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1. Darba visparéjs raksturojums
1.1. Temas aktualitate

Lidzas meza materialajam vertibam nozimiga loma cilvéces un biosferas
funkcionésana ir ari meza ekologiskajam funkcijam — oglekla uzkraSanai un
skabekla izdaliSanai, Tidens rezima reguléSanai u.c. No visiem vides faktoriem, kuri
ietekm@& energijas plismu un uzkrasanos meza ekosisteéma, tiesi kokaugu baribas
elementu piegade un aprite ir visvieglak ietekmgjamas ar meza apsaimniekoSanu.
Ietekme var bt ka nevélama (baribas vielu zudumi vai imobilizacija), ta arT vélama
(vielu aprites un pieejamibas uzlaboSana). Lai gan 95% no augu sausnes masas
sastada ogleklis, tdenradis, skabeklis un slapeklis, tomér tiesi slapeklis, fosfors,
kalijs, kalcijs un magnijs ir tie, kas visvairak limité kokaugu sekmigu augSanu un
attistibu.

Viens no misdienu mezsaimniecibas galvenajiem kriterijiem ir
nepartraukta un paplasinata meza resursu atrazoSana, kas Latvijas apstaklos
vispirms saistas ar parmitro meza ekosistému hidrotehnisko melioraciju. Latvija ir
1.5 miljoni hektaru parmitru un parpurvotu mezu, no kuriem paslaik melioréti
apméram 700 tokstosi hektaru. Hidrotehniska melioracija ir viens no
efektivakajiem mezsaimnieciskajiem pasakumiem, ka rezultata vidéja mezaudzu
krdja uz hektara p&dgjo 100 gadu laika palielindjusies no 100 m’ lidz 180 m’
(Zalitis, 1999).

Lidzsingjie pé€tjumu rezultati mums nodroSina iesp&ju argumenteti
apliecinat melioracijas pozitivo ietekmi uz kokaudzu razibu, oglskabas gazes
akumulaciju, skabekla izdaliSanos, ka arT uz meza biologiskas daudzveidibas
nodrosinasanu ekosistému Itmeni. Tacu miisu riciba lidz $im nebija objektivu datu
par augsnes auglibas izmainam meliorétajos mezos saistiba ar iesp&jamo biogeno
vielu pastiprinatu izskalosanos no meza augsném, ka arT par tdens kvalitates
izmainam dabiskajas promtekas melioracijas rezultata.

P&c iestasanas Eiropas Savieniba, Latvijai javeido sava likumdoSana
saskana ar starptautiskajam prasibam. Vides aizsardzibas joma $Ts prasibas saistas
ar informaciju par dabas vides stavokli. Tadel javeic pasreizgja stavokla
saskanosana ar vairakiem starptautiskiem vides aizsardzibas normativajiem
dokumentiem (ES direktiva par nitratu piesarnojumu no lauksaimniecibas avotiem
(91/676/EEC), direktiva par saldiidenu kvalitati (78/659/EEC), konvencija Par
Baltijas juras vides aizsardzibu, Helsinki, 1992. g. (1994) u.c.). LidzSingja
informacija par biogéno elementu iznesi ar virszemes noteci ir visai fragmentara un
galvenokart attiecas uz lauksaimniecibas zemeém.

Mezu melioracija pagajusa gadsimta laika ieguldits liels darbs un lidzekli.
Tikai 90.-tajos gados, finansu trikuma dél, melioracijas darbi gandriz pilniba
apstajusies. Izveidojoties akciju sabiedribai ,,Latvijas valsts mezi”, kuras darbiba ir
versta uz meza razibas paaugstinaSanu saimnieciskajos mezos, hidrotehniska
melioracija ir atguvusi savu aktualitati. Tas pats attiecas arl uz zemnieku
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saimniecibam, kuru riciba nereti nonakusas mazproduktivas un parpurvotas mezu
platibas.

Latvijas parmitro mezu fidens bilanci un vielu apriti nosaka vietgjie
meteorologiskie apstakli un regiona hidrogeologiskas ipatnibas. Tade] kritiski
javerté citas valstis izstradato modelu automatiska piclietoSana misu apstaklos.
Pieradits, ka parmitro mezu izvietojumu Latvija nenosaka nokrisnu daudzums, bet
gan ar kalciju un magniju bagato pazemes spiedes tidenu izplides rajoni. Tadejadi
ir iesp&jama meza izveidoSanas uz vairakus metrus bieza kiidras slana. Lai noteiktu
baribas vielu izskalo$anas dinamiku un kimisko elementu dabisko fonu nosusinato
mezu Gdenos ir javeic ilgstosi noveérojumi.

Lai raksturotu mezsaimniecisko pasakumu (galvenokart hidrotehniskas
melioracijas un kopSanas cirSu) ietekmi uz mezaudzu struktiru un meza
hidrologisko rezimu, jau 1963. gada MeZu pétiSanas stacijas “Kalsnava” teritorija
izveidots Vesetnieku ekologiskais stacionars. Nosusinato mezu tdens sateces
baseinos pétits noteces un nokrisnu rezims, gruntsiidens limena svarstibas, pazemes
spiedes Tdenu loma meZa eckosistéma. Analizéta ari meza dzivas zemsedzes
sukcesija. Regulari parmériti taksacijas raditaji kokaudzu parauglaukumos. 1997.
gada tika uzsakta ari grunts-, pazemes-, gravju noteces un nokri$nu fidens paraugu
sistematiska ievaksana un kimisko analizu izdariSana.

1.2. Petijuma merkis
Darba merkis bija noteikt biogéno elementu daudzumu un to ieneses-
izneses attiecibas nosusinato mezu tidenos hidrotehniskas melioracijas ka
mezsaimnieciska pasakuma noverteéSanas sakara.

1.3. Promocijas darba uzdevumi

1. Novertet biogéno elementu daudzuma izmainas augsnes gruntsiident laika
posma péc melioracijas.

2. Raksturot biogéno elementu daudzumu atmosferas nokrispos mezaudzes
un klajuma.

3. Raksturot biogéno elementu piepliidi ar pazemes spiedes tidepiem kiidrenu
meza tipos.

4. Novertet biogéno elementu daudzumu tident un to iznesi nosusinato mezu
promtekas.

5. lIzstradat modelus biogéno elementu (N, P, K, Ca, Mg) aprites
raksturo$anai nosusinatajos mezos.

1.4. Darba novitate, zinatniska un praktiska nozimiba
Vairakas zinatnieku paaudzes ir stradajuSas pie jautagjuma par meZa
razibas uzlaboSanos p&c nosusinaSanas. Pie jautajuma par dzivas zemsedzes
izmainam péc melioracijas stradajusi K. Buss un A. Abolina, par meZa hidrologijas
jautagjumiem — P. Zalitis. Vesetnieku stacionars tika nodibinats, lai butu
pretargumenti Polesj€ uzsaktajiem milzigajiem dabas parveidoSanas planiem. Tika
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uzsakti ilglaicigi noverojumi. Tika veikti Gdens aprites kvantitativie mérjjumi.
Tomér ilgi nebija informacijas par to, kas notiek ar biogéno elementu apriti p&c
meza nosusinaSanas. Tadel 1997. gada, promocijas darba ietvaros, tika uzsakti
biogéno elementu daudzuma mérijumi stacionara tidenos. Promocijas darba iegutie
secinajumi balstas uz lielu skaitu atkartoti ievaktu tidens paraugu analizu rezultatu,
kuri raksturo biogéno elementu daudzuma dinamiku nokrispos klajuma, caur
kokaudzes vainagiem uz augsnes nonaku$ajos nokri$nos, augsnes gruntsiideni un
pazemes spiedes Udeni, melioracijas gravjos un dabiskajas promtekas. Doktora
darba ietvaros Vesetnieku stacionara ievakti 2 518 tGdens paraugi un izdaritas
17 600 tdens ktmiskas analizes (49 atkartojumi).

Iegtito rezultatu salidzinaSanai un atzinu ticamibas parbaudei veiktas
tidens kimiskas analizes Sunites un Viesites up€s, saistiba ar baltalkspu audzu
izvietojumu to krastos, ka arl organizéts koksnes pelnu meslojuma iestrades
eksperiments (50 t ha™) Vesetnieku ekologiskaja stacionara.

Vesetnieku ekologiskaja stacionara veiktie biogéno elementu daudzuma
meérfjumi saistiba ar fidens aprites kvantitativajiem raditajiem ir uzskatami par
vienigajiem tik plasa apjoma uz ilglaicigu novérojumu bazes ieglitajiem datiem
Latvija un vieniem no retajiem pasaulg.

Promocijas darba iegiitie rezultati parada, ka nosusinato mezu ekosistéma
taja ienakoSos baribas elementus akumul@ un racionali izmanto koksnes pieauguma
veidoSanai. Ar nokriSniem ienesto biogéno elementu — slapekla, fosfora un kalija
daudzums parsniedz So elementu iznesi ar gravju noteci. Augstrazigu kokaudzu
veidosanos uz dzilas kiidras nodro$ina ar kalciju un magniju bagato pazemes tidenu
pieplude.

1.5. Zinatniska darba aprobacija

Zinatniskas publikacijas par darba téemu

1. Indriksons A. (1997) Baltalksna ictekme uz slapekla vielu apriti virszemes
notec€. No: Studentu zinatniskas konferences tezes: 1997. gada aprili,
maija. Atb. par izdevumu A. Markevica. - Jelgava: LLU, 69.-70. Ipp.

2. Indriksons A. (2000) Vielu aprites pétijumi Viesites un Vesetas upju
sateces baseinu mezaudzes. No: LLU Meza fakultates zinatniski praktiska
konference. Referatu tezes, 1999. gada 22. septembri. Jelgava: LLU, 20.—
22. 1pp.

3. Indriksons A. (2000) Krastmalas baltalk$nu audzes ietekme uz biogéno
vielu apriti upes tdenos. Mezzindtne, 9(42) laid., 85.-98. Ipp.

4. Indriksons A., Zalitis P. (2000) The impact of hydrotechnical drainage on
the cycle of some biogenous elements in forest. Baltic Forestry, Vol. 6,
No. 1(10), p. 18-24.
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Indriksons A., Palejs M. (2005) Dabas vertibu ilgtsp€jiga uzturéSana un
jaunu attistiSana. No: Celvedis Latvijas privato mezu Ipasniekiem. Sast.
J.Oslejs.- Salaspils, Riga: LVMI “Silava”, Izdevnieciba “Et cetera” SIA,
187.-196. lpp.

Indriksons A., Zalitis P. (2005) Water quality in Latvian forest
ecosystems. In: The International Forestry Review. Forests in the
Balance: Linking Tradition and Technology. XXII ITUFRO World
Congress, 8-13 August 2005. Abstracts. Editors J.L. Innes, .LK. Edwards
and D.J. Wilford. Brisbane: Commonwealth Forestry Association, p. 395.
Indriksons A., Gaitnieks T., Leikuss E. (2005) Impact of silvicultural
activities on decomposition of litter. In: Focus on Soils: Symposium 14-
16 September 2005 in Uppsala: “Managing soils for the future”.
Programme and abstracts. Editors: A. Géardends and E. Karltun. Uppsala:
Swedish University of Agricultural Sciences, p. 84.

Indriksons A. (2006) Pelnu meéslojuma ietekme uz koku pieaugumu,
gruntsiidens kvalitati un zemsedzes augu vegetaciju priezu mezos uz
kiidras augsném. No: Latvijas Universitates 64. Zinatniska konference.
Geografija. Geologija. Vides zinatne. 30. janvaris - 3. februaris, 2006.
Riga: Latvijas universitate, 40.-41. Ipp.

Indriksons A. (2006) Hidrologiskais monitorings Latvijas purvos. No:
Latvijas Universitates 64. Zinatniska konference. Geografija. Geologija.
Vides zinatne., 30. janvaris-3. februaris, 2006. Riga: Latvijas Universitate,
234.-236. lpp.

Indriksons A. (2006) Baltalksnis ka koku suga — botaniskais apraksts. No:
Baltalksnis  Latvija. Red. K. Kalnina. Salaspils: Latvijas Valsts
Mezzinatnes institiits “Silava”, 7.-18. Ipp.

Indriksons A. (2006) Baltalksna loma meza ekosistemas. No: Baltalksnis
Latvija. Red. K. Kalnina. Salaspils: Latvijas Valsts Mezzinatnes instittits
“Silava”. 19.-36. lpp.

Pakalne M., Indriksons A. (2007) Species and habitat diversity of the
protected mires in Latvia. Im: Multi Functions of Wetland Systems.
Proceedings of the International Conference. Legnaro. Padova. Italy.
26-29 June 2007, p. 186-187.
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34.

35.

36.

37.

38.

Indriksons A, Pakalne M., Bernane L., Abolins A. (2007) Hydrological
studies in the LIFE project “Mires” sites in Latvia. In: XXXV Congress of
the International Association of Hydrogeologists “Groundwater and
Ecosystems”: abstract book. 17-21 September 2007, Lisbon, Portugal.
Edited by L. Ribeiro, A. Chambel and M.T. Condesso de Melo. Lisbon.,
p. 181-182.

Apsite E., Indriksons A. (2007) Quantification of nutrient loads from
diffuse and point sources into inland surface waters in Latvia.
Proceedings of the Latvian Academy of Sciences. Section B: Natural,
Exact, and Applied Sciences, No. 1./2, p.59-65.

Salmina L., Indriksons A. (2008) Differences in hydrology and species
composition between two habitats of Erica tetralix L. in Latvia. In: 22nd
Expedition of the Baltic Botanists. Abstracts and excursion guides.
July 14-17, 2008, Daugavpils, Latvia. Daugavpils: Daugavpils University
Academic Press “Saule”, p.54.

Zalitis P., Indriksons A. (2008) The hydrological properties of
waterlogged and drained forests in Latvia. In: III International conference
,Forest and water”. 14.-17.09.2008, Mragowo, Poland. Mragowo: Polish
Forest Research Institute, Norwegian Forest and Landscape Institute,
p. 62-63.

Indriksons A. (2008) Gruntsiidens Itmepa monitorings LIFE projekta
HPurvi” vietas. No: Purvu aizsardziba un apsaimniekosana ipasi
aizsargajamas dabas teritorijas Latvija. Red. M. Pakalne. Riga: Latvijas
Dabas fonds, 142.-151. Ipp.

Promocijas darba rezultatu prezentacija zinatniskajas konferences

1.

LLU Meza fakultates zinatniski praktiska konference, 1999. gada
22. septembris, Jelgava. Referats: Indriksons A. Vielu aprites pétfjumi
Viesites un Vesetas upju sateces baseinu mezaudzes.

11™ International Peat Congress, August 6™-12", 2000, Quebec. Stenda
referats: Indriksons A., Zalitis P. Influence of drainage on water quality in
the wetlands forests.

Conference on monitoring and modeling catchment water quantity and
quality, September 27"-29" 2000, Ghent. Stenda referats: Indriksons A.,
Zalitis P. The impact of hydrotechnical drainage on the cycle of some
biogenous elements in forest.

LLU Meza fakultates Zinatniski praktiska konference no 2001. gada 24.
lidz 27. aprilim, Jelgava. Referats: Indriksons A., Zalitis P. Priedes tekosa
picauguma dinamika mezos ar atSkirigu nosusinasanas pakapi.
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10.

11.

12.

13.

14.

15.

Starptautiska doktorantu zinatniska konference “Zinatne — lauku attistibai”
no 2001. gada 23. lidz 25. maijam Jelgava, LLU. Referats: Indriksons A.
Ekologisko faktoru ietekme uz priedes picauguma dinamiku nosusinatos
mezos.

1T Pasaules latvieSu zinatnicku kongress no 2001. gada 14. lidz 15. augustam,
Riga. Referats: Indriksons A., Zalitis P. Hidrotehniskas melioracijas
nozime mezsaimnieciba.

Latvijas Universitates 60. zinatniska konference. Geografija. Geologija.
Vides zinatne, LU, Riga, 2002. gada janvaris — februaris. Referats:
Indriksons A. Biogéno elementu aprite nosusinatajas meza ekosisteémas.
LLU Meza fakultates Zinatniski praktiska konference no 2002. gada 23. Iidz
26. aprilim, Jelgava. Referats : Indriksons A. Biog€no elementu izneses no
meza zem&m modeli.

Latvijas Universitates 61. zinatniska konference. Geografija. Geologija.
Vides zinatne. LU, 2003. gada janvaris—februaris, Riga. Referats:
Indriksons A. Pelnu méslojuma ietekme uz zemsedzes augu vegetaciju
priezu mezos ar nosusinatam kiidras augsném.

Nordic — Baltic Workshop on Forest Nutrient Dynamics and Management,
May 20-22, 2003, Honne, Norway. Referats: Indriksons A., Gaitnieks T.,
Zalitis P. Wood ash application in forests on drained peat soils in Latvia.
International Symposium “Towards the sustainable use of Europe’s
forests. Forest ecosystem and landscape research: scientific challenges and
opportunities”, 25-27 June 2003, Tours, France. Stenda referats:
Indriksons A., Zalitis P. Cycle of mineral nutrients in the forest
ecosystems in Latvia.

Latvijas Universitates 62. zinatniska konference. Geografija. Geologija.
Vides zinatne. LU, 2004. gada janvaris—februaris, Riga. Referats:
Indriksons A., Zalitis P. Gruntsiidens kvalitate, zemsedzes augajs un
baribas vielu daudzums kudras augsnes mezaudz€s pelnu méeslojuma
ietekmée.

12™ International Peat Congress. Wise use of peatlands, 6-11 June 2004,
Tampere, Finland. Stenda referats: Zalitis P., Indriksons A. Spruce forest
on Latvian peatlands.

7™ INTECOL International Wetlands conference, 25-30 July 2004,
Utrecht, The Netherlands. Stenda referats: Indriksons A., Zalitis P. The
influence of confined aquifer water on the productivity of wetland forests
in Latvia.

LLU Meza fakultates 65 gadu jubilejai veltita Zinatniski praktiska
konference “Zinatne un prakse nozares attistibai”, 2004. gada 3.-4. novembris,
Jelgava. Referats: Indriksons A. Pelnu méslojuma ietekme uz gruntstidens
kvalitati un zemsedzes augaju.
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16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

III Latvijas Geografijas kongress. “Latvijas geografija Eiropas
dimensijas”. Latvijas Universitate, Latvijas GGeografijas biedriba, 2004. gada
5.-6. novembris, Riga. Referats: Indriksons A. Mezsaimniecisko
pasakumu ietekme uz biogéno elementu apriti meza ekosistémas.

Latvijas Universitates 63. zinatniska konference. Geografija. Geologija.
Vides zinatne. LU, 2005. gada 24.-31. janvaris, Riga. Referats: Indriksons
A. Udens kvalitate Latvijas meZa ekosisteémas.

XXII TUFRO World Congress. Brisben, Australia. 8-13 August 2005.
Stenda referats: Indriksons A. Zalitis P. Water quality in Latvian forest
ecosystems.

2" workshop in the LIFE Nature Co-op Project “Dissemination of
ecological knowledge and practical experiences for sound planning and
management in raised bogs and sea dunes”. Lielupe (Latvia) and Nigula
(Estonia). 22-26 August 2005. Stenda referats: Indriksons A., Pakalne M.,
Matvejs J. Hydrological and vegetation studies in LIFE “Mire” Project
sites in Latvia.

Focus on Soils Symposium: ,,Managing soils for the future”. Uppsala,
Sweden. Swedish University of Agricultural Sciences. 14-16 September
2005. Stenda referats: Indriksons A., Gaitnieks T., Leikuss E. Impact of
silvicultural activities on decomposition of litter.

Latvijas Universitates 64. Zinatniska konference. Geografija. Geologija.
Vides zinatne. LU, 2006. gada 30. janvaris-3. februaris, Riga. Referats:
Indriksons A. Pelnu mé&slojuma ietekme uz koku picaugumu, gruntstidens
kvalitati un zemsedzes augu vegetaciju priezu meZos uz kdras augsném.
Latvijas Universitates 64. Zinatniska konference. Geografija. Geologija.
Vides zinatne. LU, 2006. gada 30. janvaris- 3. februaris, Riga. Referats:
Indriksons A. Hidrologiskais monitorings Latvijas purvos.

Meza fakultates Zinatniski praktiska konference. LLU Meza fakultate,
2006. gada 15.-16. marts, Jelgava. Referats: Indriksons A. Latvijas purvu
hidrologiska izpéte.

24. Ziemelvalstu Hidrologijas konference Danija: The XXIV Nordic
Hydrological Conference: Experiences and Challenges in Implementation
of the EU Water Framework Directive. Vingsted Centret, Denmark,
6-9 August 2006. Referats: Apsite E., Indriksons A. Quantification of
nutrients from diffuse and point sources among the river baseins and
districts in Latvia.

The International Conference on Multi Functions of Wetland Systems.
2007. gada 26.-29. junijs. Padova. Italija. Referats: Pakalne M., Indriksons
A. Species and habitat diversity of the protected mires in Latvia.
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26. The XXXV Congress of the International Association of Hydrogeologists
“Groundwater and Ecosystems”. 2007. gada 17.-21. septembris.
Lisabonna. Portugale. Stenda referats: Indriksons A, Pakalne M., Bernane
L., Abolin$ A. Hydrological studies in the LIFE Project “Mires” sites in
Latvia.

27. LLU Meza fakultates Zinatniski praktiska konference “Zinatne un prakse
nozares attistibai”. 2008. gada 16. un 17. aprilis, Jelgava. Referats:
Indriksons A. Izmainas augsto purvu hidrologiskaja rezZima péc dambju
bives.

28. LLU Meza fakultates Zinatniski praktiska konference “Zinatne un prakse
nozares attistibai”. 2008. gada 16. un 17. aprilis, Jelgava. Referats:
Indriksons A., Mezals H. Grina meZa tipa ekologiskie raditaji un augsne.

29. 22nd Expedition of the Baltic Botanists. Daugavpils, Latvia, July 14 — 17,
2008. Referats: Salmina L., Indriksons A Differences in hydrology and
species composition between two habitats of Erica tetralix L. in Latvia.

30. IIT International conference ,,Forest and water”. Mragowo, Poland,
14.-17.09.2008. Referats: Zalitis P., Indriksons A. The hydrological
properties of waterlogged and drained forests in Latvia.

31. Latvijas Universitates 67. Zinatniska konference. Zemes un vides zinatnpu
nozares. LU, 2009. gada 28. janvaris — 4. februaris, Riga. Referats:
Indriksons A. Gruntsiidens ITmena monitorings Latvijas purvos.

1.6. Promocijas darba struktiira un apjoms

Promocijas darbs veltits meza nosusinaSanas kvantitativo aspektu
izzinaSanai, ietverot gan plasi pétito ietekmi uz audzu produktivitates
palielinasanos, gan maz zinamo biogé€no elementu apriti péc platibu nosusinasanas.

Promocijas darbs satur ievadu, ¢etras nodalas (literatiiras apskats, pétijjuma
objekti, metodika, rezultati un diskusija), secinajumus un literatiiras avotu sarakstu.

Ievada raksturota meZa nosusinasanas nepiecieSamiba, starptautiskas
saistibas vides aizsardzibas joma, Latvijas parmitro mezu tidens bilances un vielu
aprites Tpatnibas, noradits darba mérkis un uzdevumi. Pirmaja nodala analiz&tas
eso$as zindsanas par nosusinatajam meza ekosistémam, par vielu, energijas un
informacijas apriti tajas, par So ekosistému produktivitati, par biogéno elementu (N,
P, K, Ca, Mg) un pH lomu, par nozimigakajam pétniecibas metodém un
mezsaimniecisko pasakumu ietekmi uz biogéno elementu apriti. Nodalas
nobeiguma dots kopsavilkums par IidzSingjo izp&tes Ilimeni un pétijuma
nepiecieSsamibas pamatojums. Otraja nodala dots detalizéts pétijuma objektu
apraksts — ta sadalita 5 apaksnodalas. TreSaja nodala raksturota p&tijjuma metodika
— vielu aprites un kokaudzu taksacijas raditaju datu ieguve, ka arT pielietotas datu
matematiskas apstrades metodes. Nodala sadalita 5 apaksnodalas. Ceturta nodala,
kas sadalita 9 apakSnodalas, satur promocijas darba rezultatus un diskusiju.
Analiz&ti un ar jaunu informaciju papildinati vairaki nozimigi nosinato mezu
ekosistému aspekti: kokaudzes taksacijas raditaju izmainas; priedes tekosa
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pieauguma dinamika; biogéno elementu daudzums gruntsiidenos; biogéno elementu
iznese no sateces baseiniem ar kiidras un hidromorfajam mineralaugsném, ka ar1 no
sausienu meziem; biogé€no elementu izneses modeli; biogéno elementu piepliade ar
pazemes spiedes tideniem; biogéno elementu bilance arenos un kadrenos; biogéno
elementu izskalo$anas no baltalk$nu audzém un koksnes pelnu méslojuma ietekme
uz biogéno elementu daudzumu augsné un gruntsiideni. Darbu noslédz secinajumi
un priekslikumi.

Promocijas darba apjoms ir 155 lapaspuses; informacija apkopota 26 tabulas
un 65 att€los; izmantoti 224 literatliras avoti. Darba nosléguma formuléti 12
secinajumi un 3 priekslikumi.

2. Petijuma objekti
2.1. Udens sateces baseinu raksturojums Vesetnieku ekologiskaja stacionara

Vesetnieku ekologiskais stacionars atrodas Valsts meza dienesta parzina
esosas struktliras — Zinatniskas izpétes mezu Kalsnavas meza novada teritorija un
aiznem 386.3 ha lielu platibu. Stacionara geografiskas koordinatas: austrumu
garums no 25°50" [idz 25°53'; ziemelu platums no 56°42' Iidz 56°43'.

Hidrografisko tiklu veido Vesetas upe, kas sadala stacionara teritoriju
divas dalas, ka ari nosusinasanas gravju sistémas. Stacionara teritorijas geologiska
uzblive rada priekSnoteikumus pazemes spiedes tdenu izplidei. Vesetas upes
kreisaja krasta pazemes tidens pjezometriskais [Tmenis vidgji atrodas 80 cm augstak
par zemes virsmu. Vietam plaisas ir pilditas ar Gideni zem tada spiediena, kas izraisa
tdens pacelSanos gruntsidens novéro$anas akas [idz 2 m virs kiidras virsmas. Tadg]
Seit izveidojusies pasi parmitra zona un kiidras slana biezums vietam parsniedz 5.5 m.
Vesetas upes labaja krasta parsvara ir mezi ar hidromorfam mineralaugsném, kur
ktdras slana biezums neparsniedz 30-40 cm. Tas norada uz mazak intensivu
parpurvosanas procesu salidzinajuma ar kreisa krasta plattbam. Stacionara teritorija
ir platibas, kur pazemes tUdens pjezometriskais limenis ir pat 8.6 m dzili zem
augsnes virsmas.

Pasreizgjo melioréto mezaudzu vietd pirms tam bijis zalu—parejas tipa
purvs, kas tika intensivi nosusinats ar gravju un segtas drenazas palidzibu. Gravji ar
dzilumu 1.1-1.2 m izrakti 1960. gada un divus gadus vélak vietam 80-90 cm
dziluma ierikota segta drenaza.

Vesetas upes kreisaja krasta esoSie 1., 2., un 3. stacionara tidens sateces
baseini atrodas uz nosusinatam kiidras augsném, bet upes labaja krasta esosie 4. un
5. baseini - uz nosusinatam hidromorfajam mineralaugsném. Pirma Gdens sateces
baseina kop€ja platiba ir 33 ha, otra baseina — 113.7 ha, tresa — 139.1 ha, ceturta —
67.3 ha, bet piekta — 33.2 ha.

Vesetnieku ekologiskaja stacionara — priezu meza nogabalos starp
nosusinasanas gravjiem veikts arT pelnu meslojuma iestrades eksperiments.
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2.2. Baltalk$nu audzes Viesites un Sunites upju krastos

Petljums par baltalkSna (Alnus incana (L.) Moench) lomu biogéno
elementu iznes€ ar virszemes tdeniem veikts divas tam piemérotas baltalksnu
audzes Aizkraukles rajona Seces mezniecibas teritorija pie Lielupes baseina up&m
— Viesites un tas pietekas Sunites.

Viesite ir sekla, bet strauja upe, kuras kopgjais garums - 61 km. Tas
krastos parsvara atrodas lauksaimniecibas zemes un plavas. P&tijuma vieta upe
veido 169 km? lielu @idens sateces baseinu. Savukart Sunites upe ir 8 km gara, bet
tas sateces baseina platiba - 31.5 km?, kuru gandriz pilniba klaj mezs.

Viestté upé tdens paraugi nemti cauri Seces mezniecibas 184. kvartala
nogabaliem plistosa 950 m gara upes posma. Audzes kopgja platiba ir aptuveni 19 ha.
Sunites up€ tdens paraugi nemti cauri mezniecibas 170. kvartala un 171. kvartala
nogabaliem plistosa 590 m gara upes posma. Audzes kopgja platiba ir aptuveni 16 ha.
Baltalk$nu audzes pie abam up&m, katra nogabala ir ar atSkirigu vecumu (4-35 gadi) un ar
dazadu citu koku sugu — egles, bérza, melnalksna un osa piemistrojumu.

3. Metodika
3.1. Vielu aprites raksturoSana nosusinatajos mezos

Meza tdenssaimniecibas meérijjumi Vesetnieku ekologiskaja stacionara
uzsakti jau 1963. gada un gadu gaita papildinati ar jauniem merjjumu veidiem.
Kops 1963. gada mériti lietus un sniega nokridni klajuma ar 0.2 mm (1 cm?)
precizitati (Tretjakova nokrisnu uztvérgjs) — ikdienu. Saja gada uzsakti arf augsnes
gruntsiidens ITmepa mérfjumi 3 reizes ménesi. lerikoti ari dzilurbumi pazemes
spiedes Udenu pjezometriska ITmena meriSanai. 1966. gada Udens sateces
baseiniem, to zemakaja lejteces punkta, uz nosusinasanas gravja ierikots
hidrometriskais postenis jeb Gidens noteces mériSanas pargaze, kur ar Bazoaii tipa
pasrakstitaju nepartraukti merits idens caurplidums. 1967. gada ar biezumu 3 reizes
ménest uzsakti lietus un sniega nokriSnu daudzuma merjjumi zem mezaudzes
vainagu klaja — pavisam 180 vietds dazadas struktiras mezaudzes. Visu
iepriekSminéto mérfjumu dati izmantoti dazados aprékinos arT promocijas darba
ietvaros.

No 1997. gada pavasara uzsaktas biogéno elementu kimiskas analizes
grunts-, pazemes-, nokri§nu un gravju noteces tidenim divas reizes ménesi, kas
turpinatas lidz 2001. gada rudenim. Iegiitie rezultati salidzinati ar laika posma no
1966. lidz 1974. gadam K. Busa un 1. Spalvinas, tiilit péc stacionara teritorijas
melioracijas, veiktajiem pétijumiem Vesetniekos, ka arf no 1996. gada jilija lidz
1997. gada junijam nemto fidens paraugu analizu datiem Lielupes Tidens sateces
baseina up@s - Viesité un Sunit€ un tajas iepliistosajos strautos, kas dren€ sausienu
meZus.

Vesetnieku ekologiska stacionara nosusinatajos mezos ekosistéma
ienakosa nokrisnu Gidens kvalitate un kvantitate raksturota izmantojot 25 nokrisnu
uztvergjos savakto fideni. 5 nokriSnu uztvergji izvietoti klajuma — viens no tiem
iekartots stacionara centra, parjie Cetri — pa stacionara teritorijas perimetru
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aptuveni 1.5 km atstatuma no centra. 20 nokri$nu uztvergji izvietoti priezu, eglu un
bérzu kokaudzes, ka ar1 skuju koku jaunaudzg, ikviena audz€ pa 5 uztvergji.
Biogéno vielu izneses aprekinaSanai tidens paraugi nemti ikviend no 5
hidrometriskajiem posteniem, no kuriem trijos tick mérita tidens notece pa gravjiem
no platibam ar dzilam ktdras augsném, bet divos postenos — no platibam ar
hidromorfam mineralaugsném. 18 augsnes gruntsiidens akas un 3 spiediena
pazemes Udenu akas dziluma Iidz 25 m tika analizéti Gidens paraugi t.s. fona
izmainu raksturosanai.

Katram @idens paraugam noteikts N-NH,", N-NO5’, P-PO,”, K, Ca*,
Mg*" daudzums un aktiva reakcija pH. Noteikts arT augiem viegli pieejamo baribas
vielu daudzums kiidra, ka arT izdarttas pilnanalizes to kop&jo krajumu novertésanai.
Kimiskas analizes izdaritas LVMI “Silava” Meza vides laboratorija. Kops darba
uzsaksanas 11dz 2001. gada septembrim veiktas 17 600 Gidens kimiskas analizes.

3.2. Krastmalas baltalk§nu audzes ietekmes raksturo$ana

P&tfjuma par baltalk$nu audzes ietekmi uz biogéno elementu iznesi, idens
paraugi nemti divas baltalkSnu audzeés divu dazadu upju — Viesites un Sunites
tdent. P&tijuma veiksanai tidens paraugi nemti katra up€ straumes centra, nedaudz
zem Udens virsmas ITmepa — 100 m, 50 m un 5 m augSpus un lejpus no baltalksnu
audzes, ka arT 3 vietas up@ audzes teritorija - 1/3, 1/2 un 2/3 no attaluma upei
izplustot cauri audzei, ka arT up€ iepliistosajos strautos - reizi méenesi divos
periodos: 1) no 1995. gada jiilija I1dz novembrim; 2) no 1996. gada julija lIidz 1997.
gada junijam. Sads Gidens paraugu nemsanas vietu izvietojums izvéléts, lai ar
minimalu paraugu nemsSanas vietu skaitu (9 vietas katra up€) raksturotu biogéno
vielu daudzumu upes tident augSpus baltalk$nu audzes, audzes teritorija un lejpus
tas. Kopuma izdaritas 2107 upju tdens un 42 strautu Gidens kimiskas analizes, kas
galvenokart veiktas LVMI “Silava” Meza vides laboratorija.

3.3. Pelnu méslojuma ietekmes noteikSana

Lai nodrosinatu eksperimentam nepieciesamo atkartojumu skaitu un meza
augSanas apstaklu dazadibu, 2002. gada 19.-21.maija ierikoti 12 izm&ginajuma
parauglaukumi tris dazadas vietas jeb sérijas (A, B un C), katra no tam — cetri
parauglaukumi. A s@rijas parauglaukumi izvietoti nogabala ar métru kudrena
(Vacciniosa turf- mel.) meza tipu, B s@rijas parauglaukumi — Saurlapju kudrena
(Myrtillosa turf. mel.), bet C s@rijas parauglaukumi - Saurlapju kadrena ar
parpurvosanas tendenci un niedrajam (Caricoso-phragmitosa) raksturigu vegetaciju
meza tipos. Parauglaukumi katra s€rija izvietoti transekta — rindas veida ar aptuveni
30 m savstarpgjo attalumu.

Katra aplveida parauglaukuma centra atrodas 2 m dzila gruntsiidens
noveroSanas aka fidens paraugu ievakSanai. Katras s€rijas pirmaja parauglaukuma
pelni izkaisiti 1 m plata rinka gredzena veida, kura ieksgja mala atrodas 1 m radiusa
ap aku (mé&slota platiba 9.42 m?), otraja parauglaukuma — 2 m radiusa ap aku
(15.7 m?), bet tre$aja parauglaukuma — 3 m radiusd (21.98 m?). Zinot augsnes
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filtracijas koeficientu un tUdens plismas virzienu, pelnu izkaisiSana atSkirigos
attalumos no akas dod iespgju aprekinat ar pelniem ienesto baribas vielu
izskaloganas atrumu un daudzumu kg ha” no meZa ekosistémas uz nosusina$anas
gravjiem. Katras s€rijas ceturta parauglaukuma aka izmantota kontrolei — pelni ap
to nav kaisti.

Terikotajos parauglaukumos izkaisiti dabigi mitri pelni ar devu 50 t ha™ jeb
5 kg m™. Pelni nemti galvenokart no kokzagssanas riipnicas SIA “Vika Wood”, kas
atrodas Kurzemé, apméram 12 km no Talsiem. Pelni iegiiti no skuju koku, parsvara
egles, mizas. Uz eksperimenta vietu pelni transportéti plastmasas maisos.

Gruntsiidens paraugi no akam vegetacijas perioda pemti divas reizes
ménest, LVMI “Silava” Meza vides laboratorija nosakot N-NH,", N-NO5’, P-PO,>,
K', Ca® un Mg>" koncentraciju, ki ari aktivo reakciju pH. Trisdesmit divos
atkartojumos veiktas 2506 tidens kimiskas analizes.

Zemsedzes augu vegetacija péc méslosanas raksturota katru gadu augusta
ménesT ar punktu metodi, izmantojot 1 m garu metala adatu (diametrs 1 mm). Katra
parauglaukuma méslotaja un neméslotaja dala izdariti 200 adatas dirieni, atzimgjot
augus (stinas, lakstaugi), kuru virszemes dalas pieskaras adatai. Katrai sugai
parauglaukuma aprckinats sastopamibas koeficients un projektivais segums.
Izmantojot Ellenberga skalas, iegiiti katra parauglaukuma mésloto un nemésloto
dalu raksturojosi gaismas, temperatiiras, kontinentalitates, mitruma, reakcijas,
slapekla un augsnes auglibas raditaji. Mg&sloto parauglaukumu un to tuvakas
(neméslotas) apkartnes vegetacijas salidzinasanai lietots Cekanovska lidzibas
koeficients.

3.4. Kokaudzes taksacijas raditaju noveértésana

Kokaudzes parametru novértéSanas mérkis bija novertet kokaudzes kraju
dazados attalumos no nosusinaSanas gravjiem atrodoSos parauglaukumos un
parliecinaties, vai nav notikusi tas picauguma samazina$anas nosusinasanas gravju
tuvuma.

Promocijas darba ietvaros 1999. un 2006. gada julija ménesSos izdarTta
stacionara teritorija esoSo 30 priezu parauglaukumu parmérisana. Rezultati
salidzinati ar iepriek$gjas uzmeérisanas reiz€ém kop$ 1963. gada. Parauglaukumos,
kuru platiba sastada 0.06 — 0.125 ha veikta audzes dastoSana, uzmérot visus kokus
sadalfjuma pa 2 cm caurméra pakapem. Lai konstrugtu augstuma liknes, veikti art
koku augstuma mérijumi katrai sugai sastopamajas caurmeéra pakapées. Katrai koku
sugai parauglaukuma aprékinats audzes vidgja koka caurmérs un augstums, audzes
skerslaukums m” ha, kraja m® ha™ un koku skaits gab.ha™.

Priedes teko$a picauguma dinamikas atspogulojumam izraudziti tris -
0.125 ha (25 m x 50 m) lieli, 1976. gada ierikoti priezu audzu parauglaukumi, kuri
izvietoti starp 2 nosusinasanas gravjiem Saurlapju kiidrena meza tipa. Divi
parauglaukumi izvietoti gravju tuvuma, bet viens - vida starp gravjiem. Attalums
starp gravjiem ir 170 m. Priedes tekoSais picaugums nosusinataja objekta
salidzinats ar nenosusinatu parejas tipa purvu. Lai noteiktu priedes krajas tekosa
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picauguma dinamiku mezaudzgs ar atSkirigu nosusinasanas pakapi, trijos atskirigos
objektos (nenosusinata parejas purva, kokaudze vida starp gravjiem un kokaudze
nosusinasanas gravja mala) tika izraudziti pa 10 valdaudzes koki, kuriem 1.3 m
augstuma no saknu kakla izdariti urbumi, ievacot koksnes radialos serdenus.
Katram no $iem 10 kokiem izmérits pédgjo 30 gadu (no 1970. Iidz 2000. gadam)
gadskartu platums. P&c tam katrai gadskartai aprékinats skérslaukums, kas raksturo
dazada caurméra koku augSanas intensitati. Gruntsiidens limenu salidzinaSanai
izmantoti katra parauglaukuma tuvuma esoso gruntsiidens ltmena noveroSanas aku
tdens ITmena merfjumi.

4. Rezultati un diskusija

4.1. Kokaudzes taksacijas raditaju izmainas péc nosusinasanas

Lidz nosusinasanai stacionara atradusas zemas bonitates [V-V vecuma
klagu bérzu—priezu audzes. Audzes sastivs 8P2B+E, krdja 55 m’ ha’, krijas
tekoais pieaugums 1.8 m® ha' gada. 10 gadu laikd p&c nosusina$anas krija
divkarSojusies un 1973. gada sastadija 112 m’ ha™'. Audzes sastavs 7P1E2B.
Tekosais picaugums 4.7 m® ha" gada. Kop$ 1963. gada staciondra teritorija ir
iertkoti kokaudzu parauglaukumi, kuros, ik péc 4-5 gadiem, tiek veikta krajas
parmérisana. Paglaik, 46 gadus p&c nosusinasanas, kokaudzu vidgja krdja ir 312 m’ ha
(4.1. attels). Kopuma vidgji 30 kokaudzu parauglaukumos 2006. gada audzes
sastavs ir 6P3E1B, teko§a bonitate - II°, krdja - 312 m® ha™ un krdjas uzkrasanas
temps — 2.9 m® ha™' gada, kas ir mazaks par $o raditaju 1999. gada, kad tas sastadija
6.2 m® ha' gada. Laika posma p&c melioracijas picaugusi priedes un egles kraja,
bet verojama berza krajas samazinasanas. Audzes sastava pakapeniski pieaudzis
egles krajas Tpatsvars, bet samazindjies b&rza un priedes Tpatsvars. Nenosusinata
platiba kokaudzes kraja pétitaja laika perioda pieaugusi loti maz un faktiski
saglabajusies sakotngja limeni — ap 40 m® ha™.

Audzes taksacijas raditaji 2006. gada salidzinati ar 1976. gada mérjjumu
rezultatiem. Saja laika koku sugu sastava izmainas at3kirigos attalumos no gravja
notikusas I1dzigi. Egles Tpatsvars straujak palielinajies gravja mala. Bérza tpatsvars
gan sakotngji, gan arT paslaik ir lielaks vidd starp gravjiem.
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4.1. att. MezaudZu krajas izmainas laika gaita péc nosusinasanas (30
parauglaukumu vidéja kraja).
Fig. 4.1. The changes of stand volume in time after the forest drainage
(average volume of 30 sample plots).

4.2. Priedes teko$a pieauguma dinamika

Augstakie pieaugumi konstateti kokiem gravja tuvuma, tad seko objekts
vidi starp gravjiem, un, visbeidzot, nenosusinats parejas purvs. Picauguma
samazinasanas laika gaita pec melioracijas visticamak ir saistita ar nosusinasanas
gravju pakapenisku aizs€réSanu, lai gan piecauguma atSkiribas starp objektiem
saglabajusas arT paslaik. Gravja mala méritajiem kokiem gadskartu Sk&rslaukuma
izkliede svarstijusies no 15.56 cm” 1971. gada lidz 7.45 cm® 1998. gada; vida starp
gravilem no 10.06 cm® 1972. gada lidz 5.86 cm’® 1982. gada. Priedém
nenosusinataja parejas purva pieauguma dinamika kopuma ir gandriz nemainiga.
Trisdesmit gadu laika tas svarstijies robezas no 1.80 cm® lidz 3.55 cm’. Apméram
kops 1980. gada nosusinatajos objektos picauguma kritums vairs nav vérojams. Tas
var nozimét to, ka kokaudzei pieaugot, ta sp&j kompensét gravju pies€résanu un
augsnes mitruma palielinasanos ar transpiracijas palidzibu.

Visai nieciga ir pieauguma korelacija ar nokrisnu daudzumu, ko norada
tas, ka gadskartu Skérslaukuma svarstibas atseviskiem kokiem nav sinhronas.
Veikta paru korelacijas analize salidzinot katru koku ar katru atseviski
nenosusinataja (45 pari) un nosusinataja (190 pari) objekta. Korelacijas koeficientu
sadalfjums bija asimetrisks pozitivo korelaciju virziena, tomer bitisko korelaciju
patsvars bija saméra neliels (30 %). Tas liecina, ka priedes visai at3kirigi reagg uz
vienu un to paSu meteorologisko faktoru ietekmi.

Lai saistitu gadskartu pieaugumus ar citu nozimigu ekosist€mas ieejas
elementu — mineralajam baribas vielam, izmantoti 1997.-2000. gadu gadskartu
Skerslaukumi, jo $aja laika stacionara veiktas ari biogé€no elementu kimiskas
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analizes. Ta ka netika konstatStas butiskas atSkiribas starp atsevisku gadu
pieaugumiem neviena no 3 objektiem (dispersijas analize, p=0.49-0.87), tad nebija
nozimes vertét ekologisko faktoru ietekmi dinamika (laika). Pie tam, bija saméra
maz (30 %) batisku korelaciju starp atsevisku koku gadskartu skérslaukumiem
viena objekta. Tomer bitiskas bija atskiribas koku gadskartu pieaugumu vidgjam
vertibam starp pétitajiem objektiem (dispersijas analize, p<0.05). Tas nozimg, ka
ekologisko faktoru ietekme veértéjama, aplikojot pétitos objektus statiski, salidzinot
ietekmes faktoru vidgjas vertibas ar vidgjiem pieaugumiem. Bez jau pieminétajiem
mineralajiem baribas elementiem, vértéts ari gruntsidens limenis vegetacijas
perioda.

Vislielakais gadskartu $kérslaukums ir kokiem gravja mala (8.92 cm?), bet
vismazakais — nenosusinataja parejas purva (2.64 cm®). To liela méra izskaidro
atSkirigais gruntsiidens rezZims. Ar organiskam vielam bagatas augsnés gruntsidens
tikpat ka nesatur skabekli, un koku saknes, kas atrodas Gident, noslapst. Konstatgts,
ka mezos ar nosusinatam kidras augsnés koku saknes sniedzas Iidz 40 cm
dzilumam. Paliclinoties dienu skaitam, kad gruntsiideni atrodas tuvak augsnes
virsmai (< 40 cm), mezaudzes produktivitate samazinas (3amutuc, 1983).
Gruntstdens Iimenis parejas purva vienmér bijis seklak par 40 cm (vid&ji 6 cm), bet
nosusinataja objekta 40 cm parsniegsanas iesp&jamiba bijusi 68% (vidgjais ITmenis
56-57 cm). Tomer ar gruntsiidens Iimeni nav izskaidrojamas bitiskas atskiribas
starp koku gadskartu picaugumiem parauglaukuma vidii starp gravjiem (6.75 cm?)
un gravia mala (8.92 cm?), jo Seit tas ir gandriz vienads. Pieauguma atikiribas
visticamak ir saistitas ar labaku augsnes aeraciju nosusinasanas gravja tuvuma, ko
nodrosina lielaks Gidens pliismas atrums gravja virziena.

Lielaks augiem viegli pieejama N-NH,", K*, Ca*" un Mg*" daudzums
ktidra noteikts objekta nosusinatos mezos, bet N-NO;™ un P—PO43' - nenosusinataja
parejas purva. Analizes paradija augstakas pH vértibas parejas purva gruntsiideni
un augsné salidzinajuma ar objektu nosusinatos mezos. Zinams, ka augstrazigos
mezos baribas vielu plisma ir straujaka, mazproduktivos — 1énaka. Ta ka ar
parastajam aug$nu kimiskajam analiz€ém vielu aprites atrumu nevar noteikt,
precizus rezultatus aprékinat pagaidam nav iesp&jams — augstraziga meza koki
baribas vielas izmanto tik strauji, ka augsnes analizes tas paradas nieciga
daudzuma. Rodas maldigs iespaids, ka augsne ir nabadziga, kaut gan augi ir labi
apgadati ar mineralvielam.

Dazadi mums pagaidam v&l nezinami blakusfaktori ir c€lonis tam, ka,
mainoties meteorologiskajiem faktoriem, vieniem kokiem gadskartas klast
platakas, bet citiem - Saurakas. Tapeéc koku gadskartu platuma svarstibas ir visai
piesardzigi izmantojamas iepriek$&jo gadu meteorologisko apstaklu atsifrésanai.

4.3. Biogeno elementu daudzums gruntsiidenos
Konstatéts, ka paslaik, 49 gadus p&c melioracijas, neraugoties uz $ajos
gados notikuSajam izmainam mezaudzu struktiira, nav butisku izmaigu N-NH,",
P-PO,”, K*, Ca*" un Mg*" daudzuma augsnes gruntsiidenos @idens sateces baseinos
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uz nosusinatajam kiidras augsném. Analizgjot ilggadigos vid€jos raditajus
konstatgts, ka, salidzinajuma ar 1. Spalvinas un K. Busa (1966.-1974. gados) 1si p&c
melioracijas veiktajiem pétjjumiem, statistiski biitiski pieaudzis vienigi N — NOj
saturs ( no 0.1 lidz 0.5 mg 1" ), ka arf novérota pH limena palielinasanas no pH
5.97 lidz pH 6.72 (4.2. att&ls).
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4.2. att. Analizéto elementu daudzuma un pH aritméetisko vidéjo vertibu
izmainas gruntsiideni laika péc melioracijas.
Fig. 4.2. The changes of artithmetic mean values of amount of elements
analysed and pH in groundwater after the drainage.

Analizgjot vielu daudzumu gruntsiidenos, atklajas, ka kidras un
mineralaugs$nu Gidens sateces baseini batiski atSkiras péc kalija daudzuma (K Fae. =
= 6.86 > Fi;, = 3.81). Vairak kalija satur nosusinato mineralaugsnu gruntstudeni.
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Al K jonu daudzums gravju noteces iidenos minerdlaugsnu tidens sateces
baseinos ir lielaks. Tapat tuvu bitiskam ir arf Ca®'un Mg”" atskiribas starp
nosusinato kiidras un mineralaugsnu adens sateces baseinu gruntsiideniem. So jonu
daudzums ir lielaks nosusinato kiidras augs$nu gruntstidenos.

Gruntstidens aktivas reakcijas pH atskiribas butiskums (pH Fyy = 13.0 >
> Fi. = 3.81) starp areniem un kadrepiem ir logisks: kadras augsnés tdens ir
skabaks, bet mineralaugsnés baziskaks.

4.4. Biogeno elementu iznese no sateces baseiniem ar kiidras augsném,
hidromorfajam mineralaugsném un sausienu meZiem

Saistiba ar Ca un Mg joniem bagato pazemes Udenu izkiléSanos, pasa
uzmaniba vairakos aspektos tika pieversta tiesi Siem joniem. P&tfjuma atklajies, ka
20 m dzilajas pazemes tidens akas sateces baseinos uz nosusinatam kiidras augsném
ir lielaks Ca®" un Mg®" jonu daudzums, salidzinajuma ar tadam pa$am akam uz
hidromorfajam mineralaugsném (Ca2+ Fruke = 63.68 > Fyi. = 3.95). Savukart, pretgji
gaiditajam, nav konstatéts palielinats Ca®" un Mg®" jonu daudzums gravju notecé
no nosusinatajam kidras augsném. Ca®>" daudzums gravju notecé no hidromorfajam
mineralaugsném 1997.-1999. gadu perioda bija pat nedaudz augstaks neka no
kidras augsnu tidens sateces baseiniem, sastadot attiecigi 52.7 mg 1" un 51.6 mg I
Tomér § atskiriba nav statistiski biitiska. Vienlaikus, Ca®" jonu iznese no
nosusinatajam kiidras augsném bija 178.9 kg ha™ gada, bet no hidromorfajam
mineralaugsném ta sastadija 119.6 kg ha™' gada, kas izskaidrojams ar izsikstosu
tidens noteci mineralaugsnu Gidens sateces baseinos vasaras sausuma periodos. Ca**
izneses atSkiribas starp kiidras un mineralaugSnu tdens sateces baseiniem ir
butiskas (Ca2+ Foke = 6.42 > Fy;, = 3.81). Bitiska ir arT ar gravju noteci iznesto
Mg** un N-NO;™ apjomu atskiriba starp abu augnu baseiniem.

Salidzinot pétijumu objektos ievakto tdens paraugu kimisko analizu
rezultatus, izradijas, ka lielaks biogéno vielu — N-NOy, P-PO,* un K* daudzums
idenstec@s ir objektos baltalkinu audzés sausienu mezos. Savukart lielaks N-NH,",
Ca®" un Mg”" daudzums ir no nosusinatajiem meziem notekogaja tident.

N-NH," iznese, kas sastadija 7.1 kg ha' gada, ir licla salidzindjuma ar
amonija slapek]a noteci upé sausienu mezu objekta, kur ta sastadija tikai 0.6 kg ha™
gada. Palielinata vielu notece no nosusinatajam platibam veidojas pateicoties
vasara neizsikstosajai TGidens plismai pa gravjiem platibas ar dzilam kudras
augsném, kamér sausienu mezos strauti ir izsikusi. Ta ka nosakot vielu bilanci
nosusinatajos mezos konstatets, ka N-NH,", N-NO;, P-PO,* un K ienese meza
ekosistéma ar atmosferas nokriSniem parsniedz So vielu iznesi pa nosusinaSanas
gravjiem ka mezos uz dzilas kudras, ta arT mezos ar hidromorfajam
mineralaugsném, tad nav pamata apgalvot, ka §is vielas tiktu pastiprinati izskalotas.
Savukart Ca’" un Mg”" jonu iznese ar gravju noteci vairakkart parsniedz 3o vielu
ienesi ar nokris$nu tdeni.

IepriekSmin&to paaugstinato bazisko katjonu daudzumu nosusinato mezu
gravju noteces tidenos un up€ apstiprina arT baziskaka tidens aktiva reakcija,
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attiecigi pH 7.4 un pH 8.0. Turpreti p&tijumu objekta sausienu mezos fideni bijusi
ar skabaku tdens aktivo reakciju, attiecigi, strautos — pH 6.3 un upé — pH 7.0.
Udens pH Iimenpa atskiribas starp nosusindto un sausienu meZu objektiem ar
varbiitibu 95% bija statistiski buitiskas (dispersijas analize, p<0.05).

4.5. Biogéno elementu izneses no meza zemém modeli

Biogéno elementu izneses aprékinasanai tidens paraugi nemti ikviena no 5
hidrometriskajiem posteniem, no kuriem trijos tick mérita idens notece pa gravjiem
no platibam ar dzilam kudras augsném, bet divos postenos — no platibam ar
hidromorfam mineralaugsném. Baribas vielu noteces modelu izstradei izmantotas
1997.-2001. gadu perioda iegiitas vielu koncentracijas un ilglaicigo noteces
noveérojumu dati.

Galvena nozime baribas vielu izneses veidoSana neapSaubami ir Gidens
noteces apjomam, jo vielas var tikt iznestas tikai ar idens pliismu. Veicot 1969.-2001. gadu
perioda notecu datu apstradi ar viena faktora dispersijas analizi, izradijas, ka gan
diennakts, ta arT summaras hidrologiska gada noteces starp pieciem stacionara
fidens sateces baseiniem atSkiras bitiski (viena faktora dispersijas analize, p < 0.05).
Sadalot kalendaro gadu cetras vienadas dalas — gadalaikos (pavasaris — aprilis,
maijs, jlnijs; vasara — julijs, augusts, septembris; rudens — oktobris, novembris,
decembris; ziema — janvaris, februaris, marts), ieglistam Cetrus periodus ar butiski
(viena faktora dispersijas analize, p < 0.05) atskirigu Gidenainibu. Vislielaka notece
konstatSta pavasari, bet vismazaka — vasara. Bitiska nav atSkiriba vienigi starp
rudens un ziemas noteci (viena faktora dispersijas analize, p = 1.000).

Statistiski biitiskas atSkiribas konstatetas arT starp atsevisku gadu notecu
summam, ka arT starp atsevisku gadu vidéjam diennakts notecm (viena faktora
dispersijas analize, p < 0.05). Protams, §Ts atSkiribas nav butiskas starp visiem
gadiem.

Ieprick§minétas noteces atskiribas tika nemtas véra, izstradajot baribas
vielu izneses modelus. Lai ekstrapolétu vielu koncentracijas gravju notect laika
starp TGdens paraugu nemsSanas dienam, tika méginats saistit vielu koncentraciju
fidenT ar noteces apjomu (mm diennaktr) paraugu nemsanas diena. Sakariba linearas
regresijas veida aprékinata katrai analizétajai vielai (N-NH,4", N-NOjy’, P-PO,>, K,
Ca’ un Mg*) katram no pieciem #idens sateces baseinam katrd no &etriem
gadalaikiem. Tikai septinos gadijumos no 120 $T sakariba bija statistiski butiska
(4.1. tabula). Visos gadijumos, iznemot N-NH," 2. baseina pavasari, konstatéta
butiska sakariba noradija, ka, [idz ar noteces apjoma palielinasanos gravi, vielas
koncentracija fidenl samazinas. lepriekSminétaja izn@muma gadijuma, turpreti,
paliclinoties gravju noteces apjomam, vérojama amonija jonu koncentracijas
paliclinaSanas noteces Gideni. Visticamak, tas saistas ar apstakliem, kad spéciga
lietus laika, paaugstinoties gruntsiidens limenim un pieaugot noteces intensitatei,
amonija joni pastiprinati tiek aizskaloti uz gravjiem. Tomer, kopuma, biogé€no
elementu daudzumam #idenT ir svarstigs raksturs, kas lauj uzskatit, ka ar lielaku
tidens apjomu aizplust arT lielaks biogéno elementu apjoms.
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4.1. tabula / Table 4.1.

Vidgjas vielu koncentracijas (mg 1) un to aprékinam lietojamas funkcijas

piecos Vesetnieku iidens sateces baseinos

The average concentrations of elements (mg I'") and the equations to be used
for the calculation in the water confluence basins of the Vesetnieki Station

Viela/ Gadalaiks 1. baseins 2. baseins / 3. baseins / | 4.baseins/ | 5. baseins/
/ 1* basin 2™ basin 3" basin 4™ basin 5" basin
Substance | / Season
Pavasaris / kone.=0.0183+
Spring 1.69 Zégs*notece 0.87 0.94 2.49
| ) 1.32 0.73 0.64 0.94 243
N-NH,
Rudens / konc.=1.227-
Autumn 1.48 0.77 1.23 0.8365*notece 2.08
Ziema /
Winter 1.52 1.02 0.7 0.8 1.48
Pavasaris /
Spring 0.254 0.236 0.161 0.146 0.199
Vasara /
NNO- Summer 0.073 0.076 0.068 0.100 0.171
- 3
Rudens /-1 0,478 0.208 0.017 0.034 0.041
Ziema /
Winter 0.163 0.098 0.098 0.036 0.103
soars! 1 0.079 0.048 0.061 0.029 0.066
Vasara / konc.=0.1433—
P-PO 3. Summer 0.066 0.063 0.116 0.077 0.1027*notece
4 Rudens /
Autumn 0.011 0.003 0.008 0.016 0.090
Ziema 0.041 0.036 0.031 0.019 0.091
Pavasaris / kone.=1.3129— konc.=1.9177—
Spring 151 0.5039*notece 0.5729*notece 1.73 2.20
Vasara / konc.=2.3989—
- Summer 1.48 1.24 1.08 1.58 1.3099* notece
Rudens /
Autumn 1.13 1.03 0.99 1.10 0.96
Ziema /
Winter 1.09 1.37 1.23 1.21 1.26
Pavasaris /
Spring 53.49 39.78 46.71 44.39 55.33
, qasara 72.69 38.52 46.41 46.48 52.08
Ca
Rudens / konc=57.676—
Autumn 50.89 36.34 45.49 31.142* notece | 93-34
Ziema /
Winter 54.51 38.79 43.33 45.37 55.01
‘;“?‘53”5/ 17.75 15.92 13.44 15.04 13.04
pring
Vasara /
M Summer 20.64 14.56 12.24 16.10 16.07
¢ Rudens / 17.29 1431 1531 14.70 15.07
Autumn ) . . : .
Ziema /
Winter 14.36 11.61 12.21 12.57 14.12
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Vielu izneses aprékinam tdens paraugu nemsSanas dienam attiecigas
dienas koncentracija reizinata ar §is dienas noteces apjomu. Lai noteiktu vielas
koncentraciju dienam starp tidens paraugu nemsanas reizém, tiem gadalaikiem, kur
konstatéta statistiski butiska sakariba starp vielas koncentraciju un attiecigas dienas
noteci, ta aprékinata p&c ieguta vienadojuma. Gadalaikos, kur starp noteces apjomu
un vielas koncentraciju signifikanta sakariba netika konstatéta, vielu izneses
aprékinam lietota vid€ja vielas koncentracija, kas noteikta attieciga gada gadalaika.

Tiem gadalaikiem, kad @idens paraugi vispar nav nemti, piepemta 1997.-
2001. gadu perioda attieciga gadalaika vidgja koncentracija konkrétaja tdens
sateces baseina. Ja kada gada gadalaika (pieméram, 2001. gada pavasarT, vai 2001.
gada vasard) bijis tikai viens vielas koncentracijas mérijjums, tad $im gadalaikam
pienemta 1997.-2001. gadu perioda vidgja vertiba konkrétaja tidens sateces baseina.
Tada veida tika aprékinatas vai pienemtas vielu koncentracijas gravju noteces tident
katrai dienai katram tidens sateces baseinam. Attiecigas diennakts Gidens noteces
apjomu sareizinot ar vielas koncentraciju un izdalot ar tidens sateces baseina
platibu, tika iegiita vielas iznese kilogramos no hektara diennakti.

Peéc ieprickSminétas metodikas aprékinatas gada izneSu vértibas no
Vesetnicku stacionara tidens sateces baseiniem laika periodam no 1969. Iidz 2001.
gadam. Vislielakas baribas vielu izneses konstatetas slapjajos, nokriSniem
bagatajos 1981., 1990. un 1998. gados, bet vismazakas — sausajos 1996., 1976.,
2001. un 2000. gados. Izmantojot informaciju par gada noteces apjomu un baribas
vielu iznesi, katrai pétitajai vielai sastadits baribas vielu izneses modelis linearas
regresijas vienadojuma forma, kas izmantojams baribas vielu izneses noteikSanai
notec€ no Latvijas parmitrajiem meziem, vienadojuma ievietojot noteces apjomu
no interesgjosas teritorijas. Modell regresijas vienadojums N-NH,", N-NO;™ un
P-PO,* aprekinats katram Vesetnieku stacionara tidens sateces baseinam atseviski,
izmantojot baseinos iegiitas gada noteces un vielu izneses. 4.3. attéla redzams
N-NH," izneses modelis. Savukart K izneses no hidromorfo mineralaugsnu un
ktidras augs$nu baseiniem skaidri nodalas abas aug$nu grupas, tade| kalijam veidoti
divi regresijas vienadojumi (4.4. att€ls). Ar atSkirigas krasas punktiem att€lotas
izneses no baseiniem ar nosusinatam kiaidras- un mineralaugsném. Kalcija un
magnija izneses no visiem Vesetnieku baseiniem labi aprakstamas ar vienu
regresijas taisni un vienadojumu. 4.5. attéla redzams Mg®" izneses modelis.
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Iznese, kg ha'! gada
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& 1. baseins / 1% basin

y =0.0187x+ 0.6556
R?=0.8028
10 < m 2. baseins / 2" basin
) s, /
[}
> 8 A . .
z ®3. b /3",
3 y =0.0206x - 0.8268 4 aseins asin
T R*=0.568 T =0.0152x+0.1106
fb 61 R?=0.9601 ® 4. baseins / 4" basin
-
2 4]
3 A5, baseins / 5" basin
y =0.0081x+ 0.3729
2 —
y =0.0076x+0.1393 R =0.8244
R>=0.9719
0 T T T T T
0 100 200 300 400 500 600

Notece, mm gada / Runoff, mm per year

4.3. att. N-NH," izneses modelis. 1., 2. un 3. baseini — meZi ar nosusinatam
kiidras augsném; 4. un 5. baseini — meZi ar nosusinatam mineralaugsném.
Fig. 4.3. N-NH," runoff model. 1%, 2"* and 3" basins — forests on drained peat

Iznese, kg ha' gada

soils. 4™ and 5™ basins.

8
Mezi ar nosusinatam
y =0.0137x+ 0.1871
7 RZ= 0.8959 ~ kiidras augsném (1., 2.
o n & un 3. baseini) / Forests
o 6 . * on drained peat soils
= . _u / 1ad (1%, 2" and 3" basins)
2. AJ
—'f:s 4 Mezi ar nosusinatam
3 y =0.0104x + 0.277 @ Minerdlaugsném (4. un
g 3 — 5. baseini) / Forests on
% R™=0.8929 drained mineral soils
© 2 (4" and 5" basins)
1
0 T T T T T
0 100 200 300 400 500 600

Notece, mm gada / Runoff, mm per year

4.4. att. K* izneses modelis.
Fig. 4.4. K* runoff model.
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4.5. att. Mg”* izneses modelis.
Fig. 4.5. Mg"" runoff model.

4.6. Biogeno elementu piepliide ar pazemes spiedes fideniem

Petljumi par pazemes ddenu atslodzes rezimu nosusinatos mezos
Vesetnieku stacionara uzsakti jau 1972.gada, ierikojot 33 dzilurbuma (5-31 m
dzilas) novérosanas akas, 17 no kuram iesniedzas aug§devona dolomitos. Dolomita
horizonts stacionara teritorija raksturojas ar hidrokarbonatu magnija un kalcija tipa
pazemes Udeniem. Tadel kalcija un magnija jonu koncentracija kiidras augsnes
gruntsiideni uzskatami ilustré pazemes tdenu atslodzes intensitati. Vegetacijas
perioda pazemes tdenu pieplide meza ekosisttma ar dzilas kiidras augsném
svarstas robezas no 10 mm (loti sausas vasaras) Iidz 102 mm (lictainas vasaras)
(Bamuruc, 1983). Fizikalaja aspekta atslodzes intensitate ir tieSi proporcionala
spiediena pazemes fidens horizonta pjezometriska Gidens Itmena /# un augsnes
gruntsidens ltmena A starpibai Ah=h-H_ filtracijas koeficientam & un apgriezti
proporcionala filtracijas cela garumam /. Izpliides intensitates teritorialas atSkiribas
purvainos un kiidrenos nav precizi izskaitlojamas viena meza nogabala ietvaros, jo
nevar ieglt nepiecieSsamo informaciju ne par filtracijas cela garumu, ko raksturo
galvenokart malaina sprostslana biezums, ne ar par filtracijas koeficientu $aja
slani. Tapéc mineralvielam bagato pazemes tdenu izplides apjoma raditaji ir
sam&ra nosaciti, un tos raksturo tikai [Tmenu starpiba Az = h-H.

Zem tdeni necaurlaidiga morénas sprostslana eso$a devona dolomita
plaisas akumuléta @idens spiediens ir teritoriali izlidzinats un ta pjezometriska
virsma veido saméra Iidzenu plakni. Varam piepemt, ka starp divam saméra tuvu
iertkotam noveroSanas akam /4 mainas lineari. Tas paver iesp&ju spiediena pazemes
iidens horizonta pjezometriska fidens Itmena aprékinasanai izmantot meZza
hidrologijas praksg reti piclietoto trijstira plaknes vienadojumu:
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axi+byi+ch,-:1, (1)
kur x un y - dzilurbuma aku koordinates plakng,
h — pjezometrisko ITmenu augstums virs jiiras [imepa uni=1...3.

Izmantojot aprékinatas koeficientu a,b,c skaitliskas veértibas, var
aprekinat 4, ka arT h-H vertibas ikviena plaknes punkta ar koordinatém x un y, kur
izméerits augsnes gruntstidens [imenis H.

Vesetnieku stacionara teritorija spiediena pazemes tdens horizonta
pjezometrisko Tidens Iimenu starpiba kiidrenos un tiem pieguloSajos sausienu
pauguros sasniedz 12 m: /fip= 102.01 m un Ay;,,= 89.53 m. Aprékinot /2 un
izm@rot H, Vesetnieku stacionara kiidrenos iezim&jas saméra lielas A/ vidgjo
skaitlisko vertibu atskiribas: no -97 cm Iidz +265 cm. Lidz ar to, tika izvirzits
mérkis noskaidrot, vai vietas ar atskirigdm A/ vertibam atSkirigas ir arT augsnes
gruntsiidenos izSkiduso kalcija un magnija jonu koncentracijas, kas raksturigas
dolomttos lokalizétiem pazemes tdeniem.

Parbaudei izveleti 7 merpunkti, no tiem 3 mérpunktos iegiitie dati veido
vienu neliela spiediena kopu, kur A% vidgjas vertibas atrodas robezas no —97 cm
lidz +27 cm; otru pastiprinata spiediena kopu veido 4 mérpunktos iegiitie dati pie
Ah vidgjam vertibam robezas no +162 cm lidz +205 cm.

Lidz divi metri dzilajas augsnes gruntsiidens lTmena novéroSanas akas
pedgjo piecu gadu laika jonu vidgja koncentracija pazemes tidenu neliela spiediena
zona pie Ah=-20 cm bijusi: Ca-17.4 mg I"'; Mg—6.1mg I'; pastiprinata spiediena
zona pie Ah=+213 cm Ca—45.0 mg I''; Mg— 15.0 mg 1"".

Biogéno elementu papildus piepluide ar pazemes spiedes udeniem
atspogulojas arT meza raziba: pastiprinata spiediena zona augoso 8 priezu kokaudzu
augstuma piecaugums pedjo 25 gadu laika atbilst pirmajai bonitatei; neliela
spiediena zona 7 audzu augstuma pieaugums — otrai bonitatei. Tas apstiprina
iepriek$ atziméto (Zalitis, 1996) likumsakaribu, ka kiidrenu meza tipi un ar tiem
saistita meza raziba atspogulo pazemes spiedes tdenu atslodzes intensitati:
Saurlapju kiidrenos (1. bonitate) pazemes spiedes Gdeni piepliist aptuveni divreiz
intensivak neka par bonitati nabadzigakos métru kiidrenos.

Tadejadi varam uzskatit, ka biogéno elementu koncentracija augsnes
gruntsiidenos mainas Iidz ar spiediena pazemes tdens horizonta pjezometriska
tidens ITmena un augsnes gruntsiidens [Tmena starpibas A% izmainam.

Meza ar biezu kudras slani (biezums > 50 cm) kalcija un magnija jonu
koncentracija saistiba ar A/ izmainam laika analiz&ta septinos mérpunktos, ikviena
no tiem 5 gadu laika ievacot un analiz€jot 48 gruntsiidens paraugus. Vienlaicigi
izm@rits arl augsnes gruntsiidens Ilimena augstums un pjezometriskie Itmeni
dzilurbuma akas, péc kuriem no plaknes vienadojuma aprékinats spiediena
pazemes Udens horizonta pjezometriska tdens limena augstums pie augsnes
gruntsiidens novéroSanas akam. Sakartojot mérpunktus AZ vid€jo aritmétisko
raditaju picaugosa seciba un novértgjot divu blakus esoSo raditaju starpibu ar
Stjudenta  krit€riju, varam secinat, ka visas starpibas ir signifikantas
(t fake>t0.05=1.96). Tas apliecina, ka A/ teritorialas atskiribas ir daudz lielakas neka
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Ah raditaju izkliede 5 gadu laika viena meérpunkta. Kiadrenos, kur A/ nosaciti
neliels, ta vertibas piecu gadu laika svarstijas robezas no -170 cm lidz +40 cm,
meérvietas, kur Ak nosaciti liels — robezas no +130 c¢cm lidz +280 cm.

Aprekinot sakaribu starp Ca un Mg jonu koncentraciju augsnes
gruntsiideni un A% 7 mérpunktos, strikti iezim&jas mérpunktu savdabibas, ko
nosaka: 1) saméra nelielas As vertibu svarstibas ikviena mérpunkta, un 2) nieciga
korelacija starp A# un Ca, ka ari Mg jonu koncentraciju viena méerpunkta:
r=0.01 ... 0.25 pie 1r90s=0.31. Tas norada, ka jonu koncentracijas izmainas viena
vieta vertgjamas ka nejausas.

Apvienojot viena izlasé visus 293 mérfjumus meza ar biezu kuidras slani ar
Ah svarstibam robezas no —169 cm lidz +284 cm, iezZim&jas signifikanta sakariba
starp A% un jonu koncentraciju (4.6. attéls). Korelacijas koeficients starp A% (cm)
un Ca jonu koncentraciju (mg 1) r=+0.66; starp Ak (cm) un Mg jonu koncentraciju
(mg I'") r=+0.52, pie 1905 = 0.11. Sakaribu starp A% un jonu koncentraciju raksturo
regresijas vienadojumi:

Ca=0.1121 AR +21.9; 2)
Mg =0.0343 Ah +7.5. 3)

Cita izlasé apvienojot 242 mérjjumu rezultatus par Ca un Mg jonu
koncentraciju arenu (kGdras slana biezums neparsniedz 20 cm) augsnes
gruntsiidenos, iegiti §adi vidgjie raditaji: Ca — 26.8 mg 1" ar reprezentacijas klidu
2.1 mg I'" un Mg — 9.8 mg I"" ar reprezentacijas klidu 0.6 mg I"'. Ievietojot $os
skaitlus ieprieks aprakstitajos regresijas vienadojumos, iegiistam Sadas A4 vértibas:
attieciba uz kalcija jonu koncentraciju A#=44 cm un attieciba uz magnija jonu
koncentraciju Ah=67 cm. No Siem rezultatiem varam secinat: mezos ar biezu
kiidras slani spiediena pazemes Gidens horizonta pjezometriska Gidens ltmena un
augsnes gruntsiidens ITmena starpiba A#~0.5 m sp&j nodrosinat tadu pat kalcija un
magnija jonu koncentraciju augsnes gruntsiidenos, kada ta ir hidromorfas
mineralaugsnés. Ja A#>0.5 m, tad kiidras augsnes ir labak apgadatas ar kalciju un
magniju neka hidromorfas mineralaugsnes, kur A/ ir ar negativu zZimi un mezaudze
baribas vielas ieglist tie$i no augsnes mineralajiem horizontiem.

Ar to arT izskaidrojami fakti, ka Vesetnieku stacionara sausieném
piegulosajos kudrenos ar saméra planu kudras slani (0.5-1.0 m), kur biogénie
elementi piepliist no blakus eso$am mineralgruntim, kokaudzu raziba nereti ir
zemaka par kokaudzu razibu talu prom no sausienu nogazé€m vietas ar biezu kidras
slani (2-5 m), kur mineralvielu piepluidi nodrosina pazemes fidenu pastiprinata
atslodze.

Tadgjadi varam secinat, ka parmitrajos un meliorétajos mezos ar biezu
(0.3-4.5 m) kudras slani kokaudzes raziba nav atkariga no kiuidras slana biezuma;
mezam nepiecieSsamas mineralas baribas vielas pieplist, atslogojoties pazemes
spiedes Gideniem.
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4.6. att. Kalcija jonu koncentracija augsnes gruntsiideni ka Ah = h-H funkcija
mezos ar dzilu kiidras slani.
Fig. 4.6. The concentration of calcium ions in the groundwater as a function of
Ah = h-H in forests with deep peat layer.

4.7. Biogeno elementu bilances arenos un kiidrenos

Biogéno elementu bilance raksturota ar biogéno elementu ieneses un
izneses starpibu. lenese notiek ar atmosferas nokriSniem, bet iznese - ar fidens
noteci pa gravjiem. Analizgto vielu bilance sastadita katram no pieciem Vesetnieku
ekologiska stacionara tidens sateces baseiniem.

Iegttie rezultati liecina, ka viena gada laika slapekla, kalija un fosfora
vielu ienese parsniedz iznesi, turpreti kalcija un magnija iznese pa gravjiem ir
vairakkart lielaka neka to ienese meza ekosisttma ar atmosféras nokriSniem ka
mezos uz dzilas kiidras, ta arm mezos ar hidromorfam mineralaugsném. Vislielaka
Ca®" un Mg®" iznese gada laika konstatéta no 3. Gidens sateces baseina no
nosusinatajam kadras augsném, bet vismazaka no 4. Gdens sateces baseina no
nosusinatajam mineralaugsném. Biogéno elementu bilances N-NH," un Ca*
paraditas 4.7. un 4.8. att€los.

Pastiprinata Ca®” un Mg®" iznese ar gravju noteci apliecina Latvijas
parmitrajiem meziem kopuma butisku TIpatnibu — @idens bilances piepliides dala un
parpurvosanas procesa liela loma ir pazemes spiedes fidenu izpltidei no augSdevona
dolomita slana (3amuruc, 1983; Zalitis, Indriksons, 2003). Ar Ca’" un Mg*
piesatinatie Tideni dal&ji papildina augsnes gruntsidenus, dalgji izkil&jas tieSi
nosusinasanas tikla, ar ko izskaidrojama gravju noteces baziska reakcija (pH>7.0).
Petfjuma rezultati pagaidam nelauj apgalvot, ka lielakas izneses no nosusinatajam
kudras augsném liecinatu par baribas elementu pastiprinatu izskalo$anos un $o
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augsnu noplicinasanos, jo arl citos p&tljumos nenosusinatas platibas un sausienu
mezos noskaidrots, ka Ca®"un Mg*" izskaloSanas (iznese) no ekosistémas ir lielaka
neka ienese ar nokrisniem (Matzner, 1988).

Udenim izpliistot caur vainagu klaju, taja nedaudz samazinas N-NH,"
daudzums, vairadk samazinas N-NO; un P-PO,” daudzums, bet palielinas K"
daudzums; Ca*" un Mg*" daudzums, ka ari pH raditaji signifikanti neatskiras:
klajuma vidgji pH = 6.51, mezaudzé pH = 6.31. Salidzinajumam — pa gravjiem
aizplistosaja Gdenl no meziem ar kiidras augsném pH = 7.32, no meziem ar
hidromorfajam mineralaugsnem — pH = 7.44 un stacionara teritorijas dzilakos
grunts slanus drengjosa upe Veseta — pH = 8.03.

Palielinati amonija ieneses apjomi Vesetniekos dal€ji izskaidrojami ar to,
ka nokri$nu uztvergji savac tideni pie paSas zemes virsmas, ietverot arT zalaugu
intercepciju un tas ietekmi uz Gidens kimiska sastava veidosanu.

Izmantojot sakaribas starp ienestas vielas koncentraciju tideni un ienesta
vai iznesta @idens apjomu, kas Vesetnieku ekologiskaja stacionara konstatétas laika
no 1997. lidz 2000. gadam, izdarita retrospektiva datu ekstrapolésana laika lidz pat
hidrologisko novérojumu sakumam 60.-tajos gados.

Konstatéts, ka p&cmelioracijas perioda 31 gada laika ar klaja lauka
nokri$niem uz hektara ienests 485 kg N-NH,*, 30 kg N-NOs’, 46 kg un P-PO43',
390 kg K*, 1240 kg Ca*" un 505 kg Mg*". Taja pat laika no kiidreniem un arepiem
ar gravju noteci iznests attiecigi 194 kg un 110 kg N-NH,", 21 kg un 2 kg N-NOy’,
3 kg un 4 kg P-PO,>, 133 kg un 72 kg K, 6727 kg un 3214 kg Ca*", 2252 kg un
1085 kg Mg®". Datu analize liecina, ka Ca®>", Mg”" un N-NOs izneses 31 gada
perioda no kiidreniem ir bitiski lielakas neka no areniem.

Petfjuma dati kopuma liecina, ka baribas vielu bilance meza ekosistema
viena vai dazu gadu laika posma vért€jama ka izlidzinata, t.i. baribas vielu iznese
neparsniedz to ienesi. Sada ieneses un izneses attieciba ir visai svarigs meZa
ckosistémas saglabasanas prickSnoteikums. Ilgaka laika posma (vairakas
desmitgad@s) ienese parsniedz iznesi, un meza ekosistémas pakapeniski pieaug tur
uzkrato biogéno elementu apjoms, tadgjadi palielinoties augu baribas vielu
daudzumam meliorétajos mezos.
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4.8. Biogéno elementu iznese no baltalkSnu audzém

Baltalksnis ir viena no tam sugam, kura ar uz sakném esoSo
guminbakteriju palidzibu sp&j pastiprinati piesaistit atmosféras slapekli, lidz ar to
veicinot lielaku slapekla, iesp&jams ari citu baribas elementu, akumulaciju lapu
nobiras un augsné. Tas rosinaja domat, ka slapekla saturs varétu bt palielinats ar1
upg, kas pliist caur $adu baltalksnu audzi.

Lai nodro$inatu ieglito rezultatu salidzinasanas un parbaudes iespé&ju,
pétijums vienlaikus veikts baltalksnu audzes pie divam up&m — Viesites un Sunites.

Lai noteiktu paraugu nemsanas vietas un laika ietekmes Ipatsvaru vielu
daudzuma raditaju dispersija, lietota 2 faktoru dispersijas analize, analiz&jot datus
sadaljuma pa gadalaikiem un paraugu nemsSanas vietam: 1) augSpus audzes,
2) baltalksnu audzg, 3) lejpus audzes.

Viesites upé parauga ievakSanas perioda jeb sezonas ietekmes Tpatsvars
analiz&tajam vielam svarstas no 5 — 59%. Sezonas ietekme ar varbiitibu 95% bijusi
bitiska visam vielam (dispersijas analize, p<0.05). Parauga nemsSanas vietas
ietekmes Tpatsvars loti neliels un svarstas no 0.4 — 7%. Sunité sezonas ietekmes
Tpatsvars bija pat nedaudz lielaks neka Viesit€ un svarstijas no 17 — 59%. Sezonas
ietekme uz visu analizéto vielu daudzumu bijusi bitiska (dispersijas analize,
p<0.05). Toties parauga nemsanas vietas ictekmes Tpatsvars ir niecigs un svarstas
no 0.1 —2%.

Vertgjot biogéno vielu daudzuma dinamiku laika, gan Viesites, gan
Sunites up€ N-NO; daudzums bitiski lielaks bijis vasaras — rudens tUdeniem
nabadzigaja perioda, bet mazakais - ziemas perioda (dispersijas analize, p<0.05),
kas acimredzot skaidrojams ar nitrifikacijas intensitates samazinasanos. Tas pats
novérots ari ar P - PO,”. Turpreti N-NH," daudzums vislielakais bijis ziema
(Viesite) un pavasara — vasaras fideniem bagataja perioda (Sunit€), bet zemakais -
vasaras — rudens fideniem nabadzigaja perioda (dispersijas analize, p<0.05). K,
Ca’" un Mg*" jonu daudzums Sunites upé un Mg®* jonu - Viesité vislielakais bijis
vasaras — rudens perioda, bet vislielakais K™ un Ca®* jonu daudzums Viesites upé
noverots ziemas perioda. Savukart vismazakais ieprickSminéto jonu daudzums abas
up@s konstatéts pavasara — vasaras tideniem bagataja perioda (dispersijas analize,
p<0.05).

Lai arT ne slapekla, ne fosfora daudzumam tdenT un So vielu notec€m
paraugu nemsanas vietds nebija statistiski biitisku atSkiribu (dispersijas analize,
p=0.08-0.8 Sunite un dispersijas analize, p=0.26-0.97 Viesit€), tomer vid&ji gada
upes tidenT lejpus audzes Viesite palielindjies N-NH," (no 0.41 Iidz 0.49 mg I'") un
P - PO, (no 0.07 lidz 0.08 mg I'") daudzums. Sunites upé N-NH," daudzums
baltalk$nu audzes teritorija palielinjies (no 0.97 lidz 0.99 mg I'"), bet lejpus audzes
- atkal samazinajies (0.96 mg 1""). Baltalkdnu audzes teritorija un lejpus tas N-NH,"
un N-NO; daudzuma palielinasanas visuzskatamak izpaudas vasaras ménesos -
junija, julija un augusta, ka ari ziemas perioda.

Lai arf N-NH," daudzums Viesites un Sunites upes tideni pétfjuma vietas
parsniedz virszemes tdenu kvalitates prasibas noteikto vértibu (0.39 mg 17)
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(“Virszemes tdenu kvalitates prasibas”, 1997), tomér pétjjuma rezultata nav
konstatgta statistiski biitiska biogéno vielu daudzuma palielinasanas up€ baltalkSnu
audzes teritorija un lejpus tas. Literatlira secinats, ka alkS$nu audzu augs$nu kopgja
slapekli ievérojami liclaks ir organiskajas vielas saistita slapekla Tpatsvars
(Hendrickson, Chatarpaul, 1984). P&tjjumi lapu koku mezos ASV un Vacija
apliecina, ka vairak neka 90 % slapekla, ko satur ekosistéma, koncentréjas meza
nobiras un augos, kur tas biologiski saistits, un tikai 2% - neorganiska forma
augsné (parasti NH," veida) (Melillo, 1979).

Salidzinot ar V. Jansona (1996), Integrala monitoringa (Lulko, Frolova
u.c., 1997) un arT Vesetnieku ekologiskaja stacionara ieglitajam biogéno elementu
izneSu vertibam, varam secinat, ka biogéno vielu notece cauri baltalk$nu audzei
plustosa up€ nesasniedz apméerus, kas raksturigi intensivi apsaimniekotam
lauksaimniecibas teritorijam un nav liela salidzinajuma ar notec€m citu koku sugu
mezaudzgs (4.2. tabula).

4.2. tabula / Table 4.2.
Biogéno elementu iznese Viesites un Sunites upé, kg ha™ gada
Output of biogenous elements in Viesite and Sunite Rivers, kg ha™” per year

Viesite Sunite

Augs- Balt- Lej- | Vidgji | Augs- Balt- Lej- Vidgji

pus alksnu pus / pus alksnu pus /

audzes | audzes | audzes | Mean | audzes audzes audzes | Mean
Viela /Up- | posma / / Up- posma / /
Sub- stream /In Down- stream In the Down-
stance from the stream from grey stream

the grey from the alder from
stand alder the stand stand the
stand stand stand

n=20 | n=21 | n=21 | n=62 | n=13 n=14 n=14 | n=41

N-NH," | 0.68 0.69 0.75 0.71 0.38 0.51 0.46 0.45
N-NO5’ 0.20 0.19 0.12 0.17 0.08 0.05 0.04 0.06
N-sum. 0.88 0.88 0.87 0.88 0.46 0.56 0.50 0.51
P-PO,* 0.14 0.10 0.10 0.11 0.02 0.03 0.03 0.03
K 3.98 3.79 3.64 3.80 0.31 0.42 0.5 0.41
Ca** 82.91 80.98 | 76.08 | 79.94 9.67 11.42 11.08 10.75
Mg* 43.65 | 4099 | 4097 | 41.84 2.46 3.55 3.86 3.31

n - m&rfjumu skaits katrai vielai / number of measurements of each substance
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4.9. Koksnes pelnu méslojuma ietekme uz biogéno elementu daudzumu

Jau izsenis koksnes pelni izmantoti ka dabisks kalkosanas materials, kas
samazina augsnes skabumu un uzlabo baribas vielu pieejamibu augiem. Viena no
pelnu praktiskas izmantoSanas iesp&jam ir to atgrieSana atpakal meza. Tomér vél
joprojam maz pétita ir pelnu méslojuma ietekme uz vidi: zemsedzi, augsnes baribas
vielu sastavu, mikorizu, gruntstidens kvalitati.

Eksperimenta ietvaros ievaktas augsnes gruntsiidens kimiskas analizes
noradija, ka lidz §im nozimiga pelnu elementu daudzuma un pH vertibas
palielinasanas gruntsiidenT nav konstateta. Analizto elementu vidgjas vertibas un
citi statistiskie raditaji doti 4.3. tabula.

Tomér, summgjot visu mésloto un kontroles parauglaukumu gruntstidens
analtzu vértibas, kopuma statistiski biitiski vairak slapekla vielu (N-NH,  un
N-NOj") (varbiittba 95%) un arT kalija (varbitiba 90%) konstatéts mésloto
parauglaukumu gruntsiideni. K* daudzums mésloto parauglaukumu gruntsiident
parsvara gadijumu bija lielaks salidzinajuma ar gruntstideni kontroles akas.
Negaidita bija kalcija un magnija jonu daudzuma nepalielinaSanas mésloto
parauglaukumu gruntsiidenos péc lielas Ca®" un Mg®" ar pelniem ienestas devas,
attiecigi, 282 g m™ un 382 g m? jeb 2.8 t ha™ un 3.8 t ha”'. Visticamak, mingtie
elementi vél joprojam nav izskalojuSies no ar pelniem nokaisita slana un atrodas
augsnes virskarta.

Konstatétas statistiski biitiskas K daudzuma atskiribas gruntsiidens akas
ar dazadu pelnu joslas attalumu (p=0.01). Lielaks K daudzums konstatéts akas ar
pelnu méslojumu 1m attaluma no tam. ArT pargjo elementu daudzums bija augstaks
akas ar mazako pelnu méslojuma attalumu.

Pienemot, ka pelnu sastava ietilpstosie biogénie elementi laika gaita ar
nokriSpiem ieskalojas augsné, méslotajos parauglaukumos veiktas arl augsnes
analizes. Kiidras augsnes paraugi 0-15 cm dziluma nonemti pirms eksperimenta
uzsakSanas (2002. gada maija) un otraja gada péc méslosSanas (2003. gada
novembri). 2003. gada paraugu nemsanas reizg, paraugi ievakti no parauglaukuma
méslotas dalas (ar pelniem nokaisita rinka gredzena) un turpat, dazu metru
attaluma, no nemeslotas platibas.

Fosfora un kalija augiem brivi pieejamajas jeb aktivas formas gandriz
visos parauglaukumos lielaka daudzuma bija sastopamas to méslotaja dala. Sameéra
labi ienesta m&slojuma efekts izpauzas arT N-NH," daudzuma analizé. Pelnu satura
slapekla praktiski nav, tomer ta daudzumu augsné var ietekmét ar citam baribas
vielam sekméta mikrobiologiska aktivitate. Pelnu méslojuma efekts izpaudies ari
neliela (no pH 5.4 Iidz 5.7), bet ar 90% varbiitibu statistiski biitiska pH vértibas
pieauguma (p<0.1).
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4.3. tabula / Table 4.3.
Biogeno elementu daudzuma (mg I'") un pH statistiskie raditaji augsnes
gruntsiident ar pelniem méslotajos un kontroles parauglaukumos
The statistical data of the amount of biogenous elements (mg 1) and pH in soil
groundwater in the sample plots with and without the ash application

Aritm. A;t;)]:_
. vidgja Paraug- .
Viela . Aritm. repr. kopas | Min | Maks butis-
/ Parauglaukumi . s . kums
Sub- / Sample plots vid./ | raditajs/ apj. / /. / P/
stance Mean | Standard | Number | Min | Max Sionifi
error of | of cases -cgnce
mean b
N— Kontrole / Control 2.85 0.19 93 0.00 | 10.02 0.000
NH," | Maslots / Fertilized 3.97 0.16 279 0.00 | 20.59 ’
N- Kontrole / Control 0.16 0.02 51 0.00 | 0.45 0.003
NOs™ | Measlots / Fertilized | 0.22 0.02 153 0.00 | 0.90 '
P- Kontrole / Control 0.19 0.03 92 0.00 1.83 0457
PO.” | Maslots / Fertilized 0.23 0.02 279 0.00 | 5.44 '
Kt Kontrole / Control 0.99 0.08 93 0.00 6.4 0.074
Meéslots / Fertilized 1.22 0.07 279 0.00 | 9.85 '
ca Kontrole / Control 43.86 1.31 93 162'0 76.17 0.097
a .
Mzgslots / Fertilized 40.99 0.90 279 8.02 | 78.18
Mo Kontrole / Control 14.60 0.64 92 486 | 35.26 0.015
£ Mégslots / Fertilized 12.85 0.35 279 241 | 34.04 ’
Kontrole / Control 6.37 0.04 93 4.90 7.94
pH — 0.117
Mgslots / Fertilized 6.28 0.03 279 3.03 7.37

Atskiribas starp grupam ir biitiskas ar varbiitibu 95%, ja p < 0.05. / Diferences between
groups are significant with probability 95%, if p < 0.05.

Atskiribas starp grupam ir biitiskas ar varbiitibu 90%, ja p <0.1./ Diferences between
groups are significant with probability 90%, if p <0.1.

Saméra parsteidzosa bija lielas Ca®" un Mg®" ar pelniem ienestas devas
neatspoguloSanas $o elementu daudzuma palielindjuma kadra otraja gada péc
méslosanas. Iesp&jams, ka kalcija un magnija izskalo$anas no pelniem un oglém
norit Iénak un tie vél joprojam uzkrati zemsega virs augsnes. Ka liecina skandinavu
zinatnieku pieredze, tad baribas elementu izskaloSanas pirmajos 3-6 gados péc
pelnu méslojuma izkaisiSanas ir nenozimiga. Tade] arT to daudzums augsné un
gruntsiiden pagaidam nav bitiski palielindjies.
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Zemsedzes augu  vegetacijas analizei izmantojot  Ellenberga
raditajvertibas, konstatets reakcijas, slapekla un substrata bagatibas vertibas (R+N)
picaugums parauglaukumu meéslotajas dalas. Nakamajos gados p&c méesloSanas
atSkiriba starp pelniem nokaisitajam joslam un tam pieguloSo apkartni
palielinajusies. Ka kritériju izmantojot zemsedzes augu sugu projektivo segumu,
starp katra parauglaukuma mésloto un nemésloto dalu aprékinats Cekanovska
lidzibas koeficients. Koeficienta absoliitas veértibas lielakajai dalai parauglaukumu
2003. gada, salidzinajuma ar 2002. gadu ir samazinajusas, kas norada uz atskiribas
pieaugumu starp parauglaukumu mésloto dalu un tas apkartni.

Novérotas arT vairakas nozimigas izmainas ar pelniem mésloto
parauglaukumu sugu sastava. P&c pelnu izkaisisanas 2002. gada stipri samazinajas
sinu segums. 2003. gada paradijas degumu vietam raksturigd stina Funaria
hygrometrica Hedw. un nitrofila Stellaria media (L.) Vill. 2004. gada
parauglaukumos paradijas baribas vielas milosa Marchantia polymorpha L. emend.
Burgeff. 2005. gada ieprieksgjais stinu segums jau bija liela mera atjaunojies. No
nitrofilam sugam $aja gada paradijas Tussilago farfara L. un Chamaenerion
angustifolium (L.) Scop.

Liela méslojuma deva — 50 t ha” pagaidam nav izraisTjusi nozimigas vides
parametru izmainas parauglaukumos. Atsevisku elementu vidgjo vértibu,
galvenokart slapekla vielu un kalija, statistiski butiska palielinasanas gruntsiidenos
un augsné pagaidam tomér neliecina par piesarnojuma draudiem, tadgjadi
apstiprinot ieneses-izneses meérjjumos iegiitas atzinas par meza ekosistému augsto
biogeno elementu uzkrasanas kapacitati. Elementu koncentracijas visa noverojumu
perioda atrodas zem tidens kvalitates normas noraditajam verttbam.

5. Secinajumi un priekslikumi

Secinajumi

1. Misu pétijumi eksperimentalajos parauglaukumos apstiprina lidzsingjas
atzinas, ka meza hidrotehniska melioracija ir visefektivakais meza razibas
un produktivitates paaugstina$anas panémiens Latvija. Cetrdesmit se$u
gadu laika p&c parpurvoto mezu nosusinasanas mezaudzu kraja ir
pieaugusi no 40 m’ ha" Iidz 312 m® ha™. Koksnes tekogais pieaugums
laika péc melioracijas vienmér bijis lielaks kokaudzes intensivak
nosusinataja dala gravja mala, ka rezultata parauglaukumos gravju mala
kraja vel joprojam ir lielaka salidzinajuma ar parauglaukumiem vida starp
gravjiem.

2. Gada laika ar nokriSniem augsn& nonakuso N-NH,", N-NO; un P-PO/*
daudzums ir lielaks klajuma, bet K, Ca®" un Mg*" daudzums — @iden, kas
izpladis cauri koku vainagu klajam.

3. Lielaks augiem viegli pieejama N-NH,'", K', Ca®" un Mg*" daudzums
kadra konstatéts intensivi nosusindtos meZos, bet N-NO; un P-PO,’ -
nenosusinata parejas purva.
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10.

Kudrenu meza tipi un ar tiem saistita meza raziba atspogulo pazemes
spiedes fidenu izkilesanas ietekmi. Ca*" un Mg** jonu daudzums augsnes
gruntsiidenos ir augstaks platibas ar lielaku pjezometrisko limenu
gradientu. Platibas ar lielaku gradientu atbilst Saurlapju kiidrepa meza
tipam, bet ar mazaku gradientu — métru kiidrena meza tipam.

Nosusinato mezaudzu gruntsiidenos konstatéts ievérojami mazaks biogéno
elementu saturs salidzinajuma ar nenosusinatu parejas purvu, kas norada,
ka koki tos intensivak izmanto pieauguma veidosana. Turpretl kiidras
augsnes pilnanalizes uzrada ievérojami lielakus N, P, Ca un Mg krajumus
nosusinato mezu kudra salidzinajuma ar kidras virsgjiem slaniem
nenosusinatd parejas purva, tadejadi apliecinot meza eckosist€émas
paaugstinatas sp&jas uzkrat biogénos elementus.

Laika gaita p&c melioracijas augsnes gruntsiidenos konstatéta N-NOj
daudzuma palielina$anas no 0.1 mg 1" [idz 0.5 mg I"', ka arf pH izmainas
no 59 Ilidz 6.7; pargjo elementu daudzuma izmainas nav statistiski
bitiskas.

Vielu koncentracija (mg I'") gravju Gdeni vairuma gadijumu negativi
korelé ar noteces intensitati, jo pie lielaka fidens apjoma tas atSkaidas.
Tomér N-NH," koncentrcija fideni pavasarl signifikanti pozitivi korelg
(r =+ 0.57 pie r20,05; 14 = 0.32) ar noteces intensitati. Tas, iesp&jams,
izskaidrojams ar intensivaku amonija slapekla izskaloSanos no kiidras
virsgjiem horizontiem pie augstaka gruntsiidens ITmena.

Biogeéno elementu daudzums nosusinato mezu gravju un sausienu mezu
strautu nopliisto$aja GidenT statistiski biitiski neatikiras. Tomér Ca**, Mg
jonu un, it seviski N-NH,", koncentraciju absoliitas vertibas ir lielakas
nosusinato mezu gravjos kidrenu meza tipos, kur vérojama ar1 baziskaka
tudens aktiva reakcija pH. Vielu izneSu atSkiribas starp ktdreniem un
sausienu meziem izskaidrojamas ar neizsikstoso tidens plismu kiidrenos
arT vasaras sausuma periodos. Turpreti N-NO;', P-PO,* un K' daudzuma
absoliitas vertibas ir liclakas objekta baltalkSnu audze sausienu mezos.
Petjjumu rezultata nav konstat€ta statistiski butiska biog€no elementu
daudzuma palielinasanas cauri slapekla piesaistitaju — baltalksnu audzei
plustosa upé audzes teritorija un lejpus tas. Tomer pétitajas upSs un
strautos konstattais N-NH," daudzums parsniedz virszemes tfidenu
kvalitates prasibas noteikto normu. Nozimiga ietekme uz vielu daudzumu
upes Udenos ir paraugu nemsanas sezonai. Slapekla vielu daudzuma
palielinasanas upes udent lejpus baltalkSnu audzes visvairak izpauzas
vasaras ménesos — jinija, julija un augusta, ka ari ziemas perioda.

Misu datu salidzinajums ar citu autoru pétfjumu rezultatiem liecina, ka
slapekla notece no lauksaimniecibas zemém ir 3 reizes liclaka neka no
nosusinatajiem meziem un 29 reizes liclaka neka no sausienu meziem, bet
fosfora notece 3 reizes lielaka neka no nosusinatajiem meziem un
14 reizes lielaka neka no sausienu meziem.
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11.

12.

N-NH,", N-NO;", P-PO,* un K" ienese nosusinato mezu ekosistéma ar
atmosferas nokriSpiem parsniedz So vielu iznesi pa nosusina$anas
gravjiem, kas norada uz So vielu akumulaciju meza ekosist€éma. Turpret
Ca*" un Mg”" jonu iznese ar gravju noteci kiidrenos vairakkart parsniedz
o vielu ienesi ar nokrisnu tdeni. Biogéno elementu aprite nosusinatajos
mezos hidroekologijas sakara liecina, ka ekosisttma baribas vielu
krajumus racionali izmanto koksnes picauguma veidos$ana.

Lielas koksnes pelnu méslojuma devas — 50 t ha iestrade pagaidam nav
izraisijusi nozimigu biogéno elementu daudzuma palielinasanos un pH
vertibas paaugstinasanos gruntsiideni. Elementu koncentracijas atrodas
zem Udens kvalitates normas noraditajam verttbam.

Prieks$likumi

Iev@rojot sugu un biotopu aizsardzibas prasibas, ka arT katram meza tipam
paredz€tos nosusinasanas gravju atstatumus, atbilstoSos meza tipos Latvija
arT turpmak veicama meza hidrotehniska melioracija ka meza razibu
paaugstino$s mezsaimniecisks pasakums.

Valsts teritorija jau eso$ajos un potencialajos meza melioracijas objektos
veicama inventarizacija, daudzpusigi izvertjot jaunas nosusinasanas vai
vecas nosusinasanas sist€émas atjaunosanas lietderibu katrai konkrétajai
teritorijai.

Praktiskaja meZsaimnieciba ka ekologiski nekaitigs ir ieteicams koksnes
pelnu meslojums nosusinatos mezos ar kidras augsném briestaudzu
vecuma, kam daudzos pétfjumos bijusi nozime ievérojama mazrazigu
audzu razibas uzlabosana.
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1. General description
1.1. Background

Along with the material value of the forest, its ecological functions -
carbon fixation and oxygen release, water regime regulation, etc. play an important
role in the human and biosphere functioning. Among all the environmental factors,
it is just the supply and circulation of nutrition elements of trees that could be easily
influenced with the forest management. The influence can be either undesirable
(losses or immobilisation of nutrients) or desirable (improvement of cycle and
accessibility of nutrients). Though 95% of the dry mass of plants consists of
carbon, hydrogen, oxygen and nitrogen, the successful growth and development of
trees is mostly limited just by nitrogen, phosphorus, potassium, calcium and
magnesium.

One of the modern forestry principal criteria is the continuous and
expanded renewal of forest resources, which in Latvian conditions is first of all
related to the hydro-technical drainage of the waterlogged forest ecosystems. In
Latvia, there are 1.5 million hectares of waterlogged forests, of which about 700
thousand hectares have been meliorated. Hydro-technical drainage is one of the
most efficient forest management measures, as a result of which the average forest
stand volume has increased from 100 m’ to 180 m® per hectare for the previous 100
years (Zalitis, 1999).

Recent research results give us an opportunity to confirm with arguments
that drainage has positive impact upon forest stand productivity, accumulation of
CO,, oxygen release as well as securing of biological diversity of forests at the
level of ecosystems. But we have missed objective data of changes in the soil
fertility in drained forests in connection with eventual intensive leaching of
biogenous elements from the forest soils or changes of the water quality in natural
watercourses as a result of drainage.

Having joined the European Union, Latvia should adopt its legislation in
accordance with the international requirements. Such requirements in the sphere of
environmental protection involve information about the environmental situation.
Therefore, the current situation should be harmonised with a number of
international environmental protection regulatory documents (EC Regulation of
contamination with nitrates from agricultural sources (91/676/EEC), Regulation of
freshwater quality (78/659/EEC), Convention of the Baltic Sea environmental
protection, Helsinki, 1992 (1994), etc.). Recent information about output of
biogenous elements with runoff is fragmentary and is generally related to the
agricultural lands.

Massive efforts and large funds were invested in the forest drainage in the
previous century. It was only in the 1990s that the reclamation operations were
quite stopped for lack of funds. When the Joint stock company "Latvian state
forests" was founded with the target to improve the forest productivity in
commercial forests, the hydro-technical drainage had its urgency restored. It is also
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relevant for private farms, at which disposal low-productive and waterlogged forest
areas were often placed.

Water balance and cycle of substances in the Latvian forests is determined
by local weather conditions and regional hydrogeological peculiarities. This is why
it is necessary to make a critical appraisal of automatic application in our
conditions of the models elaborated in other countries. It is proved that the location
of waterlogged forests in Latvia is not determined by the precipitation, but the areas
of confined aquifer water discharge rich in calcium and magnesium. Therefore, it is
possible that forests are formed on a peat layer several metres thick. To determine
the dynamics of output of nutrients and chemical element natural background in the
water of drained forests, long-term observations should be carried out.

To characterise the effect of forest management measures (primarily
hydro-technical drainage and selective cuts) on the forest stand structure and forest
hydrological regime, the Vesetnieki Station of Permanent Ecological Research was
founded in the area of Forest Research Station "Kalsnava" as early as in 1963.
Regime of runoff and precipitation in the forest water confluence basins,
groundwater table fluctuations, role of confined aquifer water in the forest
ecosystem were studied. Besides, the succession of the forest ground cover
vegetation was given to analysis. Forest taxation indices were re-measured in the
forest stand sample plots on a regular basis. Systematic ground-, confined aquifer-,
ditch runoff- and precipitation water sampling and chemical analyses making was
commenced in 1997.

1.2. Aim of the thesis
The aim of the thesis is to determine the amount of biogenous elements
and their input-output proportions in the drained forest water in connection with
evaluation of hydro-technical drainage as a forest management measure.

1.3. Objectives of the research

1. To evaluate changes in the amount of biogenous elements in soil
groundwater at a time period after drainage.

2. To characterise the amount of biogenous elements of precipitation in
forest stand and in an open place.

3. To characterise the input of biogenous elements with confined aquifer
water in forests with deep peat soils.

4. To evaluate the amount of biogenous elements in water and their output
via watercourses of drained forests.

5. To elaborate models for characterisation of cycle of biogenous elements
(N, P, K, Ca, Mg) in drained forests.
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1.4. Scientific novelty and practical significance of the thesis

Several generations of researchers have worked at the issue of forest
productivity improvement upon drainage. K. Buss and A. Abolina investigated the
changes in ground cover vegetation after the drainage, P. Zalitis — the forest
hydrology issues. The Vesetnieki Station was founded to have counterarguments
against gigantic plans of transformation of nature in Polesye. Long-term
observations were started. Quantitative measurements of water balance were
carried out. Nevertheless, for a long time there was no information of how the cycle
of biogenous elements was running after the forest drainage. That's why
measurements of the amount of biogenous elements in the station water were
started in 1997 within the PhD work. The conclusions drawn in the PhD thesis are
based on the results of a large number of analyses of repeatedly taken water
samples characterising the dynamics of the amount of biogenous elements in
precipitation in an open place, in precipitation got to the soil through forest canopy,
in soil groundwater and confined aquifer water, in drainage ditches and natural
watercourses. Within the PhD work, there were taken 2 518 water samples and
made 17 600 water chemical analyses (49 repetitions) in the Vesetnieki Station.

To have the derived results compared and conclusions verified, water
chemical analyses were carried out in the Sunite and Viestte Rivers in connection
with the location of grey alder stands on their banks, and a wood-ash application
experiment (50 t ha™") in Vesetnieki Station was organised.

The measurements of the amount of biogenous elements in the Vesetnieki
Station in connection with the quantitative indices of water balance are deemed the
only data of such large scope acquired on the basis of long-term observations in
Latvia and rarely acquired worldwide.

The results obtained in the PhD work show that the biogenous elements
incoming in drained forest ecosystem are being accumulated and used rationally for
the timber increment. The amount of biogenous elements — oxygen, phosphorus
and potassium incoming with precipitation exceeds the output of these elements
with ditch runoff. Formation of high-productive forest stands on deep peat layer is
assured with the inflow of confined aquifer water rich in calcium and magnesium.

1.5. Approbation of the research results
The results of the research have been presented in 16 international and 15
national scientific conferences. 19 articles have been published in international
scientific issues and 19 articles — in national scientific issues (see pages 7 — 14).

1.6. Structure and coverage of the thesis
The PhD thesis is targeted to the becoming acquainted with the
quantitative aspect of forest drainage including both widely investigated effect on
the forest stand productivity increase and scarcely known cycle of biogenous
elements after area drainage.
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The PhD thesis includes introduction, five chapters (survey of literature,
research objects, methods, results and discussion, conclusions) and list of literature
sources.

The introduction describes the necessity of forest drainage, international
relations in the environmental protection, peculiarities of water balance and cycle
of substances in the Latvian waterlogged forests, and gives the thesis aim and
objectives. The first chapter makes analysis of the existing knowledge of drained
forest ecosystems, cycle of substances, energy and information, productivity of
such ecosystems, the role of biogenous elements (N, P, K, Ca, Mg) and pH, the
most significant research methods and effect of forest management measures on the
cycle of biogenous elements. At the end of the chapter, there is a summary of the
recent research level and substantiation of research necessity. The second chapter
gives a detailed description of the research object — it is divided into 5 subchapters.
The third chapter gives a characteristic of the research methods of the receipt of
data of cycle of substances and forest taxation indices, as well as applied data
mathematical processing methods. The chapter is divided into 5 subchapters. The
fourth chapter, which is divided into 9 subchapters, provides for the PhD work
results and discussion. Many significant aspects of drained forest ecosystems are
analysed and updated with new information: changes of forest taxation indices;
pine tree current increment dynamics; amount of biogenous elements in
groundwater; output of biogenous elements from confluence basins with peat- and
hydro-morph mineral soils, as well as from dry forests; models of runoff of
biogenous elements; inflow of biogenous elements with confined aquifer water;
balance of biogenous elements in forests on hydro-morph mineral soils and in
forests on deep peat soils; leaching of biogenous elements from grey alder stand
and effect of wood-ash application on the amount of biogenous elements in soil and
groundwater. The thesis ends with conclusions and recommendations.

The promotion thesis volume is 155 pages; information is processed in 26
tables and 65 figures; 224 sources of literature are used. In the final part of the
thesis, there are formulated 12 conclusions and 3 propositions.

2. Research objects
2.1. Description of the water confluence basins in Vesetnieki Station
of Permanent Ecological Research

The Vesetnieki Station of Permanent Ecological Research is located in the
territory of the State Forest Service structure — Scientific Research Forests in
Kalsnava Forest Region and occupies an area of 386.3 ha. Geographic coordinates
of the Station: east longitude from 25°50" to 25°53'; northern latitude from 56°42' to
56°43".

The hydrographical net is formed with the Veseta River, which divides the
station territory into two parts, and drainage ditch system. The geological structure
of the station territory gives rise to preconditions of confined aquifer water
discharge. On the Veseta River left bank, the piezometer water level is in average
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80 cm higher than the soil surface. In some places, soil cracks are filled with water
under the pressure, which causes water rising in groundwater observation wells up
to 2 m over the peat soil surface. This is why an especially waterlogged zone is
formed here and peat layer thickness exceeds 5.5 m in some places. On the Veseta
River right bank, there are mainly forests with hydro-morph mineral soils, where
the peat layer thickness does not exceed 30-40 cm. It points out to a less intensive
paludification process as compared to the left-bank areas. At the Station territory,
there are the areas, in which the piezometric water level is as deep as 8.6 m under
the soil surface.

In the currently drained forest area, there was previously a fen and
transitional-type mire, which was drained intensively with ditch and covered
drainage. Ditches 1.1-1.2 m deep were excavated in 1960 and in some places a
covered drainage 80—90 cm deep was arranged two years later.

The 1%, 2™ and 3™ water confluence basins on the Veseta River left bank
are located on drained deep peat soils, but the 4™ and 5™ basins on the right bank -
on drained hydro-morph mineral soils. The total area of first basin is 33 ha, of the
second basin — 113.7 ha, of the third one — 139.1 ha, of the fourth one — 67.3 ha and
of the fifth one — 33.2 ha.

A wood-ash application experiment is carried out in the Vesetnieki Station
— in pine forest stands between the drainage ditches.

2.2. Stands of grey alder on the banks of Rivers Viesite and Sunite

The study of the grey alder (4/nus incana (L.) Moench) role in the output
of biogenous elements with surface water is carried out in two suitable grey alder
stands in Aizkraukle Region at the Sece Forestry territory by the Lielupe basin
rivers — ViesTte and its tributary Sunite.

Viesite is a shallow but swift river with the total length 61 km. There are
mainly farming lands and meadows on its banks. In the researched site, the river
forms a water confluence basin of 169 km?. In turn, the Sunite River is 8 km long,
but its confluence basin area is 31.5 km?, which is completely covered with forest.

Water samples from the Viesite River are taken at the 950-meter stretch of
the river flowing through the Sece Forestry 184™ quarter. The total area of the grey
alder stand is about 19 ha. Water samples from the Sunite River are taken at the
590-meter stretch of the river flowing through thel170™ and 171 quarters. The total
area of the grey alder stand is about 16 ha. The grey alder stands on both rivers are
in each stand of various ages (4-35 years) and with admixture of many other tree
species — spruce, birch, black alder and ash.
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3. Methods
3.1. Description of cycle of the biogenous elements in drained forests

The forest water regime measurements in the Vesetnieki Station were
started as early as in 1963 and expanded with new measurement types during the
time. Rain and snow precipitation in an open place have been measured since 1963
with precision 0.2 mm (1 ¢cm®) (Tretjakov's precipitation gauge) — daily. Also soil
groundwater level measurements were started that year - 3 times a month. Besides,
deep wells were bored for the piezometric level measuring of the confined aquifer
water. In 1966, a hydrometric post or water runoff weir gauge was established for
the each of water confluence basins in the lowest point of the basin, where the
water discharge was measured continuously with the Baznodaii-type recorder. In
1967, rain and snow precipitation measurements were started with the frequency
3 times a month under the forest canopy — in total in 180 points in the forest stand
of various structures. Data of all above mentioned measurements were used for
calculations within the PhD work.

The chemical analyses of biogenous elements in ground-, confined
aquifer-, precipitation and ditch runoff water was commenced in 1997 being made
two times a month and continued until autumn of 2001. The obtained results were
compared to the researches carried out at the time period of 1966 to 1974 by
K. Buss and I. Spalvina in Vesetnieki immediately after the station territory
drainage and to the results of analyses of water samples taken at the time period of
July of 1996 to June of 1997 in the Lielupe water confluence basin rivers - Viesite
and SunTte and in their inflowing streams, which drains the dry forests.

Quality and quantity of the precipitation inflowing in the drained forest
ecosystem is characterised with the use of 25 precipitation collectors. 5 collectors
are located in an open place — one of them in the Station centre, the other four — on
a perimeter of the Station territory, approximately 1.5 km far from the centre.
20 collectors are located in the pine, spruce and birch stands, as well as in
coniferous young growth, 5 collectors in each stand. To estimate the output of
biogenous elements, water samples were taken in each of the 5 hydrometric posts,
in three of which, water flow from the areas with deep peat soils was measured, and
in two posts — from the areas with hydro-morph mineral soils. Analysis was made
of water samples taken in 18 soil groundwater wells and 3 confined aquifer water
wells at the depth down to 25 m, i.e. to characterise the background changes.

The amount of N-NH,", N-NO5, P-PO,”, K, Ca’", Mg’" and active
reaction pH was determined for each water sample. Besides, the amount of
available forms of nutrients in peat was determined and analyses of total amount of
nutrients were performed for the total stock evaluation. The chemical analyses were
performed in the Forest Environment Laboratory of the Latvian State Forestry
Research Institute “Silava”. In total, 17 600 water analyses were performed from
the research beginning until September of 2001.
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3.2. Characteristics of the impact of the riverside grey alder stand

For the research of impact of riverside grey alder stand on the runoff of
biogenous elements, water samples were taken in two grey alder stands in two
different rivers — Viesite and Sunite. For the purpose of research, the water samples
were taken in the current centre of each river, slightly beneath the water table —
100 m, 50 m and 5 m upstream and downstream from the grey alder stand, as well
as in 3 places in the river at the stand territory - 1/3, 1/2 and 2/3 from the river
overflowing through the grey alder plantation, as well as in the river inflowing
rivulets - once a month at two periods: 1) in July to November of 1995 and 2) in
July of 1996 to June of 1997. That water sampling place pattern was selected in
order to have the amount of biogenous elements in the river water upstream from
the grey alder stand, at the stand territory and downstream from it characterised
with the minimal number of sampling places (9 places in each river). In total, 2107
river water and 42 rivulet water analyses were performed, mainly in the Forest
Environment Laboratory of the Latvian State Forestry Research Institute “Silava”.

3.3. Estimation of impact of the ash application

To assure the required number of experiment repetitions and variety of
forest growth conditions, 12 experimental plots were arranged in three different
places or series (A, B and C) with four plots in each at the period of 19-21 May
2002. The A series plots are located in the plot with the Vacciniosa turf. mel. site
type forest, the B series plots in Myrtillosa turf. mel. site type forest, but the
C series plots - in Caricoso-phragmitosa site type forest. The plots in each series
are located in a row-shaped transect at mutual distance of about 30 m.

In the centre of each circular sample plot, there is a groundwater
observation well 2 m deep for water sampling. Wood-ashes were scattered around
in the first plot of each series in the form of a ring 1 m wide with its inside edge
located in a radius of 1 m around the well (fertilised area of 9.42 m?), in the second
plot — in a radius of 2 m around the well (15.7 m?), in the third plot — in a radius of
3 m around the well (21.98 m?). When the soil filtration coefficient and water flow
direction is known, ash scattering at different distances from the well gives an
opportunity to calculate the speed of leaching and amount kg ha™ of the nutrients
brought in with the ashes from the forest ecosystem to the drainage ditches. Each
series fourth plot groundwater well is used for control — no ashes are scattered
around it.

Naturally humid ashes are scattered in the arranged plots with the dose of
50 t ha or 5 kg m™. The ashes are taken mainly from the saw mill SIA "Vika
Wood" located in Kurzeme, about 12 km far from the town Talsi. The ashes are
derived from coniferous, mainly spruce, tree bark. The ashes are transported to the
experiment location in plastic bags.

Groundwater samples are taken from the wells in the vegetation period
twice a month, the amount of N-NH,", N-NO;’, P-PO,*, K, Ca’" and Mg*" as well
as active reaction pH is determined in the Forest Environment Laboratory of the
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Latvian State Forestry Research Institute “Silava”. 2506 water analyses are
performed in thirty-two repetitions.

The ground cover vegetation after fertilising was measured in August of
every year with the point method making use of a metal needle 1 m long (diameter
1 mm). 200 needle stitches are made in the fertilised and non-fertilised part of each
plot registrating the plants (mosses, vascular plants), which aboveground parts
touch the needle. The occurrence coefficient and projective coverage is estimated
for each species in the plot. With the use of Ellenberg scales, are acquired the light,
temperature continentality, moisture, reaction, oxygen and soil fertility indices
characterising the fertilised and non-fertilised part of each test area. The
Tschekanovsky coefficient of similarity is used for vegetation comparison in the
fertilised plots and nearest (non-fertilised) surroundings.

3.4. Description of the forest stand parameters

Estimation of the forest stand parameters aimed to the estimation of the
forest stand volume in the permanent plots at the different distances from drainage
ditches and check whether the volume increment had reduced near drainage
ditches.

In July of 1999 and of 2006, 30 pine tree stand plots at the station territory
were re-measured within the PhD work. The results were compared with previous
measurement occasions since 1963. Tree stands measurement was performed in the
plots with the area of 0.06 — 0.125 ha having measured all the trees in division of
2-cm diameter classes. To draw up height curves, tree height measurements were
also performed for each species in diameter classes occurred. Stand average tree
diameter and height, stand basal area m? ha™!, volume m® ha™! and number of trees
pc. ha! was estimated for each tree species in the plots.

To reflect the pine current increment dynamics, three - 0.125 ha (25 m x 50 m)
pine stand plots were selected, which were arranged in 1976 and located between 2
drainage ditches in the Myrtillosa turf. mel. site type forest. Two plots are located
close to the ditches, and one - in between the ditches. The space between the
ditches is 170 m. The pine current increment in the drained object is compared with
non-drained transitional-type mire. To estimate the dynamics of pine stand volume
current increment in forest stands with different drainage degree, 10 trees from the
stand part with dominant height in each of three different objects (in a non-drained
transitional mire, in forest stand between the ditches and in forest stand on drainage
ditch edge) were selected, in which bores were made at the height of 1.3 m from
the tree bottom collecting the wood radial cores. Annual ring width of each of the
above mentioned 10 trees was measured for the previous 30 years (from 1970 to
2000). Then the basal area was estimated for each annual ring, which characterises
intensity of growth of trees with different diameters. To compare the groundwater
regimes, measurements of water level were performed in the groundwater level
observation wells located close to each forest stand plot.
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4. Results and discussion

4.1. Changes of forest stand taxation indices after the drainage

Before the drainage in the Station territory, there were low site index
IV-V age class birch-pine stands. The stand composition 8P2B+E, stock 55 m® ha™,
current stand volume increment 1.8 m’ ha™ per year (P — pine, B — birch, E —
spruce). The stand volume increased twice for 10 years after draining and reached
112 m® ha' in 1973. The stand composition 7P1E2B. Current stand volume
increment 4.7 m® ha” per year. Permanent tree stand sample plots had been
arranged at the station territory since 1963, in which the stand volume was re-
measured every 4-5 years. Nowadays, 46 years after the draining, the average
stand volume is 312 m® ha (Fig. 4.1). In general in 30 tree stand sample plots in
2006, the stand composition is 6P3E1B, current site index - I, stand volume - 312
m® ha” and stand volume increment — 2.9 m® ha™' per year, which is lower than the
same indicator in 1999 when it was 6.2 m® ha™ per year. At the time period after
drainage the pine and spruce stand volume has increased, but birch stand volume
has reduced significantly. The spruce stand volume proportion in the forest stand
composition has increased gradually, but birch and pine proportion has reduced.
Tree stand volume in the non-drained site has increased very little during the
research period and is actually kept at the initial level — about 40 m® ha™.

The forest stand taxation indices of 2006 were compared to the
measurement results of 1976. Changes in the tree species composition at different
distances from the ditch for the given period are similar. The composition
proportion of spruce has increased more rapidly on the ditch edge. Birch proportion
is higher in between ditches both initially and at the present.

4.2. Dynamics of the current increment of pine

The highest increment is fixed with regard to the trees located close to the
ditch, then an object in between the ditches follows and, finally, non-drained
transitional mire. Increment reduction in the course of time after drainage is most
probably related to the gradual chocking of drainage ditches though increment
differences between the objects have retained until now. The range of basal area of
tree annual rings measured on the ditch edge varied from 15.56 cm? in 1971 to
7.45 cm” in 1998; in between ditches - from 10.06 cm” in 1972 to 5.86 cm” in 1982.
In general, the pine increment dynamics in the non-drained transitional mire is
quite unchanged. At the thirty-year period, it has varied within 1.80 cm?’ to
3.55 cm’. No increment decrease in drained objects has been observed
approximately since 1980. It could mean that forest stand, in the course of growth,
is able to compensate the ditch chocking and soil moisture rise with transpiration.

The increment correlation with precipitation is weak, which is indicated
with the fact that variations of the annual ring basal area of particular trees are not
synchronous. Paired sample correlation analysis was performed having each tree
compared to each one separately in a non-drained (45 pairs) and drained (190 pairs)
object. The correlation coefficient distribution was asymmetric towards positive
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correlations, but the proportion of significant correlations was quite small (30%). It
shows that pine trees react differently to the impact of the same meteorological
factors.

To make the increment of annual rings connected with other significant
element of ecosystem entry — mineral nutrients, basal areas of annual rings of
1997-2000 were used, as far as chemical analyses of biogenous elements were also
performed in the Station at that time. As far as no significant differences were fixed
between increments in particular years in any of the 3 objects (analysis of variance,
p=0.49-0.87), it was no reasonable to evaluate the impact of ecological factors in
dynamics (in time). Moreover, there were comparatively few (30%) significant
correlations between basal areas of annual rings of particular trees in the same
object. At the same time, there were significant differences of tree annual ring
increment average values between investigated objects (analysis of variance,
p<0.05). It means that the impact of ecological factors is to be evaluated having
treated the investigated objects statically and compared average values of
environmental factors with average increments. Apart from the above mentioned
mineral nutrients, groundwater level at the vegetation period was also evaluated.

Trees on ditch edge had the largest basal area of annual rings (8.92 cm?),
but in the non-drained transitional mire — the smallest (2.64 cm?). It is largely
explained with the different groundwater regime. Groundwater in the soils rich in
organic substances nearly lacks oxygen, and the tree roots which are in the water
suffocate. It is stated that tree roots in saturated peat soils reach the depth down to
40 cm. The more is the number of days when groundwater is closer to soil surface
(< 40 cm), the more the forest stand productivity is reduced (3amutuc, 1983). The
groundwater level in the transitional mire was always shallower than 40 cm (in
average 6 cm), but the possibility to exceed 40 cm in the drained object was 68%
(average level 56-57 cm). Nevertheless, the significant differences between tree
annual ring increments in the plots in between ditches (6.75 cm?) and on ditch edge
(8.92 cm?) cannot be explained with the groundwater level, as far as it is almost
equal. The increment differences are most probably related to the better soil
acration near a drainage ditch, which assures a higher water flow speed towards the
ditch.

A larger amount of plant available forms of N-NH,", K, Ca*" and Mg"" is
fixed in the object in drained forests, but N-NO;3™ and P-PO,* - in the non-drained
transitional mire. The analyses revealed higher values of pH in the transitional mire
groundwater and soil as compared to the object in drained forests. It is known that
the flow of nutrients in high productive forests is faster and in low productive —
slower. As far as it is impossible to determine the speed of nutrient cycle with soil
analyses, it is impossible now to estimate precise results — high productive forest
trees take nutrients so rapidly that they are shown in small amounts by soil
analyses. A wrong impression is appearing that the soil is poor, though the plants
are well supplied with minerals.
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Many concomitant factors, which are still unknown to us, are the reason
for annual rings becoming wider in certain trees or narrower in others upon changes
of meteorological factors. This is why the variations of tree annual ring width
should be used very carefully for the interpretation of meteorological conditions of
previous years.

4.3. Amount of biogenous elements in groundwater

It is established that at the present time, 49 years after drainage, there are
no significant changes in the amount of N-NH,", P-PO,*, K', Ca’ and Mg2+ in soil
groundwater in water confluence basins on drained peat soils irrespective of the
changes in the forest stand structure occurred for the given years. It is established
upon analysis of long-term average data that only the content of N-NO; has
increased significantly (from 0.1 to 0.5 mg I"") as compared to the research carried
out by I. Spalvina and K. Buss (in 1966-1974) shortly after drainage, and pH level
increase is observed from pH 5.97 to pH 6.72 (Fig. 4.2).

It is revealed upon analysis of substance amount in groundwater that water
confluence basins of peat and mineral soil differ significantly in potassium amount
(K" Faer. = 6.86 > Foi = 3.81). More potassium is contained in drained mineral soil
groundwater. The amount of K" ions in ditch runoff water is also higher in mineral
soil groundwater. Similarly, differences in Ca®" and Mg”" are close to significant
between groundwater of drained peat and mineral soil confluence basins. The
amount of these ions is bigger in drained peat soil groundwater.

Significance of difference of groundwater active reaction pH (pH F, =
=13.0 > F;;, = 3.81) between forests on hydromorphic mineral soil and forests on
hydromorphic peat soil is logical: water is more acid in peat soil and more alcalic in
mineral soil.

4.4. Runoff of the biogenous elements from the water confluence basins with
drained peat- and hydro-morph mineral soils and from dry forests

In connection with discharge of confined aquifer water rich in Ca and Mg
ions, special attention in many aspects is paid just to these ions. It was revealed in
the research that the amount of Ca®* and Mg”" ions in confined aquifer water wells
with the depth of 20 m in confluence basins was bigger than in similar wells on
hydro-morph mineral soil (Ca2+ Far. = 63.68 > F ;. = 3.95). In turn, contrary to
expectations, no increased amount of Ca*" or Mg”" ions was fixed in ditch runoff
from drained peat soil. At the period of 1997-1999, the amount of Ca*" in ditch
runoff from hydro-morph mineral soil was just slightly bigger than in peat soil
water confluence basins equalling to 52.7 mg I'' and 51.6 mg 1, respectively. But
this difference is not statistically significant. At the same time, the runoff of Ca*
ions from drained peat soil was 178.9 kg ha™' per year and it was 119.6 kg ha™ per
year from hydro-morph mineral soil, which could be explained with exhausted
water runoff in mineral soil water confluence basins at the periods of summer
drought. The Ca®" runoff difference between the peat- and hydro-morph mineral
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soil water confluence basins is significant (Ca2+ Fa = 6.42 > Fy = 3.81). The
difference between the amount of Mg®" and N-NOs output with ditch runoff
between the two soil basins is also significant.

It appeared upon comparison of results of analyses of water samples taken
in the research objects that the largest amount of biogenous elements — N-NOs’,
P-PO,* and K" was in the objects in grey alder stands in dry forests. But the largest
amount of N-NH,", Ca*" and Mg*" was in the water runoff in drained forests.

The N-NH," runoff, which equalled to 7.1 kg ha™ per year, was large as
compared to the ammonium nitrogen runoff in the river in the dry forest object,
were it equalled to 0.6 kg ha™ per year. Increased runoff of the substances from
drained areas took place due to the water flow from ditches in areas with deep peat
soil, which did not get exhausted in summer, while the rivulets in dry forests got
exhausted. As far as it is established upon determination of the substance balance in
drained forests that the input of N-NH,", N-NOs, P-PO,* and K’ to the forest
ecosystem with precipitation exceed the output of the said substances through
drainage ditches in the forests both on deep peat soil and hydro-morph mineral soil,
it cannot be stated that the substances are washed out intensively. In turn, the
output of Ca®" and Mg*" ions with ditch runoff exceeds many times the input of
these substances with precipitation water.

The above mentioned increased amount of basic ions in the drained forest
ditch runoff water and river is also approved with the more alcalic water active
reaction pH 7.4 and pH 8.0, respectively. On the contrary, water in the object in dry
forest had more acid water active reaction — pH 6.3 in the rivulets and pH 7.0 in the
river. The difference in water pH level between the objects in drained and dry
forests with 95% probability was statistically significant (analysis of variance,
p<0.05).

4.5. Runoff models of biogenous elements from forested lands

To estimate the runoff of biogenous elements, water samples were taken
in each of 5 hydrometric posts, in 3 of which water runoff through ditches was
measured in the deep peat soil areas, and in 2 posts — in the hydro-morph mineral
soil areas. For the development of nutrient runoff models, the substance
concentration derived at the period of 1997-2001 and long-term water discharge
observational data since 1966 were used.

The water discharge amount has undoubtedly the greatest significance for
the nutrient runoff formation, as far as the substances could be only transported
with a water flow. It turned out upon processing of runoff data for the period of
1969-2001 with the one factor analysis of variance that both daily and cumulative
hydrological year runoff of the five Station water confluence basins differed
significantly (one factor analysis of variance, p < 0.05). Having divided the
calendar year into four equal parts — seasons (spring: April, May, June; summer:
July, August, September; autumn: October, November, December; winter: January,
February, March), we get four periods of drastically (one factor analysis of
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variance, p < 0.05) different wateriness. The highest runoff was fixed in spring and
the lowest — in summer. Only the difference between the autumn and winter runoff
(one factor analysis of variance, p = 1.000) was not significant.

Statistically significant differences were also established between runoff
amounts in particular years as well as average daily runoffs in particular years (one
factor analysis of variance, p < 0.05). Certainly, the differences were not significant
for all years.

The above mentioned runoff differences were regarded, when nutrient
runoff models were worked out. To have extrapolated the substance concentration
in ditch runoff in between the water sampling days, it was attempted to make the
substance concentration in water related to the water discharge amount (in mm per
24 hours) on the sampling day. The relation in the form of linear regression was
estimated for each analysed substance (N-NH,", N-NO5", P-PO,>, K*, Ca*" and
Mg?") for each of the five water confluence basins in each of the four seasons. The
relation was statistically significant only in 7 of 120 cases (Table 4.1). In all cases,
except for N-NH,4" in the 2™ basin in spring, the established significant relation
showed that the substance concentration in water reduced upon increase of runoff
amount in a ditch. In the above mentioned exception case, on the contrary, the
concentration of ammonium ions increased in the water upon increase of the water
discharge amount in ditch. Most probably, it was related to the circumstance that
ammonium ions were washed out to ditches intensively at the time of heavy rains,
when the groundwater level went up and runoff intensity increased. Nevertheless,
in general, the amount of biogenous elements in water has a variable character,
which allows consider that a larger amount of biogenous elements is washed out
with a larger amount of water.

To estimate the runoff of substances on the water sampling day, the
relevant day concentration was multiplied by the day water discharge amount. To
determine the substance concentration on the days in between the water sampling
days for the seasons when the statistically significant difference was established
between the substance concentration and relevant day water discharge amount, it
was estimated by the formulated equation. For the seasons when no significant
difference was established between the water discharge amount and substance
concentration, an average substance concentration calculated in a relevant season
was used for the substance runoff estimation.

For the seasons when no water sampling was carried out at all, an average
concentration in a particular water confluence basin in a relevant season at the time
period of 1997-2001 was assumed. If there was a single measurement of the
substance concentration in any season (for instance, in spring of 2001 or in summer
of 2001), an average value in a particular water confluence basin in a relevant
season at the time period of 1997-2001 was assumed for such season. Thus, the
substance concentrations in ditch runoff water were estimated or assumed for each
day for each water confluence basin. Having multiplied relevant daily water
discharge amount by substance concentration and divided by water confluence
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basin area, the substance runoff value in kilograms per hectare in a day was
received.

The annual runoff values in the water confluence basins of the Vesetnieki
Station for the time period of 1969 to 2001 was estimated after the above method.
The highest runoff of nutrients was fixed in the wet and rich in precipitation years
1981, 1990 and 1998, but the lowest one — in the dry years 1996, 1976, 2001 and
2000. Using information of the annual water discharge amount and nutrient runoff,
a nutrient runoff model is worked out for each studied substance in the form of
linear regression, which is usable for determination of nutrient output via
watercourses from the Latvian waterlogged forests by putting in the equation the
water discharge amount from the concerned territory. N-NH,", N-NO;™ and P-PO,*
is estimated by the regression equation in the model for each water confluence
basin of the station Vesetnieki separately making use of the derived basin annual
water discharge amount and substance runoff values. The N-NH," runoff model is
showed in Fig. 4.3. But K" the runoff from hydro-morph mineral soil and peat soil
basins clearly divides in both soil groups, due to which only two regression
equations are made for potassium (Fig. 4.4). Runoff from basins with drained peat
soil and mineral soil are marked in the figure with points of different colours.
Calcium and magnesium runoffs from all basins of Vesetnieki Station are well
described with one regression line and equation. A model of Mg”" runoff is seen in
Fig. 4.5.

4.6. Inflow of biogenous elements with the confined aquifer water

Research of the confined aquifer water discharge regime in drained forests
in the station Vesetnieki was started in 1972, when 33 deep-bore (5-31 m deep)
observation wells were bored, 17 of which went down to the upper Devonian
dolomites. The dolomite level at the Station territory is characterised with
magnesium- and calcium-type underground water. That is why the concentration of
calcium and magnesium ions in peat soil groundwater illustrates clearly the
confined aquifer water discharge intensity. At the vegetation period, the confined
aquifer water discharge to the forest ecosystem with deep peat soil varies within
10 mm (in very dry summers) to 102 mm (in rainy summers) (3anutuc, 1983). In a
physical aspect, the discharge intensity is directly proportional to the difference
Ah=h-H between the confined aquifer water piezometric water level 4 and the soil
groundwater level H, filtration coefficient £ and inversely proportional filtration
path length /. Territorial differences of the discharge intensity in the forests on
hydro-morph mineral soil and on deep peat soil cannot be estimated precisely
within one plot of forest, as far as it is impossible to get required information either
on the filtration path length, which is generally characterised by thickness of a
clayic barrier layer, or on the filtration coefficient of this layer. Therefore, the
discharge amount values for confined aquifer water rich in minerals are
comparatively conventional and are only characterised with the level difference
Ah=h-H.
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Pressure of the water accumulated in the upper Devonian dolomite cracks
under the water non-transparent glacial clay barrier layer is territorially equalised
and its piezometric surface forms a comparatively plane surface. We can assume
that / changes linearly between two comparatively closely located confined aquifer
water observation wells. It gives a certain opportunity to estimate the confined
aquifer water piezometric water level making use of the triangle equation rarely
used in the forest hydrology practice:

ax; + by; + ch; =1, D
where x and y - plane coordinates of deep-bore wells,
h — piezometric level height above sea level, and i = 1...3.

Making use of the estimated coefficient numerical values a, b and ¢, / can
be estimated as well as 4-H values in every point of plane with the coordinates x
and y, where the soil groundwater level H is measured.

The difference between the confined aquifer water piezometric water level
in the forests on drained peat soils and adjusted dry hills at the Vesetnieki Station
territory reach 12 m: Ay, = 102.01 m and /A, = 89.53 m. Upon estimation of 4
and measurement of H, comparatively great differences of the average numerical
values A/ were outlined in the Vesetnieki Station forests on drained peat soils:
from -97 cm to +265 cm. Therefore, an aim was set to clear out whether there are
also different concentrations of calcium and magnesium ions dissolved in the soil
groundwater in the places with different Ak, which are characteristic to the
confined aquifer water localised in dolomites.

To have it verified, 7 measurement points were selected: data derived in 3
measurement points made one set of low pressure, where average values of Ak
were within the limits of -97 cm to +27 cm; the other set of high pressure was made
with data derived in 4 measurement points with average values of A/ within the
limits of +162 c¢cm to +205 cm.

In the soil groundwater level observation wells with the depth down to
two meters in the previous five years, the average concentration of ions in the zone
of low pressure of confined aquifer water with AA=-20 cm was: Ca—17.4 mg 1I'";
Mg—6.1mg I''; in the zone of high pressure with Ah=+213 cm it was: Ca—45.0 mgI';
Mg—15.0 mg 1.

Extra inflow of biogenous elements with confined aquifer water also tells
on the forest productivity: increment of the height of 8 pine forest stands growing
in the high pressure zone for the previous 25 years corresponds to the first site
index; increase of the height of 7 crops in the low pressure zone — to the second site
index. It confirms the above mentioned (Zalitis, 1996) regularity that the types of
forests on drained peat soil and related forest productivity reflect the confined
aquifer water discharge intensity: confined aquifer water discharge is twice more
intensive in the Myrtillosa turf. mel. site type forest (1 yield class) than in the
Vacciniosa turf. mel. of a one class lower yield class.
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Therefore, we can consider that concentration of biogenous elements in
soil groundwater changes along with changes in the difference of the confined
aquifer water piezometric water level and soil groundwater level A#.

Concentration of calcium and magnesium ions in the forests with a thick
peat layer (thickness > 50 c¢cm) in connection with the period of Ak changes was
analysed in seven measurement points having 48 groundwater samples taken in
each of them and analysed during 5 years. At the same time, also the soil
groundwater level elevation and piezometric level in deep-bore wells were
measured, from which the confined aquifer water piezometric water level elevation
by each of the soil groundwater observation wells was estimated using the equation
of a plane. Having arranged the measurement points by their arithmetic-mean
values A% in ascending sequence and evaluated the difference of two neighbouring
values after the Stjudent test, we can conclude that all the differences are
significant (t . >tg05=1.96). It certifies that the A/ territorial differences are much
greater than the dispersion of Ah indications in one measurement point during
5 years. In the forests on drained peat soil, where A% is conventionally low, its
values have varied for five years within the limits of -170 ¢cm to +40 cm, in the
measurement places, where A/ is conventionally high — within the limits of
+130 cm to +280 cm.

Upon estimation of the relationship of concentration of Ca and Mg ions in
soil groundwater and A/ in 7 measurement points, peculiarity of each measurement
point has manifested itself flatly, which is determined by: 1) comparatively minor
fluctuations of AA values in every measurement point and 2) small correlation
between A/ and concentration of Ca as well as Mg ions in one measurement point:
=0.01 ... 0.25 with rys=0.31. It indicates that changes in the concentration of ions
in one place are to be assessed as accidental.

Upon joining into single group of all 293 measurements in the forest with
thick peat layer with A% fluctuations within -169 c¢cm to +284 cm, significant
relationship of A% and concentration of ions has manifested itself (Fig. 4.6). The
correlation coefficient between Ak (cm) and concentration of Ca ions (mg 17)
r=+0.66; between Ak (cm) and concentration of Mg ions (mg 1) r= +0.52, with
1005 = 0.11. The relationship of A% and concentration of ions is characterised with
regression equations:

Ca=0.1121 Ah +21.9; 2)
Mg =0.0343 Ah+7.5. 3)

Having joined into another group the results of 242 measurements of
concentration of Ca and Mg ions in soil groundwater in the forests on hydro-morph
mineral soil (peat layer thickness not exceeding 20 cm), the following average rates
are received: Ca — 26.8 mg 1" with standard error of mean 2.1 mg 1! and Mg —
9.8 mg 1" with standard error 0.6 mg 1"'. Having put the figures in the above
mentioned regression equations, we receive the following A% values: in connection
with concentration of calcium ions A#=44 cm and in connection with magnesium
ions Ah=67 cm. We could conclude from those results: the difference of the
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confined aquifer water piezometric water level and soil groundwater level Ah=0.5
m is able to assure the same concentration of calcium and magnesium ions in soil
groundwater as in hydro-morph mineral soil. If AZ>0.5 m, the peat soil is better
supplied with calcium and magnesium than hydro-morph mineral soil, where A/ is
negative and nutrients are derived by forest stand from the mineral horizons of the
soil.

It also explains the facts that in the Vesetnieki Station dry forest adjoining
forests on drained peat soil with a comparatively thin peat layer, where biogenous
elements flow in from neighbouring mineral grounds, the forest stand productivity
is often lower than the forest stand productivity far from the dry hillsides in
locations with a thick peat layer (2-5 m), where the inflow of minerals is provided
with intensive discharge of confined aquifer water.

Thus, we could conclude that the forest stand productivity in the
waterlogged and drained forests with a thick (0.3-4.5 m) peat layer is not depending
from the peat layer thickness; the mineral nutrients required for the forest growth
flow in by discharge of confined aquifer water.

4.7. Balance of biogenous elements in drained forests with the

peat- and hydro-morph mineral soils

The balance of biogenous elements is characterised with the difference of
input and output of biogenous elements. The input takes place with precipitation,
but output - with water runoff through ditches. The balance of analysed substances
is made for each of the five water confluence basins of the Vesetnieki Station of
Permanent Ecological Research.

The derived results show that the input of nitrogen, potassium and
phosphorus exceeds the output in one year; on the contrary, output through ditches
of calcium and magnesium is higher than the input to the forest ecosystem with
precipitation both in the forests on deep peat and in the forests on hydro-morph
mineral soil. The highest output of Ca®" and Mg*" in a season was fixed in the
3™ water confluence basin from drained peat soil and the lowest - in the 4™ water
confluence basin from drained mineral soil. The balance of biogenous elements
N-NH," and Ca®" is shown in Fig. 4.7 and 4.8.

The heightened output of Ca®" and Mg*" with ditch runoff proves the
significant peculiarity of the Latvian waterlogged forests in general — the confined
aquifer water discharge from the upper Devonian dolomite layer (3amuruc, 1983;
Zalitis, Indriksons, 2003) plays an important role in the water balance incoming
part and in paludification process. The water saturated with Ca®* and Mg”" partially
join the soil groundwater and partially discharges directly in the drainage system,
which explains the ditch water alcalic reaction (pH>7.0). The results of research do
not allow at the present to state that higher output from drained peat soil shall
evidence high outwash of nutrients and exhaustion of such soil, as far as it has been
clarified in other researches in non-drained areas and dry forests that outwash
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(runoff) of Ca®" and Mg*" from the ecosystem is higher than input with
precipitation (Matzner, 1988).

When the water leaches through the forest canopy, the amount of N-NH,"
in it reduces slightly, the amount of N-NO3™ and PfPO43' reduces more, but the
amount of K increases; the amount of Ca®* and Mg®" as well as pH values do not
differ significantly: in average pH = 6.51 in an open place, pH = 6.31 under the
forest canopy. For comparison: pH = 7.32 in the water run off through ditches from
the forests on peat soil, from the forests with hydro-morph mineral soil — pH = 7.44
and in the River Veseta draining the deeper ground layers at the Station territory —
pH = 8.03.

Heightened volume of ammonium input in Vesetnieki is partially
explained with the fact that the precipitation collectors gather water by the soil
surface taking in also the grass interception and its impact on the water chemical
composition formation.

Using the regularities between the incoming substance concentration in
water and the inflowing or outflowing water amount, which were recorded in the
Vesetnieki Station at the period of 1997 to 2000, retrospective data extrapolation
was performed for the time period back to the beginning of hydrological
observations in 1960s.

It was calculated that it was introduced with the precipitation in an open
place per hectare 485 kg N-NH,", 30 kg N-NO5, 46 kg and P-PO,>, 390 kg K",
1240 kg Ca”" and 505 kg Mg”" during 31 years at the post-drainage period. At the
same time, it was leached with the ditch runoff from the forests on drained peat soil
and forests on hydro-morph mineral soil 194 kg and 110 kg N-NH,", 21 kg and
2 kg N-NOy’, 3 kg and 4 kg P-PO,”, 133 kg and 72 kg K, 6727 kg and 3214 kg
Ca®', 2252 kg and 1085 kg Mg*’, respectively. The data analysis showed that the
output of Ca?, Mg>" and N-NO; from the forests on drained peat soil was
significantly higher than from the forests on hydro-morph mineral soil at the
31-year period.

The research data in general show that the nutrient balance in the forest
ecosystem at the period of one year or several years is to be assessed as equalised,
i.e. the nutrient output does not exceed its input. Such relationship of input and
output is a very important precondition for the forest ecosystem sustainability. At a
longer time period (several decades), the input exceeds the output and the amount
of accumulated biogenous elements in forest ecosystems increases gradually, due to
which the stores of plant nutrients in drained forests increase.

4.8. Runoff of biogenous elements from the grey alder stands

Grey alder is one of the species, which is able, with the help of root nodule
bacteria, to absorb intensively atmospheric nitrogen facilitating, consequently, the
more intensive accumulation of nitrogen and possibly other nutrients in fallen
leaves and soil. It gives a reason to think that the nitrogen content could be also
increased in the river, which flows through such grey alder stand.
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To assure the comparison and verification of derived results, the research
was carried out simultaneously on grey alder soil by two rivers — Viesite and
Sunite.

To determine the sampling place and time influence proportion in the
variation of quantitative indices, a 2-factor analysis of variance was applied with
data analysed in distribution by seasons and sampling places: 1) upstream stand,
2) in grey alder stand and 3) downstream stand.

In the River Viesite the sampling period or season influence proportion to
the analysed substances varied within 5 — 59%. The season influence with 95%
probability was significant for all substances (analysis of variance, p<0.05). The
sampling place influence proportion was very small and varied within 0.4 — 7%. In
the River Sunite, the season influence proportion was slightly bigger than in the
River Viesite and varied within 17 — 59%. The season influence on the total amount
of analysed substances was significant (analysis of variance, p<0.05). But the
sampling place influence proportion was trifling and varied within 0.1 — 2%.

Pursuant to the assessment of dynamics in time of the amount of
biogenous substances, the amount of N-NO;™ both in the River Viesite and in the
River Sunite was definitely the largest at the summer - autumn low wateriness
period and the smallest - at winter period (analysis of variance, p<0.05). It was also
true for P - PO,*". On the contrary, the amount of N-NH,4" was the largest in winter
(in the River Viesite) and at the spring - summer high wateriness period (in the
River Sunite), but the smallest amount was at the summer - autumn low wateriness
period (analysis of variance, p<0.05). The largest amount of K, Ca*" and Mg*
ions in the Viesite and the amount of Mg*" ions in the River Sunite was at the
summer - autumn period, and the largest amount of K™ and Ca®" ions in River
Viesite the was observed in winter. In turn, the smallest amount of the said ions in
both rivers was fixed at the spring - summer high wateriness period (analysis of
variance, p<0.05).

Although there were no statistically significant differences in the amount
of nitrogen or phosphorus (analysis of variance, p=0.08-0.8 in the River Sunite and
analysis of variance, p=0.26-0.97 in the River Viesite), still the average annual
amount of N-NH," (from 0.41 to 0.49 mg 1) and P - PO, (from 0.07 to 0.08 mg I"")
increased in the river water downstream from the grey alder stand in the River
Viesite. The amount of N-NH," in the River Sunite at the grey alder stand territory
increased (from 0.97 to 0.99 mg I'") and reduced again (0.96 mg 1) downstream
from the stand. At the grey alder stand territory and downstream from it, the
increase of the amount of N-NH," and N-NO; demonstrated itself most
convincingly in summer months - June, July and August as well as at the winter
period.

Though the amount of N-NH," in the water of both rivers in the research
objects exceeded the value specified in the surface water quality requirements
(039 mg 1) ("Virszemes @denu kvalitates prasibas" [Surface water quality
requirements], 1997), no statistically significant increase of the amount of
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biogenous substances was fixed as a result of investigation in the river at the grey
alder stand territory or downstream. It is concluded in the literature that in the
specific gravity of nitrogen fixed by alder, organic substances prevailed
considerably in total nitrogen of soil in alder stand (Hendrickson, Chatarpaul,
1984). It is proved with researches in deciduous forests in the USA and Germany
that over 90% of nitrogen contained in the ecosystem is concentrated in forest
fallen leaves and plants, where it is fixed biologically, and just 2% is in a
non-organic form in the soil (generally in the form of NH,") (Melillo, 1979).

Having compared the data derived by V. Jansons (1996), the Integral
Monitoring plots in Latvia (Lulko, Frolova, etc., 1997) and also of Vesetnieki
Station on output of biogenous elements, we could conclude that the runoff of
biogenous elements to the river flowing through the grey alder stand does not reach
the amounts, which are characteristic to the intensively managed agricultural
territories, and are not large as compared to the runoff in forest stands of other tree
species (Table 4.2).

4.9. Impact of wood-ash application on the amount of biogenous elements

Already from the past centuries, wood-ash was used as a natural
calcification material, which reduced the soil acidity and improved accessibility of
nutrients to plants. One of the ash practical use opportunities is its return to the
forest. Nevertheless, the ash application impact on the environment has been
researched not enough: ground cover vegetation, content of nutrients, mycorrhiza
and groundwater quality.

It was showed with a chemical analysis of soil groundwater samples taken
within experiment that no significant amount of ash elements or pH value increase
in groundwater had been established for the time being. Average values of the
analysed elements and other statistical data are presented in Table 4.3.

Nevertheless, after all fertilised and control plot groundwater analyses
values were summed up, in general, a statistically larger amount of both nitrogen
(N-NH," and N-NO;) (probability 95%) and potassium (probability 90%) was
fixed in the fertilised plot groundwater. The amount of K" in the fertilised test area
groundwater in most cases was larger as compared to the groundwater in control
wells. Unexpected was a lack of increase of the amount of calcium and magnesium
ions in fertilised plot groundwater at a large dose of Ca*" and Mg”" introduced with
ash, respectively, 282 g m™ and 382 g m?, or 2.8 t ha' and 3.8 t ha’. Most
probably, the said elements have not been washed out as yet from the layer strewed
over with ash and are still present in the soil surface layer.

Statistically significant differences were fixed in the amount of K™ in
groundwater wells located at different distances from the ash belt (p=0.01). The
largest amount of K was fixed in the wells with ash application at the distance of
1 m. The amount of other elements was also larger in the wells at a closer distance
to the ash application.
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Having assumed that the biogenous elements contained in ash are leached
into the soil with precipitation in the course of time, also soil analyses were made
in the fertilised plots. The peat soil samples were taken at the depth of 0-15 cm
before the experiment commencement (in May of 2002) and in the second year
after fertilisation (in November of 2003). In the sampling in 2003, the samples were
taken from both fertilised part (a ring of strewed over ash) of the plot and several
meters far from it - from non-fertilised areas.

Phosphorus and potassium in the plant-available or active form was met in
a large amount in almost all plots - in their fertilised parts. The effect of introduced
manure comparatively well manifested itself also in the N-NH," amount analysis.
Nitrogen is actually absent in the ash content, but its amount in the soil could be
influenced with microbiological activity facilitated by other nutrients. The ash
manure effect also expressed in a low (pH from 5.4 to 5.7), but, with 90%
probability, statistically significant increase of pH value (p<0.1).

It was quite amazing that the large doses of Ca®>" and Mg*" introduced with
ash were not reflected in the increase of amount of the said elements in peat in the
second year after fertilisation. It is possible that leaching of calcium and
magnesium from ash and coal runs slower and these are still accumulated in the
soil cover. As the Scandinavian researcher's experience shows, leaching of
nutrients is insignificant in the initial 3-6 years after ash application. Therefore,
their amount in the soil and groundwater has not increased significantly for the time
being.

Reaction, nitrogen and substrate richness value (R+N) increase in the
fertilised part of plots were derived making use of Ellenberg index values of the
ground cover vegetation analysis. The difference between belts strewed over with
ash and adjoining surroundings increased in the next years after fertilisation.
Making use of the ground cover plant species projective coverage as a criterion,
Tschekanovsky coefficient of similarity was calculated for both fertilised and non-
fertilised part of each plot. Absolute values of the coefficient reduced for most plots
in 2003 as compared to 2002, which indicated the increase of differences between
fertilised parts of the plots and their surroundings.

Many changes were observed in the composition of species in the plots
fertilised with ash. The moss cover reduced significantly after ash strewing over in
2002. The moss Funaria hygrometrica Hedw. characteristic to burned-out places
and nitrophyte Stellaria media (L.) Vill. appeared in 2003. The nutrient-demanding
Marchantia polymorpha L. emend. Burgeff. appeared in the test areas in 2004. The
previous moss cover was largely restored in 2005. Of nitrophytes, Tussilago farfara L.
and Chamaenerion angustifolium (L.) Scop. appeared that year.

A large dose of ash application — 50 t ha™ has not caused recently any
significant changes of environmental parameters in the plot area. The statistically
significant increase of average values of particular elements, mainly nitrogen
substances and potassium, in the groundwater and soil yet does not evidence any
threat of contamination, thus certifying the opinion on the forest ecosystems' high

61



capacity of accumulation of biogenous elements made after the input - output
measurements. The element concentrations were below the values specified in the
water quality requirements during the entire period of observations.

5. Conclusions and recommendations

Conclusions

1. The researches in the experimental plots approved the recent opinions that
the forest hydro-technical drainage is most efficient approach for forest
yield capacity and productivity improvement in Latvia. The forest stand
volume increased from 40 m® ha™' to 312 m® ha” during forty-six years
after the drainage of waterlogged forests. The current timber increment at
the post-drainage time was always larger in the more intensively drained
part of forest stand in the ditch edge, as a result of which the stand volume
in the ditch edge of plots is still larger than in the plots in between the
ditches.

2. The amount of N-NH,", N-NO; and P-PO,*" reaching the soil with
precipitation during a year is larger in an open place, while the amount of
K", Ca’" and Mg”" - in the water flowed through the forest canopy.

3. The largest amount of plant-available N-NH,", K*, Ca*" and Mg*" in the
peat was fixed in the intensively drained forests, but the amount of N-NO5
and P-PO,* - on the non-drained transitional mire.

4. The types of forest on drained peat soil and related forest productivity
reflect the impact of discharge of confined aquifer water. The amount of
Ca’" and Mg”" ions in the soil groundwater is larger in the sites with
higher piezometric water level gradient. Sites with a higher gradient
conform to the Myrtillosa turf. mel. site type forests, but those with a
lower gradient — to the Vacciniosa turf. mel. site type forests.

5. A considerably smaller content of biogenous elements is fixed in the
drained forest stand groundwater as compared to the non-drained
transitional mire, which evidences that the elements are taken by the trees
more intensively for the timber increment. On the contrary, overall
analyses of peat soil disclose considerably larger accumulation of N, P, Ca
and Mg in the drained forest peat than in the peat top layers in non-drained
transitional mire, thus proving great abilities of the forest ecosystem to
accumulate biogenous elements.

6. Increase of the amount of N-NO5™ from 0.1 mg I"' to 0.5 mg I"as well as
changes of pH from 5.9 to 6.7 are fixed in the soil groundwater in the
course of time after drainage; the changes of other element amount are
statistically insignificant.
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10.

11.

The substance concentration (mg 1) in ditch water in most cases
correlates negatively with the water runoff intensity, as far as it is thinned
at a larger water amount. Nevertheless, the concentration of N-NH,' in
water in spring significantly correlates positively (r =+ 0.57 at r20A05; 12=0.32)
with the runoff intensity. It could be eventually explained with a more
intensive leaching of ammonia nitrogen from peat upper horizons at the
highest groundwater level.

The amount of biogenous elements in the runoff water of drained forest
ditches and dry forest rivulets does not differ statistically significant.
Nevertheless, absolute values of concentration of Ca*" and Mg®" ions and
particularly of N-NH," are larger in ditches of the types of forests on
drained peat soil, where most alcalic water active reaction pH is also fixed.
Differences of substance output between the forests on drained peat soil
and dry forests are explained with inexhaustible water flow in the forests
on drained peat soil at the periods of summer drought. On the contrary,
absolute values of the amount of N-NO;", P-PO,> and K are larger in the
object in grey alder stand in dry forests.

As a result of research, no statistically significant increase of the amount
of biogenous elements was established through the nitrogen fixer — grey
alder stand flowing river at the stand territory or downstream.
Nevertheless, the amount of N-NH," obtained in the studied rivers and
rivulets exceeds the value specified in the surface water quality
requirements. The sampling season has an important influence on the
amount of substances in the river water. Increase of the amount of
nitrogen in the river water downstream from the grey alder stand is more
obvious in summer months — June, July and August as well as at the
winter period.

The comparison of our data and other investigator's research results shows
that nitrogen runoff from farming lands is 3 times larger than from drained
forests and 29 times larger than from dry forests, but phosphorus runoff is
3 times larger than from drained forests and 14 times larger than from dry
forests.

Input of N-NH,", N-NO;, P-PO," and K' into the drained forest
ecosystem with atmospheric precipitation exceeds the output of the same
substances via drainage ditches, which indicates accumulation of the given
substances in the forest ecosystem. On the contrary, output of Ca*" and
Mg?* ions with ditch runoff in the forests on drained peat soil exceeds
many times the input of the substances with precipitation water. Cycle of
biogenous elements in drained forests in connection with hydro-ecology
evidences that the ecosystem makes rational use of nutrient stores for the
timber increment formation.

63



12. In spite of a large dose of wood-ash application — 50 t ha™, it has not
caused recently any significant increase of biogenous elements or pH
value increase in groundwater. The element concentrations are below the
values specified in the water quality requirements.

Recommendations

1. Having regard to the species and biotope protection requirements as well
as drainage ditch distances determined for each forest type, forest hydro-
technical drainage as a forest management measure increasing the forest
productivity shall be further continued in relevant forest site types in
Latvia.

2. Inventory shall be carried out in the existing or potential forest drainage
objects at the territory of the country with all-round evaluation of
necessity of new drainage or old drainage system restoration for each
particular territory.

3.  Wood-ash application is recommended in the practical forest management
as ecologically harmless for drained forests with peat soil at the seasoning
stand age, which in many researches has been significant for considerable
improvement of low-productive forest stand capacity.
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