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1. Darba visp r js raksturojums 
1.1. T mas aktualit te

L dz s meža materi laj m v rt b m noz m ga loma cilv ces un biosf ras
funkcion šan  ir ar  meža ekolo iskaj m funkcij m – oglek a uzkr šanai un 
sk bek a izdal šanai, dens rež ma regul šanai u.c. No visiem vides faktoriem, kuri 
ietekm  ener ijas pl smu un uzkr šanos meža ekosist m , tieši kokaugu bar bas
elementu pieg de un aprite ir visviegl k ietekm jamas ar meža apsaimniekošanu. 
Ietekme var b t k  nev lama (bar bas vielu zudumi vai imobiliz cija), t  ar  v lama
(vielu aprites un pieejam bas uzlabošana). Lai gan 95% no augu sausnes masas 
sast da ogleklis, de radis, sk beklis un sl peklis, tom r tieši sl peklis, fosfors, 
k lijs, kalcijs un magnijs ir tie, kas visvair k limit  kokaugu sekm gu augšanu un 
att st bu.

Viens no m sdienu mežsaimniec bas galvenajiem krit rijiem ir 
nep rtraukta un paplašin ta meža resursu atražošana, kas Latvijas apst k os
vispirms saist s ar p rmitro meža ekosist mu hidrotehnisko melior ciju. Latvij  ir 
1.5 miljoni hekt ru p rmitru un p rpurvotu mežu, no kuriem pašlaik melior ti
apm ram 700 t kstoši hekt ru. Hidrotehnisk  melior cija ir viens no 
efekt v kajiem mežsaimnieciskajiem pas kumiem, k  rezult t  vid j  mežaudžu 
kr ja uz hekt ra p d jo 100 gadu laik  palielin jusies no 100 m3 l dz 180 m3

(Z l tis, 1999).
L dzšin jie p t jumu rezult ti mums nodrošina iesp ju argument ti

apliecin t melior cijas pozit vo ietekmi uz kokaudžu raž bu, og sk b s g zes
akumul ciju, sk bek a izdal šanos, k  ar  uz meža biolo isk s daudzveid bas
nodrošin šanu ekosist mu l men . Ta u m su r c b  l dz šim nebija objekt vu datu 
par augsnes augl bas izmai m melior tajos mežos saist b  ar iesp jamo biog no
vielu pastiprin tu izskalošanos no meža augsn m, k  ar  par dens kvalit tes
izmai m dabiskaj s promtek s melior cijas rezult t .

P c iest šan s Eiropas Savien b , Latvijai j veido sava likumdošana 
saska  ar starptautiskaj m pras b m. Vides aizsardz bas jom  š s pras bas saist s
ar inform ciju par dabas vides st vokli. T d  j veic pašreiz j  st vok a
saska ošana ar vair kiem starptautiskiem vides aizsardz bas normat vajiem
dokumentiem (ES direkt va par nitr tu pies r ojumu no lauksaimniec bas avotiem 
(91/676/EEC), direkt va par sald de u kvalit ti (78/659/EEC), konvencija Par 
Baltijas j ras vides aizsardz bu, Helsinki, 1992. g. (1994) u.c.). L dzšin j
inform cija par biog no elementu iznesi ar virszemes noteci ir visai fragment ra un 
galvenok rt attiecas uz lauksaimniec bas zem m.

Mežu melior cij  pag juš  gadsimta laik  ieguld ts liels darbs un l dzek i.
Tikai 90.-tajos gados, finanšu tr kuma d , melior cijas darbi gandr z piln b
apst jušies. Izveidojoties akciju sabiedr bai „Latvijas valsts meži”, kuras darb ba ir 
v rsta uz meža raž bas paaugstin šanu saimnieciskajos mežos, hidrotehnisk
melior cija ir atguvusi savu aktualit ti. Tas pats attiecas ar  uz zemnieku 
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saimniec b m, kuru r c b  nereti non kušas mazprodukt vas un p rpurvotas mežu 
plat bas.

Latvijas p rmitro mežu dens bilanci un vielu apriti nosaka viet jie
meteorolo iskie apst k i un re iona hidro eolo isk s patn bas. T d  kritiski 
j v rt  cit s valst s izstr d to mode u autom tiska pielietošana m su apst k os. 
Pier d ts, ka p rmitro mežu izvietojumu Latvij  nenosaka nokriš u daudzums, bet 
gan ar kalciju un magniju bag to pazemes spiedes de u izpl des rajoni. T dej di
ir iesp jama meža izveidošan s uz vair kus metrus bieza k dras sl a. Lai noteiktu 
bar bas vielu izskalošan s dinamiku un misko elementu dabisko fonu nosusin to
mežu de os ir j veic ilgstoši nov rojumi.

Lai raksturotu mežsaimniecisko pas kumu (galvenok rt hidrotehnisk s
melior cijas un kopšanas ciršu) ietekmi uz mežaudžu strukt ru un meža 
hidrolo isko rež mu, jau 1963. gad  Mežu p t šanas stacijas “Kalsnava” teritorij
izveidots Vesetnieku ekolo iskais stacion rs. Nosusin to mežu dens sateces 
baseinos p t ts noteces un nokriš u rež ms, grunts dens l me a sv rst bas, pazemes 
spiedes de u loma meža ekosist m . Analiz ta ar  meža dz v s zemsedzes 
sukcesija. Regul ri p rm r ti taks cijas r d t ji kokaudžu parauglaukumos. 1997. 
gad  tika uzs kta ar  grunts-, pazemes-, gr vju noteces un nokriš u dens paraugu 
sistem tiska iev kšana un misko anal žu izdar šana.

1.2. P t juma m r is
Darba m r is bija noteikt biog no elementu daudzumu un to ieneses-

izneses attiec bas nosusin to mežu de os hidrotehnisk s melior cijas k
mežsaimnieciska pas kuma nov rt šanas sakar .

1.3. Promocijas darba uzdevumi 
1. Nov rt t biog no elementu daudzuma izmai as augsnes grunts den  laika 

posm  p c melior cijas.
2. Raksturot biog no elementu daudzumu atmosf ras nokriš os mežaudz s

un klajum .
3. Raksturot biog no elementu piepl di ar pazemes spiedes de iem k dre u

meža tipos. 
4. Nov rt t biog no elementu daudzumu den  un to iznesi nosusin to mežu 

promtek s.
5. Izstr d t mode us biog no elementu (N, P, K, Ca, Mg) aprites 

raksturošanai nosusin tajos mežos. 

1.4. Darba novit te, zin tnisk  un praktisk  noz m ba
Vair kas zin tnieku paaudzes ir str d jušas pie jaut juma par meža 

raž bas uzlabošanos p c nosusin šanas. Pie jaut juma par dz v s zemsedzes 
izmai m p c melior cijas str d juši K. Bušs un A. boli a, par meža hidrolo ijas
jaut jumiem – P. Z l tis. Vesetnieku stacion rs tika nodibin ts, lai b tu
pretargumenti Po esj  uzs ktajiem milz gajiem dabas p rveidošanas pl niem. Tika 
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uzs kti ilglaic gi nov rojumi. Tika veikti dens aprites kvantitat vie m r jumi. 
Tom r ilgi nebija inform cijas par to, kas notiek ar biog no elementu apriti p c
meža nosusin šanas. T d  1997. gad , promocijas darba ietvaros, tika uzs kti
biog no elementu daudzuma m r jumi stacion ra de os. Promocijas darb  ieg tie
secin jumi balst s uz lielu skaitu atk rtoti iev ktu dens paraugu anal žu rezult tu,
kuri raksturo biog no elementu daudzuma dinamiku nokriš os klajum , caur 
kokaudzes vainagiem uz augsnes non kušajos nokriš os, augsnes grunts den  un 
pazemes spiedes den , melior cijas gr vjos un dabiskaj s promtek s. Doktora 
darba ietvaros Vesetnieku stacion r  iev kti 2 518 dens paraugi un izdar tas
17 600 dens misk s anal zes (49 atk rtojumi).

Ieg to rezult tu sal dzin šanai un atzi u ticam bas p rbaudei veiktas 
dens misk s anal zes Sun tes un Vies tes up s, saist b  ar baltalkš u audžu 

izvietojumu to krastos, k  ar  organiz ts koksnes pelnu m slojuma iestr des
eksperiments (50 t ha-1) Vesetnieku ekolo iskaj  stacion r .
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taj  ien košos bar bas elementus akumul  un racion li izmanto koksnes pieauguma 
veidošanai. Ar nokriš iem ienesto biog no elementu – sl pek a, fosfora un k lija
daudzums p rsniedz šo elementu iznesi ar gr vju noteci. Augstraž gu kokaudžu 
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5. Starptautisk  doktorantu zin tnisk  konference “Zin tne – lauku att st bai”
no 2001. gada 23. l dz 25. maijam Jelgav , LLU. Refer ts: Indriksons A. 
Ekolo isko faktoru ietekme uz priedes pieauguma dinamiku nosusin tos
mežos.

6. II Pasaules latviešu zin tnieku kongress no 2001. gada 14. l dz 15. augustam, 
R g . Refer ts: Indriksons A., Z l tis P. Hidrotehnisk s melior cijas
noz me mežsaimniec b .

7. Latvijas Universit tes 60. zin tnisk  konference. eogr fija. eolo ija.
Vides zin tne, LU, R ga, 2002. gada janv ris – febru ris. Refer ts:
Indriksons A. Biog no elementu aprite nosusin taj s meža ekosist m s.

8. LLU Meža fakult tes Zin tniski praktisk  konference no 2002. gada 23. l dz
26. apr lim, Jelgava. Refer ts : Indriksons A. Biog no elementu izneses no 
meža zem m mode i. 

9. Latvijas Universit tes 61. zin tnisk  konference. eogr fija. eolo ija.
Vides zin tne. LU, 2003. gada janv ris–febru ris, R ga. Refer ts:
Indriksons A. Pelnu m slojuma ietekme uz zemsedzes augu ve et ciju
priežu mežos ar nosusin t m k dras augsn m.

10. Nordic – Baltic Workshop on Forest Nutrient Dynamics and Management, 
May 20-22, 2003, Honne, Norway. Refer ts: Indriksons A., Gaitnieks T., 
Z l tis P. Wood ash application in forests on drained peat soils in Latvia. 

11. 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 refer ts:
Indriksons A., Z l tis P. Cycle of mineral nutrients in the forest 
ecosystems in Latvia. 

12. Latvijas Universit tes 62. zin tnisk  konference. eogr fija. eolo ija.
Vides zin tne. LU, 2004. gada janv ris–febru ris, R ga. Refer ts:
Indriksons A., Z l tis P. Grunts dens kvalit te, zemsedzes aug js un 
bar bas vielu daudzums k dras augsnes mežaudz s pelnu m slojuma
ietekm .

13. 12th International Peat Congress. Wise use of peatlands, 6-11 June 2004, 
Tampere, Finland. Stenda refer ts: Z l tis P., Indriksons A. Spruce forest 
on Latvian peatlands. 

14. 7th INTECOL International Wetlands conference, 25-30 July 2004, 
Utrecht, The Netherlands. Stenda refer ts: Indriksons A., Z l tis P. The 
influence of confined aquifer water on the productivity of wetland forests 
in Latvia. 

15. LLU Meža fakult tes 65 gadu jubilejai velt t  Zin tniski praktisk
konference “Zin tne un prakse nozares att st bai”, 2004. gada 3.-4. novembris, 
Jelgava. Refer ts: Indriksons A. Pelnu m slojuma ietekme uz grunts dens
kvalit ti un zemsedzes aug ju.

13

16. III Latvijas eogr fijas kongress. “Latvijas eogr fija Eiropas 
dimensij s”. Latvijas Universit te, Latvijas eogr fijas biedr ba, 2004. gada 
5.-6. novembris, R ga. Refer ts: Indriksons A. Mežsaimniecisko 
pas kumu ietekme uz biog no elementu apriti meža ekosist m s.

17. Latvijas Universit tes 63. zin tnisk  konference. eogr fija. eolo ija.
Vides zin tne. LU, 2005. gada 24.-31. janv ris, R ga. Refer ts: Indriksons 
A. dens kvalit te Latvijas meža ekosist m s.

18. XXII IUFRO World Congress. Brisben, Australia. 8-13 August 2005. 
Stenda refer ts: Indriksons A. Z l tis P. Water quality in Latvian forest 
ecosystems.

19. 2nd 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 refer ts: Indriksons A., Pakalne M., 
Matvejs J. Hydrological and vegetation studies in LIFE “Mire” Project 
sites in Latvia. 

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

21. Latvijas Universit tes 64. Zin tnisk  konference. eogr fija. eolo ija. 
Vides zin tne.  LU, 2006. gada 30. janv ris-3. febru ris, R ga. Refer ts:
Indriksons A. Pelnu m slojuma ietekme uz koku pieaugumu, grunts dens
kvalit ti un zemsedzes augu ve et ciju priežu mežos uz k dras augsn m.

22. Latvijas Universit tes 64. Zin tnisk  konference. eogr fija. eolo ija. 
Vides zin tne. LU, 2006. gada 30. janv ris- 3. febru ris, R ga. Refer ts:
Indriksons A. Hidrolo iskais monitorings Latvijas purvos. 

23. Meža fakult tes Zin tniski praktisk  konference. LLU Meža fakult te,
2006. gada 15.-16. marts, Jelgava. Refer ts: Indriksons A. Latvijas purvu 
hidrolo isk  izp te.

24. 24. Zieme valstu Hidrolo ijas konference D nij : The XXIV Nordic 
Hydrological Conference: Experiences and Challenges in Implementation 
of the EU Water Framework Directive. Vingsted Centret, Denmark, 
6-9 August 2006. Refer ts: Aps te E., Indriksons A. Quantification of 
nutrients from diffuse and point sources among the river baseins and 
districts in Latvia. 

25. The International Conference on Multi Functions of Wetland Systems. 
2007. gada 26.-29. j nijs. Padova. It lija. Refer ts: 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. Portug le. Stenda refer ts: Indriksons A, Pakalne M., Bern ne
L., boli š A. Hydrological studies in the LIFE Project “Mires” sites in 
Latvia.

27. LLU Meža fakult tes Zin tniski praktisk  konference “Zin tne un prakse 
nozares att st bai”. 2008. gada 16. un 17. apr lis, Jelgava. Refer ts:
Indriksons A. Izmai as augsto purvu hidrolo iskaj  rež m  p c dambju 
b ves.

28. LLU Meža fakult tes Zin tniski praktisk  konference “Zin tne un prakse 
nozares att st bai”. 2008. gada 16. un 17. apr lis, Jelgava. Refer ts:
Indriksons A., Mežals H. Gr a meža tipa ekolo iskie r d t ji un augsne. 

29. 22nd Expedition of the Baltic Botanists. Daugavpils, Latvia, July 14 – 17, 
2008. Refer ts: Salmi a L., Indriksons A Differences in hydrology and 
species composition between two habitats of Erica tetralix L. in Latvia. 

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

31. Latvijas Universit tes 67. Zin tnisk  konference. Zemes un vides zin t u
nozares. LU, 2009. gada 28. janv ris – 4. febru ris, R ga. Refer ts:
Indriksons A. Grunts dens l me a monitorings Latvijas purvos. 

1.6. Promocijas darba strukt ra un apjoms 
Promocijas darbs velt ts meža nosusin šanas kvantitat vo aspektu 

izzin šanai, ietverot gan plaši p t to ietekmi uz audžu produktivit tes 
palielin šanos, gan maz zin mo biog no elementu apriti p c plat bu nosusin šanas.
 Promocijas darbs satur ievadu, etras noda as (literat ras apskats, p t juma
objekti, metodika, rezult ti un diskusija), secin jumus un literat ras avotu sarakstu.
 Ievad  raksturota meža nosusin šanas nepieciešam ba, starptautisk s
saist bas vides aizsardz bas jom , Latvijas p rmitro mežu dens bilances un vielu 
aprites patn bas, nor d ts darba m r is un uzdevumi. Pirmaj  noda  analiz tas
esoš s zin šanas par nosusin taj m meža ekosist m m, par vielu, ener ijas un 
inform cijas apriti taj s, par šo ekosist mu produktivit ti, par biog no elementu (N, 
P, K, Ca, Mg) un pH lomu, par noz m g kaj m p tniec bas metod m un 
mežsaimniecisko pas kumu ietekmi uz biog no elementu apriti. Noda as
nobeigum  dots kopsavilkums par l dzšin jo izp tes l meni un p t juma
nepieciešam bas pamatojums. Otraj  noda  dots detaliz ts p t juma objektu 
apraksts – t  sadal ta 5 apakšnoda s. Trešaj  noda  raksturota p t juma metodika 
– vielu aprites un kokaudžu taks cijas r d t ju datu ieguve, k  ar  pielietot s datu 
matem tisk s apstr des metodes. Noda a sadal ta 5 apakšnoda s. Ceturt  noda a,
kas sadal ta 9 apakšnoda s, satur promocijas darba rezult tus un diskusiju. 
Analiz ti un ar jaunu inform ciju papildin ti vair ki noz m gi nosin to mežu 
ekosist mu aspekti: kokaudzes taks cijas r d t ju izmai as; priedes tekoš
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pieauguma dinamika; biog no elementu daudzums grunts de os; biog no elementu 
iznese no sateces baseiniem ar k dras un hidromorfaj m miner laugsn m, k  ar  no 
sausie u mežiem; biog no elementu izneses mode i; biog no elementu piepl de ar 
pazemes spiedes de iem; biog no elementu bilance re os un k dre os; biog no
elementu izskalošan s no baltalkš u audz m un koksnes pelnu m slojuma ietekme 
uz biog no elementu daudzumu augsn  un grunts den . Darbu nosl dz secin jumi
un priekšlikumi. 
 Promocijas darba apjoms ir 155 lapaspuses; inform cija apkopota 26 tabul s
un 65 att los; izmantoti 224 literat ras avoti. Darba nosl gum  formul ti 12 
secin jumi un 3 priekšlikumi. 

2. P t juma objekti 
2.1. dens sateces baseinu raksturojums Vesetnieku ekolo iskaj  stacion r

Vesetnieku ekolo iskais stacion rs atrodas Valsts meža dienesta p rzi
esoš s strukt ras – Zin tnisk s izp tes mežu Kalsnavas meža novada teritorij  un 
aiz em 386.3 ha lielu plat bu. Stacion ra eogr fisk s koordin tas: austrumu 
garums no 25º50  l dz 25º53 ; zieme u platums no 56º42  l dz 56º43 .

Hidrogr fisko t klu veido Vesetas upe, kas sadala stacion ra teritoriju 
div s da s, k  ar  nosusin šanas gr vju sist mas. Stacion ra teritorijas eolo isk
uzb ve rada priekšnoteikumus pazemes spiedes de u izpl dei. Vesetas upes 
kreisaj  krast  pazemes dens pjezometriskais l menis vid ji atrodas 80 cm augst k
par zemes virsmu. Viet m plaisas ir pild tas ar deni zem t da spiediena, kas izraisa 
dens pacelšanos grunts dens nov rošanas ak s l dz 2 m virs k dras virsmas. T d

šeit izveidojusies paši p rmitra zona un k dras sl a biezums viet m p rsniedz 5.5 m. 
Vesetas upes labaj  krast  p rsvar  ir meži ar hidromorf m miner laugsn m, kur 
k dras sl a biezums nep rsniedz 30-40 cm. Tas nor da uz maz k intens vu
p rpurvošan s procesu sal dzin jum  ar kreis  krasta plat b m. Stacion ra teritorij
ir plat bas, kur pazemes dens pjezometriskais l menis ir pat 8.6 m dzi i zem 
augsnes virsmas. 

Pašreiz jo melior to mežaudžu viet  pirms tam bijis z u–p rejas tipa 
purvs, kas tika intens vi nosusin ts ar gr vju un segt s dren žas pal dz bu. Gr vji ar 
dzi umu 1.1–1.2 m izrakti 1960. gad  un divus gadus v l k viet m 80–90 cm 
dzi um  ier kota segt  dren ža.

Vesetas upes kreisaj  krast  esošie 1., 2., un 3. stacion ra dens sateces 
baseini atrodas uz nosusin t m k dras augsn m, bet upes labaj  krast  esošie 4. un 
5. baseini - uz nosusin t m hidromorfaj m miner laugsn m. Pirm dens sateces 
baseina kop j  plat ba ir 33 ha, otr  baseina – 113.7 ha, treš  – 139.1 ha, ceturt  – 
67.3 ha, bet piekt  – 33.2 ha. 

Vesetnieku ekolo iskaj  stacion r  – priežu meža nogabalos starp 
nosusin šanas gr vjiem veikts ar  pelnu m slojuma iestr des eksperiments.
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2.2. Baltalkš u audzes Vies tes un Sun tes upju krastos 
P t jums par baltalkš a (Alnus incana (L.) Moench) lomu biog no

elementu iznes  ar virszemes de iem veikts div s tam piem rot s baltalkš u
audz s Aizkraukles rajon  Seces mežniec bas teritorij  pie Lielupes baseina up m
– Vies tes un t s pietekas Sun tes.

Vies te ir sekla, bet strauja upe, kuras kop jais garums - 61 km. T s
krastos p rsvar  atrodas lauksaimniec bas zemes un p avas. P t juma viet  upe 
veido 169 km² lielu dens sateces baseinu. Savuk rt Sun tes upe ir 8 km gara, bet 
t s sateces baseina plat ba - 31.5 km², kuru gandr z piln b  kl j mežs.

Vies t  up dens paraugi emti cauri Seces mežniec bas 184. kvart la
nogabaliem pl stoš  950 m gar  upes posm . Audzes kop j  plat ba ir aptuveni 19 ha. 
Sun tes up dens paraugi emti cauri mežniec bas 170. kvart la un 171. kvart la
nogabaliem pl stoš  590 m gar  upes posm . Audzes kop j  plat ba ir aptuveni 16 ha. 
Baltalkš u audzes pie ab m up m, katr  nogabal  ir ar atš ir gu vecumu (4-35 gadi) un ar 
daž du citu koku sugu – egles, b rza, melnalkš a un oša piemistrojumu. 

3. Metodika 
3.1. Vielu aprites raksturošana nosusin tajos mežos 

Meža denssaimniec bas m r jumi Vesetnieku ekolo iskaj  stacion r
uzs kti jau 1963. gad  un gadu gait  papildin ti ar jauniem m r jumu veidiem. 
Kopš 1963. gada m r ti lietus un sniega nokriš i klajum  ar 0.2 mm (1 cm3)
precizit ti (Tretjakova nokriš u uztv r js) – ikdienu. Šaj  gad  uzs kti ar  augsnes 
grunts dens l me a m r jumi 3 reizes m nes . Ier koti ar  dzi urbumi pazemes 
spiedes de u pjezometrisk  l me a m r šanai. 1966. gad dens sateces 
baseiniem, to zem kaj  lejteces punkt , uz nosusin šanas gr vja ier kots
hidrometriskais postenis jeb dens noteces m r šanas p rg ze, kur ar  tipa 
pašrakst t ju nep rtraukti m r ts dens caurpl dums. 1967. gad  ar biežumu 3 reizes 
m nes  uzs kti lietus un sniega nokriš u daudzuma m r jumi zem mežaudzes 
vainagu kl ja – pavisam 180 viet s daž das strukt ras mežaudz s. Visu 
iepriekšmin to m r jumu dati izmantoti daž dos apr inos ar  promocijas darba 
ietvaros.

No 1997. gada pavasara uzs ktas biog no elementu misk s anal zes
grunts-, pazemes-, nokriš u un gr vju noteces denim divas reizes m nes , kas 
turpin tas l dz 2001. gada rudenim. Ieg tie rezult ti sal dzin ti ar laika posm  no 
1966. l dz 1974. gadam K. Buša un I. Spalvi as, t l t p c stacion ra teritorijas 
melior cijas, veiktajiem p t jumiem Vesetniekos, k  ar  no 1996. gada j lija l dz
1997. gada j nijam emto dens paraugu anal žu datiem Lielupes dens sateces 
baseina up s - Vies t  un Sun t  un taj s iepl stošajos strautos, kas dren  sausie u
mežus.

Vesetnieku ekolo isk  stacion ra nosusin tajos mežos ekosist m
ien koš  nokriš u dens kvalit te un kvantit te raksturota izmantojot 25 nokriš u
uztv r jos sav kto deni. 5 nokriš u uztv r ji izvietoti klajum  – viens no tiem 
iek rtots stacion ra centr , p r jie etri – pa stacion ra teritorijas perimetru 
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aptuveni 1.5 km atstatum  no centra. 20 nokriš u uztv r ji izvietoti priežu, eg u un 
b rzu kokaudz s, k  ar  skuju koku jaunaudz , ikvien  audz  pa 5 uztv r ji.
Biog no vielu izneses apr in šanai dens paraugi emti ikvien  no 5 
hidrometriskajiem poste iem, no kuriem trijos tiek m r ta dens notece pa gr vjiem
no plat b m ar dzi m k dras augsn m, bet divos poste os – no plat b m ar 
hidromorf m miner laugsn m. 18 augsnes grunts dens ak s un 3 spiediena 
pazemes de u ak s dzi um  l dz 25 m tika analiz ti dens paraugi t.s. fona 
izmai u raksturošanai.

Katram dens paraugam noteikts N–NH4
+, N–NO3

-, P–PO4
3-, K+, Ca2+,

Mg2+ daudzums un akt v  reakcija pH. Noteikts ar  augiem viegli pieejamo bar bas
vielu daudzums k dr , k  ar  izdar tas pilnanal zes to kop jo kr jumu nov rt šanai.

misk s anal zes izdar tas LVMI “Silava” Meža vides laboratorij . Kopš darba 
uzs kšanas l dz 2001. gada septembrim veiktas 17 600 dens misk s anal zes.

3.2. Krastmalas baltalkš u audzes ietekmes raksturošana 
P t jum  par baltalkš u audzes ietekmi uz biog no elementu iznesi, dens

paraugi emti div s baltalkš u audz s divu daž du upju – Vies tes un Sun tes
den . P t juma veikšanai dens paraugi emti katr  up  straumes centr , nedaudz 

zem dens virsmas l me a – 100 m, 50 m un 5 m augšpus un lejpus no baltalkš u
audzes, k  ar  3 viet s up  audzes teritorij  - 1/3, 1/2 un 2/3 no att luma upei 
izpl stot cauri audzei, k  ar  up  iepl stošajos strautos - reizi m nes  divos 
periodos: 1) no 1995. gada j lija l dz novembrim; 2) no 1996. gada j lija l dz 1997. 
gada j nijam. Š ds dens paraugu emšanas vietu izvietojums izv l ts, lai ar 
minim lu paraugu emšanas vietu skaitu (9 vietas katr  up ) raksturotu biog no
vielu daudzumu upes den  augšpus baltalkš u audzes, audzes teritorij  un lejpus 
t s. Kopum  izdar tas 2107 upju dens un 42 strautu dens misk s anal zes, kas 
galvenok rt veiktas LVMI “Silava” Meža vides laboratorij .

3.3. Pelnu m slojuma ietekmes noteikšana 
Lai nodrošin tu eksperimentam nepieciešamo atk rtojumu skaitu un meža 

augšanas apst k u daž d bu, 2002. gada 19.-21.maij  ier koti 12 izm in juma
parauglaukumi tr s daž d s viet s jeb s rij s (A, B un C), katr  no t m – etri
parauglaukumi. A s rijas parauglaukumi izvietoti nogabal  ar m tru k dre a
(Vacciniosa turf. mel.) meža tipu, B s rijas parauglaukumi – šaurlapju k dre a
(Myrtillosa turf. mel.), bet C s rijas parauglaukumi - šaurlapju k dre a ar 
p rpurvošan s tendenci un niedr jam (Caricoso-phragmitosa) rakstur gu ve et ciju
meža tipos. Parauglaukumi katr  s rij  izvietoti transekta – rindas veid  ar aptuveni 
30 m savstarp jo att lumu.

Katra ap veida parauglaukuma centr  atrodas 2 m dzi a grunts dens
nov rošanas aka dens paraugu iev kšanai. Katras s rijas pirmaj  parauglaukum
pelni izkais ti 1 m plata rin a gredzena veid , kura iekš j  mala atrodas 1 m radius
ap aku (m slot  plat ba 9.42 m2), otraj  parauglaukum  – 2 m radius  ap aku 
(15.7 m2), bet trešaj  parauglaukum  – 3 m radius  (21.98 m2). Zinot augsnes 
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meža tipos. Parauglaukumi katr  s rij  izvietoti transekta – rindas veid  ar aptuveni 
30 m savstarp jo att lumu.

Katra ap veida parauglaukuma centr  atrodas 2 m dzi a grunts dens
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filtr cijas koeficientu un dens pl smas virzienu, pelnu izkais šana atš ir gos
att lumos no akas dod iesp ju apr in t ar pelniem ienesto bar bas vielu 
izskalošan s trumu un daudzumu kg ha-1 no meža ekosist mas uz nosusin šanas
gr vjiem. Katras s rijas ceturt  parauglaukuma aka izmantota kontrolei – pelni ap 
to nav kais ti. 

Ier kotajos parauglaukumos izkais ti dab gi mitri pelni ar devu 50 t ha-1 jeb 
5 kg m-2. Pelni emti galvenok rt no kokz šanas r pn cas SIA “Vika Wood”, kas 
atrodas Kurzem , apm ram 12 km no Talsiem. Pelni ieg ti no skuju koku, p rsvar
egles, mizas. Uz eksperimenta vietu pelni transport ti plastmasas maisos. 

Grunts dens paraugi no ak m ve et cijas period emti divas reizes 
m nes , LVMI “Silava” Meža vides laboratorij  nosakot N-NH4

+, N-NO3
-, P-PO4

3-,
K+, Ca2+ un Mg2+ koncentr ciju, k  ar  akt vo reakciju pH. Tr sdesmit divos 
atk rtojumos veiktas 2506 dens misk s anal zes.

Zemsedzes augu ve et cija p c m slošanas raksturota katru gadu augusta 
m nes  ar punktu metodi, izmantojot 1 m garu met la adatu (diametrs 1 mm). Katra 
parauglaukuma m slotaj  un nem slotaj  da  izdar ti 200 adatas d rieni, atz m jot
augus (s nas, lakstaugi), kuru virszemes da as piesk r s adatai. Katrai sugai 
parauglaukum  apr in ts sastopam bas koeficients un projekt vais segums. 
Izmantojot Ellenberga skalas, ieg ti katra parauglaukuma m sloto un nem sloto
da u raksturojoši gaismas, temperat ras, kontinentalit tes, mitruma, reakcijas, 
sl pek a un augsnes augl bas r d t ji. M sloto parauglaukumu un to tuv k s
(nem slot s) apk rtnes ve et cijas sal dzin šanai lietots ekanovska l dz bas
koeficients.

3.4. Kokaudzes taks cijas r d t ju nov rt šana
Kokaudzes parametru nov rt šanas m r is bija nov rt t kokaudzes kr ju

daž dos att lumos no nosusin šanas gr vjiem atrodošos parauglaukumos un 
p rliecin ties, vai nav notikusi t s pieauguma samazin šan s nosusin šanas gr vju
tuvum .

Promocijas darba ietvaros 1999. un 2006. gada j lija m nešos izdar ta
stacion ra teritorij  esošo 30 priežu parauglaukumu p rm r šana. Rezult ti 
sal dzin ti ar iepriekš j s uzm r šanas reiz m kopš 1963. gada. Parauglaukumos, 
kuru plat ba sast da 0.06 – 0.125 ha veikta audzes dastošana, uzm rot visus kokus 
sadal jum  pa 2 cm caurm ra pak p m. Lai konstru tu augstuma l knes, veikti ar
koku augstuma m r jumi katrai sugai sastopamaj s caurm ra pak p s. Katrai koku 
sugai parauglaukum  apr in ts audzes vid j  koka caurm rs un augstums, audzes 
š erslaukums m2 ha-1, kr ja m3 ha-1 un koku skaits gab.ha-1.

Priedes tekoš  pieauguma dinamikas atspogu ojumam izraudz ti tr s - 
0.125 ha (25 m x 50 m) lieli, 1976. gad  ier koti priežu audžu parauglaukumi, kuri 
izvietoti starp 2 nosusin šanas gr vjiem šaurlapju k dre a meža tip . Divi 
parauglaukumi izvietoti gr vju tuvum , bet viens - vid  starp gr vjiem. Att lums
starp gr vjiem ir 170 m. Priedes tekošais pieaugums nosusin taj  objekt
sal dzin ts ar nenosusin tu p rejas tipa purvu. Lai noteiktu priedes kr jas tekoš
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pieauguma dinamiku mežaudz s ar atš ir gu nosusin šanas pak pi, trijos atš ir gos
objektos (nenosusin t  p rejas purv , kokaudz  vid  starp gr vjiem un kokaudz
nosusin šanas gr vja mal ) tika izraudz ti pa 10 valdaudzes koki, kuriem 1.3 m 
augstum  no sak u kakla izdar ti urbumi, iev cot koksnes radi los serde us. 
Katram no šiem 10 kokiem izm r ts p d jo 30 gadu (no 1970. l dz 2000. gadam) 
gadsk rtu platums. P c tam katrai gadsk rtai apr in ts š rslaukums, kas raksturo 
daž da caurm ra koku augšanas intensit ti. Grunts dens l me u sal dzin šanai 
izmantoti katra parauglaukuma tuvum  esošo grunts dens l me a nov rošanas aku 

dens l me a m r jumi.

4. Rezult ti un diskusija 
4.1. Kokaudzes taks cijas r d t ju izmai as p c nosusin šanas
L dz nosusin šanai stacion r  atraduš s zemas bonit tes IV–V vecuma 

klašu b rzu–priežu audzes. Audzes sast vs 8P2B+E, kr ja 55 m3 ha-1, kr jas
tekošais pieaugums 1.8 m3 ha-1 gad . 10 gadu laik  p c nosusin šanas kr ja
divk ršojusies un 1973. gad  sast d ja 112 m3 ha-1. Audzes sast vs 7P1E2B. 
Tekošais pieaugums 4.7 m3 ha-1 gad . Kopš 1963. gada stacion ra teritorij  ir 
ier koti kokaudžu parauglaukumi, kuros, ik p c 4-5 gadiem, tiek veikta kr jas
p rm r šana. Pašlaik, 46 gadus p c nosusin šanas, kokaudžu vid j  kr ja ir 312 m3 ha-1

(4.1. att ls). Kopum  vid ji 30 kokaudžu parauglaukumos 2006. gad  audzes 
sast vs ir 6P3E1B, tekoš  bonit te - IIa, kr ja - 312 m3 ha-1 un kr jas uzkr šan s
temps – 2.9 m3 ha-1 gad , kas ir maz ks par šo r d t ju 1999. gad , kad tas sast d ja
6.2 m3 ha-1 gad . Laika posm  p c melior cijas pieaugusi priedes un egles kr ja, 
bet v rojama b rza kr jas samazin šan s. Audzes sast v  pak peniski pieaudzis 
egles kr jas patsvars, bet samazin jies b rza un priedes patsvars. Nenosusin t
plat b  kokaudzes kr ja p t taj  laika period  pieaugusi oti maz un faktiski 
saglab jusies s kotn j  l men  – ap 40 m3 ha-1.

Audzes taks cijas r d t ji 2006. gad  sal dzin ti ar 1976. gada m r jumu
rezult tiem. Šaj  laik  koku sugu sast va izmai as atš ir gos att lumos no gr vja
notikušas l dz gi. Egles patsvars strauj k palielin jies gr vja mal . B rza patsvars
gan s kotn ji, gan ar  pašlaik ir liel ks vid  starp gr vjiem.
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4.1. att. Mežaudžu kr jas izmai as laika gait  p c nosusin šanas (30 
parauglaukumu vid j  kr ja).

Fig. 4.1. The changes of stand volume in time after the forest drainage 
(average volume of 30 sample plots). 

4.2. Priedes tekoš  pieauguma dinamika 
Augst kie pieaugumi konstat ti kokiem gr vja tuvum , tad seko objekts 

vid  starp gr vjiem, un, visbeidzot, nenosusin ts p rejas purvs. Pieauguma 
samazin šan s laika gait  p c melior cijas visticam k ir saist ta ar nosusin šanas
gr vju pak penisku aizs r šanu, lai gan pieauguma atš ir bas starp objektiem 
saglab juš s ar  pašlaik. Gr vja mal  m r tajiem kokiem gadsk rtu š rslaukuma
izkliede sv rst jusies no 15.56 cm2 1971. gad  l dz 7.45 cm2 1998. gad ; vid  starp 
gr vjiem no 10.06 cm2 1972. gad  l dz 5.86 cm2 1982. gad . Pried m
nenosusin taj  p rejas purv  pieauguma dinamika kopum  ir gandr z nemain ga.
Tr sdesmit gadu laik  tas sv rst jies robež s no 1.80 cm2 l dz 3.55 cm2. Apm ram
kopš 1980. gada nosusin tajos objektos pieauguma kritums vairs nav v rojams. Tas 
var noz m t to, ka kokaudzei pieaugot, t  sp j kompens t gr vju pies r šanu un 
augsnes mitruma palielin šanos ar transpir cijas pal dz bu.

Visai niec ga ir pieauguma korel cija ar nokriš u daudzumu, ko nor da
tas, ka gadsk rtu š rslaukuma sv rst bas atseviš iem kokiem nav sinhronas. 
Veikta p ru korel cijas anal ze sal dzinot katru koku ar katru atseviš i
nenosusin taj  (45 p ri) un nosusin taj  (190 p ri) objekt . Korel cijas koeficientu 
sadal jums bija asimetrisks pozit vo korel ciju virzien , tom r b tisko korel ciju
patsvars bija sam r  neliels (30 %). Tas liecina, ka priedes visai atš ir gi rea  uz 

vienu un to pašu meteorolo isko faktoru ietekmi.  
Lai saist tu gadsk rtu pieaugumus ar citu noz m gu ekosist mas ieejas 

elementu – miner laj m bar bas viel m, izmantoti 1997.-2000. gadu gadsk rtu
š rslaukumi, jo šaj  laik  stacion r  veiktas ar  biog no elementu misk s
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anal zes. T  k  netika konstat tas b tiskas atš ir bas starp atseviš u gadu 
pieaugumiem nevien  no 3 objektiem (dispersijas anal ze, p=0.49-0.87), tad nebija 
noz mes v rt t ekolo isko faktoru ietekmi dinamik  (laik ). Pie tam, bija sam r
maz (30 %) b tisku korel ciju starp atseviš u koku gadsk rtu š rslaukumiem
vien  objekt . Tom r b tiskas bija atš ir bas koku gadsk rtu pieaugumu vid j m
v rt b m starp p t tajiem objektiem (dispersijas anal ze, p<0.05). Tas noz m , ka 
ekolo isko faktoru ietekme v rt jama, apl kojot p t tos objektus statiski, sal dzinot
ietekmes faktoru vid j s v rt bas ar vid jiem pieaugumiem. Bez jau piemin tajiem
miner lajiem bar bas elementiem, v rt ts ar  grunts dens l menis ve et cijas
period .

Visliel kais gadsk rtu š rslaukums ir kokiem gr vja mal  (8.92 cm2), bet 
vismaz kais – nenosusin taj  p rejas purv  (2.64 cm2). To liel  m r  izskaidro 
atš ir gais grunts dens rež ms. Ar organisk m viel m bag t s augsn s grunts dens
tikpat k  nesatur sk bekli, un koku saknes, kas atrodas den , nosl pst. Konstat ts,
ka mežos ar nosusin t m k dras augsn s koku saknes sniedzas l dz 40 cm 
dzi umam. Palielinoties dienu skaitam, kad grunts de i atrodas tuv k augsnes 
virsmai (< 40 cm), mežaudzes produktivit te samazin s ( , 1983). 
Grunts dens l menis p rejas purv  vienm r bijis sekl k par 40 cm (vid ji 6 cm), bet 
nosusin taj  objekt  40 cm p rsniegšanas iesp jam ba bijusi 68% (vid jais l menis
56-57 cm). Tom r ar grunts dens l meni nav izskaidrojamas b tisk s atš ir bas
starp koku gadsk rtu pieaugumiem parauglaukum  vid  starp gr vjiem (6.75 cm2)
un gr vja mal  (8.92 cm2), jo šeit tas ir gandr z vien ds. Pieauguma atš ir bas
visticam k ir saist tas ar lab ku augsnes aer ciju nosusin šanas gr vja tuvum , ko 
nodrošina liel ks dens pl smas trums gr vja virzien .

Liel ks augiem viegli pieejam  N-NH4
+, K+, Ca2+ un Mg2+ daudzums 

k dr  noteikts objekt  nosusin tos mežos, bet N-NO3
- un P-PO4

3- - nenosusin taj
p rejas purv . Anal zes par d ja augst kas pH v rt bas p rejas purva grunts den
un augsn  sal dzin jum  ar objektu nosusin tos mežos. Zin ms, ka augstraž gos
mežos bar bas vielu pl sma ir strauj ka, mazprodukt vos – l n ka. T  k  ar 
parastaj m augš u miskaj m anal z m vielu aprites trumu nevar noteikt, 
prec zus rezult tus apr in t pagaid m nav iesp jams – augstraž g  mež  koki 
bar bas vielas izmanto tik strauji, ka augsnes anal z s t s par d s niec g
daudzum . Rodas mald gs iespaids, ka augsne ir nabadz ga, kaut gan augi ir labi 
apg d ti ar miner lviel m.

Daž di mums pagaid m v l nezin mi blakusfaktori ir c lonis tam, ka, 
mainoties meteorolo iskajiem faktoriem, vieniem kokiem gadsk rtas k st
plat kas, bet citiem - šaur kas. T p c koku gadsk rtu platuma sv rst bas ir visai 
piesardz gi izmantojamas iepriekš jo gadu meteorolo isko apst k u atšifr šanai.

4.3. Biog no elementu daudzums grunts de os
Konstat ts, ka pašlaik, 49 gadus p c melior cijas, neraugoties uz šajos 

gados notikušaj m izmai m mežaudžu strukt r , nav b tisku izmai u N–NH4
+,

P-PO4
3-, K+, Ca2+ un Mg2+ daudzum  augsnes grunts de os dens sateces baseinos 
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4.1. att. Mežaudžu kr jas izmai as laika gait  p c nosusin šanas (30 
parauglaukumu vid j  kr ja).

Fig. 4.1. The changes of stand volume in time after the forest drainage 
(average volume of 30 sample plots). 

4.2. Priedes tekoš  pieauguma dinamika 
Augst kie pieaugumi konstat ti kokiem gr vja tuvum , tad seko objekts 

vid  starp gr vjiem, un, visbeidzot, nenosusin ts p rejas purvs. Pieauguma 
samazin šan s laika gait  p c melior cijas visticam k ir saist ta ar nosusin šanas
gr vju pak penisku aizs r šanu, lai gan pieauguma atš ir bas starp objektiem 
saglab juš s ar  pašlaik. Gr vja mal  m r tajiem kokiem gadsk rtu š rslaukuma
izkliede sv rst jusies no 15.56 cm2 1971. gad  l dz 7.45 cm2 1998. gad ; vid  starp 
gr vjiem no 10.06 cm2 1972. gad  l dz 5.86 cm2 1982. gad . Pried m
nenosusin taj  p rejas purv  pieauguma dinamika kopum  ir gandr z nemain ga.
Tr sdesmit gadu laik  tas sv rst jies robež s no 1.80 cm2 l dz 3.55 cm2. Apm ram
kopš 1980. gada nosusin tajos objektos pieauguma kritums vairs nav v rojams. Tas 
var noz m t to, ka kokaudzei pieaugot, t  sp j kompens t gr vju pies r šanu un 
augsnes mitruma palielin šanos ar transpir cijas pal dz bu.

Visai niec ga ir pieauguma korel cija ar nokriš u daudzumu, ko nor da
tas, ka gadsk rtu š rslaukuma sv rst bas atseviš iem kokiem nav sinhronas. 
Veikta p ru korel cijas anal ze sal dzinot katru koku ar katru atseviš i
nenosusin taj  (45 p ri) un nosusin taj  (190 p ri) objekt . Korel cijas koeficientu 
sadal jums bija asimetrisks pozit vo korel ciju virzien , tom r b tisko korel ciju
patsvars bija sam r  neliels (30 %). Tas liecina, ka priedes visai atš ir gi rea  uz 

vienu un to pašu meteorolo isko faktoru ietekmi.  
Lai saist tu gadsk rtu pieaugumus ar citu noz m gu ekosist mas ieejas 

elementu – miner laj m bar bas viel m, izmantoti 1997.-2000. gadu gadsk rtu
š rslaukumi, jo šaj  laik  stacion r  veiktas ar  biog no elementu misk s
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anal zes. T  k  netika konstat tas b tiskas atš ir bas starp atseviš u gadu 
pieaugumiem nevien  no 3 objektiem (dispersijas anal ze, p=0.49-0.87), tad nebija 
noz mes v rt t ekolo isko faktoru ietekmi dinamik  (laik ). Pie tam, bija sam r
maz (30 %) b tisku korel ciju starp atseviš u koku gadsk rtu š rslaukumiem
vien  objekt . Tom r b tiskas bija atš ir bas koku gadsk rtu pieaugumu vid j m
v rt b m starp p t tajiem objektiem (dispersijas anal ze, p<0.05). Tas noz m , ka 
ekolo isko faktoru ietekme v rt jama, apl kojot p t tos objektus statiski, sal dzinot
ietekmes faktoru vid j s v rt bas ar vid jiem pieaugumiem. Bez jau piemin tajiem
miner lajiem bar bas elementiem, v rt ts ar  grunts dens l menis ve et cijas
period .

Visliel kais gadsk rtu š rslaukums ir kokiem gr vja mal  (8.92 cm2), bet 
vismaz kais – nenosusin taj  p rejas purv  (2.64 cm2). To liel  m r  izskaidro 
atš ir gais grunts dens rež ms. Ar organisk m viel m bag t s augsn s grunts dens
tikpat k  nesatur sk bekli, un koku saknes, kas atrodas den , nosl pst. Konstat ts,
ka mežos ar nosusin t m k dras augsn s koku saknes sniedzas l dz 40 cm 
dzi umam. Palielinoties dienu skaitam, kad grunts de i atrodas tuv k augsnes 
virsmai (< 40 cm), mežaudzes produktivit te samazin s ( , 1983). 
Grunts dens l menis p rejas purv  vienm r bijis sekl k par 40 cm (vid ji 6 cm), bet 
nosusin taj  objekt  40 cm p rsniegšanas iesp jam ba bijusi 68% (vid jais l menis
56-57 cm). Tom r ar grunts dens l meni nav izskaidrojamas b tisk s atš ir bas
starp koku gadsk rtu pieaugumiem parauglaukum  vid  starp gr vjiem (6.75 cm2)
un gr vja mal  (8.92 cm2), jo šeit tas ir gandr z vien ds. Pieauguma atš ir bas
visticam k ir saist tas ar lab ku augsnes aer ciju nosusin šanas gr vja tuvum , ko 
nodrošina liel ks dens pl smas trums gr vja virzien .

Liel ks augiem viegli pieejam  N-NH4
+, K+, Ca2+ un Mg2+ daudzums 

k dr  noteikts objekt  nosusin tos mežos, bet N-NO3
- un P-PO4

3- - nenosusin taj
p rejas purv . Anal zes par d ja augst kas pH v rt bas p rejas purva grunts den
un augsn  sal dzin jum  ar objektu nosusin tos mežos. Zin ms, ka augstraž gos
mežos bar bas vielu pl sma ir strauj ka, mazprodukt vos – l n ka. T  k  ar 
parastaj m augš u miskaj m anal z m vielu aprites trumu nevar noteikt, 
prec zus rezult tus apr in t pagaid m nav iesp jams – augstraž g  mež  koki 
bar bas vielas izmanto tik strauji, ka augsnes anal z s t s par d s niec g
daudzum . Rodas mald gs iespaids, ka augsne ir nabadz ga, kaut gan augi ir labi 
apg d ti ar miner lviel m.

Daž di mums pagaid m v l nezin mi blakusfaktori ir c lonis tam, ka, 
mainoties meteorolo iskajiem faktoriem, vieniem kokiem gadsk rtas k st
plat kas, bet citiem - šaur kas. T p c koku gadsk rtu platuma sv rst bas ir visai 
piesardz gi izmantojamas iepriekš jo gadu meteorolo isko apst k u atšifr šanai.

4.3. Biog no elementu daudzums grunts de os
Konstat ts, ka pašlaik, 49 gadus p c melior cijas, neraugoties uz šajos 

gados notikušaj m izmai m mežaudžu strukt r , nav b tisku izmai u N–NH4
+,

P-PO4
3-, K+, Ca2+ un Mg2+ daudzum  augsnes grunts de os dens sateces baseinos 
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uz nosusin taj m k dras augsn m. Analiz jot ilggad gos vid jos r d t jus 
konstat ts, ka, sal dzin jum  ar I. Spalvi as un K. Buša (1966.-1974. gados) si p c
melior cijas veiktajiem p t jumiem, statistiski b tiski pieaudzis vien gi N – NO3

-

saturs ( no 0.1 l dz 0.5 mg l-1 ), k  ar  nov rota pH l me a palielin šan s no pH 
5.97 l dz pH 6.72 (4.2. att ls).
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4.2. att. Analiz to elementu daudzuma un pH aritm tisko vid jo v rt bu
izmai as grunts den  laik  p c melior cijas.

Fig. 4.2. The changes of artithmetic mean values of amount of elements 
analysed and pH in groundwater after the drainage. 

Analiz jot vielu daudzumu grunts de os, atkl j s, ka k dras un 
miner laugš u dens sateces baseini b tiski atš iras p c k lija daudzuma (K+ Ffakt. = 
= 6.86 > Fkrit. = 3.81). Vair k k lija satur nosusin to miner laugš u grunts de i. 
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Ar  K+ jonu daudzums gr vju noteces de os miner laugš u dens sateces 
baseinos ir liel ks. T pat tuvu b tisk m ir ar  Ca2+un Mg2+ atš ir bas starp 
nosusin to k dras un miner laugš u dens sateces baseinu grunts de iem. Šo jonu 
daudzums ir liel ks nosusin to k dras augš u grunts de os.

Grunts dens akt v s reakcijas pH atš ir bas b tiskums (pH Ffakt. = 13.0 > 
> Fkrit. = 3.81) starp re iem un k dre iem ir lo isks: k dras augsn s dens ir 
sk b ks, bet miner laugsn s b zisk ks.

4.4. Biog no elementu iznese no sateces baseiniem ar k dras augsn m,
hidromorfaj m miner laugsn m un sausie u mežiem 

Saist b  ar Ca un Mg joniem bag to pazemes de u iz l šanos, paša
uzman ba vair kos aspektos tika piev rsta tieši šiem joniem. P t jum  atkl jies, ka 
20 m dzi aj s pazemes dens ak s sateces baseinos uz nosusin t m k dras augsn m
ir liel ks Ca2+ un Mg2+ jonu daudzums, sal dzin jum  ar t d m paš m ak m uz 
hidromorfaj m miner laugsn m (Ca2+ Ffakt. = 63.68 > Fkrit. = 3.95). Savuk rt, pret ji
gaid tajam, nav konstat ts palielin ts Ca2+ un Mg2+ jonu daudzums gr vju notec
no nosusin taj m k dras augsn m. Ca2+ daudzums gr vju notec  no hidromorfaj m
miner laugsn m 1997.-1999. gadu period  bija pat nedaudz augst ks nek  no 
k dras augš u dens sateces baseiniem, sast dot attiec gi 52.7 mg l-1 un 51.6 mg l-1.
Tom r š  atš ir ba nav statistiski b tiska. Vienlaikus, Ca2+ jonu iznese no 
nosusin taj m k dras augsn m bija 178.9 kg ha-1 gad , bet no hidromorfaj m
miner laugsn m t  sast d ja 119.6 kg ha-1 gad , kas izskaidrojams ar izs kstošu

dens noteci miner laugš u dens sateces baseinos vasaras sausuma periodos. Ca2+

izneses atš ir bas starp k dras un miner laugš u dens sateces baseiniem ir 
b tiskas (Ca2+ Ffakt. = 6.42 > Fkrit. = 3.81). B tiska ir ar  ar gr vju noteci iznesto 
Mg2+ un N–NO3

- apjomu atš ir ba starp abu augš u baseiniem. 
Sal dzinot p t jumu objektos iev kto dens paraugu misko anal žu

rezult tus, izr d j s, ka liel ks biog no vielu – N-NO3
-, P-PO4

3- un K+ daudzums 
denstec s ir objektos baltalkš u audz s sausie u mežos. Savuk rt liel ks N-NH4

+,
Ca2+ un Mg2+ daudzums ir no nosusin tajiem mežiem notekošaj den .

N-NH4
+ iznese, kas sast d ja 7.1 kg ha-1 gad , ir liela sal dzin jum  ar 

amonija sl pek a noteci up  sausie u mežu objekt , kur t  sast d ja tikai 0.6 kg ha-1

gad . Palielin ta vielu notece no nosusin taj m plat b m veidojas pateicoties 
vasar  neizs kstošajai dens pl smai pa gr vjiem plat b s ar dzi m k dras
augsn m, kam r sausie u mežos strauti ir izs kuši. T  k  nosakot vielu bilanci 
nosusin tajos mežos konstat ts, ka N-NH4

+, N-NO3
-, P-PO4

3- un K+ ienese meža 
ekosist m  ar atmosf ras nokriš iem p rsniedz šo vielu iznesi pa nosusin šanas
gr vjiem k  mežos uz dzi as k dras, t  ar  mežos ar hidromorfaj m
miner laugsn m, tad nav pamata apgalvot, ka š s vielas tiktu pastiprin ti izskalotas. 
Savuk rt Ca2+ un Mg2+ jonu iznese ar gr vju noteci vair kk rt p rsniedz šo vielu 
ienesi ar nokriš u deni.

Iepriekšmin to paaugstin to b zisko katjonu daudzumu nosusin to mežu 
gr vju noteces de os un up  apstiprina ar  b zisk k dens akt v  reakcija, 



22

uz nosusin taj m k dras augsn m. Analiz jot ilggad gos vid jos r d t jus 
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saturs ( no 0.1 l dz 0.5 mg l-1 ), k  ar  nov rota pH l me a palielin šan s no pH 
5.97 l dz pH 6.72 (4.2. att ls).

N - NH4
+

2.542.6

0.0

0.5
1.0

1.5

2.0

2.5

3.0

1966./1974. 1997./1999. 

mg l-1 N - NO3
-

0.49

0.06

0

0.1

0.2

0.3

0.4

0.5

0.6

1966./1974. 1997./1999. 

mg l-1

pH

6.72

5.96

5.4

5.6
5.8

6
6.2
6.4

6.6
6.8

1966./1974. 1997./1999. 

P - PO4
3-

0.09 0.09

0
0.01
0.02
0.03
0.04
0.05
0.06
0.07
0.08
0.09
0.1

1966./1974. 1997./1999. 

mg l-1 K+

1.32
1.41

0.00

0.25

0.50

0.75

1.00

1.25

1.50

1966./1974. 1997./1999. 

mg l-1

Ca2+

36.1 39.5

0

10

20

30

40

50

1966./1974. 1997./1999. 

mg l-1

4.2. att. Analiz to elementu daudzuma un pH aritm tisko vid jo v rt bu
izmai as grunts den  laik  p c melior cijas.

Fig. 4.2. The changes of artithmetic mean values of amount of elements 
analysed and pH in groundwater after the drainage. 

Analiz jot vielu daudzumu grunts de os, atkl j s, ka k dras un 
miner laugš u dens sateces baseini b tiski atš iras p c k lija daudzuma (K+ Ffakt. = 
= 6.86 > Fkrit. = 3.81). Vair k k lija satur nosusin to miner laugš u grunts de i. 
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Ar  K+ jonu daudzums gr vju noteces de os miner laugš u dens sateces 
baseinos ir liel ks. T pat tuvu b tisk m ir ar  Ca2+un Mg2+ atš ir bas starp 
nosusin to k dras un miner laugš u dens sateces baseinu grunts de iem. Šo jonu 
daudzums ir liel ks nosusin to k dras augš u grunts de os.

Grunts dens akt v s reakcijas pH atš ir bas b tiskums (pH Ffakt. = 13.0 > 
> Fkrit. = 3.81) starp re iem un k dre iem ir lo isks: k dras augsn s dens ir 
sk b ks, bet miner laugsn s b zisk ks.

4.4. Biog no elementu iznese no sateces baseiniem ar k dras augsn m,
hidromorfaj m miner laugsn m un sausie u mežiem 

Saist b  ar Ca un Mg joniem bag to pazemes de u iz l šanos, paša
uzman ba vair kos aspektos tika piev rsta tieši šiem joniem. P t jum  atkl jies, ka 
20 m dzi aj s pazemes dens ak s sateces baseinos uz nosusin t m k dras augsn m
ir liel ks Ca2+ un Mg2+ jonu daudzums, sal dzin jum  ar t d m paš m ak m uz 
hidromorfaj m miner laugsn m (Ca2+ Ffakt. = 63.68 > Fkrit. = 3.95). Savuk rt, pret ji
gaid tajam, nav konstat ts palielin ts Ca2+ un Mg2+ jonu daudzums gr vju notec
no nosusin taj m k dras augsn m. Ca2+ daudzums gr vju notec  no hidromorfaj m
miner laugsn m 1997.-1999. gadu period  bija pat nedaudz augst ks nek  no 
k dras augš u dens sateces baseiniem, sast dot attiec gi 52.7 mg l-1 un 51.6 mg l-1.
Tom r š  atš ir ba nav statistiski b tiska. Vienlaikus, Ca2+ jonu iznese no 
nosusin taj m k dras augsn m bija 178.9 kg ha-1 gad , bet no hidromorfaj m
miner laugsn m t  sast d ja 119.6 kg ha-1 gad , kas izskaidrojams ar izs kstošu

dens noteci miner laugš u dens sateces baseinos vasaras sausuma periodos. Ca2+

izneses atš ir bas starp k dras un miner laugš u dens sateces baseiniem ir 
b tiskas (Ca2+ Ffakt. = 6.42 > Fkrit. = 3.81). B tiska ir ar  ar gr vju noteci iznesto 
Mg2+ un N–NO3

- apjomu atš ir ba starp abu augš u baseiniem. 
Sal dzinot p t jumu objektos iev kto dens paraugu misko anal žu

rezult tus, izr d j s, ka liel ks biog no vielu – N-NO3
-, P-PO4

3- un K+ daudzums 
denstec s ir objektos baltalkš u audz s sausie u mežos. Savuk rt liel ks N-NH4

+,
Ca2+ un Mg2+ daudzums ir no nosusin tajiem mežiem notekošaj den .

N-NH4
+ iznese, kas sast d ja 7.1 kg ha-1 gad , ir liela sal dzin jum  ar 

amonija sl pek a noteci up  sausie u mežu objekt , kur t  sast d ja tikai 0.6 kg ha-1

gad . Palielin ta vielu notece no nosusin taj m plat b m veidojas pateicoties 
vasar  neizs kstošajai dens pl smai pa gr vjiem plat b s ar dzi m k dras
augsn m, kam r sausie u mežos strauti ir izs kuši. T  k  nosakot vielu bilanci 
nosusin tajos mežos konstat ts, ka N-NH4

+, N-NO3
-, P-PO4

3- un K+ ienese meža 
ekosist m  ar atmosf ras nokriš iem p rsniedz šo vielu iznesi pa nosusin šanas
gr vjiem k  mežos uz dzi as k dras, t  ar  mežos ar hidromorfaj m
miner laugsn m, tad nav pamata apgalvot, ka š s vielas tiktu pastiprin ti izskalotas. 
Savuk rt Ca2+ un Mg2+ jonu iznese ar gr vju noteci vair kk rt p rsniedz šo vielu 
ienesi ar nokriš u deni.

Iepriekšmin to paaugstin to b zisko katjonu daudzumu nosusin to mežu 
gr vju noteces de os un up  apstiprina ar  b zisk k dens akt v  reakcija, 
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attiec gi pH 7.4 un pH 8.0. Turpret  p t jumu objekt  sausie u mežos de i bijuši 
ar sk b ku dens akt vo reakciju, attiec gi, strautos – pH 6.3 un up  – pH 7.0. 

dens pH l me a atš ir bas starp nosusin to un sausie u mežu objektiem ar 
varb t bu 95% bija statistiski b tiskas (dispersijas anal ze, p<0.05). 

4.5. Biog no elementu izneses no meža zem m mode i
Biog no elementu izneses apr in šanai dens paraugi emti ikvien  no 5 

hidrometriskajiem poste iem, no kuriem trijos tiek m r ta dens notece pa gr vjiem
no plat b m ar dzi m k dras augsn m, bet divos poste os – no plat b m ar 
hidromorf m miner laugsn m. Bar bas vielu noteces mode u izstr dei izmantotas 
1997.-2001. gadu period  ieg tas vielu koncentr cijas un ilglaic go noteces 
nov rojumu dati. 

Galven  noz me bar bas vielu izneses veidošan  neapšaub mi ir dens
noteces apjomam, jo vielas var tikt iznestas tikai ar dens pl smu. Veicot 1969.-2001. gadu 
perioda note u datu apstr di ar viena faktora dispersijas anal zi, izr d j s, ka gan 
diennakts, t  ar  summ r s hidrolo isk  gada noteces starp pieciem stacion ra
dens sateces baseiniem atš iras b tiski (viena faktora dispersijas anal ze, p < 0.05). 

Sadalot kalend ro gadu etr s vien d s da s – gadalaikos (pavasaris – apr lis, 
maijs, j nijs; vasara – j lijs, augusts, septembris; rudens – oktobris, novembris, 
decembris; ziema – janv ris, febru ris, marts), ieg stam etrus periodus ar b tiski
(viena faktora dispersijas anal ze, p < 0.05) atš ir gu de ain bu. Visliel k  notece 
konstat ta pavasar , bet vismaz k  – vasar . B tiska nav atš ir ba vien gi starp 
rudens un ziemas noteci (viena faktora dispersijas anal ze, p = 1.000). 

Statistiski b tiskas atš ir bas konstat tas ar  starp atseviš u gadu note u
summ m, k  ar  starp atseviš u gadu vid j m diennakts notec m (viena faktora 
dispersijas anal ze, p < 0.05). Protams, š s atš ir bas nav b tiskas starp visiem 
gadiem.

Iepriekšmin t s noteces atš ir bas tika emtas v r , izstr d jot bar bas
vielu izneses mode us. Lai ekstrapol tu vielu koncentr cijas gr vju notec  laik
starp dens paraugu emšanas dien m, tika m in ts saist t vielu koncentr ciju

den  ar noteces apjomu (mm diennakt ) paraugu emšanas dien . Sakar ba line r s
regresijas veid  apr in ta katrai analiz tajai vielai (N-NH4

+, N-NO3
-, P-PO4

3-, K+,
Ca2+ un Mg2+) katram no pieciem dens sateces baseinam katr  no etriem 
gadalaikiem. Tikai septi os gad jumos no 120 š  sakar ba bija statistiski b tiska
(4.1. tabula). Visos gad jumos, iz emot N-NH4

+ 2. basein  pavasar , konstat t
b tisk  sakar ba nor d ja, ka, l dz ar noteces apjoma palielin šanos gr v , vielas 
koncentr cija den  samazin s. Iepriekšmin taj  iz muma gad jum , turpret ,
palielinoties gr vju noteces apjomam, v rojama amonija jonu koncentr cijas
palielin šan s noteces den . Visticam k, tas saist s ar apst k iem, kad sp c ga
lietus laik , paaugstinoties grunts dens l menim un pieaugot noteces intensit tei, 
amonija joni pastiprin ti tiek aizskaloti uz gr vjiem. Tom r, kopum , biog no
elementu daudzumam den  ir sv rst gs raksturs, kas auj uzskat t, ka ar liel ku
dens apjomu aizpl st ar  liel ks biog no elementu apjoms. 
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4.1. tabula / Table 4.1. 

Vid j s vielu koncentr cijas (mg l-1) un to apr inam lietojam s funkcijas 
piecos Vesetnieku dens sateces baseinos 

The average concentrations of elements (mg l-1) and the equations to be used 
for the calculation in the water confluence basins of the Vesetnieki Station 

Viela / 
Substance 

Gadalaiks 
/ Season 

1. baseins 
/ 1st basin 

2. baseins / 
2nd basin 

3. baseins / 
3rd basin 

4. baseins / 
4th basin 

5. baseins / 
5th basin 

Pavasaris / 
Spring 1.69 konc.=0.0183+

2.645*notece 0.87 0.94 2.49 
Vasara / 
Summer 1.32 0.73 0.64 0.94 2.43 
Rudens / 
Autumn 1.48 0.77 1.23 konc.=1.227–

0.8365*notece 2.08
N-NH4

+

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 / 
Summer 0.073 0.076 0.068 0.100 0.171 
Rudens / 
Autumn 0.478 0.208 0.017 0.034 0.041 

N-NO3
-

Ziema / 
Winter 0.163 0.098 0.098 0.036 0.103 
Pavasaris / 
Spring 0.079 0.048 0.061 0.029 0.066 
Vasara / 
Summer 0.066 0.063 0.116 0.077 konc.=0.1433–

0.1027*notece
Rudens / 
Autumn 0.011 0.003 0.008 0.016 0.090 

P-PO4
3- 

Ziema / 
Winter 0.041 0.036 0.031 0.019 0.091 
Pavasaris / 
Spring 1.51 konc.= 1.3129– 

0.5039*notece
konc.=1.9177–
0.5729*notece 1.73 2.20 

Vasara / 
Summer 1.48 1.24 1.08 1.58 konc.=2.3989–

1.3099* notece 
Rudens / 
Autumn 1.13 1.03 0.99 1.10 0.96 

K+

Ziema / 
Winter 1.09 1.37 1.23 1.21 1.26 
Pavasaris / 
Spring 53.49 39.78 46.71 44.39 55.33 
Vasara / 
Summer 72.69 38.52 46.41 46.48 52.08 
Rudens / 
Autumn 50.89 36.34 45.49 konc=57.676–

31.142* notece 53.54
Ca2+

Ziema / 
Winter 54.51 38.79 43.33 45.37 55.01 
Pavasaris / 
Spring 17.75 15.92 13.44 15.04 13.04 
Vasara / 
Summer 20.64 14.56 12.24 16.10 16.07 
Rudens / 
Autumn 17.29 14.31 15.31 14.70 15.07 

Mg2+

Ziema / 
Winter 14.36 11.61 12.21 12.57 14.12 
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attiec gi pH 7.4 un pH 8.0. Turpret  p t jumu objekt  sausie u mežos de i bijuši 
ar sk b ku dens akt vo reakciju, attiec gi, strautos – pH 6.3 un up  – pH 7.0. 

dens pH l me a atš ir bas starp nosusin to un sausie u mežu objektiem ar 
varb t bu 95% bija statistiski b tiskas (dispersijas anal ze, p<0.05). 

4.5. Biog no elementu izneses no meža zem m mode i
Biog no elementu izneses apr in šanai dens paraugi emti ikvien  no 5 

hidrometriskajiem poste iem, no kuriem trijos tiek m r ta dens notece pa gr vjiem
no plat b m ar dzi m k dras augsn m, bet divos poste os – no plat b m ar 
hidromorf m miner laugsn m. Bar bas vielu noteces mode u izstr dei izmantotas 
1997.-2001. gadu period  ieg tas vielu koncentr cijas un ilglaic go noteces 
nov rojumu dati. 

Galven  noz me bar bas vielu izneses veidošan  neapšaub mi ir dens
noteces apjomam, jo vielas var tikt iznestas tikai ar dens pl smu. Veicot 1969.-2001. gadu 
perioda note u datu apstr di ar viena faktora dispersijas anal zi, izr d j s, ka gan 
diennakts, t  ar  summ r s hidrolo isk  gada noteces starp pieciem stacion ra
dens sateces baseiniem atš iras b tiski (viena faktora dispersijas anal ze, p < 0.05). 

Sadalot kalend ro gadu etr s vien d s da s – gadalaikos (pavasaris – apr lis, 
maijs, j nijs; vasara – j lijs, augusts, septembris; rudens – oktobris, novembris, 
decembris; ziema – janv ris, febru ris, marts), ieg stam etrus periodus ar b tiski
(viena faktora dispersijas anal ze, p < 0.05) atš ir gu de ain bu. Visliel k  notece 
konstat ta pavasar , bet vismaz k  – vasar . B tiska nav atš ir ba vien gi starp 
rudens un ziemas noteci (viena faktora dispersijas anal ze, p = 1.000). 

Statistiski b tiskas atš ir bas konstat tas ar  starp atseviš u gadu note u
summ m, k  ar  starp atseviš u gadu vid j m diennakts notec m (viena faktora 
dispersijas anal ze, p < 0.05). Protams, š s atš ir bas nav b tiskas starp visiem 
gadiem.

Iepriekšmin t s noteces atš ir bas tika emtas v r , izstr d jot bar bas
vielu izneses mode us. Lai ekstrapol tu vielu koncentr cijas gr vju notec  laik
starp dens paraugu emšanas dien m, tika m in ts saist t vielu koncentr ciju

den  ar noteces apjomu (mm diennakt ) paraugu emšanas dien . Sakar ba line r s
regresijas veid  apr in ta katrai analiz tajai vielai (N-NH4

+, N-NO3
-, P-PO4

3-, K+,
Ca2+ un Mg2+) katram no pieciem dens sateces baseinam katr  no etriem 
gadalaikiem. Tikai septi os gad jumos no 120 š  sakar ba bija statistiski b tiska
(4.1. tabula). Visos gad jumos, iz emot N-NH4

+ 2. basein  pavasar , konstat t
b tisk  sakar ba nor d ja, ka, l dz ar noteces apjoma palielin šanos gr v , vielas 
koncentr cija den  samazin s. Iepriekšmin taj  iz muma gad jum , turpret ,
palielinoties gr vju noteces apjomam, v rojama amonija jonu koncentr cijas
palielin šan s noteces den . Visticam k, tas saist s ar apst k iem, kad sp c ga
lietus laik , paaugstinoties grunts dens l menim un pieaugot noteces intensit tei, 
amonija joni pastiprin ti tiek aizskaloti uz gr vjiem. Tom r, kopum , biog no
elementu daudzumam den  ir sv rst gs raksturs, kas auj uzskat t, ka ar liel ku

dens apjomu aizpl st ar  liel ks biog no elementu apjoms. 
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Vielu izneses apr inam dens paraugu emšanas dien m attiec g s
dienas koncentr cija reizin ta ar š s dienas noteces apjomu. Lai noteiktu vielas 
koncentr ciju dien m starp dens paraugu emšanas reiz m, tiem gadalaikiem, kur 
konstat ta statistiski b tiska sakar ba starp vielas koncentr ciju un attiec g s dienas 
noteci, t  apr in ta p c ieg t  vien dojuma. Gadalaikos, kur starp noteces apjomu 
un vielas koncentr ciju signifikanta sakar ba netika konstat ta, vielu izneses 
apr inam lietota vid j  vielas koncentr cija, kas noteikta attiec g  gada gadalaik .

Tiem gadalaikiem, kad dens paraugi visp r nav emti, pie emta 1997.-
2001. gadu perioda attiec g  gadalaika vid j  koncentr cija konkr taj dens
sateces basein . Ja k da gada gadalaik  (piem ram, 2001. gada pavasar , vai 2001. 
gada vasar ) bijis tikai viens vielas koncentr cijas m r jums, tad šim gadalaikam 
pie emta 1997.-2001. gadu perioda vid j  v rt ba konkr taj dens sateces basein .
T d  veid  tika apr in tas vai pie emtas vielu koncentr cijas gr vju noteces den
katrai dienai katram dens sateces baseinam. Attiec g s diennakts dens noteces 
apjomu sareizinot ar vielas koncentr ciju un izdalot ar dens sateces baseina 
plat bu, tika ieg ta vielas iznese kilogramos no hekt ra diennakt .

P c iepriekšmin t s metodikas apr in tas gada iznešu v rt bas no 
Vesetnieku stacion ra dens sateces baseiniem laika periodam no 1969. l dz 2001. 
gadam. Visliel k s bar bas vielu izneses konstat tas slapjajos, nokriš iem
bag tajos 1981., 1990. un 1998. gados, bet vismaz k s – sausajos 1996., 1976., 
2001. un 2000. gados. Izmantojot inform ciju par gada noteces apjomu un bar bas
vielu iznesi, katrai p t tajai vielai sast d ts bar bas vielu izneses modelis line r s
regresijas vien dojuma form , kas izmantojams bar bas vielu izneses noteikšanai 
notec  no Latvijas p rmitrajiem mežiem, vien dojum  ievietojot noteces apjomu 
no interes još s teritorijas. Model  regresijas vien dojums N-NH4

+, N-NO3
- un 

P-PO4
3- apr in ts katram Vesetnieku stacion ra dens sateces baseinam atseviš i, 

izmantojot baseinos ieg t s gada noteces un vielu izneses. 4.3. att l  redzams 
N-NH4

+ izneses modelis. Savuk rt K+ izneses no hidromorfo miner laugš u un 
k dras augš u baseiniem skaidri nodal s ab s augš u grup s, t d  k lijam veidoti 
divi regresijas vien dojumi (4.4. att ls). Ar atš ir gas kr sas punktiem att lotas
izneses no baseiniem ar nosusin t m k dras- un miner laugsn m. Kalcija un 
magnija izneses no visiem Vesetnieku baseiniem labi aprakst mas ar vienu 
regresijas taisni un vien dojumu. 4.5. att l  redzams Mg2+ izneses modelis. 
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4.6. Biog no elementu piepl de ar pazemes spiedes de iem
P t jumi par pazemes de u atslodzes rež mu nosusin tos mežos 

Vesetnieku stacion r  uzs kti jau 1972.gad , ier kojot 33 dzi urbuma (5-31 m 
dzi as) nov rošanas akas, 17 no kur m iesniedzas augšdevona dolom tos. Dolom ta
horizonts stacion ra teritorij  raksturojas ar hidrokarbon tu magnija un kalcija tipa 
pazemes de iem. T d  kalcija un magnija jonu koncentr cija k dras augsnes 
grunts den  uzskat mi ilustr  pazemes de u atslodzes intensit ti. Ve et cijas
period  pazemes de u piepl de meža ekosist m  ar dzi as k dras augsn m
sv rst s robež s no 10 mm ( oti saus s vasar s) l dz 102 mm (lietain s vasar s)
( , 1983). Fizik laj  aspekt  atslodzes intensit te ir tieši proporcion la
spiediena pazemes dens horizonta pjezometrisk dens l me a h un augsnes 
grunts dens l me a H starp bai h=h-H, filtr cijas koeficientam k un apgriezti 
proporcion la filtr cijas ce a garumam l. Izpl des intensit tes teritori l s atš ir bas
purvai os un k dre os nav prec zi izskait ojamas viena meža nogabala ietvaros, jo 
nevar ieg t nepieciešamo inform ciju ne par filtr cijas ce a garumu, ko raksturo 
galvenok rt m lain  sprostsl a biezums, ne ar  par filtr cijas koeficientu šaj
sl n . T p c miner lviel m bag to pazemes de u izpl des apjoma r d t ji ir 
sam r  nosac ti, un tos raksturo tikai l me u starp ba h = h-H.

Zem deni necaurlaid g  mor nas sprostsl a esoš  devona dolom ta
plais s akumul t dens spiediens ir teritori li izl dzin ts un t  pjezometrisk
virsma veido sam r  l dzenu plakni. Varam pie emt, ka starp div m sam r  tuvu 
ier kot m nov rošanas ak m h main s line ri. Tas paver iesp ju spiediena pazemes 
dens horizonta pjezometrisk dens l me a apr in šanai izmantot meža 

hidrolo ijas praks  reti pielietoto trijst ra plaknes vien dojumu:
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sam r  nosac ti, un tos raksturo tikai l me u starp ba h = h-H.

Zem deni necaurlaid g  mor nas sprostsl a esoš  devona dolom ta
plais s akumul t dens spiediens ir teritori li izl dzin ts un t  pjezometrisk
virsma veido sam r  l dzenu plakni. Varam pie emt, ka starp div m sam r  tuvu 
ier kot m nov rošanas ak m h main s line ri. Tas paver iesp ju spiediena pazemes 
dens horizonta pjezometrisk dens l me a apr in šanai izmantot meža 

hidrolo ijas praks  reti pielietoto trijst ra plaknes vien dojumu:
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y = 0.1336x + 3.1222
R2 = 0.9336
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Fig. 4.5. Mg2+ runoff model. 

4.6. Biog no elementu piepl de ar pazemes spiedes de iem
P t jumi par pazemes de u atslodzes rež mu nosusin tos mežos 
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dens horizonta pjezometrisk dens l me a apr in šanai izmantot meža 
hidrolo ijas praks  reti pielietoto trijst ra plaknes vien dojumu:
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                      axi + byi + chi =1,                           (1) 
kur x un y - dzi urbuma aku koordin tes plakn ,
h – pjezometrisko l me u augstums virs j ras l me a un i = 1...3. 

  Izmantojot apr in t s koeficientu a,b,c skaitlisk s v rt bas, var 
apr in t h, k  ar h-H v rt bas ikvien  plaknes punkt  ar koordin t m x un y, kur 
izm r ts augsnes grunts dens l menis H.

Vesetnieku stacion ra teritorij  spiediena pazemes dens horizonta 
pjezometrisko dens l me u starp ba k dre os un tiem piegu ošajos sausie u
pauguros sasniedz 12 m: hmaks.= 102.01 m un hmin.= 89.53 m. Apr inot h un 
izm rot H, Vesetnieku stacion ra k dre os iez m jas sam r  lielas h vid jo
skaitlisko v rt bu atš ir bas: no -97 cm l dz +265 cm. L dz ar to, tika izvirz ts
m r is noskaidrot, vai viet s ar ats ir g m h v rt b m atš ir gas ir ar  augsnes 
grunts de os izš dušo kalcija un magnija jonu koncentr cijas, kas rakstur gas
dolom tos lokaliz tiem pazemes de iem.

P rbaudei izv l ti 7 m rpunkti, no tiem 3 m rpunktos ieg tie dati veido 
vienu neliela spiediena kopu, kur h vid j s v rt bas atrodas robež s no –97 cm 
l dz +27 cm; otru pastiprin ta spiediena kopu veido 4 m rpunktos ieg tie dati pie 

h vid j m v rt b m robež s no +162 cm l dz +205 cm. 
L dz divi metri dzi aj s augsnes grunts dens l me a nov rošanas ak s

p d jo piecu gadu laik  jonu vid j  koncentr cija pazemes de u neliela spiediena 
zon  pie h=-20 cm bijusi: Ca–17.4 mg l-1; Mg–6.1mg l-1; pastiprin ta spiediena 
zon  pie h=+213 cm Ca–45.0 mg l-1; Mg– 15.0 mg l-1.

Biog no elementu papildus piepl de ar pazemes spiedes de iem
atspogu ojas ar  meža raž b : pastiprin ta spiediena zon  augošo 8 priežu kokaudžu 
augstuma pieaugums p d jo 25 gadu laik  atbilst pirmajai bonit tei; neliela 
spiediena zon  7 audžu augstuma pieaugums – otrai bonit tei. Tas apstiprina 
iepriekš atz m to (Z l tis, 1996) likumsakar bu, ka k dre u meža tipi un ar tiem 
saist t  meža raž ba atspogu o pazemes spiedes de u atslodzes intensit ti:
šaurlapju k dre os (1. bonit te) pazemes spiedes de i piepl st aptuveni divreiz 
intens v k nek  par bonit ti nabadz g kos m tru k dre os.

T d j di varam uzskat t, ka biog no elementu koncentr cija augsnes 
grunts de os main s l dz ar spiediena pazemes dens horizonta pjezometrisk
dens l me a un augsnes grunts dens l me a starp bas h izmai m.

Mež  ar biezu k dras sl ni (biezums > 50 cm) kalcija un magnija jonu 
koncentr cija saist b  ar h izmai m laik  analiz ta septi os m rpunktos, ikvien
no tiem 5 gadu laik  iev cot un analiz jot 48 grunts dens paraugus. Vienlaic gi
izm r ts ar  augsnes grunts dens l me a augstums un pjezometriskie l me i
dzi urbuma ak s, p c kuriem no plaknes vien dojuma apr in ts spiediena 
pazemes dens horizonta pjezometrisk dens l me a augstums pie augsnes 
grunts dens nov rošanas ak m. Sak rtojot m rpunktus h vid jo aritm tisko
r d t ju pieaugoš  sec ba un nov rt jot divu blakus esošo r d t ju starp bu ar 
Stjudenta krit riju, varam secin t, ka visas starp bas ir signifikantas                  
(t fakt.>t0.05=1.96). Tas apliecina, ka h teritori l s atš ir bas ir daudz liel kas nek
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h r d t ju izkliede 5 gadu laik  vien  m rpunkt . K dre os, kur h nosac ti
neliels, t  v rt bas piecu gadu laik  sv rst j s robež s no -170 cm l dz +40 cm, 
m rviet s, kur h nosac ti liels – robež s no +130 cm l dz +280 cm. 

Apr inot sakar bu starp Ca un Mg jonu koncentr ciju augsnes 
grunts den  un h 7 m rpunktos, strikti iez m jas m rpunktu savdab bas, ko 
nosaka: 1) sam r  neliel s h v rt bu sv rst bas ikvien  m rpunkt , un 2) niec g
korel cija starp h un Ca, k  ar  Mg jonu koncentr ciju vien  m rpunkt :
r=0.01 ... 0.25 pie r0.05=0.31. Tas nor da, ka jonu koncentr cijas izmai as vien
viet  v rt jamas k  nejaušas. 

Apvienojot vien  izlas  visus 293 m r jumus mež  ar biezu k dras sl ni ar 
h sv rst b m robež s no –169 cm l dz +284 cm, iez m jas signifikanta sakar ba

starp h un jonu koncentr ciju (4.6. att ls). Korel cijas koeficients starp h (cm) 
un Ca jonu koncentr ciju (mg l-1) r=+0.66; starp h (cm) un Mg jonu koncentr ciju
(mg l-1) r= +0.52, pie r0.05 = 0.11. Sakar bu starp h un jonu koncentr ciju raksturo 
regresijas vien dojumi:

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

Cit  izlas  apvienojot 242 m r jumu rezult tus par Ca un Mg jonu 
koncentr ciju re u (k dras sl a biezums nep rsniedz 20 cm) augsnes 
grunts de os, ieg ti š di vid jie r d t ji: Ca – 26.8 mg l-1 ar reprezent cijas k du
2.1 mg l-1 un Mg – 9.8 mg l-1 ar reprezent cijas k du 0.6 mg l-1. Ievietojot šos 
skait us iepriekš aprakst tajos regresijas vien dojumos, ieg stam š das h v rt bas:
attiec b  uz kalcija jonu koncentr ciju h=44 cm un attiec b  uz magnija jonu 
koncentr ciju h=67 cm. No šiem rezult tiem varam secin t: mežos ar biezu 
k dras sl ni spiediena pazemes dens horizonta pjezometrisk dens l me a un 
augsnes grunts dens l me a starp ba h 0.5 m sp j nodrošin t t du pat kalcija un 
magnija jonu koncentr ciju augsnes grunts de os, k da t  ir hidromorf s
miner laugsn s. Ja h>0.5 m, tad k dras augsnes ir lab k apg d tas ar kalciju un 
magniju nek  hidromorf s miner laugsnes, kur h ir ar negat vu z mi un mežaudze 
bar bas vielas ieg st tieši no augsnes miner lajiem horizontiem. 

Ar to ar  izskaidrojami fakti, ka Vesetnieku stacion r  sausien m
piegu ošajos k dre os ar sam r  pl nu k dras sl ni (0.5-1.0 m), kur biog nie
elementi piepl st no blakus esoš m miner lgrunt m, kokaudžu raž ba nereti ir 
zem ka par kokaudžu raž bu t lu prom no sausie u nog z m viet s ar biezu k dras
sl ni (2-5 m), kur miner lvielu piepl di nodrošina pazemes de u pastiprin ta
atslodze.

T d j di varam secin t, ka p rmitrajos un melior tajos mežos ar biezu 
(0.3-4.5 m) k dras sl ni kokaudzes raž ba nav atkar ga no k dras sl a biezuma; 
mežam nepieciešam s miner l s bar bas vielas piepl st, atslogojoties pazemes 
spiedes de iem.
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Ca2+ = 0.1121 h + 21.856
R2 = 0.4338
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4.6. att. Kalcija jonu koncentr cija augsnes grunts den  k h = h-H funkcija 
mežos ar dzi u k dras sl ni.

Fig. 4.6. The concentration of calcium ions in the groundwater as a function of 
h = h-H in forests with deep peat layer. 

4.7. Biog no elementu bilances re os un k dre os
Biog no elementu bilance raksturota ar biog no elementu ieneses un 

izneses starp bu. Ienese notiek ar atmosf ras nokriš iem, bet iznese - ar dens
noteci pa gr vjiem. Analiz to vielu bilance sast d ta katram no pieciem Vesetnieku 
ekolo isk  stacion ra dens sateces baseiniem.

Ieg tie rezult ti liecina, ka viena gada laik  sl pek a, k lija un fosfora 
vielu ienese p rsniedz iznesi, turpret  kalcija un magnija iznese pa gr vjiem ir 
vair kk rt liel ka nek  to ienese meža ekosist m  ar atmosf ras nokriš iem k
mežos uz dzi as k dras, t  ar  mežos ar hidromorf m miner laugsn m. Visliel k
Ca2+ un Mg2+ iznese gada laik  konstat ta no 3. dens sateces baseina no 
nosusin taj m k dras augsn m, bet vismaz k  no 4. dens sateces baseina no 
nosusin taj m miner laugsn m. Biog no elementu bilances N-NH4

+ un Ca2+

par d tas 4.7. un 4.8. att los.
Pastiprin ta Ca2+ un Mg2+ iznese ar gr vju noteci apliecina Latvijas 

p rmitrajiem mežiem kopum  b tisku patn bu – dens bilances piepl des da  un 
p rpurvošan s proces  liela loma ir pazemes spiedes de u izpl dei no augšdevona 
dolom ta sl a ( , 1983; Z l tis, Indriksons, 2003). Ar Ca2+ un Mg2+

pies tin tie de i da ji papildina augsnes grunts de us, da ji iz l jas tieši 
nosusin šanas t kl , ar ko izskaidrojama gr vju noteces b zisk  reakcija (pH>7.0). 
P t juma rezult ti pagaid m ne auj apgalvot, ka liel k s izneses no nosusin taj m
k dras augsn m liecin tu par bar bas elementu pastiprin tu izskalošanos un šo 
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4.6. att. Kalcija jonu koncentr cija augsnes grunts den  k h = h-H funkcija 
mežos ar dzi u k dras sl ni.

Fig. 4.6. The concentration of calcium ions in the groundwater as a function of 
h = h-H in forests with deep peat layer. 
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augš u noplicin šanos, jo ar  citos p t jumos nenosusin t s plat b s un sausie u
mežos noskaidrots, ka Ca2+ un Mg2+ izskalošan s (iznese) no ekosist mas ir liel ka
nek  ienese ar nokriš iem (Matzner, 1988).

denim izpl stot caur vainagu kl ju, taj  nedaudz samazin s N-NH4
+

daudzums, vair k samazin s N–NO3
- un P–PO4

3- daudzums, bet palielin s K+

daudzums; Ca2+ un Mg2+ daudzums, k  ar  pH r d t ji signifikanti neatš iras: 
klajum  vid ji pH = 6.51, mežaudz  pH = 6.31. Sal dzin jumam – pa gr vjiem
aizpl stošaj den  no mežiem ar k dras augsn m pH = 7.32, no mežiem ar 
hidromorfaj m miner laugsn m – pH = 7.44 un stacion ra teritorijas dzi kos
grunts sl us dren još  up  Veset  – pH = 8.03.

Palielin ti amonija ieneses apjomi Vesetniekos da ji izskaidrojami ar to, 
ka nokriš u uztv r ji sav c deni pie pašas zemes virsmas, ietverot ar  z laugu
intercepciju un t s ietekmi uz dens misk  sast va veidošanu. 
 Izmantojot sakar bas starp ienest s vielas koncentr ciju den  un ienest
vai iznest dens apjomu, kas Vesetnieku ekolo iskaj  stacion r  konstat tas laik
no 1997. l dz 2000. gadam, izdar ta retrospekt va datu ekstrapol šana laik  l dz pat 
hidrolo isko nov rojumu s kumam 60.-tajos gados. 

Konstat ts, ka p cmelior cijas period  31 gada laik  ar klaja lauka 
nokriš iem uz hekt ra ienests 485 kg N-NH4

+, 30 kg N-NO3
-, 46 kg un P-PO4

3-,
390 kg K+, 1240 kg Ca2+ un 505 kg Mg2+. Taj  pat laik  no k dre iem un re iem
ar gr vju noteci iznests attiec gi 194 kg un 110 kg N-NH4

+, 21 kg un 2 kg N-NO3
-,

3 kg un 4 kg P-PO4
3-, 133 kg un 72 kg K+, 6727 kg un 3214 kg Ca2+, 2252 kg un 

1085 kg Mg2+. Datu anal ze liecina, ka Ca2+, Mg2+ un N–NO3
- izneses 31 gada 

period  no k dre iem ir b tiski liel kas nek  no re iem.
P t juma dati kopum  liecina, ka bar bas vielu bilance meža ekosist m

viena vai dažu gadu laika posm  v rt jama k  izl dzin ta, t.i. bar bas vielu iznese 
nep rsniedz to ienesi. Š da ieneses un izneses attiec ba ir visai svar gs meža 
ekosist mas saglab šan s priekšnoteikums. Ilg k  laika posm  (vair k s
desmitgad s) ienese p rsniedz iznesi, un meža ekosist m s pak peniski pieaug tur 
uzkr to biog no elementu apjoms, t d j di palielinoties augu bar bas vielu 
daudzumam melior tajos mežos.
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Fig. 4.7. The annual balance of N-NH4
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augš u noplicin šanos, jo ar  citos p t jumos nenosusin t s plat b s un sausie u
mežos noskaidrots, ka Ca2+ un Mg2+ izskalošan s (iznese) no ekosist mas ir liel ka
nek  ienese ar nokriš iem (Matzner, 1988).

denim izpl stot caur vainagu kl ju, taj  nedaudz samazin s N-NH4
+

daudzums, vair k samazin s N–NO3
- un P–PO4

3- daudzums, bet palielin s K+

daudzums; Ca2+ un Mg2+ daudzums, k  ar  pH r d t ji signifikanti neatš iras: 
klajum  vid ji pH = 6.51, mežaudz  pH = 6.31. Sal dzin jumam – pa gr vjiem
aizpl stošaj den  no mežiem ar k dras augsn m pH = 7.32, no mežiem ar 
hidromorfaj m miner laugsn m – pH = 7.44 un stacion ra teritorijas dzi kos
grunts sl us dren još  up  Veset  – pH = 8.03.

Palielin ti amonija ieneses apjomi Vesetniekos da ji izskaidrojami ar to, 
ka nokriš u uztv r ji sav c deni pie pašas zemes virsmas, ietverot ar  z laugu
intercepciju un t s ietekmi uz dens misk  sast va veidošanu. 
 Izmantojot sakar bas starp ienest s vielas koncentr ciju den  un ienest
vai iznest dens apjomu, kas Vesetnieku ekolo iskaj  stacion r  konstat tas laik
no 1997. l dz 2000. gadam, izdar ta retrospekt va datu ekstrapol šana laik  l dz pat 
hidrolo isko nov rojumu s kumam 60.-tajos gados. 

Konstat ts, ka p cmelior cijas period  31 gada laik  ar klaja lauka 
nokriš iem uz hekt ra ienests 485 kg N-NH4

+, 30 kg N-NO3
-, 46 kg un P-PO4

3-,
390 kg K+, 1240 kg Ca2+ un 505 kg Mg2+. Taj  pat laik  no k dre iem un re iem
ar gr vju noteci iznests attiec gi 194 kg un 110 kg N-NH4

+, 21 kg un 2 kg N-NO3
-,

3 kg un 4 kg P-PO4
3-, 133 kg un 72 kg K+, 6727 kg un 3214 kg Ca2+, 2252 kg un 

1085 kg Mg2+. Datu anal ze liecina, ka Ca2+, Mg2+ un N–NO3
- izneses 31 gada 

period  no k dre iem ir b tiski liel kas nek  no re iem.
P t juma dati kopum  liecina, ka bar bas vielu bilance meža ekosist m

viena vai dažu gadu laika posm  v rt jama k  izl dzin ta, t.i. bar bas vielu iznese 
nep rsniedz to ienesi. Š da ieneses un izneses attiec ba ir visai svar gs meža 
ekosist mas saglab šan s priekšnoteikums. Ilg k  laika posm  (vair k s
desmitgad s) ienese p rsniedz iznesi, un meža ekosist m s pak peniski pieaug tur 
uzkr to biog no elementu apjoms, t d j di palielinoties augu bar bas vielu 
daudzumam melior tajos mežos.
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4.8. Biog no elementu iznese no baltalkš u audz m
Baltalksnis ir viena no t m sug m, kura ar uz sakn m esošo 

gumi bakt riju pal dz bu sp j pastiprin ti piesaist t atmosf ras sl pekli, l dz ar to 
veicinot liel ku sl pek a, iesp jams ar  citu bar bas elementu, akumul ciju lapu 
nobir s un augsn . Tas rosin ja dom t, ka sl pek a saturs var tu b t palielin ts ar
up , kas pl st caur š du baltalkš u audzi.

Lai nodrošin tu ieg to rezult tu sal dzin šanas un p rbaudes iesp ju,
p t jums vienlaikus veikts baltalkš u audz s pie div m up m – Vies tes un Sun tes.

Lai noteiktu paraugu emšanas vietas un laika ietekmes patsvaru vielu 
daudzuma r d t ju dispersij , lietota 2 faktoru dispersijas anal ze, analiz jot datus 
sadal jum  pa gadalaikiem un paraugu emšanas viet m: 1) augšpus audzes,         
2) baltalkš u audz , 3) lejpus audzes. 

Vies tes up  parauga iev kšanas perioda jeb sezonas ietekmes patsvars
analiz taj m viel m sv rst s no 5 – 59%. Sezonas ietekme ar varb t bu 95% bijusi 
b tiska vis m viel m (dispersijas anal ze, p<0.05). Parauga emšanas vietas 
ietekmes patsvars oti neliels un sv rst s no 0.4 – 7%. Sun t  sezonas ietekmes 
patsvars bija pat nedaudz liel ks nek  Vies t  un sv rst j s no 17 – 59%. Sezonas 

ietekme uz visu analiz to vielu daudzumu bijusi b tiska (dispersijas anal ze,
p<0.05). Toties parauga emšanas vietas ietekmes patsvars ir niec gs un sv rst s
no 0.1 – 2%. 

V rt jot biog no vielu daudzuma dinamiku laik , gan Vies tes, gan 
Sun tes up  N-NO3

- daudzums b tiski liel ks bijis vasaras – rudens de iem
nabadz gaj  period , bet maz kais - ziemas period  (dispersijas anal ze, p<0.05), 
kas ac mredzot skaidrojams ar nitrifik cijas intensit tes samazin šanos. Tas pats 
nov rots ar  ar P - PO4

3-. Turpret  N-NH4
+ daudzums visliel kais bijis ziem

(Vies t ) un pavasara – vasaras de iem bag taj  period  (Sun t ), bet zem kais - 
vasaras – rudens de iem nabadz gaj  period  (dispersijas anal ze, p<0.05). K+,
Ca2+ un Mg2+ jonu daudzums Sun tes up  un Mg2+ jonu - Vies t  visliel kais bijis 
vasaras – rudens period , bet visliel kais K+ un Ca2+ jonu daudzums Vies tes up
nov rots ziemas period . Savuk rt vismaz kais iepriekšmin to jonu daudzums ab s
up s konstat ts pavasara – vasaras de iem bag taj  period  (dispersijas anal ze,
p<0.05).

Lai ar  ne sl pek a, ne fosfora daudzumam den  un šo vielu notec m
paraugu emšanas viet s nebija statistiski b tisku atš ir bu (dispersijas anal ze,
p=0.08-0.8 Sun t  un dispersijas anal ze, p=0.26-0.97 Vies t ), tom r vid ji gad
upes den  lejpus audzes Vies t  palielin jies N-NH4

+ (no 0.41 l dz 0.49 mg l-1) un
P - PO4

3- (no 0.07 l dz 0.08 mg l-1) daudzums. Sun tes up  N-NH4
+ daudzums 

baltalkš u audzes teritorij  palielin jies (no 0.97 l dz 0.99 mg l-1), bet lejpus audzes 
- atkal samazin jies (0.96 mg l-1). Baltalkš u audzes teritorij  un lejpus t s N-NH4

+

un N-NO3 daudzuma palielin šan s visuzskat m k izpaud s vasaras m nešos - 
j nij , j lij  un august , k  ar  ziemas period .

Lai ar  N-NH4
+ daudzums Vies tes un Sun tes upes den  p t juma viet s

p rsniedz virszemes de u kvalit tes pras b s noteikto v rt bu (0.39 mg l-1)
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(“Virszemes de u kvalit tes pras bas”, 1997), tom r p t juma rezult t  nav 
konstat ta statistiski b tiska biog no vielu daudzuma palielin šan s up  baltalkš u
audzes teritorij  un lejpus t s. Literat r  secin ts, ka alkš u audžu augš u kop j
sl pekl  iev rojami liel ks ir organiskaj s viel s saist t  sl pek a patsvars
(Hendrickson, Chatarpaul, 1984). P t jumi lapu koku mežos ASV un V cij
apliecina, ka vair k nek  90 % sl pek a, ko satur ekosist ma, koncentr jas meža 
nobir s un augos, kur tas biolo iski saist ts, un tikai 2% - neorganisk  form
augsn  (parasti NH4

+ veid ) (Melillo, 1979).
Sal dzinot ar V. Jansona (1996), Integr l  monitoringa ( u ko, Frolova 

u.c., 1997) un ar  Vesetnieku ekolo iskaj  stacion r  ieg taj m biog no elementu 
iznešu v rt b m, varam secin t, ka biog no vielu notece cauri baltalkš u audzei 
pl stoš  up  nesasniedz apm rus, kas rakstur gi intens vi apsaimniekot m
lauksaimniec bas teritorij m un nav liela sal dzin jum  ar notec m citu koku sugu 
mežaudz s (4.2. tabula). 

4.2. tabula / Table 4.2. 
Biog no elementu iznese Vies tes un Sun tes up , kg ha-1 gad

Output of biogenous elements in Vies te and Sun te Rivers, kg ha-1 per year 

Vies te Sun te

Viela
Sub-

stance

Augš-
pus
audzes
/ Up-

stream
from
the

stand

n = 20 

Balt-
alkš u
audzes
posm

/ In 
the

grey
alder
stand

n = 21 

Lej-
pus

audzes
/

Down-
stream
from
the

stand

n = 21 

Vid ji
/

Mean

n = 62 

Augš-
pus

audzes
/ Up-

stream
from
the

stand

n = 13 

Balt-
alkš u
audzes
posm  / 
In the 
grey
alder
stand

n = 14 

Lej-
pus

audzes
/

Down-
stream
from
the

stand

n = 14 

Vid ji
/

Mean

n = 41 

N–NH4
+ 0.68 0.69 0.75 0.71 0.38 0.51 0.46 0.45 

N–NO3
- 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-PO4
3- 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 

Ca2+ 82.91 80.98 76.08 79.94 9.67 11.42 11.08 10.75 

Mg2+ 43.65 40.99 40.97 41.84 2.46 3.55 3.86 3.31 
n - m r jumu skaits katrai vielai / number of measurements of each substance 



34

4.8. Biog no elementu iznese no baltalkš u audz m
Baltalksnis ir viena no t m sug m, kura ar uz sakn m esošo 

gumi bakt riju pal dz bu sp j pastiprin ti piesaist t atmosf ras sl pekli, l dz ar to 
veicinot liel ku sl pek a, iesp jams ar  citu bar bas elementu, akumul ciju lapu 
nobir s un augsn . Tas rosin ja dom t, ka sl pek a saturs var tu b t palielin ts ar
up , kas pl st caur š du baltalkš u audzi.

Lai nodrošin tu ieg to rezult tu sal dzin šanas un p rbaudes iesp ju,
p t jums vienlaikus veikts baltalkš u audz s pie div m up m – Vies tes un Sun tes.

Lai noteiktu paraugu emšanas vietas un laika ietekmes patsvaru vielu 
daudzuma r d t ju dispersij , lietota 2 faktoru dispersijas anal ze, analiz jot datus 
sadal jum  pa gadalaikiem un paraugu emšanas viet m: 1) augšpus audzes,         
2) baltalkš u audz , 3) lejpus audzes. 

Vies tes up  parauga iev kšanas perioda jeb sezonas ietekmes patsvars
analiz taj m viel m sv rst s no 5 – 59%. Sezonas ietekme ar varb t bu 95% bijusi 
b tiska vis m viel m (dispersijas anal ze, p<0.05). Parauga emšanas vietas 
ietekmes patsvars oti neliels un sv rst s no 0.4 – 7%. Sun t  sezonas ietekmes 
patsvars bija pat nedaudz liel ks nek  Vies t  un sv rst j s no 17 – 59%. Sezonas 

ietekme uz visu analiz to vielu daudzumu bijusi b tiska (dispersijas anal ze,
p<0.05). Toties parauga emšanas vietas ietekmes patsvars ir niec gs un sv rst s
no 0.1 – 2%. 

V rt jot biog no vielu daudzuma dinamiku laik , gan Vies tes, gan 
Sun tes up  N-NO3

- daudzums b tiski liel ks bijis vasaras – rudens de iem
nabadz gaj  period , bet maz kais - ziemas period  (dispersijas anal ze, p<0.05), 
kas ac mredzot skaidrojams ar nitrifik cijas intensit tes samazin šanos. Tas pats 
nov rots ar  ar P - PO4

3-. Turpret  N-NH4
+ daudzums visliel kais bijis ziem

(Vies t ) un pavasara – vasaras de iem bag taj  period  (Sun t ), bet zem kais - 
vasaras – rudens de iem nabadz gaj  period  (dispersijas anal ze, p<0.05). K+,
Ca2+ un Mg2+ jonu daudzums Sun tes up  un Mg2+ jonu - Vies t  visliel kais bijis 
vasaras – rudens period , bet visliel kais K+ un Ca2+ jonu daudzums Vies tes up
nov rots ziemas period . Savuk rt vismaz kais iepriekšmin to jonu daudzums ab s
up s konstat ts pavasara – vasaras de iem bag taj  period  (dispersijas anal ze,
p<0.05).

Lai ar  ne sl pek a, ne fosfora daudzumam den  un šo vielu notec m
paraugu emšanas viet s nebija statistiski b tisku atš ir bu (dispersijas anal ze,
p=0.08-0.8 Sun t  un dispersijas anal ze, p=0.26-0.97 Vies t ), tom r vid ji gad
upes den  lejpus audzes Vies t  palielin jies N-NH4

+ (no 0.41 l dz 0.49 mg l-1) un
P - PO4

3- (no 0.07 l dz 0.08 mg l-1) daudzums. Sun tes up  N-NH4
+ daudzums 

baltalkš u audzes teritorij  palielin jies (no 0.97 l dz 0.99 mg l-1), bet lejpus audzes 
- atkal samazin jies (0.96 mg l-1). Baltalkš u audzes teritorij  un lejpus t s N-NH4

+

un N-NO3 daudzuma palielin šan s visuzskat m k izpaud s vasaras m nešos - 
j nij , j lij  un august , k  ar  ziemas period .

Lai ar  N-NH4
+ daudzums Vies tes un Sun tes upes den  p t juma viet s

p rsniedz virszemes de u kvalit tes pras b s noteikto v rt bu (0.39 mg l-1)
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(“Virszemes de u kvalit tes pras bas”, 1997), tom r p t juma rezult t  nav 
konstat ta statistiski b tiska biog no vielu daudzuma palielin šan s up  baltalkš u
audzes teritorij  un lejpus t s. Literat r  secin ts, ka alkš u audžu augš u kop j
sl pekl  iev rojami liel ks ir organiskaj s viel s saist t  sl pek a patsvars
(Hendrickson, Chatarpaul, 1984). P t jumi lapu koku mežos ASV un V cij
apliecina, ka vair k nek  90 % sl pek a, ko satur ekosist ma, koncentr jas meža 
nobir s un augos, kur tas biolo iski saist ts, un tikai 2% - neorganisk  form
augsn  (parasti NH4

+ veid ) (Melillo, 1979).
Sal dzinot ar V. Jansona (1996), Integr l  monitoringa ( u ko, Frolova 

u.c., 1997) un ar  Vesetnieku ekolo iskaj  stacion r  ieg taj m biog no elementu 
iznešu v rt b m, varam secin t, ka biog no vielu notece cauri baltalkš u audzei 
pl stoš  up  nesasniedz apm rus, kas rakstur gi intens vi apsaimniekot m
lauksaimniec bas teritorij m un nav liela sal dzin jum  ar notec m citu koku sugu 
mežaudz s (4.2. tabula). 

4.2. tabula / Table 4.2. 
Biog no elementu iznese Vies tes un Sun tes up , kg ha-1 gad

Output of biogenous elements in Vies te and Sun te Rivers, kg ha-1 per year 

Vies te Sun te

Viela
Sub-

stance

Augš-
pus
audzes
/ Up-

stream
from
the

stand

n = 20 

Balt-
alkš u
audzes
posm

/ In 
the

grey
alder
stand

n = 21 

Lej-
pus

audzes
/

Down-
stream
from
the

stand

n = 21 

Vid ji
/

Mean

n = 62 

Augš-
pus

audzes
/ Up-

stream
from
the

stand

n = 13 

Balt-
alkš u
audzes
posm  / 
In the 
grey
alder
stand

n = 14 

Lej-
pus

audzes
/

Down-
stream
from
the

stand

n = 14 

Vid ji
/

Mean

n = 41 

N–NH4
+ 0.68 0.69 0.75 0.71 0.38 0.51 0.46 0.45 

N–NO3
- 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-PO4
3- 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 

Ca2+ 82.91 80.98 76.08 79.94 9.67 11.42 11.08 10.75 

Mg2+ 43.65 40.99 40.97 41.84 2.46 3.55 3.86 3.31 
n - m r jumu skaits katrai vielai / number of measurements of each substance 
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4.9. Koksnes pelnu m slojuma ietekme uz biog no elementu daudzumu 
Jau izsenis koksnes pelni izmantoti k  dabisks ka ošanas materi ls, kas 

samazina augsnes sk bumu un uzlabo bar bas vielu pieejam bu augiem. Viena no 
pelnu praktiskas izmantošanas iesp j m ir to atgriešana atpaka  mež . Tom r v l
joproj m maz p t ta ir pelnu m slojuma ietekme uz vidi: zemsedzi, augsnes bar bas
vielu sast vu, mikorizu, grunts dens kvalit ti.

Eksperimenta ietvaros iev kt s augsnes grunts dens misk s anal zes
nor d ja, ka l dz šim noz m ga pelnu elementu daudzuma un pH v rt bas
palielin šan s grunts den  nav konstat ta. Analiz to elementu vid j s v rt bas un 
citi statistiskie r d t ji doti 4.3. tabul .

Tom r, summ jot visu m sloto un kontroles parauglaukumu grunts dens 
anal žu v rt bas, kopum  statistiski b tiski vair k sl pek a vielu (N-NH4

+ un        
N-NO3

-) (varb t ba 95%) un ar  k lija (varb t ba 90%) konstat ts m sloto
parauglaukumu grunts den . K+ daudzums m sloto parauglaukumu grunts den
p rsvar  gad jumu bija liel ks sal dzin jum  ar grunts deni kontroles ak s.
Negaid ta bija kalcija un magnija jonu daudzuma nepalielin šan s m sloto 
parauglaukumu grunts de os p c liel s Ca2+ un Mg2+ ar pelniem ienest s devas, 
attiec gi, 282 g m-2 un 382 g m-2, jeb 2.8 t ha-1 un 3.8 t ha-1. Visticam k, min tie
elementi v l joproj m nav izskalojušies no ar pelniem nokais t  sl a un atrodas 
augsnes virsk rt .

Konstat tas statistiski b tiskas K+ daudzuma atš ir bas grunts dens ak s
ar daž du pelnu joslas att lumu (p=0.01). Liel ks K+ daudzums konstat ts ak s ar 
pelnu m slojumu 1m att lum  no t m. Ar  p r jo elementu daudzums bija augst ks
ak s ar maz ko pelnu m slojuma att lumu.

Pie emot, ka pelnu sast v  ietilpstošie biog nie elementi laika gait  ar 
nokriš iem ieskalojas augsn , m slotajos parauglaukumos veiktas ar  augsnes 
anal zes. K dras augsnes paraugi 0-15 cm dzi um  no emti pirms eksperimenta 
uzs kšanas (2002. gada maij ) un otraj  gad  p c m slošanas (2003. gada 
novembr ). 2003. gada paraugu emšanas reiz , paraugi iev kti no parauglaukuma 
m slot s da as (ar pelniem nokais t  rin a gredzena) un turpat, dažu metru 
att lum , no nem slotas plat bas.

Fosfora un k lija augiem br vi pieejamaj s jeb akt v s formas gandr z
visos parauglaukumos liel k  daudzum  bija sastopamas to m slotaj  da . Sam r
labi ienest  m slojuma efekts izpaužas ar  N-NH4

+ daudzuma anal z . Pelnu satur
sl pek a praktiski nav, tom r t  daudzumu augsn  var ietekm t ar cit m bar bas
viel m sekm t  mikrobiolo isk  aktivit te. Pelnu m slojuma efekts izpaudies ar
neliel  (no pH 5.4 l dz 5.7), bet ar 90% varb t bu statistiski b tisk  pH v rt bas
pieaugum  (p<0.1).
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4.3. tabula / Table 4.3. 
Biog no elementu daudzuma (mg l-1) un pH statistiskie r d t ji augsnes 

grunts den  ar pelniem m slotajos un kontroles parauglaukumos 
The statistical data of the amount of biogenous elements (mg l-1) and pH in soil 

groundwater in the sample plots with and without the ash application 

Viela
/

Sub-
stance

Parauglaukumi
/ Sample plots

Aritm.
vid. / 
Mean

Aritm.
vid j
repr.

r d t js / 
Standard
error of 
mean

Paraug-
kopas
apj. / 

Number
of cases 

Min
/

Min

Maks
 /

Max

Atš i-
r bu

b tis-
kums

P / 
Signifi
-cance

 p 
Kontrole / Control 2.85 0.19 93 0.00 10.02 N–

NH4
+

M slots / Fertilized 3.97 0.16 279 0.00 20.59 
0.000

Kontrole / Control 0.16 0.02 51 0.00 0.45 N-
NO3

-
M slots / Fertilized 0.22 0.02 153 0.00 0.90 

0.023

Kontrole / Control 0.19 0.03 92 0.00 1.83 P-
PO4

3-
M slots / Fertilized 0.23 0.02 279 0.00 5.44 

0.457

Kontrole / Control 0.99 0.08 93 0.00 6.4 
K+

M slots / Fertilized 1.22 0.07 279 0.00 9.85 
0.074

Kontrole / Control 43.86 1.31 93 16.0
2 76.17

Ca2+

M slots / Fertilized 40.99 0.90 279 8.02 78.18 
0.097

Kontrole / Control 14.60 0.64 92 4.86 35.26 
Mg2+

M slots / Fertilized 12.85 0.35 279 2.41 34.04 
0.015

Kontrole / Control 6.37 0.04 93 4.90 7.94 
pH

M slots / Fertilized 6.28 0.03 279 3.03 7.37 
0.117

Atš ir bas starp grup m ir b tiskas ar varb t bu 95%, ja p < 0.05. / Diferences between 
groups are significant with probability 95%, if p < 0.05. 
Atš ir bas starp grup m ir b tiskas ar varb t bu 90%, ja p < 0.1. / Diferences between 
groups are significant with probability 90%, if p < 0.1. 

 Sam r  p rsteidzoša bija liel s Ca2+ un Mg2+ ar pelniem ienest s devas 
neatspogu ošan s šo elementu daudzuma palielin jum  k dr  otraj  gad  p c
m slošanas. Iesp jams, ka kalcija un magnija izskalošan s no pelniem un ogl m
norit l n k un tie v l joproj m uzkr ti zemseg  virs augsnes. K  liecina skandin vu
zin tnieku pieredze, tad bar bas elementu izskalošan s pirmajos 3-6 gados p c
pelnu m slojuma izkais šanas ir nenoz m ga. T d  ar  to daudzums augsn  un 
grunts den  pagaid m nav b tiski palielin jies.
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Zemsedzes augu ve et cijas anal zei izmantojot Ellenberga 
r d t jv rt bas, konstat ts reakcijas, sl pek a un substr ta bag t bas v rt bas (R+N) 
pieaugums parauglaukumu m slotaj s da s. N kamajos gados p c m slošanas
atš ir ba starp pelniem nokais taj m josl m un t m piegu ošo apk rtni
palielin jusies. K  krit riju izmantojot zemsedzes augu sugu projekt vo segumu, 
starp katra parauglaukuma m sloto un nem sloto da u apr in ts ekanovska
l dz bas koeficients. Koeficienta absol t s v rt bas liel kajai da ai parauglaukumu 
2003. gad , sal dzin jum  ar 2002. gadu ir samazin juš s, kas nor da uz atš ir bas
pieaugumu starp parauglaukumu m sloto da u un t s apk rtni.
 Nov rotas ar  vair kas noz m gas izmai as ar pelniem m sloto
parauglaukumu sugu sast v . P c pelnu izkais šanas 2002. gad  stipri samazin j s
s nu segums. 2003. gad  par d j s degumu viet m rakstur g  s na Funaria
hygrometrica Hedw. un nitrofil Stellaria media (L.) Vill. 2004. gad
parauglaukumos par d j s bar bas vielas m loš Marchantia polymorpha L. emend. 
Burgeff. 2005. gad  iepriekš jais s nu segums jau bija liel  m r  atjaunojies. No 
nitrofil m sug m šaj  gad  par d j s Tussilago farfara L. un Chamaenerion 
angustifolium (L.) Scop. 

Liel  m slojuma deva – 50 t ha-1 pagaid m nav izrais jusi noz m gas vides 
parametru izmai as parauglaukumos. Atseviš u elementu vid jo v rt bu,
galvenok rt sl pek a vielu un k lija, statistiski b tisk  palielin šan s grunts de os
un augsn  pagaid m tom r neliecina par pies r ojuma draudiem, t d j di 
apstiprinot ieneses-izneses m r jumos ieg t s atzi as par meža ekosist mu augsto 
biog no elementu uzkr šanas kapacit ti. Elementu koncentr cijas vis  nov rojumu
period  atrod s zem dens kvalit tes norm s nor d taj m v rt b m.

5. Secin jumi un priekšlikumi 

Secin jumi
1. M su p t jumi eksperiment lajos parauglaukumos apstiprina l dzšin j s

atzi as, ka meža hidrotehnisk  melior cija ir visefekt v kais meža raž bas
un produktivit tes paaugstin šanas pa miens Latvij . etrdesmit sešu 
gadu laik  p c p rpurvoto mežu nosusin šanas mežaudžu kr ja ir 
pieaugusi no 40 m3 ha-1 l dz 312 m3 ha-1. Koksnes tekošais pieaugums 
laik  p c melior cijas vienm r bijis liel ks kokaudzes intens v k
nosusin taj  da  gr vja mal , k  rezult t  parauglaukumos gr vju mal
kr ja v l joproj m ir liel ka sal dzin jum  ar parauglaukumiem vid  starp 
gr vjiem.

2. Gada laik  ar nokriš iem augsn  non kušo N-NH4
+, N-NO3

- un P-PO4
3-

daudzums ir liel ks klajum , bet K+, Ca2+ un Mg2+ daudzums – den , kas 
izpl dis cauri koku vainagu kl jam. 

3. Liel ks augiem viegli pieejam  N-NH4
+, K+, Ca2+ un Mg2+ daudzums 

k dr  konstat ts intens vi nosusin tos mežos, bet N-NO3
- un P-PO4

3- - 
nenosusin t  p rejas purv .

39

4. K dre u meža tipi un ar tiem saist t  meža raž ba atspogu o pazemes 
spiedes de u iz l šan s ietekmi. Ca2+ un Mg2+ jonu daudzums augsnes 
grunts de os ir augst ks plat b s ar liel ku pjezometrisko l me u
gradientu. Plat bas ar liel ku gradientu atbilst šaurlapju k dre a meža 
tipam, bet ar maz ku gradientu – m tru k dre a meža tipam. 

5. Nosusin to mežaudžu grunts de os konstat ts iev rojami maz ks biog no
elementu saturs sal dzin jum  ar nenosusin tu p rejas purvu, kas nor da,
ka koki tos intens v k izmanto pieauguma veidošan . Turpret  k dras
augsnes pilnanal zes uzr da iev rojami liel kus N, P, Ca un Mg kr jumus
nosusin to mežu k dr  sal dzin jum  ar k dras virs jiem sl iem
nenosusin t  p rejas purv , t d j di apliecinot meža ekosist mas
paaugstin t s sp jas uzkr t biog nos elementus. 

6. Laika gait  p c melior cijas augsnes grunts de os konstat ta N-NO3
-

daudzuma palielin šan s no 0.1 mg l-1 l dz 0.5 mg l-1, k  ar  pH izmai as
no 5.9 l dz 6.7; p r jo elementu daudzuma izmai as nav statistiski 
b tiskas.

7. Vielu koncentr cija (mg l-1) gr vju den  vairum  gad jumu negat vi
korel  ar noteces intensit ti, jo pie liel ka dens apjoma t s atš aid s.
Tom r N-NH4

+ koncentr cija den  pavasar  signifikanti pozit vi korel
(r = + 0.57 pie r2

0.05; 14 = 0.32) ar noteces intensit ti. Tas, iesp jams, 
izskaidrojams ar intens v ku amonija sl pek a izskalošanos no k dras
virs jiem horizontiem pie augst ka grunts dens l me a.

8. Biog no elementu daudzums nosusin to mežu gr vju un sausie u mežu 
strautu nopl stošaj den  statistiski b tiski neatš iras. Tom r Ca2+, Mg2+

jonu un, it seviš i N-NH4
+, koncentr ciju absol t s v rt bas ir liel kas

nosusin to mežu gr vjos k dre u meža tipos, kur v rojama ar  b zisk ka
dens akt v  reakcija pH. Vielu iznešu atš ir bas starp k dre iem un 

sausie u mežiem izskaidrojamas ar neizs kstošo dens pl smu k dre os
ar  vasaras sausuma periodos. Turpret  N-NO3

-, P-PO4
3- un K+ daudzuma 

absol t s v rt bas ir liel kas objekt  baltalkš u audz  sausie u mežos. 
9. P t jumu rezult t  nav konstat ta statistiski b tiska biog no elementu 

daudzuma palielin šan s cauri sl pek a piesaist t ju – baltalkš u audzei 
pl stoš  up  audzes teritorij  un lejpus t s. Tom r p t taj s up s un 
strautos konstat tais N-NH4

+ daudzums p rsniedz virszemes de u
kvalit tes pras b s noteikto normu. Noz m ga ietekme uz vielu daudzumu 
upes de os ir paraugu emšanas sezonai. Sl pek a vielu daudzuma 
palielin šan s upes den  lejpus baltalkš u audzes visvair k izpaužas 
vasaras m nešos – j nij , j lij  un august , k  ar  ziemas period .

10. M su datu sal dzin jums ar citu autoru p t jumu rezult tiem liecina, ka 
sl pek a notece no lauksaimniec bas zem m ir 3 reizes liel ka nek  no 
nosusin tajiem mežiem un 29 reizes liel ka nek  no sausie u mežiem, bet 
fosfora notece 3 reizes liel ka nek  no nosusin tajiem mežiem un            
14 reizes liel ka nek  no sausie u mežiem.
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11. N-NH4
+, N-NO3

-, P-PO4
3- un K+ ienese nosusin to mežu ekosist m  ar 

atmosf ras nokriš iem p rsniedz šo vielu iznesi pa nosusin šanas
gr vjiem, kas nor da uz šo vielu akumul ciju meža ekosist m . Turpret
Ca2+ un Mg2+ jonu iznese ar gr vju noteci k dre os vair kk rt p rsniedz
šo vielu ienesi ar nokriš u deni. Biog no elementu aprite nosusin tajos
mežos hidroekolo ijas sakar  liecina, ka ekosist ma bar bas vielu 
kr jumus racion li izmanto koksnes pieauguma veidošan .

12. Lielas koksnes pelnu m slojuma devas – 50 t ha-1 iestr de pagaid m nav 
izrais jusi noz m gu biog no elementu daudzuma palielin šanos un pH 
v rt bas paaugstin šanos grunts den . Elementu koncentr cijas atrodas 
zem dens kvalit tes norm s nor d taj m v rt b m.

Priekšlikumi
1. Iev rojot sugu un biotopu aizsardz bas pras bas, k  ar  katram meža tipam 

paredz tos nosusin šanas gr vju atstatumus, atbilstošos meža tipos Latvij
ar  turpm k veicama meža hidrotehnisk  melior cija k  meža raž bu
paaugstinošs mežsaimniecisks pas kums.

2. Valsts teritorij  jau esošajos un potenci lajos meža melior cijas objektos 
veicama inventariz cija, daudzpus gi izv rt jot jaunas nosusin šanas vai 
vec s nosusin šanas sist mas atjaunošanas lietder bu katrai konkr tajai
teritorijai.

3. Praktiskaj  mežsaimniec b  k  ekolo iski nekait gs ir ieteicams koksnes 
pelnu m slojums nosusin tos mežos ar k dras augsn m briestaudžu 
vecum , kam daudzos p t jumos bijusi noz me iev rojam  mazraž gu
audžu raž bas uzlabošan .
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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 m3 to 180 m3 per hectare for the previous 100 
years (Z l tis, 1999).

Recent research results give us an opportunity to confirm with arguments 
that drainage has positive impact upon forest stand productivity, accumulation of 
CO2, 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. Bušs and A. boli a investigated the 
changes in ground cover vegetation after the drainage, P. Z l tis – 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 Sun te and Vies te Rivers in connection 
with the location of grey alder stands on their banks, and a wood-ash application 
experiment (50 t ha-1) 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 25º50  to 25º53 ; northern latitude from 56º42  to 
56º43 .

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 1st, 2nd and 3rd water confluence basins on the Veseta River left bank 
are located on drained deep peat soils, but the 4th and 5th 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 Vies te and Sun te
The study of the grey alder (Alnus 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 – Vies te and its tributary Sun te.

Vies te 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 km². In turn, the Sun te River is 8 km long, 
but its confluence basin area is 31.5 km², which is completely covered with forest.  

Water samples from the Vies te River are taken at the 950-meter stretch of 
the river flowing through the Sece Forestry 184th quarter. The total area of the grey 
alder stand is about 19 ha. Water samples from the Sun te River are taken at the 
590-meter stretch of the river flowing through the170th and 171st 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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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 1st, 2nd and 3rd water confluence basins on the Veseta River left bank 
are located on drained deep peat soils, but the 4th and 5th 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 Vies te and Sun te
The study of the grey alder (Alnus 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 – Vies te and its tributary Sun te.

Vies te 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 km². In turn, the Sun te River is 8 km long, 
but its confluence basin area is 31.5 km², which is completely covered with forest.  

Water samples from the Vies te River are taken at the 950-meter stretch of 
the river flowing through the Sece Forestry 184th quarter. The total area of the grey 
alder stand is about 19 ha. Water samples from the Sun te River are taken at the 
590-meter stretch of the river flowing through the170th and 171st 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 cm3) (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 -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. Bušs and I. Spalvi a 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 - Vies te
and Sun te 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–NH4
+, N–NO3

-, P–PO4
3-, K+, Ca2+, Mg2+ 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 – Vies te and Sun te. 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 m2), in the second 
plot – in a radius of 2 m around the well (15.7 m2), in the third plot – in a radius of 
3 m around the well (21.98 m2). 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-1 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-1 or 5 kg m-2. 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-NH4

+, N-NO3
-, P-PO4

3-, K+, Ca2+ and Mg2+ 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 m2 ha-1, volume m3 ha-1 and number of trees 
pc. ha-1 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 m3 ha-1,
current stand volume increment 1.8 m3 ha-1 per year (P – pine, B – birch, E – 
spruce). The stand volume increased twice for 10 years after draining and reached 
112 m3 ha-1 in 1973. The stand composition 7P1E2B. Current stand volume 
increment 4.7 m3 ha-1 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 m3 ha-1 (Fig. 4.1). In general in 30 tree stand sample plots in 
2006, the stand composition is 6P3E1B, current site index - IIa, stand volume - 312 
m3 ha-1 and stand volume increment – 2.9 m3 ha-1 per year, which is lower than the 
same indicator in 1999 when it was 6.2 m3 ha-1 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 m3 ha-1.

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 cm2 in 1971 to  
7.45 cm2 in 1998; in between ditches - from 10.06 cm2 in 1972 to 5.86 cm2 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 cm2 to        
3.55 cm2. 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 cm2),
but in the non-drained transitional mire – the smallest (2.64 cm2). 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 ( , 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 cm2) and on ditch edge 
(8.92 cm2) 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 
aeration near a drainage ditch, which assures a higher water flow speed towards the 
ditch.

A larger amount of plant available forms of N-NH4
+, K+, Ca2+ and Mg2+ is 

fixed in the object in drained forests, but N-NO3
- and P-PO4

3- - 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–NH4
+, P-PO4

3-, K+, Ca2+ 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–NO3

- has 
increased significantly (from 0.1 to 0.5 mg l-1) as compared to the research carried 
out by I. Spalvi a and K. Bušs (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+ Fact. = 6.86 > Fcrit. = 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 Ca2+ and Mg2+ 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 Fact. =   
= 13.0 > Fcrit. = 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 Ca2+ and Mg2+ 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+ Fact. = 63.68 > Fcrit. = 3.95). In turn, contrary to 
expectations, no increased amount of Ca2+ or Mg2+ ions was fixed in ditch runoff 
from drained peat soil. At the period of 1997-1999, the amount of Ca2+ in ditch 
runoff from hydro-morph mineral soil was just slightly bigger than in peat soil 
water confluence basins equalling to 52.7 mg l-1 and 51.6 mg l-1, respectively. But 
this difference is not statistically significant. At the same time, the runoff of Ca2+

ions from drained peat soil was 178.9 kg ha-1 per year and it was 119.6 kg ha-1 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 Ca2+ runoff difference between the peat- and hydro-morph mineral 
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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  
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Trees on ditch edge had the largest basal area of annual rings (8.92 cm2),
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explained with the different groundwater regime. Groundwater in the soils rich in 
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A larger amount of plant available forms of N-NH4
+, K+, Ca2+ and Mg2+ is 

fixed in the object in drained forests, but N-NO3
- and P-PO4

3- - 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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out by I. Spalvi a and K. Bušs (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+ Fact. = 6.86 > Fcrit. = 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 Ca2+ and Mg2+ 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 Fact. =   
= 13.0 > Fcrit. = 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 Ca2+ and Mg2+ 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+ Fact. = 63.68 > Fcrit. = 3.95). In turn, contrary to 
expectations, no increased amount of Ca2+ or Mg2+ ions was fixed in ditch runoff 
from drained peat soil. At the period of 1997-1999, the amount of Ca2+ in ditch 
runoff from hydro-morph mineral soil was just slightly bigger than in peat soil 
water confluence basins equalling to 52.7 mg l-1 and 51.6 mg l-1, respectively. But 
this difference is not statistically significant. At the same time, the runoff of Ca2+

ions from drained peat soil was 178.9 kg ha-1 per year and it was 119.6 kg ha-1 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 Ca2+ runoff difference between the peat- and hydro-morph mineral 
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soil water confluence basins is significant (Ca2+ Fact. = 6.42 > Fcrit. = 3.81). The 
difference between the amount of Mg2+ and N–NO3

- 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-NO3

-,
P-PO4

3- and K+ was in the objects in grey alder stands in dry forests. But the largest 
amount of N-NH4

+, Ca2+ and Mg2+ was in the water runoff in drained forests.
The N-NH4

+ runoff, which equalled to 7.1 kg ha-1 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-1 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-NH4

+, N-NO3
-, P-PO4

3- 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 Ca2+ and Mg2+ 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-NH4

+, N-NO3
-, P-PO4

3-, K+, Ca2+ and 
Mg2+) 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-NH4

+ in the 2nd 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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soil water confluence basins is significant (Ca2+ Fact. = 6.42 > Fcrit. = 3.81). The 
difference between the amount of Mg2+ and N–NO3

- 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-NO3

-,
P-PO4

3- and K+ was in the objects in grey alder stands in dry forests. But the largest 
amount of N-NH4

+, Ca2+ and Mg2+ was in the water runoff in drained forests.
The N-NH4

+ runoff, which equalled to 7.1 kg ha-1 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-1 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-NH4

+, N-NO3
-, P-PO4

3- 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 Ca2+ and Mg2+ 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-NH4

+, N-NO3
-, P-PO4

3-, K+, Ca2+ and 
Mg2+) 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-NH4

+ in the 2nd 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-NH4

+, N-NO3
- and P-PO4

3-

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-NH4

+ 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 Mg2+ 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) ( , 1983). In a 
physical aspect, the discharge intensity is directly proportional to the difference 

h=h-H between the confined aquifer water piezometric water level h and the soil 
groundwater level H, filtration coefficient k and inversely proportional filtration 
path length l. 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   

h = 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 h 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:

                      axi + byi + chi =1,                           (1) 
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 c, h can 
be estimated as well as h-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: hmax. = 102.01 m and hmin. = 89.53 m. Upon estimation of h
and measurement of H, comparatively great differences of the average numerical 
values h 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 h, 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 h
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 h within the 
limits of +162 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 h=-20 cm was: Ca–17.4 mg l-1;
Mg–6.1mg l-1; in the zone of high pressure with h=+213 cm it was: Ca–45.0 mg l-1;
Mg– 15.0 mg l-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 (Z l tis, 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 (1st yield class) than in the 
Vacciniosa turf. mel. of a one class lower yield class.
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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-NH4

+, N-NO3
- and P-PO4

3-

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-NH4

+ 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 Mg2+ 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) ( , 1983). In a 
physical aspect, the discharge intensity is directly proportional to the difference 

h=h-H between the confined aquifer water piezometric water level h and the soil 
groundwater level H, filtration coefficient k and inversely proportional filtration 
path length l. 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   

h = 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 h 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:

                      axi + byi + chi =1,                           (1) 
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 c, h can 
be estimated as well as h-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: hmax. = 102.01 m and hmin. = 89.53 m. Upon estimation of h
and measurement of H, comparatively great differences of the average numerical 
values h were outlined in the Vesetnieki Station forests on drained peat soils: 
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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 h.

Concentration of calcium and magnesium ions in the forests with a thick 
peat layer (thickness > 50 cm) in connection with the period of h 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 h 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 act.>t0.05=1.96). It certifies that the h territorial differences are much 
greater than the dispersion of h indications in one measurement point during        
5 years. In the forests on drained peat soil, where h is conventionally low, its 
values have varied for five years within the limits of -170 cm to +40 cm, in the 
measurement places, where h 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 h in 7 measurement points, peculiarity of each measurement 
point has manifested itself flatly, which is determined by: 1) comparatively minor 
fluctuations of h values in every measurement point and 2) small correlation 
between h and concentration of Ca as well as Mg ions in one measurement point: 
r=0.01 ... 0.25 with r0.05=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 h fluctuations within -169 cm to +284 cm, significant 
relationship of h and concentration of ions has manifested itself (Fig. 4.6). The 
correlation coefficient between h (cm) and concentration of Ca ions (mg l-1)
r=+0.66; between h (cm) and concentration of Mg ions (mg l-1) r= +0.52, with  
r0.05 = 0.11. The relationship of h and concentration of ions is characterised with 
regression equations:

                  Ca = 0.1121 h + 21.9;                          (2) 
                   Mg = 0.0343 h + 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 l-1 with standard error of mean 2.1 mg l-1 and    Mg – 
9.8 mg l-1 with standard error 0.6 mg l-1. Having put the figures in the above 
mentioned regression equations, we receive the following h values: in connection 
with concentration of calcium ions h=44 cm and in connection with magnesium 
ions h=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 h 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 h>0.5 m, the peat soil is better 
supplied with calcium and magnesium than hydro-morph mineral soil, where h 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 Ca2+ and Mg2+ in a season was fixed in the      
3rd water confluence basin from drained peat soil and the lowest - in the 4th water 
confluence basin from drained mineral soil. The balance of biogenous elements   
N-NH4

+ and Ca2+ is shown in Fig. 4.7 and 4.8.
The heightened output of Ca2+ and Mg2+ 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 ( , 1983; 
Z l tis, Indriksons, 2003) plays an important role in the water balance incoming 
part and in paludification process. The water saturated with Ca2+ and Mg2+ 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 Ca2+ and Mg2+ from the ecosystem is higher than input with 
precipitation (Matzner, 1988).

When the water leaches through the forest canopy, the amount of N-NH4
+

in it reduces slightly, the amount of N–NO3
- and P–PO4

3- reduces more, but the 
amount of K+ increases; the amount of Ca2+ and Mg2+ 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-NH4

+, 30 kg N-NO3
-, 46 kg and P-PO4

3-, 390 kg K+,
1240 kg Ca2+ and 505 kg Mg2+ 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-NH4

+, 21 kg and      
2 kg N-NO3

-, 3 kg and 4 kg P-PO4
3-, 133 kg and 72 kg K+, 6727 kg and 3214 kg 

Ca2+, 2252 kg and 1085 kg Mg2+, respectively. The data analysis showed that the 
output of Ca2+, Mg2+ and N–NO3

- 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 – Vies te and 
Sun te. 

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 Vies te 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 Sun te, the season influence proportion was slightly bigger than in the 
River Vies te 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-NO3

- both in the River Vies te and in the 
River Sun te 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 - PO4

3-. On the contrary, the amount of N-NH4
+ was the largest in winter 

(in the River Vies te) and at the spring - summer high wateriness period (in the 
River Sun te), but the smallest amount was at the summer - autumn low wateriness 
period (analysis of variance, p<0.05). The largest amount of K+, Ca2+ and Mg2+

ions in the Vies te and the amount of Mg2+ ions in the River Sun te was at the 
summer - autumn period, and the largest amount of K+ and Ca2+ ions in River 
Vies te 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 Sun te and 
analysis of variance, p=0.26-0.97 in the River Vies te), still the average annual 
amount of N-NH4

+ (from 0.41 to 0.49 mg l-1) and P - PO4
3- (from 0.07 to 0.08 mg l-1)

increased in the river water downstream from the grey alder stand in the River 
Vies te. The amount of N-NH4

+ in the River Sun te at the grey alder stand territory 
increased (from 0.97 to 0.99 mg l-1) and reduced again (0.96 mg l-1) downstream 
from the stand. At the grey alder stand territory and downstream from it, the 
increase of the amount of N-NH4

+ and N-NO3 demonstrated itself most 
convincingly in summer months - June, July and August as well as at the winter 
period.  

 Though the amount of N-NH4
+ in the water of both rivers in the research 

objects exceeded the value specified in the surface water quality requirements  
(0.39 mg l-1) ("Virszemes de u kvalit tes pras bas" [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 NH4

+) (Melillo, 1979).
Having compared the data derived by V. Jansons (1996), the Integral 

Monitoring plots in Latvia ( u ko, 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-NH4

+ and N-NO3
-) (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 Ca2+ and Mg2+ introduced with 
ash, respectively, 282 g m-2 and 382 g m-2, or 2.8 t ha-1 and 3.8 t ha-1. 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-NH4

+ 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 Ca2+ and Mg2+ 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-1 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 
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(N-NH4

+ and N-NO3
-) (probability 95%) and potassium (probability 90%) was 

fixed in the fertilised plot groundwater. The amount of K+ in the fertilised test area 
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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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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 m3 ha-1 to 312 m3 ha-1 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-NH4
+, N-NO3

- and P-PO4
3- reaching the soil with 

precipitation during a year is larger in an open place, while the amount of 
K+, Ca2+ and Mg2+ - in the water flowed through the forest canopy.

3. The largest amount of plant-available N-NH4
+, K+, Ca2+ and Mg2+ in the 

peat was fixed in the intensively drained forests, but the amount of N-NO3
-

and P-PO4
3- - 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 
Ca2+ and Mg2+ 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-NO3
- from 0.1 mg l-1 to 0.5 mg l-1as 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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7. The substance concentration (mg l-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-NH4

+ in 
water in spring significantly correlates positively (r = + 0.57 at r2

0.05; 14 = 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.

8. 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 Ca2+ and Mg2+ ions and 
particularly of N-NH4

+ 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-NO3

-, P-PO4
3- and K+ are larger in the 

object in grey alder stand in dry forests.
9. 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-NH4

+ 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.  

10. 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.

11. Input of N-NH4
+, N-NO3

-, P-PO4
3- 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 Ca2+ and 
Mg2+ 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. 



62

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 m3 ha-1 to 312 m3 ha-1 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-NH4
+, N-NO3

- and P-PO4
3- reaching the soil with 

precipitation during a year is larger in an open place, while the amount of 
K+, Ca2+ and Mg2+ - in the water flowed through the forest canopy.

3. The largest amount of plant-available N-NH4
+, K+, Ca2+ and Mg2+ in the 

peat was fixed in the intensively drained forests, but the amount of N-NO3
-

and P-PO4
3- - 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 
Ca2+ and Mg2+ 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-NO3
- from 0.1 mg l-1 to 0.5 mg l-1as 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. 

63

7. The substance concentration (mg l-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-NH4

+ in 
water in spring significantly correlates positively (r = + 0.57 at r2

0.05; 14 = 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.

8. 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 Ca2+ and Mg2+ ions and 
particularly of N-NH4

+ 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-NO3

-, P-PO4
3- and K+ are larger in the 

object in grey alder stand in dry forests.
9. 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-NH4

+ 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.  

10. 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.

11. Input of N-NH4
+, N-NO3

-, P-PO4
3- 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 Ca2+ and 
Mg2+ 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. 
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12. In spite of a large dose of wood-ash application – 50 t ha-1, 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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