektrokimiska
§lina, kas sastav no analiz&jama parauga, stikla elektroda un salidzinasanas
(references) elektroda. Udens paraugu pH var atri mainities tajos notieko3o
Kkimisko, fizikdlo vai biologisko procesu ietekmé. Sa iemesla d&] pH tiek noteikts
iespgjami driz, bet ne velak ka sesu stundu laika p&c parauga nemsanas.

Izméra buferskiduma temperatiiru. leregulé pH-metra temperattiras kompensaciju.
Elektrodu noskalo ar ideni un iemérc parauga. Skidumu samaisa un nekustinot
nolasa pH vertibu.

Ca* Atomabsorbcijas spektrometrijas metode. Kalcija noteikSanai paraugu izsmidzina

Mg** N,O/acetilena liesma, bet magnija un kalija noteikSanai — gaisa/acetiléna liesma,

K* kur parauga esosie bazisko katjonu atomi emit€ tiem raksturigo starojumu
attiecigos vilnpu garumos: Ca — 422,7 nm, Mg — 285,2 nm, K — 766,5 nm.

S0, -8 Jonu hromatografijas metode. Paraugu péc attiecigas sagatavosanas ievada jonu

NO,-N hromatografa, sadala uz hromatografiskas kolonnas ar sorbentu — anjonitu. Sulfatus
detekte ar konduktometrisko detektoru un nitratus ar konduktometrisko detektoru
vai fotometrisko detektoru (200 nm — 215 nm). Ka stacionaro fazi izmanto anjonu
apmainitaju un ka kustigo fazi — NaHCO, (2,8 mmol) un NaCO, (2,2 mmol).

Pb Atomabsorbcijas spektrometrijas, elektrotermiska atomizacijas metode. Paraugu
ievada grafita kivetg, kur to 1€ni izzave, parpelno un atomizg. Parauga esosie
metala atomi absorbé tiem raksturigo starojumu pie 283,3 nm vilnu garuma.

Zn Atomabsorbcijas spektrometrijas, liesmas atomizacijas metode. Paraugu izsmidzina

gaisa/acetiléna liesma. Zn doba katoda lampas starojuma absorbcija atomizacijas
bridi ir proporcionala Zn koncentracijai test§jama parauga. Metala atomi, kas
atrodas parauga, emité tiem raksturigo starojumu pie 213,9 nm vilpu garuma.

3.2.2. Vainaga caurteces idenu paraugu ievakSana un analize

Lai iegtitu kvalitativus rezultatus, Rucavas un Taurenes IM parauglaukumos zem
koka vainagiem ir uzstaditi 7 nokriSnu savacgji. Ziema katra vieta darbojas 4 sniega
paraugu savacgji.

Nokri$nu savacgji ir izvietoti sistemiska (ieteicamais variants) izkartojuma un
attalums starp savacgjiem ir 10 m. Nokri$nu savacgju shéma IM poligonos ir paradita

3.2. attela.
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3.2. att. Nokrisnu savacéju izvietojums zem koku vainagiem Taurenes un Rucavas IM
poligonos

Caur vainagu pliistoSo nokriSnu savacgji ir novietoti 1 m augstuma no augsnes
virsmas. Lai parauga savacgjtrauku pasargatu no saules gaismas un sasil§anas, to ievieto
melna caurul€, kas aptita ar aluminija foliju.

Rucavas un Taurenes IM poligonos atrodas piltuves veida nokrisnu savacéji. Tie
izgatavoti no plastmasas, kas neizmaina parauga kimisko sastavu. Caur vainagu pliisto§o
nokri$nu savacgji ir 1idzigi nokri$nu savacéjiem atklata lauka (3.3. att.). IM poligonos
augstakas nokris$nu savaksanas efektivitates nodros$inasanai nokri$ni caur lapotni tiek
savakti ik péc 15 dienam. Lai novérstu biodegradaciju, ir izmantots aluminija folijas
aizsargmaterials.

Nokri$nu paraugi no visiem savacgjiem poligona tiek salieti kopa, veidojot vienu
vidgjo paraugu, kas reprezenté mezaudzi. Paraugus salejot kopa, ripigi jaseko, lai
ieglitais parauga tilpums atbilstu kop&jam paraugu tilpumam un lai nenotiktu parauga
piesarnosana.

Paraugu kimiskas analizes metodes noraditas 3.1. tabula.



3.3. att. Caur koka vainagu pliisto$o nokriSnu savacéji Taurenes IM
sateces baseina

3.2.3. Stumbra noteces lidenu paraugu ievakSana un analizéSana

Stumbra noteces tidenu paraugu ievaksanu Rucavas un Taurenes IM parauglaukumos
veic no desmit brivi izvéletiem valdosas koku sugas — parastas priedes (Pinus sylvestris)
kokiem. IM poligonos nokrisnu savaksanu veic ik péc 15 dienam.

Rucavas un Taurenes IM parauglaukuma izmanto spiralveida Gidens savacgjus, kas
aptiti apkart koka stumbram (3.4. att.).
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3.4. att. Pa koka stumbru pliistoSo nokri$nu savacéjs Taurenes IM sateces baseina

Stumbra noteces tdens savakSanu veic divas reizes ménesi no 1. marta Iidz
31. novembrim. Atseviskus gadus atkariba no laika apstakliem, pieméram, meteorologisko
apstaklu atskiribu dé] Taureng nokri$nu savaksana nereti tiek uzsakta meénesi vélak neka
Rucava.

Nokri$nu paraugus no visiem savacgjiem salej kopa, veidojot vienu vidgjo paraugu,
kas reprezenté mezaudzi. Paraugus lejot, riipigi jaseko, lai iegiita vid€ja parauga tilpums
biitu atbilstoss kop&jam paraugu tilpumam un lai nenotiktu parauga piesarnosana.

Paraugu kimiskas analizes metodes noraditas 3.1. tabula.

3.2.4. Datu statistiska apstrade

Katra pétjjuma teritorija promocijas darba izstradasanas laika tika aprékinatas
nokris$nu gada vidgjas koncentracijas. Kimisko vielu izsésanas daudzums gada aprékinats,
reizinot koncentraciju paraugos ar attiecigo nokrisnu daudzumu (mm). Pirms vidgja pH
aprekinasanas pH vertibas parrékinatas, izsakot ka H* koncentracija. Datu statistiskaja
apstrade izmantots Mann-Kendall tests koncentraciju un elementu izsé$anas laika tendencu
noteikSanai, Paired-Samples T-test — atskiribu noteikSanai starp vidéjam koncentracijam
un izs€Sanas apjomiem nokrisnos atklata lauka, vainaga caurtec€ un stumbra notece
un Mann-Whitney U-test — atskiribu noteikSanai starp IM stacijam. Batiskuma Itmenis
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p<0,05 tika izvelets, lai att€lotu statistiski biitiskas atSkiribas starp datu kopam. Datu
apstradé izmantotas programmas MS Excel un SPSS 15.0 for Windows.

3.3. Rezultati un diskusija

Nokrisnu daudzums

Nokrisnpu daudzums pa gadiem Rucavas IM stacija p&tfjumu perioda svarstijies
no 395,5 mm lidz 973,8 mm, bet Taurenes IM stacija — no 470,6 mm lidz 801,3 mm
(3.2. tab.).

3.2. tabula
Nokrispu daudzums Rucavas un Taurenes integrala monitoringa stacijas

IM stacija

1994

1995

1996

1997

1998

1999

2000

2001

2002

2003

2004

Rucava

490,5

631,5

395.5

468,7

973.,8

527,7

639,9

846,1

765,3

794,6

586,2

Taurene

518,0

666,3

480,4

506,5

727,9

470,6

756,0

693,8

644,2

716,3

801,3

pH

Slapekla un s€ra savienojumi atmosféra bitiski ietekm& nokrisnu pH. Rucavas IM
stacija nokrisnu pH Iimenis laika perioda no 1994. lidz 2004. gadam ir svarstijies no 4,5
(£0,9) 1996. gada lidz 5,9 (£ 0,8) 2004. gada, savukart Taurenes IM stacija no 4,8 (+ 1,0)
1997. gada lidz 5,8 (= 0,7) 2002. gada. Kaut arT nokri$nu pH izmainam pa gadiem nav
loti izteikta tendence palielinaties, konstatétais pH picaugums Rucavas un Taurenes IM
stacijas nokris$nos atklata lauka ir butisks (p<0,05) (3.5. att.) (Terauda and Nikodemus,
2007). Lidzigas pH izmainas konstatétas arT nokrisnpiem zem koku vainagiem. Rucava
pH vidgja vértiba vainaga caurtecé laika gaita ir mainijusies no 4,4 (£ 0,4) lidz 5,4
(+ 0,8), bet Taurenes IM stacija — no 4,5 (+ 0,5) Iidz 5,8 (+ 0,7).

e

%ﬁﬁg@gz@%‘y

Rucavas IM
y =0.0087x + 4.78

3 A ——— Rucavas IM )
—/—— Taurenes IM R*=0.1213,n-123
21 = = = =Taurenes IM Taurenes IM
1 Rucavas IM y = 0.0049x + 5.0248
R*=0.0489, n - 123
O T T T T T T T T T T
1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004

n — noveérojumu skaits

3.5. art. pH izmainas nokrispos atklata lauka Rucavas un Taurenes IM stacijas
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Stumbra noteces fideni abas monitoringa stacijas ir ievérojami skabaki par atklata
lauka un vainaga caurteces tideniem (3.6. att.). Skuju koku mezos vainaga caurtecei
un stumbra notecei parasti ir zemaki pH raditaji neka atklata lauka nokrispiem. Tas
parada brivo skabju daudzuma palielinasanos zem skuju koku vainagiem. Tadgjadi
skabju partversana ar skuju kokiem ir lielaka neka bazisko vielu sausa izs€Sanas vai
buferkapacitate (Pajuste, 2004). Kad tGidens pliist caur koku vainagiem un gar stumbriem,
tas absorb& skidumus un vielas, kas nogulsngjusas ar vielu sauso izs€$anos, no skuju un
mizas virsmas (Parker, 1983). Vid&jie pH parametri Rucava stumbra noteces tideniem pa
gadiem ir svarstfjusies no 3,9 (£ 0,2) Iidz 4,2 (+ 0,3), bet Taureng — no 3,8 (= 0,1) lidz
4.4 (+£0,7).

7
B Rucavas IM
6 O Taurenes IM
5
z 4]
=
3
-
1-
Atklats lauks Vainaga caurtece Stumbra notece

3.6. att. Gada vidgjais pH (£ standartnovirze) nokrisnos atklata lauka, vainaga caurtecé
un stumbra notecé Rucavas un Taurenes IM stacijas
no 1994. Iidz 2004. gadam

SO -8

Nokrisnu pH vértibu picaugumu pédéjos gados atklata lauka un tdens pliisma
caur vainagu zinatnieki Norvégija pamato ar anjona izraisitas nokri$nu paskabinasanas
samazinasanos (Moffat et al., 2002). To varétu attiecinat ari uz Latvijas apstakliem, jo
integrala monitoringa stacijas laika gaita ir novérojama biitiska SO,*-S koncentracijas
samazinasanas gan nokriSnos atklata lauka, gan vainaga caurtecE un stumbra notecé
(3.7. att.) (Terauda and Nikodemus, 2007). Rucava SO,*-S gada vidgja koncentracija
atklata lauka ir mainijusies no 2,5 (+ 1,4) mg// 1997. gada lidz 0,5 (= 0,3) mg// 2000.
gada, vainaga caurtec€ no 4,4 (+ 2,3) mg/l 1997. gada lidz 0,8 (£ 0,5) mg// 2000. gada
un stumbra notec€ no 9,7 (+ 3,5) mg/l 1997. gada lidz 2,4 (£ 1,1) mg// 1998. gada, bet
Taurené attiecigi no 1,8 (+ 1,4) mg// 1997. gada lidz 0,4 (= 0,1) mg// 2004. gada, no 2,3
(£ 1,7) mg/l 1997. gada lidz 0,5 (+ 0,2) mg// 2004. gada un no 6,9 (+ 2,1) mg// 1995.
gada Iidz 0,9 (+ 0,6) mg// 2002. gada.

Lielakas konstatetas SO,-S un skabo nokri$nu samazinaSanas tendences Rucava
salidzinajuma ar Taureni rada, ka pcdgjos gados Latvija samazinajies parrobezu
piesarnojums. Straujaka SO,”-S koncentracijas samazinaSanas stumbra noteces
tidenos salidzinajuma ar nokri$piem atklata lauka skaidrojama ar to, ka samazinajusies
piesarnojoso vielu sausa izs€Sanas un uzkrasanas uz koku stumbriem (Terauda and
Nikodemus, 2007).
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3.7. att. SO ¥-S koncentracija atklata lauka nokrispos (AL), vainaga caurtecé (VC) un
stumbra notecé (SN) Rucavas IM stacija (a) un Taurenes IM stacija (b)

Sulfatu koncentracija Rucava un Taurené palielinas $ada seciba: nokrispi atklata
lauka < vainaga caurtece < stumbra notece. Sulfatu koncentracija vainaga caurtec€ un
stumbra notec€ ir butiski lielaka neka to koncentracija nokrisnos atklata lauka (3.3. tab.).
Tas sakrit ar Somija veikto p&tijumu rezultatiem borealajos priezu mezos (Ukonmaanako,
2001). Ta ka SO,* raksturiga neliela saskarsme ar koku vainagiem (Lindberg et al.,
1986; Bredemeier, 1988), vainaga caurteces un stumbra noteces bagatinasanos ar SO,
galvenokart veido sausaja izséSanas procesa uzkrato vielu noskaloSana (Lindberg and
Lovett, 1992). Vainaga caurteces un stumbra noteces bagatinasanas ar sulfatiem var
notikt ari tapéc, ka augu lapotne sp&j uznemt gazveida séru caur atvarsnitém, ka ari ar
sorbciju piesaistit to lapu un mizas virsmai (Murphy and Sigmon, 1990). Koku lapotné
gazveida s€rs oksid€jas par sulfatu un tick noskalots no tas ka aerosols un sulfatu dalinas
nokri$nu laika (Lindberg et al., 1986; Lindberg and Lovett, 1992; Draijeers et al., 1997).
1997. gada Rucava un dalgji arT Taureng novérotas Joti augstas SO,”-S koncentracijas
atklata lauka, nokrisnos zem koku vainagiem un stumbra notecE saistamas ar relativi
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sauso 1996. gadu (3.2. tab.) un paaugstinato piesarnojoso vielu sauso izs€Sanos un
akumulaciju uz priezu skujam, zariem un stumbra.

3.3. tabula

SO,”-S un NO,-N gada vidgjas koncentracijas (+ standartnovirze) nokrisnos atklata lauka
(AL), vainaga caurtecé (VC) un stumbra notecé (SN) no 1994. lidz 2004. gadam

SO -S (mg/)  NO,-N (mg/)

Rucavas IM

AL 1,0+ 0,6 a 0,7+0,2a
vC 1,5+09b 09+0,2b
SN 46+24c 39+32¢
Taurenes IM

AL 0,8+0,5a 04+0,1a
vC 1,L1+£0,5b 0,6+0,2a
SN 3,1+22¢ 0,8+0,7a

Vertibas ar vienadu burtu kolonna nozimg, ka atskiribas
starp komponentiem nav bitiskas (p>0,05).

P&tfjuma perioda SO,”-S izs€Sanas no nokriSpiem atklata lauka un no vainaga
caurteces nav butiski mainijusies. Vienigi Taurené noverots statistiski bitiska
samazinaSanas tendence atklata lauka nokriSpos: gada vidgja SO,*-S izséSanas ar
nokri$piem samazinajusies no 9,3 kg/ha gada Iidz 3,2 kg/ha gada. Stumbra notecei,
seviski skuju koku mezos, nav liela nozime jonu plisma mezaudzes Iimeni, bet ta
var bt bitiska atsevisku koku pétijumos (Gower et al., 1995; Ukonmaanaho, 2001).
Ta ka stumbra noteces apjomi ir loti niecigi — tikai 0,5% (Rucava) un 0,4% (Taureng)
no nokrisnu daudzuma, tie netika nemti véra vielu nogulsnéSanas aprékinos. Integrala
monitoringa stacijas visaugstaka SO,*-S izséSanas no nokriSpiem atklata lauka tika
konstatéta 1997. gada — 10,6 (£ 1,8) kg/ha, bet viszemaka izséSanas 2004. gada —
3.4 (£ 0,3) kg/ha; attiecigi vainaga caurtec€ 1997. gada — 15,9 (£ 8,1) kg/ha un 2004.
gada — 4,5 (+ 1,0) kg/ha.

NO,-N

Noverojumu perioda gan Rucavas, gan Taurenes IM stacija atmosferas nokrisnos
ir samazinajusies nitratjonu koncentracija (3.8. att.). ST samazinasanas saskan ar citu
valstu zinatnieku p&tijumu rezultatiem (Likens et al., 1996; Stoddard ef al., 1999). Tomér
salidzinajuma ar SO,>-S koncentracijas izmainam nokrisnos, ar statistiski ticamo tendenci
Sai koncentracijai samazinaties, konstatéta NO,-N koncentracijas samazinasanas neviena
no pétitajiem nokri$nu veidiem nav bitiska, iznemot stumbra noteci Rucava (Terauda
and Nikodemus, 2007). Lidzigi rezultati ir iegiiti arT Somija, kur nitratu koncentracija
nokriS$nos arT uzrada tendenci samazinaties, tacu statistiski ticams tas ir tikai atseviskos
gadijumos (Ukonmaanako, 2001).

Konstatets, ka Rucavas IM stacija nitratjonu koncentracija vainaga caurtecé un
stumbra notec@ ir butiski augstaka neka nokri$nos atklata lauka, bet atSkiribas Taurenes
IM stacija nav statistiski biitiskas (3.3. tab.).
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Nokrisnu analizes rezultati parada, ka Latvija boreonemoralos priezu mezos nav
novérojama tendence NO,-N koncentracijai samazinas $adi: AL>VC>SN. Tas ir
raksturigi borealo mezu ekosistémas un tiek zinatniski skaidrots ar pieejama slapekla
trikumu (Ukonmaanako, 2001). Ievérojami lielaka nitratjonu izs€Sanas ir konstatSta
Rucavas IM stacija (3.4. tab.), tacu bitiskas atSkiribas starp atklata lauka nokrispiem un
vainaga caurteci nav konstatgtas.

3.4. tabula

AtSkiriba starp vidgjo SO,”-S un NO,-N izseSanos (+ standartnovirze) ar nokriSpiem
atklata lauka (AL) un vainaga caurteci (VC) Rucavas un Taurenes IM stacijas
no 1994. lidz 2004. gadam

Rucavas IM Taurenes IM  U-tests

SO,”-S (kg/ha gada)

AL 6,3 +2,6 51+£22 n. b.
vC 7,9 +4,8 57+22 n. b.
NO,-N (kg/ha gada)

AL 44+1,6 22409 *
vC 43+1,1 29+1,1 *

* — atskiriba starp IM stacijam ir bitiska (p<0,05)
n. b. — atskiriba starp IM stacijam nav batiska
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3.8. att. NO,-N koncentracija atklata lauka nokriSnos (AL), vainaga caurtecg (VC) un
stumbra notecé (SN) Rucavas (a) IM stacija un Taurenes (b) IM stacija

Ca*, Mg?un K*

Nozimigi augu baribas elementi ir baziskie katjoni (Piirainen ef al., 2002). P&tjjumu
perioda abas IM stacijas bija novérojama Ca®* un K* koncentracijas samazinasanas, bet
Mg?* koncentracijas palielinaanas nokrisnos atklata lauka. Jaatzimg, ka minétas izmainas
laika gaita nav bijuSas butiskas (3.5. tab.). Savukart vainaga caurtecé bazisko katjonu
koncentracija Rucavas IM stacija ir palielingjusies, turpretim Taurenes IM stacija Ca*
un Mg*" koncentracija ir samazinajusies, bet K™ koncentracija palielinajusies. Butiskas
izmainas attieciba uz K* koncentraciju konstatétas Rucava, kur ta palielinajusies no 1,2
(= 0,5) mg/l 1995. gada lidz 2,1 (£ 1,9) mg/l 2002. gada, un attieciba uz Mg*
koncentraciju Taureng, kur ta samazinajusies no 0,41 (+ 0,9) mg/l 1997. gada lidz 0,3
(£ 0,1) mg// 2004. gada. Stumbra notecé tika novérota nebutiska Ca** samazinaSanas,
bet Mg?* un K* palielinaanas Rucavas IM stacija un Ca*", Mg?" samazinasanas, bet K*
palielinasanas Taurenes IM stacija. Pétijjumos Somija un Igaunija (Ukonmaanaho, 2001,
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Ukonmaanaho and Starr, 2002; Pajuste, 2004) novérota bazisko katjonu samazinasanas,
tacu §1s izmainas nav statistiski biitiskas.

3.5. tabula
Mann-Kendall testa trenda aprékini ménesa vidéjam koncentracijam nokriSnos atklata
lauka (AL), vainaga caurtecé (VC) un stumbra notecé (SN) no 1994. lidz 2004. gadam
(Mg — no 1996. Iidz 2004. gadam)

Parametrs Rucavas IM Taurenes IM
AL VC SN AL VC SN
Ca* -0,9 0,9 -0,8 -1,1 -0,9 -1,5
n—122 n—122 n—78 n—123 n—124 n—64
Mg** 0,1 0,8 0,2 0,3 -1,7* -0,5
n—102 n—103 n—61 n—104 n—103 n-52
K* -0,8 1,9* 0,5 -0,2 -0,1 0,4
n—122 n—122 n-78 n—-123 n—124 n—64

*p<0,05; n — noverojumu skaits

Kopuma Rucavas IM stacija nokrisnos atklata lauka, vainaga caurtec€ un stumbra
notec€ noverojumu perioda vidgja bazisko katjonu koncentracija tika konstatgta augstaka
neka Taurenes IM stacija (3.6. tab.). Butiski augstaka visu petamo bazisko katjonu
koncentracija novérota vainaga caurtecé: K* — atklata lauka nokrispos, bet Mg?" un K" —
stumbra noteces fidenos. Bazisko katjonu koncentracija stumbra notec€ bija ievérojami
augstaka neka vainaga caurtec€ un nokriSnos atklata lauka. Tapat arT batiski atSkiras
So katjonu koncentracija vainaga caurtec€ un atklata lauka nokri$nos. Bazisko katjonu
butiska palielinasanas nokrisnos zem koku vainagiem skaidrojama ar izskaloSanas vai
apmainas procesiem un vielu sausa uzkrajuma noskaloSanos no lapotnes, zariem un
stumbra (Pajuste, 2004). Bazisko katjonu sausa izs€Sanas noverojama tikai dalinu veida
(Piirainen ef al., 2002). Tika arT noverots, ka kalija noskalo$anas no koku vainagiem un
stumbriem notiek lielakos apjomos neka Ca?* un Mg?" izskaloSanas. Tas sakrit ar citu
zinatnieku pétijjumiem (Hyvérinen, 1990; Hansen, 1996; Ukonmaanaho, 2001). Kalijs
galvenokart ir sastopams jonu forma augu §linas, turpretim kalcijs un magnijs ir vairak
saisttti ar Stinu sieninu audiem (Piirainen ez al., 2002).

Vidgjabaziskoelementuizseésanas gadaparadita3.7.tabula. Bazisko elementuizséSanas
ar vainaga caurteci bija biitiski augstakaneka ar atklata lauka nokrisniem. Rucavas IM stacija
caur koku vainagiem Ca nogulsné$anas bija 1,7 reizes, Mg nogulsnéSanas — 2,1 reizi un
Knogulsnésanas — 2,4 reizes lielaka neka ar nokrisniem atklata lauka, savukart Taurenes IM
stacija Ca nogulsnéSanas —1,4 reizes, Mg nogulsnésanas — 1,6 reizes un K nogulsnésanas —
4,3 reizes lielaka. Rucavas IM stacija no vainaga caurteces vislielaka Ca izs€Sanas tika
novérota 2002. gada — 11,5 kg/ha, Mg izséSanas — 2002. gada 3,9 kg/ha un K izs€Sanas —
1998. gada 12,7 kg/h. Attiecigi viszemaka izséSanas bija 4,3 kg/ha 1999. gada,
1,9 kg/ ha — 1996. gada un 4,3 kg/ha — 1996. gada. Savukart Taurenes IM stacija vislielaka
Ca izs€Sanas no vainaga caurteces bija 2001. gada — 9,5 kg/ha, Mg izséSanas 2003. gada —
2,4 kg/ha un K izséSanas 2002. gada — 11,6 kg/ha, attiecigi viszemaka izs€Sanas 1999.
gada bija 2,6 kg/ha, 1999. gada — 1,2 kg/ha un 1995. gada — 4,3 kg/ha. Starp abam IM
stacijam bitiski atSkiras tikai K izs€Sanas ar atklata lauka nokriSniem, — Rucava ta ir 2,2
reizes lielaka neka Taurené. Savukart nogulsné$anas no vainaga caurteces Rucavas IM
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stacija tika konstatéta butiski augstaka (Ca 1,3 reizes un Mg 1,5 reizes) neka Taurenes

IM stacija.

3.6. tabula

Ca*, Mg” un K* gada vidéja koncentracija (+ standartnovirze) atklata lauka nokrisnos
(AL), vainaga caurtecé (VC) un stumbra notecé (SN) no 1994. lidz 2004. gadam (Mg** — no
1996. Iidz 2004. gadam)

Ca?" (mg/l) Mg?* (mg/]) K" (mg/l)

Rucavas IM

AL 0,8+0,5a 0,2+0,1a 0,6+0,4a
vC 1,4+04D 0,6+0,1b 1,7+ 0,3 b
SN 52+29c¢ 1,9+03¢c 45+0,7 ¢
Taurenes IM

AL 0,6+02a 0,2+0,1a 03=+0,1a
vC 1,L1£03b 04+0,1b 1,4+£05b
SN 34+15¢ 1,1 +£0,4c 3,8+0,8¢

Vertibas ar dazadu burtu kolonna norada, ka atskiribas starp komponentiem

ir bitiskas (p<0,05).

Apskatot bazisko elementu izs€Sanos laika gaita, Rucavas IM stacija noverota
nebitiska Ca daudzuma samazinaSanas, bet Mg un K daudzuma palielinaSanas ar
nokri$piem atklata lauka un visu p€tamo bazes elementu palielinaSanas ar vainaga
caurteci. Taurenes IM stacija Ca, Mg un K izséSanas no nokrisniem atklata lauka paradija
samazinasanas tendenci, bet no vainaga caurteces — palielinaSanas tendenci.

3.7. tabula

Atskiriba starp vidéjo Ca, Mg un K izsésanos (+ standartnovirze) ar nokrisniem atklata
lauka (AL) un vainaga caurteci (VC) Rucavas un Taurenes IM stacijas no 1994. lidz 2004.
gadam (Mg - no 1996. Iidz 2004. gadam)

Rucavas IM Taurenes IM U-tests
Ca (kg/ha gada)
AL 42+14 38+14 n. b.
VC 7,1£22 53+2,0 *
Mg (kg/ha gada)
AL 1,5+0,6 1,3+0,6 n. b.
vC 3,0+0,6 1,9+0,5 *
K (kg/ha gada)
AL 3,7+3,1 1,7+0,9 *
VC 8,8+2,7 7,3+3,3 n. b.

* — atskiriba starp IM stacijam ir bitiska (p<0,05)
n. b. — atskiriba starp IM stacijam nav biitiska

Pb un Zn

Integrala monitoringa programmas ietvaros vairakus gadus tiek analiz&tas smago
metalu koncentracijas. Parrobezu piesarnojuma parnese no Rietumeiropas un Centralas
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Eiropas regioniem ir galvenais iemesls, kapéc Rucavas IM stacija nokri$nos pétamo
smago metalu saturs ir butiski lielaks neka Taurenes IM nokri$nos (3.8. tab.). Vidg&ji no
1994. lidz 2004. gadam Pb un Zn koncentracijas Rucavas IM stacijas nokrisnos atklata
lauka ir 2,3 un 1,8 reizes, vainaga caurtec€ 2,3 un 1,7 reizes un stumbra notecé 2,7 un 1,7
reizes augstakas neka Taurenes IM stacija.

Nokrispu aizturésana koku vainagos samazina fidens daudzumu, kas sasniedz
augsnes virskartu par aptuveni 25% (Parker, 1983). Tacu smago metalu daudzums fidens
pliisma caur vainagu parasti ir lielaks par to daudzumu, kas nogulsngjas ar nokrisniem
uz koku vainagiem, seviski uz skuju kokiem. Bagatinasanas daudzums stipri vari€ starp
smagajiem metaliem un koku sugam, audzes struktiiru, augsnes auglibu un piesarnojuma
lielumu (Heinrichs and Myer, 1980). Iznemums biezi vien ir svins. Gan Rucavas, gan
Taurenes IM stacija Gidens plisma caur vainagu vidgjas Pb koncentracijas ir zemakas
neka atklata lauka nokri$nos un stumbra notece. Ta iecks€jais cikls ir mazs un izs€Sanas no
atmosferas un augsnes organisko vielu mainigums nosaka svina pliismu cauri ekosistémai.
Svinu biezi partver koku vainagi, tadgjadi vainaga caurtece veido mazaku svina plismu
neka atklata lauka nokrisni, tacu ir arT elementi, pieméram, Zn, kas bagatinas nokri$nos
zem koku vainagiem (Bergkvist et al., 1989; Ceburnis and Steinnes, 2000). Stumbra
noteces fidenos gan Pb, gan Zn koncentracija ir visaugstaka (3.8. tab.). Tas skaidrojams
ar palielinatu vielu sauso izs€Sanos (Ukonmaanaho, 2001).

3.8. tabula

Pb un Zn gada vidéja koncentracija (+ standartnovirze) atklata lauka nokriSnos (AL),
vainaga caurtecé (VC) un stumbra notecé (SN) no 1994. lidz 2004. gadam

Pb (ng/h Zn (pg/l)

Rucavas IM

AL 47+25a 278+ 10,4 a
vC 39+14a 38,1 +11,8b
SN 87+ 11,1b 62,2+18,2¢
Taurenes IM

AL 2,1+1,3a 150+59a
vC 1,7+ 0,7 a 223+8,1b
SN 32+0,6b 37,0 £20,1 ¢

Vertibas ar vienadu burtu kolonna nozimg, ka atskiribas starp
komponentiem nav biitiskas (p>0,05).

Seviski skuju kokiem ar stumbra noteci ievérojams daudzums smago metalu noklaist
uz zemes (Bergkvist et al., 1989). Koncentracija liela méra ir atkariga no stumbra
noteces tilpuma, ko nosaka vainaga blivums un struktiira, lietus Gdenu intensitate un
liSanas ilgums.

A1 petfjumi par smago metalu nogulsnésanos Rucavas IM stacija liecina, ka ar
atklata lauka nokriSniem un vainaga caurteces tideniem Pb un Zn izs€zas ievErojami
vairak neka Taurenes IM stacija (3.9. tab.).
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3.9. tabula
Atskiriba starp vidéjo Pb un Zn izgulsnéSanos (+ standartnovirze) ar nokriSpiem atklata
lauka (AL) un vainaga caurteci(VC) Rucavas un Taurenes IM stacijas no 1994. lidz 2004.

gadam
Rucavas IM Taurenes IM U-tests

Pb (g/ha gada)

AL 28,2+ 10,1 11,7+ 7,0 *
vC 20,0 £ 8,5 8,6 £3,8 *
Zn (g/ha gada)

AL 175,2 £ 65,2 96,7 + 47,5 *
\4¢ 200,5 + 70,4 124,1 £62,9 *

* — atSkiriba starp IM stacijam ir biitiska (p<0.05)

Apskatot petamo smago metalu izmainas laika gaita, noverojamas atskiribas
starp Pb un Zn. Atklata lauka nokriSnos Pb izs€Sanas gan Rucavas, gan Taurenes IM
stacija uzradija butisku samazinasanas tendenci: no 1994. Iidz 2004. gadam izs€Sanas
ir samazinajusies no 26,0 g/ha Iidz 7,8 g/ha gada Rucava un no 24,9 g/ha Iidz 5,4 g/ha
gada Taureng€. Savukart Zn izs€Sanas uzradija bitisku palielinaSanas tendenci: no 50,4
g/ha lidz 271,8 g/ha gada Rucava un no 42,1 g/ha lidz 197,4 g/ha gada Taurene. Lidziga
tendence noverojama smago metalu nogulsnéSanas ar vainaga caurteci: Pb no 33.8
g/ha Iidz 12,0 g/ha gada un Zn no 150,9 g/ha lidz 222,1 g/ha gada Rucavas IM stacija,
bet Taurenes IM stacija attiecigi Pb no 12,4 g/ha Iidz 5,8 g/ha gada un Zn no 37,7 g/ha
lidz 244,5 g/ha gada. Batiski ir samazinajusies arT Pb koncentracija nokrisnos, iznemot
tidens pliisma caur vainagu Taurenes IM stacija. Lielakaja dala Eiropas ir novérojama
svina koncentracijas samazinasanas gan nokriSnos atklata lauka, gan vainaga caurtecg,
gan stumbra notec€ (Renberg ef al., 2000). Tas skaidri apliecina bezsvina degvielas
izmantoSanas lietderibu (Ukonmaanaho, 2001). Zn koncentracija Rucavas IM nokrisnos
atklata lauka un vainaga caurtec® samazinads, bet stumbra notecg butiski palielinas.
Taurenes IM stacija Zn koncentracija nokri$nos laika gaita nav biitiski izmainijusies.

3.4. Kopsavilkums

Latvija priezu mezos samazinas S un N savienojumu izs€Sanas no atmosferas.
Vienlaikus novérojama ar1 biitiska nokri$nu skabuma samazinasanas. Lielakas izmainas
konstatetas Latvijas rietumdala, un tas liecina, ka parrobezu piesarnojuma ietekme
no Rietumeiropas samazinas. NokriSnpu skabuma izmainas nav raksturigas stumbra
noteces tideniem. Tadgjadi var secinat, ka So Gidenu kimiska sastava veidoSanos nosaka
piesarnojoso vielu sausa izs€Sanas un biologiskie procesi.

Tapat ka petijumi Somija un Igaunija, arT Latvija abas IM stacijas veiktie p&tfjumi
ir paradijusi, ka augiem nozimigo elementu — kalcija, magnija un kalija koncentracija un
izs€Sanas nokrisnos nav bitiski palielinajusies vai samazinajusies.
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Bitiskas atskiribas tika noverotas starp pétamo smago metalu Pb un Zn izmainam
laika gaita. Svina koncentracija un izs€Sanas ar nokriSpiem, tapat ka lielakaja dala
Eiropas, ir ievérojami samazinajusies. Savukart Zn izs€$anas ar nokrisniem ir pieaugusi.

Kopuma Rucavas IM stacija nokrispos atklata lauka, vainaga caurtec€ un stumbra
notec€ noverojumu perioda vidgja sulfatu, nitratu, bazisko katjonu un smago metalu
koncentracija un izsé$anas bijusi lielaka neka Taurenes IM stacija, un tas norada uz
parobezu piesarnojuma lielo nozimi Latvijas atmosferas piesarnojuma veidosana.

P&ttjumi liecina, ka Latvijas priezu meZos atseviskos gadfjumos likumsakaribas
nokriSnu ktmiska sastava veidoSanas procesa atskiras no agrak konstatétajam
likumsakaribam borealajos mezos Skandinavija. Tas nozimé, ka ne jau vienmér ieteicams
visparinat atzinas par vides piesarnojuma ietekmi uz borealajiem meziem, arT uz Latvijas
priezu meziem.

Nokri$nu kimiska sastava datu apkoposana un analize Rucavas un Taurenes IM
stacijas rada, ka Latvijas priezu meZzos ir noveérojamas diezgan lielas kimiska sastava
svarstibas, tacu vienlaikus atseviSskos parametros konstatStas izteiktas parmainas. Ja
§1s parmainas turpinasies, priezu mezu augSanas apstakli var€tu uzlaboties. Parmainu
attistibas tendences ir atkarigas gan no nokri$nu kimiska sastava un piesarnojoso vielu
sausas izséSanas, gan ari no biologiskajiem un kimiskajiem procesiem mezu ekosisteéma.
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4. Mezu nobiru kimiska sastava veidosanas

4.1. Literaturas apskats

Augi kimiskas vielas uznem dazados veidos. Vielas var uznemt ar augu sakném no
augsnes, talak transportgjot uz lapam un skujam. Tas var uznemt ari tieSi no gaisa vai
nokri$niem (Gjengedal and Steinnes, 1990). Joni, kas nogulsng&jas uz lapu virsmas, tiek
uzpemti lapas caur atvarsniteém vai arT (lielakoties kopa ar putekliem) ar lietus tideniem
noskaloti un aizstati ar citu jonu spektru (Reimann et al., 2001).

Skujas un zari priezu vainaga ir galvenie baribas vielu uzkrajgji, kas nodroSina $o
vielu saglabasanos ekosistéma. Kaut ari zari un vainags ietver tikai mazu dalu no kopgjas
koka biomasas, to audi ir baribas vielam relativi bagati un var saturét vairak neka pusi no
slapekla, fosfora, magnija, kalija un kalcija, kas nostabiliz&jusies koka biomasa (Prescott,
2002).

Kimisko elementu akumulacija koku lapas un skujas ir dinamisks process, kas
saistits ar citiem augos notickoSiem metaboliskiem procesiem. Elementu koncentraciju
skujas ietekmé dazadi faktori, pieméram, vietas ipasibas (Florence and Chuong, 1974;
Miller et al., 1978; Giertych and Werner, 1996), skuju vecums (Helmisaari, 1992),
pieauguma pakape (Fife and Nambiar, 1984) un gadalaiks (Chapin and Kedrowski, 1983;
Helmisaari, 1990). P&tijumos novérots, ka séra un smago metalu izséSanas arT ietekme
baribas vielu daudzumu skujas (Helmisaari, 1990).

Ta ka meza ekosistéma piesarnojosas vielas un baribas vielas no nokrispiem, ka
arT dalinas vielu sausaja izs€Sanas procesa vispirms uztver koku vainagi, tad nobiras,
kas nokliist uz augsnes, satur kimiskas vielas, kuras akumul&jusas koku skujas un lapas.
Meza nobiras ir koku un kriimu atmirusas dalas (lapas, skujas, zari, mizas, zvinas), kas
augsnes virskarta veido nedzivas zemsegas horizontu. Tiek uzskatits, ka nobiras ir otrs
liclakais baribas elementu avots zemes virskarta, ta¢u baribas elementi no organiskajam
vielam mineralizacijas procesa atbrivojas 1&ni, turpretim baribas vielas, kas nonakusas
augsné ar vainaga caurteces tideniem, parasti ir gandriz izS8kiduSas un Iidz ar to augi tas
var atri uznemt (Ukonmaanaho, 2001; Pajuste, 2004).

Mezu augsana un produktivitate galvenokart ir atkariga no nobiru daudzuma, to
veida un sadaliSanas atruma (Kavvadias et al., 2001). Galvenais nobiru avots ir koka
vainags. Vainaga TpaSibas nosaka augsnes mikroorganismu un faunas sabiedribu
veidosanos, ka arT baribas vielu pieejamibu (Vogt ef al. 1986). Koka vainaga ipasibas
butiski ietekm& producéto nobiru daudzumu un veidu. Tas liela méra nosaka ari to
baribas vielu daudzumu, ko var izmantot otrreiz&ji (Prescott, 2002). Skuju koku nobiras
tiek producétas licla daudzuma, un tas ir Joti nozimiga frakcija meza ekosistéma (Rithling
and Tyler, 1973). Biogéno elementu aprite nobiras un nobiru sadaliSanas ir svarigs posms
baribas vielu piegadé augsnei. Sim posmam ir liela nozime baribas vielam nabadzigajos
borealajos skuju koku mezos, kuros nobiru sadaliSanas norisinas saméra leéni un baribas
vielu pieejamiba augiem ir zema (Staaf and Berg, 1981). Lapu koku nobiras kimiskaja
zina atskiras no skuju koku nobiram — tas ir mazak izturigas pret sadaliSanos neka skuju
koku nobiras (Kavvadias et al., 2001).
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Baribas vielu pieejamiba meza ekosistemas ir atkariga no efektivas baribas vielu
otrreizgjas izmantoSanas ekosistémas iekSieng. Saja cikla baribas vielas tieck atdotas
atpakal augsn€ ar nobiram. Atmirstot augu audiem, nobiras sadalas un mineralizgjas.
Atbrivojusas baribas vielas ar augsnes organismu palidzibu tiek parstradatas otrreiz
un uznemtas atpakal augos. Nobiru sadaliSsanas un mineralizacijas tempus ietekmé
temperatiira un mitruma apstakli, ka art nobiru kimiskas un fizikalas ipasibas (Prescott,
2002).

Koku sugai ir liela nozime nobiru veidosana (Pedersen and Bille-Hansen, 1999).
Sugu sastavs bitiski ietekm& arT baribas vielu apriti. Dazadu koku sugu mezos ir
novérotas dazadas tendences baribas vielu pieejamiba meza stavam un augsnei. Ta,
pieméram, priezu mezu nobiras konstateta zema baribas vielu koncentracija un neliela
baribas vielu pieejamiba meza stavam (Prescott et al., 1992). Eglu audzu nobiras
novérota augstaka baribas vielu koncentracija salidzinajuma ar priezu audzeém (Perala
and Alban, 1982). Lapu koku sugu vainaga parasti ir augstaka slapekla, kalija, kalcija un
magnija koncentracija salidzinajuma ar skuju koku vainagu (Bergmann, 1988; Bonneau,
1988). Tadgjadi lapu koku nobiras var biit bagatakas ar baribas vielam. Noskaidrots, ka
mezos ar lielu platlapu koku piejaukumu nobiras ir augstaks bazisko katjonu saturs, ka
arT augstaka augsnes pH vértiba (Binkley, 1994).

Svariga nozime nobiru kimiska sastava veidoSanas procesa ir arl atmosferas
piesarnojumam, kas nosaka smago metalu un citu kimisko vielu saturu skujas un
lapas. Neliels smago metalu daudzums vienmer ir sastopams vide, bet to palielinata
koncentracija, ka zinams, boja visus dzIvos organismus un var izraisit nobiru sadaliSanas
atruma samazinasanos un Iidz ar to 1€naku visas ekosisteémas baribas elementu rinkojumu
(Doelman, 1985; Béaath, 1989; Fritze et al., 1997; Giller et al., 1998; Pennanen, 2001).

4.2. Materials un metodes

4.2.1. Augsnes paraugu ievakSana un to kimiskas analizes

Augsnes paraugi ievakti un to kimiskas analizes veiktas atbilstosi integrala
monitoringa metodikai (Manual for Integrated Monitoring, 1998). Augsnes paraugi
ir ievakti 2000. gada no 40x40 m liela augsnes parauglaukuma katra IM stacija.
Parauglaukums pirms paraugu ievakSanas tika sadalits 10x10 m apakslaukumos. Katrs
apakslaukums sikak sadalits 1x1 m lielos apaks$laukumos. Augsnes paraugi ar augsnes
zondi ievakti no katra desmita 1x1 m liela laukuma. Augsnes paraugi tika ievakti no
organiska slana (O horizonta), 0-5 cm, 10-20 cm, 40-60 cm un 60-80 cm dziluma.
Lidz ar to no katra esosa augsnes slana attiecigaja parauglaukuma ievakti 16 individualie
paraugi. Pirms paraugu kimisko analizu veikSanas paraugi izzavéti, izsijati caur 2 mm
augsnes sietu un no 16 individualajiem augsnes slana paraugiem izveidoti 3 vidgjie
augsnes slana paraugi. Augsnes paraugu kimiskas analizes veiktas Latvijas Vides,
geologijas un meteorologijas agenttras Vides departamenta laboratorija.

Apmainas elementi — Ca, K un Mg un N, tika noteikti ar atomabsorbcijas metodi
0,1 M BaCl, izvilkuma. Pb un Zn noteikti, izmantojot atomabsorbcijas metodi karaltidens
Skiduma.
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4.2.2. Skuju paraugu ievaksana un to kimiskas analizes

Skuju paraugu ievakSana un to kimiskas analizes veiktas atbilstoSi integrala
monitoringa metodikai (Manual for Integrated Monitoring, 1998).

Skuju paraugi ievakti katru gadu oktobri vai novembri atkariba no vegetacijas
sezonas beigam. Skuju paraugi iegiiti, apgriezot sanu zarus 8 priedém katra IM sateces
baseina (6 Iidz 10 metru augstuma ar specialam griezném).

Skuju paraugi pec savaksanas tika ievietoti plastikata maisos, uzglabati vésuma un
nogadati laboratorija. Laboratorija skuju paraugus saskiroja pec vecuma, atdalot pirma
(C), otra (C+1) un tresa (C+2) gada picauguma skujas.

P&c tam paraugus ievietoja papira maisos un zavgja vismaz 48 stundas 40 ‘C
temperatiira. Zavétas skujas sasmalcinaja térauda dzirnavas pulveri, lidz dalinas kluva
mazakas par < 0,5 mm. Izkaltétos paraugus, kas netika izmantoti talitgjam analizém,
ievietoja papira maisos un uzglabaja velakiem petijumiem. Katra gada picauguma skujas
biogénos elementus noteica ar atomabsorbcijas spektrofotometru HNO; izvilkuma; N
— 1M BaCl, izvilkuma, bet smagos metalus Pb un Zn — HNO, un HCIO, maisijuma
(4:1) izvilkuma. Paraugu kimiskas analizes veiktas LU Biologijas fakultates Botanikas
un ekologijas katedras laboratorija.

4.2.3. Nobiru paraugu ievak§ana un kimiskas analizes

Nobiru paraugi ievakti un to Kkimiskais sastavs noteikts atbilstosi integrala
monitoringa metodikai (Manual for Integrated Monitoring, 1998).

Rucavas un Taurenes parauglaukumos zem domingjoSo koku vainagiem tika
izvietotas 10 nobiru savacgjkastes (uztvero$as virsmas laukums 1 m?). Savacgjkastém
ir 10 centimetrus augstas apmalites, un to centra atrodas koka ramis, kas kavé nobiru
materiala izpGiSanu no kastes v&jaina laika (4.1. att.). Ertakai paraugu savak3anai kastes
ieklata polietiléna pléve, kura izdurti caurumi lietus fidens aizvadiSanai. Nobiru paraugi
ievakti katra ménesa pedgja datuma.
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4.1. att. Nobiru paraugu savacéjkaste Taurenes IM sateces baseina

Ievaktas nobiras, uzvelkot rokas cimdus, ievietoja lielos papira vai plastikata maisos
un nogadaja laboratorija.

Paraugus pirms analizu veikSanas Skiroja pa frakcijam, zavéja 40 °C temperatiira
lidz pastavigam svaram, nosvéra un ar laboratorijas dzirnavipam samala. Katra
ménesa vid&jam paraugam LU Biologijas fakultates Botanikas un ekologijas katedras
laboratorija 1M BaCl, un HNO, izvilkuma ar atomabsorbcijas spektrofotometru noteica
biogénos elementus un Pb un Zn koncentraciju. Paraléli Latvijas Vides, geologijas un
meteorologijas agenttras Vides laboratorija tika veikta vidéja gada nobiru paraugu analize
(Ca, Mg, K no 1994. Iidz 1999. gadam 1M BaCl, izvilkuma, no 2000. lidz 2006. gadam
HNO,; izvilkuma; N, — IM BaCl, izvilkuma un smagie metali Pb un Zn — HNO, un
HCIO, maisijuma (4:1) izvilkuma). Izmainas paraugu izvilkumos ir saistitas ar integrala
monitoringa metodikas mainu.
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4.2.4. Datu statistiska apstrade

P&tjjuma izmantotas gada vidgjas un méneSa kimisko elementu koncentracijas
nobiras un gada vid&jas koncentracijas skujas un augsne. Elementu izséSanas daudzums
tika aprekinats, reizinot koncentraciju paraugos ar attiecigo nobiru daudzumu (kg). Datu
statistiskaja apstradé izmantots Mann-Kendall tests, lai noteiktu elementu koncentraciju
laika tendences, Paired-Samples T-test, lai noteiktu elementu koncentracijas parmainas
pirma (C), otra (C+1) un tresa gada (C+2) pieauguma skuju paraugos, un Mann-Whitney
U-test, lai noteiktu elementu koncentraciju sezonalas atskiribas, ka arT atkiribas starp
IM stacijam, un atSkiribas starp bazisko elementu koncentracijam BaCl, izvilkuma un
HNO, izvilkuma. Bitiskuma pakape p<0,05 tika izvéleta, lai att€lotu statistiski butiskas
atskiribas starp datu kopam. Datu apstradé izmantotas programmas MS Excel un SPSS
15.0 for Windows.

4.3. Rezultati un diskusija

Vielu ienese meza ekosistémas ir atkariga ne tikai no nokrispiem, bet arT no meza
nobiram. Mezu ekosistémas attistibu un produktivitati galvenokart nosaka baribas elementu
rinkojums, un meza nobiras ir visnozimigakais faktors $aja rinkojuma (Gonzales-Arias
et al., 1998; Kavvadias et al., 2001). Nobiru veidosanas ir saistita ar audzes Tpasibam
(sugu sastavu, audzes vecumu un biezibu) un meteorologiskajiem apstakliem (Pedersen
and Bille-Hansen, 1999; Ukonmaanaho, 2001). Promocijas darba ir apskatita arT augsnes
un skuju kTmiska sastadva nozime nobiru veidosana. Tap&c turpmakaja izklasta sniegtas
petijuma iegltas zinas par Rucavas un Taurenes IM parauglaukumu augsnes un skuju
ktmisko sastavu un to izmainam laika gaita.

4.3.1. Augsnes Kimiskais sastavs

Augsnes analizes rezultati petfjuma rada, ka biogéno elementu koncentracija augsnes
virsgjos slanos Iidz 40 cm dzilumam augstaka ir Rucavas parauglaukuma (4.1. tab.).
Savukart augsnes slanos 60—80 cm dziluma augstaka Ca, Mg, K un N, koncentracija
noverota Taurenes IM parauglaukuma. To varStu skaidrot ar augsnes veidoSanas
apstakliem. Piejiiras zemiené augsne ir veidojusies uz jiiras nogulumiem, kuros ir
relativi liels piejaukums smalku gliemezvaku. Savukart Taurenes IM parauglaukuma
augsne veidojusies uz glaciofluvialajiem smilts nogulumiem. Tap&c kimisko elementu
koncentracijas sadalfjums pa augsnes slaniem mainas atkariba no granulometriska
sastava atskiribam. Rucavas IM parauglaukuma tipiska podzola smilts augsné Ca, Mg,
Kun N, koncentracija, augsnes horizontiem padzilinoties, pakapeniski samazinas, un
tas liecina par vielu biologiskas aprites lielo nozimi augsnes kimiska sastava veidoSanas
gaitad. Augsnes virs€jos horizontos minétajiem kimiskajiem elementiem abu staciju
parauglaukumos ir Iidzigas izmainas. Vispargjas kimisko elementu koncentracijas
samazinasanas tendenci Taureng partrauc Ca, Mg un K koncentracijas pieaugums 60—80
cm dzila augsnes slant (4.1. tab.) Tas liecina par augsnes granulometriska sastava lielo
nozimi augsnes ktmisko Tpasibu veido$anas procesa.
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4.1. tabula
Elementu koncentracijas augsnes slanos Rucavas un Taurenes IM parauglaukumos

Ca mg/kg Mg mg/kg | K mg/kg Nm mg/kg Pb mg/kg |Zn mg/kg

A?g.s nes Augsnes » n » 0 "~ n » n » n » n

slanis horizonts 2 % S % E % § % 5 % S %

cm 3 g S g 31 5 S 5 S 5 3] 5
g2 |E2 |22 |E2|E2|E2| 22 | E2 |22|EZ|22|EZ2
-5 O 2734,0 | 1694,0 | 288,0 [ 203,0 | 454,0 | 235,0 | 13500,0 | 10700,0 | 56,6 | 36,0 | 60.1 | 29.6
0-5 E 208,0 | 67,5 | 18,1 | 991 | 34,6 | 29,3 | 1350,0 | 830,0 | 20,1 | 9,0 | 8.7 |4.55
5-10 Bs 57,1 284 | 6,91 | 5,21 [19,16] 14,14 | 380,0 660,0 | 8,2 | 7,9 |521]5.76
10-20 Bs 23,6 17,8 | 3,11 | 3,07 | 9,55 | 11,62 | 400,0 490,0 | 12,1 | 6,2 |21.7| 9.5
20-40 Bs 22,1 12,1 | 2,94 | 2,26 | 7,01 | 9,78 | 430,0 300,0 | 9,2 | 49 |258]|10.8
40-60 BC 15,9 7,49 | 2,01 | 2,18 | 3,65 | 7,81 170,0 160,0 | 7,5 | 4,8 | 183 | 8.8
60-80 BC 9,43 284 | 1,62 | 5,27 | 2,71 | 14,22 | 130,0 150,0 | 5,1 | 5,1 | 92| 85

Ca,Mg, KunN, koncentracija noteikta BaCl, izvilkuma, bet Pb un Zn koncentracija — karaltidens
Skiduma

Augstaka smago metalu koncentracija ir Rucavas IM parauglaukuma O horizonta.
Dzilakos slanos ta pakapeniski samazinas (4.1. tab.). Sadas koncentracijas izmainas liecina
par smago metalu ienesi augsné no atmosferas. Tas, ka Rucava ir augstaka smago metalu
koncentracija neka Taureng, ir saistits ar piesarnojuma parrobezu parnesi: atmosferas
gaisa masam parvietojoties, Sie metali tieck atnesti no Eiropas lielajiem riipnieciskajiem
rajoniem, ka ar no Lietuvas (Brumelis ef al., 1997; Nikodemus ef al., 2004).

4.3.2. Skuju masa un tas kimiskais sastavs

Rucavas un Taurenes IM staciju priezu mezaudzEs visam priedém monitoringa
veiksanas laika saglabajas pedejo triju gadu skujas, un tas norada uz relativi labu
vides kvalitati. 1000 skuju masa Taurenes un Rucavas IM parauglaukumos ir lidziga.
Analizgjot skuju svara izmainas pa gadiem, nav novérojama izteikta svara piecauguma
vai samazinasanas tendence (4.2. att.), bet ir konstatétas diezgan liclas masas atskiribas
starp gadiem. Tas skaidrojams ar gada meteorologisko apstaklu atSkiribam. Latvija
kopuma laika perioda, kamér darbojusies integrala monitoringa programma, priedes
vainaga defoliacija ir samazinajusies par 10% (Regionalais meza monitorings..., 2003).
Tas neatspogulojas Taurenes un Rucavas IM staciju parauglaukumos priezu skuju masas
izmaipas. Skuju masa Rucavas IM stacija ir nedaudz lielaka, bet tas atSkiribas nav
statistiski butiskas (4.2. tab.).
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1000 skuju masa (g)

A A A A

1999 2000 2001 2002 2003 2004 2005 2006
ORC ®RCH HETC BTCH

4.2. att. 1000 pirma gada skuju (C) un otra gada (C+1) skuju masa Rucavas (R) un
Taurenes (T) IM stacijas

4.2. tabula

1000 skuju vidéja masa (+ standartnovirze) priezu skujam Rucavas un Taurenes IM stacijas
no 1994. lidz 2006. gadam

Skuju vecums Vidéja masa (g)
Rucava - C 9,6 £1,7
Rucava — C+1 11,5+ 1,7
Taurene — C 9,7+1,0

Taurene — C+1 11,5+ 1,9
C — pirma gada skujas,

C+1 — otra gada skujas

Atsevisku Kkimisko elementu koncentracija skujas atSkiras atkariba no skuju
vecuma. Ca koncentracija vecakas skujas (C+2) ir ievérojami lielaka (vidgji 5,1
(= 0,8) g/kg Rucavas IM stacija un 4,2 (= 2,0) g/kg Taurenes IM stacija) neka jaunakas
skujas (C) (vidgji 3,3 (= 1,0) g/kg Rucava un 2,2 (£ 1,1) g/kg Taureng). Mg un N]mp
koncentracija atkariba no skuju vecuma bitiski nemainas. K saturs, pateicoties ta augstai
biologiskai aktivitatei, liclaks ir ped¢ja gada skujas (vid&ji 6,3 (= 1,3) g/kg Rucava un 5,7
(£ 0,7) g/kg Tauren€) un pakapeniski samazinas vecakas skujas (vidgji 5,3 (+ 0,6) g/kg
Rucava un 4,9 (+ 0,7) g/kg Taureng).

Augstaka pétito kimisko elementu koncentracija skujas salidzinajuma ar Taurenes
IM parauglaukumu ir Rucavas IM parauglaukuma (4.3. att.). Tomér atskiribas starp
Ca, Mg, K un N koncentracijam skujas Rucava un Taureng nav statistiski butiskas
(4.3. tab.).
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4.3. tabula

Vidéja biogéno elementu koncentracija (+ standartnovirze) skujas Rucavas un Taurenes IM

stacijas no 2001. idz 2006. gadam

Rucavas IM Taurenes IM U-tests

Ca g/kg

C 33+£1,0 22+1,1 n. b.
C+1 42+13 3,7+1,1 n. b.
C+2 5,1 £0,8 42+20 n. b.
Mg g/kg

C 1,1 £0,2 1,0+£0,2 n. b.
C+1 1,0+ 0,1 0,9+0,2 n. b.
C+2 0,9+0,1 0,9+0,2 n. b.
K g/kg

C 6,3+1,3 5,7+0,7 n. b.
C+1 5,6 £0,8 52+0,6 n. b.
C+2 53+0,6 4,9 +£0,7 n. b.
Nkop g/kg

C 143+1,0 142 +28 n. b.
C+1 14,5+0,8 13,6 £ 1,0 n. b.
C+2 13,9+0,5 13,4 +0,9 n. b.

C — pirma gada skujas,

C + 1 — otra gada skujas,

C + 2 — tresa gada skujas.

n. b. — atSkiribas starp IM stacijam nav butiskas (p>0,05)

Smago metalu koncentracijas izmainas atkariba no skuju vecuma nav viennozimigas.
Zn koncentracijas sadalfjuma atkariba no skuju vecuma nav izteiktas atSkiribas. Rucava
Pb koncentracija atkariba no skuju vecuma pa gadiem palielinds, bet Taurené $ada
tendence netika novérota. Dazadi rezultati iegiti, salidzinot skuju p&tijjumu rezultatus
Rucavas un Taurenes IM parauglaukumos. Zn koncentracija priezu skujas Rucavas IM
parauglaukuma ir daudz augstaka neka ta koncentracija Taurenes IM parauglaukuma.
Kaut ar stinu monitoringa rezultati (Brumelis et al., 1997; Nikodemus et al., 2004),
ka arT augsnes un nokriSnu kimiskais sastavs uzrada, ka Rucava piesarnojums ar Pb ir

lielaks, skuju analizu rezultati to skaidri neparada (4.3. att.).
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4.3. att. Ca, Mg, K, N, Pb un Zn vidéja koncentracija skujas Rucavas un Taurenes IM

stacijas

kop?

Petijumi Latvijas priezu mezu ekosistemas paradija, ka skuju kimiska sastava
izmainas ilgaka laika perioda ir loti mainigas. Ta, piem&ram, slapekla vid&ja koncentracija
pa gadiem skujas pétfjumu laika Rucava mainijusies no 10,6 I1dz 15,3 g/kg, bet Taurenes
IM stacija — no 12,1 Iidz 15,2 g/kg (4.4. att.). Visaugstaka kopéja slapekla koncentracija
Rucavas un Taurenes IM staciju parauglaukumu priezu skujas konstatéta 1996. un
2005. gada. Augsto koncentraciju, iesp&jams, noteicis tas, ka $ajos gados bijis loti mazs
nokri$nu daudzums, pieméram, 1996. gada aptuveni 150 mm zemaks par vidéjo gada
normu (3.2. tab.) (Lyulko and Frolova, 2001).



46

—_
e}

O S
(=E  ))
| | | |

Nkop g/kg skujas

1998 1999 2000 2001 2002 2003 2004 2005 2006
ORCERCH BTCETCH

C — pirma gada skujas, C + 1 — otra gada skujas

4.4. att. Nkop koncentracija prieZzu skujas Rucavas (R) un Taurenes (T) IM stacijas

ArT smago metalu koncentracija skujas pa gadiem mainas. Vislielakas izmainas gadu
gaita novérotas Rucavas parauglaukuma, kur ir augstaks vides piesarnojums. Iezimgjas
kopiga tendence — Zn kocentracija skujas peédéjos desmit gados straujak piecaug Latvijas
rictumdala (4.5. att.).
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C — pirma gada skujas, C + 1 — otra gada skujas
4.5. att. Zn Koncentracija prieZu skujas Rucavas (R) un Taurenes (T) IM stacijas

4.3.3. MezZa nobiru daudzums un to kimiskais sastavs

Nobiru daudzums

Lielako dalu nobiru uz augsnes virskartas veido koku vainagi. Nobiru daudzuma
izmainas laika perioda no 1997. Iidz 2006. gadam paraditas 4.6. att€la. Nobiru daudzums
pétfjuma perioda Rucavas IM stacija svarstas no 3176,5 lidz 4702,7 kg/ha, bet Taurenes
IM stacija — no 2038,9 lidz 3370,1 kg/ha. Vidgjais nobiru daudzums Rucavas IM stacija ir
3620,5 £ 461,8 kg/ha, bet Taurenes IM stacija — 2868,8 + 387,8 kg/ha. Nedaudz lielakais
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nobiru daudzums Rucava ir saistams ar koku vainagu projektivo segumu — Rucava tas ir
85%, bet Taurené 70%.

5000
45001 ; {Isucavas Ii\l/\l/l
40001 aurenes

3500
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2500
2000
1500
1000

5007

kg/ha

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006

4.6. att. Nobiru daudzums pa gadiem Rucavas un Taurenes IM prieZu parauglaukumos

Gada nobiru minimalais un maksimalais daudzums Taureng un Rucava pa gadiem
atSkiras.

Nobiru daudzuma sezonalas izmainas IM stacijas (4.7. att.) varétu skaidrot gan
ar atSkirtbam mezaudzes sugu sastava (4.8. att.), gan vegetacijas perioda ilgumu, gan
dal@ji arT ar sniega segas biezumu (Terauda and Nikodemus, 2006). PavasarT un vasaras
sakuma vidgjais nobiru daudzums Rucavas IM parauglaukuma ir 176,5 (= 112,3)
kg/ha, bet Taurenes IM parauglaukuma 240,3 (+ 31,7) kg/ha. Savukart rudenT novérojama
pretgja tendence — Rucava konstatéts lielaks nobiru daudzums neka Taureng. Maksimalais
nobiru daudzums Rucava noveérots oktobrT — vidgji 1088,4 (£ 316,8) kg/ha, bet Taureng
septembr1 — vid&ji 855,7 (£ 212,1) kg/ha. Lapu koki visvairak no vainagu biomasas
zaud@ rudeni, tacu arT skuju kokiem 40%—-60% no ikgad&ja nobiru daudzuma veidojas
septembr1 un oktobr1 (Viro, 1975; Mélkonen, 1974). Lidzigi skaitli iegtti arT Rucavas
un Taurenes IM stacijas, kur attiecigi 53,3% un 44,5% nobiru veidojas septembrT un
oktobri. Vegetacijas sezona Taurené salidzinagjuma ar Rucavu ir isaka par aptuveni 10—
15 dienam. Ar to var@tu izskaidrot nobiru, galvenokart skuju un bérzu lapu, daudzuma
strauju palielinasanos septembr1 (Terauda and Nikodemus, 2006).
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4.7. att. Vid€jais nobiru daudzums pa méneSiem Rucavas un Taurenes IM prieZu
parauglaukumos
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Ziemas méneSos Taurenes IM parauglaukuma ir vairak nobiru neka Rucava (4.7.
att.). Taurenes IM parauglaukuma ziemas ménesos (no novembra [idz aprilim) sameéra
lielu nobiru daudzumu - vidgji 763,2 (£ 272,5) kg/ha veido eglu skujas, priezu zari
un mizas. STs nobiru daudzuma un biologiska sastava atikiribas saistitas ar mezaudzu
sastavu — Taurenes mezaudze bez priedém 1/3 dalu sastada arT egles un bérzi (4.8. att.).
Eglém raksturigi ir tas, ka Sie koki vecas skujas met galvenokart ziemas ménesos. Lielaku
nobiru daudzumu Taureng salidzinajuma ar Rucavu ziemas ménesos ietekmé arT lielaks
sniega biezums, jo, péc Latvijas Vides, geologijas un meteorologijas agentiiras datiem,
vidgjais sniega segas biezums Vidzemes augstieng ir 40—50 cm, bet Piejliras zemieng —
tikai 10-20 cm.

Rucavas IM Taurenes IM
(Vaccinio vitis idaea-Pinetum (Vaccinio vitis idaea-Pinetum
var. Deschampsia flexuosa) var. typicum)

OPriede

4% OPriede HEgle
W Egle 2% OBerzs

67%
96%

4.8. att. Rucavas un Taurenes IM parauglaukumu meZaudzZu sastava raksturojums

MeZu nobiru kimiskais sastavs

Kimisko elementu satura noteikSana meza nobiras sniedz nozimigu informaciju,
kas palidz novértét mezu funkcionalo pakapi (Robert et al., 1996). Trispadsmit gadu
petijuma rezultati ir paradijusi, ka kop&ja nobiru kimiska sastava veidoSanas procesa
liela nozime ir mezaudzes koku sastavam. Lai gan augsnes virskarta un skujas augstaka
Ca, Mg, K un N, koncentracija ir Rucavas parauglaukuma, augstaka So kimisko
elementu koncentracija nobiras ir konstatéta Taurenes parauglaukuma (Terauda and
Nikodemus, 2006). Vidgja petamo elementu koncentracija nobiras paradita 4.4. tabula.
Taurenes mezaudzg ir lielaks bérzu Ipatsvars (bérzu nobiras vidg€ji gada veido 8%), un
tas arT izskaidro nedaudz augstaku biogéno elementu koncentraciju. To apstiprina ari citu
zinatnieku pétfjumi, kuros konstatéts, ka lapu koku nobiras salidzinajuma ar skuju koku
nobiram ir bagatakas ar baziskajiem elementiem (Binkley, 1994).

Bitiski augstaka smago metalu koncentracija nobiras ir konstat€ta Rucavas IM
parauglaukuma (4.4. tab.).
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4.4. tabula
Vidéja biogéno elementu un smago metalu koncentracija (+ standartnovirze) nobiras
Rucavas un Taurenes IM stacijas no 1994. lidz 2006. gadam

Parametrs Rucavas IM  Taurenes IM  U-tests

Ca g/kg 1,6 £0,3¢ 1,9+0,3° n. b.
47+£08"° 5,1+£0,6° n. b.

Mg g/kg 0,4+0,1° 0,6 +0,1° *
0,5+0,07° 0,7+0,06° *

K g/kg 1,1 £03® 1.1+£02* n. b.
1,2+0.2° 1.3+£0,05° n. b.

A g/kg 6,6 £ 0,8 7,2+0,7 n. b.

Pb mg/kg 62+34 32+1,4 *

Zn mg/kg 80,7 + 36,0 50,9 +£3,8 *
3 —no 1994. lidz 1999. gadam koncentracija noteikta BaCl, izvilkuma
5 _no 2000. Iidz 2006. gadam koncentracija noteikta HNO, izvilkuma
* — atSkiribas starp IM stacijam ir batiskas (p<0,05)
n. b. — atSkiribas starp IM stacijam nav butiskas

Lielaku biogéno elementu (iznemot Mg) un smago metalu ienesi ar nobiram uz
augsnes Rucavas IM stacija (4.5. tab.) salidzinajuma ar Taurenes IM staciju nosaka
lielaks kop€jo nobiru daudzums.

4.5. tabula

Vidéja biogéno elementu un smago metalu ienese (+ standartnovirze) ar nobiram uz augsnes
Rucavas un Taurenes IM stacijas no 1997. lidz 2006. gadam

Parametrs Rucavas IM Taurenes IM U-tests
Ca kg/ha 4,7+0,9° 49+21° n. b.
17,9+39° 151 £26° n. b.
Mg kg/ha 1,5+0,3* 1,6 £0,4° n. b.
20+£03° 22+03 n. b.
K kg/ha 3,7+0,8 ® 26+0,1°2 n. b.
45+1,1° 3,8+0,8° n. b.
Nkop kg/ha 24,7+ 4.6 21,0+ 34 n. b.
Pb g/ha 18,0 £ 13,2 8,1 £6,4 *
*

Zn g/ha 210,8 + 149,9 114,3 + 63,9
a—no 1997. Iidz 1999. gadam koncentracija noteikta BaCl, izvilkuma
b~ 10 2000. Iidz 2004. gadam koncentracija noteikta HNO, izvilkuma
* — atkiribas starp IM stacijam ir butiskas (p<0,05)

n. b. — atskiribas starp IM stacijam nav bitiskas

Sezonalas izmainas

Nobiru Kkimiskais sastavs Rucavas un Taurenes parauglaukumos atskiras pa
méneSiem (4.9. att.). Vismazaka Ca koncentracija konstatéta pavasari (vidgji 2.4
(£ 0,2) g/kg Rucava un 3,2 ( 0,3) g/kg Taureng), bet vislielaka rudent (vidgji 4,1 (£ 0,6)
g/kg Rucava un 4,6 (+0,3) g/kg Taureng), kad nobiru daudzums ir vislielakais. Lidziga
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tendence novérojama ari Mg koncentracija. Tas dalgji sakrit ar citas valstis novéroto
likumsakaribu — gandriz visu baribas elementu koncentracija nobiras sak paliclinaties
pavasari, sasniedzot maksimumu vasara, un tad btiski samazinas rudeni (Gonzales-Arias
et al., 1998). Latvija strauja Ca un Mg koncentracijas samazinasanas nav novérota rudent,
bet ziema. To var skaidrot ar relativi mitro un silto klimatu boreonemoralaja dabas zona.
Baribas elementu koncentracijas sezonalas izmainas koku lapotng ir saistitas ar baribas
elementu uznemsSanu un to iek$€jo parvietoSanos, kokiem gatavojoties parziemosSanai
un pirms tam rudent lapu un skuju birSanai (Helmisaari, 1992). Ca tiek saistits Stinu
struktliras un ir mazkustigs augu organisma, tapéc, it Ipasi vecakas S$nas, tas var
uzkraties lielakos daudzumos (Maurina, 1987). P&tijums liecina, ka ari borealnemorialaja
dabas zona, tapat ka borealaja, nobiru nozime baribas elementu atdoSana nozimigaka ir
kalcijam neka citiem baribas elementiem (Gordon et al., 2000; Ukonmaanaho, 2001).

Augstaka K koncentracija — vidgji 1,1 (= 0,3) g/kg Rucava un 1,0 (= 0,2)
g/kg Tauren€ un Niow koncentracija — vidgji 9,5 (£ 0,5) g/kg Rucava un 9,1 (= 0,3) g/kg
Taureng nobiras ir pavasari. Pakapeniski ta klist mazaka rudeni — K vidgji 0,6 (= 0,1)
g/kg Rucava un 0,6 (ﬂE 0,2) g/kg Taurene un N, vidgji 4,7 (+ 0,2) g/kg Rucava un 5,6
(x 0,3) g/kg Taureng. So elementu koncentracijas samazinasanas nobiras rudent sakrit ar
maksimalo lapu un skuju birSanu (Miller, 1984). Tas norada uz K un Niop parvietosanos
auga no vecakam dalam uz jaunakam dalam, kur notiek intensivaki dzivibas procesi.
Dazi zinatnieki apgalvo, ka K un Mg samazinaSanas rudens un ziemas nobiras ir saistita
ar izskaloSanos (Aber and Melillo, 1991; Osono and Takeda, 2004), savukart citos
petijumos pieradits, ka Mg nobiras tik viegli nepaklaujas izskalosanas procesam ka K,
jo tas atrodas $iinu sieninu sastava (Ukonmaanaho, 2001). To parada arT miisu petjjuma
rezultati. Tie liecina, ka nobiras vegetacijas perioda biogéno elementu sastava izmainu
tendences bitiski atSkiras (4.9. att. un 4.6. tab.).

4.6. tabula

Statistiski buitiskas pétamo elementu koncentracijas atSkiribas starp sezonam Rucavas un
Taurenes IM stacijas

Ca g/kg Mg g/kg K gkg N,.gkg Pbmgkg Znmgkg

Rucavas IM

Pavasaris/Vasara n. b. n. b. 1,2/0,8 n. b. 5,9/2,7 n. b.
Pavasaris/Rudens 2,4/43 n. b. 1,2/0,6 9,5/4,7 5,9/2,4 39,9/46,9
Pavasaris/Ziema n. b. 0,5/0,3 1,2/0,7 n. b. n.b. n. b.
Vasara/Rudens 3,0/4,3 n. b. 0,8/0,6 8,0/4,7 2,7/2,4 36,7/46,9
Vasara/Ziema n. b. 0,5/0,3 n. b. n. b. 2.7/5,9 n. b.
Rudens/Ziema n. b. 0,5/0,3 n. b. n. b. 2,4/5.9 n. b.
Taurenes IM

Pavasaris/Vasara n. b. n. b. n. b. n. b. n. b. n. b.
Pavasaris/Rudens 3,2/4,5 0,7/0,9 1,1/0,8 9,1/5,6 2,0/1,3 n. b.
Pavasaris/Ziema 3,2/4,9 n. b. 1,1/0,6 9,1/6,8 n. b. n. b.
Vasara/Rudens 3,4/4,5 n. b. n.b. 7,9/5,6 n.b. n. b.
Vasara/Ziema 3,4/4,9 n. b. 0,9/0,6 7,9/6,8 1,5/2,7 n. b.
Rudens/Ziema n. b. 0,9/0,6 n. b. n. b. 1,3/2,7 n. b.

n. b. — atskiriba starp sezonam nav bitiska (p>0,05)
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Nelielas sezonalas izmainas novérotas arf smago metalu koncentracija nobiras. Zn
koncentracija palielinas rudeni un ziema — vidgji 48,1 (+ 4,6) mg/kg Rucava un 38,7
(= 3,3) mg/kg Taureng, bet Pb koncentracija ziema un agri pavasari — vidgji 5,9 (+ 0,1)
mg/kg Rucava un 2,4 (+ 0,5) mg/kg Taurené. So smago metalu saturs nobiras teritorijas
ar zemu atmosferas piesarnojumu vairak ir saistits ar So metalu uzkrasanos uz lapu, skuju
un mizas virsmas neka ar uznemsanu no augsnes. Ziemas sezona atmosferas piesarnojuma
picaugumu veicina apkures sezonas saksanas.

Statistiski butiskas p&tamo elementu koncentracijas atskiribas starp sezonam
paraditas 4.6. tabula.
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4.9. att. Ca, Mg, K, N, , Pb un Zn vidgja koncentracija nobiras pa méneSiem Rucavas IM
stacija (—o—) un Taurenes IM stacija (—A—) no 1999. lidz 2004. gadam (Nkup no 2002. lidz
2004. gadam)
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Izmainas gada griezuma

Slapekla saturs Rucavas IM stacijas nobirds integrala monitoringa veikSanas
laika mainijies no 5,2 g/kg lidz 8,4 g/kg, bet Taurenes IM parauglaukuma 6,2-7,9 g/
kg (4.10. att.). Kopuma atmosferas nosédumos un nokri$nos novérojama slapekla un ta
savienojumu samazinasanas tendence (Latvijas vides..., 2001, Danilevica un citi, 2003),
bet nobiru kimiskais sastavs $o tendenci neuzrada, turklat pédgjos gados, tapat ka skujas,
konstatéts pat slapekla koncentracijas picaugums (4.7. tab.). Domajams, ka tas saistits
ar meteorologisko apstaklu ietekmi uz slapekla migraciju ekosisttma un Latvijas meZu
ekosistémas novérojamo eitrofikacijas procesu attistibu (Laivins, 1998; Laivins et al.,
2007).

B Rucavas IM
O Taurenes IM

Nkop g/kg nobiras

1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006

4.10. att. N, koncentracija nobiras Rucavas un Taurenes IM stacijas

4.7. tabula

Mann-Kendall testa trenda aprékini N,,,. Pb un Zn gada vidéjai koncentracijai nobiras no
1994. Iidz 2006. gadam

Rucavas IM Taurenes IM

o 2,3* 1,5
Pb -1,8* 0,7
Zn -3,8* 1,2

* p<0,05

Analizg€jot svina koncentracijas izmainas pe&dgjos trispadsmit gados (4.11. att.),
redzams, ka Rucava bitiski ir samazinajusies svina koncentracija (4.7. tab.). Lidzigus
rezultatus uzrada arT skuju analizu dati (sk. ieprieks). Augstaka svina koncentracija
nobiras sakrit ar relativi nelielo nokrisnu daudzumu attiecigaja gada (3.2. tab.), un tas
liecina par lielo piesarnojuma sausas izs€$anas nozimi nobiru kimiska sastava veidosanas
procesa.
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B Rucavas IM
O Taurenes IM

Pb mg/kg nobiras

1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006

4.11. att. Pb koncentracija nobiras Rucavas un Taurenes IM stacijas

Nobiru analizu dati rada, ka kops 2000. gada cinka koncentracija nobiras Rucavas

IM stacija nepartraukti ir samazinajusies. Savukart Taureng pétijuma perioda ta nedaudz
svarstijusies (4.12. att., 4.7. tab.).
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4.12. att. Zn Koncentracija nobiras Rucavas un Taurenes IM stacijas

Petfjumu rezultati liecina, ka kimisko elementu saturs nobiras tiesi neatspogulo
nokri$nu kimisko sastavu, bet to ietekmé daudzi citi faktori — nokrisnu daudzums, audzes
sastavs un vegetacijas sezona.

4.4. Kopsavilkums

Kopgjo nobiru daudzumu un nobiru daudzuma sezonalas izmainas IM stacijas
ietekmé koku vainaga projektivais segums, kokaudzes sastavs, vegetacijas perioda
ilgums un arT sniega segas biezums.
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Priezu mezu ekosisteémas tipiskajas podzola smilts augsnés baribas vielu daudzums
nobiras ir atkarigs galvenokart no nobiru izs€Sanas laika, kokaudzes sastava un
meteorologiskajiem apstakliem, mazak no augsnes Tpasibam. Lidz ar to klimata parmainas
var ietekmét vielu apriti prieZu mezZu ekosisteémas.

Slapekla koncentraciju picaugumam meza nobiras pedgjos gados ir pretéjs raksturs
nokri$nu un augsnes fidenu kimiska sastava izmainam. Tas varStu liecinat par slapekla
aprites atruma palielinaSanos priezu mezu ekosistema.

Smago metalu koncentracija nobiras mainas atkariba no nobiru izséSanas laika,
atmosferas piesarnojuma un meteorologiskajiem apstakliem. NokriSpiem samazinoties,
smago metalu koncentracija pieaug mezu nobiras.
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S. Augsnes udens kimiskais sastavs

5.1. Literataras apskats

Baribas elementu transportam ar nokri$niem no atmosféras un vegetacijas uz augsni
ir liela nozime baribas vielu aprit€ meza ekosistéma. NokriSniem ejot cauri dazadiem
vegetacijas staviem, to kimiskais sastavs mainas vairaku atSkirigu procesu ietekmé
(Bringmark, 1980). No lapotnes caurteces daudzuma un kvalitates ir atkarigas augsnes
slana virskartas Tpasibas un baribas elementu pieejamiba augsné. Lielakais un elementiem
bagatakais nokrisnu daudzums Iidz augsnei nokliist pa stumbru un gar vainaga malu
(Bini and Bresolin, 1998). Udenim siicoties cauri augsnei, ta kimiskais sastavs mainas
iezu deédesanas, jonu apmainas, mineralizacijas un imobilizacijas procesa (Ulrich,
1983). Kimisko elementu vertikala un horizontala migracija augsné ir ciesi saistita ar
augsnes sorbcijas spg&jam (Filipovics un Pinke, 1994). Sorbcija ir viens no svarigakajiem
procesiem augsné. Ta nosaka augu baribas vielu, metalu un citu organisko savienojumu
daudzumu, ko aiztur augsnes dalinu virsmas, un tap&c ir nozimigs process, kas ietekmée
toksisko elementu un baribas elementu transportu augsné (Stumm, 1992).

Augsnes skabuma (H"), séra, slapekla un bazisko katjonu nogulsné$anas izmainas
var nozimigi ietekmé&t baribas elementu apriti. Skabju izséSanas var izraisit skuju un
lapu bojajumus un ietekmét bazisko katjonu izskalosanos no lapotnes, augsnes humusa
slana un augu saknu zonas (Lindberg and Lovett, 1992; Lumme et al., 1995, Binkly
and Richter, 1987; Reuss ef al., 1987), un lidz ar to var rasties baribas elementu deficits
augiem, sakties augsnes paskabinasanas process un veidoties aluminija un smago metalu
toksiska koncentracija augsnes §kiduma. Skabie lieti izraisa bazisko katjonu Ca?*, Mg
un K*izskalo$anos no augsnes, un tadéjadi zema pH gadijuma palielinas toksisko metalu
Skidiba un samazinas meza produktivitate (Sparks, 1995). Savukart citi zinatnieki
(Nilsson and Bergkvist, 1983) konstatgjusi, ka K* atbrivosanos augsnes Skiduma skabums
praktiski neietekmg.

Ta ka vairuma mezu slapekla izs€Sanas joprojam ir augsta, sagaidams, ka nakotné
licla dala mezu ekosistému tiks piesatinatas ar slapekli. Ta rezultata notiks N izskaloSanas
ar visam ta kaitigajam sekam (Eichhorn et al., 2001), pieméram, augsnes paskabinasanas,
paatrinata bazisko katjonu un aluminija izskaloSanas no augsnes (Brown et al., 1988;
Aber et al., 1989; Stoddard, 1994) un paliclinata N un bazisko katjonu iepliide virszemes
tidenos (Beier et al.,, 2001). Bazisko katjonu izs€Sanas savukart samazina S un N
paskabinasanas efektu meza augsnés (Nissinen and Ilvesniemi, 1990; de Vries et al.,
1995).

Dazi pétijjumi rada, ka atmosféras skabju ievade izraisa ekvivalentus katjonu
izskaloSanas zudumus un augsnes paskabinasanos tikai tad, ja pieyienotie SO,* un NO;
augsné ir mobili (Johnson and Cole, 1980; Singh et al., 1980). So abu anjonu darbiba
augsné ir loti dazada. Nitrati lielakoties ir imobiliz&ti ar sakn€m un mikroorganismiem.
Paaugstinatas paskabinaSanas perioda pavasari nitrati un amonjaks izskalojas caur
augsnes virskartu kopa ar kusSanas fideniem un absorb&jas mineralaugsné. Augsanas
sezonas laika augsnes slapekli efektivi uznem vegetacija un mikroorganismi. Sulfatu
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biologiska aizture ir mazak nozimiga, tacu tie atrodas dazadas formas mineralaugsné.
Sulfats ir Joti mobils anjons, kas, sticoties cauri augsneli, transport€ katjonus (Helmisaari
and Milkonen, 1989).

Augsnei ir liela spgja aizturét smagos metalus (Merrington and Alloway, 1997).
Smago metalu ieklauSanos vielu biologiskaja aprité ietekmé augu saknu sisteémas spé&ja
uznemt smagos metalus no augsnes Skiduma un tas, cik ciesi tos saistijis augsnes
absorbcijas komplekss. Smago metalu pareja no augsnes tdens $kiduma ir atkariga no ta,
cik ciesi augsnes cieta faze fiks€jusi $Ts vielas (Smith, 1995). Elementi galvenokart tiek
saistiti augsnes fizikali kimiskas vielu saistiSanas jeb apmainas absorbcijas un augsnes
kimiskas vielu saistiS8anas procesa (Ruhling and Steinnes, 1996). Apmainas reakcijas
starp metalu joniem un organiskajam vielam veidojas kompleksi savienojumi. Parasti
tie ir gratak skistosi kompleksi, kas vairs nav paklauti tik atrai izskaloSanai no virsgjiem
horizontiem. Sie savienojumi no augsnes $kiduma izgulsngjas, veidojot nogulsnes, kuras
ir relativi nepieejamas augiem (Merrington and Alloway, 1997), savukart augu baribas
vielu triikums veicina organiskajas vielas saistito smago metalu pareju no augsnes augos
(Filipovi¢s un Pinke, 1994). Ir zinams, ka Pb veido stabilus kompleksus ar iz§kidusajam
organiskajam skab&m un caur augsni parvietojas kompleksu veida (Verloo et al., 1973;
Stevenson, 1975; Keilen, 1978). Smago metalu dazada skiSanas reakcija humusa paradas,
sadaloties skuju nobiram (Schultz, 1987).

Metaliem meza augsnés ir raksturigi divi atSkirigi atbrivosanas veidi. Pirmaja
daudzumos atbrivojas, kad augsnes virskartd mineraliz&jas organiskas vielas. Organiskas
vielas caur A horizontu tiek transportétas ar augsnes tideni. Humusvielas satur lielu
apjomu izSkidusa organiska oglekla, kas ir vissvarigakais savienojums un galvenais
divvertigo un trisvertigo metalu transportétajs augsnes fident (Nielsen and Nernberg,
1994). Liela biologiska aktivitate humusa slani veicina iz$kiduso organisko skabju
veidoSanos un tapec arT So metalu atbrivoSanas no augsnes. Maksimala atbrivosanas
noverojama vasaras beigas un rudent augsta augsnes temperatiira un mitruma. Otrs metalu
atbrivoSanas veids ir saistits ar augsnes skabumu. Jo skabaka augsne, jo vairak metalu
atbrivojas. Pakapeniska metalu atbrivosanas no mineralaugsnes un metalu koncentracijas
palielinasanas augsnes skiduma caur B horizontu ir raksturiga pazime cinkam (Bergkvist
et al., 1989). Zn tiek saistits daudz vajak ar organiskajam vielam un tapec tiek paklauts
uznemsanai un apritei (Andersson et al., 1991). Noverots, ka puse no Zn daudzuma, kas
tiek uznemta no augsnes, nokliist atpakal augsné vai nu noskalojot no skujam, vai art
kopa ar nobiram (Bergkvist et al., 1989).

5.2. Materials un metodes

Pétijuma izmantoti Rucavas un Taurenes IM augsnes O horizonta tidens pH, Ca?,
Mg, K*, SO,*-S, koncentracijas dati laika perioda no 1994. Iidz 2004. gadam, NO,-N
koncentracijas dati laika perioda no 1996. Iidz 2004. gadam, Pb un Zn koncentracijas
dati laika perioda no 1997. lidz 2006. gadam un N koncentracijas dati laika perioda
no 2002. lidz 2004. gadam, ka arT E un B horizonta augsnes tidens pH, SO 42'-8, NO,™-N,
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Ca?, Mg**, K*, Pb un Zn koncentracijas dati laika perioda no 1997. lidz 2004. gadam un
N koncentracijas dati laika perioda no 2002. lidz 2004. gadam.

5.2.1. Augsnes tidens paraugu ievakSana un analize

Augsnes tidens savaksanai Rucavas un Taurenes IM stacijas tiek izmantoti cilindra
tipa lizimetri (5.1. att.) un plaksnes tipa lizimetri (5.2. att.). Cilindra tipa lizimetriem @idens
savacgjvirsma ir 490,6 cm?, bet plaksnes tipa lizimetriem — 4800 cm?. Divi cilindra tipa
lizimetri IM stacijas ir ierakti 10 cm dziluma, un tie savac augsnes tdeni, kas izfiltrgjies
caur nedzivas zemsegas horizontu (O horizontu). Divi plaksnes tipa lizimetri, kuri ierakti
20 cm dziluma, savac augsnes 0ideni, kas izfiltr&jies caur nedzivas zemsegas horizontu
un eluvialo horizontu (E horizontu). Vel divi plaksnes tipa lizimetri ir ierakti 40 cm
dziluma, un tie savukart savac augsnes Udeni, kas izfiltrgjies caur nedzivas zemsegas
horizontu, eluvialo horizontu un iluvialo horizontu (B horizontu).

Augsnes udens savakSanai izmanto skabé nomazgatus savacamos traukus.
Transportgjot paraugus uz laboratoriju, tos parlej skabé izmazgatas polietiléna pudel&s.

Augsnes tideni atsikné ménesa beigas ar vakuuma stkpa palidzibu. AtsiiknéSana
notiek tikai perioda, kad augsne nav sasalusi. Uz vietas tick mérits tilpums un noteikts
pH, bet analizes veiktas peéc IM programma noteiktajam metodém (Mannual for
Integrated Monitoring, 1998) (5.1. tab.) Latvijas Vides, geologijas un meteorologijas
agentiras laboratorija.

5.1. tabula
Augsnes iidens kimiska sastava noteik§ana izmantojamas metodes

Parametrs Metode
pH Elektrometrija
SO -S |Jonu hromatografija

NO, - N | Jonu hromatografija

Ca* Atomabsorbcijas spektrometrija
Mg* Atomabsorbcijas spektrometrija
K* Atomabsorbcijas spektrometrija
Pb Atomabsorbcijas spektrometrija

Zn Atomabsorbcijas spektrometrija
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B

A A
’ 250 mm C

5.1. att. 1996. gada konstrukcijas humusa tipa lizimetrs (A).
B — uidens savacéjpudele, C — vakuuma pudele, D — siiknis

1000

50

M
HQ

5.2. att. 1996. gada konstrukcijas plaksnes tipa lizimetrs (M).
N — iidens savacéjpudele, O — vakuuma pudele, R — siiknis

5.2.2. Datu statistiska apstrade

Katra pétijuma teritorija ir aprékinatas gada vid€jas koncentracijas. Pirms vidéja pH
aprckinasanas, pH vertibas parrékinatas uz H* koncentracijam.

Datu statistiskaja apstradé izmantots Mann-Kendall tests, jonu un elementu
koncentracijas laika tendencu noteikSanai, Paired-Samples T-test, izmainu starp vidgjo
koncentraciju augsnes O, E un B horizonta noteikSanai un Mann-Whitney U-test,
atSkiribu starp IM stacijam noteik$anai. Korelaciju koeficienti aprékinati, izmantojot
Spearman korelacijas analizi. Butiskuma pakape p<0,05 izvé€lcta, lai att€lotu statistiski
bitiskas atskiribas starp datu kopam. Datu apstrad¢ lictotas programmas MS Excel un
SPSS 15.0 for Windows.
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5.3. Rezultati un diskusija

Kimisko vielu iznese no priezu mezu ekosisttmam notiek galvenokart ar augsnes
tideni. Meza ekosist€ma, nokriSniem nonakot uz augsnes un siicoties cauri augsnes
slaniem, idens daudzums mainas un ta kvalitate tiek parveidota. Procesi, kas parveido
augsnes ideni, ietver baribas elementu uznemsanu, mikroorganismu darbibu, adsorbciju/
desorbciju, jonu apmainu un dédésanu (Seip, 1983). Lielakas izmainas augsnes tideni
notiek augsnes organiskaja slant (Aber and Melillo, 1991). Katjonu apmaina, kura
protoni tiek adsorbéti un citi katjoni atbrivoti augsnes skiduma, borealo mezu augsnés ir
ciesi saistita ar organisko vielu daudzumu un pH (Tamminen and Starr, 1990).

pH

Viens no galvenajiem augsnes tidens Ipasibu parametriem ir augsnes fidens pH. Ka
rada petfjumu rezultati, augsnes tidens pH stipri mainas atkariba no augsnes slana (5.3.
tab.). Augsnes tidens pH 10 cm dziluma Rucavas IM stacija vidgji pa gadiem mainijies
no 3,7 Iidz 4,6, bet Taureng — no 4,0 11dz 4,4. Augsnes tidens pH, dzilumam palielinoties,
parasti pieaug. To veicina protona buferizacijas un neitralizacijas procesi, ko izraisa citu
katjonu koncentracijas palielinaSanas (Ulrich ef al., 1981). Rezultati rada, ka Rucavas
IM augsnes iidens pH 20 cm dziluma svarstas no 4,4 1idz 5,2, bet 40 cm dziluma jau no
5,9 Iidz 7,3. Taurenes IM stacija attiecigie raditaji 20 cm dziluma ir 4,5-5,5 un 40 cm
dziluma — 4,4-5,2. Salidzinot pH raditajus O horizonta augsnes GidenT un nokrisnos zem
koku vainagiem (Rucava noveérojumu laika no 4,4 (£ 0,4) Iidz 5,4 (= 0,8), bet Taureng no
4,5 (£0,5) I1dz 5,8 (£ 0,6)), konstatéts, ka augsnes tidens ir daudz skabaks. To, domajams,
nosaka augsnes organisko vielu sadaliSanas un organisko fulvoskabju atbrivosanas.
Katjonu apmainas kapacitate (KAK) nosaka augsnes buferspgju, t. i., sp&ju pretoties
straujam pH izmainam augsn€. Apmainas katjonu galvenie avoti ir mineralu dédésana un
organisko vielu mineralizacija. Rucavas IM augsnes parauglaukuma katjonu apmainas
kapacitate O horizonta ir 158,9 (me/kg) un E horizonta 16,7 (me/kg), bet Taurenes IM O
horizonta 189,6 (me/kg) un E horizonta 18,1 (me/kg). PE&c minétajiem skaitliem redzams,
ka Taurené augsnes katjonu apmainas kapacitate ir nedaudz lielaka neka Rucava. Tas,
iesp&jams, saistits ar nobiru kimisko sastavu, jo Taurenes IM parauglaukuma nobiras
ir vairak bazisko katjonu (sk. 4. nodalu). Tas ar1 varétu bt par iemeslu augstakam pH
vertibam augsnes fideni Taurenes IM augsnes virskarta, kur vidgjais pH noveérojumu
perioda ir 4,2 (= 0,1). Rucava §1 vertiba ir 4,0 (+ 0,2). Bitiski augstaks pH Rucavas IM
augsnes tdent B horizonta (5.3. tab.) arT varétu bit saistitas ar augsnu kimisko sastavu,
seviski ar bazisko katjonu daudzumu. Rucava mineralaugsné apaks€jos slanos katjonu
daudzums sasniedz 80,4%, bet Taureng 78,4%. Augsnes 80 cm dzila slana ietekme uz
augsnes tdens Tpasibam 40 cm dziluma saistita ar augsnes kapilaro idens migraciju pa
augsnes slaniem.

Augsnes tdens kimiska sastava laika tendencu analize un interpretacija promocijas
darba veikta tikai augsnes virs€jam slanim (10 cm dziluma). Dzilakajiem augsnes slaniem
sakara ar nelielu ievakto augsnes tidens paraugu skaitu, dati ir nepietieckami un tap&c nav
iesp&jams veikt laika tendencu aprékinus.
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Augsnes tidens pH vértibas O horizonta novérojumu perioda Rucavas un Taurenes
IM stacijas ir pazeminajusas (5.3. att.). Tas nesakrit ar nokriSnu pétijumu rezultatiem,
kuros p&dgjo gadu laika paradas butisks pH skaitla picaugums (3.3. nodala) (Terauda and
Nikodemus, 2007).

—&—— Rucavas IM
—{3— Taurenes IM
Rucavas IM
== == Taurenes IM

Rucavas IM
y =-0.0017x+ 4.0189

R®=0.0236, n - 86

Taurenes IM
y = - 0.0006x + 4.2397
R?=0.0021, n - 68

O T T T T T T T T T T T T
1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004

n — novérojumu skaits
5.3. att. pH izmainas augsnes iidenI O horizonta Rucavas un Taurenes IM stacijas

Ari pétijumos Skandinavija novérota pH veértibu samazinasanas augsnes tdeni
pretgji tam, ka nokriSnos un tdens plisma caur vainagu pH palielinas. Tas norada,
ka antropogéno un dabisko skabju ievades daudzums augsné ir par augstu, lai tiktu
neitralizéts (Moffat et al., 2002).

50 -S

Rucavas IM stacija sulfatu vidgja koncentracija augsnes tident 10 cm dziluma laika
perioda no 1994. Iidz 2004. gadam ir 5,5 (£ 1,3) mg//, bet Taurenes IM stacija— 5,0 (+ 1,8)
mg//. Augsng 20 cm dziluma novérojama SO,*-S koncentracijas samazinasanas augsnes
tdent (Rucava — 1,9 reizes, bet Taureng — 2,7 reizes). Savukart augsnes dzilakajos slanos
sulfatu koncentracijai ir tendence palielinaties (5.3. tab.), kas, domajams, ir saistits ar
SO,*-S jonu izskaloSanos no augsnes mineralajiem horizontiem. Sulfats ir relativi kustigs
anjons augsnés un tada forma, ka augi séru var uzgemt ar sakném. Sulfatu joni tiek arT
adsorbéti ar Al un Fe oksidiem, kuri podzol&tajas augsnés ir akumul&jusies iluvialaja
B horizonta (Karltun and Gustafsson, 1993). ST reakcija ir atgriezeniska, un, kad pH
palielinas, iesp&jams, s€ra izs€Sanas samazinasanas de] sulfatu koncentracija augsnes
tidenT var palielinaties (Harrisson and Johnson, 1992).

Sulfatu koncentracija augsnes ideni, salidzinajuma ar tidens plismu caur vainagu,
konstatéta biutiski augstaka (3,6 reizes Rucava un 4,5 reizes Tauren€). Koncentracijas
palielinasanas ir saistita ar jonu izskaloSanos no augsnes organiska slana, jonu
apmainas reakcijam, sadaliSanas un deédesanas procesiem augsné un Gdens iztvaikoSanu
(Ukomaanaho and Starr, 2002).

Gan Rucavas, gan Taurenes IM stacija SO,>-S koncentracija augsnes fident laika
gaita butiski ir palielinajusies (5.4. att.). Tas nesakrit ar SO,*-S koncentracijas izmainam
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nokri$nos (3.7. att.) (Terauda and Nikodemus, 2007). Lidz ar to redzams, ka ne vienméer
pastav tieSa sakariba starp SO,*-S nokriS$nos un augsnes Gident, ka tas ir noverots citos
pétijumos, kas veikti borealajos mezos (Ukonmaanaho, 2001; Moffat et al., 2002).
Lielakaja dala Centralas Eiropas meZzu novérota lielaka séra izskaloSanas no augsnes
neka ta izs€Sanas no atmosferas, kas pédeja desmitgade ir samazinajusies. Tas norada, ka
augsné, mainoties vides apstakliem, atbrivojas sers, kas aizturéts ieprieksgjos gados, kad
bijusi augstaka séra ievade (Intensive Monitoring of..., 2001). Ar to varétu izskaidrot art
sulfatu jonu koncentracijas picaugumu augsnes tideni Latvijas priezu mezos (Terauda
and Nikodemus, 2007).

12

—— Rucavas IM
—— Taurenes IM
Rucavas IM
= == Taurenes IM

Rucavas IM
y = 0.0455x + 3.7965
R*=0.2156,n-79

SOs”-S mgl

Taurenes IM
y = 0.0553x + 2.9613
R?=0.3396, n - 60

0 T T T T T T T T T T T
1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004

n — novérojumu skaits

5.4. att. SO *-S jonu koncentracija augsnes iideni O horizonta Rucavas un Taurenes IM
4 J 1] g
stacijas

NO,-N

Tiek uzskatits, ka lielaka dala slapekla uz augsnes nokliist ar nobiram un tikai neliela
dala petnieku norada, ka nozimigakais slapekla avots ir vainaga caurtece un stumbra
notece (Iwatsubo and Tsutsumi, 1967). NO,-N koncentracija augsnes tident Rucava 10
cm dziluma svarstas no 0,02 lidz 0,2 mg//, bet Taureng — no 0,01 Iidz 0,06 mg//. P&tjjuma
perioda kopgja slapekla videja koncentracija Rucavas IM stacija bija 1,9 (= 0,5) mg// un
Taurenes IM stacija — 1,6 (+ 0,3) mg//.

Pretgji sulfatjonu ievadei nitratjonu ievade no atmosféras ir bitiski lielaka neka
izskaloSanas no augsnes virsgja horizonta (12,1 reizi Rucava un 14,0 reizes Taureng).
Tas atbilst secinajumiem parskata par Eiropas intensivo monitoringu mezu ekosist€mas
(Intensive Monitoring of..., 2001) un norada, ka slapeklis tiek aizturéts augsné. Lidzigi
rezultati paradas ari citos darbos (Piirainen et al., 1998; Ukonmaanaho, 2001). Augsnes
dzilakajos slanos slapekla koncentracija ir atkariga no organisko vielu daudzuma, tacu
Sajos slanos ta gandriz vienmér ir zemaka neka augsnes virsgjos slanos (5.3. tab.).
Zemaku slapekla koncentraciju augsnes tideni nosaka $as vielas uzpemsSana ar augu
sakn€m un mikroorganismiem.

Spearman korelacijas koeficienta analizes paradija, ka Rucavas IM stacija nitratjonu
koncentracija augsnes tident O horizonta bitiski (p<0,05) korel€ ar So vielu koncentraciju
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vainaga caurtec€. Tapat arT N, _koncentracija vainaga caurtec€ gan Rucavas, gan Taurenes
IM stacija butiski ietekmé kopgjo slapekla koncentraciju augsnes Gident O horizonta.

Izpétes perioda augsnes fident abas IM stacijas verojama nitratjonu koncentracijas
samazinasanas tendence. Turklat Rucava tika konstatéta butiska samazinasanas (5.2.
tab.).

5.2. tabula

Mann-Kendall testa trenda aprékini ménesa vidéjai koncentracijai augsnes tident
O horizonta no 1994. lidz 2004. gadam

Parametrs Rucavas IM Taurenes IM

NO,-N -2,7% -1,3
n-70 n-58
Ca** 0,4 -0,9
n- 83 n- 63
Mg** -0,6 -0,9
n- 85 n-o6l
K* -2,2% -1,3*
n- 83 n-59
Pb -0,2 -0,4
n-o63 n-45
Zn 1,0 0,5
n->55 n - 46

* p<0,05; n — novérojumu skaits

Ca”, Mg* un K*

Mineralu déd&sana ir bitisks process, kas augsnei piegada baziskos katjonus. Sos
katjonus augi uznem ar sakném, vai arT tie tiek izskaloti. Vidgja Ca** jonu koncentracija
laika perioda no 1994. lidz 2004. gadam augsnes fidenos Rucavas IM stacija 10 cm
dziluma ir 6,4 (+ 3,4) mg/l, 20 cm dziluma — 4,2 (+ 1,8) mg//, bet 40 cm dziluma — 12,6
(+4,9) mg/l. Taurenes IM stacija attiecigi 4,6 (= 2,1) mg//, 2,2 (= 1,1) mg// un 2,8 (+ 1,3)
mg/l. ArT augsnes kimijas rezultati paradija, ka Rucavas IM stacijas augsn@s ir vairak
Ca neka Taurenes IM stacijas augsnés (4.1. tab.). Rucavas augsnés — 10 cm dziluma
konstatéts 58,1 mg/kg kalcija, 20 cm dziluma 23,6 mg/kg un 40 cm dziluma, 22,1
mg/kg. Taureng attiecigi 28,4 mg/kg, 17,8 mg/kg un 12,1 mg/kg.

Kalcija saturs nokri$nos neietekmé kalcija koncentraciju augsnes tideni. Salidzinajuma
ar Gdens plismu caur vainagu Ca?>" koncentracija augsnes tdeni O horizonta Rucava
un Tauren¢ konstatSta 4,6 reizes augstaka, E horizonta 3,0 reizes Rucava un 2,2 reizes
Taurené augstaka, bet B horizonta 9,0 reizes Rucava un 2,8 reizes Taurené augstaka. Tas
pierada, ka kalcija saturs augsné ir cieSi saistits ar augsné notickosajiem dabiskajiem
procesiem un atkarigs no iezu déde€Sanas intensitates un nedzivas zemsegas sadali$anas
pakapes, ka arT no tidens kustibas augsné.

Mg?" koncentracijas augsnes tdeni O un E horizonta Taurenes IM stacija konsta-
tetas nedaudz augstakas salidzinajuma ar Rucavas IM staciju (5.3. tab.). Tas nesakrit ar
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augSnu kTmijas rezultatiem, péc kuriem augsnés Rucavas IM stacija Mg saturs ir lielaks
(4.1. tab.).

P&tot K* koncentraciju (5.3. tab.), nov@rotas biutiskas atSkiribas starp augsnes
slaniem gan vienas IM stacijas ietvaros, gan starp Rucavu un Taureni. Rucavas IM stacija
K" koncentracija augsnes fident 10 cm dziluma ir 1,6 reizes augstaka neka Taurenes IM
stacija. Rucava K saturs augsnes 0ideni, dzilumam palielinoties, butiski samazinas —
vid&ji no 2,6 (+ 1,0) mg// O horizonta Iidz 0,5 (+ 0,1) mg/l B horizonta. Tauren¢ $ada
sakarTba nav novérota. Bitiski zemaka K" koncentracija salidzinajuma ar koncentraciju
O horizonta ir E horizonta (vid&ji 0,7 (+ 0,4) mg//), tacu B horizonta K* koncentracija
augsnes tdent palielinas (vidgji 1,0 (£ 0,8) mg//). ArT augs$nu kimijas rezultati rada, ka
Taureng augsnes dzilakajos slanos K koncentracija ir lielaka neka Rucava (4.1. tab.).

Tapat ka Ca?* koncentracija, ari Mg** un K* koncentracija tidens pliisma caur vainagu
butiski neietekmé $o bazisko katjonu koncentraciju O horizonta augsnes tideni. Mg**
saturs vainaga caurtecE Rucavas IM stacija konstatets 2,8 reizes mazaks un Taurenes
IM stacija 5,3 reizes mazaks neka augsnes tden 10 cm dziluma. ArT K* koncentracija
Rucava ir 1,5 reizes un Taureng 1,2 reizes mazaka.

Gan Rucavas, gan Taurenes IM stacija petamo bazisko katjonu koncentracija (izpemot
Ca?" koncentraciju Rucava) novérojumu perioda augsnes tdeni ir samazinajusies (5.2.
tab.). Statistiski biitiska samazinasanas tendence noveérota tikai K* koncentracijai. Bazisko
katjonu koncentracijas samazinasanas, iesp&jams, ir izraisijusi arT augsnes tdens pH
vertibu samazinasanos laika gaita. Petfjumi liecina, ka kalcija koncentracijas picaugums
Rucavas IM stacija augsnes tident nav bitisks. Ca*" jonu koncentracijas pieaugums Iidz ar
vienlaicigu augsnes idens pH samazinasanos ir noverots arT Skandinavija. Zinatnieki Sos
rezultatus skaidro ar organisko vielu mineralizaciju, kas veicina Ca*" jonu atbrivosanos,
un organiska slapekla un séra mineralizaciju, kas ietekm& protonu atbrivosanos (Moffat
et al., 2002).

Pb un Zn

Smago metalu pareja no augsnes $kiduma ir atkariga no ta, cik ciesi augsnes cieta
faze fiksgjusi Sos elementus. Smago metalu uzkrasanos humusa slani ietekme organisko
vielu sp&ja saistit smagos metalus (Bergkvist e al., 1989). Svins ir izplatitakais smagais
metals, seviski augsnes nedzivaja zemsega. Uz augsnes tas parsvara noklust ar nokriSniem
un nobiram. Kopuma Pb koncentracija augsnes tident 10 cm dziluma Rucava svarstas no
3,5 Iidz 9,1 pg/l, 20 cm dziluma — no 0,7 lidz 2,8 pg/l, bet 40 cm dziluma — no 0,2 lidz
0,4 pg/l. Taurenes IM stacija attiecigie raditaji ir no 1,8 Iidz 8,1 pg/l, no 0,1 1idz 0,9 pg/l
un no 0,3 Iidz 0,9 pg/l. Augsnu rezultati rada, ka svina lielaka koncentracija ir Rucavas
IM aug$nu parauglaukuma (4.1. tab.). Tas saistits ar parrobezu piesarnojuma parnesi,
kura Pb tiek emitets no Eiropas rlipniecibas rajoniem.

P&c rezultatiem var secinat, ka augsnes dzilakajos slanos Pb koncentracija augsnes
fident batiski samazinas (5.3. tab.). ST samazinasanas norada uz to, ka organiskas vielas
saista svinu un nelauj tam parvietoties talak pa augsnes profilu. Smagie metali lielakoties
tiek cieSi adsorbéti ar organiskajam vielam (Schnitzer and Skinner, 1967; Bergkvist et
al., 1989) un tas meza augsnes arl parada stingru dziluma gradientu (Tamminen and
Starr, 1990). Par to liecina arT augsnu dati: augsnes O horizonta Rucavas IM stacija Pb
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koncentracija ir 56,6 mg/kg, bet Taurenes IM stacija 36,0 mg/kg, savukart mineralaugsné
svina koncentracija Rucava ir pat par 11,0 reiz€m un Taureng par 7,5 reiz€ém mazaka
neka organiskajos horizontos. Intensivaka Pb akumulacija augsnes virs€jos horizontos,
kas satur organiskas vielas, ir saistTta ar to, ka svins, kas parasti eksisté divvertigo katjonu
veida, reagé ar sulfatu, fosfatu un karbonatu anjoniem, un tadgjadi samazinas ta skidiba
un tiek traucéta dzilaka migracija augsné (Bergkvist ef al., 1989).

Kopuma novérojumu perioda netika noverota sakariba starp Pb koncentraciju
nokriS§nos un augsnes Udeni, un tas atkal apliecina Pb sp&ju saistities ar augsnes
organiskajam vielam.

5.3. tabula
Vidéja pH, jonu un elementu koncentracija (+ standartnovirze) augsnes tideni O horizonta
no 1994. Iidz 2004. gadam (NO,-N koncentracija no 1996. lidz 2004. gadam, smago metalu
koncentracija no 1997. lidz 2004. gadam, N koncentracija no 2002. lidz 2004. gadam), E
un B horizonta no 1997. lidz 2004. gadam Ny koncentracija no 2002. Iidz 2004. gadam)
Rucavas un Taurenes IM stacijas

Parametrs Rucavas IM stacija Taurenes IM stacija U-tests
(0] E B (0] E B [0} E B
pH 40+02a 48+02b 67+05¢ 42+0,1a 49+03b 49+02b * nb. *
Ca*mg/l 64+34b 42+18a 12,6+49c |46£2]1Db 22+1,1a 28+13a nb. * *
Mg**mg/l 1,6£0,7b 1,1£05a 20+1,1b 20+0,8b 1,2+08a 1,3+06a n.b. n.b. nb.
K* mg/l 2,6+1,0c 09+02b 05+0,1a 1,6+1,0b 0,7+04a 1,0+0,8a * n.b. nb.
SO>S mg/l 55+13b 29+12a 44+21b 50+18b 1,8§+0,7a 23+1,1a n.b. nb. nb
NO,-Nmg/l 0,07+0,05a 0,04+0,0la 0,04+0,03a|0,04+0,02a 0,04+00la 002+00la|nb nb nb
N,,, mg/l 1,9+0,5b 08+07a 0,7+03a 1,6+0,3b 0,5+0,1a 0,7+0,05a |n.b. n.b. nb.
Pb pg/l 62+24c 1,3+0,7b 03+02a 50+23b 05+03a 05+02a nb. * *
Zn pg/l 61,6£21,0c 183+59b 59+64a 29,1 +10,3b 155+9,5a 129+86a |* nb. *

Vertibas ar vienadu burtu rinda nozimé, ka atkiribas starp augsnes horizontiem nav bitiskas
(p>0,05).

* — atSkirTbas starp IM stacijam ir bitiskas (p<0,05),

n. b. — atSkiribas starp IM stacijam nav butiskas

Bitiskas atSkiribas novérotas starp stacijam un augsnes slaniem attieciba uz Zn
koncentraciju (5.3. tab.). Rucavas IM stacija vidgéja cinka vertiba laika posma no 1996.
lidz 2004. gadam augsnes fiden 10 cm dziluma bijusi 61,6 (£ 21,0) pg/l, bet Taurene
tikai 29,1 (= 10,3) pg/l. Tas skaidri parada antropogénas darbibas un piesarnojuma
parrobezu parneses ietekmi. Augsnes virsgja slana fidenos Zn koncentracija Rucavas
IM stacija salidzinajuma ar Gidens plismu caur vainagu, ir palielinajusies 1,6 reizes, bet
Taurenes IM stacija — 1,3 reizes. Tadgjadi var secinat, ka tidens, pliistot cauri augsnes
virskartai, bagatinas ar cinku. Tapat ka svina arT cinka koncentracija nokri$nos neietekmé
augsnes fidens kimisko sastavu. Augsnes dzilakajos horizontos Zn koncentracija augsnes
tiden1 bitiski samazinas, un tas norada, ka augsnes organiskas dalinas piesaista cinku.
Pienémums, ka cinku efektivi saista organiskas vielas, ir izteikts arT citos p&tjjumos
(Adriano, 1986). Griti izskaidrot, kap&c Taurenes IM stacija augsnes tideni 40 cm dziluma
satur tik daudz cinka (no 1997. lidz 2004. gadam vid&ji 12,9 (+ 8,6) ug//). Sada paradiba
noveérojama ar1 augsnes kimijas petijumos. Iesp&jams, ka tas ir saistits ar ilgstoSu cinka
izs€Sanos no atmosferas un ta vieglu migréSanu augsné paaugstinata mitruma apstak]os.
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Apkopojot pétamo smago metalu izmainas laika gaita, redzams, ka gan Rucavas,
gan Taurenes IM stacija Pb koncentracija augsnes fidenT uzrada samazinasanas tendenci
(5.2. tab.). Ar1 nokrisnos abas IM stacijas Pb koncentracija ir samazinajusies, turklat
batiski (3.3. nod.). Svina koncentracijas samazinasanas nokrisnos un augsnes tidenT ir
novérota lielakaja dala Eiropas (Renberg et al., 2000; Ukonmaanaho, 2001). To skaidro
ar bezsvina degvielas izmanto$anas pieaugumu. Zn koncentracija abas IM stacijas
augsnes tdenT nedaudz ir palielindjusies, bet $as koncentracijas pieaugums nav biitisks
(5.2. tab.).

5.4. Kopsavilkums

Augsnes Gidens kTmisko sastavu biitiski ietekmé& augsnes Tpasibas, ka arT atseviskos
gadijumos caur vainagu plistoso tidenu kimiskais sastavs. Tapat ka nokrisnos, vairums
kimisko elementu un jonu lielakas koncentracijas augsnes tideni novérotas Rucavas IM
parauglaukuma.

Skabums ir viena no galvenajam augsnes tdens TpaSibam. P&tfjumu rezultati
liecina, ka augsnes Gidens pH stipri mainas atkariba no augsnes dziluma, uzradot
ievérojami augstakas vertibas augsnes dzilakajos slanos. Tas nozimé, ka pH izmainas
augsnes tudeni iectekmé augsnes kimiskais sastavs, seviski katjonu apmainas kapacitate
un bazisko katjonu daudzums. Turklat augsnes tidens kimisko sastavu augsnes vidgjos
slanos ietekmé augsnes dzilakie slani, kas saistits ar augsnes kapilaro tidens migraciju pa
augsnes slaniem.

SO,*-S daudzuma paaugstinasanas augsnes fideni augsnes dzilakajos slanos ir
saistita ar sulfatjonu izskalo$anos no augsnes mineralajiem horizontiem. Nitratjonu
koncentracija augsnes tdenT ir neliela, tacu nitratjonu ievade parasti ir lielaka, un tas
norada, ka N augsné tiek aizturéts.

Sulfatjonu koncentracijas samazinasanas nokrisSnos un nokrisSpu pH vértibas
picauguma tendence tie§i neatspogulojas augsnes tdeni. Augsnes Udeni, pret&ji
nokri$niem, ir pieaugusas sulfatjonu koncentracijas un palielinajies tidens skabums.

Bazisko katjonu ievérojami lielakas koncentracijas augsnes tdenT salidzinajuma ar
nokri$pniem ir saistitas ar augsné notickoSajiem dabiskajiem procesiem — iezu dédésanu,
nedzivas zemsegas sadaliSanas pakapi un tidens kustibu augsné.

Augsnes dzilakajos slanos novérojama Pb koncentracijas strauja samazinasanas
augsnes tideni. Tas norada, ka organiskas vielas saista svinu un nelauj tam parvietoties
talak pa augsnes profilu. L1dziga likumsakariba ir novérojama arT attieciba uz cinku.
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6. Kimisko vielu bilance priezu mezu ekosistemas

Ieskatu par elementu uzkrasanos vai atbrivosanos ekosistéma var iegit, salidzinot
elementu ienesi no atmosferas ar to iznesi, izskalojoties no augsnes apaksgjiem slaniem.
Tadgjadi ir ]oti bitiski novertet pasreiz&jo un turpmako elementu izséSanas no atmosfe-
ras ietekmi uz elementu rinkojumu un baribas elementu pieejamibu (van Breemen et al.,
1984; de Vries et al., 1995).

Lai noteiktu elementu bilanci, izmantoti dati par atklata lauka nokriSniem, vainaga
caurteci, nobiram, ka arT augsnes tideni 10 cm, 20 cm un 40 cm dziluma laika posma no
2000. lidz 2004. gadam. Paraugu ievaksanas, analiz€Sanas un datu statistiskas apstrades
metodes ir aprakstitas 3., 4. un 5. nodala. Kimisko vielu iznese no augsnes tika aprékinata
no koncentracijam augsnes tidens paraugos un tidens plismas apjoma (//s/km?).

Rucavas un Taurenes IM stacijas no 2000. lidz 2004. gadam vidgja Ca*" Mg?* un
K koncentracija vainaga caurtecé bijusi butiski augstaka neka nokrisnos atklata lauka.
Slapekla koncentracija vainaga caurtec€ un atklata lauka nokri$nos nav biitiski atSkTrusies
(6.1. tab.). Vidgja biogeéno elementu koncentracija nokriSnos atklata lauka un vainaga
caurtecé ir nedaudz augstaka Rucavas IM stacija neka Taurenes IM stacija. Kopgja
slapekla, kalcija, magnija un kalija koncentracija, nokriSniem izejot cauri meza ekosiste-
mai, palielinas $ada seciba: atklata lauka nokriSni<vainaga caurtece<augsnes tdens
zem O horizonta. Koncentracijas biitiska palielinaSanas vainaga caurteceé galvenokart
ir saistita ar izskaloSanas vai apmainas procesiem un uzkrato sauso vielu noskalosanos
(Ukonmaanaho and Starr, 2002; Pajuste, 2004). Vairaki procesi var ietekm&t augsnes
tdens sastavu. Ta, piem@ram, elementu un jonu koncentracijas $aja ideni var izmainities
atkariba no ta patérina (evotranspiracijas), izskaloSanas no nobiram, organisko vielu mi-
neralizacijas, dédeSanas un apmainas reakcijam (Ukonmaanaho, 2001).

Kalijs no koku vainagiem tiek atbrivots lielakos daudzumos neka kalcijs un magnijs
(6.1. tab.). K koncentracija nokrisnos zem koku vainagiem palielinas vairak neka Cetras
reizes Rucavas IM stacija un devinas reizes Taurenes IM stacija. ArT citu valstu p&tijumos
ir noverojama K palielinasanas zem koku vainagiem (Hyvérinen, 1990; Hansen, 1996;
Draijeers et al., 1997; Piirainen ef al., 2002). St palielinasanas ir izskaidrojama ar to, ka
augu $tinas K ir sastopams jonu forma. Turpretim Ca un Mg vairak ir saistits ar $tnu
sieninu audiem (Ukonmaanaho, 2001).

Lielaka biogéno elementu koncentracija tika noverota augsnes tdeni zem O
horizonta neka vainaga caurtec€ (6.1. tab.). Taurenes IM stacija Ca?~ Mg®* un K*
koncentracija augsnes tidenT konstat&ta pat buitiski augstaka. Tas skaidrojams ar organisko
vielu sadaliSanas procesu, kura atbrivojas baziskie elementi un slapeklis (Piirainen et al.,
2002). Salidzindjuma ar vainaga caurteci augstaka Ca*" un Mg?*" koncentracija novérota
arT augsnes tdeni zem augsnes E un B horizonta.

Vainaga caurteces udenos bazisko elementu daudzums palielinas $ada seciba:
Mg<Ca<K. Gan Rucavas, gan Taurenes IM stacija vid¢ja bazisko elementu izséSanas
zem koku vainagiem bijusi butiski lielaka neka izs€Sanas ar atklata lauka nokriSniem.
Rucava Ca izs€Sanas ar vainaga caurteci konstatéta 1,8 reizes lielaka un Taurené 1,7
reizes lielaka neka ta izscSanas ar atklata lauka nokriSniem, attiecigi Mg 1,9 un 1,6
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reizes un K 3,9 un 6,5 reizes lielaka. Bazisko elementu palielinasanos vainaga caurtecg
nosaka tas, ka vielu sauso izs€$anos partver koku vainagi un péc tam tas tick noskalotas.
Savukart kopgjais slapeklis tiek aizturéts koku vainagos (6.2. tab.). Rucavas IM stacija
N izséSanas ar atklata lauka nokriSniem ir konstatéta 1,1 reizi lielaka un Taurenes IM
stacija 1,2 reizes lielaka neka ar vainaga caurteci. Vidgja slapekla pliisma samazinas $ada
seciba: AL>VC>AU. Sada sakariba novérota arT citu valstu pétijumos (Hultberg and
Grennfelt, 1992; Houle et al., 1990; Cappellato et al., 1995).

6.1. tabula
Jonu un elementu vidéja koncentracija (+ standartnovirze) atklata lauka nokrisnos (AL),

vainaga caurtecé (VC) un augsnes iideni zem O, E un B horizonta
no 2000. lidz 2004. gadam

Ca™(mg/l) Mg™(mg/l) K'(mg/) N_ (mg/l) Pb (ug/) Zn (ng/l)

Rucavas IM stacija

AL 0.8+0,7a 02+0,1a 04+0,1a 15+01b 3,1+13c 31,1+10,2¢
vC 1,6+04b 06+01b 1,8+02c¢ 18+0,1b 28+08c 489+73d
O horizonts 5,6 +3,1c¢ 14+10b 19+09c¢ 19+05b 68+27d 67.8+2l1e
E horizonts 3,5+1,5b 0,9+0,5b 09+02b 0,8+0,la 1,6+0,7b 20,7+9,8b
B horizonts 12,6 £6,3d 1,5+09b 05+0,1a 0,7+03a 04+02a 38+3,0a
Taurenes IM stacija

AL 0,5+0,1a 02+0,1a 02+0,la 09+03a 16+05b 17,6+6,8Db
VC 1,1+04b 04+01b 1,8£05d 09+02a 14+£0,7b 273+72bc
O horizonts 4,1+19d 19+1,1d 12+0,6c 1,6£03b 33+13c 300£53¢c
E horizonts 1,6+0,8b 09+05¢ 04+0,1b 05+0,1la 05+03a 160+6,6a
B horizonts 2,2+0,8c¢c 1,1+0,6cd 05+02b 0,7+005a 04+0,1a 11,0£38a

Veértibas ar vienadu burtu kolonna nozimé, ka atkiribas starp komponentiem nav bitiskas
(p>0,05).

Meza nobiru pliisma galvenokart atspogulo elementu iek$€jo plismu, kas ir saistita
ar baribas elementu uzpems$anu un apmainu. Tacu ta ietver arl vielas, kas sausaja
izs€Sanas procesa nokluvusas uz skujam un lapam, kad tas vél bija dala no koku vainaga.
Salidzinajuma ar vielam, kas nogulsn&jusas no atmosferas, meza nobiras veido lielako
dalu Ca un N ievades. Savukart Mg un K vidgja vainaga caurteces pliisma konstatéta
liclaka neka nobiru plisma (6.2. tab.). Citu valstu zinatnieku pétijumos minéti lidzigi
rezultati (Helmisaari, 1995; Gordon et al., 2000; Ukonmanaho, 2001).

Vainaga caurteces un nobiru summa veido kopgjo elementu ienesi augsnes virskarta
meZu ekosistéma. ST ienese ietver gan argjos (atmosféras) avotus, gan ick§gjos (elementu
uznemsanu no augsnes un otrreiz&ju izmantosanu) avotus. Ka Rucava, ta Taureng p&tamo
baribas elementu kop€ja ienese augsnes virskarta novérota liclaka neka to iznese no
mineralaugsnes (40 cm dziluma). Konstatéts, ka lielaka dala biogéno elementu aizturéti
augsnes organiskaja slani (6.2. tab.). Kopgja N aizture augsné Rucavas IM stacija sasniedz
89,3% un Taurenes IM stacija 92,2%, attiecigi — Ca 67,2% un 77,6%, Mg 56,7% un
52,3% un K 72,1% un 87,0%. Baribas elementu aizturéSana organiskaja slani ir saistita
ar to, ka taja atrodas vislielakais augu saknu daudzums, ka ar1 visaktivak notiek augsnes
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biologiska darbiba. Nogulsnétais N tiek efektivi aizturéts O horizonta, iespgjams, tapec,

ka to uzpem augu valsts un mikroorganismi.

6.2. tabula

Vidéja elementu ienese ar atklata lauka nokriSpiem (AL), vainaga caurteci (VC), nobiram
(NB) un kopéja elementu ienese (VC + NB) un iznese no augsnes O, E un B horizonta

Rucavas un Taurenes IM stacijas no 2000. lidz 2004. gadam

Rucavas IM Taurenes IM U-tests
Ca (kg/ha gada)
AL 4,6 4,0 n. b.
VvC 8,4 6,6 n. b.
NB 17,8 14,8 n. b.
VC+NB 26,2 21,4 n. b.
O horizonts 8,6 4.8 *
E horizonts 1,5 0.4 *
B horizonts 1,4 0,5 *
Mg (kg/ha gada)
AL 1,7 1,4 n. b.
vC 3,2 2,3 *
NB 1,9 2,1 n. b.
VC + NB 5,1 4.4 n. b.
O horizonts 2,2 2,1 n. b.
E horizonts 0,4 0,2 n. b.
B horizonts 0.4 0,2 n. b.
K (kg/ha gada)
AL 2,5 1,6 n. b.
vC 9,9 10,4 n. b.
NB 4,1 3,5 n. b.
VC+NB 14,0 13,9 n. b.
O horizonts 3,9 1,8 *
E horizonts 0,5 0,1 *
B horizonts 0,2 0,2 n. b.
Niop (kg/ha gada)
AL 10,2 7,1 n. b.
VvC 9,0 5,7 *
NB 22,9 19,9 *
VC + NB 31,9 25,6 *
O horizonts 34 2,0 *
E horizonts 0,5 0,2 *
B horizonts 0,2 0,2 n. b.
Pb g/ha gada
AL 23,0 7,9 *
vC 14,1 8,2 *
NB 20,0 10,4 *
VC + NB 34,1 18,6 *
O horizonts 12,1 4,7 *
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E horizonts 0,6 0,2 *

B horizonts 0,1 0,1 n. b.
Zn g/ha gada

AL 219,5 127,5 *
vC 259,4 165,8 *
NB 206,0 148,0 *
VC + NB 465,4 313,8 *

O horizonts 123,0 34,8 *

E horizonts 12,2 4,5 *

B horizonts 1,3 2,0 n. b.

* — atSkirTbas starp IM stacijam ir bitiskas p<0,05;
n. b. — atskiribas starp IM stacijam nav bitiskas

Rucavas IM stacija salidzinajuma ar Taurenes IM staciju nokri$nos atklata lauka,
vainaga caurtec€ un augsnes O horizonta tideni novérota butiski augstaka Pb un Zn
koncentracija (6.1. tab.). Smago metalu koncentracija augsnes Gident strauji samazinas,
augsnes dzilumam palielinoties. Rucavas IM stacija augsnes E horizonta Pb koncentracija
konstatéta 4,2 reizes, bet Zn koncentracija 3,3 reizes zemaka neka augsnes O horizonta,
Taurenes IM stacija attiecigi 6,6 un 2,0 reizes. Augsnes B horizonta Pb koncentracija
bijusi 17,0 reizes un Zn koncentracija 17,8 reizes zemaka Rucavas IM stacija un 8,2 un
2,7 reizes zemaka Taurenes IM stacija. Augsnes tideni 40 cm dziluma gandriz vienada Pb
koncentracija konstatéta abas stacijas, bet butiski augstaka Zn koncentracija — Taurenes
IM stacija. Tapat ka biogénajiem elementiem, arT cinkam koncentracija vainaga caurtecé
ir augstaka neka atklata lauka nokrisnos (1,6 reizes Rucava un 1,5 reizes Taureng).
Savukart Pb koncentracija, nokrisnu Gideniem pliistot cauri koku vainagiem, samazinas,
tatad koku vainagi svinu aiztur. Vislielaka pétamo smago metalu koncentracija ir augsnes
tident zem O horizonta. Koncentracijas palielinasanas ir saistita ar to, ka lielu dalu smago
metalu adsorbé organiskas vielas (Berkgist ef al., 1989, Tamminen and Starr, 1990) un,
tam sadaloties, smagie metali atbrivojas.

Smago metalu plisma nokriSnos un augsnes fideni iznemot B horizontu, batiski
augstaka tika konstatéta Rucavas IM stacija. Savukart Pb un Zn ienese augsné gan Rucava,
gan Taureng ir ievérojami liclaka neka iznese ar augsnes tideniem (6.2. tab.). To, ka augsnes
O horizonts aiztur ievérojumu daudzumu smago metalu, parada ari citi p&tijumi (Bergkvist
et al., 1989; Derome and Nieminen, 1998, Ukonmaanaho et al., 2001).

Rucavas IM stacija ar nobiram un atklata lauka nokriSniem uz augsnes noklust
vairak svina neka ar vainaga caurteci. Taurenes IM stacija svina plisma nokrisnos atklata
lauka un vainaga caurtect ir loti lidziga, bet vislielako Pb ievadi veido nobiras. Abas IM
stacijas visvairak cinka uz augsnes nokliist ar vainaga caurteces tideniem.

Kopuma Rucavas IM stacija salidzinajuma ar Taurenes IM staciju novérota lielaka
visu pétamo elementu (gan biogéno vielu, gan smago metalu) plisma augsnes tGdent
O, E un B horizonta. Butiski augstaka visiem elementiem, iznemot Mg, ta konstatéta
augsnes O horizonta, Ca, K, Nkop un Pb arT E horizonta. Tas saistits ar augsnes fidens
plismas apjomu, jo Rucavas IM stacija O un E horizonta Gidens plisma ir batiski liclaka
neka Taurenes IM stacija (6.3. tab.).
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6.3. tabula
Vidéja augsnes aidens plisma //sek/km? (+ standartnovirze) pa horizontiem Rucavas un
Taurenes IM stacijas no 2000. Iidz 2004. gadam

Augsnes horizonts Rucavas IM Taurenes IM U-tests
O horizonts 5,6+ 1,0 3,8+0,6 *

E horizonts 1,6 £0,7 0,9+0,3 *

B horizonts 1,0+0,7 0,8+0,1 n. b.

* — atSkiribas starp IM stacijam ir bitiska p<0,05;
n. b. — atSkiribas starp IM stacijam nav batiska

Taurenes IM stacija augsne ziemas perioda ir ilgak sasalusi un I1dz ar to kopgjais
gada augsnes tidens daudzums ir ievérojami mazaks.

Pettjuma tika apskatita arT nokriSnpu daudzuma ietekme uz augsnes tidens pliismu,
tacu, aprékinot korelacijas koeficientus, konstatéts, ka ne atklata lauka nokri$ni, ne
vainaga caurtece augsnes fidens plismu bitiski neietekmg.
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Secinajumi

Petfjuma rezultati rada, ka nokriSnu kimiskais sastavs priezu mezu ekosistema
butiski mainas, tiem plistot cauri koku lapotnei. P&tamo jonu un elementu (iznemot
Pb) koncentracijas lielakoties palielinas seciba atklata lauka nokri$pi<vainaga
caurtece<stumbra notece. Svinu partver koku vainagi, tadéjadi vainaga caurtecg ir
mazak svina neka atklata lauka nokrisnos.

P&tfjuma perioda atklata lauka nokri$nos priezu mezos un vainaga caurtecg bitiski ir
palielinajusies pH vériba un samazinajusies SO,*-S un Pb koncentracija. Attieciba uz
Ca, Mg un K koncentraciju un izs€$anos ar nokri$niem un vainaga caurteci butiskas
samazinasanas vai palielinaSanas tendences nav novérotas. Kopuma nokri$nos
atklata lauka, vainaga caurtecé un stumbra notec€ pétijuma perioda vidgja sulfatu,
nitratu, bazisko elementu (Ca, Mg, K) un smago metalu (Pb un Zn) koncentracija
un izsé$anas Rucavas IM stacija konstatéta augstaka neka Taurenes IM stacija.

Boreonemoralaja dabas zona priezu mezu ekosist€émas nobiru daudzumu nosaka
kokaudzes sastavs, izmainas vegetacijas perioda, ka arT sniega segas biezums.

Skuju un nobiru kimiskais sastavs adekvati neatspogulo atmosfSras piesarnojuma
izmainas, jo to ietekmé ne tikai atmosféras kimiskais sastavs, bet ari meteorologiskie
apstakli (klimata parmainas) un fiziologiskie procesi mezaudzé. Kopuma Taurenes
IM stacija salidzinajuma ar Rucavas IM staciju biogéno elementu (Ca, Mg, K,
N, daudzums nobiras ir augstaks, un tas saistits ar nobiru biologiska sastava
atSkirtbam. Smagos metalus (Pb un Zn) vairak satur nobiras Rucavas IM stacija, kur
licla ietekme uz atmosferu un augsni ir piesarnojuma parrobezu parnesei un liclako
viet€jo piesarnojuma avotu izvietojumam.

Ca un Mg koncentracija nobiras palielinas rudeni, kad notiek maksimala skuju
un lapu birSana. K un Nio koncentracija augstaka ir pavasara nobiras, bet rudens
nobiras ta pakapeniski samazinas. Tas norada, ka Sie elementi parvietojas auga
no vecakam dalam uz jaunakam. Smago metalu (Pb un Zn) koncentraciju priezu
mezu nobiras sezonalas izmainas ietekm& mazak, jo So metalu daudzumu nobiras
galvenokart nosaka to uzkrasanas uz lapu, skuju un mizas virsmas.

Biogéno elementu (Ca, Mg, K, Nkop) izs€sanas daudzumu ar nobiram uz augsnes
Latvija priezu mezu ekosistemas vairak ietekm& nobiru daudzums neka nobiru
kimiskais sastavs. Nobiru kimiska sastava zina starp IM stacijam lielakoties nav
butiskas atskiribas. Savukart smago metalu (Pb un Zn) ienesi ar nobiram augsné
ietekm@ arT So metalu koncentracijas lielums nobiras.

Augsnes Gdens skabums, bazisko katjonu (Ca?*, Mg?", K¥) un smago metalu (Pb un
Zn) koncentracija augsnes tdeni tipiska podzola smilts augsnés strauji samazinas,
augsnes dzilumam palielinoties. Attieciba uz jonu koncentraciju Latvijas priezu
ekosisttmas iezim&jas kopiga tendence — augsnes iideni SO,*-S koncentracija
butiski picaug, lai gan nokri$nos ta bitiski samazinas.
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8. Priezu mezu ekosisttmas pétamo elementu kop€ja ienese parsniedz iznesi no
augsnes dzilakajiem slaniem. Lidz ar to priezu mezu ekosisteémas tipiska podzola
smilts augsnés vielu bilance ir pozitiva.



73

10.

11.

12.

13.

14.

15.

Izmantota literatiara

Aber J. D. and Melillo J. M., 1991. Terrestrial Ecosystems, Saunders College Publishing.
ISBN 0-03-047443-4.

Aber J. D., Knute J. N., Stedler P. and Melillo J. E., 1989. Nitrogen saturation in northern
forest ecosystems. Excess nitrogen from fossil fuel combustion may stress the biosphere.
Bioscience, 39(6), 378-386.

Adriano D. C., 1986. Trace elements in the terrestrial environment. Springer-Verlag, New
York.

Andersson A, Nilsson A. and Hakanson L., 1991. Metal Concentrations of the Major Layer
in Sweden as Influenced by Deposition and Soil Parent Material. Naturvardsverket, Solna.
ISBN 91-620-3990-3.

Baath E., 1989. Effects of heavy metals in soil on microbial processes and populations (a
review). Water Air Soil Pollut, 47, 335-379.

Baeyens W., Dehairs F. and Dedeurwaerder H., 1990. Wet and dry deposition fluxes above
the North Sea. Atmos. Environ, 24A(7), 1693-1703.

Beier C. and Gundersen P., 1989. Atmospheric deposition to the edge of a spruce forest in
Denmark. Environ. Pollut, 60, 257-271.

Beier C., Eckersten H. and Gundersen P., 2001. Nitrogen Cycling in a Norway Spruce
Plantation in Denmark — A SOILN Model Application Including Organic N Uptake. The Sci.
World, 1(S2), 394-406.

Bergkvist B., Folkeson L. and Berggren D., 1989. Fluxes of Cu, Zn, Pb, Cd, Cr, and Ni in
temperate forest ecosystems. Water Air Soil Pollut, 47, 217-286.

Bergmann W., 1988. Erndhrunsstorungen bei Kulturpflanzen. Entstehung, visuelle und
analytische diagnose, Bergmann W. (Ed.), 2¢ édition, Gustav Fisher Verlag, Stuttgart, 762 S.

Berthelsen B. O., Steinnes E., Solberg W. and Jingsen L., 1995. Heavy metal concentrations
in plants in relation to atmospheric heavy metal deposition. J. Environ. Qual, 24, 1018—
1026.

Bini C. and Bresolin F., 1998. Soil acidification by acid rain in forest ecosystems: A case
study in northern lItaly. Sci. Total Environ, 222(1-2), 1-15.

Binkley D., 1994. The influence of tree species on forest soils: Processes and Patterns. In:
Mead D. J., Cornforth I. S. (Eds.), Proceedings of tree species and soil workshop. Agronomy
Society of New Zealand Special Publication # 10. Lincoln Univ. Press, Canterbury, NZ,
1996, p. 1-33.

Binkley D. and Richter D., 1987. Nutrient cycles and H* budgets of forest ecosystems. Adv.
Ecol. Res., 16, 1-51.

Bobbink R., Heil G. W. and Raessen, M. B. A. G., 1992. Atmospheric deposition and canopy
exchange processes in heatland ecosystems. Environ. Pollut., 75, 29-37.



74

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Bonneau M., 1988. Le diagnistic foliaire. Rev. For. Fr., 40, 19-26.

Bourton C. F., Candelone J. P. and Hong S., 1994. Past and recent changes in the large scale
tropospheric cycles of lead and other heavy metals as documented in Antarctic and Greenland
snow an ice: A review. Geochimica et Cosmochimica Acta, 58(15), 3217-3225.

Bredemeier M., 1988. Forest canopy transformations of atmospheric deposition. Water Air
Soil Pollut., 40, 121-138.

Bringmark L., 1980. Ion leaching trough a podsol in a Scots pine stand. In Structure and
function of Northern coniferous forests — An ecosystems study. Ecol. Bull., 32, 341-361.

Brown K. A., Freer-Smith P., Howells G. D., Skeffington R. A. and Willson R. B., 1988.
Rapporteurs report on discussions at the workshop on excess nitrogen deposition, Leatherhead,
September 1987. Environ. Pollut., 54, 285-295.

Brumelis G., Lapina L., Nikodemus O. and Tjarve D., 1997. Estimation of atmospheric
heavy metal deposition in Latvia using feather moss. Proc. Latv. Acad. Sci., Sec. B, 51, No.
¥ (590/591), 159-164.

Bytnerovicz A., Fenn M. E., Miller P. R. and Arbaugh, M. J., 1999. Wet and dry pollutant
deposition to the mixed conifer forest. In: Miller P. R., Mc Bride J. R. (Eds.). Oxidant Air
Pollution Impact in the Montane Forests of Southern California. Ecological Studies 134,
Springer, New York, p. 235-269.

Bytnerovicz A. and Fen M. E., 1996. Nitrogen deposition in California forests: a review.
Environ. Pollut., 92, 127-146.

Cappellato R. and Peters N. E., 1995. Dry deposition and canopy leaching rates in deciduous
and coniferous forests of the Georgia Piedmont: an assessment of regional model. J. Hydrol.,
169, 131-150.

Ceburnis D. and Steinnes E., 2000. Conifer needles as biomonitors of atmospheric heavy
metal deposition: comparison with mosses and precipitation, role of the canopy. Atmos.
Environ., 34(25), 4265—4271.

Chapin F. S. III. and Kedrowski R. A., 1983. Seasonal changes in nitrogen and phosphorus
fractions and autumn retranslocation in evergreen and deciduous taiga trees. Ecology, 64(2),
376-391.

Clark R. B., 1982. Nutrient solution growth of sorgum and corn in mineral nutrition studies.
J. Plant Nutrit., 5, 1039-1057.

Clements J. C., 1971. Evaluating summer rainfall through a multilayered largetooth aspen
community. Can. J. For. Res., 1,20-31.

Cole D. W.,, Gessel S. P. and Dice S. F., 1968. Distribution and cycling of nitrogen,
phosphorus, potassium, calcium in a second growth Douglas-fir forest. In: Young H.E. (Eds.).
Primary production and Mineral cycling in natural Ecosystems. University of Maine Press.
Orono, p. 197-213.

Cornell S., Rendell A. and Jickells, T., 1995. Atmospheric inputs of dissolved organic nitrogen
to the oceans. Nature, 376, 243-246.



75

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Cowling E. B. and Nilsson J., 1995. Acidification research: lessons from history and visions
of environmental futures. Water Air Soil Pollut., 85, 279-292.

Cowling E. B., 1982. Acid precipitation in historical perspective. Environ. Sci. Tech., 16,
110A-123A.

Cronan C. S. and Reiners W. A., 1983. Canopy processing of acidic precipitation by
coniferous and hardwood forests in New England. Oecologia, 59, 216-223.

Cronan C. S., Reiners W. A., Reynolds Jr. R. C. and Lang G. E., 1978. Forest floor leaching:
contribution from mineral, organic, and carbonic acids in new hampshire subalpine forest.
Science, 200, 309-311.

Danilevica E., Nokodemus O., Klavin§ M., Lulko I., 2004. Séra un slapekla savienojumi
nokri$nos un augsnes tident Latvijas priezu mezos. GGeografiski Raksti. Folia Geographica,
11, 63-71.

David M. B., Fasth W. J. and Vance G. F., 1991. Forest soil response to acid and salt additions
of sulfate: II. aluminum and base cations. Soil Sci., 151, 208-219.

de Vries W., Reinds G. J. and Vel E., 2003. Intensive monitoring of forest ecosystems in
Europe 2: Atmospheric deposition and its impacts on soil solution chemistry. For. Ecol.
Manage, 174, 97-115.

de Vries W., Van Grinsven J. J. M., Van Breemen N., Leeters E. E. J. M. and Jansen P. C.,
1995. Impacts of acid atmospheric deposition on concentrations and fluxes of solutes in Duch
forest soils. Geoderma, 67, 17-43.

Deboudt K., Flament P. and Bertho M-L., 2004. Cd, Cu, Pb and Zn concentrations in
atmospheric wet deposition at coastal station in Western Europe. Wate, Air Soil Pollut., 151,
335-359.

Derome J. and Nieminen T., 1998. Metal and macronutrient fluxes in heavy-metal polluted
Scots pine ecosystems in SW Finland. Environ. Pollut., 103, 219-228.

Dise N. B. and Wright R. F., 1995. Nitrogen leaching from European forests in relation to
nitrogen deposition. For: Ecol. Manage, 71, 153-161.

Doelman P., 1985. Resistance of soil microbial communities to heavy metals. In: Jensen V.,
Kjoller A., Serensen L. H. (Eds.). Microbial Communities in Soil. Elsevier, Amsterdam. P.
369-384.

Draaijers G. P. J., Erisman J. W., Van Leeuwen N. F. M., Réer F. G., Te Winkel B. H.,
Veltkamp A. C., Vermeulen A. T. and Wyers G. P., 1997. The impact of canopy exchange
on differences observed between atmospheric deposition and throughfall fluxes. Atmos.
Environ., 31(3), 387-397.

Draaijers G. P. J., Erisman J. W., Spranger T. and Wyers, G. P., 1996. The application of

throughfall measurements for atmospheric deposition monitoring. A¢tmos. Environ., 30(19),
3349-3361.

Duce R. A., Liss P. S., Merill E. L., Atlas E. L., Buat Menard P., Hicks B. B., Miller J. M.,
Prospero J. M., Arimoto R., Church T. M., Ellis W., Galloway J. N., Hansen L., Jickells T.
D., Knapp A. H., Reinhardt K. H., Schneider B., Soudine A., Tokos J. J., Tsunogai S., Wollast



76

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

R. and Zhou M., 1991. The atmospheric input of trace species to the world ocean. Glob.
Biogeoch. Cycles, 5, 193-259.

Edmonds R. L., Thomas T. B. and Rhodes J. J., 1991. Canopy and soil modification of
precipitation chemistry in a temperate rain forest. Soil Sci. Am. J., 55, 1685-1693.

Eichhorn J., Haussmann T., Paar U., Reinds G. J. and Vries W., 2001. Assessment of
Impacts of Nitrogen Deposition on Beech Forests: Results from the Pan-European Intensive
Monitoring Programme. Sci. World, 1(S2), 423-432.

Erisman J. W., Beier C., Draaijers G. and Lindberg S., 1993. Deposition monitoring. In:
Lovblad G., Erisman J.E. Fowler D. (Eds.), Models and methods for the quantification of
atmospheric input to ecosystems. The Nordic Council of Ministers, Copenhagen, Denmark.
Nordiske Seminar-og Arbejdsrapporte, 1993, 573, 165-183.

Falkengren-Grerup U., Ericson L., Gunnarsson U., Nordin A., Rydin, H. and Wallen B.,
2000. Does nitrogen deposition change the flora? In: Bertills U., Nasholm T. (Eds.), Effects
of Nitrogen Deposition on Forest Ecosystems. Swedish Environmntal Protection Agency,
Stockholm, p. 77-104.

Fenn M. . and Kiefer J. W., 1999. Throughfall deposition of nitrogen and sulfur in a Jeffrey
pine forest in the San Gabriel Mountains, Southern California. Environ. Pollut., 104, 179—
187.

Fergusson J. E., 1990. The Heavy Elements: Chemistry, Environmental Impact and Health
Effects. Pergamon Press, Oxford.

Fife D. N. and Nambiar K. S., 1984. Movement of nutrients in radiate pine needles in relation
to the growth of shoots. Ann. Bot., 54, 303-314.

Filipivi¢ J. un Pinke D., 1994. Kurzemes ziemelu piekrastes teritorijas radioaktiva un smago
metalu piesarnojuma izpéte. Raziba, 2, 22-28.

Florence R. G. and Chuong P. H., 1974. The influence of soil type on foliar nutrients in Pinus
radiate plantations. Aust. For. Res., 6, 1-8.

Foster N. W., Nicolson J. A. and Hazlett P. W., 1989. Temporal variation in nitrate and
nutrient cations in drainage waters from deciduous forest. J. Environ. Qual., 18, 238-244.

Fowler D., Duyzer J. H. and Baldocchi D. D., 1991. Inputs of trace gases, particles and
cloud droplets to terrestrial surfaces. In: Proceedings of the Royal Society of Edinburgh. 97B,
35-59.

Fritsche U., 1992. Studies on leaching from spruce twigs and beech leaves. Environ. Pollut.,
75, 251-257.

Fritze H., Pennanen T. and Vanhala P., 1997. Impact of fertilizers on the humus layer microbial
community of Scots pine stands growing along a gradient of heavy metal pollution. In: Insam
H., Rangger A. (Eds.), Microbial Comunities: Functional versus Structural Approaches.
Springer, Berlin, p. 68-83.

Giertych M. J. and Werner A., 1996. Phenolich compounds in needles of Scots pine (Pinus
sylvestris L.) damaged by industrial pollution. Abor. Kornickie, 41, 165-172.



77

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

Giller K. E., Witter E. and McGrath S. P., 1998. Toxicity of heavy metal to microorganisms
and microbial processes in agricultural soils: a review. Soil Biol. Biochem., 30,1389-1414.

Gjengedal E. and Steinnes E., 1990. Uptake of metal ions in moss from artificial precipitation.
Environ. Monit. Assess., 14, 77-87.

Gonzalez-Arias A., Amezaga I., Echeandia A., Domingo M. and Onaindia M., 1998. Effects
of pollution on the nutrient return via litterfall for Pinus radiaae plantations in the Baque
Country. Plant Ecol., 139, 247-258.

Gordon A. M., Chourmouzis C. and Gordon A. G., 2000. Nutrient inputs in litterfall and
rainwater fluxes in 27-year old red, black and white spruce plantations in Central Ontario,
Canada. For. Ecol. Manage, 138, 65-78.

Gower C., Rowell D. L., Nortcliff S. and Wild A., 1995. Soil acidification: comparison of
acid deposition from the atmosphere with inputs from the litter/soil organic layer. Geoderma,
66, 85-98.

Hansen K., 1996. In-canopy throughfall measurements of ion fluxes in Norway Spruce.
Atmos. Environ., 30(23), 4065—4067.

Hanson P. J. and Lindberg S. E., 1991. Dry deposition of nitrogen compounds: a review of
leaf, canopy and non-foliar measurements. A¢tmos. Environ., 25(A), 1615-1634.

Harrison R. P. and Johnson D. W., 1992. Inorganic sulphate dynamics. In: Johnson D.W.,
Lindberg S.E. (Eds.), Atmospheric deposition and Forest Nutrient Cycling, Ecological Studies
91, Springer-Verlag, p. 104-118.

Heinrichs H. and Mayer R., 1980. The role of forest vegetation in the biochemical cycle of
heavy metals. J. Environ. Qual. 9, 111-118.

Helmisaari H. S., 1995. Nutrient cycling in Pinus sylvestris stands in eastern Finland. Plant
and Soil, 168-169, 327-336.

Helmisaari H.-S., 1992. Nutrient retranslocation within the foliage of Pinus sylvestris. Tree
Physiol., 10, 45-58.

Helmisaari H.-S., 1990. Temporal variation in nutrient concentrations of Pinus sylvestris
needles. Scand. J. For. Res., 5, 177-193.

Helmisaari H. and Milkonen E., 1989. Acidity and nutrients content of troughfall and soil
leachate in tree Pinus sylvestris stands. Scan. J. For. Res., 4, 13-28.

Houle D., Ouimet R., Paquin R. and Laflamme J. G., 1990. Interactions of atmospheric
deposition with mixed hardwood and a coniferous forest canopy at the Lake Clair Watershed
(Duchesnay, Quebec). Can. J. For. Res., 29, 1944-1957.

Hultberg H. and Grennfelt, P., 1992. Sulphur and seasalt deposition as reflected by throughfall
and runoff chemistry in forested catchments. Environ. Pollut., 75, 215-222.

Hummelshoj P., Ruijgrok W., Semb A., Westling O. and Wyers P., 1993. Dry deposition of
particles. Working group report. In: Lovblad G., Erisman J.E., Fowler D. (Eds.), Models and
methods for the quantification of atmospheric input to ecosystems. The Nordic Council of
Ministers, Copenhagen, Denmark. Nordiske Seminar-og Arbejdsrapporte, 1993, 573, 33-36.



78

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

Hyviérinen A., 1990. Deposition on forest soils-Effect of tree canopy on throughfall. In:
Kauppi P., Anttila P., Kenttdimies K. (Eds.), Acidification in Finland. Springer-Verlag,
Heidelberg, p. 199-213.

Intensive Monitoring of Forest Ecosystems in Europe. Technical Report., 2001. Forest
Intensive Monitoring Coordinating Institute. The Netherlands.

Iwatsubo G. and Tsutsumi T., 1967. On the amount of plant nutrients supplied to the ground
by rain water in adjacent open plot and forests. Kyoto Univ. For. Bull., 39, 110-124.

Johnson D. W. and Lindberg S. E., (Ed.) 1992. Atmospheric Deposition and Forest Nutrient
Cycling. Ecological Studies 91, Springer, New York, p. 707.

Johnson D. W. and Cole D. W., 1980. Anion mobility in soils: relevance to nutrient transport
from forested ecosystems. Environ. Int., 3, 79-90.

Johnson D. W.and Cole D. W., 1977. Sulfate Mobility in an Outwash Soil in Western
Washington. Water Air Soil Pollut., 7, 489-495.

Karltun E. and Gustafsson J. P., 1993. Interference by organic compexation of Fe and Al on
the SO,* ddsorption in spodic B-horizons in Sweden. J. Soil Sci., 44, 625-632.

Kavvadias V. A., Alifragis D., Tsiotsis A., Brofas G. and Stamatelos G., 2001. Litterfall, litter
accumulation and litter decomposition rates in four forest ecosystems in northern Greece.
For. Ecol. Manage, 144, 113-127.

Keilen K., 1978. Spurenelementverteilung und Bodentwicklung im Birhaldegranitgebiet
(Stidschwarzwald). Freiburger Bodenkundliche Abhandlungen, 8, 278.

Kubin E., Lippo H. and Poikolainen J., 2000. Heavy metal loading. In: Mélkdnen E. (Eds.),
Forest condition in a changing environment — the Finnish case. Kluwer Academic, p. 60-71.

Kumala M., 1990. Simulating the formation of acid aerosols. In: Kauppi P., Anttila P.,
Kenttimies K. (Eds.). Acidification in Finland. Springer-Verlag, Berlin, Heidelberg, p. 95—
110.

Laivins M., Rusina S., Frolova M., Lyulko 1., 2007. Pine forest vegetation dynamics at ICP
IM sites in Latvia. 16" Annual Report 2007. Finnish Environment Institute, Helsinki, p. 37—
56.

Laivin$ M., Rasina S., 2006. Augaja intensiva uzskaite. Integralais Monitorings. Parskats par
2006. gada pétijumiem Rucava unTaurené. Riga, 3-15. Ipp.

Laivins M., 1998. Latvijas borealo priezu mezu sinantropizacija uneitrofikacija. Latvijas
Vegetacija, 1, 137 Ipp.

Laivins M. 1996. Integrala monitoringa mezaudzu raksturojums.Integralais Monitorings.
Parskats par 1996. gada pétijjumiem Rucava unTaurené. Riga, 5.—14. lpp.

Laivins M., Lulko I. un Frolova M., 1996. Nokrisnu kimiska sastava dinamika Rucava.
Mezzinatne, 6(39), 57-66.

Latvijas vides indikatoru parskats 2001, 2001. Riga : Latvijas Vides agentura, 124. Ipp.



79

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

Lee D. S., Dollard G. J., Derwent R. G. and Pepler S., 1999. Observation on gaseous and
aerosol components of atmospheric and their relationships. Water Air Soil Pollut., 113, 175—
202.

Likens G. E., Driscoll C. T. and Buso D. C., 1996. Long-term effects of acid rain: response
and recovery of a forest ecosystems. Science, 272, 244-246.

Lindberg S. E. and Lovett G. M., 1992. Deposition and forest canopy interactions of airbone
sulphur: Results from the integrated forest study. Atmos. Environ., 26A(8), 1477-1492.

Lindberg S. E., 1992. Atmospheric Deposition and Canopy Interactions of Sulfur. In: Johnson
D. W, Lindberg S. E. (Eds.). Atmospheric Deposition and Nutrient Cycling. Ecological
Studies 91, Springer-Verlag, p. 74-90.

Lindberg S. E., Harris R. C., Hoffman W. A. Lovett Jr, G. M. and Turner R. R., 1989.
Atmospheric chemistry, deposition, and canopy interactions. In: Johnson, D. W., Van Hook,
R. I. (Eds.). Analysis of Biogeochemical Cycling Processes in Walker Branch Watershed.
Springer-Verlag, New York, Berlin, p. 96-163.

Lindberg S.E. and Garten Jr. C.T., 1988. Sources of sulphur in forest canopy throughfall.
Nature 336, 148—151.

Lindberg S. E., Lovett G. M., Richter D. D. and Johnson D. W., 1986. Atmospheric depositions
and canopy interactions of major ions in a forest. Science, 231, 141-145

Lovblad G., Hovmand M., Reissel A., Westling O., Aamlid D., Hyvérinen A. and
Schaug J., 1994. Throughfall Monitoring in the Nordic Countries, Institute fér vatten och
luftvardsforskning, Swedish Environmental Research Institute, [IVL Publ.B 1132.

Lovblad G. and Westling O., 1989. Methods for determination of atmospheric deposition. In:
Gyllin M., Nihlgéard B. (Eds.), Methods for integrated monitoring in the Nordic countries.
Mijerapport ,11, 19-62.

Lovett G. M., 1994. Atmospheric deposition of nutrients and pollutants in North America: an
ecological perspective. Ecol. Applic., 4, 629-650.

Lovett G. M., and Lindberg S. E., 1993. Atmospheric deposition and canopy interactions of
nitrogen in forests. Can. J. For. Res., 23, 1603—1616.

Lovett G. M., 1992. Atmospheric deposition and canopy interactions of nitrogen. In:
Johnson, D. W., Lindberg, S. E. (Eds.), Atmospheric Deposition and Forest Nutrient Cycling.
Ecological Studies 91. Springer-Verlag, New York, NY USA, p.152-166.

Lovett G. M. and Schaefer D. A., 1992. Canopy interaction of Ca®, Mg?>" and K. In:
Johnson, D. W., Lindberg, S. E. (Eds.). Atmospheric Deposition and Forest Nutrient Cycling.
Ecological Studies 91. Springer-Verlag, New York, p. 253-275.

Lovett G. M. and Kinsmann J. D., 1990. Atmospheric pollutant deposition to high-elevation
ecosystems. Atmos. Environ., 24(A), 2767-2786.

Lumme 1., Arkhipov V. and Kettunen 1., 1995. Deposition gradients and foliar and soil
leachate concentrations of air pollutant in Scots pine stands of S.-E. Finland and the Karelian
Isthmus, N-W. Russia. Water Air Soil Pollut., 85, 1263—1268.



80

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

Lyulko I. and Frolova M., 2001. Report of national ICP IM activities in Latvia
2000 — 2001. 10" Annual Report 2001. Finnish Environment Institute, Helsinki,
p. 50-55.

Milkénen E., 1974. Annual primary production and nutrient cycle in some Scots pine stands.
Commun. Inst. For. Fenn., 84(5), 1-87.

Manual for Integrated Monitoring. 1998. UN ECE Convention on Long-Range Transboundary
Air Pollution. International Co-operative Programme on Integrated Monitoring of Air
Pollution Effects on Ecosystems. — Finnish Environment Institute, Impacts Research Division,
Helsinki. Available from: http://www.ymparisto.fi/default.asp

Matzner E. and Meiwes K. J., 1994. Long-term development of element fluxes with bulk
precipitation and throughfall in two German forests. J. Environ. Qual., 23, 162—166.

Matzner E. and Ulrich B., 1981. Effect of acid precipitation on soil. In: Fazzolare R. A.,
Smith C. B. (Eds.). Beyond the energy crisis. Opportunity and Challenge. Third International
Conference on Energy Use Management, Berlin/West. October 26-30, 1981. Pergamon Press.
Vol. 11, 555-564.

Maurina H., 1987. Augu fiziologija., Riga : Zvaigzne, 104-116. lpp.

Merington G. and Alloway B. J., 1997. Determination of the resedial metal binding
characteristics of soils polluted by Cd and Pb. Water Air Soil Pollut., 95, 229-311.

Migon C., Morelli J., Nicolas E. and Copin-montegt G., 1991. Evaluation of total atmospheric
deposition of Pb, Cd, Cu and Zn to the Ligurian Sea. Sci. Total Environ, 105, 135-148.

Miller H. G., 1984. Dynamics of nutrient cycling in plantation ecosystems. In: Bowen G. D.,
Nambiar E. K. S. (Eds.). Nutrition of plantation forests. London : Academic Press, p. 53—78.

Miller H. G., Cooper J. M., Miller J. D. and Puline O. J. L., 1978. Nutrient cycles in pine and
their adaptation to poor soils. Can. J. For. Res., 9, 19-26.

Moffat A. J. Kvaalen H., Solberg S. and Clarke N., 2002. Temporal trends in throughfall and
soil water chemistry at three Norwegian forests, 1986-1997. For. Ecol. and Manage, 168,
15-28.

Muller B., Touraine B. and Renneberg H., 1996. Interaction between atmospheric and
pedospheric nitrogen nutrition in spruce (Picea abies L. Karst) seedlings. Plant, Cells
Environ., 19, 345-355.

Murphy C. E. and Sigmon J. T., 1990. Dry deposition of sulphur and nitrogen oxide gases to
forest vegetation. In: Lindberg S. E., Page A. L., Norton S. A. (Eds.). Acid precipitation 3.
Sources, deposition, and canopy interactions. Springer-Verlag, New York, p. 217-240.

Nielsen K. E. and Nernberg P., 1994. Test of different lysimeter types and suction on sandy
soils in Denmark. Proc. Workshop., Process Studies in Ecosystems on Poor Sandy Soils.,
Hjerl Hede, Denmark, 6-10 September 1994.

Nieminen T. M., Derome J. and Helmisari H. S., 1999. Interaction between precipitation
and Scots pine canopies along a heavy-metal pollution gradient. Environ. Pollut., 106(1),
129-137.



81

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

Nikodemus O., Brumelis G., Tabors G., Lapina L. and Pope S., 2004. Monitoring of air
pollution in Latvia between 1990 and 2000 using moss. J. Atm. Chem., 49, 521-531.

Nilsson S. I. and Bergkvist B., 1983. Aluminium chemistry and acidification processes in a
shallow podzol on a Swedish westcoast. Water Air Soil Pollut., 20, 311-329.

Nissinen A. and Ilvesniemi H., 1990. Effects of acid deposition n exchangeable cations,
acidity and aluminium solubility in forest soils and soil solution. In: Kauppi P., Anttila P.,
Kenttamies K. (Eds.). Acidification in Finland. Berlin, Heidelberg: Springer-Velrag, p. 287—
304.

Nriagu J. O., 1996. A history of global metal pollution. Science, 272, 223-224.

Nussbaum S., von Ballmoos P., Gfeller H., Schlunegger U. P., Fuhrer J., Rhodes D. and
Brunhold, C., 1993. Incorporation of atmospheric '*NO,-nitrogen into free amino acids by
Norway spruce Picea abies (L.) Karst. Oecologia, 94, 408—414.

Oltchev A., Cermak J., Gurtz J., Kiely G., Nadezhdina N., Zappa M., Lebedeva N., Vitvar
T., Albertson J.D., Tatarinov F., Tishenko F., Nadezhdin V., Kozlov B., Ibrom A., Vygodsaya
N., Gravenhorst G. 2002., The response of the water fluxes of the boreal forest region at the
Volga’s source area to climatic and land-use changes. Phys. Chem. Earth., 27(9—-10), 675—
690.

Osono T. and Takeda H., 2004. Potassium, calcium, and magnesium dynamics during litter
decomposition in a cool temperate forest. Scan. J. For. Res., 9, 23-31.

Pajuste K., 2004. Deposition and transformation of air pollutants in coniferous forests
[dissertation]. University of Tartu. Estonia, p. 9-43.

Parker G. G., 1983. Throughfall and stemflow in the forest nutrient cycle. Adv. Ecol. Res., 1,
58-133.

Pedersen L. B. and Bille-Hansen J., 1999. A comparison of litterfall and element fluxes in
even aged Norway spruce, Sitka spruce and beech stands in Denmark. For. Ecol. Manage,
114, 55-70.

Pennanen T., 2001. Microbial communities in boreal coniferous forest humus exposed to
heavy metals and changes in soil pH — a summary of the use of phospholipids fatty acids,
Biolog® and *H-thymidine incorporation methods in field studies. Geoderma, 100, 91-126.

Perala D. A. and Alban D. H., 1982. Biomass, nutrient distribution and litterfall in Populus,
Pinus and Picea stands on two different soils in Minnesota. Plant and Soil, 64, 177-192.

Pérez-Soba M. and Van der Eerden L. J. M., 1993. Nitrogen uptake in needles of Scots pine
(Pinus sylvetris L.) when exposed to gaseous ammonia and ammonium fertilizer in the soil.
Plant and Soil, 153, 231-242.

Piirainen S., 2002. Nutrient fluxes through a boreal coniferous forest and effects of clear-
cutting [dissertation]. University of Joensuu. Joensuu, p. 9-49.

Piirainen S., Finer L. and Starr M., 2002. Deposition and leaching of sulphate and base
cations in a mixed boreal forests in Eastern Finland. Water Air Soil Pollut., 131, 185-204.



82

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

Piirainen S., Finer L.and Starr M., 1998. Canopy and soil retention of nitrogen deposition in
a mixed boreal forest in eastern Finland. Water Air Soil Pollut., 105, 165-174.

Potter C. S., Ragsdale H. L. and Swank, W. T., 1991. Atmospheric deposition and foliar
leaching in a regenerating Southern Appalachian forest canopy. J. Ecol., 79, 97-115.

Prescott C. E., 2002. The influence of the forest canopy on nutrient cycling. Tree Physiol.,
22, 193-1200.

Prescott C. E., Corbin J. P. and Parkinson D., 1992. Immobilization and availability of N and
P in the forest floors of fertilized Rocky Mountain coniferous forests. Plant and Soil, 143,
1-10.

Ragsdale H. L., Lindberg S. E., Lovett G. M. and Schaefer D. A., 1992. Atmospheric
deposition and throughfall fluxes of base cations. In: Johnson D. W., Lindberg S. E. (Eds.).
Atmospheric Deposition and Forest Nutrient Cycling. Ecological Studies 91. Springer-Verlag,
New York, NY USA, p. 235-253.

Regionalais meZa monitorings 2002. gada novérojumu rezultati., 2003. Riga : Valsts meza
dienests. Pieejams: http://www.vmd.gov.lv/doc_upl/Monitorings2002.pdf, 2004. g. 15. nov.

Reimann C., Koller F., Kashulina G., Niskavaara H. and Englmaier P., 2001. Influence of
extreme pollution on the inorganic chemical composition of some plants. Environ. Pollut.,
115, 239-252.

Remoudaki E., Bergametti G. and Losno R., 1991. On the dynamic of the atmospheric input
of copper and manganese into the western Mediterranean Sea. Atmos. Environ., 25A(3/4),
733-744.

Renberg 1., Brannvall M-J., Bindler R. and Emteryd O., 2000. Atmospheric lead pollution
history during four millennia (200 BC to 2000 AD) in Sweden. Ambio, 29(3), 150-156.

Rennenberg H., Kreutzer K., Papen H. and Weber P., 1998. Consequences of high loads
of nitrogen for spruce (Picea abies) and beech (Fagus sylvatica) forests. New Phytol., 139,
71-86.

Reuss J. O., Cosby B. J. and Wright R. F., 1987. Chemical processes governing soil and
water acidification. Nature, 329, 27-32.

Robert B., Caritat A., Bertoni G., Vilar L and Molinas M., 1996. Nutrient content and Seasonal
fluctuations in the leaf component of cork-oak (Quercus suber L.) litterfall. Vegetatio, 122,
29-35.

Riihling A., Steinnes E. and Berg T., 1996. Atmospheric heavy metal deposition in Northen
Europa 1995. Nord, 13, 45.

Riihling A., Brumelis G., Goltsova N., Kvietkus K., Kubin E., Liiv S., Magnusson S.,
Maikinen A., Pilegaard K., Rasmussen L., Sander E., and Steinnes E., 1992. Atmospheric
heavy metal deposition in northern Europe 1990. Nord, 1992(12), 1-41.

Riihling A. and Tyler G., 1973. Heavy metal pollution and decomposition of spruce needle
litter. Oikos, 24, 402—416.



83

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

Salemaa M., Vanha-Majamaa 1., Derome J., 2001. Understorey vegetation along heavy-metal
pollution gradient in SW Finland. Environ. Pollut., 112, 339-350.

Schaefer D. A., Lindberg S. E. and Lovett, G. M., 1992. Processing of acidic deposition:
canopy interactions. In: Johnson D. W., Lindberg S. E. (Eds.). Atmospheric Deposition and
Forest Nutrient Cycling. Ecological Studies 91. Springer, New York, p. 444-449.

Scherbatskoy T. and Klein R. M., 1983. Response of spruce and birch foliage to leaching by
acidic mists. J. Environ. Qual., 12, 189-193.

Schneider S., Gefler A., Weber P., von Sengbusch D., Hanemann U. and Rennenberg H.,
1996. Soluble N compounds in trees exposed to high loads of N: a comparison of spruce
(Picea abies) and beech (Fagus sylvatica) grown under field conditions. New Phytol., 134,
103-114.

Schnitzer M. and Skinner S. I. M., 1967. Organ-metallic interactions in soil: 7. stability
constants of Pb™", Ni"", Mn**, Co™ and Mg"" fulfic acid complexes. Soil Sci., 102, 361-365.

Schrier G. A., 1987. Throughfall chemistry in a red maple province plantation sprayed with
“acid rain”. Can. J. For. Res., 17, 660—665.

Schultz R., 1987. Vergleichende Betrachtung des Schwermetallhauhalts verschiedener
Walddkosysteme Norddeutschlands. Berichte des Forschungszentrums Walddkosysteme der
Universitdt Gottingen, Reihe A, Bd. 32

Seip H.M., 1983. Deposition-soil-water interactions. Summary document. In: Ecological
effects of acid deposition. National Swedish Protection Board. Report PM 1636,119-127.

Seitzinger S. P. and Sanders R. W., 1999. Atmospheric inputs of dissolved organic nitrogen
stimulate estuarine bacteria and phytoplankton. Limnol. Oceon., 44, 721-730.

Sigmon J. T., Gilliam F. S. and Partin M. E., 1989. Precipitation and throughfall chemistry
for a mountain hardwood forest ecosystem: potential contributions from cloud water. Can. J.
For. Res., 19, 1240-1247.

Singh B. R., Abrahamsen G. and Stuanes A., 1980. Effect of simulated acid rain on sulfate
movement in acid forest soils. Soil Sci. Soc. Amer. J., 44, 75-80.

Slovik S., Balazs A., Siegmund A., 1996. Canopy throughfall of Picea abies (L.) Karst. as
depending on trace gas concentrations. Plant and Soil, 178, 295-310.

Smith W.H., 1995. Air polllution and forests. Springer—Verlag, p. 96—126.

Smith W. H., 1990. Air Pollution and Forests: Interactions Between Air Contaminants and
Forest Ecosystems. Springer-Verlag, New York, p. 618.

Sparks D.L., 1995. Environmental soil chemistry. Department of Plant and Soil Sciences.
University of Delaware Newark Academic Press, Delaware, p. 53-211.

Staaf H. and Berg B., 1981. Accumulation and release of plant nutrients in decomposing
Scots pine needle litter. Long — term decomposition in a Scots pine forest Il . Can. J. Bot.,
60, 1561-1568.



84

169.

170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

182.

Stachurski A. and Zimka J. R., 2002. Atmospheric deposition and ionic interactions within a
beech canopy in the Karkonosze Mountains. Environ. Pollut., 118, 75-87.

Stachurski A. and Zimka J. R., 2000. Atmospheric input of elements to forest ecosystems: a
method of estimation using artificial foliage placed above rain collectors. Environ. Pollut.,
110, 345-356.

Stachurski A., 1987. Nutrient control in throughfall waters of forest ecosystems. Ecologia
polska, 35, 3—69.

Stevenson F. J., 1975. Binding of Metal Ions by Humic Acids. In: Nriagu J. O. (Eds.). 2™
Intern. Symp. on Environ. Biochemistry, Canada Centre for Inland Waters, Burlington, Okt.
1975, p. 34.

Stoddard J. L., Jeffries D. S., Ltikkewille A., Clair T. A., Dillon P. J., Driscoll C. T., Forsius M.,
Johannesen M., Kahl J. S., Kellog J. H., Kemp A., Mannio J., Monteith D. T., Murdoch P. S.,
Patrick S., Rebsdorf A., Skjelkvéle B. L., Stainton M. P., Traaen T., van Dam H., Wbster K.
E., Wieting J. and Wilander A., 1999. Regional trends in aquatic recovery from acidification
in North America and Europe. Nature, 410, 575-578.

Stoddard L. J., 1994. Long-Term Changes in Watershed Retention of Nitrogen. In
Environmental Chemistry of Lake and Reservoirs. Baker, L.A., Ed. Advances in Chemistry
Series No. 237. Oxford University Press, New York, p. 223-284.

Stumm W., 1992. Chemistry of the Solid — Water Interface. Wiley, New York.Stoddard L.
J., 1994. Long-Term Changes in Watershed Retention of Nitrogen. In: Baker L. A. (Eds.).
Environmental Chemistry of Lake and Reservoirs. Advances in Chemistry Series No. 237.
Oxford University Press, New York, p. 223-284.

Tamminen P. and Starr M., 1990. A Survey of forest soil properties related to soil acidification
in Southern Finland. In: Kauppi P., Anttila P., Kenttdmies K. (Eds.). Acidification in Finland,
Springer-Verlag, Berlin, p. 237-251.

Terauda E., Nikodemus O., 2007. Sulphate and nitrate in precipitation and soil water in pine
forests in Latvia. Water Air Soil Pollut: Focus, 7: 77-84.

Terauda E. and Nikodemus O., 2006. Element Inputs by Litterfall to the Soil in Pine Forest
Ecosystems. Environ. Bioind., 1 (2), 145-156.

Turkey H. B., 1980. Some effects of rain and acid mist on plants, with implications for
acid precipitation. In: Hutchinson T. C., Havas M. (Eds.). Effects of Acid Precipitation on
Terrestrial Ecosystems. Plenum Press, New York, p. 141-150.

Turkey H. B., 1970. The leaching of substances from plants. Annual Review of Plant
Physiology and Molekylar, 21: 301-321.

Ukonmaanaho L. and Starr M., 2002. Major nutrients and acidity: budgets and trends at four
remote boreal stands in Finland during the 1990s. Sci. Total Environ., 297, 21-41.

Ukonmaanaho L., 2001. Canopy and soil interaction with deposition in remote boreal forest
ecosystems: a long-term integrated monitoring approach [dissertation]. Helsinki : University
of Helsinki, p. 8-54.



85

183.

184.

185.

186.

187.

188.

189.

190.

191.

192.

193.

194.

195.

Ukonmaanaho L., Starr M. Mannio J. and Ruoho-Airola T., 2001. Heavy metal budgets for
two headwater forested catchments in background areas of Finland. Environ. Pollut., 114,
63-75.

Ukonmaanaho L., Starr M. and Ruoho-Airola T., 1998a. Trends in sulfate, base cations and
H* concentrations in bulk precipitation and throughfall at integrated monitoring stations in
Finland 1989-1995. Water Air Soil Pollut., 105, 353-363.

Ukonmaanaho L., Starr M., Hirvi J.-P., Kokko A., Lahermo P., Mannio J., Paukola T., Ruoho-
Airola T. and Tanskanen H., 1998b. Heavy metal concentrations in various aqueous and biotic
media in Finnish Integrated Monitoring catchments. Boreal Environ. Res., 3, 235-249.

Ulrich B., 1983. Soil acidity and its relations to acid depositions. In: Ulrich B., Pankrath J.
(Eds.). Effects of accumulations of air pollutants in forest ecosystems. D. Dordrecht : Reidel
Publishing Company, p.127-146.

Ulrich B. B. P, Harris W. F., Khanna P. K. and Mayer R., 1981. Soil Processes. In: Reichle
D.E. (Eds.), Dynamic Properties of Forest Ecosystems. Cambridge University Press, Inter.
Biol. Programme, 23, 265-339.

Van Breemen N., Driscoll C. T. and Mulder J., 1984. Acidic deposition and internal proton
sources in acidification of soils and waters. Nature, 307, 599-604.

Veltkamp A. C., and Wyers G. P., 1997. The Contribution of root-derived sulphur to sulphate
in throughfall in a Douglas fir forest. Afmos. Environ., 31, 1385-1391.

Verloo M., Kiekens L. and Cottenie A., 1973. Experimental Study of Zinc and Copper
Mobility in the Soil. Meded. Faculteit Landbouwwetenschappen Rijksuniversiteit, Gent, 38,
380-388.

Viro P. J., 1955. Investigations in forest litter. Commun. Inst For. Fenn., 45(6), 1-65.

Vogt K., Grier C. C. and Vogt D. J., 1986. Production, turnover and nutrient dynamics of
above — and below — ground detritus of world forests. Adv. Ecol. Res., 15, 303-377.

Weber P., Nufbaum S., Fuhrer J., Gfeller H., Schlunegger U. P., Brunold C. and Renenberg
H., 1995. Uptake of atmospheric '"NO, and its incorporation into free acids in wheat (Triticum
aestivum). Physiologia Plantarum, 94, 71-77.

Zapletal M., 2001. Atmospheric deposition of nitrogen and sulphur compounds in the Czech
Republic. Sci. World, 1(S2), 294-303.

Zimka J. R. and Stachurski A., 1996. Forest decline in Karkonsze Mts. (Poland). Part II.
An analysis of acidity and chemistry of atmospheric precipitation, throughfall and forest
streamwaters. Ekologia polska, 44, 153-177.

Interneta resurss:
http//:www.meteo.lv (skatits 11. 2007.)



86

Pateicibas

Promocijas darba autore izsaka pateicibu Latvijas Vides, geologijas un meteorologijas
agentirai un personigi Iraidai Lulko un Marinai Frolovai par iesp&jam izmantot integrala
monitoringa datus, profesoram Marim Laivinam par informaciju petijumu parauglaukumu
vegetacijas apzinaSana, profesoriem Marim Klavipam un Guntim Brimelim par
konsultacijam darba izstrades gaita un Biologijas fakultates darbiniekiem Licijai Lapinai
un Guntim Taboram par palidzibu, paraugu ktmisko analizu veiksana.
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Abstract The SO,—S and NOs—N concentrations and
pH in bulk precipitation, throughfall, stemflow and
soil water for the 19942004 period were studied in
pine forests in Latvia (Rucava and Taurene Integrated
Monitoring stations). The SO,~S and NO;-N con-
centrations decreased over the study period, simulta-
neously with a decrease of acidity in precipitation.
The changes were more evident in the western part of
Latvia, probably due to declining long-range air
pollution from West Europe. The trend of decreasing
sulphate concentrations and increasing pH in precip-
itation were not followed by respective changes in
soil water. In the upper soil horizon sulphate ion
concentrations and acidity increased in soil water.
Over the observation period, nitrate concentrations
also showed an increasing trend in soil water at
Rucava and Taurene, but these changes were not
statistically significant.

Keywords bulk precipitation - nitrate - pine forest -
soil water - stemflow - sulphate - throughfall
1 Introduction

Many environmental pollutants (particularly S and N
compounds) can affect functioning of forest ecosys-

E. Terauda (<) - O. Nikodemus

Faculty of Geography and Earth Sciences,

University of Latvia, 19 Rainis Blvd., Riga 1586, Latvia
e-mail: evija.terauda@lu.lv

tems (Luttermann & Freedman, 2000). The availabil-
ity of N compounds controls many aspects of
biogeochemical processes and exerts a strong influ-
ence on net primary production in terrestrial ecosys-
tems (Schachtschabel, Blume, Briimmer, Hartge, &
Schwertmann, 1989). Deposition of N and S can
cause soil acidification, leading to leaching of base
cations and aluminium from the soil (Stoddard et al.,
1999) and increased movement of nitrogen com-
pounds and base cations into surface waters (Beier,
Eckersten, & Gundersen, 2001). It has been proposed
that more forest ecosystems will reach the stage of
nitrogen saturation and that nitrogen leaching from
soil may increase (Eichhorn, Haussmann, Paar,
Reinds, & Vries, 2001).

Forest canopies capture aerosol — gaseous forms of
elements, supplementing the element pool received by
the ecosystems from the atmosphere (Bytnerowicz &
Fen, 1996; Lee, Dollard, Derwent, & Pepler, 1999).
Tree canopies can absorb nitrogen from the atmo-
sphere, and this process relates to both ammonium
and nitrate ions (Stachurski & Zimka, 2000). Consid-
erable changes occur in element concentrations as
precipitation water passes through tree canopies.
Concentrations of chemical substances in bulk pre-
cipitation, throughfall and stemflow differ disparately
(Ukonmaanaho, 2001).

Up to now, studies on the concentrations and depo-
sition of pollutants from the atmosphere and their pos-
sible impact on the forest ecosystems in Latvia have
relied mainly on data regarding the chemical composition
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of bulk precipitation (Laivins, Lulko, & Frolova, 1996).
More recently, investigations of quantitative and quali-
tative indices of water flow in forest ecosystems in Latvia
can provide new information about pollutant transfor-
mations in the forest canopy and soil buffer capacity, and
chemical element outputs from forest soil. This is espe-
cially important for forests in the boreo-nemoral zone,
where these types of studies are few. In this paper, we
present data on SO,~S and NO;-N concentrations in
bulk precipitation as it passes through the canopy and
soil humus layer of a coniferous stand. The objectives of
the study were: (1) to present the changes and time trends
of SO4~S and NOs-N concentrations and pH in bulk
precipitation (BP), throughfall (TF), stemflow (SF) and
soil water (SW) at two ICP-IM stations in Latvia during
the period 1994-2004; (2) to evaluate differences
between the concentrations in BP, TF, SF and SW; (3)
to assess relationships between sulphate and nitrate con-
centrations in SW and precipitations.

2 Materials and Methods

For this study, data from the Integrated Monitoring
(IM) network were used, which in Latvia includes the
Latvian Environment, Geology and Meteorology
Agency in cooperation with the University of Latvia.

Fig. 1 Location of the
study sites

0 250 500 1000 Km
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2.1 Study Area

Two Integrated Monitoring (IM) stations, in Rucava
and Taurene, have been established in Latvia. These
stations are located in two different natural regions:
the Coastal Lowland and central part of Latvia on the
Vidzeme Upland (Fig. 1). Each station is situated in
forested and undisturbed areas. The dominant tree
species in the Rucava stand is Scots pine (Pinus
sylvestris). The Taurene stand is a mixture of Scots
pine, Norway spruce (Picea abies), and birch (Betula
pendula). The canopy coverage in the Rucava stand is
85% but in the Taurene stand 70%. The soil type at
both locations is Haplic podzol on sand parental soil.

2.2 Sample Collection and Analysis

The sampling procedures and methods followed the
standards of the Integrated Monitoring Manual (Man-
ual for Integrated Monitoring, 1998). Three bulk
precipitation (BP) collectors (NILU type) were placed
in an open area at a height of 120 cm and such that
the nearest trees did not shadow the collectors. They
remained open constantly, even when there was no
precipitation. During winter, buckets were used for
snow sampling. Throughfall (TF) was collected with
seven funnel-type collectors in summer and with

Taurene
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buckets in winter. The BP and TF collection bottles
were covered with aluminium foil to keep the samples
cool and dark. Stemflow (SF) water was collected at
each IM station from the dominant species — Scots
pine. Spiral type collectors were installed around 10
trees per site. The BP was collected once every
10 days, TF and SF were collected every 15 days.
Collection of SF was performed only during the
snow-free period. The samples were composited once
a month for an average sample.

Soil water (SW) was collected using two humus
(cylinder) type lysimeters, which were installed at a
10-cm depth to collect water, filtered through the O
horizon. The soil water was pumped out at the end of
each month, but in spring immediately after soil thaw.

Chemical analyses were performed for pooled
monthly samples. The samples were stored in dark
and cool (+4°C) conditions until analysis. Before anal-
ysis TF and SF samples were filtered using Schleicher
& Schuell 589 filter paper. The pH was determined
by potentiometric method immediately after sampling
and the SO4—S and NO3;—N levels by ion chromatog-
raphy (Manual for Integrated Monitoring, 1998).

2.3 Data Handling and Statistical Analysis

Annual precipitation-weighted mean concentrations
were calculated for each site. Annual deposition
values were calculated by multiplying the concentra-
tion from collected samples by the corresponding
amount of precipitation (in mm).

The pH values were converted to H' before
calculation of the mean pH value. Because of a non-
normal distribution, non-parametric statistics were
used: Mann—Kendall test for detecting trends in the
time series, Paired-Samples T-test for testing differ-
ences between mean annual concentrations in BD, TF,
SF and SW, Mann—Whitney U test for testing differ-
ences between IM plots. A significance level of p<
0.05 has been chosen to represent a statistically
significant difference between data sets.

3 Results and Discussion

The amount of precipitation during the study period
varied from 395.5 to 973.8 mm at Rucava, and from
470.6 to 801.3 mm at Taurene (Table 1). Sulphate and
nitrate in the atmosphere can have significant impact
on the pH of precipitation. The mean annual pH of BP
within the study period varied from 4.5 (+0.89) in
1996 to 5.9 (£0.79) in 2004 at Rucava IM site and
from 4.8 (£1.02) in 1997 to 5.8 (£0.66) in 2002 at
Taurene IM site. Although there is no explicit
tendency growth of precipitation pH per years, the
positive linear trend for pH was statistically signifi-
cant (»p<0.05) at both stations during 1994-2004
(Fig. 2). Similarly, pH significantly increased also in
TF. The mean annual pH of TF at Rucava increased
from 4.4 (£0.42) to 5.4 (+0.81), but at Taurene from
4.5 (0.5) to 5.8 (+0.67). The mean annual pH in SF
at both monitoring stations was significantly lower
than in BP and TF (Fig. 3). Throughfall and stemflow
of coniferous forests usually have a lower pH than
bulk precipitation. This represents an increase in free
acidity under coniferous canopy. Therefore, acid
interception by the conifer canopy is higher than dry
deposited basic compounds or buffering capacity
(Pajuste, 2004). As the water flows through the
canopy and along the stem, it absorbs solutes and
dry deposition captured by the surface of the needles
and bark (Parker, 1983). Stemflow average pH
parameters in Rucava per years varied from 3.9
(£0.19) to 4.2 (+0.27), but in Taurene from 3.8
(#0.1) to 4.4 (£0.72).

The increase of precipitation pH value in recent
years in BP and TF has been explained by a greater
decrease in acidic anion concentrations (Moffat,
Kvaalen, Solberg, & Clarke, 2002).

At IM stations in Latvia the SO4—S ion concen-
trations in*both BP and TF and SF showed a
significant negative linear trend (Fig. 4). The weight-
ed annual mean SO4-S ion concentrations in BP at
Rucava changed from 2.54 (£1.38) in 1997 to 0.52

Table 1 The annual precipitation (mm) amount at the Rucava (R IM) and Taurene (T IM) Integrated Monitoring stations 1994-2004

1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004
RIM 490.5 631.5 3955 468.7 973.8 5279 639.9 846.1 7653 794.6 586.2
TIM 518.0 666.3 480.4 506.5 727.9 470.6 756.0 693.8 644.2 716.3 801.3

@ Springer
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Fig. 2 pH changes in bulk 8

precipitation at the Rucava

and Taurene IM stations T

= = = =Linear (Taurene)
Linear (Rucava)

Rucava
R =0.1185,n=123
Taurene

(£0.28) mg/l in 2000, in TF from 4.43 (¥2.39) in
1997 to 0.89 (£0.56) mg/l in 2000 and in SF from
9.79 (£3.56) in 1997 to 2.45 (+1.14) mg/l in 1998,
but at Taurene, respectively, from 1.84 (+1.4) in 1997
to 0.4 (£0.12) mg/l in 2004, from 2.47 (£1.76) in
1997 to 0.56 (£0.22) mg/l in 2004 and from 6.95
(£2.17) in 1995 to 0.98 (£0.61) mg/l in 2002. More
significant decrease in SO,—S concentrations and acid
precipitation were observed in Rucava compared to
Taurene and this could be related to a declining impact
of long-range transboundary air pollution in Latvia.

The concentrations of SO4~S in Taurene and
Rucava increased in the order: BP<TF<SF. Sulphate
concentrations in TF and SF were significantly higher
than those in BP (Table 2).

Because SO3~ shows little interaction with cano-
pies (Bredemeier, 1988; Lindberg, Lovett, Richter, &
Johnson, 1986), the SO~ enrichment of throughfall
and stemflow is primarily the result of wash-off of

& Rucava IM
0O Taurene IM

pH
W R Ko 2

)

Throughfall
Fig. 3 Annual mean pH (&standard deviation) of bulk
precipitation, throughfall and stemflow at the Rucava and
Taurene IM stations during 1994-2004

Bulk precipitation Stemflow
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accumulated dry deposition (Lindberg & Lovett,
1992). The very high sulphate concentration in BP,
TF and SF at Rucava and Taurene in 1997 was related
with a relatively dry year in 1996 (Table 1) and
increased dry element deposition and accumulation on
pine needles, branches and stems.

The mean annual deposition of SO,~S through BP
and TF is presented in Table 3. Stemflow, particularly
in coniferous forests, has little importance on contri-
bution to ion fluxes at the stand scale but is important
at the scale of individual trees (Gower, Rowell,
Nortcliff, & Wild, 1995; Ukonmaanaho, 2001). The
SF volumes were very small, representing only 0.3%
in Rucava and 0.4% in Taurene of the rainfall, and
therefore it is not considered further in deposition
calculations. Although greater SO,~S deposition
through BP and TF were observed in Rucava
compared to Taurene, the observed changes between
the IM stations were not statistically significant and the
differences between BP and TF were not substantial.

The deposition of SO4—S derived from BP and TF
did not change during the monitoring period. The
only statistically significant decreasing trend was
estimated for SO4—S deposition in BP at Taurene,
where the annual mean SO,—S of precipitation
dropped from 9.32 to 3.2 kgha ' yr™'. The highest
deposition of SO4~S through BP in IM stations 10.61
(£1.82) kg ha™' yr™! was observed in 1997, but the
lowest 3.4 (+0.3) kg ha™ yr_l in 2004. The respective
values through TF were 15.91 (¢8.1) kg ha' yr™! in
1997 and 4.5 (+1.03) kg ha™' yr™! in 2004.

During our observation period, the concentrations of
nitrate ions in precipitation both in Rucava and in
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Taurene IM stations showed decreasing trends (Fig. 5).
However, compared to changes in SO4,-S concentra-
tion, where the decrease was statistically significant, the
decline in NO5-N in neither studied types of precipi-
tation was considerable, except in stemflow at Rucava.

1998 1999 2000 2001 2002 2003

2004

Nitrate concentrations in TF and SF were significant-
ly higher than in BP at Rucava station but the differences
at Taurene station were not statistically significant
(Table 2). Results showed that in boreo-nemoral forests
in Latvia the mean concentrations of NO;-N in water

Table 2 Mean (volume-weighted) annual concentration (+standard deviation) from monthly data in bulk precipitation (BP),
throughfall (TF), stemflow (SF) and soil water (SW) under O horizon during 19942004

S0,-S (mg/l) NO;-N (mg/l)

Rucava

BP 1.00£0.56 a 0.67+0.22 b

i 1.55+0.98 b 0.87+0.17 c

SF 4.63+2.44 c 3.87+3.19 d

Sw 5.54+1.35 cd 0.07+0.05 a
Taurene

BP 0.84:0.47 a 0.45+0.13 b

IE 1.12+0.54 b 0.56+0.19 be

SF 3.07£2.16 c 0.76+0.76 bed

SwW 5.04+1.8 cd 0.04+0.02 a

For each ion values followed by the same letter do not significantly (p<0.05) differ from each other
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Table 3 Comparison b mean (+standard deviation) dep of ions through bulk precipitation (BP) and throughfall (TF) for
the Rucava and Taurene IM stations during 1994-2004
Rucava IM Taurene IM U test

S04-S (kg ha™' year™)

BP 6.33+2.57 5.07£2.21 n.s

TF 7.93+4.86 5:73+2.2 ns
NO3-N (kg ha™' year ")

BP 441+1.65 2.21+0.92 i

TF 4.38+1.08 291%1.1 e

*=p<0.05; n.s.=not significant

types did not follow the order BP>TF>SF as it was
found in other studies. Such a pattern is typical in
boreal forest ecosystems and is explained by a shortage
of available nitrogen (Ukonmaanaho, 2001). The
deposition fluxes of nitrate were significantly greater

in Rucava compared to Taurene (Table 3) but the
differences between BP and TF were not statistically
significant.

Precipitation intensity and chemical composition
impact soil water chemical composition collected

Fig. 5 NO;-N concentra- a
tions in bulk precipitation 3 23 BE
(BP), throughfall (TF) and —o—TF
stemflow (SF) at the Rucava L 35 SF
(a) and Taurene (b) IM = A 2
. = 5
stations g T T Linear (SF)
o2 Z]
@ | 5 £ Linear (BP)
%n 154 E“ Linear (TF)
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%._ 3108 2
Sl { S R*=00354,n=123
= 1 i TF
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below the soil organic layer (10 cm depth), which
reacts most quickly to changes in precipitation
chemical composition.

The annual mean pH values of SW did not change
significantly at Rucava and at Taurene during the
monitoring period. This does not agree with the
precipitation results, which showed in recent years a
considerable increase of pH. That indicates that the
sum of anthropogenic and natural acid inputs is still
too high to be buffered in the soil (Moffat et al.,
2002). Sulphate concentrations in SW were signifi-
cantly higher compared to BP and TF (Table 2). This
enrichment is due to ion leaching from the organic
layer, which is related to litterfall, ion exchange
reactions, dissolution and weathering processes in
the soil, and to the concentration effect of evaporation
(Ukonmaanaho & Starr, 2002).

Both at the Rucava, and the Taurene IM stations,
SO4—S concentrations in SW significantly increased
(Fig. 6).

This does not coincide with the pattern of changes
in SO4S concentration in precipitation (Fig. 4).
Therefore it is evident that there is no direct
relationship between SO,~S in precipitation and in
soil water, as reported in other studies carried out in
boreal forests (Moffat et al., 2002). In the largest part
of Central European forests sulphur leaching from soil
is greater than is deposited from the atmosphere,
which within the last decade has decreased. This
indicates that soil, under changing environmental
conditions, is releasing sulphur stored in the soil in
previous episodes of higher sulphate input (Intensive

Monitoring of Forest Ecosystems in Europe. Techni-
cal Report, 2001). Similarly to SO4-S, the NO3;—N
concentrations during the observation period in SW at
Rucava and Taurene showed a decreasing tendency
but this was not statistically significant.

4 Conclusion

Trend analyses indicated that the concentrations of
SO,—S in precipitation in Latvian pine forests has
markedly declined from 1994-2004. During the same
time, a decrease in precipitation acidity was observed.
The largest changes were observed in the western part
of Latvia, and reflect a decrease of long-range trans-
boundary air pollution impact from Western Europe.
The deposition of SO,—S derived from BP and TF did
not change during the monitoring period. The only
statistically significant decreasing trend was found for
SO4-S deposition in BP at Taurene. Similarly, also the
NO;—N concentrations in precipitation and deposition
did not show significant linear trends.

The trend of decreasing SO,—S concentrations and
increasing pH in precipitation were not followed by
similar changes in soil water. On the contrary, SO4—S
concentrations increased and water acidity did not
change in SW.

Mean concentrations of SO4~S and NO3;-N in-
creased in the order: BP<TF<SF. This trend in
enrichment in throughfall and stemflow is related to
wash-off of accumulated dry deposition on surfaces of
needles and bark.

@ Springer



98

84

Water Air Soil Pollut: Focus (2007) 7:77-84

The study showed that in pine forests of Latvia in
some cases precipitation and soil water chemical
composition formation differs from that reported for
boreal forests in Scandinavia. This suggests that
generalization the impact of environmental pollution
on boreal forests extrapolating to the boreo-nemoral
forests of Latvia should be done with caution.
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Element Inputs by Litterfall to the Soil in Pine
Forest Ecosystems

EVIJA TERAUDA AND OLGERTS NIKODEMUS
Faculty of Geography and Earth Sciences, University of Latvia, Riga, Latvia

Within the framework of the litterfall chemistry subprogram of the integrated monitoring
program, litterfall was collected, and the concentrations of Ca, Mg, K, Pb, and Zn were
measured during 1999-2003 at the Taurene and Rucava monitoring stations in Latvia. The
results showed that at Rucava there was higher production of litterfall than at Taurene due
to a higher tree density. The mean annual litterfall was 3630.42 kg hat in Rucava and
3022.11 kgha™ in Taurene, with maximum production in autumn at both sites. The litter-
fall production among the catchments varied seasonally because length of growing period,
composition of tree species, and density of snow cover. The higher Ca, Mg, and K concen-
trations in Taurene were due to greater birch litter contributions and soil chemical proper-
ties. The higher Pb and Zn concentrations in the Rucava IM catchment can be explained by
the influence of long distance transboundary air pollution and local sources. The chemical
element concentrations showed seasonal variation during the study period. The lowest con-
centration of Ca was observed in spring and the highest in autumn. Concentrations of Mg
and K began to increase in the litterfall in spring and then fell dramatically in October and
winter. Higher concentrations Zn and Pb were observed in autumn and spring.

Keywords litterfall, pine forest, boreo-nemoral zone, nutrients, heavy metals

Forest litterfall accumulation and chemical composition affect the amount of nutrients
in soil (Prescott 2002) as well as turnover of pollutants in ecosystems. Knowledge of
the nutrient flows is required to assess the functional state of the forests (Robert et al.
1996). The main source of litterfall is the tree canopy (Vogt et al. 1986; Ukon-
maanaho and Starr 2001). In the forest ecosystem, the chemical composition of nee-
dles and leaves forms when the plants are taking up nutrients and pollutants with plant
roots from the soil and pollution from the atmosphere through stomata (Staaf and
Berg 1981; Gjengedal and Steinnes 1990). Elements (mostly in dust) can also adsorb
on the leaf and needle surface, from which they are washed off with rainfall and
replaced with other elements (Reimann et al. 2001). The chemical composition of tree
foliage depends on the tree species and growth conditions (Beérgmann 1988; Binkley
1996; Rothe 1997; Augusto et al. 2000). Atmospheric pollutants also affect the con-
tent of heavy metals and other substances in needles and leaves. Increased levels of
heavy metals in the environment affect the litterfall decomposition rate and therefore
also nutrient cycling (Doelman 1985; B&4th 1989; Fritze et al. 1997; Giller et al. 1998;
Pennanen 2001).

Litterfall production and chemical content as well as the decomposition rate depend on
many factors, including climatic factors. At present, relatively few studies on litterfall and
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chemistry have been conducted in the boreo-nemoral zone, which is characterized by high
amounts of precipitation, warm winters, and cool summers (Krauklis and Zarina 2002).

Materials and Methods

Description of Site

Two integrated monitoring (IM) stations, in Rucava and Taurene, have been estab-
lished in Latvia. These stations are located in two different natural regions: the Coastal
Lowland and central part of Latvia on the Vidzeme Upland (Figure 1). The proximity
of the sea moderates the climatic conditions on the Costal Lowland compared with the
Vidzeme Upland. The Rucava catchment receives higher loads of long-distance trans-
boundary air pollution arriving from Central and Western Europe. The Taurene catch-
ment reflects emitted pollution effects on forest ecosystems that originate from Latvia
(Brumelis et al. 1997). The observations both in Rucava and Taurene are carried out in
mature pine forests. The dominant tree species in the Rucava stand is Scots pine (Pinus
sylvestris). The Taurene stand is a mixture of Scots pine, Norway spruce (Picea abies),
and birch (Betula pendula). The canopy coverage in the Rucava stand is 85% but in the
Taurene stand is 70%. The soil type in both stations is a Haplic podzol on sand parental
soil.

Sampling and Chemical Analyses

The sampling and chemical analyses follow guidelines given in the Integrated Monitoring
Manual (Manual for Integrated Monitoring 1998). Procedures are briefly described below.

(G

Figure 1. Study site.
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Litterfall

Ten litterfall collectors (1 m?) were located in the Taurene and Rucava catchments. Lit-
terfall samples were collected in the last days of each month. Samples before analysis
were sorted in fractions (needles, twigs, bark, cones, and leaves), dried at 40°C until
constant weight, weighed, and milled with a laboratory mill. Biogenic elements (Ca,
Mg, K; 1 M BaCl, extract) and heavy metals (Pb and Zn; HNO; and HCIO, mixture
[4:1] extract) were determined by atomic absorption spectrometry for mean samples of
each month.

Needles

The needles were collected in October of each year from eight pines (Pinus sylvestris) at
the canopy edges. In the laboratory, annual growth needles were separated from the pine
branches. The needles for each year of age were dried and analyzed similarly to litterfall
samples.

Soil

The soil samples were collected from 40 x 40 m sampling plots, which were divided into
10 x 10 m subplots, further divided into 1 X 1 m subplots. The soil sample was taken
from one 1 X 1 m subplots. Soils were sampled at different depths: organic layers (O
horizon), 0-5 cm, 10-20 cm, 20—40 cm, 40-60 cm, 60—80 cm. Exchangeable Ca, K, and
Mg were determined with atomic absorption spectrometry (0.1 mol/L barium chloride
solution). Pb and Zn were determined by atomic absorption spectrometry (aqua regia
solution).

Statistical Analysis

For statistical analysis, weighted yearly and seasonal litterfall values were used. Because of
non-normal distribution of data, the nonparametric statistic Mann-Whitney U-test was used.

Results

Litterfall Production

The total annual litterfall ranged between 2742 and 3192 kg ha™! in Taurene and between
3223 and 3947 kg ha™' in Rucava over the 5-year study (1999-2003) (Figure 2). The mean
annual amount of litterfall was 3022.1 + 168.7 kg ha™' in Taurene and 3630.4 +278.5 kg
ha™! in Rucava. The annual minimum and maximum litterfall production differed over the
years.

The mean seasonal litterfall production over the year is presented in Figure 3. In
spring and beginning of summer the mean amount of litterfall was 289 + 2.7 kg ha™' in the
Taurene IM catchment and 179.7 + 58.9 kg ha™! in the Rucava IM catchment. In autumn,
however, greater litterfall production was observed in Rucava than in Taurene. Maximum
litterfall production was found in October at the Rucava site (mean 1162.6 + 355.2 kg ha™)
but in September at Taurene site (mean 716.42 + 246.4 kg ha™!). In winter months, slightly
higher lIitterfall production was found in the Taurene IM catchment (mean 798.95 + 275.2
kg ha™).
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Figure 2. Mean annual production of litterfall in the Rucava and Taurene Integrated Monitoring
Catchements.
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Figure 3. Seasonal variation of litterfall production (+SD) during the year in the Rucava and
Taurene Integrated Monitoring Catchements.

Chemical Content

Litterfall. The mean Ca concentration was 4.65 + 1.57 g/kg, Mg 0.69 £ 0.1 g/kg, and K 1.12
0.17 g/kg in the Taurene IM catchment, compared to 4.47 £ 1.69 g/kg, 0.51 £0.1 g/kgand 1.11 £
0.25 g/kg, respectively, in the Rucava IM catchment. However, heavy metal concentrations were
significantly higher in litterfall in the Rucava IM catchment (Table 1). The mean annual input of
elements is presented in Table 2. Although the mean concentration of biogenic elements in litter-
fall was greater in Taurene, the input of Ca and K (but not Mg) to the soil was slightly higher in
Rucava. The input of heavy metals via litterfall also was significantly higher in Rucava.

Nutrient concentrations varied seasonally during the year (Figure 4). The Ca con-
centration in the litterfall was the lowest in spring (mean 2.35 + 1.09 g/kg in Rucava and
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Table 1
Mean annual element concentrations (+SD) in litterfall for the 5-year study (1999-2003)
Taurene Rucava U-test
Ca g/kg 4.65+1.57 4.47+1.68 ns.
Mg g/kg 0.69 0.1 0.51+0.1 >
K g/kg 1912+0:17 1.1130.25 n.s
Zn mg/kg 50.16+4.2 61.54+5.2 2
Pb mg/kg 418+13 7:59+3.5 v

*P < 0.05; n.s. not significant.

Table 2
Mean annual input (£SD) of elements analyzed in litterfall
Taurene Rucava U-test
Cakgha™! 13.41 £4.28 15.75 £ 6.56 n.s.
Mg kg ha™ 2.04 £0.29 1.8+0.39 n.s.
K kg ha™! 3.31+£0.49 3.89 £0.99 n.s
Znkg ha™! 0.14 +0.02 0.21 +£0.04 *
Pb kg ha™! 0.01 £0.006 0.02 £0.01 it

*P < 0.05; n.s. = not significant.

3.12 £0.95 g/kg in Taurene) and the highest in autumn (mean 4.32 + 1.21 g/kg in Rucava
and 4.59 * 0.95 g/kg in Taurene) when maximum litterfall production was observed. A
similar tendency was observed also for Mg. The K concentration, however, began to
increase in the litterfall in spring (1.09 + 0.22 g/kg in Rucava and 0.98 * 0.21 g/kg in
Taurene) and then fell dramatically in autumn and winter (0.72 £ 0.27 g/kg in Rucava and
0.76 + 0.24 g/kg in Taurene). Little seasonal change was observed in heavy metal concen-
trations in the litterfall (Figure 4). The Zn concentration increased in autumn and winter
(51.23 £ 18.03 mg/kg in Rucava and 38.63 + 6.81 mg/kg in Taurene), and the Pb concen-
tration in winter and early spring (6.71 * 3.84 mg/kg in Rucava and 2.49 + 0.73 mg/kg in
Taurene). The differences between seasons were statistically significant for Ca, K, and Pb
in Rucava and for Ca, K, and Zn in Taurene.

Needles. The changes of element concentrations in needles are presented in Figure S. The
Ca concentration in the older needles (C + 2) was considerably greater (mean 4.37 +2.36 g/kg
in Rucava and 3.73 + 2.98 g/kg in Taurene) than in the younger needles (C) (mean 2.58 +
1.89 g/kg in Rucava and 1.5 * 1.45 g/kg in Taurene). The overall Ca concentration in the
needles was greater in the Rucava than in the Taurene IM catchment. The Mg concentra-
tion did not change substantially with needle age. The results also did not show significant
changes between Mg concentration in the needles at Rucava and Taurene. The K concen-
tration was greater in the youngest needles (mean 5.83 + 1.23 g/kg in Rucava and 5.24 +
0.63 g/kg in Taurene) due to greater biological vitality and then decreased in older needles
(mean 4.83 £ 0.55 g/kg in Rucava and 4.49 + 0.41 g/kg in Taurene). The amount of K in
needles was greater at Rucava than at Taurene.
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Figure 4. Mean (+SD) monthly element concentrations in litterfall for the 5-year study (1999-
2003) for Rucava (- 0-) and Taurene(- O-).

The Zn content in needles was higher in the Rucava IM catchment due to the effect of
transboundary air pollution. The Zn concentration did not change in relation to needle age.
The Pb concentration in needles increased with needle age in Rucava but not in Taurene.
Although environmental monitoring showed higher Pb deposition in Rucava, this was not
apparent in Pb concentrations in needles. The statistical analysis showed that differences
between needle age and IM stations were significant only for Ca.

Soil. Soil chemistry is determined by the soil parent material and patterns of atmospheric
deposition. In Rucava, the soil formed on Baltic Ice Lake sediments and in Taurene on
glacial sand sediments. As a result of different soil genesis, the concentrations of the
exchangeable Ca, Mg, and K in the upper soil (O horizons and 0 to 40-cm mineral hori-
zons) were higher in Rucava. In deeper soil horizons (60-80 cm), higher Ca, Mg, and K
concentrations were observed in the Taurene IM catchment (Table 3). Because of the
higher deposition of pollutants, Zn and Pb concentrations in all soil horizons were higher
in Rucava.
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Figure 5. Mean (£SD) element concentrations in needles (first, second, and third year) for the 5-
year study period (1999-2003) in Rucava (R) and Taurene (T).

Discussion

The growth and productivity of forest ecosystems mainly depend on nutrient cycling, and
forest litterfall is the most important link in this cycling (Gonzales-Arias et al. 1998;
Kavvadias et al. 2001). Factors influencing litterfall production are related with stand
characteristics (species composition, stand age, and stand density) and meteorological
conditions (Pedersen and Bille-Hansen 1999; Ukonmaanaho 2001). This was shown also
in the present studies carried out in the boreo-nemoral zone in Latvia.

Greater tree canopy coverage caused greater litterfall production in the Rucava IM
catchment than in the Taurene IM catchment (Figure 2). The maximum and minimum lit-
terfall production in Rucava coincided with the maximum and minimum amount of pre-
cipitation (Table 4). The smallest amount of litterfall (3222.8 kg ha™') was observed in
1999 when precipitation was the lowest (527.7 mm), and the greatest in 2001 (3947.3 kg
ha™!) when precipitation reached the highest levels (846.1 mm). However, this tendency
was not observed in Taurene. The least amount of litterfall in Taurene was seen in 2003
(2742.1 kg ha™!) and the greatest was seen in 2002 (3193.6 kg ha™'). The driest year in
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Table 4
Mean annual precipitation (mm) in Rucava (Ruc.) and Taurene (Taur.) 1994-2003

1994 1995 1996 1997 1998 ' 1999 2000 2001 2002 2003

Taur. 518.0 666.3 4804 506.5 7279 470.6 7560 693.8 6442 7163
Ruc. 490.5 631.5 3955 468.7 973.8 527.7 639.9 846.1 7653 794.6

Taurene was 1999 (470.6 mm) and the wettest was in 2000 (756 mm). In other studies
(Kouki and Hokkanen 1992), litterfall production was affected not only by precipitation
but also by temperature in the same and previous vegetation season.

The seasonal differences in litterfall production at the IM stations can be explained by
both stand composition and differences in the time of the vegetation season and partly by
snow cover thickness. Deciduous trees lose their foliage biomass mostly in autumn,
whereas 40%-60% of the needles fall off conifers in September—October (Viro 1955;
Milkonen 1974). Similarly, 41.9% and 51.4% of the needles’ fall occurred in these
months at Taurene and Rucava, respectively. The vegetation season ended earlier by about
10-15 days at Taurene compared to Rucava. This can explain the rapid increase in the
amount of litterfall (primarily pine needles and birch leaves) in September. At Rucava, the
maximum litterfall production (Figure 3) was in October (pine needles prevail).

A comparatively large amount of litterfall (526—1182 kg ha™') mainly consisting of
spruce needles, pine branches, and bark was observed in the Taurene IM site during
winter from November to March. The differences in litterfall can be explained by spe-
cies composition, because in the Taurene forest stand, the canopy is dominated by pine
mixed with birch and spruce trees. Spruce trees lose their old needles in the winter. A
greater snow cover was associated with raised litterfall in winter at Taurene than at
Rucava. The mean snow thickness in Taurene is from 40 to 50 cm, but in Rucava is
from 10 to 20 cm.

The 5-year study showed that stand composition has an important role in forming the
total chemical composition of litterfall. Despite that, the Ca, Mg, and K concentrations in
the upper soil horizons and in the needles were higher in the Rucava IM catchment (Figure 5,
Table 3), whereas higher Ca, Mg, and K concentrations in litterfall were found in the Tau-
rene IM catchment (Table 1). The Taurene forest stand has a greater proportion of birch
trees, which contribute approximately 8% of the annual litterfall. Other studies have
shown that litterfall from deciduous trees is enriched in base elements relative to litterfall
from coniferous trees (Binkley 1996).

The Zn and Pb concentrations in litterfall suggested that even a low atmospheric pol-
lution level is reflected in uptake to trees. A higher Zn concentration in the upper soil hori-
zon, needles, and in the total chemical composition of litterfall was observed in Rucava.
Long-range transboundary air pollution and local sources are responsible for the elevated
zinc concentrations (Nikodemus et al. 2004). In addition, the Pb concentrations in upper
soil horizon, old needles, and litterfall were higher in Rucava. Greater input kg/ha™'/year
of biogenic (except Mg) elements and heavy metals to the soil via litterfall (Table 2) in the
Rucava IM catchment compared with the Taurene IM catchment were due to greater litter-
fall production in Rucava.

The litterfall chemical composition showed seasonal variation during the year in the
both IM sites. Higher Ca and Mg contents in litterfall were found in autumn (Figure 4).
This partly agrees with findings from other countries where nutrients concentrations gen-
erally increase in the litterfall in spring, reaching their highest concentrations during the
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summer, and then falling dramatically in autumn (Gonzales-Arias et al. 1998). However, a
rapid decrease of Ca and Mg concentrations was not observed in autumn but in winter in
Latvia. This can be explained by the relatively humid and warm climate in the boreo-nem-
oral zone. Seasonal changes in nutrients in tree canopies are related with nutrient uptake;
internal retranslocation occurs before wintering and fall of leaves and needles (Helmisaari
1992). The role of litterfall in nutrient return is more significant for calcium than for other
nutrients in the boreo-nemoral zone, as previously observed elsewhere (Gordon et al.
2000; Ukonmaanaho and Starr 2001).

The K concentration in litterfall increased in spring and then gradually decreased in
autumn (Figure 4). This reduction in K concentration coincides with the time of maximum
abscission (Miller 1984; Gonzales-Arias et al. 1998). This indicates K translocation from
the older to the younger parts of plant where more intensive life processes are taking part.
Others have suggested that K and Mg reductions in autumn litterfall are related with
leaching (Aber and Melillo 1991; Osono and Takeda 2004) and that Mg in litter is less
easily leached than K, because it is a component of cell walls (Nordén 1994,
Ukonmaanaho and Starr 2001). The latter was found also in our study. The results showed
that the patterns of change in Mg and K concentrations differed substantially in the litter-
fall during the vegetation period. The Zn and Pb concentrations in the litterfall were higher
in spring and autumn and relatively lower in summer (Figure 4). At present, the data on
seasonal trends of heavy metal concentrations in the atmosphere are not available in
Latvia. However, this pattern coincides with seasonal changes of other pollutants such as
benzene and NO, concentration in the atmosphere in EMEP stations in Latvia. (Lyulko et
al. 2004; Lyulko et al. 2005). The Zn and Pb contents in the litterfall in areas with low
environmental pollution are likely due to accumulation of heavy metals on the leaves, nee-
dles, and bark surfaces, rather than uptake from the soil.

Conclusion

The study showed that stand composition and duration of the vegetation period influences
the seasonal variation of forest ecosystem litterfall production in conditions of low atmo-
spheric pollution in the boreo-nemoral zone. Stand composition also affects the Mg and K
concentrations in litterfall. Physiological processes in trees affect the Ca, Mg, and K con-
centrations in litterfall seasonally. Deposition of atmospheric pollution on leaves, needles,
and bark surfaces raises the Pb and Zn contents in litterfall.

The study conducted in Latvia showed that the chemical composition of litterfall
depends on a number of factors. Therefore, litterfall cannot be used as bioindicator to
characterize spatial differences of biogenic elements and/or pollution deposition and
transport. However, we can use litterfall to characterize temporal trends of chemical ele-
ments turnover in the ecosystem. To study environmental changes, it is very important to
sample litterfall throughout the year, because the chemical composition of litterfall in the
winter period substantially differs depending on the environmental pollution level.
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Seéra un slapekla savienojumi nokriSnos un augsnes tideni
Latvijas priezu mezos

Sulphur and Nitrogen Compounds in Precipitation and
Soil Water in Pine Forests in Latvia

Evija Danilevica, Olgerts Nikodemus, Maris Klavins, Iraida Lulko

Petijums par SO4-S un NOs-N un tidens pH izmainam nokri3nos un augsnes fidenT priezu mezos Latvija
balstas uz astopu gadu Integrala monitoringa novérojumu rezultatiem Rucavas un Taurenes monitoringa
stacijas. Rucavas monitoringa stacija atrodas Latvijas dienvidrietumos netalu no Baltijas juras, bet
Taurenes monitoringa stacija Latvijas centralaja da]a Vidzemes augstien.

Latvija priezu meZos samazinds SO4-S un NO;-N savienojumu izséSanas no atmosféras. Vienlaicigi
novérojama arf nokridnu skabuma samazina$anas. P&dgjos astonos gados nav batiski mainijies stumbra
noteces tidenu pH. Tas kopuma liecina par piesarnojoso vielu sausas izsésanas un biologisko procesu lielo -
nozimi stumbra noteces fidens kimiska sastava veido§ana.

Sulfatjonu koncentracijas samazina§anas nokrisnos un nokrispu pH vértibu pieauguma tendences tiesi
neatspogulojas augsnes Gdeni. Taja augsnes virsgja slani pretgji nokrisqu kimiskajam sastdvam ir
pieaugusi sulfatjonu koncentracija un palielingjies fidens skabums. Lidzigi ka sulfatjonu arT nitratjonu
koncentracijas novérojumu perioda augsnes tideni Rucava un Taurené uzrada pieauguma tendenci, tikai
§Ts izmainas nav statistiski ticamas.

Atslegvardi: sulfati, nitrati, nokri3ni, augsnes tidens, prieZu meZs, Latvija

Ievads

MezZa ekosistémas funkciongSanu var ietekmét daudzas vidi piesarnojosas vielas. Par ipasi
bistamam var uzskatit séra un slapekla savienojumus, smagos metalus, ozonu un fluoridjonus
[Lutterman & Freemann 2000]. Slapekla savienojumi kontrolé daudzu vielu biogeokimisko
ciklu un ietekmée pirmprodukciju sauszemes ekosistémas. [Schachtschabel ez al. 1989]. Slapek]a
un séra savienojumi izraisa augsnes paskabinasanos, kas ietekmé bazes katjonu un aluminija
izskaloSanos no augsnes [Brown er al. 1988; Stoddard 1994] un palielinatu slapekla
savienojumu un bazes katjonu ieplidi virszemes tidenos [Beier et al. 2001]. Tiek prognozéts, ka
nakotné liela dala meZu slapek]a koncentracija parsniegs robezu, kad saksies intensiva siapekla
iznese no augsnes [Eichhorn er al. 2001]. Lai novértétu potencialo atmosféras piesarnojuma
ietekmi uz ekosistémam, ir svarigi zinat patiesos slapek]a un séra savienojumu izséSanas
apjomus meZa ekosistéma un arl iespgjamo slapekla un citu baribas vielu iznesi ar augsnes
Gdeniem.

Petijumi rada, ka koku vainagi uztver kimisko vielu aerosolu — gazu formas, ka rezultata
pieaug kimisko vielu izséSanas daudzums meZa ekosistémas {Lovett and Kinsman 1990:
Hanson and Lindberg 1991; Lovett 1992; Ragsdale e al. 1992; Bytnerowicz and Fenn 1996:
Bytnerovicz et al. 1999; Fenn, Kiefer 1999; Lee er al. 1999]. Slapekli koku vainagi var absorbét
no atmosféras un Sis process attiecas gan uz amonija, gan nitratjoniem [Potter ez al. 1991;
Lovett 1992; Schubzda et al. 1995; Stachurski, Zimka 2000]. Koku vainagi amonija jonus
absorbé daudz efektivak neka nitratjonus [Potter e al. 1991; Lovett 1992; Stachurski, Zimka
2000]. Lielas izmaipas piegﬁrglojo§o vielu izs&3anas procesa notiek, nokri$nu Gdenim plustot
cauri koku vainagu telpai. Udens pliismu caur vainagu un stumbru noteces lomu meZa baribas
vielu cikla p&dgja laika ir petijusi daudzi zinatnieki [Nihlgard 1985; Ragsdale ez al. 1992; Ross,
Lindberg 1994; Hultberg, Ferm 1995]. P&tfjumos konstatéts, ka biitiski atSkiras kimisko vielu
koncentracija nokridnos atklata lauka, zem koku vainagiem un stumbra notecé. Tapat tdens
kimisko sastavu ietekmé koku vecums un suga, augsnes kimiskais sastavs un daudzi citi faktori
[Yawney, Leaf 1971; Johannessen, Henriksen 1977; Mahendrappa, Ogden 1972].

PétTjumos par piesarnojoso vielu izsg§anos no atmosféras un to iesp&jamo ietekmi uz
meZu ekosistémam Latvija Iidz $im galvenokart izmantoti dati par nokriS$pu kimisko sastavu
atklata lauka [LaivipS u.c. 1996]. Udens plismas kvantitativo un kvalitativo raditaju izpéte
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meZu ekosistémas Latvija var sniegt jaunas atzinas par piesarnojoSo vielu parvértibam
kokaudzes vainagd, vainaga un augsnes bufersp&jam, kimisko vielu iznesi no meZu augsném.
Seviski nozimigs mingtais jautajums ir boreonemorala dabas zona, kur Eiropa §adi p&tijjumi ir
veikti maz. Viens no ST raksta uzdevumiem ir paradit slapekla un s&ra savienojumu
koncentraciju izmainu tendences nokris$nos un augsnes fidenT prieZu meza.

Materials un metodes
Pétjuma tiek izmantoti integrala monitoringa dati. Latvija monitoringu veic Latvijas
Hidrometeorologijas agentiira sadarbiba ar Latvijas Universitati.

Parauglaukumu raksturojums

Latvija ir divas integrala monitoringa stacijas — viena C&su rajona Taurenes pagasta, bet
otra Liepajas rajona Rucavas pagasta. Viena stacija raksturo Latvijas piejiras teritoriju, otra
Latvijas vidieni.

Monitoringa stacijas nokriSpu un augSpu ddens kimiska sastava pétfjumi uzsakti
1994. gada. Integrala monitoringa parauglaukumu izvietojumu un pétfjumos izmantotas
metodes nosaka integrala monitoringa metodika [Manual for Integrated Monitoring 1998].

Rucava nokriSpu zem koka vainagiem (7 tUdens savacgjpiltuves), stumbra noteces
(no10 kokiem) Gdens savacgji un augsnes lizimetri augsnes Gidens savaksanai ir izvietoti prieZzu
métraja. Kokaudzé dominé priede (Pinus sylvestris). Vainagu segums ir 85%. Augsnes tips —
tipiskais podzols uz grants cilmieZa. Augsnes pHy,o O horizontam ir 3.82. Kopgja slapekla
koncentracija augsnes O horizonta 14.6 g/kg. Atklata lauka nokri$pu savacgji ir izvietoti
izcirtuma.

Taurené 0dens paraugu savacgji izvietoti priezu lana meZa augSanas apstaklu tipa.
Kokaudzé dominé priede (Pinus sylvestris), bet, salidzinot ar Rucavas parauglaukumu,
kokaudzes pirmaja un otraja stava ir bérza (Betula pendula) un egles (Picea abies) piejaukums.
Kopgjais vainagu segums ir 70%. Augsnes tips — tipiskais podzols uz smilts cilmieZa. Augsnes
pHio O horizontam ir 3.81. Kopgja slapekla koncentracija augsnes O horizonta 13.6 g/kg.
Atklata lauka nokri$nu savacgji ir izvietoti meZza lauce.

Nokrispi un to kimiska sastava analize

Rucavas un Taurenes integrala monitoringa (IM) poligonos nokrisnu savaks$anai izmanto
atverta tipa nokriSpu savacgju. Tas ir atvérts arl periodos, kad nav nokriSpu. Parauga
nonemsSanas aprikojums sastav no piltuves, kurd ir ievietots filtrs, un uztvergjtrauka. Ziema
nokriSpu savakSanai atklata laukuma tiek uzstaditi sniega savacgji, kas sastiv no spaina un
turétaja. IM poligonos. augstakas nokri§pu savakSanas efektivitates nodroinasanai nokridni
atklata lauka tiek savakti vienu reizi dekadé (10 dienas) un sajaukti ménesa vidéja parauga.

NokriSnus zem koka vainagiem savac ar 7 piltuves veida savacgjiem vasaras perioda un
spainiem ziemas perioda. Nokridni zem vainaga tiek savakti ik péc 15 dienam, kas vélak tiek
sajaukti ménesa vidéja parauga.

Stumbra noteces Gidens savak3anai katra monitoringa stacija ap valdo§as sugas — parastas
priedes kokiem ir ierikoti 10 nokridpu savacgji. IM poligonos augstakas nokri§nu savak$anas
efektivitates nodroSinasanai nokrispi pa koku stumbriem tiek ievakti ik pac 15 diendm. IM
poligonos tiek izmantoti spiralveida savacgji. NokriSnu savaksanu veic tikai gada siltaja perioda.

NokriSpu paraugi péc to savak3anas tiek glabati ledusskapT un specidlos konteineros
transportéti uz laboratoriju. pH Latvijas Hidrometeorologijas agentiiras un Latvijas Vides
agentiras laboratorija (kop$ 2002. gada) tika noteikts ar potenciometrijas metodi, bet SO4-S un
NO;-N ar jonu hromatografiju [Manual for Integrated Monitoring 1998].

Augsnes iidens un ta kimiskais sastavs

Augsnes O horizonta katra IM stacija ir uzstaditi divi humusa (cilindra) tipa lizimetri, kas
ir ievietoti 10 cm dziluma un savac augsnes adeni, kas filtrgjas cauri O horizontam. Augsnes
ideni atsikné katra méneSa beigas. Pavasara sezona augsnes Udeni atsiikng talit pec augsnes
atkuSanas. Augsnes tdens pH tiek noteikts ar potenciometrijas metodi. SO,-S nosaka, titr€jot ar
BaCl, un ortanilu K ka indikatoru, bet NO;-N ar spektrofotometriju, Grisa metodi péc
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redukcijas Cd kolonna [Manual for Integrated Monitoring 1998]. Augsnes fidens paraugu
analizes veic Latvijas Hidrometeorologijas agentiiras, bet kop$ 2002. gada Latvijas Vides
agentiras laboratorija.

NokriSnu intensitates raksturojums

NokriSnu daudzums pa gadiem Rucavas IM stacija pétfjumu perioda svarstfjies no
395.5 mm Iidz 973.8 mm, bet Taurenes IM stacija no 470,6 mm lidz 756.0 mm (1. tabula).

1. tabula
Vidgjais nokrisnu daudzums (mm) pa gadiem Taurenes (TIM) un
Rucavas (RIM) monitoringa stacijas
Annual mean precipitation (mm) at the Taurene and
Rucava Integrated Monitoring Caichments
Stacija 1994 1995 1996 1997 1998 1999 2000 2001
TIM 518.0 666.3 480.4 506.5 727.9 470.6 756.0 693.8
RIM 490.5 631.5 39555 468.7 973.8 527 639.9 846.1

Rezultati un diskusija

Slapekla un séra savienojumi atmosféra atstaj butisku ietekmi uz nokrispu pH. Rucavas
IM stacija nokriSpu pH laika perioda no 1994. gada lidz 2001. gadam ir svarstijies no 4.5 —
1996. gada I1dz 5.9 —1999. gada, savukart Taurenes IM no 4.8 —~1997 gada lidz 5.4 — 2001 gada.
Kaut arT nokriSgu pH izmainam pa gadiem nav Joti izteiktas tendences augt, konstatstais pH
pieaugums Rucavas IM stacija nokrignos atklata lauka pedgjos &etros gados, pretgji Taurenes
IM parauglaukuma fiksétajam, konkréta tipa novérojumiem ir uzskatams par batisku
(r=0.33>Tyit 0=0.05:n=85=0.22) (1. un 2. attéls). Lidzigas pH izmainas konstatstas arf nokrisniem
zem koku vainagiem. pH vidgja vértiba Rucava nokridnos zem koku vainagiem laika gaita ir
mainfjusies no 4.4 lidz 5.3. Savukart Taurenes IM stacija pH vértibas ir mainfjusas Joti minimali
(1994. gada pH -4.9, 2002. gada pH -5.1). Stumbra noteces Gideni abas monitoringa stacijas ir
salidzinosi skabaki par atklata lauka un vainaga caurteces {ideniem. pH vidgjie parametri
Rucava stumbra noteces tidepiem pa gadiem ir svarstijusies no 3.9 1idz 4.2 , bet Taurené no 3.8
Iidz 3.9.
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1. attels. NokriSpu pH atklata lauka izmainu tendences Rucavas IM stacija (01.04.1994.-31.12.2001.)
Figure 1. pH changes in bulk precipitation at the Rucava IM Catchment (01.04.1994-31.1 2.2001)
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2. attels. NokriSpu pH atklata lauka izmaigu tendences Taurenes IM stacija (01.05.1994.-31.12.2001.)
Figure 2. pH changes in bulk precipitation at the Taurene IM Catchment(01.05.1994-31.12.2001)

NokriSpu pH veértibu pieaugumu pedgjos gados atklata lauka un ddens pliisma caur
vainagu zinatnieki Norvégija pamato ar anjonu, kas izraisa nokriSnu paskabinasanas
samazinaSanos [Moffat ez al. 2002]. To varétu attiecinat arT uz Latvijas apstakliem, jo integrala
monitoringa stacijas laika gaita ir novérojama SO,4-S jonu koncentracijas samazina§ands
nokriSpos. Sulfatu koncentracijas bitiska samazina$anas atmosféras nokriSnos atklata lauka
noveérojama gan Rucava (3. attéls), gan Tauren&. Rucava SO4-S jonu gada vidgja koncentracija
atklata lauka ir mainijusies no 2.54 mg/l 1997. gada lidz 0.52 mg/l 2000. gada, bet Taurend
attiecigi no 1,84 mg/l 1997. lidz 0.52 mg/l 1999. gada. Rucava biitiski ir samazinajusas ari SO4-
S vertibas nokri$nos zem koku vainagiem un stumbra noteces idenos. Nokrisnos zem koku
vainagiem péc 1997. gada novérotas gada maksimalas videjas koncentracijas 4.43 mg/l,
2000. gada ta ir samazinajusies lidz 0.89 mg/l. Stumbra notecé no 9,79 mg/l 1997. gada lidz
2.45 mg/1 1998. gada. 1997. gada Rucava novérota |oti augsta koncentracija nokrisnos zem koka
vainagiem un stumbra notec€ saistama ar relativi sauso 1996. gadu (1. tabula) un paaugstinato
piesarnojoso vielu sauso izséSanos un akumulaciju uz priezu skujam, zariem un stumbru.

Lielakas konstatétas SO4-S jonu un skabo nokri§nu samazina$anas tendences Rucava
salidzinajuma ar Taureni rada, ka pédgjos gados Latvija samazinajies parrobezu piesarpojums.
Straujakas SO4S jonu koncentracijas samazina$anas stumbra noteces tdenos, salidzinot ar
nokri$niem atklata lauka, skaidrojamas ar piesarnojoso vielu sausas izsé$anas un uzkraganas uz
koku stumbriem samazinasanos. To parada arf novérojumi Rucava (2. tabula).

2. tabula
Sulfatu vidéja koncentracija (SO4-S, pg/m ) atmosfera Rucavas fona stacija
Mean sulphate ion (SO,-S pg/m’) concentration in atmosphere
at the Rucava background Catchment

1994 1995 1996 1997 1998 1999 2000

Vidgja gada
G 1.10 120 112 0.87 0.28 0.30 0.26

Vidgja aukstaja perioda
Annual in cold period el 1.32 1.23 0.91 0.45 0.27 0.29

Vidgja siltaja perioda
Annual in warm period 1.05 1.07 1.00 0.83 0.11 0.34 0.23
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3. attels. SO,-S koncentracijas (mg/l) mainibas tendences stumbra noteces idenos, nokrisnos atklata lauka un
Gdens plisma caur vainagu Rucavas IM stacija (01.04.1994.-31.12.2001., stumbra noteces Gdepiem
Iidz 30.11.2001)

Figure 3. SO,-S concentration (mg/l) in stemflow, bulk precipitation and throughfall at the Rucava IM
Catchment (01.04.1994-31.12.2001, stemflow till 30.11.2001)

Pieaugot sulfatu sausas izséSands intensitatei, palielinas starpiba starp SO,-S
koncentraciju nokrisnos atklata lauka (AL), zem koku vainagiem (KV) un gar koku stumbra
nopliistoSaja (KS) ievaktaja GidenT (3. attéls). SO4-S koncentracija Taureng un Rucava pieaug
Sadi: AIKKV<KS. Tas sakrit ar Somija veikto pétijumu rezultatiem borealajos priefu meZos
[Ukonmaanako 2001]. Var uzskatit, ka, sulfatu vidgjai koncentracijai atmosféra samazinoties
lidz 0.30 pg/m’, vairs nav lielas atSkiribas starp sulfatu jonu koncentraciju dazadas vietas
savaktajos nokri§nos meZa ekosistéma (1. tabula, 3. attéls).

Novérojumu perioda gan Rucavas, gan Taurenes IM stacija atmosféras nokrisnos ir
samazinajusies nitratjonu koncentracija (4. un 5. attéls.) Koncentracijas samazinasanas saskan ar
citu valstu zinatnieku pétfjumu rezultatiem [Likens ef al. 1996; Stoddard et al. 1999]. Tomer,
salidzinot ar sulfatu koncentracijas izmainam nokrisnos, kur tendence samazinaties ir statistiski
ticama, konstatéta nitratu koncentracijas samazinasanas neviena no pétitajiem nokrisnu veidiem
nav bitiska. Lidzigi rezultati ir iegiti arT Somija, kur ar nitratu koncentracija nokri§nos uzrada
tendenci samazinaties, bet statistiski ticams tas ir tikai atseviS$kos gadijumos [Ukonmaanako
2001].

Nokri$pu analizes rezultati parada, ka Latvija boreonemoralos prieZu meZos nav
novérojama tendence, ka NO; koncentracija, nemot véra dens veidu borealajos meZos,
samazinas $adi: AL>VC>SN [Ukonmaanako 2001]. Tas ir raksturigs borealas meZu
ekosistémas un to zinatnieki skaidro ar pieejama slapekla trakumu.

Taurené stumbra notecé un nokriSnos zem koku vaindgiem novérojams nitratjonu
koncentracijas pieaugums.

Nokrisnu intensitate un kimiskais sastavs ietekmé augsnes Gidens kimisko sastavu. Raksta
ietvaros augsnes Udens kimiska sastava izmainu tendendu analize un interpretacija veikta
augsnes nedzivas zemsegas horizontam (10 cm dziluma), kas visatrak reagé uz izmainam
nokri$nu kimiskaja sastava.

Augsnes idens pH gada vidgja vertiba novérojumu perioda Rucavas IM ir pazeminajusies
no 4,7 1998. gada Iidz 3.8. 2000. gada, kas nesaskan ar nokriSnu pétijumu rezultatiem, kur
pedgjo gadu laika konstatéta biitiska pH vertibu palielinaSanas. ArT Skandinavija pretéji tam, ka
nokriSpos un uUdens plisma caur vainagu pH palielinas, augsnes {ideni novérojama ta
samazinasanas, kas norada, ka antropogénas un dabiskas izcelsmes skabju daudzums augsn@ ir
par augstu, lai tas tiktu neitralizeéts [Moffat et al. 2002].
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4. attels. NOs;-N koncentracija (mg/l) stumbra noteces Gdenos, nokrisnos atklata lauka un ddens plisma caur
vainagu Rucavas IM stacija (01.04.1994.-31.12.2001., stumbra noteces idepiem Iidz 30.11.2001)
Figure 4. NOs3-N concentration (mg/l) in stemflow, bulk precipitation and throughfall at the Rucava IM

Catchment (01.04.1994-31.12.2001., stemflow till 30.11.2001)
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S. attels. NO;-N koncentracija (mg/l) nokrisnos atklata lauka, Gidens plisma caur vainagu un stumbra noteces

udenos Taurenes IM stacija (01.05.1994.-30.11.2000.)

Figure 5. NO;-N concentration (mg/l) in bulk precipitation, through fall and stemflow at the Taurene IM

Catchment (01.05.1994-30.11.2000)

Gan Rucavas, gan Taurenes IM stacijas SO4-S koncentracijas augsnes fideni uzrada
batisku pieaugoSu tendenci (6. attéls) gada vidgjam koncentracijam no 2.0 mg/l 1997.gada lidz
8.09 mg/l 2001.gada. Minétas tendences ir statistiski ticamas. Tas neatbilst SO4-S
koncentracijas izmainam nokriSpos (3., 6. attéls). Lidz ar to redzams, ka ne vienmer pastav tiesa
sakariba starp SO4-S nokri¥nos un augsnes tident, ka tas ir novérots borealajos mezos Norvégija
[Moffat er al. 2002]. Lielakaja daja Centraleiropas meZu novérojama lielaka séra izskaloSanas
no augsnes neka ta izse$anas no atmosféras, kas pedeja desmitgads ir samazinajusies. Tas
norada, ka augsné, mainoties vides apstakliem, atbrivojas sérs, kas ticis aiztursts iepriek$gjos
gados, kad bijusi augstaka séra ievade [Intensive Monitoring of...2001]. Ar to vargtu izskaidrot

arT sulfatu jonu koncentracijas pieaugumu augsnes ident Latvijas priezu meZos.
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6. attels. SO,-S koncentracija (mg/l) augsnes Gdeni 10 cm dzijuma Rucavas un Taurenes IM stacija

(01.07.1994.-30.11.2001.)
Figure 6. SO,-S concentration (mg/l) in soil water in upper soil horizon (10cm) at the Rucava and Taurene IM

Catchment (01.07.1994-30.11.2001)

Lidzigi ka sulfatjonu arf nitratjonu koncentracijas novérojumu perioda augsnes tdent
Rucava un Taureng uzrada pieauguma tendenci, tikai §Ts izmainas nav statistiski ticamas.

Rucavas un Taurenes integralo monitoringa staciju nokri§pu un augsnes Gidens kimiska
sastava datu apkopoSana un analize paradija, ka Latvijas prieZu meZos pédgjos astonos gados ir
raksturigas diezgan lielas kimiska sastava svarstibas. Atsevisku parametru izmaipas ir
noverojamas izteiktas tendences, kas, laika gaita turpinoties, varétu uzlabot priezu mezu
augSanas apstaklus. Izmaigu tendences ir atkarigas gan no nokriSnu kimiska sastava, gan
piesarnojoso vielu sausas izsgsanas, gan biologiskajiem un kimiskajiem procesiem koku vainaga
un augsneé.

Noslégums

Latvija priezu meZos samazinas séra un slapekla savienojumu izséSanas no atmosféras.
Vienlaicigi novérojama ari nokridnu skabuma samazinasanas. Lielakas izmainas konstatétas
Latvijas rietumos, kas liecina par parrobezu piesarpojuma ietekmes no Rietumeiropas
samazinaSanos. Nokri§nu skabuma izmainas nav raksturigas stumbra noteces tdeniem. Tas
liecina par piesarnojoso vielu sausas izse$anas un biologisko procesu lielo nozimi stumbra
noteces tidens kimiska sastava veidosana.

Sulfatjonu koncentracijas samazinasanas nokri$nos un nokri¥pu pH vértibu pieauguma
tendences tieSi neatspogulojas augsnes Gideni. Taja pret&ji nokrisqu kimiskajam sastavam ir
pieaugusi sulfatjonu koncentracija un palielinajies idens skabums.

Petfjumi paradija, ka Latvijas prieZu meZos atseviskos gadijumos nokri§pu un augsnes
udens kimiska sastava veidosana likumsakaribas atSkiras no tam, kas agrak ir tikuSas konstatetas
borealajos meZos Skandinavija. Tas nozimé, ka ne vienmér ieteicams visparinat atzipas par
vides piesarnojuma ietekmi uz borealajiem meZiem ari uz Latvijas prieZu meZiem.

Summary

The SO4S and NO;-N concentrations and pH in precipitation (bulk precipitation,
throughfall, stemflow) and soil water were monitored in pine forests in Latvia during an eight-
year observation period in the Rucava and Taurene Integrated Monitoring catchments. The
Rucava Monitoring Catchment is located‘in the southwest part of Latvia near the Baltic Sea, and
the Taurene Monitoring Catchment is situated in central Latvia on the Vidzeme Upland.

Atmospheric deposition of SO4-S and NOs-N decreased over the study period in pine
forests in Latvia, in parallel with a decrease in the acidity of precipitation. The changes were
more evident in western Latvia, probably due to declining long-range transported air pollution
from West Europe. The changes were less clear in Taurene, where the NOs-N concentration
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increased in stemflow and the pH of stemflow did not change significantly over the last eight
years. This indicates a greater importance of atmospheric pollutants in wet deposition and
biological processes in forming the chemical content of stemflow.

The trend of decreasing sulphate concentrations and raising pH in precipitation were not
followed by the respective changes in soil water. In the upper soil horizon, soil water had
increasing sulphate ion concentrations and acidity. Over the observation period, nitrate
concentrations showed also an increasing trend in soil water at Rucava and Taurene, but these
changes were not statistic significant.
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